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For Ellie and Finn. ‘Why?’


And to all the volcanophiles who find this topic as fascinating as I do. Thank you for picking up this book.
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Preface



The alarm went off sometime around 4 am. An early start was needed to drive down from the house to the end of Chain of Craters Road before sunrise. I was staying in a house in the Hawai‘i Volcanoes National Park with other interns working at the Hawaiian Volcano Observatory and this was the first time that a sunrise trip had happened since I’d moved there. We drove as far as we could along the road, until the solidified lava from the ‘Mother’s Day Flow’ had buried it and then parked up. We set off in the dark across a landscape of jagged black rock, seeking out the fresh lava flows. My intern job at HVO was as a gas geochemist but others were tasked with mapping the active lava flow fronts, so knew whereabouts we needed to head to. Before long we reached the lava flows, which glowed red in the dark night. I’d seen the lava flows in daytime on my very first day in Hawai‘i, but this was my first time seeing them at night. Lava looks spectacular at night. We picked our way along the edge of the lava flows, down to the ocean entry, where the lavas were spilling into the ocean. We set ourselves up there, warmed from the heat of the lava, and waited for sunrise. As the first beams of light hit upon the vog formed from the lava mixing with the seawater, the sky was filled with the most incredible pink and purple hues. It was a moment that is seared into my memory, and an experience that I wanted to repeat over and over again.


That moment wasn’t just about lava and sunrises. It was the icing on the cake of an experience during which I learnt about all the incredible hard work that goes on at a volcano observatory, working on the front line managing an actively erupting volcano and monitoring others. About the everyday science that had to be done, while also pioneering new techniques and generating new knowledge. I experienced a crisis, and how misinformation about a potential eruption can cause disruption and concern among communities. I had my first experience of public outreach, running activities during an open house, explaining to people about the hazards of vog and volcanic gases. In those six months, my eyes were opened to the myriad of ways in which scientists study volcanoes, and that doing so could be a career. From volcano observatories to universities, there are countless scientists who dedicate their careers to understanding how volcanoes work. And there is a lot to understand.


Volcanoes are awe-inspiring landforms, but they are also an essential component of how our planet Earth works. Pick up a volcanic rock from the ground and in your hands is a geological story that started many kilometres underground and may have had a dramatic ending. Volcanoes can be windows into the Earth’s interior, providing snapshots of the internal workings of the planet that are otherwise inaccessible. They are a geological phenomenon that can create and destroy in equal measure. They create new land, new oceanic crust, and unique environments. But a catastrophic eruption can destroy towns and cause countless fatalities. Therefore, understanding what triggers their eruptions and what happens when they erupt is critically important. Reducing the impact of volcanic eruptions is a key driver of volcanology. With each year, scientists come up with new tools to study volcanoes from high precision laboratory instrumentation to satellite remote sensing. But there has also been an increasing recognition that science alone is not the best way to study volcanology. Increasingly, volcanologists use a variety of disciplines including history, social science, communications and media studies to understand not only the impact of volcanoes on people, but to reveal information about the volcanoes themselves.


In this book I have tried to give a taster of the vast topic that is volcanology. It is difficult to choose ‘10 things you should know’ and I’ve tried not to be swayed too much by my own biases and interests. We’ll look at topics, such as why volcanoes form and the ways in which they erupt, how societies persist in volcanic areas and the ways in which these societies are protected, and we’ll cover the benefits volcanoes bring as well as taking a tour of volcanoes across our solar system. But ultimately, I hope that through exploring the quirks and intricacies of these structures you’ll find volcanoes as awe-inspiring as I do.
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Why a Volcano Probably Won’t Erupt in Your Back Garden





‘This volcano is owned and operated by Dionisio Pulido.’


Dionisio Pulido was a farmer who lived on a nine-acre farm in Mexico with his wife, thirteen children, and dog Chauffeur. On 20 February 1943, he was tending to his cornfield when he noticed a column of smoke rising from the middle of his field. For a couple of weeks, Pulido and his wife had noticed that the ground had been tremoring and on that day they heard unusual noises, like thunder, coming from underground. On investigation, the smoke was rising from a cueva or fissure in the ground, about half a metre deep. The ground thundered again and the trees shook. The fissure was getting bigger, and the ground was swelling. Soon, thick billowing clouds of ash and a strong smell of sulphur began to rise out of the fissure with a loud, whistling hiss. What Pulido witnessed that day was the birth of a volcano: Parícutin. Scientists flocked to Parícutin to gain an understanding of the early life stages of a volcano.


Very quickly the Parícutin eruption grew; a fountain of lava shot molten rock and ashes up to 500 metres into the air, which quickly covered the cornfield, and lava flows spread out towards nearby towns and villages. Pulido is said to have erected a sign stating, ‘This volcano is owned and operated by Dionisio Pulido’ before leaving his farm for ever. The eruption continued for nine years. When it eventually stopped, the cone of the newly formed Parícutin volcano rose over 424 metres above Pulido’s cornfield and had covered over 300 square kilometres with at least 15 centimetres of ash. Lava flows spread far and wide, eventually burying the village of Parícutin itself, after which the volcano was later named. In the town of San Juan, the tower of the San Juan Parangaricutiro church stands proud above the black, rubbly rock of cooled lava flows that inundated and destroyed much of the town. The lives of people living in the five surrounding villages were changed for ever, with some leaving the region altogether like Pulido (who emigrated to California to work in orange groves).


Before you begin looking suspiciously out to your own back garden, it’s important to know that the events of 1943 are particularly rare – it was the first volcano ever to have been studied from its birth to the end of its eruption. The Parícutin volcano is in a volcanic region known as the Michoacán-Guanajuato volcanic field. There are over 1,000 volcanic vents just like Parícutin squeezed into this area, which has been volcanically active for almost 10,000 years. So, while having a volcano pop up in the middle of Pulido’s cornfield may have been unexpected, it certainly wasn’t unusual, geologically speaking.


Where are you reading this book, right now? Are you in an area that has had recent or historic volcanic eruptions? Or are you in a place that hasn’t seen a volcanic eruption for millions of years? Because volcanoes do not occur at random on the Earth’s surface. Their appearance is driven by various geological processes operating both deep within the Earth (maybe even as deep as the core) and in the ground just below our feet. And these processes control whether you should be overly concerned about your back garden. The Earth is a geologically active planet. At its centre is the core, formed during the Earth’s earliest days as the dense elements of nickel and iron sank through what was then a molten planet. The core is hot, very hot at around 4,500° to 5,500° Celsius. The inner core is solid, but the outer core is a fluid layer. The mantle is the layer that surrounds the core and at its deepest it is pliable and can move (albeit incredibly slowly) despite being solid rock. The layer we’re most familiar with is the Earth’s crust, the thin eggshell-like outer layer of the Earth. This crust, together with the uppermost part of the mantle, is broken into tectonic plates. These plates move. In some places they pull apart, at others they grind past each other and at others they collide. It is these tectonic processes that control where most of the Earth’s volcanoes are formed.*


For a volcano to form it needs to have a supply of molten rock: magma. Today, however, the crust and the mantle are both solid. So, where does the magma come from? Magma is initially made by melting the mantle. Easy. The inside of the Earth and especially the core is super-hot, so they must be melting everywhere? Not so. Melting of the mantle has less to do with heat than you might think. Heat is of course important; we know from measuring the temperature of lava as it oozes over the Earth’s surface that it is hot (up to around 1,200°C). But the mantle is under enormous pressure, literally holding the weight of the world on its metaphorical shoulders. So, while the mantle is often hotter than its melting temperature, it is kept solid because of pressure.


Where the plates pull apart at divergent plate boundaries the hot mantle underneath buoyantly rises. As it rises, it is subjected to less and less pressure and at the lower pressures near the Earth’s surface it can start to melt. Lava spills out, cools and solidifies, creating new crust. The mid-ocean ridges are formed in this way, creating the longest mountain chain on Earth (first mapped in detail by Marie Tharp in the 1950s and 1960s). The mid-Atlantic ridge, for example, is like a zip running from north to south in the middle of the Atlantic Ocean, slowly opening at a rate of about 2.5 centimetres per year (which is about the speed that your big toenail grows) pushing North America away from Europe and South America away from Africa. While most of these divergent plate boundaries are under the ocean, they can also occur on land, not least where the mid-Atlantic ridge slices through Iceland. The East African Rift System is the largest active continental rift on Earth, where the eastern African plate is tearing apart. The famous Mount Kilimanjaro is a dormant volcano that exists because of this rifting process.


At collisional plate boundaries, or subduction zones, cold, dense, wet oceanic plates are forced under the other plate down into the hot mantle. As the subducted plate heats up, it releases its water into the mantle reducing the mantle’s melting temperature, allowing it to melt to create magma. This molten rock rises feeding great arcs of volcanoes like the Andes or those across Japan. Perhaps the most famous of these types of plate boundaries is the Pacific Ring of Fire. This is a tectonic belt of volcanoes and earthquakes that surrounds most of the Pacific Ocean, marking out the edges of the Pacific Plate. While it has gained notoriety for being the location of about 90 per cent of the world’s earthquakes and containing almost a thousand volcanoes, the Pacific Ring of Fire is just a jazzy sounding name given to a collection of unrelated subduction zones. A common misconception is that eruptions along the Pacific Ring of Fire are related, or that an earthquake at one location can trigger an eruption on another part of the ring.
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