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ITINERARY FOR A JOURNEY
THROUGH EARLIER WORLDS

Original Geologic Settings
of Rocks in Each Chapter


1. Sandstone: Oceanside beach

(Wisconsin, 500 million years ago)

2. Basalt: Continental rift

(Lake Superior region, 1 billion years ago)

3. Tuff: Volcanic caldera

(Long Valley, California, 800,000 years ago)

4. Diamictite: Glacial fjord

(Svalbard, 700 million years ago)

5. Turbidite: Deep-ocean floor

(Ellesmere Island, 400 million years ago)

6. Dolomite: Continental shelf

(Ohio, 450 million years ago)

7. Granite: Continental volcanic arc

(Wisconsin, 1.7 billion years ago)

8. Eclogite: Subduction zone

(western Norway, 420 million years ago)

9. Glass and flint: Accretionary prism

(South Island, New Zealand, 100 million years ago; central Italy 10 million years ago)

10. Quartzite: Collisional mountain belt

(Wisconsin, 1.5 billion years ago)






PROLOGUE

Ice

Viewed from the rails of a heaving ship, Svalbard conveys monumental stillness. When I first glimpsed the ice-draped islands, they seemed like a scene from the past, frozen in time, insensible to the din of civilization.

Initial explorations on foot confirmed this interpretation; no motion could be detected in the landscape. The wind was relentless, but on the tundra, no swaying trees or rippling grasslands made its power visible. We peered anxiously through binoculars at a patch of white in the middle distance, fearing it was a polar bear, only to realize it was a huge, cream-colored boulder that had been sitting in the same spot while the whole of human history elapsed.

On occasion, we’d hear strange noises—rumbling, crashing, roaring—and would scan the terrain to see what had produced them. But the land betrayed no hint of unrest. Days later, we’d find newly scoured channels on the mountainsides with levees of large rocks, testaments to avalanches that must have been the source of the thunderous sounds.

My companions and I were geologists in training, graduate students charged with deciphering the tectonic evolution of the northern end of the Appalachian-Caledonian mountain chain, the hemisphere-scale belt of crumpled rocks formed by continental collisions during the assembly of Pangaea. This remote Norwegian archipelago, now alone in the Arctic Ocean, had once been attached to a sprawling supercontinent. While mapping the rocks as we found them in the present, we had to hold in our minds the geographies of the past.

Intellectually, we all understood that landscapes are impermanent, that the modern topography of Svalbard is a legacy of the Ice Age, that long before Pangaea existed, the contorted rocks we were studying had been flat layers of sediment on an ancient sea floor. But as flesh-and-blood mortals laboring up slopes toward the formidable peaks, we found it difficult to imagine that they had not been there forever. Too often, as we struggled to understand the mountains’ interior architecture, they seemed not only unyielding but also hermetic, closed to interpretation. Glacial ice, equally mute, conspired with them to conceal their secrets.

Events that had shaped the landscape more recently were easier to read from the topography. The broad strand plain, which slopes gently from the base of the mountains to the sea, was clearly once a beach, beveled off by waves. The old shoreline is now covered by a layer of springy moss and peat, but as we walked across it on our daily commute into the mountains, we could feel the old wave-rounded cobbles rolling beneath our feet. The present elevation of this surface, a few tens of feet above sea level, reflects the rebound of the land since the late Pleistocene, when all of Svalbard was under a thick blanket of ice. As the Ice Age glaciers melted, sea level rose dramatically, but in the last ten thousand years—the duration of human history—the land has bounced back even more, lifting the former beach beyond reach of the raging surf. Perhaps Svalbard was not as still as it seemed.

One day, high in the mountains, staggering under packs full of rock samples, we realized that a valley glacier might provide a shortcut back to base camp. The ice looked passable from where we stood—blue, not white, a good sign that there would be no crevasses hidden by last year’s snows. There was a chance that we’d have to turn back if we encountered a deep meltwater canyon in the ice, or between the glacier and valley wall on the opposite side, but in our exhausted state, we decided to take the gamble. We buckled spiky crampons onto our boots, looped the straps of ice axes around our wrists, and started crunching across the glacier’s rough surface.

At about the halfway point, we hopped over a small trench in the ice and were about to continue onward when we heard a gurgling noise that rose in pitch, like a drink being poured into a tall glass. Then came the sound of rushing water, and we turned to see that the channel we had just jumped across was now a small torrent. Thirty seconds later, it was empty again. We exchanged puzzled looks and then heard the gurgling once more from upstream, followed by another surge of water in the rivulet. We watched in fascination as this cycle repeated itself over and over, the water in the channel pulsing every minute or so like the icy lifeblood of the glacier.

Then we understood: Higher up on the ice, the little river ran through a series of pools, each a bit deeper than the main channel. When the topmost pool overflowed, another freshet would be sent downstream, and each pool would fill and empty in succession until the one just above us was overtopped and water spilled into the channel we had crossed.

We all laughed; it felt as if the glacier had told a joke, and that somehow, improbably, we humans had grasped the humor. Understanding the glacier’s logic created an odd feeling of intimacy with it. Although the ice still obscured critical rock outcrops and posed dangers to careless geologists, it no longer seemed coldly incommunicative. We had a sense not only of its physical character but also of something like its personality. The glacier did grant us safe passage back to camp that day.

In the weeks that followed, I began paying more attention to the habits of glaciers and discovered other instances of their wit and creativity. In a narrow rock canyon, huge boulders were wedged tight high above the valley floor as if levitating, placed there by ice like whimsical pieces in a colossal sculpture garden. Crossing an inland ice field one day, I encountered a dozen narrow streams of cold air—not wind, but separate density-driven currents gliding silently downslope. Traversing them was like passing through a series of invisible doorways into and out of rooms with different thermostat settings. Such elaborate installations seemed to call for appreciative audiences.

Glaciers also modeled for us, in miniature, how strata become wrinkled in mountain building. Glacial ice, built up over millennia when summer warmth does not melt winter snow, is technically a kind of metamorphic rock—a crystalline substance altered by burial and pressure.

Fine layers of dust in the ice formed swirling patterns reminiscent of marble, and we could see that these convolutions had formed as the glaciers flowed languidly down their valleys. This made it easier to believe that the contorted strata visible on the mountainsides (thanks to the scouring ice) had formed in a similar manner: solid rock too could flow, given enough time.

During that first Arctic summer, I began to understand that the apparent stillness of the Svalbard landscape was completely illusory. Everything was in motion: slopes were slipping, ice was pulsing, the land was rebounding, the mountains were flowing, the geography of the world was changing.

It took some effort not to revert to my quasi-mystical childhood perception of the natural world, in which plants, rocks, and streams seemed to be whispering to one another. I grew up in a rural part of Wisconsin in the 1970s, an odd and awkward girl who found trees and stones to be good companions. Like most children, I simply assumed that objects were sentient, had preferences and personalities. As an aspiring scientist, however, I had trained myself to set any such notions aside in order to develop an objective, analytical understanding of nature. Surviving graduate school requires that one become an orthodox adherent to the rules of one’s academic sect, and in the sciences, one of the deadliest sins is animism—describing inert entities like glaciers and mountains as if they were living beings. And yet, in Svalbard it was undeniable that the austere landscape was alive, its rocks and water, ice and air in constant conversation. The terrain was animate, sentient, and creative. It would just take me thirty years to say that out loud.

Turning to Stone is the story of my deepening relationship with our rocky planet, as a geologist whose career has coincided with an extraordinary period of scientific discovery. If the golden age of physics occurred in the first few decades of the twentieth century, with discoveries about the structure of the atom and Einstein’s insights on matter and energy, the glory days of geoscience began far more recently—and are in full flower today. When I first encountered the field in the late 1970s, conceptual frameworks for understanding Earth at the planetary scale were just emerging: the theory of plate tectonics was barely a decade old, climate science was in its infancy, and the notion of global biogeochemical cycles was new. Geology was still a collection of non-intersecting subfields—mineralogy, petrology, sedimentology, paleontology, geomorphology—with limited views of the planet and research agendas driven mainly by the hunt for fossil fuels and mineral deposits. But in the early 1980s, new instrumentation, greater computational capacity, and a shift toward systems thinking started to change the discipline. In a beautiful irony, the grimy search for coal, oil, and ores had begun to reveal a stunning view of Earth across the eons.

And yet, few average Earth citizens have had access to the sweeping vision of the planet through time that modern geoscience now provides, and to those who have never been taught the language of the Earth, its story seems inaccessible and irrelevant. The seductive charms of technology and capitalism, in turn, have led to the delusion that we humans have invented the world and that the planet is just a mute, impassive backdrop to the “real” action. Such self-absorption is dangerous, for environmental, psychological, and even spiritual reasons.

In the popular imagination, physics is perhaps the science most often associated with deep philosophical, quasi-religious questions. The Higgs boson, for example, is informally known as the “God particle,” and great physicists have the status of secular high priests. But for ordinary people, cosmological concepts are too abstract to understand in any visceral way; modern physics is largely nonphysical, at least in any normal human experience of the physical. In contrast, geology, with its focus on tangible records of the distant past, offers a bridge between human experiences of the world and the awe-inspiring but cold and formidable emptiness of space. Learning to read the storylines of Earth’s history directly from rocks—understanding the plots and protagonists that shaped the places where we live—can help to provide a feeling of “embeddedness” in the cosmos, a sense of continuity and kinship with past and future. Perhaps the most distinctive characteristic of geologic thinking is the practice of roaming freely across many scales in space and time. In doing so, we can see ourselves in miniature, part of a long lineage of creatures on a creative planet that has renewed itself for more than four billion years while keeping an idiosyncratic diary of its activities over time in the form of rocks.

This book is an invitation into my geocentric worldview in which rocks are raconteurs, companions, mentors, oracles, and sources of existential reassurance. If my initial relationship with geology was purely intellectual, it has become over time philosophical and even transcendental, imbuing my life with meaning. My work as a field geologist has led to unlikely connections with people from across the world, friendships rooted in a shared sense of humility and wonder in the presence of nature. I also have a feeling of amity with rocks, after spending such a large fraction of my waking hours with them over many years, immersed in their narratives.

To me, rocks have distinct personalities. Each type has its own idiom. Some are extroverts, easily read and eager to share, while others are reticent and cryptic. Some are like celebrities, famous and beautiful but of little functional importance to the world, while many that seem plain and dull are essential to the long-term stability of the planet. Each chapter in this book features a rock type that was a protagonist at a certain time in my life, from an insular girlhood in northern Wisconsin, through an unlikely vocation as a geologist studying mountain-building processes in remote parts of the world. With each chapter, the stories of the rocks become more complex, and my relationship with them more intimate. Before I began to study geology, rocks were no more than a dimly perceived presence. But as I gradually learned to interpret their messages, they became embedded deep in my psyche. Now I have rocks in my head.

In sharing my small human story, I hope to convey the grander dramas embodied in Earth’s pantheon of rocks—and to show how rocks, whether one ever thinks about them or not, ultimately define reality for everyone who lives on this rocky planet.

As I have experienced different life roles—daughter, sister, friend, wife, mother, professor, widow—and faced inevitable change and loss, the company of rocks has been a constant. Their gravitas is deeply comforting. Their stories are mythic in scope but undistorted by euphemism, delusion, or self-promotion: a bracing counterpoint to the deceptions, intentional and otherwise, that permeate everyday life. I believe that developing a collective sense of ourselves as Earthlings—native inhabitants of an old, durable planet—may bring reassurance in a time when so many human systems that once seemed robust are showing signs of fragility.

Although Earth started with the same raw materials as its siblings, this planet has recombined those ingredients into rocks found nowhere else in the solar system and invented processes that continuously recycle and regenerate them. In the face of such vigor and durability, the only rational response is to conform to the planet’s ways of doing things.

While not everyone can or should become a geologist, geologic habits of mind—an instinct for Earth’s rhythms, a feeling for our place in its story—are essential to the physical and psychic well-being of humankind. Around the time of the Industrial Revolution, Western society stopped seeing the Earth as imbued with wisdom—offering, in Shakespeare’s words, “books in running brooks, sermons in stone”—and demoted it to dumb matter that we could outwit and exploit. This view of Earth as inert and unresponsive has led not only to environmental catastrophe but also to cultural anomie: We don’t remember who we really are.

Contrary to their reputation, rocks are alert, responsive, communicative. They are the force field in which we live, the infrastructure of our existence, playing central roles in the “economy” of the world, as aquifers, architects of topography, managers of ocean chemistry, regulators of climate. They are also shape-shifters and fortune tellers. Once one becomes attuned to the language of rocks, it is obvious that Earth is vibrantly alive—and speaking to us all the time. Although we have sickened ourselves and vandalized our own home through ignorance and hubris, we may be restored by turning to stone and heeding its lessons in durability. Let me introduce you to some of the rocks that have helped me understand what it means to be an Earthling.
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