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What a piece of work is a man, how noble in reason, how infinite in faculties, in form and moving how express and admirable, in action how like an angel, in apprehension how like a god: the beauty of the world, the paragon of animals! And yet to me what is this quintessence of dust?

—William Shakespeare, Hamlet, Act 2, Scene 2
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Prologue

Mossel Bay, South Africa

I PUT MY CHOPSTICKS and tweezers down and looked out of the cave’s entrance. I saw the sun glinting off the ocean’s surface and dolphins cutting through the water as they splashed around offshore. After six weeks in this cave, tucked off the coast of Mossel Bay, I was so accustomed to the pounding surf against the rocks that the roar outside of the cave proper seemed downright insignificant. Although coastal South Africa was one of the more idyllically situated field projects I had worked on during grad school, my mind wasn’t on the shrubby fynbos outside the cave’s entrance. My attention was very narrowly focused on the square of sediment I had been tweezering away at for weeks. I turned back to the stratigraphic lens and repositioned the chopsticks to get a better angle to continue paring away the sediment.

It took my eyes a few minutes to refocus from the bright light outside to the soft glow of the fluorescent bulb hanging above me. The cave was deep enough in the coastal bedrock that sunlight barely illuminated the entrance. Those of us in the back of the cave were excavating our precisely measured units courtesy of artificial lights strung along the walls. Several lights were in fixed positions shining on the sides of the squares’ vertical stratigraphic profiles, and a couple of bulbs hung freely on wires so excavators could more closely examine artifacts and changes in soil color.

As a grad student, my job was to excavate, bag artifacts, and keep careful records from the field season—every bone, stone, and stratum was documented, photographed, and filed away for future analysis. Ultimately, we wanted to be able to explain the cave as a whole, its artifacts, and its setting within the context of the Pleistocene of South Africa. Our inquiry into the broader natural history of South Africa was nothing new. Since the 1770s, coastal South Africa has had intellectual appeal as a place for researchers to come and collect plants, animals, and artifacts and to take these collections back to various museums and universities for study. Carl Linnaeus’s students Carl Peter Thunberg and Anders Sparrman were quick to publish their findings about the biodiversity of the South African fynbos and early twentieth-century archaeologists were intrigued with the cave sites and shell middens found along the coast. Each set of researchers in South Africa has tried to understand South Africa’s natural history by working out how their research fits into a broader intellectual schema.

In our field season, we were no different. We were rehearsing, like our intellectual predecessors in natural history, a constant dialectic—an intellectual tension, if you will—trying to balance making sense of a holistic system by understanding its parts. To be able to do this, we needed to take the cave apart according to its different inorganic stratigraphic pieces and see what parts the cave was made up of—soils, artifacts, and their positions relative to each other. The parallel between us and our intellectual history was practically complete if you could swap out a quaint cabinet of curiosities for the hundreds of sandbags protecting the cave’s surface from trampling feet, the soil samples piling up along the walls, and the day’s artifacts bagged, tagged, cataloged, and carefully placed in plastic bins to be stored at the local museum.

However, I came to my interest in the Pleistocene and archaeology from a very nontraditional path. With a background in history, my sense for explanation focused heavily on narrative—what story or stories exist, how they are told, and what constitutes a reasonable telling. The original draw to archaeology had been the appeal of hands-on history. However, archaeology and, indeed, many other sciences that are Pleistocene-focused work to make sense of the Pleistocene through reductionism: by taking the complex phenomenon of human history and analyzing of it through its smallest components, whether those parts are isotopes or artifacts. There’s a certain necessity in this approach to the Pleistocene—and even a certain parsimony—from the perspective of a researcher, but it leaves little room for broader themes or complex explanations. From my perspective as someone also trained in the humanities, the Pleistocene I knew as a field archaeologist left little place for the questions, debates, and intellectual tensions that have piqued people for millennia and were the themes of other scholarship.

However, this begs the question of what a humanities-informed treatment of the Pleistocene might look like and what kind of scholarship might work to inform it. As a geologic epoch, the Pleistocene lasted from approximately 2.6 million to 10,000 to 12,000 years ago. It includes an ice age, a shakeout of seas and lands, Earth’s fifth great extinction event, and the appearance and evolution of the hominins. It’s a world of mammoths and woolly rhinos, erectines and Neanderthals, ice sheets and warm spells; it’s a time of extinctions and origins.

However, the Pleistocene is also an idea. And as an idea, the Pleistocene appeared in the early nineteenth century, inseparable from other concepts and assumptions of those times. It then underwent intellectual upheavals and an evolution of its own, as profound as the inundations of ice and pluvials. From it emerged a new origins story, whose fiat lux was announced in the secularized tropes of modern science. Inherited explanations from Aristotle and Aquinas died out as newly crafted ones by Charles Darwin and Ernst Haeckel shouldered their way in. The sciences split from the humanities, leaving a peculiar parallax of understanding by which to look on the past.

The Pleistocene, in brief, has a dual character both as a geologic time and as a cultural idea. The one is a hard history of rock, ice, bone, and artifacts while the other is a soft history of words, images, and concepts. Both epoch and idea have a story to tell, and the latter, a story to tell about how the story itself is told. Together they describe a place in the geography of imagination and another of geologic time whose difference helps define our own time and selves. They create what Paul Martin once called the “last lost world.”1 They describe the world that made our modern one.

This book project grew out of my dual interests in the Pleistocene and the humanities. It seeks to move beyond the questions of “right” and “wrong” interpretations of the Pleistocene and works to situate the questions of the epoch into a broader intellectual schema and to show that debates, arguments, people, and fossils fit into age-old tropes and behave in ways that stand outside of simple explanations found within respective scientific disciplines. It makes a case for pragmatism and pluralism—that there are many ways to understand the Pleistocene. We offer one that focuses on broadly humanist themes, which we intend to complement, not compete with, prevailing Pleistocene studies. It would seem that we follow Plato and want to join that fluorescently lit reductionism deep in the cave with the light of the outside world.

—Lydia Pyne


PART ONE

HOW THE PLEISTOCENE GOT ITS ICE


Glacial epochs are great things, but they are vague—vague.

—Mark Twain, Life on the Mississippi (1883)

Such is the unity of all history that anyone who endeavours to tell a piece of it must feel that his first sentence tears a seamless web.

—Frederic Maitland, “Prologue to a History of English Law” (1898)



Mark Twain was right, but what makes the composite of glacial epochs known as the Pleistocene vague is also what makes it great. Among geologic epochs it has sought to embrace two unique events, each with a distinctive narrative and both at odds with the principles by which the rest of the geological timescale is ordered. They identify a break, a rift, not only in geologic time but in how that chronology is understood. Out of the Pleistocene’s vague greatness they tear the seamless web of history.

The first event is the sudden upheaval in global climate that manifested itself most spectacularly in continent-scale ice sheets and their geographic analogs in the form of massive lakes and deserts. The second event is the evolution of the modern hominins, whose tenure on Earth has, with equal force, both defined and confused the boundaries of the epoch. Both events are processes that translate into narratives. The first, or geographic, narrative tells how the epoch got its ice. The second, or hominin, narrative tells how it got its most distinctive creature. Both topics trace out, and then acting together like shears of a scissors, cut out the borders of the Pleistocene.

But more than simple natural events both ice and hominins are also ideas. That’s what transfigures data points into story, adds cultural value, and creates understanding. Those ideas did not emerge by spontaneous generation out of the mud of artifacts and sediment cores; they have their own historical settings, their own intellectual lineages, their own separate and collective narratives. They describe how the epoch acquired meaning. They tell how, as it were, the Pleistocene got its mind.

Ice, humans, ideas—the Last Lost World is the outcome of all three, flowing into and out of each other like braided channels on an outwash plain. In our own retelling we look to the sciences to identify the natural processes at work and to craft a basic chronology of events. But we look to other scholarships to comment on how such information becomes narrative and how an understanding of the Pleistocene plenum, including the evolution of hominins, has itself evolved.


Chapter 1

Rift


Most of us have a hankering for the good things on both sides of the line.

—William James, Pragmatism (1907)



LIKE ALL STORIES, this one begins with a Maitland-like tear in the seamless webs of nature and culture. Geologically, it involves a rip in the deep crust of Africa that marks a shift in tempo and events, and culturally, the tear refers to a parting in ways of understanding, a chasm between modes and purposes of explanation. Over time—almost three million years for nature, less than three thousand for Western civilization—the rips have widened into a rift, and that rift is not only where the story originates but is in some ways itself the story.

African Rift

Its Great Rift Valley marks Africa in much the same way that flanking mountains do the other continents. But where the Andes, or the Sierra Cascades, or the Great Dividing Range have resulted from collisions of lands forcibly joined, the Rift Valley is the outcome of tension from Africa splitting, literally tearing the continent in two.

The process commenced when, some seven million years ago, a mantle-driven hot spot beneath the crust caused much of the continent to bulge upward; rips appeared in the crust along a loose line from Ethiopia to Mozambique; and gradually these separate cracks connected. Over time they began joining, to become one of the defining features of Earth: an immense Rift Valley, or what early observers termed the Great Wall of Africa. The collapsed crest was the outcome of regional uplift, like the center of an arch falling as its supporting ends swayed outward. The resulting ravine, here narrow, there broad, alternately filled with lava and lakes. In places the crustal tears ran in parallel, collapsing the land between into huge depressions; Lake Victoria formed in one such basin. Sentinel volcanoes guarded the flanks. Then some two to three million years ago, the hot spot moved and the rending ceased. What began as a series of rips and cuts ended as a crustal scar. The sundering had waxed and then waned, like the passing of a tectonic tide.1

What remained was the Great Rift. It was corridor, habitat, cauldron, and refugium. It both fissioned and fused—an obstacle and an opportunity. As a geologic marker it was equally adamant and ambiguous. There was no denying its geographic presence; it was to Africa what the Rockies were to North America or the Alps to Europe. It accented the asymmetry of Africa east and west, as much as that continent’s bulging top and narrowing bottom did north and south. Valley and wall broke the continuity of climate across the continent; the lands east of the Rift fell under the rhythms of the Asian monsoon. Its rise and fall through history was murkier, much less distinct than its sheer-walled flanks unless viewed through the telescoping lens of geologic epochs. Yet here, too, it was both a bridge and a barrier, not for land but for time, and through time, for story.

As Earth time goes, the changes came suddenly. What the geological timescale calls the Miocene had been unusually warm and wet globally, a robust epoch that had virtually boiled over with species. Around 5.3 million years ago, the landscape of the Miocene began to slow, as Earth seemed to pause for breath. Land, sea, air, and life—the matrix of natural history reorganized into what became the Pliocene epoch, as each element, both the rocky and the fluid, underwent a series of suturings and sunderings. The African Rift was one of them, but so were the continued elevation of the Himalayas and the Andes, which created similar breaks in continental climate, and the fusion of North and South America at the Isthmus of Panama, which forced a general realignment of planetary climate.

Together such reconfigurations of land, sea, and air helped splinter the roughly homogenized climate of the Miocene, which became more regional, more seasonal, and overall much drier and cooler. So too the continental fissurings shook up lush biota, splitting off pieces like lithic flakes from a core. The evolving matrix of bridges and barriers shut out, let in, and mixed up. Land spans and rifts acted like funnels and filters, pouring one flora and fauna into another while sieving out others. Species followed such emerging landscapes, particularly the savannas, competed with immigrants and émigrés as old lands opened up, and sought out newly distinctive niches. The flow of species across former frontiers sparked profound upheavals that led equally to profuse colonizations and a body count of extinctions. In the Great American Interchange across Panama, llamas and tapirs went south and armadillos and porcupines north, while carnivorous opossums and terror birds died out. All this allowed the biotic overspillage of the Miocene to sort itself out and regroup over the course of three million years.

As the Pliocene wound down, the sluggish grating of rocks yielded to the fast flowing of water and air—climatic factors that hastened, deepened, and sharpened. The change was foreshadowed by a bout of glaciation that coincided roughly with the cessation of the Rift. Soon global climate conditions supplanted mantle heating as a prime mover of planetary change. When that happened the Pliocene, acting as a kind of historical rift, segued into the Pleistocene. The warm-wet exuberance of the Miocene gave way to the cool-dry violence of the Pleistocene, in which the frost-thaw of glaciation subjected biotas to relentless rhythms of firing and quenching. What the Pliocene had sifted, the Pleistocene then shook, warmed, froze, and sent forth into the modern world.

Renaissance Rift

Such is the Pleistocene as a geologic moment—its material text, so to speak. Like artifacts in a museum, however, its evidence and relics need organization into exhibits, captions, and guidebooks if they are to fit into a larger schema. Since the epoch involves historical change, people turn to narratives to explain it, and to glosses on those narratives. Both will vary by times and temperaments.

Formal learning came and went in Western civilization amid flickering climates of opinion as baffling in their causes and as profound in their consequences as those that governed the ice ages. Framing the terms of modern understanding began with the Renaissance, a revival of learning based on texts written in ancient times, ones lost and then recovered. The former challenged the prevailing scholarship, which was organized around theology. Since the new inquiry studied the material world, it was labeled secular; since it focused on people and what it meant to be human, it became broadly known as humanism; and since it engendered a rebirth of learning, it was proudly called a renaissance. It provided a second gloss to that proffered by theology and its scholars.

The process by which ancient learning was recovered occurred between the twelfth and sixteenth centuries. It sparked revivals in various places as circumstances favored, then migrated and started again. By the sixteenth and seventeenth centuries it was mutating into another form of inquiry altogether, one whose practitioners read the book of nature, not simply the texts of scripture and antiquity. By the late eighteenth century this scientific revolution had turned its attention to such curiosities as bones, buried fossils, and strata that did not seem to come from the contemporary world. By the early nineteenth century the understood age of the Earth had grown to such an extent that it required periodization, and acquired a discipline of its own. The epoch of Earth time closest to the present day came to be called Pleistocene. Over the next two centuries the boundaries of this epoch were stretched and reorganized to suit novel data, fresh styles of expression, and updated temperaments. The onset of modern science struck scholarship as the onset of ice struck Earth.

While the Pleistocene as an idea drew the borders for the Pleistocene as a parcel of geologic time, it was not apparent to everyone how its pieces might connect internally or how the epoch joined to past and present. The debates over the Pleistocene might stand as an exemplar for what William James, an observer of the exfoliating controversies, described as a general quarrel between two temperaments that he described as “tough-minded” and “tender-minded.” The tough-minded tend toward the material, the skeptical, and the empirical. The tender-minded veer toward the idealistic, the dogmatic, and the rationalist in the sense of seeking out informing reasons, or principles.

In James’s day the fissure between tough and tender tracked the shifting borders between science and religion, neither of which he found satisfactory by itself: “You find an empirical philosophy that is not religious enough, and a religious philosophy that is not empirical enough for your purpose.” Most philosophers, James continued, sought out the best of both approaches. “Facts are good, of course—give us lots of facts. Principles are good—give us plenty of principles. The world is indubitably one if you look at it in one way, but as indubitably is it many, if you look at it in another. It is both one and many—let us,” he urged, “adopt a sort of pluralistic monism.” After all, he noted, with Emersonian disregard for logical consistency, most of us want the best of both.2

Substitute “humanities” for “religion” and the widening chasm between temperaments and the world they imagine could hold today as well. To the tough-minded, the Pleistocene appears as a plexus of events, of processes acting on earth, air, water, and life, measured by meters and minutes, all contained within a chronological frame. In their valuation, other notions have no heft: they belong in a lost world of murky metaphysics and misty imaginings. To the tender-minded, the epoch is a notion, perhaps even a sentiment, measured by figures of speech, and whose data become comprehensible by art, philosophy, and narrative that provide a necessary commentary on the hard text of stone and chronicle. Their narratives are unstable—the rims that frame the rift move, after all. As tough-minded research struggles to incorporate more data and the unsettling presence of hominins, the chronological borders of the epoch shift. For the tender-minded the arc of meaning relocates with changes in perception, modes of expression, and the gossamer fabric of social meanings. The enduring narrative—the one they share—is how they interact across the rift.

Past Imperfect

Like any part of the past, the Pleistocene is difficult to know. Its material records are fragments of stone and bone, caches of sediment and charcoal, daubs of air trapped in soil and ice. They are data points, like a scatter of dots. How to connect them by abstractions such as theories, models, informing ideas, and organizing conceits is both simple and not obvious because the possible arrangements, or figurations, are many, even if bounded by a neuro-Kantian hardwiring of understanding. But where the dots deal with time, the connections will take the loose form of a narrative. They will tell a story.

Stories about the past are easy to invent and hard to verify. Paradoxically, the more distant the past, the simpler the task, because the various patterns that one can imagine proliferate; the space-time cone of narrative possibilities expands. As more becomes known, however, the stories become more complicated. From time to time they must be redesigned or else risk disappearing under a scree field of information. The Miocene and Pliocene, which together precede the Pleistocene by twenty million years, seem homogenous because we know relatively little about them and they are usefully remote in time; the texture of their history blurs, like the blue haze around a distant mountain. By contrast, the Holocene, which succeeded the Pleistocene and covers the past 10,000 to 12,000 years, seems so crowded with artifacts and records we can hardly see its mountains for the pebbles on the road.

A narrative, moreover, has its own internal logic. While each observer of the Pleistocene will tell the story according to his own vantage point, disciplinary inclination, and purpose, an appeal to narrative imposes structural demands of its own. In particular it requires special attention to beginnings and endings, for they set the anchor points for the bridging arc that must span them. In truth, these relationships are reciprocal. If the endpoints set the story line, it is equally true that the narrative arc determines where the anchor points must reside. Together they decide whether the story is ironic, providential, tragic, redemptive, coherent, convincing, or ultimately explanatory.

For example, begin with a land bridge such as Beringia, and the story moves one way. Begin with a barrier like the flooded Red Sea, and it trends another. Open with a glaciation or an interglacial—the story line leads to different conclusions. View evolution from a naturalistic perspective, and Homo sapiens is not a progressive end point of evolution; geography and genomes might have yielded many alternatives (and did). View those events from the perspective of narrative, and Homo sapiens could only have happened one way, for only one sequence could have produced the species at its exact conclusion. The paradox is that many narratives are possible, each according to a different trait or theme, but each must follow its theme from origin to terminus in a predetermined arc.

This logic applies to any narrative, whether of natural or human history. The power of the explanation derives precisely because it restricts its scope; it tears the seamless web of time; it blocks out of the scene those events and objects that do not align with its theme; it brings closure to the text. Part of its validity lies with its elegance, the power of its artistry. But the need to restrict is true equally for science, which has progressed exactly because it has confined itself to certain kinds of propositions and evidence and has tossed everything else aside. Both science and art necessarily leave out stuff, and the tendency for each is to ultimately leave out the other’s approach altogether.

From their origins these two narratives—call them the geographic and the genomic—have formed a tag team that has withstood all challengers. The most recent epochs of Earth time have been a story of us and the circumstances that have made us what we are.

Yet both themes unsettle a simple story of the Pleistocene. A reliance on climate unsettles because it depends on the natural sciences, which constantly introduce new findings and theories and thus subvert any particular narrative. Rather than use data to tell stories, scientists tell stories about how they got their data. A reliance on humanity forces us to consider those features of human life that, while critical, are not amenable to sciences altogether. By absorbing a creature that, in the Great Chain of Being, lies between ape and angel, it appeals to a scholarship between, as it were, the sciences and the humanities. As an idea the Pleistocene is thus doubly unstable. What endures beyond particular geographic or genomic narrative is the process of narrating.

For those keen to make the subject a positivist science, one solution is to scrap narrative altogether, which leaves the formal economy of knowledge to thrive in a black market of popular enthusiasms. Others accept that narrative will crowd into the tent, whether invited or not, and appeal to context to help contain its potentially destabilizing wobbles. Comparisons, contrasts, continuities real or imagined—all can shrink the distance between thematic and aesthetic closure. By appealing to epochs before and after, by comparing hominins to coresiding creatures such as mammoths, cave bears, and horses, by contrasting philosophies of knowing, a usable narrative can emerge.

And if, as a result, an element of distortion persists, a foreshortening of time and detail that hedges into exaggeration, some hyperbole seems more than appropriate, for the Pleistocene has always loomed larger than life; and by most evidence, it was an era ripe for exaggeration—of big events, of big creatures, of big upheavals, of big consequences. A quickening of climatic tides, that variously flooded, drained, dried, and glazed in ice vast regions; not once, but repeatedly. Oceans rose and fell. Continents swelled and shrank, as their offshore shelves emerged and submerged beneath seas, and as islands and mainlands joined and split off. Flora and fauna wandered widely—colonizing, retreating, hiding, advancing; splintering, and reorganizing, bubbling up from evolutionary swamps, disappearing over evolutionary cliffs—a grand era of extinctions. It was an age of geomorphic gigantism as well, with colossal landforms no less than Megatheria or Shasta ground sloths.

Then, 10,000 to 12,000 years ago, the Pleistocene inflected into the Holocene, an epoch so increasingly dominated by a genus of hominins, modern humanity, that observers have proposed naming its most recent phase the Anthropocene. Of all the planetary changes wrought by the Pleistocene, the emergence of this creature may be the most significant. At the height of the Pleistocene, perhaps a dozen or more species of hominins flourished on three continents. When it ended, there was one hominin, Homo sapiens, who had expanded into every niche reachable from the African landmass and was following the retreating ice sheets and pluvial lakes and all the new lands shining under the great warmth that had succeeded the big chill. That colonization would continue into every nook and cranny of Earth, and even beyond. By the twenty-first century the climate that had powered this revolution was itself being altered by the magnitude of anthropogenic tinkering, and the creature responsible for this upheaval demanded an explanation.

Some stories are more interesting than others, some less so; some more useful, some less. As narratives they all require only endpoints and a thematic arc by which to span them, and they will succeed to the extent that they agree with what the audience determines is suitable evidence, reasoning, and relating, or with what William James considered our ultimate logic, “our more or less dumb sense of what life honestly and deeply means.”3


Chapter 2

Ice


The long summer was over. For ages a tropical climate had prevailed over a great part of the earth, and animals whose home is now beneath the Equator roamed over the world from the far South to the very borders of the Arctics…. But their reign was over. A sudden intense winter, that was also to last for ages, fell upon our globe.

—Louis Agassiz, on the coming of the Ice Age (1866)



IN 1837 LOUIS AGASSIZ, a Swiss naturalist, borrowed the expression Eiszeit (“Ice Age”) from a friend and gave the near landscape of geologic time a Romantic cast that still infuses it. As more discoveries poured in, it appeared the Pleistocene had opened with a fanfare of cold that spawned a hellish brood of ice sheets, dune deserts, and swollen lakes. The consequences, as Agassiz exulted with melancholy fervor, were severe. “The appearance of this great cover of ice must have brought with it the extinction of all organic life on the surface of the globe,” he gushed. “To the movement of a powerful creation succeeded the silence of death.”1

“Ice Age” collapses into a simplistic phrase the complex character of a glacial epoch that was not a singular event—a frozen Noachian flood—but a jostling of earth, water, air, and life. It was a vast syncopation of geologic, atmospheric, oceanic, and biotic rhythms. The ice, and all the aftershocks of an ice inundation, appeared and vanished. The tidal flows of climate waxed and waned to longer mixed beats that pumped, stored, and realigned planetary waters on a vast scale and rewired the circulation of the atmosphere. Collectively these pulses sent the living world into a fast march, demanding that species readjust not only to the reorganized ensemble of land, sea, and air, but to one another, to all those other organisms now crowding together, or unleashed over newly defined landscapes, or joined in common transit.

It is not possible to isolate a solitary cause—a primary driver—from which all the other effects follow like a steam engine, powering gears and pulleys, each in necessary sequence, since every twist and tweak affected all the others. Each bout of glaciation, broadly recognized, reset the starting conditions for the next. The planet did not revert from each nominal cycle to its prior state like a piston returning to top dead center after firing. Rather, it more resembled a kaleidoscope whose churning patterns looked ever similar but never identical. As each grand rhythm ceased, Earth was irreversibly different from what it had been at the start; and so it was with the era overall. Compared to times before and after, the epoch gradually chilled, despite spikes of intense warming.

If the Pleistocene lacks a singular cause, it had in its character a singular vision—ice. Later it added hominins as a defining feature, but it kept ice or ice surrogates, such as pluvial lakes, and ice-wrought effects, like a lowered sea level, as the epoch’s essence, for the ice was not merely a passive product of the evolving matrix but an active agent in its own right. It made the Pleistocene both unique and compelling.

What most astonished its discoverers, however, was the apparent rapidity of the ice’s arrival. Not only did the climate abruptly leap outside normal expectations, but it did so with the velocity of a falling star. A similar sense of suddenness infected its intellectual shape, for if the Pleistocene had one matrix of matter, it had another of mind.

The appreciation of what had happened in the past was itself made possible by the advent of the upheaval of thought known as modern science. Its advent had a longer gestation, one remarked upon and recorded for several centuries; but its tempo had steadily quickened, like a meteor dropping under the accelerating pull of gravity, and by the time Agassiz announced his discoveries, the inherited canon was being smothered by new data, archaic disciplines were disappearing like dew, and terms like “natural philosophy” were yielding to more modern labels such as “science.” Yet it seemed to come as abruptly as Agassiz’s global winter. In Herbert Butterfield’s memorable meditation on the origins of modern science, “Similarly, though everything comes from antecedents and mediations—and these may always be traced farther and farther back without the mind ever coming to rest—still, we can speak of certain epochs of crucial transition, when the subterranean movements come above ground, and new things are palpably born, and the very face of the earth can be seen to be changing.” Science quickly covered the terrain of scholarship as relentlessly as Pleistocene ice had the landscapes of Europe.2

The contributing causes to the Ice Age were many. The ice came because of larger arrangements of continents and oceans; because of realigned currents of sea and air; because of snow catchments near the poles, on mountains, and shallow upper-latitude basins; because sunlight strengthened and weakened with the wobbles and waverings of Milankovitch cycles; because Earth had been long cooling and now passed a tipping point. So, too, the conception of an Ice Age had many sources, though from cultural rather than climatic drivers. It happened because of large reshufflings among hard and soft disciplines; because of the secular advance of modern science; because a Little Ice Age affected Europe at a time when naturalists were available to take notice; and because of catalytic, even charismatic, personalities. Arguments and ideas came and went like ice sheets and pluvial lakes and left behind a complex intellectual terrain of conceptual moraines and wave-cut terraces to be colonized by what became contemporary thought.

The fact remains that the Pleistocene no more carries an inherent meaning than does a fossil mandible teased out of shale. Provenance and setting is all: the bone takes its meaning from its context. So, too, does the Pleistocene, whose context depends on a history of thought, not simply on ice-plowed soils and greenhouse gases and runoff. The narrative arc of the Pleistocene begins with ice and ends with idea.

Ice Age

When the Pleistocene commenced, part of its elemental matrix was fixed and part was in flux. The fixed part was the solid Earth. Only 2.6 million years long, the epoch lacked sufficient time to witness major tectonic realignments. Volcanism, flooding, and land sculpture went on as always, some locally pronounced; but Earth did not re-lay its tectonic tiles in any major way during the epoch.

The flux part was literally its fluids—the gases that made up its atmosphere, the waters that filled its rivers, lakes, and oceans. What most characterized the Pleistocene geologically was that its liquids repeatedly crystallized into solids in the form of ice sheets that plated over seas, capped mountains, and mounded above a significant fraction of the Earth’s land surface. They created an icy, more plastic tectonics atop the plate tectonics of the crust. These ice sheets absorbed much of the planet’s waters, and acting like a suddenly uplifted plateau or ridge, they rerouted the old flow of air and waters; in the northern hemisphere they assumed the dimensions of new continents. In the twinkling of a geologic eye, they did what might have required untold eons of slow tectonic shuffling and shearing. For life on the surface, the effect was to foreshorten geologic time. What would have taken millions of years happened in thousands.

Such sudden changes in the Earth’s geography forced even more abrupt adjustments. What the ice did not claim directly, it affected indirectly; it could touch what it couldn’t grasp. It reorganized the physical geography of the planet, and piling up amid Earth’s biota, it triggered mass migrations, reorganizations, and eradications. The ice did not, moreover, happen once and leave the Earth to adjust, like an asteroidal impact. Even more rapidly than it appeared, it departed. Then the cycle began again, and again, perhaps fifty times throughout the Pleistocene.

The Ice Cometh and Goeth

Only four times in Earth history has ice defined a geologic era. There was a long glaciation in the late Precambrian, between 800 million and 600 million years ago. An Ordovician-Silurian glaciation occurred from 460 million to 420 million years ago, possibly followed by a sharp episode during the Devonian. A sustained outbreak occurred in Permo-Carboniferous times, 320 million to 250 million years ago. The modern glaciation commenced 2 million to 3 million years ago. All resulted from favorable geographies of land and ocean and, on land, of suitable traps and catchments for snow. Once that planetary matrix was established, other factors determined how extensively and how frequently the ice came and went. In reality, each ice epoch was a composite of many glaciations.3

What all shared was an arrangement between Earth and Sun that determined how much sunlight reached the planet, and on Earth, an ordering of lands and seas that decided how that heat got moved around. Snow had to accumulate; the buildup could set in motion positive feedbacks that gathered still more snow; and massed ice could then resculpt the master matrix. On a planetary scale it meant that heat collected at the tropics could not move freely to the poles, which left some places cold out of season. Just this happened when, at the end of the Pliocene, the Bering Strait opened, the Mediterranean flooded and drained, and the Central America Cordillera fused at Panama to shut off the flow of subtropical waters. Earth acquired a macrogeography primed for a glacial outbreak.

This was not the only possible arrangement for an ice age. Each of the great glacials (and perhaps others yet undiscovered) has had its own distinctive matrix, and there were additional singularities that entered into the equation that could override astronomical cycles. One is surely the evolution of life. The Precambrian ice age lasted the longest and occurred before life colonized the continents. The Permo-Carboniferous frosted over stretches of a supercontinent, Pangaea, during a time of floral abundance and the mass burial of organics. Surely the ramifying character of life as a regulator of greenhouse gases and albedo (surface reflectivity) affected the dynamics of those events. The Pleistocene glaciation introduced yet another singularity, the evolution of hominins, who began to tinker with the internal dynamics of planetary heating and made this epoch like no other.

Despite Agassiz’s formative vision, this latest Ice Age was not a global glazing. The ice flourished only in select lands, and on those sites it waxed and waned; there were regulators that governed the machinery on shorter timescales. Current theories attribute this effect to changes in how Earth alters its orientation relative to the Sun, rhythms now known as Milankovitch cycles after the Serbian mathematician, Milutin Milankovitch, who first elaborated them.

Three cycles—or “orbital forcings”—are most relevant. One stretches the distance between the Earth and the Sun, one tilts the Earth toward and away from the Sun, and one wobbles the Earth’s axis. The first describes the way the Earth moves around the Sun. The ellipse that traces its orbital pathway lengthens and compresses, a change called eccentricity. At times the Earth reaches farther out, its orbit becoming more ovoid, and then retracts into something closer to a circle. This stretching occurs on a roughly 100,000-year cycle, and perhaps one at 412,000 years. A second cycle refers to the degree by which the Earth’s axis veers away from a vertical plane; that is, the degree to which its equator tilts (its obliquity) from the plane of its orbit (the ecliptic). Today that tilt measures at 23.4°; in the past it has swung to 21.8°. The tilt rocks back and forth approximately every 41,000 years. The third cycle is a wobble in the axis, like that of a spinning top as it slows. The precession of the equinoxes (or simply, the precession) inscribes a 22,000-year rhythm, or more precisely, a major precession of 23,700 years and a minor one of 19,000. Collectively the three cycles act as a global thermostat.4

Stretching, tilting, wobbling—the combinations of their interactions are endless and maddeningly complex when translated into impacts on mountains, seas, and continental shelves. Milankovitch believed the ideal circumstances for glaciation required minimum obliquity, relatively high eccentricity, and an aphelion that coincided with a northern hemisphere summer, or in other words, a tiny tilting, a lot of stretching, and a wobbling that put Earth facing away from the Sun during the summer. Such arrangements make it possible for snow to come and stay where most of the continental landmasses are. Filtering this enormous cacophony of rhythms to detect a pattern is akin to sifting a cave stuffed with sediment to find a fossil molar. Yet it happens: insolation signatures do poke through the debris.5

Once started, the expanding snow’s albedo can leverage a weak signal into a shout. A tiny change can trigger huge ones, as a small switch can turn on a giant air-conditioning unit. Glacial episodes resemble asset bubbles in this way. Once begun, the tendency is to add still more, and once halted, to shed rapidly. An increase in ice encourages more ice, while a reduction pushes the system into still further and faster reductions. The buildup is slow; the descent, a crash. Even vast ice sheets can dissolve in several thousand years, which is astonishing when one considers the many and complicated lag times required in removing ice. The overall pattern is one of long stretches of cold glaciation broken by sudden, fleeting interglacials. Some 80 percent of the Pleistocene was glacial, and no interglacial lasted more than 12,000 years.

The current glacial epoch commenced shortly after the completed Isthmus of Panama forced a realignment of ocean circulations. The first tremors of glaciation appeared around 2.6 million years ago, although local terrain determined how that climatic shock was manifest. In central Siberia it meant permafrost; in the Alps, glaciers; on the Canadian Shield, an ice sheet about two and a half miles thick; in Australia, a vast gyre of sand dunes; across much of the northern hemisphere, immense plains of loess downwind from ice masses; in the African Rift, overflowing lakes; and in North America’s Great Basin, a pulsing of playas and inland salt seas. Beating to its own internal pacemakers, this climatic oscillation has continued unchecked until modern times.

Ice Earth

While the material matrix had its hard and soft parts, ice was the geologic glue that held them together. What made the matrix mobile was the fact that the ice could not only come and go but, as water, transmute from solid to fluid, and could force even seemingly rigid features to bend and buckle. In short, Earth made ice, and then ice remade Earth.

The solid matrix proved in reality to be malleable. As glaciation transferred water from oceans to continents, it unburdened the deep seas and weighed down the land. The sheer load of the ice caused the crust to slowly depress, like a stone placed on paraffin. The lands along the fringe bulged up, further sculpting the tedious outward flow of the ice. Slowly the Earth adjusted, sinking or rebounding as the ice mounds came and went, working out a new balance with a rigid crust sandwiched between the plastic ice and a plastic mantle—a process of accommodation called isostasy. Since the ice could move much faster than the crust, equilibrium always lagged, and the surface warped and flexed over thousands of years.

The Laurentide ice sheet caused Hudson Bay to sink about 1,400 feet; the rebound, uplifting slowly century by century, has risen some 1,000 feet over the last 7,500 years. The Fenno-Scandinavian ice sheet warped the Baltic down about 3,000 feet; its shorelines are still rising, perhaps three feet per century, as waters drain away to leave skerries that become marshlands, and eventually firm land. The Antarctic ice sheet bowed the continent some 4,000 feet down, pushing much of it beneath sea level and leaving the entire Earth vaguely pear-shaped. On smaller scales, ice scooped out basins; planed gorges; rumpled terrain with moraine, loess, and sand; and froze soils. On a larger order, it caused oceans to rise and fall; it exposed and submerged continental shelves; and it reconfigured bridges and barriers, forcing exotic species to mingle and old biotas to pry apart.6

As glaciation sponged up and released waters, it directly affected oceans, lakes, rivers, subsurface acquifers, and the humidity of the air. It removed water from the seas and put it, crystallized, on land. It upset the circulation of the world ocean, deflecting, for example, the path of the Gulf Stream.

At the height of glaciation the global sea level dropped nearly four hundred feet. The sunken shoreline created a new dispensation of continental geographies. The continents grew, although less space was habitable. They were also joined in ways impossible before. Beringia bonded Asia and North America. The Isthmus of Panama linked North and South America. Ireland and Britain became continuous with Europe. The Indonesian archipelago welded to southeast Asia; New Guinea and Tasmania fused to Australia; between them the Lombok Strait narrowed and shortened to a depth of sixty-six feet. It was now possible to walk from the Cape of Good Hope to Cape Horn, and with a short raft ride over the Wallace Line, from Gibraltar to Tasmania.

Ice ages on the continents expressed themselves not only as glacials but as so-called pluvials. These were times of exceptional wetness. Where outlets remained open, the enhanced rainfall poured through existing channels, entrenching rivers and down-cut gorges, much as glaciers did. But they also took the form of lakes, a watery clone of the ice sheets. Some such lake sheets occupied permanent sinks, including the depressions of the African Rift Valley; the interior depressions that sagged behind the Himalayan, Elburz, and Caucasus mountains; that penned in the Great Basin of the American West; and that rumpled northern Africa in long-wave swales. Such sites deepened, widened, and even overflowed under the rains of a cooling climate. The Great Salt Lake swelled into an ancient Lake Bonneville that washed over a third of Utah. Lake Agassiz submerged over 135,000 square miles, four times the size of Lake Superior today. Africa’s Lake Chad overflowed to 115,000 square miles. Asia’s Aral and Caspian seas joined to make a monstrous subcontinental body of water over 400,000 square miles. Like rising and falling oceans, the sloshing lake levels led to stacks of wave-cut terraces, and like ice masses, these hefty interior seas forced the crust to flex and buckle beneath them. But much of the water was as fleeting as hot money. During glacials they added to ice sheets; during interglacials they melted into proglacial lakes, often prone to eruptive flooding, or they carved gorges, or poured over fast-receding falls. The breaching of an ice dam allowed Lake Missoula to scour out the channeled scablands of Washington. The Laurentide ice sheet left a watery echo of itself in the soggy landscape of the Canadian Shield and that arc of freshwater lakes along the Shield’s edge, altogether almost 10 percent of the Earth’s fresh water.7

Eventually, the ice sheets shrank to watery lees. They endured as much wizened lakes, quirky streams, cobbled-together rivers, sodden or frozen soils, boggy lowlands, pond-pocked plains, and the delightfully named “deranged drainage” of the Shield, the watery equivalent to loess and dune fields. Those waters follow contours set by an icy terrain now vanished, like a tree bent by winds that no longer blow. They join in freakish confederations, or meander through channels far too vast for their present flows, or shrivel into oases, or sink into sands as buried aquifers or creeping, underground rivers. Some of the adjustments, like Niagara Falls, have thousands of years yet to run, the fluvial equivalent of isostatic rebound after ice mounds have melted.

Compared to crust and ocean, the atmosphere is thin, and its gases react far more quickly than earth or water. It is with a chill in the air that glaciations begin, and once begun the informing ice acts to deepen the cooling and reroute the general circulation. So interwoven is Earth’s circulation of air that what happens in one place will connect with others, even if the linkages might seem to belong to a Rube Goldberg machine whose inputs can appear far removed from its outputs.8

Once an ice age has begun, the atmosphere both transmits and tempers its effects. An ice sheet can block airflow as surely as a new mountain range; an iced-over ocean or subcontinent can rewire the connections by which the planet is heated and cooled; glacial and periglacial features can make and deflect local winds, nudge or shove storm systems into new tracks, and trim or stretch seasons. During the Pleistocene they heightened the Asian monsoon. They deflected the polar front that traces the boundary between warm and cold currents in the North Atlantic. They rejigged the El Niño–Southern Oscillation. They affected winds that stirred outwash plains and dune fields and spread dust that could hang suspended for months, and they moved dirt from Tibet to Greenland and from the Sahara to Amazonia.

The glacials also changed the chemistry of the atmosphere, which in turn affected the dynamics of heating and cooling that powered glaciations. Of particular interest is carbon. A goodly fraction of planetary carbon has been stored in rock such as limestone or been buried as organic matter that gradually lithified into coal or petroleum; so, too, methane and carbon have been trapped into the crystal lattices of clathrates and stashed on the ocean floor. The most mobile, however, is lodged in Earth’s biota, which has sequestered and liberated it by photosynthesis and respiration, and by living and dying. With the mutuality typical of life, by such means the biosphere altered the workings of the atmosphere.9

The living world, in brief, is not a passive recipient of geographic change but an active agent in it, and a quickening one. In some places ice simply obliterated everything not ice, and elsewhere it changed the environment in ways that forced organisms to relocate. But as life moved and reorganized, it stored and released carbon, and by changing the atmosphere Earth’s biota altered the climate that nominally drove the living world.

The process of filtering and mixing the Miocene legacy was already well advanced thanks to the Pliocene’s geographic filtering. The fast flickering of climate, with its lagging ice sheets and unsteady seas, acted like a biotic bellows to force and hasten migration, extinction, and rebirth. Within a few thousand years (perhaps as few as twenty to
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