
   
[image: Missing Image]




FOOTPRINTS

 

IN SEARCH OF FUTURE FOSSILS

 

 

David Farrier

 

 

 

 

 

[image: HarperCollinsPublishers Logo]




Copyright

4th Estate

An imprint of HarperCollinsPublishers

1 London Bridge Street

London SE1 9GF

www.4thEstate.co.uk

This eBook first published in Great Britain by 4th Estate in 2020

Copyright © David Farrier 2020

Cover image by heartlessmachine.com

Cover photograph by Ethan Humphries

David Farrier asserts the moral right to be identified as the author of this work

A catalogue record for this book is available from the British Library

All rights reserved under International and Pan-American Copyright Conventions. By payment of the required fees, you have been granted the non-exclusive, non-transferable right to access and read the text of this e-book on-screen. No part of this text may be reproduced, transmitted, down-loaded, decompiled, reverse engineered, or stored in or introduced into any information storage and retrieval system, in any form or by any means, whether electronic or mechanical, now known or hereinafter invented, without the express written permission of HarperCollins

Source ISBN: 9780008286378

Ebook Edition © March 2020 ISBN: 9780008286354

Version: 2021-03-08




Dedication

For Isaac and Annie




CONTENTS

COVER

TITLE PAGE

COPYRIGHT

DEDICATION

INTRODUCTION

TRACES OF A HAUNTED FUTURE

ONE

THE INSATIABLE ROAD

TWO

THIN CITIES

THREE

THE BOTTLE AS HERO

FOUR

THE LIBRARY OF BABEL

FIVE

MEDUSA’S GAZE

SIX

THE MOMENT UNDER THE MOMENT

SEVEN

WHERE THERE SHOULD BE SOMETHING, THERE IS NOTHING

EIGHT

THE LITTLE GOD

CODA

SEEING THE NEW WORLD

SELECTED BIBLIOGRAPHY

ACKNOWLEDGMENTS

ABOUT THE AUTHOR

ABOUT THE PUBLISHER




INTRODUCTION

TRACES OF A HAUNTED FUTURE

England’s eastern edge is slowly being reclaimed by the sea. At a rate of around two metres per year, the tides carry away the shallow cliffs that form the East Anglian coastline. Seasonal storms gouge away the earth, mostly glacial till that was deposited when ice sheets reached as far as southern Britain 450,000 years ago; like a cheaply made wall, the coast is vulnerable to erosion and sudden collapses. One night in 1845, a farmer ploughed a twelve-acre field near Happisburgh, in Norfolk, and retired to bed with the soil ready for planting the following morning. When he woke, the field had vanished. Coastal defences built after devastating floods in 1953, which killed over three hundred people, have long since crumbled. Buildings that once stood out of sight of the coast now huddle within its reach, and homeowners watch anxiously as the margin creeps closer, eating up their lovingly tended gardens inch by inch. Occasionally, a house tumbles into the sea. The ground beneath your feet feels provisional, as though you are standing on borrowed time.

Sometimes, though, the sea gives something back. In May 2013, a spring storm uncovered the oldest traces of human passage outside Africa on Happisburgh’s claggy foreshore. Heaving seas had stripped away the sand behind the dilapidated postwar flood defences to reveal a section of laminated silt flecked with dozens of lozenge-shaped hollows. The scooped depressions were the 850,000-year-old fossil footprints left by a group of early humans, Homo antecessor, moving along the muddy banks of an ancient river. The differently sized footprints suggested that it was a group of mixed age, adults and children, headed in a southerly direction. At the time, it was an estuarine landscape, populated by pine, spruce, and birch forests interspersed with open areas of heath and grassland. Photographs of the footprints resemble a step map of a frantic dance floor. The busy play of feet suggests a neighbourly scene: adults pausing to coax tired children or turning to check the horizon for predators; arms raised to indicate points of interest or offer an encouraging hand on the shoulder. Some impressions were so well preserved that you could see the outlines of individual toes.

Briefly, startlingly, this small party of hominids walked out of the deep past and into the present. They disappeared almost as fast: within two weeks, the tide had washed away every print.

Ancient footprints, like burrows, tracks and tooth marks, are known as trace fossils. Unlike fossilized remains, they speak of life rather than death. Though bodiless, they bear witness to a departed body’s weight, gait, and habits, telling stories about how ancient lives were lived. Trace fossils like the Happisburgh footprints are an accidental memory; where the group came from and where they were heading are beyond our knowing. But the prints offer an enchanting glimpse of ancestors whose past seems to brush against our present, whose step into our time seems like an invitation to join in a mysterious journey. Even in photographs they conjure the uncanny sensation that the group has only just left, their prints fresh and glistening – that we could catch them, if only we hurried.

In terms of traces left by early humans, the Happisburgh footprints are relatively young. The oldest known hominid prints were made 3.6 million years ago, in volcanic ash at Laetoli in what is now the Ngorongoro Conservation Area, in Tanzania. They were discovered in 1976 and embraced as marks of a Pliocene ‘first family’, making their way like Milton’s Adam and Eve, ‘hand in hand, with wand’ring steps and slow’. When the deep past arrives in the present, it is often surprising. The Laetoli footprints were found when, in high spirits during a break in their labours, a team of palaeoanthropologists led by Mary Leakey began to throw elephant dung at one another. One exuberant member of the party noticed the prints only after falling on them.

But perhaps the most famous footprint, at least the one pressed most deeply in the Western imagination, was never really made at all:

It happen’d one Day about Noon going towards my Boat, I was exceedingly surpriz’d with the Print of a Man’s naked Foot on the Shore, which was very plain to be seen in the Sand: I stood like one Thunder-struck, or as if I had seen an Apparition; I listen’d, I looked round me; I could hear nothing, nor see any thing … there was exactly the very Print of a Foot, Toes, Heel, and every Part of a Foot; how it came thither, I knew not, nor could in the least imagine.

This discovery of a single footprint is the most iconic moment in Daniel Defoe’s Robinson Crusoe, published in 1719 and sometimes referred to as the first modern novel. Robert Louis Stevenson considered it one of four emblematic scenes in literature that, more than any other, have been ‘printed on the mind’s eye forever’. Friday’s impossible mark – how can there be only one, isolated in the middle of an otherwise pristine beach? – has Crusoe spooked. After enduring the solitude of his deserted island, he suddenly sees hints of human presence everywhere, ‘mistaking every bush and tree, and fancying every stump at a distance to be a man’.

The discoveries of Friday’s footprint and the footprints of early humans have such a vivid claim on our imagination because we have all lived a version of it at some point: the sudden feeling of being accompanied by an unseen other. Although you are alone, the air seems somehow closer, or an empty room is still thick with the presence of one only just departed. Someone or something has passed through already.

In the final part of The Waste Land, T. S. Eliot drew inspiration from accounts of the Shackleton expeditions to Antarctica, in which exhausted members of the party would hallucinate that there was always one more person present than could be counted. ‘When I look ahead up the white road,’ complains one of the poem’s many disembodied voices, ‘there is always another one walking beside you.’ It was recently suggested that the Laetoli footprints do not represent a pair walking side by side, as was originally thought, but sets of individual prints made at different times. New high-resolution photographic techniques have revealed a third set of toeprints obscured by the other two. The third walker seems to have favoured their left foot over their right and was perhaps carrying an injury. Wherever they were going, they did not come back by the same route: there are no footprints to mark the return journey.

AS ONE SET OF FOOTPRINTS stepped out of the past, another kind stepped into the future. In May 2013, the same month that the Happisburgh footprints were uncovered, climate scientists at the Mauna Loa Observatory, in Hawaii, announced that atmospheric carbon dioxide levels had reached 400 parts per million (ppm) for the first time in all human history.

For the past eight hundred millennia, since the Happisburgh footprints were pressed in the mud to the middle of the nineteenth century, atmospheric CO2 has oscillated between 180 and 280 ppm as the planet moved between freezing ice ages and warm interglacial periods. The last time concentrations were higher than 280 ppm was during the mid-Pliocene, three and a half million years ago, when the Laetoli footprints were made and our earliest ancestors were only just beginning to diverge from apes. It was in many ways a world we would recognize: the continents were essentially in the same pos-itions they occupy now, inhabited for the most part by similar species of plants and animals, while the same kinds of fish swam in the oceans between them. But the seas themselves were tens of metres above where they are today, and the global mean temperature was around 3 degrees Celsius higher.

If the Pliocene world resembles the one we know, it also, potentially, foreshadows what our world will become. Some scientists look to the mid-Pliocene as a form of ‘palaeo-laboratory’ to better understand the difficult and dangerous world we will live in if the planet continues to heat up. Global mean temperatures are already 1 degree Celsius higher than they were in 1850, and we could reach 1.5 degrees Celsius by the middle of this century, leaving us poised on the threshold of a world that is radically different from the one modern humans evolved in. Already, drought and flood, wildfires and storms, have become more common in many parts of the world, with fatal consequences, but beyond an increase of 1.5 degrees Celsius, we face the prospect of having to rapidly learn how to live on a planet that has become profoundly alien: where crops do not grow as they once did, equatorial cities have become uninhabitable, and low-lying islands and nations sink beneath the sea. Perhaps a fifth of the ecosystems on Earth will undergo some kind of fundamental change if we cross this threshold, but far more worryingly, it would trigger the irreversible thawing of Arctic permafrost, releasing catastrophic levels of greenhouse gases and guaranteeing a return to a Pliocene-like climate within several centuries.

The new Pliocene is not a given, yet. We can still determine a different future. Even so, signs of the changes we have already wrought abound and will be evident to those who inhabit that future, however distant. Much of the carbon dioxide that rose from the furnaces of the industrial revolution and the exhausts of the very first combustion engines still circulates unseen above our heads, while the distinctive isotopes that come from burning fossil fuels are scattered like spores over the entire planet, layered in glaciers and lake sediments. Even if we were to stop using fossil fuels immediately, traces of the carbon we have produced would still linger for time out of mind. David Archer, a climate scientist at the University of Chicago, has estimated that as much as a third of the carbon derived from burning fossil fuels will remain in the atmosphere a thousand years from now. After ten thousand years, this declines to between 10 and 15 per cent, but the last of a long tail, around 7% of anthropogenic carbon, will still be present after one hundred thousand years, long enough to delay future ice ages. Our carbon could influence the climate for the next half a million years.

The entire atmosphere now bears the marks of our passage, like a vast geochemical trace fossil of the journeys we have taken and the energy we have consumed. When the last residue of our carbon finally leaves the atmosphere, humanity will have lived and evolved through another four thousand generations. Language and communication will have altered beyond our ken; how people in the year 102,000 ce talk and think, what they consider to be art or music, may well be unrecognizable to us. What it means to be human may even have changed in ways we cannot imagine, but as that change unfolds and our descendants pull away from us, like the ghostly third figure in Eliot’s poem, we will accompany them.

To produce the spike in atmospheric carbon measured by the Mauna Loa scientists, we have also made countless other deep marks, from the burrows we have dug in pursuit of fuel or minerals to the network of hard-wearing roads that carry them from pit to pump or factory. Our carbon traces won’t be directly legible without specialist knowledge and equipment, but we can already read them in the form of more frequent and intense extreme-weather events. New landscapes shaped by climate change will silently bear witness. Droughts that parch the land or storms that flood it may produce trace fossils of their own, as ecosystems change or collapse altogether and rising seas make living in coastal cities untenable. A huge proportion of anthropogenic carbon isn’t in the atmosphere at all but has been absorbed by the oceans, which are becoming progressively warmer and more acidic, with severe consequences for virtually everything that lives in or depends on them.

The moment I realized the uncanny coincidence of the discoveries in Happisburgh and Hawaii was both thrilling and appalling. In part, it was the curious intimacy of a connection across such a broad stretch of time. Like Crusoe, the Happisburgh prints give us ‘Toes, Heel, and every Part of a Foot’ – individual bodies that walked, and feared, and loved just as we do. But I wondered whether the ‘footprint’ we have left in the atmosphere will also inspire the same sense of recognition. Will future generations feel the past rush toward them, just as 850,000 years contracted to a distance of a few metres when the Happisburgh prints were discovered? Will they, like Crusoe, be alarmed by the realization that our presence still haunts their passage? The footprint has become one of the most widely recognized metaphors for human impact on the planet. Particularly in the West, we are urged to be mindful of how the way we live produces a deeper or shallower chemical imprint on the world’s atmosphere. Our carbon footprint is a mark of how much we care (or don’t) about the consequences of our actions. Sometimes the metaphor is literal, such as the famous exhortation that hikers ‘take only photographs, leave only footprints’. But the suggestion that a footprint is ephemeral, a temporary impression soon wiped clear by wind or rain, masks the reality that our marks will endure for a very long time indeed. Our trace fossils will be inscribed in the planet’s geological, chemical and evolutionary history, legible, in some cases, even to our most distant successors. Long after we are silent, they will speak of how life was lived in the late twentieth and early twenty-first centuries.

We can only speculate about who might notice them many years from now, if at all. Perhaps no one will be around to read our traces, but nonetheless we are, everywhere, constantly, and with the most astonishing profligacy, leaving a legacy that will endure for hundreds of thousands or even hundreds of millions of years to come. Like the Happisburgh prints, what seems most fleeting presages the most incredible leap in time. We are conjuring ourselves as ghosts who will haunt the very deep future.

I TEACH ENGLISH LITERATURE at the University of Edinburgh. In early 2013, only a few months before the Mauna Loa announcement and the discovery at Happisburgh, I began teaching a course concerned with writing about nature and place. Since then, once a week in the spring semester, my students and I gather in a small room around tables of lacquered blond wood, a surface that feels more like plastic than pine, and talk about the work of writers like Edward Thomas, Kathleen Jamie, and W. G. Sebald. One side of the room is all windows that open out onto a view of Salisbury Crags, a wave of fine-grained dolerite cliffs breaking at the foot of Arthur’s Seat, the extinct volcano around which Edinburgh has wrapped itself for more than a thousand years.

My fascination with the idea of deep time began with teaching this course in the shadow of Salisbury Crags. Like the hub of an enormous wheel, the crags are both an emblem and a point of orientation for the city of Edinburgh. The path that runs around the base of the cliffs offers spectacular views of the rampart of the Pentland Hills to the south, and to the north and west, the Georgian New Town, the Forth estuary, and beyond to the low hills of Fife. But the crags hold an even more special place in the history of time. In the eighteenth century, while Edinburgh was the hub of an extraordinary clamour of intellectual activity known as the Scottish Enlightenment, the area was a quarry. A gentleman farmer named James Hutton used the crags to demonstrate his theory that sedimentary rocks are gradually lifted into mountains by immense heat and pressure from below the ground. His discovery of a fist of reddish igneous rock closed around a paler chip of much older dolerite, now known as Hutton’s Section, proved that molten rock intruded upon older sedimentary layers. Hutton’s Theory of the Earth, published in 1788, was the first scientific work to imagine the immensely long timescales required to shape the planet.

Hutton’s ideas set him at odds with geologists today: whereas he saw the world as a machine, endlessly running through cycles of sedimentation that lifted the earth and erosion that ground it down, modern geologists acknowledge that the planet is shaped by sudden events as well as predictable processes, that cataclysms – an abrupt increase in Volcanic activity, or a meteor strike – have as much influence as the orderly cycles Hutton identified. Rather, his legacy is the scope he gave others to think with. His real innovation was to fundamentally change how we look at the world around us. Such a vision, measured in grains of sand, required hundreds of millions of years, deep time beyond anything that had been envisaged before.

Hutton’s section was one of the first places where deep time was imagined, but the phrase is not his. Curiously, it first appears in a reflection on how long good writing might last. ‘All work is as seed sown’, wrote the Scottish polymath Thomas Carlyle in 1832, in an essay on James Boswell’s The Life of Samuel Johnson that speculated on the longevity of Johnson’s writing. ‘It grows and spreads and sows itself, and so, in endless palingenesis’ – or rebirth – ‘lives and works. Who shall compute what effects have been produced, and are still, and into deep Time, producing?’ Just under 150 years later it was popularized by the American essayist John McPhee in Basin and Range, a book about the landscape of the southwestern United States. But like the fingers of magma that fired his imagination, Hutton’s vision of deep time intruded upon the minds of the poets and writers who followed him. We can read traces of Hutton’s thinking in Tennyson’s In Memoriam (‘The hills are shadows, and they flow / From form to form’). In ‘On the Sea’, Keats fancies that the ocean ‘gluts twice ten thousand Caverns’, and in Shelley’s ‘Mont Blanc’, the slow violence of glaciation becomes ‘a flood of ruin’, producing landscapes ‘ghastly, and scarr’d, and riven’. For some, deep time replenished a sense of mystery depleted by the loosening bonds of religious faith. ‘How little do we know of the business of the earth’, wrote Edward Thomas, ‘not to speak of the universe; of time, not to speak of eternity’. Without Hutton’s insight into the great age of the planet, Charles Darwin would not have had the scope to conceive his theory of evolution. From the perspective of very deep time, the most intractable rocks appear as fragile as eggshells, as free flowing as water.

Treating the planet as a succession of sinks and taps, as we have, has kept us focused on the present, concealing the fact that we also inhabit this flow. Earth’s long pulse shapes the arc of our lives, but to see this poses a tremendous challenge to our everyday imaginations. For the most part, deep time is ‘the strange sleep’, which, according to Shelley, ‘wraps all in its own deep eternity’.

One day in November 1944, standing on a ‘bare ocean-moulded hill’ in the chalk uplands of Dorset, the Irish writer John Stewart Collis sought to peer through the veil. ‘I pressed my mind back through the bottomless abysses of time’, he wrote later. The effort is beyond him, but it summons a memory of when time did, briefly, stand revealed:

Once, in the middle of the Atlantic, looking at the horizon, I tried to imagine the space beyond it. For a second I had a true glimpse of that space, and of the space beyond that space. And perhaps for as much as a second now, I saw the reality of a hundred million years.

In the ocean’s immensity, the truly deep age of the earth flares for an instant with the force of a vision. In the rhetoric of ancient Greece, the term for this irruption of clarity was enargeia, and it described a speaker’s capacity to peer beyond the present moment: Aristotle wrote that enargeia allowed an audience to ‘see things occurring now, not hear of it as in the future’. What Collis saw as he sought to push his mind’s eye beyond the grey horizon was the enargeia of deep time, rhyming the pitch and roll of the Atlantic with an uncanny tilt of the senses. The same vision is available to us, too, if we choose to look with patience and care, and by it we can catch, as Shelley did, ‘gleams of a remoter world’.

Or perhaps not so remote. What enargeia reveals is not always easy to face – the poet Alice Oswald’s translation of the term is ‘bright unbearable reality’. Not long after the peak in May 2013, global atmospheric CO2 dropped below 400 ppm, but this was only a brief reprieve. Allowing for fluctuations, today the level of CO2 in the atmosphere is around 410 ppm, rising at around 2 ppm per year. Climate scientists at the Australian National University recently proposed that human activity is forcing changes to the Earth system 170 times faster than natural processes. By this queasy calculus, we will see ten thousand years of environmental change in fifty-eight years, less than a single lifetime.

Some geologists think that this staggering rate of change justifies the naming of a new phase in planetary history. For more than one hundred years the International Chronostratigraphic Chart, which lays down the sequence of geologic time, has culminated with the Holocene, the period of benign climate that began around 11,700 years ago with the end of the last ice age and coincided with the development of human society. But in 2009, the International Commission on Stratigraphy (ICS) charged a group of geologists, biologists, atmospheric chemists, polar and marine scientists, archaeologists and Earth scientists with establishing whether or not the chart should be updated to reflect the onset of a new unit of geological time: the Anthropocene, or the time of the human. The Anthropocene Working Group has focused its efforts on a search for evidence of wholesale change in the way the earth works as a system of interdependent geochemical, sedimentary and biological processes. For the evidence to be compelling, they determined, it must produce new and distinct layers in the stratigraphic record. The group explored human-mediated acceleration in the rates of erosion and sedimentation, disturbances to the major chemical cycles (carbon, nitrogen, and phosphorus), the likelihood of significant changes in sea level, and the effect of human activity on the diversity and distribution of species across the globe. They examined the potential for synthetic materials, from artificial radionuclides produced by nuclear testing to plastic waste, to leave an identifiable signal in the strata. Many of these changes and signals, they concluded, are not only present and observable now but also effectively a permanent part of the archaeological and stratigraphic record.

When determining the boundaries of geologic time, stratigraphers search for sites where evidence of the shift from one geological age to another glitters in the dark of deep time. Such boundary sites are sometimes referred to as ‘golden spikes’, and marked by a bronze plaque hammered into the rock. But what the Anthropocene Working Group sought was the flash of enargeia: not the residues of worlds past, but the difficult brightness of a new world arriving. Geology is a cautious discipline: many who practise it feel that the process for introducing a new entry in the International Chronostratigraphic Chart ought to be as patient as forming a novel layer in the strata. But in 2016, at the International Geological Congress in Cape Town, the members of the ICS voted nearly unanimously that the Anthropocene was a stratigraphic reality and that it coincided with the eruption of technological innovation and material consumption in the middle of the twentieth century. The AWG is currently working on a proposal to formalize the Anthropocene as a new unit in geologic time.

Hutton learned to read the deep past in the rocks he saw every day, and according to the Anthropocene Working Group we can now read something of the deep future in even the most ordinary artefacts. The evidence of the Anthropocene is all around us, inextricably woven into the way we live our lives. But to see it, we need to face the ‘bright unbearable reality’ of the world we have made.

IN MY CLASS, as the crags loom darkly outside our window, we busy ourselves with words on the page. For ten weeks, my students and I share ideas about what others have said about the natural world. We tour vicariously through Scottish moors and English woods, following in the footsteps, if only figuratively, of writers who have traced a river from source to sea or pursued a bird of prey across winter fields. Field trips aren’t usually undertaken by literature students, but as if to acknowledge that ours is only a second-hand study of nature, at the end of the course we finally step outside the classroom. One Saturday morning in March we board a train to Dunbar, fifty kilometres east of Edinburgh, on the Lothian coast.

Our route from the train station to Barns Ness Lighthouse is only around twelve kilometres there and back, along a low, rocky shore. The walk begins by skirting the edge of the well-disciplined greens of the town golf course, following a thin ribbon of turf marked out for the benefit of walkers. The manicured lawns contrast strikingly with the disorderly flotsam piled up where the green gives way abruptly to pebbled beach. But as the last hole tapers away in a tangle of unruly grass, a much more complex scene starts to take shape.

It is, in truth, a rather functional landscape, pinned to a narrow strip of coastline by the grey barrier of the A1, the faint susurrus of distant traffic mingling with the sighing waves. At the far end of the beach that curls away from the golf course, a modern cement works, fed by a huge open-cut pit, overlooks a clutch of derelict nineteenth-century kilns, relics of the time when layers of coal and limestone were stripped and burned to provide quicklime for local farmers. The kilns, too dangerous to enter, are encircled by a chain-link fence and wreathed with warning signs. The whole scene sits on top of a limestone pavement, source of the materials cooked up in the kilns 150 years ago. Most of the fossils here are, like the Happisburgh footprints, trace fossils. Thousands of curved tubes, the tiny marks of long-extinct animals burrowing for shelter or food, are strewn across the pavement like pieces of macaroni. A large area is pockmarked with dozens of shallow basins, thought to mark the sites of individual trees that grew in a tropical Carboniferous forest when Scotland lay nearly at the equator. Some basins are filled with seatearth, a fossilized wetland soil in which you can still see the fine tracery of ancient roots.

As the naturalist Adam Nicolson has said, in geological terms northern Europe is a landscape in recovery, still reeling from the immense trauma of glaciation. Since the ice sheets melted away, the British Isles have been rising slowly through a process called isostatic uplift – rebounding into shape like a pillow relieved of the weight of a sleeper’s head. Just as the mountains in the Highlands of Scotland, which once rose higher than the Himalayas, have been ground down to nubs, the town, the motorway, the lime kilns, and the cement works will weather away over time until virtually no trace remains. But before that erasure they will have marked the earth indelibly. The cement works are a reminder of the truly sublime quantities of concrete that we have produced, and the processes involved. Humans have been earth movers for thousands of years. It’s thought that if all the evidence of human geomorphology to date were heaped together, the spoil would form a mountain range four thousand metres high, forty kilometres wide, and one hundred kilometres long. But by the end of the twenty-first century we will have shifted as much stone and sediment in 150 years, through mining, construction, and road building, as humans moved in the preceding five millennia. Every year we move around eighteen thousand times more rock than the Krakatoa eruption in 1883. Around half a trillion metric tonnes of concrete have so far been cast for human use, enough to spread a kilogram layer across every square metre of the earth’s surface, half of it produced in the last twenty years.

A few miles to the south of the limestone pavement lies Torness Nuclear Power Station. In time to come, there will be nothing left of the installation itself except perhaps an irradiated patch of ground. But the waste it has produced, even in the thirty or so years since it opened, will leave a trail across the globe. Much of the uranium processed at Torness comes from Australia, from underground mines like Olympic Dam in South Australia or open-cast mines like Ranger in the Northern Territory – a vast crater, stepped like an Incan city, which has displaced tens of millions of tonnes of rock. At present, spent fuel from Torness is delivered to Sellafield in Cumbria, the largest nuclear facility in the UK, along with 80 per cent of all the country’s high-level waste. Thousands of cubic metres of waste, accumulated in the first four decades since the plant opened in the 1950s, are still stored in huge open-air concrete storage ponds. Photographs leaked to the press in 2014 showed seagulls bathing in the water. In some of the oldest laboratories, now decommissioned, it is unclear exactly how much or what kind of deadly material they contain. Most of the waste received at Sellafield today is reprocessed, but a stubborn remainder of around 3 per cent is left over. In lieu of a more permanent solution, this is mixed with liquid glass at 1,200 degrees Celsius. When it cools, the mixture vitrifies, forming solid blocks of irradiated glass. Sellafield houses six thousand steel containers of vitrified waste like huge toxic sugar cubes. The bitter material within will be lethal for thousands of years – still harmful to people for whom we will be little more than a rumour.

Other, more banal materials on this shore possess the same astonishing reach through time. We all carry packed lunches with us on our trip, which include a lot of foil- or plastic-wrapped sandwiches. We diligently take all our rubbish away with us, until we can deposit it in the nearest bin. The majority of Edinburgh’s household waste in fact ends up not far from this beach, in a landfill site lined with clay and plastic. Most modern landfills are constructed this way, creating an airtight and watertight seal to prevent toxic materials from leaching into the groundwater, effectively mummifying their contents. In the 1970s, an archaeologist called William Rathje became interested in what happens inside landfills. For the next twenty years he excavated sites around Tucson, Arizona, and reported finding forty-year-old hot dogs, twenty-five-year-old lettuce still in storefront condition, and – in the mid-1980s – an order of guacamole that looked ready to eat despite having been buried alongside a newspaper from 1967. If food can last for decades in mid-twentieth-century landfills, more durable materials like plastic and aluminum buried in modern landfill conditions will certainly retain recognizable forms for far longer.

Since the middle of the twentieth century we have produced enough aluminium, around five hundred million metric tonnes, to cover the whole of the United States in kitchen foil. The majority of the millions of tonnes of plastic that enter the ocean each year falls to the ocean floor, where it will be folded into the sediment as a layer in the geological strata, effectively a permanent addition – at least until the heat and pressure turn it back into oil or the section of seafloor is raised up and eroded, processes that will be measured in tens of millions of years. Even the contents of our sandwiches can tell a story. Sixty billion chickens are killed for human consumption each year; in the future, fossilized chicken bones will be present on every continent as a testimony to the intrusion of human appetites in the geological record. These most ordinary and familiar things, each with the potential to become a new fossil, bring the intimacies of the Anthropocene up close.

As we leave for our train back to Edinburgh, we turn away from this beach, but it will remember us.

FOOTPRINTS IS MY ATTEMPT to discover how we will be remembered by the very deep future. People have been modifying the land and changing ecosystems for thousands of years, but the alterations to the planet and the ever-more-durable materials we (mostly in the global North) have made since the industrial revolution have come with unprecedented speed and invention, and will leave long-lasting marks, beyond anything humans have produced before. In my search for future fossils, I look to the air, the oceans, and the rock, from a bubble of ice drawn from the heart of Antarctica to a tomb for radioactive waste deep beneath the Finnish bedrock. I examine the landscapes and objects that will endure the longest and the changes they will undergo: the processes that will transform a megacity into a thin layer of concrete, steel and glass in the strata; the future of the fifty million kilometres of roads that circle the planet and supply our cities with materials moved over vast distances; and the stories of those materials themselves, like the five trillion pieces of plastic waste already circulating in the world’s oceans.

But it is also a search for what will be lost. As biodiversity declines, silence will itself be a signal, absence another kind of trace. Bleached coral reefs, like the one I saw in Australia, will be monuments to this loss, but so will marine dead zones such as the huge area of anoxic water I visited in the Baltic Sea. Ice cores represent an astonishing archive of past climates, including the changes introduced by human activity, but as the ice melts, part of this record will go with it, while the loss of ice will write a new story in the planetary archive. There are also dangerous and highly durable substances like nuclear waste that we hope will remain hidden and forgotten altogether. And for all the many marks we will leave that cannot be mistaken – the deep pits we gouged in the earth and the rich pockets of landfill that hoard our waste – we will also leave our impression on worlds we can’t see. Microbial life is responsible for engineering virtually every key life process and chemical cycle, flooding the atmosphere with life-giving oxygen, but its role has been usurped. At the end of my journey I examine how our prints will linger in the cells of some of the smallest life-forms on earth.

To perceive future fossils means to see what the Anthropocene’s bright unbearable reality reveals; to look at a city as a geologist might, and to approach the problem of making nuclear waste safe from the perspective of an engineer; to understand the chemical stories in a piece of plastic waste, and to listen to the silences that echo in collapsed ecosystems. But it has also sent me back, again and again, to the essential elements of what I talk about with my students: to narrative, myth, image, and metaphor. I want to discover the world we will leave behind, but also how we will appear to the people who may live in that world. It’s an account of what will survive of us, and for that we need poets as much as we need palaeontologists. With stories we can see the world as it is and as it might be; art can help us imagine how close we are to the extraordinarily distant future.

We already know that the Anthropocene is a global story, but we don’t need to go far to find evidence of it. Future fossils are all around us, in our homes, in our workplaces, and even in our bodies. So my journey began in Edinburgh, and while it also led me to some very faraway places, it returned periodically to the North Sea world in which I feel at home. Much of my search also took place while I held a visiting fellowship at a university in Sydney, about as far from Scotland as it is possible to go, and a sweltering contrast with the northern climes I am accustomed to. At times, I found I had to seek out particular places to better understand their role in shaping our future traces: to learn about how cities might become fossils, I visited Shanghai, a city of twenty-four million people that has sunk under its own massive weight by over two metres in less than a hundred years. But what struck me most forcefully was how ubiquitous future fossils are. Our present is saturated with things that will endure into the deep future. As you read this, you will also, in all likelihood, be surrounded by objects and materials that could contribute to making a trace fossil. Before you begin to take this journey with me, look up from the page and imagine how the things around you – the plastic casing of your laptop and its titanium innards or the coffee cup standing beside it – might remain, even just as an impression in stone, millions of years from now.

Future fossils are not just a distant prospect to be left to the patient care of geological processes or the curiosity of generations yet to be born. They touch our lives hundreds of times every day, and we can see in them, if we choose, not only who we are but also who we could be. We have already fundamentally altered the systems that support life on the planet, in ways that are deeply sobering. The most vulnerable will be the worst affected, and the full costs to future generations have yet to be calculated. Our future fossils are our legacy and therefore our opportunity to choose how we will be remembered. They will record whether we carried on heedlessly despite the dangers we knew to lie ahead, or whether we cared enough to change our course. Our footprints will reveal how we lived to anyone still around to discover them, hinting at the things we cherished or neglected, the journeys we made and the direction we chose to take.




ONE

THE INSATIABLE ROAD

It was billed as a once-in-a-lifetime opportunity: the chance to walk Scotland’s newest stretch of road, spanning the banks of the Firth of Forth.

Since 1964, all road traffic across the estuary had been borne by the Forth Road Bridge, a burden comprising hundreds of millions of journeys north and south. The old bridge had begun to show the strain, though, and so a new one was commissioned. It took six years to complete. My family had followed its unhurried construction as the deck inched over the water and the web of cables slowly knitted together. From the beach near our house we could see the rising towers nudge above the hill between Edinburgh and South Queensferry, where the bridge was being built. Whenever we drove west from the city, my children would point out changes in its shape and size. Now it was finally ready to open, and to celebrate, a ballot had selected fifty thousand people to walk its 2.7-kilometre span across the estuary. We were lucky enough to be among them, and so on a golden Saturday in September, we set off to make on foot a journey that would thereafter be possible only at fifty miles per hour.

We met the bus that would take us the eight kilometres or so to South Queensferry in an industrial park on the outskirts of Edinburgh, and the new bridge rose into view as we travelled west along the estuary. At a distance, the Queensferry Crossing is a miracle of light and air, held in place by gleaming white threads strung from three spindle-like towers. The cables that lace it together resemble strings on the soundboards of a series of upended pianos, and the deck rises and dips like the harmonic curve in the neck of a harp. ‘How could mere toil align thy choiring strings!’ wrote Hart Crane of Brooklyn’s famous bridge. I wondered what enchanted music a strong North Sea wind might make as it barrelled down the estuary.

Our bus pulled into the empty multi-lane motorway just before the bridge’s southern rampart rose over the water, and we joined the crowds strolling north towards Fife. As the asphalt crunched under my feet, the airy impression I’d had from a distance resolved into something much weightier. The white cables, which had looked so slender, were thicker than my body. Viewed obliquely, they seemed to bond into a single white wall. The road surface was hard and unyielding, and fist-like rivets bulged from every knuckled stanchion and guardrail. The lightness, rather, was in me. I felt giddy walking on a surface never intended for foot traffic; it was as if in stepping out over the water we had also stepped into a wholly different relationship with the space around us. Uniquely, the bridge’s textures were there to be sampled: the cables’ bone-white smoothness, the glaucous sheen on the barriers between the carriageways, the road’s coarse grain. There was a thrill in the air, a mood of trespass. In reality, the event was subject to airport-levels of organization and stricture; bag-searched and photo-ID’d before we arrived at the bridge, we had firm instructions not to take longer than an hour or we would risk missing our return bus. But for a brief, beguiling moment, it felt like we were reclaiming the road.

Really, we have conceded so much. Most of us live and wander only where road networks permit us to, creeping along their edges and lulled into deafness by their constant roar. Man ‘sets his house upon the road’, lamented Ralph Waldo Emerson in 1849, and every day the human race goes forth and cuts a path for him to follow. But on this journey we could roam where we pleased, no longer confined to the curb; rather than the growl and whine of engines, the sounds were light and textured, of voices, laughter and the soft crump of hundreds of footsteps. This new road, built to withstand more than twenty million motorized journeys every year, seemed more like a road out of the pre-industrial past, a pilgrim route made by tramping feet. Or perhaps a vision of roads to come, when the oil is gone and the engines are silent.

At the base of each tower, a large sign listed the facts and figures of its construction. The bridge, which at a distance seemed to float above the water, was bound to the earth by superlatives. One hundred and fifty thousand tonnes of concrete and thirty-five thousand tonnes of Chinese steel, shipped to Rosyth from Shanghai shipyards, went into its construction, and thirty-seven thousand kilometres of cables, only just short of enough to circle the Earth at the equator. Laying the foundations for the south tower involved the longest ever continuous underwater pour of concrete: nearly seventeen thousand cubic metres, tipped night and day for fifteen days into the rock beneath the river. Excavating the site for the new network of roads that would connect to the bridge had revealed the remains of a Mesolithic sunken-floored house, the oldest dwelling ever discovered in Scotland. The remains of a clutch of post holes, now just shadows in the earth, along with charred hazelnut shells and fragments of burnt bone had survived in the mud for perhaps as long as eleven thousand years. But the aggregate seam of concrete pressed into the bedrock beneath the south tower, crushed Scottish granite or English limestone mixed with sand from India or China, will have a far more long-lasting presence, posing a riddle for future geologists to puzzle over.

A rude honking from the river barged through the chatter of voices as a container ship passed beneath us, sounding its horn in acknowledgment as it followed its own watery road.

At the bridge’s northern end, a small crowd had gathered around a knot of photographers. Scotland’s first minister was giving an interview, and we hovered for a chance to take our children’s picture with
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