

   
  CHAPTER 1


  GEOLOGIC HISTORY
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Sunrise over the Potts thermal area on the west side of Yellowstone Lake. This sunrise was colored red by smoke from regional forest fires, and with some imagination the redness combined with the rising steam conjures thoughts about the explosion of the great Yellowstone caldera, a cataclysmic event that happened about 640,000 years ago. Indeed, Yellowstone Lake itself fills a portion of the crater that did not refill with lava flows that oozed forth in the wake of the titanic eruption. Given the lake’s elevation of 7,733 feet above sea level, it is remarkable that there is enough land that is higher in elevation to catch enough rain and snow to fill the lake’s basin. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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Professor Eric Boyd of Montana State University draws a water sample from a hot springs runoff channel in the Norris Geyser Basin. Eric is a highly qualified researcher permitted (Permit #YELL-2018-SCI-05544) by the National Park Service in Yellowstone to perform fascinating research into thermophiles—life forms adapted to living in the scalding waters of Yellowstone’s hot springs. Eric describes the work he does in Yellowstone: “These studies provide insight into environmental conditions that may have promoted the origin of life on Earth during a time of increased vulcanism and that may sustain life on other volcanically active planets.” ERIC BOYD, MONTANA STATE UNIVERSITY




  BY GEOLOGIC STANDARDS, MOST OF WHAT WE SEE ON THE SURFACE OF TODAY’S YELLOWSTONE IS VERY YOUNG. There are a few outcrops of what is known as the Beartooth Uplift in the northern sections of the park that expose Precambrian rock aged around 2.7 billion years, making them the oldest surface rocks in Yellowstone. By way of comparison, the Absaroka and Gallatin Mountain Ranges, which bracket the park on its east and west borders, respectively, are only in the neighborhood of 45 to 50 million years old. There are some lava flows in the park that are as young as 70,000 years. Much younger still are geothermal deposits, almost all of which are less than 14,000 years old, with some deposits having been laid down within the last few years.
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This schematic diagram illustrates the basic principles at work in the Yellowstone caldera. These are the processes that have caused the repeated explosions of the caldera through time, and also are the general explanation for the heat source and water circulation systems that power Yellowstone’s famous geysers, hot springs, and geothermal expressions. YELLOWSTONE NATIONAL PARK
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National Park Service interpretive ranger Carolyn Loren holds a diagram of the Yellowstone caldera as part of an educational field presentation to park visitors in July 2004. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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Mount Doane on the left and Mount Stevenson on the right form imposing figures in this photograph shot from the summit of Top Notch Peak. All three mountains are located in the Absaroka Range east of Yellowstone Lake, where they make up a section of the eastern rim of the Yellowstone supervolcano. The Absarokas are the eroded remnants of a massive volcanic extrusion that occurred around 50 million years ago and form a sub-range of the Rocky Mountains that runs 150 miles north to south and up to 75 miles east to west. Another element of Yellowstone’s geologic history, this one relatively recent, is the concavities seen on the north-facing slopes of the mountains in this picture. Cirques, as they are called, were scoured out by glacial ice, and so are only several tens of thousands of years old. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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This map by celebrated geologist and Yellowstone expert Dr. Robert Smith illustrates how the hot spot now under Yellowstone National Park has been gnawing its way through the Rocky Mountains for the last 16-plus million years. The location and date range of the various explosive events in the hot spot’s history are outlined in yellow, and dates before present for the different explosions are indicated in black lettering within each of the yellow circles.


  The map also clearly shows how the wide and flat Snake River Plain was left along the hot spot’s path. That clear passage, and especially its southwest to northeast orientation, has had further effects on Yellowstone’s geology. Because of its compass orientation, the Snake River valley has long served as a perfect conduit for storms coming from the Pacific Ocean, especially winter storms. Moisture-laden clouds from the ocean blow up the Snake River valley and are forced upward when they encounter the Yellowstone high country, which itself has been uplifted by subterranean volcanic pressure to an elevation higher than it otherwise would be. The lifting clouds then dump their moisture on Yellowstone’s plateaus and mountains, a phenomenon that in glacial times accounted for the vast amounts of snowfall that morphed into glacial ice. In time these massive glaciers sculpted Yellowstone into the beautifully complex landscapes seen in the park today. YELLOWSTONE NATIONAL PARK COLLECTION
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This schematic diagram gives a relative sense of scale for various caldera explosions through history and prehistory. The Lava Creek explosion of about 640,000 years ago, the one that formed the yawning concavity that defines central Yellowstone at the present time, is the second largest depicted here. The Lava Creek eruption is dwarfed by the Huckleberry Ridge event, which was the eruption of the Yellowstone hot spot a little over 2 million years ago. Still smaller is the Mesa Falls blowup, which occurred about midway in time between Lava Creek and Huckleberry Ridge. All three of the most recent Yellowstone explosions were vastly larger than the 1980s eruption of Mount St. Helens (depicted here on the left end of the display). YELLOWSTONE NATIONAL PARK COLLECTION
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This map illustration gives some idea of the consequences of an eruption of the Yellowstone hot spot and also includes the fallout zone from other volcanic eruptions to give a sense of relative scale. The fallout field from the 1980 explosion of Mount St. Helens, for example, is shown in yellow across an expanse of Washington and Idaho. The depiction of Mount St. Helens’s ash field is not exactly accurate, because I and others who were here at the time clearly recall that a small amount of ash did fall on Yellowstone, but the map nonetheless serves to illustrate that the 1980 event was vastly smaller than any of the explosions of the Yellowstone caldera. YELLOWSTONE NATIONAL PARK COLLECTION




  The youngest of Yellowstone National Park’s geologic macro features, and the one that is probably best known, is the great Yellowstone caldera. Most maps show the caldera’s dominant presence across a large expanse of the central section of the park. Occurring only about 640,000 years ago, the volcanic blast that created the immense concavity we see today was only the latest in a series of more than one hundred similarly colossal explosions that were spaced out geographically over hundreds of miles and temporally over millions of years as the North American Plate moved southwesterly over the Yellowstone hot spot. The course of those explosions can be graphically traced along the flume-like course of the Snake River Plain west of Yellowstone Park. It is, of course, the Yellowstone hot spot that fuels the park’s famous hot springs and other geothermal expressions, which is also the inspiration for many television shows that sensationalize the catastrophic consequences of the next explosion. As several of the illustrations on the following pages show, the results of the next explosion indeed will be dire, if and when it occurs, but there are currently a number of scientific monitoring programs in place that presumably would give some warning before the event.
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Columnar basalt at Sheepeater Cliffs. These peculiar fencepost-like formations are found in at least three different locations in Yellowstone, as well as in other areas outside the park. They can be seen within the park on both sides of the Yellowstone River in the vicinity of the Overhanging Cliff and Calcite Springs, and also where this photograph was taken at the Sheepeater Cliffs along the Gardner River a few miles south of Mammoth Hot Springs. By geologic standards, the basalt forming these hexagonal columns is young—only about 1.3 million years old. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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Bob Smith is a world-renowned geologist with a lifelong association with Yellowstone. He has family ties extending back to the earliest days of the development of the gateway town of West Yellowstone, and Bob was a young college student when he began working a summer job with the US Fish & Wildlife Service. After a few years working with fish, Bob switched his interest to geology, where one of his first research endeavors was investigating the notorious 1959 Hebgen Lake earthquake just outside Yellowstone. His distinguished career in geology helped lead to the founding of a US Geological Survey organization called the Yellowstone Volcano Observatory, where work done by Bob and his associates has revealed most of what is known about the great Yellowstone caldera. In this photograph Bob points at sensors installed to monitor volcanic activity in the park from a location near the top of Lake Butte, which is located along the eastern rim of the enormous caldera. JIM PEACO, YELLOWSTONE NATIONAL PARK COLLECTION
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A rare double arch in an undisclosed location in Yellowstone National Park. Much of the rock in the Absaroka and Gallatin Mountain Ranges in Yellowstone is volcanic breccia, which is a mixture of large and small chunks of rock incorporated into a matrix of finer-grained material. The Yellowstone breccia, which is often referred to as Absaroka breccia for the dominating mountain range along the eastern boundary of the park, formed when a viscous flow of rhyolite moved so slowly that its surface had time to cool and solidify. Still-molten lava underneath the surface eventually moved and rolled the erstwhile surface into the flowing mass, cracking the solidified surface into pieces that were then mixed into the still-fluid rock below. When the flow finally came to a halt and cooled completely, the fractured chunks of rock that had formed on the surface remained, separate and identifiable within the mass. By its nature breccia is crumbly, and that erosiveness combined with the vagaries of wind, rain, snow, and ice resulted in this striking double arch deep in Yellowstone’s backcountry. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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National Park Service interpretive ranger Melanie Weeks Condon leads a school group past a hot springs runoff channel at Mammoth Hot Springs. Melanie has worked for many years in Yellowstone, most recently as an educational ranger with Expedition Yellowstone, a park service program through which school groups from around the nation come to Yellowstone to learn about the park’s wonders. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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National Aeronautics and Space Administration scientist Paul D. Sebesta collects water and mud samples from Turbid Lake. The lake fills a steam explosion crater along Sedge Creek just south of Pelican Valley. Steam explosions are thought to occur when pressure holding a lid on superheated water is removed and the water flashes to steam and violently expands. There have been countless steam explosions in Yellowstone’s geologic history, with at least one occurring near Nymph Lake as recently as 2003. Most such explosions are small, spewing rocks and debris only a few feet. Turbid Lake, however, covers about 143 acres. As its names suggests, its waters are turbid with dissolved minerals, very acidic, and noticeably warm but not scalding.


  Paul Sebesta was a NASA scientist in 1986 when he noticed Turbid Lake presenting an unusual powder blue color on satellite images. He came to Yellowstone to investigate, and as a young park ranger I helped him by backpacking his inflatable raft and other equipment on the four-mile hike to the lake. I then had the privilege of paddling around the lake with Paul and helping him collect samples from the shores and center of the lake. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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National Geographic’s Boyd Mattson and National Park Service geologist Rick Hutchinson paddle on Grand Prismatic Spring. Hutchinson had this boat specially designed for use on Yellowstone’s hot springs. Rick’s foremost consideration was to have the boat balanced so it could not capsize; after construction he took it to a cool-water lake and jumped up and down on its gunwales in a deliberate but unsuccessful attempt to flip it over. Rick also had a portal built in the center of the boat, through which he could access the waters of hot springs to take samples, temperatures, and so on. The boat was built with plywood laminated with glue that would not soften in high temperatures. In the end the boat worked to Rick’s expectations, but unfortunately—or perhaps fittingly—it was crushed by a slab of snow sliding off a rooftop, not long after Rick’s own death in an avalanche.


  Boyd Mattson was the host for television’s National Geographic Explorer from 1995 through 2003. He was filming an episode on Yellowstone for the series when this photograph was shot in the middle of Grand Prismatic Spring in July 1995. JEFF HENRY/ROCHE JAUNE PICTURES, INC.




  [image: chpt_fig_015]


  
National Park Service interpretive ranger Tiffany Potter uses a long fishing pole to dip a thermometer into Churning Cauldron in the Mud Volcano area. Tiffany was an interpretive ranger from the late 1990s into the early 2000s and participated in a National Park Service program to monitor thermal activity in the Mud Volcano complex, which, even by the standards of Yellowstone’s geothermal basins, is extremely volatile. Churning Cauldron itself was a cool-water spring until earthquakes in 1978 and 1979 morphed it into what it is today—a churning cauldron of hot, highly acidic water. JEFF HENRY/ROCHE JAUNE PICTURES, INC.




  The last explosion of the Yellowstone caldera blew out roughly 240 cubic miles of material, or about 1,000 times the volume of Mount Saint Helens’s 1980 eruption. Following the explosion were profuse lava and ash flows that partially filled the cavity left by the blast. There were also subsequent smaller explosions, such as the one about
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Cave Falls on the Bechler River viewed from inside its namesake cave. Waterfalls are common in the Bechler region in the southwestern corner of the park. Most streams there head in the higher plateau country to the north, toward the center of Yellowstone National Park. From there they flow south and west, directions that take them over successive drop-offs marking the toes of various lava flows that have occurred in Yellowstone’s geologic history. The phenomenon of falling water led to the nickname for this portion of Yellowstone National Park—Cascade Corner—and also accounts for an early-day name for the Bechler River, the Falling Fork, a name that dates to the romantic days of the Rocky Mountain fur trade of the beginning decades of the nineteenth century. In an example of ongoing geologic processes, the cave for which this twenty-foot-high waterfall was named has collapsed, so it is no longer possible to duplicate this photograph. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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National Park Service soil scientist Ann Rodman inspects a sample excavated from a backcountry test pit in the Gallatin Mountain Range. Ann was in charge of a parkwide soil survey in Yellowstone in the 1990s. When this photo was taken in August 1993, she was in the middle of a weeklong trek through the northwestern part of the park, carrying a shovel and digging numerous test pits along the way, then packing out an impressive load of soil samples from the many excavations she made on the trip. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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National Park Service geologist Rick Hutchinson cleans litter from Morning Glory Pool in 1991. Rick Hutchinson was a dedicated scientist who lived and worked in Yellowstone from the early 1970s until his untimely death in an avalanche near Heart Lake in March 1997. He was a friendly, helpful man who was also a walking encyclopedia of information about Yellowstone’s geothermal features, and his death was a great loss both to science and to the Yellowstone community. Here he is pictured with maintenance workers who had pumped down the level of Morning Glory Pool so Rick could use a long-handled implement to remove debris thoughtlessly thrown into the hot spring by park visitors. Some sources claim that such abuse has caused Morning Glory’s famed blue color to fade since it was originally named. JEFF HENRY/ROCHE JAUNE PICTURES, INC.





  174,000 years ago that created the West Thumb of Yellowstone Lake. And several times since the last great caldera explosion, the region has been scoured by stupendous glaciers, the most recent of which is referred to as the Pinedale glaciation. The Pinedale commenced about 115,000 years ago, and the Yellowstone Plateau did not entirely melt free of its glacial ice until about 14,000 years ago. It’s almost as hard to envision the amount of ice that was present in Yellowstone—figuratively speaking until just yesterday—as it is to conceive of the magnitude and power of the caldera explosion. The huge ice cap covered nearly all of today’s park and extended out and over the surrounding mountains for a long distance in all directions, while rivers of ice flowed down valleys leading away from the mountains. The ice cap was centered on Yellowstone Lake, where the icy mantle was between 3,000 and 4,000 feet thick. The pressure and movement of such enormous amounts of ice acted as coarse sandpaper and shaped the landscape of today’s Yellowstone, and the erosive processes of wind, water, and gravity that followed the disappearance of the ice acted as fine sandpaper to put the finishing touches on the park’s present appearance.
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This massive petrified tree stump in the Gallatin Petrified Forest was a living redwood until it was buried in a volcanic eruption about 50 million years ago. There are at least twenty-seven distinct layers of petrified trees in Yellowstone, each buried by a separate eruption. Remarkably, this indicates to geologists that the intervals between eruptions were long enough for erupted materials not only to cool but also to degrade into soil capable of supporting a mature forest. In addition to petrified redwoods, geologists have identified other trees that are foreign to the Yellowstone region today, including sycamores, oaks, magnolias, and maples. The redwood stump pictured here is particularly large, measuring twenty-seven feet, ten inches in circumference. The stump dwarfs Colin Brooks of Bristol, England, standing on its uphill side. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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This depiction of the colossal Pinedale Glacier as it sat atop what is now Yellowstone National Park was compiled by accomplished geologists Dr. Ken Pierce and Dr. Joseph Licciardi. The Pinedale glaciation is considered to have lasted from about 30,000 to 11,700 years ago. The map shows the ice at its greatest extent, a state known to glaciologists as the glacial maximum, which is outlined as the white expanse extending beyond Yellowstone Park’s borders. Black letters abbreviate key geographical points: BU for Beartooth Uplift, GR for Gallatin Range, YP for Yellowstone Plateau, TR for Teton Range, and AR for Absaroka Range. The blue contour lines mark the surface elevation of the glacial ice, which generally was 1,000 to 4,000 feet thick. Green numbers indicate the extent of glacial meltback in thousands of years before the present. Black hash lines mark the dividing ridges in the glacial mass, while black directional arrows spanning mountain divides indicate contrasting directional flows away from the icy crests.


  When standing anywhere in Yellowstone, say on the shores of Yellowstone Lake, it is mind-numbing to ponder so much ice and consider that only a short geologic time ago, the ice at that spot was well over 3,000 feet thick. That amount of ice would amount to a force of over 200,000 pounds of pressure per square foot of surface area on the land beneath it. KEN PIERCE AND JOSEPH LICCIARDI
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This view of Yellowstone’s famous Lamar Valley was shot from a vantage west of the crossing of the Lamar River known as Buffalo Ford, which in turn is about a mile upstream from Junction Butte. Lamar Valley was heavily impacted by the most recent round of glaciation, known regionally as the Pinedale glaciation. The lumpy knolls in the middle distance of this photograph, as well as the kettle ponds that dot the valley, are all evidence of a huge glacier that filled the valley just a wink of geologic time ago.


  The rocks that form the foundation of Yellowstone were laid down in some cases hundreds of millions of years ago. After formation the rocks were subjected to all manner of twisting, heaving, compressing, and contorting forces. They were also exposed to the ongoing effects of erosion, and about 640,000 years ago were impacted by the cataclysmic explosion of the Yellowstone caldera. It was the ice of the Pinedale period that served as a polishing event to put a finish on the splendid landscapes we see in the park today. JEFF HENRY/ROCHE JAUNE PICTURES, INC.




  Geologically, the most immediately dramatic expressions in Yellowstone are the park’s famous geysers, hot springs, mudpots, and fumeroles, most of which are located within the boundaries of the caldera. In the context of cultural history, they are the most important geologic elements, too, because it was their existence, along with the Grand Canyon of the Yellowstone River, that inspired the establishment of Yellowstone as a park in 1872. In Yellowstone it is often said that geology drives biology. A moment’s thought reveals that dictum to be true everywhere, but its truth is especially apparent here, where a mostly intact ecosystem with a healthy contingent of wildlife exists primarily because of the protections that come with Yellowstone’s status as a national park. Without its geologic history there would be no Yellowstone National Park, and neither would its famed wildlife exist in the numbers and variety we see today.




CHAPTER 2

NATIVE AMERICANS
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Photo of rock art at undisclosed location just east of Yellowstone National Park. This example of Native American rock art is typical of a style common in the Yellowstone area. Although no prehistoric rock art is known to exist within the boundaries of modern Yellowstone, its absence may be due to the fact that there is little to no rock suitable as a surface for engraving or painting inside the park. Rock art not far outside the park is common, however, and the style of much of that art has been linked to tribes known to have ranged within the area that was designated Yellowstone National Park on March 1, 1872.


  Vandalism of irreplaceable rock art is a chronic problem. Several bullet holes scarring this panel of prehistoric art can be seen in the photo. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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Prehistoric Man with Atlatl is a painting by Wyoming artist James Bama. The atlatl, or spear thrower, was an ingenious invention made at least 30,000 years ago. Effectively it acts as a lever for someone throwing a spear, greatly increasing power and range in a manner similar to the way a lacrosse stick does for someone throwing a lacrosse ball. The atlatl lever can be seen here in the man’s right hand, and a closer look reveals the small peg on the end of the atlatl that fits into a corresponding socket on the end of the atlatl dart, which generally was smaller than a thrusting spear. There is evidence that atlatls and darts were used by prehistoric residents of the Yellowstone Park area from the very earliest times, at least 13,000 years ago. JAMES AND LYNNE BAMA, USED WITH PERMISSION




  THIRTEEN THOUSAND YEARS—THAT’S THE MINIMUM amount of time that Native Americans have been in the Yellowstone area, which means they arrived not long after the ice of the last glaciation period had melted away. That also means they were here for about sixty-five times the length of time that Euro-Americans have been, and more than eighty-five times as long as Yellowstone has existed as a park. We know this time frame to be accurate because projectile points dated to the Clovis culture and wrought from Yellowstone obsidian have been found in the area, and the origin of the Clovis culture has been established by archaeologists at about 13,200 calendar years before the present.


  Successive cultures evolved in the Yellowstone area after the Clovis, each one identifiable by its distinctive types of stone projectile points and tools. Notably, Yellowstone obsidian is represented in the tool assemblages of all these cultures, particularly at archaeological sites in the region surrounding the park. But Yellowstone obsidian, especially that from the park’s famous Obsidian Cliff, was so highly valued by indigenous peoples that artifacts fashioned from it have been found as far north as Canada, as far south as extreme southern Kansas, and as far east as central Ohio. Inhabitants continued to use Yellowstone obsidian for their tools and weapons right up until the time of contact with Euro-Americans in the eighteenth and nineteenth centuries, leaving no doubt that they not only had intimate knowledge of the Yellowstone area and its resources, but also were connected to trade or travel networks on a nearly continental scale.
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The incomparable Western artist James Bama rendered this painting of a young Native American woman grinding sage while kneeling on a buffalo robe, titled Sage Grinder. The rounded stone the woman is holding in her hands is known as a mano, which is Spanish for “hand.” The larger, flat stone is known as a metate, a word derived from the Central American Indian word metatl, which roughly means “grinding stone.” Paired together the mano and metate served to grind not only sage for ceremonial purposes, but also dried foods from both plants and animals. The ovate metate the woman is using in this painting is a type that was common in the Yellowstone region.


  James Bama has spent almost sixty years of his life in the Cody, Wyoming, area, and so most of his extraordinary body of work has been focused on the Yellowstone region. Jim’s wife, Lynne, is an accomplished writer. JAMES AND LYNNE BAMA, USED WITH PERMISSION
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This prehistoric firepit was photographed by the author in 1999. It was one of several such hearths in the immediate area that had been uncovered by natural processes of erosion, possibly when large plates of fractured ice blew in from Yellowstone Lake and gouged the bank as the lake thawed during the previous spring. Whatever the erosional cause, the firepits were beautifully exposed, like the seeds in the center of an apple that had been deftly cut in half. JEFF HENRY/ROCHE JAUNE PICTURES, INC.
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The elevated profile of this dam structure built at right angles across the streambed of Tangled Creek to form Ranger Pool can be seen extending from the foreground to the opposite bank of the stream beyond the tuft of tawny vegetation. As late as the mid-twentieth century, before they were plastered over with accreted silica deposits, log ends could be seen sticking out of the structure, a strong indication that the logs had been placed across the creek by human hands. Given the slow rate of deposition of the silica-based rock dissolved in the waters of Tangled Creek, most experts conclude that the dam had been constructed before the arrival of Euro-Americans in the Yellowstone area, and indeed the ethnographic record offers abundant evidence that there was strong affinity for warm geothermal water by the Native Americans who inhabited the Yellowstone region.


  Ranger Pool had a long history of use as a swimming pool by park employees during the late nineteenth and early twentieth centuries, an activity that has been illegal for most of Yellowstone Park’s history and strictly enforced in today’s park. Naturally, Native Americans liked to soak in warm water as much as anybody else, and doing so was perfectly acceptable in the days before Yellowstone was established as
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