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Dreamland of the Living Earth
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‘The Fiery Gulph ejected great Stones’. Amerindians and Spaniards meet at the foot of Popocatépetl, México, in 1519.1

 

‘Observations are the only truth . . . Therefore, one good way, probably the only way, to add to the scope of science is to make reliable new observations of the unknown.’

 – Jack Oliver, ‘Earthquake seismology in the plate tectonics revolution’2

 

Grains of ash are dropping from the sky after a piercing detonation; they tinkle on my rucksack. Several large lava bombs blaze high above the crater, but fall back into the bowl-shaped depression, whose inner walls are striped with bands of cinders and rubble. At the bottom are two pits – one exhales a dusty smoke, but sometimes a much thicker brown cloud billows out silently to unfurl then dissipate across the larger, magma-filled vent, whose fumes are blue-tinged.

Trade winds sweep ash off the outer crater rim behind me like sand off a dune, showering the grey plain below, which stretches to a tract of lime- and emerald-green scrub and bush. The humid climate does a good job of confining the volcano’s flagrant footprint. Ahead, beyond the crater, the South Pacific spans half the horizon, from silver under the sun to hazy blue.

Another deafening volley! I sense the heat on my face this time as lava dances up from the sloshing maw with a roar like the full thrust of jet engines – I feel it in my chest and through my feet. The crater fills with a wreath of sulphurous fumes; they spill out, making acid tears in my eyes. More ash prickles my skin. The experience is dynamic, elemental, mesmerising; it assails all the senses at once. 

Now the fumes have thickened and I can no longer see where the bombs are flying. I turn off the spectrometer I’ve been using to measure gas emissions, and start heading back to my lodge in the forest. It’s better to not sacrifice oneself for one’s art.

*

Volcanoes get a bad press. They are most in the public eye when tourists have been assailed by lava projectiles, neighbourhoods buried beneath pyroclastic flows, populous shorelines ravaged by tsunamis, or planes grounded owing to the ash forecast. But volcanoes mean more than menace and calamity. Dramatic and traumatic as their outbursts can be, most volcanoes, most of the time, are tranquil mountains with diverse microclimates and habitats, and valuable mineral and geothermal resources. If we think of the places where humans have long lived in the shadows of volcanoes, the volcanoes were almost invariably there first. Like our parents, they’ve led whole lives before we get to know them. They are visual anchors in our landscapes and paint the sky with their plumage; they are supernatural realms; and they can turn the world’s weather on its head. Even when their wild days are long past and their flames forever extinguished, their eroded landforms still enliven our skylines and invite outdoor adventure. Wherever we live on the planet, they are more a part of our lives than most people realise.

Volcanoes loom at a thrilling crossroads of nature, spirit, climate, geology, technology, society and culture. They play with time – stretching it over a geological epoch, yet able to shapeshift and change everything in the blink of an eye. As portals, they allow us to trace story and memory through deep time and back again.

As a volcanologist, I have dedicated my career to observing simmering craters, often at very close quarters, with a view to revealing their secrets. I’ve followed in the footsteps of pioneers like the American geologist, Thomas Jaggar, who established the Hawaiian Volcano Observatory in 1912. I love his description of geology being the ‘science of the dreamland of the earth’s interior’,3 and much of my work has involved recording phenomena at the mouths of volcanoes to help us understand their anatomy and physiology, to visualise their unseen lungs and alimentary tracts.4 The truth is, I spend a lot of my time imagining the underworld, and comparing the quirks and frolics of different volcanoes. They never asked for an advocate but I am not alone in seeking to translate the language of these sonorous mountains for a wider audience.

Volcanoes are hard to ignore, especially if you live near one. We have probably admired and feared them ever since our species evolved in the shadows of Kilimanjaro and other fire mountains of eastern Africa, a few hundred thousand years ago. Given their sonic and visual spectacle, even between eruptions, it seems certain the ancestors would have sought to interpret their omens. But when did the more systematic study of volcanoes begin? Whose shoulders have I stood on in hope of seeing further? Historians of science might well differ on its origins, but I trace volcanology’s first whispers back to the period when the term volcano was coined, and to the man whose careful observations would establish a template for centuries of colonial exploration (and exploitation): Gonzalo Fernández de Oviedo y Valdés.5

As a teenager in 1493, Oviedo must have felt the lure of the unknown when he joined a jubilant throng in Barcelona cheering the return of Christopher Columbus from the Caribbean. But before succumbing to the draw of far-off adventure, Oviedo settled in Italy, sensitising him to sulphurous volcanoes such as Solfatara, a steaming, bubbling crater near Naples, and Vulcano, one of the Eolian islands north of Sicily, famed since antiquity for its flamed frenzies. During this period, he also acquired a sensibility for figurative art, meeting Leonardo da Vinci, Mantegna and Michelangelo.6 These experiences would serve him well as official chronicler – in both words and pictures – of the Spanish conquest of the New World.7

It was 1514 when Oviedo first sailed for the West Indies. His mission: to oversee the production of gold and silver. His compatriots, meanwhile, were expanding Spanish dominion on the mainland. Hernán Cortés landed in Veracruz (in modern-day México) in 1519, and within months was leading an assault on the Aztec capital, Tenochtitlan. Reaching the high pass between two towering volcanoes, Iztaccíhuatl and Popocatépetl, Cortés marvelled at their height and the ‘flames’ emitted from the latter.8 The active crater of Popocatépetl would later furnish him with sulphur, a key ingredient of the gunpowder he needed to wage his campaign.9

By 1524, the Spaniards were colonising Guatemala and Nicaragua, where they encountered one volcano after another in various states of activity. This posed a problem – until now, there was no word ‘volcano’; they were known instead as ‘mouths of fire’ or ‘burning mountains’. Their superabundance in Mesoamerica cried out for the invention of a simple term. Many of the conquistadors were familiar with the Mediterranean sea. Like Oviedo, they knew of the island of Vulcano, itself named after the Roman god of fire, Vulcan. And so, the proper name seeded the generic volcan, which quickly permeated other languages.10

The most fabled volcano in all the region, and before long the subject of wild stories in European circles on both sides of the Atlantic, was Masaya in Nicaragua. The first colonial governor of the country, the brutal Pedrarias Davila, with whom Oviedo had sailed across the Atlantic, wrote of it in a letter to Emperor Charles V in 1525: ‘there is a large mouth of fire which never ceases to burn and after dark . . . there is light as if it were day’.11 Some said you could read a book by its brilliant glow at night, others that it hosted valuable reserves of sulphur. Holy men denounced it as the mouth of hell, among them the priest Francisco de Bobadilla who went so far as to exorcise the volcano, erecting a tall cross at the crater’s edge.

But Oviedo wasn’t someone to take the word of others unquestioningly, and so determined to explore Masaya for himself. He travelled there in July 1529, staying at a ranch near the village of Nindiri, a few miles from the peak. What happened next is recounted with brio and flourish in his fifty-volume History of the New World.12

Oviedo set off on horseback in the middle of the night, escorted by Nacatime, the Chorotegan chief of Nindiri, and an African servant. The trail across old lava flows, rough as ‘blacksmith’s slag’, was tough. No shoe suited to it had yet been fabricated, in Oviedo’s opinion.13 When the incline became too steep for the horses, he put on wooden sandals and continued on foot.

The sun was rising as they reached the summit area: a plateau covered with multicoloured rocks and punctured by a chasm ‘so wide a musket ball could not traverse it’ and, from judging the descent of rocks hurled into it, around 130 fathoms (240 metres) deep. Oviedo spent the next hours applying all his senses and attention to observing, note-taking and sketching.

One of the puzzles he hoped to solve was the origin of Masaya’s acclaimed radiance. At close range, he could see the light came not from flames but rather from fumes emerging from the funnel-shaped crater, which were lit up like smoke reflecting a bonfire’s blaze by whatever burned deeper down. Leaning over the brink, he could make out a round floor far below, large enough to contain ‘a hundred fencing cavaliers watched by a thousand spectators’.14 Recessed into it was another pit, at the bottom of which seethed ‘a fire liquid as water, the colour of brass’. It put him in mind of gold foundries he had inspected, except that it was covered with a black scum that repeatedly tore open to reveal matter ‘red and brilliant as the light of heaven’. Occasionally, it surged into the air, plastering the walls of the pit. Since clocks were not yet commonplace, Oviedo marked time by reciting the credo. The expelled spatter glowed for six credos before extinguishing – around five minutes, by my reckoning.

Everything caught Oviedo’s attention: the sounds like ocean waves dashing against rocks, the sulphurous greasy fetor of the fumes, the fierce radiation from the pit warming his skin. If his units of time, distance and area seem quaint, make no mistake: this is a luminous and faithful description of a lava lake. Furthermore, his keen powers of observation didn’t end with the survey of physical manifestations. He asked Nacatime about a pile of broken pots, plates and bowls lying on the crater lip. The chief explained they’d contained food offerings for an ancient seeress with spiky hair, fiery eyes and razor-sharp teeth, who dwelt in the volcano. He would meet secretly at the crater’s edge with other village heads to consult her on matters of war and peace, and to make oblations in anticipation of a good harvest. Oviedo learned that dishes of stew were not always sufficient tribute, though. During droughts or following earthquakes and storms, women and children were hurled into the magma to appease the prophetess.15 Around the world today, people still protect themselves from volcanoes with rituals and magic as much as with science and engineering, though thankfully without resorting to human sacrifice.

Summing up his feelings, Oviedo wrote that no other volcano was as worthy of admiration or as remarkable, yet no Christian beholding it could be oblivious to the everlasting fire awaiting those ungrateful to God. This ambiguity cemented Masaya’s reputation – as both marvel and hellhole – for centuries to come.16

Not all holy men feared the volcano, however. On reading Oviedo’s testimony, a Spanish friar, Blás de Castillo, became convinced that what Oviedo had seen churning in the crater was molten gold. For months, he schemed with three accomplices, making furtive visits to the crater, before attempting to extract the precious liquor on 13 April 1538. ‘Keep your silence,’ the monk commanded the others. ‘God doesn’t want the gold to be discovered by the rich, but by the poor and humble.’ Crucifix in hand, habits gathered at the waist, with an iron helmet for protection and flask of wine for courage, he climbed into a basket at the end of a rope, to be lowered into the crater by his henchmen. He reached the floor, but the ‘gold’ was still out of reach within a deeper pit. Three days later, the conspirators were back. This time, they set up pulleys to drop an iron bowl into the inferno, but it fused with the molten matter, and an exhausting tug of war ensued. More manpower was needed.

At this point, the friar confided in the provincial governor, who, a fortnight later, watched in disbelief as Blás and seven assistants were hoisted down into the crater. One can imagine a handful of Chorotegans watching the proceedings impassively. After much effort, they managed to haul out several samples before the chain attached to their lava scoop broke.

It didn’t take long, of course, for the molten matter to congeal, and after all the effort, who would have dared suggest the residue looked an awful lot like the rocks underfoot? The samples were examined by the colonial mint in León.17 The inevitable finding followed. An inflamed governor forbade Blás from any future prospecting, but the friar could not relinquish his dream so easily. He travelled to Spain, and successfully petitioned the emperor for the rights to reap Masaya’s wealth. Sadly, he died soon after returning to Nicaragua. Some might think him avaricious, delusional, reckless, but he was a dreamer and fantasist of the highest order. He deserves a crater named in his honour.

Volcanoes, then, can be sites of encounter and performance, where history is made. Sometimes their eruptions are so dramatic they make history themselves – the Indonesian volcano, Krakatau, which exploded violently in 1883 claiming 36,000 lives, comes to mind.18 And volcanoes are accomplished scribes – they write their history, in the folios of pumice and ash from which they are built. Pare back the layers of the archive and you might find ancient soils, agricultural land, towns, footprints, bodies and all traces of once-vibrant life whose chance exhumation connects us across millennia with fleeting seconds of peril.19

*

As Oviedo noticed centuries ago, volcanoes are a feast for the senses. There are myriad attributes to the behaviour of a volcano one could choose to record. But because it is the gases in magma that influence whether a volcano erupts like uncorked champagne or oozing syrup, I chose to dedicate a large portion of my life to observing the fumes they emit. A Japanese chemist by the name of Sadao Matsuo once described volcanic gas as ‘a telegram from the earth’s interior’. My work aims to decode these vaporous messages to help me probe the dreamland, to seek answers to the mysteries of magma. I use a technique called spectroscopy to measure volcanic emissions, relying on the principle that every gas leaves its own unique fingerprint on the light that passes through it.20 The proportions of different gases – such as water vapour, carbon dioxide and sulphur dioxide – can signal a volcano’s mood, suggesting what it might do next.

Making observations is where my abilities and proclivities lie,21 and much of my research has involved expeditions, a word that originates from Latin, for ‘to free the feet from fetters’. I am a great believer in experience, experiments and experts (the roots of these three words also derived from Latin, for ‘to try’ or ‘to put to the test’). Models and projections are beguiling – they readily spawn striking graphics purporting to tell us what the future holds. But without grounding in real-world observations, their value as tools for forecasting – whether it be of economic efficiency, a pathogen’s progress, or a volcano’s vivacity – is questionable. This isn’t to say that making observations is the only way to do science – reason and experience should go hand in hand. I try then, while on fieldwork, to unencumber both feet and mind, and to do all possible to come home with good data. I’ve often found that putting in the groundwork is the best way to give serendipity a chance to play its hand and thereby learn things beyond my imagination.

Until recently, scientific knowledge of volcanoes was almost exclusively the domain of geologists, geophysicists and geochemists. Today, some of the most exciting research is being done at the edges of the discipline – where it meets anthropology, history, climatology, ecology and glaciology, to name a few. Volcanology is also an applied science – dedicated observers around the world keep a watchful eye on restless craters to protect their communities. During my career, I’ve watched the field broaden immensely in scope, gain confidence, lead the way in addressing wider challenges such as climatic change and disaster risk reduction, and make positive steps towards empowering the people it touches.22

But academic scholarship is not the only way to make sense of volcanic activity. Geologists now widely accept that knowledge accumulated through experience, wisdom, ancestral culture and spirituality matters.23 Not only can it convey information on the nature and consequences of eruptions of the distant past24 it also conditions how people respond to volcanic crises.25 Imagine if unknown scientific experts suddenly show up in a neighbourhood, try to explain that their seismometers indicate an impending eruption, and ask everyone to abandon their homes and land. It would not be a recipe for successful risk mitigation. And this is why volcanologists increasingly interact with society, so that all sides are understood when the pot starts bubbling.

Volcanoes shaped my perspectives on causality, agency, risk and how knowledge is built. They taught me to listen: to indigenous tribal elders living close to restive craters; to experts in different branches of learning; to the lava breathing within our lively Earth; and to the messages, not meant for me, that make their way to the sky. Volcanoes changed me, and I believe strongly that they offer us all a different and unexpectedly humanizing way of seeing the world.





Emerald Isle
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Mr Frank A. Perret listening to the subterranean roar of a volcano at Pozzuoli, Italy.1

 

‘I look up at the mountain. She is still there. Disturbing the leaves, the trees, the flowers, the sea, the animals, and all human kind.’

 – Yvonne Weekes, Volcano: A Memoir 2

 

Friday 9 May, 1902. One can only imagine the dread that must have overcome Mr Outerbridge, owner of the Quebec Steamship Company, as he read the following cable:

 

WE NOTIFY YOU THAT STEAMSHIP RORAIMA HAS BEEN LOST. WE DO NOT KNOW WHETHER PASSENGERS WERE ABOARD OR NOT. VOLCANIC ERUPTION. LOSS TERRIFIC.

 

What befell the vessel emerged later from the traumatic testimony of Edward Freeman, captain of another ship, the Roddam. Freeman had dropped anchor near the Roraima, on the morning of 8 May, in the sweeping bay of St Pierre, the vivacious commercial and cultural hub of Martinique island. Landmarks of this jewel of the French colonies included a court of justice, a cathedral, a grand theatre and botanical gardens. On this occasion, Freeman was struck by the sight of Montagne Pelée, the normally peaceful volcano that overlooked the city: ‘The smoke came pouring out like big rolls of wool from all sides . . . curling up in the shape of great cauliflowers.’3 But despite a light fallout of white ash that dusted the ship, the sun still shone on the pretty red-roofed houses and sugar estates, and on the other steamers and sailing boats at anchor. Church bells were pealing for early Mass – it was Ascension Day.

Then, all of a sudden, Pelée sounded a shattering blast and unleashed a ‘column of flashing flame’. At first, Freeman watched spellbound, but then with mounting horror as a ‘black pillar of cloud’ raced down the flank of the volcano like a tornado. Within two minutes, it had cleared the foothills, fanned out and swallowed St Pierre from north to south. Freeman barely had time to question the fate of the 27,000 townsfolk before the raging cloud lashed the sea, triggering waves that knocked several boats straight to the bottom. He hurled himself into the chartroom just before the Roddam was struck and nearly capsized. Those on deck were thrown overboard and drowned in a ‘boiling sea’.

But Freeman could not escape the terrible cloud. As it enveloped him, it felt as if handfuls of red-hot dust were being pressed into his face and hands, but worse still, each breath filled his lungs with scorching ash. Suffocating, burned inside and out, the ship still jostled by violent seiches, he managed to grope his way to the bridge, tripping over bodies. Searing ash plastered the deck and ignited fires. Lifeboats and rigging were aflame; dying men shrieked and groaned in agony; some ran around ‘like raving maniacs’, while others jumped into the water in forlorn hope of escaping the ‘blazing, blinding shower’. Using his elbows on the telegraph handle, Freeman signalled ‘full speed astern’. Spotting the chief engineer, he asked if the anchor was fast, but the officer was incapacitated and soon succumbed to his injuries.

Only the assistant engineers, who had been in the engine room, were unharmed. Freeman mustered a crew of walking wounded and attempted to steam out of the bay, playing the anchor out until it snapped. But the ship lurched like a ‘wounded monster’, with the starboard steering gear jammed with wreckage and pumice. Waves kept rolling them to shore, and at one point they almost collided with the Roraima, blazing furiously at her stern while smoke billowed from below. Survivors crowded her forward decks, but it was impossible to help them.

At last, Freeman gained control of the ship, and aimed for open water. Breathing was excruciating. A crew member spent the next hours wiping the captain’s scorched and weeping eyes so he could navigate.

At last, the smouldering vessel, ‘blistered and baked to a crisp’ and coated in what looked like bluish-grey cement, limped into Castries harbour on St Lucia. One onlooker recalled wondering, with astonishment, how it was possible ‘for a ship to get into such a terrible condition and then float’.4

Freeman recovered in hospital. His recollections provide a rare and vivid account of immersion in volcanism’s most pitiless manifestation, nuées ardentes, or ‘burning clouds’. The fate of St Pierre and its 27,000 victims is further memorialised in the name given to this variety of eruption, ‘peléan’.5

It is said that the only survivor in the direct path of the nuées was a prisoner, Cyparis, held in solitary confinement for bad behaviour. Even in his bunker-like cell, he sustained dreadful burns. A few of the Roraima’s crew and passengers were rescued when a French cruiser, the Suchet, arrived on the scene. But there was no sign of the captain. Like many others, he had jumped into the sea. His body was never recovered. Sharks saw to that.

Martinique’s tragedy was front-page news across the world. Some geologists noted the parallel destinies of St Pierre and Pompeii, not realising how germane the comparison was, since there was then no scientific understanding of nuées ardentes.6 For a thirty-four-year-old engineer, convalescing at home in Brooklyn after a period of depression, empathy for the victims behind the grim newspaper headlines, and the scientific bewilderment concerning what exactly the volcano had done, sparked an extraordinary career change. Formerly a designer of elevators, fans and pumps, Frank Alvord Perret became the foremost volcanologist of his generation, observed peléan eruptions from the verge of nuées ardentes, and foretold the enduring volcanic crisis that would befall Martinique’s neighbour, Montserrat, half a century after his death.7

Perret’s volcanic epiphany coincided with his physician’s advice to turn his back on the past and rehabilitate somewhere warm, fragrant and diverting. Somewhere like Naples, the doctor offered. And so Perret followed in Sir William Hamilton’s footsteps, becoming as infatuated with Vesuvius as had the British diplomat and collector. It did not take long for Perret to befriend the volcano observatory’s director, Raffaele Matteucci, who in turn realised the American’s scientific acumen and ingenuity might be put to good use. Matteucci, an incurable volcano-lover who lived ‘in mysterious and terrible solitude . . . bound together forever’ with Vesuvius,8 also saw a kindred spirit in Perret, another man ready to devote his life to lava.

Perret thought of Vesuvius as the perfect ‘cabinet volcano’ on account of its ‘small size, accessibility . . . diversity of eruptive phenomena [and] rich mineralogy’.9 Just an hour’s walk from the observatory, the hissing crater was a natural laboratory. Over the next two years, he honed his skills of volcano observation, using a camera, sketchbook and simple devices of his own construction to record earthquakes, gases and sounds.10 He relied, too, on his senses. A well-trained nose, he asserted, could analyse a range of volcanic gases, including sulphur dioxide and hydrogen chloride. In March 1906, sensing a constant buzzing from below, he bit the metal frame of his bed to amplify the tremors with his skull. It told him change was afoot. Not much later, Perret spied the merest hint of ash in the steam plume emanating from the volcano. No one else would have noticed, but for him it was ‘the signature of a new power’. Sure enough, by nightfall, a fissure had opened near the summit, spewing dark clouds that showered Naples with ash. The eruption intensified over the following days; lava inundated towns on the south-east flank of the volcano, while communities to the north-east bore the brunt of ash fallout. In the town of San Giuseppe, more than 100 people sheltering overnight in the church were killed when the roof collapsed under the weight of ash. In all, more than 200 lives were lost, and the economic losses crippled Italy.

Throughout the eruption, Matteucci and Perret faithfully remained at the observatory, which was perched on a hill not far from the crater. Here were two utterly absorbed observers – so attuned to the volcano through their instruments and senses that no variation in the activity or possible connection between phenomena escaped their attention. They recorded events and sent telegrams to the authorities with advice on evacuations.11 In the small hours of 8 April, the seismic shocks became so strong they left the building and watched and listened in awe as a towering column of fire roared high above. Bolts of lightning discharged to earth from it and ‘fire avalanches’ of incandescent lava bombs slid down the steep cone. The men pulled overcoats across their heads to protect them from the hail of red-hot stones. Perret recognised an ‘infinite dignity’ in the sublime performance. ‘Each rapid impulse’, he wrote, ‘was the crest of something deep and powerful and uniform which bore it, and the unhurried modulation of its rhythmic beats sets this eruption in the rank of things which are mighty, grave and great’.12

Perret continued to work on Italian volcanoes, studying Stromboli during an eruptive crisis in 1907 (when he dissuaded the navy from an unnecessary evacuation of the population), and Etna in 1912 (where he was badly burned and bruised by volcanic projectiles). By then, his colleague Matteucci had died, his lungs inflamed from inhalation of so much volcanic ash.

Eager to expand his knowledge of the variety of volcanic activity, Perret went on to work in Japan, Hawaiʻi and Tenerife. On the Big Island of Hawaiʻi, he helped to establish the first U.S. volcano observatory. Its inaugural director, Thomas Jaggar, wrote later: ‘I knew at once [Perret] was the world’s greatest volcanologist. His skill was taking pictures. Mine was making experiments . . . these two skills in action would accomplish what theories never could approach.’13 Perret did far more than operate a camera, though. To understand how volcanoes work, it was ‘absolutely necessary to be at the crater at the time of eruption’.14 Accordingly, Perret would construct huts or shelters as close to the action as possible. Then he would set up an array of monitoring equipment and fill notebooks with his own corporeal and sensory ‘measurements’. He mostly worked alone, and likened his skills to those of a physician. As his experience grew, he became convinced that science could forestall volcanic disasters. But he took increasing risks: he was often too close to his patient.

Inevitably perhaps, Perret would confront the volcano whose calamitous eruption had recast his destiny: Montagne Pelée. He was in Puerto Rico when it reignited in 1929. He gathered his instruments and made hastily for ‘the very theatre of the frightful catastrophe of 1902’. In no time, with help from the men, women and children who had rebuilt St Pierre, he had erected a hut close to the summit and overlooking the treacherous valley that had funnelled the fateful glowing clouds or nuées ardentes.15 ‘Excursion, observation, photography and intermittent sleep were the observer’s lot,’ wrote Perret. His investigation was ‘as far as possible, lived on the mountain itself, day and night . . . amid penetrating ash, incessant noise and pungent smells’.

From his outpost, Perret observed hundreds of nuées ardentes. He even walked into a very minor example to ascertain its temperature and odour. He interpreted them as hot avalanches, explosively generated by pressurised gases that frothed the lava. It was the thorough dispersion of energy within the moving mass of rock, dust and gas, he argued, that enabled them to shapeshift and move with ominous silence.

Since we can only ever see the exterior of nuées ardentes, the deposits they leave and the damage they do, there remain gaps in knowledge of their physics to this day. Perret’s deductions, made nearly a century ago, remain coherent with modern thinking, though we now refer to ‘pyroclastic flows’ and ‘surges’, or ‘block and ash flows’ rather than the more lyrical nuées ardentes. They are rather typical of subduction zone volcanoes, like Pelée and its neighbours in the Caribbean, and several processes can generate them, including the collapse of perched lava domes, or violent explosions whose plumes of rock and gas are too dense to stay aloft and so plummet back to earth. In both these cases, topography then plays the decisive role in channelling the searing hurricanes of gas, ash, pumice and blocks of lava down the volcano. Speeds can exceed thirty miles per hour, and pillars of hot dust shoot up, ingesting and heating air (a point recognised by Perret), to form cauliflower clouds. As the pyroclastic mixture travels downslope, larger rocks gather at the base, forming a dense ‘block and ash’ flow that traces the valley floor, fanning out where it hits flatter ground. The dilute mix of ash, pumice and hot air and gases above can be much more mobile, capable even of jumping from one valley to the next. Turbulent and dilute, or dense and confined, nuées ardentes are extremely destructive owing to their heat and force. What isn’t crushed or asphyxiated may yet go up in flames.

One evening, Perret had a very narrow escape at his field station. Alerted by a strange noise, he rushed to the cabin door as a towering spine of rock on the dome crumpled, issuing a nueé of ‘inky blackness’. Shortly, an explosion propelled a second avalanche and an accompanying cloud ‘white as snow’. The two columns were hurtling towards him; there was no time to flee. He calculated he might be dead within four minutes. He wrote later of ‘a sense of utter isolation; awe in the face of overwhelming forces of nature so indifferent to my feeble self’. As he darted inside the hut, the blast hit with ‘swirling gusts of ash-laden wind’. Despite his immersion, Perret continued observing, applying his trained nose to gas detection. It may be questionable how reliable sense of smell is when one is suffocating in ash clouds, but Perret claimed the nueé was odourless, and he excluded the presence of any acid gases. The ‘spectacular onrush’ was also mute: nuées look tumultuous, clamorous, terrifying, but they are deathly quiet. There was no questioning the unpleasant physiological effects, however; Perret’s airways were scorched, and he was left short of breath for weeks. The doctors injected him with horse serum, a cure that sounds as unpleasant as the affliction.

*

As well as a profound physical connection with volcanoes, Perret was strongly motivated by humanitarian instincts. Like his friend Thomas Jaggar, he thought of volcanoes as living organisms, and was convinced that through systematic observations, eruptions could be predicted, and death and disaster avoided. As an internationally renowned volcanologist, he was now often called upon to opine on unfolding volcanic crises.

It was while on Martinique in April 1934 that Perret received a telegram from Henry Meagher, the British consul on the island. Meagher was enquiring about Pelée, but added enigmatically ‘Montserrat asking’. He was referring to the neighbouring island, which was under British administration, and had a volcano of its own. Perret followed up and discovered that earthquakes had been rattling Montserrat, whose capital, Plymouth, was even closer to the top of Soufrière Hills volcano than St Pierre was to Pelée. The vigour of the hot springs and sulphurous vents that gave the Soufrière Hills their name had also intensified. Similar increases in activity had preceded the 1902 eruption of Pelée, knowledge of which understandably unsettled the people of Montserrat. Perret arrived in Plymouth the following month and felt at once that the situation ‘might become serious’. There were those who saw the famed volcanologist’s very appearance on the island as a sign of impending doom.

Perret did not stop long, though. He had to go to New York to assemble the equipment – vacuum tubes, thermometers, cameras, binoculars, gas syringes, pressure gauges and pendulums (to detect earthquakes) – that he would need to formulate more than a hunch about Montserrat’s stirrings. Back on the island, he quickly established a field station near a zone of sputtering vents and boiling pools that mineralised into milky and inky streams. The tremors continued, some damaging buildings, while the fumarolic emanations grew more insufferable downwind.

Volcanic activity generates acoustic as well as seismic energy. Perret placed microphones in contact with the ground and listened to the volcano’s pulse through earphones. He also installed air-reception microphones and tracked a glissando of gas vents at the soufrières – one that roared a B flat in December was trilling F sharp by March. With all this change and excitement, it annoyed Perret that he had to sleep sometimes – he might miss a significant shift in the activity. And though he had trained local observers to assist in documenting the activity of the volcano, they would instinctively take flight during an earthquake rather than write careful notes on the vibrations of the seismoscope. Clearly, round-the-clock surveillance demanded automation. Accordingly, Perret improvised a clockwork system to expose filter papers sensitive to changing gas concentrations, and designed a recorder for his microphones. He even grew sensitive plants whose leaves drooped when disturbed, and kept caged parrots to see if they might detect earthquake precursors, but neither flora nor fauna proved to have foreknowledge of volcanic activity.16

Other patterns emerged in his data, though, and Perret was convinced that the complex rhythms of volcanoes arose from subterranean and astronomical forces acting in concert. He noted, for instance, that seismic and volcanic crises in the Caribbean developed at roughly thirty-year intervals and linked shifting tidal forces (tuned by the positions of Earth, moon and sun) to the cadences of eruptions.17 He was certainly on the right track – there is evidence for all manner of cycles in volcanic behaviour – but his explanations have not been verified nor have more general causes been identified.18

One night, a new gas vent opened with an explosion followed by wailing and whistling. Perret’s thermometers were so corroded by acid gases they fell apart. He suffered severe nosebleeds and his salivary glands swelled to the size of eggs, prompting him to remark that ‘volcanologists require a great deal of their instruments, even as they do of themselves’. But despite the escalating unrest, especially a terrifying tremor on 12 December 1934, Perret announced publicly that an eruption was unlikely. There wasn’t enough evidence for him to reach clear conclusions, and he did not want to fuel panic unnecessarily. Instead, he shared his concerns privately with the governor, advising that plans be drawn up for a rapid evacuation of Plymouth, since an eruption on so small an island ‘might well be cataclysmic’, engulfing the whole place in minutes.

The crisis rumbled on through 1935. One earthquake, on 10 November that year, triggered landslides and demolished a church. Another left Perret with an ‘indescribable feeling of there being an immense power behind it’, an echo of Darwin’s emotions on sensing the Chilean earthquake a century earlier. But more importantly, he realised that these shocks had deeper origins, signalling that the volcanic threat at the surface was waning. Sure enough, the unrest subsided. It had all been a ‘subvolcanic’ affair: rising magma had provoked the tremors and reheated the soufrières, but had failed to open conduits to the surface. Their rehearsal was over – the Soufrière Hills went back to sleep.

*

Perret’s identification of a thirty-year cycle in the Caribbean has been remarkably borne out on Montserrat. The 1933–1935 crisis he studied so closely had been preceded by a similar affair in 1897–1899. Another came in 1966–1967, and yet one more in 1992–1995. It was this last episode that culminated in magma reaching the surface. Geophysicists at the University of the West Indies described it as ‘the most long-expected and clearly-signalled eruption [of] the twentieth century’.19

You might think that this level of anticipation would have prepared the people of Montserrat for what seemed an inevitability. Sadly though, the authorities and public on the island were not ready to act when the Soufrière Hills shifted gear from ‘subvolcanic’ to volcanic in July of 1995. The scale of disruption, dislocation and loss of life that followed was, arguably, avoidable.

In fact, a detailed report on Montserrat’s volcano had been presented to the island’s government eight years earlier.20 The report enumerated scenarios for future eruptions, indicating where devastating nuées ardentes would likely travel. It also highlighted the extreme vulnerability of Plymouth, situated in a valley that led straight to the volcano’s craggy summit. But it was ignored or misunderstood, perhaps even lost. Some said it was washed into the sea when hurricane Hugo ravaged the island in 1989, leaving ninety per cent of the population homeless.

Allegedly, the three people most responsible for disaster preparedness on the island at the time – the governor, chief minister and head of police – had not even realised they were living on a volcano. Everything envisaged in the report became real.

Before the eruption, Montserrat’s moniker was ‘the Emerald Isle’. It celebrated its Irish heritage, gave us Arrow’s bubbly (and dissonantly prophetic) calypso hit, ‘Hot Hot Hot’, and was the holiday destination of choice for those seeking calm. Windsurfers, parasailers and speedboaters went elsewhere. Many ‘snowbirds’ from North America built homes on the island, where they would spend the winter. In contrast, visitors today come to see the ‘Pompeii of the Caribbean’. The emerald is caked in grey grit.

From the first powerful steam explosions that showered Plymouth with ash on 18 July 1995, Montserrat was set for irrevocable change. While many Montserratians fled the island, a host of development and aid organisation managers, contractors and consultants, as well as social scientists, film crews and volcanologists converged there. The eruption had been going on for a year when I joined the mêlée.

It was a sticky tropical evening when I arrived, and too dark to make out where the volcano was or gauge the lie of the land. I went straight to the observatory, but struggled to hear anyone above a hubbub of whistling frogs and a high-pitched portamento coming from a bank of seismographs frenetically transcribing, with ink pens, messages from seething magma. Over the preceding months, lava had been extruding gradually at the summit, building a gigantic dome of shifting rock, but it had just begun growing at a much more alarming rate. This mound was buttressed on three sides by toothy remnants of an ancient collapse scar known as English’s Crater, but it was unsupported to the east, where the terrain simply fell away to the sea down the Tar River valley. Red-hot rock continuously sloughed off the ever-expanding steep face of the dome, feeding a hot, unstable scree. Every few weeks, whole segments of the accumulating mass disintegrated, generating nuées ardentes. All of us were aware that it was the explosion and destruction of a lava dome on Pelée that had sealed the fate of St Pierre in 1902. The situation was very volatile, and I sensed a supercharged mood of excitement and trepidation.

I was staying at a villa in Old Towne rented by the observatory. There was a veranda with wicker chairs overlooking an exuberant garden and a swimming pool – quite an upgrade from my college apartment in Cambridge, where I had recently been hired as a lecturer. The lawn was well tended, the flame trees in bloom – only the ash in the pool hinted at abandonment. Most mornings, my breakfast on the terrace was interrupted by a call of, ‘Buy my juicy mangoes!’ from Beryl Grant, known to all on the island, and then in her early seventies. She didn’t bother to conceal the act of harvesting the fruit on the property, but it was impossible to refuse her sales pitch. Like many other farmers on Montserrat, Beryl had been relocated from the east side of the island, where much of the produce was grown. So many lives and livelihoods had been turned upside down, and no end to the crisis was in sight, yet most remained resolute, sustained by deep Christian faith.

My role at the observatory was to support the surveillance of gas emissions from the lava dome.21 Working alongside my new colleagues, I used an ultraviolet spectrometer called a Cospec to measure the output of sulphur dioxide from the volcano, and an infrared spectrometer to determine the proportions of several different gases.22 The Cospec was connected to a chart recorder, and a telescope, which I directed up at the sky out of a car window. I would drive back and forth beneath the plume drifting from the lava dome while keeping an eye on the pen registering the sulphur dioxide overhead by its absorption of ultraviolet light. After a few traverses, I would head for St George’s Hill, overlooking Plymouth, and stand on tiptoes to hold aloft a simple anemometer to measure windspeed, which factored into the calculations. Ashfalls sometimes hindered the work, but I aimed to make daily surveys, which took a couple of hours. The real labour, though, was the subsequent number crunching, which involved counting thousands of tiny graph paper squares beneath the ink trace of each run. At last, I would have an estimate of how many tonnes of sulphur dioxide were coming out of the volcano each day. (It was the toil of using the Cospec that motivated me to trial a new generation of compact digital spectrometers a few years later at Masaya volcano in Nicaragua.)

Operation of the infrared spectrometer was even more demanding and required two people. It had to be aligned precisely with the light from an infrared lamp positioned some distance away – this could take a frustrating hour of ‘left a bit, up a bit’ instruction over walkie-talkies. We needed volcanic gas to drift between the lamp and spectrometer, and so sought places where some of the airborne plume was grounding leeward of the summit. This took us to Plymouth, by now a ghost town with light ashfall drifting up empty streets taken over by dogs. Eerier still, we operated the equipment in deserted rural areas inland from Plymouth. One location where we were suitably fumigated was Upper Amersham, near an old sugar mill tower. The abandoned farms looked inexpressibly godforsaken. All vegetation had been poisoned and metal roofs eaten away by the gases we were trying to measure. We encountered a depressed pig that had turned yellow, presumably from the acidified rain falling through the gas plume. But the fact it was tethered and still alive meant that someone was coming regularly into the exclusion zone.

I felt a bit envious of the seismologists, whose sensors, once installed in the ground, continuously transmitted readings by radio link to the volcano observatory. But it was worth the effort to obtain the gas measurements as they were yardsticks for the depth and volume of magma still below ground. I would present my latest findings at tense staff meetings, which took place in the observatory three times a week. Many signals were picking up dramatically, including earthquake activity, expansion of the lava dome and sulphur dioxide emissions. It was obvious that the volcano was becoming more active, but what did that mean for how things might play out over the next days and weeks? Was it prudent to expand the exclusion zone around Soufrière Hills? The discussion was often heated and I have never felt greater responsibility or urgency to figure out the meaning of my data.

I was aware, too, of situations where scientists had clashed over the evaluation of volcanic hazard – famously during a crisis in 1976 on the island of Guadeloupe, situated between Martinique and Montserrat. Another outpost of France’s Outre Mer territories, Guadeloupe’s La Soufrière volcano had begun simmering in July that year, with escalating seismicity, and explosions that plunged the capital into darkness as ash clouds drifted over.23 Haroun Tazieff (whom we left on Stromboli with the dying Muratori in his arms) was there, leading a team of scientists recording gas emissions and earthquakes. While more given to popularisation than Perret, he shared the same deeply empirical and experiential approach to reading volcanoes’ moods. Based on what he’d observed, Tazieff announced that, though the situation demanded ongoing surveillance, a major eruption was not imminent. But another group, led by a specialist on the (inactive) volcanoes of the Auvergne, and backed by Claude Allègre, the new young director of Tazieff’s institute in Paris, feared a ‘monstrous’ and ‘catastrophic’ eruption on the scale of Pelée’s in 1902.24 When a hint of fresh magma was identified in the ashfalls, the precautionary view prevailed, and the prefect of the island ordered the evacuation of 70,000 residents – a quarter of the island’s population.25 A vitriolic duel ensued over the prolongation of the evacuation.

The acrimony between Tazieff and Allègre filled columns of French print media.26 Sadly, it pitted experience, intuition and empiricism against models, probability and uncertainty, when these different perspectives and paradigms might have been integrated and harnessed to the benefit of the threatened community. After several months, La Soufrière went back to sleep, and the refugees were sent home. For many, Tazieff was vindicated. He once wrote that volcanologists should keep ‘as cool as a cucumber’ in a crisis.27 But Allègre surely pickled Tazieff over the Guadeloupe stand-off, removing him from the post of head of volcanology at the institute.

It might seem sensible always to err on the side of caution as an operational plan, but displacing a population from their homes and livelihoods – even at the smallest scale of a village like Talabre in Chile, when it was threatened by Láscar volcano – is immensely disruptive. The cost of the Guadeloupe crisis was estimated at $500 million USD, and left the economy in tatters with much of the population reduced to ‘utter want’.28 Eruption forecasts are highly uncertain, sometimes contested. Managing the menace – and ultimately, perhaps, facing the dilemma of whether or not to evacuate thousands of people – demands clear-headed understanding of scientific uncertainties on the part of the authorities, and an effective and lasting cooperation of state and society.

The case of ‘La Soufrière ’76’, with its duelling scientists, is considered a masterclass in how to mismanage a volcanic crisis.29 On Montserrat decades later, I was shocked, then, to discover rifts and enmities between scientists at the observatory.30 The memory of Pelée had hung over Guadeloupe and the memory of both overshadowed Montserrat. At the same time, the confrontations revealed another facet of the challenges of dealing with a volcanic emergency: personality clashes, and differences in background, management style or risk tolerance can make it very difficult to reach consensus. Who are the authorities and public to believe when the scientists disagree and engage in character assassination? Whose expertise counts most?

While interpersonal friction fuelled tensions in the observatory, the coexisting peril and excitement of the crisis surely heightened everyone’s emotional state. One of the distinctions of volcano observers is that they usually belong to the communities they serve to protect. During emergencies, they may well fear for their own safety when they enter exclusion zones to deploy instruments or collect rocks. For the Montserratian staff, their own families were, in a sense, under their safeguarding. These personal, potentially existential circumstances bring a unique frisson to the work.

Some of the discussion at observatory meetings focused on hazard zonation on the island. This determined where people could live or work, and where was altogether off limits. After a year of crisis, several thousand Montserratians had settled elsewhere in the Caribbean, in Canada or in the UK. Only 7,500 people remained on the island. With such a prolonged affair, some argued it was time to make finer-tuned decisions concerning access to allow the lingering population to ‘live with the volcano’. There were also practical and political considerations that somehow trumped objective safety concerns. For instance, there was no appetite to close the airport – a lifeline to the outside world – despite its proximity to the Tar River valley. The outcome was a ‘microzonation’ of territory and a complex map delineating gradations in estimated risk. This was used in conjunction with a system of six alert levels. With frequent updates reflecting evolution of the volcano’s behaviour, this scheme became increasingly challenging for anyone to understand.

The observatory was already engaging a wide range of surveillance techniques. These included GPS surveys and laser ranging to track subtle expansions and contractions of the volcano, and use of seismometers sensitive to different vibration frequency bands. Paradoxically, while miniscule movements of the crust could be detected, and earthquakes located with precision deep underground, the most mundane but vital requirement – visual observation of the dome – was near impossible. This was because the summit was sheathed in cloud much of the day. Fortunately, the senior scientists had occasional access to military satellite radar images that revealed prominences and scars on the dome, and the extent of new deposits in the Tar River valley. But it remained frustrating not to know hour-by-hour which parts of the dome were propagating. Later, one of the observatory staff hit upon the simple but brilliant idea of setting up a camera connected to the observatory by a radio link. It took a photograph every minute. While no observer could sit and watch for twenty-four hours, waiting for a brief clear view, the automated system would capture those rare moments.

The populous west and windswept east sides of the island seemed like different worlds. From Old Towne to Cork Hill in the west, the road was fringed by tropical palms, breadfruit trees, hedgerows of bougainvillea and hibiscus. Mango trees dripped overripe fruit on to the road. But approaching Harris, across the corrugated backbone of the island, and on to Bethel, there were vegetable gardens and pasture grazed to millimetre length by scrawny brown and white goats. What few shrubs and trees grew here were stunted and bowed by ceaseless wind. The sea, too, was leaden, merging into haze. Lately, the nuées ardentes had been crossing the shoreline, skimming with remarkable ease over the waves and leaving behind a steaming delta of lava boulders. Plymouth occupied some of the only level ground on the island, hence its situation, but this very flatness arose from the same processes of debris accumulation during past episodes of volcanism. With hindsight, the mere fact it looked ripe for settlement was a geological warning sign.

Working on the dome itself was out of the question, but I persuaded the observatory chief to allow me some helicopter time to operate a spectrometer from the air to capture stronger gas readings. We made several passes close enough to feel fierce radiance through the open window. The steep face of the dome was a precarious jumble of car-sized angular and scaly blocks of grey lava. Dust trickled off it continuously, and a rocky spire protruded from the top of the unstable cupola. These overactive pinnacles formed within a day from focused extrusion of the ultra-viscous magma, but usually collapsed another day or two later. I was acutely aware that I needed to be quick. The pilot advised me there was no safety margin to deal with an engine failure – we’d plummet into the hot pyroclastic deposits. In hindsight, I chalk up this experiment alongside my first measurements at the edge of Stromboli’s crater – not worth the risk. The results showed some promise but ultimately made no contribution to the monitoring efforts.31

Soon after, the eruption entered a yet more ominous phase. A new spine had been seen, rising as high as the Tower of Pisa, and chunks of lava as big as a bus had travelled a long way down the valley. Nuées ardentes were reaching the sea with greater ease, since much of the tree cover had been stripped off the lower flanks of the volcano. All this commotion was accompanied by menacing ash clouds, which didn’t go unnoticed by the remaining residents. People sensed change. I encountered an eighty-one-year-old woman in Plymouth, who told me: ‘I never seen this before – it is the world coming to an end. If it can happen here on Montserrat, it can happen in another place – we must trust in Jesus.’ The island governor, Frank Savage, was not one to cede oversight of the crisis, however. He was alarmed by the latest growth spurt of the dome, which was now higher than the old crater wall, beyond which there were still many people farming on the north flank of the volcano in an area called Farrel’s. Would there be time to evacuate them if the dome collapsed in that direction?

Savage also felt the observatory’s hazard bulletins were being misunderstood or ignored. ‘They’re too bland,’ he argued. ‘They need to be written in layman’s terms giving the gist of the situation. If people don’t listen, we’re wasting our time.’ One of the Montserratian staff, Pops, countered that many on the island no longer wanted to hear what the scientists were saying anyway – they just wanted to stay in their homes.32 As many as 500 people were then living in hazardous areas. They reasoned that their farms were still there, and government agencies were still buying their produce to distribute in shelters for evacuees. Pops knew of a farmer who insisted he would only move when he saw the rockfalls coming at him. People were monitoring the volcano for themselves, he continued, adding that ‘to get people out we will have to enforce it’.33

I encountered this mindset in the Tar River Estate, on the north-east flank of the volcano
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