



  [image: cover]






  


  




  Volcanoes




  A Beginner’s Guide




  





  




  

    ONEWORLD BEGINNER’S GUIDES combine an original, inventive, and engaging approach with expert analysis on subjects ranging from art and

    history to religion and politics, and everything in between. Innovative and affordable, books in the series are perfect for anyone curious about the way the world works and the big ideas of our

    time.


  




   




  

    

      africa




      anarchism




      aquinas




      artificial intelligence




      the bahai faith




      the beat generation




      biodiversity




      bioterror & biowarfare




      the brain




      british politics




      the buddha




      cancer




      censorship




      christianity




      civil liberties




      classical music




      climate change




      cloning




      cold war




      conservation




      crimes against humanity




      criminal psychology




      critical thinking




      daoism




      democracy




      descartes




      dyslexia




      energy




      engineering




      the enlightenment




      epistemology




      evolution




      evolutionary psychology




      existentialism




      fair trade




      feminism




      forensic science




      french revolution




      genetics




      global terrorism




      hinduism




      history of science




      humanism




      islamic philosophy




      journalism




      judaism




      lacan




      life in the universe




      literary theory




      machiavelli




      mafia & organized crime




      magic




      marx




      medieval philosophy




      middle east




      NATO




      nietzsche




      the northern ireland conflict




      oil




      opera




      the palestine–israeli conflict




      paul




      philosophy of mind




      philosophy of religion




      philosophy of science




      postmodernism




      psychology




      quantum physics




      the qur’an




      racism




      renaissance art




      shakespeare




      the small arms trade




      sufism




      volcanoes


    


  




   




  [image: ]




  





  




  [image: ]




  





  




  A Oneworld Book




  Published by Oneworld Publications 2010


  This ebook edition published by Oneworld Publications 2012




  Copyright © Rosaly Lopes 2010




  The moral right of Rosaly Lopes to be identified as the Author of this work has been asserted by her in accordance with the Copyright, Designs and Patents Act 1988




  All rights reserved


  Copyright under Berne Convention


  A CIP record for this title is available from the British Library




  ISBN 978-1-85168-725-1


  ebook ISBN 978-1-78074-181-9




  Typeset by Glyph International


  Cover design by vaguelymemorable.com




  Oneworld Publications


  10 Bloomsbury Street, London, WC1B 3SR, England




   




  

    

      Stay up to date with the latest books, special offers, and exclusive content from Oneworld with our monthly newsletter




       




      Sign up on our website




      www.oneworld-publications.com


    


  




  





  




  This book is dedicated to the explorer and adventurer Ralph B White (1941–2008)




  





  




  Contents




  

    

      Acknowledgments




      Illustrations


    


  




   




  1 What are volcanoes?




  2 How volcanoes erupt




  3 Hawaiian and Icelandic eruptions: fire fountains and lava lakes




  4 Strombolian eruptions: nature’s fireworks




  5 Vulcanian and Peléean eruptions: great explosions and deadly glowing clouds




  6 Plinian and Ultraplinian eruptions: the great catastrophes




  7 The tricky killers: mudflows and degassing




  8 Geysers and geothermal areas




  9 Exotic volcanic activity




  10 Volcanoes on other planets: the terrestrial planets




  11 The exotic volcanoes of the outer solar system




  12 Volcano research




   




  

    

      Bibliography




      Index


    


  




  





  




  Acknowledgments




  Many colleagues provided valuable input and illustrations for this book. I am particularly grateful to Scott Rowland who has generously allowed me to use many of his beautiful

  photographs, to Charlie Bluehawk who drafted some of the diagrams and to Chuck Wood who reviewed the manuscript draft and made excellent suggestions. My editors at Oneworld have guided this book to

  completion; my special thanks to Fiona Slater, Marsha Filion and Victoria Roddam.




  





  




  Illustrations




  Figure 1 The Earth’s tectonic plates




  Figure 2 Classification of volcanic rocks




  Figure 3 Major types of volcanic eruption




  Figure 4 Criteria for the Volcano Explosivity Index (VEI)




  Figure 5 Major types of volcanoes




  Figure 6 Inside Old Faithful




  Figure 7 Flows on Mare Imbrium on the Moon




  Figure 8 Hadley Rille on the Moon




  Figure 9 Volcanic feature on Mercury




  Figure 10 ‘Pancake’ domes on Venus




  Figure 11 Olympus Mons and its aureole on Mars




  Figure 12 Hecates Tholus on Mars




  Figure 13 Tyrrhena Patera on Mars




  Figure 14 Loki Patera on Io




  Figure 15 Conamara Chaos on Europa




  Figure 16 Ganymede’s dark and bright terrains




  Figure 17 Titan’s cryovolcanic flows




  Figure 18 Triton’s cryovolcanic features




  Colour plates




  Plate 1 Pahoehoe lava flow, Kilauea, Hawaii




  Plate 2 Aa lava flow, Kilauea, Hawaii




  Plate 3 Lava tube on Kilauea, Hawaii




  Plate 4 Fire fountain, Pu’u O’o, Hawaii




  Plate 5 Eldfell eruption, Iceland




  Plate 6 Nuée ardente, Montserrat




  Plate 7 Devastation of St Pierre, Martinique




  Plate 8 Sif Mons on Venus




  Plate 9 Pillan eruption on Io




  Plate 10 Europa’s surface




  Plate 11 Enceladus plumes




  





  




  1




  What are volcanoes?




  What is your idea of a volcano? The image that probably comes to mind is a violent, angry mountain, spewing out black clouds of ash and rivers of red-hot lava, burning villages

  and causing devastation and tragedy. We think of Vesuvius in Ancient Roman times and its destruction of the libidinous Pompeii; we think of the eruption of Krakatoa in the nineteenth century and

  its catastrophic tsunami that took countless lives.




  Every now and then, the media focuses on a volcano that is at the very least worrying local people and sometimes playing downright havoc with their lives. In 2010, the Eyjafjallajökull

  volcano in Iceland demonstrated just how disruptive volcanic eruptions can be. Although its eruption was small compared to eruptions such as that of Pinatubo in 1991, its ash cloud, rising up to

  nine kilometers high, blew over Europe, stopping air traffic for several days. Thousands of travellers were stranded and the economic impact was felt world-wide.




  All these images are true some of the time but, in reality, volcanoes come with different shapes, sizes and temperaments. It is fascinating to study what causes these differences and understand

  that, while some generalisations are possible, each volcano has its distinct quirks, just like people. We could also compare volcanoes to cats: with few exceptions, they spend most of their lives

  asleep.




  We will start our fascinating journey of understanding volcanoes on Earth, travelling from its beginnings to the evolution of its many cultures, with their diverse explanations of what volcanoes

  are and why they erupt. We will then travel on to the other planets of our solar system: volcanoes are fundamental to the formation of planets and many types exist, from the rampant, hot volcanic

  activity of Jupiter’s moon Io to the cold, exotic cryovolcanism (eruptions consisting mostly of liquid water from the interior of icy moons) in the outer solar system.




  What, exactly, is a volcano?




  A volcano is an opening on the surface of a planet from which magma and/or magmatic gas emerges. Magma is molten rock, containing dissolved gases and crystals; it originates in

  the mantle, which typically lies eighty to one hundred kilometers below the planetary surface. When a volcano erupts, magma emerges in one or more forms: continuous lava flows, fragments varying in

  size from boulders to ash or rapidly flowing currents of hot gas and rock fragments. The erupting lava and gases build up around the opening (or vent) to form the volcano.




  The landform created could be a field of lava, a cone or, eventually, a mountain. Sometimes lava pours out onto the surface without explosions and no built-up landform is discernible. You can

  walk for miles over the lava fields of the Krafla volcano in Iceland without climbing a mountain or even a sizeable hill: Krafla’s lavas pour out of great fissures and the volcano is all

  around you. On other volcanoes, the exploded fragments of lava that land close to the vent build relatively small but steep-sided cones, such as the cones of Stromboli in the Aeolian Islands and

  Sunset Crater in Arizona, USA. The combination of lava flows and explosive eruptions over long periods builds the tallest volcanoes, such as Mount Fuji in Japan, a volcano that, for many, is the

  classic, with its convex-upward shape and serene, snow-capped summit.




  On Earth, the type and shape of a volcano is largely dependent on its tectonic setting, that is, where it is located relative to the tectonic plates. However, before we go into that, let’s

  go back in time and history to remind ourselves how the inhabitants of many places and of many cultures co-existed with volcanoes and tried to understand their nature.




  Volcanoes and human history




  People and volcanoes have a turbulent history. Mary Leakey’s discovery, in 1978, of hominid (Australopithecus) footprints some 3.7 million years old impressed on a

  volcanic ash deposit at Laetoli in Tanzania is a stunning example of how long this fragile co-existence has lasted. During and following an eruption, the effects of volcanic ash are devastating

  but, as the years pass, it contributes to the soil’s fertility. People have long farmed the rich land on the slopes of dormant volcanoes, perhaps for many years, before a catastrophic event

  brought their towns, their farms and even their lives to an unfortunate end.




  The earliest known tools made by humans were made from volcanic stone. Implements made from lava about 2.5 million years old were found at Lokalalei, on the shores of Lake Turkana in northern

  Kenya. Obsidian, a black volcanic glass familiar to many of us, was prized in the Palaeolithic (Stone) Age for its hardness, durability and ability to split cleanly. It can be made into

  needle-sharp points and blades, including the familiar arrowheads. Our ancestors used volcanic pumice and ash to make cement – the ash, when mixed with lime, produces a durable,

  water-resistant cement that has been used since Ancient Roman times. On a visit to the Greek volcanic island of Santorini, I learnt that pumice deposited by its Minoan eruption was used in the

  construction of the Suez Canal. Pumice quarries are still being worked in many parts of the world; many of us have a piece of a volcano in our bathrooms.




  Another prized product of volcanoes is sulphur, once known as brimstone (volcanoes are notoriously the embodiment of Hell on Earth). Sulphur burns with a strange, sputtering flame and produces

  the eye-stinging gas, sulphur dioxide, used to fumigate houses to kill insects or to bleach wool. Homer refers to sulphur being used this way; in ancient Greece, Egypt and Rome it was also believed

  to have medicinal purposes. Even today, in some volcanic ‘spa’ areas, such as the island of Vulcano in Italy, the dubious medicinal uses of volcanic mud and fumes are touted as

  curative. The war-mongering Romans used a mixture containing sulphur as the first incendiary weapon, but not until the thirteenth century was sulphur’s great potential in warfare discovered

  by the Chinese, as a key ingredient in gunpowder. When the knowledge of gunpowder came to Europe in the early fourteenth century its impact was huge. Knights in shining armour were no match for the

  explosive mixture and the character of war changed forever. Centuries later, gunpowder helped take the Americas from their native tribes. When, in Mexico, Hernando Cortés found himself short

  of sulphur to make gunpowder, he sent some of his loyal soldiers into the crater of the active Popocatepetl volcano to collect some. The soldiers were successful, even though the volcano exploded

  during their mission.




  Volcanoes also yield more traditional riches – diamonds and gold are found in the eroded roots of ancient volcanoes – but, in some places, volcanoes are precious because they make

  life better or even possible. From the fertile slopes of Vesuvius, where grapes have been cultivated for centuries, to geothermal heat sources in Iceland, volcanoes have a profound influence on our

  lives and culture. While it is true that volcanoes can kill, the death toll from volcanic eruptions is usually low compared to that from other natural disasters like floods, hurricanes and

  earthquakes. As our knowledge of how volcanoes work increases, we are increasingly able to predict when a particular volcano is likely to erupt. To the people living in the shadow of an active

  volcano, this knowledge is invaluable. This is why, for many centuries, humans have attempted to answer the most important question in volcanology: why do volcanoes erupt?




  Myth and history




  While some explained volcanic fury in the terms they understood best – gods and goddesses – others attempted to put forward scientific explanations for the fire from

  within the Earth. The first interpretations we know of are from the Ancient Greek philosophers. In the fifth century BCE, Anaxagoras proposed that volcanic eruptions were caused by great winds

  within the Earth, blowing through narrow passages. He explained the melting of rocks as being caused by friction of these winds buffeting against rocks in the passages. This explanation, later

  adopted by Aristotle, was remarkably long-lived, surviving in one form or another until the Middle Ages. In Ancient Rome, the philosopher Seneca proposed an alternative explanation; that volcanoes

  were giant furnaces in which coal, bitumen and sulphur were burning. This view survived for many centuries.




   




  

    

       




      HEPHAESTUS AND VULCAN




       




      People living alongside volcanoes have attempted to explain the rumblings, shaking and fiery eruptions in many ways. To the Greeks, the god of fire, Hephaestus (called Vulcan

      by the Romans), lived beneath Etna in Sicily. Working beside his helpers, the terrifying single-eyed giant Cyclops, Hephaestus hammered on his anvil, forging thunderbolts for Jupiter. Other

      legends set Hephaestus’s forge beneath the island of Vulcano in the Aeolian archipelago, which gave its name to all volcanoes.


    


  




   




  In the seventeenth century, the French scientist and mathematician, René Descartes, proposed that the Earth had been a star and volcanic eruptions were caused by the intense heat still

  trapped within our planet. In the eighteenth century, basaltic rocks were accepted as having been created by ancient volcanic eruptions, resulting in the recognition of ancient volcanic rocks from

  various places around the world. Historically, this was the victory of the Plutonists, who held that rocks were formed in volcanic eruptions, over the Neptunists, who believed that rocks formed

  from the crystallisation of minerals in the early Earth’s oceans. Thus, igneous petrology – the study of the melting and crystallisation of volcanic rocks – began in earnest.




  In the nineteenth century volcanology made a significant leap forward, when the pioneering geophysicists George Poulett Scrope and William Hopkins discovered that rocks melt without addition of

  heat, if they move upwards towards the Earth’s surface, where the pressure is lower. Hence there was no need for a ‘furnace’ or other heat to melt the rocks. However, what made

  rocks move upwards? An explanation had been proposed in the eighteenth century by Count Rumford, who suggested that there were convective currents within the Earth. These large-scale, very slow

  currents can move rocks up, which then, as Scrope and Hopkins’s findings explained, melt because of the decrease in pressure. In the early twentieth century, the heat source driving these

  currents was discovered to be caused by the radioactive decay of certain elements within the Earth. The early part of the twentieth century also saw the work of Arthur Holmes, who brought together

  these ideas and laid the foundation for the theory of plate tectonics. Since then, we have made ever-greater advances, but volcanology still presents many questions. Although we have come a long

  way from the days of appeasing the gods, we still have much to learn about what makes volcanoes erupt.




  Where are volcanoes found?




  Active volcanoes are found on every one of the Earth’s continents, even Antarctica. About 600 continental volcanoes are considered active – meaning that they have

  erupted within the last 10,000 years – but there are many more under the sea. The majority of the Earth’s volcanoes are submarine, although many people have heard little about these underwater volcanoes, probably because, when they erupt, they kill only fish.

  History and journalists tend to favour human catastrophes.




  Whether they are underwater or on land, volcanoes don’t randomly pop up here or there. The location of volcanoes is controlled by plate tectonics; with rare exceptions, the Earth’s

  volcanoes sprout at plate boundaries, concentrated in narrow chains that follow the boundaries (see Figure 1), where over ninety-four per cent of historic eruptions have occurred. It is not a

  coincidence that most earthquakes occur along the same boundaries, where the Earth’s plates are spreading apart (the mid-oceanic ridges) or being pushed together (subduction zones).




  The Earth’s crust is made up of plates that fit together like a giant jigsaw puzzle. Beneath the plates lies the mantle, covering the planet’s hot interior. Heat from the deep

  interior causes a circulation in the solid mantle, which flows very slowly, like ice in a glacier. Rock flowing upwards within the mantle eventually reaches a level, at about seventy kilometres

  beneath the surface, where the temperature is high enough and the pressure low enough for some of the rock to melt. The molten rock in turn rises upwards, because it is less dense than the

  surrounding solid rock. This molten rock – magma – rises through zones of weaknesses in the crust. These zones of weakness are the plate boundaries; hence magma most often reaches the

  surface along the mid-oceanic ridges and subduction zones. There are some exceptions; volcanoes can also emerge in the middle of plates. These are known as intracontinental volcanism and hot spot

  volcanism. It is important to understand each of these different zones, because where the magma comes up – along mid-oceanic ridges, subduction zones, in intracontinental regions or in hot

  spots – has a big effect on the type of volcano and eruption.
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  Figure 1 The Earth’s tectonic plates. Arrows show direction of movement of plates. Most of the Earth’s volcanoes are located at plate margins,

  which are either divergent (where they are spreading) or convergent (where subduction zones are located). (Modified from Decker and Decker, 1991.)




  Mid-oceanic ridges




  What do cold, barren Iceland and the sunny Canary Islands have in common? They are all volcanic islands formed by the activity of the Mid-Atlantic Ridge. Most of the volcanoes

  along the ridge are under water but here and there they poke through the ocean’s surface to construct islands. At the southern end is the uninhabited Bouvet Island, which belongs to Norway,

  which also owns the equally inhospitable Jan Mayen Island at the northern end of the chain. In between lie the volcanic paradise of Iceland, one of the best places on Earth to see and study

  volcanoes, and the lovely Canaries, Azores and Cape Verde islands. A few less-visited places mark the ridge above water, including the island of Santa Helena, famous as Napoleon’s last home.

  Beneath the water lies another world of volcanoes, in some ways much more fantastic.




  Volcanoes along the Mid-Atlantic Ridge are created because two tectonic plates (the Eurasian Plate and North American Plate) are spreading apart, allowing magma to erupt and to create new crust.

  When eruptions occur in the same place for long periods of time, mountains build from the bottom of the sea and, eventually, a new island is created. Magma erupting on the ocean floor pours out

  relatively gently, as vast amounts of basaltic lava. Underwater volcanoes also create some rather impressive expressions called ‘chimneys’ or ‘smokers’, formed when

  superheated water comes through the crust into the cold ocean floor. The superheated water contains dissolved minerals, particularly sulphides (chemical compounds containing sulphur), and flows out

  at several metres per second. When the hot water meets the cold ocean water, the minerals precipitate out, causing the ‘smoke’. Black smokers have temperatures of up to 400°C, while

  white smokers are somewhat cooler. On average, black smokers are found around 2,100 metres below the ocean’s surface. The discovery of these smokers helped to confirm the theory of plate

  tectonics.




   




  

    

       




      ATLANTIS




       




      One of the greatest eruptions in history, Santorini, which occurred some time between 1650 and 1600 BCE, has been blamed for many things, from the end of Minoan civilisation to

      the Biblical plagues of Egypt. It may even have inspired the enduring myth of Atlantis. The Greek philosopher Plato wrote of the sudden disappearance of a vast island and its people ‘in a

      single day and night’.


    


  




  Subduction zones




  If the Earth’s plates are spreading apart in mid-oceanic ridges, they must be either destroyed or pushed back down elsewhere. This happens at the subduction zones, where

  oceanic crust, which is denser than continental crust, is pushed beneath the continental crust and, together with sediments and water, carried down a steep slope into the mantle. Subduction zones

  are found where oceanic and continental plates are pushed against one another; for example, along the western coast of the Americas, where we find volcanoes from Alaska down to southern Chile. The

  heat of subduction causes parts of both the oceanic and continental plates to melt. Molten rock is less dense than solid rock, so the molten rock rises towards the surface. These magmas tend to

  have different compositions to the basalts that erupt from mid-ocean ridges; we can think of them as ‘recycled’, since they are produced by melting of the crust and sediments.

  Geologists define these magmas as being more ‘evolved’ than basalt. These more evolved magmas tend to make more explosive eruptions; some of the most explosive and potentially dangerous

  volcanoes in the world are found in subduction zones. The ‘Ring of Fire’ around the Pacific Ocean is a good example; some of the most explosive volcanoes on Earth, such as Krakatoa and

  Tambora, in Indonesia, lie along the Ring of Fire.




  When two oceanic plates collide and one plate subducts back into the mantle, an ‘island arc’ is created. Island chains of active volcanoes, such as the Lesser Antilles in the

  Caribbean, where the notorious Mount Pelée in Martinique is located, form atop these zones. One island arc volcano that has been very active recently is Soufrière Hills on the

  Caribbean island of Montserrat; this island has been devastated by a long-running eruption that started in 1995 and has lasted over a decade.




  Hot spots




  Some volcanoes exist away from plate boundaries. A particularly good example of such ‘hot spot’ volcanism is Hawaii, an island chain created by volcanic eruptions in

  the middle of the Pacific Plate. Hot spots are thought to be long-lived mantle plumes, upwellings of abnormally hot rock from deep within the Earth’s mantle, originating hundreds or even over

  one thousand kilometres down, which feed magma through either an oceanic or a continental plate, away from plate boundaries.




   




  

    

       




      PELE




       




      One of the best-known volcano gods is Pele, the Hawaiian goddess of volcanoes. A significant number of Hawaiians still worship Pele and many claim to have seen her. The early

      Polynesians who came to Hawaii showed a surprising amount of understanding of the way volcanism in the islands work, explaining it in terms of the wanderings of Pele. The volcanoes making up

      the Hawaiian chain become progressively younger (and more active) towards the south-eastern end of the chain; early Hawaiians attributed this progression to Pele’s search for a home, in a

      constant battle with her elder sister, Na-maka-o-Kaha’i, the goddess of sea and water. Pele was finally allowed to make her home in Kilauea, currently the most active of the Hawaiian

      volcanoes.


    


  




   




  The first eruption from a hot spot is thought to be the largest, pouring out enormous quantities of basaltic lava. If the hot spot erupts through a continental plate, hot, runny basaltic lava

  flows onto the surface. All land eruptions from hot spots happened millions of years ago, forming large plains of ‘flood basalts’ such as the Columbia River basalts in the western USA

  and the Giant’s Causeway in Ireland. When hot spots erupt through an oceanic plate, over millions of years they build volcanoes that eventually poke through the ocean’s surface as

  islands. Measured from ocean floor to tip, these volcanoes are the largest mountains on Earth. All the Hawaiian islands have been formed by a single hot spot that has remained active for at least

  the last seventy million years. However, although the hot spot is stationary, the Pacific Plate has moved north-west, so instead of one volcano, a chain has emerged. The volcanoes at the

  north-western end of the chain are dead, because they are no longer being fed by the hot spot. Kilauea, at the south-eastern end of the chain, is currently the most active, but eventually a new

  volcano will claim that title; the Loihi volcano is slowly being built up and, one day – at least 10,000 years from now – will poke through the ocean’s surface to become the

  newest piece of the Hawaiian paradise.
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