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   For Jonty and Ewan – may you find joy and wonder in life, wherever it takes you.
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‌Author’s Note

   There is a spot next to a fishpond where Winston Churchill liked to sit and think. I can’t describe exactly what it was like in the prime minister’s heyday, but today the water is surrounded by lush ferns, magnolia trees, a huge cedar and several patches of bamboo that rustle gently in the breeze. It sits in the landscaped gardens of Churchill’s red-brick country house, Chartwell, now open to the public. I’m afraid the tranquillity was shattered by my two boisterous boys when I took them to visit one day, but even they were content to pause for a moment by the pond and watch the fish swim in a dreamy kaleidoscope.

   I’m telling you all this because these snatched moments by the pond turned out to have an unexpected connection to meteorites. As all parents know, you sometimes have surprisingly philosophical conversations with your children, and somehow we got talking about whether the fish knew that there is a wide world above the surface of their pond. Presumably they perceive some other blurry reality out there, but they surely can’t know the full extent. Then something else caught our eye. For years, visitors to Chartwell have been throwing coins into this fishpond, so that flashes of silver and bronze glimmer around the edges. What did the fish make of these objects, these clues to human civilisation?

   This happened a few weeks after I had started working on this book, and it struck me that these pennies were the perfect way to explain to my children what so intrigued me about meteorites. In a sense, we are just like the fish in that pond: imprisoned on the Earth with only a limited view of the expanse of the cosmos beyond. We can look out at it with telescopes, for sure, but we get an imperfect view. Yet we do occasionally get objects delivered to us from somewhere above and beyond the realm we inhabit, like those glinting coins cast into the water.

   Meteorites have fascinated people for centuries. We all know that the biggest ones, asteroids, have a frightening, life-smiting power. The impact that ended the reign of the dinosaurs is a case in point. But they also hold a deep cultural and even religious grip on us. For the ancient Egyptians, meteorites were gifts from the gods, associated with divine power. The ancient Greeks wrote of stones that fell from the sky and incorporated them into statues they worshipped. The Clackamas people, a group of indigenous Americans, venerated the huge and bizarrely twisted bulk of the Willamette meteorite in Oregon. Hundreds of years ago, Clackamas warriors are said to have ceremonially dipped their arrows in rainwater that collected in the meteorite’s crevices. The fiery trails left by meteors were also seen as portents – of good and ill – for much of recorded history. There’s a sense that meteorites connect us with the wider cosmos, an expanse both spatially and temporally far beyond us, but of which we remain a part. C. S. Lewis conjured this up masterfully in his poem The Meteorite, part of which is reproduced on page xv. He used the poem as an introduction for his book Miracles – and even for the most hardened empiricist, there is something miraculous about a shard of the heavens descending to us.

   For my part, though, I had never dwelt much on meteorites until I had them forced upon me during the course of my work as an editor for New Scientist magazine. I had been dispatched to another old country house, this time one in Bedfordshire, where a group of scientists were gathering for a conference. My job was to come up with ideas for features for the magazine, and I’d noticed a set of discussions about the origins of water in the solar system. It sounded suitably grand and interesting, so I took an early train from London to see what it was all about.

   As I sat through the talks and tried to corner the scientists during the coffee breaks, I realised that nearly all of the discussion centred on meteorites. That was a surprise at first. But as I listened, I started to see that if you want to ask fundamental questions about the Earth, the solar system and why they are as they are, one of the best sources of information turns out to be meteorites. They serve as time capsules that contain the materials from which everything in the sun’s orbit was ultimately made – the planets, comets, asteroids and even life itself.

   When I got back home to London, I started thinking about meteorites a lot. Although it was simple enough to read up on the basic facts, I found I had deeper questions not so easily answered. Just how does a person even start to think about finding one of these things? And most intriguing of all, how could you read and understand the information encoded within them? Over the next few years, I talked to as many people in the field of meteoritics as I could and started asking them about their world. I found that it was a wild and delightful one, crammed with unlikely characters, adventure and discovery. So I decided to dive in and observe everything so that I could write the stories down. It was a journey that took me to dusty museum basements, the rooftops of Oslo and deep into the wilderness of central Sweden – though that was nothing compared to the expeditions of some of the meteorite hunters I met.

   This book isn’t supposed to be a comprehensive study guide to meteorites, not least because accomplished works of that sort already exist. Instead, I wanted to keep the aperture focused on two particular subjects. In the first part of the book, I look at the human stories of those who chase down meteorites in all manner of surprising and exciting ways. The past few years have seen a revolution in meteorite-hunting methods, especially because we can now find them in urban environments for the first time and because we have an ever-expanding technological capacity to detect them as they enter the atmosphere. In the second half of the book, I investigate how scientists tease information from inside meteorites and what that tells us. This work is not only helping to drastically rewrite the history of the solar system, but it also sheds light on the puzzle of where our planet got its water. I was surprised to find out just how knotty that last question is, and how our latest insights may have a bearing on where else in the galaxy life might be able to appear.

   What follows, then, is the story of the best and brightest meteorite hunters, the treasures they have found and the secrets inside them. Put it all together, and you have a tale 4.6 billion years in the making.

   joshua howgego
may 2024

  

 
  
   
Among the hills a meteorite

Lies huge; and moss has overgrown,

And wind and rain with touches light

Made soft, the contours of the stone.

Thus easily can Earth digest

A cinder of sidereal fire,

And make her translunary guest

The native of an English shire.

Nor is it strange these wanderers

Find in her lap their fitting place,

For every particle that’s hers

Came at the first from outer space.



   
   
   From The Meteorite by C. S. Lewis

  

 
  
   
‌Prologue

   In the Basement

   One spring day, I took a train and two buses to London’s Natural History Museum. I had been many times before to see the dinosaur fossils and other delights, but I had previously always stuck to the public galleries. This time, I was going behind the scenes to where the scientists work and the bulk of the institution’s treasures are kept. Martin Suttle, a researcher based at the museum at the time, had agreed to be my guide. We walked through a long gallery bustling with visitors to an exit. Suttle swiped us through with an electronic key card, closed the door and the hubbub died away.

   We went down a flight of stairs to the basement, the air tinged with that scent of old paper and mildew you get in very old buildings, and along another long corridor lined with cases of impressive mineral crystals. And some way down, we reached the heavy wooden door to the museum’s meteorite collection.

   Inside, the space is modest and largely taken up with ranks of wooden drawers that rise from floor to ceiling. I was in the early stages of researching meteorites at the time, and I had asked Suttle if he’d mind showing me around. He now gamely did so, opening drawers, pulling out samples and letting me weigh some of the extraterrestrial stones in my hands.

   Each of the rocks in this room is a verified meteorite, which means it is among the oldest things you can possibly touch. They formed in the solar system’s first flush of youth and eventually ended up crossing Earth’s orbit at just the right moment. They then seared their way through our atmosphere, travelling at up to 650 kilometres per hour. Depending on their size and what minerals they contained, they may have etched fleeting green fireballs in the sky. Friction from the atmosphere heats the rock to incredible temperatures, often creating a blackened fusion crust on the outside. The heat can also break apart the stone in mid-air, so that fragments of it rain down over a long tract of ground. This area is known to meteorite hunters as the ‘strewn field’, a term I find highly delightful. Only once they have struck the ground do we call these stones meteorites. While soaring in the air, they are meteors (or ‘shooting stars’). And when they are still in space, we call them meteoroids – or asteroids, if they are larger than a few metres wide.

   As Suttle talked me through the treasures in the drawers, I kept hearing words like ‘chondrites’ and ‘Imilac’ drifting at me, and I wondered how often I could realistically interrupt to explain I wasn’t entirely following. (I should add that I haven’t yet discovered the limit of Suttle’s patience with my questions.) Since then, I have gradually learned the special terminology used to talk about the plethora of meteorites in our collections. My aim is to spare you all but the most essential jargon in the pages that follow, but still, it will be helpful to prime ourselves with the basics.

   Planetary scientists classify meteorites in a manner akin to how biologists classify life. Living things are divided and subdivided into kingdoms, orders, families and, ultimately, species, in a structure that resembles a family tree. It is similar with meteorites. But rather than genes and physiology, what separates one meteorite from another is their chemistry and the conditions under which they formed and changed over time. The study of these characteristics can be extremely revealing, as we will see.

   At the top of the family tree sit two main groups: meteorites that have never melted (called chondrites) and those that have melted (called achondrites). As Suttle showed me in the museum basement, it isn’t too tough for even an amateur like me to tell one from another – if the meteorite has been split open to expose its insides. Do this with a chondrite, and you can see that the rock is suffused with minute dots in whites, greens, browns, greys. These specks are called chondrules, and they are the first solids that formed in our solar system, in a cloud of dust encircling the young sun. Over time, gravity squished chondrules together to form pebbles, and then larger rocks, and, if those rocks never melted, then the chondrules are still visible inside meteorites today. The achondrites don’t have chondrules inside them any longer because at some stage they have melted, perhaps because they were once part of the sizzling core of some huge and long since destroyed asteroid.

   Some of the subdivisions of these two main groups are handy to know about too. The chondrites are, among other things, divided into ‘ordinary’ and ‘carbonaceous’ chondrites. The former are rocky and considered slightly boring, even among meteoriticists, because they are extremely common – the blue tit of meteorites. The latter are made of black, charcoal-like material that is packed with water and carbon-based molecules, the raw materials of living things. We will come across these rare birds many times in the book because they hold clues about how life got started in our solar system.

   The achondrites are split into three groups: stony, irons and stony-irons. The ‘stony’ types are exactly what they sound like. The iron types are almost exactly what they sound like, except iron from space isn’t quite the same as iron on Earth. In the basement room, Suttle showed me a slice of an iron meteorite with beautiful, silvery zigzagging lines running through it. These are known as Widmanstätten patterns, and they are the result of the way the iron crystallised as it cooled in space. The crystals in iron meteorites can be several centimetres long, a state they reach only if they cool exceptionally slowly, over millions of years. This never happens on Earth, meaning that these zigzags are a sure sign that the iron is extraterrestrial. The fact that some meteorites contain iron and some don’t explains why metal detectors are a popular tool for some of the meteorite hunters we will meet in this book – but also why they aren’t a fail-safe way to find every specimen.

   The stony-irons are my personal favourite variety of meteorite. The thought is that these might have originated from a burgeoning planet, which had grown large enough so that its own gravity would produce an internal structure similar to that of Earth’s today, with a heavy metallic core surrounded by a lighter rocky layer. If that planet was smashed apart by another asteroid, that would free fragments from the boundary between the rock and the metal, producing a stony-iron meteoroid. Whatever their origins, these meteorites are often beautiful, featuring transparent minerals mixed with the metal in an irregular honeycomb. I noticed one slice of such a meteorite in a corner of the basement. It turned out to be a piece of the Imilac meteorite, found in Chile in 1822, which had been mounted and lit from behind, so that the metal glinted as the light streamed through the greenish minerals. I thought it looked like a kind of alien stained-glass window.

   To understand where meteorites come from, you must go back about 4.6 billion years, to the solar system in its infancy. The sun had recently begun to shine and surrounding it was only a wispy disc of dust and gas. Gradually, under the influence of gravity’s attractive force, that dust and gas began to form tiny grains, then specks, then stones, then boulders that would eventually coalesce into planets. But some never quite made it. Today, we call those failed planets asteroids. Many are scattered in orbits between Mars and Jupiter, the fourth and fifth planets from the sun. It’s not like that scene from Star Wars, where Harrison Ford pirouettes the Millennium Falcon through a dense field of jostling space boulders. The asteroid belt is sparsely populated and even if you combined all the rocks they would still weigh less than the dwarf planet Pluto.1

   Sometimes, asteroids would bash into one another and pieces would splinter off. In this way, the solar system became filled with modest-sized space rocks that would orbit the sun, sometimes in neat circles and sometimes in wild ellipses, sweeping out into the cold outer reaches of the solar system and then dipping back inwards. Only the tiniest fraction of these stones would ever chance to meet planet Earth, but over the long life of the solar system some inevitably would. When these stones approach our skies, they have been cold as cold can be for billions of years. Then, suddenly, they hit our atmosphere and become meteors.

   Some incredibly rare meteorites have a different origin story and belong to a wholly different branch of the family tree: the so-called planetary meteorites. These come not from asteroids, but the moon and Mars. In principle, they could come from other rocky planets or moons, such as Venus, but, if they are out there, we have not yet found – or perhaps recognised – them.

   At the bottom of the family tree, meteorites are split into the finest subdivisions. Here the groupings are made on the basis of chemistry. No yawning at the back! This stuff matters because when rocks have very similar chemistry we can deduce that they must ultimately come from the same asteroid (or at least a family of asteroids that were once all part of the same parent rock). These groups go by obscure-sounding names like the ‘L-chondrites’ for example, or the ‘CM-chondrites’. We tend to require at least a few chemically similar specimens before creating a new group, which means there are also many ungrouped meteorites, which – for now, at least – remain lonely, with no siblings and no place on the family tree.

   Finally, individual meteorites are named after the place where they are found. This always used to catch me out, because meteorites can fall in remote places you’ve never heard of. Take the Nedagolla meteorite, which we will come across in the second half of the book. When I first read about ‘Nedagolla’, I half-guessed it was some obscure grouping of meteorites I’d not encountered before. In fact, it is the name of a place in India. 

   As I stood there with Suttle, I reflected that all the hundreds of meteorites stored in this repository had, at some point, been found. Sometimes, yes, by chance encounter, but more often by explorers and scientists determinedly on the hunt. I was itching to find out more about who they were and how they operate. But before that, we need to know how people first understood the bald fact that stones from space can sometimes fall to Earth. After all, for those who lived before scientists or quirky museum displays could prove otherwise, it was an extremely outlandish proposition.

   Notes

   1 What is the definition of a ‘proper planet’, I hear you ask. It is a question that has divided astronomers, sometimes bitterly. When I was a child, I learned that the solar system had nine planets. I even learned a mnemonic to remember them all: ‘My Very Easy Method Just Speeds Up Naming Planets’ (for Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune and Pluto). But these days Pluto is no longer officially classed as a planet. Mike Brown at Caltech discovered that there are quite a few other bodies beyond Neptune that are similar in size to Pluto, including a body called Eris. Astronomers had a choice: did we want to expand significantly the number of planets in the solar system? Or did we need to have a long talk about what really counts as a planet? In the end, a new definition was agreed upon and Pluto did not make the cut. To this day, Brown uses the handle @PlutoKiller on social media.


  

 
  
   
‌Part One

   The Hunt

  

 
  
   Chapter One

   
‌The First Meteorites

   It was a mild December afternoon in 1795 in Yorkshire and a ploughman named John Shipley was out working in the fields as usual. At about 3 p.m., he suddenly heard loud sounds like explosions from a gun above him and then, as he looked, he saw something falling from the sky emitting sparks of fire. Before he could make a move, this thing, whatever it was, smacked into the ground within spitting distance from where he stood, throwing up a shower of earth and small stones that pitter-pattered to the ground all around.

   We know very little about Shipley, apart from this smattering of facts from one afternoon in his life. But this bizarre event made sure that his name would endure. It turned out to be a pivotal moment in the twisting story of how we came to accept what had long seemed completely unbelievable: that stones from space can sometimes just fall from the sky.

   How would the ploughman have felt that fateful afternoon? I wanted to walk in his footsteps, so I drove to Wold Newton, the village where all this happened. There’s not much of it, just a few houses, an eleventh-century church and a large duck pond. On the outskirts is Wold Cottage, which, despite the name, is a grand house with rolling farm land around it that Shipley once tended. The property is now a plush bed and breakfast, and as I drove towards it I saw neatly trimmed lawns and hedges, beds stuffed with flowers and a geodesic dome that serves as a greenhouse. I had asked the owners’ permission to visit the spot where the stone fell. The weather was awful: freezing cold with a stiff wind and steady rain. Still, I had come this far. So I pulled on a woolly hat and a windcheater, got out of my car and trudged into the countryside.

   I walked along a rough track that runs beside an upward-sloping field strewn with haystacks. Up in the corner was a tall, slim tower of red brick, a monument to the Wold Cottage meteorite, as the rock that nearly killed Shipley has become known. There was an incredible sense of openness, fields stretching out in all directions, almost no sign of humanity. Wold Cottage itself was hidden behind a hedge and I could only see a few tiny buildings on the horizon. I thought this scene couldn’t be much altered compared with Shipley’s day.

   As I stood there in the wind and the rain, I tried to put myself in the man’s shoes. I thought about how the chances of a meteorite hitting any given spot on Earth are minute and mused on how improbable Shipley’s close encounter was. I’d wager he was terrified and probably in shock. Reports from the time say that he thought heaven and Earth were somehow coming together. Once he recovered his wits, did he question what he thought he’d just seen? Had a stone really fallen from the sky – and, if so, where in all the world had it come from?

   We now know that this stone was a meteorite and that they can and do fall to Earth. But hundreds of years ago it was considered such a crazy idea that no one gave it the time of day. Shipley, who had narrowly avoided being killed by a falling space rock, was a critical witness to the contrary. What is more, his close call happened at just the right moment. At the close of the eighteenth century, a handful of strange episodes involving ‘falling stones’ took place all over Europe, finally forcing people to properly investigate what was going on.

   Having said all that, there is evidence that people living many centuries ago knew about stones falling from the sky. To see that, we need only look at one of ancient Egypt’s most celebrated pharaohs, Tutankhamun. When his sarcophagus was opened in 1925 there was a long, thin dagger on his right thigh. The blade is made of iron and the sheath is gold. But there is something distinctly odd about finding an iron dagger in a 3,300-year-old coffin. Iron wasn’t smelted out of ore in Egypt until some 300 years later. That dagger should not exist.

   In 2016 scientists looked at the blade and discovered another strange thing about the dagger – although it is mostly iron, it contains nearly 11 per cent nickel. This is odd because nickel is rare on Earth’s surface. We also know that around the time of Tutankhamun’s rule a new hieroglyphic phrase came into use, which translates roughly as ‘iron from the sky’. It seems that the boy pharaoh’s ornamental weapon was fashioned from a meteorite.

   There’s evidence that other ancient societies also knew about meteorites. Take the nomadic peoples who lived on the Gran Chaco plain of central South America at the time Europeans first visited in the sixteenth century. These people knew of a huge lump of iron lying in the middle of the wilderness, now known as the Mesón de Fierro (which translates as ‘Large Table of Iron’) in present-day Argentina. They told the Spanish that the stone had fallen from the sky and their name for the region translates as ‘Field of the Sky’. We now know that the Mesón de Fierro is indeed one part of a massive meteor that fell to Earth about 4,000 years ago.

   Back then, people understood and accepted that stones fall from the sky. But as the world became more connected over the centuries, something was lost. The Spanish completely rejected the idea that the Mesón de Fierro could have come from above, perhaps out of a hesitancy to believe something as outrageous as this based on the word of supposedly uneducated people. But then things began to shift again. In the mid-sixteenth century, most Europeans still believed that the Earth was the centre of the universe. But in 1543, Nicolaus Copernicus published On the Revolutions of the Celestial Spheres, his epoch-defining work that argued that the Earth orbited the sun. And it wasn’t long before the Enlightenment got into full swing. People realised that we could collect evidence by observing the world – and the heavens – and thus inch our way to a truer, more scientific grasp of how reality works. Scientists have been doing as much ever since, and it has given us a far richer perspective on our place in the cosmos. We now know our sun is one of an estimated one septillion others in a universe that is at least 94 billion light years wide. The evidence of meteorites continues this tradition, as we will see.

   Thanks to this adjustment of attitudes, people in Europe didn’t want to blithely accept the wisdom of the ancient Greeks any more; they – rightly – wanted to believe only what could be empirically proven. That meant that when there were reports of stones falling from the sky from time to time during the seventeenth and early eighteenth centuries, almost no one was willing to accept them at face value.

   Consider what happened near the French town of Lucé on 13 September 1768. According to contemporary reports, several harvesters were startled by a sound like a clap of thunder, followed by a loud hissing noise. They looked up to see a stone plummet to Earth. The French Royal Academy of Sciences heard about this and asked a trio of its chemists to investigate. One was a young Antoine Lavoisier, a man who would go on to make crucial discoveries that laid the groundwork for modern chemistry. Lavoisier and his colleagues conducted a chemical analysis of the rock. They concluded that it was an ordinary terrestrial stone that had been struck by lightning, which explained its charred, blackened surface. There was no shortage of reports of this kind. But testimonies that rocks had fallen from the sky – especially from poor labourers – were invariably dismissed. The scientific community did sometimes investigate, but it alighted upon plausible-sounding explanations that didn’t involve rocks falling from space.

   This all began to change in 1772, when Peter Simon Pallas, a German natural historian, set out on his travels in Siberia. There, in a remote village around a hundred miles south of the city of Krasnoyarsk, he came across a huge and very strange-looking mass of iron that had been found by a local blacksmith some twenty years earlier. This thing really did look weird. Pallas described it as being ‘as rough as a sea sponge’ and riddled with cavities, many of which were filled with a transparent, amber-coloured material. He doubted the villagers’ tales about this stone being a gift from heaven, but he did two things that ensured that many people heard about it. First, he had the stone transported to St Petersburg and displayed in the Kunstkamera, a hall of curiosities. Second, he wrote about the bizarre stone in a widely read book on his travels in Siberia. Learned people in Europe slowly began to talk about this exotic stone and wonder what it was. Today, there is a whole class of meteorites called pallasites after this specimen and they are beautiful to behold. They are often displayed with a backlight, so the light shines through the minerals encased in the iron, like the meteorite I saw in the basement of London’s Natural History Museum.

   The man who would do most to make sense of Pallas’s find is an unlikely character. Ernst Chladni was born in 1756, the son of a law professor at the University of Wittenberg in Germany. The best-known engraving of him shows him smart and solid-looking, with short wispy hair and a double-breasted jacket. He earned a doctorate in law at the age of twenty-six but this was mainly at the insistence of his father, who died promptly after he graduated, leaving him free to pursue what had really interested him all along: physics.

   Chladni was particularly interested in acoustics, the study of how sound moves through materials. No one had yet troubled to investigate this properly and Chladni soon made some delightful discoveries. One of his enduring achievements was to invent a technique to illustrate how solid surfaces vibrate in resonant patterns. This is much more fun than it might sound. Chladni would take a smooth metal plate of a particular shape – a triangle, a square, a pentagon – and scatter sand lightly over its surface. Then he would take a bow, like the one used to play a violin, in order to ‘play’ the plate and set it vibrating. After a few strokes it would reach a resonant note and – snap – the tumbling grains of sand would assume a pattern according to the sound waves that were coursing through the plate. These patterns were surprisingly intricate and beautiful and were always the same for a given size and shape of plate. Chladni wasn’t the first to discover these nodal patterns, but his technique for demonstrating them made waves.

   Chladni had always wanted to travel and, with his father gone, he needed money. So he came up with the idea of touring Europe and giving demonstrations of his vibrating plates, acoustics experiments and the few musical instruments he had also invented. He had his own coach made, with enough space to carry all his equipment. The lectures were successful – years later he would even demonstrate his plates in front of Napoleon Bonaparte. Yet Chladni’s life was also tinged with sadness. He never received a coveted job at a university, and was forced to tour his acoustic show well into old age to earn a living. In a letter dated 1824, the scientist Wilhelm Olbers, based in Bremen, Germany, wrote: ‘Dr Chladni is here again to give lectures on acoustics […] I have gladly given him his fee; only with the understanding that he will not require me to attend every one of his twelve or fourteen lectures.’ Chladni was sixty-seven years old at the time.

   One day in 1793, Chladni was in the German city of Göttingen and had a conversation with Georg Christoph Lichtenberg, a prominent scientist, or ‘natural philosopher’ as they were then known. Lichtenberg had witnessed a large fireball a few years earlier and he would also have heard about Pallas’s iron and the stories that it had come from the sky. According to a letter Chladni wrote years later, Lichtenberg told him that ‘if all circumstances about fireballs were considered, they could best be thought of not as atmospheric but as cosmic phenomena’. This was one of the first serious conversations in which the idea that meteorites come from space was aired. As a result of this chat, Chladni went straight to the Göttingen library, where he spent three weeks finding out everything he could about atmospheric fireballs and falling stones.

   He identified about twenty-four accounts of fireballs that had been observed between the late seventeenth and late eighteenth century, one of which was the Pallas ‘ironmass’, as it was then known. The accounts spanned more than 100 years and multiple continents – and what struck Chladni was how similar they all were. There were descriptions of explosions, and the sizes of the rocks were all quite similar and so were their speeds and flight paths, as far as he could tell. Steeped in legal training, Chladni felt it was unlikely that all these people would have made up stories so alike in the details. He thought the eyewitnesses were telling the truth. He set this all out in a book published in German in 1794; it has a very long title so it tends to be known simply as Ironmasses. In the book, he also argued that the speed of the falling stones ruled out a terrestrial origin. These stones, he contended, must have come from space.

   It took a long time for ideas to spread in the eighteenth century and Chladni’s book didn’t receive much attention straight away, especially outside the German-speaking world. But over the next few years, three remarkable meteorite falls would force Chladni’s hypothesis into the limelight.

   Two months after the book was published, a strange sequence of events took place in Italy. Late at night on 15 June 1794, the lower flank of Mount Vesuvius abruptly split open. Massive explosions removed the top cone of the volcano and a plume of black smoke and ash rose high into the air. Huge volumes of lava spilled from vents in the volcano’s lower slopes and seeped into the outskirts of Naples. It was an eruption of rare violence, even for such a mighty volcano. As the commotion continued the following day, something even more singular was about to happen 450 kilometres to the north in the town of Siena.

   At this time, Siena had a population of around 30,000, and in June it was swollen further by an influx of rich English tourists. In the early evening, many of them reported the appearance of an intensely dark, high-altitude cloud emitting smoke, bright flashes and lightning bolts. Then there was a tremendous explosion and a volley of stones hurtled down from the sky.

   Lots of people saw this happen. One stone reportedly shot through the rim of a boy’s felt hat, leaving a scorched hole. Two English ladies saw stones land in a pond, splashing out puddles of water that appeared to be boiling hot. Some of these details could be embellishments, but this was an account of falling stones that was harder to doubt than usual, since so many people had seen it happen. Ambrogio Soldani, a monk and professor of maths at the university in Siena, collected many eyewitness accounts of the falls and examined nineteen of the stones, the largest of which weighed just over three kilograms.

   Word of the Siena stones began to get out to people who could make a noise about it. Like William Hamilton, a man chiefly remembered today as the one-time husband of Emma Hamilton, a famous model who went on to be the mistress of Horatio Nelson. William Hamilton had a mind for the sciences. He was the English ambassador to the Court of Naples and while living there he made diligent observations of Vesuvius, in the process helping to lay the foundations of volcanology as a science. People had already started to ask whether the rain of stones in Siena and the eruption in Naples were a coincidence or if the latter could have somehow caused the former. An English expatriate living in Siena sent Hamilton one of the fallen stones, together with an account of what had happened, and this set his mind whirring.

   One idea was that stones ejected by Vesuvius could have flown through the air all the way to Siena. Hamilton seems to have doubted this from the get-go, but he did venture up Vesuvius to look for stones that resembled those that fell in Siena. He didn’t see any that fitted the bill, though admittedly the ground was covered in a layer of fresh ash. Writing in a journal of the Royal Society, Britain’s foremost scientific institution, he floated another idea: might the ash from the volcano have drifted northwards to Siena and then been zapped by the electrical storm in such a way that it turned to stone and dropped to the ground? The fact that the stones were clearly blackened on the outside seemed to lend weight to this idea. The incident of the falling stones in Siena had sparked widespread debate on meteorites for the first time. But before anyone could get to the bottom of the mystery, something strange happened in Yorkshire.

   It was a matter of months later, in December 1795, that John Shipley got the shock of his life while out in the rolling fields near Wold Newton. After the rock had fallen and he had come to his senses, he and two other men, a groom and a carpenter, went to investigate. They found the stone had seared through nearly half a metre of soil and another 15cm of solid chalk underneath that. They excavated the smelly hunk of rock and found it was a whacking great thing, the best part of a metre wide.

   It is possible that Shipley’s story could just have been told in the nearby area and would never have gained much credence further afield. But Shipley was employed by a man named Edward Topham, and that changed everything. Topham wasn’t just wealthy, he was well known. In the 1990s, the space scientists Colin and Judith Pillinger at the Open University, UK, took an interest in Topham’s story. Based on their historical research, they sketched a picture of him as a man who led revolts at school over the privileges of the prefects, who supported his friends in duels over points of honour and who defended the newspaper he owned in later life against accusations of defamation – and won. Topham was a man who stood up for what was right. It seems he spoke loudly, and when he did, people listened.

   Topham wasn’t at home when the stone fell, but on returning to Wold Cottage he collected statements from several people who had seen or heard the stone fall, including Shipley, and sent these off, together with his own reported description of what had happened, to a number of magazines and newspapers. He also exhibited the stone in Piccadilly, in the heart of London, across the street from a fashionable coffee house. Many people came to gawp at it, including Joseph Banks, a famous botanist and the president of the Royal Society.

   Following the Wold Cottage incident, people really got talking about falling stones. In 1796, a fellow of the Royal Society named Edward King published the first English language work, a short book, about falling stones. In the same year, the natural philosopher Marc-Auguste Pictet founded a journal of the sciences and arts called Bibliothèque Britannique, and he began to publish many articles discussing meteorites and the swirling theories about where they came from. One popular idea was that the stones somehow accumulated in the atmosphere. Around the same time, translations of Chladni’s book arrived in western Europe and, according to the late meteoriticist and historian Ursula Marvin, ‘the trickle of journal articles about meteorites rose to a flood’.

   Pictet himself wrote a piece saying how astonishing it was that many of the stones appeared so similar, with blackened crusts and glinting granite-like interiors. On the other hand, the object Pallas found in Siberia attracted a lot of discussion from some writers for being distinctly not like that at all: it was a huge lump of iron. Some would buy the idea that rocks could form in the atmosphere, perhaps triggered by electrical storms – but it was harder to swallow the same explanation for a giant lump of metal. And the fact that the Wold Cottage fall had happened on a day free from storms further detracted from that idea. One writer in particular, Guillaume de Luc, was having none of it. He insisted that the Wold Cottage meteorite never fell at all – were we really to accept the word of a labourer? – and that the Pallas iron simply had to be either from a volcano or the result of some ancient and long-forgotten mining and smelting operation. In short, debate was raging and there was little clarity.

   In 1798, Banks received a letter about another fall in Benares in modern-day Uttar Pradesh in India. His correspondent told him that a shower of stones had fallen and that these all had blackened crusts and an internal structure composed of shiny grains, exactly like the Siena and Wold Cottage meteorites. This letter was a trigger for Banks. Enough was enough, he thought: we need a serious investigation of these stones. So he commissioned an accomplished young chemist called Edward Howard to get on to it.

   Howard acquired four samples of meteorites: Siena, Wold Cottage, Benares and a much older stone called Tabor that had fallen in 1753. These were all of the black-crusted, stony variety. Howard finally read out the results of his investigations at a meeting of the Royal Society in 1802. It was a well-attended event, because his reading was interspersed with exciting reports on Ceres, a newly discovered dwarf planet about a quarter the size of the moon that orbits in the jumble of asteroids beyond Mars. The clinching evidence that Howard had gathered was that all the fallen stones he analysed contained a significant amount of nickel, an element that – as we know from the analysis of Tutankhamun’s dagger – is rare on Earth. Howard’s results were reproduced by other scientists, and this did much to cut through the noise of the previous few years and convince people in Europe that fallen stones were indeed a separate type of matter that must originate beyond the confines of this planet.

   In April 1803 there was a very special meteorite fall, this time in L’Aigle, Normandy. The sheer number of stones that fell was astonishing – a fireball shot through the sky and after three violent explosions showered nearly 3,000 meteorites into the fields below. It was also crucial because, at length, a French minister sent out a man named Jean-Baptiste Biot to investigate and he produced an especially careful report, detailing the area over which the stones had fallen. This enabled him to predict unsearched areas where stones could be lying and then go out and find them. It was masterfully done, and in July 1803 Biot read his report to the National Institute of Sciences and Arts, the name of the French Academy of Sciences at the time. Here, according to Ursula Marvin, it ‘was taken as definitive proof that stones fall from the sky’. Scientists still could not agree exactly where in space meteorites came from. That would take many more years to figure out. But only a slim minority now clung to the notion that they were imagined by ignorant peasants.

   Most of the Wold Cottage meteorite is now housed in a pride-of-place gallery in the Natural History Museum in London, alongside treasures such as a first edition of Charles Darwin’s On the Origin of Species. But if you want to see a selection of the first meteorites in modern history, there is no better place to go than Vienna. The city’s Natural History Museum has one of the best collections of meteorites in the world. In the summer of 2021, I published a magazine story about meteorites and soon afterwards the museum’s curator of meteorites, Ludovic Ferrière, wrote to me saying he liked the article and, if I was interested in meteorites, maybe we should talk. I eventually found myself with an invitation to a behind-the-scenes tour of the museum in Vienna.

   I took the subway to Stephansplatz, the square smack in the middle of the city and emerged above ground next to St Stephan’s cathedral, the church where Mozart married Constanze. I decided to walk the rest of the way across town to the museums quarter. Horse-drawn carts clip-clopped the streets, while baroque architecture, fountains and sculptures gilded the pavements.

   Ferrière greeted me at a side entrance to the museum and showed me to his office. It was exactly as you would imagine a meteorite curator’s lair to be, the rooms high-ceilinged and reassuringly musty. We passed stacks of boxes of rock samples and desks strewn with papers, lamps and microscopes. There were dark wooden cupboards of different sizes everywhere and Ferrière showed me inside several of them; one contained row upon row of thin slices of meteorites, while another was stuffed with what he said was the oldest collection of mineralogy books in the world. They are exquisitely bound in an array of red, orange, green and brown leathers and embossed with gold lettering.

   At the end of the office was a heavy wooden door that opened directly onto the noisy public galleries. Ferrière ushered me to the other side and then through several halls lined with cases of precious minerals, until we reached the meteorite room. ‘Here you are in my kingdom,’ he said, spreading out his hands.

   It’s quite a place. There are 1,100 meteorites on display here, making it the world’s largest exhibition of its sort. It’s also the oldest: founded in 1748 by Francis Stephen I, husband to the indomitable Holy Roman Empress, Maria Theresa. Two of the founding pieces in the meteorite collection are the Hraschina meteorite, which fell in 1751, and the Tabor meteorite, which fell in 1753 (the same one that the young chemist Edward Howard would include in his landmark analysis decades later). Both rocks were collected at a time when falling stones were considered curiosities with no clearly defined origin. The Hraschina meteorite in particular is incredible to behold – especially since Ferrière has installed it on a rotating turntable. It weighs nearly forty kilograms and is the size of a small suitcase. Jet black, it’s incredibly smooth and covered in bubbles, like the inside of an Aero chocolate bar magnified many times.

   In this room, you can see samples of the Siena, Wold Cottage and L’Aigle meteorites. The stones are set out in alphabetical order in waist-high display cases and I took my time to find each in turn. It would be easy to be underwhelmed by these stones; on casual examination they all look like small black rocks, and perhaps that goes a long way to explain why it took us so long to accept these really are extraterrestrial. Then I reminded myself that the blackening was caused by the stone burning its way through our atmosphere at a speed of several kilometres per second and all at once it did feel like a special moment, standing there in the middle of a room filled with over 1,000 stones that came from outer space.

   And not every meteorite in the Vienna collection is small and black. The Hraschina meteorite, for instance, is clearly an iron. It makes me think what a happy accident it was that Howard’s chemical analysis only looked at simple stony meteorites. If he had looked at the full diversity of meteorites that we now know fall to Earth, including the irons, perhaps he would have ended up muddying the waters even further. But that wasn’t how history played out.

   After the three crucial falls between 1795 and 1803, scientists were finally convinced that stones do sometimes fall from the sky. But it was a far longer and more difficult task to work out where exactly they came from. The idea that they came from volcanoes collapsed swiftly, since there were so many examples of meteorites falling nowhere near a volcano. For decades, though, scientists such as Chladni maintained that they must come from interstellar space, that is, beyond the confines of our solar system. We could measure the speed at which meteorites entered our atmosphere and it appeared to be so incredibly nippy that anything travelling that fast could not maintain an orbit around our sun – so it must have come from beyond. These measurements turned out to be mistaken, however, and today we know that meteorites come from within our sun’s orbit. They come, in fact, from a range of places in the solar system, which is one reason why they are such incredibly valuable resources to draw on if we want to know how our cosmic backyard came to be the way it is.

   It wasn’t until around the 1960s that meteoritics became recognisable as the discipline it is today. At the time, many ambitious young scientists wanted to get their hands on the rocks they knew the Apollo missions would bring back from the moon. The way to demonstrate they were the right people for the job seemed obvious: they needed to become experts at handling and understanding other rocks from space, namely meteorites. And so, during that decade, scientists began to categorise meteorites in earnest and endeavour to tease out their secrets – but we will come on to more of that later.

   After I had stood for long enough in that cold and rainy field in Wold Newton, I made my way back to the cottage itself, where I had booked myself a room for the night. Then I dumped my bag in a bedroom and spent the evening looking through the collection of old documents and paintings the owners had managed to save over the years. There was a wonderful old painting of Edward Topham, quill in hand, with a thick head of flyaway grey hair and unrealistically rosy cheeks. Another showed his three daughters in all their finery. But there is no picture of John Shipley, at least not that I have been able to discover.

   The next morning I rose early, breakfasted and went into the village to visit the ancient church where I knew Shipley was buried. I nosed around in the sopping wet grass and found his gravestone. His name was clearly visible at the top, as was his age when he died – just fifty-one. The inscription was too weathered and green with moss to read and I didn’t give it much thought, but I later found out the stone bears the following words: ‘All you who do behold my stone, O; think how quickly I was gone, death does not always warning give, therefore be careful how you live.’
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