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• There has been so much research done on earth science that its various dimensions have been
accurately found.

• It has an equatorial circumference of 24,987 miles annd its polar circumference is less by 83 miles. Its
equatorial diameter is 7,926 miles and its polar diameter is shorter by 26 miles which shows that the
earth is not a perfect sphere but is flattened at both ends like an orange.

• The spherical shape of the earth is also masked by the intervening highlands and oceans on its surface.
Evidence of the Earth’s Sphericity
• There are many ways to prove that the earth is spherical and the following are some of them:

1. Circum-navigation of the earth: The first voyage around the world by Ferdinand Magellan and his
crew, from 1519 to 1522 proved beyond doubt that the earth is spherical. No traveller going round the
world by land or sea has ever encountered an abrupt edge, over which he would fall.

2. The circular horizon: The distant horizon viewed from the deck of a ship at sea, or from a cliff on
land is always and everywhere circular in shape that widens with increasing altitude and could only be
seen on a spherical body.

3. Ship’s visibility: When a ship appears over the distant horizon, the top of the mast is seen first before
the hull and when it leaves harbour, its disappearance over the curved surface is equally gradual.

4. Sunrise and sunset: The sun rises and sets at different times in different places. As the earth rotates
from west to east, places in the ease see the sun earlier than those in the west.

5. The lunar eclipse: The shadow cast by the earth on the moon during the lunar eclipse is always
circular. It takes the outline of an arc of a circle.

6. Planetary bodies are spherical: All observations from telescopes reveal that the planetary bodies,
the sun, moon, satellites and stars have circular outlines from whichever angle you see them and earth
cannot be exception.

7. Driving poles on level ground on a curved earth: Engineers when driving poles of equal length at
regular intervals on the ground have found that they do not give a perfect horizontal level. The centre
pole normally projects slightly above the poles at either end because of the curvature of the earth.

8. Aerial photographs: Pictures taken from high altitudes by rockets and satellites show clearly the
curved edge of the earth.

Earth’s movement
• The earth moves in space in two distinct ways: it rotates on its own axis from west to east once in every

24 hours, causing day and night; it also revolves around the sun in an orbit once in every 365¼ days
causing the seasons and the year.

Day and night
• When the earth rotates on its own axis, only one portion of the earth’s surface comes into the rays of
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the sun and experiences daylight. The other portion which is away from the sun’s rays will be in
darkness.

• A part of the earth’s surface that emerges from darkness into the sun’s rays experiences sunrise and
later when obscured from sun’s beams, experiences sunset.

Earth’s revolution
• When the sun revolves round the sun, it spins on an elliptical orbit at a speed of 18.5 miles per

second.
• One complete revolution takes 365¼ days or a year and as it is not possible to show a quarter of

day, a normal year is taken to be 365 days and an extra day is added every four years as a Leap
Year.

Varying lengths of day and night:
• The axis of the earth is inclined to the plane of the ecliptic giving rise to different seasons and varying

lengths of day and night.
• In the northern hemisphere in winter, as we go northwards, the hours of darkness steadily increase.

At the Arctic Circle, the sun never rises and there is darkness for the whole day in mid-winter on
22nd December. Beyond the Arctic Circle, the number of days with complete darkness increases,
until we reach the North Pole when half the year will have darkness.

• In the summer, daylight increases as we go polewards. At the Arctic Circle, the sun never sets at
mid-summer (21 June) and there is a complete 24-hour period of continuous daylight.

• In summer, the region north of the Arctic Circle is popularly referred to as ‘Land of the Midnight
Sun’. At the North Pole, there will be six months of continuous daylight.

• In the southern hemisphere, the same process takes place, except that the conditions are reversed.
When it is summer in the northern hemisphere, the southern continents will  experience winter. Mid-
summer at the North Pole will be mid-winter at the South Pole.

Altitude of the Midday Sun:
• In the course of a year, the earth’s revolution round the sun with its axis inclined at 66½° to the

plane of the ecliptic changes the apparent altitude of the midday sun. The sun is vertically overhead
at the equator on two days each year – 21 March and 21 September.

• These two days are termed as equinoxes meaning ‘equal nights’ because on these two days all
parts of the world have equal days and nights.

• After the march equinox the sun appears to move north and is vertically overhead at the Tropic of
Cancer (23½ °N) on about 21 June. This is known as the June or summer solstice, when the
northern hemisphere will have its longest day and shortest night. By about 22 December, the sun
will be overhead at the Tropic of Capricorn (23½ °S). This is the winter solstice when the southern
hemisphere will have its longest day and shortest night.

• Beyond the Arctic Circle (66½ °N) and the Antarctic Circle (66½ °S) where darkness lasts for 6
months and daylight is continuous for the remaining half of the year, it is always cold; for even during
the short summer the sun is never high in the sky.



DIRECTION
INSTITUTE FOR IAS EXAMINATIONGS 2019

3

Seasonal changes and their effects on Temperature
• In summer, the sun is higher in the sky than in winter and when the sun is overhead, its rays fall

almost vertically on the earth concentrating its heat on a small area; temperature therefore rises and
summers are always warm.

• In winter, the oblique rays of the sun, come through the atmosphere less directly and have much of
their heat absorbed by atmospheric impurities and water vapour. The sun’s rays fall faintly and
spread over a great area. There is thus little heat, and temperature remain low.

• Days are longer than nights in summer and more heat is received over the longer daylight duration.
Nights are shorter and less heat is lost. There is a net gain in total heat received and temperature
rises in summer. Shorter days and longer nights in winter account for the reverse effects.

Dawn and Twilight
• The brief period between sunrise and full daylight is called dawn and that between sunset and

complete darkness is termed twilight which is caused by the fact that the earth received diffused or
refracted light from the sun whilst it is still below the horizon.

• Since the sun rises and sets in a vertical path at the equator the period during which refracted light
is received is short and in temperate latitudes, the sun rises and sets in an oblique path and the
period of refracted light is longer.

• It is much longer still at the poles, so that the winter darkness is really only twilight most of the time.
Mathematical location of places on the Globe
• Imaginary lines have been drawn on the globe. One set running east and west, parallel to the

equator, are called lines of latitude.
• The other set runs north and south passing through the poles and are called lines of longitude.
• The intersection of the latitude and longitude pin-points any place on the earth’s surface.
Latitude
• Latitude is the angular distance of point on the earth’s surface measured in degrees from the centre

of the earth.
• It is parallel to the equator, which lies midway between the poles and these lines are therefore

called parallels of latitude.
• The equator represents 0 and the North and South Poles are 90 °N and 90 °S and between these

points lines of latitude are drawn at an interval of 1°.
• For precise location on a map, each degree is sub-divided into 60 minutes and each minute into 60

seconds.
• The most important lines of latitude are the Equator, the Tropic of Cancer (23 ½ °N), the Tropic of

Capricorn (23 ½ °S), the Arctic Circle (66 ½ °N) and the Antarctic Circle (66 ½ °S).
• As the earth is slightly flattened at the poles, the linear distance of a degree of latitude at the pole is

a little longer than at the equator.
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Longitude
• Longitude is an angular distance measured in degrees along the equator east or west of the Prime

Meridian.
• On the globe, longitude is shown as a series of semi-circles that run from pole to pole passing

through the equator called meridians.
• The zero meridian is the one which passes through the Royal Astronomical Observatory at Green-

wich, near London which is the Prime Meridian
• As the parallels of latitude become shorter polewards, so the meridians of longitude, which converge

at the poles, enclose narrower space and the degree of longitude therefore decreases in length.
• There is so much different in the length of degrees of longitude outside the tropics that they are not

used for calculating distances as in the case of latitude.
Longitude and Time
• Since the earth makes one complete revolution of 360° in one day or 24 hours, it passes through 15°

in one hour or 1° in 4 minutes. The earth rotates from west to east, so every 15° we go eastwards,
local time is advanced by 1 hour. Conversely, it we go westwards, local time is retarded by 1 hour.

• If we know Greenwich Mean Time (GMT or World time) to find local time, we merely have to add
or subtract the difference in the number of hours from the given longitude.

• The rotation of the earth round the sun means that at any point in time different places will experience
a different time of day.

Standard Time and Time Zones
• Most countries adopt their standard time from the central meridian of their countries.
• The Indian Government has accepted the meridian of 82.5° east for the standard time which is 5 hrs.

30 mins. ahead of Greenwich Mean Time.
• The whole world has in fact been divided into 24 Standard Time Zones each of which differs from

the next by 15° in longitude or one hour in time.
• Larger countries like USA, Canada and Russia which have a great east-west stretch have to adopt

several time zones for practical purposes.
• Russia, the largest country, is divided into eleven time zones and travelers along the Trans-Siberian

Railway have to adjust their watches almost a dozen times before they reach their destination.
• Both Canada and USA have five time zones – the Atlantic, Eastern, Central, Mountain and Pacific

Time Zones and the difference between the local time of the Atlantic and Pacific coasts is nearly five
hours.

International Date Line
• A traveler going eastwards gains time from Greenwich until he reaches the meridian 180°E when he

will be 12 hours ahead of GMT and going westwards, he loses 12 hours when he reaches 180°W.
• There is thus a total difference of 24 hours or a whole day between the two sides of the 180°

meridian This is the International Date Line where the date changes by exactly one day when it is
crossed.
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• When Magellan’s ship eventually arrived home in Spain in 1522 after circumnavigating the world
from the Atlantic Ocean to the Pacific Ocean and westwards across the International Date Line,
the crew knew nothing about adding a day for the one they had missed. There thought they had
arrived on the 5th of September but were shocked to be told that the date was 6th September.

• The International Date Line in the mid-Pacific curves from the normal 180° meridian at the Bering
Strait, Fiji, Tonga and other islands to prevent confusion of day and date in some of the island
groups that are cut through by the meridian.

PLATE TECTONICS

• Concept termed plate Tectonics. Plate is a large mobile slab of rock that is part of the earth’s
surface. The surface of plate may be made up entirely of sea floor or it can be made up of both of
sea and continental crusts.

• A tectonic plate (also called lithospheric plate) is a massive, irregularly-shaped slab of solid rock,
generally composed of both continental and oceanic lithosphere.

• Pacific plate is largely an oceanic plate whereas the Eurasian plate may be called a Continental
plate.

The major plates are as follows:
(i) Antarctica and the surrounding oceanic plate
(ii) North American (with western Atlantic floor separated from the South American plate along the

Caribbean islands) plate
(iii) South American (with western Atlantic floor separated from the North American plate along the

Caribbean islands) plate
(iv) Pacific plate
(v) India-Australia-New Zealand plate
(vi) Africa with the eastern Atlantic floor plate
(vii) Eurasia and the adjacent oceanic plate.

Some important minor plates are listed below:
(i) Cocos plate : Between Central America and Pacific plate
(ii) Nazca plate : Between South America and Pacific plate
(iii) Arabian plate : Mostly the Saudi Arabian landmass
(iv) Philippine plate : Between the Asiatic and Pacific plate
(v) Caroline plate : Between the Philippine and Indian plate (North of New Guinea)
(vi) Fuji plate : North-east of Australia.

• These plates have been constantly moving over the globe throughout the history of the earth.
• Wegener had thought of all the continents to have initially existed as a super continent in the form of

Pangaea.
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• Position of the Indian sub-continent (mostly Peninsular India) is traced with the help of the rocks analysed
from the Nagpur area.

      1. Divergent Boundaries
• Where new crust is generated as the plates pull away from each other. The sites where the plates

move away from each other are called spreading sites.
• At this, the American Plate(s) is/are separated from the Eurasian and African Plates.

       2. Convergent Boundaries
• Where the crust is destroyed as one plate dived under another.
• There are three ways in which convergence can occur. These are: (i)  between an oceanic and

continental plate; (ii) between two oceanic plates; and (iii) between two continental plates.
• The formation of Himalayas forms to excellent example of continent –continent  collision the con-

vergence of Indian and Eurassia plates
caused the beginning development of fold
mountains some 40-50 million year ago
because both these continental landmasses
have about same rock density one plate
could not be sub-ducted. Scientists have
reconstructed Indian’s north ward journey.
About 80 million year ago India was lo-
cated 6400km south of Asian continent
moving  rate of 9m/century.About 50 mil-
lion years ago the north ward advance de-
creased to half presently Himalayas con-
tinues to rise @ more than 1cm/year.

3. Transform Boundaries
• Where the crust is neither produced nor

destroyed as the plates slide horizontally
past each other.

• As the eruptions do not take all along the
entire crest at the same time, there is a differential movement of a portion of the plate away from
the axis of the earth.

• The concept of transform fault originated with Canadian geophysicist J.Tuzo Wilson who
 proposed that these large fault/fracture zones connect two spreading centres or less commonly
trenches.

Rates of Plate Movement
• The strips of normal and reverse magnetic field that parallel the mid-oceanic ridges help scientists
       determine the rates of plate movement
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Force for the Plate Movement
• At the time that Wegener proposed

his theory of continental drift, most
scientists believed that the earth
was a solid, motionless body

• The mobile rock beneath the rigid
plates is believed to be moving in a
circular manner.

• The heated material rises to the
surface, spreads and begins to cool,
and then sinks back into deeper
depths

• Heat within the earth comes from
two main sources: radioactive decay
and residual heat.

• The slow moments of hot softened
mantle that lies below the rigid plates
is the driving force behind the
plate movement.

• From seismic and other geographical
evidence and laboratory experiments,
scientists generally agree with

Harry Hess theory that plate driving force
is the slow movements of hot softened
mantle that lies below the
rigid plates.

Movement of the Indian Plates

• The Indian plate includes Peninsular India and the Australian continental portions. The subduction zone
along the Himalayas forms the northern plate boundary in the form of continent— continent conver
gence.

• The eastern margin is a spreading site lying to the east of Australia in the form of an oceanic ridge in SW
Pacific.

• It further extends along the Makrana coast and joins the spreading site from the Red Sea rift southeast
ward along the Chagos Archipelago.

• India was a large island situated off the Australian coast, in a vast ocean.
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• India is supposed to have started her northward journey about 200 million years ago at the time when
Pangaea broke. India collided with Asia about 40-50 million years ago causing rapid uplift of the
Himalayas.

• The positions of India since about 71 million years till the present
• The two major plates were separated by the Tethys Sea and the Tibetan block was closer to the Asiatic

landmass.
• This started somewhere around 60 million years ago and continued for a long period of time.
• From 40 million years ago and thereafter, the event of formation of the Himalayas took place. Scientists

believe that the process is still continuing and the height of the Himalayas is rising even to this date.

THE EARTH’S CRUST
Structure of the earth
• The earth is made up of several concentric layers.
• The outer layer is the earth’s crust – the lithosphere – which comprises two distinct parts: The upper

part consists of granite rocks and forms the continents and its main mineral constituents are silica and
alumina and referred to as the sial with an average density of 2.7

• The lower part is a continuous zone of denser basaltic rocks forming the ocean floor, comprising
mainly silica, iron and magnesium and is therefore called sima with an average density of 3.0

• The sial and sima together form the earth’s crust which varies in thickness from only 3-4 miles
beneath the oceans to as much as 30 miles under some parts of the continents.

• Since the sial is lighter than the sima, the continents can be said to be ‘floating’ on a sea of denser
sima.

• Beneath the crust or lithosphere is the mantle (or mesosphere) about 1800 miles thick composed
mainly of very dense rocks rich in olivine.

• Parts of the earth’s crust are immersed by oceans and seas forming the hydrosphere.
• Extending skywards for over fifteen miles, the earth is enveloped by a mass of gases which make up

the atmosphere.
Classification of Rocks
• The earth’s crust is made up of various types of rocks, differing from one another in texture, struc-

ture, colour, permeability, mode of occurrence and degree of resistance to denudation.
• Rocks also form the basis for soil and determine to some extent the type of natural vegetation and

land use.
• All rocks may be classified into three major groups – igneous, sedimentary and metamorphic, ac-

cording to their origin and appearance.
Igneous rocks
• Igneous rocks are formed by the cooling and solidification of molten rock (magma) from beneath the

earth’s crust.
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• They may be sub-divided on the basis of mineral composition namely acid rocks like granite and
basic rocks containing greater proportion of basic oxides like iron, aluminium and magnesium.

• In terms of origin there are two main classes of igneous rocks – Plutonic rocks and Volcanic rocks.
1. Plutonic rocks: These are formed at some depth in the earth’s crust and are exposed at the

surface by processes of denudation and erosion.
2. Volcanic rocks: There are molten rocks poured out of volcanoes as lavas and solidify rapidly on

the earth’s surface and the crystals are small.
• Most igneous rocks are extremely hard and resistant and are therefore quarried for road-making

and polished as monuments and gravestones.
Sedimentary rocks
• These rocks are formed from sediment accumulated over long periods, usually under water.
• The materials that form sedimentary rocks may be brought by streams, glaciers, winds or even

animals and are non-crystalline and often contain fossils of animals, plants and other micro-organ-
isms.

• Sedimentary rocks are classified according to their age and different kinds of rocks formed during
the same period are grouped together.

• These rocks may be classified under three major categories in accordance with their origin and
composition, namely:

1. Mechanically formed sedimentary rocks: These rocks have been formed from the accumula-
tion of materials derived from other rocks which have been cemented together. E.g. sandstones –
made from sands grains.

2. Organically formed sedimentary rocks: These rocks are formed from the remains of living
organisms such as corals or shellfish, whose fleshy parts have been decomposed leaving behind
the hard shells. E.g. limestones and chalk.

3. Chemically formed sedimentary rocks: Such rocks are precipitated chemically from solutions
of one kind or another. E.g. Gypsum

Metamorphic rocks
• All rocks whether igneous or sedimentary may become metamorphic or changed rocks under

great heat and pressure.
• Their original character and appearance may be greatly altered by such forces particularly during

intense earth movements.
• In this manner, clay may be metamorphosed into slate, limestone to marble, sandstone into quartz-

ite, granite into gneiss, shale into schist and coal into graphite.
 Earth movements and the major landforms
• The face of the earth is constantly being reshaped by the agents of denudation so that our present

landforms are very varied and diverse.
• Since the dawn of geological time, no less than nine orogenic or mountain building movements

have taken place, folding and fracturing the earth’s crust.
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• The three more recent orogenics are the Caledonian, Hercynian and Alpine.
• The Caledonian about 320 million years ago raised the mountains of Scandinavia ad Scotland is

represented in North America and these mountains have been wor dow and no longer exhibit the
striking forms that they must once have had.

• During the Hercynian earth movements about 240 million years ago, Ural Mountains, the Pennines
and Welsh Highlands in Britain, the Harz Mountains in Germany, the Appalachians in America as
well as the high plateaux of Siberia and China were formed and have also been reduced in size by
the various sculpturing forces.

• We are now living in an era very close to the last of the major orogenic movements of the earth,
the Alpine about 30 million years ago.

• Being the most recently formed, these ranges, such as the Alps, Himalayas, Andes and Rockies
are the loftiest and the most imposing.

• Tim will come when these lofty ranges will be lowered and from the eroded materials, new rocks
will be formed later to be uplifted to form the next generation of mountains.

Types of Moutains
• Based on their mode of formation, four main types of mountains can be distinguished:

1. Fold Mountains: They are caused by large-scale earth movements, when stresses are set up
in the earth’s crust. The stress may be due to the increased load of the overlying rocks, flow
movements in the mantle, magmatic intrusions into the crust, or the expansion or contraction
of some part of the earth. When such stresses are initiated, the rocks are subjected to com-
pressive forces that produce wrinkling or folding along the lines of weakness shorteing the
earth’s crust creating a series of waves. The upfold waves are called anticlines and the troughs
or downfolds are synclines. The fold mountains are also closely associated with volcanic
activity ad rich mineral resources such as tin, copper, gold and petroleum. E.g. Himalayas,
Rockies, Andes and Alps.

2. Block Mountains: When the earth’s crust bends folding occurs, but when it cracks, faulting
takes place. Faulting may be caused by tension or compression forces which lengthen or
shorten the earth’s crust, causing a section of it to subside or to rise above the surrounding
level. Earth’s movements generate tensional forces that tend to pull the crust apart and faults
are developed. If the block enclosed by the faults remains as it is or rises, and the land on
either side subsides, the upstanding block becomes the horst or block mountain. E.g. Hunsruck
Mountains, the Vosges ad Black Forest of the Rhineland.

3. Volcanic mountains: These are volcanoes which are built up from material ejected from
fissures in the earth’s crust. They fall around the vent in successive layers, building up a char-
acteristic volcanic cone. Volcanic mountains are often called mountains of accumulation. E.g.
Mt. Fuji (Japan), Mt. Mayon (Philippines), Mt. Merapi (Sumatra), Mt. Agung (Bali), etc.

4. Residual mountains: These are mountains evolved by denudation. Where the general level
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of the land has been lowered by the agents of denudation some very resistant areas may
remain and these form residual mountains, e.g. Mt. Manodnock in USA.. They may also
evolve from plateaux which have been dissected by rivers into hills and valleys.

Types of plateaux
• Plateaux are elevated uplands with extensive level surfaces and descend steeply to the surrounding

lowland and are sometimes referred to as tablelands. According to their mode of formation and
their physical appearance, plateaux may be grouped into the following types:

1. Tectonic plateaux: These are formed by earth movements which cause uplift and are nor-
mally of a considerable size and fairly uniform altitude. E.g. Meseta of central Iberia, Harz of
Germany. When plateaux are enclosed by fold mountains, they are known as interment pla-
teaux. Examples are the Tibetan plateau between the Himalayas ad the Kunlun and the Boliv-
ian Plateau between the two ranges of the Andes.

2. Volcanic plateaux: Molten lava may issue from the earth’s crust and spread over its surface
to form successive sheets of basaltic lava. These solidify to form a lava plateau. Some of the
better known volcanic plateaux are the Antrim Plateau of Northern Ireland and the north-
western part of the Deccan Plateau.

3. Dissected Plateaux: Through the continual process of weathering and erosion, high and
extensive plateaux are gradually worn down, and their surfaces made irregular. In the humid
highlands, stream action and sometimes glaciation cut deep, narrow valleys in the pateaux
which are the dissected plateaux. E.g. Scottish Highlands. In drier countries, vertical corrosion
by rivers and abrasion by winds will dissect the plateau into steep-sided tabular masses termed
as mesas and buttes, intersected by deep canyons like in the south-western USA.

Types of plains
• A plain is an area of lowland either level or undulating and seldom rises more than a few hundred

feet above sea level.
• The plains usually form the best land of a country and are often intensively cultivated ad population

and settlements are normally concentrated.
• When plains are traversed by rivers, their economic importance may be even greater, e.g. the

Indo-Gangetic plain, the Mississippi plain and the Yang-tze plain.
• Plains may be grouped into three major types based on their mode of formation, namely structural

plains, depositional plains and erosional plains.
1. Structural plains: These are the structurally depressed areas of the world that make up some of

the most extensive natural lowlands on the earth’s surface and are formed by horizontally bedded
rocks, undisturbed by the crustal movements of the earth. E.g. Russian Platform, the Great Plains
of  USA and the central lowlands of Australia.
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2. Depositional plains: These are plains formed by the deposition of materials brought by various
agents of transportation and are comparatively level but rise gently towards adjacent highlands.
Their fertility and economic development depend greatly on the types of sediments that are laid
down. Active erosion in the upper course results in large quantities of alluvium being brought
down to the lower course and deposited to form extensive alluvial plains, flood plains and deltaic
plains. E.g. Nile Delta of Egypt, Ganges Delta and the plains of Hwango Ho.
Glaciers and ice-sheets may deposit a widespread mantle of unsorted fluvio-glacial sands and
gravels in the outwash plain - e.g. Parts of Holland and northern Germany, or may drop boulder
clay, a mixture of various sizes of boulders and clay to form a till plain or drift plain. E.g. Mid-West
of the USA and East Anglia in England. In coastal regions, waves and winds often drive beach
materials – mud, sand or shingle, landwards  and deposit them on the coastal plain to  form marine
swamps, mud-flats, tidal and estuarine lowlands. E.g. coastal lowlands of Belgium, the
Netherlands and the Gulf Coast of USA.
Winds may blow Aeolian deposits – very fine particles known as loess – from interior deserts or
barren surfaces and deposit them upon hills, valleys or plains forming a loess plateau, as in north-
west China, or a loess plain, as in Pampas of Argentina.

3. Erosional plains: These plains are caved by the agents of erosion. Rain, rivers, ice and wind help
to smooth out the irregularities of the earth’s surface and in terms of million years, even high
mountains can be reduced to low undulating plains. Such plains of denudation are described as
peneplains.In glaciated regions, glaciers and ice-sheets scoured and leveled the lad forming ice-
scoured plains like in northern Europe and northern Canada.
In arid and semi-arid regions, wind deflation sweeps away much of the eroded desert materials,
lowering the level of land and forming extensive plains, e.g. the gravelly or stony desert plains
called reg in Africa.Mechanical weathering in arid and semi-arid areas wears back the mountain
slopes to leave a gently sloping pediments or pediplains.

VULCANISM AND EARTHQUAKES

Landforms associated with volcanic activities
• Vulcanic activities have a profound influence on the earth’s landforms.
• Molten magma is mobile rock that forces its way into the planes of weakness of the crust to escape

quietly or explosively to the surface.
• Magma while thrusting its way up to the surface may cool and solidify within the crust as plutonic

rocks resulting in intrusive landforms.
• Magmas that reach the surface and solidify form extrusive landforms.
Landforms of igneous intrusions
• When an intrusion of molten magma is made horizontally along the bedding planes of sedimentary

rocks, the resultant intrusion is called a sill.
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• Similar intrusions when injected vertically as narrow walls of igneous rocks within the sedimentary
layers are termed as dykes.

• When exposed to denudation, dykes appear as upstanding walls or shallow trenches depending
on whether they are more or less resistant than the rocks in which they are emplaced. E.g. Cleve-
land Dyke of Yorkshire.

• Igneous intrusions are of various types like laccoliths, lopoliths, phacoliths and batholiths.
• A laccolith is a large blister or igneous mound with a dome-shaped upper surface and a level base

fed by a pipe-like conduit from below and arching up the overlying strata of sedimentary rocks.
E.g. Henry Mountains in Utah, USA.

• A lopolith is of saucer shaped and a shallow basin formed in the midst of the country rocks. E.g.
The Bushveld of Transvaal, South Africa.

• A phacolith is a lens-shaped mass of igneous rocks occupying the crest of an anticline or the
bottom of a syncline and being fed by a conduit from beneath. E.g. Corndon Hill in Shropshire,
England.

• A batholith is a huge mass of igneous rocks forming a massive and resistant upland region such as
the Wicklow Mountains of Ireland, the uplands of Britanny, France and the Main Range of West
Malaysia.

Origin of Volcanoes
• Geologists and vulcanologists have ascertained that volcanic activity is closely connected with

crustal disturbances, particularly where there are zones of weakness due to deep faulting or mountain
folding.

• As temperature increases with increasing depth below the earth’s crust, the interior of the earth is
in semi-molten state comprising solid, liquid ad gaseous materials collectively termed as magma.

• The magma is heavily charged with gases such as carbon dioxide, sulphurated hydrogen and small
proportions of nitrogen, chlorine and other volatile substances increasing the mobility and explo-
siveness of the lavas which are emitted through the orifice or vet of a volcano during a volcanic
eruption.

• There are two main types of lavas – basic lavas and acid lavas.
• Basic lavas: These are the hottest lavas, about 1000 C and are highly fluid, dark coloured, rich

in iron and magnesium and poor in silica. They flow quietly and due to their high fluidity, they flow
readily with a speed of 10 to 30 miles per hour affecting extensive areas spreading out as thin
sheets over great distances before they solidify. The resultant volcano is gently sloping with a wide
diameter and forms a flattened shield or dome.

• Acid lavas: These lavas are highly viscous with a high melting point, light coloured of low density
having a high percentage of silica. They flow slowly and seldom travel far before solidifying. The
rapid congealing of lava in the vent obstructs the flow of the out-pouring lava resulting in loud
explosions throwing out may volcanic bombs or pyroclasts. Sometimes the lavas are so viscous
that they form a spine or plug at the crater like that of Mt. Pelee in Martinique.
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Types of volcanoes
• There are three types of volcanoes – active, dormant and extinct.
• In active volcanoes, they frequently erupt or at least when they have erupted within recent time.
• Those that have been known to erupt and show signs of possible eruption in the future are de-

scribed as dormant.
• Volcanoes that have not erupted at all in historic times but retain the features of volcanoes are

termed distinct.
Extrusive landforms
• They are determined by the nature and composition of the lava and other ejected materials that

reach the surface of the earth.
• The fluid basic lava flowing for long distances produces extensive lava plains and basalt plateaux

such as the Snake Basin, USA.
• The highly fluid lavas build up lava domes or shield volcanoes with gently rising slopes and broad,

flattened tops. E.g. volcanoes of Hawaii.
• The less fluid lavas that explode more violently form ash ad cinder cones with large central craters

and steep slopes. They are typical of small volcanoes occurring in groups and seldom exceeding
1000 feet in height such as Mt. Nuovo, near Naples and Mt. Paricuin in Mexico.

• When the lavas are confined in valleys, they form lava tongues and lava-dammed lakes when they
dam a river valley besides lava bridges and lava tunnels.

• A volcanic region may be strewn with solid materials hurled from the vent of the volcano and
travelling round the world several times before it comes to rest and these are called volcanic dust.

• The highest and most common volcanoes have composite cones built up by several eruptions of
lava, ashes and other volcanic materials from the main conduit which leads down a reservoir of
magma.

• From the main conduit, subsidiary dykes or pipes may reach the surface as feeders to parasitic
cones and Mt. Etna has hundreds of such cones.

• During an eruption, material from the top of the cone is blown off or collapses into the vet widening
the orifice into a large crater.

Some Volcanic eruptions
Mt. Vesuvius
• Standing 4000 feet above the Bay of Naples, Mt. Vesuvius erupted violently o 24 august A.D.

79 taking the people who lived around it by complete surprise.
• In the midst of a thundering explosion, the highly gaseous magma escaped as gigantic luminous

clouds and shot up to great heights before it fell to earth as pyroclasts and ashes.
• The city of Pompeii, located to the south-west, was buried beneath twenty feet of volcanic ashes

which were later cemented by the torrential downpours of heavy rain that accompanied the violet
eruption.
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• The city of Herculaneum o the west was completely overwhelmed by a mudflow of ashes and
cinders almost 50 feet thick, washed down by torrential rain from the slopes of Vesuvius. The
entire population of the two cities were buried alive.

• In the catastrophic eruption of December 1631, an avalanche comprising red hot volcanic debris,
pasty lava and highly energized gases ruined fifteen towns and killed 4000 inhabitants.

Mt. Krakatau
• The greatest volcanic explosion known to men is perhaps that of Mt. Krakatau in August 1883

midway between Java and Sumatra.
• Dense black clouds of ashes shot 20 to 50 miles high and were brought down as mud by the

torrential rain which fell over the adjacent islands.
• So much magma was ejected from the underlying reservoir that two-thirds of the island collapsed

and disappeared forming a huge submarine caldera.
• The fine dust that was thrown into the upper part of the atmosphere traveled several times around

the world causing brilliant sunsets and glowing sky in many parts of the globe.
• Nobody was killed in uninhabited Krakatau, the vibration set up enormous waves over 100 feet

high which drowned 36,000 people in the coastal districts of Indonesia.
• After remaining dormant for almost half a century, an eruption in 1927 pushed up a cinder cone

from the submarine floor culminating in a summit of 220 feet above sea level by 1952. This new
volcanic island was named Anak Krakatau, meaning ‘the child of Mt. Krakatau.

Mt. Pelee
• The eruption of Mt. Pelee of the West Indies in May 1902 was the most catastrophic of modern

times.
• The volcano erupted white hot lava and super-heated steam which swept down the slope at a

amazing speed as a glowing avalanche and St. Pierre, the capital of Martinique, lying on the path
of the lava was completely destroyed killing the entire population of 30,000 except two.

• The ejection of volcanic materials continued for several months until a vertical spine rose from the
crater, almost a thousand feet high by the middle of 1903.

• The spine was formed by the pasty lava partially solidified in the neck of the volcano and part of
the spine crumbled under continual weathering as well as internal forces.

Distribution of volcanoes in the world
• Volcanoes are located in a fairly clearly-defined pattern around the world, closely related to

regions that have been intensely folded or faulted.
• They occur along coastal mountain ranges, off-shore islands and in the midst of oceans but there

are few in the interiors of the continents.
• The greatest concentration is probably that in the Circum-Pacific region, popularly termed the

‘Pacific Ring of Fire’, which has been estimated to include two-thirds of the world’s volcanoes.
• In contrast, the Atlantic coasts have comparatively few active volcanoes but many dormant or
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extinct volcanoes, e.g. Madeira, Ascension, St. Helena, Cape Verde Islands and Canary Islands,
but those of Iceland and the Azores are active.

• Volcanoes of the Mediterranean region are mainly associated with the Alpine folds, e.g. Vesuvius,
Etna, Stromboli.but the Himalayas have no active volcao.

• In Africa, some volcanoes are found along the East Africa Rift Valley, e.g. Mt. Kilimanjaro and
Mt. Kenya, both probably extinct and the only active volcano of Wst Africa is Mt. Cameroon.

• The West Indian islands have experienced some violent explosions in recent times, e.g. Mt. Pelee
in Martinique and in St. Vincent further south.

Geysers and Hot springs
• Geysers are fountains of hot water and superheated steam that may spout up to a height of 150

feet from the earth beneath.
• The jet of water is usually emitted with an explosion and is often triggered off by gases seeping

out of the heated rocks.
• Almost all the world’s geysers are confined to three major areas – Iceland, the Rotorua district of

North Island, New Zealand and Yellowstone Park of USA.
• Hot springs or thermal springs are more common and may be found anywhere in earth where

water sinks deep enough beneath the surface to be heated by the interior forces.
• The water rises to the surface without any explosion and such springs contain dissolved minerals

which may be of some medical value. Iceland has thousands of hot springs.
Earthquakes
• Minor earth tremors caused by gentle waves of vibration within the earth’s crust occur every few

minutes.
• Major earthquakes, usually caused by movement along faults ca be very disastrous particularly in

densely populated areas.
• Earthquakes cause only restricted damage in the regions of occurrence but their after-effects can

be very catastrophic producing gigantic tidal waves, called tsunamis by the Japanese, which
flood towns and drown thousands of people.

• As the vibration thins out at the edges, like the series of waves set up by a stone thrown into the
water, damage is greatly reduced and only the highly sensitive seismograph ca record the move-
ments of earthquake waves.

Major earthquakes
• One of the greatest earthquakes ever known was the Great Lisbon Earthquake on 1 November

1755 originated in an abrupt subsidence of the ocean floor in the Atlantic west of Lisbon. Tidal
waves of 35 feet high swept across the coastal districts of Lisbon drowning thousands estimated
to be 60,000. The effects of the earthquake were felt within a 400 miles radius of Lisbon in North
Africa and Europe.

• A fracture that occurred in the earth’s crust off the coast of Japan caused the earthquake on 1
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September 1923 shocking Tokyo and Yokohama. The fragile buildings of the densely populated
twin cities were mostly ruined, widespread fires from factories, gas mains, oil installations and
kitchens killed a quarter of a million people.

• Other disastrous earthquakes include that of San Francisco in 1906 which ruined the greater part
of the heart of Sa Francisco.

• In the loess region of Kansu in China, the 1920 earthquake claimed 200,000 lives and again in
1927, 100,000 cave dwellers were buried alive.

Distribution of earthquakes
• The world’s distribution of earthquakes coincides with that of volcanoes.
• Regions of greatest seismicity are Circum-Pacific areas, with the epicenters and the most frequent

occurrence along the ‘Pacific Ring of Fire’.
• Another 20 per cent of earthquakes take place in the Mediterranean-Himalaya belt including Asia

Minor, the Himalayas and parts of north-west China.

WEATHERING, MASS MOVEMENT AND GROUNDWATER
• The earth’s crust is constantly undergoing geological changes caused by internal forces which

create new relief features.
• Orogenesis build new mountain ranges, uplift or depression of particular areas is caused by folding

or faulting and volcanic disturbances also modify the landscape.
• The process of wearing away the earth causes a general lowering and leveling out of the surface

known as denudation and is carried out in four phases – weathering, erosion, transportation and
deposition.

• All the four phases takes place simultaneously in different parts of the world at different rates
depending on the nature of relief, structure of the rocks, local climate and interference by man.

Weathering
• The work of weathering in breaking up the rocks is of two kinds – chemical and physical or
mechanical weathering but the processes involved in each are closely interrelated.
1. Chemical weathering: This is the basic process by which denudation proceeds and is the ex-
tremely slow and gradual decomposition of rocks due to exposure to air and water.
When the surface of a rock is weathered, some of the material which is loosened is removed by erosive
agents like wind or running water, but the weathered material or regolith (remains of the rock) may stay in
position forming the basis of soil.
When a soil cover exists, chemical weathering of the underlying rocks does not cease but enhances be-
cause the soil absorbs rain-water and keeps the underlying rocks in contact with this moisture. There are
three chemical weathering processes:
(a) Solution: Solution is the most potent weathering process in limestone regions because the rain-
water attacks and dissolves the calcium carbonate of which the rock is chiefly formed. The dissolved
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calcium carbonate is carried away by the water, joints and cracks in the rock are quickly widened and
whole systems of caves and passages are worn out. The rate at which solution takes place is affected not
only by the mineral composition of the rock but also by its structure, sedimentary rocks often have pore-
spaces between the grains in which air and water can lodge and thus attack the rock. In tropical countries,
weathering often proceeds very rapidly. This produces very deep regoliths or soils overlying the solid
rocks.
(b) Oxidation: It is the reaction of oxygen in air or water with minerals in the rock. For example, most
rocks contain a certain amount of iron, which when it comes in contact with air is changed to iron oxide that
crumbles easily eroding fast than the original iron. It is thus removed, loosening the overall structure of the
rocks and weakening them.
(c) Decomposition of organic acids: Within the soil are bacteria which thrive on decaying plant or
animal material ad produce acids which, when dissolved in water, help to speed up the weathering of the
underlying rocks. In some cases, micro-organisms and plants like mosses or lichens can live on bare rock
absorbing chemical elements from the rocks as food and also     produce organic acids. They are thus
agents of both chemical and mechanical weathering
2. Physical or Mechanical weathering: Mechanical weathering is the physical disintegration of a
rock by the actual pricing apart of separate particles. It takes place in several ways:
(a) Repeated temperature changes: In deserts, rocks are exposed to blazing sun and are intensely
heated. The outer layers expand faster than the cooler interior of the rocks. At nightfall, the temperature
drops rapidly and outer layers contract more rapidly than the interior setting up internal stresses. Such
stresses repeated every day for years cause the rock to crack and split.
(b) Repeated wetting and drying: In tropical regions like Malaysia, short downpours saturate the
rocks and then the hot sun quickly dries them again. Repeated wetting and drying also occurs at the coast,
where rocks may b rapidly dried by sun and wind between tides. It should also be stressed that the wetting
and drying of the rocks in deserts is probably just as important as temperature changes in mechanical
weathering.
(c) Frost action: In temperate latitudes, frost is a potent rock breaker. All rocks contain cracks and
joints or pore spaces, and after a shower water or snow collects in such places. When the temperature
drops at night or during winter, this water freezes ad expands by one-tenth its volume and exerts a bursting
pressure. Repeated freezing of this kind will deepen ad widen the original crack and crevices and break the
rock into fragments.
(d) Biotic factors: Small fragments of rock loosened by either chemical or mechanical weathering
lodge in cracks and crevices in the rock and plants may sprout in such crevices.
Mass movement
• It is the movement of weathered materials down a slope due to gravitational forces which
ma be gradual or sudden, depending on the gradient of the slope, the weight of the weathered
debris and whether there is any lubricating moisture supplied by rain-water.
• Several kinds of mass movement are soil creep, soil flow and landslides.
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1. Soil Creep: It is a slow, gradual but more or less continuous movement of soil down hill-slopes.
Soil creep is most common in damp soils where the water acts as a lubricant so that individual soil
particles move over each other and over the underlying rocks. It is also found where continuous trampling
by animals grazing on the slopes sets up vibrations which loosen the soil and cause it to move.
2. Soil Flow (Solifluction): When the soil is completely saturated with water the individual particles
are almost suspended in the water and move easily over on another and over the underlying rock. The soil
acts like a liquid and soil-flow or mud-flow occurs. In temperate and tundra regions, soil flows occurs
when the surface layers of frozen ground thaw in spring.
3. Landslides (Slumping or Sliding): There are very rapid kinds of movement and occur when a
large mass of soil or rock falls suddenly. Landslides usually occur on steep slopes such as in mountainous
areas, on cliffs or artificially steepened slopes. Landslides often are caused by the lubricating action of rail
water. Slumping is particularly common where permeable debris or rock layers overlie impermeable
strata such as clay. Extensive landslides, whether natural or man-induced, can have disastrous conse-
quences, burying villages, railway lines or people.

Groundwater
• The whole process of the circulation of water between the land, sea and atmosphere is known as

the hydrological cycle.
• When rain falls on the earth, it is distributed in various ways. Some is immediately evaporated and

returns to the atmosphere as water vapour.
• Some is absorbed by plants and gradually returns to the atmosphere by transpiration from the

leaves of plants.
• Much of its flows directly to join streams and rivers reaching the seas and oceans which is known

as run-off.
• A considerable proportion of the water received from rain or snow percolates downwards into the

soil and rocks, filling up joints and pore-spaces and forming what is known as groundwater.
• The amount of water available to form groundwater depends to some extent on climate. In dry

climates much precipitation may be quickly evaporated into the dry atmosphere and little moisture
may percolate into the ground. In very humid conditions, much water may be moved as run-off
and in moderately humid areas, water both runs off and sinks into the ground. The proportion of
the rainfall absorbed as groundwater may depend on the season of the year.

• Various rocks and soils differ greatly in their porosity and permeability and the amount of ground-
water present and the depth at which it lies are governed by these characteristics.

• Porous rocks are those which have many pore-spaces between the grains and water is easily
absorbed and stored in pore-spaces.

Water-Table
• Water which sweeps through the ground moves downward under the force of gravity until it

reaches an impermeable layer of rock through which it cannot pass. If there is no ready outlet for
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the groundwater in the form of a spring, the water accumulates above the impermeable layer and
saturates the water. The permeable rock in which the water is stored is known as the aquifer and
the surface of the saturated area is called the water-table.

• The water-table is far below the surface of hill-tops but is close to the surface in valleys and flat
low-lying areas where it may cause water-logging and swampy conditions.

• The depth of the water-table varies according to relief and to the type of rocks and it also varies
greatly with the seasons.

Springs and Wells
Springs
The groundwater stored in the rock is released onto the surface at points where the water-table reaches
the surface and spring is an outlet for such water.
Springs are of several kinds due to the nature of the rocks and the position of the water-table.

(a) In areas of tilted strata, where permeable and impermeable rocks alternate, water emerges
at the base of the permeable layers.

(b) In well-jointed rocks, water may percolate downwards until it reaches a joint which emerges
at the surface.

(c) Where a dyke or sill of impermeable rocks is intruded through permeable rocks, it causes the
water-table to reach the surface and the water issues as a sprig.

(d) In limestone or chalk escarpments, where the permeable rock lies between impermeable strata,
water issues at the foot of the scarp as a scarp-foot spring, or near the foot of the dip-slope as
a dip-slope spring.

(e) In karst regions, rivers often disappear underground and then flow through passages worn in
the rock by solution and may re-emerge when limestone gives place to some impermeable
rock. This kind of spring is sometimes called a vauclusian spring but is better referred to as
resurgence.

Wells
• Springs are the natural emergence points of ground water, but Man can make use of stored water

below ground by sinking wells.
• When a well is bored, the water usually has to be raised by hand or by mechanical pumping.
• Wells are particularly important in arid areas where there is little surface water but where the

underlying rocks contain ground water.
• Artesian wells are most valuable to Man when they can be used in desert areas, e.g. in parts of the

Sahara and in Australia.
• All wells bored by Man tend to deplete groundwater resources because the water is extracted

faster than under natural conditions and also much faster than it can be replenished by rainfall.
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LANDFORMS MADE BY RUNNING WATER

• Development of a river system When rain falls, part of it sinks into the ground, some is
evaporated back into the atmosphere and the rest runs off as rivulets, streams and tributaries of
rivers that flow down to the sea. This running water forms a potent agent for denuding the earth’s
surface.

• Rain, frost and wind weather the rocks so that they can be eroded more easily.
• Unlike glaciers and snows, which are confined to the cold and temperate latitudes, waves to

coastlines, winds to deserts, the effect of running water is felt all over the globe wherever water
is present and is thus the most important single agent of denudation.

• The source of a river may be a spring, a lake or a marsh but it is generally in an upland region
where precipitation is heaviest and there is a slope down which the run-off can flow.

• The initial stream that exists as a consequence of the slope is called the consequent stream that
wears down the surface by deepening is channel downwards and joined by several tributaries
either obliquely or at right angles depending on the alignment and the degree of resistance of the
rocks.

• If the rocks are composed of homogenous beds of uniform resistance to erosion, the tributaries
will join the main valley obliquely as insequent streams. The drainage pattern so evolved will be
tree-like in appearance and is therefore described as dendritic drainage.

• On the other had, if the rocks are made up of alternate layers of hard and soft rocks, the
tributaries tend to follow the pattern of rock structure.

• If the outcrops of the rocks occur at right angles to the main valley, the tributaries will join it at
right angles at subsequent streams and the drainage patter so developed with be rectangular in
shape and is called trellised damage.

• Mechanism of humid erosion Humid erosion covers the entire scope of sculpturing effects of
running water from the action of rainwater to that of the rivers.

• Where the slopes are steep, mass movements of earth and weathered materials on hill-slopes
down to valleys are due to the lubricating action of water which allows a mass of materials to
move under the gravity.

• The sudden movement due to the lubricating effect of rain-water may cause widespread land-
slides and the slow movement of soil down a hill-slope is called soil-creep.

• Processes of river actionWhen a river flows it carries with it eroded materials and these
comprise the river’s load and may be divided into three types:

1. Materials in solution – minerals which are dissolved in water.
2. Materials in suspension – sand, silt and mud
3. Traction load – coarser materials such as pebbles, stones, rocks and boulders

(a) It has been estimated that for every square mile of the earth’s surface, more than 200 tons of
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solid materials in solid suspension and more than 50 tons of materials in solution are carried
off by running water every year.

(b) The ability of a river to move the various grades of materials depends greatly upon the volume
of the water, the velocity of the flow and the size, shape and weight of the load.

(c) The movements of rivers thus, act vigorously in certain parts of the year and remaining less
active at other times.

River erosion and transportation Erosion and transportation in rivers go on simultaneously comprising
the following inter-acting processes:

1. Corrasion or abrasion: This is the mechanical grinding of the river’s traction load against the
banks and bed of the river. Corrosion takes place in two distinct ways:

(a) Lateral corrasion – Sideways erosion which widens the V-shaped valley.
(b) Vertical corrasion – downward action which deepens the river channel.
2. Corrosion or solution: This is the chemical or solvent action of water on soluble or partly-

soluble rocks with which the river comes into contact.
3. Hydraulic action: This is the mechanical loosening and sweeping away of materials by the

river water itself undermining the softer rocks with which it comes into contact. It picks up the
loose fragments from its banks and bed and transports them away.

4. Attrition: This is the wear and tear of the transported materials themselves when they roll and
collide into one another. The coarser boulders are broken down into smaller stones to form
pebbles and the finer materials are carried further down-stream to be deposited.

Course of a river:
• The course of a river may be divided into upper or mountain course, middle or valley course and

lower or plain course.
1. Upper or mountain course (in the stage of youth): Begins at the source of the river near the

watershed, which is probably the crest of a mountain range. The river is very swift as it de
scends the steep slopes and the predominant action of the river is vertical corrosion. The valley
developed is thus deep, narrow and distinctively V-shaped.

2. In some cases where the rocks are very resistant, the valley is so narrow and the sides are so
steep that gorges are formed, e.g. the Indus Gorge in Kashmir. In arid regions, where there is
little rainfall to widen the valley sides and the river cuts deep into the valley-floor, precipitous
valleys called canyons are formed, e.g. the Bryce Canyon, Utah, USA. The outstanding fea
tures that are best developed in the upper course of a river are:

(a) River Capture: Also known as river piracy or river beheading, its developmet is dependant on the
different rate of back-cutting into a divide. E.g. I Burma, the Upper Sittang has bee captured by
the Irrawaddy, in Northumberland, England, the Blyth and Wansbeck are beheaded by the North
Tyne.
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(b) Rapids, cataracts and waterfalls: Due to the unequal resistance of hard and soft rocks traversed by
a river, the outcrop of a band hard rock may cause a river to jump or fall downstream and rapids
are formed. Similar falls of greater dimensions are referred as cataracts and when rivers plunge
down in a sudden fall of some height, they are called waterfalls. Waterfalls are formed in several
ways:

i. When a bar of resistant rock lies transversely cross a river valley, e.g. Niagara Falls, USA.
ii. When a fault-line scarp caused by faulting lies across river, e.g. Victoria Falls on the River

Zambezi.
iii. When water plunges down the edge of a plateau like the River Congo.
iv. Glaciation produces hanging valleys where tributary streams reach the main U-shaped valley be

low as waterfalls, e.g. Yosemite Falls of California.
3. Middle or Valley Course (in the stage of maturity): Lateral corrosion tends to replace vertical

corrosion. Active erosion of the banks widens the V-shaped valley and the volume of water in-
creases the confluence of the tributaries increasing the river’s load. The work of the river is pre-
dominantly transportation with some deposition. The outstanding features associated wit this course
are:

(a) Meanders: Water flowing under gravity seldom flows straight for any long distance but develops a
winding course and the irregularities of the ground, force the river to swing in loops forming mean-
ders. Eg. River Meanderez in Asia Minor.

(b) River cliffs and slip-off slopes: When the flow of water enters the bend of the river, it dashes and
erodes the outer bank into a steep river cliff. The water piles up on the outside of the bend because
of the centrifugal force. A bottom current is set up in a cork-screw motion and is hurled back into
mid-stream and the inner bank. Shingle is deposited where the slip-off slope is very gentle.

(c) Interlocking spurs: As the stream flows on, the meanders migrate progressively outwards with the
interlocking spurs alternating with the undercut slopes.

4. Lower or Plain course (in the stage of old age): The River moving downstream is heavy with debris
and vertical corrasion has ceased though lateral corrasion still goes on to erode its banks further.
The work of the river is deposition building up its bed and forming flood plains and the volume of
water increases by the additional tributaries that join the main stream. Large sheets of materials are
deposited on the level plain splitting the river into channels described as braided stream. Some of
the major plain course features are:

(a) Flood plains: A layer of sediment is deposited during each flood gradually building up a fertile flood
plain. When the river flows normally its bed is raised through the accumulation of deposits and
material is also dropped on the sides forming raised banks called levees. In an attempt to minimize
the risk of floods, artificial embankments are erected on the natural levees and when they can no
longer withstand the pressure of the flood water, the banks burst, damaging property and drown-
ing thousands. E.g. Hwang Ho river.

(b) Ox-bow lakes: The outside bend or concave bank is so rapidly erected that the river becomes
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almost a complete circle and when the river cuts through the narrow neck of the loop, it abandons
an ox-bow lake or mortlake. The ox-bow lake will later degenerate into a swamp through subse-
quent floods that may silk up the lake. E.g. Mississippi basin/

(c) Delta: When a river reaches the sea, the fine materials are deposited at its mouth forming a fan-
shaped alluvial area called a delta which is a seaward extension of the flood-plain. Due to the
obstruction caused by the alluvium, the river may discharge its water through several channels
called distributaries. E.g. Gages delta, River Po. Several types of delta are seen. The Mississippi
has a bird’s-foot delta like the foot of a bird; The Nile, Ganges ad Mekong have the fan-shaped
arcuate  deltas; Amazon, Ob and Vistula have their deltas partly submerged in coastal waters to
form estuarine deltas; River Ebro of Spin have tooth like projections at the mouths known as
cuspate deltas. Conditions favourable for formation of delta are as follows:

i. Active vertical and lateral erosion in the upper course of the river to provide extensive sediments to
be eventually deposited as deltas.

ii. The coast should be sheltered preferably tideless.
iii. The sea adjoining the delta should be shallow or else the load will disappear in the deep waters.
iv. There should be no large lakes in the river course to filter off the sediments.
v. There should be no strong current running at right angles to the river mouth, washing away the

sediments.
River rejuvenation
• The earth’s crust is far from stable and in the course of a river’s development part of may be uplifted or

depressed giving rise to certain characteristic features associated with rejuvenation.
• A negative movement occurs when there is an uplift of land or a fall in sea level which steepens the

slope so that active down-cutting is renewed.
• If rejuvenation occurs in the upper-course, the river valleys are deepened and steep-sided gorges are

formed.
• In the middle and lower course, vertical corrosion replaces lateral corrosion and the existing meanders

are vertically eroded by the rejuvenated stream.
• A positive movement occurs when there is a depression of land or a rise in sea level that submerge the

lands along the coast, drown the valleys and weaken the erosive power of the river.
• The lower course of the river may be partly in sea and features of deposition are shifted upward to the

middle course and the upper course is least affected when there is a rise in sea level.
Human aspects of rivers
• Rivers form the chief highway of commerce and transport.
• Major rivers such as the Mississippi, St. Lawrence, Rhine, Congo, Murray, Mekong ad Irrawaddy all

serve as important waterways for their respective countries.
• Some are useful for transporting logs to the saw mills and others are used to export bulky goods and

import foodstuffs and raw materials.
• Rivers undertake three closely interrelated activities – erosion, transportation ad deposition.
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• The river silts up ports preventing large steamers from anchoring close to the shores when large quan-
tities of sediments are deposited in the lower course.

• Many rivers flood, bursting levees and causing untold damage to crops.
• In the upper course, rivers with steep gorges and water-falls, provide natural sites for the generation of

hydro-electric power.
• Dams constructed cross rivers hold back flood-water which if allowed to flow downstream may cause

widespread disastrous floods in the lower course.
• The upper streams develop river captures and the resultant wind gaps may facilitate construction of

upland roads and railways.
• The river valleys provide a convenient means of land communication.
• The flood plains of large rivers with their thick mantles of fine silt are some of the richest agricultural

areas of the world.
• Deltas are equally fertile like the Ganges delta accounts for almost all the jute grown for world con-

sumption and the Nile delta produces superior quality cotton and several crops of rice a year.
• Fresh-water fishing is important along many rivers and lakes.
• Rivers supply water for domestic consumption sewerage and other industrial purposes.
• In Lancashire, the soft-water from the Millstone Grit is used for washing, dyeing and bleaching textiles.


