[image: image]

[image: image]

Table of Contents
Title Page
Dedication
Praise
PROLOGUE
ONE - FIRST FUMBLINGS
TWO - THE SHELTERING DESERT
THREE - IN THE BEGINNING
FOUR - MAGNETIC MOMENTS
FIVE - EUREKA
SIX - ON THE ROAD
SEVEN - DOWN UNDER
EIGHT - SNOWBRAWLS
NINE - CREATION
TEN - EVER AGAIN
EPILOGUE
NOTES AND SUGGESTIONS FOR FURTHER READING
Acknowledgments
About the Author
Copyright Page

 
 
FOR 
ROSA, HELEN AND DAMIAN

PRAISE FOR GABRIELLE WALKER’S SNOWBALL EARTH
“A stunning new account of events on our primordial planet . . . fascinating.”
—The Sunday Telegraph
“Entertainingly controversial . . . Walker has a fine time following field geologists from one exotic locale to another. Her book is part vivid scientific travelogue as well as an engaging account of a theory moving from speculation to something much more firmly established.”
—The Guardian
“Snowball Earth is riveting in its vivid portrayal of the great icy catastrophes which may have gripped our planet nearly a billion years ago and its depiction of the very human scientists involved. . . . Both the geological and the human story are brilliantly told.”
—Oliver Sacks, M.D.
“Walker looks at the hottest issue in geology . . . and gives warts-and-all portraits of the scientists involved. . . . A fascinating and well-written account of scientists at work.”
—Kirkus Reviews
“A controversial theory, but compelling, and Walker does a fine job of chronicling the often colorful travels of Hoffman and his supporters around the world.”
—San Diego Union-Tribune
“This is a story worth telling . . . Walker is an ideal person to tell it . . . Racy and pacy, with a focus on the people involved . . . a very entertaining read.”
—The Independent
“Paul Hoffman is a charasmatic genius who has devoted himself to proving what will be one of the most important scientific theories of the twenty-first century. He is fortunate to have a writer as gifted as Gabrielle Walker to document his extraordinary intellectual adventures. This is a fascinating story, brilliantly told.”
—Simon Singh, author, The Code Book

PROLOGUE
BOSTON, APRIL 20, 1964
The weather was foul. Flurries of snow turned to wet sleet and slapped at Paul Hoffman’s face as he warmed up on Hayden Rowe, just around the corner from the marathon starting line. The wind, he noticed, was gusting from the northeast. Not good. At six foot one, Paul made a large target for a head wind, and this one would be in his face for most of the twenty-six miles and three hundred eighty-five yards to come.
Paul was tall for a distance runner, too tall, but at least he had the right sinewy build. He was lean and gangly and had just turned twenty-three. He’d always been athletic, but running suited him better than any sport he’d ever tried. Especially distance running. Paul liked his own company, and he didn’t function particularly well in a team. He enjoyed the long solitary hours of training, and liked the feeling of pitting himself against the world.
Apart from his height, there wasn’t much to distinguish him from the rest of the runners: his dark hair was neatly cropped, short at the back and sides, parted on the left; he had hollow cheeks and a long thin face. Though he was a star in his local athletics club, Paul was a nobody in these circles. He was anonymous, wedged in toward the back of the pack.
That was about to change.
On this chill morning, Paul was feeling excited and nervous in equal measure. He had never run a marathon in his life, not even in training, yet he had decided to start at the top. Boston is the oldest city marathon in the world, the race of legends. If you are a long-distance runner, this is the race that matters. Normally you’d build up to it, try a few lower-profile marathons, and work out your pacing. But Paul Hoffman had never been particularly interested in preambles. Up in his native Canada, he had pushed himself for mile upon lonely mile over the hills of the Niagara escarpment, and afterward, as he neatly inscribed the latest times and distances in his running log, he calculated how his efforts would translate into a full marathon. Every time, he was looking for one figure: six minutes a mile. That was the mental cutoff. If he could sustain that pace for the whole length of a marathon, he’d have a most respectable time of just under two hours forty. As soon as Paul figured he could make the pace, he sent in his entry forms.
Now, on this cold, filthy day, the doubts were kicking in. What if he had guessed wrong? What if he ran out of resources shy of the finish line? How hard could he push himself at the beginning? He’d never run the distance. Even the crowd was unsettling. Paul had never seen so many spectators at a race. It was Patriot’s Day—the day commemorating the “shot heard round the world” that started the American Revolution—and despite the nasty weather, the citizens of Massachusetts were out in voluble force.
The race began at noon. From the outset, the course sloped downhill in a long looping curve, begging Paul to stretch out his legs and increase his speed. He resisted the impulse. “Keep breathing,” he told himself. “Concentrate. How am I feeling? How am I really feeling?” His legs seemed fresh, and he was pacing well.
The head wind was blowing obliquely from the right. Some of the runners ducked behind one another to block it. But Paul kept open road ahead of him. If he ran behind someone, his stride felt cramped. He’d rather face the wind.
The field stretched out, and the leading pack pulled out of sight. Paul made his way steadily up to the second group, which contained six other runners. They swept into the town of Natick to a wave of applause from the crowd. “You’re looking good,” someone bawled at him. “Keep going!” A slender clock tower stood to the left, its hands pointing to 12:56. Paul had been running now for precisely fifty-six minutes. Natick was around the ten-mile mark, and at six minutes a mile the time should have been closer to one o’clock. “We’re going too fast,” Paul shouted to another runner alongside him. Neither of them slowed down.
On the other side of town, the group entered a road lined with bare winter trees and screaming fans. Thousands of students had poured out of the venerable Wellesley College buildings on the right. This was the Wellesley gauntlet, a tradition Paul could well have done without. A wall of screams and shrieks tore at his ears, as he shook his head irritably and plowed on.
Soon the volume of the shouts dropped and he could recognize words again from the spectators. “Paul! You’re fifteenth!” Fifteenth place. The ranking stunned him. This was better than he’d ever imagined.
There were four runners immediately ahead of him now. That meant there were ten people out of sight in the leading group. Ten people. Ten trophies. If Paul could outstrip the rest of his group and overtake just one of the leaders, he’d be in the top ten. From his first-ever Boston Marathon he would take home a trophy.
The road suddenly plunged downhill. At the bottom was Newton Lower Falls, and the first of the uphills. Paul knew he was good with hills. He took his chance, stretched out his stride, and pushed the pace, leaving the other four behind.
In . . . out . . . in . . . out . . . breathing was getting harder. No more holding back now. This was flat out, as fast as he could force himself to run. The yelling was increasing in pitch. “You’re eleventh!” “There’s no one behind you!”
Six miles to go, and Paul was entering the unknown. He knew his body would soon run out of sugar reserves and start burning fat. Sugar gives instant energy. But fat is a long-term energy store, not designed for hard, sustained effort. When you start burning fat, you hit the wall. Your legs feel suddenly like lead and your arms can no longer pump. This happens at different times for different people, but it’s usually something over two hours. That’s why marathons are so hard. Paul had no idea how long his sugar reserves would last.
Another hill appeared up ahead, the site of one of the Boston Marathon’s most famous dramas. In 1936, reigning champion Johnny Kelley caught up here with a young Narragansett Indian, Ellison Myers “Tarzan” Brown, who had been leading the field. Kelley patted Brown’s shoulder as he reached him. “Good race,” the gesture said. “Good-bye.” Brown responded with an instant surge. It was textbook running. When someone has just expended supreme effort to catch up with you in a marathon, they need to coast along for a while. Take off again, and you break their spirit. Also, in this case, their heart. Brown went on to win the race while Kelley limped in fifth. And the rise was immediately dubbed “Heartbreak Hill.”
Paul was on his own now, with no runners in sight ahead or behind as he set off up Heartbreak. At the brow, he passed two exhausted runners who had dropped back from the leading group. They were toast. He felt a surge of elation. That means ninth place! I’m in ninth place!
His legs were still working, there were no signs of cramp. But his body was screaming at him. All his concentration was taken up with ignoring the pain.
He turned left onto Beacon Street, heading into town on the long, straight stretch before the final few twists. Far up ahead blazed a Citgo sign marking the twenty-five-mile point. He was striving to reach it but the sign seemed no closer. Please let it be over soon. No runners in sight. Just the crowds yelling. “Paul! You’re ninth! Paul! Keep going!”
When he finally reached the Citgo sign, a paltry rise in the road nearly finished him off. Somehow he forced himself to run on and make the right turn onto Exeter Street. He flicked his eyes back as he turned and saw another runner coming up hard behind him. Ahead, he caught his first glimpse of the leading group, and he summoned one last huge effort. He began to gain on the leaders, but the runner behind was gaining on him. In the end, all ran out of road. Paul crossed the finish line in ninth place, to a roar like he’d never heard before.
In his first marathon, Paul had run two-twenty-eight-oh-seven.  He’d hoped for something like two hours and forty, a good ambitious target. But he’d wildly exceeded that. His marathon time was world class, less than fourteen minutes short of the world record. If he wanted to, he suddenly realized, he could make this his life.
Paul’s summer was already planned. He was training to be a field geologist, and intended to go to the Arctic. The Geological Survey of Canada had offered him a place on a field party at Keewatin, west of Hudson Bay. He’d been out in the field before, but this was the first time he would be a senior assistant, allowed to do independent mapping of the geology. To join the survey full-time was Paul’s dream, and this summer job could be the first step.
But everything suddenly seemed different. This was an Olympic year, so should he try for the Canadian Olympic team? Should he abandon his fieldwork for the summer and go to the games in September? He was already too late to have a serious chance of winning the Tokyo Marathon, but perhaps he should put his geology on hold and devote the next four years to training for Mexico City in ’68.
He drove back to Canada that night, stiff-legged and aching, statistics spinning in his head. He’d run two-twenty-eight-oh-seven, an average of five minutes thirty-nine per mile. The world record was a five-minutes-ten pace. With intense training, could he shave twenty-nine seconds per mile from his time? Could he ever hope to match the world record? If he went to the Olympics, would he be in contention? Was he a world-beater? Could he win?
Back and forth he went in his mind, but he always came up against the same wall. Five minutes ten a mile. That was fast. He could run at that pace for two miles, five miles even. But not ten. And if he couldn’t run ten miles at that pace now, even intense training wouldn’t help him sustain it for a full marathon. He could run a good race in Tokyo, but he wouldn’t win. Whichever way Paul looked at it, he couldn’t see a chance at the Olympic gold.
That made the decision for him. If he couldn’t win at the Olympics, he wouldn’t go. He’d find another route to glory. Come the summer, he was camping in the Canadian high Arctic, beginning the painstaking process of piecing together the stories hidden deep in its rocks.

 
 
Out of whose womb came the ice?
And the hoary frost of Heaven, who hath gendered it?
The waters are hid as with a stone
And the face of the deep is frozen.
 
—Book of Job

ONE
FIRST FUMBLINGS
This is an extraordinary time to be alive. Look around you, take in the intricate complexities of life on Earth, and then consider this: complex life is a very recent invention. Our home planet spent most of its long history coated in nothing but simple, primordial slime. For billions of years, the only earthlings were made of goo.
Then, suddenly, everything changed. At one abrupt moment roughly 600 million years ago, something shook the Earth out of its complacency. From this came the beginnings of eyes, teeth, legs, wings, feathers, hair and brains. Every insect, every ape and antelope, every fish, bird and worm. Whatever triggered this new beginning was ultimately responsible for the existence of you and everyone you’ve ever known.
So what was it?
Paul Hoffman, part-time marathon runner, full-time geologist, and obsessive, intense seeker of glory, thinks he knows. He believes he has finally struck science gold. Now a full professor at Harvard University and a world-renowned scientist, he has uncovered evidence for the biggest climate catastrophe the Earth has ever endured. And from that disaster, according to Paul, came a remarkable new redemption.
SHARK BAY shows up from the air as a snag in the smooth coastline of Western Australia. Five hundred miles north of Perth, it lies just at the place where tropical and temperate zones rub shoulders. The area around the bay is a powerful reminder of how far we have come since primordial slime ruled the world. It is full of varied, vivid life.
This is one of the few places in the world where wild dolphins commune with humans, every day, regular as clockwork. At 7:00 A.M. each day a park ranger dressed in khaki uniform emerges from a wooden hut to focus a pair of binoculars on the horizon. Perhaps half an hour later, he’ll spot the first dolphin fin. Somehow the word immediately spreads. Where there were only four or five people on the sandy beach, suddenly fifty or sixty appear.
Three harassed rangers do their best to marshal them into an orderly line. Everyone will get a chance to see the dolphins. No one will be permitted to touch them. No one must go more than knee-deep in the water. Another ranger deftly diverts the enormous wild white pelicans away from the beach by flicking on a water sprinkler. The birds flock around with gaping jaws—in this desert landscape, fresh water is irresistible.
The dolphins and their calves arrive. One of the rangers, a wireless headset amplifying her voice, wades up and down in front of the spectators, introducing the dolphins (“This is Nicky and Nomad, Surprise and her calf Sparky”) and reciting useful dolphin facts. The crowd surges into the water, like acolytes seeking a Jordanian baptism, their expressions beatific.
The dolphins are the crowd pullers—more than six hundred of them live here. But Shark Bay is also famous for the rest of its wildlife. The bay contains more than 2,600 tiger sharks, not to mention hammerheads and the occasional great white. The tigers show up in the water as streamlined shadows up to twelve feet long; often they are skulking beside patches of sea grass in the hope that dinner will emerge in the form of a blunt-nosed, lumbering gray dugong. Dugongs, or sea cows, are supposedly the creatures behind the mermaid myths, though I can’t see it myself. They are too prosaic, placidly chewing away at the end of a “food trail,” a line of clear water that they have cut, caterpillar-like, through the fuzzy green sea grass. They’re exceptionally shy and rare, but here, among the largest and richest sea-grass meadows in the world, are a staggering ten thousand of them—tiger sharks notwithstanding.
Then there are sea snakes, green turtles, and migrating hump-back whales. And just a little to the north, where the tropics begin in earnest, lies Coral Bay—one of the world’s top ten dive sites. Come and dive the Navy pier! See more than 150 species of fish! Also sea sponges and corals, brilliant purple flatworms, snails and lobsters and shrimp. And the vast, harmless whale sharks, the world’s biggest fish. And on land there are wallabies and bettongs and bandicoots, emus and kangaroos and tiny, timid native mice.
There’s everything in this region, from the wonderful to the plain weird. Evolution has been tweaking, adapting and inventing new forms of complex life for hundreds of millions of years, and here in Western Australia it surely shows.
But this is also a place where you can travel back in time, to see the other side of the evolutionary equation—the simplest, most primitive creatures of all. They come from the very first moments in the history of life, just after the dust from the Earth’s creation had settled. And when these first fumblings of life appeared on Earth’s surface, their form was exceedingly unprepossessing. Throughout oceans, ponds and pools, countless microscopic creatures huddled together in a primordial sludge. They coated the seafloor, and inched their way up shore with the tide; they clustered around steaming hot springs, and soaked up rays from the faint young sun. Dull green or brown, excreting a gloopy glue that bonded them together into mats, these creatures were little more than bags of soup. Each occupied a single cell. Each had barely mastered the rubrics of how to eat, grow and reproduce. They were like individual cottage industries in a world that had no interest in collaboration or specialization. They were as simple as life gets.
Although these primitive slime creatures have now been out-competed in all but the most hostile environments, a few odd places still exist where you can experience the primeval Earth firsthand. The acidic hot springs of Yellowstone National Park, for instance, or Antarctica’s frigid valleys. And here, in Western Australia, where countless microscopic, single-celled, supremely ancient creatures are making their meager living in one small corner of Shark Bay: a shallow lagoon called Hamelin Pool. The pool’s water doesn’t mix much with the rest of the bay, and it’s twice as salty as normal. Since few modern marine animals will tolerate so much salt, this is one of the last refuges of ancient slime.
THE SIGN pointing to Hamelin Pool is easy to miss, even on the desolate road running south from Monkey Mia. On the second pass I finally spot it, turn left, and bump along a sand track with scrubby bush to either side. For this first visit I avoid the restored telegraph station with its tiny museum and tea shop, and head straight for the beach. I want to experience primordial Earth without a guide.
There’s an empty parking lot of white sand, with wattles and low-slung saltbushes clinging to the surrounding dunes, and a path threading through the bushes toward the sea. Though I’ve come to find the world’s simplest creatures, the complexities of life are everywhere. From one of the bushes a chiming wedgebill incessantly reiterates its five-note melody. From another, a gray-crested pigeon regards me unblinkingly. The shells of the beach crunch underfoot; they are tiny, bone-white, and perfectly formed, and the bivalves that grew them are eons of evolution ahead of the simple creatures that I’m seeking. I step onto the boardwalk, which stretches like a pier out into the water. Each weathered plank of wood contains row upon row of cells that once collaborated in a large, complex organism. Signs on all sides show pictures of the slime creatures with smily faces and cheery explanations of their origin. Flies buzz infuriatingly around my head, landing on my face to drink from the corners of my eyes. Black swifts swoop between the handrails, and butterflies the color of honey, with white and black tips to their wings. Time travel is harder than it looks. The modern world is right here even in Hamelin Pool, and it’s stubbornly refusing to leave.
I retreat to the telegraph station to plead with the ranger for permission to leave the boardwalk and wade out into the pool. He hesitates and then relents. “Go along the beach to the left,” he says. “Don’t step on the mats. Be careful.” The mats he’s talking about are one of the signs of primeval Earth. They are slimy conglomerates of ancient cyanobacteria, and they grow painfully slowly. At the beginning of the last century, horse-drawn wagons were backed into the sea over the mats, to unload boat cargo. A hundred years later the tracks they left are still visible as bare patches in the thin black sludge. An injudicious footprint here will last a long time. I promise to watch my step.
I return to the beach and this time walk carefully toward the water’s edge. More striking than the ubiquitous patches of sludgy, foul-smelling bacterial mats are the “living rocks” in between. These strange denizens of Slimeworld are everywhere, an army of misshapen black cabbage heads marching into the sea.
The ones highest up the shore are now nothing more than dead gray domes of rock, shaped like clubs, perhaps a foot tall. They once bore microbial mats on their surfaces, but these have long since shriveled, abandoned by the receding water. Closer to the Pool’s edge the domes are coated with black stippling that will turn to dull olive green when the tide washes over them. Most of the stromatolites, though, lie in the water, stretching out as far as I can see. Between them the sand is draped with black-green mats of slime, and checkered with irregular patterns of sunlight as the waves ripple overhead. I wade up to my knees among these strange formations, basking in the sunshine. There is nobody else in sight.
The living rocks of Slimeworld are called “stromatolites,” a word that comes from the Greek meaning “bed of rock.” Though the interiors of the stromatolites are plain, hard rock, their outer layers are spongy to the touch. Here on the surface is where the ancient microbes live. They’re sun-worshipers: by day they draw themselves up to their full filamentous height—perhaps a thousandth of an inch—soak up the sun, and make their food; by night they lie back down again. The water that surrounds them is filled with fine sand and sediment stirred up by the waves. Gradually this sand rains down on the organisms, and each night’s bed is a fresh layer of incipient rock. The stromatolites are inadvertent building sites; the sticky ooze that the organisms extrude acts as mortar and the sand acts as bricks. Every day, as the microbes worm their way outward, another thin layer of rock is laid down beneath them.1
It’s a slow process. Stromatolites grow just a fraction of an inch each year. The ones in Hamelin Pool are hundreds of years old and would be astonishing feats of engineering, had they been created by design. For these microorganisms to erect a stromatolite three feet high is like humans building something that reaches hundreds of miles into the sky, and scrapes the edges of space. I wade a hundred yards, two hundred yards offshore, and the slope is still so gentle that the deepening is barely perceptible. Mercifully, the flies and butterflies have dropped back, and the birdsong is out of earshot. At last I begin to feel that I’ve traveled back to life’s earliest days.
HAMELIN POOL’S mats and stromatolites look utterly alien, but they were once ubiquitous. Time was, this scene of stromatolites and stippled microbial mats would have greeted you everywhere you went. Forget dolphins and wallabies. This is how the Earth looked for nearly three and a half billion years. The imprints of the stromatolites and their mats show up still wherever sufficiently ancient rocks poke through to the Earth’s surface. I’ve seen them in Namibia, in South Africa, in Australia and California. They are sometimes dome-shaped like these in Shark Bay, sometimes cones, sometimes branching like corals. There are places where you can walk among ancient petrified stromatolite reefs, rest your feet on their stone cabbage heads, and see where they have been sliced through to reveal rings of petrified growth. And you can run your fingers over fossilized mats, which give rock surfaces the unexpected texture of elephant skin. This slime used to be everywhere, and now it’s almost nowhere.
How did we get from there to here? This is at once a simpler and more powerful question than it seems. Of course, life took many separate evolutionary steps on its way from stromatolites to wallabies. It had to invent eyes and legs and fur and feet, and everything else that distinguishes marsupials from slime. But there was one particular step that was more important than all the others, one that made all the difference.
The step was this: learning to make an organism not from just one cell, but from many. Though the first microbes on Earth were woefully unsophisticated, they did gradually learn new tricks to exploit the planet’s many niches. But they all still had one thing in common. Each individual creature was packaged in its own tiny sac, a single microscopic cell. Then at some particular point in Earth’s history, everything changed. One cell split into two, then four. From that time onward, organisms could be cooperative, and above all their cells could specialize. There could be eye cells and skin cells, cells to make up organs and tissues and limbs.
For life, this was the industrial revolution. Forget the old cottage industries. Now you could have factories with production lines. Parceling out tasks and specializing is always more efficient than trying to do everything yourself. And there are some things, wallabies for instance, that can only be made with a massive collaborative effort.
In just the same way, when organisms developed the ability to become multicellular, they gained a world of possibilities. Your body is made up of trillions of cells. Every hair is packed with them. You shed skin cells whenever you move. Your blood cells carry energy around your body, to feed the organs made up of still more cells. This multiple identity is the one criterion that’s vital for any complex creation. Every dolphin and dugong, every shark, pelican and wombat depends for its existence on that crucial leap from one cell to many. This was the point when simple slime yielded its preeminence to the complex creations that heaved their way out of the sludge and started their march toward modernity.
But why did it take so long? The Slimeworld lasted for almost the whole of Earth history. Let’s put in some numbers. Our planet had been around for 4 billion years before the first complex earthlings emerged from the ooze. That’s nearly 90 percent of Earth’s lifetime.
Four billion years is an insane amount of time, almost impossible to contemplate. There have been many attempts to capture this spread of time in ways that we can comprehend. If the history of life on Earth were crammed into a year, slime would have ruled through spring, summer and fall, continuing well past Halloween into the beginnings of winter. If it were squeezed into the six days of creation, slime ruled until six o’clock on Saturday morning. If it stretched over a marathon course, slime would have led the field past the twenty-three-mile mark.2
But my favorite image is this one, borrowed from John McPhee. 3 Stretch your arms out wide to encompass all the time on Earth. Let’s say that time runs from left to right, so Earth was born at the tip of the middle finger on your left hand. Slime arose just before your left elbow and ruled for the remaining length of your left arm, across to the right, past your right shoulder, your right elbow, on down your forearm, and eventually ceded somewhere around your right wrist. For sheer Earth-gripping longevity, nothing else comes close. The dinosaurs reigned for barely a finger’s length. And a judicious swipe of a nail file on the middle finger of your right hand would wipe out the whole of human history.
Stephen Jay Gould set the discovery of these vast stretches of Earth time in a long line of findings that put humans firmly in our place.4 Galileo, said Gould, taught us that the Earth isn’t the center of the universe. Darwin, that we’re just another kind of animal. Freud, that we’re not even aware of most of the things going on in our own heads. And geologists have now discovered that the Earth reached late middle age before we were so much as a glimmer in its eye.
Though we humans are certainly complex, also clever, perhaps even the highest form of life that Earth has so far produced, we’re nothing like the most natural earthlings. Measured in units of staying power, Earth’s first, most primitive experiment in life was also its best. With simple individual cells, nothing complex, nothing flashy, each creature out for itself, life had found a supremely winning formula. Why should it ever change?
That’s the question that has plagued complex, clever, thinking, adaptable humans since they first uncovered this bizarre history of life. Earth looked set to stay locked in slime forever. Why did complex life appear at all, and why did it wait to emerge until that one point in time, just a few hundred million years ago, nearly at the end of the marathon, somewhere near your right wrist, late in the Earth’s middle age?
To answer this, Paul Hoffman has seized on an idea that was first proposed sixty years ago, and was then dropped, halfheartedly resurrected, and dropped again several times over the intervening years. There’s nothing halfhearted, however, about the resurrection Paul has now effected. He’s marshaled new evidence, restored and amalgamated old ideas, and employed fierce argument to persuade the people around him. According to Paul, life’s richness, diversity and sheer overwhelming complexity arose from a mighty catastrophe. It’s called the “Snowball Earth.”
FIRST CAME the ice. It crept from its strongholds at the north and south poles, freezing the surface of the ocean, spreading gradually over the Earth’s surface. A blue planet inexorably made white.
Individual crystals of ice first appeared in the sea like tiny floating snowflakes. They were smashed together by wind and waves, their fragile arms broken and their debris turning the seawater into a greasy slick. The surface thickened and froze into a thin transparent layer. As this layer thickened, it grew gray and then opaque from salt and air bubbles that filled its inner voids. In some places the greasy ice congealed into large round pancakes, with raised edges like giant lily pads, where they bumped and smashed against each other. And, a nice touch this, the fresh young sea ice grew a coating of frost flowers, each one the size and shape of edelweiss.
Sea ice bends. Unlike freshwater ice, which can shatter like glass, the ice that forms first on the surface of the sea is elastic. When you try to walk on it, your legs unexpectedly buckle. But as it thickens it becomes reassuringly firm, like solid rock.
Though sea ice is gray when it first forms, it whitens year by year as its brine drains back into the sea. Even gray young ice is often dusted with white snow. But a frozen ocean is far from monochrome. Gashes of open seawater, created as the pack ice is ripped apart by wind and weather, expose the deep turquoise roots of the floating sea ice. And the dark ocean reflects in the clouds, streaking them the color of a bruise. “Water sky,” this is called, and polar sailors have long used it as a clue for where to point their ship next as they navigate perilously through the pack.
Where waterways have frozen over, the ice is smooth and level. Where the edges of an old water wound have been cauterized together again, untidy piles of ice blocks are an astonishing bright blue. Ice cracks suddenly like a whip. Sometimes pack ice groans and creaks as the wind crams floes together or prepares to break them open. But for the most part, the frozen polar oceans are shrouded in silence—eerie and absolute. There is no scene more alien on Earth.5
For perhaps a few thousand years, the white menace stole unheeded toward the equator. Earth’s primitive life-forms had neither the eyes to see the encroaching ice nor the wit to fear it. Most of them lived their dull lives in a band around the Earth’s waist, and as the ice advanced steadily from the far north and south, they bathed unconcerned in the warmth of their shallow, equatorial seas.
An occasional storm might have whipped up waves near the shore. Perhaps the surf tore at the rubbery microbial mats that coated the seafloor and sprayed nearby rocks with scraps like soggy chicken skin. Stromatolites built up their stone reefs, layer by microscopic layer. Geysers blew. Rain fell. The sun shone again. There was no hint of the devastation to come.
But when the ice reached the tropics, its slow creep became a sprint. In a matter of decades, it engulfed the tropical oceans and headed for the equator.
Ice spread out from shallow bays and grew first a skin, then a carapace over the oceans. It clung to the beaches and scraped the mats on the seafloor. In some places this shell was still thin enough to crack and seal again. In others it was thousands of feet deep.
For a few hundred, perhaps even a few thousand years after the oceans were capped with ice, the land remained bare. But ice began to accumulate, gradually, in the thin air of mountain ranges, creating great frozen rivers that flowed down to fill the surrounding valleys. In the end, the whiteout was complete. Earth’s surface looked like the frigid wasteland of Mars, or one of Jupiter’s ice-covered moons. Sunlight bounced off the bright surface and was dazzled back into space. The mercury hit a staggering minus 40 degrees C. (Or it would have, except that at those temperatures mercury itself would have frozen.) There was little wind or weather of any kind. Clouds by and large disappeared, save perhaps for tiny ice crystals high in the atmosphere, which scattered sunsets into strange, lurid colors, blue and green, rimmed with vibrant pink. No rain fell and little snow. Every day brought silent, unremitting cold.
The Snowball wasn’t just another humdrum old “ice age” like those from more recent eras. The events we call ice ages were merely brief cold blips in an otherwise fairly comfortable world. There was ice in New York then, but none in Mexico. If you were in northern Europe during one of those ice ages, you shivered. But if you were in the tropics, you scarcely noticed.
Instead, Paul’s Snowball was the coldest, most dramatic, most severe shock the Earth has ever experienced. It was the worst catastrophe in history. For perhaps a hundred thousand centuries, Earth was a frozen white ball, desolate and all but lifeless.
To the microbes, the Snowball must have seemed like the end of the world. Some survived, of course—they must have, or we wouldn’t still see them today. Perhaps they huddled for warmth around undersea volcanoes. They might have survived near hot springs, or found fissures and cracks in the sea ice where the sun’s rays could slip through. But for many, perhaps most, the Snowball was disastrous.
Eventually the Snowball empire began to founder. Volcanic gases gradually built up in the atmosphere, trapping the sun’s heat and turning the air into a furnace. After millions of years of stasis, the ice finally succumbed, melting in a rapid burst of perhaps just a few centuries. Temperatures now soared to 40 degrees C. Intense hurricanes flooded the surface with acid rain. Oceans frothed and bubbled, and rocks dissolved like baking powder. Earth had leapt out of the freezer and into the fire.
There was at least one more of these Snowball-inferno lurches, and there may have been as many as four. But at the end of them all, after the last of the Snowballs and its attendant hothouse finally faded, some 600 million years ago, came the most important moment in the history of evolution. The rocks that appeared immediately afterward bear fossils showing the first stirrings of complex life. Out of the ice and the fire that followed had come the complexity that we see around us today.
THIS IS Paul Hoffman’s vision, and he is enchanted by it. Most other geologists are horrified. Accept his story, they say, and you have to reconsider everything you thought you knew about the workings of the world. Geologists are taught from an early age that the Earth is a slow and steady place. The past looked pretty much like the present. Change happens only very slowly, nothing is terribly extreme. True, there have been a few occasions where they have been forced to admit, somewhat grudgingly, that this picture falls short. The idea that an asteroid came from space to wipe out the dinosaurs was once derided, but is now widely accepted. Okay, the argument goes, so the occasional extraterrestrial calamity can rock the Earthly boat. But broadly speaking, the geological picture of Earth’s history is a settled, safe, comfortable one.
Compare that to Paul’s picture of the Snowball. A global freeze. A planet that looked more like Mars than home. Ice everywhere. And then a sudden lurch from the coldest to the hottest that the Earth has ever been. Every way you look at it, his Snowball stretches the bounds of decency. It’s as extreme and catastrophic as they come.
Small wonder, then, that the Snowball has become the most hotly contested theory in earth science today. Paul Hoffman, though, is resolute. He is the chief champion of the theory. By argument, evidence, and brute force of personality, he is determined to win over the unbelievers.
Paul is an obsessive man espousing an extreme theory. If he is proved right, we’ll have learned something important about where we all ultimately come from. But there’s a darker side to Paul’s theory. He has uncovered behavior in our planet that’s unsettling in the extreme. If his vision is true, Earth can experience sudden lurches in climate that are more violent, and deadly, than anyone had ever imagined, and such catastrophes may well happen again.

TWO
THE SHELTERING DESERT
In the fall of 1994, Paul Hoffman was back in Boston, nearly thirty years after he’d won his marathon trophy there. Though he’d continued to run marathons in his spare time, Paul had spent most of the intervening years sticking to his geological guns. He had acquired that most essential of accoutrements for the male geologist, a beard. His hair was more unruly these days. Thick and white like a goat’s, it sprang up in surprise from a high forehead that was lined from too many days spent outdoors. Now fifty-three years old, he wore a pair of round wire-rimmed glasses and was widely considered one of the top geologists of his generation. He had been elected a member of the prestigious National Academy of Sciences, had won countless awards, and written classic academic papers. He was back in Boston not as a callow nobody running the marathon, but as a full professor in the Department of Earth Sciences at Harvard University.
Paul had made it, then, into the ranks of world-class science. But still he wasn’t satisfied. A cloud hung over him that he was desperate to shake off. After thirty years of fieldwork in the high Canadian Arctic, Paul had been abruptly forced out. He had picked a fight with the head of his home institution, the Geological Survey of Canada, and paid a high scientific price. A high emotional price, too. He had felt more at home working in the

OPS/images/Walk_9780307421661_epub_001_r1.jpg
SNOWBALL
EARTH

THE STORY OF THE

GLOBAL CATASTROPHE

THAT SPAWNED LIFE
AS WE KNOW IT

GABRIELLE WALKER






OPS/images/Walk_9780307421661_epub_cvi_r1.jpg
SNOWBALL
EARNE

The Story of a Maverick Scientist and
His Theory of the Global Catastrophe
That Spawned Life As We Know It

Gabrielle Walker





