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DEDICATION

With this book I both welcome into the world
my first grandchild,

Coco

and offer an admiring farewell to

Iris Chang

whose nobility, passion, and courage

should serve as a model for all,

writers and newborn alike.
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PROLOGUE

 

The created World is but a small parenthesis in Eternity.

SIR THOMAS BROWNE, 1716

 

O wad some Pow’r the giftie gie us

 

To see oursels as others see us!

ROBERT BURNS, “To a Louse,” circa 1785

THE WELL-ILLUMINED EARTH

SOME WHILE AGO, WHEN I WAS HALF-IDLY BROWSING MY way around the Internet, I stumbled across the home page of an obscure small town in western Ohio with the arresting name of Wapakoneta. It rang a distant bell. Once, very much longer ago, I had passed by the town on what I seem to recall was a driving expedition from Detroit down to Nashville. But, so far as I remember, I didn’t stop there, not even for a cup of coffee. It only struck me at the time as being a rather attractive name for a town—a name that was (I subsequently read) a settler adaptation from a word in the language of the local Shawnee Indians.

The town these days is nothing too exciting—which is what one might expect of a place that lies just off that part of the Eisenhower Interstate Highway System known as the I-75, not very far from the rather better-known and quintessentially midwestern Ohio city of Lima. It has some 10,000 inhabitants, and the way in which it was built, ordered, and settled a century or so ago makes it very similar to uncountable other cities found between the bookends of the Rocky Mountains and the Appalachians.

It is, in other words, a classic example of the modern Middle American community. A place Sinclair Lewis would have favored. A place of unexceptional ordinariness, known locally for the making of light machinery, car parts, and rubberware, and surrounded by large and generally family-owned farms where soybeans and corn are grown, and where hogs are raised. Reading between the lines, one can perhaps detect the faintest tone of fretfulness: a concern for the town’s future, born of such newfangled developments as the spread of manufacturing to Mexico, the outsourcing to Asia of much of the service economy, and the drumbeat growth of China. No doubt wishing to encourage new businesses, the chamber of commerce makes a claim for Wapakoneta that is shared with many other towns similarly unburdened by excessive splendor: that by virtue of its strategically important location, with all the roads and railway lines that run nearby, it is something called “a transportation hub.”

It is a town with a past built on the bedrock of America’s previous success, a present that clings by its fingernails to its own notion of stability, and yet a future in which the old Ohio bedrock seems not quite as firm as had initially been supposed, one that most people in consequence do not care to ponder too closely.

However, those who expect Wapakoneta to be only blandly Middle American, and perhaps a little unadventurous and dull, might be surprised to find another side to its history. The astronaut Neil Armstrong, born in the town in 1930, went to the local high school and, quite rightly, no one will let you forget it. (Only two other luminaries of the town are thought worthy of mention, and both are by contrast memorably forgettable: one a heavily mustachioed hero of the Civil War who fought at Vicksburg; the other the screenwriter of The Bells of St. Mary’s, who also happens to have invented a device allowing naval vessels to lift mines harmlessly from the seabed.)

The town’s Web site is where all this is so serendipitously revealed. It opens with a scratchy sound recording of an unidentified baritone reading a launchpad countdown. He follows this with the announcement of the liftoff, in July 1969, of the Apollo 11 spacecraft, a ship that is destined, he says gravely, for the moon. And while his voice is intoning on what turns out to be an original NASA recording, an image of the moon swirls and grows steadily bigger on the screen—until it is eventually replaced, with a booster’s flourish, by an image of a bustling community and, in bold type, the name of the town: Wapakoneta.

It is fitting that this small town should celebrate so eagerly the exploration of space: The worldwide excitement over the samples of lunar rock brought back to earth is just one small indication of the value, in real scientific terms, of America’s having sent up a man to get them. But there was an unanticipated and less obvious consequence of the expedition, the effect of which has been, in many ways, rather more enduring.

For it appears now that one field of scientific discovery was changed forever by the journeyings of Neil Armstrong and all those others who have gone to the moon in the years since. This sea change has come about specifically in the science of geology, and it is a change that has its origins in a very simple fact. When Wapakoneta’s first citizen was teetering gingerly about up there on the moon, he was able to do something that had never been done before, and that provided science with a profound, paradigm-shifting moment of unforgettable symbolism: He was able to stand on the lunar surface and look back at the earth.

To be sure, astronauts who had gone into orbit in the years beforehand were also able to see the totality of the planet; but there was something wholly remarkable in being able to stand upright on one world and gaze back at another, more than 200,000 miles away.

The great American biologist and philosopher Lewis Thomas wrote in 1974 of the symbolic importance of humankind having this new perspective:

Viewed from the distance of the moon, the astonishing thing about the earth, catching the breath, is that it is alive. The photographs show the dry, pounded surface of the moon in the foreground, dry as an old bone. Aloft, floating free beneath the moist, gleaming, membrane of bright blue sky, is the rising earth, the only exuberant thing in this part of the cosmos. If you could look long enough, you would see the swirling of the great drifts of white cloud, covering and uncovering the half-hidden masses of land. If you had been looking for a very long, geologic time, you could have seen the continents themselves in motion, drifting apart on their crustal plates, held afloat by the fire beneath. It has the organized, self-contained look of a live creature, full of information, marvelously skilled in handling the sun.

Five years later a British chemist and environmentalist named James Lovelock, thinking along much these same lines, used the moon view of the earth to advance a long-considered idea he called the Gaia hypothesis. The idea—which he christened with the ancient Greeks’ name for the earth goddess, Gaia or Ge, and which has been rechristened as the even more plausible-sounding Gaia theory, now that his supporters believe so much of it has been proved—holds that the earth in its totality is very much a living entity. It is alive, it is fragile, and everything that is in it preserves a complex balance with everything else in a state of mutually beneficial equilibrium. It so happens, to the dismay of many present-day scientific philosophers, that humankind’s current disharmonious behavior is affecting this careful balance; there is a growing feeling that it must be changed, radically and soon, if life on earth is to continue and to flourish.

This is not an environmental book by any means. It is, more simply, the story of one remarkable and tragic event that befell California a century ago, when a 300-mile-long swath of the earth briefly shifted, wrecking the cities that lay atop it. But, though it is not intended to be a Gaia book, it seems right to tell the story of the events that so ruined the city of San Francisco in 1906 within the context of the Gaia idea. There is, for a start, an interesting synchronicity at work: At the moment when Thomas and Lovelock were putting forward their ideas (in the late 1960s, at the same time as the beginning of space travel and, in part, of course, because of it), the geological sciences were also changing very profoundly, as we shall see.

Neil Armstrong was able to gaze across the quarter million miles that separate these two small planetary bodies and look directly toward that area of America from which he had come, at the hills and valleys of the selfsame rocks where he had grown up—rocks that established geology and the fossil record tell us belong to the Silurian Age. And I have no doubt that it was in large measure because of this most extraordinary vision—extraordinary both for Neil Armstrong and, in time, for the rest of us, too—that the birth was signaled of what is now coming to be regarded as an entirely new science. It was a science that was born and then helped to its feet quite simply by virtue of this new perspective that Neil Armstrong’s view, even though it had been long anticipated by those who sent him and his colleagues into space, would shed on our planet.

What he saw—and what we saw through his eyes, which we now perhaps take somewhat for granted—was a thing of incredible and fragile beauty. It was a floating near-spherical body, tricked out in deep blue and pale green, with the white of polar ice and mountain summits, with great gray swirls and sheets of clouds and storms, and with the terminator line, that divides darkness and light seeming to sweep slowly across the planet’s face as it turned into and out of the sun. It was a lovely aspect to contemplate. And it was a view that in time compelled humankind to take stock.

“To see oursels as others see us,” as Robert Burns had written. Here and now, all of sudden, we realized that we could do just that—and, with this unanticipated ability to do so, something about us suddenly changed. Almost overnight, and essentially because of this new world-view to which we had access, we discovered a whole raft of new reasons to ponder the oldest of age-old questions: just where we stood in the celestial scheme of things, what the universe and its creation might mean, and how the very earth itself may have first come into being. And such ruminations led, in short order, to the makings of the scientific revolution—and, most specifically, to the geological revolution—that is central to this story.

A BORN-AGAIN SCIENCE

Like alchemy and the medicine of the leech and the bleeding rod, the Old Geology is a science born long ago (most formally in the eighteenth century): one that, unlike so many of its sister sciences—chemistry, physics, medicine, and astronomy—never truly left the era of its making. Since its beginnings geology has been a field mired in some alluvial quagmire, defined by dusty cases of fossils, barely comprehensible diagrams of crystals, and the different kinds of breaks that were made in the earth’s surface (as well as by unlovely Continental words like graben, gabbro, and graywacke), and explained with cracked-varnish wall roller charts showing how the world may have looked at the time of the Permian Period. To me it remains the most lyrical and romantic of the sciences; but in terms of glamor, and when compared with astrophysics or molecular biology, the Old Geology is somewhat wanting.

The New Geology is, on the other hand, a creature fashioned wholly from the science of the space age, from the attitude that was born when Neil Armstrong first looked back and gazed at the earth. It is a science that now presents us with an entire canon of new ways in which we might look at this planet and at our stellar and solar neighbors.

It seems to me quite fair and proper that the principles of this new science should underpin everything that follows: the terrifying and extraordinary event that enfolded the small but fast-growing western American city of San Francisco one twilit California morning in the middle of April 1906.

Many other scientific disciplines that are revolutionary and dauntingly modern—cosmology, genetic engineering, quantum mechanics—have been formed or founded in recent years, and had no past to hold them back. But geology is different. It is a very old science indeed and hugely proud of its origins: Portraits of the bearded ancients of its founding priesthood invariably hang in esteemed positions in departments from Anchorage to Adelaide. Its antiquity, however, has long been a problem for it, one that has tended to inhibit too many of its practitioners from escaping the glutinous hold of its earliest ideas. Students who remember measuring the umbos of brachiopods or trying to fathom the mysteries of recumbent folding can reach through the centuries and join hands with students who were taught the same topics at the time of George IV and President John Adams. It was only when the professors happened to mention in more modern classes such wonders as the K-T boundary event, with the massive dinosaur extinctions that were mysteriously triggered at the end of the Cretaceous Period (perhaps by a monstrous collision with an immense asteroid), that geology as taught seemed, briefly, to come alive.

Now, however, thanks to a number of recent developments—space travel being one of them, the most spectacular but in terms of science not the most important—geology has suddenly and seriously changed, and at a pace so rapid as to bewilder and astonish all who come up against it anew, or return to it after a while away. It is probably fair to say that never before has any long-existing science been remodeled and reworked so profoundly, so suddenly, and in so short a time. Wholly unimagined visions and possibilities allow us to contemplate our planet in brand-new ways. These means have evolved right before our eyes, and, to the less prescient among us, they have done so well-nigh invisibly and, moreover, in rather less than half a century.

Thanks to the attitudes and instruments and scientific philosophies of the new science, all the events of great geological moment—with chief among them the earthquakes and volcanoes that so plague humankind—can now be seen and interpreted in an entirely fresh context, and in a manner that had rarely before occurred to those who practiced the confusing and cobweb-bound older science with which (from memories of school and university) we are still so vaguely familiar.

IT WAS NOT NEIL ARMSTRONG’S venture alone that brought about this transformation. It is fair to say that geology flowered as rapidly as it did because at almost the exact same moment as the rockets started to soar up through the stratosphere from their bases in Florida (and from the cosmodromes in Baikonur—for this new perspective was one offered to Russian scientists too, of course) something else occurred. A previously little-known professor in Toronto (a man whose very ordinary surname—Wilson—might have kept him marooned in the shadows forever, had not one of his given names—Tuzo—been so strange) drew up the foundations of an entirely new geological subdiscipline, the now all-too-familiar theory known as plate tectonics.

Plate tectonics and space travel each burst onto the world stage at the same time—plate tectonics becoming fully developed by 1967, manned lunar exploring getting under way in 1969—and it is this that led to the unprecedented evolution of the science that was common to both. I shall try to explain the more relevant details of plate tectonics later in the story; but in essence it was a theory that also happened to encourage its believers to stand back, as it were, just as Neil Armstrong was doing at that moment. Plate tectonics allowed us—compelled us, even—to view the world as a complete entity, for the first time to look and to see the earth entire.

For it should be remembered that every single one of those Old Geologists—the tweedy figures who, with hammer and lens and acid bottle, had explored and observed and thought and written since the days when it was first realized that the earth is actually very old and that rocks are laid down with some natural purpose and that no deity had anything much to do with the actual manufacture of the planet—found their evidence for the theories and principles of the Old Geology in the rocks, fossils, faults and minerals that were scattered around simply and solely on the surface of the earth. They made crucially important discoveries, true; they laid the foundations for this most elemental of disciplines, true; but they did so by examining only the topmost layers—or at most the topmost few miles of thickness, if you will—of the planet.

And that, it is now realized, was a very limiting way indeed of conducting the science—a science that, after all, should more properly be concerned with the nature and history of the earth in its entirety, and not with its surface alone. Before the 1970s we had knowledge about the earth’s outer cover and not much more. What we wanted to know involved, if we thought about it, much, much more. We wanted to know—and geology was, in its theoretical essence, established purely so as to enable us the better to know—about the earth as a whole. And when the intellectual revolution of the sixties came about, we started swiftly to understand that up until that point we had, quite literally, only been scratching the surface; we had never considered the earth as it truly deserved to be considered.

It promptly started to dawn on those sixties geologists who had listened to Tuzo Wilson or his acolytes, or who had seen the spacecraft pictures, that it was somewhat misleading for a science to draw conclusions about the earth entire by examining only those minor features that occurred upon, or just beneath, the planet’s outer covering. A fault in Scotland or the relic of a volcano in Montana or the succession of types of trilobite that had been found buried in a shale high on a hillside in British Columbia—such things might be interesting in and of themselves, but only when they were viewed in the context of the big picture, of the planet as a whole, were they able to offer up evidence that allowed the whole-earth portrait to be inked in and made to look something like complete.

So this, then, lies at the heart of the New Geology. The world is these days viewed by most as one entire and immense system, the most refined of its details all interwoven with the biggest of big concepts. It is a living system four and a half billion years old. In a purely physical sense it is an entity warmed up from inside by radioactive decay, with fragments of its fairly recently cooled crust moving about on top of its more mobile inner self, and with solid rocks that have formed (or are still forming) on or beside these fragments creating continents or the floors of oceans. These rafts of solid rock have since been (or are still being) folded or lifted or broken apart as the plates on which they ride move about until they collide and bounce and dive beneath one another. In places, the rocks rise up to great heights; these are eventually eroded, causing the formation of sediment. Ageological cycle of creation and decay continues, endlessly. And meanwhile there is life, almost in global terms a brief irrelevance; animals and plants evolve and disappear by turns on the various wet or dry surfaces of the planet according to a series of complex sets of rules that have been laid down by the practical realities of tectonics, of temperature, of pressure, and of almost limitless quantities of time.

The finer details of these things have been studied for decades—such arcane niceties as the suture lines of ammonites (by which one can determine the species and subspecies of this particular beast, which floated gently about in the Mesozoic seas), or the varying degrees of sphericity of the ooliths in a Jurassic limestone, or the patterns of those parts of bivalved creatures that are inelegantly known as muscle scars. But now, in the light of the whole-earth, big-picture view of the science of which they are so infinitesimal a part, they seem tangential to the broad realities of the New Geology, as the pores in an elephant’s skin do to a biologist or the volume of sap that courses through the leaves of a live oak from San Antonio does to a forest botanist.

Which is not to say that such things are unworthy of our fascination. Small pieces of puzzles can often lead to grand ideas: The beaks of the Galápagos finches, after all, led Charles Darwin to his big notions about natural selection, the origin of species, and evolution. But it is important to remember that Darwin had at the time all of what was known of earth’s biology at his intellectual disposal—every beak and claw, every feather and fin was there, and his journeys took him to far and remote parts of our planet, so that he saw and thought about evidence from all manner of perspectives. When he sat down to write and think at his desk in Down House, he had an immense and almost unimaginable accumulation of information available to him, the finches’ beaks being just a scattering of tiles from the great mosaic of biological knowledge.

But, by contrast, geology, at least before the 1960s, was able to lay out before its practitioners only the tiniest portion of available information—very little more than the superficial, the minute, the peripherally relevant. And then, in the nick of time (for without it, where would geology have gone?), everything altered: Along came the astronauts and the unmanned satellites and the space-born magnetometers and gravimeters and mass spectrometers and ion probes, and along came J. Tuzo Wilson and a whole army of like-minded tectonicists. They, combined with the new way of looking at the earth, taught the Old Geological community that there was much, much more to know—and what was once merely a hunch, an inner feeling, became a settled idea. It became abundantly clear that very few grand theories could actually ever be derived from minutiae such as ammonite suture lines and oolith sphericities and relative umbo sizes alone, except forensically; and that nowadays the grand geological ideas are the ones that truly matter.

THE VIEW FROM ON HIGH

And seen in that great and glorious context is the earth of the Californian morning of what Western Christian mankind had chosen to call April 18, 1906. Had any geologist at the time been able to look down at the planet in its entirety and witness what took place then, he would at the very least have been utterly amazed by the physical context of the event, even if the event itself, when viewed from on high, appeared less than overwhelming.

For, as context, the planet would have been memorably beautiful. Had he been standing on the moon, say—had he been a 1906 version of Neil Armstrong, scanning with a hugely powerful telescope the surface of the blue and green and white ball that was hanging in his ink black sky—he would have seen illuminated in front of him (assuming that the cloud cover was not too dense) a tract of the world that extended from what some of mankind called India to what others called the Rocky Mountains, all of which would have been bathed in the brilliant white light of sunshine.

He readily could have made out all of Europe and Africa, Asia Minor, and Arabia; he could have seen the deep blue of the Atlantic Ocean, the pure white mass of Greenland to its north, the blinding white immensity of the Antarctic deep below. The corpulent mass of what we now know as Brazil would have been sparkling in the sunlight, with the city-smudged eastern coasts of North America and Patagonia only slightly less so, places peopled with a humanity that was just waking on what many of earth’s inhabitants would call a Wednesday, a day that thousands of miles away, in the darkness of China and all points east, was in any case already coming to its end.

At the moment that we find interesting—five o’clock in the morning, give or take—he could have seen the terminator line of western darkness pushing its way rapidly toward the Pacific. The earth would have been moving relentlessly at a speed of some hundreds of miles an hour eastward toward it, opening ever more populated parts of the landmasses to the light of the dawning day.

The line at that very moment would seem to begin in the north near Melville Island in the Canadian Arctic, pass on down through Banks Island and the unpopulated and icebound wilderness of the Northwest Territories and the Yukon, through Saskatchewan and Alberta, raggedly on down through the newly created state of Montana, through the bison-and-Comanche country of Wyoming and Colorado and New Mexico, across the Rio Grande toward Acapulco, and arrive at a point on the coast where it would finally slide off the North American landmass and eventually brighten the still-inky emptiness of the Pacific Ocean.

To the east of the line, all would have been bright and daylight. To the west, an impenetrable dark. And on the line itself, an uncertain penumbra of a few hundred miles of a swath of half dark and half light. On earth this penumbral vagueness would have translated itself into the morning twilights that early risers were experiencing just then in cities and on farms and in small villages all the way from Vancouver Island in the north down to Baja California in the south, where the day designated as April 18 was about to begin.

It is fanciful to suppose that anyone watching so far away, in distance or in time, would have had access to a telescope that was large enough to do the job. But, assuming that such a device did exist, and that the person at this lunar viewing point had its brass and glassware trained precisely on the northern coast of California at that very particular moment, with the terminator line brightening his view inch by inch—what, precisely, would he have seen?

The answer is inevitably dismaying to all of those who like to think that the earth and its inhabitants and the events that occur upon it have any importance at all, in a cosmic sense. For from that distance he would have seen, essentially, nothing.

Yet at a few minutes past five in the morning of that day something did, indeed, happen.

The planet very briefly shrugged.

It flexed itself for a few seconds, perhaps a little short of a minute. If our observer had been acutely aware of his geography, and if he had been fortunate enough to have been staring at a very precisely defined spot in the north of California at exactly the right moment, then he would have seen what appeared to be a tiny ripple spurt in toward the coast from the sea. He would, moreover, have seen that spreading ripple as it moved slowly and steadily inshore, and then watched as it moved, fanlike and subtle, up and down the coastline as a tiny shudder. It would have seemed to him a momentary loss of focus, something that would have made his vision suddenly blur very slightly, and then just as quickly clear again.

If he had blinked, he would have missed it. Having noticed it, however, he would probably have assumed it was more of a problem with his lens and his telescope than with the surface of the planet below. And even if he had realized that the ripple and the shudder had in fact occurred on the green and blue and white planet that floated serene in the lunar sky, he would have been quick to conclude that whatever it was had been momentary, trivial, and utterly forgettable. No more, for the earth entire, than a gentle and momentary heave of the shoulders.

THE STREET BEFORE MORNING

It was all so very different down on the surface of the planet itself. On earth, in the western part of that great entity called by most English-speakers North America and particularly in and around the fragile and rather delicately constructed young northern city of San Francisco, a number of people grasped all too quickly that something of immense significance was happening. And if they were sensible and observant they took care to note and remember exactly when it all began, and we have their memories set down for us still.

In the city it was a little after five by the local clocks and still not yet light (though some speak of a rosy glow just discernible behind the hill named Mount Diablo, to the east). The air was cold and moist in the way that spring mornings often are in Northern California. But there is a robust heartiness about those who choose to live in this corner of America, and, in spite of the chill and the gloom of this particular morning, a man of middle years, described in the directories simply as a laborer, was already in the sea taking his morning constitutional: This involved swimming through the rough-breaking waters of the Pacific, a few yards off the shore at Ocean Beach.

At the same moment, five city miles away, a young reporter was walking home with two friends, having completed the routine tasks of what newspapermen were in those days starting to call “the graveyard shift.” He had stopped on Larkin Street near City Hall to smoke a cigarette and exchange pleasantries with a pair of patrolling policemen, and so further secure these necessary professional connections.

A professor of geology—an immensely eminent man of sixty-three who had been honored around the world for painstakingly exploring and mapping the Rocky Mountains, the Grand Canyon, Death Valley, and a score of other remote and dramatic wildernesses besides—was lying asleep in a room at the Faculty Club at the University of California.

The head of the City Weather Bureau, a future professor at Harvard College, an expert on frost, and at the time an enthusiastic advocate for naming the study of weather “aerography,” was also asleep, in his house at 3016½ Clay Street. But, as was his custom, he slept lightly, and kept a flashlight, a watch, an already-date-stamped notebook, and a pencil on the table beside his pillow so that he might be ready for whatever mayhem—aerographic or meteorological or otherwise naturally made—the night might throw at him.

And an elderly English astronomer, the founder of the first real observatory in California, a man of great energy and yet one whose career had precipitated no little controversy and disappointment and who had just retired at the age of eighty-one from the post of professor of geography at the University of California, was lying half awake in his house at 2221 Washington Street, on that fashionable square in Pacific Heights known as Lafayette Park.

AT THE PRECISE MOMENT when the members of this quintet—three of them very distinguished men of science and two others of relatively modest social standing—were undertaking their very mundane activities of swimming or walking or chatting or sleeping or drowsing, with most of them unknown to one another and each certainly unaware of the others’ exact circumstances at that second, it was twelve minutes after five o’clock in the morning.

However, this was a matter of provable fact only for the Englishman, so far as the record relates. His name was George Davidson, and he, like his fellow scientists, wrote about the event that was to follow with a certain icy detachment. He took care to mark the time that he first noticed something happening: Suddenly and without warning his room, his house, and the very land all was standing upon began to shake, with a great, ever-increasing, and uncontrollable violence.

It was, he knew full well, an earthquake.

It came, he later reported,

from north to south, and the only description I am able to give of its effect is that it seemed like a terrier shaking a rat. I was in bed, but was awakened by the first shock. I began to count the seconds as I went towards the table where my watch was, being able through much practice closely to approximate the time in that manner. The shock came at 5.12 o’clock. The first sixty seconds were the most severe. From that time on it decreased gradually for about thirty seconds. There was then the slightest perceptible lull. Then the shock continued for sixty seconds longer, being slighter in degree in this minute than in any part of the preceding minute and a half. There were two slight shocks afterwards which I did not time.

Professor Davidson must have been as terrified as anyone, but he was a man trained to observe, and he knew in an instant what was taking place. So he took painstaking care to note that his watch, as he later reported, stood at 5h 12m oos. Only he then added the caveat, for safety’s sake—and with the sense of caution that was hardwired into his astronomer’s mind—that this observation was subject to an error of plus or minus two seconds. This reflected, one imagines, any error that he might have made when calculating how long he had spent staggering, his nightshirt awry and his mind still marginally befuddled by sleep, from his bed to the bureau where his watch was ticking and readying itself to slide, along with the pitcher and the shaving mug, onto the redwood floor.

The first full series of hard shocks, say his notes, lasted until 5h 13m 00s. The shocks were slightly less from that point until 5h 13m 30s, then there was a slight lull, and by 5h 14m 30s all was quiet again. The entire event—which was to destroy an American city and leave an indelible imprint on the mind of the entire nation—had lasted for just over two and a half minutes. That, at least, was the considered view of a man so esteemed that three mountains, a glacier, a seamount, an inlet, a bank, and a San Francisco avenue were later named after him. The official report on the earthquake said, in a tone that brooked no dispute, “We shall accept Professor Davidson’s time as the most accurate obtainable for San Francisco.”

JUST ONE BLOCK SOUTH and eight-tenths of a mile to the west slept the weatherman whose name, still celebrated in meteorological circles (though he had only one mountain named after him), was Alexander George McAdie. A New Yorker, he became a soldier in the Signal Corps after college and made a name for himself by promoting the use of kites rather than balloons for the study of the upper atmosphere (in which signalers were officially interested, since radio waves were affected by what went on there). He became an academic and then joined the government. In 1895, together with his young wife, Mary, he moved out to San Francisco to head the Weather Bureau and to direct the state’s Climate and Crop Service, the latter post carrying with it the title of professor. One of his tasks at the bureau was to record, as accurately as possible, any and all seismic events that happened in and around San Francisco.

Professor McAdie was an ambitious and a punctilious man, and at the very moment that he was awakened on that dark and chilly April morning, both his ambition and his scrupulous regard for factual observation—as critical in the world of weather as in the study of the stars—came promptly to the fore. As had been his custom ever since he went through the Great Charleston Earthquake of 1886 (“for twenty years I have timed every earthquake I have felt,” he was later to write), the instant he awoke and felt movement he clicked on his flashlight, noted the time on his fob watch, and recorded in his notebook everything that transpired.

I have lookt up the record in my note-book made on April 18, 1906, while the earthquake was still perceptible. I find the entry “5h 12m” and after that “Severe lasted nearly 40 seconds.” As I now remember it the portion “severe, etc” was entered immediately after the shaking.

The only snag was that poor Professor McAdie somehow managed to misread his watch during all the confusion, and he wreathed himself in a magnificent maze of complications as he tried to explain the mistake. He wrote that the day before the earthquake,

my error was “I minute slow” at noon by time-ball, or time signals received in Weather Bureau and which my watch has been compared for a number of years. The rate of my watch is 5 seconds loss per day; therefore the corrected time of my entry is 5h 13m 05s AM. This is not of course the beginning of the quake. I would say perhaps 6 or more seconds may have elapsed between the act of waking, realizing, and looking at the watch and making my entry. I remember distinctly getting the minute-hand’s position, previous to the most violent portion of the shock. The end of the shock I did not get exactly, as I was watching the second-hand, and the end came several seconds before I fully took in that the motion had ceased. The second-hand was somewhere between 40 and 50 when I realized this. I lost the position of the second-hand because of difficulty in keeping my feet, somewhere around the 20-second mark.

However, there is one uncertainty. I may have read my watch wrong. I have no reason to think I did; but I know from experiment such things are possible. I have the original entries untouched since the time they were made.

The official report accepts that the unfortunate man did effect an error in making what was probably the most critical observation of his career—but, out of courtesy, adds that such a mistake would have been very easy to make. The one-minute error is, then, officially compensated for, and Alexander McAdie enters the lists as having, essentially, timed the Great San Francisco Earthquake as beginning at 5h 12m 05s, recorded that it became extremely severe at 5h 12m 25s, and noted that it tailed off into bearable oblivion at 5h 12m 50s. The whole event, in McAdie’s eyes, extended over little more than forty seconds—about half the time that Davidson had computed, from his observations that were made a little bit closer to town.

NINE MILES ACROSS the Bay in Berkeley slept Grove Karl Gilbert, one of the lions of early American geology and a figure still revered today as one of the greatest scientists of the nineteenth century. He was in the closing years of his career when he arrived at the University of California—appointed ostensibly to investigate whether miners should be given permission to resume the environmentally harsh (and, for half a century, totally banned) hydraulic method of mining, in which incredibly powerful jets of water were played on an exposed rock face to unseat any minerals (gold especially) that might be lodged there. At twelve minutes past five on that Wednesday morning Gilbert was rudely awakened by a sudden fierce vibration. The floors creaked and swayed below him. The light fixture swung in an arc above him—its swing aligned, he noticed, along an imaginary north-south line on the ceiling—and the water in a pitcher on the washstand splashed out on the container’s southern side. He, like everyone else, was briefly alarmed, but then that feeling was rapidly overtaken in his particular case by, of all things, pleasure. His account, no doubt written with an eye cocked to posterity, begins as if he had only recently devoured the best-known work by Jane Austen:

It is the natural and legitimate ambition of a properly constituted geologist to see a glacier, witness an eruption and feel an earthquake. The glacier is always ready, awaiting his visit; the eruption has a course to run, and alacrity is always needed to catch its more important phases; but the earthquake, unheralded and brief, may elude him through his entire lifetime. It has been my fortune to experience only a single weak tremor, and I had, moreover, been tantalized by narrowly missing the great Inyo earthquake of 1872 and the Alaska earthquake of 1899. When, therefore, I was awakened in Berkeley on the eighteenth of April last by a tumult of motions and noises, it was with unalloyed pleasure that I became aware that a vigorous earthquake was in progress.

The net result of Gilbert’s enthusiasm was probably much to his liking. Within hours he was co-opted into all of the inevitable investigations and seismic postmortems; his name appears on every masthead of every official publication about the event for the next decade. Such fame as he had already enjoyed—from his writings on topics as diverse as the erosion of Niagara Falls, the recognizable features of the moon’s face, the Bonneville Salt Flats, and the philosophy of scientific hypothesis—was magnified a hundredfold by his authoritative account of the San Francisco events; and his reputation was in no way besmirched when he began to speculate (as legions of others have since, often unwisely) on how earthquakes might successfully be predicted.

FRED HEWITT WAS walking home, together with two colleagues, after his night shift as a reporter on the Examiner. He lived at 500 Fillmore Street, and so to get home each morning he would turn north up Larkin Street, cross Golden Gate Avenue, Turk Street, Eddy Street, and Ellis Street, before turning west onto O’Farrell and walking up a steep hill and then down again to the valley, at the bottom of which huddled the small brick houses and shops (now all most fashionable) of Fillmore Street. It was some minutes after five o’clock when he and his two friends crossed Golden Gate Avenue, spent five minutes talking to a pair of policemen—“blue coated guardians” as he later wrote for his paper—and said their farewells. Hewitt had turned north, the policemen back south down Larkin, when suddenly:

The hand of an avenging God fell upon San Francisco. The ground rose and fell like an ocean at ebb tide. Then came the crash … I saw those policemen enveloped by a shower of falling stone.

It is impossible to judge the length of that shock. To me it seemed like an eternity. I was thrown prone on my back and the pavement pulsated like a living thing. Around me the huge buildings, looking more terrible because of the queer dance they were performing, wobbled and veered. Crash followed crash and resounded on all sides. Screeches rent the air as terrified humanity streamed out into the open in agony of despair.

Affrighted horses dashed headlong into ruins as they raced away in their abject fear. Then there was a lull. The most terrible was yet to come.

The first portion of the shock was just a mild forerunning of what was to follow. The pause in the action of the earth’s surface couldn’t have been more than a fraction of a second. It was sufficient, however, to allow me to collect myself. In the center of two streets I rose to my feet. Then came the second and more terrific crash….

AT THE VERY SAME MOMENT Clarence Judson was taking his early and very cold awakening bath in the Pacific, off Ocean Beach. He lived on Forty-seventh Avenue, less than a hundred yards from the spume and spray of the wild Pacific, and in a part of the city that was still half sand dunes and home to a few hardy souls only, he could happily put on a bathrobe and shoes and stroll to the ocean. Looking back on his short walk, he remained convinced that something was already happening somewhere under the sea. The breakers, he noted, did not advance toward the beach that morning as they usually did, in a series of parallels, each one hitting the strand with a ferocious roar of breaking water (which is what he liked, offering his work-weary bones a cold massage of highly oxygenated spray). Instead the waves were roaring in to shore “cross-wise and in broken lines, in a vicious, snappy sort of rip-and-tear fashion.”

Nevertheless, Judson discarded his robe, hat, and shoes, and went into the water, walking out to sea until he was up to his shoulders. Then, surprising but not unduly alarming him, he was hit by one enormous breaker, a wave that he could then see pounding its way high up the beach. It was a freak wave, he supposed, and, while a little odd, was nothing to bother about. There was so much water, and the wave crest was so high, that he was lifted quite off his feet, and a few seconds later the undertow began to pull him out to sea. He was a strong man and a good swimmer. He was still not especially concerned. But then out of nowhere came an immense shock, a silent detonation that cannon-aded through the water like an explosion. Even while he was floating in the sea Judson was knocked down, as he described it, to his knees.

I got up and was down again. I was dazed and stunned, and being tossed about by the breakers, my ears full of salt water and about a gallon in my stomach. I was thrown down three times, and only by desperate fighting did I get out at all. It was a close call.

I tried to run to where my shoes, hat and bathrobe lay, but I guess I must have described all kinds of figures in the sand. I thought I was paralyzed. Then I thought of lightning, as the beach was full of phosphorescence. Every step I took left a brilliant incandescent streak. I jumped on my bathrobe to save me.

Neither Judson the swimmer nor Hewitt the reporter nor the sleeping great explorer Grove Karl Gilbert was in a convenient position that morning to enjoy either the luxury of immediate note taking or the congenial precision of knowing the exact time of day when the crisis struck. But, upon later interrogation, having collected their thoughts and subjected themselves to forensic self-examination, they agreed that twelve minutes past five in the cool dark morning was exactly the time of day when each saw, heard, felt, otherwise experienced, or was rudely shaken awake by the singular event that these next pages will try to recount.


ONE

Chronicle: A Year of Living Dangerously

 

April, April,
Laugh thy golden laughter;
Then, the moment after,
Weep thy golden tears!

SIR WILLIAM WATSON, “April,” 1903

SO FAR AS THE ANCIENTS OF CHINA ARE CONCERNED, 1906 was a year of the Fire Horse—a time of grave unpredictability that comes along every six decades, and a time when all manner of strange events are inclined to occur. So to the seers and the hermits in their faraway mountain aeries such events as unrolled during the year would have come as no surprise. The rest of humankind was less well prepared, however, and were caught unawares. And what instruments we have agree that, so far as matters of the earth were concerned, 1906 was, yes, a very bad year indeed.

At least it was bad seismically speaking, being a very violent and a very lethal year. And the flurry of activity that marked what the numbers show to have been among the most ill behaved of times of the entire century began in the morning of the last day of January, when there was an enormous earthquake under the seabed of the Pacific Ocean.

It is said today to have been the greatest and most powerful earthquake that had until that moment ever been registered by the machines of humankind, and it struck a score of communities along the South American coast, devastating towns, inundating fields, and causing huge waves to tear out into the open ocean. Its shaking lasted for more than four minutes, and as many as 2,000 people are thought to have died in the disaster. Scores of thousands were injured and made homeless, and countless villages and at least one major port city were totally destroyed. The effects of the huge traveling sea waves from the event were felt as far away as San Diego, and in Honolulu Harbor in Hawaii all the steamboats waiting at anchor were spun around and carried upward on an enormous tsunami, which ebbed and flowed like a tide every few minutes, bringing confusion and alarm in its wake.

The epicenter of this earthquake, whose details are still pored over, is now calculated to have been some eighty miles due west of a prominent headland known as El Cabo de San Francisco, in Ecuador.

The town that was all but destroyed—but which has since been rebuilt, only to be damaged many times subsequently—was the island port of Tumaco, now a prominent oil terminal. But in 1906 it was a place where fishermen brought in sizable catches of tuna and sardines, and where traders hawked bales of rubber and pallets of cinchona bark, ready to be pressed for quinine. Tumaco is some thirty miles north of the Ecuadoran frontier, in Colombia.

Both Ecuador and Colombia suffered grievously from the earthquake, and even today people in the villages by the mangrove swamps of the estuaries speak fearfully of the morning when several hundred miles of their coastline, from the port of Guayaquil in the south to Buenaventura in the north, were devastated by the power of the water and the four minutes of ground shaking. Seismologists working in the 1930s, when Charles Richter* created his scale of magnitude, estimated that the Ecuadoran-Colombian Earthquake of 1906 had a magnitude of 8.4, as high as anything then known; new calculations today suggest an even greater magnitude, of anything approaching 8.8—as bad a disaster as could possibly be imagined, whether it rated 8.4 or 8.8 or somewhere in between, for the two young republics struggling to their feet.

But the earth wasn’t done yet. Sixteen days later there was another very large earthquake, this time on the island of St. Lucia, one of the four specks of Caribbean limestone, sand, and coral that make up what was then the British crown colony of the Windward Islands. According to interpretations of the damage data made in the 1970s, it rated somewhere between VII and VIII on the magnificently named Medvedev-Sponheuer-Karnik Earthquake Intensity Scale. Just as with the Ecuadoran event of the month before, this February earthquake had its epicenter in the sea too, somewhere off the northeastern tip of St. Lucia, and about twenty miles south of the French possession of Martinique.

This event, which collapsed buildings on both St. Lucia and Martinique, and which was felt by the populations of other islands in the eastern Caribbean, including Dominica and Grenada and St. Vincent, did not kill anyone. But it triggered a burst of smaller earthquakes—probably a swarm of so-called volcanic earthquakes, which tend to occur when spurts of magma force their way up into the earth’s upper crust, after the crust has been weakened by a deeper earthquake that has been caused by the movement of tectonic plates. This wave of lesser earth movements went on for two or three weeks, and for a while the placid life of an island whose people produced, according to the Colonial Office report of the time, a heavenly confection of “sugar, rum, cocoa, coconuts, bananas, bay oil, bay rum, spices and sea island cotton” was dangerously interrupted. The colonial governor, who had his headquarters in Grenada, was alerted, and a Royal Navy warship was dispatched from the squadron in Bermuda. Assistance was offered, assessments were made, and St. Lucia was from that moment on formally designated an earthquake-prone territory, risky enough to be of note but not sufficiently dangerous to be abandoned.

Still it was not over. Five days later a tremendous outbreak of ground shaking occurred in Shemakha, an ancient town of mosques and temples in the Caucasus Mountains, and a place, given its location, that was long accustomed to seismic happenings. This was not an especially large earthquake—not by normal Caucasus standards, at least—and there seem to have been no reports of deaths. The same could not be said, however, of a truly enormous quake that ripped through the island of Formosa four weeks later, on March 17. This historic event, known variously as the Chiayi or the Meishan Earthquake, tore along a nine-mile fault in the west of the island, displacing the land on each side of the fault by six or seven feet horizontally and three or four feet vertically. At least 9,000 houses were destroyed, 2,000 islanders injured, and no fewer than 1,228 people killed. The Japanese, who ten years before had taken control of the island from China, organized a formidable rescue operation; but the fact remains that this was one of the largest and most terrifying quakes to have struck Taiwan for many years, and for some weeks following the disaster the situation overwhelmed all efforts to contain it.

And then Vesuvius erupted. For ten terrifying days, beginning with a cannonade of rocks that was hurled 40,000 feet into the air above Naples on April 6, the only volcano on the European mainland underwent its most severe eruption for 300 years; some vulcanologists at the time said it may even have been greater in drama and strength than the legendary eruption of A.D. 79, when Pompeii and Herculaneum were destroyed by rivers of gas and glowing ashes.

In 1906 just 150 people are thought to have died. The villages of Bosco Trecase, San Giuseppe, Ottajano (the destruction of which, said a newspaper of the time, “appalled the civilized world”), Poggiomarino, and Somma were all covered in several feet of ash, and some of them had to be hastily abandoned. When the market in the town of Oliveto collapsed under the weight of hundreds of tons of eruptive material, scores of shoppers were trapped inside, with dozens killed. Moreover, the very shape of Vesuvius was drastically changed by the explosions. The summit crater’s edges were shaved to an almost perfect horizontality—the shape the mountain has to this day, in fact. Beforehand it had been ragged and untidy—with cliffs more than 1,000 feet high around the steaming, smoking, and seemingly bottomless crater itself.

It was not until April 16 that the explosions subsided and the eruptions stilled. The seismometers that had been measuring this extraordinary and, in terms of its power, nearly unprecedented display fell silent later that night. After ten days of malevolent unpredictability, the needles on the instruments that were monitoring matters in southern Italy all suddenly ceased their vibrating, at last. This was the beginning of the week, a Monday, and, with the damping down of Vesuvius, there seemed some small reason to suppose that the worst might be past. To more than a few on that evening there was, no doubt, a sense of relief—a sense that perhaps the world had now done its worst, and that it would lapse into a steady quiet once again, reverting to that blessed state in which the rocks stay where they are, the earth calms itself, and peace returns.

That night was quiet. All of the succeeding Tuesday passed without incident. The world and its wife slept peacefully in their beds through much of Tuesday night.

But on the Wednesday morning everything would suddenly change. The surface of the earth was to be ripped apart yet again—and in an instant it became abundantly clear that there would be no time for relief, relaxation, or reflection. Another earthquake was to strike, and, in terms of lives lost and structures ruined, this would be the worst, by far.

Half a world away from Italy, on the cool morning of 18 April of that same very bad year, seventy-seven days after the earthquake in the Pacific off Ecuador, which might have signaled to some that all was not well with this quarter of the world, the earth in San Francisco and in a score of places nearby suddenly went dramatically and terrifyingly berserk.

And though it is specifically San Francisco’s tragedy that forms the core of this account, so far as 1906 was concerned there was yet more to come. Before the year was done a further 20,000 Chileans would die when an enormous quake, of magnitude 8.3 at least, struck the port city of Valparaiso in mid-August, essentially wiping it out. The restlessness of the earth seemed to know no bounds. Ruin was being visited on humankind on a titanic scale. The destructive appetite of an uneasy planet seems from this vantage point to have been almost inexhaustible.

The figures collected since show with perfect clarity that 1906 was indeed the most dreadfully active of years. Only twice in the twentieth century were there more big earthquakes in any twelve-month period—but those of 1906 happened, by chance, to strike at great cities and so killed tens of thousands of people, rendering the year the most seismically dangerous of the century.

Much the same now appears to have happened in 2004, by far the most dangerous year of the young century that has followed. It began with an immense earthquake in Iran; a series of shocks and volcanoes then shuddered all around the world for much of the twelve months following; and then the catastrophic Sumatran tsunami struck precisely one year after it all began. Geologists looking at the statistics have lately started to wonder if some cruel butterfly effect might be at work—a pattern that might permit a ferocious event on one side of the planet to trigger a similar disaster far away on the other. Those who believe in the ideas of Gaia think this might be so: As the plates shifting against one another are all interconnected, jostlings on one part of the planet’s surface might well create sympathetic movements elsewhere. Thus far there is no firm evidence—only the numbers, and the anecdotes, that show incontrovertibly that some years are seismically very much more dangerous than others.

And 1906, it appears, was one of the very worst years of all time.


TWO

The Temporary City

 

Fourmillante cité, cité pleine de rêves
Où le spectre en plein jour raccroche le passant!

BAUDELAIRE, “Les Sept Vieillards,” 1857

I FIRST SAW SAN FRANCISCO IN THE EARLY SEVENTIES, at the end of a long westward drive that had taken me clear across the North American continent. The moment I glimpsed it, its cluster of skyscrapers glinting on the far horizon, was on a cool blue late summer’s dawn—and it was a sight every bit as breathtaking as I had imagined. And yet somehow, when I look back on that journey, it was the night before that remains more firmly etched in my memory. It haunts me still, I think, because the place where I decided to put up for the last night on the road—a place I had chosen by the purest chance, with just a pinprick on the map—turned out to be so very remarkable, so steeped in Northern California history, lore, and myth, that it managed to put my destination city into a context that might otherwise have taken years for me to understand.

It was the end of a long and tiring day, and dusk was gathering over the peach orchards, the walnut groves, and the asparagus fields of the Central Valley of California. I had been driving westward from a city on the plains for the better part of a week, over prairies, ranges, salt flats, and deserts. All that now lay between me and the vast emptiness of the Pacific Ocean was the fast-darkening silhouette of a very large mountain. It rose up ahead of the car, slightly to my right, its bulk filling the windshield, the brown of its dry August grasses purpling in the coming twilight, its shape broad hipped and brooding, like the arching back of an enormous whale.

The map said it was Mount Diablo, which I first thought came from the Spanish for “Devil’s Mountain,” and the reference books said it had once been the most important peak in the entire American West. “The great central landmark of the state,” someone wrote. It was the summit from which all Californian distances and directions were once formally triangulated and measured—and are still computed, by some, to this day. It was a mountain that everyone in the north of the state could see (at least they could before the invention of the haze-making automobile ruined so many Californian views), and from its summit, it was said, just about all of the north of the state could be seen in return, along with tantalizing glimpses of parts of Oregon and Nevada, too.

I decided I would spend the night there, making my final miles to San Francisco in the morning. I was in no particular hurry, and besides, I had never seen my destination city from afar. From up there, or so it appeared from the map, in the morning I ought to have a spectacular view.

I turned off the freeway and














































PRAISE

“IF THERE’S ANYONE QUALIFIED TO WRITE A BOOK ABOUT THE 1906 SAN FRANCISCO EARTHQUAKE AND FIRES, IT’S SIMON WINCHESTER.”

—Entertainment Weekly

“Winchester’s exhilarating new book describes what happened that fateful spring morning and, just as crucially, why. It is the dramatic story not just of a city’s destruction but also of a planet’s construction.… Hugely entertaining.”

—Bernard Cornwell, Mail on Sunday

“Winchester turns his formidable storytelling talents to the earthquake that destroyed San Francisco on April 18, 1906 … [but] doesn’t lose track of the human toll caused by natural disasters.”

—People (four stars)

“A richly companionable volume.… The joys of Winchester’s book are many.”—San Francisco Chronicle (a Best Book of the Year selection)

“Winchester’s timely new book teaches—reminds, really—that we should have quite precise worries about the incurably unstable ground on which scores of millions of Americans live.”

—George Will, Washington Post

“[An] important contribution.… Winchester brings his formidable storytelling talents and his passion for history, but also solid earth-science credentials.… A grand and accessible adventure.”

—Science

“Brims with colorful detail—which makes for lively reading … a richly textured, informative, compelling account.”

—Times Literary Supplement

“Spellbind[ing].… This is nonfiction, but Winchester, also a novelist, utilizes the strategies of fiction: playing with the reader’s growing anticipation of the event itself … Winchester [is] our geological Cassandra.”

—Miami Herald

“A virtual guidebook to the world of tremors and earthquakes and the geological conditions that produce them.… A thoughtful and illuminating book by an author in impressive command of his subject.”

—Houston Chronicle

“A grand tour of the world’s tectonic plates and the major seismic events through the ages.”

—Forbes

“Winchester is at his best in A Crack in the Edge of the World … dramatic … fascinating … [written in] lovely prose.”

—New Orleans Times-Picayune

“Without slighting the human suffering of the victims of earthquakes, tsunamis, and other natural disasters, Winchester places their tragedies in an almost cosmic context.”

—Boston Globe

“A wonderful, entertaining history of the Great San Francisco Earthquake and a history of the development of the field of geography and plate tectonics. Winchester is a master.”

—Salt Lake City Tribune (a Best Book of the Year selection)

“Highly readable, brilliantly researched.”

—Hartford Courant

“[A] near-novelistic narrative … puts the tremendous earthquake into a planet-wide context, while still illuminating the characters at the center of the story.”

—San Francisco Weekly

“Superb.”

—Sunday Times (London)

“A magnificent testament to the power of planet Earth and the efforts of humankind to understand her. A master storyteller and Oxford-trained geologist, Winchester effortlessly weaves together countless threads of interest, making a powerfully compelling narrative.”

—Publishers Weekly (starred review)

“A must-read.… Winchester’s tale excels at unfolding a complicated scientific story as part of a narrative.”

—Minneapolis Star Tribune

“Engagingly, captivatingly readable … written with a passion and intelligence that makes it compelling as Winchester describes the fragility of our world.”

—Independent (London)

“A panoramic blend of history and science that captures the event and its destructive aftermath with gripping immediacy.”

—Tucson Citizen

“Eloquent … a very good book.”

—San Jose Mercury News

“Fascinating.… Winchester combines a gift for storytelling and a passion for geology to compelling effect.”

—Time Out (London)

“A story that still resonates.… Winchester puts these past natural disasters in their proper place: in the context of geological as well as human history.”

—Denver Post

“Truly compelling.”

—Contra Costa Times

“A gripping account of how and why the earth’s largest moving parts slip, slide, strike, and subduct as they do … fascinatingly described.”

—Sunday Telegraph

“A great story in its own right, but juxtaposed against current events, it is prescient.”

—CNN

“A lyrical vision.… Read it and shiver.”

—Herald (Glasgow)

“Required reading.… Winchester details the destruction of San Francisco—not just from the quake, but the fires that followed—and the geology behind it.”

—New York Post

“An illuminating analysis of the way Western cities cope (or not) with natural disasters.… Fascinating … a seminal story.”

—Times Educational Supplement

“A good writer can make complicated topics easy to grasp, and a great writer can make them entertaining as well. Winchester personifies this ability. He brings on his journey a storyteller’s excitement, making the events and facts, which often include his own experiences, read more like a novel than a history or science book.”

—Tokyo Daily Yomiuri

“A memorable tale.”

—Business Week

“Arguably Winchester’s best. In it, Winchester’s talents as a writer and journalist are yoked to his training as a geologist in his Oxford days. The effect is spellbinding. Thorough, witty, and written with an assurance that comes from the author’s knowledge of his subject inside-out, this is popular history at its best.… This book has it all.”

—Edmonton Journal
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