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 ‘How do we know a mountain? . . . by understanding its position on the globe . . . or by supplicating the gods that call the mountain home?’


 – Ruth Rogaski, ‘Knowing a Sentient Mountain’1
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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.










Land of God


[image: A black and white engraving showing a close up of Stromboli volcano with fountains of lava, billowing smoke and rocks tumbling into the sea. The figure of Lazzaro Spallanzani is just about visible, perched on the side of the volcano making observations.]


Lazzaro Spallanzani observing Stromboli. Can you spot him?1


 


‘All around us we could feel the power of an extraordinary world on a scale that was not our own, and absolutely indifferent to our existence.’


 – Haroun Tazieff, Craters of Fire2


 


Her handbag stuffed with the money in one hand, and a suitcase in the other, Karin struggles to stay upright on the incline of volcanic gravel; each footfall dislodges a flurry of fine dust. She stumbles again as a gust steeped in acrid fumes from the crater engulfs her. She gasps for breath. Glancing back, she sees through burning eyes the village she has abandoned, clinging to the island’s shoreline far below. Antonio must be searching for her by now. Tormented and exhausted, she unwittingly drops her possessions and clambers on – now, all she carries is her unborn son.


As night falls, she reaches the barren peak just as a thunderous detonation from the crater blasts fire and cinders into the sky. At the sight of such an infernal and meaningless abyss, Karin collapses, sobbing hysterically, her hot tears absorbed by black ash. ‘Enough, enough!’ she wails. ‘God, if you exist, bring me some peace!’


God’s response to Karin’s petition at the close of Roberto Rossellini’s film Stromboli: Land of God, is ambiguous, but for Ingrid Bergman, who played Karin, there was surely no peace. Her personal life at the time was as volatile as the cauldron of magma beneath the island, one of the seven volcanoes of the Aeolian archipelago that rise from the Tyrrhenian Sea between Sicily and the toe of Italy. Hollywood’s biggest and most wholesome star of the 1940s was having an extramarital affair with the Italian director, filling gossip columns on both sides of the Atlantic, and shocking (and thrilling) a prurient public.3 Perhaps the primal excrescences of the island aroused their adultery. Bergman was carrying a child during shooting – is this why the denouement of Stromboli is so powerful?


But despite the film’s sustained dramatic tension, the real-life scandal wrecked its release in 1949/50. Among those offended was Senator Edwin C. Johnson of Colorado, who condemned the ‘stupid film about a pregnant woman and a volcano’ on the floor of the U.S. Senate, describing Bergman as ‘an apostle of degradation’ on an ‘immoral binge’, and Rossellini as ‘vile and unspeakable’. Other critics disparaged the director’s use of unprofessional actors, including two sailors recruited for lead roles, and Stromboli’s residents, cast as extras. It is true that the islanders were so baffled by the production that Rossellini tied strings to their toes so he could orchestrate their actions on camera. But the documentary style and visual aesthetic give the film an uncommon intensity and authenticity – in one scene, the villagers flee from a hail of lava bombs; in another, the sea erupts with tuna as the fishermen entrap and haul them on to their boats (much to Karin’s disgust). Today, Stromboli is rightly regarded as a masterpiece of Italian cinema.4


After the Second World War, the island of Stromboli was an isolated and forbidding spot, one of the most remote parts of Italy. Mass emigration had emptied the villages, and a weekly mailboat from Naples was the only regular connection with the mainland. At the beginning of Stromboli, we learn that Karin has met Antonio in a camp for displaced persons. Marked by untold experiences of the war in Europe, she marries him when hopes of emigrating to Argentina are dashed. But she has not imagined the desolation and resentment that awaits her on Stromboli, where her feckless husband resumes his job as a fisherman. The confinement and alienation prove unbearable for Karin, but her ultimate confrontation is with the utter callousness of sulphurous nature: the volcano.


*


Rossellini’s epic was not the first volcano movie. Fifty years earlier, the British filmmaker and pioneer of animation, Walter Booth, had made a short adaptation of Edward Bulwer Lytton’s hugely popular novel, the Last Days of Pompeii.5 We might even see the roots of volcano cinema in the Vesuvian Apparatus of Sir William Hamilton, Britain’s envoy at the court of Naples from 1764 to 1800, and a man who did more than most to excite public interest in Pompeii and Vesuvius. His contraption consisted of a wooden cabinet with a transparent coloured painting of the volcano at the front. Inside, a clockwork mechanism presented flickering light to the lava flows swirling down the volcano’s flanks, while striking a drum to simulate the accompanying booms.6


But more than a designer of drawing room entertainments, Hamilton was the first serious volcano watcher in Western history. The timing of his posting to Naples could not have been more propitious to turn a savant to volcanic affairs. Vesuvius was fired up for a prolonged bout of pyroclastic vigour, while excavations at Pompeii and Herculaneum were yielding spectacular relics that had been entombed in pumice for seventeen centuries. Hamilton compulsively acquired the spoils of the archaeological digs, but also made more than sixty ascents to the crater of Vesuvius over a period of thirty years, collecting rocks and minerals, and documenting eruptions and the transformations they effected on the landscape. He travelled with an entourage of assistants and artists who sketched and painted the eruptive phenomena. On one visit, in 1767, he and a guide were caught in an eruption. In near total darkness beneath thick ash clouds, they hotfooted non-stop for three miles to outrun a torrent of lava coming at them. In an understated report of the episode, Hamilton noted the ejecta to have been of ‘such a size as to cause a disagreeable sensation upon the part where they fell’, and that it had been ‘prudent’ to retreat. So strong was the sustained seismic shaking when he reached his villa that he gathered his household and retreated to Naples, stopping at the royal court in Portici to urge King Ferdinand to flee, too.


Lava flows threatened several towns, and the sustained roaring from the mountain incited widespread terror. People opened umbrellas to shield their faces from falling ash. Even Hamilton, mindful of the terrible eruption of 1631, which had claimed 4,000 lives in Portici, feared ‘some dire calamity’. It was time for San Gennaro, the preeminent patron saint of Naples, to intercede. His effigy was processed towards the volcano, subduing its clamour. At least, this is how the public viewed it, though Hamilton was unconvinced – he had observed many alternations in the crater’s sonority before.


Hamilton was a renowned socialite, and anyone of distinction or erudition would call on him if in Naples. And many came, attracted by the region’s classical heritage and vivacious volcano, a titillating highlight of the Grand Tour, its ascent a rite of passage for young aristocrats. Goethe was among those aroused by sublime encounters with gushing lava. He also got on famously with Hamilton, whose universal taste he admired. With this cultural vortex centred around Naples, Hamilton was swept into contemporary scientific debates and successfully built connections to the learned societies.7


The perfect marriage of Hamilton’s dual passions for antiquities and volcanism is represented in his first-hand report Campi Phlegræi: Observations on the Volcanos of the Two Sicilies, printed in instalments from 1775. Hamilton nails his empiricist colours to the mast in its opening discourse, writing: ‘Accurate and faithfull observations on the operations of nature, related with simplicity and truth, are not to be met with often.’ Going further (and echoing Oviedo’s unwillingness to accept hearsay), he laments that ‘those who have wrote most, on the subject of Natural History, have seldom been themselves the observers, and have too readily taken for granted sistems, which other ingenious and learned men, have perhaps formed in their closets’.8


Fidelity, then, mattered to Hamilton – at least in scientific practice (he famously tolerated his second wife’s notorious affair with Horatio Nelson). In Campi Phlegræi, he presented the most authentic depictions of volcanic activity, geological strata and rock specimens possible. The fifty-four plates in Campi Phlegræi, ‘colour’d after Nature’, were made by the artist Pietro Fabris under his vigilant supervision. This was a radical departure: scientific treatises of the period were usually embellished with stylised monochrome engravings, characterised by fanciful juxtapositions, impossible gradients and whimsical renderings of the subterranean.9 So sumptuous and costly were Hamilton’s illustrations that, despite a favourable public reception, publication of Campi Phlegræi actually added to his enduring financial precarity, born of lavish entertaining and profligate collecting.


Campi Phlegræi set a benchmark for science communication. I admire it greatly for challenging the (still commonplace) narrative that volcanoes connote doom – Hamilton hoped his ‘exact representations of so many beautifull scenes’ would help people see volcanism in ‘a Creative rather than a Destructive light’. And his work influenced art as well as science, notably a later generation of landscape painters that included Caspar David Friedrich.10


And yet, despite his passion for all things igneous and his true-to-nature approach to scientific visualisation, Hamilton’s volcanological legacy is eclipsed, for me, by his contemporary, Lazzaro Spallanzani, a priest and professor of natural history at the University of Pavia in northern Italy. In fact, Spallanzani is much better known as the founder of experimental biology; it was only late in life that he turned to the volcano.11 It is his experimental as well as observational approach – and his eye for research design – that marks him out. He didn’t just collect rocks for the university’s cabinet of natural history: he pulverised, heated, chemically treated and analysed his samples to simulate processes he had witnessed beside the crater. All the while he posed questions and probed assumptions in his pursuit of nature’s secrets. His methods feel extraordinarily modern, and are all the more remarkable considering that geology barely registered as a discipline in the late 18th century.


Well acquainted with Campi Phlegræi, Spallanzani gave ‘the most attentive consideration’ to Hamilton’s work, but found it not uniformly ‘consonant with fact’. The British diplomat lacked mineralogical knowledge, he wrote, and was ready to accept accounts of others ‘more marvellous than true’. Hamilton’s opinions on Stromboli were particularly flawed, he added, being based on observations made at sea with only the aid of a telescope. While other proto-geologists of the period hardly set foot in remote outposts like Stromboli, as an energetic traveller who knew how to plan a field mission, Spallanzani would make his inspection at disconcertingly close range. This valour was noted by the Swiss scientist and eulogist Jean Senebier, who wrote: ‘He dissected, as it were, the uninhabited volcanoes, with the exactness of a naturalist anatomizing a butterfly, and the intrepidity of a warrior defying the most imminent dangers’.12


Spallanzani arrived on the island in October of 1788 and set about climbing the volcano at once, assisted by local guides. But his progress was thwarted when he reached ‘the extreme edge of the smoke’, which resembled ordinary cloud, except that it was, as he subtly recorded, ‘inconvenient to respiration’. He retreated down the slopes to the coastal village, where he lodged with an elderly priest. Just a stone’s throw from the crater, the house was rattled by explosions, which Spallanzani correctly attributed to atmospheric shockwaves rather than seismic shaking. In the morning, a sprinkle of black ash settled upon the village.


Two days later, under more clement skies, the tall and well-built Spallanzani set out again, dressed in a fine coat, waistcoat and breeches, and sporting a wide-brimmed, flat-crowned hat. The going was good on this second attempt on the volcano – until he reached a vast scree of cinders strewn with occasional larger boulders of lava. This engulfed him up to his knees with each stride. Just a few months shy of his sixtieth birthday, he must have been a fit and adventurous man for his age to endure and enjoy this taxing ascent. At 900 metres above sea level, he came to a precipice known as the Pizzo sopra la Fossa, the ‘peak above the pit’. Stromboli’s active crater lay at the far end of a wide, bowl-like depression stretching before him.


The gravelly surface at his feet was strewn with big clots of unweathered lava. Spallanzani correctly surmised they could not have rolled there, and that their fresh appearance suggested recent arrival. They had to have been hurled through the air. Undaunted by the prospect of further ballistic projectiles, Spallanzani marched towards their point of origin for a better view. Luckily, he found a small recess below the Pizzo, protected by an overhang. In an illustration from his published research, he is secreted in this nook, at one with the grain of the volcano, and staring into the fire pit. What he saw there reminded him of a vat of molten brass. The lava would rise, its surface blistering until large bubbles ruptured it violently, spurting red-hot rock into the air. Now the magma would subside until the next upsurge of fiery spume. For Spallanzani, nothing less than ‘Truth and Nature’ were exposed before his wondering senses.


While Hamilton had noted Stromboli’s intermittent and monotonous activity, Spallanzani could see that, in fact, the lava seethed ceaselessly; louder explosions expelled more rock. But just when he thought he recognised a pattern, the lava level plummeted, and the vent silenced. Then, jets of incandescent fume burst from apertures along a fissure that was unnervingly nearby. Spallanzani feared these vapours might have ‘mischievous effects’, and was about to leg it when his guides reassured him there was no threat. They said the ‘air’ animating the lava had temporarily found an alternative path to the surface, and that normal activity would resume shortly. Spallanzani was duly impressed when the prediction was borne out.


Displaying a respect for local lore not widely shared by naturalists of his day (most of whom were scathing of anything that smacked of ‘peasant superstition’), Spallanzani was eager to discover more of the islanders’ knowledge of their volcano. He learned that the crater’s fuming foretold the weather – when subdued, more northerly winds would prevail, whereas increased vigour of the plume heralded southerlies. The great Roman philosopher, Pliny the Elder, had heard this, too, writing in his monumental Natural History from 79 CE: ‘From the smoke of this volcano it is said that some of the inhabitants are able to predict three days beforehand what winds are about to blow.’ Even further back in time, the Greeks regarded Stromboli as the home of Aeolus, the god and keeper of winds. In the Iliad, Odysseus was entertained at Aeolus’ palace on a ‘floating island’ with sheer cliffs and a ‘wall of unbreakable bronze’.13


*


It was only natural to begin my research career in the cradle of volcanology. Two hundred years to the month since Spallanzani’s fieldwork on Stromboli, I followed in his footsteps, though not nearly so stylishly costumed. I know exactly how his legs ached as he slogged up the side of the volcano, and how he must have admired the spectacle of its internal commotions.


Stromboli’s main settlement clings to the north shore of the island. It was a fine day as I set off, but, being out of season, there were very few tourists about. Many of the whitewashed cellular homes were shuttered, front gates padlocked, bougainvillea and hibiscus flowering untamed over garden walls. The trail led out of the village, then meandered across abandoned terracing, a relic of the viticulture for which the island was once famed before the destructive pest, phylloxera, arrived in the late nineteenth century. The bugs ravaged the grape vines, provoking a great exodus from the island. Another wave of emigration followed in the 1930s, so that within two generations the population declined from several thousand to a few hundred.14 This abandonment is evocatively portrayed in Rossellini’s film, and represents the cultural backdrop to Karin’s profound isolation on Stromboli.


Nearly halfway up, the trail reaches the margin of an abrupt declivity on the northwest flank of the volcano – the Sciara del Fuoco, which roughly translates as ‘the scar of fire’. This wound, formed by an ancient landslide of part of the cone, plunges to the sea. It is the chute down which the vents spill most of their lava. The submarine part of the volcano extends twice as far beneath the waves as it projects above; most visitors see Stromboli as a modest volcano in scale, but strip away the Tyrrhenian Sea and it would not look out of place with its looming cousins in the Pacific Ring of Fire.


Nearing the peak, I witnessed my first eruption. It was brief but thunderous, and accompanied by a convoluting puff of brown ash that had punched through a garland of white steam clouds gathered about the crater. The mottled plume rose skyward until the wind sheared it off towards the sea. Loose cinders underfoot made the rest of my ascent more of a slog, like climbing sand dunes. But twenty minutes later, I had reached the Pizzo sopra la Fossa. I could now make out a row of four cones, shaped like upturned dishes and built from accumulations of dark volcanic slag. Each was truncated by a fuming crater, the closest of which greeted me with an arresting whoosh. I had arrived in a pristine world that I could not have properly imagined. Nothing felt stable; all was sterile, temporary, shifting, piling up, subsiding.


What had brought me into this world above the clouds? I was in my twenties and had started the first year of my PhD with a research trip to Southern Italy. Armed with little equipment apart from a notebook and a thermometer capable of readings over 1,000°C (1,800°F), my quest was to investigate whether it was possible to take the temperature of a volcano from space. The idea of monitoring volcanoes from Earth’s orbit was not new. As early as 1966, one of the first weather satellites, Nimbus II, had registered the heat radiated from lava flows on the new-born island of Surtsey, south of Iceland.15 By the mid-1980s, with more advanced infrared imagers spaceborne, it looked possible not only to detect eruptions but also to quantify areas and temperatures of lava or hot gas vents. Underpinning this approach was a foundational equation relating the spectrum of heat radiation from a surface to its temperature, derived by the physicist Max Planck in 1900. As well as expressing ‘red-hot’ in physical units, the law explains why a red-hot surface glows red-orange, orange and then yellow to white as it heats up. But several assumptions were needed to apply Planck’s formula to volcanic features, and my task was to test them in the hope it would pave the way to an orbiting volcano observatory. This required ‘ground-truth’ – lava temperatures measured at close range to compare with measurements made with the satellite data. With hindsight, I got unduly close.


At the top of Stromboli my main tool was an infrared radiometer, a ‘telephoto’ version of an ear thermometer. It resembled a video camera and, unlike its clinical counterpart, did not require direct insertion into the orifice – I could record temperatures at a distance. I particularly wanted to investigate the uniformity of lava surface temperatures and their variability over time. But on reaching the Pizzo sopra la Fossa, I faced the same quandary as Spallanzani two centuries before – the lava vents within the craters were hidden from view. I needed a direct line of sight. And for that, I had to get nearer.


Nothing like Spallanzani’s niche caught my eye, so I loped down the southern rim of the wide depression and then up to the lip of the nearest crater. I leaned over the chasm. The inner walls exposed layers of lava and scree tinged pink from oxidation, or stained yellow where sulphur had condensed around innumerable perforations in the rock. At the bottom, surrounded by drifts of rubble, two magma-filled pits sputtered and wheezed noisily, spitting bright-orange molten rock from their mouths every few seconds. But at longer intervals of ten minutes or so, larger explosions would blast projectiles well above my level. Some of these detonations sounded like pistol shots or thundercracks; others roared for ten or twenty seconds. Each would be followed by a succession of dull thuds as a fusillade of solidifying lava fell to earth, followed by a clatter like hailstones on a tin roof as smaller fragments rained out – an igneous rendition of musique concrète.


Ignoring the tumult, I fixed the infrared thermometer on a tripod and trained its optics at the most expressive vent, which was also the closest. Unfortunately, the device had no inbuilt recording capability, so I had to read the temperatures in the telescopic viewfinder, and scribble them down in a notebook as fast as possible, while simultaneously keeping an eye on my watch to time the observations. With a little practice, I managed a measurement every second or two.


Through the viewfinder, I could observe the live action of the blusterous vent. The explosions began with a tumescence of the lava, much as Spallanzani had described. The magma skin would then rupture, unleashing a jet of blue flame. An instant later, a blast of orangey-red glowing spatter and bluish fumes shot above the mouth of the crater. Soon, I would experience a light dusting of dark glassy shards and crystal flakes. They collected in the crease of my notebook, making it easy to decant small samples of the ash – just forged in the fiery aperture – into plastic bags. The explosions reverberated in my chest, seismic tremors shivered my feet, and a metallic whiff like a struck match smarted my eyes. I was seized by the realisation that volatile molecules just unfettered from the inner Earth, and tasting like sour milk at the back of my throat, were now in my lungs, in my bloodstream.


In fact, these kinds of exhalations are exactly what established the Earth’s primary atmosphere aeons ago. We are made of the very same stuff, and some think that life began in the primordial chemical soup of volcanic vents. Through the actions of tectonic plates and volcanoes, our fleshly inventories of carbon, oxygen, hydrogen, nitrogen, sulphur and many other elements are making just a brief sojourn in an eternal cycle between the deep interior and the surface of the planet. I was discovering, as I am certain Spallanzani felt, that fieldwork on an active volcano is a profoundly embodying experience.


Another booming volley! But this time lava spray reached not only above, but over the crater’s edge. One piece landed not far away and I dashed over to inspect the missile. It was light grey with a frothy texture. The vernacular for this substance – scoriae – comes from the Greek word for dung. Any projectiles brick-size and up are known as ‘lava bombs’. If they splat when they hit the ground, they are ‘cowpat lava’. As my fingers closed on the find, I howled in pain: in my spontaneous curiosity, I’d overlooked the heat capacity of rock. My thermometer confirmed the surface temperature was hotter than a pizza oven. I look upon this period as the steep part of my learning curve as a volcanologist.


Back at my station at the lip of the crater, the activity was ramping up. Large explosions now recurred every few minutes. The thermometer readings plummeted as the crater filled with fumes. But I could still hear the polyphony of hisses, roars, rumbles and cannonades. When not making temperature measurements (with one hand still throbbing from the burn), I recorded the time and characteristics of each explosion. For one of these entries in my field notebook, the ink jerks up halfway through a word. I retrospectively labelled this jolt ‘blind terror’. Half a minute later, an even more violent spasm daubed the crater walls with fluid basalt, and the subsequent salvo hurled molten cowpats at a lower angle, dropping one just a few paces away – it was still glowing. My notebook reveals growing risk acumen: ‘Working here extremely hazardous,’ I remarked.


The crater cleared, revealing again the smouldering vents. Like Spallanzani, I tried to imagine what lay beneath – did these pits converge on a common magma source? It puzzled me that two adjacent openings could display such different behaviour: one blazed steadily but seldom shed sparks; the other was erratic, boisterous and violent. As each second passed after an explosion, I tensed up in expectation of the next. The anxiety must have got to me, for I suddenly needed to eject my own scoriae: not the most convenient time or place. A double volley (from the volcano) propelled bombs well above me again, and this time I had to watch where the buzzing projectiles were headed in case it might be necessary to hop out of harm’s way.


Then Aeolus switched tactics: it began raining. Cold, wet precipitation somehow caused me greater alarm than a threatening hail of lava bombs. I retreated up the ridge leading to the Pizzo sopra la Fossa to find cover. Several crude shelters dotted the rise. They were no more than knee-high, circular walls of lava rocks, but they afforded protection from the wind.16 I found some plastic sheeting in one – the vestige of a tourist’s adventures, no doubt – and stretched it across the top of the wall, then crawled under. For the first time, it struck me that I was completely alone on the volcano. 


Even after the rain eased, there was no point in returning to the craters, because thick, white steam clouds, provoked by the wetting of hot rocks and magma, now filled their mouths. It would be impossible to see in, let alone take temperature readings. At dusk, these clouds reflected the lava light, becoming luminous like bonfire smoke. Explosions intensified the glow moments before incandescent lava bombs flared out, tracing ballistic arcs across clear sky – a mesmerising sight. In the distance across the sea, points of light in the darkness mapped the contours of settlements on nearby Salina island and the shoreline of Reggio Calabria on mainland Italy. It was hard to tear myself away from the pyrotechnics – ‘Just one more,’ I kept saying to myself – but eventually, I turned in for the night.


I slept fitfully in my crude tent, discomfited by the cold and disturbed by the incessant flapping of the sheeting in the wind. Acidic gases drifting from the craters had fumigated the ridge intermittently, and it had turned out I had a companion: my makeshift shelter was also the refuge of a rodent, which scuttled across me and sniffed my neck. At first light, I was about to tuck into panini and ricotta for breakfast, when I spotted neat puncture holes in the crust, through which all the soft interior of the rolls had been extracted. At that moment, a small mouse poked its snout from a crevice in the rocks.


My stomach bubbling from hunger, I returned to the crater to collect more data. But the fumes were too thick, and explosions sprinkled me with pea-sized pieces of lava froth. So I headed off to investigate the adjacent crater, which seemed to have been tranquil. Five minutes later, an ear-splitting explosion pelted my measurement site with ejecta. Reaching the rim of the unexplored crater, I found it, too, strewn with lava bombs.


Pondering the implications of a red-hot cowpat landing on my head, I felt a surge of unease and retraced my steps. I hadn’t gone far when a massive discharge from this crater assailed the spot where I had been standing. Before there was time to reflect, an explosion from another crater propelled rocks high overhead, which buzzed as they picked up speed on descent. Feeling increasingly like a target in a shooting gallery, I called it a day and hiked back to the village.


*


It’s an understatement to say now that this fieldwork was imprudent. Given that lava fragments leave the vent at bullet-like velocities, I would have had no time to react had one been coming at me. It wouldn’t have just been the end of my PhD studies.


I lived and learned. But even my antics pale in comparison with those of one of the most renowned and controversial volcanologists of the twentieth century, Haroun Tazieff, who explored the volcano with surprising impunity in 1949. Tazieff, of Polish descent, was very well known in France, where he settled, thanks to his thrilling films of expeditions to remote and intriguing volcanoes of the world. He was to volcanoes what Jacques Cousteau was to the oceans.17


Tazieff did not just go up to the active craters on Stromboli, he scrambled round the back of them, teetering along a narrow hinge between the chasm and the swooping incline of the Sciara del Fuoco. Dodging lava bombs, he came abruptly to a small opening in a subterranean passage filled with flowing magma, a feature known as a ‘skylight’. Shielding his face from the heat, he aimed a handheld pyrometer (a forerunner of the device I used). It read 1,100°C (2,000°F). About halfway down the Sciara, he spied the lava re-emerging as a river. But this wasn’t the time to explore it.


Down in the village, there was quite a commotion owing to the presence of Rossellini’s production team. The director and Bergman were at sea filming the tuna-catch scene, and Tazieff befriended the film’s location manager, General Ludovico Muratori. At forty-eight years old, Muratori was a veteran of Mussolini’s war in Ethiopia, where he had commanded guerrilla units fighting the British and Haile Selassie’s forces. Hearing of Tazieff’s escapade on the volcano, Muratori asked where he might find a ‘sensational, but safe’ spot at the summit to shoot the film’s climax, when Karin attempts to traverse the island by way of its magma pits. Tazieff suggested locations where the danger was ‘minimal’ – at least between explosions, he cautioned. For himself, he had a maximally hazardous adventure in mind: to reach the lava flow he had spied the previous day. And he wanted to observe it by night for greatest effect.


It was already dark by the time he was back at the brink of the Sciara del Fuoco, but this made it easier to chart a course to the lava channel, now a bright beacon. He slid down the shifting scree, anxious at many points of triggering a rocky avalanche that would sweep him away. He stumbled over boulders, one of which turned out to be a dull-red glowing block of lava that had spalled off a solidifying flow above. Fresh chunks of it broke free and bounded furiously downslope, casting off sparks with each bump. At another crag of lava, Tazieff tripped, smashing the lamp he had brought for the return ascent, which by now he was dreading. He was parched, and it took several more hours to reach the lava torrent. But he was spellbound by the inexorable blazing pageant, which reminded him somehow of columns of marching ants, and admired it for a while before getting out his instruments and cameras. The climb back, without a light, was every bit as horrendous as he’d feared, and he was desperately thirsty. There were several further narrow escapes: a bellowing rockslide; stifling clouds of dust and fumes; a broadside of bombs just paces away. But at last, he made it to the tent he had pitched near the top, where he had cached water.


Sunlight woke him in the morning, and he was enjoying a mug of tea when he spotted mules emerging from the sulphurous miasma encircling the peak. They were being led, but for one, whose rider lay at an awkward angle. Tazieff ran to the group and found the passenger was Muratori, who had come up to establish camps for the filming. His face was livid, his voice rattled, and he slumped against Tazieff, gasping, ‘Fumes–air!’ His condition deteriorated alarmingly, and Tazieff and the muleteers lifted him and started down to the village as fast as they dared on the dusty trail. But they did not get far before the general died in Tazieff’s arms.


Was Rossellini’s film worth a life? The general’s death renders the scene where Karin is suffocating in the fumes very close to the bone. Bergman herself paid for the funeral and made a considerable donation to the bereaved family.


Were Tazieff’s data important enough to justify such exceptional risks? My own observations at the crater’s edge were to little purpose: futile, even, in retrospect. The thermometer readings were erratic – they rose and fell by the second, according to the ebullition in the magma vent and quantity of fumes passing across the instrument’s view. I realised a satellite image snapshot of such a scene could do no more than confirm a volcano’s activity – it would not yield a meaningful temperature measurement. This meagre finding merited a paragraph in a paper that only a handful of people have cited in the three decades since it was published.18 I doubt that anyone who read it imagined the caper of collecting the data, unless they stopped to think on reading that I had made the measurements at ‘viewing distances of approximately 50 metres’. Tourists are no longer permitted anywhere near the craters. Even though my excursion happened before the era of risk assessment, most people would have taken one look at the bombardment and had the sense to keep well clear of the evident peril. For me, it took a while for fear to trump fervour.


*


The banality of my findings aside, the volcano of Stromboli is undeniably among those that have propelled understanding of the fundamental drivers of eruptions. It ranks in the top three most-studied volcanoes worldwide, along with its compatriots, Etna and Vesuvius. In his research, Spallanzani posed two questions that remain as relevant to volcanology today as they were then: why is Stromboli’s activity so persistent, as suggested by records stretching back 2,500 years? And what is the explosive mechanism?


On the first point, Spallanzani argued that whatever nourished Stromboli’s perpetual conflagration was the same substance animating other volcanoes known only for sporadic eruptions. Some naturalists of the period regarded petroleum as the energy source. They argued that this explained the dark plumes that roared into the atmosphere during eruptions. Spallanzani, however, discounted this hypothesis, believing instead that an inexhaustible supply of burning sulphur, a well-known active ingredient of gunpowder, sustained Stromboli’s incendiary behaviour. This would explain the stench of exhaled fumes and the abundant yellow sulphur encrusting gas vents. As to the nature of lava, while many of his contemporaries considered it to be a mixture of sulphur and bitumen, Spallanzani insisted – correctly, as now seems obvious – that it was the molten form of the rock found everywhere at the surface of the volcano.19


Now, we understand the generation of magma that feeds Stromboli to be a by-product of the sustained collision between the African and Eurasian tectonic plates. This induces localised melting of the rocks of the Earth’s mantle, deep below the surface, producing magma that percolates upwards. It accumulates at a depth of around six miles, forming a chamber. This feeds a shallower ‘reservoir’ a little below the level of the seabed, and it is this that supplies the crater vents.20


Spallanzani tackled the question of Stromboli’s activity systematically through innovative experiments on his return to Pavia. He was convinced that an ‘elastic fluid’ (in other words, a gas) must animate the magma column. After all, he had directly witnessed bubbles rupturing in the magma pond, and the hissing of pressurised gases from rents in the crater. To test his idea, he crushed each rock specimen to a powder, decanting some into a clay crucible. This was attached by glass tubing to a flask of mercury that would trap any gases expelled when the samples were heated. Looking through the end of the glass tube, Spallanzani observed the miniature magma cauldrons he had created, transporting him back to Stromboli.


Most of the captured gas proved to be air from inside the vessel, but Spallanzani recovered white fumes given off during some experiments. Tasting the condensed droplets, he identified hydrochloric acid, but was sure other gases must also be ‘imprisoned’ in the molten rock beneath Stromboli until they escaped thanks to their buoyancy. Reaching the confines of the vent, he argued, they formed the large bubbles he’d seen burst so violently, flinging out lava shrapnel.21


Spallanzani wondered about collecting the gas emissions on the volcano, but ruled it out because of ‘the manifest danger there would be of falling a victim to so impudent a curiosity’. (I must add ‘impudent’ to ‘imprudent’ to describe my first field mission to Stromboli.) However, he reasoned, they were probably similar to emanations from docile volcanic vents at Solfatara near Naples, which were then known to contain ‘carbonic’ and ‘sulphureous’ acids and ‘oxygenous gas’. Somehow foreseeing the fruits of twentieth-century technologies, he concluded: ‘Of the existential nature of these substances, perhaps, we may not always remain ignorant.’


We now know that nearly two-thirds of the volume of the bubbles that burst in the vent consist of water vapour and a third is carbon dioxide.22 Minor quantities of sulphur dioxide and hydrogen chloride (which Spallanzani had detected in his experiments) impart the plume’s acidity. A bubble the size of a ping-pong ball deep in the volcanic plumbing becomes yoga-ball-sized near the surface, simply due to decompression. At the end of their journey, approaching the atmosphere, the expanding bubbles want to speed up, but their passage is resisted by an abundance of crystals in the magma.23 Bubbles also catch up with each other, and coalesce to make larger bubbles that squeeze against the walls of the magma conduit. Reaching the vent, they distend the lava surface until it ruptures violently. The sudden acceleration of escaping gas eviscerates the molten rock, slinging fragments up into the air. A typical explosion discharges a tonne of gas and a few tonnes of molten rock – in total, as much as the weight of an average car. Videos of the explosions recorded at 500 frames per second and played back in slow motion have further revealed that each explosion is a composite of discrete pulses – there is not one bubble, but a whole procession.24 When we change the scale of observation, so often we find something that we hadn’t noticed before. Without bubbles, magma would be boring.


Spallanzani’s research marks him out as a trailblazer in experimental petrology, a field that continues to illuminate the internal action of the Earth where probes cannot penetrate.25 Just as Spallanzani tested his concepts for the underlying drivers of volcanic action through experiment, so today the metabolism of magmas can be simulated in the laboratory. Now it is possible to conduct such experiments both at high temperature, as did Spallanzani, and at the crushing pressures corresponding to the depths of real magma bodies. In parallel, the technologies for analysing the chemical and physical properties of samples have evolved tremendously.


Spallanzani’s conclusions were influential for years to come and remain remarkably aligned with thinking today. Highlighting his importance, he is connected with the first recorded usage of the term ‘volcanology’ in English, in the June 1800 issue of The Edinburgh Magazine:


 


We find in the Voyages of Spallanzani a new volcanology; he therein teaches the way to measure the intensity of the fire of volcanoes, to glance at the causes, to touch almost, in the analysis which he makes of the lava, that particular gas which resembling a powerful lever, tears from the bowels of the earth . . . those torrents of stone in fusion . . .26
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