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Knowledge check

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

[image: ]




[image: ]

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 AS and A-level geography builds on what you have learned for GCSE geography, but with an added focus on geographical skills and techniques, and concepts. This guide offers advice for the effective revision of Landscape Systems (Coastal landscapes, Glaciated landscapes and Dryland landscapes), and Changing Spaces; Making Places, which all students need to complete.

The external exam papers test your knowledge and application of these aspects of physical and human geography. More information on this is given in the Questions & Answers section at the back of this book. To be successful in these topics 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 within the examination.



This guide has two sections:

Content Guidance — this section 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 within the specification. Students will also benefit from noting the Exam tips that will provide further help in determining how to learn key aspects of the course. Knowledge check questions are designed to help learners to check their depth of knowledge – why not get someone else to ask you these?

Questions & Answers — this section includes several sample questions similar in style to those you might expect in the exam. There are some sample student responses to these questions as well as detailed analysis, which will give further guidance in relation to what exam markers are looking for to award top marks.

The best way to use this book is to read through the relevant topic area first before practising the questions. Only refer to the answers and examiner comments after you have attempted the questions. Note: Throughout the OCR specification the following three terms are used to classify countries. These terms are the ones used by the International Monetary Fund (IMF). The IMF regularly reappraises which group a country is placed in and adjusts its lists accordingly.



	Advanced countries (ACs) 
	Countries which share a number of important economic development characteristics including well-developed financial markets, high degrees of financial organisation linking demand and supply of capital, goods and information, and diversified economic structures with rapidly growing service sectors. About 30 countries are in this group. 



	Emerging and developing countries (EDCs) 
	Countries which neither share all the economic development characteristics required to be an AC nor are eligible for the Poverty Reduction and Growth Trust, an IMF plan to provide financial support to developing countries. About 80 countries are in this group. 



	Low-income developing countries (LIDCs) 
	Countries which are eligible for the Poverty Reduction and Growth Trust. About 70 countries are in this group. 





Content Guidance

This section outlines the following areas of the OCR AS and A-level geography specifications:


•  Landscape systems: Coastal landscapes

•  Landscape systems: Glaciated landscapes

•  Landscape systems: Dryland landscapes

•  Changing spaces; Making places



Landscape systems

Coastal landscapes

Coastal landscapes as systems

Coastal landscapes can be viewed as systems. A system is a set of interrelated elements comprising components (stores) and processes (links) that are connected together to form a working unit or unified whole. Coastal landscape systems store and transfer energy and material.
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Exam tip

It is important to be able to distinguish between the components of a system, but also to understand how the components are linked to each other.
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The components of open systems

Coastal landscape systems are open systems. This means that energy and matter can be transferred from neighbouring systems as an input. It can also be transferred to neighbouring systems as an output.


•  Inputs include kinetic, thermal and potential energy; and material from marine deposition, weathering and mass movement.

•  Outputs include marine and wind erosion as well as evaporation.

•  Throughputs consist of stores, such as sediment on a beach, and flows (transfers), such as longshore drift, moving sediment.
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Knowledge check 1

What are the three different forms of energy in coastal landscape systems?

[image: ]



System feedback in coastal landscapes

If a coastal system’s inputs and outputs are equal, a state of equilibrium exists. This could happen when the rate at which sediment is being added to a beach equals the rate at which it is being lost from the beach and so the beach will stay the same size. If something happens to upset this equilibrium, the system changes in order to restore the equilibrium. This is known as dynamic equilibrium, as the system produces its own response to the disturbance. This is an example of negative feedback.
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Exam tip

The dynamic element of system feetback is not the change that occurs to disturb the equilibrium, but the response of the system to restore it. Make that clear in exam answers.
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Sediment cells

A sediment cell is a stretch of coastline and its associated nearshore area within which the movement of coarse sediment, sand and shingle, is largely self-contained. Sediment cells are usually thought of as closed systems, meaning no sediment can be transferred from one cell to another. In reality, some sediment does get transferred between neighbouring cells. There are also many sub-cells of a smaller scale existing within the major cells.
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Exam tip

There are many sub-cells of a smaller scale existing within the major cells. If you use a case study from the UK later in this topic, it is worth knowing which cell, or sub-cells, it includes.

[image: ]



Coastal landscape systems are influenced by physical factors

A range of physical factors influence processes which shape the coastal landscape. They vary in their importance and influence spatially (from place to place) and temporally (over time). The factors can also be interrelated as one factor may influence another.

Winds

Wind is a moving force and can erode, transport and deposit, helping to shape coastal landscapes.

The source of energy for coastal erosion and sediment transport is wave action. Waves are formed by the frictional drag of wind moving across the ocean surface. The higher the wind speed and the longer the fetch, the larger the waves and the more energy they possess.
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Exam tip

The speed, direction and frequency of winds all influence wave formation and aeolian processes. Make sure you can explain how.
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Waves


•  Formation: waves are formed by wind, as explained above. Waves formed in open oceans are called swell waves and generally have a long wavelength with a wave period of up to 20 seconds. In contrast, storm waves are locally generated and typically have a shorter wavelength, greater height and a shorter wave period.

•  Development: as waves move forward through the water they can change their form. They can also change their height and/or wavelength.

•  Breaking: when waves move into shallow water, they change significantly. Friction between the sea floor and the water causes waves to slow down. The height increases, wavelength decreases and successive waves start to bunch up. When water depth is less than 1.3 × wave height, the wave breaks.
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Exam tip

The water in a wave moves in a circular motion, rather than forward, until it breaks, when there is significant forward movement. This is helpful when you are explaining how waves transfer energy to the coast.
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There are three types of breaking wave:


•  spilling — steep waves breaking onto gently sloping beaches; water spills gently forward as the wave breaks

•  plunging — moderately steep waves breaking onto steep beaches; water plunges vertically downwards

•  surging — low angle waves breaking onto steep beaches; the wave slides forward.
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Knowledge check 2

What causes waves to break?
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Tides

Tidal cycles are the periodic rise and fall of the sea surface. Tides are largely produced by the gravitational pull of the moon.


•  The moon pulls the water towards it, creating a high tide, and there is a compensatory bulge on the opposite side of the Earth.

•  At locations between the two bulges, there will be a low tide.

•  As the moon orbits the Earth, the high tides follow it. The highest tides will occur when the moon, sun and Earth are all aligned and so the gravitational pull is at its strongest. This happens twice each lunar month and results in spring tides with a high tidal range.

•  Also twice a month, the moon and the sun are at right-angles to each other and the gravitational pull is therefore at its weakest, producing neap tides with a low range.



Tidal range can be a significant factor in the development of coastal landscapes. In enclosed seas tidal ranges are low and so wave action is restricted to a narrow area of land. In places where the coast is funnelled, such as estuaries, tidal range is much higher.
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Exam tip

Make sure you can explain how tidal range influences where wave action occurs, the weathering processes that happen on land exposed between tides and the potential scouring effect of waves along coasts with a high tidal range.
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Geology

Lithology refers to the physical and chemical composition of rocks. Some rock types have a weak lithology, with little resistance to erosion, weathering and mass movements. This is because the bonds between the particles that make up the rock are quite weak, as in clay. Others, such as basalt, made of dense interlocking crystals, are very resistant. Some, such as chalk, are largely composed of calcium carbonate, and so soluble in weak acids, making them prone to chemical weathering by carbonation.

Structure concerns the properties of individual rock types such as jointing, bedding and faulting which affects the permeability of rocks. In porous rocks, such as chalk, tiny air spaces separate the mineral particles. These pores can absorb and store water, known as primary permeability. Carboniferous limestone is also permeable, because of its many joints. This is known as secondary permeability.

Ocean currents

Ocean currents are generated by the Earth’s rotation and by convection, and are set in motion by the movement of winds across the water surface. Warm ocean currents transfer heat-energy from low latitudes towards the poles. Cold ocean currents do the opposite, moving cold water from polar regions towards the Equator.

The strength of the current itself has a limited impact on coastal landscape processes, but the transfer of heat-energy can be significant, as it directly affects air temperature and, therefore, the subaerial processes of weathering and mass movement.


[image: ]

Exam tip

When explaining the influence of geology on coastal landscapes, it can be useful to refer to their planform. Rock outcrops that are uniform, or run parallel to the coast, tend to produce straight coastlines, known as concordant coasts. Where rocks lie at right-angles to the coast they create discordant coastlines, which are much more irregular.
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Sources of coastal sediment

Coastal sediment comes from a variety of sources.
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Knowledge check 3

Why is chalk classified as a porous rock?
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Terrestrial

Terrestrial sources of coastal sediment contribute to the following processes.


•  Fluvial deposition: the origin of terrestrial sediment is the erosion of inland areas by water, wind and ice as well as subaerial processes of weathering and mass movement. This sediment is then transported to the coast by rivers, which deposit it at their mouths as they lose energy.

•  Marine erosion: cliff erosion by waves is a significant source of coastal sediment. The erosion of weak cliffs in high-energy wave environments can contribute as much as 70% of the overall material supplied to beaches, although usually it is much less. Some of this sediment may be large rocks and boulders, often from mass movement on undercut cliffs.

•  Aeolian deposition: winds carry fine particles and deposit them as they lose energy,

•  Longshore drift: this can supply sediment to one coastal area by moving it along the coast from adjacent areas.
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Exam tip

Exam questions may specifically ask about either physical or human sources. Make sure you can distinguish between the two.
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Offshore

Offshore sources contribute sediment in the following ways.


•  Waves bring sediment onshore from offshore locations. Marine deposition is when waves deposit sediment as they lose energy, typically after they have broken.

•  Tides and currents do the same.

•  Wind also blows sediment from offshore locations, including exposed sand bars.



Human

Beach nourishment involves human management of beaches. Sand is often added to beaches as a feature of coastal management and protection against erosion. Sand brought in from external sources may be pumped onshore or brought by lorry.

How are coastal landforms developed?

Coastal landforms develop due to a variety of interconnected climatic and geomorphic processes.

The influence of flows of energy and materials on geomorphic processes

There are a number of geomorphic processes that occur in coastal landscapes:

Weathering

Weathering happens everywhere, but different types of weathering are more or less significant in different types of landscape.

Physical (mechanical) weathering

This involves a number of different processes.


•  Freeze–thaw: water enters cracks/joints and expands by nearly 10% when it freezes. This exerts pressure on the rock causing it to split or causing pieces to break off.

•  Pressure release: when overlying rocks are removed by weathering and erosion, the underlying rock expands and fractures parallel to the surface.

•  Thermal expansion: rocks expand when heated and contract when cooled. If they are subjected to frequent cycles of temperature change then the outer layers may crack and flake off.

•  Salt crystallisation: solutions of salt in sea water can enter pore spaces in porous rocks. The salts precipitate, forming crystals, and the growth of these crystals creates stress in the rock causing it to disintegrate.



Chemical weathering

Chemical weathering can be of several different types.


•  Oxidation: some minerals, especially iron, in rocks react with oxygen, either in the air or in water. The rock becomes soluble under strongly acidic conditions and the original structure is destroyed.

•  Carbonation: rainwater is a weak carbonic acid. This reacts with calcium carbonate in rocks such as limestone to produce calcium bicarbonate, which is soluble.

•  Solution: some minerals are soluble in water and as they dissolve they weaken the structure of a rock.

•  Hydrolysis: this is a chemical reaction between rock minerals and water. Silicates combine with water producing secondary minerals such as clays.

•  Hydration: water molecules added to rock minerals create new minerals of a larger volume. This happens to anhydrite, forming gypsum.



Biological weathering

Biological weathering involves the actions of organisms such as plants and animals.


•  Tree roots grow into cracks or joints in rocks and exert outward pressure, causing rock to split. Burrowing animals may have a similar effect.

•  Organic acids may be secreted by molluscs, released during the decay of organic matter or released by algae. These acids can react with rock minerals.
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Exam tip

When answering exam questions about the effects of weathering, show that you understand the changes that happen to rocks. Physical weathering tends to produce smaller fragments of the same material, whereas chemical weathering produces chemically altered substances.
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Mass movement

Mass movement processes may move material on slopes in coastal landscapes, especially on cliff faces.


•  Rock fall: on cliffs of 40° or more rocks may become detached by physical weathering processes. These rocks then fall to the foot of the cliff under gravity.

•  Slides: these may be linear, with movement along a straight-line slip plane, such as a fault or a bedding plane between layers of rock, or rotational, with movement taking place along a curved slip plane. Rotational slides are also known as slumps.
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Knowledge check 4

What is the difference between mass movement and transportation?
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Wave (marine) processes

Erosion

Most erosion in coastal landscapes is carried out by breaking waves.


•  Abrasion (or corrasion) is when waves carrying rock particles scour the coastline, rock rubbing against rock.

•  Attrition occurs when rock particles, carried in waves, collide with each other and with coastal rocks, becoming worn away.

•  Hydraulic action occurs when waves break against a cliff face, and air and water trapped in cracks and crevices becomes compressed. As the wave recedes the pressure is released, the air and water suddenly expand and the crack is widened.

•  Pounding occurs when the mass of a breaking wave exerts pressure on the rock causing it to weaken.

•  Solution (or corrosion) involves minerals such as magnesium carbonate minerals in coastal rock dissolving in sea water.



Transportation

Sediment can be moved within the sea or moved towards to coast, mainly by wave action.


•  Solution: minerals have been dissolved into the mass of moving water.

•  Suspension: small particles of sand, silt and clay can be carried by currents. This accounts for the brown or muddy appearance of some sea water.

•  Saltation: a series of irregular movements of material, which is too heavy to be carried continuously in suspension. Turbulent flow may pick up particles and carry them for a short distance only to drop them again.

•  Traction: the largest particles in the load may be pushed along the sea floor by the force of the flow. This is also called rolling, although the movement is seldom continuous.



Sediment can also be moved along the coast by longshore drift. This occurs when waves approach the coast at an angle due to the direction of the dominant wind. After breaking, the swash carries particles diagonally up the beach. The backwash moves them perpendicularly back down the beach due to gravity. If this movement is repeated, the net result

Deposition




•  where the rate of sediment accumulation exceeds the rate of removal

•  when waves slow down immediately after breaking

•  at the top of the swash, where for a brief moment the water is no longer moving

•  during the backwash, when water percolates into the beach material

•  in low-energy environments, those sheltered from winds and waves, such as estuaries.
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Fluvial (river) processes


Erosion


Transportation


Deposition


Aeolian (wind) processes


Erosion
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Transportation


Deposition
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The formation of distinctive landforms


Erosional landforms

Bays and headlands
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Cliffs and shore platforms



Geos and blow holes



Caves, arches, stacks and stumps
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Depositional landforms

Beaches


Types of beach




Beach features




Spits



Onshore bars



Tombolos


Salt marshes
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Deltas



[image: ]



[image: ]





a  The upper delta plain: furthest inland, beyond the reach of tides and composed entirely of river deposits.

b  The lower delta plain: in the inter-tidal zone, regularly submerged and composed of both river and marine deposits.

c  The submerged delta plain: below mean low water mark, composed mainly of marine sediments and represents the seaward growth of the delta.



Coastal landforms are interrelated



[image: ]








•  The physical factors which influence the formation of landforms within the landscape system. These are likely to include geology, winds, tides, waves, sediment cells and sediment sources.

•  The interrelationship of a range of landforms within the landscape system. These might include cliffs, shore platforms, bays (and their beaches), geos, blow holes, caves, arches, stacks and stumps.

•  How and why the landscape system changes over time. This should include short-term changes such as cliff or arch collapse, medium-term changes such as seasonal changes in beach profiles, and long-term changes such as shore platform development.





•  how the physical factors have influenced the geomorphic processes

•  how the geomorphic processes have led to the development of the landforms

•  how the landforms interrelate with each other

•  how and why the landscape system changes over time

•  how and why energy and material are transferred through the coastal landscape system.





•  names, locations and approximate scale of a range of landforms

•  the rock types forming the geology of the area, and their relative resistance to geomorphic processes

•  the prevailing and dominant wind directions (which may be the same), the length of the fetch and the tidal range.







•  The physical factors which influence the formation of landforms within the landscape system. These are likely to include geology, winds, tides, waves, sediment cells and sediment sources.

•  The interrelationship of a range of landforms within the landscape system. These might include beaches, spits, onshore bars, tombolos and salt marshes.

•  How and why the landscape system changes over time. This should include short-term changes such as the breaching of onshore bars, medium-term changes such as seasonal changes in beach profiles, and long-term changes such as spit or tombolo development.





•  how the physical factors have influenced the geomorphic processes

•  how the geomorphic processes have led to the development of the landforms

•  how the landforms interrelate with each other

•  how and why the landscape system changes over time

•  how and why energy and material are transferred through the coastal landscape system.





•  names, locations and approximate scale of a range of landforms

•  the rock types forming the geology of the area, and their relative resistance to geomorphic processes

•  the prevailing and dominant wind directions (which may be the same), the length of the fetch and the tidal range.
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Coastal landforms evolve as climate changes


Emergent coastal landscapes


Climate change and the resultant sea-level fall



Emergent landforms


Raised beaches and abandoned cliffs



Marine terraces


Landform modification




Submergent coastal landscapes
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Climate change and the resultant sea-level rise



Submergent landforms


Rias


Fjords
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Shingle beaches


Landform modification
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Human activity changes coastal landscapes
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•  The management strategy being implemented and the reason for its implementation. Strategies might include groyne or sea-wall construction, or offshore dredging.

•  The intentional impacts on the processes and flows of material and/or energy through the coastal system. This might particularly relate to the sediment budget.

•  The effect of these impacts in changing coastal landforms. This might include changes to a beach profile or planform.

•  The consequence of these changes on the landscape. This might be through changing a number of landforms, or broad, more generic changes such as the extension of the coastal landscape seawards.





•  the name, location and approximate scale of the management strategy

•  the date of its implementation

•  the processes and flows affected by the strategy, with supporting data

•  the changes that occurred to coastal landforms and landscape and the timescale over which the changes occurred.
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Economic development changes coastal landscapes
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•  The economic activity taking place and the reasons for it taking place. This might include the use of the coast for trade routes, port development or tourist developments.

•  The unintentional impacts on processes and flows of material and/or energy through the coastal system, such as disturbance to the sediment cell balance.

•  The effect of these impacts in changing coastal landforms. This might include changes to rates of erosion and/or deposition.

•  The consequence of these changes on the landscape. This might be through changing a number of landforms, or broad, more generic changes such as the retreat of the coastal landscape or the resulting need for coastal management.





•  the type, location and approximate scale of the economic development

•  the date(s) of its development

•  the processes and flows affected by the development, with supporting data

•  the changes that occurred to coastal landforms and landscape and the timescale over which the changes occurred.
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•  Coastal landscape systems consist of flows of energy and material, and sediment cells.

•  Coastal landscape systems are influenced by a range of physical factors: winds, waves, tides, geology and ocean currents.

•  There are a variety of sources of sediment supply: terrestrial, offshore and human.

•  Flows of energy and materials influence geomorphic processes.

•  Distinctive landforms are formed by erosion and by deposition.

•  Case studies are required of one high-energy and one low-energy coastline to illustrate: the physical factors which influence the formation of landforms, the interrelationship of a range of landforms and how and why the landscape system changes over time.

•  Climate changes have occurred during a previous time period and resulted in sea-level fall and sea-level rise.

•  Sea-level fall, sea-level rise and geomorphic processes influence the shaping of landforms. These landforms are influenced by processes associated with present and future climate and sea-level changes.

•  Case studies are required of one coastal landscape that is being managed and one coastal landscape that is being used by people.
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Glaciated landscapes

Glaciated landscapes as systems
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The components of open systems



•  Inputs include kinetic, thermal and potential energy; and material from glacial deposition, weathering and mass movement.

•  Outputs include melting as well as evaporation and sublimation.

•  Throughputs consist of stores, such as sediment held in a glacier, and flows (transfers), such as basal sliding of ice.
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System feedback in glaciated landscapes
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Glacier mass balance
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Glaciated landscape systems are influenced by physical factors


Climate
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Geology
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Latitude and altitude



Relief and aspect




Different types of glacier and glacier movement

The formation of glacier ice


Valley glaciers and ice sheets




Warm-based and cold-based glaciers



•  high altitude locations

•  steep relief

•  basal temperatures at or above pressure melting point

•  rapid rates of movement, typically 20–200 m per year.






•  high latitude locations

•  low relief

•  basal temperatures below pressure melting point and so frozen to the bedrock

•  very slow rates of movement, often only a few metres a year.
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Basal sliding and internal deformation



•  gravity

•  gradient

•  thickness of the ice

•  internal temperature of the ice

•  glacial budget.




Basal sliding




•  Slippage is where the ice slides over the valley floor as the meltwater has reduced friction between the base of the glacier and the valley floor.

•  Creep or regelation is when ice deforms under pressure due to obstructions on the valley floor. This enables it to spread around and over the obstruction, rather as a plastic, before re-freezing again when the pressure is reduced.

•  Bed deformation is when the ice is carried by saturated bed sediments moving beneath it on gentle gradients.



Internal deformation




•  intergranular flow, when individual ice crystals re-orientate and move in relation to each other; and

•  laminar flow, when there is movement of individual layers within the glacier.
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How glaciated landforms develop


The influence of flows of energy and materials on geomorphic processes


Weathering


Physical (mechanical) weathering



•  Freeze–thaw: water enters cracks/joints and expands by nearly 10% when it freezes. This exerts pressure on the rock causing it to split or causing pieces to break off.

•  Pressure release: when overlying rocks are removed by weathering and erosion, or when overlying ice melts, the underlying rock expands and fractures parallel to the surface.

•  Frost shattering: at extremely low temperatures, water trapped in rock pores freezes and expands. This creates stress which disintegrates rock into small particles.
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Chemical weathering



•  Oxidation: some minerals, especially iron, react with oxygen, either in the air or in water. The rock becomes soluble under strongly acidic conditions and the original structure is destroyed.

•  Carbonation: rainwater is a weak carbonic acid. This reacts with calcium carbonate in rocks such as limestone to produce calcium bicarbonate, which is soluble.

•  Solution: some minerals are soluble in water and as they dissolve they weaken the structure of a rock.

•  Hydrolysis: this is a chemical reaction between rock minerals and water. Silicates combine with water producing secondary minerals such as clays.

•  Hydration: water molecules added to rock minerals create new minerals of a larger volume. This happens to anhydrite, forming gypsum.
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Biological weathering



•  Tree roots: roots grow into cracks or joints in rocks and exert outward pressure, causing rock to split. Burrowing animals may have a similar effect.

•  Organic acids: acid may be released during the decay of organic matter or released by algae. This acid can react with rock minerals.



Mass movement



•  Rock fall: on slopes of 40° or more rocks may become detached by physical weathering processes. These then fall to the foot of the cliff under gravity.

•  Slides: these may be linear, with movement along a straight-line slip plane, such as a fault or a bedding plane between layers of rock, or rotational, with movement taking place along a curved slip plane. Rotational slides are also known as slumps.



Glacial processes

Erosion





•  Presence of basal debris: pure ice is unable to carry out abrasion of solid rock.

•  Debris size and shape: larger and angular debris is more effective in abrasion than fine, rounded material.

•  Relative hardness of particles and bedrock: abrasion is most effective when hard, resistant rock debris at the glacier base is moved across a weak, soft bedrock.

•  Ice thickness: the greater the thickness of overlying ice, the greater the pressure exerted on the basal debris and the greater the rate of abrasion.

•  Basal water pressure: if basal water is under pressure, the glacier can be buoyed up therefore reducing pressure and erosion.

•  Sliding of basal ice: the greater the rate of sliding, the more potential there is to erode as more debris is passing across the rock per unit of time.

•  Movement of debris to the base: abrasion does not only wear away the bedrock, it also wears away the basal debris. Debris needs to be replenished if abrasion is to remain effective.

•  Removal of fine debris: to maintain high rates of abrasion, rock flour needs to be removed by meltwater so that the larger particles can abrade the bedrock.



Nivation


Transportation



•  rock fall: weathered debris falls under gravity from the exposed rock above the ice, down onto the edge of the glacier

•  avalanches often contain rock debris that moves under gravity

•  debris flows: in areas of high precipitation and occasional warmer periods, melting snow or ice can combine with scree, soil and mud

•  aeolian deposits: fine material carried and deposited by wind, often blowing across outwash deposits

•  volcanic eruptions are a source of ash and dust

•  plucking: large rocks plucked from the side and base of valleys

•  abrasion: fine material worn away from valley floors and sides.




Deposition
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•  angular or sub-angular in shape because it has been embedded in the ice and has not been subjected to further erosion processes, particularly by meltwater which would make it smooth and rounded

•  unsorted: when glaciers deposit material, all sizes are deposited together

•  unstratified: glacial till is dropped in mounds and ridges rather than in layers.



The formation of distinctive landforms

Erosional landforms




	Name 
	Description 
	Explanation 



	Corries 
	Armchair-shaped hollows found on upland hills or mountainsides. They have a steep back wall, an over-deepened basin and often a lip at the front, of solid rock or morainic deposits. 
	Nivation forms small hollows in which snow collects and accumulates, forming ice. Rotational movement of the ice under its own weight enlarges the hollow further. Plucking steepens the back wall and abrasion deepens the hollow. The thinner ice at the front is unable to erode so rapidly and a lip is left. The lip may also consist of moraine deposited by the ice as it moves out of the corrie. 



	Arêtes 
	Narrow, steep-sided ridges found between two corries. The ridge is often so narrow that it is described as knife-edged. 
	Arêtes form from glacial erosion, with the steepening of slopes and the retreat of corries that are back to back or alongside each other. 



	Pyramidal peaks 
	Angular, sharply pointed mountain tops. 
	If three or more corries develop around a hill or mountain top and their back walls retreat, the remaining mass will be steepened to form a pyramid shape. Weathering of the peak may further sharpen its shape. 



	Troughs 
	U-shaped valleys with relatively straight planforms. 
	As glaciers flow down pre-existing river valleys, they erode the sides and floor of the valley causing the shape to become deeper, wider and straighter. 



	Roches moutonnées 
	Asymmetrical projections of resistant rock found on the floor of glacial troughs. 
	As advancing ice passes resistant rock outcrops, there is localised pressure melting on the up-valley side. This area is smoothed and streamlined by abrasion. On the down-valley side pressure is reduced and meltwater re-freezes, resulting in plucking and steepening. 



	Striations 
	Scratches or grooves on exposed rocks in glaciated areas. 
	They result from abrasion by debris embedded in the base of the glacier as it passes over bare rock. Large, angular debris can produce deep grooves. 



	Ellipsoidal basins 
	Large, shallow basins with planforms similar to an ellipse. 
	Eroded by ice sheets with the surface also being lowered by the weight of the ice mass. 




Depositional landforms




	Name 
	Description 
	Explanation 



	Terminal moraines 
	Ridges of till extending across a glacial trough, usually steeper on the up-valley side and tending to be crescent shaped. 
	They mark the position of the maximum advance of the ice and were deposited at the glacier snout. Their crescent shape is due to the position of the snout, further advance having occurred in the centre of the glacier than at the edges. 



	Lateral moraines 
	Ridges of till running along the edge of a glacial trough. 
	Material accumulates on top of a glacier, having been weathered from the exposed valley sides. As the glacier melts, this material sinks through the ice to the ground and is deposited. 



	Recessional moraines 
	A series of ridges running across a glacial trough, lying broadly parallel to each other and to the terminal moraine. 
	They form during a temporary stand-still in retreat as material carried to the snout of the glacier is deposited across the width of the trough. 



	Erratics 
	Individual pieces of rock, varying in size from small pebbles to large boulders, composed of a different geology to the area in which they are found. 
	Rock eroded, most likely by plucking, or added to the supraglacial debris by weathering and rockfall, in an area of one type of geology, and then transported by a glacier, often long distances, before being deposited during melting in an area of differing geology. 



	Drumlins 
	Asymmetrical, elongated hills composed of glacial till. The higher and wider stoss, or blunt, end faces the ice flow, while the lee side is more gently tapered. 
	They may be formed by lodgement of subglacial debris as it melts out of the basal ice layers, the reshaping of previously deposited material during a subsequent re-advance or the thinning of ice as it spreads out over a lowland area, reducing its ability to carry debris. 



	Till sheets 
	Large, thick masses of unstratified till forming extensive and relatively flat surfaces. 
	Large amounts of till are deposited at the end of a period of ice sheet advance during melting and retreat. 
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Glaciated landforms are interrelated
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•  The physical factors which influence the formation of landforms within the landscape system. These are likely to include climate, geology, latitude, altitude, relief and aspect.

•  The interrelationship of a range of landforms within the characteristic landscape system. These might include erosional landforms, such as corries, arêtes, pyramidal peaks, troughs, roches moutonnées and striations, as well as depositional landforms, such as various moraines, erratics and drumlins.

•  How and why the landscape system changes over time. This should include short-term changes, such as rock fall adding debris to a glacier, medium-term changes, such as seasonal changes in the mass balance of a glacier, and long-term changes, such as the erosion of troughs over millennia.





•  how the physical factors have influenced the geomorphic processes

•  how the geomorphic processes have led to the development of the landforms

•  how the landforms interrelate with each other

•  how and why the landscape system changes over time

•  how and why energy and material are transferred through the glaciated landscape system.





•  the names, locations and approximate scale of a range of landforms

•  the rock types forming the geology of the area, and their relative resistance to geomorphic processes

•  the climatic conditions and dates when the processes were acting upon the landscape.







•  The physical factors which influence the formation of landforms within the landscape system. These are likely to include climate, geology, latitude, altitude, relief and aspect.

•  The interrelationship of a range of landforms within the characteristic landscape system. These might include erosional landforms such as ellipsoidal basins and striations, as well as depositional landforms such as various moraines, drumlins, till sheets and proglacial lakes.

•  How and why the landscape system changes over time. This should include short-term changes, such as weathering adding debris to an ice sheet, medium-term changes, such as seasonal deposition of till, and long-term changes, such as the erosion of basins over millennia.





•  how the physical factors have influenced the geomorphic processes

•  how the geomorphic processes have led to the development of the landforms

•  how the landforms interrelate with each other

•  how and why the landscape system changes over time

•  how and why energy and material are transferred through the glaciated landscape system.





•  the names, locations and approximate scale of a range of landforms

•  the rock types forming the geology of the area, and their relative resistance to geomorphic processes

•  the climatic conditions and dates when the processes were acting upon the landscape.
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Glacial landforms evolve as climate changes


Glacio-fluvial landforms


Post-glacial climate change and its effect on geomorphic processes


Glacio-fluvial deposition




•  smaller, as meltwater streams typically have less energy than glaciers and so only carry finer material

•  smoother and more rounded because of contact with water and attrition

•  sorted, with the largest material found furthest up the valley and progressively finer material with distance down the valley; this sequential deposition results from the progressive loss of energy

•  stratified vertically, with distinctive seasonal and annual layers of sediment accumulation.




Landforms of glacio-fluvial deposition

Kames



1  Delta kames form in different ways. Some are formed by englacial streams emerging at the snout of the glacier. They lose energy at the base of the glacier and deposit their load. Others are the result of supraglacial streams depositing material on entering ice marginal lakes, losing energy as they enter the static body of water. Some also form as debris-filled crevasses collapse during a period of retreat.

2  Kame terraces are ridges of material running along the edge of the valley floor. Supraglacial streams on the edge of the glacier pick up and carry lateral moraine which is later deposited on the valley floor as the glacier retreats. The streams form due to the melting of ice warmed in contact with the valley sides, as a result of friction and the heat retaining properties of the valley-side slopes. Although they may look similar to lateral moraines, they are composed of outwash deposits that are more rounded and sorted.



Eskers


Outwash plains



Subsequent modification of these landforms
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Periglacial landform development



•  permafrost: perennially frozen ground overlain by an active layer

•  seasonal temperature variations: above zero in summer, albeit for a short period

•  freeze–thaw cycles, which dominate geomorphic processes.




Climate change and its effect on geomorphic processes


Freeze–thaw weathering


Frost heave
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Ground ice



Periglacial landforms



[image: ]



[image: ]



Patterned ground


Pingos



1  Open-system pingos form in valley bottoms where water from the surrounding slopes collects under gravity, freezes and expands under pressure. The overlying surface material is forced to dome upwards.

2  Closed-system pingos develop beneath lake beds where the supply of water is from the immediate local area. As permafrost grows during cold periods, groundwater beneath a lake is trapped by the permafrost below and the frozen lake above. The saturated talik is compressed by the expanding ice around it and is under hydrostatic pressure. When the talik itself eventually freezes it forces up the overlying sediments.



Subsequent modification of these landforms
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Human activity changes glaciated and periglacial landscapes



Human activity changes periglacial landscape systems
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•  The human activity taking place and the reasons for it taking place, such as resource availability for extraction, increasing demand and desire for energy security.

•  The impacts on processes and flows of material and/or energy, through the periglacial system, such as heat produced by construction of infrastructure and pollution disrupting food webs.

•  The effect of these impacts in changing periglacial landforms, such as thawing of permafrost and formation of alases.

•  The consequence of these changes on the landscape, such as development of thermokarst.





•  why the human activity is taking place in the case study location

•  how the human activity has affected the flows of material and/or energy in the landscape system

•  how the landforms in the area are affected by the human activity and the changes it has caused to the geomorphic processes

•  how the changes to the landforms have affected the landscape of the area.





•  the locations and types of human activity involved

•  some data as evidence of the scale and characteristics of the human activity

•  the names and locations of landforms affected by the human activity

•  the location and scale of the changes caused to the landscape.
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Human activity changes glaciated landscape systems
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•  The human activity taking place and the reasons for it taking place, such as dam and power station construction due to water availability, topography and increasing energy demand.

•  The impacts on processes and flows of material and/or energy through the glacial system, such as the trapping of sediment behind dams and increased rates of scouring.

•  The effect of these impacts in changing glacial landforms, such as increased erosion in the river channel downstream of a dam, drying up of river channels and the contraction in channel size.

•  The consequence of these changes on the landscape, such as changes to the sediment flow into downstream lakes and changes to the overall drainage pattern.





•  why the human activity is taking place in the case study location

•  how the human activity has affected the flows of material and/or energy in the landscape system

•  how the landforms in the area are affected by the human activity and the changes it has caused to the geomorphic processes

•  how the changes to the landforms have affected the landscape of the area.





•  the locations and types of human activity involved

•  some data as evidence of the scale and characteristics of the human activity

•  the names and locations of landforms affected by the human activity

•  the location and scale of the changes caused to the landscape.
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•  Glaciated landscape systems consist of flows of energy and material, and glacier mass balance.

•  Glaciated landscape systems are influenced by a range of factors: climate, geology, latitude, altitude, relief and aspect.

•  Glacier ice is formed by diagenesis, when each new fall of snow compresses and compacts the layer beneath, and there are different types of glacier: valley, ice sheet, warm-based and cold-based.

•  Glacier ice moves by basal sliding and internal deformation.

•  Flows of energy and materials influence geomorphic processes.

•  Distinctive landforms are formed by erosion and by deposition.

•  Case studies are required of one landscape associated with the action of valley glaciers and one with the action of ice sheets.

•  Climate changes have occurred during a post-glacial period and have affected glacio-fluvial processes.

•  Glacio-fluvial landforms are formed by meltwater from glaciers and can include both erosional and depositional landforms.

•  These landforms are modified by processes associated with present and future climate changes.

•  Climate changes have occurred during a post-glacial period and have affected periglacial processes.

•  Periglacial landforms are formed as a result of climate change before and/or after glacial periods.

•  These landforms are modified by processes associated with present and future climate changes.

•  Case studies are required of one periglacial landscape that is being used by people and one glaciated landscape that is being used by people.
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Dryland landscapes

Dryland landscapes as systems
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The components of open systems



•  Inputs include kinetic, thermal and potential energy; and material from aeolian deposition, weathering and mass movement.

•  Outputs include evaporation and aeolian erosion.

•  Throughputs consist of stores, such as sediment sand dunes, and flows (transfers), such as aeolian transportation.
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System feedback in dryland landscapes
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Aridity index
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	Aridity index (P:PET) 
	Mean annual precipitation (mm) 



	Hyper-arid 
	<0.05 
	<100 



	Arid 
	0.05–0.2 
	100–300 



	Semi-arid 
	0.2–0.5 
	300–600 



	Dry sub-humid 
	0.5–0.65 
	600–700 




Dryland landscape systems are influenced by physical factors


Climate
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Geology
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Latitude and altitude




Relief and aspect




Availability of sediment



Different types of dryland landscapes


Polar drylands



Mid- and low-latitude deserts
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Semi-arid environments
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How landforms of mid- and low-latitude deserts develop


The influence of flows of energy and materials on geomorphic processes


Weathering


Physical (mechanical) weathering



•  Freeze–thaw: water enters cracks/joints and expands by nearly 10% when it freezes. This exerts pressure on the rock causing it to split or pieces to break off.

•  Pressure release: when overlying rocks are removed by weathering and erosion, the underlying rock expands and fractures parallel to the surface.

•  Salt crystallisation: evaporation of water results in the growth of salt crystals, creating internal stress and rock breakdown.

•  Insolation: intense solar heating of rocks at the surface causes rock minerals to expand and contract, but at different rates. Rocks are weakened and slowly break down, especially if some moisture is present.
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Chemical weathering



•  Oxidation: some minerals, especially iron, react with oxygen, either in the air or in water. The rock becomes soluble under strongly acidic conditions and the original structure is destroyed.

•  Solution: some minerals are soluble in water and as they dissolve they weaken the structure of a rock.

•  Hydration: water molecules added to rock minerals create new minerals of a larger volume. This happens to anhydrite, forming gypsum.



Biological weathering



•  Tree roots: roots grow into cracks or joints in rocks and exert outward pressure, causing rock to split. Burrowing animals may have a similar effect.

•  Organic acids: acid may be released during the decay of organic matter or release by algae. This acid can react with rock minerals.
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Mass movement



•  Rock fall: on slopes of 40° or more rocks may become detached by physical weathering processes. These then fall to the foot of the slope under gravity.

•  Debris flows occur when slopes become saturated by heavy rain. Large quantities of rock fragments, mud and soil move at speeds of up to 50 km/hour. Even on gentle slopes, they can travel long distances.



Aeolian processes

Erosion



•  Deflation: winds pick up and remove fine particles. This often leaves a stony surface of coarse materials known as reg.

•  Corrasion is the very slow, abrasive action of wind-blown sand against rocks. The wind mainly carries sand particles close to the ground, so the abrasive effect is limited in height.

•  Attrition takes place as grains of sand carried by the wind collide with each other and impact solid rock outcrops. As a result sand grains become smaller and rounder.
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Transportation



•  Creep: when sand grains slide and roll across the surface due to frictional drag.

•  Saltation: the downwind skipping motion of sand grains which is confined to within 1 or 2 m of the surface.

•  Suspension: small particles are picked up by the wind and transported in the moving air, often vast distances and even beyond the dryland area.



Deposition


Fluvial processes


Erosion



•  Corrasion: the river’s load is rubbed against the channel bed and banks wearing them away. Dryland rivers often have high sediment load due to the lack of vegetation roots to hold surface material in place.

•  Hydraulic action: turbulent flow in rivers forces air and water into cracks and crevices in the bed/banks, forcing them to widen and break up.

•  Attrition: the river’s load collides with itself and with the bed and banks, wearing it away and causing particles to become smaller and more rounded.



Transportation



•  Traction: when large particles slide and roll across the channel bed due to frictional drag.

•  Saltation: the downstream skipping motion of small stones which are too heavy to be held in suspension.

•  Suspension: fine particles are picked up by the flow and transported in the moving water.

•  Solution: soluble sediments may be dissolved and carried invisibly in the flow.



Deposition
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The formation of distinctive landforms

Erosional landforms




	Name 
	Description 
	Explanation 



	Wadis 
	Stream and river channels which are dry for most of the time and when dry have lots of debris on the channel bed. 
	Intense rainfall and a lack of vegetation means rivers have high energy and erosive capability to form channels, even when only briefly occupied. Debris is deposited when the rivers dry up. 



	Canyons 
	Narrow river valleys with near vertical sides, cut into solid rock. 
	Vertical erosion by high discharge, often exogenic, rivers with large sediment loads. The lack of weathering and mass movement keeps the sides steep, although geology is also a factor. 



	Pedestal rocks 
	Isolated, mushroom-shaped rocks with a narrow base and wider, rounded top. 
	Undercutting is caused by saltating sand grains (1–2m above the surface). The top may be protected from erosion by a crust of minerals left after evaporation. 



	Ventifacts 
	Small rocks with one or more flat faces, separated from uneven faces by sharp edges. 
	Flat faces are abraded by persistent winds from one direction. If winds are variable, or the stone moves, more than one face may become abraded. 



	Desert pavements 
	Tightly-packed, coarse-grained particles cover the surface with finer materials beneath. 
	Deflation lowers the ground surface through the selective removal of fine-grained particles by the wind, leaving larger particles behind which are too heavy to be picked up. These then protect the finer materials beneath from deflation. 




Depositional landforms
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	Name 
	Description 
	Explanation 



	Barchans 
	Crescentic dunes, with two horns facing downwind. 
	Form where winds blow predominantly from one direction. The horns move faster than the main body of the dune as they are lower and offer less wind resistance. 



	Linear dunes 
	Straight or slightly curved dunes with steep slip faces on alternate sides. 
	Form parallel to the prevailing wind direction which ensures dunes remain straight. 



	Star dunes 
	Pyramidal dunes with slip faces on three or more arms that radiate from a dome-like summit. 
	Form in areas where the wind is multidirectional. Sand tends to become piled up to significant heights. 



	Alluvial fans 
	Cones of sediment found at the foot of steep slopes, often along mountain fronts, with a concave profile crossed by many small channels. 
	Where a river channel gradient changes abruptly, as a river leaves a steep upland area, the sudden loss of energy, coupled with a huge sediment load, results in deposition. The main channel may split into many smaller ones as sediment is deposited within them. 



	Bajadas 
	A continuous alluvial apron along the base of mountain fronts. 
	When several alluvial fans develop at intervals along a mountain front they often grow until they eventually merge. 




Dryland landforms are interrelated
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•  The physical factors which influence the formation of landforms within the landscape system. These are likely to include climate, geology, latitude, altitude, relief, aspect and the availability of sediment.

•  The interrelationship of a range of landforms within the characteristic landscape system. These might include erosional landforms such as canyons, pediments and inselbergs.

•  How and why the landscape system changes over time. This should include short-term changes, such as flash floods eroding wadis or depositing alluvial fans, medium-term changes, such as seasonal changes in the erosion of canyons, and long-term changes, such as pediment development over millennia.





•  how the physical factors have influenced the geomorphic processes

•  how the geomorphic processes have led to the development of the landforms

•  how the landforms interrelate with each other

•  how and why the landscape system changes over time

•  how and why energy and material are transferred through the dryland landscape system.





•  the names, locations and approximate scale of a range of landforms

•  the rock types forming the geology of the area, and their relative resistance to geomorphic processes

•  the climatic conditions and dates when the processes were acting upon the landscape.







•  The physical factors which influence the formation of landforms within the landscape system. These are likely to include climate, geology, latitude, altitude, relief, aspect and the availability of sediment.

•  The interrelationship of a range of landforms within the characteristic landscape system. These might include depositional landforms such as various types of dune, sand seas and erosional landforms such as yardangs and zeugens.

•  How and why the landscape system changes over time. This should include short-term changes, such as surface wash after a flash flood, medium-term changes, such as the migration of dunes, and long-term changes, such as deep chemical weathering of bedrock over millennia.





•  how the physical factors have influenced the geomorphic processes

•  how the geomorphic processes have led to the development of the landforms

•  how the landforms interrelate with each other

•  how and why the landscape system changes over time

•  how and why energy and material are transferred through the dryland landscape system.





•  the names, locations and approximate scale of a range of landforms

•  the rock types forming the geology of the area, and their relative resistance to geomorphic processes

•  the climatic conditions and dates when the processes were acting upon the landscape.
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Dryland landforms evolve as climate changes


Fluvial landforms


Climate changes and the resultant pluvial conditions



The influence of pluvial conditions on geomorphic processes and landforms





Subsequent modification of these landforms




Periglacial landforms


Climate changes in a previous time period and the resultant colder conditions



The influence of colder climatic conditions and geomorphic processes in shaping landforms



•  Freeze–thaw weathering, which occurs when water, confined in rock joints, pores and crevices freezes, expands and causes the mechanical breakdown of rocks.

•  Frost heave, which is the upward swelling of the ground surface due to the growth of ice crystals in soils and regolith. On slopes, expansion is perpendicular to the surface, but during melting soil particles settle vertically. This results in a slow downslope movement.

•  Solifluction, which is the gravitational flow of the saturated regolith. Where regolith lies on a layer of permafrost, it is known as gelifluction.







	Name 
	Description 
	Explanation 



	Blockfields 
	Extensive accumulations of boulders. 
	Formed by frost weathering of massively bedded rocks. 



	Nivation hollows 
	Small, shallow depressions occupied for part of the year by a snow patch. 
	Physical weathering and frost-heave occur beneath well-established snow patches. The resulting debris is then removed by flowing meltwater. 



	Solifluction deposits (head) 
	Accumulations of unsorted, fine debris, often at the base of a slope. 
	Saturated regolith moves downslope under gravity over the permafrost layer and is deposited when energy is lost. 



	Frost-shattered debris 
	Accumulations of angular rocks. 
	Rocks, weathered by ice forming and melting, move downslope under gravity and accumulate towards the base of slopes. 




Subsequent modification of these landforms
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Human activity changes dryland landscapes
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Water supply issues change dryland landscapes
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•  The water supply issue taking place and the reasons for it taking place, such as water shortage due to drought, over-abstraction or over-irrigation.

•  The impacts of water supply on processes and flows of material and/or energy through the dryland landscape system, such as high rates of sediment being trapped behind dams, modifying rivers to distribute and store water, falling water tables or soil salinisation.

•  The effect of these impacts in changing dryland landforms, such as decreased growth of wadis, ground subsidence or waterlogging.

•  The consequence of these changes on the landscape, such as reducing depositional landforms (e.g. alluvial fans) or slowing pediment development.





•  why the water supply issue is taking place in the case study location

•  how the issue has affected the flows of material and/or energy in the landscape system

•  how the landforms in the area are affected by the issue and the changes it has caused to the geomorphic processes

•  how the changes to the landforms have affected the landscape of the area.





•  the location and nature of the water supply issue involved

•  some data as evidence of the scale and characteristics of the issue

•  the names and locations of landforms affected by the issue

•  the location and scale of the changes caused to the landscape.
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Economic activity changes dryland landscapes
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•  The economic activity taking place and the reasons for it taking place, such as the attractions of the natural landscape, wildlife and culture for tourism.

•  The impacts of human use on processes and flows of material and/or energy through the dryland landscape system, such as vegetation and cryptobiotic crust damage by dune buggy use.

•  The effect of these impacts in changing dryland landforms, such as higher erosion rates on dunes causing them to degrade.

•  The consequence of these changes on the landscape, such as increased loess accumulation in marginal areas.





•  why the economic activity is taking place in the case study location

•  how the economic activity has affected the flows of material and/or energy in the landscape system

•  how the landforms in the area are affected by the economic activity and the changes it has caused to the geomorphic processes

•  how the changes to the landforms have affected the landscape of the area.





•  the location and type of economic activity involved

•  some data as evidence of the scale and characteristics of the economic activity

•  the names and locations of landforms affected by the economic activity

•  the location and scale of the changes caused to the landscape.
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•  Dryland landscape systems consist of flows of energy and material, and the aridity index.

•  Dryland landscape systems are influenced by a range of factors: climate, geology, latitude, altitude, relief, aspect and sediment availability.

•  Different types of dryland landscapes have different characteristics: polar drylands, mid- and low-latitude deserts and semi-arid environments.

•  Geomorphic processes are influenced by flows of energy and materials.

•  Distinctive landforms are formed by erosion and by deposition.

•  Case studies are required of one mid-latitude and one low-latitude desert.

•  Climate changes have occurred during a previous period and resulted in pluvial conditions.

•  Landforms are shaped by pluvial conditions.

•  Landforms are modified by processes associated with present and future climate changes.

•  Climate changes have occurred during a previous period and resulted in colder conditions.

•  Colder conditions have shaped landforms.

•  Landforms are modified by processes associated with present and future climate changes.

•  Case studies are required of one dryland landscape that is being used by people and has a water supply issue, and one dryland landscape that is being used by people for economic activity.
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