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COASTAL GEOMORPHOLOGY 

A coast is a zone where the land and the sea overlap and interact. Coasts can either be gentle 

or steep, sandy or rocky. In east Africa, coasts are found along the lakes and along the Indian 

Ocean. 

Waves are defined as undulations on the surface of the water caused by winds blowing across 

it. When the wind blows over water, there is friction between the water and wind. Energy is 

transferred from the wind to the wave and it’s moved along in the direction of the wind.  

Waves can also be generated by moving ships, earth quakes under the sea, large whales, 

submarines and volcanic eruptions. Waves are the chief agents of marine erosion, transport 

and deposition. Each wave has a swash and a back wash. 

Illustration; (5 lines) 

The forward movement of a wave is known as the swash and is usually more powerful. When 

the wave breaks and retreats then the back wash is formed. Waves can be constructive leading 

to deposition and its associated landforms. Waves can also be destructive leading to erosion 

and its associated features. 

LANDFORMS FORMED BY WAVE EROSION 

Waves are very effective agents of erosion and wave erosion occurs through the following 

processes. 

 Hydraulic action. When a wave hits the cliff at the coast with great force, it compresses the 

air in the joints and cracks in the cliff. When the wave retreats, this pressure release action 

is repeated, the rock is stressed, cracks are enlarged and pieces begin to fall off the cliff. 

 Abrasion. It occurs when the rock particles that have been broken off by hydraulic action 

are thrown by the wave at the cliff. They erode it at the base leading to undercutting of the 

cliff. 

 Attrition. It occurs when the rock fragments and pebbles are knocked against each other in 

the water and become smaller and more easily removed. 

 Solution. It occurs in soluble rocks such as limestone. It’s dissolved and eroded away. 

However no visible rocks are left.   

All these processes together produce landforms which include  

1. A cliff. A cliff is a steep slope or rock face along the sea or coast. It might be hundreds of 

meters in height or quite low. It can have a beach or wave cut platform in front of it or it 

may plunge into the sea.  

Illustration (5 lines) 

 

Initially, a coastline slides gently into to the water with no cliff. Through the processes of 

hydraulic action and abrasion, under cutting may take place at the base so that eventually a 
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notch is formed. When it gets larger, the land above it loses support, falls into the sea and 

the cliff is formed like one found at the coast in Mombasa. 

2. A wave cut platform. As the cliff retreats, a bench may be formed at its base. With time 

through further hydraulic action, it’s enlarged into a wave cut platform. It’s usually covered 

with rock fragments eroded from the cliff which may be carried out to the sea. They build 

up an off shore terrace at the edge of the wave cut platform.  

Illustration (5 lines) 

 

3. Caves. A cave is a hole in the cliff face that develops where there is a weakness in the rocks 

such as a joints or a fault. Through hydraulic action, the impact of the breaking wave causes 

the air in the hole to be compressed and expanded alternatively. This eventually loosens the 

rocks and enlarges the hole to form a cave. Its diameter tends to decrease from the 

entrance. For example they are found along the shores of Lake Victoria at Entebbe. 

Illustration ( 5 lines) 

4. Geo. When the entire roof of the cave collapses, a long narrow inlet called a geo is formed. 

Illustration (5 lines) 

  

5. Blow hole. Intense hydraulic action within a cave may be act on a joint which extends from 

the roof of a cave to the top. 

Illustration (5 lines) 

  

6. Arches. It’s formed where two caves develop as a result of hydraulic action on either side of 

a head land. A natural arch would be formed above the cave. 

Illustration (5 lines)  

 

7. A stack and stump. A stack is an isolated rock pillar in front of a cliff and separated from it. 

It’s formed when further erosion occurs; the arch becomes thinner and may eventually 

collapse to form a stack like at Watamu. A stack may eventually be eroded by the waves 

until it’s no longer visible at high tide then it’s called a stump. 

Illustration (5 lines) 

 

8. Headlands Bays. A headland is a projection of land into the sea and a bay is a projection of 

the sea into the land. They are produced by differential wave erosion at the coast. They are 

formed in areas of alternating hard and soft rocks. The soft weak rocks are eroded away to 

form the bays and the hard resistant rocks form the headlands. For example they are found 

along the coast of lake Victoria. 

Illustration (5 lines) 

 



3 
 

LANDFORMS PRODUCED BY WAVE DEPOSITION 

These include; 

1. Beach. It’s a coastal accumulation of sand and shingle in form of a gently sloping platform. 

Its formed where constructive waves remove materials from the bottom of the sea and 

deposit them at the shore where they accumulate. The limits of a beach are usually found 

between the low and high tide levels. 

Illustration (7 lines) 

  

TYPES OF BEACHES 

 Bay beach. This is a beach that develops within a bay, slightly curved in shape with a 

concave sea ward out line. 

 Barrier beach. This a long sandy ridge parallel to the coast and separated from it by a 

lagoon where it’s not actually joined to the beach it’s called a barrier island. 

 Beach cusps. These are projections of sand and shingle that are cone shaped with an apex 

facing seawards formed by the eddies of a powerful swash. 

 Beach berms. This is a beach or ridge with a steep front found on the upper part of some 

beaches. 

2. Spit. This is a low narrow ridge of sand and pebbles and joined to the land at one end and 

terminating into the sea at the other end. 

Illustration (5 lines) 

They are usually formed along indented coastlines within a bay. In such areas there is a good 

supply of materials or sediments from the sea. Where waves move the materials in a process of 

long shore drift. It’s deposited to form a ridge or spit. 

Illustration (7 lines) 

 Curved or hooked spit. This is where the waves approach the spit in all directions and cause 

it to become curved or hooked. Like the hooked spit at Tonya point on the eastern shores of 

Lake Albert. 

 Cuspate spit. These are formed where a spit develops, becomes curved or hooked and 

eventually rejoin the land. It’s now a cuspate barrier. 

3. Cuspate foreland. It’s a large triangular shaped piece of sand and alluvium. It’s formed 

behind a cuspate spit or barrier. The lagoon behind May eventually be filled with sand and 

alluvium to form what is known as a cuspate foreland.  

Illustration (5 lines) 

4. Tombolo. This is a spit that grows out from the coast and finally links an island to the 

mainland like there used to be a tombolo joining Lambu Island to Bukakata on Lake Victoria 

which was submerged when the Lake Victoria levels rose in the 1960s. 

Illustration  (5 lines) 
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5. A bar. It’s a ridge of sandy material joining the land at both ends in a bay. It’s formed where 

a spit is built across the bay until it joins the other side. Then it’s called a bar or bay bar. The 

enclosed water behind the bar forms a lagoon lake. Like lake Nabugabo on the shores of 

Lake Victoria. 

Illustration (5 lines) 

Fore shore bar. It’s a sand bar formed where there is constant accumulation of sand causing 

it to rise above the water surface. 

Off shore bar. This is a temporary submerged sand bar. 

6. Mudflat. It’s a platform of mud or silt built up in a sheltered water body behind a bar. The 

bar is formed first. As the river enters the bay it deposits silt and mud at the edge. As the 

mud accumulates upwards, plants begin to grow in it and trap more mud. When it reaches 

water level, it’s exposed at low tide as a mudflat. 

Illustration (5 lines) 

SEA LEVEL CHANGES 

 The average level of the sea is constantly changing relative to that of the land. When sea level 

changes on a world wide scale it’s known as a eustatic change. However it can also change on a 

local scale as in some parts of the east African coast. Sea level can either be 

 A positive change or positive eustatism 

It occurs when the sea level itself rises in relation to the land and this produces submerged 

coast and landforms formed by a rise in the sea level. 

 A negative change or negative eustatism 

It occurs when the sea level falls in relation to the land and this produces emerged 

coastlines and landforms formed by a fall in sea level. 

CAUSES OF SEA LEVEL CHANGES 

 Glaciations and deglaciation. During periods of major glaciations, there is a drop in global 

temperatures; water is locked up in large ice masses in the Polar Regions and mountains 

which cause a universal fall in sea level. During de glaciations, climate changes and there is a 

rise in global temperatures. The thick ice masses and glaciers melt, water flows back into 

the oceans resulting in a worldwide rise in sea level.  

 Great rainfall and dessication. When there is increased rainfall like through the El- Nino 

rain, the increased water finds its way through the rivers and streams to the oceans and 

with time the sea level rises. On the other hand, a period of dessication or drought may 

occur. Less water is brought and eventually sea level may drop.  

 Temperature changes in water. When world temperatures rise, the ocean water expands, 

its volume increases and sea level rises. When temperatures lower contraction of the water 

occurs causing a fall in sea level like a rise in temperatures of 10oc would cause a rise in sea 

level of about 22meters.  
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 Sedimentation of ocean basins. Rivers and streams pour millions of tones of sediments into 

the seas and oceans each year, which are laid down on the ocean floor. As they accumulate, 

water is gradually displaced upwards within the ocean causing a rise in sea level. 

 Earth movements/ tectonic movements at the coast. Like faulting, warping and volcanicity. 

When uplift or up warp occurs along coastal areas and the land goes up, there is a local fall 

in sea level. If down lift/ down faulting and down warping occurs and the land goes down, 

there will be a local rise in sea level. When volcanoes form under the sea, water will be 

displaced upwards causing a rise in sea level. 

 Expansion and contraction of ocean floors/ basins. Isostatic adjustments on the ocean 

floor can cause it to expand resulting in a fall in sea level. When the ocean floor contracts it 

will cause a rise in sea level. 

 Isostatic readjustments. When material is added onto continental areas like accumulation 

of ice in the ice ages their weight increases, they begin to sink hence a rise in sea level. 

When the ice melted there was an isostatic uplift of land masses leading to a fall in sea 

level.  

LANDFORMS FORMED BY A RISE IN SEA LEVEL/ SUBMERGED LANDFORMS 

When sea level rises caused by any of the above factors, coastal areas become submerged 

and the following landforms develop. 

1. Rias. It’s defined as a long narrow water inlet at the coast. Before sea level rises a river 

flows into the ocean through a valley. When sea level rises the valley is flooded or 

submerged by the rising water to form a ria. Its funnel shaped and decreases in width and 

depth inland. For example there are many rias along the coast of east Africa such as Kilindini 

harbor in Mombasa and also on the southern shores on Lake Victoria. 

Illustration (5 lines) 

  

2. Dalmatian coastline/ longitudinal coastlines. They are formed in areas where hills and 

valleys lie parallel to the coast before submergence. When sea level rises, the valleys 

become flooded with water and the hills remain as islands. The water in the drowned valley 

that separates the islands from the main land is known as a ‘sound’ like smith sound on Lake 

Victoria and on the east African Coast of Pemba Island.  

Illustration (about 10 lines or more) 

 

3. Fiords. These are drowned valleys but unlike rias they are found along glaciated coasts with 

U shaped valleys. When sea level rises the coast is submerged the lower parts of the U 

shaped valleys are filled with water and form fiords. They are usually steep sided and very 

deep. There are no examples in east Africa but there are many along the cost of British 

Colombia in Canada. 

Illustration (5 lines) 
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4. Estuary. It’s a wide shallow river mouth where fresh water mixes with salty water. It’s 

formed along a lowland coast where a rise in sea level causes the sea to penetrate far inland 

to a considerable distance. It’s also funnel shaped and much wider than the true river. 

Illustration (5lines) 

 

5. Creeks. These are small inlets at the coast which quickly become flooded when sea level 

rises like Mbaraka creek in Mombasa. 

Illustration  (05 lines) 

6. Mudflat. It’s formed when a rise in sea level causes the spit or bar to be submerged and sea 

water floods into the lagoon behind. 

Illustration (05 lines) 

 

LANDFORMS FORMED BY A FALL IN SEA LEVEL/EMERGENCE LANDFORMS  

Illustration (about 10 lines) 

 

 Raised cliffs. Initially a cliff is formed where the sea is in contact with the land. Through the 

processes of hydraulic action and abrasion a notch develops until it becomes larger and 

deeper. When the land above loses its support, it collapses and a cliff is formed. When sea 

level falls, the cliff is no longer in contact with the water being left behind at high tide and is 

now known as a raised cliff. 

 Raised terraces. Initially a wave cut platform develops at the coast as a cliff retreats. When 

sea level falls, the former wave cut platform is no longer in touch with the water and is now 

known as a raised terrace. An example is at Lutembe beach where it was formed when the 

level of Lake Victoria fell at one time.  

 Raised beach. Initially sand and shingle are deposited by constructive waves to form a beach 

at the coast. When the sea level falls, it no longer has any contact with the water and is left 

high upon the dry coast. It’s now known as a raised beach. Examples are found in Mombasa, 

Tanga and Dares Salam. 

 Raised caves. Initially a hole develops in a cliff face where there is a joint in the cliff. 

Through hydraulic action and abrasion, the hole becomes larger and finally forms a cave. 

When the sea level falls, the cave is left high above the high tide level, has no contact with 

the sea and is now known as a raised cave. If it had a blow hole in it, it will now be known as 

a raised blow hole. 

 Raised geo .its formed where the entire roof of the cave collapses through erosion to form a 

narrow water inlet called geo. When the sea level falls, it will no longer be in contact with 

the sea and will have no water in it. It’s now called a raised geo.   
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CORAL REEFS 

A coral is a limestone rock made up of the skeletons of tiny marine organisms known as 

coral polyps. The polyps usually live in closely packed colonies of thousands and their 

skeletons are made up of calcium carbonate. 

When the polyps die, their skeletons accumulate at the bottom of the sea and they are 

compressed together with time they are consolidated and are cemented together to build 

up a coral reef. Other calcareous algae help to cement the space between the skeletons. 

After a long time, hard rock known as a coral reef are formed. In East Africa coral reefs are 

only found along the coast in Kenya and Tanzania.   

Conditions necessary for the growth of coral reefs 

 They grow in warm waters between 20 to 21oc and are therefore confined to the tropical 

seas/ oceans with the exceptions of Bermuda in the temperate latitudes where they have 

grown due to presence of warm Gulf Stream. 

 Clear water free of sediments. Areas of silt and sediments don’t provide a firm base for reef 

growth and smoother or cover the young polyps. 

 Shallow water of not more than 50 to 55metres deep. Corals need sunlight to grow and 

beyond that depth, it cannot penetrate for the polyps to survive. 

 Well oxygenated water with plenty of plankton on which the polyps feed. 

 Salty water with a salinity level of 27- 40 parts per 1000 which helps to harden the skeletons 

of the polyps. 

 Presence of continental shelf, oceanic ridges and volcanic islands off the coast on which 

corals grow.   

 Presence of plentiful supplies of planktons on which polyps feed and survive. 

 Coral polyps cannot grow out of the water and are therefore rarely found above the low 

tide level. 

Because of the above conditions, coral reefs are usually found on the Eastern sides of 

continents which are washed by warm ocean currents. Temperature limitations cause them to 

develop within latitudes of between 30oN and 30os of the equator. 

 

TYPES OF CORAL REEFS 

Fringing reefs. It’s a narrow coral platform separated from the coast by a shallow lagoon. Its 

seaward edge slopes down into the deep water like the fringing reef near Shanzi beach North of 

Mombasa. 

Illustration(05 lines) 

Barrier reefs. This is a wide coral platform separated from the coast by a wide deep lagoon. It’s 

usually situated several miles from the cost like the Great Barrier Reef off the coast of Australia. 

Illustration (05 lines) 
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An Atoll. This is an island of coral s with a lagoon in the middle. The reef is usually broken in 

pieces by narrow channels and the lagoon tends to be deep and flat floored. Like Chumbe 

island south of Zanzibar. 

Illustration (05 lines) 

THEORIES OF CORAL REEF FORMATION 

Many theories have been put forward to explain the origin of coral reefs and they include the 

following; 

 Darwin’s theory  

 Daly, s theory 

 Murray’s theory  

DARWIN’S THEORY (subsidence theory) 

Charles Darwin said that the process of coral reef formation is gradual and is the result of 

subsidence of land masses. He said that coral grows on a volcanic island as shown below and as 

the island gradually subsides, it develops from a fringing, into a barrier reef into an atoll. 

Illustration (10 lines) 

In the diagram1, the fringing reef develops on an island. Due to isostatic adjustments 

underground volcanic island begins to sink under its own weight. As it sinks the reef grows 

upwards keeping pace with the subsidence. It therefore develops from a fringing reef into a 

barrier reef into an atoll. 

Validity of Darwin’s theory  

 The coral reefs at mid way island in the pacific are 11/4 kilometers thick and could only have 

been formed by a long slow subsidence. 

 Beneath the lagoon on Bikini island are hard basalt volcanic rocks which formed the base on 

which the coral grew. 

However (criticisms)  

 Darwin assumed the rate of coral reef growth and rate of subsidence is the same which may 

not be so. 

 Some coral reefs are found in areas where uplifting has occurred and not subsidence. 

 Sometimes atolls and fringing reefs appear in the same groups of islands which should be 

impossible in Darwin’s theory. 

Relevance to East Africa 

Darwin’s theory is relevant in understanding the formation of coral reefs along the coast of East 

Africa due to the following. 

 Submergence has actually occurred along the coast of East Africa as evidenced by the presence 

of rias like Mombasa and mudflats in the submerged coastal areas. 

 Volcanic islands are present off the coast of East Africa in the Indian Ocean on which coral 

reefs can develop. 

DALY’S THEORY (Deglaciation theory) 
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Daly’s theory or glacial control theory is based on sea level changes during and after the ice 

ages or glacial ages. 

Illustration(10 lines) 

Daly said that before the ice age or glaciations fringing and barrier reefs grew on an island due 

to warm water and other favorable growing conditions. During a cold glacial period, water is 

locked up in the ice ages and the sea levels falls. The cold conditions kill all the coral polyps. 

Maximum wave erosion occurs which removes the top of the islands and coral reefs to form a 

wave cut platform. (Diagram 2). When deglaciation occurs (diagram 3) sea level rises again, 

warm conditions return and the reef starts to grow again into an atoll. 

Validity of Daly’s theory 

 It accounts or explains why lagoons have flat floors and a uniform depth. 

 He stated that coral grows at a rate of one foot in 10 years could have kept pace with a rise 

in sea level. 

 It has proved that four major ice ages have occurred in the world where sea level has been 

rising and falling. 

However (criticisms) 

 Coral is a very hard rock and may not be easily eroded to form a wave cut platform. 

 After deglaciation, it’s possible the water would still be cold for coral reefs to grow. 

Relevance to East Africa 

 It explains why the lagoons at the coast of East Africa have fairly flat floors 

 The coast of East Africa has experienced sea level changes as evidenced by submergence 

landforms and emerged landforms found there. 

MURRAY, S THEORY (Antecedent theory) 

John Murray begins with the assumption of pre-existing submarine hills or platforms. 

Pelagic deposits begin to accumulate on this platform up to a depth of 55metres below the 

water. The deposits now provide a base for coral reef growth which starts out as a fringing, 

grows into a barrier reef and finally into an atoll. 

There is uneven growth of coral reef where it’s more on the seaward than landward side. 

The coral inside the lagoon is deprived of food, dies; breaks off the skeletons dissolve to 

form a fringing to barrier reef. It grows more rapidly on the seaward side where the reef is 

steeper and with time an atoll is formed. 

Illustration (07 lines) 

Validity of the theory 

 It helps to explain the existence of coral reefs in areas with no subsidence or glaciations 

However (criticism)  

 Coral is very hard and may not be able to dissolve in the deep lagoons 

Relevancy to East Africa  
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 In East Africa, Murray’s theory is relevant in as much as it helps to explain why barrier reefs 

and atolls are found in deep water of over 60metres deep along the coast of East Africa.  

 It’s also true that coral reef growth is greater on the seaward side where the reef is also 

steeper than the landward side. 

 Fragments of broken corals can also be found in the lagoons along the East African coast. 

ECONOMIC IMPORTANCE OF CORAL LANDFORMS 

 Coral reefs provide coral limestone used for cement production at Bamburi in Kenya. 

 The coral reefs are tourist attractions and earn Kenya and Tanzania foreign exchange. 

 Fishing is carried out in the lagoons for fish, crabs and lobsters. 

 Coral weather to produce fine white sandy beaches used for recreation and swimming can 

take place in the lagoons. 

 Although infertile, coral limestone soils can be used to grow sisal at the coast. 

 The coral reefs also provide protection for the coat against attacking sea waves or wave 

action. 

 Areas of coral reefs have a potential for oil mining. When polyps die, their fats accumulate 

as oil wells in the sea. 

 Where coral reefs are found, the water is shallow and so they can cause damage to large 

ships in the ocean. 

 The sharp reefs also tear the fishing nets and may interfere with fishing activities at the 

coast. 

 The presence of coral reefs limits the size and entrance to many harbors like Mombasa 

harbor. 

 Coral limestone soils are infertile with a poor water rentation capacity and therefore are 

unsuitable for the growth of deep rooted crops.   

 The swamps in the lagoons are unhealthy and lead to the spreading of diseases like malaria. 

Economic importance of coastal landforms 

These include all those formed by waves, sea level changes and coral reefs 

 Rias and estuaries provide good sites for the development of harbors. Like Mombasa 

 Beaches, cliffs, blow holes are tourist attractions and help to earn foreign exchange. 

 The creeks at the coast can be used for fishing. 

 The beaches can be used for creation purposes like swimming and sun bathing like Lido 

beach, Sese gateway beach. 

 The beaches are also a source of sand which can be used for navigation. 

 Bays can be used as fish landing sites like at kasenyi. 

 Include all importance of coral reefs.    
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Teachers reference notes  

What Are Coral Reefs? 

Corals is limestone rock made by accumulation of skeletons of tiny marine organisms called coral 

polyps. Reefs are shallow, mostly submarine features, build primarily by colonies of living marine 

organisms, including corals, sponges and shellfish. Coral reefs occur only in the places coral polyps can 

survive and thrive 

Coral reefs are large underwater structures composed of the skeletons of coral, which are marine 

invertebrate animals. The coral species that build coral reefs are known as hermatypic or"hard" corals 

because they extract calcium carbonate from seawater to create a hard, durable exoskeleton that protects 

their soft, sac-like bodies. 

Each individual coral is referred to as a polyp. New coral polyps live on the calcium carbonate 

exoskeletons of their ancestors, adding their own exoskeleton to the existing coral structure. As the 

centuries pass, the coral reef slowly grows, one tiny exoskeleton at a time, until they become massive 

features of the submarine environment. Though each individual animal is referred to as a polyp, corals are 

often described as a colony of thousands of polyps. 

Most of the substantial coral reefs found today are between 5,000 and 10,000 years old, according to 

CORAL. These are generally found in warm, clear, shallow waters where there's plenty of sunlight to 

nurture the algae that the coral rely on for food. 

Coral reefs cover less than 1 percent of the ocean floor — all of them combined would equal an area of 

about 110,000 square miles (285,000 square kilometers), roughly the size of the state of Nevada. 

Nonetheless, they are among the most productive and diverse ecosystems on Earth. 

 

The biggest coral reefs are found in the clear, shallow ocean waters of the tropics and subtropics where 

they grow quickly. The largest of these coral reef systems — the Great Barrier Reef of Australia — is 

more than 1,500 miles (2,400 km) in length. 

https://www.livescience.com/topics/coral-reefs/
https://www.livescience.com/6290-great-barrier-reef.html
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Conditions which favor occurrence of coral reefs 

Sunlight - coral reefs need to grow in shallow water where sunlight can reach them. Corals depend on the 

zooxanthellae (algae) that grow inside of them for oxygen and other things, and since these algae need 

sunlight to survive corals also need sunlight to survive. Corals rarely develop in water deeper than 50 

meters since sunlight can not penetrate beyond this point. 

Clean water, corals need clean water that lets the sunlight through. They do not thrive well in muddy like 

near river mouth. Sediments and plankton can cloud water which decrease the amount of sunlight that 

reaches the zooxanthellae 

Warm water - reef building corals require warm water condition to survive. Different corals living in 

different regions can withstand various temperature fluctuations. However corals generally in water 

temperature of 20 - 30 degree Celsius, this is the reason why coral reef appear on the eastern part of 

continents due to presence of warm currents. 

salty water - corals need salty water to survive and require certain balance in the ratio of salt to water. 

this is why corals do not live in areas where rivers drain fresh water into the sea. 

Corals in order to grow also need plentiful supply of plankton and enough oxygen. This is important 

because like any other living organism corals polyps need food and oxygen so as to grow and be able to 

reproduce 

Types of Coral reefs 

1. Fringing Reef: 

It is a coral platform attached to a continental coast or an island, sometimes separated by a narrow, 

shallow lagoon or channel. A fringing reef runs as a narrow belt, 0.5 km to 2.5 km wide. This type of reef 

grows from the deep sea bottom with the seaward side sloping steeply into the deep sea. 

Coral polyps do not extend outwards because of sudden and large increase in depth. The surface of a 

fringing reef is rough, as it is covered with coral remains forming a boulder zone or reef flat. Fringing 

reefs can be seen at the New Hebrides Society islands off Australia and off the southern coast of Florida 

 

 

2. Barrier Reef:  

This is the largest of the three reefs, runs for hundreds of kilometres and is several kilometres wide. It 

extends as a broken, irregular ring around the coast or an island, running almost parallel to it. A barrier 

reef is characterised by distant location of the reef from the coast with a broader and deeper lagoon, which 

is sometimes joined with the sea water through one or more channels cutting across the barrier reef. 

A barrier reef is very thick, going even below 180 metres from the surface with the seaward side sloping 

steeply into the deep sea. The surface of a barrier reef is covered with coral debris, boulders and sand. 
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The most famous example of this type of reef is the Great Barrier Reef off the coast of northeastern 

Australia, which is 1900 km long and 160 km wide 

3. Atoll:  

It is a ring like reef, which, partly or completely, encloses a lagoon. The lagoon may have a level surface, 

but the seaward side of the reef slopes steeply into deep sea. The lagoon has a depth 80-150 metres and 

may be joined with sea water through a number of channels cutting across the reef. 

Atolls are located at great distances from deep sea platforms, where the submarine features may help in 

formation of atolls, such as a submerged island or a volcanic cone which may reach a level suitable for 

coral growth. 

3. Atoll:  

It is a ring like reef, which, partly or completely, encloses a lagoon. The lagoon may have a level surface, 

but the seaward side of the reef slopes steeply into deep sea. The lagoon has a depth 80-150 metres and 

may be joined with sea water through a number of channels cutting across the reef. 

Atolls are located at great distances from deep sea platforms, where the submarine features may help in 

formation of atolls, such as a submerged island or a volcanic cone which may reach a level suitable for 

coral growth. 
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Theories on Origin of Corals:  

 

Various theories have been put forth to explain the mode of origin of coral reefs, taking into account the 

fluctuation of the Pleistocene sea level and the stability of the land concerned. The latter fact analyses 

three conditions—a subsiding island, a stationary island and an emerging land with reefs along them. 

Out of the three types of reefs, fringing reef is perhaps the most simple and easiest to explain. Corals in 

the past established themselves along suitable submarine structures, within 30 fathoms (around 50 metres) 

of depth. Upward growth, however, ceased when the reef reached the low tide level because coral polyps 

cannot stand a long exposure to atmosphere, but the outward growth towards the sea continued. 

The material eroded by waves was consequently deposited on its surface. The origin of the other two 

reefs, the barrier and the atoll, is not so easy to explain. Hence, there are different views on their origin. 

Darwin’s Subsidence Theory:  

This theory was put forth by Charles Darwin in 1837 and modified in 1842, during his voyage on the 

Beagle when it became clear to him that coral polyps could grow only in shallow waters. 
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Darwin assumes that along a suitable platform, coral polyps flocked together and grew upward towards a 

low water level. The resulting reef, in this stable condition, would be a fringing reef. But, at the same 

time, Darwin assumes, the sea floor and the projecting land in coral seas started submerging, and the 

living corals found themselves in deeper waters. Hence, an urge to grow upward and outward would be 

balanced by the subsidence of the land. 

As a result of this, Darwin postulated that the fringing reef, barrier reefs and atolls are only three stages in 

the evolutionary growth of a reef (Fig. 3.16). As the land subsides, the fringing reef would grow upwards 

and outwards, resulting in the formation of a shallow lagoon. 

Further subsidence would convert it into a barrier reef with wide and comparatively deeper lagoon. The 

width of the reef is increased due to the rapid outward growth of the reef and deposition of coral debris 

along it. The last stage of submergence (comparable to thousands of feet) results in partial or complete 

disappearance of the land and the existence of a coral ring enclosing a lagoon. 

 

In spite of continued subsidence, Darwin maintains that the shallowness of the lagoon would be due to the 

deposition of the sediment from the nearby subsiding land. Hence, the lagoon always remains flat and 

shallow. 

The theory, though simple in its presentation, implies that the barrier reef and atoll can occur only in the 

areas of submergence, and the great amount of vertical thickness of coral material is primarily due to the 

subsidence of land and consequent upward growth of coral polyps. 

http://cdn.yourarticlelibrary.com/wp-content/uploads/2014/03/clip_image004100.jpg
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Evidence in Support of the Theory:  

There is much evidence of subsidence in coral areas. For example, submerged valleys in the east of 

Indonesia and the coastal areas of Queensland. Had there been no subsidence, the sediment produced by 

the erosion of coral reefs would have filled the lagoons and caused the death of corals. 

The material produced by erosion gets continuously accumulated at the subsiding lagoon bottom. That is 

why the lagoons are shallow. During an experimental boring, done to a depth of 340 m in the island atoll 

of Funafuti, dead corals were discovered at these depths. 

Only subsidence can explain existence of corals at this depth because, generally, corals cannot grow 

below 100 metres. Also, these dead corals showed the evidence of their having got ‘dolomitised’ which is 

possible only in shallow waters. All this evidence goes to prove the subsidence theory. 

Evidence against the Subsidence Theory: 

Many scientists, like Agassiz and Semper, have argued that the corals have developed in places where 

there is no evidence of subsidence. Timor is one such area. Similarly, lagoons, with depths of 40m to 45m 

and many kilometres wide, cannot be explained on the basis of subsidence. 

Also, the question arises as to why there is uniform subsidence in the tropical and sub-tropical areas and 

not so in other areas. Kuenon has described some areas where the fringing and barrier reefs are found 

close to each other.  

This is not possible if the subsidence has been a continuous process. Finally, if it is supposed that the 

coral islands are a product of subsidence, we will have to assume the existence of a vast area in the 

Pacific Ocean which has submerged, leaving behind corals as islands. There is no evidence of the 

existence of such a vast land area in Pacific Ocean which existed in the ancient times. 

Daly’s Glacial Control Theory:  

Daly, while studying the coral reefs of Hawaii, was greatly impressed by two things. He observed that the 

reefs were very narrow and there were marks of glaciations. It appeared to him that there should be a 

close relationship between the growth of reefs and temperature. 

According to Daly’s hypothesis, in the last glacial period, an ice sheet had developed due to the fall in 

temperature. This caused a withdrawal of water, equal to the weight of the ice sheet. This withdrawal 

lowered the sea level by 125-150 m. 

The corals which existed prior to the ice age had to face this fall in temperature dining this age and they 

were also exposed to air when the sea level fell. As a result, the corals were killed and the coral reefs and 

atolls were planed down by sea erosion to the falling level of sea in that period. 

When the ice age ended, the temperature started rising and the ice sheet melted. The water returned to the 

sea, which started rising. Due to the rise in temperature and sea level, corals again started growing over 

the platforms which were lowered due to marine erosion. 
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As the sea level rose, the coral colonies also rose. The coral colonies developed more on the 

circumference of the platforms because food and other facilities were better available there than anywhere 

else. 

Hence, the shape of coral reefs took the form of the edges of submerged platforms, A long coral reef 

developed on the continental shelf situated on the coast of eastern Australia. Coral reefs and atolls 

developed on submerged plateau tops. After the ice age, the surface of platforms was not affected by any 

endogenetic forces and the crust of the earth remained stationary. 

Evidence in Support of Daly’s Hypothesis:  

The experimental borings done on the Funafuti atoll provide evidence in support of Daly’s hypothesis. 

Also, in the ice age, all the platforms were cut down to the sea level by marine erosion. Hence, the depth 

of these platforms and that of lagoons with barrier reefs and coral atolls were almost equal. 

Study shows that the depths of the platforms and of lagoons are equal at all places. The greatest merit of 

this hypothesis is that it needs no subsidence of the crust, as is the case with Darwin’s hypothesis. Finally, 

the sea waves and currents could have easily cut down the islands and converted them into low platforms. 

Evidence against Daly’s Hypothesis:  

There are some platforms which are so long and broad that their formation cannot be considered as the 

work of marine erosion alone. One such platform is the Nazareth Platform—350 km long and 100 km 

wide. It is about 600 m high everywhere. 

Also, Daly could not explain the existence s of coral colonies at depths of 100 metres. He had to admit 

local subsidence to be able to explain coral colonies in some deeper areas. Daly had also calculated that 

the fall of sea level during the ice age was around 80 metres. 

It appears that this calculation is not correct. In fact, the fall of sea level can be correctly measured by the 

angle of walls of submerged V-shaped valleys. If calculation is done on this basis, the sea level should 

have fallen by more than 80m. Finally, Daly had stated that the temperature was lowered during the ice 

age. It must have caused the death of corals, but there is no evidence of this phenomenon. 

From the above discussion, it appears that the hypotheses of Darwin and Daly are not contradictory but 

complementary. Both together throw a lot of light on the phenomenon. 

                                         Importances of coral reefs 

Many drugs are now being developed from coral reef animals and plants as possible cures for cancer, 

arthritis, human bacterial infections, viruses, and other diseases. 

Healthy reefs contribute to local economies through tourism. Diving tours, fishing trips, hotels, 

restaurants, and other businesses based near reef systems provide millions of jobs and contribute billions 

of dollars all over the world. 

Coral reefs buffer adjacent shorelines from wave action and prevent erosion, property damage and loss of 

life. Reefs also protect the highly productive wetlands along the coast, as well as ports and harbors and 

the economies they support. 
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What are the main threats to coral reefs? 

Coral reefs have survived tens of thousands of years of natural change, but many of them may not 

be able to survive the havoc wrought by humankind. 

Roughly one-quarter of coral reefs worldwide are already considered damaged beyond repair, with 

another two-thirds under serious threat. 

 

Major threats to coral reefs and their habitats include: 

   

 Climate change: Corals cannot survive if the water temperature is too high. Global warming has 

already led to increased levels of coral bleaching, and this is predicted to increase in frequency 

and severity in the coming decades. Such bleaching events may be the final nail in the coffin for 

already stressed coral reefs and reef ecosystems. 

  

 Destructive fishing practices: These include cyanide fishing, blast or dynamite fishing, bottom 

trawling, and muro-ami (banging on the reef with sticks). Bottom-trawling is one of the greatest 

threats to cold-water coral reefs. 

  

 Overfishing: This affects the ecological balance of coral reef communities, warping the food 

chain and causing effects far beyond the directly overfished population. 

  

 Careless tourism: Careless boating, diving, snorkeling, and fishing happens around the world, 

with people touching reefs, stirring up sediment, collecting coral, and dropping anchors on reefs. 

Some tourist resorts and infrastructure have been built directly on top of reefs, and some resorts 

empty their sewage or other wastes directly into water surrounding coral reefs. 

  

 Pollution: Urban and industrial waste, sewage, agrochemicals, and oil pollution are poisoning 

reefs. These toxins are dumped directly into the ocean or carried by river systems from sources 

upstream. Some pollutants, such as sewage and runoff from farming, increase the level of 

nitrogen in seawater, causing an overgrowth of algae, which 'smothers' reefs by cutting off their 

sunlight. 

  

 Sedimentation: Erosion caused by construction (both along coasts and inland), mining, logging, 

and farming is leading to increased sediment in rivers. This ends up in the ocean, where it can 

'smother' corals by depriving them of the light needed to survive. The destruction of mangrove 

forests, which normally trap large amounts of sediment, is exacerbating the problem. 

  

 Coral mining: Live coral is removed from reefs for use as bricks, road-fill, or cement for new 

buildings. Corals are also sold as souvenirs to tourists and to exporters who don't know or don't 

care about the longer term damage done, and harvested for the live rock trade. 

 

                              GLACIATION 

http://wwf.panda.org/about_our_earth/blue_planet/problems/climate_change/
http://wwf.panda.org/about_our_earth/blue_planet/problems/destructive_fishing/
http://wwf.panda.org/about_our_earth/blue_planet/coasts/coral_reefs/25040
http://wwf.panda.org/about_our_earth/blue_planet/problems/tourism/tourism_pressure/
http://wwf.panda.org/about_our_earth/blue_planet/problems/pollution/
http://wwf.panda.org/about_our_earth/blue_planet/coasts/mangroves/
http://wwf.panda.org/about_our_earth/blue_planet/coasts/mangroves/
http://wwf.panda.org/?10626
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Glaciers are huge blocks of ice that move along the landscape, carving distinct features along the way. 

Learn about the glacial erosion processes, plucking and abrasion, and the features they create, including 

cirque, horns, arête and roche moutonnee. 

Glaciers & Glacial Erosion 

If a block of ice the size of a mountain is moving toward you, what should you do? Well, if it were me, I 

would get out of the way. These moving mountains of ice do exist, and we call them glaciers. 

 They tend to move very slowly, often only a few centimeters per day, so it would be a rare occasion for a 

human to get struck by a glacier. This is not true, however, for the landscape that lies in the path of a 

moving glacier. Land and rock cannot move out of the path of a glacier, so they are subjected to glacial 

erosion. 

This  is simply the carving and shaping of the land beneath a moving glacier. Glacial erosion and the 

interesting landforms that result from this process are the subjects of this lesson.  

Glacial Erosion 

Glacial Erosion 

There are three main types of glacial erosion - plucking, abrasion and freeze thaw.  

 

Plucking is when melt water from a glacier freezes around lumps of cracked and broken rock. When the 

ice moves downhill, rock is plucked from the back wall. 

 Abrasion is when rock frozen to the base and the back of the glacier scrapes the bed rock. 

 Freeze-thaw is when melt water or rain gets into cracks in the bed rock, usually the back wall. At night 

the water freezes, expands and causes the crack to get larger. Eventually the rock will break away.  

 

There are two main processes of glacial erosion. The first that we will talk about is plucking, which is 

defined as the erosion and transport of large chunks of rocks. As a glacier moves over the landscape, 

water melts below the glacier and seeps into cracks within the underlying bedrock. This water freezes and 

melts, weakening the bonds holding pieces of bedrock in place.  
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These pieces of rock can now be picked up or plucked from their rocky base and carried along with the 

moving glacier. If you ever put an ice cube on your finger and felt the skin on your finger stick to the ice 

cube, then you have a fairly good idea of how plucking works.  

Abrasion 

Plucking removes rocks and by itself creates changes in the landscape, but plucking also contributes to 

the second process of glacial erosion, known as abrasion. 

 Abrasion is defined as the erosion that occurs when particles scrape against each other. The enormous 

weight of the glacier, along with rocks and sediment plucked up and clinging to its belly scratch and carve 

the rock surface below. It's almost as if the moving glacier is sanding the rocks with abrasive sandpaper. 

As the glacier sands the rock, it leaves behind long scratches that form in the direction of the glacial 

movement called glacial striations. Seeing these scratch marks is a sure sign that a glacier once covered 

the land.  

Features of Glacial Erosion 

The scraping and plucking of glacial erosion creates a number of distinct landforms and features. If the 

glacier erodes into a mountain, it can create a cirque. This is a round hollow with steep sides. It's as if the 

glacier scoops out the side of the mountain like an ice cream scooper. 

 When the glacier melts and moves on, it often leaves behind water that gets trapped in the cirque. A 

small mountain lake of trapped water is called a tarn.  

When we look at cirques and tarns, our eyes are drawn to the bowl-like inner structures that were carved 

out, but the peaks left behind from glacial erosion are just as impressive. If a mountain is eroded by 

several glaciers, we see the formation of a glacial horn, which is a good name because it looks like a horn 

jutting up from the earth.  

In a somewhat similar fashion, if two glaciers slide down opposite sides of a mountain, we end up with a 

sharp, narrow mountain ridge called an arête.'  

 As ice moves over bedrock it can smooth the rock, cut striations into the rock and also pluck rocks from 

the foundation. The erosion can lead to the formation of a roche moutonnee, which is a mass of rock 

carved by a passing glacier. The rock formation is distinctive because it has a smooth, rounded side where 

the ice abrasively slid over it, followed by a steep, ragged side where rocks were plucked from the 

surface.  
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As glaciers flow down a mountainside, the ice may also sculpt and shape the underlying bedrock as it 

flows. When a knob of bedrock is carved into an asymmetrical hill, it is called a roche moutonnée. In 

French, it means 'sheep rock'. 

                           Depositional Features 

As glaciers flow over many years, all sorts of debris falls onto the glacier through mechanical weathering 

of the valley walls. Glaciers are solid ice, so unlike water, they can carry pieces of rock of any size. 

Glaciers move boulders as large as a house as easily as the smallest particles of sand and silt. These pieces 

of rock are carried by the glacier for many kilometers and are only deposited as the ice melts. 

Each of these different deposits has its own name based on where it forms, but as a group they are called 

moraines. A long pile of rocky material at the edge of a glacier is called a lateral moraine and one in the 

middle of the glacier is called a medial moraine. Lateral moraines form at the edges of the glacier as 

material drops onto the glacier from erosion of the valley walls. Medial moraines form where two glaciers 

join together. In this case, the lateral moraines from the edges of each glacier meet in the middle to form 

the medial moraine (Figure 10.40). 
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When glaciers melt more than they flow forward, they deposit all the big and small bits of rocky material 

they have been carrying. In general, all these unsorted deposits of rock, formed directly by the ice, are 

called glacial till. If you live in an area where glaciers once were, you may have seen large boulders in 

the woods or even in the middle of a field. If these large rocks are a different type of rock than the 

bedrock in that area, they are called glacial erratic 

 

Another glacial depositional landform which forms under a glacier by water melting from the ice is an 

esker. These curving ridges of sand are deposited by streams that run within the ice along the base of the 

glacier. A normal stream carves its channel into the ground, forming a 'V' shaped channel, with the wide 

part of the 'V' at ground level. Because the water in this stream moves through the ice, not on the ground, 

only the deposits mark where these streams flowed. When the ice melts, the sediments form an upside 

down 'V' on the ground. 

A drumlin is another type of asymmetrical hill that glaciers form but this one is made of sediments. A 

drumlin is an upside down teaspoon shaped hill which lines up with the direction the ice moved. The 

sediments dropped by the glacier are thought to be formed into a long narrow hill by the flowing glacier 

with the gentle sloped end pointing in the direction of ice flow. Usually drumlins are found in groups 

called drumlin fields. 

If an isolated block of ice remains behind as the glacier retreats, it may be surrounded and eventually 

covered over by these layers of sediment. In many years time, as the ice melts, it fills the depression with 

water, forming small circular lakes called kettle lakes. These small lakes are common in the areas where 

glaciers made their farthest advances. 

https://commons.wikimedia.org/wiki/File:Grosser_Aletschgletscher_3178.JPG
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Figure 10.45: Small, circular lakes are common in areas of glacial outwash. They form 

 
A drumlin. 

  

 

 

https://commons.wikimedia.org/wiki/File:Kettle-glacial-lake-form-isunngua-greenland.jpg
https://commons.wikimedia.org/wiki/File:Drowned_drumlin_in_Clew_Bay.jpg

