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Aerial view of a rare eruption of Steamboat Geyser in Norris Geyser Basin, July 6, 1984. (Robert B. Smith)
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Dedicated to the memory of Roderick “Rick” Hutchinson, geologist extraordinaire for the National Park Service at Yellowstone National Park. Rick was deeply committed to studying Yellowstone’s geology, geysers, earthquakes, and other natural wonders. He was a longtime friend who encouraged and assisted in the preparation of this book. In March 1997, Rick was killed by an avalanche while doing what he loved: conducting fieldwork in the Yellowstone backcountry.
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Preface

Majestic mountains, dazzling arrays of geysers, and magnificent wildlife—bison, bears, elk, and, recently, wolves—are among the world-famous features of Yellowstone and Grand Teton national parks. Yet most visitors are unaware that the crown jewels of the U.S. national park system are the still-evolving products of activity within the Earth—volcanism, earthquakes, movements of tectonic plates, and other geological processes that are key elements in shaping the planet’s landscape. Because the geology of Yellowstone and Grand Teton reveals much about these processes, the two parks are truly windows into the Earth.

The forces that sculpted the Teton Range and Jackson Hole, Wyoming, also stretched apart a broad area of the U.S. West known as the Basin and Range Province. Yellowstone, designated the nation’s first national park in 1872, was molded both by those forces and by the Yellowstone hotspot, a source of heat and molten rock with roots deep within the Earth. The hotspot produces volcanic activity ranging from hot springs and geysers to cataclysmic eruptions. The beauty of the region helped inspire the global environmental ethic, and its geology has revealed new ideas on volcanism, active mountain building, earthquakes, and glaciation.

Grand Teton and Yellowstone parks together form a “geoecosystem,” an idea embracing the concepts of how the ecology of plants and animals depends on their geologic setting: volcanic soils, hydrothermal areas, and climate conditions resulting from mountainous topography built by movements of Earth’s crust and the unseen power of the Yellowstone hotspot.

This book looks inside the workings of the Yellowstone hotspot and other geologic forces that have shaped—and continue to shape—the greater Yellowstone—Teton region. We begin with the Hebgen Lake earthquake of 1959—the most violent and deadly geologic disaster in the region in modern time—and end with driving tour guides to the area’s geologic wonders.

Salt Lake City, Utah

1999

R. B. S.
L. J. S.
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Windows into the Earth


1 A Land of Scenery and Violence

Anyone who has spent summers with pack-train in a place like Yellowstone comes to know the land to be leaping. … The mountains are failing all the time and by millions of tons. Something underground is shoving them up.

—T. A. Jaggar, Hawaiian Volcano Observatory, 1922

It was the busy summer season in Yellowstone National Park, a beautiful moonlit night with 18,000 people in the park’s campgrounds and hotels and thousands more in surrounding towns and recreation areas. At 23 minutes before midnight, a talent contest was wrapping up at the Old Faithful recreation hall. A beauty queen had just been crowned. As she walked down the aisle to the applause of several hundred people, the log building creaked loudly and began to shake. Within seconds, the earthquake sent people scurrying for the exits. A park ranger dropped the hand of his date—a waitress from Old Faithful Inn—and rushed to open the doors so no one would be trampled. Nearby, frightened guests fled Old Faithful Inn, where a waterline broke and an old stone chimney soon would collapse into a dining room, thankfully closed at that late hour.

Out in the darkness, in geyser basins along Yellowstone’s Firehole River, the Earth began belching larger-than-usual volumes of hot water. About 160 geysers erupted, some for the first time, others after decades-long dormant periods. Sapphire Pool, once a gentle spring, became a violent geyser, hurling mineral deposits around Biscuit Basin. Clepsydra, Fountain, and some other geysers in Lower Geyser Basin began erupting more often than usual. Old Faithful’s eruptions became less frequent, although some observers thought it spouted with unusual vigor earlier that evening. Hundreds of hot springs became muddy. Fountain Paint Pot spewed mud violently, spattering tourist walkways.

Rocks and landslides tumbled into park highways in several places, blocking roads between Old Faithful and Mammoth and closing the route to the park’s west entrance at West Yellowstone, Montana. Within an hour, thousands of vehicles streamed out of Yellowstone on roads that remained open—a serpentine parade of headlights fleeing the strongest earthquake yet recorded in the Rocky Mountains and the Intermountain West.

The panic and damage in Yellowstone were minimal compared with the unimaginable horror that would overtake a popular Montana recreation area just outside the park’s northwest boundary.

Along the shores of 15-mile-long Hebgen Lake, 10 miles northwest of West Yellowstone, residents and vacationers were sleeping. The lake was impounded behind the 87-foot-tall Hebgen Dam, built in 1915. Below the dam was the Madison River Canyon, one of America’s best trout fishing areas. A few hundred people were camped in the 9-mile-long canyon, either in turnouts along the highway or in campgrounds such as Rock Creek, about 7 miles below the dam.

Melvin Frederick of Elyria, Ohio, was sleeping at Rock Creek in a tent with his son and nephew, both 15. His wife and 16-year-old daughter slept in the family’s 1958 Plymouth station wagon. The shaking started suddenly. Frederick recalled: “At first, I thought it was a bear tearing through the nearby trees. Someone shouted, ‘It’s a tornado or an earthquake!’ There was a tremendous roar. Outside the tent and looking upward, I saw the whole side of a mountain collapse. It looked like a huge waterfall. There was a gush of air, followed by a wave of water from the Madison River.”

The wave hit, sweeping Frederick’s son, Paul, 50 feet and pinning the teenager between trees and a trailer. Water rose to Paul’s chin, and it looked like he would drown, but the rising water finally floated the trailer upward, allowing Paul’s father and cousin to pull him free. Frederick’s wife and daughter screamed as their station wagon rolled over in the water. They got out just as the car rolled again. Paul and his cousin were badly hurt, but the family managed to reunite and climb to higher terrain. There, they knelt on the ground and prayed.

Prayers could not help others at Rock Creek. Truck driver Purley Bennett, 43, and his wife, Irene, 39, were sleeping in a trailer. Camped outside were the Coeur d’Alene, Idaho, couple’s four children: Phillip, 16; Carole, 17; Tom, 11; and Susan, 5. Soon after the quake, “There was a huge roar,” Phillip said later. “I looked up and saw the mountain cascading down upon us.”

His parents, stepping out of their trailer, were hit by wind so strong it ripped off their clothing. Purley Bennett grabbed a tree. Then the wave of water hit the family, blasting them away. Irene Bennett briefly lost consciousness, awakening to find herself naked on the river bank and pinned beneath a downed tree. She dug herself out, and called for her family all night. Phillip, in pain with a broken leg, had managed to crawl to safety, digging a hole and covering himself with dirt for warmth. After daylight, he crawled to his mother.

Lloyd Verlanic of Anaconda, Montana, was the first to reach Irene Bennett and her son. “She was crawling on her hands and knees,” Verlanic recalled. “She looked up at me, her face a mass of blood, and said, ‘Oh, thank God! I’ve been crawling and praying all night. My children, oh my God, my children. I wish I could find my children.’” Searchers soon found her husband’s body.

A day later, recovering in an Ennis, Montana, hospital, Irene Bennett told a radio reporter she had been informed her other children were dead, “but I have not lost faith in God. I know they will be found.” Out in the hallway, a nurse said searchers that morning recovered the bodies of the three children. Only Irene and Phillip had survived. “The poor woman; she just does not realize yet,” the nurse said.

In the terror and confusion, it was difficult for most people in Madison River Canyon to realize what had happened.

At 11:37 P.M. Mountain Time on Monday, August 17, 1959, a magnitude-6.3 foreshock was followed within seconds by a major earthquake of magnitude 7.5. The strong shaking lasted less than a minute. It sent an entire mountainside crashing down at 100 miles per hour on the lower end of the Rock Creek campground. The slide flowed from south to north, falling more than 1,000 feet and plunging at a right angle into Madison River Canyon, which ran from east to west. As the slide roared downhill, it pushed winds of nearly hurricane force in front of it. Then the landslide slammed into the Madison River, slapping the river from its bed and hurling 30-foot waves upstream and downstream. The waves tossed cars, trailers, and people like toys. The slide filled the canyon bottom and raced more than 400 feet up the north side of the canyon, dumping boulders as big as houses. The slide not only buried part of the campground, but covered a mile-long stretch of highway and river with 100 to 300 feet of boulders, rocks, and soil. After the slide halted and the waves subsided, the Madison River started backing up behind the slide, forming a new lake that began inundating what was left of the campground (Figure 1.1).

It took weeks for authorities to determine the toll: twenty-eight dead, dozens injured, and $13 million in damage. Of the twenty-eight fatalities, nineteen were entombed forever beneath the giant Madison landslide. Five bodies were recovered in the slide area. Some had drowned. Two people, severely injured by the slide, died later in a Bozeman, Montana, hospital. The other two victims died about 7 miles southwest of the slide, crushed by a boulder while they slept.

[image: Images]

1.1 [image: Images] The giant Madison Canyon landslide was triggered by the Hebgen Lake earthquake. Eighty million tons of rock plunged off the south side of Madison Canyon, 15 miles northwest of West Yellowstone, Montana. Many of the quake’s victims were buried by the slide, which dammed the Madison River to create Earthquake Lake. (U. S. Geological Survey.)

The earthquake generated large waves in nearby Hebgen Lake and caused its north shore to drop 19 feet, dumping a number of homes and several stretches of highway into the lake. Buildings were damaged in West Yellowstone and more distant Montana towns. The quake was felt through much of the West, including Wyoming, Montana, Idaho, California, Nevada, Utah, Oregon, Washington, and British Columbia. Seismograph needles were knocked off scale hundreds of miles away in Salt Lake City and Denver. The seismic waves made water levels fluctuate in wells thousands of miles away in Hawaii, New Jersey, Florida, and Puerto Rico.

A Hotspot for Disaster

The Hebgen Lake earthquake happened because huge blocks of rock, as much as 15 miles long, abruptly slumped and tilted beneath the lake and Madison River Canyon. The ultimate reason these blocks moved was that Earth’s crust is being stretched apart in a broad region of the West known as the Basin and Range Province. Such stretching has created valleys, mountain ranges, and earthquake faults from eastern California through Nevada and western Utah, and north into Oregon, Idaho, Montana, and western Wyoming.

However, the Hebgen Lake quake was unusual. Not only was it the strongest ever recorded in the Intermountain West and the Rockies, but it produced extraordinary ground movements. Two parallel segments of the Hebgen Lake fault broke the ground surface north of Hebgen Lake and Madison Canyon. They were “normal” faults. Quakes on normal faults occur when ground on one side of the fault drops down and away from ground on the other side, which rises upward. Such vertical movement creates small cliffs or embankments called scarps. In some places along the faults broken during the Hebgen Lake quake, these abrupt cliffs were as high as 22 feet (Figure 1.2). So much vertical “offset” or “displacement” was unheard of for a normal fault earthquake in the West. In prehistoric times, such quakes typically produced 6 to 10 feet of vertical movement.

The quake’s large ground movements suggest the disaster was not caused solely by stretching of Earth’s crust in the West. Another great geological force may have contributed to the quake’s power—a force recognized by volcanologist T. A. Jaggar decades before modern knowledge about earthquakes. Jaggar was right. Something underground is shoving Yellowstone upward and helping make the land leap and the mountains fall during earthquakes.

That something is one of the Earth’s great unseen geological features: the Yellowstone hotspot—a huge, vertical plume of hot rock that extends upward from at least 125 miles beneath Yellowstone National Park and includes zones where rock is molten or partly molten. Sitting atop the hotspot, the Yellowstone region is essentially a giant, slumbering volcano that huffs upward and puffs downward over the decades, like a breathing beast. The Hebgen Lake quake may have been powered in part by the heat and molten rock within the hotspot lifting the region upward, thus hastening the stretching of Earth’s crust in the area.
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1.2 [image: Images] The Hebgen Lake fault broke vertically during the magnitude-7.5 Hebgen Lake, Montana, earthquake. Ground on the right side of the fault dropped as much as 22 feet relative to land on the left. (Robert B. Smith.)

If so, the Hebgen Lake earthquake would be only the latest in a long string of catastrophes triggered by the violent geology of the Yellowstone hotspot. During the past 16.5 million years, geological processes related to the hotspot have included gigantic volcanic eruptions, mountain building, major earthquakes, geothermal activity, landslides, and even glaciers, floods, and forest fires. These disasters sculpted Yellowstone’s fantastic, high-altitude scenery and reshaped the landscape of about a quarter of the northwestern United States, including parts of Idaho, Oregon, Nevada, Utah, Wyoming, and Montana.

During roughly the same time, the stretching of Earth’s crust in the Basin and Range Province shaped an even larger region of the West, including Grand Teton National Park, just south of Yellowstone. Crustal stretching repeatedly caused major earthquakes on the Teton fault during at least the past 13 million years, helping to build the spectacular Teton Range.

The combination of geologic processes at work in the Yellowstone—Teton region is seen nowhere else on Earth on such a large scale and with such vivid manifestations. In a sense, Yellowstone and Teton geology is a living entity. It belches violently during volcanic eruptions, blowing away or swallowing whole mountain ranges, repaving valleys, dumping ash on half a continent, and changing global climate. It fractures the ground and uplifts mountains with earthquakes. And it emits enormous thermal energy to produce the world’s greatest concentration of geysers and hot springs.

The multiple disasters that molded the landscape and environment of the Yellowstone-Teton region reveal secrets of dynamic geological processes hidden within the Earth: the volcanic power of the Yellowstone hotspot and the crustal movements ripping apart the West. In that sense, Yellowstone and Grand Teton national parks—with their scenic glories and natural disasters—serve as windows that let us peer into Earth’s interior.

Yellowstone Hotspot Volcanoes Shaped the West

Hotspots help shape Earth’s surface as they release heat from the planet’s interior through volcanic eruptions and hydrothermal activity, which is the activity of hot water in geysers, hot springs, and steam vents. The Yellowstone hotspot is the largest hotspot under a continent and among the largest of some thirty active hotspots on Earth. Most hotspots are beneath the world’s ocean bottoms. Giant plates of Earth’s crust make up the seafloor, and these plates slowly drift over erupting hotspots, creating island chains such as Hawaii. Other hotspots lie beneath Iceland, the Galápagos Islands, and the Azores.

The North American plate of Earth’s crust has drifted southwest over the Yellowstone hotspot at about 1 inch per year. About 16.5 million years ago, the hotspot was beneath what is now northern Nevada near its border with Oregon and Idaho. As the continent drifted southwest, the hotspot in effect moved northeast beneath Oregon’s southeast corner, then across Idaho to Wyoming. It ended up beneath Yellowstone about 2 million years ago.

The hotspot’s passage was far from peaceful. Roughly 100 times during the past 16.5 million years, huge volumes of magma, or molten rock, rose from the hotspot and erupted catastrophically through a giant crater—known as a caldera—measuring as much as a few tens of miles wide. Because North America was drifting southwest over the hotspot, the eruptions formed a chain of progressively younger calderas stretching from the Idaho—Oregon—Nevada border 500 miles northeast up Idaho’s Snake River Plain to Yellowstone in Wyoming (Figure 1.3). Many of these calderas overlapped, so the approximately 100 caldera eruptions occurred in at least seven and possibly thirteen “volcanic centers.”

[image: Images]

1.3 [image: Images] Path of the Yellowstone hotspot. Yellow and orange ovals show volcanic centers where the hotspot produced one or more caldera eruptions—essentially “ancient Yellowstones”—during the time periods indicated. As North America drifted southwest over the hotspot, the volcanism progressed northeast, beginning in northern Nevada and southeast Oregon 16.5 million years ago and reaching Yellowstone National Park 2 million years ago. A bow-wave or parabola-shaped zone of mountains (browns and tans) and earthquakes (red dots) surrounds the low elevations (greens) of the seismically quiet Snake River Plain. The greater Yellowstone “geoecosystem” is outlined in blue. Faults are black lines.

Giant caldera eruptions happen so infrequently that none have occurred in recorded history, but they are the largest volcanic eruptions on Earth. As caldera-forming eruptions progressed across Idaho to Yellowstone during the past 16.5 million years, they repeatedly dumped volcanic ash on half the United States while existing mountains either were blown away or sank into the giant craters.

When the hotspot passed under an area, it created a 300-mile-wide, 1,700-foot-tall bulge in Earth’s crust, like a rug being dragged over an object. So the old calderas—essentially “Old Yellowstones”—now hidden beneath the Snake River Plain once were at higher elevations. However, in the wake of the hotspot, the plain sank as much as 2,000 feet and was flooded by a series of basalt lava flows, which covered the old calderas. What was left was a vast valley—the eastern Snake River Plain. Idaho’s famous potatoes grow in its fertile volcanic soils.

Yellowstone drifted over the hotspot sometime before 2 million years ago. Molten rock rising from the hotspot produced three cataclysmic caldera eruptions more powerful than any in the world’s recorded history. First, the Yellowstone caldera exploded 2 million years ago. Then, the activity shifted several miles west into Idaho, where the Island Park caldera—also called the Henry’s Fork caldera—blew up 1.3 million years ago. Finally, activity moved east again and another eruption 630,000 years ago formed the modern Yellowstone caldera, which overlaps remnants of the 2-million-year-old caldera. The three eruptions, respectively, were 2,500, 280, and 1,000 times larger than the 1980 eruption of Mount St. Helens in Washington state.

The Yellowstone and Island Park calderas are considered a single volcanic center. Together, their three catastrophic eruptions expelled enough ash and lava to fill the Grand Canyon. They belched volcanic debris high into the atmosphere and covered much of the West and Great Plains with volcanic ash. Aerosols and gases from the eruptions likely cooled Earth’s climate for years, producing so-called “volcanic winters.”

Visitors expecting rugged Rocky Mountains often are surprised by the undulating, relatively flat, forested topography of the Yellowstone Plateau, much of which is above 7,700 feet (Figure 1.4). The landscape is a legacy of the violent caldera eruptions. While the eruptions may have blown away some of the ancient mountains that once crossed Yellowstone, it is more likely the mountains were swallowed by the Earth as the caldera floor sank downward during the explosive blasts. The central portion of Yellowstone National Park—including the west half of Yellowstone Lake—sits inside the 45-by-30-mile-wide caldera formed by the eruption 630,000 years ago. The crater rim is evident in some places, such as north of Madison Junction. However, almost thirty subsequent smaller lava eruptions, most recently 70,000 years ago, filled in the caldera and surrounding portions of the Yellowstone Plateau. The landscape also was smoothed by giant prehistoric glaciers and sediments deposited in ancient lakes.
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1.4 [image: Images] Space view of Grand Teton and Yellowstone national parks from satellite images overlaid on digital elevation maps. The 8,000-foot-high Yellowstone caldera (marked III) was produced by a giant volcanic eruption 630,000 years ago. The caldera occupies a 45-by-30-mile-wide area of central Yellowstone. The Teton fault bounds the east side of the Teton Range and raised the mountains high above Jackson Hole’s valley floor. Partial boundaries of the calderas formed 2 and 1.3 million years ago are marked I and II, respectively. (Computer image by E. V. Wingert.)

With all these changes obscuring the complete outline of the Yellowstone caldera, it is somewhat surprising the giant crater was accurately recognized by Ferdinand V. Hayden, whose early explorations prompted Congress to make Yellowstone the first U.S. national park in 1872. A year earlier, Hayden stood atop Mount Washburn, a 10,243-foot peak just north of the caldera, and recognized he was looking into a giant volcanic system:

This basin has been called by some travelers the vast crater of an ancient volcano. It is probable that during the Pliocene period the entire [Yellowstone] country … was the scene of as great volcanic activity as that of any portion of the globe. It might be called one vast crater, made up of thousands of smaller volcanic vents and fissures out of which the fluid interior of the earth, fragments of rocks, and volcanic dust were poured in unlimited quantities.

Today, the ground at Yellowstone emits thirty to forty times more heat than the average for North America. That heat powers Yellowstone’s hydrothermal attractions—the world’s greatest display of geysers, hot springs, mud pots, and steam vents. The heat comes from the hotspot.

For years, the popular notion of a hotspot was of a continuous plume of molten rock extending from deep within the Earth, perhaps even its molten core. Research indicates this is true of most hotspots, but the Yellowstone hotspot may be more complex. The best available evidence suggests the Yellowstone hotspot likely begins in Earth’s upper mantle, about 125 miles beneath the surface. There, rising heat from deeper within the Earth melts rock. The hotspot has a plume shape, but the plume is not completely molten. Rather, it is a column of hot rock in which some molten rock flows upward. The hotspot plume extends upward until it hits the colder, overlying North American plate of Earth’s crust and uppermost mantle. There, at a depth of about 50 miles, blobs of molten rock—iron-rich basaltic magma—periodically rise through the rest of the upper mantle and into Earth’s crust. Heat from these blobs of molten rock melts overlying, silica-rich rock to create a large, sponge-like chamber of partly molten rhyolite. The magma chamber begins about 5 miles beneath the Yellowstone caldera and extends down to 8 miles deep, but may be as shallow as 3 miles in the northeast caldera.

This magma chamber heats overlying salty water, which in turn heats shallower groundwater to produce more than 1,000 geysers, hot springs (Figure 1.5), and mud pots—Yellowstone’s main attractions. These hydrothermal features can become clogged by mineral deposits within their plumbing systems, but earthquakes periodically shake the conduits to break up the clogging minerals. Many small earthquakes are triggered by movement of molten rock and superheated water beneath Yellowstone. So the geysers owe their survival to ongoing earthquake activity that ultimately is driven by the hotspot.
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1.5 [image: Images] Aerial view of Grand Prismatic Spring in Midway Geyser Basin. This 200-foot-wide, vividly colored hot spring exemplifies Yellowstone’s world-renowned geothermal features. Mineral deposits next to the spring are colored by microbes that thrive in hot water.

Magma and hot water beneath Yellowstone also make the floor of the caldera huff upward and puff downward over the years. Using surveying instruments to measure elevation changes, scientists determined much of central Yellowstone rose by more than 3 feet from 1923 to 1984, then started sinking.

As the caldera floor dropped, thousands of small quakes rattled Yellowstone during 1985 and 1986. The pattern of epicenters from the quakes suggests hot water and perhaps molten rock drained from beneath the caldera, moving northwest through faults that line up with the Hebgen Lake fault zone farther northwest. By 1995, the caldera floor had dropped 8 inches. Then, in 1995 and 1996, it started rising again. Such “breathing” is typical of calderas, which can huff and puff for tens or hundreds of millennia without erupting.

The subterranean movements of hot water and molten rock only occasionally burp lava onto the surface and rarely explode in a violent caldera-forming eruption. It is impossible to predict when more eruptions will strike Yellowstone. Another catastrophic caldera eruption appears likely within tens of thousands of years to hundreds of thousands of years and thus is unlikely in our lifetimes. Smaller but significant eruptions, like the 1980 explosion of Mount St. Helens, may occur within thousands of years. Small steam and hot-water explosions would not be surprising within centuries or even decades.

Burn, Freeze, Shake, and Slide

Volcanism is far from the only disaster produced by the hotspot. Yellowstone already sat high in the Rocky Mountains but was pushed to loftier heights—above 7,700 feet—atop the hotspot’s broad, upward bulge. The high elevation and resulting climate help determine the plants and wildlife that thrive in Yellowstone. For example, the altitude and Yellowstone’s volcanic soils foster vast forests of lodgepole pine, which undergo a natural 300-year cycle of growth, devastation by fire, and rebirth. In 1988, not quite three decades after the big quake, a major inferno burned more than a third of Yellowstone National Park.

The lofty heights also helped a 3,500-foot-thick icecap form atop the Yellowstone Plateau during at least three global glacial episodes within the past 250,000 years to 2 million years. The Yellowstone ice field was so large it covered most of Yellowstone and Grand Teton national parks—an area extending more than 100 miles north—south and 70 miles east—west. Large glaciers flowed downhill from the plateau and other mountains. After volcanism shaped Yellowstone’s landscape and the Teton fault produced the terrain of the Teton Range and Jackson Hole, Wyoming, the Ice Age glaciers left their own marks. They sharpened the spires of mountains. They helped carve valleys such as those occupied by the Snake and Yellowstone rivers. The glaciers also excavated smaller lakes at the base of the Teton Range and deepened Yellowstone and Jackson lakes. Each time the glaciers receded—the last time was about 14,000 years ago—their meltwaters produced mighty floods that accentuated the downcutting of valleys, including the breathtaking Grand Canyon of the Yellowstone River.

Of all the geological processes fostered by the hotspot, earthquakes are the most dominant on a human timescale. Although earthquakes happen throughout the Basin and Range region, they are more frequent above and around the Yellowstone hotspot. During geological time, major earthquakes rocked the Yellowstone—Teton region repeatedly. Today in the conterminous United States, only faults in California produce more earthquakes than the broad area encompassing Yellowstone National Park. With the hotspot beneath Yellowstone, and the West still stretching apart, more strong earthquakes are likely in the future—both near Yellowstone and along the Teton fault to the south.

The hotspot influences the pattern of seismic activity through a broad area of Utah, Wyoming, Idaho, and Montana. When a boat moves through water, it creates an arc-or parabola-shaped bow wave extending from the front of the boat backward along both sides. In a similar manner, as the Yellowstone hotspot moved across Idaho to Yellowstone, it left in its wake an arc-shaped belt of mountains and earthquake epicenters bordering both sides of the Snake River Plain lowlands. (The epicenter of an earthquake is the location on Earth’s surface directly above the part of a fault where the quake began to rupture the fault.) Few earthquakes occur on the plain itself. The mountains flanking the Snake River Plain are made of cold, brittle crust conducive to rupturing during earthquakes.

The wake of earthquake epicenters flanking the Snake River Plain includes the region’s two strongest historic earthquakes: the 1959 Hebgen Lake quake and the 1983 magnitude-7.3 Borah Peak, Idaho, quake, which killed two people in Challis, Idaho. It also includes the Teton fault, one of several faults in or near the Yellowstone—Teton region that could generate major quakes in the future. Although an ancestral Teton fault may have existed as long as 34 million years ago, the fault became active in its present form about 13 million years ago, and perhaps more recently. Since then, perhaps a few thousand major earthquakes lifted the Teton Range into its towering setting while simultaneously making the valley of Jackson Hole sink.

No major quake has happened on the Teton fault in historic time. Yet smaller quakes have spelled disaster. Decades before the Hebgen Lake quake and the Madison Canyon landslide, a much bigger landslide likely was triggered by a small quake in or near Jackson Hole. One night in 1925, the valley was rattled by a jolt of about magnitude 4. (Magnitude is a measure of energy released by an earthquake.) The next day, a waterlogged mountainside collapsed into Gros Ventre Canyon on the east edge of Grand Teton National Park. The slide was one-third larger than the Madison slide. No one was killed by the slide itself. However, the slide dammed the Gros Ventre River to form a lake. Two years later, in 1927, the natural dam burst, flooding downstream towns and killing six people.

Today, the Teton fault and Utah’s Wasatch fault are the most widely recognized seismic hazards in the Intermountain Seismic Belt, a band of quake activity extending from Montana through Idaho, Wyoming, and Utah to southern Nevada. Most Utah residents live atop the Wasatch fault, many in vulnerable unreinforced brick homes. The Teton fault threatens eventual disaster to thousands of people visiting Grand Teton National Park and the resort town of Jackson, Wyoming. The Wasatch and Teton faults are believed capable of major quakes of about magnitude 7.5, and both faults may be due or overdue for such a disaster.

Although humans cannot prevent earthquakes, volcanic eruptions, most landslides, or other natural disasters, their death toll and destruction can be reduced by judicious land use, monitoring seismic and volcanic activity, alerting the public to these potential catastrophes, and planning to cope with the disaster. In planning for major quakes on the Teton, Wasatch, and other faults in the region, emergency management officials use the 1959 Hebgen Lake earthquake as the worst-case or “maximum credible earthquake” possible in the region, both because of its large magnitude and the extraordinarily large fault movements it produced. Of the disasters that have struck the Yellowstone—Teton region in historic time, none remind us of the immense power and unpredictability of Earth’s geologic forces more than the Hebgen Lake quake and Madison Canyon landslide.

A Night of Terror

The size of the Madison slide is difficult to fathom. Its volume totaled 37 million cubic yards and it weighed 80 million tons—enough to pave a two-lane highway 3 feet deep from Montana to New York City. No statistics, however, can capture the terror felt by those trapped in Madison River Canyon that August night in 1959.

Mrs. Clarence Scott, 57, of Fresno, California, was sleeping with her husband in their trailer at Rock Creek campground when the landslide hurled the Madison River from its bed. The waves hit the trailer, ripping it open and throwing out Mrs. Scott. “It was horrible,” she said. “Children were screaming and crying for their mothers. And husbands were begging for their wives to answer.”

Henry Bennett and his family had traveled from Arizona to Rock Creek, where they befriended Sydney and Margaret Ballard and their disabled son, Christopher. Bennett said later: “When the quake hit, we heard them scream and watched as they tried to get out, but water swept them away. They’re surely dead.”

Grover Mault and his 68-year-old wife had been camped at Rock Creek for a week. The California couple awoke when their trailer was knocked end-over-end, then hurled into the water. Mault and his wife, clad in nightclothes, managed to get out and climb atop the trailer as it floated in ever-deepening water. They grabbed tree limbs as the trailer sank away. The limbs kept breaking as the Maults clutched at higher branches. They screamed for help. Mault’s wife went under repeatedly. “She wanted me to let her go, but I told her that if she went, I’d go too,” Mault recalled. As he kept fishing his wife out, he saw more landslides tumble down the mountainside. “I thought the world had come to an end.” The Maults stayed in the tree all night as the water rose. Tuesday morning, they were rescued.

Some 150 survivors, fearing Hebgen Dam would collapse, climbed to a flat area above the river now known as Refuge Point. By 2 A.M. Tuesday, less then 3 hours after the quake, some of them formed a rescue party, went to the landslide, and returned with twenty people, several with serious injuries.

As death and destruction crashed on Madison Canyon, it also touched a campground at Cliff Lake, roughly 7 miles southwest of the landslide. The Stryker family of San Mateo, California, had visited Cliff Lake for years. When the quake hit, the three Stryker boys—Martin, 15; John, 13; and Morgan, 8—were asleep in their tent. Their parents slept in another tent nearby. “We could hear trees cracking,” one of the boys said. “When we got out of the tent, two trees had fallen across our car and another crushed our boat.” Their parents were dead, crushed by a large boulder. “They couldn’t have known what hit them,” Martin said.

In the mountains above Madison Canyon and Hebgen Lake, the earthquake cracked the ground along two long segments of the Hebgen Lake fault. Along each segment, ground on one side of the fault rose up while ground on the other side dropped down, creating a cliff-like embankment, or scarp, as high as 22 feet. One crack, known as the Hebgen fault scarp, ran for 8 miles along the north shore of Hebgen Lake and down into Madison Canyon. The Hebgen scarp ran smack through the Cabin Creek campground below Hebgen Dam. Vehicles were trapped when the exit road was cut off by the scarp. The other fault scarp, known as the Red Canyon segment, started near the east end of Hebgen Lake and stretched north and then west through the mountains for about 14 miles.

It was not the fault scarps, but the tilting of huge blocks of crustal rock along those faults that caused destruction and panic along the shores of Hebgen Lake. The ground beneath the lake dropped downward along the Hebgen Lake fault and also tilted northward toward the fault lines and the mountains. The tilting made ground on the lake’s north shore drop as much as 19 feet, permanently inundating homes, cabins, docks, and other facilities. Meanwhile, the lake’s south shore tilted upward several feet, leaving docks and boats high and dry.

Shaking from the quake triggered relatively small landslides that dumped sections of Highway 287 into the lake. Madison Canyon was cut off by the highway damage upstream and the slide downstream. Along Hebgen Lake, shaking damaged many homes, knocking down chimneys and throwing buildings off their foundations. At Hilgard Lodge, a mile above Hebgen Dam, resort owner Grace Miller was shocked awake as her cabin started sliding into the lake as large fissures opened in the slumping ground. She made it to safety with her dog.

The shaking and tilting of the ground made water in the lake slosh back and forth in what is called a seiche—the lake equivalent of a quake-triggered tsunami or “tidal wave” in the ocean. Every 17 minutes, the water washed high on one shore, withdrew, then surged again. The initial waves were 20 feet high. At Hebgen Dam, caretakers George Hungerford and Lester Caraway feared the quake might have weakened the 44-year-old earth-filled, concrete-cored structure. From a vantage point below the dam, they saw a 4-foot-tall wave come toward them and fled for high ground, fearing the dam was collapsing. Instead, the seiche wave reached the dam, then rose 3 or 4 feet above the top. Hungerford and Caraway watched the wave pour over the dam for 5 to 10 minutes, then recede. The seiche sloshed back and forth for more than 11 hours, but only the first several sloshes were tall enough to send water over the dam. The dam’s concrete core and spillway were cracked, and some fill settled several feet, but the dam held.

Six hundred residents of Ennis, Montana, more than 40 miles below the Madison landslide, awoke to the sound of a wailing siren and sought high ground in the darkness, waiting for a flood that never came.

Behind the dam, the seiche waves smashed through lakeshore cabins and homes already ravaged by the shaking, then inundated by lake water when the ground dropped. Some trailers were carried into the lake, their occupants narrowly escaping. In homes on higher ground, chimneys, stoves, and refrigerators toppled. Large fissures opened in the ground.

Near the east end of the lake, a panicked guest fled the Duck Creek Cabins. He sped away in a Cadillac, but in the darkness failed to see that the fault had ripped the highway apart, creating a 12-foot-high embankment. The car plunged over it and flipped upside-down. The man smashed a window to escape.

Ten miles south, in West Yellowstone, Los Angeles resident Laura Schauer was walking out of the Wagon Wheel Cafe when suddenly, “I felt like I was on waves. I had no control. The lights swung. Glass was flying everywhere. I picked myself up off the ground several feet from the steps.” Elsewhere in town, chimneys toppled. Large windows shattered. Goods were thrown from store shelves. Chimney stones collapsed at the Union Pacific depot, and 250 windows broke. Phone service and electricity were knocked out. Leonard Kelly, who ran the Hitchin’ Post Motel, was bashed back and forth in his doorway as he tried to run outside, dishes crashing and furniture jumping behind him. Within hours, most of his guests were gone. “They didn’t check out. They just left,” Kelly’s wife said.

In and near Yellowstone, the quake led many people to believe bears were attacking. Some stonework collapsed at Mammoth Hot Springs, the park headquarters. Old Faithful Inn was shut down. Yellowstone’s west entrance was closed.

The quake broke windows and toppled chimney bricks in Butte, Dillon, and Virginia City, Montana.
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