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What is geography? Eouvtin qu\f‘%{ov\]
\ 4 e .
It is made up of various physical features|= MM\?-HM O{)-M.Ew«-h

tr\)re variations in | 0cna| and cultural feature too.
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We can say, The physical environment has provided the stage, on which human
societies enacted the drama of their creative skills with the tools and techniques
which they invented and evolved in the process of their cultural development.

A4

In very simple words, it can be said that geography is the description of the
earth as a abode of human beings.

The term geography was first coined by Eratosthenes.
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Greek word Geo (Earth) + Graphos (Description)
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Introduction

Geography and its relation with other discipline{=7

A 4

U Sugees

Reality is always multifaceted and the ‘earth’ is also multi-dimensional.

Many disciplines from

natural sciences

\ 4

such as

oeology, pedology, oceanography,

botany, zoology and meteorology and a number of sister disciplines in social sciences
such as economics, history, sociology, political science, anthropology, etc. study
different aspects of the earth’s surface.

LIJETITE ) Different from other sciences in its subject matter and methodology
but at the same time it is closely related to other disciplines.

Next \\

Toppersll



L Lgg

SERIES

Introduction

The geographical phenomena (Physical and Human)

A 4

Not static but highly dynamic.

Understand with the help of primitiye society and present societies.
o @ &

Primitive human society

¢ Directly dependent on their
Immediate environment.

e Geography, thus, is concerned
with the study of Nature and
Human interactions as an
integrated whole.

Present human

e Has passed the stage
societies.

society

of primitive

e Present societies have} modified|their
natural environment by inventing

and psing technology

and thus, have

expanded the horizon

of their

operation by appropri

ating and

utilising the resources provided by

nature.
¢ Role of technology.
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Introduction

Geography as a discipline is concerned with three sets of questions:

\ 4
) ) I} (’
What? Where? [B\Ihv?-) :
\ 4 A 4 A\ 4
@ome questions are related to the Some questions are related to the The third question is related to the
identification of the patterns of distribution of the natural and Explanation or the causal
natural and cultural features as found human/ cultural features over the relationships between features and
over the surface of the eartﬂ surface of the earth. the processes and phenomena‘.}
¢ These questions provided inventorised information of what &

features and where located.

e These two questions did not make geography a scientific
discipline till the third question was added.
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Relation Between
Physical Geography & Natural Sciences

e Traditional physical geography is linked with geology, meteorology, hydrology and
pedology (soil=pedos).

e Geomorphology, climatology, oceanography and soil geography respectively have
very close links with the natural sciences as they derive their data from these
sciences.

e Bio-Geography is closely related to botany, zoology as well as ecology as human
beings are located in different locational niches.

e The problem of converting geoids into 2-D can be tackled by projections constructed
graphically or mathematically.
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Geography and Social Sciences

T

Every discipline has a philosophy which is raison d’etre (most important
purpose: French) for the discipline. All natural and Social sciences have a
strong interface with Geography, and all subjects have spatial aspects

4 attached to them.

e —

Next \‘

Toppersll



Next +
TopperSIl

BACKLOG
riapaTHon
(il L | BRowchey a4 Leodtalry

Approaches to Study Geography &

There are mainly two types of approaches to study Geography:

e Systematic Approach: This|approach is the same as that of general geography, It was
introduced by|Alexander Von Humboldt [German 1769-1859). A phenomenon studied
over the world as a whole, and then identification of topologies or[spatial patterns|etc.

e Regional Approachi Karl Ritter| (German 1779-1859}: According to the regional
approach, the@)rld IS divided into regions at different hierarchical levels and then all
geographical phenomena in a particular region are studied. These may be natural,
political or designated regions. The phenomena in a region are studied in a holistic
manner - searching for unifying factors.
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Approaches to Study Geography

Dualism is the main characteristic of geography. Depends the aspect emphasised in the study.
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Branches of Geography
(Based on Systematic Approach)

The major approaches to study geography have been @ N_‘fﬁg"*w

The systematic geography approach is the same as that of general
l. Systematic approach geography. This approach was introduced by Alexander Von
Humboldt, a German geographer (1769-1859).

Regional geography approach was developed by another
Il. Regional approach German geographer and a contemporary of Humboldt,
Karl Ritter (1779-1859).

Differences? Explain?
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Branches of Geography
(Based on Systematic Approach)

Systematic approach

\ 4

A phenomenon is studied world over as a whole, and then the
identification of typologies or spatial patterns is done.

\ 4

Studying natural vegetation

\ 4

The study will be done at the world level as a first step. The typologies such as AISXanaer lon Humbolak

equatorial rain forests or softwood conical forests or monsoon forests, etc. will be
identified, discussed and delimited.
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Branches of Geography
(Based on Systematic Approach)

Regional approach

\ 4

The world is divided into regions at different hierarchical
levels and then all the geographical phenomena in a
particular region are studied.

\ 4

These regions may be natural, political or designated region.
The phenomena in a region are studied in a holistic manner
searching for unity in diversity
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Branches of Geography
(Based on Systematic Approach)

e Physical Geography: Includes the study of the lithosphere, Atmosphere,
Hydrosphere and Biosphere.

e Leomorphology: devoted to the study of landforms, their evolution and related
Processes.

e (Climatology: Study of the Structure of the atmosphere and elements of weather and
climates and climatic types and regions

e Hydrology: Study the Realm of water over the surface of the earth including oceans,
lakes, rivers and other water bodies and its effect on different life forms including
human life and their activities.

e Soil Geography: a study of the process of soil formation, soil types, their fertility
status, distribution and use.
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Branches of Geography
(Based on Systematic Approach)

e Human Geography: Social/Cultural geography: It is thestudy of|society and its spatial
dynamics as well as cultural elements contributed by society.

e Population and Settlement Geography:|itstudies population growth, distribution, density, sex
ratio, migration, occupational structure etc,)Settlement geography studies the characteristics

of rural and urban settlements. i W‘)ﬁm\%ﬁj

e Economic Geography: Studies economic activities of the people indulging agriculture, industry,
tourism, trade, transport, infrastructure and services etc.

e Historical Geography: studies the historical processes through which the space gets
organised. Every region has undergone some historical experiences before attaining its
present-day status. The geographical features also experience temporal changes and these
form the concerns of historical geography.




SERIES

Branches of Geography
(Based on Systematic Approach)

e Political Geography: looks at the space from the angle of political events and studies
boundaries, space relations between neighbouring political units, delimitation of
constituencies, and election scenarios and develops a theoretical framework to understand
the political behaviour of the population.
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Branches of Geography
(Based on Systematic Approach) s,

o Biogeography: It isan interface between|physical and human geography.

e Plant Geography: studies the spatial pattern of natural vegetation in their habitat.

e 700 Geography: Spatial patterns and geographic characteristics of the animal and their
habitat.

e Frology/Ecosystem: scientific study of habitats characteristic of species.

e Environmental Geography: concerns with environmental problems: land degradation,
pollution and concerns for conservation.
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Branches of Geography
(Based on Regional Approach)

Gegional Analysis:

: < D
e Philosophy: ® r/‘-.‘ﬂ\
© Geographical though ( ;'/é’,’,‘.l '
o Land and Human interaction/Human Ecology (\ ¥LTRNY
S t ",44";.‘6;\\‘40"\

(Methods and Techniques

e (artography including Computer cartography
e Quantitative Techniques/ Statistical techniques
e Field Survey Methods

¥ e Geo-informatics comprising techniques: Remote sensing, GIS, GPS etc.
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Recall systematic approach

Vv
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Branches of Geography (Based onl:Systematic Approachﬂ

Ly

Physical Geography

e ¥

Human Geography

®

v

Biogeography
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Human Geography

e Social/Cultural Geography encompasses the study of society and its spatial dynamics as well as the
cultural elements contributed by the society.

¢ Population and Settlement Geography (Rural and Urban). It studies population growth, distribution,
density, sex ratio, migration and occupational structure etc. Settlement geography studies the
characteristics of rural and urban settlements.

e Economic Geography studies economic activities of the people including agriculture, industry,
tourism, trade, and transport, infrastructure and services, etc.

e Historical Geography studies the historical processes through which the space gets organised.

¢ Every region has undergone some historical experiences before attaining the present day status.
The geographical features also experience temporal changes and these form the concerns of
historical geography.

e Political Geography looks at the space from the angle of political events and studies boundaries,
space relations between neighbouring political units, delimitation of constituencies, election scenario
and develops theoretical framework to understand the political behaviour of the population.
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Biogeography

e The interface between physical geography and human geography has lead to
the development of Biogeography which includes:

e Plant Geography which studies the spatial pattern of natural vegetation in
their habitats.

e 700 Geography which studies the spatial patterns and geographic
characteristics of animals and their habitats.

e Ecology /Ecosystem deals with the scientific study of the habitats
characteristic of species.

e Environmental Geography concerns world over leading to the realisation of
environmental problems such as land gradation, pollution and concerns for
conservation has resulted in the introduction of this new branch in geography.
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Introduction

Qotetia
Early theories V/S Modern theories [

e A large number of hypothesis were put forth by different philosophers and scientists regarding
the origin of the earth.

In[1755, German philosopher Immanuel Kant{gave Nebular hypothesis. V4

Mathematician|Laplace revised it in 1796|(Laplace Nebular Hypothesis)

In 1905, Chamberlai‘n and Moulton gave Planetesimal hypothesis.

Sir James Jeans and Sir Harold Jeffrey supported this arguments. ) Tidal hypothesis

\ J
9 3

Binary theories

In 1950, Otto Schmidt in Russia and Carl Weizascar in Germany somewhat revised the ‘ nebular hypothesis’.
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Introduction

Nebular Hypothesis

¢ |[mmanuel Kant gave the hypothesis in 1755.
e Nebula: Cloud of dust and gas (Hydrogen and Helium)

J

e The hypothesis considered that the planets were formed out of a cloud
of material associated with a youthful sun, which was slowly rotating.

e Role of gravity.

¢ Counter argument.
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Introduction . ..

¢ In|1905, Chamberlain and Moulton gave planetesimal hypothesis.

e \Wandering star (intruding star) approached the sun.

e As aresult, a cigar-shaped extension of material was separated from the solar surface.

e As the passing star moved away, the material separated from the solar surface
continued to revolve around the sun and it slowly condensed into planets.

J

Supported by James Jeans and later Sir Harold Jeffrey.

Tidal Hypothesis

Why these theories are known as binary theories?
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Introduction

° |n

1950, Otto Schmidt in Russiz

and |Car| Weizascar in Germany

[nebular hypothesis’Jthough differing in details. e

\ "4

foitds, Collide
. ROTh TR v N e
= Surrounded by Nebula (hydrogen, helium and dust).

Next +
Toppersll

somewhat revised the

NATENETY
o

J

The friction and collision of particles led to formation of a disk-shaped
cloud and the planets were formed through the process of accretion.
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Introduction

T T X
NI

They have shaped our thinking about the origin of planets but these theories are
not widely accepted now, hence remained a part of reference.

J

.

Explains the origin of planets (with assumptions) = Not the universe. = Solution

e J
& 4

However, scientists in later period took up the problems of origin of
universe rather than that of just the earth or the planets.
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Physical Features of Earth

The shape of the earth is ‘Geoid’ as the earth is slightly flattened at
the poles, the linear distance of a degree of latitude at the poleis a
little longer than that at the equator.
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Theories on Origin of the Earth

Gaseous Hypothesis by Immanuel Kant:
e According to this theory primordial matter existed which was of solid state
and @as and (0C) cold. It was motionless in the beginning with no kinetic

energy.
e Afterso

due to tr

random
e Jueto

elr

Increas
State.

et

I
M

motl
andorr

0

e these primordial

atter started to collide with each other

Utual gravitational attraction, with generated heat and

Tk

- motion and more heat, the rate of collision increased,
ng rotatory motion, which changed their state from solid to gaseous
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Theories on Origin of the Earth

Gaseous Hypothesis by Immanuel Kant:

e With heat increasing, the size of the nebula also increased. It
started to spin very rapidly and an irregular ring was separated
from it, which was later divided into nine-parts. It started
spinning too fast that centripetal force exceeded centrifugal
force.

e The matter of each ring aggregated at one point to form a core
which grew as a planet in due course of time.

e By repetition of the Same process rings were separated from
newly formed planets and materials separated from them
formed satellites.

IMMANUEL KANT
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Theories on Origin of the Earth

1 Significance:

e [(ant’s hypothesis was the first hypothesis which tried to explain the
existence of the universe.

e |t paved the way to Laplace’s hypothesis.

4
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Nebular Hypothesis of Laplace 1796

e Nebular hypothesis is totally based on Immanuel Kant theory of gaseous hypothesis,

scattered solic

e Nebl
oute

]a startec

surface.

dngL

YUt Laplace countered the three main backdraws of Kant's theory with his hypothesis.
e He assumed that there was a huge and hot gaseous nebula in space from the very

)eginning.
e This nebula was rotating (spinning) on its own axis (opposite to existence of

particless gas together).
to cool down from the very beginning due to radiation of heat from its
t also started contracting due to cooling (explained conservation of

lar momentum).

e Jue to contraction its angular speed increases and consequently one circular ring
separates from the core. These rings further condensed to form planets.
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Planetesimal Hypothesis of Chamberlin

e [t was given by T.C Chamberlin and Forest Ray Moulton.
e According to Chamberlin, initially there were

/0 Proto sun

e Companion star P
were cold and sol
e (ompanion staro

Id.

'0to Sun - It was formed of very small particles which

"intruding sta

very close to proto sun, the sma
get detached from it due to stro
star, these small particles were called planetesimal.

"- When companion star used to come
ler cold particles of proto sun used to

Ng gravitational field of comparison
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Planetesimal Hypothesis of Chamerlin

-

Formation of Planets
e When these small planetesimals were detached
from the proto sun, the bigger particles startedto
solidify and hence formed the nucleus for planets.
Small planetesimals started to add to the nucleus
and grew to form planets.

o External force (cause of ejection) - It was tidal
force which was responsible for ejection of cold
particles from proto sun.
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Formation of Planets

The following are considered to be the stages in the development of planets:

e (i) The stars are localised lumps of gas within a nebula. The gravitational force
within the lumps leads to the formation of a core to the gas cloud and a huge
rotating disc of gas and dust develops around the gas core.

e (ji) In the next stage, the gas cloud starts getting condensed and the matter
around the core develops into smallrounded objects. These small-rounded objects
by the process of cohesion develop into what is called planetesimals. Larger
bodies start forming by collision, and €ravitational attraction causes the material
to stick together. Planetesimals are a large number of smaller bodies.

e (jii) In the final stage, these large number of small planetesimals accrete to form a
fewer large bodies in the form of planets.
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Planetesimal Hypothesis of Chamberlin

Evolution of Earth and other Planets
e Some planetesimals vanished after disassociation from proto sun. 0thers remained
near it and started revolving around. The companion star vanished into space
Gradual disposition of small particles formed the planets and the Earth.
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Planetesimal Hypothesis of Chamberlin

Evolution of Earth’s atmosphere
e When Earth grew in size it became successful in capturing
free atmospheric molecules.
e (Occluded gases of planetesimals captured by the nucleus
of the earth provided C02, H20, and N2.
e \/olcanic eruptions provided oxygen.
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TopperSIl



ﬁﬂﬂ il |

SERIES

Planetesimal Hypothesis of Chamberlin

Origin of heat
e There were three main reasons due to which heat was
produced according to Chamberlin:
e Jue to mutual collision of planetesimals.
e Juetoincrease in pressure, due to increase in size.
e Jue to molecular reaction.

Next +
Toppersll



BACKLOG
(il

(3]

Big-Bang Theory
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Star having planets aro

e

10U
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Big-Bang theory was based on evidence received from COBE (Cosmic
«ground Explorer).It explained that the u
jons of galaxies, each galaxy having t

Niverse contained many

S of stars and each

ther

1. e

Next \\

Toppersll



ﬁﬂﬂ il |

SERIES

Big-Bang Theory

Theory:

e ABelgian priest named Georges Lemal

the 1920s, when he theorized that the universe

atom. The idea received major boosts from Edwin Hubble's observati
ing away from us in all directions, as well as fron

galaxies are speec
discovery of cosmi

tre first suggested the big ba

egan from a single
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g theory in
yrimordial
ons that
the 1960s

C microwave radiation—interpreted as echoes of the big bang—

by Arno Penzias ar

d Robert Wilson.
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Big-Bang Theory
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e |n the beginning, all matter forming the universe existed in one place in the form of a “tiny
ball” (singular atom) with an unimaginably small volume, infinite temperature and infinite

density.

e At the Big Bang the “tiny ball” exploded violently. Thi
generally accepted that the event of bi

g bang took

present. The expansion continues ever

to the prese

S led to alhuge expansion, It IS now
nlace 13.7 billion years before the
Nt day. As it grew, some energy was

converted into matter. There was particularly rapid expansion within fractions of a second
after the bang. Thereafter, the expansion has slowed down, Within first three minutes from
the Big Bang event, the first atom began to form.

e \Vithin 300,000 vears from the Big Bang, temperature dropped to 4,500[ (Kelvin) and gave
rise to atomic matter. The universe became transparent.
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Big-Bang Theory

()

Singtlarity

Next \‘

Toppersll




L Lgg

Formation of Moon

i

N

Modern theory

Modern theory states that formation of moon is the recent of giant |
Shortly after formation of Earth a body of mass equivalent to three ti
Mars collided with the Earth which led to formation of the Moon. Duri

moon earth was slightly heated. It happened due to the process of d
earth forming material turned into a different layer.

[
[
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Solar System
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e Qursolar system consists of our star, the Sun, and everything bound to it by
gravity — the planets Mercury, Venus, Earth, Mars, Jupiter, Satu

Neptune, dwarf

'n, Uranus and
planets such as Pluto, dozens of moons and mi
comets and meteoroids. The solar system also includes the Kul

lions of asteroids,
ner Belt that lies

past Neptune’s orbit. And beyond the fringes of the Kuiper belt is the 0ort Cloud.

This giant spheri

e Splar system co
bodies like aste

cal shell surrounds our solar system.

1sists of the sun (the star), 8 planets, moons, millions of smaller

'0ids and comets and huge quantities of dust-€rains and gases.
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Solar System

e Alternatively, the irstfour are called Terrestrial m

made up of rock and metals, and have relatively

cal
Mmu

ed Jovian or Gas Giant planets. Jovian means |

he

ch larger than the terrestrial planets and have
lum and hydrogen.

ed
[&d]
up

Ning earth-like as they are
densities. The rest four are

iter like. Most of them are

al

nick atmosphere, mostly of

e All the planets were formed in the same period sometime about 4.6 billion years
ag0.
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The Star Formation &)

e The distribution of matter and energy was not even in th
density differences gave rise to differences in gravitatio
to get drawn together These formed the bases for deve

'3%\\-\3'7\ Gmw-m-hw‘) Foren {5

athEmluv\Nw\ Wk

contains a large number of stars. Galaxies spread over vast distances that are

thousanc
Ight yea

These clu

stars. The formation of stars is believed to

arge cloud called nebula. Eventually, grow

S of light-years. The diameters of i

'S A galaxy starts to form by accumulation of hydrogen gas in the for
ing nebula develops localised clumps of gas.

mps continue to grow into even @

individual galaxies range from 80,0

|
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e early universe, These initial
nal forcesand it caused the matter

opment of galaxies. A galaxy

easured In

00-150,000

of a very

enser gaseous bodies, giving rise to formation of

nave taken place some 5-6 billion years ago.
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e Alight yearis a measure of distance and not of time. Light trave

300,000 km/second. Considering t

vear is taken to be one light year. T
between the sun and the earth is

8.311minutes. = Su

\V/
\»
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1S, the distances the light will travel
his equals to 9.461x1012 km. The mea
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S at aspeed of

In one
N distance

49,598,000 km. In terms of light years, it is
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Structure

e Meanwhile, materials we are used to seeing as ice, liquid or gas settled in the
outer regions of the young solar system. Gravity pulled these materials
together, and that is where we find gas giants Jupiter and Saturn and ice giants
Uranus and Neptune.
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Moons

e There are more than 150 kn
N 0f

awaiting confirmatio
are the o

S
d

Ju

dllert

1ly ones wit

1dn our own

maoon Sso large it ma
In 2017, scientists four

1 N0
Diter and Saturn have |o

|

OWn moons

00

(es Pluto wobb
d asteroid 3122 Florence

1, has five

100NS. The @i

ant

e. Eventi
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iscovery. Of the eight

ar system anc

Dlanets grab the |
g led our solar system’s moon cou
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nad two tiny moons.
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several more
VENIRENTS

oSt moons.

NtsS. Pluto,
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Planets
Interesting Planet Facts

e Mercury - The smallest and fastest planet, it zips around the Sun in only 88 Earth days.
e \/enus -\Venus't

-arth - The only

}

Dlanet |

Mars - Mars was a wet a
upiter - The largest planet, its dark red s

1 0Ur solar syste
1d warm planet
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nick atmosphere makes it the hottest planet in our solar system.

m with liquid water on the surface.
illions of years ago.

N0t is a storm larger than Earth.
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Planets
Interesting Planet Facts

e Saturn - Saturn has the brightest, most massive and most complex ring
system of any planet.

e [Jranus - Uranus is tipped on its axis by almost 90-degrees.

e \eptune - Neptune was the first planet discovered through

mathematical calculations, rather than observation.
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Facts About Solar System

By size
e Small planets: Mercury, Venus, Earth, Mars. (The small planets have diameters
less than 13000 km.)
e (iant planets: Jupiter, Saturn, Uranus and Neptune. (The giant planets have
diameters greater than 48000 km. The €iant planets are sometimes also
EEEROENENE S
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Facts About Solar System

By po

o

sition relative to the Sun

uter planets: jupiter, Saturn,

o1

ne asteroid belt between Ma

between the inner solar syste

ner planets: Mercury, Venus, Eartr

Jrd
Sd

d

1L
1C

and Mars.
S, Neptune.
Jupiter forms the bot

1C

the outer solar system.

dary
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Facts About Solar System

By position relative to Earth

e |nferi
inferi

e Supe

The superior planets always appear full or

or planets: Mercury and Venus. (Close
or planets show phases like the Moon

ior planets: Mars to Neptune. (Farthe

"to the Sun tha
'Swhen viewec
fromthe Sunt

nearly so.)

N Earth. The
from Earth.)

nan Earth.
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Tidal Hypothesis

e The solar system was formed from the s
e |nthe beginning the sun was a big incan

e Beside thesunt
e The primitive su

Was

HENE

noving aro

indt

e There was a great im
the primitive sun.
e James Jeans postulated that the massive gravitational force of an intruding star

forced the material of t

e sun insuch a way that it was destined to co

nact of the tidal force of the intruding star on t

materials of the future planet.

Un and another intruding star.
descent gaseous mass of matter.
was another star bigger than the sun called the int

1 Was stationary and was rotating on the axis and the pri
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Evolution of the Earth

| |

Lithosphere 'Atmosphere ‘Hydrosphere

EVO|Ut|0n Atwmosphere

Biosphere -

Lithosphere
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m = Inits primordial stage.

J

Volatile state

e Due to gradual increase in density the temperature

inside has increased.

Evolution of Lithosphere

- Explain

7

e As aresult the material inside started getting
separated depending on their densities.

J

Impact

J

This allowed heavier materials (like iron) to sink towards
the centre of the earth and the lighter ones to move
towards the surface.
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Evolution of Lithosphere
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Evolution of Lithosphere

Chang es in Lithosphere during the formation of moon
e Earth was further heated up.

Process of differentiation
¢ The earth forming material got separated into different layers.
e \We have layers like the crust, mantle, outer core and inner core. M,n\
e From the crust to the core, the density of the material increases. H—\

l \P
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Evolution of Atmosphere and Hydrosphere

Evolution of both the sphere is interrelated.

\|
Explain

e The present composition of earth’s atmosphere is chiefly contributed by nitrogen and oxygen.

U

Is it same since beginning?
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Evolution of Atmosphere and Hydrosphere

e There are three stages in the evolution of the present atmosphere.

First stage

Jora
e The first stage is marked by the loss of primordial atmosphere.

e Hydrogen and Helium (early atmosphere)'T\ H3¢M§w\ ]H&iw
e Stripped off as a result of the solar winds.
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Evolution of Atmosphere and Hydrosphere

¢ |[n the second stage, the hot interior of the earth contributed to the evolution of the atmosphere.

. : : Gases and water vapour were released
ek nEerior =  Cooling process = from the interior solid earth.
The early atmosphere largely contained water

vapour, nitrogen, carbon dioxide, methane, | @ DEgaSSII'Ig

ammonia and very little of free oxygen. The
process through which the gases were outpoured
from the interior is called degassing.
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RATHONE

North Pole 90°N

Parallels
of latitude

...... B N g e sy
BES
@ Tropic of Cancer
Northemn an = ..2.? :2...6 .N.. poea
Hemisphere
‘ 0) Equator 0°
Tropic of Capricon
Southem 23°26°S
Hemisphere | -y bt St
Antarctic Circle
Meridians = NGO 000 66°34S
of longitude

South Pole 90°S
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Introduction

e The mainland of India, extends from Kashmir in the north to
Kanniyalaumari in the south.

e Arunachal Pradesh in the east to Gujarat in the west.

e |ndia’s territorial limit further extends towards the sea upto
12 nautical miles (about 21.9km) from the coast.

/—SiaMe mile = 63,560 inches
Noulical mils = 72,960 inches

| Statute  wile - abed 16 km (1.5%4 km)
Noulical mile - obad 18km (1.852 km)

K
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Introduction

e Latidunal and longitudinal extent of India, they are roughly about 30 degrees.
e Whereas the actual distance measured from north to south extremity is
3,214 km, and that's from east to west is only 2,933 km.

From the values of latitude, it is understood that
e The southern part of the country lies within the tropics.
e The northern part lies in the sub tropical zone or the warm temperate zone.
AL
This location is responsible for large variations in large forms,

climate, soil types and natural vegetation in the country .
-
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Time Difference

S :
While the Sun rises in the northeastern state about two hours earlier as compared tﬂ the

watches in nihrugarl'l)@phabin the east and Jaisalmer, Bhopal or Chennai in the other parts of India
show the same time.

i
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Concept of IST and GMT
GMT R -
(Greenwich Mean Time) (Indian Standard Time)

S e VSV TR,V

IST is based on longitude 82.5°, which Passes through Mirzapur, near
Allahabad in Uttar Pradesh.
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India in the World AP v
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Size

The Size of India has endowled her with great physical diversity.

—

Mountains O

Rivers ()

Green forested hills @
Plateau @)

Deserts ©

pPasses ®
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India Size o
India is Bounded by- A s \ (iphomiion &6 (rvowo)

o i

e Himalayas is in theporth]
° [Einclukush]and@ulaimaﬁ) fanges in the(orth-west]
e Purvachal hills in the north-east. { /

L-The large expanse of the Indian Ocean in the south.
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India Size

It forms a great geographic entity known
as the Indian subcontinent.

BBBBB

Bay of Bengal Stlbco Y\“V\Qnt ¢
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India Size

e The Himalayas, together with the other ranges, have
acted as a formidable physical barrier in the past.
Except for few mountain Passes Such as:

e The Khyberv
e The Bolan v
e The Shipkilav"
e The Nathula v~
e The Bomdilav”
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India Size (i e

e Country has a Coastline of 6,100 km in the mainland an@km in the entire
geographical coast of the mainland plus the island groups Andaman and Nicobar
located in the Bay of Bengal and the Lakshadweep in the Arabian Sea.

e Thus India as a country, is a physically diverse land providing 0ccurence of varied
resources.
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India and Its neighbours

* |NC
e B0

rdering the Inc

Be

e Land neighbouring countries:

ngal and the A

Ia is located in the south-central part of the continent of Asia.

lan ocean and its two arms extending in the form of Bay of

rabian Sea.

e Pakistan ' y * SriLanka
o Afghanistan e Maldives
e China
e Bangladesh

e Bhutan
e Myanmar

e Sea neighbouring Countries:
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India and Its neighbours

e SriLanka is seperated from India by the Gulf of Mannar and Palk Strait.
Gulf

e The water body almost surrounded by land with a harrow mouth opening.

Gulf of Mexico, the Largest Gulf in the World

BN ED STATES
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OCEAN

\ L.l
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’ 5o\ .
SN e
a2 ‘(’ Culf o)
it . , N \‘ ‘I" A i' f
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. Waloa Aiar
riwcirine < Are
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Oy
Depth: 4,354 meters

\ 2 la
R
’ \
4 "'
2\
ebls N s

GUHAT EMALA HONDLURAS
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Bay

India and Its neighbours
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e Alarge body which is partially surrounded by land with a wide mouth opens to water.
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India and Its neighbours

Strait
e |tis naturally formed narrow passage of water that connects two larger water bodies.

#od
- <
..-"::ﬂ«f-»- ‘
i e

-

Strait
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India and Its neighbours |
Shibprores |

Difference between Gulf and Strait

Gulf Strait

Strait is a narrow passage of water that

Gulf sea is that a portion penetrates of the the land :
connects large bodies of water

Gulf connects the land and the sea. Strait connects two larger water bodies.

Strait can be man-made, and such a structure

Gulf is is always a natural formation. :
Is known as canal.

Gulf Serves as an excellent location for harbours. Strait cannot act as harbours.




TWUQ" Ot ok
&W%Mnn

wWth
[




BALCKLOG

Ly |

CHy (8)

THE Ehth

Next +
Toppersll



[iaRAron I TohSH, D

SERIES

Introduction

What do you imagine about the nature of the earth?

O

How to know about interior of the earth?

Configuration of the surface of the earth

® - e EXplain

Product of the processes operating in the interior of the earth. @

dogenic and Exogenic processes
A proper understanding of the physiographic character of a @l

region remains incomplete if the effects of endogenic
processes are ignored.
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Sources to Study the Earth’s interior

The sources which provide knowledge about the interior of the Svuren%
earth may be classified into 2 sources
e Direct Sources:
e These materials are available normally at the surface of the
earth.
e Some examples are:
e Surface Rock:
e |t is readily available on the surface of the Earth. It can be
used to know the form of material upto a certain depth.
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Direct Sources

l..Surface rocks =

V) a8 Explains the nature of the earth.

The most easily available solid earth material. ~

+ .
Il. Mining rocks @ REIate 3"“‘*'))

® Gold minesin South Africa are as deep as Q— éi)km.

® Besides mining, scientists have taken up a number of projects to penetrate
deeper depths to explore the conditions in the crustal portions.

® "Deep Ocean Drilling Project” and “Integrated Ocean Drilling Project”.

® The deepest drill atn Arctic Ocean, has so far reached a depth of®<m.
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Direct Sources

Deepest drilling inte
seabed, off nerthwest Bertha Rogers well,

Deepest mine,
tof S Oklahoma, USA
Deepest natural South Africa O o sy : Kola well, /3

cave, France USSR
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Sources to Study the Earth’s intejor "=
() Volcanoes:) @ 00 C i)

e |t can be analyzed after eruptions.

e They come from under great depths, hence give more insight on the type of
materials below.

e However, accuracy cannot be predicted at all times.

Material obtained from mining and drilling areas:
e Reveals the nature of material at a certain depth.
e Analysis of these materials show that pressure and temperature increase
towards the interior of the earth.
e Also, density of the material increases from the surface to the interior bottom.

e Other sources can be Deep Ocean Drilling, Integrated 0cean Drilling Project, etc.
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Sources to Study the Earth’s interior
g

e Indirect Sources:
0
e Temperature and seismic variation:
e Scientists use technologies Iikngravitation, magnetic and seismic knowledge to
study the interior of the earth |«

e Meteorites:
e These are considered an indirect source for the study of the earth’s interior, as
scientists assume they were once part of a planet.

e (ravitational force:
e Differences in gravitational value show uneven distribution of mass within the earth.

e
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Sources to Study the Earth’s interior

B e Magnetic force:
e Magnetic survey reveals the distribution of magnetic materials within the earth.

e Seismic knowledge: Ve, o
o |t provides information on the state of the interior of the earth (solid, liquid, or gaseous).
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Indirect Sources

Gravitational force (g) v

% - Why e,

® Not the same at different latitudes on the surface.
7
® |tis greater near the poles and less at the equator. @

This is because of the distance from the centre at the equator
being greater than that at the poles.

+

® The uneven distribution of mass of material within the earth influences this value.

@ Gravity anomalies give us information about
Concept of Gravity Anomaly (=) @e distribution of mass of the material in
the crust of the eartfi\
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Indirect Sources

Magnetic fields
® Magnetic surveys also provide information about the
distribution of magnetic materials in the crustal portion,
and thus, provide information about the distribution of
materials in this part.

Seismic activity

O,

Seismic activity is one of the most

Important sources of information about the @ Explain

interior of the earth.




BALCKLOG

Next w
Toppersll

(il
Earthquake

Seismicwaves (>) Earthquake (>) Providesacomplete picture of layered interior.

An earthquake in simple words is shaking of the earth. Itisa
natural event. It is caused due to release of energy, which
generates waves that travel in all directions.
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Earthquake Shoc i ot

® Therelease of energy occurs along a fault.~»~—~

® Rocks along a fault tend to move in opposite directions.

® Asthe overlying rock strata press them, the friction locks
them together. However, their tendency to move apart at

some point of time overcomes the friction. Sty Lo
© " broash Comphivestion)

Blocks get deformed and eventually, they

slide past one another abruptly. (>) Releaseofenergy () Earthquake
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Earthquake FHER T (g

Focus “ne. Fowun)

® pS0Aic o}
® The point where the energy is released is called the focus
of an earthquake, alternatively, it is called the
&ypocentre} I 2 Q@WK ﬁm % Conngparre.
Epicentre (road | Mow| CM&N*Q

O,

® The point on the surface, nearest to the focus, is called
epicentre. It is the first one to experience the waves. It
IS a point directly above the focus.

Focus Seismic waves
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Earthquake Waves

Natural Earthquakes (=) Takesplacein&thosphera

O,

Portion of depth upto 200 km from the surface of the earth.

1 UMD walh
An instrument called ‘seismograph’ records the waves

reaching the surface.

P-waves S-waves Surface
waves

!

Arrival times
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Earthquake Wave B = Swhwa
© PRI a0,
Sumie NG &a |
: Eleunine. -ﬁ 2} kb l
Body waves aladh Surface waves
U EB_ody waves are generated due to e The body waves interact with the
the release of energy at the focus surface rocks and generate new
and move in all directions travelling set of waves called surface waves.

through the body of the earth. e These waves move along the

e Waves inside the body of the earth. 0% %%‘d(p\e&?kﬁ) surface.
~
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Emergence of shadow zone

Seismograph >) Recording of earthquake waves.  Ji& 3hice & toou,
© STE "oNULH Tt
g 3 However, there exist some specific areas M‘_‘P.M
oS- \ag where the waves are not reported. o = 1) ol Zeme.

®

Shadow zone

"..!u.l._lvg!.;__gJzIIM. |
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Flgd [ [TEL Have their own shadow zone, depending in the epicentre.

P-wave shadow zone S-wave shadow zone

i\

& <
Wy Ves rece ved nes

o l)
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T UELCRTEVES

® |t was observed that seismographs located at any distance within

105° from the epicentre, recorded the arrival of both P and S-waves.

® However, the seismographs located beyond 145° from epicentre,
record the arrival of P-waves, but not that of S-waves.

O,

® A zone between 105° and 145° from epicentre was identified as
the shadow zone for both the types of waves.
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T UELCRTEVES

Shadow zone of S-waves

O,

>
® Entire zone beyond 105 does not receive S-waves. (=)  Observation

® The shadow zone of S-wave is much larger than that of the P-waves.
® The shadow zone of S-waves is not only larger in extent but it is also
a little over 40 percent of the earth’s surface.

Shadow zone of P-waves

O,

® |t appears as a band around the earth between 105° and 145° away
from epicenter.
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Types of Earthquakes

® The/most common ones are the tectonic earthquakes. @

®

® These are generated due to sliding of rocks along a fault plane.

® Aspecial class of tectonic earthquakelis sometimes recognised as
volcanic earthquake., However, these are confined to areas of
active volcanoes.
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Types of Earthquakes

® |nthelareas of intense mining activity,/sometimes the| roofs of underground mines
collapse causing minor tremors. These are called collapse earthquakes.
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® Ground shaking may also occur due to the explosion of chemical or nuclear devices.
Such tremors are called|explosion earthquakes.
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Types of Earthquakes

® Thelearthquakes that occur in the areas of large reservoirs are referred to as
reservoir induced earthquakes.

— —— — -

The pressure lubricates Increased water level 3 *
"=\ the faults and decreases "l \ causes tremendous
" friction of the rock : pressure on faults at the
surfaces beneath bottom of the dam

-
-

™
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Measuring Earthquakes

® They areeither according to the@agnitud’éjor@tensit\aof the shock.
Magnitude %30-1o

® The magnitude relates to the energy released during the quake.

O,

Measures on the (F_{_ichter scalé}

® The magnitude is expressed in number, O - 10.
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Measuring Earthquakes
The Richter Scale Equivalent

KG of TNT

20 trillion kg

60 billion kg

Richter
Magnitude (R 20 billion kg

60,000,000 kg

20,000,000 kg

60,000 kg

20,000 kg
600 kg
0.6 - 20 kg

More common i Frequency - Less common
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Measuring Earthquakes
&tg\)sit\}:] @}% Mextal;

® |t takesinto account the visible damage caused by the event.
® Theintensity scale is named after Mercalli, an Italian seismologist.
® The range of intensity scale isE— 123

Clvawﬁ

C(Mseppe Mevcalll
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Measuring Earthquakes

E arthquakeis a&a_tural hazard] The following are the immediate hazardous effects of earthquake:
op
Ground Shaking
Differential ground settlement
Land and mudslides™"
Soil liquefaction\™
Ground lurching v
Avalanches "
Ground displacement™” -~
Floods from dam and levee failures
Fires \/
Structural collapse \/
Falling objects \/
Tsunami
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Measuring Earthquakes

Ground Shaking
Differential ground settlement
Land and mudslides
Soil liguefaction
Ground lurching
Avalanches
i hoteeg
Ground displacement
Floods from dam and levee failures
Fires
Structural collapse
Falling objects
Tsunami
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> Have bearings upon landforms.

Effects causing immediate concern to the
life and properties of people in the region.
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Structure of the Earth’s interior

Itis divided into three broad layers: crust, mantie and core.

@ithospher:e]
(Crust and upper
most solid mantle)

Crust = el SEN
0-100 e -
: s e N et A S
¥ LHORVSLIBTE T -
km thick | Asthen CEP Mantle

6,378 km
Fig: The interior of the earth
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Crust

e Meaning of crust in science- The crust is the[o_utermost solid part of thtﬂ

earth and is a thin layer with a total thickness ofE_U-Sij km. Sy

e Thickness: | Sepuic Covinendod

e Itvaries between oceanic and continental areas, with oceanic crust being LT Thicie
!thinner (5-30 km)land{continental crust being thicker (50-70 km). | S¥e [Sv‘!ckmj

e In areas of majormountain systems, the continental crust can be as much M%[jto-\w\ "9
as|70-100 km thick (e.g., in the|Himalayan region).

e The crust is only 0.5-1.0% of the earth’s volume and less than 1% of its mass.
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Crust

Temperature:
e |t increases with depth, reaching 200-400°C near the mantle-crust boundary.
e |n the higher region of the crust, the tegpqerature Increases by up to 30 degrees
Celsius per kilometer. o oxpe 2220
Material: O, Wik Bsrivi
e The crust’s outer layer is made of sedimentary material, and beneath it are acidic
crystalling, igneous, and metamorphic rocks.
rBasaltlc and ultrabasic rocks_fmake up the lowest layer of the crust.
e The lighter silicates, silica + aluminum (sial), make up the continents, while the
heavier silicates, silica + magnesium (sima), make up the oceanic crust.
e The lighter (felsic) sodium potassium aluminum silicate rocks, such as granite,
make up the continental crust. The oceanic crust is made of thick (mafic) iron

magnesium silicate igneous rocks like basalt.

Next \‘

Toppersll



L Lgg

SERIES

Crust

The most abundant elements of the Earth’s Crust

Element Approximate % by weight
Oxygen (O) \&

Silicon (Si) 277
Aluminum (Al) V* 8.1
Iron (Fe) \J 5.0
Calcium (Ca) 3.6
Sodium (Na) 2.8
Potassium (K) 2.6
Magnesium (Mg) 1:h
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Lithosphere

e The lithosphere is the earth’s rigid outer layer, with a thickness of10 to 200 km.

e |t consists of the|crust and the upper part of the mantle.

e The lithosphere is divided into tectonic plates.

e Plate tectonics cause large-scale changes in the earth’'s geological structure
(such as folding and faulting).

e The sources of heat driving plate tectonics are primordial heat from the
planet’s birth and radioactive decay of elements such as uranium, thorium, and
potassium in the earth’s crust and mantle.
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e The
e The
e The

Asthenosphegﬂw (ot

ast

enosp

nere lies below the lithosphere, with a depth ranging from 80-200 km.

ast
ast

1€N0Sp

enosp

nere is@gft and plastic, allowing the rigid lithosphere to move easily over it.

nere is viscous, brittle, and ductile with a higher density than the crust.

e It is the|/primary source of magma during volcanic eruptions. |

e The lithospheric shell is divided into large pieces called lithospheric plates.
e These plates can separate or collide, leading to geological changes such as ridge formation.
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Mantle

 The mantle is the portion of the earth’s interior beyond thd crust.
e The mantle extends from Moho's discontinuity (35 km) to a

NELE]

depth of 2,900

83% of the earth’s volume and 67% of itS mass.

1

M)
VT

S

km and

e Theupper part of the mantle is called the asthenosphere, which is completelySsi@.

e The crust and uppermaost part of the mantle tc

which has a/thickness of 10-200 km.

gether make up the lithosphere,

e The lower mantle extends beyond the asthenosphere and is in a solid state.
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Mantle il Moo

e The density of the mantle is higher than the crust and ranges from 3.3 t0 5.5.|

e The mantle is mostly made up of snllcate minerals rich in iron and magnesium.

e Temperatures |n the mantle range froml 200 U’at the upper crustal border to
almost|4,000° Cat the core-mantle boundary.

e The mantle has convective material circulation due to temperature
differential and this causes the motions of tectonic plates at the surface.

e Seismicity in the mantle is inhibited by high pressure, but earthquakes have
been detected in subduction zones as far as 670 km below the surface.
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Core

e The core is made up of nickel and iron and is sometimes referred to as the layer.

e The core-mantle boundary is located at a depth 0f 2900 km.

e The core lies between 2900 km and 6400 km below the earth’s surface.

e The outer core is liquid and the inner core is solid.

e The density of the core is higher than the mantle and varies from 5.5 t0 13.6 g/cm’.

e The volume and mass of the core make up 16% and 32% of the total volume and mass
of the earth, respectively. TR A

e The Gutenberg discontinuity is a sudden change from{S.S gp/cm?iof the mantle to

10 gm/cm’ located at the core-mantle boundary.

e The core is divided into two parts: the outer core and the inner core.
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Core

Outer core:
e The outer core is located between 2900 and 5100 km below the
Earth’s surface.
e Made up ofiiron, nickel, %and trace amounts of lighter metals.
e Liquid due to insufficient pressure to solidify.
e Earth's magnetic field is believed to be created by convection in
the outer core and the Coriolis effect according to dynamo theory.
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Core

Inner core:
e The inner core is located from the earth’s center to

5100 km below the surface.

e |tissolid and can transmit shear waves.

o T

o T

ne rotation of the inner core is slightly faster than

the surface.

e solid inner core is too hot to maintain a

persistent magnetic field.
e The core (inner core and outer core) makes up 16%
of the earth’s volume and 33% of itS mass.

=
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Core

Seismic Discontinuity
e Discontinuity refers to a sharp boundary between layers in the earth'’s
internal structure. Across these boundaries, seismic waves undergo
significant changes in terms of their direction and speed.
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Core

There are 5 layers:

1.
.

Conorod Discontinuity —[IJ_etween upper and lower crust.

4

Repiti Discontinuity

Mohorovicic Discontinuity (Moho)- separates the

|from the mantle) its average depth being about5ym.

3

- between thejipper and lower mantie.]

Gutenberg Discontinuity- lies between the{mantle and the

outer core)Below 2900 km from earth’s surface.
5/,Lehman Discontinuityr between{inner and outer cor@
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Core

<—(§onrad Discontinuity
' 3’10hy)iscuntinuity
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Earth’s Chemical Composition

e Earth’s mass is approximately 5.97x1024 k¢ (5,970 Yg).

e |t is composed mostly of iron (32.1%), oxygen (30.1%), silicon (15.1%), magnesium (13.9%),
sulfur (2.9%), nickel (1.8%), calcium (1.5%), and aluminum (1.4%), with the remaining 1.2%
consisting of trace amounts of other elements.
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Volcanoes & Volcanic Landforms

e Alvolcano is a place where gases, ashes and/or molten rock

e material { lava - escape to the ground.

e Avolcano is called an active volcano if the materials
mentioned are being released or have been released out in
the recent past.

e The layer below the solid crust is mantle.

e |t has higher density than that of the crust.

e The mantle contains a weaker zone called asthenosphere.

e |tis from this that the molten rock materials find their way
to the surface.
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Toaedd .
SHIELD VOLCANOES
Large broad slopes, fluid
lava flow

Mauna Loa, Hawaii

Types of Volcanoes

4 CaHC
COMPOSITE VOLCANOES
Steep and symmetrical,
explosive eruptions

LAVA DOMES
Small with steep sides,
oozes viscous lava

Showa Shinjan, Japan

Mayon, Philippines
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CINDER CONES
Smallest, single vent, erupts
cinders, ash, and rocks
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Volcanoes

e \olcanoes are classified on the basis of nature of eruption and the form developed at the
surface. Major types of volcanoes are as follows:

Shield Volcanoes

e Barring the basalt flows, the shield volcanoes are the largest of all the volcanoes on the
earth. The Hawaiian volcanoes are the most famous

Figure . Shield Volcanoes Figure . Cinder Cone
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Volcanic Landforms

VOLCANIC DOMES
e Domes, are formed by relatively smoll bulbous masses of love
too viscous to flow ony great distance 0n extrusion, the love
piles over and around its vent and o dome grows largely by
expansion from withat.
e Asit grows, its outer surface cools and hardens, then shatters,
spilling loose fragments down its sides.
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Parts of a Volcano

e These volcanoes are mostly made up of basalt, a type of R .
. . . \\‘\ sh ciou ~ Ul r
lava that is very fluid when erupted. For this reason, these -t
Vents \ _Lava flow
volcanoes are not steep. Mainvent ————— SRR
e They become explosive if somehow water gets into the R
vent; otherwise, they are characterised by low-explosivity.  [RSEESSHE __Condui
e The upcoming lava moves in the form of a fountain and ash——F /f il
throws out the cone at the top of the vent and develops Solidified—22 4 =5—Dike

lava

into cinder cone.

Rock layers of the
Earth's crust

Magma
Reservoir
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Composite Volcanoes

e These volcanoes are characterised by eruptions of
cooler and more viscous lavas than basalt.

e These volcanoes often result in explosive eruptions.
Along with lava, large quantities of pyroclastic material
and ashes find their way to the ground.

e This material accumulates in the vicinity of the vent
openings leading to formation of layers, and this makes
the mounts appear as composite volcanoes.

Figure . Composite Volcano
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e These are the most explosive of the earth's volcanoes.
e They are usually so explosive that when they erupt
they tend to collapse on themselves rather than
building any tall structure.
e The collapsed depressions are called calderas.
e Their explosiveness indicates that the magma
chamber supplying the lava is not only huge but is
also in close vicinity.
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Flood Basalt Provinces

e These volcanoes out pour highly fluid lava that flows for long
distances. Some parts of the world are covered by thousands
of sq. km of thick basalt lava flows.
e There can|be a series of flows with some flows attaining
thickness of more than 50 m, Individual flows may extend for
hundreds of km.
e The Deccan Traps from India, presently covering most of the
Maharashtra plateau, are a much larger flood basalt province.
e |tis believed that initially the trap formations covered a
much larger area than the present.
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Intruswe Formi] Excbwane, e

with radiating dykes

e The lava that is released during volcanic eruptions on cooling e with osects |

d ome

develops Into igneous rocks \ \.

e The cooling may take place either on reaching the surface oralso [ \q\
while the lava is still in the crustal portion. —

e Depending on the location of the cooling of the lava, igneous
*rocks are classified as volcanic rocks (coollng at the surface) and
plutonlc rocks (coollng in the crust)

e The lava that cools within the crustal portions assumes different
forms. These forms are called intrusive forms. Some of the forms
are shown in Figure.




BACHLIG Next b

[PTARATHIN toppers 74y

SERIES

Batholiths

e Alarge body of magmatic material that cools in the deeper
depth of the crust develops in the form of large domes.

e They appear on the surface only after the denudational
processes remove the overlying materials.

e They cover large areas, and at times, assume depth that
may be several km.

e These are granitic bodies. Batholiths are the cooled
portion of magma chambers.
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Lacoliths

e These are large dome-shaped intrusive bodies with a level
base and connected by a pipe-like conduit from below.

e |t resembles the surface volcanic domes of composite
volcano, only these are located at deeper depths.

e |t can be regarded as the localised source of lava that
finds its way to the surface.

e The Karnataka plateau is spotted with domal hills of
granite rocks. Most of these, now exfoliated, are examples
of lacoliths or batholiths.
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Lapolith, Phacolith & Sills

e Asand when the lava moves upwards, a portion of the same may tend to move in a
horizontal direction wherever it finds a weak plane.
e |t may get rested in different fnrms In case it develops into a saucer shape@ concave

to the sky body, it is called lapolith.

e A wavy mass of intrusive rocks, at times, is found at the base of synclines or at the
top of anticline in folded igneous country.

e Such wavy materials have a definite conduit to source beneath in the form of magma
chambers (subsequently developed as batholiths). These are called the phacoliths.

e The

near horizontal bodies of the intrusive igneous rocks are called sill

or sheet,

dependlng on the.thickness of the material. The thinner ones are called sheets while

rhe thick horizontal deposits are called sﬂls!
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Lapolith, Phacolith & Sills

Fissure - a linear volcanic vent through
which lava erupts, usually without any
explosive activity.

e fissure (vent)is
often a few meters
wide and may be many

». kilometres long.

l;iagma - h

igh temperature

A steep, conical hill
consisting of

. Vent glassy volcanic fragments
Cinders

Fine ash

size from tens to
hundreds of mete

P

8
[

'.—_ —

Magma chamber

AKA scoria cone

Roughly circular
mound-shaped
volcano

KMs in ;
diameter /

teep
convex
slopes from
thick, fast
cooling lava

Basaltic to Rhyolitic magma although most
preserved domes tend to have high silica content.

Magma chamber
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Lapolith, Phacolith & Sills

Dykes
e When the lava makes its way through cracks and the fissures developed in the land, it solidifies almost
{_perpendicular to the ground. It gets cooled in the same position to develop a wall-like structure.
© !Such structures are called dykes. These are the most commonly found intrusive forms in the western
Maharashtra area.
e These are considered the feeders for the eruptions that led to the development of the Deccan traps.
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Volcanoes & Volcanic Landforms

e The material in the upper mantle portion is called magma.

e Once it starts moving towards the crust or it reaches the surface, it is referred to as lava.

e The material that reaches the ground includes lava flows, pyroclastic debris, volcanic
bombs, ash and dust and gases such as nitrogen compounds, sulphur compounds and
minor amounts of chlorene, hydrogen and argon.
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Volcanoes & Volcanic Landforms
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The Earth’s Volcanoes

e Discover more about the most well-known manifestation of geothermal energy.
Volcanoes

e Avolcano is formed when hot malten rock, ash and goses emerge from a fracture
in the Earth's crust.

e Mogma and leve ore two sides of the same cain. Molten rock is colled magma
while it is located. under the Earth's crast, and lova when it surfaces. Magma
vises because it is lighter than the solid rocks sumending it.

e An eruption is on outflow of lova During an eruptiast, in addition to lava, gases
and pyroclastic material ore released into the air. These include ash, lapillus and
volcanic bombie (also called lava bombs) of various sizes.
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° contmental Drift Theory, 1912:
e Evidence in support of Continental drift~”
e Post-Drift Studies:
e Sea Floor Spreading Theory:
o Hess's Hypothesis (1961): )\
o Plate Tectonics: v
e Types of Plate Boundaries
e Movement of the Indian Plate
© Movement:

e Tectonic activity at Converging plates
e Tectonic activity at Diverging plates
e Relation between Volcanoes and earthquakes

e Role of plate tectonics in the Distribution of Earthquakes and Volcanoes:
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Introduction

e Continents cover 29% of the surface of the earth,and the remainder is under oceanic waters. The
position of Continents and 0ceans bodies has not been constant but has changed in the past. This
chapter deals with the various theories related to the movement of the ocean and Continents.

e Foralong time, many geographers have been amazed by the symmetry of the coastlines on either
side of the Atlantic Ocean. As early as in the 16™ century, Abraham Ortelius, a Dutch mapmaker,
proposed the possibility of the two Americas, Europe and Africa, to be once joined together.
Antonio Pellegrini in the 19™ century, drew a map showing the three continents together.

e However, it was Alfred Wegener who gave the systematic theory of the movement of the

continent.
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Continental Drift Theory, 1912

e [t was proposed by Alfred Wegener, a German meteorologist, as a comprehensive

argument of Continental drift. It is regarding the distribution of oceans and continents:

e Proposition: A Supercontinent named PANGAEA (meaning all earth) and a mega ocean
PANTHALASSA, (meaning all water) existed initially. Pangaea split into two large
masses: Laurasia and Gondwanaland forming northern & southern components. These
further broke into many pieces.

e Forces responsible for the drift: His explanation was based on the following forces:

o Pole fleeing forces: It is related to the rotation of the earth. It causes outward
acceleration experienced by an object moving in a circular path. It eads to the drift of
continents towards the equator.
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Continental Drift Theory, 1912

|. Abraham Ortelius e A Dutch map maker, wha first proposed such a possibility

as early as 1596.
y 0 rﬂﬂuﬁ.al'(l)h -\. -'
Q% . Antonio Pellegrini e Drew a map showing the three contmentstoge er.
Gready | il | Sy, o

Il Alfred Wegener @) A German meteorologist who
put forth a comprehensive

= Metmedsuareument in the form of “the
e . |
continental drift theory” in 1912.
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Continental Drift Theory, 1912

The continental drift theory e According to wegener.

® Super continent = PANGAEA (All earth)

® Mega ocean = PANTHALASSA (All water)

® Heargued that, around|200 million years ag?,the super continent, Pangaea, began to split.

® pangaealfirst broke into two large continental masses as Laurasia and Gondwanaland
forming the northern and southern components respectively.

® Subsequently, Laurasia and Gondwanaland continued to break into various smaller
continents that exist today.




Cdandwon)
\&)?m L







[risEnruonl ‘¢ {‘ TopEXts 3
Evidence in Support of Continental Drift

By the mid-20" century, a variety of new evidence was gathered in su@ 0 / @
continental drift, as mentioned below:
e Matching the continenq (Jig-Saw-Fit); There is a remarkable match in the
shorelines of Africa and South America. A map produced using a computer
yrogramme to find the best-fit Atlantic margin was presented by Bullard in 1964.
The match was tried at a 1000-fathom (6 feet depth of water) line instead of the
present shoreline.
o Rocks of the Same Age across the Ocean: Radiometric dating methods have
helped in correlating rock formation across different continents. For example, the

Belt of ancient rocks of 2000 million years ago from Brazil's coast matches with
those in West Africa.
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Evidence in Support of Continental Drift

. hillite: Itis the Sedimentary rock formed out of deposits of glaciers. The Gondwana
system of sediments from India is known to have its counterparts in six different
landmasses in the Southern Hemisphere: Africa, Falkland Island, Madagascar, Antarctica
and Australia. At the base, the system has thick tillite indicating extensive and prolonged
glaciation.

 Placer Deposits: The presence of Gold placer deposits on Ghana's coast and the absolute
absence of source rock help in deducing that the gold deposits of Ghana are derived from
the Brazil plateau.

e Distribution of Fossils: Identical species of plants and animals adapted to living on land
and freshwater are found on either side of marine barriers.
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Force for Drifting

Pole-fleeing Force

It relates to the rotation of the earth. e Responsible for bulge at the equator.

The Tidal Force

Tides develops in the oceanic waters due to the attraction of the moon and the sun.

e J
2

Wegener believed that these forces would become

effective when applied over many million years.

Most of scholars considered these forces to be totally inadequate.
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Post-Drift Studies
Evidences for continental drift theory
Evidence collected from the continental Discoveries during the post-World War |
areas in the form of distribution of Flora period added new information to

and Fauna or deposits like tillite. geological literature.
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ModndAe

e Continental drift theory was unable to counter the criticism of the forces responsible for
the movement of the continent. Several discoveries during the post-World War Il period
added new information to geological literature.

e Conventional Current Theory: It was given by Arthur Holmes in 1930, It discussed the
possibility of a system of convectional currents operating in the Mantle portion. It is
generated due to radioactive elements causing thermal differences. However, it was not
fully accepted.

o Mapping of the Ocean Floor: The Ocean floor is not just vast and plain but full of relief.
Expeditions provided a detailed picture of the ocean relief and indicated the existence of

submerged mountain ranges as well as deep trenches. Thus, it has various reliefs similar
to continents.
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Post-Drift Studies

e Mid-oceanic ridges were found to be most active in terms of volcanic
eruptions.

e Dating of rocks from oceanic crust revealed much younger than
continental areas.

e Rock equidistance from the ridge on either side has remarkable
similarities in terms of age and constituents.

Qo g,

2o
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Post-Drift Studies

e Distribution of Earthquake & Volcanoes: along belts:

o Atlantic Ocean: symmetrically from along the coast - along mid-ocean ridges.
These areas feature shallow earthquake zones hinting towards a thinner crust in
these areas.

o Deep earthquake zones: Alpine and Himalayan system, rim of Pacific Ocean. The
Rim of the Pacific is called the ‘Rim of Fire’ due to active volcanoes in the sea.
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250 million
yoars ago

Two hundred and fifty million years ago
the land masses of Earth were clustered
into one supercontinent called Pangaea
As millions of years passed, Pangaea
broke apart, and large pieces of land
slowly moved away to form the
continents as we know them today
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Ocean Floor Configuration

e There are four main features of the ocean floor which include (1)|continental shelf]

slope, (3) continental rise, and (4) abyssal plains.

MAJOR OCEANIC RELIEFS

e N OCEAN

Continental ~ : . |
Shelf Oceanic tectonic Plate Continental

' Shelf
. ( Abyssal Plains ™ : ﬂ”‘
Oceanic deeps

99NOTES ™ or Trench

3
>
=
£
@
S
S
e

Continental Rise -

(2)
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Ocean Floor Configuration

e There are various minor oceanic reliefs such as Mid 0ceanic ridges. We shall study them in chapter
13 in detail. The Mid-0ceanic ridges are a series of parallel underwater mountain ranges; The crustal
Dlates split at these places spewing volcanic material from the centre, creating these parallel
ranges. The study of these mid-oceanic ridges gives us an amazing insight into the tectonic plates.
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Sea Floor Spreading Theory

over the years, the Mapping of Ocean floor and Palaeomagnetic studies of

rocks from oceanic regions revealed:

(e
D

oL

Volcanic eruptions all along mid-oceanic ridges are common and they

bring huge amounts of lava to the surface.

Rocks equidistance from ridges ﬁhow remarkable similarities in terms of

formation period, chemical composition Magnetic Properties. The rocks
nearest are the youngest and have normal polarity.

Ocean crust rocks are much younger than continental !as the age of the

oceanic rocks is nowhere more than 200 million years. Whereas, the age of
Continental rocks sometimes dates back to 3200 million years.
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Sea Floor Spreading Theory

Sediments on the ocean floor are unexpectedly thinjthus it is
not as old as continents.
@o Deep trenches have deep-seated earthquake occurrences. Mid-

oceanic ridges have Earthquake foci at shallow depths, again J&Mﬂ
hinting that the oceanic crust is much thinner. e
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Hess's Hypothesis (1961)

The above factors led Hess to believe that the “sea floor is spreading”.

e Hess argued that constant eruptions at the crest of oceanic ridges cause the
rupture of the oceanic crust and the new lava wedges into it, pushing the oceanic
Crust.

e He further maintained that the ocean floor that gets pushed due to volcanic
eruptions at the crest, sinks down at the oceanic trenches and gets consumed, as

shown in the figure on the next page.

It is therefore clear that there are large segments of the earth’s crust that move
continuously in an everchanging process of formation and destruction. This finally led to
the popularity of the tectonic Plate theory, which is the best description of the crust

that we have today.

Next \‘

Toppersll



g | Topsets

(3]

plate Tectonlcs PM-\L'Iu.-lov\'\c. E &‘M&ﬂm'\ﬁj

e [tiSageologic process in which tectonic plates large slabs of Earth’s lithosphere
split apart from each other{In 1967,/McKenzie and Parker, and also Morgan
independently collected available ideas and came out with other concepts
termed Plate Tectonics.

e [tiSanimprovement over the Continental drift theory |(EDT) as It has combined
(DT with seafloor spreading theory with the convectional current theory.

e Tectonic Plate: It is a lithospheric plate, a massive irregularly shaped slab of

solid rock composed of continental and oceanic lithosphere.
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Plate Tectonics

Continental Drift e Post Drift Studies

Seafloor spreading theory

It was in 1967, McKenzie and Parker and also Morgan, independently collected the
available ideas and came out with another concept termed Plate Tectonics.

What is tectonics?

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

=> Tect onics plate =

Part of lithosphere.

® | ithosphere include crust and top mantle.

® |tsthickness range varying between

5and 100 km in oceanic

parts and about 200 km in the continental areas.

How to identify whether a plate is continental plate or oceanic plate?

A plate may be referred to as the continental plate or oceanic plate
depending on which of the two occupy a larger portion of the plate.

Pacific plate =

Oceanic plate

EXAMPLE

Eurasian plate

=|Continental plate
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Plate Tectonics
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e Plates move horizontally over the
asthenosphere as rigid units (Crust + Top
Mantle) with thicknesses between 5-100 km in
oceanic parts and about 200km in continental
areas.

e The plate may be Continental or 0ceanic
depending on which of the two occupies a
larger portion. For Example; the Pacific plate is
Oceanic and the Eurasian plate is Continental.
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Divergent plate boundaries—Where new crust is generated as the plates
pull away from each other.
~+s+ Convergent plate boundaries—Where crust is consumed in the Earth's
interior as one plate dives under another.
Transform plate boundaries—Where crust is neither produced nor
stroyed as plates slide horizontally past each other.
\\\\\\\\ Plate boundary zones—Broad belts in which deformation is diffuse and
undaries are not well defined.
. Selected prominent hotspots
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e The tectonic plates continuously move to induce earthquakes and volcanoes. All the major
earthquakes and volcano zones lie on these boundaries. Following are the three types of
plate boundaries based on the interaction of different plates: Gl el e

e Divergent Boundaries: Where new crust is generated as plates pull away from each other.
Sites at boundaries are called spreading sites. For example, the Mid-Atlantic Ridge, as
shown in the diagram above. —s &—(Guuntuinm)

e Convergent Boundary: Where the sinking of a plate occurs it is called a Subduction zone.
There are 3 ways of convergence as follows:

g between oceanic and continental plates; Ex: South American and Nazca plate.
= Between two oceanic plates. Ex: Philippines and Pacific.
g between two continental plates.|Ex: India and Eurasian.
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Types of Plate Boundaries [h

e ' Transformation boundaries:|Crust isineither produced nor destroyed as
plates slide horizontally past each other.
e Through Palaeomagnetic data, positions held by each of the present
continental landmasses in different geological periods have been determined.
We now know that Pangaea was a result of the converging of different
continental masses that were part of one or the other plates. The rotation of
the earth also has its effect on separated blocks of the plate portions.
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Types of Plate Boundaries

There are three types of plate boundaries

Divergent Boundaries Convergent Boundaries
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Types of Plate Boundaries

Older oceanic crust lies farther Newly formed oceanic crust lles
from the mid-ocean ridge. closest to mid-ocean ridge.

Rift valley
Mid-ocean ridge

Continental \’ /

crust Direction of
sea-floor spreading

,’ Oceanic crust

Becouse it Is less dense thon i
" the surrounding rock, molien

materiol from the montle rises

through the crust toword

crocks in the ocean floor.

Old oceanic crust melts as it
sinks back into the montle




BALHLIG \ N
[iaRAron I TobSSs D

Types of Plate Boundaries

o Rate of plate movement: Strips of reverse and normal magnetic fields that parallel the mid-oceanic ridges
help scientists determine the rates of plate movement.

e |Arctic Ridge has the slowest rate at 2.5 cm/vear,

e The East Pacific Rise near Easter Island (South Pacific- 3400km West of Chile) has the fastest rate of

movement at 15cm/year.

 Force for plate Movement:

e The mobile rock beneath the rigid plates is believed to be moving in a circular manner. The heated material
rises to the surface, spreads begins to cool, and then sinks back into deeper depths. This cycle is repeated
over and over to generate what scientists call a convection cell or convective flow. The slow movement of
Hot, the softened mantle is the driving force behind the movement.
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Types of Plate Boundaries

o Heat within the earth comes from two main sources:
e Radioactive decay and Residual heat.
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Movement of the Indian Plate

e Indian plate includes Peninsular India and Australian continental portions.

o Northern plate boundary - continent convergence.

e Eastern plate boundary - Rakhine Yoma Mountains of Myanmar towards the island arc along Java Trench.
The eastern margin is a spreading site lying in the east of Australia in the form of an Oceanic ridge in South
West Pacific Ocean.

e Western plate boundary - It follows the Kirthar Mountains of Pakistan. Further extends along the
Makarana coast and joins the spreading site from the Red Sea Rift Southeast along the Chagos Archipelago.

e Southern plate boundary - Situated between Indian and Antarctic plates, which are divergent.
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Movement

e |ndia was a large Island situated off the Australian coast in a vast ocean called the
Tethys Sea, separated from the Asian continent until 225 million years at the time
Pangaea broke.

e |t collided with Asia about 40-50 Million years ago causing rapid uplift of the Himalayas.

e 140 million years ago India was 50° Two major plates were separated by the Tethys Sea
and the Tibetan Block (Closer to the Asiatic mass).

e A major event occurred that was outpouring lava formation of Deccan Traps started
somewhere around 60 million years ago & continued for a long period.
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Role of plate tectonics in the Distribution of
Earthquakes & Volcanoes

o Plates are thought to float on the molten mantle continuously converging diverging or
rubbing against each other.

e Moving away from oceanic ridges where new plate material is produced and moving
past each other or colliding along plate boundaries. Earthquakes and volcanoes are
related to this movement.

e \/olcanoes, however, only occur at constructive and destructive plate margins. A lot of
volcanic activity occurs in the ‘ring of fire’. The ‘Ring of Fire’ is a group of volcanoes that
are located along the plate margin of the Pacific plate.
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Tectonic Activity at Converging Plates

e Ataconvergent junction, movement is not continuous but intermittent. The colliding
plates continuously get pressed against each other and energy keeps building up. Once
enough energy is built up to overcome the frictional forces between the plates, the
plates move. Generally, one plate subducts under the other. The subducting plates melt
Into the mantle,

e The region of Subduction is associated with volcanoes and earthquakes.

e At continent and continent convergence zones, only earthquakes occur. For example:
Alpine and Himalayan systems.

e At places where at [east one oceanic plate is involved in the subduction, volcanic
activities are common along with earthquakes. Here, we must remember that the
oceanic plate is heavier and therefore easily subducts below the continental place.
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Tectonic Activity at Converging Plates

o Reason for the Earthquake in such zones: When the moisture-laden crustal
plate comes in contact with the Mantle, the moisture expands due to high
temperature and leads to explosive rupture on the plate boundaries. This
causes volcanos and is associated with Deep earthquake zones.

e Examples: Krakatoa volcano in Indonesia.

e The Pacific Ring of Fire - a chain of earthquake and volcanic activity around the
edge of the Pacific Ocean, generates 75% of the world's volcanoes and 80% of
the world’s earthquakes.
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Tectonic Activity at Converging Plates

g ®Yellowstone

8] Deep Earthquake Zones
Shallow Earthquake Zones

® Volcanic Eruptions

® Hot Spots
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Movement of the Indian Plate

The Indian plate includes Peninsular India and the Australian continental portions.

Plate Boundaries

® The subduction zone along the Himalayas forms the northern plate boundary in
the form of continent - continent convergence.

® |nthe east, it extends through Rakim Yoma Mountains of Myanmar towards the
island arc along the Java Trench.

® The Western margin follows Kirthar Mountain of Pakistan.

® |nthe South, the boundary between India and the Antarctic plate is also marked by
oceanic ridge (divergent boundary) running in roughly W-E direction and merging
iInto the spreading site, a little south of New Zealand.
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Movement of the Indian Plate

India e Was a large island situated off the Australian Coast.
The Tethys sea separated it from the Asian continent till about
225 million years ago. 0

® |ndiais supposed to have started her northward journey about
200 million years ago at the time when Pangaea broke.

® |ndia collided with Asia about 40-50 million years ago causing
rapid uplift of the Himalayas.

Analyse the figure
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Movement of the Indian Plate

the Tibetan block was closer to the Asiatic landmass. -5

® During the movement of the Indian plate towards the
Eurasian plate, a major event that occurred was the
outpouring of lava and formation of the Deccan Traps.

® 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.

N\

@ i _——
The two major plates were separated by the Tethys Sea and ﬂ‘\‘\\

200 million years ago







