


GEOGRAPHY

G.C.E. Advanced Level

Teachers’ Instructional Manual

Grade 12

Department of Social Sciences

Faculty of Languages, Humanities and Social Sciences

National Institute of Education

PRINTING AND DISTRIBUTION BY EDUCATIONAL PUBLICATIONS DEPARTMENT



ii

Geography
Teachers’ Instructional Manual

Grade 12 – 2009

©  National Institute of Education

ISBN  978-955-654-361-2

Faculty of Languages Humanities and Social Sciences

National Institute of Education

Maharagama

Printed at the State Printing Corporation

Panaluwa, Padukka.



iii

FOREWORD

The competency based teaching-learning approach that was introduced to Grades 6 and

10 in the year 2007, was also introduced year by year to the curriculum of Grades 7, 8

and 11 and the curriculum developers of the National Institute of Education have been

successful in extending it to the relevant curriculum of G.C.E. (A/L) classes in the year

2009.  Therefore the relevant detailed information viz syllabi, the Teachers’ Instructional

Manuals, competencies that should be developed in pupils and the levels of competencies

related to various subjects of Grades 12 and 13 have been forwarded.  This information

will be of immense help to the teachers in preparing their teaching learning activities relevant

to their subjects.

When preparing the Teachers’ Instructional Manuals for the G.C.E. (A/L) subjects I would

like to specify that the curriculum developers have followed an approach different from

what they have followed for the Junior Secondary Curriculum.  Though the teachers were

guided to a desired structural approach in the teaching and learning process of subjects in

Grade 6, 7, 8, 9, 10 and 11, when preparing the syllabus and the Teachers’ Instructional

Manual for G.C.E. Advanced Level classes, the teachers are given the opportunity to

select the best possible method at their discretion and to operate accordingly.  What is

expected from the teachers at this stage is to use a method which they desire out of the

proposed methods here and develop the competencies and competency levels relevant

to each subject or lesson.  The teachers should also apply the selected teaching approach

satisfactorily and efficiently and should reach the expected competencies and competency

levels.  I would like to mention here that the decision of giving this freedom to the  teachers

was taken after considering the importance of the G.C.E. A/L Examination and the sensitivity

of all persons in the education system towards this Examination. May this Teachers’

Instructional Manual be an exemplary Handbook to the teachers.  I also believe that the

information, methodology and instructions given in this Manual will guide our Teachers to

enlighten our students.

Professor Lal Perera

Director General

National Institute of Education
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PREFACE

This Teachers’ Instructional Manual will be useful for the teachers to organize the teaching-

learning process for Grade 12 from the year 2009.

This syllabus that is taken as the base for the compilation of this book is distinct from the

syllabi that were in effect earlier.  You, who will concentrate on it will realize that it is a

competency based syllabus.  It is not expected that the achievement of every competency

seen here should be gained in the same grade.  Sometimes it may take a longer time.  However,

the competency levels and the learning outcomes indicated under each of the competency

levels have to be achieved during that grade itself.  Hence those competency levels and

learning outcomes will be of immense use to you in planning the relevant lessons for the grade.

It is expected that you should draw your attention in using them as criteria when preparing

each of the aims in the teaching-learning process as well as in setting the evaluation tools to be

used in the classroom.  This Manual will  be very useful to you in making the students aware

of the supplementary books that have to be read in learning this subject as well as the web-

sites to be surfed.

Consider these activities proposed here with the expectation that you will act as a creative

teacher.  It is especially expected that you will be able to create a student-centred classroom

process by changing the teacher-centred class room process that prevailed.  Hence you

should make an attempt as far as possible to create learning situations where students are

motivated to refer various books and to lead them in exploration by using the internet.  In

teaching, instead of giving notes as traditionally done, you should present principles with the

new knowledge in an attractive manner.  In this regard use of communication strategies in the

class where technology is included as far as possible.  It requires some creativity to use new

technological instruments as far as possible.

Explain this curriculum to your students who start learning this subject in Grade 12.  If you

could introduce the plan of teaching for the whole year it will motivate them.  Students will be

attracted to attend school to cover up the syllabus.  We make a request from you to awaken

your creative abilities with the help of these proposed activities and also the relevant syllabus

in order to make a change in the teaching-learning process.

I offer my thanks to all the Educationists, teachers and all the officers in the National Institute

of Education who contributed in compiling this Instructional Manual.  I offer my special thanks

to Professor Lal Perera, the Director General who guided us in this task as well as the

Commissioner General of Educational Publications Department including his staff who

undertook the responsibility of doing all the printing and distribution of books to the schools.

I shall be grateful if you could direct any creative suggestions regarding the information included

here.

Wimal Siyambalagoda

Assistant Director General

Faculty of Languages, Humanities and Social Sciences

National Institute of Education
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Message of the Commissioner General

While the Government provides textbooks free to all the students, Teachers’ Instructional Manuals

are also provided free to all the teachers. The aim is to make the process of teaching-learning

more fruitful and effective.

The Teacher is the mediator who monitors and directs the students to achieve the competencies

contained in the syllabus. Hence, it is your responsibility to understand your duties well and use

this Teachers’ Instructional Manual to achieve a substantial knowledge of the teaching process.

This will enable you to make the students knowledgeable and motivated to derive the maximum

benefits from the competency based learning process.

I hope that this Teachers’ Instructional Manual will assist the teachers who shoulder the solemn

duty of moulding the student population enabling them meet the challenges of  contemporary

society.

W. M. N. J. Pushpakumara

Commissioner General of Educational Publications

Educational Publications Department,

Isurupaya,

Battaramulla.

21. 07. 2009
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Competency - 1

Examines the nature and processes in the environment where one

lives and contributes in protecting its equilibrium.

Competency Levels : 1.1 Defines the main elementary features in a Geo system

(14 periods)

1.2 Explains the nature and significance of the atmospheric

system.

1.3 Explains the nature and significance of the hydrosphere

1.4 Explains the nature and significance of the lithosphere

1.5 Shows the nature and significance of the biosphere

Learning Outcomes : • Explains the types of systems

• Introduces the main sub-systems in the Geo system

• Analyses the mutual relationship among systems

• Explains the structure of the Lithosphere

• Explains the nature and importance of the bio-sphere

Introduction

It is important that man who depends on the environment feeding himself on the environment

has obtained an understanding about the nature and processes of the environment he lives.

Environment is the geo-system on earth.  This geo system includes all living and non-living

parts, the interior of the earth, and the atmosphere around the earth.  All these in combination

act as a system.

A system exists as a whole in a  collection of material or objects.  They are bound together

due to the properties of the objects and materials.  Hence it is important to study it as a

system because of the mutual relationship among the earth, the atmosphere around it and

the other elements.

In the present day world, a disturbance in the equilibrium of the environmental system is

seen because mans’ interference on geo-systems is very strong.

Hence, in this grade, it is expected to examine the main characteristics of geo systems with

reference to information.
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A guidance to clarify subject content

Introduction to types of systems

A system is a circuit built up logically within a system within which there are inputs, storage

process and output.  Systems can be classified into three according to the manner in which

they absorb energy and matter.

1.   Isolated system

2.  Open system

3.  Closed system

-   Isolated system

It is a system which produces the energy and matter relevant to its functions within the

system itself.  For eg. Solar system

-   Closed System

A system which obtains the required energy and matter for its functioning from another

system and releases the energy and matter after its processes.  For eg. River system

-   Open system

A system that operates obtaining only the energy and not the matter required for its

functioning and releases the energy back after operating.  For eg. Atmospheric system

Geo system

Due to the inter relationship among the earth, the atmosphere around it and all its living and non-

living components, it can be named a geo system as a whole.  This can be divided into 4 main

sub-systems.

-   atmospheric system

-   hydroscopic system

-   lithosphere system

-   biosphere system

Atmospheric system

The air envelope covering the earth is known as the atmosphere.  W ithin that diverse gases, dust,

smoke, salt particles are combined together as a system and function.
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Atmospheric Composition

Types of gases     Symbol           Volume

Nitrogen N
2

78.08

Oxygen O
2

20.94

Argon Ar   0.93

Carbondioxide CO
2

  0.03

Helium, Neon, Methane He, Ne, CH
4
, Kr, O

3
  0.02

Krypton, Ozone and other gazes           100.00

Atmospheric Stratification (Structure)
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Troposphere

- This is the lowest layer in the atmosphere

- It extends to about 16km up near the equator while at the poles it extends up to 8km

- About 80% of the gases are distributed in the troposphere

- Most of the biotic processes take place in the troposphere

- Lapse rate occurs within the troposphere

Tropopause

- The upper limit of the troposphere is the tropopause

- This is the boundary which separates the troposphere and the stratosphere

Stratosphere

- This is situated above the tropopause

- The upper limit of the stratosphere is about 50 km

- An air layer of ozone gas which is very essential for living beings is prevalent at about 30-

35 km up

- About 10% of the composition of the atmosphere are contained here

Stratopause

- Situated above the stratosphere

- This is the boundary which separates stratosphere and Irnosphere

- The pressure in this region is of a low value of about 0.004 millibars

- It is low in dust, smog and salt particles

- The temperature is lower

Irnosphere

- Irnosphere is seen after passing the upper limit of the stratosphere

- Irnosphere can be divided into two

Mesosphere

Thermosphere

- Although these are discussed separately due to the interrelationship among them it functions

as one system.

- Atmosphere contributes in the existence of life.  The landscape which is essential for

man’s existence is created by the action of the atmosphere.
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Hydrospheric system

All the sources of water on the surface of the earth belong to the hydrospheric system.  The total

quantity of water in the earth is about 1360 million cubic kilometres.

Hydrospheric distribution means the extension of expanses of water.  This can be considered

under 2 main parts

1. distribution of fresh water

2. distribution of sea water

Hydrosphere is in 3 states as solid, gaseous and ice.

Lithosphere System

Lithosphere is the largest and the most dense sub system in the earth environment.  It consists of

a few layers.

- crust

- mantle outer core

- core

   interior core

Layers of the lithosphere

Suource: Essential Atlas of Physical Geography

crust

inner core (solid)

outer core (liquid)

mantle (solid)
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Crust

- Layer on the surface of the earth

- It is about 10 km thick and at certain places it is about 15 km thick

- The crust consists of 2 layers as sial and sima

- The most abundant rock type is granite

- The earth crust consists of major plates and a few minor plates.

- Lithosphere exists as a non-liquid state and mostly it is solid.

Mantle

- It is the layer underneath the crust of the earth

- It extends to about 2900 km

- It is a zone of high temperature

- Elements like silica, iron, aluminium and magnesium turn into lava or magma as a

result of very high temperature

Core

- The core consists mainly of nickel and iron is found in a small quantity

- The core consists of 2 parts as the outer core and the inner core

- The inner core is composed of solid materials while its radius is about 1250 km

- The outer core is about 2200 km thick

Biosphere system

The biosphere can be recognized as the part where activities are taking place all the time and

where life occurs or the layer with living beings (plants, animals, micro organisms)

The limits of the biosphere

The biosphere is the region under limits as given below.

Lithosphere - soils (the limit where the roots of a plant spreads and bacterial

action is taking place)

Hydrosphere - W ater (the limit where sunlight is received which is necessary

for the process of photosynthesis)

Atmosphere - Air (The maximum limit with air necessary for existence of life)
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There are a few organizing levels in the biosphere

- Living being

Any living being belonging to any species living in a particular place is known as a living

being.  For example fly, bird, stag, elephant, cactus, grass etc.

- Population

A group of living beings belonging to the same species and living in a definite land area for a

definite period.  Population is the organized level just above the living organism.  It is a

collection of plants or fauna belonging to the same species.  Population also acts as a single

unit.  For example elephant population in Yala Sanctuary, the total population in Sri Lanka in

2001.

- Biotic community

The community is the level just above population in the order of organized levels.  Any

assemblage of population of living organisms in a prescribed habitat or area is termed a biotic

community.  A biotic community is a naturally occuring assemblage of plants, animals, micro

organisms that live in the same environment.  A biotic community may be large or small.  The

size is decided by the number of plant or animal population and the quantity which compose

that community.

- Eco system

The organized level just above the community is eco-system.  An eco-system is a sum total

of living organisms, the environment and the processes of interaction between and within all

parts of the system including the non-living environment.

- A biome

A biome is a regional community of plants and animals of similar evolutionary status and

similar life pattern.  Any biome is named according to its main characteristics.  For example

Tropical Rain forest biome, fresh water and salt water biome, wetland biome.  Biosphere is

created by the interaction of all these biome.

Atmosphere

Hydrosphere

Biosphere

Lithosphere
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There are 2 components which influence the functions of the biosphere

1. Living components

2. Non-living components

The continuation or existence of the biosphere is determined by the interaction between living

and non-living factors.

There are 4 main elements in the biosphere which are important.  For eg. hydrogen, carbon,

oxygen, nitrogen.  The above elements are essential for the existence of living organisms.

Soil, atmosphere and hydrosphere are all essential for the functioning of the biosphere.

Plant leaves produce food utilizing air in the atmosphere, water from the hydrophere and energy

from the sun.  This process is known as photosynthesis.

There is an exchange of energy between the organic and inorganic systems in the biosphere.

Hence biosphere is an open system.

No organism can live isolated within the biosphere since an inter-dependence is seen.

The energy required for the activities in an ecosystem are obtained totally from the sun.  Apart

from this, a small quantity of energy is supplied by the breaking down of some chemical substance.

The energy stored in plant is received by various trophic levels through food chain in relation to

photosynthesis.

Primary

consumer

grasshopper

butterfly

parrot

sunbird

flower pecker

bee

bat

rabbit

fish for eg.

gurami

darb

snail

tadpole

water skater

Eco

System

1.  Home

garden

2. Fresh

W ater

Pond

Secondary

consumers

frog

lizard

myna

babbler

magpic

cock

fox-bat

crow pheasant

lula

frog

water snake

kingfisher

Tertiary

consumers

sirpine

eagle

owl

mongoose

crow pheasant

lula

heron

kingfisher

watersnake

cormorant

Primary producers

Shrubs including types

of grasses and Mimosa

pudica (nidikumba)

plants including,

hedysarum, desmodium

mangoes, cashew,

guava trees

types of flowers

water lilies

lotus

plant plankton

Trophic levels
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Food Chains

- A food chain is the order in which various trophic relations take place through the flow of

energy in an eco-system

- Energy flows from one trophic level to the next trophic level due to the process of obtaining

food.

Food webs

There are a number of food webs in an eco-system.  Since some animals are used to taking food

from a number of food chains, food webs are created.  Hence food chains are mutually connected.

As a result of this, within an eco system a web of trophic relations are built up.

Ecological pyramid

Ecologists have presented the trophic relationship that exists among various trophic levels in an

eco-system.  This is shown in the form of a graph.  Since this bar graph takes the shape of a

pyramid, it is known as an ecological pyramid.

There are 3 types of ecological pyramids

1. Numerical pyramid

2. Bio-mass pyramid

3. Energy pyramid

- In the present day world, with the complexity in human activities the impact of man on

the environment is very strong.

- This has resulted in disturbing the equilibrium in the biosphere

- Hence it is our main duty to protect the eco system because a lot of harm will be exerted

on the existence of man if that happens.

Reference:

Environmental Geography - Dept. of Educational Publications
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Teaching-Learning Activities

Activity - 1

Explain the basic features of systems through a brain-storming discussion

- Make use of pictures, photographs, diagrams and computer presentations to explain

the special features of atmosphere, hydrosphere, lithosphere and biosphere systems.

- Do evaluation work based on learning outcomes.

Activity -2

Preparation of a magazine with the participation of all the students.  Give a topic to each

of the students during the period allowed and get them to write the articles.  Here it is

expected that the final product, the magazine will be finished.  Obtain the articles for the

magazine under the following headings.

- Introduction to the types of systems

- The main sub-systems of the earth:

atmosphere

hydrosphere

lithosphere

biosphere

- Organized levels in the biosphere

- How the biosphere works

- Food chains

- Food web

- Energy pyramid

- The significance of protecting the equilibrium in the eco-system and numerical pyramid

- Its is required that information as well as drawings and diagrams relevant to the

heading should be included.

- The magazine should be finished in an attractive way within the given time and

handed over.

- Appreciate student skills.  Identify their weaknesses and give guidance to minimize

them.

- Do the evaluation work based on learning outcomes.
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Competency - 2

Concentrates on conservation while enquiring into the components,

characteristics and processes in the physical landscape of the earth.

Competency Levels : 2.1 Explains the structure and composition of the earth in

relation to facts

(10 periods)

Learning Outcomes : • Describes the structure and composition of the earth

• Presents facts about the interior of the earth

• Draws a diagram of the cross-section of the earth where

the parts are named

• Presents facts about the classification of rocks giving

examples

Introduction

Solar system is a part of the universe.  The earth which is the habitat of man can be recognized as

a special planet in the solar system.  From the information about the location, size, rotation,

revolution and satellite of the earth which had its origin about 4600 million years ago, it can be

identified as a planet with mediocre (moderate) qualities.  At present though it has been identified

that the earth is the only planet in the solar system where living beings live, it is believed that there

may be such planets in the Universe.  In future man on earth will be able to establish such beliefs.

The structure of the earth can be simply interpreted as the way the whole of the earth is composed

of.  In a cross-section of the earth, the crust, mantle and core can be mainly recognized as its

interior parts.  The study of these parts can be stated as the study of the structure of the earth.

The earth is composedof the lithosphere, hydrosphere, atmosphere and biosphere on its surface.

It is expected to study the structure of the earth, its composition, lithosphere and its dynamic

nature in this unit.

A guideline to clarify subject content

The structure and composition of the earth

-  interior of the earth

-  crust of the earth

-  formation of rocks

-  types of rocks
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Interior of the earth

- Facts about the earth’s interior have been found on diverse direct and indirect

evidences.

- Direct evidence – By drilling to about 300 metres (3 km) for example gold

deposits of Kola in Mysore and gold mines of

W itwaterstrand in South Africa

- Mohel Project which had drilled the earth up to the upper

mantle

- Indirect evidence – from the solar system.  Other examples are meteorites,

earthquake waves, volcanic materials geo-heat gradient and

magnetic field.

A few basic facts about the interior of the earth

- As one goes towards the interior of the earth there is a rise in temperature at the rate of

90C to every 300 m. Yet this does not happen at a uniform gradient.

- The fact that solid rocks are found at a depth of 700km shows that the increase in

temperature does not take place at a uniform gradient.

- At the boundary of the core of the earth this temperature exceeds 60000C.

- It is said that such a high temperature is created due to radioactive elements in the rocks

of the interior of the earth.  However diverse theories are presented about the presence

of very high temperature in the interior.  Further research is being carried out regarding

this.  The earth’s crust and mantle consists of solid rocks.

- Presure also increases towards the interior of the earth.  It is mentioned that pressure at

the centre of the earth is 3.15 million kg.

- It has been found that the rocks in the outer core of the earth are in a liquid form and

those of the inner core are in solid form.
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A cross section of the earth

Zone Features and other facts

X = crust Consists of sial and sima layers.

It extends to a depth of about 16-40 km

A = Mantle Consists of silicate rocks abundant with iron and magnesium

There are 2 layers here according to the nature of rocks

A
1

- upper mantle

A
2

- Lower mantle

B = Core Consists of iron and nickel.

Here the outer core (B
1
) consists of Ni and

Fe (nickel and ferrous)

B
2
 – or the inner core consists of Ni (nickel) and

Fe (ferrous)

Mohorovicic

discontinuity

Gutenburg

discontinuity

Leimon

discontinuity

2895

5115

km

0-30

700

6370

x

A
1

A
2

B
1

B
2



15

The Earth’s Crust

The earth’s crust is a thin narrow layer on the surface of the earth.  If the earth is like an orange,

the outer peel of it can be called the crust.  This crust consists of sial and sima layers.

        siyal layer

        sima layer

A cross-section of the lithosphere showing the crustal areas in the

continents and sea bottom.

Sial layer - Consists of acidic granite rocks abundant with silicon and aluminium (Si +

Al) oxides.  Examples are Kadugannawa gneiss of Sri Lanka

- Under mountain areas sial layer extends to a greater depth while in the

oceanic areas it is thin.  The density of this layer is about 2.6-2.7.

Sima layer - is situated under the sial layer while the Conrad Discontinuity is between

these two layers

-    Sima layer consists of basaltic rocks abundant with silican and magnesium

-    At the ocean bottom, the base is composed of the sima layer

Formation of Rocks

- The lithosphere is composed of rocks abundantly seen on the surface of the earth.

These rocks and their properties influence the formation of diverse landforms and the

formation of the human landscape on the surface of the earth.  These rocks composed

of a collection of minerals perform a special function within the total environment.

- Rocks are classified into three types on the basis of their place of origin and the

physical conditions:

Igneous rocks

Sedimentary rocks

Metamorphic rocks



16

These rocks undergo changes constantly under the internal and external processes on the

earth.  Under such conditions one type of these rocks may change into another type.  This is a

cyclical process.

Types of rocks

(1) Igneous Rocks - In the interior of the earth due to very high temperature

rocks are in a molten liquid state.  This is known as magma.

Magma flows up on to the earth’s surface through various

joints and clefts.  This process is also known as volcanism.

The volcanic rocks were formed when molten material

poured out on to the earth’s surface and cooled.  The

igneous rocks were formed in this manner.

Extrusive igneous rocks - when magma flows out on to the surface of the earth it is

known as lava.  When lava gets cooled and solidified

extrusive igneous rocks are formed.

magma

crystallizationmolten

weathering

weathering

Re moltenmetamorphism

metamorphic

rocks

Sedimentary

rocks

igneous rocks

weathering

Sediment
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Intrusive igneous rocks  - On its way to the earth’s surface sometimes magma gets

cooled inside chambers in the crust forming intrusive igneous

rocks.

Intrusive igneous rocks are of 2 sub types -

(a)   Plutonic rocks

(b)  Hypabyssal rocks

A simplified classification of Igneous rocks

Igneous rocks are classified - according to colour

- according to composition and percentage of

silica present in them.

According to colour

If dark in colour - It is called Basic rocks abundant with ferrous and

magnesium minerals (Fe, Mg)

for eg.  gabro, dolomite

If light in colour - It is called Acid rocks with less Fe and Mg.  For example

granite.

If the colour is intermediate - It is called Intermediate rocks.

According to chemical composition

– Igneous rocks constitute various chemical substances.  The main

substances are ferrous, magnesium, silicon, olavine.

Igneous rocks can be classified on the percentage of silica and

iron contained in lava-

1. Acidic igneous rocks – Si percentage >  65%

Fe 20% - 25% examples are granite, diorite,

obsedian

2. Basic igneous rocks – Si percentage < 55% and

Fe about 45%

Examples are gabro, basalt

3. Intermediate igneous rocks – Si percentage 65% - 55%

e.g.  andecite

4. Para basic rocks   -Si percentage is < 45% and

Fe > 50% eg.  peridotite
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(2) Sedimentary Rocks

- Rocks decay with the passage of time due to exogenic factors. The decayed rock

particles are deposited at another place or near the country rock as a result of

erosional process.  This decayed material is known as sediments

These sediments are collected as layers or strata and undergo high pressure and

high temperature to become rocks.  They are known as terrigenous clastic sedimentary

rocks.

These sediments lie in horizontal layers due to the pressure of overlying sediments.

- When materials are precipitated in a non-mechanical manner also sedimentary rocks

are formed.

They are known as chemically – precipitated sediments.

For example, rocks are formed when the residual carbon ate is accumulated after

water is vapourized in an area of shallow sea water.  They are known as non-clastic

sedimentary rocks.

- Non clastic sedimentary rocks are formed by the organic process also.  They are

also known as organic deposits.

 A simplified classification of sedimentary rocks

(1) Clastic sedimentary rocks/ mechanically formed/ physically formed

• shingle - graved/ till/ conglomerate

•  arenaceous - sand/ sandstone/ grit

• argillaceous - mud/ clay/ slates/ mudstones

(2) Chemically precipitated sedimentary rocks

• saline rocks/ jasper/ flint

• haematite/ limonite/ siderite

(3) Organic sedimentary rocks (organic deposits)

• calcareous sediments/ limestone

• organic sediments - coal, lignite
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(3) Metamorphic Rocks - When igneous and sedimentary rocks have changed their original

state these rocks are called metamorphic rocks.  When the

original structure and composition which is considered as the

original state is changed a new kind of rock is formed.  These

changes occur under high temperature and pressure.  When these

rocks are metamorphosed a stronger resistivity than in the original

rock is seen.

A simplified classification of metamorphic rocks

Original rock Metamorphic rock

Granite gneiss

(igneous)      metamorphism

Sandstone quartzite

(sedimentary)      metamorphism

Limestone marble

(sedimentary)     metamorphism

Slate schist

(sedimentary)     metamorphism



20

Teaching learning Activities

Activity

- Presenting facts about the interior of the earth through a group assignment

- Group the class as suited.  Give the following topics as suited.

Group I - Presenting evidence found about the Interior of the earth

Group II - Presenting basic facts about the Interior of the earth

Group III - Drawing a diagram of a cross-section of the earth with the parts

named

Group IV - Presenting facts about the earth’s crust

- Give the chance to each of the groups to present the facts they had collected.

- After each of the groups present their facts the teachers should evaluate them in a review

session stating the correctness and suitability of the information.
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Competency Levels : 2.2 Examines about the formation of rocks, minerals and

soils of Sri Lanka

(10 periods)

Learning Outcomes : • Shows the geological zones on a map of Sri Lanka and

gives details about them.

• While introducing what are minerals presents details

about minerals of Sri Lanka

• Collects facts about formation and properties of soils

by a soil profile

• Presents information about the classification of soils in

Sri Lanka

Introduction

It is accepted that Sri Lanka is one of the oldest landmasses of the world.  It is believed that most

of the rocks were formed before 3000 million years ago.  Most of these rocks were formed

during the Archaen Era or Pre - Cambrian era.  More than 90% of the island consists of

metamorphic rocks.  It is believed that they were metamorphosed about 550 million years ago.

In Sri Lanka 3 main rock types have been identified based on their origin, metamorphosed

condition and structure.

1. Highland series

2. Vijayan series

3. Miocene limestone belt

Highland Series

- Consists of metamorphosed sedimentary and metamorphosed igneous rocks

- Metamorphosed sedimentary rocks for eg marble/ quartz/ dolomite

- Metamorphosed igneous rocks for eg. charnokyte/ metamorphosed acidic types/

metamorphosed basic types.  It is found that these are the oldest rocks.

- The Highland series extends from a narrow strip around Trincomalee to the Central Hill

country and makes a wide zone including Rakwana Hills.  Kataragama Hills too consists

of Highland Series.
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Vijayan Series

- This complex is formed of metamorphosed igneous rocks

- Also consists of metamorphosed granite and migmatite rocks

- This Series of rocks is distributed to the east of the Highland Series of the Central Hill

Country and in the north-western region.

Miocene Limestone Belt (organic limestone)

- Consists of sedimentary rocks which are not metamorphosed

- The main rock is limestone and is distributed as a narrow belt from Puttalam to Jaffna.

- Since it has its origin about 26 million years ago during the Miocene Period, it is so

named as Miocene limestone.

In addition to these, a few slate and sandstone deposits formed during the Jurassic period are

found in the fault basins of Tabbowa, Andigama and Pallama areas.
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The Formation of Rocks of Sri Lanka according to the Geological Time scale

Source:   1.  P.G. Cooray - 1967, An Introduction to Geology of Sri Lanka.

 2.  B. Swan - 1993, An Introduction to the Coastal Geomorphology of Sri Lanka.

ERA           PERIOD

Pre-

cambrian

Primary

Secondary

Tertiary

Quarternary

EPOCH

Pre-cambrian

Recent

Pre-cambrian

Cambrian

Ordovician

Silurian

Carboniferous

Permian

Triassic

Jurassic

Cretaceous

Paleocene

Eocene

Oligocene

Miocene

Pleistocene

Holocene

Geological
Time Scale

in millions of
years

2500-4500>

600->2500

600

500

440

400

350

270

225

180

135

70

60

40

25

12

2<

01-Present

      day

The main Geological Incidents - Origin of Rocks

Deposition on the ancient geosynclines, regional

metamorphism of Highland Series and Kataragama rocks

complex.

The base of Vijayan gneiss rocks - Kadugannawa gneiss,

Dambulla, Habrana gneiss and migmatite.

Rock types of Vijayan Series - Bintenna gneiss, Vanni gneiss,

Thonigala granite.

Granite and granatic gneiss of the south western region

Pegmatite.

Deposition of non-marine deposits - those in Thabbowa,

Andigama and Pallama, on the ancient crystalline landmass

of Sri Lanka.

 The breaking down and disintegration of the

Gondwanaland, continental drift.  Deposition between Sri

Lanka and India.  It is considered that the Dolerite dyke of

Kantalay, Trincomalee and Matugama formed during the

Cretaceous period.

-

-

-

The region between India and Sri Lanka went under the sea

(subsidence), Sri Lanka got separated from India.

The formation of Miocene limestones.  Minihagalkanda

deposits formed.

Uplift and erosion, sea level rose to about 1-2 metres.  Hence

deposits of limestone and shells.

Formation of haematite pebbles on a base of red soil

pebbles, Laterites of the south west and Ratnapura deposits

formed.

Formation of the present continental drift; new uplifted

coast, recent alluvium, formation of  lagoon marshes.
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Geological Map of Sri Lanka showing the main rock strata

Source: P.G. Coory 1967 An Introduction to Geology of Ceylon

km
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Minerals

Definition

- A mineral can be defined as an inorganic substance which is formed naturally and

constitutes a definite chemical composition.

- Minerals - solid

liquid and        form

gaseous

- Solid minerals - e.g. plumbago/ diamond/ limestone

liquid mineral - e.g. petroleum

gaseous - e.g. natural gas

- Very often solid minerals are seen  as crystals

- A crystal is a solid object formed in nature with plane facets and edges and having a

definite internal atomic formation

- A  number of crystalline minerals are seen in rocks

- Some of these minerals seen in rocks are silicate, carbonate, haliote, oxide and

sulphate.

- Out of the minerals found in the crust of the earth 95% are silicate minerals

The Physical properties of minerals are

- colour

- brightness

- hardness

- crystalline shape

- joint planes

- specific gravity

- magnetic quality

The Minerals of Sri Lanka

- Though Sri Lanka is a small geographical region, she possesses a considerable amount

of mineral resources

- Most of these minerals are non-alloys

- Non-metallic minerals are - gems, ilmenite, rutile, zircon, mica. limestone, clay,

phosphate, silica

- The minerals of Sri Lanka can be classified into 3

1. Fuel minerals

2. Metallic (alloy) minerals

3. Industrial minerals

- Among the energy producing minerals of Sri Lanka, the main minerals are peat,

radioactive uranium and thorium
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- Peat is the primary state of coal.  Peat is a deposit that is formed when plants in

ponds, and marshes remain in a semi - decayed state for a long period.  For eg. the

peat deposit of Muthurajawela (the peat deposit in Sri Lanka has no economic value)

- Gems, mica, plumbago, limestone, clay, mineral sands, phosphate rocks, feldspar,

silica sand and ornamental rocks are the industrial minerals of Sri Lanka.

Soil formation and properties of soil

Soil can be simply defined as denuded remnants and organic substances which are formed by

the weathering of rocks.  After undergoing soil forming processes for a long period of time,

this soil is seen on the surface of the earth as a thin layer.  This soil layer is capable of making a

direct impact on the bio system of the earth.

Formation of soil

• The factors that influence the formation of soil

1. parent rock

2. climate

3. relief

4. organic system (soil organism/ natural vegetation)

5. time

The influence of each of the factors in soil formation has to be explained.

Parent rock - Influences the minerals, colour structure and composition of the soil.

Climate - Temperature and rainfall which are the main climatic elements influence

the formation of soil.  Soil temperature and soil moisture influence

disintegration of the parent rock and soil processes.

Relief - Topographical features in a region such as the nature of slope and the

lowlands influence the formation of soil.  The nature of the land influences

the erosional and depositional processes especially which in turn influences

the formation of soil.

Organic system - The influence of the action of soil organisms and the nature of natural

vegetation on the formation of soils is great.  The acceleration or slowing

down of soil formation depends on such factors.  A fertile soil profile is

formed within a very short period in environments where organic system

is active.

Time  - A certain period of time is required for the above - mentioned factors to

activate any process.  Hence the factor of time is significant in the

formation of soil.  Though a long period is required for the formation of

soils, soil generating processes only determine the length of that time.
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The main properties of soil

The diverse characteristics of soils can be studied under two headings such as physical properties

and chemical properties

• Physical properties of soil

- soil colour

- soil structure

- soil moisture

• Chemical properties of soil

- Acidity

- salinity

Soil colour - Soil colour is determined by the amount of organic substances,

the proportion of minerals and types, and chemical elements

and amounts,

- If the organic substances are abundant, soil is dark brown or

black in colour.

- If calcium, potassium and gypsum are abundant, the soil is grey

in colour.

Soil texture - The nature of soil particles determines the soil texture.

The proportion of sand, clay and silt determines the softness

or the rough nature in the texture.

Thus according to the diameter of the soil particles,

rough sand (pebbles) -   > 2 mm diameter

medium sand (rough sand) -   2 mm - 0.2 mm

soft sand -   0.2 mm - 0.02 mm

silt -   02 mm - 0.002 mm

clay -   < 0.002 mm

Soil structure - The soft sand, clay and silt get combined together to form soil

crumbs (particles).  Soil structure shows how soil particles are

combined together, soil moisture, air and organic action take

place on this structure.

Soil moisture - Soil water can be 3 types according to the manner water is

deposited in the soil

1.  Hydroscopic water

2.  Gravitational water

3.  Capillary water
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Hydroscopic water - This is the water that gives moisture to  the soil but which cannot

be absorbed by plants.  This moisture cannot be eliminated from

the soil easily.  It is said that even if the soil is dried, 100% of this

part of water will not be eliminated.

Gravitational water - This is the part of water that permeates downwards following

gravity.  This part of water gets collected as ground water.

Capillary water - Particles of capillary water is retained inside the fissures in the

soil.  Roots of plants absorb this water.

Chemical properties of soil

- acidity and salinity in soil

- The amounf of H+ (hydrogen ions) determines the acidity or salinity in soils.  The pH (pH

scale is used to measure this H+.  This scale extends to a range from 1.0 to 14.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
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Soil Profile

O

A

B

C

O - Generally this layer is thin.  Organic substances are abundant.  In the upper part

though there are new organic particles, below that are weathered organic

substances.

A - This is the main layer in the soil.  It contains decayed organic matter and such

substances are reduced with depth.  This layer is dark in nature with abundant

soil organisms.  Also contains weathered material of the parent rock.

B - W eathered parent rock material is distributed. Salts and different clay types

which permeates from the A horizon get deposited in this layer.  Mineral types

such as iron, aluminum are also seen in this layer.  The colour of the B horizon is

of a lighter colour than that of A.

C - Decaying parent rock material are seen.  It consists of disintegrated soil parts.

Ground water too is seen in this layer.  These are situations when the roots of

large trees are extended up to this layer.

Under this layer are found the parent rock which is not weathered.

decayed plant

material

A  horizon

B  horizon

C  horizon

unchanged

parent rock



30

Soil classification of Sri Lanka

It was Dr. Joachim in 1935 who did a study of the soil in Sri Lanka for the first time.  He

introduced 07  soil groups while in 1961, Dr. Panabokke presented a classification of soil

introducing 14 soil groups.  It is this classification that is accepted now.

The Great Soil Groups of Sri Lanka

• The soil types in the W et Zone

1. Reddish brown Latasols

2. Reddish yellow Podzols

3. Meadow Podzolic soil

4. Bog and half bog soil

• The soil types in the Dry Zone

1. Red brown earths

2. Non-Caleric Brown soil

3. Red yellow Latazols

4. Grummusols

5. Immature brown loamy soil

6. Solidized Solonetz

• The soil types found in both wet zone and dry zone

1. Low Humic soils of low drainage

2. Alluvial soil

3. Regosols
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The Distribution of Great Soil groups of Sri Lanka

Source:  The conservation of Bio Diversity in Sri Lanka, (1999),

The Ministry of  Forest Resources and Environment
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It is adequate to explain only the 3 Great Soil Groups here.

1. Red and yellow Podzolic soil - limited to the wet zone.

2. Red brown soil - limited to the dry zone

3. Alluvial soil - common to both the wet and dry zones

Red and Yellow Podzolic Soil

- This is the most abundant soil type in the wet zone of Sri Lanka.

- It is a well-drained deep soil.

- Since this is a region rich in natural vegetation, the thickness of the soil horizon is great.

- The Kabook soil of the wet zone also come under this soil type.

- The soil type is distributed in the Districts of Ratnapura, Badulla, Nuwara Eliya,

Kandy, Matale, Galle and Matara.

- In the regions where this soil type is found, tea is cultivated in upper elevations, rubber

in medium heights and coconut in flat lands.

Red Brown Soil

- This is the most abundant soil type in the dry zone of  Sri Lanka.

- The A horizon of this soil group is of a dark brown colour while the B horizon is well -

drained.

- In this soil are found minerals such as quartz, mica and limonite.

- Mixed evergreen and mixed deciduous forests are seen in relation to this soil.

- This soil type is mostly distributed in the Districts of Anuradhapura, Polonnaruwa,

Trincomalee, Moneragala and Vavuniya.

- In these areas, vegetables, grains and other crops such as cane and tobacco are

grown using irrigated water.

Alluvial Soil

- Distributed along coastal areas and low river valleys.

- This soil consists of silt, sand and organic matter which is not weathered.

- Mostly used for cultivation of paddy.
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Learning-Teaching Activities

Activity

Presenting facts by a group assignment after doing a practical study of the rocks, minerals and

soil in one’s environment.

- Group students as suited provide the activity shown below.

1. Group I - Preparation of soil sample classified according to soil

texture and presenting it.

2. Group II - Naming a sample of a mineral found in one’s place and

presenting it.

3. Group III - Identifying a few main rock types and presenting

samples with names.

- Since this is an activity to be done in the field, give about one week.

- Do not spend school time for this field work.

- Help the students to sort out the material found in the field and classify them.

- Consider that teacher mediation is very important in presenting group work and

reviewing them.

- Evaluate the students based on criteria relevant to learning outcomes.
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Competency - 3

While enquiring about the processes in the physical landscape acts in

an environmentally sensitive manner

Competency Levels : 3.1 States with examples the Endogenic forces that influence

the process of landforms

(14 periods)

3.2 States with examples the Exogenic forces that influence

the process of landforms

(20 periods)

Learning Outcomes : • Identifying the exogenic and endogenic actions separately

and names them.

• Tabulates the landforms that are created by exogenic

and endogenic forces.

• Marks and names on a map of the world the geo tectonic

plates given in the theory of plate tectonics.

• Draws the landforms created by endogenic and exogenic

forces (three dimensional and two dimensional)

• Explains with the aid of diagrams how various landforms

are formed.

• Marks and names on a map of Sri Lanka the Districts

where landslides occur frequently.

• Discusses what man can do to minimize the hazards of

landslides (from newspapers, magazines and internet)

Introduction

Many landform features could be seen on the surface of the earth.  Some of them are continents,

oceans, plateaus, mountains, valleys, sanddunes, as well as volcanoes.  These features are created

by exogenic and endogenic forces.

Diverse landforms in the physical environment are classified according to their magnitude as

landforms of the first order, second order and third order of magnitude.  Landforms created by

endogenic forces such as continents, landmasses, ocean basins, shields (plateaus), and mountains

are being transformed by the action of exogenic forces such as running water, wind, glaciers and

waves.

The above landform factors have been acting from ancient times.  Even now they could be seen

in the field in their actual form.
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The aim of this unit is to study the landform features on the earth and how they are created and

how those processes influence the human activities.

A guideline to clarify subject content

There are two forces which create various landforms seen on the earth.

- Endogenic forces (act in the interior of earth)

- Exogenic forces (act outside the earth’s crust)

There are a number of endogenic forces

- Plate tectonic action and earthquakes

- Vulcanicity

- Earth movements

The effects of exogenic forces are called gradation.  Gradation means both the wastage of

earth surface as well as deposition.  Gradation too works in 2 ways

- degradation

- aggradation

The levelling down of the land surface by some processes is called degradation while aggradation

is the development of land surface by some forces.

Degradation includes weathering, landslides and erosion (includes transportation too).

There are a few exogenic forces (denudation factors) as

- running water

- wind

- glaciers

- waves

- landslides
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Geomorphic Process
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Geological Time Scale

- Geomorphic process can be divided into two as endogenic forces and exogenic forces

while the original landscape has been carved out by endogenic forces.

- During certain geological eras landforms of large scale were formed while in the present

day the relative importance of endogenic forces has been limited to smaller regions of the

earth.

- The study of the geological time scale enables the study of geomorphic process.

- The whole geological history is divided into 5 Eras.

1. Pre-Cambrian or Archaen Era

2. Paleozoic or Primary Eta

3. Mesozoic or Secondary Era

4. Cainozoic or Tertiary Era

5. Pleistocene or Modern Era

- The above geological history is subdivided into periods and ages.

- The interval between each of these periods is not the same.

- The Table below shows each of the Eras and periods that followed.

Era Period       Millions of

       years ago

Quarternary Holocene (modern)

Pleistocene (Ice age)

Tertiary or Cainozoic Pleiocene - Miocene)

(Alpine, folding

Oligocene - Eocene 70

Secondary or Mesozoic Creataceous 135

Jurassic 180

Triassic 225

Primary or Permian - Hercynian folding 270

Paleozoic Carbonacious - glaciation 350

Devonian - Caledonian folding 400

Silurian 440

Ordovician 500

Cambrian 600

Pre-Cambrian or Archaen Charnian folding

(mountain building) 3500
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Introducing landforms according to magnitude

Just as on continental masses, there are mountain systems and minor relief features in the

depth of the ocean.

1. Landforms of the First order of magnitude

2. Landforms of the Second order of magnitude

3. Landforms of the Third order of magnitude

Landforms of the First order of magnitude

This includes continental masses and ocean basins.

Landforms of the second order of magnitude

This includes shield areas (plateaus) of continental masses and large scale mountain ranges.

Examples of shields are Greenland, Lauration (Canadian) Guiana shield and Brazilian shield.

Pyranees, Himalayan mountain systems, Rockies and Andes mountains belong to landforms

of the second order.

In the ocean basins too there are landforms of the second order of magnitude.

1. Continental slope

2. Basin bottom

3. Mid-ocean ranges

Landforms of the third order of magnitude

Small items of the landforms of the second order are landforms of the third order.

Running water, wind, glaciers or waves carve out landforms of the third order.
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Theory of Continental Drift

- Ocean basins and continents are landforms of the first order of magnitude.  The theory of

Continental Drift has been presented to explain their present distribution.

- A Snider, an American in 1858, F.B. Taylor in 1910, and in 1915 Alfred W egner have

put forward facts to explain the present distribution of continents and oceans.

- According to Alfred W egner, all the continents formed one major continent named by

him as “Pangea”.  This Pangea was separated by the “Tethys sea”.  It comprised the

Gondwanaland and the Angaraland.

- According to W egner the continental masses of the Northern Hemisphere belong to the

Angaraland block while the continental masses of South America, India, Australia,

Antarctica belong to Gondwanaland.

- The greatest shortcoming in W egener’s theory is his inability to clearly explain the force

which effected the Pangea to be broken into parts and drift apart.

- Yet he had presented numerous factors to prove that the continents existed as they are

now in one block but later they broke and separated in the drift.

- Later in 1960’s, evidences were presented regarding the distribution of ocean bottoms

which made it easy to drop the above-mentioned shortcomings.

At a later date the theory of plate tectonics was presented to show the distribution of continental

masses as seen today.
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Plate Tectonic Process

The lithosphere of the earth is composed of seven major Plates and a number of minor plates.

The basic core of the plate tectonics process is that due to the revolution of the earth and

convectional currents, these plates are pushing very slowly towards in various directions along

the Mohorovicic discontinuity plane.  The major Plates are

- Pacific Plate (the main ocean plate)

- Indian Plate (Indo-Australian plate_

- Philippine Plate

- North American Plate

- South American Plate

- Nasca Plate (Nasa)

- Eurasian Plate (a land plate)

- African Plate

- Arab Plate

The map showing the Major Plates and Minor Plates

Major Plates identified are The Pacific Plate,

the Indian Plate and the Philippine Plates

divergent convergent evolving absolute

boundary boundary boundary speed of

movement

(mma4)
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Volcanic activity and earthquakes occur at these plate boundaries.  There are 3 such plate

boundaries.

- divergent plate margins (creative boundary)

- convergent plate margins (destructive boundary)

- Transverse plate margins

Plate boundary types

A few geomorphologic features can be identified along plate margins.  Large changes occur on

the earths’ surface due to the movement of plates.  The Table below shows plate margins and the

landforms in relation to them.

Types of Plate Margins and the features along them

 Plate Stress Oceanic Oceanic continental, Continental

 margin type Lithosphere lithosphere Lithosphere

 Divergent   Tensional Mid-oceanic ridge valleys/

Volcanic action volcanoes

 Convergent   Compressional Oceanic deeps Oceanic deeps mountain

Volcanoes, continental ranges,

Islands mountains limited

arches and volcanoes volcanic

activity

 Transforming   Shear mountain ranges fault

and valleys similar zones

to mountain axis no volcanoes

M.A. Summerfield - 1999

Destructive boundary

Transitional fault

Destructive boundaryCreative boundary

Plate

Subsidence

of a Plate

New plate

material

Plate

Plate

Subsidence

of a Plate
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- There are occasions when the naked eye can see how the Plates (above - mentioned)

actively move.  Then, pieces of rocks falling could be seen at plate margins.

- In creative zones where two plates diverge it is seen how the new lithosphere is forming.

Here, basalt comes to the surface from the upper part of the earth mantle and allows the

formation of a new ocean bottom while flowing to both sides.  This fact has been established

by explorations in the ocean depth.

- For example Mid-Atlantic ridge

Indian ocean slope

Carlsberg ridge

- At the convergent plate margins when one plate subsides into another plate, a plate ridge

is created. Shown below is a diagram which shows how a Plate ridge is formed.

Formation of fold mountains at the convergent  - plate margins

A -  formation of a geosyncline with the bending of

       lithosphere downwards

BC-Creation of fold mountains when two

       continental plates converge

Source: Environmental Geography, Educational Publications Department

A

mantle

EastWest

Lithosphere in movement

mantle

mantle
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Earthquakes

- An earthquake is a sudden movement or tremor (shaking) on the earth’s surface due to

the sudden release of accumulated energy in the interior of the earth.

- The energy released flow on the earth’s surface or through the earth’s interior as primary

(P) waves, secondary (S) waves and crustal (L) waves.

- The place at which the earthquake occurs inside the earth is known as the earthquake

focus and the point just above it on the earth’s surface is called the epicentre.

- Richter scale is a method discovered by Charles F. Richter, in 1936 to measure the

magnitude of an earthquake.

The scale is used to measure the energy released from the place where the earthquake

occurred.

How the earthquake waves travel
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Distribution of earthquakes and their impact

- Many earthquakes occur in the destructive plate margins of the Pacific region and in

other plate margins.

- As a result of an earthquake human life, property will be destroyed immensely.

Earth Movements

- These are movements that occur in the earth’s crust due to energy released by the

convectional currents, geo-thermal radioactive minerals found in the interior of the earth.

These earth movements are of 2 types.

1. Horizontal movements (mountain building)

2. Vertical movements (continental building)

Horizontal movements too are of 2 types

1. Compressional movements

2. Tensional movements

Vertical movements cause folding and faulting - There are a few types of folds

• symmetrical fold

• asymmetrical fold

• isoclinal fold

• recumbent fold

• monoclinal fold

• syncline

• anticline

• synclinorium

• anticlinorcium

• thrust fold

Anticline is also known as anticlinorium, a syncline is also known as synclinorium

By tension By compression

fault

fault removed by erosion
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- Compressional movements create not only fold mountains but also faults for e.g.

reversed fault.

- Tensional movements also cause faults.  A few such faults are-

normal fault

thrust fault

reversed fault

horst

rift valley

block faulting

step faulting

Vulcanism

- Vulcanisity means not only formation of volcanoes and eruptions.  Every process involved

in the flow of molten material in the interior of the earth to the surface of the earth and the

action that follows are included under volcanic action.  Volcanic cones, volcanoes as

well as other features as dykes, sills that are formed in the interior of the earth are the

results of volcanic action.  Accordingly, the features of vulcanicity are of two types as

extrusive and intrusive.

- Intrusive vulcanicity

- Extrusive vulcanicity (volcanic process)

Intrusive volcanic action

Intrusive vulcanicity is formation of landforms through the deposition of lava in the interior

of the earth.  There are a few such features

- dykes

- sills

- lacolyths

- lopolyths

- pharcolyths

When the rock particles on the earths’ surface are denuded, the landform features of intrusive

vulcanicity could be seen.

Extrusive vulcanism (Volcanic action)

- The features formed by the eruption of volcanoes or action of volcanoes is known as

extrusive volcanic action.  A volcano is defined in this manner  - An earth surface which

emits liquefied or hot molten rocks with smoke is called a fissure.  This surface may be a

slope or a mountain built up of material that is exploded.  Such a hill may be totally or

partly conical in shape.  Very often there is a depression on the crest of that hill.
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Hawaian type

Vulcanian type

Plean type

Strombolian type

Vesuviah

type

Plinian type

- According to the chemical composition of the magma that flows from the interior of the

earth, the nature of the volcano that is created on the surface of the earth, differs.

- There are two main minerals found in magma,

-   silica

-   iron

- If the silica content in magma is below 50% and if the iron percentage is more, this

magma is in liquid form.  They are called basic lava.  Such a volcano is not very high.

- If the silica content in magma is more than 50% and if the iron percentage is less, this

magma is in solid form.  They are acidic lava.  Such volcanoes are higher.

- There are 3 types of volcanoes based on their activity.

Extinct/ volcanoes - They were active once but not now.

Dormant volcanoes - At present they are still but may explode in future.

Active volcanoes - The volcanoes that are emitting lava and smoke.

- According to the nature of volcanic eruptions there are a few types.

Hawaian type

Strombolian type

Vesuvian type

Vulcanian type

Plinian type

Plean type

Types of volcanoes

- There are a few extensive volcanic features

- lava cones

- composite cones

- caldera

- lava plateaus

- lava hollows

- lava plug
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Distribution of volcanic zones in the world

1. Circum - Pacific zone (Fiery Ring of the Pacific) the western and eastern margins of the

Pacific Ocean

2. Mediterranean sea (Sicily, Italy, Greece, Asia Minor)

3. The region along the Mid-Atlantic Ridge which stretches in a north - south direction

(Janmeyen Island in the north to Suretsi Island in the south)

The map of the distribution of volcanoes

Source: Waugh David (1995), Geography An Integrated Approach

Geysers and Hot water Springs

- In regions where extrusive vulcanism is taking place, geysers and hot water springs can

be seen.  However all the hot water springs have not originated in lava regions where

vulcanism is active.

- In almost every country hot water springs could be seen.

- Since temperature increases with the depth of the earth, water is super heated at depths.

If a spring originates in proximity to magma or volcanoes, water gets heated more.  When

that water reaches the surface of the earth as an ejection it is known as a hot water

spring.

- When all the water within the geyser pipe like channel gets heated steam is collected.

When a considerable amount of steam is collected, water flows out as a result.
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Old Shakepool Geyser of the Yellowstone National Park in USA.

Exogenic Processes

- The geomorphic process that occurs outside the earth’s crust is called exogenic process.

- There are a number of processes that combine in carving out landforms.  The most

important ones are weathering, slopes, action of running water, action of waves, and

glaciers.

- Both gradation and degradation occur by the processes of running water, ground water,

waves, ocean currents, wind, glaciers.

- There are a few forms of landslides or (mass degeneration)

1.  soil creep 2.  sliding 3.  mudflow

4.  rock fall 5.  talus fall

Action of running water

- Running water is expressed by the terms river, a stream, an oya, channel

- If a line is drawn to the direction of water flow joining the points of origin of all the water

that drains through the surface, water basin is the land area on a side of the drainage

(catchment area).  It is shown by the figure below.



49

Area of Mahaweli Basin
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River Action

- The origin of a river may be from a spring, a lake, water from a glacier or from an area

which receives heavy rainfall.

- A river which has originated as stated above performs three functions.

1.  erosion 2.  transportation 3.  deposition

- A river performs the function of erosion up to the base-level. Erosion depends on a few

factors

1.  natural slope 2.  geological structure

3.  the nature of eroded material

- Erosion means wearing action of the earth’s surface.

- River erosion has three actions

1.  corrosion 2.  abrasion 3.  hydraulic action

- Transportation is carrying the load of a river to another place.

- Transportation is effected in a  few ways

1.   suspension 2.  saltation 3.  sliding 4.  solution

- Deposition is putting down the load of a river in the river channel or in another place.  It

is due to the lowering of the velocity of flow of rivers.

Topographical Features of running water

- The long profile of a river from the origin to the end is of three parts

1. Stage of youth (the upper or hilly part of the river)

2. Stage of maturity (the middle or valley)

3. Stage of old age (lower or the plain)

The long and cross profiles of a river from its origin up to the mouth

1. Upper
erosion

2. Middle
Transpo-
rtation

3. Lower
Deposi-
tion

V shaped
valley

the
developed
valley

river
widening
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- A few topographical features seen in the stage of youth

1. Deep narrow valleys (V shaped)

2. Pot holes

3. Truncated spurs

4. W ater falls

5. River capture

Pot holes     V  shaped valley and truncated spurs

- Topographical features seen in the mature stage

1. meanders

2. river cliffs

3. wide valleys

- A few features are seen in old age

1.  flood plain 4.  levees

2.   ox-bow lakes 5.  delta

3.  alluvial fans 6.  braided stream

Formation of levees in the flood plain

Braided River

pot holes

river bed

spur

river

spur

oxbow lake
formation

of braids

flood plain

flood plain

levees
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Underground water and the Features

- Underground water is the water that is retained in the joints and crevices of rocks and

soils when a considerable part of the water that falls as rainfall or snow is soaked into the

ground.

- In the process of weathering and mass movements, this underground water performs a

great function.

- Underground water is important as the store-house of water in the earth.

- Underground water flows on the surface of the earth in the form of springs and geysers.

- Aquifer is the permeable rock strata situated just above the impermeable rock strata in

the interior of the earth which retains water.

- Saturated level is the surface water table and the depth of the water table changes from

place to place.

Water zones inside the land

- For human needs, this ground water too is drawn above as tube wells.

- W ell water is the water obtained by digging the earth up to the permanent water level.

- The water that is stored in the joints, cracks and fissures in the crystalline rocks is pumped

through tube wells.

- When a permeable layer is sandwiched between two impermeable layers, and the

arrangement being bent into a downfold or syncline which forms a special topographical

feature which retains water.  It is through artesian wells that this water is drawn up.

- There are artesian wells in W ellawaya in Sri Lanka, Australia and U.S.A.

zone which is

not saturated

zone that gets

saturated

intermittently

p e r m a n e n t

saturated zone

lake

river
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An artesian well

Source: Aquifers, aquicludes and their relationship to the water table and wells

Landforms created by underground circulation of water (limestone landscape/ Karst

landscape)

- Landforms are carved out in surface circulation of water as well as by underground

water circulation.

- In underground circulation of water landforms are created when various stages of

weathering such as disintegration, oxidization, carbonation and hydration are activated.

- Underground water acts as an agent of solution as well as an agent of deposition.  This

action of underground water can be clearly seen in limestone regions.  Such landscape

regions are known as limestone landscape regions.  There are 2 areas where such

landforms could be seen.

1. Yukatan peninsular in Central America.

2.  Karst region in Yugoslavia

- In various regions limestones are formed organically and by chemical precipitates.

- In the Central Hill Country of Sri Lanka calcareous (organic) limestone strata can be

seen.  These were formed by shells or skeletons of marine organisms and later the land

was uplifted.

- Limestones are formed by the evaporation of ocean water.  When ocean water consisting

of chemical substances such as calcium carbonate, magnesium  sulphate and sodium

chloride precipitate due to evaporation, limestones are formed.  Limestone regions thus

formed can be seen in various regions of the world.

- There are limestone regions stretching for a number of kilometres and a few metres in

depth.
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- In the Karst Region of Yugoslavia the limestone area is spread over a region of 640

kilometres in length and 100 km in width.  Such limestones are formed in Jaffna area in

Sri Lanka.

- The topographical features shown below are formed by the flow of water through joints

and fissures in the limestone strata formed in the above manner.

• grikes

• swallow holes

• dolines

• uvala

• polje

• limestone caves

• stalactites

• stalagmites

• columns

Topographical features in a limestone region

Limestone landscape

clay plain

dry

valley

limestone

platform

sand

hi l l s

l imestone

canyon

disappeared

caves

internal

caverns

uvala

soluton sinkhole

swallow
holes

shott stalactites

stalagmites

integrated water channel

Present
water table

cave
entrance

collapsed
s inkho le
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Action of wind and the topographical features (Desert topographical features)

- In arid areas (in deserts) wind as an agent of erosion carves out topographical

features.

- Apart from wind, topographical features are formed by the rainfall received for a short

period in the arid regions.

- The formation of features in arid regions is the result of three processes

1. Erosion 2.     Transportation 3.     Deposition

Erosion is carried out in three ways

1. deflection 2.     abrasion 3.     corrosion

- Parts of rocks which have been broken down on the land are carried by the wind and

when rolled against the surface it is called deflection.

- The load that is being carried out will rub against the rocks.  This is abrasion.  Due to

friction rock plane is scraped off which is called abrasion.

- Corrosion is the erosion that is caused by the clashing of the load with the rock masses

on its path.

- Deposition means putting down the load carried out by the wind in various places.

- Landforms carved out by erosion in arid areas:-

• Inselberg

• yardang

• zeugens

• deflected basins

• ventifact

• dreikanter

Zeugens            Yardang

Inselbergs

W
in

d

 d
ir

ectio
n

trough
yarding

hard rocks soft rocks

(a) soft rock bands are corroded by wind to form trough

(b) yardangs are formed by the under cutting of hard rocks

(a)     (b)

abrasion
by wind

An inselberg with

the round top

An inselberg with

a flat crest

convex slope

Inselberg landscapeStages in the formation of zengens

z e u g e n

wind abrasion

causes weathering

soft rocks

troughs are widened and zeugens are

lower of by wind abrasion

joints are enlarged by
weathering

ridges like

zeugens are

formed in

hard rocks

troughs are
formed in soft
rocks due to
wind erosion

joints enlarged by frost

and temperature
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-  Landforms of deposition in arid regions

• sanddunes

• barkhan or crescent - shaped sanddunes

• seif (longitudinal sand dunes)

•  loess deposits

Formation of barkhans or crescent - shaped sand dunes

- The fine dust blown from the desert and deposited far away in neighbouring lands is

called loess.  It is a yellowish fertile dust.  Since water is quickly absorbed, the surface is

dry.

Topographic features formed by water in deserts

Very seldom deserts get a quick downpour of rain which changes the whole landscape.  Since

soil is exposed, all the material on the surface soil is drained away by the rain water.  The rock

pieces, pebbles and sand that slide down from the top of hilly areas are brought down to lower

land.  Due to high evaporation water is quickly evaporated.  Then the topographical features

given below are formed.

• wadi

• gullys

• alluvial fans

• streams

• bahadas

• playa lakes

• pediments

       Landscape of wadi and gullys

A group of
barkhans

wind

sand dunes

wind
wind

windward
side

a number

of km

dunes

gentle slope
      in wind

shadow

a cross section of
a barkhan

whirl
pool

dunes
wind

sand

wadi gul lys

alluvial
fans

stream

rough rock
surface in
wadi

alluvial plain
bottom
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- There are 2 types of deserts based on climate

cold deserts - Gobi, Atacama

hot deserts - Sahara, Thar, Arizona

- There are a few types of deserts based on nature of rocks

• sandy deserts

• stony deserts

• rocky sheet deserts

Coastal Features

Since the coastline is eternally subjected to the action of waves, tides and ocean currents, the

features formed by these agents are called coastal topographical features.

Coast is the strip of land where the sea and the land meet.  The coast can be divided into a few

parts -

1. Back shore

2. Near shore

3. Fore shore

4. Off shore

Coastal Erosion Process

W aves, currents and tides are the main agents of coastal erosion.  W aves generated by wind

travel from the deep sea area to the coast and strike it.  It is called foreward strike.  It strikes the

shore and goes back in great speed.  It is called back strike.

W aves are of two types - Creative waves and destructive waves.

Wave action consists of three functions.

1. Erosion

2. Transportation

3. Deposition

Wave erosion also occurs under three processes

1. Solution

2. Friction

3. Abrasion
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s e a

s e a

hanging
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headland

headland

waves

waves

headland
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arch

headland
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cave
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The topographical features generated by wave erosion

- headland

- bay

- cliff

- wave - cut platform

- caves

- arches

- sea stacks

- hummana (spouting horn)

Formation of cliffs Stage in development of Creation of  Bays and

Arches and sea stacks blow holes

Transportation by waves

The different types of materials carried by waves is called the load.  This load consists of sand,

mud and shingle.

Features produced by water

- beach

- sandbar

- headlands/spits

- mudsheets

- tombolo

- sand hill

Coral Reefs as a Coastal feature

- A coral reef is a combination of a large number of living organisms.

- It is an eco-system with equilibrium based on the factors of plants and animals.

- The coral forming organism lives in water

cavecave
develops

indent

blow hole

Deepening cliff formed
by hard rocks

blow hole
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- It takes animal plankton as food

- Coral reefs are mostly distributed in oceanic areas and seas in the tropics.

- Coral reef is a more fertile eco-system than the Tropical rain forest.

- Coral polyps (organisms) breed in two ways.  One method is spawning (laying eggs) into

the water.  The other method is as in an orchid plant where from any part of its body a

sprout may come up bearing life.

The physical factors required for the formation of corals

- The water should be at a temperature range of 200C-300C.  If  there is a sudden change

in the temperature for about 20C to 30C, the coral reef may be destroyed.

- The range of salinity should remain unchanged between 30%-35%.

- It is necessary that it should be stable.

- Sunlight should penetrate to the sea bottom and the water should be clear.

- A stable sea bottom is suitable for coral.

The different types of coral reefs

- If it is situated closer to the coastline it is a fringing reef.

- The barrier reef is situated parallel to the coast but a little far from the coast.

A good example is the great Barrier Reef of Australia.

- When a volcanic island subsides a coral reef will remain around it in the form of a ring.

Also when the volcanic island remain stable while the sea level goes down and the growing

coral reef is uplifted.  Atolls are formed by both these methods.

Regions where coral reefs are abundant in the world.

Source:  Lean Geoffrey, Hinrihsen Don (1990), Atlas of the Environment
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Glacial Action and the landforms associated with it

Formation of topographical features by the action of moving ice (glacier)

- A glacier is a large layer of ice.  Topographical features associated with the erosion of the

earth’s crust by moving glaciers and also the features formed by deposition of eroded

material are known as features associated with glaciers.

- In areas of low temperature (below -320C) snow forms in large masses. The crevices in

these ice layers move slowly along diverse directions (a few centimetres per day)

- At present about 10% of the earth’s crust is covered by glaciers.

- Glaciers are formed in 2 ways.

1. Continental glaciers (sheet glaciation)

2. Mountain glaciers (alpine glaciation)

- The ice masses formed near the poles in the earth are polar glaciers.

- Glaciers are largely distributed in the Arctic and Antarctic regions.

- The average thickness of these is about 2300 metres while in some parts the thickness is

about 4 kilometres.

- The other areas where glaciers are distributed are Greenland, Iceland, Siberia, Alaska

and Victoria Island in  the Northern hemisphere.

- In the geological history of the earth 2 epochs are mentioned which are called Ice ages.

They took place during the Carboniferous and Pleistocene epochs.

- During the Pleistocene period, out of the glaciers that formed, those formed a zone

above 400 north latitude, thawed in about 10,000 years ago.  As a result topographical

features associated with the Five great Lakes, Great Salt Lake, Manitoba Lake, Ladoga

Lake, Baltic Sea and Bay of Finland were formed.
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- In the formation of glacial features glacial action too is threefold.

• erosion

• transportation

• deposition

Erosion is done in 3 ways

• plucking

• sweeping

• abrasion

In the mountain crests where ice sheets are abundant, water flows into the rock joints and crevices

and turn into ice which thaws during summer.  This process goes on and on for a long time

resulting in disintegration of rocks which is called plucking.

When a glacier moves down the slope and erodes the rocks in the valleys, it is called scraping.

When a glacier  moves over an area of hard rock, it cannot be eroded.  Here the rock surface is

scraped and polished which is called abrasion.

- Valley glaciers are ice sheets formed on high mountainous areas on the earth.

These are formed in areas over 6000 metres in height in the earth.

These glaciers move down the valleys in the mountains and through gravity come down

to the lower slopes.  Hence these are known as valley glaciers.

In mountainous areas on Alps, Atlas, Rockies, Andes, Himalayas, Pyranees and Kilimanjaro,

glaciers are spread over a length of hundreds of metres thick.

 How glaciers move to

lower valleys from

upper mountainous areas.           Landscape after glaciation          An area under glaciation

u-shaped

valleys
cirques

pyramidal
peaks hanging

valleys

the path of
the glacier

pyramidal
peaks cirques
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Erosional Features of mountain glaciers

- Cirque/ ewms/  corries

- Tarn/ mountain lakes

- aretes

- pyramidal peaks

- horn snout

- U-shaped valleys

- Hanging valleys

- Rochemoutennees

Depositional features of mountain glaciers

- moraines

- lateral moraines

- medial moraines

- terminal moraines

Features of continental glacial erosion

- crag and tail

- nunatak

- fiord coast

- erratics

A tarn

Landscape of an arete pyramidal

peaks and horn snout

Formation of

U-shaped valleys

Formation of a Rockies mountennce

a - gentle slope subject to glaciation

b - shadow of the fall of glacier

arete

cirque  pyramidal

peaks
hanging

val ley
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Features of continental glacial deposition

- drumlins

- eskers

- kames

kames terminal moraine drumlin

The economic value of glacial landscape

- Fertile lowlands of economic value are born out  of glaciation

Eg. 1.  The fertile land in W est Anglia in Great Britain

2.  The wheat, rye, barley, and oat cultivated lands of North and South Europe.

- Using glaciated regions for tourism.  W ater falls and U-shaped valleys are attractive

places for tourists.

- Tourists arrive to enjoy the glaciated landscape as well as to do skiing.

- The water falls that cascade  from the U-shaped valleys are utilized for hydro-power.

Egs. Norway, Sweden, Canada, Switzerland have generated water power using

waterfalls.

- The lakes and rivers formed by erosion due to movement of glaciers are utilized for

transport.

for eg.  The five Great lakes of North America, St-Lawrence River in Canada.

- Shipbuilding associated with estuaries formed by glaciation.


