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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



This guide has been designed to help you succeed in WJEC AS and A-level and Eduqas A-level Geography: Coastal landscapes and Tectonic hazards. The guide has two sections:


The Content Guidance summarises the key information that you need to know to be able to answer the examination questions with accuracy and depth. In particular, the meanings of key terms are made clear. You will also benefit by testing your knowledge with knowledge check questions, and noting the exam tips, which provide further help in determining how to learn key aspects of the course.


The Questions & Answers section includes sample questions similar in style to those you might expect in the exam. There are sample student responses to these questions as well as detailed commentary giving further guidance in relation to what exam markers are looking for in order to award top marks. The best way to use this book is to read through the relevant topic area first before practising the questions. Refer to the answers and comments only after you have attempted the questions.


The topics covered in this guide are:


Eduqas A-level Component 1: Changing landscapes and changing places




	
•  Section A: Changing landscapes: Coastal landscapes





Eduqas A-level Component 3: Contemporary themes in geography




	
•  Section A: Tectonic hazards





WJEC AS Unit 1: Changing landscapes




	
•  Section A: Changing landscapes: Coastal landscapes


	
•  Section B: Tectonic hazards





WJEC A2 Unit 4: Contemporary themes in geography




	
•  Section A: Tectonic hazards





The formats of the different examination papers are summarised in the table below.
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Content Guidance








Coastal landscapes




The operation of the coast as a system


The coastal zone is a dynamic open system. It has inputs and outputs of energy and materials, such as sediment. Every stretch of coastline has stores of materials and energy, and a wide range of processes operate as flows to move these, such as river currents, waves, ocean currents and tides, and atmospheric processes such as wind. These all contribute to dynamic change.


When using systems theory it is often difficult to define the boundaries of the coastal systems (how far inland, how far out to sea). Figure 1 shows the widely accepted spatial boundaries of the coastal system. Within the coastal system there are a number of subsystems, such as cliff and beach systems.
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Exam tip


Always use appropriate geographical terminology and use a geographical dictionary to define specialist terms.
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The most useful approach to studying coastal systems includes the process–response method, which states that the morphology of any coastal landform is a product of the processes operating in the system (these processes are driven by energy and sediments). Coastal cliff retreat is a good example to explain this approach (see page 23).
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Knowledge check 1


What are the main inputs in a coastal system?
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Knowledge check 2


Why can the coast be classified as an open system?
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The coastal sediment budget


Sediment and its movement are critical to the stability of a coastline. In order to manage a length of coastline it is important to know how much sediment is available, where it comes from, where it is stored, and how it leaves a particular coastal section. The identification of these factors is referred to as a sediment budget (Figure 2).
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It is difficult to estimate sediment inputs and outputs, especially when considering sediment movements from and to offshore stores. The significance of each source (input) and output varies according to different coastlines — for example, in ‘soft rock’ coastlines such as Barton on Sea (pages 55–56), cliffs are the major terrestrial supplier of sediment, but in other parts of the world, such as Bangladesh, fluvial sediment is the dominant supply.


Outputs to the coastal system include longshore drift, loss to offshore, and transfer to sediment stores down the coast. Large volumes of sediment can be temporarily lost to the sediment budget in stores and, similarly, aeolian transfer can be a short-term loss. As Figure 2 shows, anthropogenic losses from beach mining, dredging etc. can also impact on total sediment losses from the system (page 54).


In a balanced budget, input and output volumes should be in equilibrium:


volume of sediment in = volume of sediment stored + volume of sediment out


Human actions, such as building dams or hard engineering coastal defences, can upset the sediment balance, as the inputs suddenly decline. If a replacement sediment source cannot be found, then the following situation will occur:


volume of sediment in < volume of sediment stored + volume of sediment out


This produces a net loss of sediment to the budget, which accelerates erosion. Clearly, beach feeding or nourishment can represent a major input to help balance the sediment budget.
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Knowledge check 3


Explain how beach nourishment can help to balance the sediment budget.
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Coastal sediment cells


In many countries, sediment or littoral cells have been identified as units of coastal management, where the dominant processes influencing the sediment budget are generally uniform within a particular coastal stretch. For example, in Wales there are three main sediment and littoral cells, with boundaries formed from the promontories at St David’s Head, Bardsey Sound and Great Orme.




	
•  The movement of sand and shingle in the nearshore zone by littoral drift (longshore drift — page 27) has been found to occur in discrete, functionally separate cells. There are 11 major cells for England and Wales (Figure 3), with smaller subcells identified.
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•  A major cell is defined as ‘a length of coastline and its associated nearshore area, within which the movement of coarse sediments is largely self-contained’.


	
•  Sediment cells are functional systems because there is some movement across longshore drift divides. Littoral cells are therefore open systems.


	
•  Sediment sinks (stores) occur where sediment transport paths meet.










The concept of equilibrium


Coasts are dynamic zones of rapid change. These changes occur frequently and are largely caused by changes in energy conditions. For example, during storms the morphology of the coast responds to changes in energy because it aims to exist in a state of equilibrium, i.e. when the amount of energy entering the coastal system is equal to the energy dissipated. There are three types of equilibrium:




	
1  Steady-state equilibrium: where variations in energy and the morphological response do not deviate far from the long-term average. For example, where and when sea cliffs receive more or less equal atmospheric and marine energy (e.g. from wind and waves), the profile of the cliff tends to stay the same from year to year, especially for resistant rocks. In the same way, a beach receiving similar amounts of wave energy from one year to the next undergoes seasonal adjustments, but its average annual gradient stays the same.


	
2  Meta-stable equilibrium: where an environment switches between two or more states of equilibrium, stimulated by some sort of trigger. For example, the actions of high-energy events, such as storms or a tsunami, which can remove a whole beach in hours, or human actions, such as the construction of a large breakwater or offshore dredging. This can rapidly switch a coastal system from one state of equilibrium to another, for example by removing or supplying large volumes of beach sediment.


	
3  Dynamic equilibrium: this also involves a change in equilibrium conditions but in a much more gradual manner than for meta-stable equilibrium, over a longer time period. A good example is the response of coasts to the gradual post-glacial eustatic rise in sea level, as large amounts of ice from ice sheets and ice caps have melted as a result of climate warming, so that wave energy actions occur higher up the shore, and cliff and beach profiles adjust as a consequence.





Equilibrium as a state does not apply to all coastal areas. Energy environments can change within just a few metres, spatially as well as temporally, which further complicates the issue.
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Knowledge check 4


Explain how the coastal system is in a state of dynamic equilibrium.
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System feedbacks


Understanding states of equilibrium requires some knowledge of feedbacks within the system. Feedbacks occur as the result of change in a system, and they can be either positive or negative, switching the system to a new state of equilibrium or attempting to recover to the system’s original state of equilibrium, respectively.
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Exam tip


There are certain key concepts that you must understand. These include systems, equilibrium and feedback.
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Positive feedbacks therefore amplify the initial change in the system so that, for example, the ridge of a coastal sand dune breached by storm wave erosion may be subsequently laterally undercut by wind erosion, thus fragmenting the dune ridge and leaving it susceptible to further wave erosion. Ultimately the whole dune ridge may be driven further inland and a new state of equilibrium reached.
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Exam tip


The term negative feedback does not mean it has a detrimental effect on the coastal system. It is negative because it reduces the impact of the original change.
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Negative feedbacks diminish or dampen the effect of change. For example, sand eroded during a storm from the front of the embryo and fore dunes at the back of the beach may be redeposited offshore as sand bars, which then help to protect the beach dune system from erosion by slowing waves and dissipating the wave energy reaching the dune front.


Human intervention often leads to apparently unforeseen and undesirable feedbacks, often as a result of inappropriate coastal management.
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Summary




	
•  The coastal system includes inputs, outputs, stores and transfers of energy and materials.


	
•  The sediment budget refers to the amount of sediment available, where it comes from, where it is stored, and how it leaves a particular coastal section.


	
•  Sediment cells are units of coastal management where the dominant processes influencing the sediment budget are uniform within a stretch of coast.


	
•  Coasts are dynamic zones of rapid and frequent change, largely caused by changes in energy conditions, for example during storms.


	
•  Dynamic equilibrium involves a gradual change, over a long time period.
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Temporal variations and their influence on coastal environments


Tides, currents and waves are key inputs of energy into the coastal system as they have the potential to erode, transport and deposit material. All three are rapid processes, in that they operate from instantaneous through to annual timescales but rarely on decadal scales, except in terms of cumulative change.




Tides


Tides result from the gravitational attraction on water of the Moon and the Sun, with the Moon having twice the impact of the Sun. All coasts are influenced to some extent by tides, but only a few types of coastline, such as lowland sandy estuarine coasts, can be said to be tide-dominated.




Tidal frequency


Most coastlines, such as all open Atlantic coastlines, experience semi-diurnal tides, i.e. two high and two low tides approximately every 24 hours. However, some places, such as Antarctica, receive genuinely diurnal tides — one high tide and one low tide each day, as a result of local factors.


As the respective motions of the Earth, Moon and Sun go through regular cycles, the gravitational forces change and, therefore, so do the tides.


Twice a month the Sun and Moon are aligned, so that their gravitational forces are combined and therefore there is a strong gravitational pull — this leads to above-average tides called spring tides that, if combined with strong winds and storms, can cause significant landform changes high up on the shore. Twice a month the Sun and Moon are at right angles with respect to the Earth. As their gravitational forces act in different directions, the overall effects are lessened, so lower-than-average tides result, called neap tides. On a biannual basis the largest of the spring tides occur at the vernal (spring) and autumnal equinoxes, i.e. when the Sun is ‘overhead’ at the Equator.


If you look at tide tables you will see that high and low water times in most parts of the UK are separated by more than six hours, so that high and low tides occur slightly later each day.


The overall effect of tides is seen in smaller systems because of variations in ocean depth, uneven seabed topography, with deep basins separated by shallower continental shelves and continents, and the shape of these landmasses. Because of the Earth’s rotation (Coriolis force) tides circulate around amphidromic points. High and low tides therefore occur at different times along coasts, such as in the UK, as water swirls around the amphidromic points.







Tidal range


The height difference between high water and low water during the monthly tidal cycle is known as the tidal range. Annually, this is highest at spring tides and lowest at neap tides. At an amphidromic point the tidal range is zero and it increases with distance from the point, so that the maximum range is along coastlines far from the point.


Tidal range is important for coastal geomorphology because it influences a number of physical processes:




	
•  Tidal range determines the vertical distances over which coastal processes operate, especially wave activity. On a micro-tidal coast (tidal range of less than 2 m, e.g. eastern Australia), wave breaking is concentrated in a narrow vertical zone throughout the tidal cycle, so well-defined erosional features, such as wave-cut notches, are formed at the foot of cliffs (page 23). On a macro-tidal coast (tidal range in excess of 6 m, e.g. most of the UK coast, and parts of North America, such as the Bay of Fundy, which has the greatest tidal range in the world), wave energy is distributed over a wide area, so its erosional capacity is relatively less, resulting in more depositional features.


	
•  During the diurnal rise and fall of tides, wetting and drying of the substrata occurs. In a macro-tidal environment, more substrata are exposed or submerged and therefore affected by processes such as salt weathering. Sand dunes are more likely to develop in a macro-tidal environment, as here there is a wide expanse of deposited beach sand, which dries and can be subsequently transported landward by aeolian processes (page 31).














Currents


Currents are clearly identifiable water flows operating in the coastal zone.


Tidal currents are associated with tidal movements. As water rises with the tides it produces tidal currents. It floods the intertidal zone (flood tide), causing entrainment and deposition of material. The falling tide is the ebb tide, which carries material in the reverse direction. These tidal currents have maximum velocity at their midpoints, while at high and low water, current velocity slackens considerably, leading to sediment deposition. As with rivers (Hjulström curve), there are critical current velocity thresholds for tidal currents to transport different particle sizes. Therefore, muds are usually found in low-energy low and high intertidal areas, while sand shoals occur in mid intertidal areas. Overall there is considerable transfer of sediment from offshore to nearshore and back again within the intertidal zone on a daily basis during every ebb–flood tidal cycle.
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Knowledge check 5


Explain the term ‘threshold’ in the context of sediment entrainment and deposition at the coast.


[image: ]








Shore normal currents occur where waves approach the shore with their crests parallel to the coastline. Water is carried up the beach but there has to be a return flow — rip currents occur in fairly evenly spaced locations along the beach — they flow back at speeds of up to 1 m s−1 through the advancing waves. Note the contrasts with oblique waves, with longshore currents being responsible for longshore drift (page 27). River currents are also powerful currents, transporting both river sediment and fresh water into the coastal zone. Energetic flows are periodic and associated with high levels of river flood discharge.








Constructive and destructive waves


The classification of waves is based on their geomorphological action and the way in which they break upon the shore.


Landforms are the result of inputs of energy to surface and near-surface materials. At the coast, the main source of energy is waves generated by the wind. The frictional effect of the wind on the seawater surface produces motion in the upper layer of the water (Figure 4). This motion is only a wave shape on the water surface and not an actual forward movement of water. Sea waves are therefore caused directly by wind, with individual water particles moving in a circular path as the wave shape moves across the water surface. The stronger and more persistent the wind, the higher the amplitude of the waves and the more energy there is available for ‘work’.
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As a wave reaches shallower water at the coast, the circular water motion in the wave shape is affected by the sea floor. As water depth decreases (Figure 5) the water path movements change from a circular to an elliptical shape: wavelength and velocity decrease and wave height increases. The wave steepens and then breaks on the shore to produce different types of breaking wave (Table 1), depending on the ocean floor gradient.
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Table 1 Features of constructive and destructive waves





	Feature

	Constructive waves

	Destructive waves










	Wave height

	Less than 1 metre

	Greater than 1 metre






	Wavelength

	Long — up to 100 m between crests

	Shorter — 20 m between crests






	Wave period

	Longer — six to eight breaking each minute

	Shorter — 10 to 14 breaking each minute






	Wave steepness

	Gentle — tend to spill over

Break at some distance from the shore


Foam forms at the wave crest and becomes a line of surf as the wave approaches



	Steep — tend to curl over and plunge down onto the shore






	Wave energy

	Low

	High






	Stronger swash or backwash?

	Swash

	Backwash






	Movement of material

	Up beach to form a berm

	Down beach






	Beach gradient

	Increase gradient of upper beach and form a berm

	Create a steep upper beach (storm beach)

Reduce the gradient down beach











Destructive waves are usually more frequent in winter as a result of the stronger winds associated with stormier weather. In the UK this is due to more frequent and intense Atlantic depressions, which are driven over the UK by the jet stream.


This variation in wave type, often on an annual basis, has an impact on sediment mobility and coastal morphology — the extent of wave energy dissipation determines whether coasts become erosional, depositional or stable.
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Exam tip


Destructive waves do not necessarily result in erosional landforms. The term refers to the movement of sediment down a beach and its deposition offshore.
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Summary




	
•  Tides, currents and waves input energy into the coastal system as they erode, transport and deposit material.


	
•  All coasts are influenced by tides, which result from the gravitational attraction on water of the Moon and the Sun, with the Moon having twice the impact of the Sun.


	
•  Most coastlines experience semi-diurnal tides, but some places have diurnal tides.


	
•  Spring tides occur when the Sun and Moon are aligned, combining their gravitational forces to create a strong pull. Neap tides occur when the Sun and Moon are at right angles to the Earth, and their gravitational forces act in different directions.


	
•  Currents are identifiable water flows, which include tidal currents, shore normal currents, onshore and offshore currents, longshore currents, rip currents and river currents.


	
•  Destructive waves are associated with stronger winds, often in winter, whereas constructive waves are associated with less powerful winds in summer.
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Landforms and landscape systems, their distinctive features and distribution




High-energy rocky coastal environments


The morphology and behaviour of rocky coastlines reflects the interplay between geological factors (rock structure and lithology (rock type)), and weathering and erosional processes.


Rocky coasts are erosive coasts, and are continually being cut back. While there is a comparatively slow rate of change averaged over long periods, recent research has shown that rocky coasts can be dynamic over short timescales, such as during winter storms, so they are called high-energy coasts.


Rocky coast erosion is accomplished by a wide range of processes working together. These processes can be grouped into three main types: mass movement, rock breakdown processes and marine ‘rock removal’ processes.




	
•  Mass movements, such as rockfalls or landslides, depending on the rock type, are common because of the prevailing steep, and therefore unstable, slopes. All types of mass movement are episodic, occurring more commonly in winter as a result of more powerful waves undercutting the cliff base.


	
•  Rock breakdown processes are physical, chemical and biological processes (types of weathering) that weaken and loosen rock material, making it available for removal by marine processes.


	
•  Rock removal processes depend on the action of waves — energetic wave conditions in a concentrated micro-tidal environment are particularly effective, both in causing abrasion and hydraulic action. The larger and more powerful the waves, the greater the efficiency of the cross-shore and longshore sediment transport processes, driven by tidal currents, in removing loose material and keeping rocky coasts ‘fresh’ from debris.
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Knowledge check 6


Explain what is meant by ‘episodic events’, such as landslides.
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Examples of high-energy coastal landforms include cliffs (page 22) and wave-cut notches (page 23). Classic examples for the study of rocky coastlines can be found in Dyfed (Pembrokeshire) or southern Gower in Wales, as well as in many places around the world, such as the Great Coast Road in southern Victoria, Australia. They are frequently classified as wave-dominated coastlines.








Low-energy sandy coastal environments


Low-energy coastal environments tend to produce largely depositional coasts with constructive waves pushing sediment shorewards, building sandy and shingle beaches that are often backed by sand dunes, with accompanying depositional features such as spits, bars and tidal mudflats. Low-energy environments can be macro- or micro-tidal, but have shallow shoreline gradients.


While low-energy conditions are prevalent, they are frequently interspersed by dramatic storm events that upset the dynamic equilibrium and lead to major changes in beach and bar morphology. On a stretch of lowland coast you will find both wave-dominated coastal stretches of beaches, barriers and dunes, and tide-dominated stretches of coast, usually around estuaries.


Examples of low-energy coastal environments are widespread, often interspersed with rocky shorelines. Extensive stretches of lowland low-energy coastlines occur along the German Baltic coast, the Netherlands coast, much of southern and eastern USA and the Lagos coast of Nigeria.
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Summary




	
•  High-energy rocky coastlines are erosive, continually being cut back by mass movement, rock breakdown and rock removal processes.


	
•  Erosional landforms include cliffs, shore platforms and wave-cut notches.


	
•  Low-energy coasts are largely depositional, with shallow shoreline gradients and constructive waves pushing sediment shorewards.


	
•  Depositional landforms include sandy and shingle beaches, sand dunes, spits, bars and lagoons, tombolos and cuspate forelands.
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Factors affecting coastal processes and landforms




Waves


The essential features of a wave were defined on page 13 (see Figure 4). Most of the waves affecting coastal zones are entirely wind generated (except tsunamis and storm surges), caused by the frictional drag between wind and the water surface. The amount of energy transferred between the wind and the water depends on:




	
•  wind velocity


	
•  wind duration


	
•  fetch (the distance over open water that the wind blows to generate the waves)


	
•  orientation of the coast to the waves
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Knowledge check 7


Define the following aspects of wave terminology: wavelength, amplitude, frequency.
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The greatest energy transfer occurs when strong winds blow in the same direction over a long distance for a long period of time, for example the great swell waves driven across the Atlantic by the prevailing southwesterly winds. Certain coasts receive high-energy waves — this includes all of the west coast of the UK — as they are orientated towards these waves.


Waves bring huge amounts of energy into the coastal system. As they approach the land, they are modified as a result of the decreasing water depth. Different types of wave are described in Table 1 on page 14.


The shape of the coastline and its orientation to the oncoming waves can affect the impact of waves. Although a coastline may be at the receiving end of a long fetch, its orientation may protect it from the full impact of high-energy waves, with the waves arriving perpendicular to the coast having a different impact from those arriving at an oblique angle.




Wave refraction


As waves approach a coastline, the direction of wave approach is modified by the topography of the seabed. Wave refraction causes the wave energy from the breaking waves to vary along the coastline (Figure 6). This wave energy becomes concentrated at headlands and disperses around bays. The complex interaction of coastal configuration, offshore topography, exposure, wave fetch and landforms helps to explain variations in processes and landforms. For example, waves are refracted around a spit to give it a curved end or hook (page 29). You can sketch wave refraction patterns for any chosen stretch of coastline using Google Earth images.
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Wave reflection



Along rocky coastlines, where there is deep water offshore, the waves are reflected back from the cliffs (known as the clapotis effect) and do not break at the shoreline. Wave reflection can also take place on very steep beaches or against sea walls. The interaction of reflected and incoming waves creates a standing wave.
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Knowledge check 8


Explain how the clapotis effect affects cliff recession rates.
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The lithology of the coastline


A number of factors combine to make lithology (the make-up of the rock) an important influence on coastal processes and landforms.




Hardness


As a result of heating and compression during their formation, igneous rocks (e.g. granite) and metamorphic rocks (e.g. gneiss) are harder and therefore more resistant to erosion. These types of rock form many high cliffs in northwest Britain. In contrast, many of the rocks that form the coastlines of southern and eastern Britain are ‘soft rocks’ — unconsolidated sand and clays of Tertiary age, as well as deposits of glacial boulder clay and gravels. Other factors being equal, these ‘soft’ rocks tend to be easily eroded, especially if the cliff bases are poorly protected by beaches, with an average recession rate of 3–6 m per year (after a storm, 10–25 m per year is not uncommon). An extreme example, with erosion rates of 30 m per year, has been recorded in the ash from the Krakatoa eruption in coastal Sumatra.







Chemical composition


Chemical composition includes mineral composition and solubility. Some rocks, such as quartzite or most sandstones, are made almost completely from silica, which is chemically inert. The very low rate of chemical weathering adds resistance to the rock. Other rocks are more prone to rapid chemical weathering because of their chemical composition. Iron compounds oxidise in some sandstones, and feldspars are altered into clay minerals by hydrolysis in rocks such as granite. These ‘rotted zones’ increase vulnerability to both marine and subaerial processes.


The chemical decomposition of limestones by carbonation (solution) happens even more rapidly. It is caused by saltwater corrosion, leading to accelerated disintegration of some shore platforms. The impact of salt water not only affects limestones but also causes basalt to weather 14 times more rapidly than under freshwater conditions.







Permeability


A further lithological factor is permeability, resulting from, for example, pores in an open-textured limestone or fissures and cracks or joints (e.g. in chalk or limestone). As surface water seeps through the cliffs, it increases the rock’s resistance to subaerial processes, thereby adding strength to relatively soft rocks. This explains why chalk invariably forms high, near-vertical cliffs (such as at Beachy Head, Sussex, or the White Cliffs of Dover, Kent) and supports natural arches and stacks.











The structure of the coastline


‘Structure’ can be defined as the way rocks are disposed or geologically arranged. Folding and faulting therefore provide a range of rock types with lithologies of different resistance to subaerial and marine processes, with less-resistant rocks being more easily exploited.




Joints, faults and folds


The prevalence of joints, bedding planes and faults in a rock has a significant impact on the rates of weathering (both freeze–thaw and chemical). Where joints and bedding planes occur at high densities this weakens the rock and makes it subject to increased subaerial and marine erosion.


Faults or isolated master joints can be exploited by the sea to form a range of micro-features, as at Tintagel in North Cornwall (Figure 7). Narrow inlets (geos), such as those on the Island of Skomer, Pembrokeshire, develop along faults, which are zones of weakness (shatter zones). Folds (anticlines and synclines), where the rocks are stretched or compressed, also form weaker areas, for example at Saundersfoot near Tenby. Folding can also affect the angle of the bedding planes (dip), which can influence a cliff profile and the rate of erosion.
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Exam tip


A case study of the Pembrokeshire coast is available at www.curriculum-press.co.uk.
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In conclusion, the combined impacts of structure and lithology play a major role in determining both major and minor landforms, especially where coasts are composed of ‘hard rocks’.
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Exam tip


Be specific in your answers. Instead of naming lithology as a factor, state what aspects of the lithology have an influence, such as hardness, joints, folding or a combination of factors.
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Summary




	
•  Coastal processes and landforms are affected by wave characteristics, and by the lithology and structural geology of the coast.


	
•  Wave characteristics, including fetch, wave type, wave energy, orientation, refraction and reflection, all affect coastal processes. Wave refraction causes wave energy to be concentrated at headlands and dispersed around bays.


	
•  The lithology of the rock influences differential erosion, transportation, deposition and coastal landforms.


	
•  The rock structure — the effects of folding and faulting, joints, bedding planes and faults, and their arrangement — influences the shape and distribution of landforms.





[image: ]




















Processes of coastal weathering, mass movement, erosion and the associated landforms






Subaerial weathering


Although the same range of weathering processes occurs at the coast as inland, the presence of corrosive seawater and the daily effect of tides wetting and drying rock bring additional destructive influences. The key influences on the type and rate of weathering are geology and climate.


Physical/mechanical weathering breaks off rock fragments of varying sizes, which fall to the foot of the cliff where they can protect the cliff from erosion (Table 2).




Table 2 Effects of physical/mechanical weathering processes on coasts





	Weathering process

	Effect










	Saltwater crystal growth

	Crystals (e.g. salt) grow when seawater that collects in cracks in the cliff face evaporates. As they grow, crystals exert pressure on the rock (most important)






	Freeze–thaw

	Repeated freezing and thawing of water causes a type of crystal growth that is most effective on high-latitude coasts with significant precipitation






	Wetting and drying (water-layer weathering)

	Expansion and contraction of minerals is most effective on clay and in macro-tidal environments









Chemical weathering acts to decompose rock (certain types of rock are more susceptible) by altering the minerals in the rock (Table 3).




Table 3 Effects of chemical weathering processes on coasts





	Weathering process

	Effect










	Solution

	Solubility of minerals depends on temperature and acidity of the water. Limestones are affected by carbonation, although they may be less soluble in seawater. Spray charged with carbonic acid leads to honeycomb weathering






	Hydration

	Minerals absorb water, weakening their crystal structure. Rock is then more susceptible to other weathering processes






	Hydrolysis

	Reaction between mineral and water related to hydrogen ion concentration in water, which particularly affects feldspar minerals in granite






	Oxidation/reduction

	Adding or removing oxygen. Oxidation results from oxygen dissolved in water and particularly affects rocks with a high iron content. Reduction is common under waterlogged conditions






	Chelation

	Organic acids, produced by plant roots and decaying organic matter, bind to metal ions, causing weathering









Biotic weathering by plant roots is particularly active on vegetated upper slopes of cliffs, and opens up the cliff face to other destructive processes. Burrowing animals cause weathering of soft rocks such as clay and can also disturb coastal sand dunes.








Mass movement


Mass movement can be defined as ‘the downslope movement of material under the influence of gravity’. The type of mass movement that occurs is closely related to the geological structure and lithology of the coastline, the weathering processes that loosen the material on the cliff face, as well as the controls imposed by climate, past and present. Vegetation can also have a retarding impact.
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Exam tip


Be clear about the differences between weathering and erosion, and between subaerial and marine erosion. Do not just use general terms such as erosion. Refer to the specific processes involved.
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Many instances of mass movement, which can occur very suddenly (within minutes), are triggered by undercutting by wave action at the base of a coastal cliff.


There are four types of rapid mass movement:




	
1  Rockfalls. Blocks of rock, dislodged by weathering, fall to the cliff foot. For example, in Svalbard (a high-latitude periglacial region) rock blocks are loosened by freeze–thaw action.


	
2  Rockslides. Blocks of rock slide down the cliff face, especially where rocks are dipping steeply towards the sea. This is common on the carboniferous limestone cliffs of Tenby and Gower in South Wales.


	
3  Rock toppling. Blocks or even columns of rock, weakened by weathering, fall seawards. This has occurred in the columnar basalt of the Giant’s Causeway in County Antrim, in Northern Ireland.


	
4  Rotational slides and slumps. In a rotational slide, sections of the cliff give way along a well-defined concave slip surface. The fallen material stays as an identifiable mass off the shore because it is often composed of cohesive clays or boulder clay, so it may take a month for the sea to erode it.





Slumps occur where permeable rock overlays impermeable rock, such as at Christchurch and Barton on Sea (southern England). They are also common in unconsolidated rock (e.g. the sandy boulder clay deposits of north Norfolk and Holderness, both in eastern England). The subaerial processes are particularly active after periods of heavy rainfall, which lead to saturation and subsequent lubrication. A critical threshold is reached, triggering mass movement, slope failure and mudflows.
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Knowledge check 9


Explain the difference between rotational slides and slumps.
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Slow mass movements include:




	
•  Creep — the extremely slow (imperceptible) downslope movement of regolith (the loose material above the bedrock, including soil).


	
•  Solifluction — the slow downslope movement of regolith, saturated by the melting of the active layer above the permafrost (in the summer of periglacial climate regions). There is some evidence that many parts of the UK experienced this type of movement in the last Ice Age.











Marine erosion


A number of wave erosional processes exist, which work in combination.




	
•  Hydraulic action results from waves breaking on bedded, jointed or faulted rocks, which can create hydraulic pressure in these structural voids. This can lead to weakening and readying of the rocks for further wave action.


	
•  Quarrying occurs where powerful waves remove loose blocks.


	
•  Attrition occurs when detached rocks break down through rubbing and banging against each other, gradually rounding the blocks as well as reducing their size.


	
•  Corrasion/abrasion occurs when the material provided by attrition and abrasion is used by waves to further erode the rock.


	
•  Corrosion occurs when rocks such as limestones are chemically attacked by waves.










Characteristics and formation of coastal erosional landforms




Cliffs and shore platforms


A cliff may be defined as ‘any coastal slope affected by marine processes’, although subaerial processes also play a significant role in cliff formation.


The cliff profile is determined by a number of factors. A variation in the balance of the inputs can result in different cliff morphologies in different locations (Figure 8). Cliff morphology can be determined by the following:




	
•  Geology. The hardness and structure of the rock are very important in the formation of cliffs, with igneous and metamorphic rocks, and some sedimentary rocks such as limestone and sandstone, invariably forming steep cliffs. In contrast, unconsolidated rocks such as clays and sands usually result in low-angled cliffs. However, constant marine erosion at the cliff base can lead to frequent slope failure and, if the debris is removed, can again leave a steep slope ready to be undercut once more.

Steep cliffs are also associated with either horizontal or vertical geological structure. The angle of inclination of the bedding planes (dip) is important, with seaward-dipping cliffs having low angles and landward-dipping cliffs having near-vertical faces.




	
•  The balance between marine erosion (wave activity) and subaerial processes. Sufficiently energetic waves, usually highest along mid-latitude coasts, are required not only to erode the cliff but also to remove the debris created by wave erosion, as piles of subaerial debris tend to protect the cliff.


	
•  Inherited characteristics. The sea may rework steep slopes initially formed by non-marine processes under different sea level situations. For example, some plunging cliffs that rise abruptly from deepwater fjords were originally sides of submerged glaciated valleys.
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Exam tip


Make sure you are able to explain why the cliff profiles shown in Figure 8 differ.
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Cliff retreat and the formation of shore platforms


The sequence of cliff retreat (Figure 9) often proceeds as follows:




	
•  A wave-cut notch is formed by wave quarrying and corrosion at the base of the cliff, which effectively undermines the cliff, causing slope failure either via slumping (soft rocks) or vertical cliff collapse.


	
•  Where cliffs are fronted by a narrow shore, a cycle of notch formation, cliff failure, debris removal and cliff retreat takes place.


	
•  In time, a wide shore platform develops. The cliffs are then no longer within reach of any marine action other than storm waves at the highest spring tides, so in time the cliff profile becomes degraded.
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The combined impact of the causes of cliff recession (Figure 10) on cliff geology plays a key role in affecting rates of cliff retreat, which vary considerably, as shown in Table 4.
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Shore platforms


Intertidal shore platforms (sometimes known as wave-cut platforms) are created by wave quarrying and abrasion, but bio-erosion and salt weathering during tidal exposure are also significant — hence the abandonment of the term ‘wave-cut platform’. Shore platforms are relatively flat expanses of gently sloping (usually 1–5° seaward) rock, found at the foot of a cliff and extending out to sea. Shore platforms also show the influence of rock structure (where the rocks are steeply dipping and resistant, the platforms are narrow and ridged) and lithology (differential erosion leads to variations of micro-relief), for example the ridges caused by resistant igneous dykes on the shore platforms of Arran in Scotland. Platform width is ultimately finite, as increasingly wide platforms dissipate wave energy before it reaches the cliff base.
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Knowledge check 10


Explain why the term ‘wave-cut platform’ is an inaccurate one and has been superseded by ‘shore platform’.
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Exam tip


Differential erosion is a key concept. Use the case study of headland and bay formation along the World Heritage Coast of Dorset to identify name examples.
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Headlands and bays


Headland and bay formation results from the differential erosion of juxtaposed rocks of varying resistance, especially where the coast is discordant, with the structural trend at approximately right angles to the coastal trend. This is in contrast to concordant coasts, where cove formation is the key feature. Clear examples can be found along the ‘classic’ stretch of coastline of Dorset’s World Heritage Coast (Figure 11).
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The formation of micro-features
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There are two likely sequences of development. Initially, sea caves develop (Figure 12), their distribution controlled by geological weaknesses, such as master joints, major bedding planes and faults.




Sequence 1


The impact of air and water forced up into the caves by wave action can lead to the development of vertical shafts and tunnels upwards to the ground surface to form a blow hole, for example Spouting Horn in Kauai, Hawaii.


Air and water are forced through the blow hole by breaking waves, at certain tides and particular wind directions, with an explosive force. This causes large pressure changes in the cave and further erosion.


The blow hole roof may collapse to form a geo or inlet. Alternatively, differential erosion may exploit the weakness of the fault or shatter zone to form a very long, narrow gully, or geo, for example in Orkney.
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