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The aftermath of the 2008 earthquake in Sichuan, China.
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To all the scientists working to keep us safe
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  [image: A tall office building has cracked walls, broken windows, and shifted foundation. The left side sits lower than the right, damaging everything inside.]
  


The damage to a new office building in the city of Concepción, Chile, wrought by the 8.8 magnitude earthquake in 2010.
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A bus crash that occurred during the 8.0 magnitude earthquake in Sichuan, China, in May 2008.





PROLOGUE

The Big One

AT FIRST YOU DON’T NOTICE THE SHAKING. You think a bus or truck is rumbling by. But the trembling doesn’t stop. A few seconds later, paintings and photos on the wall swing slightly. Glasses and dishes rattle. Thud. Bang! Objects all around you—cellphones, water bottles, books—slide off surfaces and clatter to the ground. Within a minute, the floor beneath your feet heaves as the rumble becomes louder and louder. You dive under a table and hug one of the legs tightly as a window shatters. Couches, chairs, and cabinets pitch back and forth. A heavy desk jiggles across the room as a bookshelf lurches, then leans and topples.

Outside, trees bend back and forth as if their trunks were made of elastic. Skyscrapers sway like reeds. Sidewalks and roads ripple and heave. People lose their footing and stumble to their knees as the rumble becomes a roar. Roof tiles crash, chimneys disintegrate, and walls begin to crack, crumble, and collapse.

Two minutes into the earthquake, the entire 620-mile (1,000-kilometer) stretch of the Pacific Northwest of the United States and Canada undulates. The shaking reaches millions of people, from Vancouver, British Columbia, through Seattle, Washington, and Portland, Oregon, all the way down to Mendocino, California.


But the powerful trembling has only just begun. While most earthquakes last about ten to thirty seconds, this earthquake, called a Cascadia earthquake, could last three to six minutes.

How long is six minutes? Long enough to play two songs on the radio. Long enough to drain a full bathtub a couple of times. Long enough to destroy roads, bridges, schools, and hospitals; derail trains and damage power and fuel lines; long enough to interrupt water supplies and disrupt cell, Internet, and phone service.
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Murakami Misato surveys the damage done to her bedroom on the fourth floor of an apartment block in Kesennuma, Japan, after a 9.0 magnitude earthquake struck on March 11, 2011.




 

Imagine what your school or home would look like in the aftermath of such an earthquake: furniture knocked down, the floor a mess of shattered objects mixed with glass shards and plaster and paint dust. In your neighborhood, roads are buckled, houses have slid off their foundations, downed power lines thrash and crackle, and water spurts from broken pipes. Smoke from fires drifts by as car alarms and sirens scream.

If you’re on the Pacific Northwest coast, the situation is much worse. Land all along the shore has dropped as much as six feet (almost 2 meters) and the quaking has been more violent. As soon as the shaking stops, you bolt as fast as you can to high ground. The ocean recedes behind you, baring a long expanse of sand and mud. Offshore, the ocean rises up like a dam about to burst. Twenty minutes later, with an ominous gurgling whoosh, a series of unstoppable swells, called a tsunami, speeds into shore. The water surges inland, lifting boats, cars, piers, and even buildings with great crunches and crashes.

The current is so powerful that no one can remain standing in even knee-deep water. You watch from a high hill for hours as the roiling, debris-filled water rises and spreads across roads, yards, playgrounds, and parking lots, scouring the ground again and again. When the tsunami finally recedes, it leaves behind a wasteland.



The Pacific Northwest can be an idyllic place to live, with its endless beaches, lush forests, rolling coastal range, bubbling waterfalls, and glacier-capped volcanic peaks. Temperatures are mild and the region suffers no hurricanes or typhoons, few thunderstorms, and even fewer tornadoes.

And just thirty years ago, no one suspected that a disaster like a mega-earthquake could ever happen there. California, with its massive system of faults, including the San Andreas, was the place for dangerous earthquakes. Every year Californians are jostled by several hundred earthquakes greater than magnitude 3.0, and fifteen to twenty greater than magnitude 4.0. In the last hundred years, California has suffered forty earthquakes between 6.0 and 6.9 magnitude and sixteen with magnitudes in the sevens.

In contrast, the Pacific Northwest seems remarkably peaceful, with just a handful of small earthquakes causing noticeable shaking each year. In the last hundred years, only a few medium-size quakes have hit near Seattle and Mendocino.

But a few decades ago, scientists discovered a geological structure running along the Pacific Northwest coast that in other parts of the world regularly triggers massive earthquakes—quakes of magnitude 8.0 and higher.

Geologists (scientists who study the Earth’s structures and processes) also found some odd features they couldn’t explain: ghost forests, strange sand layers, and marshes buried below other marshes. Ancient stories from people native to the Pacific Northwest coast—and from far across the Pacific Ocean in Japan—offered more clues that the region might not be as geologically peaceful as it seems.

To solve the puzzle posed by the geology of the Pacific Northwest, a small group of dedicated scientists has been analyzing marsh soil, tracking sediments on the ocean floor, sampling landslide debris, and counting rings in ghost forests. Their findings are transforming our understanding of the region called Cascadia, the grave dangers the population faces, and what can be done to prepare.

This is their story.

 


  [image: Rising water from a tsunami pours over an embankment onto a road below. The water lifts and carries several automobiles.]
  


A tsunami breeches an embankment and flows into Miyako, Japan, shortly after a 9.0 magnitude earthquake hit the region in March 2011.




 


THE MEANING OF MAGNITUDE



Scientists express the power and energy released at the source (or epicenter) of an earthquake using a scale from 0 to 10, called the Moment Magnitude Scale. But on this scale, the power does not increase equally step by step. Rather, each step up the scale (from 3.0 to 4.0, for example) indicates an earthquake with thirty-two times more energy released.

A 9.0 magnitude earthquake is thirty-two thousand times more powerful than a 6.0, with almost one hundred times more energy released.




  [image: A snowcapped and rocky mountaintop stands tall in the distance, looking over a wooded landscape.]
  


The Cascade volcano Mount Rainier, which lies about 60 miles southeast of Seattle.





CHAPTER ONE

The Mystery of the Missing Earthquakes

NOT TOO LONG AGO, when your grandparents were kids, their teachers and textbooks had no explanation for what created mountains. No one knew why some ranges loomed steep and jagged while others lay low, round, and smooth. Geologists had no good ideas about what caused earthquakes. We didn’t even know how continents were formed or why some of their coastlines matched like pieces of a jigsaw puzzle.

“Until surprisingly recently, science had no good answers to these very basic questions,” says Chris Goldfinger, professor of geology and geophysics at Oregon State University. “I’m talking about up until the 1960s, geologists just had no idea how or why any of these things existed.”

More than a hundred years ago, a German weather forecaster named Alfred Wegener took a shot at explaining how continents formed. Scientists had long ago noticed that the coastlines of various continents looked like they would fit together. Wegener discovered that the rocks and fossils found on the distant coastlines were, surprisingly, also similar. And the grooves scraped into the landscapes by glaciers during the Ice Age seemed to line up from one continent to the other.

 


  [image: A globe shows all the continents pieced together like a puzzle to form one roughly C-shaped continent. The US lies in the center on the outer curve.]
  


Geologists believe that all Earth’s continents originated from one supercontinent called Pangaea. This map shows where the countries of 2012 may have been located on Pangaea.





“Those observations should have rocked every geologist on the planet.”




  [image: Diagram: Magma rises to fill the gap between tectonic plates as they separate. Topographical satellite map: The crust gets older as it moves away from the Mid-Atlantic Ridge.]
  


As the tectonic plates beneath the Atlantic Ocean spread, new crust is made from magma rising from below. Scientists discovered this process when they realized that crust was older the farther it was located from the Mid-Atlantic Ridge.




 

Wegener proposed that once, long ago, the Earth had only one big continent that split and drifted apart to become the continents we know today. He called his theory continental drift.

“Those observations should have rocked every geologist on the planet,” says Chris. “But that didn’t happen. They dismissed him.” After all, Wegener was an outsider to geology and he couldn’t explain how or why the continents had moved.

So, Wegener’s theory was forgotten.

Then, during World War II, submarines scouring the seas for German U-boats found an odd structure on the ocean floor—a ten-thousand-mile-long (16,000 kilometer) ridge running through the Atlantic Ocean from north to south, like a huge zipper. Geologist Marie Tharp mapped similar ridges in the Pacific Ocean. Over the next few decades, scientists discovered that while rocks on either side of the ridges were old, the rocks near the ridges were newer. Something was creating new sea floor at the ridges and pushing land away on both sides.

“Right about then, Wegener’s theory came back to life,” says Chris. “People realized, uh-oh, maybe this guy was actually right. Maybe the Earth’s crust is moving around.” Geologists quickly embraced a powerful idea that seemed to explain everything: the theory of plate tectonics. According to this now well-established, widely accepted theory, Earth has a crust—a
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  [image: Plumes of water from bullet strikes shoot up from the ocean all around a submarine sailing along the surface.]
  




 










 


[image: A map of tectonic plates. From left to right, the Pacific plate surrounds a majority of the Pacific Ocean. Within it, the Juan de Fuca plate surrounds the area just off the coast of the northern United States. The North American plate surrounds North America and Greenland, and approximately half of the Atlantic Ocean between them and Europe. The Coscos plate surrounds the area just off the western coast of Central America. The Caribbean plate surrounds the Caribbean islands and the southern half of Central America. The Nazca plate surrounds a large area of ocean just off the western coast of South America. The South American plate surrounds South America and approximately half of the Atlantic Ocean between it and Africa. The Scotia plate surrounds a small area of ocean off the southernmost coast of South America. The African plate surrounds Africa and approximately half of the Atlantic and Indian Oceans around it. The Eurasian plate encompasses nearly all of Europe and Asia and half of the Atlantic and Arctic Oceans. The Arabian plate surrounds a majority of the Middle East. The Indian plate surrounds India and a small portion of the ocean surrounding it. The Antarctic plate surrounds Antarctica and the Southern Ocean. The Australian Plate surrounds Australia, a majority of New Zealand, and approximately half of the Indian Ocean and one fifth of the Pacific Ocean surrounding it. The Philippine Sea plate surrounds an area of ocean between Japan, Taiwan, and the Philippines and the Pacific plate.]


 





 


[image: The Ring of Fire surrounds the Pacific Ocean, along the western coasts of South America, North America, and northernmost Asia, and encompassing the Asian island countries and New Zealand. The CSZ is highlighted in the ring, just off the coast of the Pacific Northwstern United States. The Explorer, Juan de Fuca, and Gorda plates are located just off the coasts of British Columbia, Washington, Oregon, and Northern California, respectively. Each presses into the North American and Pacific plates.]

 


THE CASCADIA SUBDUCTION ZONE
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