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To David, Alice and Dominic



AUTHOR’S NOTE

In this book we have used the generally more familiar abbreviations AD (anno Domini) and BC (before Christ) as qualifiers for some dates rather than the equivalent secular terms CE (Common Era) or BCE (Before Common Era) more prevalent in the scientific literature.
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Down, down, down. Would the fall NEVER come to an end? ‘I wonder how many miles I’ve fallen by this time?’ she said aloud. ‘I must be getting somewhere near the centre of the earth.’

Alice’s Adventures in Wonderland by LEWIS CARROLL, originally entitled Alice’s Adventures Under Ground

[W]hat experiment can be undertaken perfectly free from inconvenience, and all fear of danger, on mountains which vomit forth fire? I would certainly advise the philosopher who wishes always to make his observations entirely at his ease, and without risk, never to visit volcanoes.

The ABBé LAZARRO SPALLANZANI, Professor-Royal of Natural History in the University of Pavia, 1798 – taken from Mind over Magma, Davis A. Young, 2003

We are such stuff As dreams are made on, and our little life Is rounded with a sleep.

WILLIAM SHAKESPEARE, The Tempest





[image: Illustration]





An illustration of Earth’s geologic time scale with some of the major trends and events in life's evolution indicated

(MYA = millions of years before present)
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Introduction

The majestic peak of Mount Vesuvius presides over the bustle of the present-day bay of Naples in southern Italy. Houses fringe its lower flanks and at night the mountain’s dark silhouette seems to emerge like an island from the sea of the twinkling city lights. The wider metropolitan area of Naples is among the most populous in Italy and the city’s story stretches back over more than 2,500 years. Over these long millennia of occupation the region has attracted countless visitors, who flock to enjoy the beauty of its landscape, to savour its food and wine, and, in turn, to marvel at its many layers of human history. The proximity of volcano and people for this prolonged period, as well as the nature of Vesuvius’s activity, make this a location of great importance in volcanology as well.

Many key historical observations of volcanic activity and associated phenomena such as gas emissions and ground movements have been made here and it is home to the longest-established volcano observatory in the world – Osservatorio Vesuviano – which has been keeping watch over the area’s volcanoes since 1841. The original observatory building can still be seen just off the road, about two kilometres from Vesuvius’s summit, where it now houses a museum of past scientific instruments used to study the volcano. The science of volcano monitoring has moved on and these days the area is gridded by high-tech devices sensing the Earth’s tremors and changing shape which relay their signals back to large computer banks in the Italian National Institute of Geophysics and Volcanology, Naples in the heart of the city itself – watching and waiting for the next signs of unrest.

Vesuvius was also the first volcano that I personally encountered, during a family holiday to the Amalfi coast in 1987. At the tender age of ten I had no idea of its long significance for volcano science. Nor did I have any inkling of how important volcanoes would come to be in my own life. In fact, my recollection of this first sortie into volcanic terrain is rather hazy. I should perhaps not admit that of my many memories of that holiday it is the hotel’s outdoor pool, which, thanks to the relatively cool October temperatures, my sister and I had largely to ourselves, that is probably my clearest recollection through the mists of time, despite the many more profound experiences of that week. But fragments of memory, old photos and a dogeared holiday diary do recall our visit to the volcano’s summit: a short plod from the car park, a large, deep, sheer-sided crater, wafts of ‘smoke’ clinging to its walls, layers of different-coloured lava and a nervousness about the mountain’s potentially destructive nature.

Although Vesuvius has been quiet since the 1940s, to give credit to my younger self, this anxiety was wholly logical based on the facts before me. Prior to our ascent we had visited Pompeii and Herculaneum, both overwhelmed by the infamous AD 79 eruption of the very mountain upon which we stood. The visits to these ruins had marked a vivid impression on me – more so, really, than the dusty trek up the mountain. The death casts of Vesuvius’s victims – created by injecting plaster of Paris into the voids left in the volcanic debris once their remains had decayed away – on display at Pompeii made their experiences painfully corporeal: hands often clasped to their faces as they attempted to flee, or curled up in a vain reflex to protect themselves against the searing inundation. The grandeur and sophistication of these societies were wiped away in just a couple of days. What remained imprinted on my mind was the destructive power of the now inert, and seemingly immutable rock. Rock that had once erupted with suﬃcient fervour to engulf these places. But, above all else, it was the fear and distress twisted into the bodies of the people it claimed that stayed with me following this first brief brush with Volcanoland.
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The author with her mother and sister at the crater rim of Vesuvius in 1987



The AD 79 eruption of Vesuvius was by no means unprecedented but nonetheless it took the local population largely by surprise. Just over a century earlier, the Greek thinker Strabo had noted the similarities between the rocks of Vesuvius and those erupting from Mount Etna in Sicily. But Vesuvius had been inactive for centuries prior to AD 79 and so was not considered a threat. There is evidence that this catastrophe was not unheralded, however. A large earthquake hit the region in AD 62, causing significant damage to local towns and killing hundreds of sheep in the district around Pompeii. These livestock were poisoned, according to the account of the Roman philosopher Seneca, by breathing atmosphere ‘tainted by the poison of the internal fires’, possibly, as we know now, volcanic carbon dioxide seeping to the surface from underground magma. Minor tremors continued to shake the region after this, but the locals became accustomed to them. In the days before the eruption these tremors increased in strength and were accompanied by other ominous portents, such as springs and wells running dry. Within the mountain the magma was rising.

Today the association between these symptoms and an impending eruption is far better understood, but this is knowledge that has been honed over centuries of data collection and rock analysis. Much understanding has, poignantly perhaps, been gleaned from Vesuvius itself. One of my favourite tales of experimentation with new methods of volcano monitoring at Vesuvius is that of Frank Perret, an American engineer who travelled to Italy for his health and became enraptured by the mountain. In the days prior to Vesuvius’s 1906 eruption he found that he could ‘hear’ a continuous buzzing from below when he set his upper teeth against his iron bedstead. Perret had transformed his own skull into a crude seismometer, detecting the hum created by the movement of magma and gas under the volcano.

These days, well-monitored volcanoes like Vesuvius are webbed by networks of seismic stations designed to capture the first stirrings that signal some change in their inner state. The rock remnants of past eruptions are pored over for clues about future activity. Changes in gas emissions, ground shape, water flow and temperature are all logged as part of a continuous search for hints of impending trouble. But back in AD 79, the people in Pompeii and Herculaneum were not equipped to anticipate the catastrophe that was about to occur.

Could the agonising deaths at Pompeii, recorded in the tortured sinews of the plaster-of-Paris death casts, have been avoided with modern knowledge and instrumentation? As volcanologists we like to hope so, despite the very considerable challenges of getting the right messages to those in charge at the right moment. Although there have been heart-breaking volcanic tragedies in recent times, we might hope that with modern monitoring and the catalogues of past eruptions and their precursors now archived we would have diagnosed volcanic unrest, raised alarms and taken action before magma broke forth. But in the Bay of Naples in AD 79, normal life went on right up to the last moment, when the volcano could no longer be ignored.

At an exhibition of artefacts from Pompeii at the Ashmolean Museum in Oxford in late 2019, I was captivated by the charred remains of a circular loaf of bread found in an oven in the ruins of the city. The idea of a Roman baker putting bread in to bake, completely unaware that almost 2,000 years later it would end up an exhibition centrepiece, reminded me how the day of the eruption began with a veneer of total normality. As the citizens of Pompeii awoke that morning destructive forces were building in the underworld and their daily routines were destined to be shattered by the disjunction of disaster and their relics ultimately transposed into history. But first thing that morning their worries and concerns were those of any other day.

For most eruptions as deep in the past as AD 79, volcanologists must rely solely on the rocks and other geological evidence left behind to piece together the drama that unfolded. But for this catastrophe, there is a human voice to help us interpret the geology, in the form of two letters written some years later by Pliny the Younger to the Roman historian Tacitus. Pliny recounts events from his vantage point across the bay in Misenum, where he noticed that a strange cloud had appeared above the volcano. It grew rapidly, ‘more like an umbrella pine than any other tree, because it rose high up in a kind of trunk and then divided into branches’. We know from more recent studies of variation in the size of the rocky chunks strewn different distances from the volcano and preserved in the landscape that this tree-like column soared 15–25 kilometres above the mountain. Pliny’s evocative description echoes through the ages and his name has entered the scientific lexicon to describe this characteristic shape of explosive eruption plumes, so-called Plinian columns. Pliny’s uncle, ‘Pliny the Elder’, set off across the bay on a rescue mission, only to die the next morning choking on volcanic fumes (although a heart attack might in equal part be to blame) having attempted to protect himself from the eruption by tying a pillow around his head as he and his companions tried to escape.

Meanwhile, in Pompeii, downwind of the volcano’s vent, the town’s troubles started shortly after the eruption began, when light-coloured pumice began to rain down, mantling everything like a dusty and abrasive snowfall. The plume would have blotted out the afternoon light, turning day to night as if the gods were at work, and in the spreading darkness the streets would have become clogged by drifts of rock as roofs began to collapse under the weight of falling debris. No accounts from the city’s survivors are preserved but to live through this must have been terrifying: ash would have invaded their nostrils, eyes and ears; pumice would have scoured their skin as they attempted to wade through it; the air would have been tinged with the strange rotten or rasping metallic tastes of volcanic gas. Some likely tried to flee and others thought it best to sit it out in their homes.

Incredibly unpleasant as it was, it is likely that most of those inhabitants who remained would have survived this first onslaught. Death came early in the morning of the eruption’s second day as incandescently hot, ground-hugging clouds of pumice, dust and gas – pyroclastic surges – collapsed downwards from the trunk of the eruption column. Similar scorching avalanches had already engulfed Herculaneum in a matter of minutes during the night. They raced at speeds of up to 100 kilometres per hour burying humans, animals, livestock, belongings and buildings alike. Victims were asphyxiated or flash-heated to death.

One of the first volcanology books I read early in my PhD included images of some of the archaeological remains from Pompeii, pulling the science off the page and drawing me back to my childhood visit. One picture was of the cast of a pet dog, abandoned, chained to a post. Having somehow remained on top of the accumulating pumice fallout, it stood no chance against the pyroclastic surges and its last moments are recorded in its twisted body, arched back and flailing limbs. At 24 years old, grappling with this new science, this image drew me back to the souvenir that ten-year-old me chose to bring home from that first trip to Pompeii: a pottery tile copy of the famous cave canem (beware of the dog) floor mosaic excavated from the rubble. I still have it today by our kitchen sink. Like the charred loaf of bread, it is another reminder of the juxtaposition of the mundane and the terrible conjured by catastrophes like that at Pompeii.

While the devastation unfolded in Pompeii and Herculaneum, in Misenum, 30 kilometres across the Bay of Naples, Pliny the Younger had endured thick ash fall, the panic of a fear-stricken mob and total darkness as he waited for his uncle to return. After many hours the dust settled, and a sickly sun, ‘yellowish as it is during an eclipse’, struggled through the haze. The immediate nightmare was over, but he gazed across the bay to see that a carpet of grey volcanic debris cloaked the landscape where fields, woods, vineyards and towns had once been. The smooth cone of the mountain, as depicted in murals preserved in some of the buried villas, was likely reduced to a stump of itself. The bustling city of Pompeii was obliterated, buried in almost three metres of fresh volcanic rock. The desolation was such that the survivors and onlookers decided the town was beyond hope of redemption. It was abandoned and gradually, over time, the city slipped off the map and was forgotten. Its rediscovery, during the development of new settlements in the late sixteenth century, was coincidentally followed by another violent eruption of Vesuvius in 1631. This eruption was again deadly and destructive, killing many thousands, displacing tens of thousands more and, reportedly, liquifying the dried relic blood of San Gennaro, the Catholic patron saint of Naples.

Our understanding of the Earth and volcanoes has come a long way since the time of Pliny. In part due to Vesuvius’s accessibility to Western thinkers (described in 1819 by eminent British chemist Humphry Davy as ‘not so small as to be contemptible not so great as to be unapproachable’) and long popularity as a tourist destination, the study of its spate of eruptions between 1631 and 1944 played a significant role in these advancements. Ancient and medieval ideas of the character and causes of volcanism – of deities, as chimneys for the Earth’s inner fire or as gateways to hell – have developed with the intervening centuries of observations, data and science and an ever more sophisticated global perspective. Our studies are often driven by the human experience of volcanism. How do we map volcanic hazards? How do we avoid human catastrophe and tragedy like that which unfolded in the Bay of Naples? How does an active volcano change its environment and how does this affect local people? How can it be that we feel the effects of a large volcanic eruption on the other side of the planet? Volcanoes are often, sometimes out of urgent necessity, defined by the characters and concerns that we project upon them. But when peering into the mouth of a volcano, the dominant feeling is often one of lingering insignificance. In the face of this overt expression of our planet’s power, human meanings and our apparent agency can seem to recede and something else, perhaps more fundamental, comes into view.
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An explosive eruption of Vesuvius viewed from Naples in October 1822 and published in Scrope’s Considerations on Volcanoes (1862). Note the shape of the volcanic ash plume as like an umbrella pine tree, as described by Pliny, and the volcanic lightning and curtains of debris falling from the plume.



The lifespans of volcanoes inhabit a timescale far different from our brief geologically ephemeral, little human lives. The activity of Vesuvius punctuates European history: from Roman times to its most recent eruption, in 1944, just after Allied forces took control of Naples during the Second World War. However, the few-thousand-year span of our recorded history is a mere fraction of the mountain’s age. The oldest rocks building Vesuvius’s bulk date back far further, to about 300,000 years ago, roughly the same age as the oldest known remains of our species found in Africa. Some volcanoes are much younger, of course. Parícutin in Mexico, for example, famously emerged from a farmer’s field one otherwise normal February day in 1943, building its cone to over 100 metres by the end of its first week. But when we gaze upon the majesty of Vesuvius it is a view that captures not just ourselves in the awe of the vista but, by some measures, the timescale of humanity itself.

Even this mind-blowing time slice charting hundreds of thousands of years is only a blink of an eye for a planet 4.5 billion years old. If we shift our gaze from Vesuvius and take a broader view of the rocks that make up our planet’s surface, evidence for volcanic activity in the form of dated lavas goes back billions of years. Volcanism of some sort has been part of the rocky ball we call home since its very beginnings. Although individual volcanoes come and go, volcanism as a process has persisted across the mind-bending eons of Earth’s history. Magmatism has been a part of our planet’s intrinsic character in a way that we simply are not. Volcanoes were here before us and they will be here long after. The guard may change, but they are sentries of our planet’s deep and ongoing history.

Building a habitable planet is a complex process but it is no exaggeration to say that volcanism has been fundamental to shaping this beautiful world we call home. The heat sources in the early Earth and the continued bombardment by asteroids and other planetesimals would have led to it being substantially, or perhaps even entirely, molten at times during its first 100 million years. Some evidence even suggests that it could have been covered in large, maybe planetary-scale, magma oceans during this formative period. This was a time when volcanism, or perhaps it is better to use the more general term magmatism, was the planetary rule rather than anything exceptional. This world of black and orange broiling expanses is almost unimaginable, the stuff of science fiction, but written into it somehow were the blueprints for our present-day globe; our gloriously habitable blue marble.

Although it might seem contradictory, volcanism played its role in transforming Earth from a lava world to a water world and has since helped to keep it a blue rather than a black and red planet. It is not known precisely when or how the atmosphere formed and there is still much to understand about its evolution over geological time. Nonetheless, the release of volatile molecules like water and carbon dioxide from the molten Earth was, and continues to be, undoubtedly very important. As the heat of the nascent planet cooled, the water vapour in its gassy envelope condensed and fell as rain, flooding the Earth’s surface and forming the primeval oceans. Magmatism and volcanism were again the engines that helped to forge the first land: fashioning islands and then continents, pushing this new land out of the seas. Those early primitive lavas would have broken the waves in a cauldron of steam, gradually building into gently sloping shield-shaped volcanoes. The emergence of these primordial landscapes was witnessed by a dim, young Sun and a giant Moon, much closer to Earth and about double the size of the disc we see in the night sky today.

Volcanoes were there when the first basic life evolved somewhere in our planet’s ancient waters. It may even have been volcanic heat, in deep-sea hydrothermal vents, or volcanic lightning during explosive eruptions, that helped to rearrange some of Earth’s atoms into the first primitive molecular building blocks, allowing biology somehow to begin. Much later, volcanoes looked on as plants spread to cover the continents, and the first animals crawled from the sea to make the land their home. As geological time has ticked on, the rocks have witnessed the planet’s story. Species have waxed and waned, sometimes gently but sometimes abruptly in the great dyings of mass extinctions, when immense swathes of species have been cut out of history in a geological flash. Volcanoes likely played a part in these events, too, although many questions and much mystery remains about their exact role.

The most compelling component of Earth’s story will always be that of its abundant and varied life, culminating in the richness we see around us today. For this world to be possible the fluctuations in its environment have needed modulation. However, it may sometimes seem, Earth is not, in fact, a place of extremes relative to our interplanetary neighbours. We do not need to cast our eyes far into our solar system to realise this. The temperature difference between lunar night and lunar day is about 300ºC. Our sister planet Venus, so alike in size and makeup, has average surface temperatures 450ºC hotter than here. Our smaller neighbour Mars is 80ºC colder on average. Agents like active volcanism, while holding the potential to sow great change, have also helped to define the limits of Earth’s environmental variability. Volcanoes are a part of a system of terrestrial checks and balances which have allowed life to persist, but which we still don’t fully understand. Venus and Mars show us how differently things could have been. There are many important factors governing a planet’s evolutionary path but having just the right mix of tectonism and magmatism wrought into Earth’s planetary cycles has been part of its journey to habitability. These so-called mountains of fire are a sign that our planet is geologically alive, and their constant maintenance of its atmosphere, oceans and continents has allowed the conditions for evolution to chart a path to our existence as a species. Volcanoes underpin our history, even when we are not directly aware of them. They are an integral part of the rich tapestry of the world upon which we find ourselves, where we are able to marvel at its bounty and beauty and to try to reason out its meaning.

I came to volcanology later than many of my colleagues – several of whom have been possessed by these powerful mountains since childhood – and somewhat by accident. The title for this book was, in part, inspired by Lewis Carroll’s sometimes perplexing Alice’s Adventures in Wonderland, a childhood favourite. As in Wonderland, things in Volcanoland are often not quite what they might at first seem, and this is part of what makes it so fascinating. Even more than regular mountains, volcanoes represent great danger. They can lash out to wreak havoc and human despair. It is often the reason they make the news and, when I started my PhD in volcanology, this is how I quite understandably saw volcanoes too. But when you travel to volcanoes and talk to those who live on and near their flanks, a much more complex relationship between humans and volcanoes quickly emerges.

Volcanoes can devastate and destroy but they are also revered and can be integral to local lives and livelihoods: fertilising soils, attracting tourists or providing power, water or raw materials. Sometimes people live near volcanoes because they have no choice, but sometimes, too, they choose to live there because of the opportunities that they provide or because it is the place they hold as home.

Through my studies I have come to think about some volcanoes as individual characters. I am not alone in this. These rumbling mountains can easily seem alive and often take on powerful personas, especially for those living with their daily presence. An active volcano combines both the bulk and immutability we might feel gazing at other mountains with something also dynamic, shifting and at times capricious, and thus in some ways far more human. Their landscapes can change as fast as our lives. In a six-year gap between expeditions up Etna due to the birth of my two children, a new cone had built up on the volcano’s south-east summit, and at its central peak, the ridge between two of its craters had all but disappeared, having slumped back into the abyss. Seeing it again in 2012, it felt almost as transformed as my life and I was caught by something that felt a little like empathy. For Etna though, this was nothing so profound and just another tiny increment in its restless but nonetheless fundamentally inanimate ebb and flow. We gaze upon volcanoes and they amaze us, but however much we deify and anthropomorphise them, however much we push and prod them, they have absolutely no opinion of us.

My fascination with volcanoes is very personal at times, but it is also deeply scientific. As much as we might sense them as alive and full of individual character, this is just a trick of the mind; our best dialogue to understand them comes through careful observations and the documentation of commonalities, patterns and trends. Volcanology has drawn on all the tools laid out not only by the great expositions of geology but also the fundamental findings across the breadth of human sciences. Ours is a science woven from these strands over the centuries of human endeavour into a unifying theory of how, why and where we get volcanoes on our planet. Our understanding of the substance of volcanism on the molecular scale gives us a human-scale perspective on why some eruptions are more dangerous and deadlier than others.

Like the structures of these most dynamic of mountains, human knowledge of their nature has developed in layers over the millennia. Edifices have been constructed that have been cut back by the ruptures of new ideas that then build new cones of thinking to greater heights in their place. We undoubtedly now know far more than we ever have before, but if the history of science teaches us anything it is that some ideas that we now hold dear will turn out to be at least incomplete, if not entirely wrong. We inhabit a brief moment in the lifespan of our favourite volcanoes and a specific moment, too, in the journey of human thinking. From this vantage point, I have spent the last 20+ years trying to understand how volcanoes erupt and their different eruptive styles, how we might predict their behaviour, how humans experience them and their impact on our environment. They have the ability, too, to stretch beyond their local surroundings to change our planet’s wider environment and this challenges us to revel in the richness of thinking of them not only as individual entities but collectively as a planetary-scale process that shapes and reshapes our and other worlds.

In this book we will journey through some of what we know about volcanoes, how we came to this knowledge and where we are going next. Each chapter poses a question that I seek, at least in part, to answer. It is an expedition that starts within the Earth to explain how and why volcanoes occur where they do, how they erupt and why one can erupt so differently from another. Much of our knowledge of volcanic behaviour comes from reading the rocks, and we will explore how we move through a volcanic landscape to reconstruct past eruptions from the debris left behind. But volcanoes reach beyond themselves as well, stretching out to change or maintain the local, regional or global environment. This is largely through the gases that they emit, and to understand their wider influence we must quantify what gases these are and how and where they are released. We must also push to observe and model the effects of these emanations in the short- and long-term balance of the atmosphere.

These tools arm us to see volcanoes both as they are in themselves and also collectively as a world-shaping process, and this understanding yields new insights into the subsurface machinations of our own world and also beckons us to look out to the heavens. For what we understand of Earth’s volcanoes, illuminates the role they have played in shaping other planets too, especially as new data arrives from ever more detailed missions to our celestial neighbours and ever more sophisticated observations of exoplanets beyond our own solar system. This in turn tests our understanding of our planet and its history. But it is not just other worlds that can be foreign and remote to us. Our planet’s own past contains evidence of volcanic events or protracted episodes of magmatism operating on a much larger scale from those in the brief history of human observations. Understanding volcanoes today is a key part of comprehending the impacts of this past volcanism and how it changed the course of Earth’s biological evolution.

There are many routes through Volcanoland and many different perspectives, far too many for me to capture fully either scientifically or geographically within these pages. My account is, of course, biased by my scientific background and interests and the places that I have been lucky enough to visit. Having been neither born nor raised in a country with active volcanism I am always a visitor in volcanic locales but I hope to give some sense of what it is like to live and work in such places and how these powerful landforms and their activity have captivated people through the ages. I find it fascinating to look at a volcanic landscape furnished with the accounts of how others have seen it before me. It is part of sensing the timescale of these places and imagining the spans of time outside ourselves inhabited by previous generations of human observers and the far deeper time still of Earth’s geology stretching behind and in front of us. There is a profound and growing awareness of the planet’s precarious future in the augurs at the moment, and perhaps volcanoes can help us in some way to make sense of this too. My path through Volcanoland has also involved a shift in the personal insights that I have gained from studying magmatism. I started out mainly motivated to understand volcanism in terms of its power to change our planet’s past, present and imminent future. More recently, I see, especially in the very greatest episodes of Earth’s past volcanic activity, a lens through which to view lessons about humanity’s potential as a geological force and the responsibilities this entails.

Working in Volcanoland is not always easy. Some days I despair that, for all our achievements, our science cannot yet always avert the loss of lives or livelihoods. Some days I return from the field dusty, bruised and battered, other days none of the data makes sense. But, to my mind, journeying into Volcanoland is one of the most compelling adventures we humans can go on.




Part One

The Rocks of Volcanoland and How They Erupt
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A map of the present-day surface of the Earth with some of the key volcanic places
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