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Dinosaurs 
Why do we have so many questions about the most successful 
animals that ever lived? 
By Carl Zimmer  
Illustrations by Mick Ellison and David Krentz 
DISCOVER Vol. 26 No. 04 | April 2005 | Ancient Life 
  
  
In the earliest paintings of dinosaurs, from the mid-1800s, they writhe like beached sea serpents or 
slouch like reptilian potbellied pigs. Now we know better. Dinosaurs stood erect and walked or ran 
great distances. Many were huge. One species—Argentinosaurus—reached 125 feet long. Now we 
know dinosaurs had complicated social lives—they raised their young, and they probably lived and 
hunted together in herds. We even know that the 9,000 species of birds all around us are living, 
feathered dinosaurs. 
  
We know better because paleontologists are unearthing astounding numbers of fossils. “There are 
six or seven new species described every year,” says paleontologist Paul Sereno at the University of 
Chicago. “Even though you’d think it might be slowing down, the pace of discovery has quickened.” 
Modern technological devices, like CT scanners that illuminate hidden recesses of skulls and 
molecular probes that detect ancient proteins, offer a new depth of understanding scientists could 
never have dreamed of only a decade ago. 
  
We know better, but dinosaurs remain highly mysterious. “It’s still humbling how little we know,” 
says Hans-Dieter Sues of the Smithsonian Institution. “Most of the big questions have yet to be really 
answered.”  
  
A Discover survey of paleontological studies around the world identifies those questions as well as 
the tantalizing new clues that could lead to answers. 
  

1.  Why did dinosaurs conquer Earth 210 million years ago? 
  
Dinosaurs were not the first vertebrates to walk on land. If you had visited Earth during the Triassic Period, 
which began with a mass extinction 250 million years ago (see “The Day Everything Died,” page 64), you 
would have encountered the ancestors of today’s lizards, turtles, and alligators. The forerunners of 
humans—reptilelike precursors of mammals—were common. Yet once dinosaurs emerged into this bustling 
world, they became the dominant herbivores and predators.  

 
Eoraptor, an early dinosaur that first appeared 228 million years ago, grabs lunch. Eoraptor was a primitive 

three-foot-long theropod and likely feasted on a variety of small prey, including lizards, bugs, and worms. Here it 
has captured a mammal-like cynodont dubbed Probelesodon. In the background is a herd of the herbivorous 
dicynodont Ischigualastia. Cynodonts and dicynodonts predate dinosaurs and may be an evolutionary link 

between reptiles and mammals. 



 
Scientists once theorized that even the earliest dinosaurs must have been intrinsically superior to other 
animals. “We tended to look for the logic of evolution—there had to be a reason for the success of 
dinosaurs,” Sereno says. But doubts about this theory grew as researchers discovered new species. Now we 
know that although the earliest dinosaurs appeared roughly 230 million years ago, they remained relatively 
rare for the rest of the Triassic. Various reptiles and the forerunners of mammals dominated the landscapes. 
Sereno asks the obvious question: Why did it take so long for dinosaurs to become the major species? “Why 
were these other clunky animals the most common thing you stumbled over? It just doesn’t make sense.” 
  
It’s possible that another mass extinction—210 million years ago—killed off the competition dinosaurs faced. 
That extinction, which involved the demise of more than half of all species on land and sea, is just as 
mysterious as the mass extinction that began the Triassic 40 million years earlier. Some geologists speculate 
that massive volcanic eruptions covering areas as large as modern continents triggered the release of 
methane buried in the ocean floor, causing a greenhouse effect. There is little doubt that the eruptions 
happened, but there is uncertainty that they occurred before the extinctions. They may have erupted soon 
afterward.  
  
Paul Olsen, a paleontologist at Columbia University, offers an alternative theory: Yet another large asteroid 
smacked Earth. He and his colleagues have found layers of rock from the end of the Triassic that are loaded 
with iridium, a marker rare on Earth but common in asteroids, as well as spores of ferns, which would have 
quickly sprouted after an asteroid impact wiped out the world’s forests. 
  
Olsen’s team then added dinosaurs to their time line. In the eastern United States and Canada, Olsen has 
studied over 10,000 footprints of late Triassic dinosaurs and other land animals. He and his colleagues found 
that right at the end of the Triassic Period, many nondinosaur footprints suddenly disappeared, and dinosaur 
footprints became much more common. And as the footprints became more common, the dinosaurs also got 
bigger, in some cases doubling their mass. 
  
While many paleontologists are intrigued by Olsen’s evidence, others have scoffed. “People have a very 
violent reaction to this,” says Olsen, who readily admits that it’s hard to choose between an asteroid and 
volcanoes with the scant evidence at hand. “Deep in my heart I am quite ambivalent about whether an 
asteroid was involved.” 
  
 
  

2.  How did those long-necked plant eaters get so big? 
  
Some vertebrates, such as birds and  mammals, grow fast when they’re young and then stop growing 
altogether when they reach adult size. Alligators and many other reptiles don’t have such a big initial spurt. 
Instead, they grow slowly for their entire lives. These different growth patterns leave marks on bones. Fast-
growing animals expand their bones continually when they’re young, and some of their old tissue gets 
destroyed as new bone forms. By contrast, the bones of many slow-growing animals look like tree rings 
because the animals grow in short bursts. 
  
These microscopic clues survive in fossils. For example, researchers have studied the bones from an 80-
million-year-old crocodile called Deinosuchus that could grow to 50 feet long. They concluded that it reached 
its huge size the way crocodiles do today, growing for 50 years or more. 
  
Dinosaurs were different. “They did not grow like typical reptiles,” says Kevin Padian, a paleontologist at the 
University of California at Berkeley. Tyrannosaurus rex, for example, took only 20 years to reach full size. But 
the biggest dinosaurs were off the charts. Apatosaurus (also called Brontosaurus), one of the long-necked 
plant eaters known as sauropods, needed only 15 years to reach 25 tons. “They’re just growing faster than 
anything on land today,” says Padian. 
 
 
  



The physiology behind this feat remains a mystery. Equally puzzling is the fact that dinosaurs managed to 
reach such big sizes, while the land animals that came before and after them never came close. Some 
researchers have proposed an environmental explanation: Perhaps levels of carbon dioxide were unusually 
high, producing lush vegetation that could fuel the dinosaur boom. But for now that is just speculation. “We 
don’t have a good answer why dinosaurs were such big animals,” says Hans-Dieter Sues. 
  
   

3. Were dinosaurs warm blooded? 
  
If a bass swims in chilly water, its body  becomes chilly. If it swims in warm water, it becomes warm. Put an 
otter in the same cold or warm water, however, and its body temperature barely changes. Living animals 
vary tremendously in their metabolism, and one of the biggest outstanding questions about dinosaurs is 
where they fall between the bass and the otter.  
  
Reptiles are cold blooded. Or more precisely, they have a low metabolic rate and can’t produce enough heat 
to keep their bodies warm. When dinosaurs were first discovered, paleontologists considered them 
overgrown reptiles, which presumably meant they must be cold blooded too. Doubts emerged about the 
cold-blooded dogma three decades ago, when studies of birds, which are warm blooded, suggested they 
evolved from dinosaurs. Diehards have argued that, at least for the larger dinosaurs, there would be no 
advantage in being warm blooded. Their bodies could store plenty of heat from the sun. Meanwhile, other 
paleontologists have tried to find a clear-cut marker for warm-bloodedness in fossils, but without much luck. 
At the moment, the most promising clues come from the study of dinosaur growth. According to Kevin 
Padian, the results fit better with warm-blooded dinosaurs.  
  
 “Look, these things are sustaining rapid growth the way only warm-blooded animals do today,” says Padian. 
“Unless a physiologist can tell us otherwise, it’s much more reasonable to say dinosaurs had evolved warm-
bloodedness.” 
  

4. How fast did T. rex and other predatory dinos run? 
  
Earlier generations of museumgoers  gazed on slouching, tail-dragging dinosaurs. But when the notion of 
warm-blooded dinosaurs took hold, goliaths like Triceratops and Tyrannosaurus rex got a spring in their step. 
Since Triceratops had legs proportioned like those of a rhinoceros, some researchers concluded that they 
charged at a full gallop. And predatory dinosaurs became the leopards of the Mesozoic Era, with T. rex 
hitting 40 miles an hour. It was a startling vision, and it made Jurassic Park a hit. 

 
Giganotosaurus goes on the prowl. The theropod thrived 100 million years ago, some 25 million years before T. rex. 

Roughly six feet bigger than T. rex and a ton or two heavier, Giganotosaurus nonetheless was a relatively fast dinosaur 
whose pointed tail apparently provided balance and the ability to make quick turns as it ran. Fossil evidence suggests its 

prey included Argentinosaurus, a 125-foot-long herbivore. 
  
 
 



Now scientists are finally putting this image of dinosaurs to a real biomechanical test. “We didn’t have any 
data before, no evidence, nothing—just pure conjecture,” says Mark Norell of the American Museum of 
Natural History. But that’s changing, largely because of the work of John Hutchinson, a researcher at the 
Royal Veterinary College in London. 
  
As a graduate student at Berkeley, Hutchinson studied T. rex bones for clues about the shape and size of 
the dinosaur’s muscles. “I wanted to start with the anatomy and build up from there, instead of rushing 
straight into a Jurassic Park model,” says Hutchinson. “The foundations had to be laid first.” He built a 
computer model that could calculate the forces acting on the joints of a running bipedal creature in midstride 
and tell him how much muscle the animal would need in order not to collapse. Then he refined the model to 
incorporate data derived from the muscle tissue of living animal species, ranging from chickens to kangaroos 
(which he dissected himself). “I could easily build a model of T. rex jumping over skyscrapers, and it might 
look convincing,” says Hutchinson. “But unless it has been validated with living animals, it’s mostly useless.”  
  
Hutchinson eventually constructed a virtual T. rex and calculated how much muscle it would need to run fast. 
He found that each leg would need 40 percent of the dinosaur’s entire muscle mass. Hutchinson concluded 
there was no plausible way T. rex could run 40 miles an hour. He has now upgraded his model to a three-
dimensional version, complete with 33 muscles in each leg. It gives him the same results. 
  
Hutchinson can’t say yet just how fast T. rex could run, but he suspects an upper limit of maybe 25 miles an 
hour. “That’s pretty good—the same as an Olympic sprinter,” he says. “But it’s nowhere near 40 miles an 
hour. You’d have to give it ridiculously huge leg muscles.” Moreover, Hutchinson concluded T. rex didn’t 
need incredible speed to hunt prey. “I don’t think there’s a reason for it to move that fast, especially when 
you look at the big, clunky animals it was eating,” he says. “My picture of that ecosystem is not a Formula 
One race.” 
  
  

5. Were dinosaurs social animals and good parents? 
  
Animals can be solitary or huddle together in big herds. Some live in a fierce hierarchy, with bloody battles 
for the top positions. Others live more amiably in cooperative groups. Some abandon their eggs as soon as 
they’ve laid them, while others dote on their young for years. But unlike scientists who study modern species, 
paleontologists can’t sit on a hillside and use binoculars to observe the social life of dinosaurs. Instead, they 
have to squeeze clues out of their fossils.  
  

 
The sauropod Agustinia watches a hatchling emerge from the nest. Sauropods are some of the largest land 
animals to have ever existed. Agustinia, which appeared roughly 130 million years ago, was 45 feet long and 
was distinguished by dorsal armor similar to the large plates of stegosaurs but with the flat surfaces cutting 

across the ridge of the backbone. 
 

It’s a hard process, because a lot of different conclusions can be drawn from the same fossils. Consider 
bone beds—sites where many fossils of the same dinosaur species have been unearthed. They might have 
formed when an entire herd of dinosaurs got stuck in quicksand all at once, or they might be the result of 
individuals getting stuck over the course of a few centuries. 
  
 
 



Despite these ambiguities, paleontologists now generally agree that at least some dinosaur species lived in 
big herds. “That’s pretty much settled at this point,” says Paul Sereno. Sauropods left behind tracks in the 
western United States that appear to run north and south, suggesting that they even migrated long distances 
together—presumably searching for fresh vegetation to eat. And in recent years, paleontologists have found 
collections of fossils resembling T. rex that suggest predatory dinosaurs may have traveled in hunting packs. 
“That’s scary,” says Padian. 
  
As for how dinosaurs cared for their young, paleontologists have looked to the closest living relatives of 
dinosaurs—alligators and birds—for possible models. Birds sit on their eggs to incubate them and give a lot 
of care to their young, which are relatively helpless when they’re born. Alligators aren’t as attentive. “The 
mothers help their babies to the water, but in a few days they’re on their own,” says Sues. 
  
Dinosaurs seem to have varied between these two extremes. “One size doesn’t have to fit all of these 
critters,” says Padian. Paleontologists have found huge nesting grounds of sauropod eggs in Argentina, 
which the giant sauropods may have buried in moist earth and covered with vegetation. In Mongolia, on the 
other hand, a theropod has been found sitting on its eggs much like a bird brooding on its nest. (It is probably 
no coincidence that this theropod is also closely related to birds.) 
  
What happened after dinosaur eggs hatched is less clear. In the 1980s a team led by Jack Horner of 
Montana State University discovered fossils of adult and baby dinosaurs in the same sites, which suggested 
the parents were taking care of their hatchlings. But it wasn’t until this year that paleontologists uncovered a 
seemingly clear-cut case of parental care: David Varricchio of Montana State and his Chinese colleagues 
reported a small plant-eating dinosaur sitting with 34 young dinosaurs. Whether all 34 were its own babies or 
whether it was part of a cooperative colony of adults, Varricchio can’t say. 
  
With so little evidence to go on, paleontologists can’t confidently say much more about dinosaur social lives. 
They can’t even tell for sure whether a dinosaur fossil is male or female. But that doesn’t mean the mysteries 
will never be solved. “These questions are slowly going to be answered,” Mark Norell predicts. 
 

6. Why did Triceratops and its relatives look so strange? 
  
Triceratops had three horns on its face along with a huge bony frill that extended from the back of its head. 
It’s easy to picture the animal using the frill to block a predator’s lunge for its neck, or goring its attacker with 
one of its horns. But this picture is probably fiction. “Pretty much everybody rules out defense for the horns 
and frills,” Norell says. “They just weren’t sturdy enough, and we don’t find a lot of broken ones.” 
 

 
Ceratopsians put their best faces forward. Einiosaurus (left), Anchiceratops (middle), and Styracosaurus (right) 
were contemporaries about 70 million years ago. All three sported horns and frills that were once thought to be 
weapons for use in combat but which some paleontologists now theorize may have been identity badges that 

helped distinguish species. 
 

 
 
 
 



Paleontologists have had the same counterintuitive experience with Pachycephalosaurus, a bipedal plant 
eater with a dome of thick bone on its skull that was studded with knob-shaped outgrowths. Generations of 
paleontologists favored the idea that males rammed their heads together the way bighorn sheep do today. 
But on closer inspection it turns out that the dome was covered with tissue rich with blood vessels. One good 
head butt would leave Pachycephalosaurus badly wounded. 
  
Kevin Padian and Jack Horner think they can explain these frills and horns and domes, as well as the 
strange ornaments on other dinosaurs. “We’re proposing that all these crests and frills and horns and plates 
and stuff have nothing to do with mechanical things,” says Padian. “Rather, they are for species recognition.” 
  
Many living animals carry identity badges—horns, bright colors, and such—that allow them to be recognized 
as members of a particular species. These identity badges may help animals avoid interbreeding with closely 
related species that share their range. Antelope horns, for example, vary a lot from species to species, not 
because these variations let them fight off different predators but because they need to recognize their own 
kind. 
  
Padian and Horner theorize that identity badges were also common among dinosaurs. Triceratops, for 
example, belongs to a big group of species called ceratopsians, many of which had frills and horns in a 
dizzying variety of shapes and sizes. You would expect that when a lot of ceratopsian species lived side by 
side, they would evolve a bigger variation of ornaments than more solitary species. “We think they passed 
the test,” says Padian. 
   
  

7. How did some dinosaurs evolve feathers? 
  
The first fossil feathers were discovered  in 1861 in a limestone quarry in Germany, where workers 
unearthed a 145-million-year-old bird, Archaeopteryx. It still retained signs of its reptilian past, such as the 
teeth in its beak, the claws on its winged fingers, and its long tail. But which reptiles were its ancestors was 
the subject of fierce debate for more than a century. 
  
In the 1970s a growing number of paleontologists theorized that birds are living dinosaurs. They pointed out 
a number of features in bird skeletons that could also be found in one group of midsize bipedal meat eaters 
known as dromaeosaurs. Feathers, they suggested, might have first evolved in dromaeosaurs, but it would 
be hard to test this hypothesis since feathers rarely fossilize. “If you had asked me 15 years ago if we would 
ever find traces of feathers on a dinosaur, I would have said, ‘Yeah, but not in my lifetime,’ ” says Sereno. 
  
Sereno is still alive and well, and more than a dozen species of wingless feathered dinosaurs have emerged 
in northeastern China. The most surprising thing about these fossils is that they include a forerunner of T. rex 
as well as predators related to dromaeosaurs. That leads to one obvious conclusion. “Feathers did not 
evolve for flight,” says Padian.  
  
Fossils are not the only source of clues to the evolution of feathers; bird embryos are as well. A feather 
begins as a hollow tube. It then produces barbs that hook together loosely. This design can lead to the 
downy feathers that keep birds warm. In other cases, a feather will produce more hooks that lock the barbs 
into straight rows, creating the flat surface that birds use to fly. 
  
In 1999 Richard Prum of Yale University and Alan Brush of the University of Connecticut proposed that these 
growth patterns reflect how feathers evolved. Paleontologists have now found enough feathered dinosaurs to 
test their theory, and it is holding up well. The feathered dinosaurs most distantly related to birds had hollow 
tubes sprouting from their skin. More closely related species had a few barbs branching from a central axis. 
And the feathered dinosaurs that were the closest relatives of birds had the most complex feathers.  
  
What’s not clear is what purpose the protofeathers of dinosaurs served. In the early stages of their evolution, 
feathers may have served in mating displays or species recognition. If T. rex and other theropods evolved 
warm-bloodedness, feathers could have helped them insulate their bodies to stop heat loss. For now, no one 
knows for sure. 



  
  

8. How did some feathered dinosaurs begin to fly? 
  
Dinosaurs needed more than just feathers to fly. They had to evolve the special arrangement of bones and 
muscles that makes it possible for birds to flap their wings. Traditionally, paleontologists have put forward 
alternative scenarios in which flight evolved either from the trees down or the ground up.  
  
In the trees-down scenario, tree-climbing dinosaurs jumped to the ground or to other trees, and feathers on 
their outstretched forelimbs helped extend their fall. Eventually their descendants became gliders, and then 
finally they began to flap their wings. In the ground-up scenario, small theropods somehow evolved a flight 
stroke even while they were adapted for running on the ground—perhaps by grabbing prey with their hands. 
  
 “This was a false dichotomy,” says Hans-Dieter Sues. In recent years, for example, scientists have 
discovered some very small feathered theropods that may have been able to climb trees. Meanwhile, Ken 
Dial of the University of Montana has found that partridges can run up vertical surfaces. As the birds run, 
they flap their wings so that they act like spoilers on a race car, pushing the bird against the surface. 
  
 “We’ve got animals able to climb trees if they want to, able to take off from the ground if they have to,” says 
Padian. 
  
These discoveries have prompted paleontologists to give feathered dinosaurs a fresh look. It’s possible that 
some of them may have already been able to fly, if only a little. “The only way this will really be answered is 
to get some better fossils, build really good models, and do experiments in wind tunnels,” says Norell. 
  
  

9. What finally killed off the dinosaurs? 
  
Birds may be living dinosaurs, but they’re peculiar ones. They are the only dinosaurs that managed to 
survive beyond the Cretaceous Period, which ended 65 million years ago. All the dinosaurs without wings 
became extinct, along with roughly 75 percent of all other species—a pulse of mass extinctions that struck 
land and sea alike. 
  
What happened? For one thing, a six-mile-wide asteroid crashed into the Gulf of Mexico at the very end of 
the Cretaceous Period. It left behind many signs of its impact, from bits of fractured quartz showered 
thousands of miles away and vast arcs of tidal-wave-driven debris to the impact crater itself, buried deep 
underground off the Yucatán Peninsula. 
  
A number of researchers have argued that cascading environmental effects from the impact wiped out the 
dinosaurs in a geologic blink. As debris from the impact rained down around the world, it triggered vast 
wildfires. Dust may have blocked sunlight for months, and acid rain may have killed off plants and marine 
organisms long afterward. Cut off from their food supply, most dinosaurs became extinct. Birds survived 
because a few of them happened to be sheltered in burrows or rock piles.  
  
When this hypothesis emerged in the 1980s, it was hugely popular. “Fifteen or 20 years ago, people would 
have said, ‘Ah, it’s just the asteroid,’ ” says Norell. But things have changed. “Now everybody agrees that an 
asteroid hit, but its role in the extinctions is being questioned,” he says. 
  
Recent studies suggest that the impact may not have been quite as fierce as scientists once thought. A team 
of Canadian and British researchers surveyed six sites in North America and found no sign of soot 65 million 
years ago, leading them to doubt that the impact led to a global firestorm. Gerta Keller of Princeton 
University has also found reason to doubt in a core she drilled from the impact crater itself. She claims that 
marine species became extinct 300,000 years after the impact. 
  
 
 



 “I think more people are looking at it more like a perfect storm,” says Norell. The asteroid was one of several 
major blows that life suffered at the end of the Cretaceous. The climate was cooling, sea levels were 
retreating, and huge volcanoes in India were belching out lava and lots of atmosphere-altering gases. 
“Things weren’t going that great for the ecosystems in general when the asteroid hit,” says Norell. 
  
Whether an asteroid or a perfect storm turns out to be the primary culprit, says Sues, paleontologists still 
have a long way to go to explain why the resulting extinction killed off such a peculiar range of species. 
“There doesn’t seem to be any rhyme or reason to it. It picks off things left, right, and center,” says Sues. 
“Why did small dinosaurs disappear but crocodilians and other large reptiles did not? That’s one of the 
enduring mysteries that makes this extinction fascinating.” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



The Day Everything Died 
The big knockdown fight in science these days is a debate about a 
cataclysm that occurred 250 million years ago 
By Karen Wright 
DISCOVER Vol. 26 No. 04 | April 2005 | Ancient Life 
  
  
One of the boldest assertions ever published in the scientific literature started with a single modest 
observation. In the late 1970s, geologist Walter Alvarez of the University of California at Berkeley and his 
father Luis, a Nobel Prize–winning physicist, found an unusual chemical signal in an ancient layer of Italian 
clay. The clay was enriched in iridium, a rare metal that comes mostly from meteorites, interplanetary dust, 
and other cosmic debris. The iridium spike appeared in sediments 65 million years old, at the so-called K-T 
boundary between the Cretaceous and the Tertiary periods. It coincided with the demise of the dinosaurs. 
 

 
Illustration by Mondolithic Studio 

  
 KILLER COLLISION  

  
Geologist Luann Becker argues that 250 million years ago an asteroid six miles wide crashed into the seafloor 
off the coast of Australia. She thinks the fallout from the impact provoked the greatest of the five known mass 

extinctions. 
 
 

 Contamination from local sources or a glitch in the iridium-counting machine could have explained the 
finding. But the Alvarezes found an even bigger spike in another Cretaceous-Tertiary deposit in Denmark. 
Their interpretation, published in 1980, was heretical.  
  
The clay at the K-T boundary was high in iridium, they said, because it was made of the ash and dust from a 
six-mile-wide asteroid that had crashed into Earth with the energy of 
100 million megatons of TNT. The impact instantly killed every living thing within hundreds of miles. The 
animals that weren’t incinerated or gassed by fumes froze or starved to death soon after, when dust kicked 
up by the impact blotted out the sun for more than a year, killing plant life around the globe. Dinosaurs were 
only the most conspicuous casualty of an epic disaster that eradicated half of all the species on Earth.  
  
 
 



“Their idea was met by instant ridicule and derision by most geologists and paleontologists,” recalls 
paleontologist Michael Benton of the University of Bristol in a recent book. It took another decade of 
evidence gathering, including the documentation of an impact crater off the Yucatán Peninsula, for the 
impact theory to win acceptance, he notes. Now “ ‘Extraterrestrial Cause for the Cretaceous-Tertiary 
Extinction’ is considered . . . one of the most influential publications in earth sciences in the twentieth 
century,” Benton writes in When Life Nearly Died: The Greatest Mass Extinction of All Time. 
  
The book, however, is not about the Cretaceous-Tertiary impact. And the death of the dinosaurs was not the 
greatest mass extinction of all time. That superlative belongs to a more severe crisis at the P-T boundary, 
between the Permian and Triassic periods. Fossil records show that about 250 million years ago, 90 percent 
of the species on Earth were snuffed out in an abrupt event that spanned the globe. The extinction occurred 
a couple hundred million years before the dinosaurs died out, so its causes, like its sediments, are buried 
more deeply. No one has even come close to proving what happened.  
  
But in the past five years, one scientist has dared to implicate a familiar culprit: an asteroid or comet 
comparable in size and speed to the K-T perpetrator. Geologist Luann Becker of the University of California 
at Santa Barbara has published a series of papers describing rocks from China, Japan, and Antarctica that 
have subtle and sometimes unorthodox signs of an impact, including extraterrestrial gases trapped in 
microscopic carbon cages and minerals deformed by shock waves. Last year, her research team delivered 
the coup de grâce: evidence of an impact crater off the northwest coast of Australia, hidden beneath two 
miles of sediment on the ocean floor. 
  
Like the Alvarezes’ theory, Becker’s Permian extinction work has been greeted with hostility. It prompted a 
vitriolic exchange in the journal Science and a showdown at last December’s annual meeting of the 
American Geophysical Union. NASA has launched an investigation to explore Becker’s claims, and some of 
Becker’s peers are second-guessing any findings that fit her interpretation—even if the findings are their 
own. In January, for example, geologist Peter Ward of the University of Washington in Seattle revised his 
earlier thesis that the extinction had occurred suddenly, documenting new fossil successions that suggest a 
more prolonged die-off. Geologist Greg Retallack of the University of Oregon in Eugene is retracting 
evidence of impact-shocked minerals at the P-T boundary he reported in the late 1990s. 
  
Compared with those researchers, Becker is young and relatively inexperienced, but she cannot be 
dismissed as a fringe figure. Her academic credentials are impeccable, and she publishes in the country’s 
most prestigious science journal with experts from top-flight universities as coauthors. Although highly 
qualified scientists often disagree, some insiders are baffled by the heat of this particular debate. Retallack, 
for one, still believes that an impact scenario is credible. “I don’t know why people are trashing Luann,” he 
says.  
  
There could be two reasons: She’s wrong, or she’s right. If she’s wrong, say her detractors, her crusade is 
drawing focus away from investigators looking at other, more likely scenarios, such as the eruption of 
hundreds of volcanoes in prehistoric Siberia. “All this putative impact stuff is muddying the waters,” grumbles 
geophysicist Jay Melosh of the University of Arizona at Tucson.  
  
If she’s right, then a newcomer who wound up studying the Permian extinction and its “putative impact” has 
bested paleontological stalwarts who have devoted decades to solving the puzzle of mass extinctions. “I’ve 
been all over the world looking for shocked minerals at the P-T boundary, and I haven’t found any at all,” 
says geologist Michael Rampino of New York University.  
  
It’s the objection of a seasoned scientist, but it could just as easily be the complaint of a runner-up. Becker 
could be driving a discovery as profound as any in earth science, or she could be courting career-dashing 
disgrace. Depending on whom you ask, the cause of the greatest extinction of all time has been either finally 
identified or hopelessly obscured. 
  
  
 
 



  
To understand the fuss over Becker’s claims, it helps to know that ideas about the Permian extinction have 
long been subject to scholarly caprice. Two centuries ago, the very concept of extinction itself was 
considered scandalous. The great thinkers of the early 1800s only grudgingly acknowledged that the fossils 
of mastodons, mammoths, and giant ground sloths unearthed in the previous century had no living 
counterpart remaining on Earth. Then they portrayed extinction as a gradual event. The preeminent British 
geologist Charles Lyell maintained that iguanodons, ichthyosaurs, and pterodactyls might stage a comeback 
if hospitable habitats and climates returned. Lyell also came out against any notion of sudden, indiscriminate 
cataclysm in the history of life. He branded such catastrophism muzzy-headed voodoo science.  
  
The geologists who defined the fossil hallmarks of the Permian in the 1840s must have feared Lyell’s 
opprobrium, for they failed to mention the signs of mass extinction at the end of that period. It seems unlikely 
that they simply overlooked it. The Permian extinction obliterated ecosystems as complex as any on Earth 
today. On land, 10-foot-long saber-toothed reptiles succumbed, and grazing, root-grubbing, and insect-
eating lizards vanished, along with the plants and bugs they ate. In the ocean, reefs teeming with life were 
reduced to bare skeletons. The Permian even finished off the lowly trilobite—perhaps the one celebrity 
species of the predinosaur era. 
  
Even when geologists finally acknowledged these disappearances in the fossil record, they decided that, 
while thorough, the Permian die-off had been prolonged. The best estimates had it taking about 10 million 
years, which doesn’t seem terribly cataclysmic. A lot can slowly go wrong in 10 million years. The climate 
can grow too hot or too cold; sea levels can rise or fall; the amount of oxygen in the ocean or the atmosphere 
can change. Most plants and animals are exquisitely sensitive to such shifts, and many might not be able to 
adapt. But they would die out one by one over millennia, at such a stately pace that a hypothetical human 
would hardly notice. 
  
Thus Lyell’s gradualism continued to prevail, and catastrophic change stayed taboo for most of the 20th 
century. That’s one reason the Alvarezes’ K-T impact theory seemed so radical, even in 1980. It invoked the 
sort of deus ex machina that Lyell had disparaged, and it conjured improbable images of instantaneous 
apocalypse.  
  
But for once, an idea that plays well in the tabloids also turned out to be true. Emboldened by that example, 
geologists began to revisit other scenes of carnage in rock beds around the globe. In addition to the 
Cretaceous and Permian die-offs, they had identified three other episodes of mass extinction in the past 500 
million years (a die-off is considered a mass extinction when 50 percent or more of all species are extirpated 
from the fossil record). Some specialists could not help but hope that a single uncomplicated cause might 
explain all five of Earth’s great extinctions. “A few years ago, we thought maybe they’re all impacts,” says 
Rampino. The pendulum Charles Lyell had pulled far to one side swung back just as far to the other. For a 
few years, it stayed there. Catastrophe became all the rage. 
  
With the paradigm shifting, geologists admitted they could not prove that the Permian extinction had been 
gradual after all. Evidence to the contrary began to surface. In the early 1990s, geologists examined a rock 
section in China that bore the critical fossils of the P-T boundary interleaved with ashy volcanic layers 
suitable for isotopic dating. Called the Meishan section, this felicitous stratigraphy—along with advances in 
radiometric methods—allowed researchers to time the extinction better than ever before. In 1998 a Chinese 
and American group headed by geochronologist Sam Bowring of MIT nailed the date of the Permian 
extinction at 251 million years ago. A carbon signature in the Meishan section suggested the catastrophe 
had lasted at most 165,000 years. In other words, it had happened two orders of magnitude faster than the 
10-million-year textbook estimate.  
  
 
 
 
 
 
 



 
Armed with the new time line, fossil experts began weighing in. In a 2000 survey of 333 marine species in 
the Meishan section, paleobiologist Doug Erwin of the National Museum of Natural History in Washington 
showed that the extinction happened abruptly in the oceans. That same year Peter Ward documented a 
sudden die-off of vegetation on land in present-day South Africa. Lines of evidence were converging, and 
figures kept ratcheting downward. The duration of the Permian extinction went from hundreds of thousands 
of years to tens of thousands and, finally, to just thousands. Although they couldn’t resolve time in terms of 
days, weeks, or months, many experts came to believe that the whole doomed Permian assemblage—flora, 
fauna, and foraminifera—might have bought it overnight. The abrupt demise made an impact scenario seem 
even more plausible. Then Luann Becker came along. 
  
In 1991 Becker was working toward her Ph.D. at the Scripps Institution of Oceanography in La Jolla, 
California, when her adviser, Jeffrey Bada, showed her an article about the discovery of a new form of 
carbon molecule called a fullerene. Fullerenes are hollow, closed lattices shaped like nanoscale soccer balls 
or geodesic domes (they’re also known as buckyballs, after Buckminster Fuller, the dome’s inventor). They 
had first been synthesized in the laboratory in 1985, but some scientists thought they might also be made in 
space, in the furnaces of stars.  
  
If fullerenes are star dust, Bada reasoned, they could be among the cosmic debris that has fallen to Earth 
more or less constantly since the birth of the planet. The biggest payloads, of course, would arrive via 
meteorites. But would they survive an impact? Becker—who was planning to be an environmental 
geologist—got swept up in Bada’s enthusiasm. The two decided to search for fullerenes near known impact 
craters. They soon found them, in 1993, at an impact site in Canada nearly 2 billion years old. The molecular 
cages at the so-called Sudbury site might have been forged on Earth from the intense heat and pressure of 
the impact or in a common forest fire. Yet in their hollow centers the fullerenes held captive helium gas with 
an unearthly composition that was distinctive of some meteorites and interplanetary dust.  
 

THE TOP FIVE EXTINCTIONS 
  
ORDOVICIAN  440 million years ago; eradicated small organisms that lived on the bottom of the 
ocean. 
  
DEVONIAN  365 million years ago; caused the loss of coral reefs and small marine life-forms. 
  
PERMIAN  250 million years ago; wiped out more than 90 percent of marine species and drastically 
affected lineages of four-footed animals on land. 
  
TRIASSIC  210 million years ago; killed off more than a fifth of animal lineages, both on land and in 
the ocean.  
  

CRETACEOUS  65 million years ago; decimated nonavian dinosaurs as well as marine reptiles and 
numerous species of marine organisms. 

  
 
“We were absolutely taken aback,” Becker says. “What was in these little buckyballs was an extraterrestrial 
signature.” 
  
Becker next succeeded in isolating fullerene molecules directly from meteorites. Encouraged that she had 
found a new way to trace impact events, she joined with geochemist Robert Poreda of the University of 
Rochester in New York, who had helped develop the technique to find trapped fullerene gases, to look for 
buckyballs at the sites of mass extinctions. First they found some at the K-T boundary. Then they found 
some at the P-T, in rocks from the Meishan section and at another site called Sasayama in Japan. In the first 
of several controversial papers, Becker and her colleagues reported that the P-T fullerenes contained 
trapped helium and argon gases with extraterrestrial compositions. The helium content of the Sasayama 
fullerenes, for example, is more than 50 times higher than background levels.  
  



“Thus, it would appear that [extraterrestrial] fullerenes were delivered to Earth at the P-T [boundary], possibly 
related to a cometary or asteroidal impact event,” Becker and her colleagues concluded. “Our results are 
consistent with recent paleontological studies that now point to a very rapid extinction event.” 
  
Becker’s fullerene report received guarded praise. True, the notion of alien gases trapped in microscopic 
carbon cages for millions and even billions of years strains credulity, especially when you imagine the force 
of the impact that supposedly delivered them. But by the time Becker’s work appeared, impact geologists 
were sorely in need of alternative tracers. Their two favorites from the K-T days—iridium spikes and shocked 
quartz—hadn’t turned up in any incriminating abundance in the rocks associated with other mass extinctions. 
So, fullerenes from outer space? Why not? “They looked like a possible winner in terms of a signature of an 
impact,” says Rampino, a coauthor of that first report. 
  
Two years later, Becker and geochemist Asish Basu of the University of Rochester published another paper 
with still more unconventional evidence for a Permian impact. Becker’s group claimed to have found dozens 
of actual fragments of meteorites in rocks from the P-T boundary in Antarctica. That evidence is 
unconventional because meteoritic remains are so easily turned to dust. If they had somehow avoided being 
incinerated on entry or pulverized on impact, they would have disintegrated in a year of heavy rain—long 
before geologic processes could fold them into native rock. Less than half a dozen meteorite fragments have 
been found intact in rock layers the world over. 
  
Becker’s fragments are intact and unweathered, although they are supposed to be a quarter of a billion years 
old. “The meteorite fragments . . . are so well preserved that their preservation must be due to rather unusual 
circumstances,” the authors themselves concede. But as far as they are concerned, “the two largest mass 
extinctions in Earth history at the K-T and P-T boundaries were both caused by catastrophic collisions with 
chondritic meteoroids.” 
  
Seven months later, Science published Becker’s report of the proposed impact site. This time Becker, Basu, 
and four other coauthors described a submarine hump called Bedout High that is buried in ocean sediments 
100 miles off the northwest coast of Australia. Geologist John Gorter of ENI Australia was surveying for 
offshore oil there when he spotted the plateau on a seismic profile of the seabed in the late 1990s. Becker 
hadn’t learned of Gorter’s find until 2002, but when she called him he said he could also get her rock cores 
drilled from the top and the flank of the structure’s uplifted bull’s-eye. “I got my rear end over there and 
started looking at those samples,” she says. 
  
In those seafloor samples, Becker’s team reports finding shocked and melted minerals and glass that could 
be produced only by the intense heat and pressure of a bolide, or meteoric, crash. The researchers dated 
one of the mineral grains and got a familiar number: 250 million, give or take a few million. They say a gravity 
model of the site, a kind of topographical map of buried geologic structures, looks much like the gravity 
model of Chicxulub, the K-T impact structure. Becker and company say the signs of impact at Bedout are 
compelling enough to warrant further scrutiny. And they are getting it.  
  
 Maybe it’s because none of her coauthors are Nobel Prize winners. Maybe it’s because she and her 
colleagues are the only ones who know how to find a fullerene. Maybe it’s because evidence of an extinction 
four times older than the K-T is that much more difficult to find and interpret. For whatever reason, Becker’s 
latest paper—“as spectacular and annoying to some people as the Alvarez paper in the 1980s,” she says—
has fared no better than that historical example. Except there’s no sign of eventual acceptance—even from a 
former coauthor and fan of the impact theory.  
  
“The dates are not unequivocally 250 million years, the shocked minerals don’t look like shocked minerals, 
and the gravity anomaly doesn’t look like the gravity anomaly you’d get from an impact,” Rampino observes. 
“There’s no evidence of a crater, let alone a crater of that time period.”  
 
 
 
 
 



  
Becker’s critics have aired their grievances in caustic missives to Science. A group led by British 
sedimentologist Paul Wignall of the University of Leeds writes about examining rocks cored from basin 
sediments 600 miles south of Bedout. “At no level in the core . . . is there evidence for a layer of impact 
ejecta or a tsunamite,” the authors contend. Becker’s team responds that Wignall’s core hasn’t even been 
proved to include material from the Permian-Triassic boundary. Another group headed by geochronologist 
Paul Renne of the Berkeley Geochronology Center in California notes that the gravity map of Bedout bears 
no resemblance whatsoever to another confirmed impact site called Vredefort. Becker admits that her gravity 
signature is a little irregular: In the map’s caption she calls it “significantly reduced and more subdued” than 
Chicxulub. But she says the reference to Vredefort—which is plainly visible on the surface of the South 
African desert—just shows how irrational her critics have become: “Comparing a crater that’s exposed at the 
surface to something that’s been buried under four kilometers of debris? Give me a break. I mean, hello!” 
  
Renne and other investigators also charge that Becker’s supposedly shocked minerals don’t have the telltale 
patterns of impact-induced features: narrow, parallel bands crisscrossing at various angles, like a 
microscopic tartan weave. Rampino says Becker’s group offers nothing nearly as persuasive as the shocked 
minerals found in K-T boundaries across the globe in the years following the Alvarezes’ breakthrough paper. 
He still remembers the day in 1983 when he saw the first slides of K-T shocked quartz at a meeting. “I went 
down the hall to see it, and I came back convinced,” he recalls. “Had there been a picture like that in 
[Becker’s] paper, these questions wouldn’t have come up at all.” 
  
Additional questions surround Becker’s impact glass, which Renne and others believe could be volcanic. In a 
recent online analysis, earth scientist Andrew Glikson of Australian National University asserts that Bedout is 
probably just a buried, burned-out volcano. The oil prospectors who originally collected the Bedout cores 
also assumed that the rocks were volcanic. But everyone thought Chicxulub was a volcanic crater, too, 
Becker says, until tests done in the late 1980s proved otherwise.  
  
“It’s tectonically and geologically impossible for it to be [a volcanic crater],” she claims. “At the time this thing 
formed, it was in the middle of a basin that was nowhere near a subduction zone—it was nowhere near the 
kind of geologic activity that would cause a volcano to form.” 
  
Even the fullerene tracers that were once warmly received have come under attack, because geochemist 
Ken Farley of Caltech in Pasadena found no helium in P-T rocks from Meishan when he tried to replicate 
Becker’s work. 
  
“Nobody can reproduce her results,” says Melosh, who maintains that Becker’s means of isolating fullerenes 
could also be used to synthesize them. “Possibly she’s fooling herself because she’s making the fullerenes 
she’s detecting.” 
  
To each of these charges, Becker has detailed and spirited retorts. She points out that Farley, for example, 
did not examine the same Meishan rock samples she did and that he looked for helium in bulk rather than 
isolating fullerenes first and then looking for gases trapped within them. “We’ve got everybody hounding us 
because it’s a spectacular claim,” says Becker. “They feel threatened. Why else would they make such 
absurd statements?” 
  
At this point, it is reasonable to wonder how an extraterrestrial bolide the size of Mount Everest could plow 
into the planet without leaving an unambiguous trace. The answer is, in part, that 250 million years of heat 
and pressure can deal its own damage to rocks. The ocean floor, for example, recycles on a tectonic 
conveyor belt every 200 million years or so, erasing all signs of disturbance. Bedout sits just offshore on a 
continental shelf; otherwise its features—whether volcanic or extraterrestrial—would be history. Still, even 
that relatively stable continental crust erodes, subsides, uplifts, and deforms over the millennia, obscuring its 
original mien. 
 
 
 
 



  
So scientists are left to reconstruct epochal events from nearly inscrutable remains. Retallack and others, for 
example, have found an iridium blip at the P-T boundary, but it’s one-tenth as large as the iridium spike 
reported by the Alvarezes and others at the K-T. That could imply a modest-size meteorite, not big enough to 
cause a worldwide extinction. But some meteorites contain very little iridium, and comets, which are mostly 
ice, don’t have any. If an impactor landed in the deep ocean, it wouldn’t create much shocked quartz either, 
because the ocean floor has less quartz in it than continental crust. If a king-size comet landed in the deep 
ocean, it would be like stabbing a man with an icicle: a murder with a weapon that vanishes. 
  
There are other suspects. One is the Siberian Traps, a million-year-long volcanic eruption that flooded five 
time zones of Russia with basalt lava more than a mile deep. Over the past decade, ever more sophisticated 
dating of the ancient basalt has shown that the lava bed could be about the same age as the extinction, and 
recent studies have revealed that it covered twice as much area as previously supposed. “Knowing that this 
province was probably twice as big as we thought has a visceral effect,” says Renne. “We’re staring one of 
the significant coincidences [of the P-T boundary] right in the face.” 
  
A million years of eruption might release massive clouds of sulfurous gases and carbon dioxide. “It probably 
wouldn’t have been a lot of fun to breathe,” says Renne. The oxidation of coal beds beneath the magma 
could release methane as well. The sulfur could produce torrents of acid rain, the carbon dioxide and 
methane could lead to rapid greenhouse warming, and life on Earth just might not have been worth living for 
a while. 
  
The Siberian Traps hypothesis has been a favorite among Permian experts when times get tough with the 
impact theory. There has even been speculation that an impact caused the eruptions. But no one has 
described a convincing mechanism for an impact-induced eruption, especially not one lasting a million years. 
And some geologists now question whether the eruptions could have been disastrous enough to account for 
a global extinction. Basaltic eruptions are mild, like those in Hawaii, not spectacular like the pyrotechnic 
Mount Saint Helens.  
  
“There are no big explosions,” says Melosh. “It’s very bad if you happen to be right under the lava.” As for 
exterminating life elsewhere on the planet, “I don’t think it’s enough.” 
  
The one element of the Permian mystery that is certain is that something did indeed claim the lives of 9 out 
of every 10 species. The fossil signature of the Permian remains the only obvious signal of what went down 
250 million years ago, but it, too, resists deciphering. Ward’s latest findings are a case in point: Though his 
2000 report on South African plant fossils showed signs of an abrupt extermination at the P-T boundary, his 
new analysis of animal fossils suggests that a gradual extinction preceded that ultimate burst of fatalities. 
  
“Different organisms have different reactions to different stresses, so if you knew the sequence of mortality 
you could get a handle on the sequence of events,” says Renne. Unfortunately, current dating methods 
aren’t precise enough to determine the exact order in which species disappear from the fossil record. 
  
It does seem certain that the extinction was followed by an extraordinarily long recuperation, called a survival 
interval, of at least 4 million years. During that time, the fossil record shows that a handful of plants and 
creatures held on for dear life: humble things such as clams, “well adapted to living in lousy environments,” 
says Erwin. According to Benton, it would be fully 100 million years before the planet recovered the same 
level of biodiversity it had hosted before the end-Permian crises.  
  
What then follows is oddly reminiscent of Lyell’s dubious notions on the resurrection of extinct forms. 
Paleontologists have documented a number of plants and animals that disappear at the end of the Permian, 
stay gone for millions of years, and re-emerge in the middle Triassic. They call these Lazarus species. 
  
 
 
 
 



 
It’s difficult to build a convincing theory of mass extinction around such data. “I think there was definitely an 
impact,” says Retallack, “but I don’t think it caused the extinction necessarily.” Instead, Retallack imagines 
that the impact released methane stored in the seafloor when it struck. The methane essentially suffocated 
life. “The actual mode of death would’ve been coughing up a blood-specked frothy sputum,” says Retallack. 
  
Rampino detects a note of desperation in such scenarios. “The search is widening from the standard cast of 
characters,” he says. “They’re pulling suspects off the street. It would be so much easier if we could just find 
a big crater in the ground, or a big, smoking volcano.” 
  
But Renne, for one, would not mourn the loss of the impact theory or any other pat explanation for 
biocatastrophe. “Why should every major extinction have the same cause?” he says. “It would just be too 
tidy.” 
  
  
  
There is nothing tidy about the p-t impact theory as it stands today. “Everybody is waiting for an ending to the 
story,” says Becker.  
  
Well, not everybody. Some mass-extinction veterans, weary from 15 years of fruitless rock-wrangling at the 
Permian boundary, are throwing in the trowel.  
  
“I really enjoyed the P-T field in the 1990s,” says Retallack. “Then it was fun. Now it’s gotten to be name-
calling and acrimony. I don’t relish the kind of debates that will go on from here on out. I don’t intend to 
pursue further studies of impact tracers.” He says he would rather study Paleozoic paleosols—really, really 
old dirt. 
  
Doug Erwin has a book in press that will bid his adieu to the Permian problem. When he wrote his first book 
on the extinction in 1993, few of his colleagues were interested. Then “everybody who was busy worrying 
about the K-T extinction got bored and decided to come down to the P-T,” he says. Now it’s just too crowded 
to be any fun. Rampino agrees: “You have to take a number to get to study any boundary. It’s like going to 
the grocery store.” 
  
Those players still in the game can look forward to more fireworks later this year, when results from a NASA-
funded effort to verify Becker’s findings are due to be released. Last fall, the NASA program sent Erwin, 
Becker, and Frank Kyte, a geologist at UCLA, to the Meishan section in China, where they could decide, on 
site and in person, which rocks to analyze and how to divvy them up. The rocks were distributed among 
several U.S. laboratories for independent testing.  
  
“The expedition to do some definitive sampling is just what we need,” says Melosh.  
  
And so the crisis in end-Permian science will continue a while longer, claiming careers and ravaging 
reputations. It remains to be seen whether Luann Becker and her putative impact will be survivors, 
casualties, or one of those mysteriously resurgent Lazarus species.  
 
 
 
 
 
 
 
 
 
 
 



News From Earth’s Wayward Twin 
Our first look at a fantastic yet familiar world, where mountains are 
made of ice, volcanoes spew ammonia, and the sky rains methane 
By Corey S. Powell 
DISCOVER Vol. 26 No. 04 | April 2005 | Astronomy & Physics 
  
 
As the Huygens probe prepared to plunge into the atmosphere of Titan, the scientists at the European Space 
Operations Center in Darmstadt, Germany, kept warning the packed auditorium full of colleagues and 
journalists to “expect the unexpected.” Saturn’s planet-size moon is completely enshrouded in an orange-
brown haze. It is 10 times as far from the sun as Earth is, its thick atmosphere is tinged with methane (the air 
would burst into flame if oxygen were present), and it has about a seventh of Earth’s surface gravity. 
Whatever lay under Titan’s global smog would surely boggle the imagination. 
  

 
EUROPE SCORES A BULL’S-EYE 

A life-size model of the European Space Agency’s nine-foot-wide Huygens probe (above) sat on display in 
Germany while the real thing parachuted onto Saturn’s moon Titan, spinning and snapping pictures as it fell. 

Thirty of those images yielded the grand mosaic at right. 
 
 



 
(Spacecraft image courtesy of Ferit Kuyas; mosaic courtesy of ESA/NASA/ University of Arizona) 

 
 
On the evening of January 14, when the snapshots from Huygens started to arrive, the researchers were 
startled anyway. The first set of images showed formations resembling riverbeds, eroded hillsides, 
coastlines, sandbars, and barrier islands that made Titan look improbably like Earth. One early Huygens 
picture looked eerily like the New Jersey shore. “Nah, it’s too rugged,” said Martin Tomasko of the University 
of Arizona, lead researcher on Huygens’s camera-spectrometer package, eyeballing a pile of color printouts 
scattered on a table in front of him. “It’s more like the south of France.” 
  
At second look, however, nothing on Titan is quite what it seems. The thermometer hovers around –290 
degrees Fahrenheit—cold enough to provoke chemistries and states of matter never seen naturally on Earth. 
The hills on Titan are rock-hard frozen water. The rain is condensed methane. The dark deposits in the 
channels and lowlands are most likely a tar that precipitated out of the hydrocarbon-rich atmosphere. 
  



Titan’s contrast of the recognizable and the bizarre carries a profound lesson. If we ever see Earth-like 
worlds around other stars, there’s a good chance they will seem familiar too. All it takes is air, fluid, and a 
little geologic activity to create a place that looks remarkably like home. Titan expands our perspective on the 
whole range of landscapes out there.  
  
And we came horribly close to never seeing it at all. 
  

 
Fuzzy Moon 

This false-color image, taken from the Cassini space-craft, shows Titan through two kinds of filters. Ultraviolet 
(blue) highlights the moon’s several-hundred-miles-thick atmosphere. Infrared (red and green) penetrates the 
haze to show some surface details. Huygens images will greatly help scientists interpret Cassini’s long-range 

pictures (courtesy of NASA/JPL/Space Science Institute. 
  
 
Exploring new worlds is not for the impatient. Plans for the Huygens mission began so long ago that 
researchers in Darmstadt joked about it: “I feel like the new guy here; I’ve only been working on this project 
for 11 years,” said Mark Dahl, the Cassini-Huygens program executive at NASA. Titan got on researchers’ 
radar screens back in the 1940s, when Dutch astronomer Gerard Kuiper discovered that it is the only moon 
in the solar system with a substantial atmosphere. In 1980 the Voyager 1 spacecraft revealed Titan as an 
orange ball blanketed in nitrogen and an opaque haze of organic molecules. The discovery hinted at 
something marvelous: Titan’s chemical mix might mimic the conditions on Earth 4 billion years ago, when life 
first appeared.  
  
Soon after, European and American space planners struck a deal. NASA would send the six-ton Cassini 
spacecraft to orbit Saturn; the European Space Agency’s Huygens companion would hitch a ride and 
parachute down to neighboring Titan. Huygens would be Europe’s most daring space effort, aiming to land 
on a distant surface we’d never even seen. The joint mission took off from Kennedy Space Center on 
October 15, 1997, on a looping 2-billion-mile journey. On Christmas Day of last year, a set of explosive bolts 
fired, three compressed springs separated probe from orbiter, and Huygens began its approach to Titan. 
Everything seemed to go exactly as planned, right up to the moment the first data signal arrived at 5:15 p.m. 
Central European Time on January 14. 
  
Then a sick look of worry swept over the faces of engineers in the control room. Huygens was supposed to 
transmit its findings through two radio channels, channel A and channel B, to split the risk in case one 
malfunctioned. The two signals would be relayed to Cassini, which would amplify them and use its large 
antenna to broadcast the message home. But only channel B was coming through—channel A was missing. 
As mission planners scrambled, they reached an agonizing conclusion. Someone had neglected to program 
Cassini to listen for both channels.  
  
Cassini obediently passed along channel B while channel A leaked away into space. David Southwood, the 
European Space Agency’s director of science, quickly launched an inquiry (quashing rumors that NASA was 
responsible for the error) and told the anxious crowd in Darmstadt, “We’re human, and the gods—maybe the 
Titans—always demand some human aspect in every godlike activity.”  
  
The Huygens teams did not have time to fuss; they just wanted to save the science. Most of the probe’s 
instruments sent redundant signals through both channels, but the Doppler Wind Experiment seemed lost. 
The concept behind that experiment was beautifully simple: Beam a signal to Cassini, which would record 
subtle radio distortion caused by winds blowing around Titan. By analyzing that distortion, researchers could 
reconstruct Titan’s weather patterns. The experiment relied entirely on channel A. 
  



Fortunately, Leonid Gurvits of the Joint Institute for VLBI in Europe—a Dutch radio astronomy institute—had 
a backup plan. Since the launch of Cassini-Huygens, the sensitivity of radio telescopes on Earth had 
improved so much, he realized, that it might be possible to conduct the experiment from the ground as well. 
He therefore collaborated with researchers at 17 radio dishes in Australia, China, Japan, and the United 
States to monitor Huygens’s signal. Gurvits and his colleagues spent a sleepless night gathering the 
preliminary results. The next day he announced, “We will recover 100 percent of the mission goals, with the 
same science outcome.” As proof, he showed a crisp plot of the signal as received by the Parkes and Mopra 
dishes in Australia and by the Green Bank Telescope in West Virginia. Early results show Titan’s high-
altitude winds bluster westerly at 250 miles per hour. By summer Gurvits expects to have a map of wind 
patterns accurate to about two miles per hour—all extracted from a two-watt signal that originated nearly a 
billion miles away. 
  
For Huygens’s crucial imaging camera and spectrometer, the channel A mishap touched off a different set of 
troubles. Half of the images ran through each channel, so the number of Titan images was cut from 700 to 
350. The probe’s primary camera pointed at a downward angle, and the probe spun as it descended; the 
resulting images were supposed to form a spiral panorama that steadily zoomed in on the ever-closer 
surface. With half the images missing, the panoramas would be full of gaps.  
  

A New World Explored in 217 Minutes 
  

The Huygens descent and landing lasted less than four hours, triggering a concentrated burst of activity. 
 

 
On January 13, the control room in Darmstadt, Germany, was deserted 

 

 
The next day, it erupted with celebration 

 

 
as radio signals proved the mission had succeeded. 

David Southwood, the European Space Agency’s chief scientist 
 
 
 
 



 
praised Europe’s newfound prowess in space. Mission researchers scrambled to explain just-in results 

 

 
Martin Tomasko found himself mobbed by the news media 

 

 
Later that day, he and the rest of the imaging team ) retired to their 

quarters to reassemble a Humpty-Dumpty pile of Titan imagery 
(Images A-E courtesy of Ferit Kuyas; F courtesy of ESA/ESOC/University of Arizona) 

 
 
 

  
Worse news emerged when the imaging team began digging into data from the camera’s supporting 
instruments. Huygens contained a sensor to record each time the spinning probe swept past the sun’s 
location in the sky. That information was supposed to record the probe’s precise orientation when it took 
each image. In principle, creating a map of Titan would simply be a matter of snapping each part of the 
mosaic into place. But the atmosphere turned out to be a lot soupier than expected, so the sun faded once 
Huygens sank below an altitude of 30 miles. Tomasko grimaced stoically at the news. “Maybe we came 
down through a methane shower,” he said.  
  
 

 
Parting the Methane Mists 

 A 360-degree panorama of Titan, taken five miles up, shows fuzzy streaks—possibly methane fog—along the 
border between the lowlands and lighter highlands at left. Features near that boundary resemble barrier islands 
and sandbars, while the dark regions at right may be flood basins coated with tarry sediment; they might fill with 
liquid methane that then soaks into the ground. The plateau at middle right, like most high regions on Titan, 
probably consists mostly of water ice. Geologic activity must rebuild such formations; otherwise they would 
erode away due to wind and rain. 

Photograph courtesy of ESA/NASA/JPL/University of Arizona 
   

 



  
Huygens also was buffeted by those high winds that Gurvits measured. “We had a hell of a ride,” said Laura 
Ellen Dafoe, lead systems engineer of the Huygens optical package. “We prepared for a 10-degree tip, but 
we got a 60-degree tip.” Every picture therefore arrived with almost no information about where the camera 
was pointed.  
  
“It’s like trying to assemble a jigsaw puzzle without half the pieces and with no picture on the box,” Tomasko 
said. With the reporters and TV crews waiting, the imaging team huddled around their computers to 
reconstruct meaningful views of Titan. The first night after Titan’s Saturday landing, Tomasko released three 
individual frames—“raw images, hot off the computer”—that gave intriguing glimpses of riverbeds, a dark 
coastline, and Titan’s pebble-strewn surface. Sunday he and his teammates hunkered down in their 
temporary headquarters, a pair of connected trailers plopped in a weedy courtyard next door to the control 
room, and the second frenzy began.  
  
While the telephone kept ringing—When will we see more pictures? Can you do an interview?—the 
researchers ricocheted between glee and disappointment, divided up the tasks, and tore into the work. One 
group cleaned up the images; another tried to deduce the color of the surface; yet another sifted for 
directional clues buried in the probe’s readings of scattered sunlight. Tomasko puzzled over the nature of 
Titan’s haze while Laurence Soderblom of the U.S. Geological Survey, a geologist on the team, dissected 
the geometry of the images. Soderblom groaned good-naturedly at his task: “It’s the arithmetic that kills you.” 
  
By Tuesday giddy grins appeared in the makeshift imaging lab. “Yesterday was the worst day,” said Lisa 
McFarlane, a postdoc at the University of Arizona. Using improvised computer programs, she had started to 
figure out Huygens’s orientation at the time of each snapshot, which made it much easier to construct large 
panoramas of Titan’s surface. Soderblom had pinpointed the probe’s landing site. Tomasko could finally 
relax and put his worst fears in the past tense: “We came so close to losing everything.” 
  

 
Landing With a Splat 

 Huygens amazed its creators by surviving more than an hour on Titan’s surface. It landed on muddy, 
surprisingly dark ground, a mix of water ice, sand, and frozen hydrocarbons. To human eyes the scene would 
look as dim as twilight. Colors here are approximate, based on spectral measurements of the surface. The 
rounded, fist-size rocks show signs of erosion around their bases. Perhaps methane flows through after flash 
floods, like water in a desert on Earth (Courtesy of ESA/NASA/ University of Arizona). 

 
 
 
 



Few people outside of Tomasko’s group knew about the restless problem solving, number crunching, and 
seat-of-the-pants programming that followed the Huygens landing. Everyone could see the triumphant result. 
NASA and the European Space Agency released an imposing mosaic view of Titan’s surface, a version of 
the Titanian road map that came together, piece by piece, on the trailer’s wall. Three days earlier, Titan was 
a celestial question mark. Now it was succumbing to geologists, chemists, and cartographers, much as the 
Antarctic had a century earlier. 
  
With each refinement, the picture looked more and more like a world we already knew. “Titan was supposed 
to be bizarre,” said Soderblom. “Instead it’s the most Earth-like planet in the solar system.” (Calling Titan a 
planet is a telling slip. Technically it is a satellite, but everyone on the Huygens team regards Titan as the 
equal of Mars, which is only slightly larger and has much less atmosphere.)  
  
The bright highlands are most likely outcroppings of water ice. On his laptop computer in the trailer, 
Soderblom compared stereo images of the hills and estimated that they are a few hundred feet high. Organic 
soot steadily settles out of Titan’s atmosphere, so something—possibly methane rain—must scour these 
light areas clean. Dirty runoff evidently flows into the branching channels seen in the first-released Titan 
image. The channels lead to dark, flat lowlands—lake beds, perhaps.  
  
Much to Tomasko’s frustration, the Huygens images did not clearly show whether any of the lakes contain 
liquid right now. On the other hand, everyone on the imaging team was overwhelmed by the evidence for 
rainfall and flooding in the relatively recent past. Soderblom pointed to formations that look like sandbars and 
barrier islands. The view from the surface shows rounded blocks of water ice, like eroded stones in a creek 
bed. One set of images shows patchy fog, which could be subsurface methane evaporating into the 
atmosphere; another reveals what looks like channels flowing outward from a methane spring.  “This is an 
active, young surface,” Soderblom said.  
  
An onboard accelerometer and ground penetrometer kicked in additional hints about the nature of the 
ground where Huygens landed. John Zarnecki of the Open University in the United Kingdom, who led the 
experiment, reported that the 705-pound Huygens, falling 10 miles per hour, first broke through a relatively 
stiff layer, about half an inch thick, then sank about six inches. An icy crust atop a muddy mix of water-ice 
“sand” and liquid methane would match the readings nicely. As Zarnecki watched workers dismantle the 
conference table where he had presented these results, he was already formulating plans to drop a test 
target into various combinations of sand, mud, and gravel to simulate Titan’s surface texture.  
  
Results from one of Huygens’s chemical sniffers bolstered the idea that the probe landed on soil that had 
recently been soaked with methane dew or rain. About three minutes after the probe landed, it picked up a 
tendril of methane wafting from the surface, as if the probe’s heat were boiling some of the liquid trapped just 
below. Traces of argon gas found in the atmosphere, along with radar readings from Cassini, even hint at 
volcanic activity. At Titan’s frigid temperatures, however, the lava would be a syrupy mix of water ice and 
ammonia. 
  
“Titan is a strange, through-the-looking-glass kind of world,” Tomasko said. The description fits not just its 
appearance but also its chemistry. Four billion years ago, Earth’s atmosphere might have broadly resembled 
the one Titan has today. Cold, sluggish Titan has evolved much more slowly, so the dirty orange organic 
chemicals that tint its surface—most likely dominated by tarry compounds called tholins—could be a deep-
freeze model of early Earth. 
  
Guy Israel of the University of Paris has been decoding the chemical brew Huygens encountered during its 
descent. He hardly expects to find signs of life. Biochemistry as we know it relies on reactions that can 
happen only in solution, “and that is not a possibility—unless we bring along the liquid water,” he said.  
  
 
 
 
 
 



By the end of the week, officials at the European Space Agency were already looking forward to their next 
missions, to the moon and Venus, but the researchers in Darmstadt couldn’t escape the spell of Titan, a 
world that looks and acts so much like our own. Even as they began scattering to their homes in Arizona, 
Paris, London, and Bonn, the Huygens scientists were dreaming about how to return. Tomasko was 
tantalized by Titan’s dense atmosphere and luxuriously low gravity: “It would be a wonderful place to explore 
with a balloon.”   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Emerging Technology 
Self-Assembling Robots 
The future belongs to shape-shifting machines that don’t look like 
humans 
By Steven Johnson [stevenberlinjohnson.com] 
DISCOVER Vol. 26 No. 04 | April 2005 | Technology 
  
  

 
Illustration by John Hersey 

 
When the Honda Corporation recently unveiled the latest version of Asimo, a four-foot-tall humanoid playfully 
named after the science-fiction writer Isaac Asimov, a digital video of the robot generated the kind of 
enthusiasm on the Internet that is usually reserved for Paris Hilton’s home movies. The new incarnation of 
Asimo not only walked with a convincing bipedal gait but also accelerated smoothly from a leisurely stroll to a 
full-on trot. It was mesmerizing—and comic—to see the sleek white machine jogging across a stage as if it 
were a harried commuter trying to catch a bus.  
  
A jogging robot captures our imagination because we’re easily impressed by skills that mimic our own. But a 
robot that runs isn’t necessarily better than one that doesn’t. The future of robotics lies beyond mimicking 
humans and in machines that transform themselves into configurations based on changing circumstances. 
Some of these machines may resemble creatures from the natural world, but others may be original, 
concocted to repair a sudden failing or find a way around an unexpected obstruction. You can be sure that 
the robots that eventually colonize the galaxies or explore the uncharted depths of Earth’s oceans won’t look 
like a jogging butler. In fact, they won’t look like any single thing at all because their primary talent will be 
shape-shifting.  
  
Self-assembly and self-repair are defining attributes of complex life. Think of the army of cellular agents, 
including white blood cells and platelets, that jump into action over a mere paper cut—rebuilding the tissue, 
warding off infection, and alerting the rest of the body to the wound through the A-delta fibers of the nervous 
system, which are involved in the transmission of acute pain sensations. DNA has an elaborate system for 
minimizing errors when it makes copies of itself. Otherwise, multicellular life would be filled with an 
intolerably high number of defects. And thanks to the encodings of DNA, cells are capable of complex forms 
of self-assembly, depending on the task that the body requires in each stage of development. The same 
genetic strand can be used to build a neuron or a white blood cell or a sliver of muscle tissue.  
  
Anyone who has ever struggled to fix a paper jam in a copier knows that most machines aren’t very 
adaptable. When machines break, they don’t release a host of component parts to heal themselves. They 
remain broken until someone calls tech support. Likewise, with the exception of the virtual machines of 
software, most technology isn’t capable of adaptive self-assembly. The fax machine can’t morph into a 
toaster when you’re in the mood for jam and bread. But a new generation of experimental robots are capable 
of precisely this kind of self-maintenance and transformation.  
  



The M-TRAN II robot, developed by the Japanese Distributed Systems Design Research Group, looks at first 
glance as if it’s assembled out of those cheap plastic adapters you buy to plug two appliances into a single 
socket. The robot’s designers call these white units modules, and M-TRAN—shorthand for “modular 
transformer”—is made up of about a dozen of them. Each module contains two 2 1/3-inch blocks linked to 
each other. Each block can rotate 180 degrees around the link that connects it to its mate, and each module 
contains a magnet that can be switched on and off, enabling it to connect to other modules in the system.  
  
What M-TRAN lacks in animatronic magic, it makes up for with flexible design. The modules can rearrange 
themselves into countless different shapes and create dramatically different patterns of movement. M-TRAN 
can configure itself to look like those relentless Imperial Walker transport vehicles from the Star Wars films, 
marching steadily on four legs. But it can just as readily shape-shift into a long string of modules, allowing it 
to inch along like a caterpillar or slither across the floor like a snake. Alternatively, it can pull itself into a 
wheel and roll or creep along the ground with its legs splayed out like a spider’s.  
  
There are two basic underlying designs for modular robots: lattice-based systems and chain-based systems. 
Lattice systems involve units that shuffle around a 2-D or 3-D grid, like a group of Lego blocks that have 
come to life. Chain systems resemble robotic arms that can link together, attaching and reattaching 
themselves depending on the needs of the situation. “Lattice systems are good for self-reconfiguration but 
not for robotic motion,” Satoshi Murata, M-TRAN’s original designer, says. “On the other hand, chain 
systems are good for robotic motion generation, but self-reconfiguration is difficult.” That’s because lattices 
provide fixed coordinates, which limit mobility but are ideal for aligning modules when a new shape is being 
formed. By contrast, arms in a chain system can move and grab and push; they’re good for dynamic 
activities, but it’s difficult to coordinate their positions precisely. 
  
M-TRAN is a hybrid of the lattice and the chain approaches. The blocks in each module move around the 
blocks in other modules following a lattice system, while the joints in each module allow them to flex and link 
together in chainlike arrays. The hybrid model gives the robot an extraordinary range of potential shapes and 
movements. The combinatorial possibilities are so immense that many of M-TRAN’s patterns of motion aren’t 
designed directly by human programmers. M-TRAN’s creators instead use genetic algorithms that allow the 
robot to discover new ways of moving on its own. The M-TRAN computer cycles through thousands of 
possible patterns of motion, selecting the most promising candidates, sampling their effectiveness, and then 
choosing the most promising as the starting point for the next round of candidates. After a few cycles of this 
artificial natural selection, the software evolves a new pattern that the robot can adopt. 
  
M-TRAN has an even more fundamental kinship with computers. What made the first digital computers 
revolutionary was not just that they could calculate missile trajectories or factor pi at superhuman speeds but 
also that they could perform an infinite variety of tasks. We take this entirely for granted now. Your personal 
computer might be inept at handling photographs, so you install a piece of software, and suddenly the 
machine has a new talent. Robots and other mechanical devices have traditionally lacked that open-
endedness. They’re limited at birth to a specific range of skills, and those skills are notoriously fragile. If a 
gear fails or a piece of paper jams, the skill disappears.  
  
Because of its capacity to respond to changing circumstances, M-TRAN suggests a way around a limited 
skill set. “For a single clearly specified task, a purpose-built specialized robot will probably do the best and 
be the cheapest to produce,” says researcher Craig Eldershaw of the Palo Alto Research Center. “But the 
big win from self-assembly is adapting to changing demands and environments—in particular, addressing 
situations and tasks that the robot designer doesn’t even know about at the time of construction.”  
  
Murata sees future uses for M-TRAN’s descendants as space rovers or deep-sea probes, as well as fearless 
explorers closer to home. “These machines,” he explains, “are ideal for searching tasks in unknown or 
complicated environments—say, looking for people under debris after an earthquake or fixing leaky valves in 
polluted areas, such as nuclear plants.” A self-assembling robot might default to a standard configuration—
the four-legged walker, perhaps—when embarking on a rescue mission, then shift into caterpillar or 
sidewinder mode if confronted with a stretch of debris that makes upright walking impossible.  
  



Having a miniature version of natural selection on hand creates new possibilities for self-repair as well. 
Imagine a version of M-TRAN designed as a Mars rover that suffers damage to three critical modules during 
a rough landing. Losing those modules might well prevent the robot from executing the standard four-legged 
walk, but the robot could evolve a new walking strategy with the remaining modules. It might not be quite as 
elegant as the original strategy, but it’s vastly better than a rover lying helpless on the Martian soil. NASA 
apparently agrees: They’ve just hired Eldershaw and his team to develop a new modular robot for 
assembling future space stations.  
  
No doubt we will continue to have robots designed specifically to build cars on automated assembly lines, 
erect buildings with minimal human assistance (see “The Whole-House Machine,” page 60), or even jog 
across the front lawn to pick up our  
 

 
At the Palo Alto Research Center, engineers who are developing designs for self-assembling modular robots 

that may one day be used on space missions have constructed a variety of creepy-crawly prototypes. The most 
complex is PolyBot, which can transform itself into a 14-legged two-and-a-half-foot-long centipede. 

 
 
newspaper. But sometimes you want a tool that can do a million things tolerably well instead of one thing 
perfectly—particularly if that tool knows how to fix itself when the paper jams. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



On Top of Kitt Peak 
Seven thousand feet above Arizona’s saguaro forests, a unique 
gathering of observatories probe the universe’s darkest secrets 
By Corey S. Powell  
Photograph by Joe McNally 
DISCOVER Vol. 26 No. 05 | May 2005 | Astronomy & Physics 
  
  

 
  
  
  
The journey from Earth to astronomy heaven takes just 20 minutes. A modest turnoff from State Route 86, a 
lightly trafficked slash of asphalt cutting through the Tohono O’odham reservation, begins the constantly 
rising path to Kitt Peak National Observatory. Each twist of the 12-mile drive shifts the balance between 
terrestrial and celestial, as the baked, brown Sonoran Desert takes on atmospheric blue overtones and the 
sky opens wide. Then they pop into view, first in ones and twos and then en masse: the domes, dishes, and 
strange sheds that house the 23 telescopes of Kitt Peak, the largest, most diverse gathering of astronomical 
instruments in the world.  
  

FAST FILE: KITT PEAK NATIONAL OBSERVATORY 
Elevation: 6,875 feet 

Area: 200 acres 
Location: Within the Tohono O’odham Nation, 56 miles southwest of Tucson 

Clear skies: 72 percent of the time 
Scientist population: More than 500 researchers a year work at Kitt Peak 

Year founded: 1957 (site selected), 1960 (first telescope installed) 
Origin of name: Surveyor George Roskruge named it after his sister, Philippa Kitt; the Tohono O’odham call it 

Ioligam (meaning “manzanita,” a shrub). 
 
 
 
 



Here Vera Rubin and Kent Ford of the Carnegie Institution of Washington cataloged the rotations of spiral 
galaxies and discovered that the universe is full of invisible dark matter. Here Robert Kirschner of Harvard 
University and his colleagues found an enormous void of starless space, 150 million light-years across, while 
another team uncovered evidence of a black hole that packs the mass of 2 billion suns into a space no larger 
than our solar system.  
  
During the day, a displaced calm hangs over the site. Signs outside the two dormitories issue a terse 
warning: “Day sleepers—quiet, please.” Only a few instruments can operate in the blazing Arizona 
brightness. The McMath-Pierce Solar Telescope, the largest of its kind, burrows 150 feet deep into the 
ground to provide a cool, clear view of the sun. The 25-meter (82-foot) dish of the Very Long Baseline Array 
telescope operates in tandem with nine identical ones around the world to form a 5,000-mile-wide radio 
antenna; light does not interfere with this work.  
  
After sunset the sky explodes with stars, and Kitt Peak springs to life. Every instrument plays its role. The 
oldest telescope here, the 0.9-meter Spacewatch, predates the observatory complex by 36 years (it was 
moved here in 1963), yet it remains an active player. James Scotti of the University of Arizona uses it to 
catalog asteroids that pass uncomfortably close to home, searching for the one that might be headed toward 
a catastrophic impact. The newest telescope, the boxy WIYN 3.5 meter, inaugurated in 1994, serves as a 
test bed of new astronomical technologies. Steve Howell of the National Optical Astronomy Observatory has 
outfitted it with an experimental silicon chip that electronically removes distortion, which should allow him to 
track the subtle shadow of a Jupiter-size planet passing in front of its parent star in another solar system far, 
far away.  
But not tonight. High winds and sheets of cloud roll in, severing Kitt Peak’s connection to the sky. Howell 
shakes his head at the blobby images on his computer screen. He will have to wait until his next observing 
run. Fortunately, heaven can wait.  
  

 

  
1.  McMath-Pierce Solar Telescope 
Sunlight reflects down a 500-foot shaft to the main mirror. The path is lined with 4.7 miles of pipes carrying 
chilled water and antifreeze. Light then bounces to various instruments. These have enabled scientists to 
monitor the sun’s magnetic activity and to find water vapor in its atmosphere. 
  
optical telescope/solar system 
  

   
2.  SOLIS/Kitt Peak Vacuum Telescope 
After 29 years of solar imaging, the vacuum telescope was decommissioned in 2002. A newly installed suite of 
instruments, called SOLIS, is monitoring the sun’s long-term variability, mapping its magnetism, and studying 
how it stores and releases energy. This information will clarify the sun’s role in climate change. 
  
optical telescope/new technology/solar system 



  

  
3.  Razdow telescope 
A companion to the Kitt Peak Vacuum and McMath-Pierce Solar telescopes, the tiny Razdow used to monitor 
sky conditions and warn observers inside the other two facilities of conditions that would degrade their 
observations. Now obsolete, it will soon be replaced with a solar telescope for public education. 
  
optical telescope/solar system 
  
  

  
4.  WHAM telescope 
The Wisconsin Hydrogen-Alpha Mapping telescope focuses on the light emitted by hot hydrogen gas. The data 
it gathers are helping to produce a detailed map of temperatures and densities throughout the Milky Way. 
Astronomers at the University of Wisconsin at Madison operate WHAM by remote control. 
  
optical telescope/new technology/deep space 
  
  

  
5.  RCT Consortium telescope 
The Robotically Controlled Telescope was built in 1965 as a test bed for future orbiting space telescopes. In its 
updated form, it receives e-mail requests from astronomers and automatically executes the observations, 
searching for planets around other stars and monitoring the flickering of gas falling into black holes. 
  
optical telescope/new technology/deep space 
  
  

  
6.  KPNO 2.1-meter telescope 
Once the giant of Kitt Peak, the 2.1 meter is the mountain’s fourth-largest optical telescope. It is primarily used 
to study infrared rays—slightly longer than visible light—from young stars and distant galaxies. It also revealed 
the first instance of gravitational lensing, in which gravity focuses the light of a distant object. 
  
optical telescope/new technology/deep space 
  
  
  
 
 
 
 



 

 
7.  Coudé Feed Tower 
Complementing the 2.1 meter, the Coudé Feed shunted a second stream of starlight to the Coudé spectrograph, 
a device that splits the light into its component wavelengths. That analysis enabled researchers to measure the 
rotation and subtle pulsation of stars, key information for understanding stellar evolution. 
  
optical telescope/deep space 
  
  

  
8.  WIYN 0.9-meter telescope 
A consortium of three universities (Wisconsin, Indiana, and Yale) and one institution (National Optical 
Astronomy Observatory) recently upgraded Kitt Peak’s first research telescope, which began operating in 1962. 
WIYN’s wide, one-degree field of view facilitates the study of nebulas, galaxies, and galaxy clusters. 
  
optical telescope/new technology/deep space/solar system 
  
  

  
9.  WIYN 3.5-meter telescope  
Everything here is about control: Cool air regulates the mirror’s temperature, actuators adjust its shape, and a 
new wide-field camera will remove distortion. Such innovations allow studies of comets, quasars, and infant 
galaxies with a detail never before possible from the ground. 
  
optical telescope/new technology/deep space/solar system 
  
  

 
10.  Calypso Observatory 
Edgar O. Smith, a businessman-turned-astrophysicist, designed Kitt Peak’s only private telescope to create the 
sharpest  possible images. The entire housing rolls away on rails to help the telescope cool to ambient 
temperature; an adaptive optics system adjusts 1,000 times per second to remove atmospheric blurring. 
  
optical telescope/new technology/deep space/solar system 
 
 
  
  



  

 
11.  CWRU Burrell Schmidt telescope 
A Schmidt design has a correcting lens in front of the primary mirror, which yields exceptionally broad, 
undistorted images. Research at Case Western Reserve University’s telescope concentrates on the large-scale 
distribution of galaxies, including the vast, near-empty cosmic regions known as voids. 
  
optical telescope/deep space 
  
 
 

  
12.  SARA Observatory 
In 1995 the Southeastern Association for Research in Astronomy merged pieces of two older instruments 
into this one.  Some of the SARA telescope’s time is devoted to undergraduate astronomy students, who 
work on internships here. At other times, professionals use it to monitor the flickering of variable stars. 
  
optical telescope/deep space 
  
  
  

  
13.  ETC/RMT 
The Explosive Transient Camera/Rapidly Moving Telescope is something of a ghost observatory. 
Inaugurated in 1991 to search for flashes of light from gamma-ray bursts—enigmatic explosions mostly 
seen in very distant galaxies—it never found one and was eventually shut down. Only a shed marks its 
former location. 
  
optical telescope/deep space 
  
  
  

 
14.  Spacewatch 1.8-meter telescope 
The larger Spacewatch facility, completed just five years ago, follows up on interesting objects spotted by 
its junior partner. The 72-inch mirror, scavenged from the Multiple Mirror Telescope on nearby Mount 
Hopkins, makes it the world’s largest telescope devoted exclusively to searching for comets and asteroids. 
  
optical telescope/new technology/solar system 
 



  
  

  
15.  Spacewatch 0.9-meter telescope 
This storied instrument moved here from the University of Arizona when urban growth made its original 
location unsuitable. It surveys the sky for asteroids, detecting about 4,000 per night. The goal is to find all 
the 1,500 or so sizable ones passing close enough to Earth to cause a devastating impact. 
  
optical telescope/new technology/solar system 
  
  
  

 
16.  Super-LOTIS 
Picking up where the ETC/RMT left off, the Livermore Optical Transient Imaging System is hunting for the 
visible-light glow that lingers after the more energetic radiation from a gamma-ray burst has faded. The 
bursts are believed to be massive stars collapsing into black holes, among the biggest fireworks in the 
cosmos. 
  
optical telescope/new technology/solar system 
  
  
 

  
17.  HAT-1 
In 2000 Gáspár Bakos, a college student in Hungary, dreamed up a way to catch any rapid astronomical 
events that normal telescopes miss. His Hungarian Automated Telescope swept the sky with a Nikon 
telephoto lens, collecting data on anything that changes. It was recently relocated to nearby Mount 
Hopkins. 
  
optical telescope/deep space 
  
  
  

 
18.  Bok telescope 
The unusual building—said to resemble a can of bug spray—houses a versatile telescope that has 
contributed to studies of interacting double stars, quasars, and the central regions of galaxies. The Bok 
has also collected data on the mysterious Kuiper belt objects, a group of frozen bodies that includes Pluto. 
  
optical telescope/deep space/solar system 
  



  

  
19.  KPNO Mayall telescope 
The Mayall’s landmark 200-foot-tall structure signifies an older design than the squat WIYN. Its huge 15-
ton mirror excels at light-sensitive work, such as tracking distant supernovas to determine how the 
universe’s expansion is changing over time. 
  
optical telescope/new technology/deep space/solar system 
  
  
  

 
20.  Steward Observatory 
This aluminum dish, built atop an Army tank turret, gathers high-frequency radio waves. Work here has 
shown that carbon monoxide in nebulas helps trigger star formation; newer studies are uncovering the 
complex organic chemistry of space. 
  
radio telescope/deep space 
  
  

  
21.  MDM Observatory 1.3-meter telescope 
In 1975 the University of Michigan teamed with Dartmouth and MIT to move its 1.3-meter telescope from 
Ann Arbor to Kitt Peak. MIT has left the partnership, replaced by Ohio State University and Columbia 
University. Multiple ownership helps more students and faculty members get precious telescope time. 
  
optical telescope/deep space/solar system 
  
  
  

 
22.  MDM Observatory 2.4-meter telescope 
The larger MDM telescope began operation in 1986. The two instruments have performed a number of 
long-term surveys, among them a census of how galaxies are distributed through space. Such studies of 
large-scale structure are helping cosmologists refine their picture of the early universe and its origin. 
  
optical telescope/new technology/deep space 
  
  



  

 
23.  Very Long Baseline Array 
Nine matching radio telescopes, from Hawaii to the Virgin Islands, link with this one to produce the 
sharpest-ever views of the universe. The array probes torrid gas around black holes; it also monitors our 
own planet, measuring shifts in Earth’s crust as small as one-fifth of an inch. 
  
radio telescope/new technology/deep space/solar system 
  
  
Credits: 1,2,3,5,6,7,1014,15,18,19  Courtesy of Mark Hanna/NOAO; 4,12,13 courtesy of Jack 
Kennedy/NOAO/AURA/NSF; 8,9,11 courtesy of NOAO/AURA/NSF; 13 courtesy of Roland 
Vanderspek/MIT; 16 courtesy of Hye-Sook Park; 17 courtesy of Gaspar Bakos; 20 courtesy of NRAO; 21, 
22 courtesy of Pat Seitzer; 23 courtesy of NRAO/AUI.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



What Do Animals Think? 
Temple Grandin says animals think like autistic humans. She should 
know 
By Verlyn Klinkenborg  
Photography by William Wegman 
DISCOVER Vol. 26 No. 05 | May 2005 | Mind & Brain 
  
  
If you live with animals, the real question isn’t whether they can think or not. It’s “What do they think of 
humans?” I often find myself mulling that over when I go out to gather eggs or feed the pigs. It isn’t a 
personal question—Have I earned the horses’ respect?—it’s a philosophical one. Living with animals means 
coming to terms with who they are and what makes them tick. That’s what you want to know when you train 
a dog or ride a horse or try to catch a barnyard goose. At least that’s what I want to know. I live and write on 
a small farm in New York State, and since my work, most days, means asking questions about the world 
around me, I find myself wondering about the animals I live with. I take it for granted that they also wonder 
about me. I can see the questions in their eyes, in the tilt of their ears: Who are these humans? Why do they 
behave the way they do? 
 

 
TOUCH SENSITIVE 

Isaac Ohring, an autistic 10-year-old from New Fairfield, Connecticut, tentatively pets Bobbin, photographer 
William Wegman’s dog. Perceptions of sight, sound, and touch are amplified for autistic people and animals. 
Because of Isaac’s sensitivity to touch, he is hesitant in the way he strokes the dog. In turn, Bobbin may be 

startled by a light, unexpected touch. 
 
  
There’s no point asking these questions of the cattle staring at me on this warm November Sunday. They 
won’t answer, not in so many words. But if I ask the woman standing beside me—the cattle are staring at her 
too—I’m likely to find some answers. That’s because the woman is Temple Grandin.  
  
The cattle were dozing, perhaps a hundred of them in several long pens a few minutes north of Fort Collins, 
Colorado. Then we showed up. The steers roused and strode toward us, following their curiosity. They would 
have walked right up to us, as near as their caution allowed, if they could have. They stand at the fence, 
head-on, impassive, like the Charolais they are—patient, buff-colored animals. 
  
Say the words cattle, autistic, and woman, and a surprising number of Americans will come up with the name 
of Temple Grandin. Thanks to her writings, and those of Oliver Sacks, she is perhaps the best-known autistic 
person in America. 
  



And if you eat at fast-food restaurants—McDonald’s, Wendy’s, Kentucky Fried Chicken—you’re eating meat 
that’s been slaughtered in plants audited to Grandin’s standards, meat from cattle and pigs that walked 
calmly to their fate through handling systems she designed. In the human scheme of things, those animals 
are economic units whose death is inevitable. By designing chutes and alleys that respect a cow’s 
sensibilities—reducing its fear and uncertainty—Grandin has done more to improve animal welfare than 
almost any human alive. Increasing a cow’s comfort as it nears death may seem like a futile subtlety to many 
humans. But fear is one of the critical differences between humane and inhumane slaughter. It also happens 
to be one of the differences between good meat and bad. 
  
Grandin defines what works when it comes to handling cattle in feedlots and slaughterhouses because she 
defines it from the cow’s point of view. Because of her autism, she’s able to see what cattle see and humans 
don’t. She understands, for instance, that even a tiny thing, like a harsh lighting contrast, will startle cattle, 
stopping them in their tracks. She knows that fear is a landmark emotion for a cow, just as it is for an autistic 
person. “You can’t get anything past a cow,” she writes. She knows this partly because you can’t get 
anything past an autistic person either.  
  
In her new book, Animals in Translation: Using the Mysteries of Autism to Decode Animal Behavior, Grandin 
examines the surprising similarities between an animal’s mind and an autistic mind—her own. “Autistic 
people,” she writes, “are closer to animals than normal people are.” This may sound like a cruel judgment, 
the sort of thing a cold-hearted clinician would say, but it isn’t. It’s an acute observation, all the more 
important because it comes from an autistic person. Her autism, Grandin suggests, puts her somewhere 
between normal human mentality and animal mentality, not as a matter of IQ but as a matter of perception 
and emotion. Being closer to animals isn’t necessarily a bad thing. After all, that’s what makes Grandin such 
an uncanny translator of animal behavior.  
  
Scientists and animal trainers (and plenty of ordinary people) have devoted their lives to trying to understand 
what the world looks like to animals. After all, the planet teems with perceptive creatures—of whom we are a 
small minority—and it’s more than a matter of idle curiosity to consider how life appears to them. Humans 
can’t help approaching this problem from a human perspective. We posit our own intelligence, our behavior, 
emotions, and language skills, as the norm. A horse-trainer friend of mine is often asked if horses are 
intelligent. “It depends who’s writing the test,” he likes to say. I’ve often wondered how it would turn out if 
humans weren’t the ones writing the tests, defining the norm.  
  
What if we accepted the sensitivity, the acute worldliness of a dog or a horse or a cougar as the norm? What 
would humans look like if we were measured from a crow’s perspective? What kind of theory of human 
consciousness would a good-natured pig or an inquisitive dolphin arrive at?  
  
A curious thing happens in Animals in Translation. Grandin sets out to portray the mental and emotional 
character of animals and its resemblance to that of autistic people—all of it set against the familiar backdrop 
of normal human intelligence and behavior. But what emerges, almost incidentally, is a fascinating portrait of 
“normal people” from her perspective and, by analogy, from the perspective of animals too. Reading Animals 
in Translation is like looking at a photographic negative of ordinary human behavior and consciousness. This 
is perhaps as close as most of us will come to seeing humans through animal eyes. Humans may be 
“regular” and “normal,” but it’s clear that, by animal and autistic standards, we’re also very strange. 
  
   
 
 
 
 
 
 
 
 
 

  



STAIRWAY TO HEAVEN 
  

 
Drawing courtesy of Temple Gradin 

Grandin’s designs for the humane treatment of cows have revolutionized the beef industry. She drew this 
blueprint for the “stairway to heaven”—the section of a meat-packing plant where cows climb to their slaughter. 

The cows enter at lower left. The walls throughout are solid so that the cows will not be disturbed by outside 
noises or movements. The entire pathway is softly lit, because cows balk at darkness or bright light. Every 

element is designed to keep them calm and impel them to move forward. Before Grandin’s innovations, cows 
would panic, bellow, and refuse to move on their way to their deaths. Now they walk silently and contentedly. 

—Susan Kruglinski 
  
  
HUMAN BYWAYS 
Catwalks built above cows’ heads will startle them, so walkways that allow workers to guide the animals are 
built low and against the walls. Because cows sometimes spook when people come up behind them, workers 
are instructed to walk against the traffic flow. 
  
ONE-WAY CHUTES 
Two narrow chutes separate the cows into single-file lines, where they make a gradual ascent. Cows will refuse 
to walk on slippery surfaces, so Grandin designed grooved steps that rise gently. 
  
SLAUGHTER SITE 
Cows walk onto a conveyor belt where they are quickly killed by a six-inch bolt shot into the head. 
  
CROWDING PEN 
In an unfamiliar place, cows are inclined to head back to their point of entry. Grandin designed a circular 
junction that causes them to turn their direction completely, as if they were returning to the yards. 
  
Grandin and I came to the cattle yard to inspect one of her handling facilities: gathering pens, a crowding 
pen, a curving single-file alley with solid sides leading to a squeeze chute, where cows are restrained, one 
by one, and given their shots. All of this is arrayed in a sinuous curve whose beauty is readily discernible in 
Grandin’s detailed drawings (see “Stairway to Heaven,” below). The layout looks baffling at first, until you 
realize how simple it really is—a conduit for cows the way a hose is a conduit for water. Behind that simplicity 
lies a profound perception of a cow’s world order. What moves the cattle through the welded steel chutes 
isn’t fear or force or pressure. It’s simply the desire to stay with the herd.  
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COW’S-EYE VIEW 
A farm lab milking parlor at Virginia Polytechnic Institute in Blacksburg, Virginia, offers a case study in cow 

perception. Soft lighting and a skid-proof floor help cows feel secure. But Grandin says that a cow entering the 
area would stop dead in its tracks because of the discarded soda bottle (foreground). Although barely 

noticeable to most people, a stray bit of litter can be frightening to a cow. The slow movement of the blades in 
the ceiling fans could also startle a cow not familiar with this facility. 

 
 
Grandin’s corrals are an expression of what she can see and most people can’t. For her, sight is more than a 
metaphor. She thinks in pictures, one slide, one video, after another. The pictures are both memories and 
thoughts, and they occur in a nonverbal isolation that’s hard for a normal person to imagine. At breakfast 
Grandin explained to me how easy it is for autistic people to find a figure hidden in a complex picture—a test 
called the Embedded Figure Task. Normal people have trouble seeing it, but it jumps right out at an autistic 
person. When she lectures, Grandin uses a slide to illustrate what the brain scan of an autistic person looks 
like during a hidden-figure test. She says that slide is as close as she comes to abstract thinking.  
  
“It’s a little bright cabin out in the snowy wilderness,” she explains. “Everything else is shut off, but the visual 
center is turned on really bright.” In contrast, the brain of a normal person doing that test resembles a lamp 
store. “There’s so much stuff turned on,” Grandin says, “that the visual stuff gets obscured.” The difference 
between a normal person’s mental clutter and the intense, detailed absorption of an autistic person’s visual 
concentration closely resembles the difference between humans and animals.  
  
When Grandin teaches people how to handle livestock, the subtext isn’t so much what she notices—she 
takes that for granted, after all. It’s what ordinary people don’t notice and, especially, how they don’t notice. 
The surprise that normal people feel when they realize how much Grandin sees has been more than 
matched over the years by her surprise at how much ordinary people fail to see. The difference can be 
summed up in a relatively simple manner, though the underlying biology is complex. A cow sees everything 
in detail and responds to details. Like an autistic person, its fears are hyperspecific because its perception is 
hyperspecific. But normal humans tend to see only what they expect to see.  
  
We’re used to the idea that human thought is abstract. But what Grandin points out is that even the sensory 
perception of ordinary humans is abstract as well. “Normal people,” she writes, “see and hear schemas, not 
raw sensory data.” It’s a refrain I hear several times that day. At lunch with her assistant, Mark Deesing, 
Grandin talked, for instance, about how badly designed airport concourses and parking lots tend to be. Some 
of this she blames on the shift to computerized drafting programs and the loss of manual drafting skills. But 
the underlying fault is a lack of visual perception.  
  
“They don’t see it,” she says of the designers. “They just don’t see it—things that are obvious to me. I 
remember watching this monster movie when I was a kid, and they had this monster locked in this box in a 
lab. Couldn’t they see he would reach the latch and open it? It was just a stupid movie, but now I’m finding 
people do these same kinds of stupid things in real situations.”  
  



It’s easy to imagine an engineer not being able to visualize a design flaw in a complex structure. What’s 
harder to take in is the everyday blindness of ordinary people. Humans, Grandin writes, “are built to see what 
they’re expecting to see, and it’s hard to expect to see something you’ve never seen. New things just don’t 
register.” Animals, on the other hand, “definitely act like they see everything.” New things not only register to 
cows, they positively throb with significance. The solid-sided chutes on Grandin’s cattle-handling facilities are 
intended to prevent cattle from seeing new things. Cattle handlers have to learn two things from Grandin. 
They have to learn that a Styrofoam cup, for example, lying in an alleyway will stop cow traffic dead because 
it worries the cattle. But first the handlers have to learn to see the cup.  
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CALMING INFLUENCE 
Grandin believes her autism makes her uniquely empathetic toward cows and other agricultural animals. On a 

visit to Virginia Tech, she gets up close and personal with a dairy cow. “Pressure is calming to the nervous 
system of a cow or an autistic person,” Grandin says. “She was such a nice, soft, beautiful cow, I wanted to put 

my face on her.” 
  
  
TEMPLE GRANDIN 
  
Born: August 29, 1947, in Boston, Massachusetts. 
  
Childhood: Diagnosed as autistic in 1950; parents rejected advice to have her institutionalized and later sent her 
to private schools.  
  
Education: B.A. (psychology), Franklin Pierce College, 1970; M.S. (animal science), Arizona State University 
(part time), 1975; Ph.D. (animal science), University of Illinois, 1989.  
  
Current jobs: Associate professor of animal science, Colorado State University, Fort Collins; consultant and 
designer of livestock handling facilities. 
  
Publications: Animals in Translation: Using the Mysteries of Autism to Decode Animal Behavior (Scribner, 
2005); Thinking in Pictures (Vintage Books, 1996); Emergence: Labeled Autistic (Warner Books, 1986); Genetics 
and the Behavior of Domestic Animals (Academic Press, 1998); Livestock Handling and Transport (Cabi 
Publishing, 2000); and more than 300 articles in scientific journals and livestock periodicals on animal handling, 
welfare, and facility design. 
  
  
  
This may sound paradoxical or exaggerated. Of course humans can see the cup, you may be thinking. But 
there’s plenty of scientific evidence to suggest that Grandin’s right. Normal humans are good at seeing the 
big picture but bad at what Grandin calls “all the tiny little details that go into that picture.” For normal 
humans, the big picture isn’t created by accumulating lots of sensory details. It’s created by filtering out 
detail. “The price human beings pay for having such big, fat frontal lobes,” Grandin writes, “is that normal 
people become oblivious in a way animals and autistic people aren’t. Normal people stop seeing the details 
that make up the big picture and see only the big picture instead.”  The result, as she puts it, is that “normal 
human beings are blind to anything they’re not paying attention to.” And the parameters of our attention can 
be incredibly narrow. 
  



Like autistic people—and unlike normal humans—animals have direct access to the raw sensory data that 
an ordinary human brain sifts out. Grandin argues that animals and autistic people are specialists, masters of 
individual skills and individual senses, whereas ordinary people are generalists. What normal humans 
specialize in is mental association. The principal difference between a human brain and the brain of a pig, for 
instance, is an immensely larger neocortex in the human. Humans appear to have evolved that layer of the 
brain to handle the interconnections and associations that produce what we happily call thought and the 
conscious mind. The only way to keep the association area of the human brain from becoming overloaded is 
to strictly limit our access to raw sensory data. Like animals, we see everything. But unlike animals, we 
process only a fraction of what we see. 
  
One of the most striking things in Grandin’s account of her mental life is the question of an unconscious. She 
says, quite simply, that she doesn’t have one. Every visual image that enters her thoughts—every visual 
impression of the world around her—remains accessible in her conscious mind. One of the corollaries of 
possessing a powerful and detailed visual memory and not possessing an unconscious, it seems, is that 
animals and autistic people don’t display classic Freudian defense mechanisms, like repression. Without an 
unconscious, Grandin has, so to speak, no place to repress to.  
  
“Denial’s an emotion I don’t have,” she told me. “I don’t understand denial.” It isn’t hard to believe her. She’s 
a blunt talker, with all the directness of a person who has had to learn, consciously, the meaning of the social 
cues that normal humans pick up automatically. And, as she points out, animals don’t understand denial 
either. They live in a simpler but vastly clearer emotional world than humans do. It may be possible to argue, 
in fact, that the clarity of social structures—and simpler emotions—in the animal world offsets any need for 
defense mechanisms. Compared with the sharp definition of animal social structures, humans live in an 
amorphous, misty sea of interrelations, not to mention the inner stew that Grandin calls psychodrama. 
Meanwhile, most of what we see around us lies hidden from ourselves, obscured by language, obscured by 
our ability to generalize, obscured by the looming presence of our forebrains.  
  

 
COMFORT ZONE  

Physical displays of affection can make an autistic child uncomfortable, even when they come from family 
members or a beloved pet. “I was like that when I was a little kid. I wanted to feel the nice social feelings of 

being held, but it was just too overwhelming. It was like a tidal wave of sensation drowning me,” says Grandin. 
“This child is initiating contact with the dog, and often that’s easier.” 

 
 
Grandin uses an awkward but powerful word to describe the perceptual fog that normal humans live in. She 
calls it “abstractification.” It means the ability to live in our thoughts, surrounded by “our ideas of things.” 
“Normal human beings,” she writes, “are abstractified in their sensory perceptions as well as their thoughts.” 
This is partly what makes us human. But one of the things Grandin worries about is the increasing tendency 
of humans to live utterly abstractified lives, cut off from tactile participation in the real, physical world. She 
laments the way schools have dropped classes like wood shop and metal shop and drafting—the kinds of 
classes that saved her when she was going to school and failing classes like algebra. 
  



Those changes directly affect autistic children. But normal humans are experiencing a similar loss. We 
surround ourselves with television and computer games. We practically live in our offices. We inhabit a 
cocoon of associations and representations of the world around us—increasingly a world divorced from 
nature. Grandin’s battles in the slaughter industry have nearly all been waged with higher management, not 
with workers or floor managers, simply because they’re office bound, their thinking determined more by the 
paper that surrounds them than by living animals and working plants. 
  
The result, according to Grandin, is a pattern that might be called the radicalism of inexperience. “People,” 
she says, “that live in offices—I don’t care if they’re to the right or the left of an issue—the more far removed 
they are from practical things, the more radical they get.” This is what happens when humans cut the anchor 
and drift away from practical experience and, especially, from the experience of nature and the world of 
animals. We lose the comparative frame that helps us balance our lives. 
  
There’s a close analogy to that radicalism—abstractification abstractifying itself even further—in the business 
of breeding animals for industrialized agriculture. Grandin has inspected hundreds of packing plants and 
feedlots and seen hundreds of thousands—if not millions—of hogs. She tells me about a problem that crept 
up on breeders trying to create extralean pigs. She would walk through a yard, “shaking gates,” as she puts 
it. “I noticed that these pigs were absolutely hyper. They slowly got more excitable. If the only pigs you see 
are those pigs, then you don’t realize how bad they’re getting. I call that bad becoming normal.” The same 
thing has happened in chicken breeding.  
  
That development pattern—bad becoming normal—is made possible by two things: human adaptability to 
shifting circumstances and cutting away a comparative frame of reference. If you see only the results of your 
own breeding program—never any fat, happy pigs with good conformation—it’s easy to lose sight of how 
much their behavior has changed, especially if you’re focusing exclusively on developing physical traits. 
Without a standard to refer back to—happy, healthy pigs and chickens—breeding programs easily sacrifice 
the whole animal—its emotions and well-being—for the profitability of the end product. Economic pressure is 
one reason, but so is human nature—our tolerance of the erosion that Grandin calls bad becoming normal. 
  
Grandin is not a social critic, and bad becoming normal is not a moral concept. But she is a deeply 
discerning student of human behavior because, as an autistic person, she has had to study how normal 
humans behave in order to fit in. Trying to look at normal humans through her eyes—and, in a very different 
way, through the eyes of animals—I saw a disturbing vision. What I saw was an enormously flexible, 
adaptable species trapped by its own adaptability. Abstractification may be in our character, but it does not 
become truly worrisome—the basis for bad becoming normal—until we cut ourselves off from nature and the 
animal creation around us.  
  
And that, of course, is exactly what we’ve done. In modern America, animals are either industrialized—raised 
in huge concentrations and in confinement—or sentimentalized, treated as persons. Meanwhile, species in 
the wild are under ever-growing pressure. One of the greatest risks humans face is living in an all-human 
environment. Driving through Fort Collins with Grandin, I found myself looking at a landscape that embodies 
a massive change in that direction. In the Rockies, there are the remnants of a wild world, and in the fields 
around Fort Collins itself, the patterns of an older, nonindustrialized agriculture. But to the south, reaching up 
from Denver, there lay an utterly abstractified landscape, humans living in suburbs and exurbs, surrounded 
only by themselves, lost in television and big-box retail and big-box religion. 
  
Grandin reminds us, as almost no one else has been able to do, that humans are not human without 
animals. We do not have the ability to see what animals see, to notice what they notice, but we once had a 
vastly greater ability to see animals themselves because we lived in working partnerships with them. In 
Animals in Translation, Grandin quotes the Aboriginal saying “Dogs make us human.” This is a simple 
evolutionary truth. “People wouldn’t have become who we are today,” she notes, “if we hadn’t coevolved with 
dogs.” But humans need more than a shared history with animals. We need a coevolving present as well. 
We need their eyes upon us, asking us, if only implicitly, who we are. 
 
 
 



MIT Nerds 
As dozens of Nobel Prize winners can attest, students at this 
university aren’t exactly normal  
By Claudia Glenn Dowling 
Photography by Gail Albert Halaban 
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In MITERS (the MIT Electronic Research Society), an undergraduate club that Damon Vander Lind says “exists 

for the sole purpose of building cool stuff,” he salvages components from a 1960s-era tape deck. “I was stealing 
parts for a power supply,” he says. “Old equipment tends to be made of nicer parts.” 

 
 
There is a place or persona or maybe a state of mind called Tetazoo. That stands for “Third East Traveling 
Animal Zoo,” the name of a dormitory hall at MIT. At the moment, several of its scruffy denizens, including 
Sam Kendig, 22, are ramming sectional couches down a corridor of classrooms as fast as low-tech human 
power can, past lab-coated professors and graduate students, none of whom blink an eye. After all, it’s the 
weekend of the amazing Mystery Hunt—more about that soon—when such peculiar behavior is normal. And 
in the institute’s 140-year history, these corridors have been traversed by 59 Nobel laureates and 30 
astronauts, as well as Dr. Dolittle author Hugh Lofting, architect I. M. Pei, U.N. Secretary General Kofi 
Annan, inventor Raymond Kurzweil, Ford Motor Company honcho William C. Ford, suspected Al Qaeda 
agent Aafia Siddiqui, and NPR’s “Car Talk” guys. At a guess, none of them were normal, either. No one 
seems to be normal at MIT. 
  
In the 1960s, when campus life at Harvard University, on the other side of Cambridge, Massachusetts, 
meant protesting the Vietnam War, dropping psychedelics, and taking over buildings, counterculture types 
considered MIT a Pentagon front, where a bunch of nerds developed radar, missiles, and napalm. That 
wasn’t altogether wrong. But it’s clear now that the nerds have won those culture wars: Technology has 
taken over the earth.  
  
Think about it. The World Wide Web was born at MIT in 1994. That same year, firms founded by MIT 
graduates generated $232 billion and employed a million people worldwide. Now Treo phones and Google 
are part of everyday life. We’re all nerds. And there’s a pretty good case to be made that whatever the 
students on the MIT campus are interested in at this moment will utterly change our lives again in about a 
decade. The MIT culture is a fecund environment where some of the finest creative minds on the planet not 
only nurture ideas but also figure out how to use them. The definition of technology is, after all, “the science 
of the application of knowledge to practical purposes.”  
  
 
 
 
 
 
 



Well, not always practical. Take, for instance, that Mystery Hunt that has those students pushing sofas 
around. Sam and crew are dragging furniture into a classroom because they will live there, day and night, for 
the several days it will take them to decipher some 150 complex puzzles. After the sofas are in place, they 
head off on other missions to stock up for the hunt: scrounging power strips and reference books (Oxford 
Reader’s Companion to Dickens, Bicycle Official Rules of Card Games, The Lord of the Rings) and loading 
up stores of junk food (Marshmallow Fluff, barbecued potato chips, animal crackers, Little Debbie cakes, 
Mountain Dew) that will fuel them for the weekend. The checkout clerks at the Star supermarket near the 
campus have become pretty blasé about Mystery Hunt buying sprees. They’ve scanned entire shopping 
carts full of Coffee-Mate (makes great sparkles when ignited) or aluminum foil (to wrap an entire dorm room, 
including walls, bed, CDs, and books). Once, for a single-color feast, Sam checked through nothing but 
orange items: Cheetos, Doritos, carrots, OJ, cheese-peanut butter crackers. 
 

 
Students gather in the wee hours in the East Campus dorm hall. “People all over MIT stay up all night and build 
crazy things,” says Jenny Hu (center, with sketch pad). Next to her, brothers Jason (face obscured) and Vincent 

Chen crack their laptops while Damon Vander Lind and Danny Shen wire a motor. “Built into this place is so 
much competition,” says Natan Cliffer, making music with a water bottle. “You need people’s help to succeed.” 

  
 
This year, 26 separate teams ranging in size from two people to more than 100 are competing in Mystery 
Hunt. “We’re mainly interested in getting together, solving puzzles, and having fun,” says Sam. But an MIT 
student’s idea of having fun is cramming a semester’s worth of brain-draining work into three days. Each 
puzzle, for example, begins on one level, like a crossword, but then moves to another level, like interpreting 
the crossword’s solution in Morse code. The final level combines all 150-odd answers to create a solution to 
an overall metaboggler, which enables the winning team to hunt down a hidden circular object, like an 
Indian-head penny in 1980 or a CD-ROM two years ago. And the prize for all this extracurricular effort? More 
work. The winning team is rewarded by being allowed to spend months devising the puzzles for the following 
year’s hunt. 
  
At noon on a Friday, the race begins. Competitors pull up puzzles on Web sites, calculate on printouts, chalk 
columns on blackboards, tap on laptops. “Who’s good at, like, history?” someone yells. “Can anybody 
identify this MP3 song?” “If you take the Universal Product Code as a 10-dimensional vector . . .” “Who’s 
good at sets?” “Get an anagram on . . . ” “Anyone in here really good at poker?” “Who wants to do some 
Shakespeare?” Sam studies an abbreviation, a numeral 7 followed by the string of letters J. B. F. S. S. C. 
“James Bond Films Starring Sean Connery!”  he crows. “How did I get that?” Answer: The same way a 
scientist finds a solution to a problem—step by step, applying a mixture of intelligence, inspiration, and 
doggedness. Competitors have to be good at everything—braille, cryptography, Java, origami, base 16, flag 
signals, integer sequences, tarot cards, map reading, and Mandarin Chinese. 
  
 
 
 
 
 
 
 
 



 
And so they are. This year’s graduating class of about a thousand entered with the highest SAT scores in 
MIT’s history: Four percent had perfect scores; the mean in verbal was 711, the mean in math 756. The kids, 
half of them valedictorians of their mostly public high schools, came from 45 U.S. states and 47 countries. 
For such students, it was a revelation to arrive on campus and discover others like themselves. “I was 
always kind of a loner,” says Amanda Seybold, 19, who grew up in Omaha, Nebraska, the daughter of a 
medical equipment buyer and an online stockbroker. Inspired by a high school physics teacher, she applied 
to MIT and chose to live in the “stereotypically geeky” Random Hall, perhaps best known as the place where 
you can click on student-designed Web sites to check whether the bathrooms or washing machines are 
unoccupied. When Amanda was asked whether she’d be able to remember her room number, 225, she said, 
“Of course—it’s a perfect square.” She knew she was at the right place when everybody began to calculate 
how many rooms were perfect squares and determined that hers was the only one on the second floor.  
  
Her parents, of course, were worried: The suicide rate at MIT is about one a year, and the last two 
undergraduate suicides had been in Random Hall. Elizabeth Shin, who in 2000 set her room and herself on 
fire, got national press when her parents sued MIT for $27 million, claiming that the institute should have 
informed them that their daughter, legally an adult, was seeking psychiatric help. The case is still in litigation. 
  
“It’s a hard place,” says Marilee Jones, dean of admissions, who has been at the school for 25 years. “MIT 
can be the critical parent you can never quite please.” After the suicide, Jones looked back at Shin’s 
application but could detect no trace of the problems the girl had reportedly struggled with since high school. 
Her academic qualifications were tops. In the 1980s, male and female applicants had a 10 percent to 30 
percent differential on the SAT math score. Now, says Jones, “We routinely see girls with 800s in 
everything.” When Harvard University president Lawrence Summers, himself an MIT graduate in economics, 
suggested at an academic conference that there might be “intrinsic differences in ability” between men and 
women in math and science, a female MIT professor walked out. MIT has the high ground after the recent 
appointment of neuroscientist Susan Hockfield as president. Faculty women are up, too, to 18 percent, and 
43 percent of the class of 2005 is female. Jones wants to admit students of both sexes who will not just 
survive but thrive on stress. “MIT is like a samurai school,” she says. “These students have more courage 
than most adults.” 
 
The work is grueling and unremitting—“like drinking from a fire hose,” as they say around campus. “This is 
more pressure than most people have ever been under,” says Amanda who, like many Random residents, is 
known by her user name, vixen. Now a sophomore with a purple-frosted pageboy, she says upperclassmen 
helped her get through freshman year. An electrical engineering–computer science major—or EECS, as it’s 
known in the acronym-crammed world of MIT—Amanda bakes chocolate-chip cookies for the dorm once a 
week and now does her part to make sure freshmen eat, sleep, and shower. Perhaps the most used 
acronym in the MIT lexicon is IHTFP, which means, according to the workload, either I Hate This F---ing 
Place or I Have Truly Found Paradise. For many, both are true. The student mantra is “Work, friends, sleep: 
Pick two.” The only break is during January’s independent activities period, when kids can engage in special 
projects or in extra sleep. Few choose sleep.  
  
But back to Tetazoo’s Mystery Hunt headquarters: Sarah Newman, a planetary science major from 
Minnesota, is solving a logic puzzle. She has also been rehearsing all night for a production of The Who’s 
Tommy, a rock opera starring a pinball wizard as the classic nerd—socially isolated, extremely talented in a 
single area. Sarah, however, is not like that. Most MIT students participate in extracurricular activities, 
including 42 varsity sports. Sarah, whose lower lip is bisected by a silver ring, has just ditched crew for the 
cycling team. She has art school fantasies and has painted meticulous murals of a Dr. Seuss book and of 
the Sistine Chapel ceiling in her hall. “Here there are lots of different levels of nerddom,” she says. “There 
are nerd jocks here, the übernerds who study, nerds who actually have lives.”  
 
 
 
 
 
 



  

 

 

 

 
High tech or low, activity fills spare time. Top: “I’m into building devices,” says Sam Kendig, fiddling with an 

LED (Light Emitting Diode) strobe, while Stephanie Dalquist does calculus and Amrita Masurkar plays Boggle. 
Below left: Christina Hawkes (“Not everyone has purple hair—really”) makes a duct-tape dragon. Below right 
(top): The brothers Chen—Jason, left, and Vincent—exchange instant messages with some friends. Bottom: 

Sarah Newman is replicating Sistine Chapel paintings in her dorm hall. 
 
  
Still, many believe they could use a little polish. So hundreds attend Charm School, a day of semiserious 
workshops held during the independent activities period between semesters. At the student union, the 
strains of a cha-cha waft from the lessons being given by the ballroom dance team. At the Dress for Success 
booth, an older man demonstrates the Windsor knot for a kid wearing a Sikh turban. At the Table Manners 
Café, an Asian student (8 percent of the student body is international) asks how to hold a fork. At “How to 
Tell Somebody Something They’d Rather Not Hear,” roommate problems are resolved using role playing.  
 
  



The Charm School workshop with the longest sign-up sheet is Flirting 101. Yes, in the words of a spoof in 
the campus humor magazine Voo Doo, “the problem set of love is challenging.” A disproportionately female 
class convenes. “Here is your first assignment—go out and find some more men,” says social philosophy 
lecturer Lee Perlman. This is not the casual-sex campus of Tom Wolfe’s Charlotte Simmons, however. 
Relationships seem to be serious or not at all—there just isn’t time. Ergo, what Stephanie Dalquist, Sam’s 
girlfriend, calls hall-cest—the tendency to take up with those in proximity. Perlman believes that MIT kids are 
less likely to hook up for one-night stands than others because “MIT women are not so susceptible to the 
need to be validated by men—they are validated by their own accomplishments.” Attendees complain that all 
anyone talks about is academics. “Girls I meet only talk about quantum physics and don’t shower,” says one 
male. A beautiful girl quips, “That may be institution specific.” Perlman says MIT students are sloppier than 
others he has worked with: “I think the sleep deprivation contributes to the elevated level of dishevelment.” 
Still, most students find love on campus, often settling into domestic relationships.  
  
Chris Hoffman, a freshman from the island of Kauai who plans to major in aeronautics and astronautics, is 
one of the boys dragooned into Flirting 101. A handsome kid who blinks as if he were trying to adjust to 
contact lenses, he is 5'4". “In high school there were only a couple of people shorter than me, but here I’m 
not that short,” he says. “A lot of my friends here are close to being legally midgets.” “MIT fits the nerd 
stereotype—smaller, shorter, thinner, younger looking,” says Vincent Chen, an EECS major who feels tall at 
5'10". Shortness is noticeable on the crew team, he says: “The other competitors are tall white guys, and 
then there’s the MIT team. We definitely stand out quite a lot.”  
  
Vincent and Sam were on the fencing team together at New York City’s Hunter College High School before 
they got into MIT. Once a student decides to enroll (MIT loses more than half the students also accepted by 
Harvard or Yale but has the edge on Caltech, Stanford, and Princeton), he or she chooses a dorm and even 
which hall of a dorm to live in during rush. As sophomores, students may also choose fraternities or 
sororities. Sam and Vincent went up to check out the dorms as “pre-frosh” and stayed with an older friend 
who lived on East Campus. Sam loved it; Vincent was “a little frightened.”  
  
On East Campus, halls have names like Tetazoo and Putz and The Beast from the East. Some halls use 
house taxes to purchase explosives. “You can’t blow this building up,” Sam boasts. “We’ve tried!” No one 
smokes in Tetazoo (hall rule: No smoking unless you’re on fire), and most don’t drink much alcohol. No one 
watches TV. Corridors are shabby and covered with murals. Rooms are anything-goes building projects. 
Communal cats loll in hallways. At all hours of the night, people are likely to be taking things apart or putting 
them back together. Bedtime is about 5 a.m. campuswide, but on East Campus, the night hours are busier. 
This is where many of the MIT “hacks” originate.  
  
“Hacking is breaking and entering, basically,” says Sam. Sometimes the mission is to explore an unknown 
basement or rooftop, but other hacks are highly elaborate. One of the most visible targets is the big dome in 
the center of the campus, where, famously, one morning in 1994 a life-size campus police car appeared, 
complete with a dummy cop and a box of doughnuts. On other occasions the dome was transformed into a 
giant beanie cap with propeller (1996), banded with a giant ring engraved with Elvish calligraphy from the 
opening of the Lord of the Rings movie (2001), and has served as pedestal for a full-scale model of Kitty 
Hawk, commemorating the 100th anniversary of the Wright brothers’ flight (2003). The ascent requires 
security evasion and a 20-foot ladder. “We have tried eight ways to Sunday—alarms, locks—to prevent kids 
from getting on the dome,” says Steve Immerman, assistant dean for student life. “We are immensely proud 
of them—it is part of who we are. At the same time, we have an explicit responsibility to ensure that students 
do not put themselves or the university at risk.” 
  
 
 
 
 
 
 
 
 



 
“People on East Campus are more likely to carry out these kinds of crazy projects,” says Vincent, who, like 
10 percent of graduates, plans to go on to medical school. “People on West Campus would be, ‘Why did you 
waste your time?’ ” East Campus people are “eccentric,” he says, delicately. “West Campus people probably 
blend in better when they’re off campus.” Both groups use the word normal to describe West Campus, the 
Easterners somewhat disparagingly, the Westerners somewhat defensively. “When you think of West 
Campus, you think of frat parties, beer. When you think of East Campus, you think of fire,” says Amanda, 
whose Random Hall is West by geography and East by affinity. West is soft tech, biology, and economics; 
East is hard tech, math, and engineering. “Windows Me to our Linux,” says one of Sam’s friends. West is 
Starbucks Frappuccino; East is Mountain Dew. 
  
Vincent and then his younger brother, Jason, chose to live in West Campus’s Simmons Hall, an architectural 
statement dubbed the Neon Sponge, which opened in 2002. It has a meditation room, an exercise room, the 
Ping Ping Chai café serving bubble tea, and Blu Dot designer furniture. No surprise that the East Campus 
types consider Frank Gehry’s brand-new Stata Center also a waste of money. “It’s a great magical castle,” 
says Amanda’s boyfriend, Natan Cliffer, sternly. “But MIT didn’t need a magical castle.” Sam seems 
personally offended by Stata’s lack of right angles; Vincent admires it. 
 

 
Amanda Seybold admits she is no chef and has anything but gourmet tastes: “I eat chicken nuggets and chili 

and things in cans.” But every Tuesday she bakes  cookies for all her dorm mates in Random Hall. 
  
 
At 2:30 a.m. during Mystery Hunt, Vincent’s and Sam’s paths briefly cross. “He was coming back from some 
party, and I was measuring things in the middle of the night,” says Sam, going point to point with climbing 
rope for a puzzle solution. Still, at MIT, “normal” is a relative term—even West Campus and the fraternities 
are geeky. Westerners had a few Mystery Hunt teams of their own. And the measure Sam is using is called a 
smoot, named after a Lambda Chi Alpha pledge whose body was used in 1958 to measure the distance 
across a bridge that spans the Charles River near MIT. The length is 364.4 smoots “and one ear.” Each year 
the fraternity repaints the measures. Oliver Smoot himself, ironically, headed the International Organization 
for Standardization for two years. Life after MIT. 
  
And that’s where the Michelin hits the macadam. A mission statement holds that MIT was founded to apply 
science for the benefit of humankind. In the post–World War II era, many graduates applied science to 
military might. By the Vietnam War, even MIT students were protesting the “Military Institute of Technology.” 
Sarah’s MIT alum parents met at a protest. Her father, now a neuroscience professor, graduated wearing a 
sign protesting the Vietnam War. Sarah herself is torn between going back to Israel this summer to teach 
Palestinian and Israeli teenagers coexistence through the computer language Java and an internship with 
NASA. Which is the greater benefit for humankind?  
  
 
 



 
Antiwar actions prompted MIT to spin off Draper Laboratory (military guidance systems) into a freestanding 
entity. But the facility still employs many graduates—a lot of whom would rather live in a broom closet on 
campus than move on. The late Nobel physicist Richard Feynman, who loved his student days there, noted 
MIT’s parochialism. “It has developed for itself a spirit, so that every member of the whole place thinks that 
it’s the most wonderful place in the world,” he wrote. “It’s like a New Yorker’s view of New York.” As a 
postgrad, Feynman, of course, put physics to use for the benefit of humankind by helping to develop the 
bomb at Los Alamos.  
  
These days, when remote-control devices fly missions in Afghanistan and prowl the surface of Mars, even 
extreme geeks who don’t follow the news are aware of the ethical ramifications of their work. Sam’s focus is 
microelectric mechanical systems, and his name wound up on a paper called “Generating Electric Power 
With a MEMS Electroquasistatic Induction Turbine Generator” (“a gas generator about an inch square and a 
quarter-inch thick,” he says). As a senior who, like 67 percent of MIT graduates, expects to get a higher 
degree, he needs sponsorship. He succumbed to an interview with Lincoln Laboratory, but didn’t pursue it. “It 
was far too focused on military applications,” he says. “I’m much more fond of blowing things up as a hobby.” 
Damon Vander Lind, 20, who lives across the hall, agrees. “Especially with Iraq, I don’t want to develop 
weapons systems.” A physics major putting himself through MIT by working on his father’s salmon-fishing 
boat in Alaska, Damon says he is interested in “wind turbines or things for the third world that don’t make you 
feel like a bad person.” 
  
In the1980s many MIT graduates followed the money to Wall Street. In the 1990s, Silicon Valley attracted 
talent. But the students of the new millennium are more idealistic. They are drawn to sustainable 
technologies and ways to improve health care in the developing world. The institute itself has been moving 
steadily into biotechnologies. The U.S. government pours $412 million into research at MIT each year, and 
today the Department of Health and Human Services invests twice as much as does the Department of 
Defense. In 2003 almost twice as many graduates went to work at nonprofits (9 percent) as did in defense (5 
percent). “Optimism, happiness, peace,” is how Dean Jones characterizes the interests of today’s students. 
Computer models of disease, custom-designed pharmaceuticals for autoimmune conditions like arthritis and 
diabetes, new ways to deliver medications, new tests, cures for cancer—“these kids can do it all,” says Dean 
Immerman. “We provide the laboratory.”  
  
Sam’s girlfriend Stephanie, 23, got her first masters in materials science and engineering and is getting 
another in technology and policy. She just got back from Brazil, where she was practicing her Portuguese by 
teaching low-cost water testing and nonelectric refrigeration in the Amazon. She has also studied French, 
Spanish, Russian, German, and Mandarin. Jenny Hu’s thesis, “A Microfluidic Platform for High Throughput 
Biological Assays,” is about a technique to make quick, cheap genetic tests. But Minneapolis-raised Jenny, 
22, whose parents are chemists from Taiwan, also helped make a low-tech rowing device to generate 
electricity in Mali. “I’m interested in helping people and not just making consumer products,” she says. She 
and her boyfriend, Danny Shen, the son of medical researchers in Canada, are both involved in Mayapedal, 
an outfit constructing bicycle-based machines in Guatemala. Danny, 22, a fanatical cyclist who made a trip 
from Boston to New York in under two days, also works with a group called Bikes Not Bombs and on a World 
Health Organization project that plans to make power kits for hospitals in Africa. His former foot-high yellow 
Mohawk, now framed, adorns a kitchen wall on Tetazoo. After finishing his master’s degree project creating 
miniature wireless sensors for use in schools and hospitals, he plans to go to medical school like his hero 
Paul Farmer, who runs a clinic in Haiti. Says Danny, “I think the measure of a doctor is whether he brings 
peace, goodness, and ease to the people he treats.”  
  
By Sunday evening, 54.5 hours into Mystery Hunt, the floors are covered with crashed bodies, crushed 
Cheez-Its and Post-its scribbled with numbers, letters, carbon dating, pentacles. The phone rings. “The hunt 
is over,” announces a team leader. “So who won?” ask those still awake. “Random did.” Laptops snap shut, 
cords are unplugged, blackboards erased. “I’m not vacuuming—I did it last year.” “Anybody heading back to 
Third East, take the sectionals!”  
 
 
 



 
  
Classes start soon. After another blur of sleepless nights, the class of 2005 will graduate. If MIT is the soul of 
the old machine culture, today it nurtures nerds with hearts as well as minds. Over the years, the practical 
uses to which graduates have put their knowledge has shifted from power to wealth to love for humankind—
a marriage between man and machine. Perhaps these well-rounded geeks are making their way into the 
world not a moment too soon. 
  
A hallway known as the Infinite Corridor joins East Campus and West Campus. Twice a year, in a 
phenomenon known as MIT Stonehenge, the setting sun shines through the main entrance to the university 
and directly down the corridor. The ruddy font of photons gilds the marble floor, streaming past the juggler 
balancing a club on his forehead, the volunteer collecting for tsunami relief, the girl learning to ride a 
unicycle, the doorway to a nanotechnology lab, the hiding place where Mystery Hunt’s coin was found 
behind a fire hose, as hundreds of students, heading both east and west, follow the path of light. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



The Dragons of Liaoning 
A trove of feathered dinosaurs and other astounding fossil finds in 
northern China shakes the roots of paleontology 
By Mark Norell  
Photography by Mick Ellison 
DISCOVER Vol. 26 No. 06 | June 2005 | Ancient Life 
  
  
Paleontologists are always looking for vast new  caches of clues about ancient life but rarely expect to find 
them. Fossil discoveries tend to come piecemeal, one fragment at a time, so we were unprepared for the 
onslaught of fossils from Liaoning Province in northeastern China. 
  
The story began in the early 1990s, when Chinese researchers began unearthing intriguing land animals: 
first a primitive toothed bird, then a more advanced one. Then rumors began to circulate about strange 
dinosaurs covered with birdlike feathers. Now it seems as if there are more kinds of these creatures than we 
can count. Dinosaurs everywhere have been reevaluated, even to the extreme of considering that such 
familiar ones as Tyrannosaurus rex were probably feathered, at least for part of their lives.  
  
During the Early Cretaceous, between 110 million and 140 million years ago, Liaoning was a remarkable 
place—covered by forests, riddled with lakes, and populated with a rich variety of animal and plant life. 
Distant volcanoes rained down fine-grained ash that deposited on the bottoms of ponds and lakes, yielding 
exceptionally well-preserved fossils. Local eruptions, meanwhile, may have triggered catastrophic die-offs, 
as suggested by the large groups of animals found together in some rocks. Collectively, the remains 
displayed on these pages tell much about the lives that dinosaurs lived, the origin of bird flight, the 
ecosystems during the age of the reptiles, and the nature of evolution itself. 

 
 
Norell, curator of paleontology at the American Museum of Natural History, collaborates with 
Chinese researchers working in Liaoning.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
DOWN JACKET  

Dave the Dinosaur, a 2.5-foot-long dromaeosaur from Liaoning Province, China, is one of the finest dinosaur 
specimens ever discovered. The creature’s remains were trapped between two layers of fine paper shale, 
preserving the feathers that covered its entire body. Such dinosaurs could not fly, since their forelimbs were too 
short; their feathers most likely evolved as thermal insulation. Recent fossil discoveries have resonated 
throughout Chinese culture, as evidenced by the giant reconstruction (inset) of Sinraptor posed outside the 
Institute of Vertebrate Paleontology and Paleoanthropology in Beijing. 
 
 

 
 
 

 
FEATHERED HEADDRESS  

 Sinosauropteryx, unearthed from Liaoning in 1996, was the first dinosaur to show clear signs of feathers. It 
soon sparked a controversy. Some skeptics interpreted the outline above the skull as a fleshy crest, not a 
covering of protofeathers, but close examination revealed similar featherlike filaments over the animal’s entire 
body. The discovery of feathered dromaeosaurs (previous page) clinched the direct link between birds and 
dinosaurs. 
  
  
  
 
 
 
 
 
 
 



 
MOSAIC FORGERY  

 Archaeoraptor is an unfortunate product of the cottage industry of fakery spawned by the brisk trade in fossils 
from Liaoning. This bizarre creation, looking like a hungover rooster, is a composite of 88 pieces taken from 
several different fossils. It fooled the private Dinosaur Museum in Blanding, Utah, which paid $80,000 for the 
smuggled fossil. A reconstruction appeared in the pages of National Geographic; the magazine issued a 
retraction two months later. The main parts of Archaeoraptor are the tail of a Microraptor and the body and skull 
of a previously unknown bird, named Yanornis in a 2002 Nature paper entitled “Archaeoraptor’s Better Half.” 
  
  

 
TWISTED NECK 

 Shenzhousaurus is a spectacularly preserved example of an ostrich dinosaur—bipedal, long-legged, long-
necked, usually toothless animals that resemble modern ostriches. This specimen has teeth, suggesting it is a 
very primitive form. It lies in a classic death pose, with the head pulled back over the body because of the 
contraction of the strong nuchal ligament in the neck. Identical poses occur among modern birds. A long neck 
accentuates the effect. 
  
  

 
CRETACEOUS CURIOS  

A fossil store in the village of Lingyuan is one of many that have sprung up since China’s fossils garnered fame. 
Such large dealers have a sophisticated network of contacts in the countryside, and some operate on both sides 
of the law. Anticorruption efforts are aimed at dismantling a complex web of smugglers who sell Chinese fossils 
around the world. Meanwhile, new small museums have sprung up in Dalian, Beipiao, and other cities; some of 
them are sending people abroad to study international curatorial standards and apply those standards locally. 
The new Liaoning Protection Bureau is also making it somewhat easier for farmers to be lawfully reimbursed for 
any specimens they find. 
 
 



 

 
DELICATE SCALES  

Monjurosuchus, an extinct champosaur (crocodile-like reptile), displays scales on the skin covering its hind 
limb and tail. The Liaoning fossils are spectacular in part because the animals and plants found there were 
buried by volcanic activity. In some cases, death may have been caused by toxic gases from the eruptions. The 
time between death and burial is crucial for fossil quality: The shorter it is, the less time there is for other 
animals to feast on the carcass, for the skeleton to be disassociated, or for microbes to decompose the 
skeleton. 
  
 

 
FINE FUR  

Maotherium, a mouse-size primitive mammal, resembles a flattened rat on a New York street. Volcanic ash 
settling at the bottom of a pond turned into fine-grained paper shale, squashing the creature’s remains while 
preserving such fine details as the impression of its fur. Some would argue that many of the mammals of 
Liaoning are not really mammals at all because they are only distantly related to modern mammal groups. 
  
  
  
  
  
  
  



  

 
DUAL DEATH  

Hyphalosaurus, a lizardlike aquatic predator with big eyes, a small head, and a ridiculously long neck and tail, is 
the most common nonfish fossil souvenir on China’s curio market. Liaoning’s rocks have yielded thousands of 
these creatures. Often, many hyphalosaurs are found on the same slab—a sure sign of a catastrophe. Somehow 
this one met its fate along with a baby turtle (top). 
  
 

 
WATER BUG  

The extinct insect Ephemeropsis is probably the most abundant fossil in the Yixian Formation, a mile-thick layer 
of sediment containing most of the great finds from Liaoning. This is an aquatic larval form. Nearby rocks have 
yielded ants, dragonflies, cicadas, cockroaches, spiders, and beetles.  
 
 

 
FOSSIL HOT ZONE  

Rich, fossil-bearing rocks extend from North Korea through China’s Liaoning Province (inset) and into Inner 
Mongolia. Within Liaoning (main image), the hottest discoveries have come from the regions between the cities 
of Shenyang, Jinzhou, Chaoyang, and Beipiao. Fossil organisms found there are known as the Jehol biota, 
named after the city that was the seat of the Qing emperors’ summer palace. 
  
Graphic by Don Foley 



  

 
GHOSTED FLESH  

Herringlike Lycoptera and other ancient fish were discovered in Liaoning by Japanese scientists during the 
occupation of northern China. Most fish fossils are flat, monochromatic carcasses, but the ones here often 
preserve stripes, spots, and body outlines. The presence of pattern and color on many Liaoning fossils is one of 
their most spectacular attributes. What we see is a film laid down by the bacterial decomposition of different 
pigments in the scales, skin, feathers, and internal organs of the animal. 
  
  

 
ENIGMATIC ANATOMY  

Frogs are plentiful in today’s China but are rare in the fossil beds of Liaoning. The few examples uncovered so 
far do not fit cleanly into familiar evolutionary sequences. This strange-looking creature is Mesophryne, a frog 
so unusual that it cannot be definitely assigned to any known group. 
  
  
  
  
  
 


