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To John




Glaciers have shaped roughly a third of the land area of the planet. How could they not shape the ways we move and think, honed as we are, on sharp arêtes, domed cliffs, and the U-shaped valleys between, the floury rivers and string lakes held tight in steep canyons?

—Gretel Ehrlich, The Future of Ice
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INTRODUCTION

The Emergence of Ice-Patch Archaeology

In September 2021, I attended a scientific conference called Frozen Pasts. I got lucky. This particular conference (there had been four previous Frozen Pasts conferences) was held in Pray, Montana, less than an hour from where I live at the northern edge of Yellowstone National Park. Frozen Pasts gathers a rare breed of archaeologist—those who visit the most difficult of alpine environments in search of ice, or rather what the ice contains. They are known as ice-patch archaeologists.

At the time I worked remotely as a science writer for Utah State University. My job entailed writing reports for the National Park Service on the current condition of a wide range of subjects from birds to rare plants, but I was never asked to write about archaeology. In the National Park Service, cultural and natural disciplines are kept separate. This separation has never sat well with me. Aren’t our human stories important to understanding the environment? Archaeologists would shout, “Yes!” I knew this to be true, which is how I found myself at a conference full of archaeologists.

At its core, archaeology is the study of our past through the material objects our ancestors left behind. When most of us think of archaeology, our minds drift toward images of Indiana Jones risking life and limb in his quest to rescue ancient artifacts from the hands of evildoers. This romantic vision of archaeology has been reinforced through dozens of novels and movies: stories of lost cities, ancient temples hidden under a thick tangle of rainforest, and tombs of once-powerful rulers buried with priceless treasures. But archaeology isn’t simply about objects, nor is it a treasure hunt; it’s about using objects to interpret how people lived and interacted with each other and their environments in the past. Archaeologists are storytellers and artifacts are their muses.

Ice-patch archaeologists are especially attuned to the environmental aspect of not only our past, but also our present, because ice-patch archaeology arose out of our current climate crisis. As the climate warms, perennial patches of ice and snow (that is, bodies of ice that persist year after year) in mountain ranges around the world are melting. As these bodies of ice melt, artifacts that have lain frozen beneath the surface for hundreds or even thousands of years are beginning to emerge. But these aren’t just the stones and bones that typically make up the archaeological record. Ice-patch artifacts include leather shoes and grass capes, birch bark containers, cups made of elm wood, and bows and arrows with bird-feather fletching still attached. Organic artifacts like these decay in a few years if left exposed to sunlight and wind, but alpine ice and snow have kept these objects in a state of suspended animation for hundreds or thousands of years. That is, until the ice began to melt.

The Disappearing Cryosphere

The frozen parts of the world are collectively known as the cryosphere. The cryosphere (from the Greek word krios, which means “cold”) is made up of mountain glaciers, polar ice sheets, ice caps, sea ice, permafrost (frozen rock and soil), and seasonal ice and snow. Although only around 10 percent of Earth’s surface is permanently frozen, the cryosphere stores almost 70 percent of all our fresh water. Nearly every drop (around 99 percent) is locked away in the ice sheets atop Greenland and Antarctica. The remaining 1 percent is held in mountain glaciers and perennial snow patches, and it is these bodies of ice that hold a surprising amount of human history.

Alpine glaciers and perennial snow patches are found all over the world, on every continent. Globally, the presence of glaciers and perennial ice patches varies by altitude and latitude. The farther north (or south) from the equator, the lower the permanent snow line. The foot of the Cotopaxi Glacier in Ecuador, for example, lies at a dizzying 16,400 feet, while some Alaskan glaciers flow directly into the sea. Aside from the global attributes of altitude and latitude, local topography within a given mountain range creates microclimates that influence where snow and ice can persist year-round. For example, in the northern hemisphere, north-facing slopes are colder than south-facing slopes. Even on warmer south-facing slopes, shadows provided by ridges, summits, and other landforms can help preserve snow and ice even during the hot summer months.

These perennial bodies of ice supply meltwater to river networks that extend far beyond the mountains themselves. Glacier-fed drainage basins cover a quarter of the land surface outside the poles, providing water to one third of the world’s population, which is why mountain glaciers are said to be the water towers of the world. Glaciers are much more relevant to our everyday lives than we might realize. You could be part of the one third of the world’s population who benefits from glacial meltwater, for example.

In the United States, glaciers supply water to people living in mountainous states like Montana, Colorado, and Wyoming, but also to those who live far from glaciers, such as in Texas, Missouri, Louisiana, and Oklahoma. Glacial meltwater irrigates fields and waters livestock in all these states. In Europe, South America, and high-mountain Asia, glacial meltwater generates hydroelectric power. Glacial meltwater keeps streams cool and provides habitat for fish and other wildlife, which cultures around the world rely on for sustenance. And nearly all mountain communities worldwide benefit from tourism to see glaciers, especially as they begin to disappear, sparking a new kind of adventure-seeker—the last-chance tourist.

Yet, worldwide, most of the more than two hundred thousand mountain glaciers are shrinking. Over the last two decades, mountain glaciers have lost almost as much volume as all the glaciers and ice sheets in Greenland and Antarctica combined, according to a 2021 study published in the journal Nature. And, according to the World Glacier Monitoring Service, for the thirty-fifth year in a row (since 1988), glaciers have lost ice rather than gained ice.

The future of ice is equally grim. A recent study published in the journal Science indicates that, based on the amount of greenhouse gases we’ve already put into the atmosphere, mountain glaciers will lose 26 percent of their mass—and half will disappear altogether—by 2100. We’ve already seen an average rise in temperature of 2.0°F (1.1°C). If we limit the rise in average global temperature to 2.7°F (1.5°C), which is considered an ambitious goal under the 26th Conference of the Parties (or COP26) agreement, then half of all mountain glaciers will still disappear. If we continue down our current path, we’re headed for a 4.9°F (2.7°C) increase in temperature by 2100. At this level of warming, all the glaciers in the Alps, the North American Rockies, and New Zealand will melt sometime during the next fifty to seventy-five years.

It’s hard to overstate what this loss means. Glaciers and permanent patches of snow are essential to the balance of life that so many cultures and communities—in fact, all humans—rely on to survive. That sounds rather dramatic, but the absence of ice means that the Earth is hot, perhaps too hot for survival. On July 4, 2023, as I wrote these pages, the Earth’s average temperature reached its highest level since humans began collecting such data. So many temperature records have been broken in the last few decades and with such increasing frequency that the term “record-breaking” is almost a cliché. People all over the world are literally dying from the heat.

Although humans have adapted to live in multiple ecosystems and climates around the world, for the past six thousand years or so, humans have concentrated within a relatively narrow subset of temperatures that range between 52°F and 59°F (11°C and 15°C). A second, smaller mode occurs between 68°F and 77°F (20°C and 25°C), which corresponds to the region that experiences Indian monsoons (the rain helps mitigate some of the effects of high temperature). As a result of warmer temperatures, our habitable climate niche is moving higher in altitude and latitude. In the coming half century or so, an estimated one to three billion people will be left outside the human climate niche. Furthermore, many of the domestic plants and animals on which we have come to depend are adapted to thrive within the same climate niche, and most of the world relies on just a few major crops—corn, wheat, rice, and potatoes. We are hurtling toward a world that is largely uninhabitable.

Climate change is unequivocally human-caused. That is not up for debate and hasn’t been for a long time, contrary to what some people would have you believe. We’ve been told a story that the climate isn’t changing or that if it is, we are not to blame. We’ve even been told that warming is good. The narrative has been controlled by the few but powerful people who stand to gain from such a story. These powerful people have politicized not only the health of the planet on which we depend, but also our own health, by politicizing how water is shared and distributed as it becomes more limited, for one example.

But human-caused climate change couldn’t be less of a political issue. It’s a crisis for the global community of life—human or otherwise. The climate crisis, whether we live in an industrialized nation or one that has contributed very little to climate change, is part of our collective story. It’s time we took the story back from the hands of those who would ruin our future so that they could profit in this one lifetime.

The Paradox of Melting Ice

Glaciers are our most visible manifestation of climate change and the effects of our actions on the one planet we have. We can see with our own eyes how fast the ice is melting. Photographs of glaciers from one year to the next reveal a vanishing feature of Earth’s system—one that has been around throughout human history. But thinking about glaciers facing extinction reduces these bodies of ice to one story—melt. Yet glaciers have more than one story to tell. They figure prominently in Indigenous narratives, they inspire art and literature, they spark both fear and awe. They give and take life. Glaciers can be read like books, allowing us to peek behind the curtain of time. Scientists study ice to understand past climates, document major events in Earth’s history, and chart our own influence on the planet.

Ice patches, too, are archives of the past. And now both archaeologists and climate scientists are learning that these seemingly insignificant bodies of ice have their own stories to tell. While objects melt out of glaciers all the time, they are often smashed to pieces because they are in perpetual motion owing to the immense pressure of their own weight and gravity. Perennial ice patches, on the other hand, never get large enough to begin flowing. Ice patches are stable, and it is their stability that makes ice patches so good at preserving ancient artifacts.

Ice patches have been overlooked as places with archaeological potential because no one thought that ice patches were that old. Not much had been found in or near them save for a few objects reported during the early twentieth century. Under the headlines “Ice Gives up Indian Arrow” and “Observable Finding of Centuries Old Weapon Found in North America,” the March 15, 1925, issue of the Vancouver newspaper The Province reported the discovery of an intact arrow with fletching, sinew lashing, and a chipped stone projectile point on a glacier in North America. Around the same time, complete arrows with fletching, sinew lashing, and projectile points were found in the Oppdal Mountains of central Norway. But these early discoveries were regarded as “mere curiosities and not the harbingers of a soon-to-be globally relevant research frontier,” as one group of archaeologists put it.

It wasn’t until a big melt in the early 1990s that archaeologists began to pay attention to alpine and high-elevation ice patches. It began with a mummy named Ötzi—a nearly perfectly preserved corpse that was discovered in 1991 in the Ötztal Alps, which straddle the border between Italy and Austria. The extraordinary circumstances in which this mummy was found and preserved led many archaeologists to believe that he was a one-off discovery, but at least one archaeologist suggested that the discovery signaled the start of something new.

In 1992, archaeologist Werner Meyer wrote that these finds “are hardly to be interpreted as unique exceptions, but rather as harbingers of further find assemblages, the discovery of which will be reserved for a future branch of science, the coming ‘glacial archaeology.’” (Archaeologists in Europe and Canada refer to ice-patch archaeology as “glacial archaeology,” even though their focus is on patches of stable ice rather than glaciers. Throughout this book, I use the term “ice-patch archaeology.”)

Still, not everyone was convinced that ice-patch archaeology was truly a new branch of archaeology or whether it was simply traditional archaeology practiced in a different place—at the edge of alpine ice. But as the climate continued to warm and the ice continued to melt, artifacts began emerging from ice patches around the world, including in Switzerland, Canada, Norway, and most recently, Mongolia. The phenomenon became so widespread that by the end of the aughts, there was little doubt that ice-patch archaeology was unique.

Part of what sets ice-patch archaeology apart from traditional archaeology is its intimate connection to climate change. For organic artifacts to have been preserved in the first place, there must have been ice at the time the objects were left behind. And for those objects to have persisted, the ice must have been continuously or near-continuously present. But for an archaeologist to find such an object, the ice must have melted enough to expose it but not so much and for so long that the organic parts disintegrate. All of these factors converge to bring about a unique type of archaeology directly related to climate change.

Ice-patch archaeologists are responding to the climate crisis like emergency-room doctors—triaging ice patches by focusing on those that yield (or are most likely to yield) the most cultural material so that the loss of these heirlooms isn’t total. It’s an ambitious task given that there are only a handful of ice-patch archaeologists, hundreds of thousands of perennial ice patches worldwide, and a rapidly warming climate.

Ice-patch artifacts provide not only a portal to the past, but also a connection to the present that helps us think about our future—a future without ice. Within the ice is a cultural record of adaptation and response to past changes, but we’re losing that record at a time when we need it most. It’s a paradox: The more the ice melts, the more we learn about the past...while melting ice compromises our future. Although we can’t rewind the clock to a time before human-caused climate change, we can use the knowledge gained from melting ice to help us respond more thoughtfully when considering the kind of future we want for ourselves and for the generations of humans yet to be born.

While it’s tempting to think of ice-patch archaeology as a silver lining to climate change, its very existence also signals its own demise—because when the ice is gone, whatever organic objects were preserved within it will disappear forever. There will be no way to study ice because there will be no more ice to study. Hundreds, perhaps thousands, of ice-patch artifacts have already decayed from exposure after the ice around them melted. As one ice-patch archaeologist once told me: “It is a race with an uncertain finish line.”

Stories in the Ice

In the following pages we will travel the globe, traversing both time and space, to discover what ice-patch archaeology has to teach us about our past, present, and future. We will travel to mountain ranges in places where ice-patch archaeology has been underway for thirty years or more—the Alps and Norway’s Jotunheimen Mountains. We will also travel to the Canadian Rockies, the Beartooth and Absaroka Mountains in Montana and Wyoming, and Mongolia, where ice-patch archaeology has only recently emerged. In the Peruvian Andes, we will go on a spiritual journey to the Qolqepunku Glacier, and we will travel to the Himalayas, where locals are growing their own glaciers based on ancient traditions. Throughout these pages, I explore the shifting view that Europeans held of the Alps (from fear to awe to conquest) as they grappled with the effects of a changing climate on mountain glaciers during a period called the Little Ice Age. But the European understanding of the alpine region is only one way of relating to these rugged ice-filled landscapes.

In each of these places, we learn about the different stories ice has to tell, from hunting and subsistence to travel and trade to spirituality and reverence. While ice patches occur in similar environments around the world, the story they tell is unique to each region because of the extraordinary diversity of human culture. Some of these relationships were completely unknown before ice-patch archaeology arose, and they have challenged long-held assumptions about the role of mountains and alpine environments in culture.

As I listened to archaeologists, climate scientists, and Indigenous scholars speak at the Frozen Pasts conference, I began to see how ice-patch archaeology is especially well suited to shift the discourse on climate change. Ice-patch archaeology inherently draws people diverging from Western-conceived professions of scientific “expertise”: people who are connected to the mountains, and to ice, because of their culture, because of storytelling, and because of ancestry.

I first learned about the phenomenon of ice-patch archaeology while working in Yellowstone National Park as an ornithologist. I never imagined I’d one day write a book about archaeology, but over the years I paid attention to what was happening with the ice and artifacts. Every week it seemed that I read another news story about another artifact melting out of the ice, whether it was an ancient arrow or a pair of skis. The climate-change connection combined with my love of mountains and interest in our human story inspired me to write this book. My hope is that readers begin to see glaciers and ice patches not just as melting bodies of ice, but as archives filled with stories and heirlooms.
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