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Exam tips


Advice on key points in the text to help you learn and recall content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summaries





•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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About this book


Much of the knowledge and understanding needed for A2 geography builds on what you learned for GCSE and AS geography, but with an added focus on the development of specific knowledge of physical geography processes. This guide offers advice for the effective revision of A2 Unit 1: Physical processes, landforms and management, which all students need to complete.


The A2 Unit 1 external exam paper tests your knowledge of aspects of physical geography with a particular focus on physical geography processes, landforms and their management. The exam lasts 1 hour 30 minutes and the unit makes up 24% of the final A-level grade.


To be successful in this unit you have to understand:





•  the key ideas of the content



•  the nature of the assessment material — by reviewing and practising sample structured questions



•  how to achieve a high level of performance in the exam





This guide has two sections:


The Content Guidance summarises some of the key information that you need to know to be able to answer the examination questions with a high degree of accuracy and depth. In particular, the meaning of key terms is made clear and some attention is paid to providing details of case study material to help to meet the spatial context requirement of the specification. Students will also benefit from noting the exam tips, which will provide further help in determining how to learn key aspects of the course. Knowledge check questions are designed to help learners check their depth of knowledge — why not get someone else to ask you these?


The Questions & Answers section includes some sample questions similar in style to those you might expect in the exam. The sample student responses to these questions and detailed analysis will give further guidance in relation to what exam markers are looking for to award top marks.


The best way to use this guide is to read through the relevant topic area first before practising the questions. Only refer to the answers and comments after you have attempted the questions.





Content Guidance


Option A Plate tectonics: theory and outcomes


Plate tectonics: margins and landforms


Evidence for the theory of plate tectonics


Structure of the Earth


The Earth has three main sections:





•  Core: the inner core (which is solid) and the outer core (which is liquid).



•  Mantle: thickest section of the Earth, around 2,900 km thick.



•  Crust: oceanic (thinner, but more dense, so heavier) and continental (thicker, but less dense, so lighter).





However, for the purposes of plate tectonics, there are two terms which are most relevant:





•  Lithosphere: consisting of the crust and upper part of the mantle. This is solid and brittle.



•  Asthenosphere: consisting of the upper portion of the mantle just below the lithosphere. This is solid but will flow. (This is where the convection currents that drive plate tectonics operate.)
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Knowledge check 1


What are the key differences between lithosphere rock and asthenosphere rock?


[image: ]







[image: ]


Exam tip


It is good to use appropriate geographical terms in your answers. Refer to lithosphere and asthenosphere rather than crust and mantle.
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According to plate tectonics theory, the Earth’s lithosphere is divided into eight major plates and several minor plates. These are moving in relation to one another. Plate tectonics can be seen then as the theory that outlines processes operating in the lithosphere and asthenosphere which cause the movement of plates across the Earth.


Evidence for plate tectonics


As global maps became more complete, it was noticed that many of the coastlines of the continents of the world looked almost as though they fitted together like a jigsaw puzzle. In the early twentieth century, Alfred Wegener theorised that all the continents on Earth had been joined together in one massive super-continent known as Pangea. Since then it had broke up and the continents drifted apart. Wegener collated various pieces of evidence in support of his theory.
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Geological evidence: rock age, type and structure


Rocks of similar age, type and structure are found in parts of the world separated by thousands of miles. One of the best examples of this is the structural trend lines of the ancient Caledonian Mountains (Figure 1). Not only are the rock types in western Scandinavia, Greenland, Scotland, northwest Ireland, eastern North America and northwest Africa the same, but they have structural trend lines that match up if the continents are positioned side by side on a map.


This implies that the now widely spaced mountain ranges were once side by side. In fact, it is now thought that these mountains were originally part of the Caledonian Mountains found in the centre of the supercontinent Pangea.


Fossil distribution


There are fossilised remains of the same animals and plants located in widely separated continents of the world. For example, remains of the reptile Mesosaurus have been found in South America, Africa, India, Antarctica and Australia, now separated by thousands of miles. However, if you join the continents together as Pangea, they form one continuous band. This again implies that the fossils were laid down when the land masses were in very different locations on the surface of the Earth, and that subsequently these land masses have moved thousands of miles apart.


Climatology


In the present day, the fossilised remains of polar plants can be found in India, Australia and southern Africa, and fossils of tropical plants can be found in the mid-latitudes in northern Europe. This implies that these fossils could have been laid down when these continents occupied different positions on the surface of the Earth, and have since moved to their current positions.


All of this evidence suggested that the surface of the Earth was indeed mobile. However, Wegener’s theory was not widely accepted, largely because he was unable to come up with a process that explained how this movement might occur. It took later evidence from the sea floor to clarify the mechanisms that underpin the theory of plate tectonics.
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Exam tip


When explaining the pieces of evidence for plate tectonics, show your full understanding by stating both the evidence itself and what that evidence implies.
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Ocean floor relief: the mid-ocean ridge and deep ocean trenches


The world’s longest mountain range, 75,000 km in length, 1,000 km wide and 2,500 m high, is located as a ridge on ocean floors, and snakes its way around most of the world’s major oceans, including the middle of the Atlantic. This ridge has a huge rift valley (canyon) running along its centre. This rift valley was similar to rift valleys in the continents which were pulling apart. This seems to imply that the ocean floor is being split apart at these locations.


Additionally, there are very deep ocean trenches off the coast of some continents, including South America. These trenches show that the ocean floor was sinking down into the asthenosphere at these locations. Together, these facts suggest that new sea floor is being created at the ridges, moving away from there, and being subducted down into the asthenosphere at the trenches. In other words, the sea floor is moving.


Age of the sea floor


As you move out from the mid-Atlantic Ridge towards the continents surrounding the Atlantic Ocean, the rocks get progressively older, again following a symmetrical pattern either side of the ridge. This consolidates the idea of the sea floor moving: splitting apart at the mid-ocean ridges, moving away from the ridges, and sinking down into the asthenosphere at the trenches (Figure 2).
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Exam tip


For both ocean floor relief and age of the sea floor, it is important to point out that the patterns are symmetrical either side of the ridge.
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Palaeomagnetism


In the late 1950s, scientists had recently discovered that the Earth’s magnetic pole periodically flips or reverses. Instead of being at the north as it is now, it moves to the South Pole, and then back to the north, over and over again. As magma cools, the iron within it orientates itself towards the direction of the magnetic pole, pointing to the position the magnetic pole was in when the magma was cooling.


During the 1960s, as ships with magnetometers were mapping the ocean floors, a particular pattern began to be revealed. As you move out from the mid-Atlantic Ridge, there is a symmetrical striped pattern of magnetic orientation found within the rocks. What the magnetometers revealed was that there were alternating bands of different magnetic orientation, first pointing north, then south, then north again and so on, and that these bands were symmetrical either side of the ridge.


This suggested that iron in the magma erupting from undersea volcanoes orientated itself to the north as it cooled. Then the magnetic pole flipped to the south and the iron in the new magma that erupted orientated itself south and displaced the previous cooled magma away from the ridge.


The global pattern of earthquakes


During the Cold War, a network of seismometers was established to monitor underground nuclear testing. A positive by-product of this was that, for the first time, scientists were able to observe the global pattern of the locations of the world’s largest earthquakes. This revealed a clustering of major earthquakes following a linear pattern: a series of narrow bands across the lithosphere. Studies on the direction of movement of the lithosphere at these narrow bands revealed that the lithosphere was broken up into different sections (known as plates) which were moving independently of one another: sometimes away from each other, sometimes towards each other and sometimes alongside.
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Exam tip


If an exam question gives you a choice of which evidence to discuss, if you choose evidence from the sea floor, this will allow you to discuss more directly the evidence for the mechanism of plate tectonics.


[image: ]





The theory of plate tectonics
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Processes at plate margins


Constructive margins


At constructive margins (Figure 5), plates move apart. An example is the mid-Atlantic Ridge.
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Sub-plate processes


The sub-plate processes at constructive margins are dominated by convection currents. Heat escaping from the core and moving out through the mantle heats the rock in the asthenosphere, causing it to flow upwards towards the lithosphere. When this rising part of the convection current reaches the bottom of the lithosphere, it heats it and becomes less dense, and stretches and deforms upwards.



Plate processes and resultant landforms



The sub-plate processes are dominated by sea-floor spreading, a process that explains how plates are in effect pushed apart at constructive margins. How does this movement occur? First, as the lithosphere is heated by the convection current below, it becomes less dense and is stretched and deformed upwards to form an ocean ridge. This is a raised portion of the sea bed; it may be many thousands of kilometres in length and 1 to 3 km in height. It can also be very wide: the mid-Atlantic Ridge is up to 2,000 km in width. As the ridge begins to rise above the abyssal plain, it becomes increasingly rugged as you move towards its centre. It also has a series of eroded sub-ridges running parallel to the main ridge.
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Exam tip


If discussing constructive margins in the exam, make sure that you explicitly use the terms sea-floor spreading and convection currents in your answer.
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The centre of the ocean ridge often features a central rift valley. This linear valley runs along the length of the ridge; it can be as much as 1.5 km deep and up to 30 km wide. The inner slopes of the rift valley are steep and relatively straight. The outer slopes have a much gentler gradient and are marked by a series of stepped terraces (the edges of former rift valleys) parallel to the main ridge.


Over time, the raised sides of the ridge tend to slide down sideways away from the centre of the plate margin under the influence of gravity as they cool slightly and become more dense. Secondly, the fracturing of the rock during this deformation allows magma to intrude into the lithosphere, where it may cool and harden to form dykes (vertical intrusions of igneous rock). This in truding magma can help displace the rock laterally away from the margin.
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Knowledge check 2


How do the convection currents in the asthenosphere produce the ridge in the lithosphere at a constructive margin?
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Conservative margins


At conservative margins (Figure 6), plates move alongside each other. An example is the San Andreas Fault.
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Plate processes


Conservative margins are places where plates move alongside each other. They result from the often very complex way in which plates move as they curve across the ocean floor. So, to avoid the margin twisting into an ‘S’ shape, instead it fractures perpendicular to the margin. This creates a series of transform faults (also known as conservative margins) bisecting the constructive margin, forming a zig-zag pattern along the length of the ridge.


Most conservative margins are under the oceans. But the most famous one in the world – the San Andreas Fault – runs through much of the length of the state of California. It is a transform fault that connects the ridge marking the constructive margins between the North American, Pacific and Juan de Fuca plates.


Sub-plate processes


The sub-plate processes occurring here are similar to the ones we have covered above. For instance, if you are referring to a conservative margin in the form of a transform fault bisecting a constructive margin, then the sub-plate processes are the convection currents we have referred to above.



Collision margins


At collision margins, plates move together (Figure 7). An example is the Himalayas.
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Sub-plate processes


Initially, as the two continents approach one another, the oceanic lithosphere between them subducts below one of the continents (at this stage it is very like a destructive margin). Eventually, the two sections of continental lithosphere collide and the subducting oceanic lithosphere becomes detached from the continents above. It continues down into the asthenosphere where it slowly melts and becomes assimilated fully into the asthenosphere. Thus, eventually all subduction stops below a collision margin.


Plate processes


As the two plates converge, sediments are laid down on the sea floor. These come from two main sources: first, sediment is deposited on the sea bed by rivers flowing off the edge of the continents. Secondly, as the oceanic lithosphere subducts, much of the sediment that has been deposited on top of it is scraped off and builds up on the surface (this sedimentary material is less dense than the basaltic oceanic plate and so resists subduction).


When the two continents meet, the continental lithosphere is too buoyant to subduct and so the two plates collide into each other and the lithosphere is compressed. As a result, the sea floor sediments are folded upwards creating fold mountains. The process of deformation causes multiple faults and fractures in the mountains. These mountains also have a deep ‘root’ extending well below the surface.



Destructive margins


At destructive margins, plates move together (Figure 8). An example is the western coast of South America.
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Plate processes


At destructive margins, the oceanic lithosphere is often many thousands of miles away from the place where it was created and by now it is cold and therefore denser. This means that the lithosphere will tend to subduct back down into the asthenosphere. Where oceanic lithosphere meets continental lithosphere, the more dense oceanic plate will subduct below the continental plate. In fact, continental lithosphere is not dense enough to subduct into the asthenosphere. When two plates consisting of oceanic lithosphere meet, the lithosphere that is colder and denser subducts.


Sub-plate processes


The sub-plate processes at destructive margins are dominated by subduction, aided by the sinking of the convection currents in the asthenosphere. The oceanic lithosphere subducts down into the asthenosphere at an angle typically of around 45 degrees; this subducting segment is known as the Benioff Zone. As it subducts, the surface of the lithosphere melts as it comes into contact with the hotter asthenosphere (subduction melting). In addition, sea water carried down by the subducting plate not only lowers the melting point of the lithosphere, but then mixes with the melted material, reducing its viscosity and helping it flow more easily (hydration melting). This melting begins at a depth of around 80 km. By depths of around 600–700 km, subduction stops as the descending oceanic lithosphere has been fully assimilated into the asthenosphere.


The process of subduction is aided by sinking convection currents in the asthenosphere. These convection currents themselves now are cooler and denser. As they sink, they help drag the cool, dense oceanic lithosphere down with them.
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Exam tip


If discussing destructive margins in the exam, make sure that you explicitly use the terms subduction and convection currents in your answer.
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Resultant landforms at destructive margins
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The two main landforms formed here are fold mountains, and deep sea trenches and island arcs (Figure 9).


Fold mountains: these are formed in a similar way to those at collision margins (see p. 12). In addition, these mountain ranges may be further built up by volcanoes (formed by the melting of the subducting plate to produce magma that rises through the lithosphere above to erupt at the surface). All 25 of the world’s volcanoes over 6,000 m in height are found in the Andes.


Deep sea trenches and island arcs: the deep sea trenches that are found here form a linear pattern, often many thousands of kilometres long. They are typically between 50 and 100 km wide and 5–10 km deep (the deepest trench in the world, the Marianas Trench, reaches just over 11 km in depth).


Also forming a linear pattern, running parallel to the trench on the non-subducting plate, is the island arc (see Figure 8). These islands are usually between 100 and 200 km from the trench (the distance depends on the angle of Benioff Zone in the subducting plate). They consist of volcanic cones and the rock is made up of cooled andesitic lava (see later notes on volcanic activity).


When two oceanic plates meet, the one that is colder and thus more dense will subduct. As subduction occurs, compression forces cause the plate to buckle and deform, producing the deep sea trench as the leading edge of the non-subducting plate is deformed downwards.


As the plate subducts down further into the hotter asthenosphere, its surface begins to melt. This melting process is aided by the sea water that was brought down with the plate during subduction. The water lowers the melting point of the lithosphere. This melting begins at a depth of around 80 km (without the water to aid the melting process, it would not begin until a depth of around 200 km). This partial melting creates magma which is less dense than the surrounding asthenosphere. It rises upwards through the lithosphere and erupts at the surface to form volcanoes. Over time, these volcanoes may build upwards to emerge above the ocean surface, forming the arc of islands, parallel with the trench.
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Summary





•  There are various pieces of evidence that point towards the theory of plate tectonics, including: geologic evidence (age, type and structure of rock), fossil evidence and evidence from climatology; ocean floor relief, age of the sea floor, and the global pattern of earthquakes.



•  The theory of plate tectonics states that the Earth’s lithosphere is broken up into a number of plates that move. This movement is caused by the interaction of sea floor spreading and subduction, driven by convection currents in the asthenosphere.



•  These processes operate at various margins (constructive, destructive, conservative and collision) to produce various landforms (ocean ridges and rift valleys, deep sea trenches and island arcs, and fold mountains).
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Volcanic activity and its management



Volcanic activity at plate margins and hot spots


Constructive and destructive margins
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Knowledge check 3


Outline the various processes by which magma can be produced.
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Hot spots
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The Hawaiian Islands are a good example to use to understand the nature of and processes associated with hot spot activity (Figure 10). The Hawaiian Island chain forms a linear pattern of islands, running 500 km northwest away from the main island of Hawaii. All the islands are made of basaltic lava and have volcanoes on them, but the only active volcanoes are found at the southeastern end of the chain on the main island. In addition, the age of the islands increases as you move from the main island in the southeast up through the islands towards the northwest.
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Exam tip


It is important to note that the pattern formed by the Hawaiian lslands is a linear one, with only the island at the end containing active volcanoes.
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Processes


This pattern can be explained as follows. The volcanic activity is produced by a mantle plume, a convectional flow of heated rock in the asthenosphere. As this mantle plume rises, magma is produced by partial melting of the asthenosphere resulting from a fall in pressure (decompression melting). This magma is less dense than the asthenosphere and is hot enough to melt the lithosphere, and so it rises to erupt at the surface, forming volcanoes. Further eruptions cause the volcano to rise above the sea surface, forming a volcanic island directly over the hot spot.
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Knowledge check 4


What is the pattern of ages of rocks associated with the islands produced by the Hawaiian hot spot?
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The mantle plume stays static in its position. However, the Pacific plate above it is moving from the southeast to the northwest and so this island gradually moves away from the hot spot and the volcano becomes extinct. As the plate continues to move, a new portion of lithosphere is now over the hot spot, and the same processes form a second volcanic island. Over time, it too moves away from the hot spot, and the whole process repeats over and over again, forming this linear pattern of islands with only the last island in the chain to the southeast having active volcanoes on it.
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Exam tip


Make sure you state that, at a hot spot, the mantle plume stays static. It is the plate that moves above it.
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Socioeconomic and environmental hazards and benefits of volcanic activity


Hazards


Lava flows


Lava flows can be fast moving — viscous lava coming out of steeper volcanoes can move at speeds up to 14 m s−1 — or slow moving viscous lava.


Socioeconomic hazards: slow moving lava tends not to threaten human life. However, it can still destroy property and farm land, and have economic impacts, for example the 1973 eruption in Heimaey, Iceland.


Environmental hazards: in the short term, these lava flows can completely devastate the natural environment. All vegetation is covered completely, destroying it and the habitats it provides for animals.
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Exam tip


Ensure you can make reference to a place for each of the hazards of volcanic activity. You will need to be able to refer to places to get a top-level answer.
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Pyroclastic flows


Pyroclastic flows are explosive eruptions of superheated tephra and poisonous gases. They are directed laterally and surge downhill, travelling at speeds of over 30 m s−1 and may travel distances of up to 30–40 km from the volcano at temperatures that may reach 1,000°C. As they travel down river valleys on the sides of volcanoes, they can even surge up the valley sides, engulfing all and everything in their path.


Socioeconomic hazards: pyroclastic flows have been responsible for more volcanic related deaths than any other hazard, e.g. Pompeii, 79 AD. They can have a devastating economic impact also. They may be preceded by an air blast that can topple buildings. The heat can set fire to buildings.


Environmental hazards: in the short term, pyroclastic flows can completely devastate the natural environment. All vegetation is covered completely, destroying it and the habitats it provides for animals, e.g. Mt St Helens, 1980.


Lahars


Lahars are volcanic mudflows that occur when volcanic material, such as ash and rock, mixes with water, including heavy rain, melted snow from a volcanic peak, and collapse of a crater lake in a volcano. Lahars form viscous flows and move downhill, following river valleys. The largest ones can reach speeds of up to 100 km h−1. When they stop, they quickly set and solidify, burying anything in their path.


Socioeconomic hazards: lahars are the second biggest cause of volcanic deaths after pyroclastic flows, e.g. Nevado del Ruiz, 1985, and can cause significant economic losses as they damage and destroy buildings and infrastructure, and crops and livestock.


Environmental hazards: lahars can significantly impact the environment in the short term as they will bury the land in deposits of mud, metres in depth, e.g. Nevado del Ruiz, 1985.
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Exam tip


In the late 1980s, scientists produced a video of the various volcanic hazards which they used to educate people and authorities in volcanic areas over the world to increase their awareness of the dramatic nature of these hazards. You can do the same using YouTube. Search for videos of each of the examples given above to deepen your understanding.
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Tephra and ash clouds


If a volcano erupts explosively, it will generate tephra: the largest tephra are in the form of volcanic bombs which are forcefully thrown out into the area close to the volcano. The smallest material, volcanic ash, is thrown high into the atmosphere where it may be transported by air currents many hundreds or even thousands of miles, being deposited over very large areas.


Socioeconomic hazards: deaths from volcanic ash are rare, but local conditions can make the ash more hazardous, e.g. in Mt Pinatubo. The ash there caused some buildings to collapse, resulting in economic loss and deaths. The 2010 eruption of Eyjafjallajökull in Iceland sent fine ash all over Europe, grounding planes and causing significant economic losses.


Environmental hazards: the 1991 Mt Pinatubo eruption threw so much ash high up into the atmosphere that temperatures across the world were affected. The summer temperatures in Europe the following year were around 2°C lower than average.


Poisonous gas


Magma contains many toxic gases such as carbon dioxide (CO2) and hydrogen sulphide (H2S). During eruptions, these can be released high into the atmosphere. The gases can be released at times other than an eruption, which can present a considerable hazard to people living in the area.


Socioeconomic hazards: carbon dioxide escaped from the volcanic Lake Nyos in Cameroon in 1986. It sank down the slopes of the volcano, killing 1,700 people and over 8,000 livestock.


Environmental hazards: the slow release of carbon dioxide and sulphur dioxide (SO2) around a volcano can destroy plants, e.g. Mammoth Mountain, USA.


Jökulhlaup


This is a flood that is caused by glacial melting associated with a volcanic eruption.


Socioeconomic hazards: as with any flood, the waters can cause significant damage to infrastructure e.g. Grimsvötn, Iceland, 1996. However, due to close monitoring of the hazard, people were evacuated in time.


Environmental hazards: the 1996 jökulhlaup at Grimsvötn caused significant subsidence of the glacial lake.
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Knowledge check 5


Which volcanic hazards pose the greatest threat to human life and why?
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Socioeconomic benefits


Fertile soils supporting agriculture


In the longer term, the ash and tephra emitted by volcanoes improves soil fertility in the areas affected by them. For example, most of Italy has poor soil with lots of limestone. In contrast, in the regions around Naples, the soils are more fertile as a result of various eruptions in the past from Mt Vesuvius. This increases agricultural productivity.


Mineral creation and extraction


Volcanic materials are mined for commercial purposes. For example, pumice is used to act as abrasives in soaps and household cleaners. Ash and pumice can be used for aggregate in the making of cement. Valuable metals, such as gold and uranium, along with precious stones including opals and onyx, are also found in volcanic areas. At the Ijen volcano in Indonesia, workers mine the sulphur deposits found there. These can all boost the economy of the country with the volcano and provide employment for locals.
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Exam tip


Do an internet image search for each of the benefits. Exam questions can give you photographs of them and ask you to identify them.
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Tourism



Volcanoes naturally draw tourists, and volcanic tourism can help boost the economies of the countries that can offer this attraction. For example, Mt Vesuvius in Italy and the nearby well-preserved ruins of Pompeii attract 400,000 and 2 million annual visitors respectively. It is not just active volcanoes that attract tourists either, The 60-million-year-old Giant’s Causeway in Ireland attracted over 850,000 visitors in 2015, bringing a boost to the economy, providing jobs for locals and helping support the conservation work of the National Trust there.


Environmental benefits


Land creation


Volcanic eruptions can create new land, for example the volcanic islands of Hawaii and the Antilles archipelago in the Caribbean. Where these islands formed, unique plants and animals adapted to living there, increasing global biodiversity.


Geothermal energy


The heat rising in the crust in volcanic areas can be harnessed for power generation. Countries like Iceland, Costa Rica, New Zealand and Kenya can generate significant amounts of their energy needs from geothermal sources — ranging from 14% in Costa Rica to 51% in Kenya. The processes involved in generating geothermal energy release a small fraction of the carbon dioxide released from conventional fossil fuel plants. So it is reliable, sustainable and relatively non-polluting: in a world experiencing climate change this can make a positive contribution to the challenges of providing sustainable energy.
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Exam tip


Ensure you can make reference to a place for each of the benefits of volcanic activity.
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Evaluation of how a country prepares for and responds to volcanic activity


Unlike earthquakes (see pp. 24–25), volcanoes may give off a number of warning signs that an eruption might be about to happen. Although very few of the world’s active volcanoes are being monitored on an ongoing basis, if these warning signs start to appear, many countries will be able to send in scientists to begin more detailed monitoring.
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Exam tip


The warning signs include things such as increasing earthquake activity (resulting from the magma intruding into the ground), emissions of steam, increases in the amount of volcanic gases (such as sulphur dioxide and carbon dioxide) being emitted, deformation of the land (it may bulge outwards as magma builds up underground), alterations in gravity and magnetism due to the rising magma.


[image: ]







[image: ]


Case study


Mt Pinatubo, 1991


After being dormant for over 500 years, the Mt Pinatubo volcano erupted into life again in a huge eruption in 1991.


Preparation: monitoring





•  2 April 1991, steam emissions from side of volcano; scientists from PHIVOLCS arrived and began on-site monitoring



•  10 km radius danger zone declared around the volcano



•  USGS team arrived with seismometers, tilt meters and other equipment:







    –  They monitored the current activity on the volcano (around 40–150 earthquakes were occurring each day, and sulphur dioxide levels rose from 500 tonnes per day to 5,000 tonnes per day in five weeks.


    –  They conducted field studies to examine the eruption history of the volcano, looking for evidence of where previous lahars and pyroclastic flows had travelled (they discovered that the volcano had only erupted four or five times in the past 2,000 years, indicating that an eruption here was likely to be explosive in nature).





Preparation: hazards map


The scientists produced a hazards map (Figure 11), indicating the likely nature and extent of the eruption. And, as earthquake frequency increased and sulphur dioxide levels decreased slightly (showing the magma was holding on to its gas, meaning that the eruption would be highly explosive), phased evacuations were ordered. On 3 June, 20,000 people living within 10 km were evacuated; by 7 June, a further 120,000 people within 18 km were evacuated. The volcano erupted on 15 June.


Evaluation
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There are both positive and negative aspects of the preparations for the eruption:


Positive





•  The hazard maps proved largely accurate — all the areas that were predicted to be affected were so.



•  Relatively small numbers of people were killed (around 850) for the massive size of the eruption and the numbers of people living nearby (around 1 million).
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