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Introduction

IT’S FEBRUARY 2018, and I am sitting in a bright orange tent, pitched on a glacier 12 kilometres wide. This frozen river of ice, the Sibelius Glacier, is located in the centre of Alexander Island, Antarctica’s largest island and the second largest uninhabited island on earth. Very few people have been here before, and tomorrow my field assistant and I will ski south to explore and investigate part of a small range of hills that no one has yet visited. A place where no human feet have yet trodden. There are fewer and fewer places on earth where this claim can be made.



I LOOK OUT of the tent flap, across the featureless white river of ice to the soaring bulk of the mountain to the east. Its name is Mount Stephenson, and, like almost every other peak in the area, it has never been climbed. The mountain’s western face rises almost vertically 3 kilometres from the brilliant white, pristine glacier to loom over the local hills. The scale and grandeur of the natural environment render me speechless, and I stare out at the scene, listening to the murmur of the wind, which, apart from my own heartbeat, is the only sound in this immense frozen world. Our tent is insignificant in a vast white landscape. Here, away from the frenetic bustle of civilization, people are irrelevant. But I know things are not that simple. The snow and ice may look immortal and pristine, but this is a landscape on the brink.

Ten months later, and I am back at my desk in Cambridge. I am looking at a newly downloaded satellite image of the Wilkins Ice Shelf, a large, floating mass of ice into which the Sibelius Glacier flows. The ice shelf is fracturing and disintegrating. It is a process that started almost a decade ago. This ice shelf, like most of the others on the Antarctic Peninsula, is dying. The oceanographers tell me that it is due to warmer seawater penetrating beneath the floating shelf and melting it from below. Just one more sign of global warming in this fragile region. The Antarctic Peninsula is an area that has warmed by over 4°C in the last fifty years. Once the ice shelf has gone, the glaciers behind it, including Sibelius, will accelerate, flowing faster into the sea. Their ice surface will fall, more rock outcrop will become exposed and, over time, their great fields of ice will disappear. And so a landscape largely unseen by human eyes may disappear because of human-made climate change.

And it is not just the ice. The biology and wildlife, from phytoplankton to penguins, are threatened by change. Only half of all emperor penguin colonies have ever been visited by humans, and yet in a hundred years’ time less than half of the colonies that exist today will still be here. This is not an arbitrary concept. Antarctica might be remote and otherworldly, stuck away at the bottom of the planet, seen only by rich tourists and on wildlife documentaries, but it is vital. The oceans around the continent control the world’s weather systems and soak up half of the extra atmospheric carbon that humans produce. If it melts, the land carries enough ice to swamp the world’s coastal cities. Its fragile environment acts as a bell warning of the environmental consequences that could affect other parts of the world. Far from being abstract, Antarctica has direct relevance to us all.

This is one of the reasons I have written this book. On one hand, I wanted to share my wonder at Antarctica, its awesome beauty and harsh magic. But on the other, I also wanted to try to explain the importance of the white continent and to tell the story of change in this, the most remote of all places. I hope that I can convey some of my enthusiasm and love of Earth’s last great wilderness as well as my concern for that environment.

This is a book of maps. Each map is new, and many of the concepts mapped have never been presented in this way before. The map is a wonderful medium for conveying information. I have always felt that, if a picture is worth a thousand words, a map can tell a whole story. I have been making maps professionally for twenty years, and I love them as a way of communicating abstract ideas. I know that getting the balance right between artistry and information, detail and simplicity, is a delicate compromise. Maps can be things of beauty, but they must also convey a clear message or story to the viewer. The best maps do both: we understand them intuitively and they often delight and entertain us by revealing hidden detail on closer inspection. This book uses maps to highlight and invigorate what could otherwise become dense and complex scientific messages. Each map tells its own story, and the book is designed for each page to stand alone so that you can dip in or out or browse specific sections.

During my research I spoke with many of the world’s experts about what is happening in Antarctica: glaciologists, oceanographers, geographers, historians, logistics experts, modellers, ecologists, geologists and geophysicists. I am lucky to be in a virtually unique position. I have worked at the British Antarctic Survey (BAS) for eighteen years, and over much of that time my job has been to make maps. I calculate that I have made more than two thousand – for scientific papers, posters, presentations, analysis and reports. As well as maps for the BAS, I have made maps for the Intergovernmental Panel on Climate Change, the Scientific Committee on Antarctic Research and the Foreign Office and for many other books and publications. I have also made a number of published wall maps, but over the years, as the analysis becomes more complex and the techniques I use more original, my job has changed from cartographer to scientist. Over the last decade I have authored or co-authored fifty research papers, and I am lucky enough to have collaborated on many projects with leading scientists across disciplines. This has given me access to prominent scientists around the world who work on Antarctic studies, many of whom have helped with the research for this book.
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I have spent four field seasons in Antarctica, sometimes on a research station, sometimes on a ship and sometimes in a tent. Being an Antarctic scientist is a privilege, one that often we don’t fully appreciate. We view places few others will ever see and experience environments most people will never encounter. It is almost always physically demanding, sometimes dangerous and often disappointing. Antarctica can be cruel, and the severity of the environment destroys the hopes and ambitions of many researchers. But when we get back and have time to contemplate, almost everyone who has been out there finds that the Antarctic has touched them deeply, leaving an indelible mark on their soul.

That is my overriding feeling about Antarctica. It is a place apart, like nowhere else on Earth. It holds an almost mythical fascination, and in a world that is becoming ever more connected, smaller and more civilized, the thought that this untouched white wilderness still exists renders it even more alien and otherworldly. How long the continent will stay that way and what its future holds are still to be decided. One of the other lessons that I have learned in the making of this book is that, although change to our environment is inevitable, how much change and what future we choose is up to us. It is still not too late to make that choice.

PETER FRETWELL, December 2019
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THE BRITISH ANTARCTIC SURVEY (BAS), an institute of the Natural Environment Research Council, delivers and enables world-leading interdisciplinary research in the polar regions. Its skilled science and support staff, based in Cambridge, Antarctica and the Arctic, work together to deliver research that uses the polar regions to advance our understanding of Earth and our impact on it.

Through its extensive logistic capability and knowhow, BAS facilitates access for the British and international science community to the UK polar research operation. Numerous national and international collaborations, combined with an excellent infrastructure, help sustain a world-leading position for the UK in Antarctic affairs. The UK is one of over thirty countries operating scientific research facilities in Antarctica.

BAS operates two year-round and three summer-only research stations in Antarctica, as well as two stations on South Georgia in the Southern Ocean. It maintains the stations and supports many field parties with the help of two polar ships and a fleet of five specialist aircraft. Over the past fifty years, BAS has been responsible for many scientific breakthroughs, including the discovery of the ozone hole, and has led major interdisciplinary projects to extract ice cores and to understand, map and model the Antarctic continent.

The vision of BAS is to be a world-leading centre for polar science and polar operations, addressing issues of global importance and helping society adapt to a changing world.
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1. The white continent

THIS MAP SHOWS the general shape and geography of Antarctica. The continent is often split into three parts: the Antarctic Peninsula, West Antarctica and East Antarctica.

The rocky arm of the Antarctic Peninsula stretches 1,000 kilometres northwards from the main continental land mass. Geologically, it is an ancient part of the Andes Mountains in South America, and its steep sides fall precipitously into the sea, with many deep fjords and islands.

West and East Antarctica are dominated by vast ice sheets, immense, featureless domes of ice several kilometres thick. They are separated by the Transantarctic Mountains, the great mountain chain that dissects the continent. East Antarctica is larger, and its ice sheets are higher and thicker. These ice sheets rise to a series of ice domes. The highest, in the centre of the continent, is over 4,000 metres above sea level. West Antarctica is smaller and lower and lacks the great ice sheets of East Antarctica.

Most of the continent is surrounded by ice shelves – these are flat platforms of floating ice formed when glaciers flow into the ocean, but, rather than breaking off to form an iceberg, the floating ice merges with other glaciers to create a flat expanse of floating ice. These shelves can be hundreds of metres thick and can extend for hundreds of kilometres away from the coast. On either side of the continent, between East and West Antarctica, major indentations in the coastline give rise to two massive shelves – the Ross Ice Shelf and the Ronne-Filchner. The Ross Ice Shelf is larger than Spain and the Ronne-Filchner is only a little smaller.
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2. The seven poles

EVERYONE KNOWS THAT the South Pole is in Antarctica, but this, the Geographic South Pole, (0ºE, 90ºS) is only one of several poles on the continent. As well as this geographic pole, there two types of magnetic pole. The first is the true Magnetic South Pole, the point where a southward-facing compass arrow points vertically down. This position wanders between 10 and 15 kilometres each year, owing to the movement of molten rock deep in the Earth’s interior, and is not symmetrical between the North and South Poles. Then there’s the Geomagnetic South Pole, a fixed, symmetrical approximation of the true position, that geographers and navigators find easier to work with. The magnetic pole is off the coast of East Antarctica, presently at 136.1 east, 64.2 south, while the geomagnetic pole is deep in the continental interior, high on the East Antarctic ice sheet, at 107.0 degrees east, 80.5 degrees south.

In addition to these three classical poles, there are a number of others. The first is the Pole of Isolation; the point in Antarctica furthest from permanent human occupation. This spot, on the Marie Byrd Land coast at 138 degrees west, 75 degrees south, was once the site of a Russian research station, but this has been abandoned since 1980. If you were standing there today, you would be over 1,400 kilometres from the nearest human habitation, in possibly the most isolated location in the world.

The next most well-known pole is the Pole of Inaccessibility, the place furthest from the coast. This is at 64.7 degrees east, 83.9 degrees south, high on the East Antarctic plateau, 1,580 kilometres from the open sea.

Next is the Pole of Ignorance, a term coined for the area we know least about. In the context of Antarctica, this is the poorest-mapped part of the Antarctic subglacial bed, and it is also in East Antarctica, in Princess Elizabeth Land, at 85.5 degrees east, 75 degrees south.

Finally, there is the Pole of Mass. This is where the centre of gravity of the vast Antarctic ice sheet rests. Not surprisingly, this is close to the centre of the high East Antarctic ice sheet, at 89 degrees east, 83.5 degrees south.
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3. The meaning of Antarctica

ANTARCTICA IS THE continent surrounding the South Pole, the southern end of the axis on which the Earth turns, but how do we define which bits are and which bits are not Antarctica? The term ‘the Antarctic’ includes the seas of the Southern Ocean, whereas ‘Antarctica’ refers purely to the land. But what exactly constitutes land here? The difference between this and other parts of the world is the ice shelves, which are just frozen water floating on unfrozen water. Should we count this as land? Do the offshore islands count as Antarctica and, if so, which ones? Like many areas of geography, the answer depends on who you are and what you want the answer to be.

The Antarctic

1. Politically, all sea and land below 60 degrees south. This boundary is the basis for the Antarctic Treaty, the political agreement that governs the continent.

2. Biologically, the area below the sharp temperature gradient in the ocean surface that separates the warm subtropical water from the cold polar waters, the ‘polar front’. This definition is often used to define the Southern Ocean.

3. Geologically, the Antarctic Plate, the tectonic plate on which Antarctica sits.

Antarctica

4. Politically, the coastline of the Antarctic continent, including all the islands, land and ice shelves below 60 degrees south. This is, technically, what the Antarctic Treaty defines Antarctica as.

5. Technically, the coastline of grounded ice, not including floating ice shelves. If you are of the opinion that floating ice cannot be classed as land, this would be your definition.

6. Geologically, the continental block inland of the Antarctic continental shelf on which the main land mass sits. This does not contain several island groups (such as the South Orkney Islands) included in the political definition.
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4. A continent of many lands

WHEN EXPLORERS FIRST sighted the mainland of Antarctica, they each named the part of the coast they landed on, explored and charted, and over the years the coastline was divided up into various portions called ‘lands’. As the first explorers all came by boat, they defined only the coasts, usually between prominent capes or headlands or perhaps up to a large island or ice shelf. Having no way of exploring the hinterland behind the coastal strip, the inland extent of each land was never specified, and over time we have imagined that each land extends inwards from the coast towards the pole, splitting the continent into segments, like pieces of pie.

Some of the lands, like Graham Land and Palmer Land (both on the ‘Antarctic Peninsula’), are named after the explorers who first sailed down the coasts there, but later captains named lands after royalty or, occasionally, after a member of their family. Several portions of the continent that could not be reached by ship remained unnamed for many decades. The most recent land to be named was a segment south of the Ronne-Filchner Ice Shelf, between 20 and 80 degrees west, which was named Queen Elizabeth Land on the queen’s Diamond Jubilee in 2012. Yet there remains one unnamed segment of Antarctica, a small portion of the continental mainland due south of the Ross Ice Shelf that encompasses part of the Transantarctic Mountains and high polar plateau.

Today, each country engaged in Antarctic research has the right to name newly discovered features, although this can lead to confusion when two countries name the same place differently, as sometimes happens. In one of its many coordinating roles, the Scientific Committee on Antarctic Research tries to coordinate place-naming efforts between nations to reduce duplication and uncertainty.
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5. Size matters

THE SHEER SIZE OF ANTARCTICA is difficult to conceive. If it was a country, it would be the second-largest in the world, after Russia, and flying across it, from the tip of the Antarctic Peninsula to the far side, would involve the same distance as that between London and New York. While we usually think of Antarctica as a single entity, its sheer size means that it has many regional differences, in climate, biology and environment. These graphics attempt to convey this sense of scale, comparing the geographical area of Antarctica with several other well-known land masses.
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5,660 KM ANTARCTICA 13.9M KM2

57 TIMES THE SIZE OF THE UK

1.7 TIMES THE SIZE OF THE US CONTIGUOUS STATES; 1.4 TIMES THE SIZE OF THE ENTIRE USA

4.2 TIMES THE SIZE OF INDIA

1.8 TIMES THE SIZE OF AUSTRALIA

1.5 TIMES THE SIZE OF CHINA


6. The shelf and the sheet

THE MOST IMPORTANT THING to understand about Antarctic geography is the difference between an ice shelf and an ice sheet. Often misquoted and misunderstood, both terms refer to types of glacial ice – ice that has formed on land from compacted snow – but other than that, there are a number of subtle differences between the two.

The ice sheet covers the centre of the continent and its base rests on the rock beneath it. It is usually very thick, averaging around 2 kilometres, and although some areas of ice are relatively fast-moving (usually termed ‘ice streams’), on the whole its ice moves slowly.

By comparison, ice shelves are situated around the periphery of the land mass. They are fast-moving and much thinner – never over a kilometre thick – but the key distinction is that ice shelves are floating. Ice floats when you put it in water
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7. The day, the night and the half-light
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