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Praise for Journey to the Centre of the Earth

‘Revealing some of the wonder of what is beneath our feet, [Whitehouse] looks at the science of seismology and explains how far we have already gone. Deep mines, volcanoes, earthquakes, underground oceans, and the nature of life are all subjects of inquiry. Of particular interest to non-scientists are Whitehouse’s reflections on literature and how science fiction has reflected man’s changing notions of science, religion and the origins of our world’

Good Book Guide

‘While volcanic lava holds mineralogical clues, and seismographs and neutrinos reveal strata secrets, great unknowns remain about what lies beneath. What is the mantle made of? How does the core generate Earth’s magnetic field? How deep can life survive? Author and broadcaster David Whitehouse delves into these questions using Jules Verne’s Journey to the Centre of the Earth as a background narrative. Serving up intriguing information about the first seismoscope and the so-called “deep diamonds”, he travels from the crust to the core, explaining everything from continental drift to the dynamo theory’

Jheni Osman, Focus magazine

‘In this look at the unexplored and unexplorable inner core of our planet, David Whitehouse discovers a world that is surprising and enigmatic … The description of what lies beneath our feet is almost frightening … In the course of his travels through the Earth, Whitehouse reveals insights into our planet’s origins, and of how understanding what’s required to sustain life on Earth may help to direct our quest for life in space’

Jules Stewart, Geographical magazine

‘Whitehouse takes readers on a richly rewarding journey through space and time in this scientific travelogue’

Kirkus Reviews
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Dedication

To Bernard Carey and Derek William Whitehouse.

In Memoriam.







Contents





	Praise for Journey to the Centre of the Earth




	Title Page




	Dedication




	List of Illustrations




	 



	Introduction




	  1

	The Archive of the Earth




	  2

	‘Descend, bold traveller’




	  3

	Underworld




	  4

	Birthmarks




	  5

	The Survivors




	  6

	The Messengers




	  7

	Tenham




	  8

	The Butler and the Housekeeper




	  9

	Death on the Ice




	10

	Superdeep




	11

	The Hansbach




	12

	The Pressure Principle




	13

	Splinters of the Stars




	14

	D-Double-Prime




	15

	Dark Matter




	16

	Borderlands




	17

	Plumes




	18

	‘The old boy beamed upon me’




	19

	The Protector




	20

	Magnetic Dreams




	21

	The Terrella




	22

	Reversal




	23

	Inside the Inside




	24

	Stranger in a Strange Land




	25

	The Crystal Forest




	26

	Other Worlds, Other Journeys




	27

	Journey’s End




	28

	Playthings of the Earth




	 



	About the Author




	By David Whitehouse




	Illustrations




	Copyright










List of Illustrations





	1.  

	The internal regions of the Earth (Tim Oliver)




	2.  

	A 4.4-billion-year-old zircon (John Valley, University of Wisconsin–Madison)




	3.  

	The oldest rocks in the world, Hudson Bay, Canada (Jonathan O’Neill)




	4.  

	The Jack Hills, site of the world’s oldest zircons, Western Australia (John Valley, University of Wisconsin–Madison)




	5.  

	A sample from 12km below the surface of the Earth (Vladimir Khmelinski/Territorial Agency)




	6.  

	The Kola Superdeep site, northern Russia (Ria Novosti/Science Photo Library)




	7.  

	The Kola Superdeep borehole (Ria Novosti/Science Photo Library)




	8.  

	Emil Wiechert (University of Göttingen)




	9.  

	The first seismogram, recorded on 17 April 1889 in Potsdam, Germany (Tim Oliver)




	10.  

	A typical seismograph (Tim Oliver)




	11.  

	John ‘Earthquake’ and Tone Milne on the Isle of Wight (Carisbrooke Castle Museum)




	12.  

	Richard Dixon Oldham (National Portrait Gallery, London)




	13.  

	Inge Lehmann (Emilio Serge Visual Arhives/American Institute of Physics/Science Photo Library)




	14.  

	Beno Gutenberg (Courtesy of the Archives, California Institute of Technology)




	15.  

	Harold Jeffreys (A. Barrington Brown/Science Photo Library)




	16.  

	A diagram showing the process of subduction (Tim Oliver)




	17.  

	Percy Bridgman (Smithsonian Institution Archives)




	18.  

	A diamond anvil cell (Max Alexander)




	19.  

	Map of the deep mantle (Tim Oliver)




	20.  

	A diagram showing Large Low Sheer Velocity Provinces (Tim Oliver)




	21.  

	Dynamo experiment, University of Maryland (Daniel Lathrop and Daniel Serrano, University of Maryland, College Park)










 

 

 

 

 

 

 

‘I am scarcely able to believe in the reality of my adventures. They were so truly wonderful that even now I am bewildered when I think of them …

‘This is the final conclusion of a narrative which will be probably disbelieved even by people who are astonished at nothing.’

Jules Verne, Journey to the Centre of the Earth







Introduction

Throughout my life I have always looked outward contemplating the view from planet Earth. My life as an astronomer took my gaze to nearby stars and distant galaxies as I used telescopes and satellites to observe the cosmos. Rarely did I think about the ground beneath my feet. I knew the broad outline of how the Earth had been born, certainly, but for me it was a platform and not a place for study.

Having written books about the Moon, the Sun and about space flight, as well as a biography of Galileo, I was looking for a new topic and there was no shortage of ideas. I knew that many of them would not interest me for the length of time needed to write a book so I searched wider and started reading, after many years of neglect, classic works of science fiction, and I was led inevitably to the feet of H. G. Wells and Jules Verne.

Both were visionaries and storytellers but Verne had a streak of adventure that excited me and when I discovered that perhaps his most famous work, Journey to the Centre of the Earth, was soon to celebrate its 150th anniversary I began to look at the topic of the Earth somewhat more

closely and realised what I had been missing. I had studied other worlds in space, strange worlds, surprising worlds, but none as surprising as the worlds that reside in our world. If you want strangeness and surprises, look below.

Many of my friends have stories of how, as children, they discovered the night sky and with a small telescope and star map began exploring it. Now I was talking to people who as children collected rocks and wielded a geological hammer as I had a telescope. I had the stars in my mind and on my charts, but they had their rocks, fossils and crystals in their hands.

So now, every time I look up at the night sky a part of my mind is left behind on the planet where I live and in places I can never go. I can look at images of the surfaces of Venus and Mars, even the Sun, but I will never have such images of the inside of our planet. There are places down there that are astounding and significant. Astronomers often say we are made of stardust and are the children of the stars but the Earth is no less our parent. There are out in space stars that no doubt have planets circling them and some of those planets will be like our Earth with intelligent creatures living on it. Some of those stars will have been scattered from their parent galaxies, condemning their passengers to an almost eternal isolation. With no prospect of leaving I wonder if they appreciate their world, and their links to its interior, better than most of us humans do.

The voyage to the heart of our planet has science as the navigator. But it is not a voyage we undertake alone. From the mystic dreamers of past millennia to the first

visionaries and the practical scientists it is not just a story of rocks, minerals and atoms. It is about people, conflicts and tragedy, discoveries and despair, for every earthquake that brings ruin and death also shows the route we must take but can never travel.

But aren’t the best journeys the ones we can never make?

On my journey I thank the following for their advice: Don Anderson, Jonathan Aurnou, David Boteler, William Butcher, Judith Coggon, Edward Garnero, Dan Frost, Cornelius Gillen, Steven Hauck II, Dan Lathrop, Jeffrey Love, Karen Lythgoe, Maurizio Mattesini, Jonathan O’Neil, Wayne Richardson, Lisa Rossbacher, Robert Stern, Dmitry Storchak, Hrvoje Tkalcic and John Valley. I also want to thank Penny Armstrong, Nick and Sarah Booth and Pippa Cox.

I also profoundly thank my family, Jill, Christopher, Emily and Lucy and William Edwards. My agent, Laura Susijn, believed in this book when it was just an idea and kept me at it even when I was flagging. I also thank Alan Samson of Orion Books for championing and editing the book.
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The Archive of the Earth

On 8 February 1828, Jules Gabriel Verne was born the first of five children to Pierre and Sophie Verne. His father was a Parisian lawyer and his mother was of Scottish and Breton descent. Despite there being no literary heritage in his family, Jules wrote a great deal in his youth but it wasn’t until he reached the age of thirty-five that he brought out his first novel, Five Weeks in a Balloon. It was a great success. He followed it up with Paris in the 20th Century, which, to his surprise, was rejected by his publisher with harsh criticism. It would not be published until 1994. So, despite his initial success, he felt the pressure to produce another work that was acceptable to his publisher.

Verne was living in Paris, having married Honorine de Viane Morel in 1857. Despite his interest in science he did not mix with scientists; throughout his long career of writing science fiction stories he never did. He had a magpie mind, aware of the political and scientific debates of the age – the age of the Earth, the nature of the stars and the evolution of mankind. He was intrigued by a book written by Scottish geologist Charles Lyell called Principles of

Geology, written in 1830. It was a landmark in geological science because it said that the processes that shaped the world in the past are the same as those that operate in the present. For this to happen long spans of time were required. The book was a major influence on the young Charles Darwin who was given a copy by Robert FitzRoy, the captain of HMS Beagle. Darwin later said that he had looked at rock formations ‘through Lyell’s eyes’ and saw them in a new perspective. Although the second of Lyell’s three-volume series of books rejected evolution, by the time Darwin read it he was already well on the way to formulating his own views on the subject.

Lyell’s book disrupted mankind’s relationship with time that had been built up over the centuries. According to the Bible the Earth was 6,000 years old and God had created mankind shortly after he had made the Earth. Lyell showed that the Earth was at least millions of years old and in rewriting the past Lyell enabled writers like Verne to reshape the future. The almost unimaginable spans of past time were matched by the times to come that would enable mankind to scale new heights of technology, achievement and discovery.

In the frontispiece of the first volume of Principles of Geology, there was a magnificent cross-section drawing of a volcano, which must have impressed Verne. He also read books that flowed from Lyell’s insight, such as those written by French scientist and writer Louis Figuier (1819–94), who had published The World before the Deluge in 1863. Darwin’s On the Origin of Species had come out only a few years earlier. It set Verne thinking.

Borrowing ideas from Figuier rather more obviously than he should, or would be allowed today, he produced Journey to the Centre of the Earth, which has become a classic. He wanted to show that the Earth is not 6,000 years old and that the devil does not live underground. The Christian chronologies clashed with the geological timescales of Lyell and Verne, who preached their sermon with stones and not scripture, yet Verne, who described himself at the time as an ‘intelligent, but orthodox Roman Catholic’, does not allow his protagonists to talk of religious matters. In his work the stones do the talking.

Verne’s works appealed on more than one level. They were adventure stories, straightforwardly told, that captured youthful imagination in a way that, say, H. G. Wells did not. But they were something more. Nature is being conquered by science, either through a journey deep underground, or in a voyage to the Moon, or 20,000 leagues under the sea. But while Verne had the scientific approach he did not have the science of the Earth. He knew nothing of atomic structure or radioactivity or the analysis of earthquakes when he delved into the archive of the Earth.

One of the three men who embarked on the journey to the centre of the Earth said that, ‘For a scientist an unexplained phenomenon is a torture of the mind.’ Ever since Jules Verne’s day scientists have been discovering new things about the Earth, and their minds have been constantly tortured. I expect they always will be.
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‘Descend, bold traveller’

‘Descend, bold traveller, into the crater of the jökull of Snaefell which the shadow of Scartaris touches before the Kalends of July, and you will attain the centre of the Earth. I did it.’

Arne Saknussemm

If you could dig a tunnel right through the Earth you could theoretically reach the centre of our planet in just twenty-one minutes. You can’t, of course: such a tunnel would have to tolerate temperatures as high as the surface of the Sun and pressures three and a half million times greater than those at the Earth’s surface. No material yet developed could withstand those conditions. But just suppose you could build it.

As your capsule was released at the top of the tunnel it would go into free fall pulled by the gravity of the Earth beneath it. In less than a minute you would pass through the Earth’s crust – its outermost hard shell made of lighter rocks that is only 35 km thick and a mere 1 per cent of the Earth’s mass. Racing shock waves from earthquakes, you reach the top of the largest part of the Earth, its mantle, comprising half of its volume and 68 per cent of its mass. You would pass through the denser rocks of the upper mantle where they start to flow like plastic and in a few

minutes you reach a 660-km depth where an important transition occurs. Travelling ever down, you reach the base of the lower mantle in about eight minutes; this is one of the planet’s most mysterious regions where strange structures reside and the wreckage of ocean floors descends, only to be recycled back to the surface by plumes of hotter rock that take many hundreds of millions of years to get back to the surface, if they ever do.

As you near the base of the mantle you must prepare yourself for the biggest shock of your journey. Nowhere in or on our planet is there such a dramatic change of scenery as the one you are about to experience. Suddenly, at a depth of 2,890 km, you burst through the rocky part of the Earth into a sea of liquid metal. This is the outer core, the size of the planet Mars. It occupies about 10 per cent of the Earth’s volume but 27 per cent of its mass. For over 2,000 km you are a submariner in a sunless sea of swirling currents, slow-motion storms and cyclones of liquid metal riven with magnetic and electrical fields. Then another shock: after eight more minutes and 5,100 km down you plunge into a super-dense ball of solid iron and nickel with an undulating surface that looks like outstretched giant iron trees. This is the crystal core, only about half a per cent of our planet’s volume, a little smaller than the Moon, but nearly 2 per cent of our planet’s mass and perhaps the deepest mystery we will encounter, which you ponder as you pass giant iron crystals perhaps 100 km long. At the Earth’s core the capsule would be travelling at almost 29,000 km per hour and at the point you reached the centre of the Earth you would be weightless. The trip

from the core to the surface would be the reverse of the journey down as your weight returns and you hurtle towards what seems to be an infinite rock wall as you enter the lower mantle once again. Perhaps you would think of another way that scientists divide the layers of the Earth. You will pass through the asthenosphere, the relatively weak region at the top of the mantle where rocks can flow like plastic. Then, finally, the lithosphere, which is the rigid outer shell composed of the upper mantle and the crust which is broken into what are termed tectonic plates. You would decelerate until you reached the surface when you would stop. If one were being a little more realistic one would have to take into account air friction and pump out all the air from the tunnel.

Not that such travel directly through the centre of the Earth would connect many land masses. It is a little-realised fact that for most of the land on Earth the point on the opposite side is ocean. Indeed, one could classify the surface of our world as having an ocean hemisphere – the Pacific – and a land hemisphere. We shall see that the differing sides of planet Earth reflect what is going on at its surface and within it at the deepest level. For the USA it’s the South Indian Ocean, for Africa the Pacific, although you could go from Spain to New Zealand and Chile to China. One could get over this problem by not having the tunnel pass through the very centre of the Earth. Curiously, this does not change the journey time of forty-two minutes to the other side. Dreams of travelling to the heart of the Earth are a phantasm. We can only scratch the Earth’s surface and the deeper we go the

stranger things become as we unpeel the planets within our planet.

At the start of my journey to the centre of the Earth I descended into a working deep mine. I am over a thousand metres underground at the bottom of Boulby potash mine in Cleveland in the north-east of England, one of the deepest mines in Europe. I am in a huge, dimly lit tunnel that stretches off into the distance along which power cables, air pipes and lights are strung. There are over 600 miles of tunnels down here, enough to reach London and back with a hundred miles to spare.

Rock salt crystals sparkle in the walls, which are hot to the touch. The obligatory luminous overalls and survival gear make me even hotter. Through my steel-toed safety boots I can feel the heat from the ground and my light overalls are already damp. Keep hydrated, said the rules, never go off on your own and never go to sleep.

Every so often a flatbed Ford passes, its headlights full on, and with metal cages holding workers, ferrying them to and from the face of the mine many kilometres out under the North Sea. Mostly, though, this is a silent world of occasional light and deep shadows. Once I turned a corner and saw a group of workers sitting at a wooden picnic table having lunch. The only illumination was from their helmet lamps. It looked as though they were suspended in space, in a starless, infinite blackness.

To reach the head of the shaft I had to go through three large steel doors, and an airlock that hissed. The descent in the mine cage was swift and smooth, the sides of the shaft racing past many times faster than in a conventional

lift. As we descended back through geological time I made a mental note of the strata we were falling through. First there was a shallow layer of boulder clay deposited during the last Ice Age only 15,000 years ago. Then we quickly passed through a layer of ironstone only two million years old. Lias shales came next, laid down in a warm sea during the Jurassic era about 195 million years ago. Then we passed through the older Triassic-era Keuper Marl – an old name for mudstone and siltstone – and Butler sandstone followed by later Permian mudstone. Briefly we passed through the thin layers laid down during what was known as the great dying before finally reaching the Permian evaporates of 260 million years ago.

When we emerged over 1,000 m. down we entered a brilliantly lit hall; it could have been a factory on the surface. It was noisy because of the ventilation ducts and the conveyor belts that take the potash to the surface.

My guide suggested I turn my helmet light off. It was quite a shock. Few people ever experience true darkness, but this was it. To say it was black is to understate it. For a moment I felt as if nothing else existed except this dark, hot, strange world that I could not reach out to touch. Later I pressed my face against the side of the tunnel and listened. My guide must have wondered what I was doing. Earthquakes from half a world away were passing through these rocks every hour. Some of the shock waves had passed through the mysterious core of the Earth itself – my eventual destination.

In a way I am recreating the first part of an imaginary journey written a century and a half earlier by Jules Verne.

In Verne’s novel Journey to the Centre of the Earth, Professor Lidenbrock and two companions travel to Iceland to find an empty volcanic shaft. Earlier Lidenbrock had discovered an ancient runic manuscript with an extra section inserted in code. When he deciphered it he was able to read an account of a journey into the Earth made by Arne Saknussemm centuries earlier.

On the volcano Lidenbrock found the passage. ‘“Here it is,” gasped the Professor in an agony of joy, “here it is I – we have found it. Forward my friends, into the Interior of the Earth.”’ One of his companions, his nephew Axel, said that when they were quite ready to begin their descent, their watches read thirteen minutes past one.

It is amazing how swiftly you adapt, how quickly the world of air, space and sunshine becomes a memory as you accept your new surroundings. There was something almost comforting about being so deep underground. Somehow it felt simpler, more elemental, as if there was just me and the planet stripped of all its diversions. But I knew that was not true. The first lesson I have learnt is that the descent is not one into isolation. Each rock and mineral, each fracture and fault, every rumble and movement, even the heat, has its story. Like the pages of a book, with each page having taken a thousand years to write, the secrets of the strata can be read. The recent past, the geological past, and even those times before the Earth was born, have all left their imprint here, written in code. Everything is connected; all layers, regions and depths affect each other. You escape nothing by going underground. As we shall see, we all have a deep connection

with the underworld. We are as much children of the core as we are the offspring of air and water.

If I were on this spot 260 million years ago I would be standing at the Earth’s equator on the shoreline of the great shallow Zechstein Sea, watching it die. This sea, only tens of metres deep but a thousand kilometres wide, is hot under the baking sun. I can see water vapour rising from it, making the view out to sea misty, each departing molecule making what remains more salty, brackish and inhospitable to life. Here there are neither birds in the sky – for they are of future ages – nor animals nearby. The fish, reptiles and giant cockroach-like creatures that dominate life on this world are far away, living nearer the coast.

The vast swampy forests of the Carboniferous era are gone and the dinosaurs have yet to come. A fierce Ice Age and changing sea levels have recently altered the face of the planet and all the land is now massed into one great supercontinent called Pangaea, surrounded by a single global ocean called Panthalassa. Britain lies deep within the northern part of Pangaea in a land mass called Laurasia on the very edge of the salty Zechstein. Around it lies one of the world’s great deserts, what’s left over from the erosion of widespread barren uplands of previous geological epochs.

Things are changing on and in the Earth. Things are always changing on and in the Earth. The breakup of Pangaea is already under way, and its various parts have started their drift across the globe. Sooner than that, in ten million years or so, will come the great dying – the Earth’s most severe extinction event when 95 per cent of

all species are wiped out. No one knows the cause of it and some speculate that the release into the atmosphere of gases during the evaporation of the Zechstein Sea and others like it may have played a part. As the intracontinental sea shrinks it leaves behind vast flats of salts and minerals, particularly potash. The water is long gone. Its evaporative remains are buried near me, showing that in a way it is still possible to stand on the shore of this ancient ocean.

As I have said, we are not isolated here. The distant reaches of space and time can still touch us. Down one of the tunnels astronomers have set up experiments to look for the elusive dark matter that makes up most of the universe but which hasn’t been identified. The theory is that dark matter is all around us, wandering through our planet from time to time, and can be detected by sensors placed under a kilometre of rock where the interference from other sources is minimal. When you understand the Earth it is not surprising that, en route to its centre, you can still feel the far reaches of time and space.

Potash from the Zechstein Sea is the treasure mined at Boulby. It is used as a fertiliser and Boulby produces half of the UK’s needs. If you want something more precious you have to go deeper, about as deep as humans can go underground, and to the former shores of an ocean far, far older than the Zechstein Sea.

We dig into the Earth for many reasons. It’s part of our nature to explore and it reveals itself as much in the child digging on a sandy beach as it does in the deepest hole ever drilled. The holes we have excavated into the Earth

seem puny things. Take the Bingham Canyon copper mine located in Salt Lake County, Utah. It is currently the largest open-pit mine in the world at 4 km wide and almost 1 km deep. It has been in production since 1906. But keeping the hole intact isn’t easy. In 2013 it suffered a landslide – the largest non-volcanic landslide in North American history when 70 million cubic metres of dirt and rock thundered down the side of the pit reducing copper production substantially. But Bingham could almost be mistaken for a natural valley. Not so for the second-deepest open hole excavated. For dramatic impact it’s hard to beat the Mirny diamond mine in Siberia; although it is only 525 metres deep, its position right next to a highly populated area makes it highly dramatic.

But we don’t just explore, we also exploit, and there is nothing as exciting or enticing as digging for gold. Gold is the ultimate lure. It has been that way throughout our history. Other metals can be more expensive, but they are rare. There is no metal as desirable as gold.

Another name for Johannesburg in South Africa is Egoli, or the City of Gold. It lies next to what is called the Witwatersrand arc – the richest goldfield ever discovered from which 40,000 tonnes has been excavated in the past 130 years, or, put another way, about half of all the gold ever mined. About sixty kilometres to the west of Johannesburg is Mponeng – that means ‘look at me’ – the deepest mine in the world.

At Mponeng every day 4,000 workers descend into an underground city and it is like working in an oven. In the depths of the mine the rock is at 60°C, too hot to touch.

Giant ducts blow cool air into the tunnels in order to try to bring the temperature down. To cool the mine more than 6,000 tonnes of ice are made every day and then mixed with salt to form a slushy liquid. This is pumped down the mine where air is blown over it. It’s the only mine in the world to cool itself this way. But why is there gold here? Crush the rocks and you get a sugar cube of gold for every tonne. Why is this the richest goldfield on Earth?

The answer goes back to almost the very first years of our planet when, as we shall see, after hundreds of millions of years of cooling, it was struck by a heavy bombardment of large meteors starting around 4,100 million years ago and lasting about 300 million years. It was the final large-scale cleaning up of debris left over from the formation of the planets. Before the so-called ‘late heavy bombardment’ all the gold in the rocks at the surface of the Earth had percolated to the inside where it has been ever since and where it would have been forever out of man’s reach. The new impacts brought new gold deposited near the Earth’s surface.

At that time – called the Archean era – many believe that the Earth did not have continents, just island arcs made of volcanoes, several of which around 3,900 million years ago fused to form one of the first mini-continents called the Kaapvaal Craton which held gold delivered during the bombardment. By 3,000 million years ago rivers had eroded the rocks and carried gold-laden silt to huge deltas. Had things stayed that way it is unlikely that it would have become the richest goldfield on Earth. Water and time would have dispersed the gold still further.

The fact that Johannesburg is the city of gold is due to a giant meteor smashing into the region over a billion years after the gold deposits were first laid down. The meteor was one of the largest to have struck the Earth after the end of the Late Heavy Bombardment – between 5 and 10 km across – and it hit near the current town of Vredefort, making a 300-km crater. Subterranean strata were uplifted and overturned. Near Johannesburg gold-bearing strata were brought nearer to the surface while at ground zero the gold was pushed deeper underground. And so panhandlers who flocked to the region after gold was found in a stream in 1886 were looking for bits of a meteor. The interior of the Earth and the Cosmos are connected.

A few years ago it was realised that the main gold seam at Mponeng was running out so geologists drilled exploratory holes radiating out from the mine, hoping to find further seams of gold. They found one but it was well away from the main shafts and deeper than any current excavation. So began a project to reach it. Drilling down to a new record depth and then across took years and over 600 explosions, each advancing the tunnel two or three metres. At the base of Level 126 is a sign: ‘You are now standing at the world’s deepest point, 3,612 metres below the surface or 2,059 metres below sea level’. This is the deepest point underground that can be reached by humans – a third of the way through the Earth’s crust – its outermost layer.

Mponeng consists of some 400 km of tunnels, many of which are abandoned. In some of them illegal visitors have set up home. They are called the ‘Ghost Miners of

Mponeng’ and they live a strange, furtive existence scavenging in the dark. They should not be there, but have sneaked by or bribed the lift shaft operators. They look for rocks that hold gold deposits that have been missed, extract them and even smelt
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