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THE CONSTITUTION QF INDIA
PREAMBLE
WE, THE PEGPLE OF INDIA, haviag solemnly resulved to constitule India into a
'{ SOVEREIGN SOCIALIST SECULAR DEMOCRATIC REPUBLICT and to secure to aif its citizens:
JUSTICE, sacial, ecenomic and palitical;
LIBERTY of theught, expression, belief, faith and worship;
EGUALITY of status and of epportusity;
and to premote among them ail
FRATERNITY assuring the dignity el the individual and the 2 [ unity and integrity of
the Natien J;

IN OUR CONSTITUENT ASSEMBLY this twenty-sixth day of November, 1949, do |

HEREBY ADOPT, ENACT AND GIVE TO OURSELVES THIS CONSTITUTION.

1. Subs.hy the Constitution (Forly-second Amendment} Act, 1976, Sec.2, for "Sovereign Demacratic ﬂenu}ni:c"
(wed 3.1,19770) ¥
2. Subs. by the Coastitulion (Fer{y-secand Amendment) Act, 1876, Sec.2, for “Unily of the Katipn”

{wel 3.1.1877)

Part IV A
Fundamental Duties

ARTICLE &1A

Fundamental Duties ~ I shall be the duty of every citizen of India-

{a] to abide by the Constitution and respect its ideats and institutions, the Hational Flag and
the Natignal Anthem;

{8} 10 cherish and follow the noble |deals which |nspupd nur national struggle for {reedom;

fc} to uphold and proiect the sovereignty, unity and integrity of India;

{d} 1o defend the country and reader national service when called vpon to do so;

{e) to promole harmony and the spirit of common brotherhood amongst all the peopiz of
india transcending refigious, linguistic and regional or sectional diversities; 1o renounce
practices derogatory to the dignity of wombn;

{f} tavalue and preserve the rich haritage of our compo;sile culture;

{g} loprotect and improve the natural environment including forests, lakes, tivers, wild life
and to have compassion for living creatures;

ih) 1o develop the scientific temper, humanism and lhe spirit of inquiry and raform;

10 saleguard public praperty and to abjure viclenze;

{iv 10 strive towards excellence in all spheres of individual and collective activity so that the
nation censtantly rises ts higher lavals of endeavour and achigvement.
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i T : Geography as a Discipline
. ; ’ ’ QU wereintroduced to geographyata  antiquity. Initially all infermation concerning
) very early age. You explored the envi-  the earth were catalogued under peogranhe
. ronment starting lrom yourdoorstepto  Maost of these information came lram (he
) . ®  ihe entire world gradually, In the process you scholars of other disciplines.  Hipper it
' were exposed Lo o richly varied body of facts  discussed the effects of enviropment on 1
. i about natural and cultural phenomena and  Aristotle 1 his Polities showed the unport o
. i : about places and people on the earthssurface. ol geographical facter in the Duadation
i You learnt to organise and analyse the diverse  State.
. factual knowicdge to construe meaninglul The foundations of geography ac a0 o
putterns of man-envifonment inter-relatjion-  was laid down by the works of the tndiar e
- siips. In brief, geography has made youaware  Greek and the Arab schoiars, who it
. of the world around you and has develeped 2 understand (he untverse around us apd te
' " broader outlook. Along with histery, civicsand. place of our planet within it.
other sociud sciences, it has enabled youtobea .
s . BEter siiizen, ! Duning the eighteentl century. g .:1 el
: But have you ever wondered abous the "o lands and crean routey 1‘.“‘“““-‘_‘f ‘“"ﬂ“
nature and scope of geography! Why is it “UNB geographica) :{ccum.u:lul I “‘."
importan:? What methods and techniques are p!accs a0d p.BO'iJIC- Theee a m“_lm,“‘ o
. 211 is nec —given a political value in Boepo b0
Ce e, used by geographers? It is necessary Lo pause Ear. orfeont s I DN i
. ’ and ponder over these questions as they will mopcqncol i s At
1 ~ help us to clandy our views about the subject. of the nmclecul!l Cm“”‘.a "}’tt”"“" S
E A these peographical accounts lisd sttt 11
' e German geographers AV, Humboldoant kol
| ’ : - » What is Geography? : Ritter wtrc &{he[ proneers, The tady b, ool
s \ t Tllg word geography is a combination of twe  popularity in. schaols beaatine o G0 1
CGreek words which meant ‘The earth’ and 1o knowing distant lands o no o
- . write or describe’, A literal definition of traders, edministrators and seftlos e L
geography, therelore, could be *to write about ~ besides deseription, peagnapic o E !
L ! the earth inctuding all that appears upor it explonation fon thesaned repron b e
,\ Though it gives a broad idea of geography, it beings 1o thor natul crenoeent e
does not provide a compiete piclure of the geography at the bepntans o o e
1 N nature and scope of geography, which has ceniry had emerped o ot et 0
' ¢ .expanded and got sharpened over Lhe years. environment teiatonsiups it e v
Geography us a body of knowledpe by great  existenee o mait e oo 00l
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4 PRINCIPLFS OF GEOGRAPHY

voncerning the relationship between man and
environment. One of the schools popularly
‘labelled *Passibilism', viewed human beings as
vapable of modifying the environment and
making use ‘of (he numerous possibilities
olffered by nature according to their own
choice. This school followed the ideas of Vidal
de la Blache and L. Febvre, The ‘Determinist’
on the other hand, -holds that the
envirenmental controls determine the activities
of man very closely and thus offer little free
choices to man. F. Ratzel and E. Hunlinglon'
belonged to this school,

H.J. Mackinder strongly advocated for
synthesising physical and human Tacts into a
tegional picture. He also maintained that

political {human) geography could not exist -

independently ol physical geography.” Both
schools ol thought would probably agree with

- Mackinders nolion that geography is charac-
* terised by its outlook rather than by a clearly

delined ficid of factual information.

The most receril development in geography
v ¢oncerned more with technique than with a
general approach 16 the subject. There has been
an increase in the use of statistical analysis

“ivelving the use of mathematical processes.

These technigues have pained wide acceptance
in geography because {i)it provides scientific
and objective information aboul the relation-
ships hetween physical and human factors; and
aynumerous and compiex lactors can be more
simply, summansed. S.W, Woolridge, R.J.
Chorley and P. Haggett were the pioneers who
used quantitative methads successfully in
pliruical and human geography, respectively,
As we have seen earlier, geography hag
developed very fast in the past two hundred
aears, whereas its knowledge was available
unee ancient tmes. In fact, geography as an
dalependent disciphine and o subject [for
Liveoat lagher levels was recognised only
“uriry il nincteenth century. Today geography

is considered as a science having its own point
ol view which studies areoy and all features—
natural and cullural within them,

Aims and Objectives of Geography

The aims and objectives ol geagraphy. thus,
became clear. The principal aim ol geo‘:f'._,raphy
is to understand an area as 4 part of theearths
surface, in its totalily as an animated aspeel of
nature's creation. In studying this totality, it
often becomes nceessary Lo sludy with greaier
precision one particular aspect Lhat contribules
.o the totality. Thus we may study, for
example, the Rajasthan deseit—ils natural
setting and the human response, by considering
all the important natural and man-made
aspecis which distinguish this regien from its
neighbour, We may also study, more specifi-
cally, features like the niicro-climatic variations
in the Rajasthan desert or the behaviour of
ground waler in it. The first approach is often
termed regional geography. and the second
systematic geography: !t is possible, and indeed
desirable, to apply both these approuches.

Cultural’

FiG. LI Tatal Enviconmen:
Methods and Technigues

For ‘'realising its aims and  objectives,

'
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geography has its own mclh'o‘ds,and‘ techniques,
whici: have progressively pained precision and
some sophistication. We shall acquaint our-
selves only with the major aspeets, In the first
place, geagraphy heavily depends, as do other
sciencss, on scientific methods and logie. This
implics an orderly way of gathering the facts
that are rclevant, classifying them on the basis
of similarities and an effort based on clear
reasoning to dfaw some meaningful inferences.
Hy techniques we mean the ways in which the
tacts are sifted, processed and interpreted. The
use of right technigues for a given geographical
problem or a situation depends upon the skill
of the geographer. Geographers use a variety of
malerials in their analysis. For example, second
hand information such as published maps and
statistical infermation or data, as well as first
hand information- which they collect through
field studies provide the basic material. They
tansform and interpret’ the data by using
(a) cartographic and (b} quanllwuvc m::lhods,r
techniques.

We shauld, however, remember that while -
doing this task the peographer’s attention is
restricted 1o the arca under study and the
changes taking place within that arca.
Thraughout the study o important questions
are before him/her: (a) what are the patterns

. and processes involved in the changes taking
. place in the area under study, and (b) how does

man's ellorl express itself in the terrain, and
what could Ye the meaning of the pattern,
process and human response? Do they show
some commonnes.s? Do they, in other words,
conform te some tendercies or. laws?

In developing this reagoning the geographer
uses, what the students of logic term, deductive
and inductive ethogds, Weshall not gointothe
details. Deductive implies conclusions arising
from a staled premise. Inductive means
gathering a set of lactsand tryingto identify the
commonness in the observed patierns and

GEOGRAPIHY AS A DISCIPLINE 5

associations. In both cnses, we try Lo set some
meaningful infercnces and more imporlant we
try to test-whelhgér our inferences nre cotreet of
otherwise..
testing. As we proceed 1o learn more tboul
geography, we will come across Christaller’s
patiern ol ‘settlement hicrarchy or W.M,
Davis’s 'cycle of erosion® Air photographs,
satellite imageries and computers have
considerably strengthened the tools of the
gcograplur Thus, the geographers’ metbodo-
logy and techniques have becomesnore precise
and capable of meaningful inferences. These
practical aspects of gaining direct experience of
geographical phenomena can be acquired with
the help of the companion volume, ‘Fieldwork
and Laboralory Technigques in Geography
and other similar books.

Relation to Other Disciplines

Though geography draws o great deal of its
content from other sciences—both natural
and social, it has its own pomt of view which
distinguishes it from those sciences, Besides
getting enriched by such associntions, geog-
raphy has also contributed to allied sciences.
Hence there are several interdigeiplinary areny
in- Geography. For example, sub-ficlds of
geography like gcomorpholepy, economic
geography and bio-geography nare closcly
linked to geology, ccononues ond life
sciences (hotany and zoology) respectively,
Specialisation in Geography=-hiain Brauches

Geography has two distinet  sob-faelis -

physxcul and human, On the basw 6f their
origin, peographical elements ol nn aren can
be classified into two broad proups: the
datural ar physical and the larman, that s,
man-made or influenced by mnn [ he paturid
features arc the creativny ol Nature, inde-
pendem of man, like mouwntuits, tivers, natural
vegetation, animal life wd the ke The
human or man-made Leatnres e those

This testing is called empitical

- ey
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6 PRINCIPLES OF GEOGRAPHY

crcal'cd by human groups in their efforis o
Ilvc.gn .lhcir. habitat with eage and security,
Agricultural ficlds, villages, lactories and
roads, are soric examples. As they express the
culture_of human groups, 1f1cy are usually
called cultura features. But.inaddiliun.lhcré
are sotne aspects which are not visible
expressions, and yet materially influence
human action in environment. These largely
belong to the reaiin of thought. Qur thinking,
perception, and reasoning, our capacity o
absarb know'edge, our view of life, as
txpressed often through our religion and

*“education, all t1cse are non-material elements,

which need to be 1aken into account, Some of
them do expres: themselves in visible [orms like

4 school buildirgor a religious place, but most

_ of 1hc.m make a powerful impact on human
‘behaviour in space. The choice of a place to

 — e S —

locate an industry and the jéumcy 1o work
(l"ro:ln home to the place of wark)ina eity, may
'be.cwcd as éxamples 10 show the nature c;f' lhi's
impact, . .

We r_‘rccq‘ hardly warn ourselves tha( physical
and human-are two tonvenien! divisions reade
by us for understanding Nature hetier. Nature
TEPTESENLs a unity in ils existenge.

Sub-fields of Physica Geography

Geomorphology, the science 'which studlies
lan.dforms is a rapidiy emerging science 10
which important contributions have hoen My
by_gcofogy, geography and climatology. Iy,
r'cglqnnl geography, the understanding of the
.1err‘ain and its main and detailed features i
mdls_pcnsablc, and as such geomorpholagy
provides the Lase for geography, ’

Climatology, though a science  almost
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independent by itsell, is also a necessary part ol
physical geography. It helps us lo understand
the processes responsible Tor the making'of the
wealher and climate. Hydrology, an gmerging
science, helps us to grasp the processes whereby
water plays its role in nature through oceans,
rivers, glaciers, etc. and in sustaining its life
fortns. Soil geography which is a part of
pedology, deals with the kinds of soils, their
evolution, regional disiribution and their role

in land use,

Sub-fields of Human Geography

The main sub-ficlds of human geography are; .

Cultural geography which deals with the
cultural aspects of different human groups.
Cultural aspects inelude man's habitat, clothing,
food, shelter, skills, tools, language, rcligions,
social organisation and his outlock, As
,vilisation advances, all these and other
aspects present & variegaled form both in
fupction and spatial distribution. Some geog-
raphers prefer 1o call this sub-licld Social
geography. Economiic geography, a rapidly
developing sub-ficld, concerns itsell with man’s
activities in improving his material well-being
through economic production, exchange dis-
tribution and consumption of uselul poods and
services, that human groups and their members

. need. How these aclivities develop in a region,

through mank uwse of the region’s natural
resources and how they are either locally
consurned or sent out of Lhe region to some
other region in exchange, arc the mamn
concerns in ccononic geography.

Population geography mainly deals with
those hiological and cultural characteristics of
human groups which strengthen or weaken the
groups in their effort to develop the resources
of their region and their capacily (o live in
comfortin their habitat. Human groups in their

030 5 0 e G
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absoiute numbers, dirth ruies and death rices,
age-sex composition, levels ol nutntion and
literacy, muy be said to be the pringipat aspects
ol 1his study with reference to their span:]
distribution of the various forms in which
human groups seltle in a region. The principe |
forms are house 1ypes and settlements, rured
and urban, ranging from a hamlet to a maodern
metropolitan city. Historical geography secks
to build up the geegraphical picture of a region
or area, as it has evolved during the years in the
pasi. §t gives us important clues in understar-
ding the region as it is at present. Folirica!
geography aims at analysing political asnd

administrative decisions or cholces of organised

human groups irs their spatial seting, Relations
between independent states, frontiers, boun-
daries, federalism, local government and
regional planning arc some of is principal
CONCErnS.

So intensc has been the recent research in
geography that each of its many sub-lields has
led to further specialisations. We may mention
only a few to understand this devefopment. In
geography, for example, glaciol  coasial,
climatic and anthropogenetic {i.c., landlorms
influenced by man's action} geomorphologics
are making a significant contribution. Micro-
climatology is another ckample,'on the physical
side of geography. On the human side, there
has been a powerful emergence of specinlisations
in economic geography. in the form of
agricultural, industrial, and transport peoy-
raphies. Medical geography is a specialisation
which has emerged from biological aspects of
interaction of man in his environment.

Regional géography: We now come to an
important aspect of geography that is not a
branch or sub-ficki, bui rather a counterpart of
these aspects. [U is a study of a region at
different scales——continents, countries, regions,
local areas, ctc,—in all its geographicri
aspects. Identilving the main geographical

T ——
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characteristics of a region, the interplay
between man and nature and its impiet, on
e and nature's resources, delimitation of
geographical regions. status and relations
between regions of dilferent sizes and regianal
planaing, are some of the principal concerns
of regional geography. In faci, regional
geography is a summation of the findings of
other sub-fields and specialisations in geog-
raphy that are relevant to the area dnder
study. We shall make this clear by examining
the refation of regional geography to other
branches of geography which are usually
termed together as systematic geography.

Systematic Geography and Regions] Geography
In identilying the branches and sub-fields of
geography and what regional geography
implies, we can sce thal there are two ways of
studying a geographical phenomencn. Ong
way 15 to select one geographical factor such as
climate and study its world-wide distribution,
recognise the climatic regions over the globe
and go into the detailed regional climatic types
and sub-lypes. Such a-study of climate can be
done at any scale of the area: India and its
canatic  tegons; the climatic regions of
Rajasthan with its north-western region of arid
climate and the south-eastern serni-arid climate
c! the Aravallies, the highlands and surroun-
ding sandy plain of the Lunt Basin, both of
which are & part of south-western Rajasthan,
Thus study of a specific geographical facter is
kriown as the systematic approach in geography,

Regional Licography, on the other hand,
coengiders the area as a whote first and aims at
jdentifying those peographical -factors or
cuzpounents winch in their unison create the
ditinet character of the region, Inthe process, it
the man-environment relatonship
with the constant change shat i taking place
within 1t This ts done by integrating the
tindings avilable as regards individual geo-
[ willhe readilv seen

(LTS Y £ L
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that systematic geography contribuins ils
finding and regional peography preseris an
integrated picture of the region as a wnale. [1
also compares the region under study anddts
refationship with neighbouring onci, This
aspect s called “space-relationship”. Further,
the study of regional geography implies
demareation of regions and sub-regions within
the study area. The process of wlentilying
various regions is often called regionatisation.
This aspect also includes the study ol the sratus,
that is, the place of various regions, syb-
regions, even smaller regions, and the lint.ages
between them in their interactions, Itisusualto
call this procedure a classification of ragions
and identifying the regional hierarchy.

¥e may briefly illustrate these concepts and
procedures by continuing our example of
Rajasthan. Broadly, the most prominent
geographical factorg operating in the area
delimited by the boundary of the State
are its rocky and sandy terrain. iis sails,
mare so its arid climatg! the expanses of
desert lmerspersed by sctubby grasslands in
low-lying basins and ocd:astonai strips off
agricultural land supported by, local wells, The
density of the population is low and has settled
widely distributed
haemlets, many of which ar¢ the homes of catlle-
rearing nomadic communities. Communica-
tions are few and far between and maost of them
connect the ancient towns ol Rajasthan like
Jaipur and Jodhpur. it may be seen that human
life and ‘the pattern of living are highly
influenced by its arid and semi-arid climate.
Altogether, the picture of man-environment
refationls is one of man's strenuous effort Lo
improve his cconomie status and his living, in
an cnvironment which is harsh. We build this
regionial picture of otirs with the hélp of maps,
statistical data and ‘other sources. We aim at
integration of our material so gathered 1o
understand Rajasthan as a écographical
region. g

“villages and - .
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We {urther cry to identify sub-tegions and
their smaller regions, on the basis of relevant
lactors. Thus, Rajasthan may be divided into
the arid north-western region and the partly
foresled, hilty region of the south-east, The
south-eastern region can be further classified
into (a}the Nemada hills, (b) the Udaipur hill
complex, {(c)the Luni border lands, and
(dythe Aravalli hili complex, on the basis of
‘terrain and land use characteristics. Ea n of

GEOGRAPUY AS A DISCIPLINE ¢
understanding of the region and on the hasis
of factors which they regarded us mast
relevant at each stage in clossifiention.
Nowadays, with the vsc of refined cartogra-
phical and.statistical techniques, it is poxdible
to demarcate regions more objectively nnd
weigh their place in the regional higrarchy,
with a greater precision. Such exercises nre
useful not only to gain a good insight into the.
regional geography of the land, but alvn for

these smaller regions can be farther broken regional planning and development, Now we

down into still smaller gcograplntal regions.
Here, we should note that the 1echn|quc of

identifying and demarcating reglons

regionalisation, has become more precise and

objective aver the years, Geographers used o
classify regions on the basis ot their intimate

have some goad. studies of our country as t

“whole and for some of its rcgnons in greater

< detail |
We have thus seen that geography as i field

of study has an useful contribution La take in

our study of the earth and its various regions,

EXERCISES

Review Questions
l. Answer the following questions:

(i} Name the scholar of ancient times who talked about impact of envirormient on man?
(i) Why dld geography gain popularity in schools during the eiphteenth cintury?

geography.

(iii) Name the gcographcr who advocated for the synthesis of physical nad human

LY

{iv) What is the most recent development in geography!

_Write short notes on the following:
(i} ‘Deterministic”school of thought.

{ii} Relation of geography with other disciplines.
3. Discuss the methods and techniques in geographical studies.
4. What do we mean by regionalisatien? Explain this method with the help ol an exnmple,

Finding Qut
"5, Collect information regardmg, some eminent geographers of our own cotnbly sl et
contributions.

Further Readings

Freeman, T.W. A Hundred Years of Geography Duckworth,
Woalridge, S.W. and W.G. East. The Spirit and Purpose of Geography, tlutchinson's

University Library, 1951,

1961,

b
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The Earth—Its Origin and Evolution

q he easth—our homeland is only one of
. B the members of the solar systenr 11 is,

however, a unique planel beeause it
contains life. Do you ever wonder how did the
carth ariginale and evolve to become our
homefand? Let:us lind answers o these

-, questions in the following pages.

The Origin
Though it is not exactly kndwn how the earth
originated, one of the mosl favoured theory
suggests ihat it is an outcome of a slar,
formation.

About 4,600 millior years ago, a giant cloud
of pas and dust in space, having a swisling
motion, 'mdually comm{.lcd under ils own -
gravity. As it contraeled, it assumed a {latiened
disc-like shape. The swirling is meusured by a
physical quantity called angular momentum, It
depends on the speed of rotation and the size of
an object. As the gas eloud or nebula shrank in
size, it spinned faster to conserve its angular
momentum. The rapid rotation prevented it
from total sollapse into one object and a large
number of smaller units were formed. The core
of the nebula rotating fairly slowly evenfually
became the new star—the sun. The centre of
this star was hot enough for thermonuclear
reaction to set in, The smalleruntts retaining
most of the angular momentum ol the original
cloud [ormed planets Each unit conlr'u:u_d
further and in this process bcgan to get hotterin
-the centre.
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Gradually the heavier dust particles settled
towards the centre of the rolating disc leaving
the gases farther out. Thus today the inner
planets of the sol;ir systemn are rocky anpd
heavier while giant outer planets are lighter.
The Earth's Evolutiqn
The earth has reached lo its present {orm
through several phases. From a ball of swirling
dus: and clouds, it passed through a molten
stape. Light substances Noated up from deep
inside to lie upan its flery surface. There, they

cooled and hardened. So the earth gradually '

gainzd the skin of solid rock that makes up
most of the earth’s crust. As the earth's interior
continued o cool, it contracted and the cuter
crust wrinkled forming ridges and basins,
‘Meanwhile, still lighter substances floated up
above the crust and formed an atmosphere of
gases. "

With the cooling of the hot gascous
substances in the atmosphere, massive cloud
formation took place. It brought heavy
downpour for thousands of years. As a result,
the grest basins on the earth’s crust were filled
with water, Thus oceans were formed.

For perhaps one hall of the long span of

earth's history, the planel earth remained
barren  and  lifeless. Then life appeared
miraculously in the peeans, It is difficult 1o say
what exactly lormed life, All that can be said is
that through  some agency certain giant
molecuies acquired the abilily o -duplicate
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themselves. From such shadowy begihning
gmerged 2 wonderful “orid of lwmg things—
nlants and animals.

Emergence of Homo Sapfens, the species
that include all living races of human being
about 500,000 years ago, is comparatively a
recent phenomenon in the earth’s hisﬁﬁory.
Mujor Surfrce Features of the Earth

The major surface features on the earth are
continents and ocean basins. Of the whole
surface of the carth, less than one-third is
tandmasses, the rest is covered with water, The
maximum difference in elevation on the earth’s
surface is about 20 kilometres (hetween Mount
Evercst, §.848 metres above sea level, and the
Chalicnger Decp in Mariana Trénch in the
Pacific Ocean, 11,022 metres below sea level).
Considering the size of the earth, the difference
in surface relief is small indeed. N
The continenls and ocean basins ére
irregularly arranged on the earth. The northern
hemisphere, has more land than the soushern
hemisphere. Bul continents and-oceans
have not always remained the same as they are
toda.y Far several miflion years, large pans of
“eontinents were covered with thick masses

of ice, as Greenland and Antarctica still are. -

This period on the'carth is known as the Jce age.
The ice-sheets melted only few thousand years
ago.. raising lhe sea-level lo the present
position. When the sea-level was lower, North
* America and Asia werc connected by dry land
where teday exists the Bering Strait
It is betieved that continents have been
drifting apart. This idea was first propagated by
" Alired Wegener in 1924 and is known as the
_theory of continental drilf. Accordingly, nearly
i50 million years ago, therc was a single
, continent on the earth known as Pangaca. This
super<Conlinent broke into several pieces,
which began to dnift apart. Northi and South

TilE FARTH—ITS ORIGIN AND EVOLUTIGN 4

" Americas pulled away Jrom Alrica and

Eurasia, and drifted to the west. Asaresult, the
western edge was wrinkled and the Rockiesarnd
the Andes were formed. In between the two
continental blocks of the Americas on the one
hand and the Africa and Eurasia on the other,
the Atlantic Ocean basin appeared. Antarctics,
Australia, Peninsular India and Madagascar
were neatly nested logelher close to the
southern tip of South Africa. These [ragments
also drifted away 1o the present positions, giving
way to the Indian Ocean Basin in betvi¢en.
Initially this theory was not acceptable to
many scientists as the continerrtal drift seemed
impossible under the known laws of geophysics.
However, in recent years the studies of the past
magnetism of the earth as well as tiic new
discoveries of the ocean floors have brought

evolution in geology. 1t has been established by

the theory of Plate tecronics that ¢ontinents
are moving.as plates on a semi-liguid surface
Thus it now lends support to the theery of
continental drift.

. Now we have seen how the various realms of
the earth-—the lithosphere (the landraasses),
the atmdsphere (the air envelope), the
hydrosphere (the waterbodies), and the bios-
phere (life {orms) were created. These global
realms together constitirte our nalural environ-
ment.

All these components of theenvironment are
¢losely linkgd with cach other through Mow of
energy and matter, Hence it is dilticult to
upderstand any physical phencmena in iso-
lation. For example, water moves contiauousiy
between the atmosphere, the lithosphere, the
hydrosphere and the biosphere. Considering
the complex nature of the carth as a toal
system, we can proceed in a logical manner,
piece by piece but we should never loose sight
of the wholeness of the physical world .
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Review Qiiestions

1
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4.

PRINCIPLES OF GEOGRAPRY -
EXERCISES

‘Answer the fol]owzng questions:
(  'What'is a nebula?

(i) Why are the inner planets of the solar system heavier?
(iil) When was the carth formed?

(iv) What isa Parigaca?

VWrite short notes on:

{) Ice age ' '
(iiy Plate tectonics ]
Discuss the origin of the carth. ' , &
Briefly describe the continental deift, ‘

b

Finding out

5. Collect information regarding continental drilt, es;necmi]y evidences in supportef {he theory
Further Readmga “ !

Strahler, AJH. A N.Strahler, Geogmphy and Manx Enwronmem New York John Wiley &
Sens, 1977,

James, P.E, A Geography of Man, London: Blaisdall Pubhshmg Company. 1966,
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UNIT 11

. The Lithosphere
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CHAPTER?3

Interior of the Earth

1 !

E HE detailed slmh'r ol the intertor of
the earth is generaly undertaken by
geologists and specialists in*Earth

Sciences. But we need its  elementary

knowiedge in geography because 1his

understanding is essential. o lollow the
natire of changes taking place an the carth's
surfage. The uplilt of greal mountains, the
subsidence af parts of the crust, its
cxpansign  or contraction  are related o

internal forces operating below the carth's
surfuce,

Evldences about the Earth's Interior

Exploring the carth beneath our feet is a
more difficult task than mapping the moon
A scientist can loak [y inte-space butsuchyis
not passible in the case of the earlb's interior.
The deepest mine in the world in South
Africa s about 4 km deep, In search for ol

man has dug a hole only about 6 km deep.

None, of these places are very [ar down
compared with the distance (o the centre of’
our earth A borehole to the centre of the.
earih would be over 6,000 kni deepnin ocean
fioon Suill withoul drilling, a number of
things have helped explorers to know about
the deep edrily, Only upper partof the earth’s
erust just helaw its surface could be known
‘more or less by dircct observations. Lower
part is beyond the reach  of direct
‘observations and our knowledge aboutitis
‘based upon indirect scientilic cbidences
These indirect sources are temperature and
pressure inside the e, density ol is

O R R AP PR

different shells, behaviour ol earthquake
waves and evidence from. meteorites. Still
uncerminties persistabout thenctual state of
matier in e innennast tone around earth’s
care  As such scientists do not agree on 8
precisely unifonm thickness and classification
of the layers of the earth's inlerior.

Lilhosphere . Asthenpsphere
50-1D0 Kromelery thiew  100/- 400 Kilome lera nigh

Hesospherg
240D~ 2730 Komelers Iruch

Fic. 3.1 A sechion through the earth showing
Ils structuyre -

By using scismograph, a graphic
recording  of the earthquake waves o
vibrations is made, and scientists are able w
get some idea of the kind of recks which are
jound below the eart’s surface. There isa

S R o
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chunge in the course and velocity of the
waves  on crossing  the  boundaries “of
different zonesinside theearth. If 1he ground
through which the wavestravelissolid, they
behave in ane way. 1 it s liquad, the waves
bebave i a different way, Their velocities
in both cages differ. There are three types

ol wiaves known as ‘P’ oor longitudinal or

primary waves, ‘'S' or (ransverse ar
secondary waves, and the leng ‘L' or surface
waves which are recorded by a seismograph,
The velocity of the lirst two types of waves
imereases with depth but oniy upo 2,960
kilometres, Afterwards, '§' waves passing
across the divection ol their movement do
not pass and the P waves traveliing in the
direction of their movement generatly pass
ata reduced velocity. The long "L’ waves do

not pass and do not go deeper in the carth.

The 'S’ waves cannot-pass through a liquid
and are ransmitled only through arigidora
solid body, The velocity of the ‘P waves
passing through inner core again increases
as compared to their passage through the
auter core, This data brielly point out that

Eorthquaks
tacus

S

A7 penelpdle conli
g .

o

Suriocy waves 3 .4

Mt gfter shock

P-inn-‘i
Trovsl e sl
viow Peash . CORE

silicates

L Roy shorply bert
! {retrocted]

U - v hrgughs Oven Brtive 2 it )

oo shect occure. ¢ A }
Vi, 83 Crogsesection of the earth showing dia.
: granonaugaily the paths of P, S and L

@ meras L

the inner core ol the earth is of solid ivon and
the outer core has probdbly the properties of
a liquid. Ir may be concluded thatasa whole
the earth’behaves as solid even when paris of
its interior are reporied 10 be in a plastic or

“semi-liquid state. The rock samples from
various depths. have also provided the
evidence of the density of the materials. The
meteorites belonging o our solar family are
another source ol our inlormation [or a
beuer understanding of the earth's strycture.
Their oliter layer is burnt during their fa!t ] ;
the earth. As' the swony maiterials of ¢
meteorites are similar to those found on the
earth’s surface, these are scarcely recognised.
But the composition of the meleorites
consisting of heaviest materialsconf{irmsthe |
similar composition of inner core of the
earth. '

” .

Temperature and Pressute Inside the Ezrth

The evidericenf volcanit eruptions hnd hot
springs indicates that high emperatures |
prevail din the dnterior of the carih. A
progressive, risesin temperature with
_increasing depth is recorded {n. mines and
-deep-welis all.over the world, the average
rate of increase being 1°C for every 52 meures
. of descent. Normally, a0 this rate of increase -
" ip -temperature, the rocks at great depths i
should be in a liquid state. At.one time,.on
“the basis of this view, it was 2ccepted that the
-hin solid. crust, ol. the earth; was perhaps |
‘resiing on a'molien.core. But thé behaviour-
of earthquake waves as llinted above has led 4
us to revise our views. The rate of increasein” §
lemperature is now considered to be variable
<and, theresi$;no urniform increase [rom the §
:surface o the centrewof the zarth. The rdte of §
. ‘tease:in the overlying pressure makes the
nmelting’ point higher but odily to a certain §
-degree., In .upper 106°km, the increase is -
estimated at,12°C per km. [ is 2°C per km in
“the next 300 km and 1°C per km helow il By
this caledlation the wemperature is actally |

[T

5 000°C: at the core of the earth, The heator
|i's-(- i wmper:uurc‘ is the rcsu‘lt of mwrn?i
jciees, automadtc disintegrauon of radio
aclive substances, chemical react
other sources keeping the intertor hot, 1t
indicates the liquid or perhaps gaseous
conditions prevailjng at greater depths. Bul
at the same time there is a Lrelmendou,s
increase in the pressure of overlying layers
“on earth's in‘lcrig‘)r. Thus, even under
extremely high temperature ngards the
central part of the earthy, the llqulxd nature 9[
115 core has acquired the properttes oi asolid
and is probablyina plastic state. Tpe earth
is rigid and behaves mostly as a solid down
to a depth of 2,900 ki because of such

on and
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pressure conditions. Wherever even'a slight

release of pressure -0ccurs, the' unde;.l'ymg
matter escapes Lo the surface and becomes.
molten  beepuse ol high  temperatures
prevailing therg. While solid ;nqtcr@] mielis
inside the earth, the liquid also fakes up'thc
properties of a solid as fl]\]ud‘t‘?ld allmf'c.

Density and Compositton of the Earth's Interior .

The velocity and. thg, path E:ollgygd, by
eartiiquake waves, iemperature %{“.'1 pressure
conditions inside the éarth tél] us of varying
physical properties, density and ;com_poé:_- ‘
tion prevailing there, The . structure gf. e
carth's_interior is thcrg{oreﬂ}gxygred. The
arraﬁgément ol layers is'cgrnparablc ta

Table .
1 Physical
! Lay Chemicai Average Density
Nane of the Layet Gomgposition  Thickness Properly
Sotid
A. i Crust or outer pars off SiAl_, 8 o 4‘5 kmeI
lithosphere immedia- {Sedimentary (rn:u'n ¥ under .
lely below the newer and the continents)
sedimenlaries on granitic rocks) .
i :::fjr&[-)an ol litho- Or outer 45 to 100 kmr 275710 290 Parlly molten
1.
sphere or the sub- silicale layer  (partly under o
strawam of greater : aceans) : \ .
B: 4 :t'lr:l:rg(:‘;iic1lu layer. SIMA 100 e 1700 5.0 tp 475 ‘S?mc psri?jp:::hﬂ
- T i ' inl of n solid @
ikine i sorme like those of

{Basic. rocks)

2
1i, Transitional zone of

under oceans)

plastic materml ¢line
to meiung peunt,

Whally SIMA 170010 2000. 4.75 w0 5.00 )

mixed metals and {ulira-basic”  km
silicates. roeks) ) ‘
i i ilute ite}
{B. i. and B. ii. logether constituie the ma;m o 51 10 18.00 g o 1 o
C. i. Quter metallic NIFE or ! 19:0 10 4? B
e ’ Solul pl nignl lwonne
of emendany avetlying
& faresusete
il. Inner mewllic are Harysphere 4580 ‘025490 T
(Heavy metal-" knm
Hc rocks) B L
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onjon with its shells, cae inside another,
The inside of earth has a shallow crust as
hin as an egg shell which can be compared
with the size of a ball. Below ihe surlace
enpped by sedimentary material, opper layer
of the crust is - mainly tompused of
crystalline {gneous and metamaorplvic rocks,
acid in nnturg, The lower laver of the crust
has basaltic and ultra-basic rocks, The la yer
of heavier or inner silicates is not found
beneath oceans. The oceans are mostly
underlaid by dark coloured basalt [ollowed
down by a thick greenish and tremendously

, hot laver, The continents are composed of

lighter siticates termed as 'Sial' or Silica +
Aluminium. The oceans have heavier
gilicates named as *Sima’ or Silica + Magne-
sium. The continents of lighter muateria) are
floating in a sea of heavier and denser
materizl. The central core has the heaviest
mineral materials of highest density. It is

Review Questions

- *
1. Answer the following questions :

fom oo dRMERROT? L

carth’s crust ?

2, Write short noles on:

I L b s ey e o \ e v e

{ii) How the meteorites lielp us in wllin‘g'thf:"compo;ilion of the ecartht's

composed of what is termed as "Nife' or
Nickel + Iron. A zoneol mixed heavy metals
and stlicates separates the core from the
other layers,

The Table on page 5 suinmarises the
names, density and approximate thickness
ol diffgrent luvers of earth’s interior in arder
0 know s stucture '

Based upon variatians in wmperatureand
pressure, changes in density and velaciy af
carthquake waves along boundanes of
different layers, their chemical COMPBOsILIon
and physical properdes, lavered nawre of
garth's structure isconfirmed. Broadly, there
are three layers—ihe crust, the manile and
the core. Whilé the ctust farms oniy 0.5 per
cent of the volume of e earth, 18 per cont
consists of the mantle and 83 per cent mukes
the care. Earth being a spherical body, it has |
its centre at 6,400 kin viz., the mean radius of
the earth.

EXERCISES

{f} How is it that our knowledge is based on indircct observations about
the structure of the carth's interior ?

s

(i) What are'thé main evidences of the layered nature of the earth's structure ?
{frv} What is the significance of the variations; in @mperature within the

(i) Sial, (i) Sima, (i1} Nifle,-2nd {iv) Barysphere.

3. Discuss the structure of the earth, giving details about each of its iayers or
shells and arguments in support of your contention ;

4. How'do.the waves of different types el us zbgut the change in the nature
of diflferent layers of the edrth's interior ?

R NV VP
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5. Give a single term for each of the following -
(i1 Part of the earthn'd interior which behaves hike

wemperature.

)
(i)
1
)

Finding Out

6. Find cut sufficient information about the use o

INTERIOR OF THE EARTH

a salid despite its high

l (ii) Chemical composition of the layer underlying continents.
Part of the earth's interior consisting mixed melals and silicates.
(v} The waves which pass through the core of the earth,

{v) Chemical composition of the layer underlying oceans.

[ studying carth's interior.

Take clues from your lextbook and other books available m your 5(]::)0..

library
Cartographic Work

+ 7. Draw a goad cross-seclion of 1F _
i explaining the diagram. Label it suitably.

‘Further Readings

Samp, LD, The Earth's Crust, London @ |
Sieahler, AN, The Earth Science, New York:

f the earth's interior appending briel notes

George . Harrap & Co. l.1c., 15?55.
Harper & Row Publishers 1563.




CHAPTER 4 ;

Materials of the Earth’s Crust

HE outer part of the earth as we

can see in quarries, cutiings along

ronds, minesor borings istheearth's
crust. This most significant outer crust of
the earth is part of the fithosphere. The word
‘Lihosphere’ means a sphere ol rock,
whather hard as granie orsofuasclay, gravel
ar sundstone. Down toa depth of 16 km [rom
the surface of land, 95 per cent of the earth
niaterials lound in the earth’s crust consist of
rocks.

Rocks and Minerals

Rocksare made up of individual substances,
which are called minerals lound mostyina
soiid state, Each mineral usually contains
two or more simple substances called
elements of which the whole earth is made,
CGut ol aboul 2,000 dilferent minerals, only
twelveare common all over the earth. These
twelve minerals are called the rock-formers,
Stiil the other uncommon minerals are also
vielul o tndustry and to modern way of life.
The common :ninerals are lormed of,_eigl-n
most abundant elements in nawure, Out of
these, silicates, carbonates and oxides make
up a large group of them, As many as 87 per
cent of the minerals in earth’s crust are
aluates. Quarty, for example, Has two
clements, silicon and oxygen, united
iogethem form a compound  known  as
catbomae ol lime, Each mineral is a
tattially oceuring nen-living  solid
salntance possessing certain physical
cronwitios and g definite chemiceal

% f

composition. ‘Minerals are thus chemical
subsiances found in nature, may be either
elements or compounds, There are meallic
minerals like copper,, lead and gold 4s well
as non-metallic minerals like gypsum
quattz and mica.

The geologists are interested in racks 1o

know the geologic history of (he em*fh,-
. because ivis in fact written in rocks. But {or

geographers, they are imporunt as elemenfs
of natural environment and are viluable for
their minerals and the soil they produce.
The uselul products like perroleum and the
underground water are also found in rocks.

Classilication of Rocks

On the basis of the made of formation, racks
are usutally classificd inio three major wypes.
One such type may be distinguished from
the other not only an the bLasis of its origin
but also with reference (o mineral contents
and areangements of mineral cryswals,

v Tgneous Rocks

At one time. @il parent rock mawerial was
liquid, hotand a sticky thing called magma.
This rock-forming hot liquid generatly
moves towards the surface from §0-100 km
dc‘p"t‘hs when steamn’ pushes it up ihrough
cfacks. It hardens below or upon reaching
the earth’s surface, Whenithardens, itforms
ignecus rock (ignis in Latin meuns fire).
lgneous rocks are parents of all other rocks
and are also known as primary racks, They

e e
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have been forming since earth beganandare
Sl formed in regions of volcanic activity.

Extrusive igneous rock is the name given
1o magma erupting and solidilying after
escape of gases as lava on reaching the
surface of earth, This variety is alsomamed
as a valanic rock. As lava cools down
rapidly en coming oul of "the earth's l}ot
interior, the mineral crysials of extrusive
igneous rocks chupge their structure andare
very small, making them look line-grained.
A virtual absence of grains as in obsidian
gives Lhem a glassy appearance. Basall is a
iypical example of extrusive lype, covering
500,000 sq km ol Peninsular india in ius
north-westernt part, These are the Deccan
Traps forming {lat-topped hills at present.
The basaltic material is vsed for building
roads and yields a lertiie black soil locally
known as regur, on.is weathering.

Valcono

Volcong

Extrusive

.

Fic. 4.1 [fgnecus rocks s

The intrusive igneous rock is formed by
solidification ol magma at moderate depths
heneath the earth's surface. The cooling is
obviously slow because of the great heat ai
these depths and the crystals formed are
large. The granite and the dolerite are the
meost common examples of such rocks, For
this reason granite is coarse-grained unlike
the [ine-grained basalt. On the other hand,

MATERIALS OF THE EARTHS CRUNT

when selidiffeution of mugima oreos ol

greav depths below the earth’s sinfar, the

rate of cooling is much slower, A result ol

this slow ‘cooling, very large-sized ciystaly
are lormed in such rocks. These deepi-aeiterl

intrusions ave known as plutonic rocks ‘T he
word ‘Plutonic’ is derived from the wunl
Pluto, the god of the underwarld, A highly
coarse-grained granite is a wypical example
ol plutenic rock. The granite of various
colours—grey, red, pink or white is found
on the Deccan Plateau in seuth India, in
Madhya Pradesh, Chota Nagpur, Rajasthan
and in parts of the, Himalaya. During its
malien state within the earth it contained
water, sieam and various gases which
escaped on solidilication of the material. It

. is used largely as 2 building stone and many

ancient monumentslike temphes are made ol
granite rocks. .

All igneous rocks are of magmatic origin
and each intrusive type has an cxtrusive
equivalent. “They arc massive having no
layers, hard, compact, free of fossils nnd dark
as basaly or light-caloured s pianiie
depending upon greater or lesser amownt of
silica present in them. Those with i hight
propartion of silicon are said to be ncud and
others with a high proportion of hasic
oxides ave denser and darkey in appeitance,
These are crystalline rocks bece rach has
crystals formed as a result of the process of -
crystallisation for a longer on $hoyeen periel.

Since magma is the chiel sonn e nl il
ores, many of them are wwociird with
ignecus rtocks. The mnerab ol peal
cconomic value ouaul {0 the e nugmeti
iron, nickel, eopper, leal, o, Vhnome,
manganese ard  rare o hke pald,
diamonds and the platona These e ol
great value i niendlnoead listiy of
madern days  Many of thrs peeals e
derived from ciystalimed noneaaks usnally
filling e Heaes an thie oo b Pt wader
den with wnnerad worne e solution,

‘
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passing through these [issures in the rock is
responsible for the deposition of rich
minecrals. Mixed with plenty of quariz and
calcite formed in this way are the ores ol
lead, zing, tin, copper and other rare melals.
Occasionally uncombined metals ire found
in native stale as gold and copper. Igneous
rocks abound in  silicare  ninerals
contdining iron and magnesium. Some
mica is also associaled with them. The old
rocks of the great Indian Peninsula are rich
in these crystallised minerals or metals.

fgneous Rock Bodies

“All structural mountains lormed as a result
“of uplift have igneous rock bodies within
them, These bodies of different shapes and
sizes are formed &1 solidified magma and are

t named with reference to the surrounding
~'rock, theirown size, shapeand position, The

intrusive igneous * rock bodivs include
batholiths, stocks, laccoliths, sittsand dykes.
These volcanic lormations are Tormed much

. below the ground surface. We know about

“themn on their exposure on the carth. As the
loss of heal is much slower inside the earth,
the crystals grow larger during a prolonged
process of crystatlisation, The g:.*gLr'us:'ve

Jgneous  ctock  bodies  form  volcanic

. mountains or volcanic plateaus within areas

of mountain building and on the floor of
oceans, We would read about them in some
details in other chapters. C
Batholiths are the largest intrusive
igneous rock bodies. They may be 50 to 80
km across and hundreds of kilometres in
length. They are so thick that thieir boutoms
are'not visible. We see them on the'sutface
only when large amount ol surface rock has
been carried away. Their upper surface is
irregular and dome shaped. The batholiths
are greal granite masses forming the cores of

- world’s mountain systemns. The batholiths

covering ‘smaller’ areas are called stocks

N
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having somewhat rounded form and same
general characieristics.

The Laccoliths are other huge masses of
igneous rocks that have been [ormed
between horizontal or slightly tlted lavers of
sedimentary rock nearer the carth’s surface.
The dame shaped masses ol magma due to
rapid movement upwards appear in the
form ,of a mushroom or a leaf of bread. It
may be regarded a miscarried volcano when
the magma failed (w0 break through the
surlace. It is possible that at some depth
under the active volcano, there is a laccolith
in the form of a reservoir of magma
producing the eruption. In other words, 3
loceolith can be cited as.an intrusive
equivalent of an extrusive nawre of 2
volanic formation.

The Dykes are near vertival {onmations,
from a few metres to kilomelres in length
and from a few centimetres to hundreds of
metres  in thickness. They
existence when  liquid material  passes
through cracks in the country rocks and gets
hardened into a rock. They are not easily
eroded and stand like giear walls after the
country rock is-erdded,

Sometimes, magma Uying 1o teach the
surface squeezes hetween lworack layers and
solidilies into a thin sheer i herizonal

position parallel to the layers of already

COITHT

existing rocks. Such an intrysion is termed

as a Sill.

2, .Sedimentary Rocks

Although three-fourths of the earih's surface
is covered with sedimentary rvocks, they
make up only abouwt 5 per cent of the volume
of the carth’s crust. In other words, sedimentary
rocks are nol as important as igneous rocks
in depth of the earth, they are widespread in
their extent.

Auny rock on the earih's surface is exposed to
weather changes and to the agents of
erosion. Tt thus gess broken into fragmes

into

TmTTa Yo

L A g

- 1
ON HORIZONTAL PLANE
THE EARTH'S SUAFACE

! goiieTagaRtaet
= i pobasdndad]
e T NON- SEDIMENTARY
hS H -’?q\ﬂv;/
e . .
eER ' On VERTIGAL PLANE

' THE EARTH'S INTERIOR

V' THE EARTH'S CENTRE

Fic. 4.2 Distribwsion of rocks on horizenial
and vertical planes of the earth

further reduced nto small particles called
sedfuenes. These are derived from igneous,
metamorphic or older sedimematy rocks.
For this reasen  these are known o us
sedin‘n'ntm'y or fragmental rocks.

Same sediments are of sand, some of ciay
and others are of different bits of rocks
making pebbles or gravel. All sediments QE.'
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Fic, 43 Composilion of sedtmeniary rocks
by types
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one or the other type are carried by ranning
water, wind orice. Theseare leltburied layer
by layer al favourable sites, mostly seitling
downalong silent waier of a stream, 2 l'.\lif‘“w it
sheltered parts of sea and its beaches. The
sediments get sorted by the trarsporung
agents like running waler, winds, waves; the

farger and heavier particles being deposited

first alter moving for a refatively shert
distance. The smaller and finer particles are
carried far away. Bul most ol the material
transported by moving ice are not sorted out
and are nll dropped together when the ice
melts. As sedimentation is [avoured by
water, most ol the sedimentary rocks have
been formed under water. The loess is one
example of fine sand carried by wind and
deposited as wind-borme sedimenmry rock as
in north-western China and Indian sub-
continent. An unsorted mixture of clay and
Bemidders hnown as houlder davor till’izan
example ol ice-deposited sedimontay 1Ok
4s in plains of northern Eutape.

Very ollen, loose and uncoensolidated rock
materials such as sand and cluy, incours: of
time, get converled into hard and comyadl
rocks such as sandstone and shale,
respectively, They get hardened by
compaction, kestby the pressuve of somw
overlying material, While sand and clay
generally turns into compact :_‘r-cks hy
pressure, conglomerate and breccia are the
examples of sedimentary rocks [forned
hecause of the process of cementation. Some
sort of cementing swalf like calcite orsilica is
carried by water in solution. It collects
around grains and pebbles and binds them
together into a solid mass. The
conglomerate is a collection of round
pebbles taken from a sea share or a riverbed
mixed and baund together by some
cermenting stufl. The pebbles in the case of
breceia are angular fragments indicating the
work of an agent other than runping water
or meving ice. Such a process of formadon
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places all these rocks under the category of
mechanically formed sedimentary rocks.

The organic mauter derived {rom plant or
animal remains is also the raw material for
the formation of sedimentary rocks in course
of tme, Two well-known examples of
sedimentary vocks ol organic origin are coal
and the limestone, Manya Li:}ﬁc, plants, their
roots, leaves, Llwigs and even tree trunks are
buried in swamps, In course of time, these
malerials are partially decayed, losing most
ol their elements except carbon. The
accumulated material wrns into coals of
different grades depending upon the
propurtion of carbon and the degree ol
overlying pressure. The peat and lignite
(brown coal) is the first stage of coal having
below 45 per cent carbon and bituminous
variety is the next slage with 60-70 per cent
carbon. Likewise, the limestone is composed
of shells and skelewns of dead marine
animals once living in moderately deep,
warm and clear waters of 7 sea ora lake. The
lime shells of such organisms are cemenied
mto limestone sedimentary rock of organic
otigin. The tiny organisms like corals and
algae derive calcium carbonate {vom the sea
water. Such are the reels built [rom the

skeletons of dead corals once living in
ucapxml seas,
- S lanother category is the resuli of direct
precipitation of minerals from their
sotutions in water, The rock salt, gypsum,
and niwre like saltpetre are examples of such
chemiczlly formed sediméntary rocks as a
result of evaporation of substances held in
solution by water. It takes place when rivers
in hot climales pour such salts into inland
lakes and sea in such a large quanity that
the surplus is removed by evaporation.

All sedimentary rocks arg layered, lying in
horizontal beds. I{ their position is disturbed
alter the deposition, the beds are slightly
.actined. As sediments are usually deposited
in distinct layers or strata, these rocks arc

. pervious stratum

termed as stratified rocks. Most of them have
ripple marks left by water, They have {ossils
embedded into their layers. They are in the
{orm ol prints of leaves, insects orsofthovine
animals and pieces of bones, shells or some
hard parts of oid living beings. The large
variety ol sedimentary  rocks
distinguished by the origin of sediments,
mode and place of deposition and nawure of
cementing material, alihough they rewain
their common characteristics.

The minerals of economic valueare less in
sedimentary rocks. But these are the spurce
of haemaute iron ore, phosphates, a number
of building stones, coal and naterials for
making cement. Pewoleurn formed by the
decay ol tiny marjne prganisms also occurs
in the muds of sedimentary rocks. Ii forms
oil pools only in some suitable structures.
One of such structures, is the existence of a.
like sandstone between
1wo strata of impervious rocks like shale. Iis
further movement is stopped ¥ the
impermeable rock and pressure helps it 1o
rise in the porous rock. If the rocks arebent
uprwards as in an anticlinal fold, oil tends to
rise (o the top, being lighter than water. The
decomposition .af surface rocks under
tropical conditions give us the secondary
ores ol bauxite, manganese, and deposits
like un derived from other rocks but found
in gravels and sands crried by water.
Sedimentary rocLs also yield some ol therich
smis. ‘

In the Indian sub-continent, the alluvial
deposits in the Indo-Gangetic plain is of
sedimentary accumulation. Clay and loam
of different kinds occur in this plajn and in
the east coastal plains of our country.

Sandsione is found in large areas of Madhya -

P}adésh. easiern Rajasthan, in paris of
Hlmalay Andhra Pradesh, Bihar and
Ofrissa, Thé Red Forts of Delhiand Agraare
made of red variety of sandstone, The greal
Vindhyan highland in central India consists

arg -
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. granite is converted into gneiss; clay and
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al sandstones, shales and limesiones. The
significant coal, as a source of power and as
an industrial fuel oceurs in the river basins
of the Damodar, Mahanadi and Godavariin
Gondwana sedimentary deposits. Assam
and Gujarat are the chiel petroleum
producing states in India. Butl potential
arcas of new production are under
exploration in sub-Himalayan zone, and
river deltas of the Ganga and Kaveri, The
suitable structure in the oceanicsedimentary
rocks 1o the west'of Bombay have siarted
vielding pelroleum The prospects of new
il deposité exist in Raam ol Kachehh; the Gull
of Cambay and the mnlmmml &herf offthe
Andhru coast. . .

Although derived from pic- e*ctsung rocks
it is interesiing 1o note that some
sedimentary rocks are older than either
igneous or the metamorphic rocks as found
in Greenland in 1975,

3. Metamorphic Rocks

. Change is the law of nature, All rocks

underpo changes. When the original
character of he rocks—théir colour,
harduess, texture and mineral

composition is partly or wholly changed,
it gives rise lo metamorphic rocks, under
frvourable conditions of heat and pressure,
In Greek lunguage the word metemorphic
means ‘change of ferm'.

These rocks are formed under conditions
similar to those producing igneous rocks.
The change takes place while therock isina
solid or a plastic state mostly at depths of
about 12-16 km below the surface. ~The
process of metamorphism takes place at
depths under the pressure of overlying rocks
ot as a result of contact with a hot igneous
material. The [ormation ol metamorphic
racks under the stress of pressure is known as
metamorphism, In this case,

shale are transformed into schis( at great

B e —
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depths of the carth’s crust. The gneiss and’
srhist rocks have z well-marked banded
structure in which the constituent minerals
are arranged in nearly parallel layers. The
hands in the case of a schist are thinner than
those in the gneiss, and consist af the same
aggregate of minerals. In India, both are
commonly found over large parts of South

Jdndia, and in some parts of Assam, West

Bengal, Bihar, Orissa, Madhya Pradesh and |

Rajasthan, They are also fotnd in the
Himaldyas, Gneiss is largely used as a
building stone and statues in the regions of
its occurrence.

Granile

56

Fic. 4.4 Major rock 1ypes by depth

The change of [ormor re-crystallisation of

minerils of sedimentary and igneous rocks -

under ihe influence of high temperamres
preévailing within the earth’s crust is  known
as theé process of thermal or contact
mcmmorph:sm. In arcas ol mountain-
building or of vulcanism, molten matter

may-be injected into the existing rocks gdven

close to the surlace. Such a contactw:th heal

<
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over a limited area of about 2 km lrom the
mtrusion brings about a ('llangl' in l'urks
~under temperawures rangmg -from 50°C ¢

% ' 800°C. Some such reason is responsible [or
the pealk of Mt, LEverest consisting  of

metamorphosed limestone, As a resull of
this type of metamnorphism, sandstone
changes into quartzite; clay and shale are
transformed into slate. The coal wrns inw
anthraciteand graphite with over 99 per cent
Marble becomes a metamorphic
rock equivalent of sedimentary limeswone.
Slate may furtherchange into phyllite under
temperatures ranging [rom 150°C o 200°C,

-~ When all these forces ol heat by intrusion or

deep hurial and earth movements. act
together over large arveas, the widespread
change of rocks is the result of regional

" metamorphism. The quartzite rock is oned!
~._the most resistant to weathering, forming

mountains and ridges. I¢ is used in glass-
making.

In India, it is lound in Rajasthan, Bihar,

Madhya Pradesh, Tamiluadu and in the

vicinity ¢f Delhi. Marble is prized as a
bulldmg sione. The majestic Ta; bears
witniess o the grandeur of this rock, In india
it occuts near Alwar, Ajmer, Jaipur and
Jodhpur—all in' Rajasihan and in the
neighbourhood of Jabatpuraleng Narmada
viver in Madhya ‘Pradesh. Slaw 15 used for
rocling  and paving and [or writing by
schoot children. In India, it is found in
Rewari {(Haryana),- Kangra (Himachal
Pradesh) and in_parts of Bihar. Graphite is
used for manulacwuring pencils and
crucibles. [Lis [ound in Qrissa and Andhra
Pradesh. E

fhe metamorphic rocks are recognized by
LhC:lr great hardness, closely banded
stitictures and  interlocking ol ctystals.

s Duung the process_.o[ change, not only new

and precious minerals like gems, rubies and
sapphires are born but crysials are enlarge
and re-arranged and the addition of new

Syt

elements {rom the magma changes the rock
composition.

Rock Cycle

Allrock malterials originating from beneath
the earth's surface lorm ignegdus rocks. As

. s00n as igneous rock s exposed w weather

on the surface of earth, ir is eroded by various
agents, “The material changes into

~sedimentary rocks at some placeandatsome

point of timg: Either of the two rogks are
likely to change into metamorphic rocks in
course .of Lime, A charge into sedimentary
rock takes place at the carth's surface and
conversion into a mewamorphic rock iakes
place within the crust of earth. The
sedimentary rocks may again be buried so
deeps that they melt [orming igneeus rocks.
The change ol one rock into another type

‘under different conditions is known as rock

eycle. The matter of earth's crust is not lost
and the precess changing one form
another becomes cyelic

Ra-cryvofhtalion

| Me lomorphf:!
o= | Rotk |

{gneous ==
Rock P st ey

Fuslon

Fig. 4.5 Rock owle

_The sources ol energy powening this oyele
afe two. Firstora is the heaudeep within the
earth capable ‘of mcl(me, the previcush
existing rock. [t may alse bring ahow
changes inarock while itremains solid, The
second is the selar gnergy responaible {on
breaking and decomposing the rocks on

R,

cartht's surface for converting them o
sedimentary vocks. Deep burial and stzang
pompression during a moundain-buiiding

sctivity may also change the sedimentary

into’ metamorphic ov ignéous rocks. The
metamorphic rock can alse furnish
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sediments 1o produce a sedimentary rock.
All known materials in the form of minerals
and rocks are deflined as mineval mateer.
Throughout hundreds and millions «f
years, the rock cycle has been ré-cyeling the
mineral matter of the earth's crust.

EXERCISES

Review Questions

1. Answer the lellowing questions :
(71 Distinguish benween o rack and a mineral.
(i) Deline o mineral clearly.
(i) Why are the igoeous rocks called primary rocks 7
(i) Distnguish between (he formation of Hmestone and coal.
() Minerals fownd in hoth memarphic and igneous rocks aie the same.
Explain why ?
(i Flow can we (|IS[IIJ°‘1|I;|'I an inwusive Igneous rock Nom an extusive
voleanic rock ¥
(wiry Why Tossifs are preserved o sedimeniary and not in igneous 1ocks ?
2. Write shorl notwes on
() Tntrusive vocks.
(&) Factors contolling the properties ol sedimeniary rocks.
titf) Batholiihs,
(i) Metamorphism. :
G Hear and pressure relationship in the process of meamocphisin,
_ (el Breccia and the conglomerate.
8. Under what r()mllllons are muineral oif deposit likely w0 be lound i tive
curth's crust? THastiate vour answer with o diagram.
4. Discuss the classification of vmi(:us types ol rocks, also suatified and o
stratilied rocks onohie basis of theiv lormation. Give a few exampies of cach,
5, Whatreladonstiap i explinned by rock ovcle between the three tvpes ot rocks
b, Eachy unrusive wgneous fortation has s esousive equivadent just o cadls

. Guve o

rock has iy metanmorphie equivalent. Elucidute

stngle erm for cach ol the following :

hot sticky maolien waerial,

(A

vy Very deepraraed intrusive rock of lgneons group.

PR PR T v
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it AMscarried volcano under the eaith's crust,

(0 Thin verucal and horizontal magmatic intrusions in e couniry rocks.
8. Classily the lellowing vocks into sedimentary, igneous and mictamorphie

fetraps, (0 basalt, Groo doleviie, (i) quanizite, (0) coal, (v anthracite coal,

sy Limestone, (it chalk (ay maeble, () cliy, (x2) shale. (air) gneiss,

teio selust, (eied sandstone, {yv) graniwe and (v} rock saly,

8. Deseribe the signiflicancaol sedimentary and igneous rocks [rom the view point

of economic minerals, .

Carlographic Work

L0 Dranw womap of India and show areas of sedimentary, granite and basalt rocks in
it Distinguish the area of very aucient rocks [rom the remaining portion of the
nuy,

1 D shercdhes ithstraning fommadon of coal, a process of mowamorphism and
ihe tack oyele. .

Finding Qut’
2, Collear different vock smmples and recognise them,
Further Readings

Miganhy Muslimy University, The Earth We [ive On, Bombay 1 Asia Publishing
House, 1863, ’

Flewhen, GUL, and “"u‘lfq'. C.W. Earth Seience, Bostoiv: D.C Heath & Co., 1959,

"

T might be interesting to ask whal the
physiography of Indian sub-continent
L A would be had there been no carth
mavements of any sort anywhere since the
origin of the earth. In the beginning theie
were neither mountains, nor oceans, plains
tor plateaus as familiar to us today. The
powerful internal forces operating [rom
“within the crust ave galled earth movements,
both slow and sudden. They gave bitth 1©
the Aravalll Mountains and later on the
Vindliyan ranges rising from the floor of a
sea then existing in central India. The
Lvolcanoes also existed in parts ol India
pointing oul the eruption of red hot lava.

ower a vast area. Such upheavals or
-periodical sudden movements weréconfined
)10 relatively narrow belts. These were

Hollowed by slow and quiel. moverients |

falfecting large areas, {orming depressions.
tfor being gradually filled up by thick
isediments, The sediments were
subsequentty  uplilted into  mountains.
‘Thus, a cycle of the two types of these earth
movements has continued,

About 120 million yearsago, the landmass
known as 'Gondwanaland' started breaking
because af the earth movements, volcanic
cruptions and ‘sea f[loods
1egether. India was a part of this landmass
consisting of East Africa, Madagascar,
South India, Australia, South Africa, South
‘.'\meric;z and the Antarctica. [t was one huge

all working -

CHAPTER 5, '

Earth Movements, Volcanoes and Farthquakes

‘) .

wok its present shape and form about 60
million years ago. Alter the break-up of
South India from rest of Gondwanaland, it
was during the list one million years that
the chain of Himalayan mountains in_the
north was taised to its present heights and
rature created plains, hills and the
adjoining seas. ' :

The sedimems which were originally

deposited only in horizontal fayers are seen
to have been rilied, Lwisted or broken. On the
olher hand, wmarine fossils are found
preserved m some of them. i clearly shows
that several areas which now forny parts Qf
the land masses were once beneath the sea,
- and many others which are now below sea_

- level were once land areas. Thesubmergence

of .a [lorest in Bombay harbour, the
Mahabalipuram temple now sianding in'the
" sea and the sinking of 6,000 sq km toa depth
of 4 metees in the Rann of Kachehh in 1819 and
a tand of about 1600 sq km raised several

. metres high, are some of the Indian
_examples of the unstable nature of our’earth. *
' Despite these eviclences, {t may notalways be -

possible 1o determine such changes and ihe ‘o

continued activity of earth during our life
time, o

Tectonic Movements

The earth movements which bring about
these vast changes are called tectonic
movements. The -concentration ol great

S U
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downwards. Without them there would be

no dillerences in elevation on the earth’s
¢« surface,

« The earth movements are divided inio

sudden moveménts and slow or secular

movements. ’

I

g Sudden Movements

These are commonly noticed during an
earthiquake: For example, in the Chilean

- earthquake of 1822, a part of the coast rose
up by about one meire, whereas in the New
‘Zealand earthquake of 1885 some parws ol the
land rose up by 3 mewes. In the Japan
earthquake of 1891, a part of the land sank
by ahcut 8 metres. The considerabile changes
in level were brought about by the Assum
earthquake ol 1951 in Brahmpsins Valley ol
our country. . -

Slow ar Secular Movements

= These movements continue much fongeras
“compared to our life span. The raised sea-
beaches along east coast of India to a height
"ol 15-30 metres above sea level are observed,
On the other hand, the peatand {lgnite.beds
found below sea level in the Sunderban
Delta and 10 metres. submergence of the
forest niear the Bombay island are some of
- the Indian ¢vidences of such movements.
The wee trunks of this [orest are sull
" standing in their original upright position.
' 'Aichange in sea Tevel in its advance or
retreat with. respect o adjacent land brings
abdut "world-wide changes in level, The
periodical  advance and’ reieat .oof
conitinental glaciers-and ice caps because of
. ““glabal changes in cl_.in_m{e'ar‘e §:\'|c! to have
caused them. These movements are relative
to each other, the lanid advancing against sea
4 is termed a negative movement and (he sea
g advancing on land is known us a positive
movement,

Fertical Movermenis-

These movements are responsible for a-

T Rt g

rise or a fall of a portion of the eaith's
surface. When a part of theearth'scrust rises
in relation 1o surrounding portions, it i
known as wuplifi. Conversely, when the
sinking of a part of the sarth's crust relative
o surtpunding portions takes place, it is
calléd subsidence. These earth movements
on a large scale build up continenrs and
plateaus. They do not disturl he
berizontality of the swata as they were

may he only inclined or dled.

Heorizontal AMovements

These movemenisare responsible for greatly
disturbing the horizontal arrangemient of
layers of rock. They invelve both the faices
of compression as well as tensian.

Tension is the pulling lorce. Rocks have
elasticity and can be puiled apan by forces
acting from within (he carth, Compression
is a force that pushes against a oy Lo
dirvcatly opposite, sides. The tocks alsu
change theirshape only when compressed o1
squeezed. As hoth these wwo forces apply
horizoataily to earth's spherical surface they
are known as horizontal or mngential
movements, The compression leads 1o the
bending of horizomtal lavers of  deep
sediments into a shape known as a “lokd,
The tension is responsibie for hreaking ol
rock layers with their subseduent sliding or
displacement. It is termed as the formation
of a ‘fault’. The phenomena is zlso named as
folding and faulting leading w the buiiding
up of mountains, ;

Folding occurs through  compression,

that s, when two harizontal forces act

towards a coramon paint or a plane trom
opposite directions. Ttmust be remoem bered
that rocks break [ compressional force 15
applied slowly. If the same amount of loree
15 applied rapidly, they break sooner, (f
course, some rocks like limestone bieak
sooner than the others like shale. Thiy is

R ot

i
b
i
b
X
i
It
£
i

- originally laid down, At the most the stra@
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U Fault
_._%‘f

only when the [orce is operating near the
carth’s surface, Deep within the earth, this
farce tends Lo cause the bending rather tha_n
yreaking of rocks. Like the waves on a lake
curface, the rocks are thrown i.hL() a sl_lnp\c
upfold and a downlold forming series of
crests and troughs, respectively.  Afler
folding, the strata occupy a simaller area of
(he cartli's surface than what the orlglrn‘a]-
rocks ar rock-lorming materials occupied.

Both ypes of simple Tolds have two limbs

along the slope. It is called an attrgc!ine
when the limbs incline .in different
directions [rom the top. [t is synclie when
the limbs inchine o the same direction inwo
the bottoin of the wough.

_Antictine

Faulting owesitsorigin to Lension, thatis,
when- [orces act horizonally in opposite
directions away Irom a given plane or a
poLn [ Thesimple breaks in racks tnvolving
no movements are termed as fractures. On
the other hand, when a‘'‘movement occurs
along & rock and breaks, it is called a fault.
Sometimes, one side of a fault is vertically
thrown upwirds and the other side moves
downwards. Such a movementoneitherside
of 2 fracture resuits in strata lying ata lower
elevation on one side as compared o the
conesponding strata on the other $ide. The
intense folding ol the rock places a great
strain on some parts of the folded material.
This hreaks the strata and gives rise to faults,
The faulied strata are sometimes pushed

by
“escarprieius, viz., fault scarps ol Western .

U-Upthrow side | 0~ Downthrow side
Fie, 82 Faulting of rocks

[arward [ar away from the parent straa.
Faulting gives rise 1o retiel features Lo_tally
contrasted from the {ormations associqted
with folding, You will read about themina
subsequent chapler. An escarpment or the
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Tio, 33 4 riftvalley and a hors!

formation ol a highly precipitious slope is

associated with the typical landforms cal_:s:cd
the phenomenon of {aulting. The

Ghats overlooking the Arabian Sex and of
the Vindhyas lacing Narmada Valley are
primarily due to faulling.

Volcanoes

The voltanic phenomenon is a miaj.eslic
natusal phenomenon which wezan n_ctlher
prevent nor regulate. But the erupuon of
lava is. not alike in the cases of all
volcanoes. On the basis of frequency of
eruption, there arg active, dormant and
extinet  or ancient volcances. The
volcanoes which crupt fairty frequently as
compared to.others are active. The donmant
or sleeping volcanoes as one in Barren
Tstand to the east of Andamans in Indiz are
those in which eruption has nor scoaried
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regulurly - recently.  Others which have
recorded no eruption in historic times are
said (0 be extinct. Mary a ume a volcano
thoughi o be extinct may suddenly become
active, It has happened in the case of the
Vesuvius and the Krakawo volcanoes,
thought 10 be extinct, became suddenly
active in reeeat times, ‘

The island of Krakawo is situated in the
Sunda Strait lying between the islands ol
Javiound Sumatra, by eruption in the year
1885 below oll the wop ol the mountain byan
explosion which caused tidal waves about 16
metres high, killing 86,000 people in West
Java, The volcanic dust, ashes and smake
spread in about 27 km, the rock Tragments
and lava rose toa heightolabout 800 metres.
Itisreported that the sound ol explosion was
heard as far as Istanbul (Turkey) in the west
and Tokyo in the cast, The/aunospheric
effects of the volcanic dust and gases
encircling the globe caused strange suprise
and sunsct conditions for about three years.
Today Krakatao is no more than a low
island with a lake inside its crater,

Volcanic Forms

Meost  volcanoes  are  an  individual
mountain or a hill nearly conical in shape.
The extent and the height of a volcaniccone
depends upon the viscosity of lava erupting
on the carth’s surface. The top of the'cone
has a depression kdowti as‘the crater. [tis a
funnel-shaped feawre with a diameter
ranging lrom a few score metres (© two or
three or even more kilomewes. A erater
frequently tums into a lake later.on. Lake
Lonar in Maharashtra is an, example of a
crater or Catdara Lake. A volcano'is actually
a vent or an opening in the earth's crust
through wiiich rock fragments, lava, ash,
steam and other gases are emiued 'in the
course ol an eruption. This solid or molten
uniterial accumulates around  the  vent
foruing a cone, '

Irava blown out ol the opening cools

quickly in small solid pieces or cinders, §

that of Deccan Trap region of Peninsular
Inclia.

Crater

Fig. 54 4 volcanic cone with a crater

That is why conc and crater are the

volcano. The pieces of cooled solid lava
collecting around the wvent give rise w0 a
‘cinder cone afier a number of eruptions..
On the basis of mode of enuption, the hills
and mountains having -such a cone and
crater shape are lerped as central type of

volcanoes. It is because eruption has taken

place through a central hole in the crust .
connecied with the interior through a
vertical pipe. The actvity in this case is
marked by violent explosion as in the cases
of Mt Fuji and Mt Vesubius, due w0
sudden escape of gases through the pipe.
Someumes, the basultic fava having low
silica content flows out'quiedy and gives rise
1o'the formation of a shield. The lavy Mows
out quietly around a central opening. In
course of lime, it builds up a shield-shaped
volcano with a wide base and low slope. It
‘cools as thin, like horizontal sheets.
Probably the best examples are the shicld
volcanoes ol the Hawalian islands. The
volcanoes (hat [orm in nhd-ocean are
basaltic and rarely reach the sea level,
Volcanic plpteaus, rather ‘than voleanic
mountains, have been [armed from basaklic
flows on many centinents. When lava rises
through cracks or {issurcs in_the earth's
crusl, it covers .vast areas. [t continues
llowing quietly for a long time alter’
interyals. The lommatign is termed. as a
fissure-type volcano. The classic example is
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'Vent Eorth’s surface

fa) Ciredc"r volcanco
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. vent Earth’s surface
(b} Shield volcano
¢ Crater
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3 (¢} Dome volcano

Fic. 55 Types of volcanic formations
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Products of Valcanic Activity

The materials derived from o volean

eruption are liguid, solid and gaseone
nacure. The liguid mauer is the Liva The
winperature of fieshly ejecied lava oy
range between 600° (o 1,200°C. T speed ol
fava {laws depends upon its compositinn,
mobility and the slope of the pronmd
Usualiy, the movementis very slow amdeven
a speed of 15 km per hour is tarely aclieved.
But sometimes the speed may bew high s
80 km per hour, making itdillsenlreven forg
good horse to 1un along it. ‘ .
Very often, the lava in the vert al passage
gets solidified. The next voleanic eruption
Uwough he pipe is accompanied hy
explosion of highly compressed  pases

" throwing out blocks of solidificd avi fienn

inside the choked pipe. The solid muaeriil
consisis of {ine ash and dust particles and
angular fragments mastly of lava rock
biown up from within the vent. .

The ogaseolls substances are mm.nly
composed of steam, products heing
hydrachloric acid, ammonium clforide,
sulphur  dioxide, hydrogen sulphide,
hydrogen and carbon diexide.

Causes and Effects of Volcanie Activity

The Fundaméntal cause of volcanic activity
is the conversion of rocks in the deeper layers
of thé earth's crast from the so-called solid 1o
a molten state ol magma. The eanhqugkes
are also responsible {or crusml«jislocnun_ns
giving rise'to the [ormation of faults, The
release of pressure upon the eardy's interior
under such dislocutions causes the magma
1o escape to the surface. The exuct causes of

- this activity ave stith not elearly known, 'l'l’u-
scientists have gone T some depey indide the
craters by wking speckil predartions, They
have been able 10 bring au the sampiles vl
‘molten lava and recorded the tonpriratiines
within the vent
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Volcanoes are  no  doubl highly
destructive to life, It was estimated that a
-volcano in Mexico in 1943 wentonerupting
460,000 tons of lava and cinder a day in it
first year. It depapulated an area of over 750

“5q°km causing huge losses. Bul volednic |
rocks, upon weathering and decomposition,”

yield. very fertile soil. The peasants £O on
tilling it to.getrich harvests despite dangers
-of recurring ¢éruptions. Theash and duscave
found very fertile for fields and orchards, if it
does not bury or destroy the vegeation.
Yolcanocs leave a great deai of scenic beauty
in the form of geysers, mineral springsof hot
waler and crater lakes. They add extensive
plateaus and volcanic mountains o our
earth. The volcanic activity produces
valuable minerals and gases. Iy regions,
where volcanoes have been active, waters in
ﬂi_{?_df.’pl-h are héated from cantact with hot
magma, Al some of these places, a jet of

. Steam and hoiling hot water is emitted at

intervals from smail vents. These are
geysers and  their  sleam  of  high
lemperature  is  caught {0 generate
geothermal electricity, in areas such as
New “Zealand; Iceland, Ja an, Mexico,
ltaly, USA and the former USSR on a smali
scale. -Efforts. are also being made (o

harness - this -energy arcund Lot water |

springs of Ladakh in India, This lype of
“power is being.generaled in a number of
volcanic districts of the world. The cinders
and clots of solid lava knowh as‘volcanic
bombs' are being sold to tourists visiting
such areas, for their fantastic shapes,

Diswribution of Volcanoes

QOul of 486 active volcanoes since the year
A.D. 1500, 403 are located in and around the
Pacific Ocean and 8% are in the mid-world
belt along Medilerranean Sea, Alpine-
Himalaya mountains and in .the Atlantic
and Indian Qceans, I( the more ancient
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kuown eruptions are taken inwo account, we
get a total of 522 volcanoes, Volcanoes are
unevenly distributed over the cartlr and vast
areas have no active volcanoces at all. There
are no volcanoes in Australia, in Asia they
are largely concentrated in Circum-Pacilic

‘region and Africa has a lew of them. Thus,
" the Pacilic belt is truly known as the'ring of

fire’ because of the largest number of active
volcanoes along the coasts of Americas and
Asia around (his ocean. The Mid-world
volcanic ‘belt  occupies a sccond  place
running [rom wesl to east along the Alpine
and Himalayan fold mountains and their
extensiens. leeland, Sicily and Japan have
botit active and dormant voleanoes and are
counted among the biggest voleanic islands
of the world, Alvica oecupies the third place
having one volcano on the west coast, an’
extinct pne in ML Kilmanjaro of Tanzania
and several such in the Rift-valley take bel
passing through Red Sea and exwending
upto Palestine in the north. Most of the
volcances in the world occur along linen
belts or lines of weakness markead by iniens
[oldjng and faulting, ‘

Earthquakes : .

Il a stone isthrown intoa pond of sull wane

a series of concentric waves are produced on
its surface which spread outin all dircctions
from the pointatwhich the stone strikes the
surfate. Similarly, any sudden disturbance
below the earth's surface, may produce
vibrations or shakings in the crust. When

* rocks break, the particles next 1o the break

are sel in motion. It is the movement of one
rock mass against another  that causes
vibrations. Some of these vibrations reach
the surface and are known as earthquakes. If
e rock-break is deep within the earth, the
tremors are 100 weak (o reach the surfaceor
o cause much damage.

Instrumenis have indicated that there are
annually between eight and gn rthousand

. +
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carthquakes in the world, It comes e about
one earthquake every hour, Actually there
are many inore, because there are no stations
ta record thet over the oceans covering very
large surlace of our earth, Our carth truly
vibrates continuously, .

The place ol origin ol an carthquake
inside the earth is called its focus. The point

on the earth's surface vertically above the

focus is called the epicentre. Observations
have showr that most of the carthquakes
eriginate at a depth [rom 50 to 100 km and
only single earthquake ocours atstill greater
depths, The shock waves travel in all
direcions from the focus. On the earth'’s
surface, e shaking is the strongest near the
epicentre. That is why the greatest amaount
al destruction is caused near the epicenue.

Ground

Epicentre surfoce

Fic, 5.7 Focus and the epicenire of an carth-
quake

The earthquakes are studied by a special
branch of geology known as Seismology
(from the Greek word seismos meaning
earthquakes). That is why the insuument
recording the shock waves is ecalled the
Seismograph.
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Sonmie nunor earthquakes are caused by
the collapse of rools of cavities, mines or
iunnels. Others are caused by explosive
eruptions of volcanoes and ave conlined 1o
limited areas. But the major ones are
caused by tectonic forces., They are
mrencrally due to sudden movemnents of the
crustal blocks or rock suata along faults or
[ractuzes in the earth's crust. The sirength
of rocks is nothing when (ectonic (arces
tend o move them in diflferent directions
on opposite sides of the faults, In other
waords, the enerry of these forces moves out
and spreads in the form of eanhquake
waves. The San Fuancisco earthquake of
California in 1906, the Assam earthguake
ol 1897, the Bihar earthquake of 1954, and
the Quetta carthquake of 1935, are
exawmples of this type of carthquake,

Effeers of Earthquakes

As mentioned earlier, sudden moverments
under the eath cause violent earthquakes
which are olten very desiructive, At times,
they <ause laandslides and damning the
rivers. Sometimes, they cause depressions
[orming lakes. Formatdon of cracks or
fissures in the region of epicenwe are
commonly noticed in the crust. These deep
{isstres are sometimes many kilometres
dong  und  the buildings, people and
animals  {all into them. The fissures
lormed during the first shock sometimes
close upr during the later shocks, but ofien
remain open lor a long time. Sometimes
water, mud and gases are ejected from
beneath the fissure, The gases may ignite
the air and water, and mud may flood the
surrounding area. Larger areas also,
subside o sinks durving  very severe
carth juales. Landslides accur during
calthujuihes - highlands, An eapthquake
may  alwr lead o change in . surface
doatieae and anderground circulation ol
watrer Orvneal displacements may close up

the crevices along which waler was 'comjng
out or they open up new anes, Thai is why
we notice g disappearance of springs in
some places and their appearance in others
as a resule of strong shacks,

Faults, thrusts and {olds wre associated
with earthquakes. It is ol interest to
mention a thrust of the staw  that
distupted several country roads on the
floor of a broad valley in Japan during the
earthquake of 1801, A wemendous lault
occurred during the Califernia earthquake
of 1906, running for hundreds of
kilometres along the coast. !

Perhaps more devastacing are fires and a
seismic sea waves (called Tsurmamis in
Japanese) which are originated hy
earthquakes. Iustances are not lacking to
show that hundreds of thousands of people
have f[allen  victims : oot directly o
earthquakes, bug to the fire, flood and sea
waves which follow them,

Distribution

About 68 per cent of all earthquakes are
observed in the vast region of the Pacilic
occan as a ‘ring of fire' and is closely
linked with the region ol crustal
dislocatons and voleanic phenomeneon.
Chilte, (alilornia, Alaskz, Japan,
Philippines, New Zeatand and the Mid-
ocean arcas have had many minor wud
majar earthquakes in s belt. Mouniains
here run along the bordér of continents
and nearly pafallel o te depressions in
oceans. It causes sharpest break in reliel
which 'becomes a cause [or the
earthquakes. .

Around 21 per cent of them occur in the
Mid-world mountain béll exitending
parallel to the equator from Mexico across

Atlamic; ovcean,: the Mcditengncan se3
from | Alpine-Caucasus  ranges 1o the

Caspran, Himalayan mountains and the
adjoining lands. This zone has flolded

N N

erraEp o T

T L

e

-

R

EARTH MOVEMﬁNTS. VOLCANOLES AND VAR LIQUAK R 11

mountains, large depressions and aclive
volcanoes. The remaining 11-per cent ol
the shocks are Tecorded outside these Lwo
belts. Only a few occur dlong the [racture
in African Jakes, Red Sea and the Nead Sea

pASHY

‘The earthquakes in India are ac present,

mainly confined 1o the Himalayan region
and its foothills. They zre also {eltin the
Gunga Vatley. But the carthquakes 1 Koyna
Dant region in 1968 and Laror in 1993 in the
Deccan Tableland came as surprise. This region
was otherwise considered o be free from
carthquakes. Scientistspelieve that while in the
former case reservair caused cracks in the rocks,
in the latter case the movement of the lodian
plaie might have been the cause.

There have been a number of vialew
carthquakes injlodia in histone e, e
Kachchh earthquake (1819, the Awwam
earthguake (1897), the Knngm cattlujtinke
{1903}, the Bihar carthquake {1934), the Aswum
earthquake (195Q) and the Latur eattlojuike
{1993) are some ot the well-known exaniples.

Man 15 unable w prevent earthqunthes,
all lie can do is o ke steps for safely
Mate seismic stations can be established
for issuing wirping to the people of
coming earthquakes. TT suitable
building straciures need 1o be encouraged
in earthquake aneas Sometimes our own
observations, ke swdden changes in
atmosphierie condinons aml abnormal
behaviour of animals, can help wy w0
forccast the mval ol an earhgquiake,

XERCISES

Review Questions
1. Answer the {ollowing questions :

U) Why 15 our earth called an unstable earth ?

(u, Why is volmnic aciivity often associated with mounin-burlding ¢

(ii) Compare and contrast [olding and faulting.

(f7r) What isavolcano ? Giveexampie ol different types of erption watenial

{u} What is an earthquake and how is it caused ?

(vi) Describe the salient features of \olmmc mpog:"rph',

{vi) What, relationship do you find between carthepuake sl i valiann

phenomenon ?

(wei) In whnr'v.ays earthquakes atlect the earth's surface?
{ixy WI at caused carth quake in Koyna and Lotus in South Jndin ..

‘2. Write short nates on :

{i} A rilLvalley, (if)Focus and the eplccnuc (611 Fisswe, (o3 Wanp ol die ol

(v} Tsunamis,
RN

Describe systematically the ver tical and horizontal movenents aupangg b

the carth’s crust. Give relevint references from.Indian sub-conmman

4. What is volcanic activily and whal are its probable causes ¢

Ty
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5. Write short nates on the loMowing : .

. - (i) Extinct' volcanoes, (i) Negative movement, (1) Central type voleiuo,

, (v} Faulting, (v} Vertical carth movement, and {v) Folding.
3. Define in short the [pllowing terms ;-

{i) Anticline, (i) Syneline, {{i7) Horizontality ol the strata, () Tectonic

movement, and (v) Seismology.

7. Classify various types of carth movements, Describe how each contrasting

from the diher, giving examples from India.
Cartographic Work

8. On a world map, indicate majar mountain systems, voleanic areas and aréas

where earthquakes are common, Compare the accurrence of each form of these

crustal mavemoents.

Finding Out

& 9. Find ol information on: (i) recent carthguakes in Fodia, and ) other
countrics of the world. Also prepare a report supporting with a map locating
the places of octurrence and the areas allected by farthquakes.,

Further Readings . S
: S Stamp, 1D, The Earth’s Crust, London : George G, Harrap & Co. 1d., 1956,
Wadia, D.N. Geology of Tndia, London « Macmillan & Co., 1961,
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CHAPTER 6

Landforms and their Significance

STUDY of Laindlorms is important

for wndevstanding iheir influence

upon nwn's Hife, It includes the des-
cripuion of the churacteristics of various
foras of land sarlace. We can beuer
apprecinte the wonders ol physical
fandscape by learing about its foermation.
e andlonms we classilied o the basis of
the way they have been shaped and the
main jeatuees by which  they  are
recognised.

Rocks and the Associated Landlonins

“Ingencral, wypie of rocks have 3 great

utlluence on the landforms developed in
an area. The relatively stronger rocks like
granite, quaviee and limesione  have
greater hardness and are not easily wom
down.* They give rise (o - upstanding
mountaing and hills, The soft rocks. like
shale, clay or loose sand lorm Blulls or
knolls bur wnn ine plains and vatleys
npon thetr weathering., The sedimentary
racks Torm plins or lands widh gentler
slope unlike the crystalline rocks. But in
highly wer and warm climate, even hand
limestone gets rapidly weathered, witle in
dry deseris it keeps stnding swep and
high. That 5 why the climawe of an area
and the time taken o owearing down ol
rocks aiso nfluence the landforms,

The nints o rocks are another
important teature determining their
strengeh, These are lines of weakness and
appear as cracks inoaacks, Through them

TRUE MWLV rgae

corroding agents like waler entey even inio
an impermenble rock, fuincreases the seape
of their decay by chanical piocesses, Eren
a hard rock of mreat physical suength Like
pranite s anacked by the action of water,
fee or [rost through its joints. In other
words, the non-poreuas and impermeable
granite o, stute behave as permeable f they
are crossed by joines, The ice or frost inside
the cracks of sueh rocks breaks them into
angular blocks in the long run. On the
ather hand, a vock like claik or coarse-
grined sandstone s porous and an eusy
victim Lo the process of chemical decay by
watler. ¥

Undder [avourable climatic conditions,
permeability and porosity beth help the
rock in ts rapid chemical decay, Wheye
hard but permeable Himesiones and soflter
but impermeable shales ocour wgether, the
former stand as bigh plateaus and ridges
andd the lauer us valleys ov lowlands.

[t is interesting to abseive thata laver of
maderately  resistant rock  between two
Jayers of non-resistant rock fotms o ridge
bt the same rock betwoen very resistant
rock forms o valley, Thus, the same rock
will  produce different Land{onns
depending upon its lecation, the teyx of the
climate, agents of weathering and the raw
ol erosion and weathering, The two
different types of racks ander o uniferm
climate nay also prodice varving
inndforms- berause o 1he difference in
structure and cenmposition of rocks, Thos,

TR RTINS LdR e
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the relauon between iypes of rock and
reliel is complex because of dilferences 'in
climate and the stages ol their erosion.

Lach rock s still said 10 devclop a
typical dandscape ol its own. Granitic
upland 15 observed commonly in the (orm
of big size domes as in Telengana and
Rayalseema regions of Andfira Pradesh. As
soon as the overlying rocks are temoved,
these domes appear on the surface. They
result into what are known as ‘lors' en
removal of the easily weathered material,
Limestone upland characterised by bold
cliffs and caves ts marked near Dehra Dun.

Classilicavon of Landforms

There are three r1oajor  landlorms—
mountains, plateaus and plains.

Mouniains.

An uplifted portion of the earth’s surface 1s
called a hill or a mountein. In our
country, a meuntain is dilferentiated lrom
a hiil, when its summil or top rises w
more than 900 metres above the hase,
Those with less than this elevation are
called hills. In course of time the
moumiains are worn into hills, On the
basis ol their erigin or mode of formation,
Ahe.manntaing are classified as structural
or wclonic, residual or dissecied and
voleanic,

Structural Mountains

All qreat mountain systems of the earth are
ol this type. Such svystems are hundreds of
kilomewres wide and thousands of
bitcoeeaes ong. Many of them lie near or
patallel 1o continental coastlines, Both the
fold and the block meuntajns are included
moas bype.

LoRalid Meownrams

Phe weagon wounains of the present day

including the Alps in Europe, the Rockivs
of North America, the Andes of South
America and the Himalayis ol Asia are
-structurat fold mountains. The granitic
core of such mountains is sarrounded by
metamorphic rocks, merging’ with
sedimentary layers along the margins. The
phenomenon ol felding and faulling is
most complex in the central areas of these
mountains, The fold is recogvrised by the
bénding ol rock-strata, up and down or
sideways. These young fold mountains are
still
earth’s tectonic forces, They are known lor |
variety of fock structures, deep gorges and »
the high pyramidal peaks. The rock-strata |
of these mountains was originally laid
down as sediments in na('r.ov;' elongaied sea
or lake basins<termed as, geosynélines or
the earth’s depressions. The material was
squeczed and uplifted by horizdnal
compressional forces. The sedimentary
material today marked on ‘tops of such
high meuntains or mmarine lossils [ound
inside such rock-strata point cut the uplift
of the depositjon  [lling up -he
geosynclines in distant past, These
depressions, made the -weak rzone ol the
earth’s crust as the, sediments deposited m
them were displaced and delormed greatly
aver the ages. The Hini'aluyan ranges were
formed ower. millions 'of years in thret
major phases at the sile of onesuch marine
basin called the Tethys Sea. The third
phase of uplift is sl not over, The
formation of folds has aken thousands ‘of
yeary 1o rise i a series of arches ani
troughs, or in getting ‘pushed over each
other, That is why highly compressed and
altered rocks of different ages are found in.
these young mountains. The Himalayan
landferms consist of long loops ol three
main ranges of increasing heights on
going from squth to aerth, converging
frequently 10 form knots. As it ook seven

rising under the influence of the -

.-milli(_m years for them 1o rise slowly w0
- hene present heights, the greal river%.have
 Leen struggling constantly to cut (heir way
s across high mouniains. This has made
- deepy canyons and narrow gorges fg;lhcr
 separating one valley enclosed within the
 ranges from another. The landlorms l?aw:
heen modified considerably by glacters,
trapped by snowlields in greater Himalaya
. and worked over by rivers and streams. For
swdying them in dewail they have been
:cub-divided into different sections from
L west 1o vast Tor whieh you may reler w
vour Indian gebgraphy textheok.  ~
L' The Urals, ine Appalachians, the Tien
. Shan and the Nan Shan wete formed dur-
ing an earlier mountain-building period,
- The highlands of Scotland and Norway
and the Sayan and Stanovoy mounlains in
Russia are of sull earlier period, The
' arvallis, however are considered Lo be one
of the oldest mountains. on the earth., All
these older - fold meuntains have been
| denuded {or a long time. This has made
e much less rugged and ol lesser
' heights as compared o the newer [old
mountains. This oidest tecionic mountain
af our sountry forms e border of central

| highlands running llom west 10 cast. Al
)prcxenl they extend from southmwest ol
£ Ddihi to near Ahmedabad [or a distance of
' ahout 800 kilometres. Near Deihi it retains
iy socky characer ande is known as Delhi
ridge. AU its southern end, it s just 60
mewes high and scauered-buttes are the
remaing of the mighty ange. Today only
i central and southern parts it acls as a

the plains and its hard guartzite rock, it is
Cunfavourable 1 man. In central part il
divides 1o a number ol parallet [olds
enclosing platcaus, The rounded Abu hills
cof ganite tise to 1,722 mewes which is the
highest peak. While effects of erosion have
freduced them o low heighis and

till barrier. Because of it abrupt rise (rom

LANDEORMS AND THEIR SIGNIFICANCE 4

peneptain 4t some places, an uphiltis ilso
observed at others,

Durjug compressional movement, twno
crustal hlocks -move towards one anotlwt
ar one black moves owards a stable block.
1 either case the strata between two blocks
is ben( into foldy or cracks into faulis.

Inside the earth, pressure on sulficienty
plastic sediments iy so gréal Lhat they bent
without cracking. Such’ [olds appear on
surface on subsequent exposure. The latest
theory explaing the formation of such
mountains with the Lelp of the concept
known as plate flecionics. The whole earth

‘has heen dividéd inte six major plates,

Each plate consists of the cruse and upper

“mantle extending o 100 kilomeues of
“depth . from the surface. It may be ol

interest © know thas on collision of one
plate with another, their edges are pushed
up into such-great mountain ranges.

2 Block Mountains

These mountains are [ormed when grea
blocks of the earth's crust may be mised or
lowered during the late stages ol
mountain-building. During the uplill of
structural mountiaing, Sometmes L
flows upward into the crust, On its conling
and hardening Ieneath the surfie.
contracts and the overlying rock may ek
into large blocks maving up ur down An
imense ‘[olding ol rocks s genenably
followed by faulting of stratn due
herizontal lorce ol 1ension. “FThe hand
Between the two parallel faules, either ties
[orming block moundaing or fondy v
subsides into a depression termed jnoa vl
valley or graben. Such a vertcal e
is also taking place fn omany ol thew
mountains. An old fold manntan may
also be left as block mauntans due
continueus denudition. "Thewe mannhnm
have [lat tops, steep foalt soape arl the
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subsided portions between parailel fault
are [lat-bottomed. The Vesges, in France,
Black Forest mountains in Germany and

©, Salt Range in Pakiswanare cited-as typical

examples of block mountins, River Rhine
in Europe flows through a rift vallev. The
great rift valley of the world runsfor about
6,000 kilometres {rom East Alrica 10 Syria
through the Red Sea, In-India some
scientists are of the view that Narmada
river {lows through a subsided or fauited
basin between Vindhyas und Satpuras
which stand as block moundins to its
north and south, respectively, Assam
rangese hitve also undergone a great
amount of faulting though we dont have
such typical examples.

3. Volcanic Mountains

As these are formed by the accumulation of
volcanic material, they are also known as
mountains of accumulatian. The matter is
thrown out and deposited around the
crater to form a mourntain. If the Java is
thin and basic in its composition, it
spreads 2 long distance forming a flaer
cone of genter slope and of low elevation.
I it is thick and of acid composition, a
small volcanic cone sharply pointing out
is the result. Somelirnes lava-is thrown out
along with ‘ash and cinders. Such a
volcanic cone is termed as ash and cindeg
cone. Mount Mauna Loa in Hawaii
islands is an example of the former type,
Mt Fuji Yoma of Japan and Mt Popa in
Central Myanmar are exaniples of the
latter one. '

4. Residual or Dissected Mountaing

Théy owe their present form due ta erosion
by different agencies. That is why they are
also known .as relict mountains or
mouniains of circumdenudaiion, They
have been worn down [rom previously
existing elevated regions. Hills like the

LS NSRS ST TR

Nilgiris, the Parasnath, the Girnar and Raj-
mahal in India are examples of this tvpe.
But Nilgiris got their present height as a
result of subsequent uplift, According
some authorities all rmountains of the
Peninsuia with the exception of ihe
Aravallis are relice mountains. They form
those’ partions ol old plateau which have
escaped . weathering. The  residual
mountains stapd alone in the surrounding
area reduced in height. They may be pan
of an upland eroded 1o (orm a number of
hills,

Plateaus

A plateau is an clevated area generally in
cantrast o the nearby areas. It has o large
area on its top unlike 2 mountain and has
an extensively even or undulating surface,
A steep chff is usnally marked along the
side of a plateau away (rom the mountaing
except in the case of one surrounded by
high mountains. It is along this slope tha
uphift takes place. The rocks of the platean
are layered with sandsiones, shales and
limestones. It is this arrangement of the
strata which gives it a large even surfuce
But an inclined or a tilted sirawm may also
become flat through continuous wearmg
down. The great Deccan Plateau with s
slope towards cast is a tilted plateaa in our

- country. Very-dften, rivers und sireams cut

out déep valleys and canyons in a plaweau
region, [t changes its smooth wpeography
into a dissected plateau. The plateaus are
of three types on the basis of their situntion
(i} interinontane, (ii} contnental, and
(iii} piedmont plateaus.

Intermontane Plateaus

The plaeans which are pardy or Tuily
enclosed by moumains are known as
intermontane plateaus. The highest and
extensive plateaus of the world, such ay
Tibetr, Bolivia and Mexico are of this

—
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caegory. These are the results of the
mointdn-building  process  which  was
aecotipanied by vertical uplift of the
atioming enciosed linds,

Pivdman! Plaleaus

Situuted at the loot of @ moundin, thpy are
oyunded on the opposite side by a plain or,
art ocean. The platcau of Malwa in India,
those af Pategonta it Argenting and the
Apiadachian in United States are some of
the examples. These are also called the
platcaus ol denudation  because  areas
which wewe formerly high have now been
ceduced in clevation by various agents of
CTOsSIan,

Taken 1egether, all plateaus have been
cansed chther by the mcat verlical secionic
midcinenes resuling i upbitof the strata,
ar by che spreading ol basic lava sheels
UL GH e,

Cantimental Plaicaus
They rise abruptly from the Jowlands or
l‘mm. the sea. They are the result of a
Centinenial nplife provducing large
wblelonds  like the plieaus uf  Brazil,
corth Alcwea, West Australia, Ghota
NMuampv and Shillong, Their heiglis viny
Lot G001, 5007 ancires. ‘

H:.-mc-umr\ a plain or i dow-lying aren s
vertically uplified and gives rise w0 a
piavan. I India, plawaus of Kaimer,
Robiuas, Ranchi and Karnataka are of this
types The Potwar plintean of Pakistan also
fatis in this categary.

\\"bcn Fava spreads oul w cover the pie-
L‘"-.i\'\H}:.‘: and surfnce, a lava vlawau s
Farmed which iy also called a plaau of
acenntulation. The horiontal sheets of
Livadlow have  wapped  the  otizinal
tonunraphy vavying in depth from 1,200
it menes owver large  parts of
Fabanashitra and che adjoining. ateds m
Hreeans The Sunke River plawan in nerth-

west  United Sutes, Aptrim plaan of b

northern Treland are olso good examples of
such volaanic plawuus,

2 1
fndian Plateaus !
]

The Peninsular Indlia has & mamber of big
and small plateuus. Decean portion-of the
Péninsula has thrte broad sections
consisting ©of the lava plateau of
Maharashtra, and the Karnataka and
Telangana plateaus of uplilted continerstal
type. Extensive plains flac or rolling at ai}
levels and bordered by scurps are the main
features of plaeau landscipe.

The ngrih-castern part of the, old
landmiass of Peninsular India is occup'ied
Ly a number ol south Bihar plaleaus,
collectively kmown as Chow Nagpur
piatequ. [t has the plateans of Ranchi,
HMazaribagh  and  Rodanno sloping
northwards and all builof granitic gnbih;.
Ranchi platcau is 700 meuvs high in its
uppér part, There are big rounded granitic
Lills und the elevaicd twrraces of older
flowd plains i, Much of ic s a
peneplain or almost reduced to a plain, Tt
is deeply dissected around s edges
forming steep scarps  known  as .gh‘.ll.‘-.
River Damodar, with a number or wou!
lLields and newly built reservoirs, flows 1o
the north of it in a laulied trough, The
other two plateitus of Chota-Nagpur are o
the north of it. There are also set of
peneplains at various stages, They aie Nat
except along their outer edges. On the west
of Ranchi Plateau, stands a group of
higher platcans recognised by their {lat
laterite-capped tops known as ‘paty’. The
pats rise 1o over 1,000 metres and have
steep scarps around their edges. They are
the 1emnants of older and more extensive
peneplains. While Damodar basin  of
Chota Nagpur is:known for its major coal
fields. the other 'plateaus have carned a
name [or mica, bauxite and a host of

- *

3

i

' qineral weatth. In the Himalavas, we have

e highest plateau of a different calegory
i in fadakh. -
; :

Piains )

© A relatively flat and a low-lving: fand
surface with least difference between. s
highest and lowest points,is called a plain.
| The plains are usually lowlands. Some of
dem may be smooth, while others are
slightly rolling. A'*.-plain may be as low as
a0 metres to the east of Mississippi river
near the Appalachian rnge and as high as
1,500 metres above sea level to the west of
she river. The great northern plains of
fndia are just at tide level nearthe mouth
of Ganga tiver, and atiain an average of
E 900 metres height in Punjab. The Kashir
i lake plain in our counury reaches an
average height of 1,700 metres above sea
level. Plains can bé-placed-according o
their position and surface reliel bur are
betier classified on the basis, of their mode
of - formation. They are sub-divided into
structural, erosional dnd depositional

plains.
1

Structural Plains

-~ part ol the sea floor usually bordering a
continent, that is, the continental shell.
The coastal plain lying between the

* Appalachian Piedmont Plateau and the

"3 These plains are formed by the uplift el a
¢

. Sintes is an example of an uplifted coastal
plain. On the other’ hand, there are
structurally depressed arens which make
up very extensive lowlands on the earth.
The underlying horizontal beds of rocks
are relatively undisturbed by the earth’s
crustal movements. Such plains -include
-the great plains of Russian platform, the
great plains of U.S.A. and the Central
lowlands of Australia,

Atlantic coast of souih-castern United.
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Erosional Plains

These are lormed when an elevated et ol
land, for instance, & MOUNLHN, A Bl o
plateau is wom down (o phan Dy s
process of croslon. Over lany apes, Hhe
bigher tand is levetled down into 4 o el
plain. The surlace is hardty sl aned
{orms almost a plain wonel av
peneplain, These are fomud s v, e
and wind eroded  regions  Noothein
Canada, northern Eurnpe sut] west “vberla
are examples of such icecpodid plaing
Many hollows scooped aul Dy e air 1w
filled up by lakes, Farts of Sabua Al
are wind-eroded plain sonfaces e abvers
by widening thei Banky ssed Josernmpg the
higher land betwern them Brier rrenled
parts of the Amuzon lasnt ppin afiean
eroded type of plaing

Depositional Plainy

These plains e formed Dy ehe BiHimg up
ol -sediments into depressiony alang e
foot hilis, lakes aned sean The g
amount of this matetial pratinpeaterd by
natural agerits like runnig s wasiy,
wind and fce. [t stnts the pnoceas o
levelling up of the depieasnna e
deposition  of scdimenty #rntol anl
«brought down by large  1ivers frgtmn
riverine alttvial plaing, “The Tdo Ginngs
Plains in e Iading subsconneed, the
Huang He Plaing of North (i, the Po
River Plains or Lombandy i oot Ty
and that of Nile River we rsampden of
some of the great allusial el L he
alluvium when depasited o T o
mounitaing forms piedmont jdanm Tike
those of ‘Bhabar' in e 1Ml abe alonig
the Himalaya, When it is lepuened alntiy
the middle ceurse of great iners, carnsie
flood plains Hke those ol Il oo
country are formed. The grat loads ol
sediments arv spread over every o it
{loals. The debta pluins e ool along

*;
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the n:ouths of rivers like Ganga unde
favourable situations. Deposition®! plainy
resulting from glacial deposition make a
drilt or a 1ill plain consistihg of unsoried
sands and gravels carried by ice. Plains of
north-western Eurasia and that of Ladakh

to the east of Shyok River and north of

Chang Chenmo River are such glacial
plains. Winds carry very fine duse particles
known as loess from barren surfaces ol
interior deserls to the adjoining areas. The
loess plains due 1o this déposition are
gbserved along normal margins of west
Rajasthan, Turkmenistan - and north-
western  China. The deposition of
sediments in a lake basin gives rise o old
lake piain, or what is called as a lacustrine
plain. The ¥alley ol Kashmir, the Imphal
basin in the Manipur hills are examples ol

this type. Their lertile soil have made them- .
areas
‘population "within mountains,

of good agriculture. and

thick

There are coastal plains also resuliing
from the deposition by sea waves and
winds driving  the beach materials
landwards, It results in the formation of
marine swamps, mud {ats and tdal
towlands. A good portion of the coastal
plains of Belgium, Netherlands and of
Palestine are examples ¢f plains emerging
as a result of deposidon.

Indian Della Plains

The great plains of north india stretching
in front ol the Himalayas include Ganga
Delta on the east and the Arid Plain of
Rajasthan on ihe west. The Delia Plain in
West Bengal and B.xngladvﬁh becomes so
flat and so low that a mere G mieres rise of

sea level would submerge (,Aalculld and its -

surroundings, The old and new dela of’
the Ganga and the Brabmpuua rivers
occupies the whote ol this basin in Indian
sub-continent. Like any other great delias
of the world; it has a

G VR TS W

cand  cutting power of ihe

" between

network of .

distribwiaries ‘neaw ity seaward face ang
shallow tidal depressions nem Caleug
contain sait' water, The streams gee choked
and are dying in western part of the basim
to the west of Hoogly or Bhagiraihi breach
~of the river. The streams are more aciive
eastwards and silt is ever renevwing in
forested-swamps of Sunderbans and in
Bangladesh. The proper delia his Leen

shilting eastwards and most of it lalis m

Bangladesh. s formation is the resule of
more silt brought by slow-moving watery
ol the streams and less of i removed by
tides and ocean currenis. An enoimous
amoumt of silt broughit here by the rivers
and the alluvidm left by Hood watbr adds
to the flatness of deltn plain, It spreads fon
and wide, as both the carrying capaciy
streams iy
considerably reduced., The della of the
combined ' Ganga-Brahmpuira rivers lies
their. Hoogly-Bhagivaihi and
Padma-Meghna * branches. The delic
plam has new mud, old mud and marsh
The fine alluvinm is very [eidle lor
growing a number of crops like paddy and
jute every' year,

The east coaswal plains of Indix have
smaller deltas of Mahanadi ir Oriss;,
Godavaif wnd Krisling in Andhia 1’1&(1{51

and most :rnpmmm Raverl  river in
Tamil Nadu

Signiﬁcam‘c of Landlorms to han

Each of these hindtonms has a different
significance for than. Mounwins have for
long been protecting man, boluting his
habittions and restiicting his movement,
Those defeated by invasions 1 the past
found pratection in them. This barrier
Elfect is not absolute, Passes in mounming
perm;lwd " omilitary nvasinns The
explorers and setlers could also wome in
through thermn from time w nme, This
allowed exchange of goods and idess

i

e
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among people of either sides of the passes.
Though mountins fike the Hunalayas
pake nawnal frentiers between natipns, the
actual boundary iine is ne tonger agreed
upon forall the times. The navonal interests
have come 1o value even for ‘barren
mountains, Thus, mountiins nd longer
pravide seeurity 1o nations ws they did in the
lil.‘lSI. ' '

Agriculture 10 mountins i3 mostly
prarginal or uneconomic, as gdod auldvalle
soib 1s Tound o lew spots and it s easily
wiashed away lram the slppes, Bul now
horticulture s being praetsed successluily
even on Jands vot sunable {or high value
agric ultural crops. The valleys between the
mouains ae heing 113:u1suly trrigated and
cultivated. The diffiedly of wanspor] has
also been reduced by spending more on
construction and maintenance ol roads.
This costly develentent. as broken the
tendencies of isolation (o agreat extent,

‘The foresis and the scenic grandeur have
Tor tong been sonrce of attrction for people
from outside.
mounain scenery hive encouraged wurists.
Ol emples and  uniqueness ol lecal
culres have been othier auracions. These
have been econemic rEsOUICes for foswering
tourism. Alithough mountaing continue 1o
hie scareely populated on accountol nawral
handicaps, a great inerease in the number of
people in valleys and in bordering plains
has denuded foresss of thetr wenith. The
development of by dro power potential from
the waters of snow-led perennial rivels is
now making it possible w exploit local
1esources in the mountains. Alpine and
Scandinavian countries of Lurope and
Japan i Asia have been able e offser some
of their difliculties by development of cheap
water power, The mineral wealth of less
rugged fold mountains have aiso been

The salubrious «limate and .

topog
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exploited in vecent years.

The vesponse of man to plateau regions 1.
diflerent because of marked viuniatons in
raphy, soil and climate. The plawaus
lke Tova phteaus are vich 0 agriondne
because of .the fertile soil. The hieak
intermontane or eroded piedmont pleaas
are poor in this respect. Same nf the ald
plaeaus are rich i ovnerdds as ther
arystalline tocks are exposcd for extracion
ol minerals. The rivers have raprds along the
steep edges of a number of plateaus. T¢ has
made possible the generation of hydro
power. For lang the higher parts of plaeans
in tropical regions have provided cooiness
for  Europeans 1o seule and  practise
piantation agriculture. The benelits ave still
being enjoyed by plateau dwellers in such
areas of [ndia, East Alrica and Brazi), The
plaias particularly in tropical- fexcluding
equatorial bel) and wemperate regions ave
tweming with people. Their flat suiface,
deep and Tertile alluvial soil, nearness of
water-table for irrigation, easy means of
communicaton and transport have made
thern the home of two-thirds of world's
papulition: They have got the advantages uf
plenty of eheap labour, raw materials, a by
consumer market and easy aceessibibity,
They are arveas of rich agriculture
particularly in warmer chimates previding o
langer growing season. In dand. river
navigation much before the ape of rathways
favoured wwns and indusiry 1o grow. Easim
mixing and movement of peopie made then:
cradles ol civilisation. But plains suffer from
lack of minerals, Greal additions in theh
papulation is posing a problem. The low

plains face destruction by Hoods eversy vear

Ly increase in the volume of river water
during rainy seasow, The wealth of plain:
have often awructed invasions in the course

of history.




4§ PRINCIPLES OF GEOGRAPHY
EXERCISES

Review Questions
1. Answer the following questions : ,
(i1 Why plaweaus are regarded as storchouses of ninerals ?

. (1) Why man’s occupance of plains.is the oldest and ost intense?

(i1} What are the resources found in the riountains? Haw some of their

handicaps are being removed ?

{iv) List different types of depositional plains giving emmplcq ol vach

type.
(v} List dilferent conditions under which a biock mountain is formed
v Distinguish between the lallowing :
(7} The piedment alluvial plain and the delea alluvial plain,
i) The piedmont plawan and the intermonitane plateau.
(i1} Block and fold mountains.
(i Eastern and Western Ganga Della,
(v) Plateaus of continenwl uplift and of continental accumulation.
(v} The great plains of the United States and of Northern Europe.
{vir) The residuat mountain and a volcanic, mounain,
8, Give one term Tor cach of the [ollowing:
(1) Mountains lormed due o horizontal tensional lorces,
(1) A tract once elevated, now worn down 1o alinost a plain by crosion.
(iff) A lowland with few inequalities on its surface. N

{(vy A plain formed Ly upliflt of the continental shell,

4. Make out
() The
tiey The
(iify Tuji
{iv) The
(v) The
{e7) The

{vir) The
A{widy The
fix} The
(¥} The

correct pairs [rom the twe columns ;

Valley ol Kashmir

Tibetan plateau

Yoma

Ganga Drelaa

Himalayas and the Alps
Nilgiris and M Parasnath
Api)alachian plateau

Ranchi and Kamatlaka pl:i’Lcaus
Bhabar plains

Urals and the Aravallis

Intermontane plaweat

Young lold mounains

. Lacusuine plain

Piedmont plateau

" Old fold mountains

Piedmont plain

Relict mountiins

L Alluvial pléin

Uplilted phacau

Movntamns of accumubation

s TR TERTT
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different rocks with differeny structuves on ihe

5. Desciibe the influence ol Himnnied:

\m\dﬁ(nms \‘\'hl Spefldl ](.f(' ence \'ﬂl}]l’l nr
[£4 1Ly O

{ ;)(‘S(Hh(‘ i!'l t‘(lall ithe (Tl'll’ll.'l and  ¢har Tlerisiid
3. R ; an Liaraclevis r

mmountaing, Llustrate wrth diagrms.

Cartographic Wwork )

ches illusirating major 'andiorms.

7. Draw ske
Finding Out

g Try w lind oul
orders. Give exampl

5 irse, SeCE and third
the meanings of tangforms of first, .\eco})d an

es Irom bndia :
g, Collect m{mmqucm hoL‘h from }hm b(ﬁ’:‘(l:nélt“r.:(,‘,m
regarding different  Indiun plateius «—
reliel and the Tesources.

additional sources
gectogical hisors.

Further Readings

1 MeGraw Hill, 1819
v oet el Elements of Geograpity. vk McGraw Hil

(:eoqmphy. London : Nacrnillan

New Yo
Finch.
Kellaway, G, d Background 1o Physiced
& Co., 1937, it
Robinson "H. Physical Geagraphy. Plymouth  Mac Donald & Lvans,
nhinson, o \

ples of Ceomorphology. i
London : Macmillan % Co.,

New York : John W iley, l‘!"}l

Thornbuiy. W.D. Princi} (i,

Wadia, D.N. Geology vf Indm.

young Himalayan
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. CHAPTER 7

Soils . @

BULK of human population sull

continues to live where good saii

helps it to grow food, Wherever
deep and fertile sofl is found and climate is
avourable far cultivation of crops, the area
grows not anly lood crops but also non-
food crops ised as raw materials in
industries.. Such are the mid-latitude
grasslands;and the alfuvial plains. On rhe
ather hand, the shallow and infertile soil
along mountain and hillsides is far less
praductive. Despite clunges introduced by
industrialisation most of e world's popu-
lation still live where the soil [umishes
themy (ood. It "was the vich soil ol river
valleys like those of the Indus and the Nile
which attracted man 1o seule down in their
slains, These were the cradles of ancien
wman civilizotions. Thelr good soil and
the river waler encouraget an intensive use
of soil laying the basis of a flourishing
agriculmure and human  habiations. Bkt

makes soll of a greal signiflicance ©

mankind, as. a basic - natural resourge
alihough it forms only the thin uppermost
layer of our land surface. Truly speaking,
it occupies a significant place in the
hiosphere or life zone of the earth. This

“has made it important 10 [ind oul the

dilferences in soils lrom place o place over

)
‘the globe and how they are formed.

Soil is & mixture of muny solid, liquid
and . gaseous substances, [¢ forms the
opmost layer of earch's cvust, [t has both,
the non-living and living matter like

PNty e
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mineral particles, decaying plant remucnos |

and insects Iving togeihn
bacieria on its ovganic matter, 5ol bolds
water, 'This moisture is wken mo by the
rots of plants. There is aiv in the open
spaces within the soil contaiing mare of
carbon  droxude | and  also oxyeen and
nirogen. The combinatnon of all hoew
nutrients” in the hody of soil s the source
far plants 10 grow. As the plants die, the
nutrients reenter the sol and e agmin
used by the Hiving plants. Such o cvching ol
nutrents over long ages keep our soils
Tiving for human wilisation. 8ml is the
{inal produci of the interactions between
the weathering of underlying 100k, the
climate, plants and the activitdes of
miilions of tnsects and earthworms, Al
these physical, chemical and the binlogical
activities build up the soil laver aver a
long period of tume.
As the nawmre

with couniioss

uf  racks, physical

characteristics of langd, climate and the

plant cover f vary from place o place, a
greal variety of soils is found over the
globe, Fheir diversity suppiies us a varien
ol agricultural products, grasses and the
trees. But one o two centimelres thick
stable soll cover may take thousands of
years o formt under the most !avourahle
conditions. It takes very short tine w lose

i, Teis felt o man w see that the precious

malerial is not lost to us. The rush of
waler takes hule time in washing icaff a
slope, more rapidly if L has no vegetation

T T

—rr

sz

r t

cover. 1 ivis a light and loase son, severe
wind blow during a dust sgorm can carry i
off i1 no time. A greater run-oll along the
siope during a worrential rainfail carries
sheets of sail ar makes furrows in it. The
coil losses in any of such ways are knowr
as erosion. The erosion of soil is {ound all
aver the world, But it i lo¢alised except in
equatorial and tropical regions of heavy
rainball wnd wreac dioughe, The misuse of
so1! by man over the ages has also made s
erasion more menacing. You may fond out
examples of weas which have thas lost
e top cultivable sol, ;

"Even in flatdands like India's Ganga

TOP S0IL
THE UPPER SOIL LAYER

SuUB-sSOIL

WEATHERED ROCK
MATERIAL~ SAND, SILT

acLAY

1

SUBSTRATUM .

. N L]
THE PARENT BEDROCK

I
la) WEATHERED PARENT
ROCK MATERIAL !

{b) UNWEATHERED
PARENT BED ROCK

|

SOILS

Piains, the soils get exhausted and less
productive every year il right methods of
cultivation are not emplayed o keep up
their productivity, It is given o man o
adopl all measures to conserve the soul
vesource. Once destroyed or degraded, the
loss in terms of agriculuure and plant cov:
is more or less permanent. {1 is in this
sense that soil is truly a non-renewable
Iresolrce. )

The Soil Profile

Soil is initally the product ol weathering
of the rocks when it consists of the fresh
HUMUS

A HORIZON
{SOIL)

B HORIZON
ISUB-SQIL.)

C HORIZON
{(WEATHERED
-RCCK)

D HORIZON
(BED ROCK)

Fig, .1 Swid horizons and bedroch
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weathired  material, lacking in organi¢
matier IUmay oty be wansporeed by river,
wind or glacier reducing it w0 finer
wdiments. The soil profite consists of the
seeathered material derived from the rock.
But the bedrock isell does not form a part
oot Nedther it has any harizontal layers
termed as horizons, A really developed soil
profile results if tht weathered material
Leeps lying ar o place for a fairly long
titve. During the slow  process of

< deenmposition of the bedrock and addition

of the organic material, ity horizontal
Levers, one above another, are formed. A
wit o prolile
Forizons in it—true sotl at the wg, sub-soil
and the bedrock apaft [vom it Each
harizon is quite distinct from the ather by
its cwn physical and chemical
composition, and organic contents

soduced during the long process™of soil’

formation,

Propertes of Soil
Each s0il type has physical properties like
its colour, wextare and the structure. They
largely depend upon the nature of the
bedrock from which they we derived. The
colowr. in isell, ds unimporaonn But i
wlls ol how the soit has been Tormed and
ei what it is made. Texture tefers to the
mixture of different sotb particles grading
fram comse into line grades ol .gravel,
sand, st and he clay, Soils are. called
sandy whenthey have @ large -proportion
of sand grains. Clayey soils have a large
sropottion of clav particles and s licde of
-and. Soils with fuivlyzequal propettions-of
cand, it and day.are called fomns. Loams
are tenmed as smldy;lbum, silty loam and
the clayey. loam, depending s upon  the
prepanderince of Ssad, sili ‘of clay,
pesprrtinely, ) . e s
Soil festwe also indicates whether the
RN R S F R AN TR A} Lriween ity g.',l‘ilil‘.s uLe

geneyally  has three  main

i Scrndy Loom

.

Fric 7.1 Mejor seif fevtures

i
smatl o Jarge. The tine clay soil has smadl
pore spaces and henee the rawe of pussage
of waler o its lower levels is very slow. In
atber words, this type of soil is more watei-
vetentive, o sands, pore spaces are Linge

“enough o vunsmit the water downwirtls
rapidiy. They have vers low capacity o
setain or hold water. Thus, the wsnne
determines the abilin of the soif to retain
water and 1o drain 0w Jower levels,
Loamy tesline, having an admixture of all
e three, iy the best for phast growth il
his pploughing i vasier at the same time.
Pusely, sundy soil is comidered light and
shilting white pue clay s heavy [en
ploughing. The latwr forms cieks on

';"dt:ying' ;\'.glcllln'('mm'-. very sticky o getling

et Oue of lonms, sandy Joan iy the most

¥ [anfvougv'(jl by lwrmes, The o propevny ol

strugiure’ vefers 1o the wily soil particles aiv

arranged-when broken up lor cuftivation. .

The grouping of soil gmins in the f
agyregate gives rise 1o nut-liker granukeOF

T
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crumby, blocky, platy, plastic or columnar
crrniciires. Soit structuie atso influences 1ts
cadibility, wase ov'difficuly in ploughing
and the rate of motsture ghsorplion.

All sails have their own  chemical
propertics. On this basis, they are said W
e acic, neutral or alkaline. Soils with low
Fme content are called acid and those with
Bigh lime content are caibed alkaline. The
water in the soil contains dissolved carbon
dioxide together with acids derived {rom
decaying vrganie matter, Soluble salts are
maduced during chemical breakdown of
rocks. The air, in soil's pore spaces
congains atmespheric gases when these are
not saturated with waier. The decaying
remains of plant and animal life forms is
rermed as humus. I gives a dark brown or
Black rolobr to the soil. Nawral vegetation
also responds te chemieal properties of a
soil. Many plants which like acid soil- will
not grow in suil with swrong lime content
and alkaline in nature.. )

. The physical and chemical attributes of
soil differ greatly from one site 1o another
even within a local area, There are ulsa
. dilferences observed vertically from one
horzon ta another in a soil profile.

)

Factors of Seil Formation -

There are five soii forining- factors—bed-
rock or the parent material; loal climate,
plant and animal organisms, elevation,
and the reliel, ie, topugraphy and the
time over which sot! has developed. Oui of
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Fic. 1.3 Soil factors
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these, the parent nterial amd he climaie
are the' two most amporiant faetnrs oy o
jarge regional seale. Whale the clisite
and  bivlogical  soll-fotmmes e el lanl
active -agenis, tho pareut asateniad,
opography «nd, the dme ate considere)
relatively passive agents.

The wunderlying rock confalnibiyg
minerals iz called the parent maierial [rom
which a soil is derived. Bul il s not
necessary that dhe soil ina lncality pust by
jying over the rock Nom which it has
originated. The parent material gers
hroken intn pleces and Ts slowly
decomposed by mechanical, chemical and
the biological weathering. It is the parent
rock which furmishes a soil with inorganic
mineral particles, Although, all: the three

tmain types of rocks supply this material to

soils,- it is greatly «erived from - the
sedimentary rocks. The rates .ol physical
and chemical weathering' of pirent rocks
are different depending wpon  theit
structure, degree of  hirdness and  the
climate. - Some vocks weather ‘epsely and
others decay at -a slower rafe Such
properties. inake some rocks like sl @
hetter . soil-lormer -than the limesnne
which is a poor soii-lormer. You iy lind
out instances of different types ol wocksand
the rate of their weathering unier differen
set of conditions, Faster the rawe of
weathering as in A hot and wee chmite, -
faster is the rate of soeil boran.

Climaie of an arena 15 soda gl lur o)
that over a lony period, 1l o pediee
differences caused by e puoost il
That is why twe different pnent ey
may develop the sape wul e ype of ‘
climnatic regime, Likewpe, the e et
material may produce o Qitfovenn type
of soil in two nypes ol ot Cbhe
crystatline pranies prodnes b st} an
relatively moist b ol tle et
vegion and ot et an e
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margins. The heat combined with the rate
of alternation between wet  and dry
intervals of monsoen climate is the basic
cause, Hot summer ‘and low. rainfall
develops black soil as found in some
districts of Tamilnadu, irrespective of the
parent rock, In the Réjasthan Desert, both
the sandstone under uni-
formly arid climawe have given sandy
soil, poor in organic matter.

It is the seasonal distribution of
temperature and rainfall which: determines
the type and elfectiveness of weathering,
quantity of water seeping through the
rocks and type of. organic mater acting
upon them,

Plant and animal organisms consisting
of trees, shrubs, grasses, mosses, hacteria
and the animals play a very important part
in converting 2 young soil inta mature
one. Dead plants provide huinus, which is
consumed By other forms of fife like
bacteria, In -humid tropieal climate.
Baclerial activity is intense, Consumption
of humus is so much that soils are' left poor
in it. In cold climate, bacterial ‘activity is
Mimited and- the soils are rich in humus,
Bacteria also changes nitrogen fram air
into a-chemical form which is usable by
plants. Thatis why bacteris is iermed as
nitrogen lixing agent. Humus also
enriches the soil, quickens the wearthering
af minerals "in the process of soil {forma-
tion. Small organisms like earthworms
live in millions in the soll and help
in reducing its grains o small size and in
mixing the mineral and the organic
matter.  Burrowing  animaly  like anes,
rodents, termites and some birds move the
surface soil downwards and the sub-soil
from ‘its lower horizon upwards. The
mixing of two soil layers ‘helps in
improving the texture and its acration,
" Topography or the local site factor also
alfects the depositian of soil, degree of its

X
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erosion and the rate of run-oil of (he waier,
Only a thin and coarse soil is left on steep
rocks on which it is formed. That is why i
is called a residuel soil. The elevaton and
the nature of slope also influence the rate
of weathering and the drainage of wajer,
Much of the soil is carvied [rod the hill
slopes by transparting agents like rivers,
wind and glaciers towards the valley
bottoms and ‘flat-lands as alluvium. Souch
transported sodl is very fertile Decanse it i
derived [rom different kinds of rocks from
over a wide cawchmeni. The deposition of
soil sediments goes on undisinrbed for
longer time muking it he deep on
flatlands. The degree of erasion on thenm is
less.as compared 1o the hill slopes. Ay the
sarmme ume Hatland soils may be under-
drained or poorly-drained because of
gathering of water during floods. On

gende slopes, new soif is derived lrom the |

parent malerial but it takes a long time to
balance the sofl wiich ds removed by
erosion, The fresh river alluvium or glacial
ull are soils of the young stage. They have
a greater control on the parent muaterial
and hawve a‘poorly developed soil profile,
Mature soils arc developed over z lodg
time reflecting the influence of climate and
of " organic matter, They have well-
developed scil profile. It tells us the
influence of time facton which changes a
young soil into mature and sometimes into
old and sterile one. It is followed by the
change -+ the physical. and chemical
characteristics ol soii and also the degree of
its  fertifity.  Indirectly man is also
influencing the formatien of soil by way of
its retentien. Increasing urbanisation by
him activates the large and small earth-

fows down the moderately steep slope

because of massive constiueuons, The clay
layers saturaied I')y waters of heavy rains ar
mielting . show may start creeping or slowly
sliding. down more as. a resull. of
excavation or removal of suppart by man,
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Such a soil moss descends upon houses,

Lighways and f{orests,

Soil Clagsification ' .. .
Soils are classified dilferently, but the two
main zonal groups are the Pedalfers and
the Pedocals. These are further divided
into twelve major soil types all over the
globe. These are found aver large areas
%orming latitudinal belts in'the world. We
can easily mark a corfelation belween
world's soil map, maps of climatic regions
and of natural vegetation. 3
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precipitation throughout the year. "{"hero is
strong leaching (downward movement of
salts), slow breakdown of needle leaves ;1{1d
slow lormation ol humus. The bacter&ul
acuvity is also limited. The soils are acid,
infertite and of limited wvalue for
dericuliture. But grey-hrown padsolic soils
[c:;u nd in mid-latitude deciduous {orest bele
in Wesien Europe and north-casiern USA
are retatively less leached, have fair umus
content and remain {airly fefrtilc_ by
manuring, lertilivation and crop votation.
They have been well used for dairying and
mixed (arming.

Tropic ¢f Cancer

P

e,

Equolor

Grey - orown 301ls

""’3 Aed B Yakow sais

ngluging lolerite

mﬂ! Pedocals
Desert soils
}@ Mourtnin sais

Fic. 7.4 Distribution of major soils in the world

Fedallers

Such soils are found in humid climates
extending [rom  high-ladwde conilerous
lorests, mid-latde deciduous forest lands
te low-latitude tropical [lorests and
rgrasslands. Podsols of ash-grey colodr are
found in high-latiude conilerous forest
belt having very long cold winters, short
¢ coul SUITNETS and a

moderate

The red and yélléw tropical pedallers in
low-latitudes experience high temperatures
and seasonally wet conditions. The mhfl:l»-
minerals are leached but iron content gives
themn this celeur. A greater hr.ctc’n;;l
aciivity consumes more and leaves fiefe
humus in them even when there is plent
of organic mater.” They suffer c-gnallv
from ecalcium deliciency. "These soils are
acid and are scon exhausted unless kept
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teride By application of lerilizers,
Pedoraic

The avid, semi-and” and e sub-humid
rones i the world have pedocals group of
soils. These ?n‘i rich in calcium and mineral
salis, It o dbee o greater evaporation thay
Loth the soluble minerals and water move
upwards. They hove develnped in the mid-
fatitude prasslands, the steopes and the
prasvies o inand around deserts both in the
wemperate and tropical regions.

The tlack earths or chernozems are oie
of the richest soils of this group. They are
rick in humus, rich in calcium, unleached
and huve ¥ crumby or nut-like structure.
The climate of the region Is of dry winters
and ol early moist summers. These are
fertile sniis requiring litle fentilizing even
when used year after year.. They need a

little frrigation “because of -their greager™:
moisture holding capacity: The steppes.of .

Ukraine, the ceatral part of the USA,
Central  Africa,  South America and
Australian  have become famous . for
growing big harvests of grain crops like
wheat and cats or for livestock grazing on
ttese soils. The prairie soils of USA -are
ncarer (o pedoczls alhough found in moist
parts of températe grassiand regions. They
are poorer in lime than the black earths,
have good crumby soil structure and are
highly feetile,

Pl

EXER

Review Questions

1. Answer the [ollowing. questions ;

The desert sails are grev in colour in
temperate region and red ivchot deserts ol the
tropics. These e tegions ol law.rainfall,
liigh emperates and high evaporation.
The soils aré unleached and alkaline but
very much jacking in hamus because of file
vegetation [ound in such areas, The calcium
carbonate “gothers close 1o the surlace
lorming o haid pai. The soil hovizon is
poorly developed. They are cultivalbile only
where the texture is Tine. salt is lesy and
irrigation water is avaiiable. Theae are
patches of sterile or barren soil in the beli of
pedocals under diy steppedike climadie
conditions. It is known as ‘usm’, the len
collectively applied toaltl Kinds ol salineand
alkaline soils in the plains of noudr hudia,
pardcularly in Uiiar Pradesh, The clay soil
with bad or imperfect drninage in low-lying

-, Plain areas is found covéred with a great
Jamount ol rehr (white, grevish oy ash-
totoured salt) in dry peviods. Asthe salisare
translerred  {rom tbhelow, even canal
ipvigation helps in their accumulation in
such areas. The bad drainage or wiier
* logging alsa deteriorates the irrigated soils
of dry areas. The saline soil patches are
dissalved under muddy water during the
rains. One {inds.no vegelation on such soils
and it gives a- hard rock-like appesrance
during dry spells. The soil lertitity decteases
it the saltcontentisincreased and makingits
reclamation difficult and costlier,

CISES

o Give one technicai e

' SOUL S

2 e :
What is humus 7 How 1s 1t {ormed ?

Liv) _ . o
which it nreeds 10 be connersed

() What are the functions of sotl for
rm [or each of the following :

i 3 distinctive horirons.
() Surlage material on fand . having distingtive h

2 idely disiri I I emperate clinme
(i Zonal soils most widely distributed in cole i

) A redish and highly leached soi) of humid fapes

N

]
((lw'l A zonal soil group regiiring 1o fertilization, even ab cubivvred e
afler year,
(v Thelhamv of a soil which keeps lying on the tock
derived.
{v#) The name of a soil wh
which it lies,

5, Deline the following terms precisely :

[ron who b

ich hias no relaton with the paent ool g

(Y Alkaline soil;
(i{) Loams ; ‘
{111y Podsols ' o .
{iv} Soil drainage
() Soll leaching
(vi) Pedocals.

4 Describie the principal characteristics of the
soils.

5. Distinguish between the [ollowing :
(i) Black soil of Ukraine and Black soil of Mahavashina pla i

potlsols, chienasin an b olew i

(i) Scils of the dry and wet climafes.

Finding Out ,

6. (i Find out inlormation on diflerent types of soil tvowon § !

. various parts of Indin. What are its causes and the singpeaget i mediey

" (i1) Collect the samples of different soits from your toval i vuciutly
Write a short essay on \Lhe properties of each v

o g

Cartographic -Work '
7. Show areas, allecled by soil erosion on a map of ndim

Further Reading

Jenny, . Factors of Soil Formation, New York ¢ MeCGoaav Ll co 1

Fetiai

i i

ti] Which are the physical auributes of 4’ soil ?
: v How s soil different {rom a.rock ?

vt Last the active and passive lactorsof  soil Tormation.
H
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The Undergr'o\und" Water

FT¥ YHE rain-water or snow-melt that
. neither runs ofl along the surface

. nor evaporates but sinks into the
ground is known as underground waler.
Such ground water in some quantty is
present everywhere in soil, subsoil and the
bedrock. A great amount of it finally
reaches the sea after moving through
underground channels. Thus, it becomes a
part of the hydrological cycle by which
process the rain-water originating from the
sca finally retums to the sea, where it
comes [romn.

The part of the surface water moves
through pores’  between
mineral grains or cracks between rocks.
The water-holding cepacity of a rock
material depends on the pore spaces
known as its porosity, Another property of
rocks is their permeability. 1t stands lor
their capacity 1o allow water o pass
through them. The pore spaces or
openings if connected with each other
make a rock permeable, If these openings
are not interconnected, ‘the rock is
impermeable and  water cannot move

through it. Thus, a permeable rock is

always porous or pervious but a porous
rack is not always permeable, There is no
further movement of underground water
when 2 non-porous strata is reached. The
smaller the openings, the greater ts the
friction and slower is the movement of
underground water. '

The rocks that have large conuected

AR B AL, kA ) AR AR L1

CHAPTER 8

pores through which water can [low [reely
are known as aquifers. The aquiler is a
water bearing rock and refers to an
underground reservoir of water. Loose
sedimentary rocks like sand and gravel,
and the jointed limestone are wapped lor
their underground water because of their
high permeability and water-bearing
nature, The clay is porous but becomes
watertight and has a low-permeability just
like the compact quartzite or the granite.
The lawer have poor aquilers and are
unsuitable for depending upon them for
the ground water. :

it {5 significant 0 note that
underground water provides soil molisture
for plant growth, supplements water in
streams and fakes, and is frequently used |
lor human consumption.

The Water Table , '

The pore spaces of the rock are all {illed
with percolating water at @ certain level

" below the ground. The zone of pervious o

porous rocks fully bearing this water is
called the zone of saturation. The level
below which the rocks_ are completely
saturawd with water s called the water
table. The water able thus, separates the
saturated zone {rom the unsaturated zéne
lying above it. The pore spaces in the lauer
zone are {ifled only with air except during
rains, The rain-water seeps or percolates
thraugh the unsaturated layer G} it is held
in the saturated one at some depth.

}

o € -, R

In othter words, the water table is the
vertical distance of ground waier level
from the surface, whether close o the
surface or [ar below it. The deepest level
e water table attains is Wie permanent
water table, whercas seasonally it rises very
cJose to the land surface for short periods
as during heavy rains. The zone below the
permanent water lable is the zone ol
permanent saturation, and that between
the highest water table and the permanent
water tabie is the zome of intermittent
saturation. .
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Fic. 8.1 Water table

‘The water table reaches, the surface in
springs, permanent rivers, lakes and
swamps. It is deeper on hill tops and in
dry areas than in valleys and the humid
regions. That is why walter wells drilled

close to hill tops are drilled through more.

rock than those in valleys. Usually, it is
lower in swmmers especially during
droughts. The wells dug up only upto the
seasonal walter level go dry while thase

reaching below the permanent water able’

are sources of perennial water 'supply.
The ground waler table in any area is
thus controlled by its climate, the changes
in rainfall from time to time and the
character of underlying rocks. [t also
responds to surface reliel by [ollowing a

T
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.
slope or the gradient during its movement
from higher to lower elevativns.

Wells

The wells are man-made holes dug into
the earth’s surface in order to get the
underground water for irrigation or for
human consumption. A well can just be a
pit dug to reach a permanent water-
bearing layer or to make use of a seasonal
percolation for a short time, While digging
a well, care is needed so as to avoid
plercing the” impervious layer below the

" aquifer. Otherwise, the ground water goes

in the pervious bed lying lower down. The
tube-well is in the form of a shaft sunk
into the ground upto permanent wilter-
bearing strata at a greater depth. I top
aquifer has litle water, the well can be
bored to the next aquiler, may be lying
still below,

A special type of well in which water
rises automaticaily under the pressure of o
column of water to the ground surface,
cither through a natural or man-made
hole, is known as an arlesion well, The
name artesian is derived from the provines
of Artois in France, where the first well of.
this type was sunk. Artesian wells occur in
tegions which fulfill certain condiions.

The rocks must have a synclinal or tilted. . .-
kf .

structure, There should be a
permeable rock lying between
impermeable rock layers. Tt s necesaey
that the permeable rack should be expos d
at the ground surface, so that ram-watr
soaks into it. There should be suffich ot
ammount of rainfall in the arca where the
permeable rock is exposed at the surface.
Thus, the water Hows throush "o
permeable rock in the same way that water
moves through a pipe.

The biggest area ol artesian water in the
wortd is the Great Artesian Basin of
Australia, situated in the eastern interior of

laver
twea

'
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: *
the conlinent. It covers an aren of about
1,500,000 sq km.

i

Fic. 8.2 Artesion wells

HRiRE

Artesian wells are rather uncommon in
India. ‘However, a number of successful
artesian borings have been carried out
recently in the alluvial wracks of the
Gujarat Swate, in Pondicherry and in the
Seuth Arcot district of Tamilnadu State. A
special mention may be made of the
Neyvell lignite coal-mining area ol this
district, where ihe mining operations were
hampered on account of the flooding of
the 'mines by the ground water rising
under artesian conditions. Artesian
conditions are also known tw exist here
aind. there-in the alluvial plains of northern.
Indja.

Springs :

Springs.are places where a [low of water
risgs; tolthe surlace through natural rock
epening under. hydraulic pressure from the
depth. The aquifer-is either exposed at the
siifuce. or:underlies a pervious material,
The watwt of:isprings will be cither 'in
plenty - or - searee- depending on the area

and thickness of the aquifer or its volume
of water, :

A spring or a chijin of them are common
at " the jupctions of permeable and
impermeable rocks and also where the
joints, fissures and porous rock beds utlow a
free éscape of water to the surlace. The
ground water accumulated in the middle
of the permeable rock fermis a head of

-water. which emerges as a spring as afore-

mentioned junctions on the hillside,

Rointall

e, ‘83 Farmation of springs

They are marked along the [oot of a
scarp in the hills upto which level the

rain-water percolates and cannot move

farther down the impermeable straw,

Ewhere the impervious bed is in the form of

- [t depression, the spring flows out at
he bed's fowest point which reaches the
surface. This is known as a pit spring,
while the former is the scarp foo! spring.

Fin hard and solid rock the ground water

percolates mainly through its fissures. The
 aquifer’s fissures can reach the surface on’
- slopes of hiils or valleys and walter flaws

Fout of them. This wype is called a fissure

spring. 1 there is a dyke having
jmpervious materia} exposed at the surface
and pervious strata lies on both sides of it,
the ground water comes out at the surface

| o{‘"the dyke in the form of a spring known

as, dyke spring. A spring also comes into

Fexisience as a result of faulting, In rhis
£ case, 2 permeable bed comes to rest against
tan impermeable bed due 10 faulting, The

water accumulates in permeable rock and
flows out in the form of a faulr spring,
where the lault plane intersects the ground
surface,

Hot Springs and Geysers

They generally occur in regions.of active
or recent volcanism. ‘The ground water
comes in contact with the heated or

GEYIERS

"HOT SPRINGS
7

",

i oo ol e,

0

FiG. 84 Hot springs and geysers

THE UNDERGROUND WATER

superheated stemn inside the earth il
emerges at the surface either ay a hnl
spring or as a geyser. A geyser is hot spring
in which water s forced up by steam
pressure at intervals. As the opening it the
surface is small, water and swam cannual
flow out regularly. The steam pressuie
forces thg water 10 shoot out through the
openings. 1t is also believed that geysers
originate probably owing to the sudden
expansion of superheated steam gadhered
in underground cavities, -

The word geyser comes from geysir, the
Icelandic name lor the Great Geyser of this
island in which water rises ta a height of
about 80 mewes. The word geysir is
actually an equivalent of gusher Some
geysers erupt at regular intervals, For
example, the Old Faithful in Yellowstone
Park in the Rockies in the Urfited States

“used to erupt ance every 65 minuwtes. The

three most important areas whewe hot
springs and geysers occur are : Jeeland, the
parts of the Rockies of the United States
and the North Island of New Zealand, In
the Yellowstone Park alone there ure mmb
than 100 geysers and abou 4,000 hox
springs. Mineral springs ardhot springs in
which minerals are dissolved and witers
have unusual colour, taste or ihe odour®
The cold water springs are {ound in the
Himalayas, the Western Ghats iflohg
Konkan coast and the Chotr Nagpur
uplands. Hol springs are also foumd in
many parts of our country, aspeiatly in
the hilly or mouncinous parts of Janunt

and Kashmir, as well as in Ilimnehnl,

Pradesh, Bibar and Assam, Some of the
important hot springs are the Manlkaran
(Kuluy, Tatapani (Shimla)and Jwulamukhi
(Kangra) in Himachal Prdesl, Rafgtr
{Patnta) and Sitakund (Muwger) 1o Wi,
Gangotri and Yamnotd ju e Fosleh)
and a few others in the "Thaoa Disig it of
Maharashura,

i
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" Groundwater as an Agent ol Gradation

regions mainly in  highlands
large scale, 'Karst' topography is caused
by the movemeént ef underground water as
an agent of gradation. It is so named after
a ' province of Yugoslavia on ihe Adriatic
sea coast where such formations are mosi
noticeable. Limestone is a rock readily
solubie in rain-water cairying carbon
dioxide from the atmosphere, The water
percolates through highly developed
system of joints and [issures rumnning
through the massive limestone strata. The
surface water rapidly  runs off as it

disappears down he rocks and almost

whole of it@irculates underground. Aided

by mechanical corrasive and solution of

limestone ‘51 water, it gradually goes on
the beds of rock
through which it has been percolating
downwards, This action is stopped only
when the underlying impermeable straia
expostd ‘over which the
streams and reservotvs are always [ull of
water. The surface springs flow out only
from the base of limestone lying along the
junciion of the underiying impermeable
rock. The ~chavaceristic features of
limestone topography are the sink holes,
swallow holes, dry and blind valleys and
the cavems. -

Sink hele is a [unnel-shaped depression
which has an average depth of three to
nine metres and in area it may vary from
one square metre lo more. In arcas of
limestone, dolomite or gypsum,
the whole surface is dotted
with these holes. Tor instance, in the
limestone plateau of Kentdcky in the
United States of America, their number is
well over 80,000, In India, these are
ohserved along the southem edge of
Maghalaya's limestone strata, The sinks

are developed by enlurgement of the
e

L

them, It

cracks found in such rocks, as a result of
continuous solvent aciion of the rain-
waler, The surface rock gradually subsides
creating deep and wide sinks on the
hillsides and valiey floor indicatng he
intense  activity of underground water.
Where diese sinks are nwmerous the area
is very dangerous for constructon work
and for laying of railway tracks or
construction of roads. Somelimes, stremns
disappear into them leaving theiv beds
dry, and sometimes springs fed by the lost
stream may flow out Drom ihe Link. As
time goes on, the sink holes join with
each other creating huge depressions. The
beds of the dry streams appearing i this
way are known as blind wvalleys.
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A - Sinks on the surfaez of limestana rock
8 - Swallow holes ot H:-e botiora ai a funngl
shopeq sink d

Fic. 8.5 Sink holes and swaflow holes

Swallow holes are cylindrical oy shage
lying underneath the sink holv at some
depth. The surface sireams that olten sink
suddenly disappear underground through
is so, bEcause these holes are
Hrked with und"r:;muud CAVES L1 TOUKS
through vertical shafts. They jusuly rheis
name by vitually swallowing the sib-
surface streams which may re-appéw Lom

vock opeaings further down e sL o
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water containing

nied limestane

: N\tmccme

colcium bicarbonate
drips from the cave
roof. when the watar
svgporcies i legves
behind colcium

l%TFRlO‘R VIEW CF A LIMESTONE CAVE

Fi6. 4.6 Stalactites and stalagmites

Caveris: As the course of underground
water erosion proceeds, the groundwater
drainage is fully developed and a network
of caverns and chambers® linked up by
galleries or passages we formed. The
channels carrying water ilow  through
these passages of reservoirs of water are
found inside the chambers. A large
limestone cave formed by sotution due w0
underground water is named as a cavern.
The mammoth cave of* Kentucky, [or
example, “has about 50 km of such
continuous passages. IL lws 200 chambers
with a towl Jengtly of over 250 kin and iss
big room is over 30 memes high. The
floor” of such caves are usually [ound
strewn with rock waste which has fallen
from the roof, They are usually adorned
by beautiful upsianding pillars and
natural rock bridges. In India such caves
are observed near Chewrapunji in Khasi
hills and ncar Dehra Dun in Utar

, Pradesh. The caves of Kotumsar in Baster

District of fadhya Pradesh are among the
few caverns in Indin. The igmest of their
chambers so far explored is over 1060

metres long and the maximum heighe of

menes.
and

They have
stalagmite

the ceiling is abour 12
icicle-tike  staluenite

carbonate
formations.
The water, containing limestone in
solution, seeps through the roof of the

caverns in the form of a continvous chain
of drops. A portion of the drop hangs «n
the roof and on the evaporation ol watcr,
a small deposit of limestone is left behind
contributing to the {ormation of a
slelectite, growing downwards from the
rool. The remaining portion of the drop
falls to (he floor of the cavern. This also
evaperales, leaving behind a small déposit
of limestone aiding the formation of a
stalaginite, thicker and [lauer. rising
upwards [rom the {loor, Thus, iimestnne
is deposited both on the roof and the (loor
of the cave. As this process grows, both
the stalagmutes and the swlactites oflen
join together o form a complete riilar
known as a column. Despsite all tiese
heautilul underground formauons
collectively known as “Karst topagraphyy
the surface of the rock is bare, bleak and
is divided by sharp jagged cresis in the
course of tme, The smooth layers o the
limestone is cut into zigrag fashion by
deep ruts made by the water moving Jdown
and thereby dissolving the ock,
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| EXERCISES
Review Questions
1. Answer the [ollowing E;uq’stions

(i) What l’actors determine the water table? Discuss thém briefly.

(i} How do you explam [he sudden disappearance of rivers in limesione
regions?

2. Distinguish beiween the following careiully

(i} Stalagmite and Stalactite

(i) Hot spring and Geyser

(i) Permanent water iable and. Seasonal water tabie

(fv) Artesian well and Ordinary well )

{v) Porosity and Permeability :

{vi) Sink hole and Swallow hole l B ’
3. Define carefully the following terms : . : '

(ij Aquifer, (1] Saturated and unsatmatcd zoncs {zu) Dyke spring, and
(fv) Fissure spring.

4. What' are the essential conditions for developing "Kam Topography™?
Explain the formation of main features characterising such a landscape.

5. How does the underground water become an agent of gradation. (Refer to its
_work of erosion and deposition). '

Cartographic Work

6. (i) Locaw major areas of wells and the artesian welis in a map of India.
Locate the hot springs in it carefully. )

(i) Consult topographic sheets of the Survey of India depicting sprmgs
and” wells. ' Draw skctches and label them with suiable captions.

Finding Ot

T

7. (#) Find out how drinking water is supplied in your small focal area.
Invesuga te the cause for its shor[age if any. Fild out the depth of water
table and accoun: lor its var:auon from one sua lo another at dl[ferem
times durmg the year,

.
i El

{#1)- Collect. informalions about caves in India from dlrcct and indirect
sources,

Further Rcadmgs

Holms, A Frinciples of Phy.stmi Geology, London Thomas Nelson & Sons
Lid., 1959;

Lake, P. Physical Geography, Calcutta: Macmillan % Co., 1959.

“Wadia, D.N. Geology o, India, London : Macmillan & Co., 1961.
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CHAPTER9

,'The' ?rogéss of Gradation

tégtonic  or  earth-building

: “THE
> ' forces give rise to major landforms
4 like mountain ranges, plawau

blocks and faulted depressmns There are
erosive forces originaiing on the sur face of
the earth which destioy the elevations and
(ili up the hotlows of the earth's surlace. In
other words, the tectonic or intemal [orces
lewel up and the erosive or external forces
leve! down the earth’s surface. As a result
of the two opposite forces, the surface

vitimately attains a common level ‘or a-
grade. All the processes which tend to

bring the surface of the lithosphere to such
a common level are known as process of
gradation. A surface thus reaches a-grade
when there is neither erosion nor
deposition any morve.

The present landscape is temporary
because as soon as a portion of the earth’s
crust is raised, it sands exposed to a
variety of destructive forces.

Degradation and Aggradation -

Gradation as speken above Is achieved by
sitnultaneous processes of degradation and
aggradalion'.- The general wearing away of
the land surface by exiernal agencies or
forces is known as denudation or

* degradetion. ‘The. term denudation has
" been - derived from the Latin word
"+ denudare means ‘lo lay bare',
_the result of wedthering, erosion and

It includes

trarisportation. - The -term ~ “Weathering’

‘means the weakening; breakmg up, roiting

.mechanical

and the disintegration of rocks at or near
the carth's surface. It starts as soon.as a

rock is exposed (b the influence of weather.

The disintegrated material, the products or
the results of weathering do-not invaolve
any motion except the [alling down of the
material by the force of gravity.
Weathering is [ollowed by erosion, which
is a process of scraping, scraiwching and
grinding of the surface rock. [t -includes
remoaval or transportation of the weathered
rock material {rom one place o another,
The act of erosion is performed by a
number oi natural’ agents like running
water, ground water, moving ice, wind,
waves and currents of the sea. These agents
use the eroded material as cutting taols to
carve up und shape the landscape. Erosion
is a tnebile process unlike the static process
of weétlming It keeps the weathered, fock

_ material ‘in motion by picking it up and

transpmung it.

Aggradation or clcpon!;on means the
filling up of the depressions on the carth's
surface. The agerits of aggradation are the
smme as those of erosion. In_other words,
gach agent has its erosive as well as
depositional role in chdhging: the
landscape slowly, bul surely. :

The Types‘ ‘of “Weathering .

The disintegration of rocks by mechartical
process is called the physical . or

weathering  and. their
decomposition by chemical changes is,
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known as chemical weathering, The two

précesses are not clearly separable in

nature although ene ¢r the other may”

predominate under diflerent climatic
conditions.  Sometimes,  both’  the
mechanical and the chemical ehanges are
invalved in d ‘third type of weathering
known as biclogical weathering.

Mechanical weathering iakes place
without changing the rock’s chemical
compasition. The minerals in the rock are
only separated [rom each other in this
process, Although, it is most rapid in
sedimentary rocks yei it dogs not spare
even e harder granite and the marble, It
is observed that old buildings and
monuments built of the latter ‘rocks
hecome weather-beaten and are also nol,
long-lived. This weathering is common in
deserts, cold or hot, under the influence of
rapid changes in daily emperature, The
exposed and bare rock surfaces become hot
and expand during the great and intense
amount of sunshine. Also, during winter
nights when the'temperature may fall close
to freezing point, results in their
contraction. As different ininerals in the

. tock expand and contract at dilferent rates,

it creates a series of cracks or joints in_their
outer layer, splitting them into angular
blocks, and reducing them o fagments
and pieces, ‘The debris moves down the
mountain slope-and goes on gathering at
its foot as talus or scree. The alternate
expansion and gentraction of outer rock
layers betng more than the inner ones, the
outer layers are subsequently peeled olf
from the main mass of the'rock in the form
of concentric shells, " This kind of
weathering is called exfoliation.
Sometimes, the weathering of the lower
portion of the blocks followed by the
removal of the weaihered maierial leads o
the development of a balanced or a perched

block of the rock. ‘Such a rock is seen

AL TR T T T

placed as precariously balanced over
another granite block newr Jabalpur in
Madhyz Pradesh. The granite

hutter ball' are examples of meechanically

Jweathered coarse-grained granite. The}

fine-grained basalt and delerite do not

disintegrate so readily as the coarse-grained |

rock, the dark “coloured and the mul-

celoured rocks also gel rapidly heated than §

the light coloured ones resutlting in rapid
breaking. But the projecting edges and
cotniers of [ine-grained as well as hight
coloured rocks are rapidly rounded off by
weathering owing to their greater exposure
tc the atmosphere. Almost all rounded
forms of dolerite blocks of rocks in
Singhbhum District of Bihar are*due w
this process.

In areas of severe cold climate as in the
higher and inner Himalayas, the aliernae
freezing and melting of water inside the
cracks in rocks split them into {ragments.
It is known that § cubic inches of watwr
wrns inte about 10 cubic inches of ice
The conversion of water into frost or ice
increases. the volume of water, This
phenomenon, also known as frost
weathering, develops a strong lorce in

widening, the crevices in rock by physical
‘desttuclion over a period of time. The

work goes on ' every’ winter in high
latitudes and at high alttudes. Tis
magnitude is indicated "by a concinual
increase in the formation of series over the
mountain sides, The rocks are also
destroyed by plants, animals and activities
of man. The long and tenacious root [ibres
of the plants work down into the cracks of
rock. Even roots of shrubs and vees reach
deep int wmem and dislodge large blocks
from the cliffs. The burrowing by
earthwormms, ants, rats and the like, make
channels through the 1ocks and contribue

to their destruction. The excretions of §
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‘ domes |
of Mahabalipuram, particularly ‘Krishna's

Galec

3

s

many of them provide acids lor a gradual
decay of the rack. The gquarrying, mining,
deforestation and immdiscriminate
cultivation of land by man are other

. ..contributory causes. Such biological action
| may be physical or chemical in nature,

The processes that cause rocks o decay, -
i.e., to decompose instead of disintegration
arc known as chemical weathering. As a
result of the action aof air and water, the
minerals in rocks underge a chemical
change. The chemical reactions between

) rock and water are rapid il both the

temperature and che moisture is high as
" found in humid tropics. The rain-water
contains carbon dioxide in solution, It has
, an acidic effect and it reacts wi;h rocks to
¢ form new chemical substances. This is the
process of carbonauon and is noticed in
lower humid latitudes. The decaying
organic matter also forms acid. some of
which geis dissolved and carfied away in
vain water. The atmospheric oxygen. in
rain-water also unites with mineral grains
in the rock especially with the iron
_compoeunds. This results in decomposition
of the rock and it starts crumbling. This is
the process of oxidation, changing the
colour of the rock into red, yellow or
brown as we see in rusting ol iron. The
chemical union or water with aluminium-
bearing minerals detaches the outer shell
of such a rock through the process of
hydration, The product lelt behind is the
residue of sand and clay. Some mincrals as

rack-salt and gypsum are removed by the-

process of selution in water,

The wmechanical action of rain in
loosening the rock particles is small than
its chemical action. The acidified water
brings about the' decomposition ol
minerals more readily in the 1ocks. These
are means by which even a had erystalline
rock is made 0 break-up into its
constitwent mineral partcles. How they
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work, we cannol see. The few tiny oracks
on the rock surface caused by tenipeature
changes expand with weathering

fragments fall away from comers and edges
and gather at the base ol slopes. The
smooth surlace of rock becomes raugh and
we sce black or vusty stains on jt. Al these
results-and products of westhering point
out the strength of processes wearing awiv
the. rocks. The weathered material is the

Jdirst step towards lormaton of solid
derived from Tocks as ils parent,

Agents of Gradation

Any  mawral  agency capable ol

transporting the weathered rock macerial is
known as an agent of change of gradation,
viz., running water, groundwiter, moving
ice, wind and the sea waves. Thiey derive
theie energy indirectly from the sun and
work together with the force of gravit.
These active agents carve out Jandscaps
features like valleys, residual ridges’ and
hills and continuously modily them. Thoy
perform the work of eroston,
transportalion and deposition of the lone
surface materfal by removing and
dumping it in depressions or [inallv in the
sea.

Running Water

By far the most important agency of land
sculpture, on face of the earth is the
running water concentrated in small
channels and gullies to form sireams,. The
slope of a stream channel lessens in s
journey to plains. The speed is vedured
because of the great amount of malterial
added to it, and is increased -as amnd when
the volume of water increases. Initiaily in
its mountain course a stream flows rapidly
bul may carry little sediments, In course of
its passage, it picks up more and niore ol
rock [ragments from its sides and from ity
Dottom. The sand, sift and pebbles are
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carried within stream water in sofution or
suspension. The stenes (rom the rocks and
boulders are rolied along the bed of the

stream. The particles get smootheried and .

rounded as they ‘strike against each other
and against sides and bottom of the river
valley. This is known as erosive work ol
the stream, The amount of material that a
stream can carry is calied its load. The
added load of this debris starts depositing
in flood plain and in delia region and the
sea floor. Thus, a river is engaged in the
work of erosion, transportation and
déposition, ‘
The'erosion and transportation depends
upen 11}‘& energy ol a stream, The volume
of water and speed of its movement
provide endrgy to it-The running water by
itsell has little erosive action. The doubie
work of corrosion or degradation of rocks
By mechanical means, and corrosion or
chemical weathering of the solid rock
supply the load or the cutling gols for
crosion. The corrosive. work is mainly
dependent upon the sediment load which a
river current drat. along with it. The
slower corrosive work depepds upui
volume and composilion of water and the
“nature of rock. The eroded rock material:
helps the running water-ip deepening or
“vertical downcutting into the bed of the

channel, lengthening as well as the
widening of a  river valleyl The
transporting power of runhing water

increases by 64 times if the speed of water
‘is doubled. If iis volume is doubled, this
power is also just doubled. Hence, a swilt

-mountain siream can lransport much more

than a-river in plains having a large
volume of water but.flowing at a slow
speed. A stream-can carry a much- larger
lcad of th¢: fine material than that of
coarser type. The distance upto which the
eroded - matérial is carried depends upon

~ dhe size and weight of the fragments.

¢

Duting floods, the amount of rock debris
carried by river is large enough. Heneef

~huge boulders lound stuck up or along the

river are moved during sexsonal [loods}

Thus, in a certain part of the year a river i} - into the ground leaving little scope for

less active, while at other umes it is 3
vigorous, agent ol  erosion  and
transportktion. The Himalayan rivers like

the Kosi and the Brahmpuira have nof 2
only caused greater destruction duringf
and  Assamf’

floods in north  Bilar

respeciively, bui brought about greatert

sulferings by frequent changes ‘in their 3.

courses, !

A Tall in transporting power cither byl ©

H . ki
decrease 1n velocity or the volume of waterk.

or by an increase in load of a stream, leadsf
to dropping of the maerial it carries}
Much of the sediments is left deposited atf
the sides at sheliered places, at its mouth or -
even ‘in the bed ol the river. Nearly one-} -

fourili of it rdaches the sea.
| f

Now let us study the action of river on '
its valley [rom source to jts mouth infg

relation to the lehtures developed by L

--The upper or the mountain course begins
al the source of the river in hills or thef
mountain areas. The river tumbles down -
the steep slopes and as a result its velocity |

transporting power are at isf

and
maximuin. . The vertical downcutting into

its own channe! gives us deep, narrow and
distingtly V-shaped valley, At places where |

the side rocks are very resistans, the valley

becomes ‘very narrow and sides so steep |
that gorges are formed as in the Himalayas ¥
where rivers like the Satlyj, the Indus and
(he Brabmputra have cut their way .
through the hjgh mountain ranges. In arid |
areas oflittle rainfall, the valiey sides [ail -
to be widened at all and the river cuis .
decper only in its foot. This results in-the §. =~
. {ormation of canyons or deepest gorges

like that of the Grand Canyon, of river
Colorade in the United' States = of

America—strictly I-shaped extersling for
200 km long. Such gorges are also
developed in highly porous anc permeable
rocks like limestoneg where raifn-water Seps

valley-widening at the top. In areas with

- heavy rainfall and non-resistant rocks, the

weathering and the stream action combine
in widening the vailey. In this parl of the
river's course the process of heagiwgr@
erosion also langthens the valley by cutting
back into the source region.'Some of the
Himalayan rivers like-the Satluj _aqd 'l]‘w
Kosi have shilted their sources'gn Tibetan.
side across the main ‘Himalayas through-
(his process, River Kavert 1n South India
has also shilied "iis source h__t‘rthcr
westwards in Western Ghats, likewise. .
The lormation ol rapids and walerfalls
is a most characteristic [eature in' upper
-course of a river. The occurfence of the

band of a hard-rock along the path ol a

river makes it jump over or fall
downwards. This leads to the [ormation of
rapids at places where the hard valley
bottom offers greater resistance to Lhe
erosion than the strips above and, telow it
Some rapids can be rendered harmless for
navigators by biasting. On the other hand,
when especiaity small rivers'tifmblc down
almost verticaily {rom a height along its
course, these are called the waterfalls. A
bar of resistant rock lying. across a river

valley icads to the formation-of a_waler‘['z:ll‘

Fig. 9. Rapids
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Fic. 92 Waterfali

or a series of rapids, as in Lhe‘ case of
Niagara Falls of North America ‘(120
metres drop) ard Victoria Falls '(59 meeres)
on Zdmbezi river in South Alfrica or a
plange down the &dge of a plalsau like
rivet Zaire ol Alrica, Gt

In glaciated aveas at ' poinls, where
ributary stream joins the main ‘stream, .

the over-dedpening of the main valley -

leaves the side.valley hanging: high abowve
the valley of the master streani. A w'fuenfall
is noticed at the point where the :nbum_ry
stream [alls down into the main sircam.

E;l

= Honqglag Hey :
Fic. 93 4 hanging valley

In our country, Jog.or Gersoppa Falls
on a ‘Iributary. of < the Kavérl river 1n

Karnataka are ‘seen recording’a plunge of -

260 metres in a single fall at the edge’ of

Westem  Ghats: The Dhuandhar Fabls 'irF '

P

RS



I’ PRIN'CIPLES QF GEOGRAPHY

- the marble rocks near Yabalpur are only of
. 8. meues but are famous.on accoupt ol
their scenery and by volume of water. The
river Indravati in. Bastar District ol
Madhya Pradesh [alls ‘from gver a cliff
from a height of 27 metres and
" Subarnarekha river near Ranchi creates 97
metres highh Hundroa Falls in Chota
_Nagpur plateau.
Usually the great erosivé force of the
falling water cuts into the solter strata of

&4

beds. 1t makes the waterlall reueat slowly’
upstream by the impact of the erosion at
the sije of the plunge pool. A-gorge starts,
forming al the site ol this pool because of

waterfall is san imregularity in the river’s

- waterfalls mark the youthful topoagraphy.
- in river's upper or torrential course.

The middle.or the valley course occurs
where the volume of water is much greater
-because of the preceding enlargement of
-the catchrent area. The slope.and velocity
has lessened, side or lateral cutting is more
active than the vertical cutling and stream

rock at the base underlying the harder .

the river citing baek in this manner. A .

“valley flgor, The deep defiles, rapids or’

cconlluences of the tributary sweams. It

¥

wanders in great loops or meanders. Some
deposition of the eroded material takes |

piace as around the points where a stream
descends from mountains inio the plains:

"The fan-shaped mass of coarser material |

composed of sand, gravel and boulders is
strewn  forming an alluvial {an. The

merging of such adjoining fans has given |
rise to Bhabar plain at rthe foot of the}.

Himalayas in Ganga plain.

To and fro movement of
channel across - its plain results in

" developing’ S-shaped meanders, comman
to all xivers of large size. The woidf

"micander’ is derived from the nume of a
small “winding river ‘meandrres’ in
Turkey. The stream flow being slower, the
load becoming hLeavier, it siarts winding,
first cutting at the one bapk-and then erod-

ing ar the cther. The Joss of cutting poewer |

makes the stream avoid the obstruciion crea-
ted' by its own silt load in is path if i

cannot remave fteasily. This causes a bend §

in’ the river when it goes round such an

obstruction. The current is always stronger |
. and deeper on outer side of the bend, while
. sediments are deposited at its inner side

where water is less deep and (low is slower,
The eroded bank starts retreating, making
the bends shamper until laops- are formed,

The lower river plain is characterised by
an excess deposit of the load on the fioor of
the channel because of the reduction in its
aarrying capacity of the slow moving

stream. - The stream  which thus gets |
channels, ¥

divided into a newwork of
forming bars ol sand and islands, is known
as a fOraided siream.

The main river along with a targe
number of its tributaries stares depositing a
huge load of sediments, it has hrought
with it. Every yvear during the-floods, a coat

of fresh aliuvium spreads f{ar and wide §

along’ both sides of the river and at.

the river.

]

-@a-d rocks T2 1 niver Shpostts
v jl
Fic %.5 Cross-seclion of e flood plain

results in the emergence of a wide ftood
plain in this part of a river's course. A sort
oi-a mound or natural levees consisting of
. relatively course naterial gel building up
mmediately along each bank of the viver,
Beyond the levee, fine alluvial mud is
scattered layer by layer each year. Both the
bedd of the river and the levees ate raised
through accumulation of the deposits. A
‘time cames when the adjoining {lood plain
is lawer than the bed ol the riverT'he
levees o sometimes artificlally raised
embankinents fail o contain the pressure
of Mdod waters. These are burst over by the
Itiver giving rise e huge destruction by
floods. Such has heen the cause of
disastrous floods in the Hvang He river
of China, known as China’s sorrow for
Jong. The avoidance of obsiruction created

by the silt deposit which brings the

meander inlo existence also tends 0

:3{ destroy it. Thisphenomeron is observed in
il 4.

lower as well as in middle course of a river
“valley. The meanders widen until their two
““ends meet by the edittance of the loop’
¢ geuing silled up, The meander is cut off
from the main- stream,” when it cuts a
_straight course through the narrow neck of

" the loop. The stream has to resume such a

' course because it s no longer capable of

. entering the meander through a heavy
bankslide of soft alluvium. The meander,
now cul off, takes the [orm of an ox-bow-
shape lake gradually wrning into swamps
and disappearing in course of time.
. Numeraus such partially or fully filled ox-
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Fic. 9.6 Developrment of meanders and ox-bow
lahes

bow lakes arc marked al a short distance
[rom the present course of rivers like
Ganga, L

- Upon enlering a lake or a sea, the river
deposits all the load al its mouth giving
rise to' thé formalion of a delta. T 15 a
wiangular feawre with ils apex poining
upstream and is marked as d lan-shaped
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Fig. .7 Formalion of dellas

area of [ine alluvium, The Greek leler

( A)-closely resembles (he wiangular debta
of river Nile. It is rather an extensigh of
the flood plain seawards. .,
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. The large supply of fine alluvial
material and,cthe absence ol strong tides
and currents 9% the river's mouth are two
major [actors favouring delta formation,

Fic, 9.8 Braided stream

That is why we have the biggest delta of
the world - at the mouth of Canga-
Brahmaputra rivers, but it is not found at
the mouth of river Narmada along west
coast of India. The penetration of saline
sea-water through the water channels
further contributes in coagulation of the
sediments sewling in of along the sireams.
The mud deposited dlong the banks
ecavse of slow carrying capacity of walter
wcomes an obstacle-and divides the river
inte numerous branches called
distributaries. ‘The . development of the
netwirk of such’ channels and  sub-
channels goes on extending the delia area.

The river has no alwernative but w
discharge its water sluggishly only
through  these’  distributaries.  With
consiantly seuling  sediments, the del
grows vigorausly as long as the witer
channels are not completely choked by
sitting. Even trees and shrihs grow over
the muds rising aboye water, nuning the
sca mouth shallower by their deposit. The
seawards growth bf delta is modified
sometimes by the currents, deflecting the
mud 1o one side. The §ize, shape,and the

rate ol growth of the delta is variable as it -

depends upon the interplay of a number of
faciors, The Ganga-Brahmaputra Delia,

. 125,000 sq km in area, is one of the biggest:

deltas of the world. Other well-known
delias are ol rivers Nile, Mississippi, Po,
Volga and the Yangtze, ¢

Cycle of Erosion t

“The depositional and erosional features
-produced and modilied through the action
- of ‘running water are better undersiood if

we note the stage through which a stream
passes and develops the valley-forms
associated with each stage. It was'W.M.
Davis, an American - Geographef, who
suggested that the landforms undergo
changes as a result of an interaction of the
structure and character of rocks, processes
of change and (hé siage of erosion a given
area has reached. According lo him these
changes ‘follaw each other in a definite
sequence termed as stages. For this reason
he named it as a cycle of development of
landforms or the eycle of erosion. Most
commonly, the stages of youth followed by
maturity and old age are considered in
explaining the evolution of landlorms by

‘c_fi[[crght agents of change. In the case of

river” valley development, the cycle is
known as a normal cycle of erosionas its
optration 1s relatively most widespread
wherever water:is preseni over ;hF globe,

v

wib,

"The initial raised relief is fully reduced at
ime'(:ompiction of this cycle a_nd the surface:
s levelled down by that tme
1t is, however, an abstract idea-and cycle
ol erosion is more a theory th'ap i pr‘ag:'ti.cal
pr‘oposition. Most of the cycles of erosion
climatic changes or accidents] disturbances
a0 a result of carth movements, The course
of the cycle gets interrupted by such
- changes, a mature lopography becomies
‘young and the gycle re-starts. In other
vords. a new cycle starts runping within

- lhe old.
- pevelopment of River Palley

4 river has a maxitmum gradient in its
F upper reaches, it is less in its middle course
-and the least in the lower part. In the
Fupper course where s cutiing-et_erosive
. power is the greatest, it is said to be young.
“1n its middie courséis the second mature
}itage, the eroston and deposition are
"';bﬁlanced. In the lower part, the tiver enters
the third stage of the oldness where the

'. Upper course 2. Middie cof:rse‘

gorge | |
\ fapids ond waterfalls !
X !ver.capwre

meanders
river ¢liffs

IrénsporiuiiOn

"do not reach the’ [inal stage becaus? of

| - s 4
interlocking spurs
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deposition becomes greater than .ihe
erosion which practically stops. The

. topography consisting, of the. features

typical of three parts or stages of a river is
said to Be, youthful, mature and old,
respectively. While youthlulness prolongs
in' the upper ccurse, old age may come
earlier.in the lower course of-a river. The
cycle of erosion beging by the action of
running water on 3 land surface recently
rai.ed ahove sea level. Each of its stage
mentioned above is identified by a
distinctive mechanism of river work and
the landscape. The typical set of landforms.
and the processes characierising each stage
achicved in dilférent tracts of a river valley
have already been analysed,

In general the diagram of the river's bed
from sotrce 1o its mouth shows a smooth

curve known as the graded profile.. Tt is -
_flat near the mouth, inereasing’ in

steepness towards the:héad waters. The
level of the lake orsea irito whichthe river

flows is known as its basé level or the’

grade. It is the level at which a river is

E.querjour'se

Volley widening
{Some depositioh]

1 flood plains } :
{ ox- bow lakes 1
1 deltas : :
! Ll
I *u it l‘ =R
! |
: |
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! |
I.‘ |
T T
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Al_iuvium deposition

1
3 i {.-;!-31&}

fee
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Open,widening gentie-

Very'gentiy - sloping, |
smooth, wide volley

Fic. 29 A river valley profile
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/likely to flow at or near the sea jevel. It is,
Jin‘ othier words, the lowest ‘slope over
~which a- spream can,_carry its load of
sefiments. No river can cul its valley ‘much
below the base level which is the final géal
it has to achieve. An individual stream

may, however, havé temporary bate levels’

such as a lake on its way or the river (o
which it is a wibutary.

A permanent base level is ac!nevcd only
when, all irregularities in the course of a
river are reduced and the twpography
becomes almost level. This goul is seldom
achieved or once achieved it is not fixed for
ever. The sea level which is the most
permanent of base levels is not stationary
Jor all the time, :

Let us see hdw the ultimale base level or
firial stage of erosion cyele is not likely to
_be'reached. If the lake. where a river eads or
sea rewreats hy an-increase in snow deposits
‘gver the mountains, the base level subsides.
_The. smaoth graded curve breaks in the
“lower reaches and the. river begins once
again to erode upsiream, since it always
works out its new profile backwards. By
cutting its bed in the previous deposits, it
leaves part of them on both banks in the

V

mouth. The stream's ability to erade is

renewed and dewnward cuuing bepgins.,

This resulty in the formadon of river

terraces and meanders get ineised belween.

steep sides=Fhere is a slight break in slope
and change in the shape of the valley. If
rejuvenation does not interupt the cycle,
the séa level rises or land submerges, the
young streain becomes an old stream and
lowering ‘a5 well as extending of its basin
continues. These changes may bring the
completion of. the cycle in sight, other
things being equal.

Qid Ttood plein

JAlluvium

*
Y Naw iloed plain
Fic, 9.0 River terraces due to rejuvenation

Dramage ‘Patterns’

shape of terraces. The process may take. The siverine topography develops well in

hundreds and even thousands of yea:s but
subsidence of the base level, eausing the
river.to cul into its depesits or even intw
the bedrock, may be repeated many times.
If, on the other hand, the enure tract is
. glevated, the new ¢ycle of crostgn begins in
upper reaches where gradiént hjas changed
- A rise in sea level as a resut oi decrease in
sniow deposits over. the mouniains hecause
.of climatic change weakeris “the erosive
power of sireams mestly in lowér course,
. H.the movement of the earth's Crust or a

'.ma]or climatic change makes old stream
* jyoung, it is called rejuvenation. A stream

is véjuvenated when land is elevated near

" its sheadwaters. or sea level sinks near its

T T VWL 0 o N VA Y B .
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“fully "evolved drainage basin. A main
stream or a river with all its wibutaries
produces a river systesn or a drainage
basin. The higher ground separating the
two drainage basins is called the walershed
or a water'divide. The Western Ghats, for
instance, serve as a watershed between the
sireams draining inio the Bay of Bengal en
the one hand and those draining into the
Arabian Sea on the other. The uplands or
the mountains through which a river {lows
describe iis cawchment area from' over
which it draws (s water. Qriginally when
" rivers fiow in the direction of the slope or
as a conseguence ol the slope, they are
called the consequent streams. As soom ag

, -
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“such a river Is joined by its tributary, it is
L called the subsequent siréam. - The
. subsequent streamn is controlled by the
-underlying rock structure as it [lows on
weak slrata lying near the masler stream
on its either side. If rocks are composed of
homogeneous beds the rivers {lowing over
them de not have to adjust to differences in
rocks. Such rivers are called the insequent
rz"ners All these river systems produce four
common draihage patlerns : dendritic,
} parallel, wellis and radial,
"~ The dendnitic pa!lrr{i 15 the patern of
insequent streams ang is uteelike. The
word dendron means (se in Greek
farigiage. The main ri‘vcr is like the trunk
ol a wreg and the irlbunry streams join it
- Jike branches of ‘a ule at a simall angle.
The pattern is eniaxged by ingreasing ihe
mamber of tributaries in the beginning,
simplified by having a few wibutaries of
" large size in the long run,

-;s!opes with master stream and its
-.tribuzaries flowing almost parallel o each
-other for a considerable distance befare
meelmg A wellis pauern develops on a
Hfolded sirucinre consisting of resisiant

3 anticlina! ridges separated by synclinal

; valleys. The rock strata is not unilorm ag

in the case with the dendrilic’ pattern.

There are-long straight river valleys with
their tribwaries’ joining almost at right

-angles, making ir lnok like a rectangular
rarrangement kuwown as’ (rellis pattern.
The radial patiern consists of dnmage
¢ lines radiating from a cenwal part in all

directions as on a dome.

Besides these m'rjor drainage patterns,
2an nternal drainage is met within desers
o where streams merge inw the encroaching
rsands and fail w have their exic inwo a sea
A.,m' # lake basin. An antecedant drainage is
0bserved in moun@ins where a continuous
} riowm:uumg has en.lbled the rivers o

I NI P, S Wk R L8 et

A parallel pattern develops on steep
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the moutain
their

make heir way through
ranges rising subsequenily along
way,

Movmg foe

Lee, lik¢ water moves and leaves behind 2
distinet landscape. it can be recognised in

mauntins and in high latitudes whicl

were covered by gluciers tong ago.

In regions where temperatures are below
freezing-point, precipiation (alls as snow.
Wherever the rale of show melting or its
evaporation is lower than ‘the -rale ol
snowfall in a year, snow accumulates into
great mass ol ice. The fresh fluffy snow
becomws solid, compact and granular ice
when it keeps lying on- the ground [or

sometimes. The pressure and relreezing ol

maisture converts snow into ice little by
little [ar below zero degree temperature, As
the air bewween the ice ‘particles goes out
under overlying pressure, the snow,
granular ice becomes truly compaa. Lying
at the base of fresh snow, ice moves both
under pressure : and gravity. Such a flowing
but slow moving river of solid ice is named
" as glacfer. I was first of all in 1834 thata
Swiss named Lious-Agassiz proved the
movement of ice in a glacier. Giaciers {low
out from snow fields which are the large
areas covered permanently under snow.
These are found in every gontinent except
Australia. Snow [ields are always situated
ahove the snowline which is the lowest
limit of perpetual snow, While the height
ol -snowline is at sea level in polar regions,
it 15 at over 5,000 mewes in equatorial
region. Its height also depends upon the
voliime of precipitation, Thus, on
southern slopes of the Himalayas, the
height increases [rom .east o west trom
4,250 metres to 5,800 metres on account of
i progressive decrease in moisture supply.
Both hecause aof steep southern slopes of
the 1Timalias and a gradual decline in

méisture mpp]y northwards, ‘it is {ound
‘hlqhu as we move northwards (owards
drier inner parts of the mountain. region,
The. seasonal snowline comes down 1o

lower aliiwde in the Himalayas in winterf

seasont, The conditons favouring the
formation ol snow
snowline are (i) the gente slopes (rom

where'it cannot easily be swept off by wind

ou breaks ofl the slope as an avalanche; and}

(ir) ihe hollows or localities sheliered [rom
direct sum.

The mmmg ice both erodes and deposiu
the material it transports along its botom,p

within it or 'added’ upon its surlace {rom} =
pre-existing}-i

the side  rocks. The
topogmphy is fuljy removed and ‘totallyf
new lznglorms are created in its place by
the moving masses o[ ice or glaciers.

Gluciges dre groupcd into faur types, viz :

continental glaciers, ice caps, piedmont
glaciers and’
present day c‘ontmentalglacwrs or.huge ict

sheets are smaller as compared 10 such

glaciers of the past, once cavering. iargt;

areas of northern Europe, Asia and
northern half of North America. Today,
‘these are found-

sheet in Treland, f{or example, has an ares
ol 8450 sq km and thickness ol i
ice is 1,000 metres. ice caps are the
covers ol snow and ice on moumains
from .which the valley or the moun

tain glaciers originate. The piedmon!_gfn :

ciers form d continuous ice sheel at
the base of mountains as in southem
Alaska.

The wualley glaciers, also -known a
Alpine ‘glaciers, are found in  highe

regions of the Himalayas in oud codnuyl
and on ail such high mountain ranges olf’
the continenial icef

the world, While
mas.t:e: covering thousands of square]

kilomeures and thousands of metres thick)

fields above thej

the. wvalley glaciers, Thef

in Antarctica’ andf
Greénland. The biggesi commcma! fce}

.move outward in all directions from their
. central portions, the valley glaciers move
-.down the mountain slope towards lower
regions, There is a great varialon in their
size. The largest of Indian glaciers occur in
CKarakoram range, vie, Siachen (72 km),
-while  Gangowi in  Uuar Pradesh
(Himalayas) is 255 km long and mmany
others are as smaft as 5-10 kilometres in
cdilferent paris of the range.

The  valley glacie.r consists of a broad
L ‘reservoir of ice at itsimouniain head from

.

i
] '_cmslmg valleys to a warmer chma(c, whére
: heavier snowlall year after vear,
-glaciers have advanced to 1dwer limits and
Tduring periods of lighter snowfall, they
‘ rccede o higher limits, They have
gcncmlly been advancing before 1858 and
ire now reporied (o be rccedmg from their
old limits, Much of their ice is geuing
vasted under the dry climate in the current
ariod. The glaciers are, therefore, a
"barometer of the wends ol climatic
hanges. A valley glacier is not only a mass
ice but it is loaded with rock material

(=Y

- a drift, or boulder, or boulder elay, because
i1t is heterogeneous and has boulders mixed
L with clay, Much of it is unsorted and
} ‘angular, unlike the founded' water:worn

- erosive and rock débris supphes efficient
“erosive tools o the glacial ice scouring,
scratchmg or plucking the rocks around. It
" is because of them that the rocks worked
- over by the ice get polished, and there are
., grooves and striation marks on their faces.

The rate of movement of glaciers varies
rom an aversge of 18 metres a day in
ummer in Greenland” o ‘aboul 3-40

- steepness of stope of the area upon which,

fiwh:rh a tongue of ice meves down the pre-

stones, Pure ice, like pure water, is least

“ice disappears by melung. In penods of -
thege -

rom top to bottom. This material is called

entimetres a day in eiher areas: The |
velocity of moving ice increases with -
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it flows and thickness of glacial ice. For
this reason, it govs on dccrmsing [rom
middle o the sides owing to lesser depth of
ice and [riction against the vallcy walls
and the bottom floar. Heavy load of debris
along its margnu also _rr:lards the
movement.

As a result of an unequal movement. o[
ice within a glacier, the" top with least
amount of friction moves much faster than
the base, The cracks marked on the glacier
because of the splitting up of ice as 2 result
of its unequal movement are known as
crevasses, As (s marginal parts lag behind

-those of the cenlre, -short and shallow
:crevasses are formed rubning from margins.

to the middle across the glacier. Many
more crevdsses are formed across the entire
glacier where the slope of its bed, i.e., the
floor of the wvalley becomes suddenly

sleeper. Here the ice cannot keep pace with -,

its fasier movernent.and the glacier breaks

up into separate blocks on such stecper

slopes. Downwards where the gradient is
gendler again, crevasses graduoally join, the
blocks of ice unite, and the glacier becomes
smoother. The crevasses in the direction of
flow usually dcvelop when a glaaer

Crovassas
V4

Fic, 012 C'-hdraétcr,i:i:;c"]éamre.r of dhe
glaciated highlands
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‘becames wide on leaving & narrow valley.
The trevasses on the glacier are dangerous
jo the wavellers when. hidden by fresh
snow since many of them are from one to
two metres wide and may. be 50 to 200
metres deepy, ‘

A glacier armed with sand, gravel and
pieces of rocks has a powerful abrasive

" effect, like the effect of a sand-paper on

furniwre. Although glacial erosion allects

only 4 small part of the earth’s surface and -

is not continuous, the landforms associated
with it like U-shaped valley
hanging valley, cirques or .corries and
sheep rocks arc typical of glaciated regions.

U-shaped I/a]['ley

Mounlain glaciers cannot dig a new
valley but decpen, straighten as well as
widén.  the  pre-exisiing  valley by
eliminating irregularities and projecting
spurs during ils-passage. Sugh a trough
“has steep sides, wider floor and truncated
in"'place of interlocking Fpurs. This
£nables us to see over a longer'distance In a

“glaciated valley. The original V-shaped

valley becoming narrower towards its head
is wrned into a U-shaped trough in this

Fic, 913 Change  from Pshaped wvalley to
“U-shaped valley .

‘way, The formation of hanging valleys is

another characteristic of such régions. The

smaller glaciers filling the ributary valleys

R [NEE CUE .

[Itis a common feawre [ound at the head ol

trough, -

do. not erode as deep as the big ones {illing
the main valley,

. After melting of the glacier, the tributin
valley, called the hanging valley, is [0
at a height [rom the main valley (oo
“This is visible only alter-the glacier mely

standing as clues to the erosive action off

the. glacier.
Cirque or Corrie Basin
a glaciated valley. 1t'is a large circular or

amphitheaws-like or an armchair-type o
hollow cut into the mountain ridge. It iy

open al one end, has a [lat bottom and venyt

steep rocky slopes on ilee sides. 1t i
separated from the main valley down i
on end by a slightly higher ground,
Where several cirques erode cuuing &
mouniain back towards a commen height

from dilferent sides,. a horn-shaped

pyramidal peak is formed. The Matierhorn
Peak ol Swiss Alps is the lamous example
of it, The frost weathering and the
plucking action of ice starts the formation
of . cirque.. Gradually, it widens and

becomes a collecting ground for snow [rom;

Threshold -
o

Fig, 8.4 4 cirque

e steep mountain walls on its sides \vl1c§e
i canbol rest, A mountain lake called-tarh
i observed at the bottom [loor of the
civque basin after meliing of the glacial
ice. It is the result of a long-sanding
grinding_action of ice behind.l the higher

ground of the exit.

Sheepr Rocks {Roche Moulonnes)

A glacier does notavoid hard outcrops like
(lifts [alling along iis path. Ir rides or

Lﬁows aver them in s manner that the slope
31 he obstacle [rom the side the ice moved

pecomes gentler, while he ather side
where the icé flowed down is left rougher
and siceper, These. knolls having b crag
and the wil look like' sheep from =a
distance. '

[hre¢ hon of 1ge movement

'
. L)

¢ Fis. 935 Roche, Moutonnes
X

Claciated Lakﬂs. '

' ‘
Long ribbon of [inger-shaped lakes got

‘?,_cxc;;_vn(ed into the [low ol glacial wroughs
P as a resule of ice erosion. The great Inkes of

North America have been formed by 2
stmilar deepening and damning. A some
time in the lile history of a glacier. it melis
leaving sediments ot the front of ice where
melung accurs. AL such sites, depositional
landforms Hke maseines are observed,
Moraines consist of the helerogeneaus rack
maerial 6f unsorted nawre. It is o mixture
of fine sediments called glacier’ flour,
angular stones and boulders ol dilferent
sizes and shapes. The pile of wih stones
and boulders is Wnewn as glacial (70 This
mzzerial dropped at the o of a valley
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Tie, 916 Moraines |

glacier is in the form of ridge called the
terminal moraine, Each time a glacier
retreats, a [resh terminal moraine is left ac

" a2 short distarice behind the (irst ane. The -

material deposited at éither of its sides is

“known as lateral moraine. When two

glaciers join, their lateral moraings also
join near their conlluence and are callg(l
medial moraines. Many alpine pastures in
e Himalayas like Margs of Kashmir
occupy the siws morzinic deposits of old
viver valleys. The. excessive load that

eannot be carrjed forward by a glacier is

deposited on its own bed oy at the base and
appears 5 what s known as ground
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- moraine. Glacial deposition produces 2
variety of forms as a resuit of not only
glacial = but  (luvio-glacial  action
subsequent to the mclting of ice in the
lower patts of. glaciated region. I{ a ground
moraine is deposited on 2 level surface,
lough]y irregular knobby-type of- lqw hills
arise. Deep hollows or kettle holes:are left,
if the deposit is shallow on this stirface. H;
on the other hand, ground moraine is.
deposited in a rough [op0graphy.
depressions are filled by it and the tops of

hills smoothened or rounded. These low

hills always found in clusters are called
drumlins. I melt-water of the gladal
stream coming out ol the ice wunnel under
the snout of the glacier brings out the
sediments (o some distance, some sorting
occurs, These snowmelt deposits make
features like an afluvial far,.and delta-like
outwash plain of sand and gravel. It is so
named because the material has been

washed ocut of the morainic deposit. Since.,

it spreads over the valley botiom from side
to side, it'is also given the funny name of
‘valley trains'. Long winding and very low
ridges of sand and gravél looking like
natural embankments marking the sites of
sub-glacial stream channels is another
noticedble featre known as Eskers.

Work of Wind -

The work of wind as an agent of gradation
is not as widespread as (has of water. It is
effective in desert regions of the world
where rainfall 1s  scamty anag  soil
particles are loose in the absence of any
moisture and . vegetation. The work of
wind is greatly helped by the process of
mechanical weathering. active  in such
areas, A plenty ol loose disintegrated rock
material -is provided for the wind to pick
up. The wind has a great scope to work
with it by blowing over hrgc areas [ree of
any obstacles.

_-olten observed

The wind, by itsell, just like water and
ice, has liule erosivereflect on rocks. The
loose ‘rock tnaterial carrind by wind acts as
its tools in wearing them down. This work

of wind is limiled to heights close 1o the -

ground, as -it is urable to carry the sand

particles high up in the air, Wind action -

also depends on the size of grains carried

above or moved along the ground. The |

speed aof the wind and the length of time it
continues to blow also influences its
erosive work.’ Firstly,"the sand grains wear

away the rock by abrasion, polishing or :

scouring the rock ‘surlace just like a
sandblasting machine. Sécondly, the loose

surface magerial is blown away by wind |

from land through a process known as
deflation; Polished rock surfaces and
boulders having big cavities it theni are
in deserts [facing the
direction {rom which the wind blows. The
maximum erasion of an upstanding rmass
of 'rock occuss slightly above its ground
level, where friction close o the ground is
absent and sand content in air is yet high,
The intensity of cuiting into the rock
decreases, . both upwards as well as
downwards from this level of maximum
erosion by wind. The isolated granitic rock
masses pear Jodbpur (Rajasilian) are

found similarly undercut-giving them:.a.

N\

Tic. 9.28 Mushroom rock

 characteristic mustiroom form. The harder

cap of these mushroom rocks based on
loose rock sutvives and giving it such-2
{antastic shape. These rocks and even
medium sized pebbles are found pitted in
_the direction [rom which the sand-laden
L wind comes producing numerous edges. At
iimes and at places, wind removes the
' cediments down 1o the water table as a
' yesult of continuous deflation, This gives
. rise to a fertile oasis. ’
When the velocityiol the wind decreases,
éit staris dropping its load. Some of the
7 important depositional features due 0
wind action are the sand dunes and loess
deposits.

Wind-borne loess consists of such a fine
dyst particles and are wansported over
great distances, sometimes quite bieyond
the desert regions, As the fine grains have
. the property -of clinging together, their
deposition gives distinet landforms. The
material has, no horizontal suatification
like other sedimentary rocks. Sinve it is

ground has grasses 1o bind the paniicles ol
dust, the loess stands without being
removed further by the wind. The deposit
although soft, is at the same time resistant
to erosion and streams have cul down deep
\, vallevs into it with almost vertical walls ol
/ laess standing on their sides. it is striking,
on the other hand, that it crumbles to'dust
if pressed between lingers. 1t blankets both
the elevations and depressions alike over
the ground surface. The loessic soils are
porous and usually very fertile. In wel they
form a sticky mud and in dry season it is
. very dusty. The loess of North China has a
;maximum thickness of several hundred
metres, It is yellowish or bull in colour, It

Desert of Central Asia over many years.
Sand dune is a mound, a hill or a ridge

deposited in areas ol low-rainfall where

has been brought mostly ffom the Gobi

-of sand with a crest or a definite sumrnit.,

E »
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* These are farmed at places, where there is a
source of sand, a wind strong enough o

move it,"and some chstacle to .break the

" force of the wind cnabling the material to

drop. The obstacle may be a bush, a risc in
ground, a bouidel, a lence, 8 house or even
the skeleton of a dead camnel, :

A typical dune has a long and ganIc
windward  slope- and - much steeper
leeward slope. They vary in size from a few
metres 10 aboul 150 metres in height, In
some deserts, they have been noticed as
high as 300 mecires. Besides deserts, sand
dunes are also [ormed in flood plains of
rivers and beaches along -sea: ‘coasts -and
lake shoves  wherever loose sand i3
available.

Sand dunes, if not f{ixed by vegetati'on
have a tendency 1o migrate slowly in the
direction ' of the wind by the shifting .of
sand from the windward to. the leeward,
slope. The rate ol migration, varies between,
5 metres to 30 melres a year. Durmg the
course of migration, they sometimes. bury .
up the woods, pastures and villages on the
way. With the passage ol time after the
dunes have drified further on, the buried
dead woods and village muins reappear.
Encroachments from local shilting of
dune-sands have alse been noted in and
around Rajasthan desert in dry periods.
.The planting of fast-growing and deép-
rooted shrubs and trees on the windward

. " Fi6. 919 Barkhans
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slope: holds the sand in a place and
prevents {urth'er migration of the dune,

Barkhan is the typi] dunme with a
cresCenlshaped frant, possessing Lwo
‘harns or wings towards the leeward slope
and 2 convex windward sitte, Tt is 2
Turkish word meaning a sandhill in
Kirghiz Steppes. As the extremities of this
dune: move more rapidly than the middle
portion; it’ gives it such a chamcteristic
shapé, A conslant wind direction and a
:lmited supply of sand are two cssential
“condiiions for the formation of Barkhan,
Sometimes it attains a hmght of as much as
" 30 memes., They also mlgxate like an
ordinary sand dune.

Seif or Longitudinal sand dunes are
long narrow ridges of sand, lying parallel
w the dirgetion of parallel winds and
running -olten to great distances. Seil is an
Arabic word meaning sword ascribed to
the sharp and mnarrow nature of 'the sand
ridge. The dominant winds blow straight

along the corridor between the line of these -

- dumies so that they are swept clear of sand.

I a cross wind blows and persists for

- somgtime, one of (he horns of Barkhan

will be elongated converting it into seil-
type ‘of sand dune.

Sea Waves

Il we look on the hilly shore along the
Westem Ghats in India, we can realise the
force of the sea waves in breaking the

Focks. The sea performs the work al

A AT LR R0 et 50 D2 ARy S LTl oy B

shore rncks,

erosion and deposition through sea waves,
zided by currents, tides and storms in
coastal -areas,

Thc erosive work ol the sea depends
.up.on the siz¢ and strength “af waves,
seaward” slope and height of the shore
‘between low and high tides, the
composition ol rocks and the depth of
waser,’ When the wave breahs ulnng the sea
it “develops a considerable

UL i e

force. Tt has been estimated that such sul |-

waves can exerl pressures (rom 3,000 ©

30,600 kilograms per sg metre. The air |~

contained in the cracks in rocks is violently

compressed as a wave advances towards the

coast. This is Iollowed by an expansion of
the air as the wave retreats, The sudden
expansion of the air has an explosive eflect
resubting in a wideping of the cracks and
ultimately breaking down of the rocks.

Sea waves, like glaciers ard the wind are
more effective in breaking down hard rocks
when they are armed with their cutting
lools, viz., loose rock Bragments.

Like the debris of the glaciers, the rock
fragments being carried by the sea waves
are themselves wom down by striking
against the coast, or among themselves.

Finally, erosion also takes place as a

result of the solvent and chemicai action of

sea waves, but it becomes important only

where the soluble rocks such as limestone

:and chalk are under. attack.

Sea-eliffs: When the coast facing the sea
has a scarp face, it is known as a sea-clill.
"To start with, the wave wears away a
groove-in’ the tock at sea level called a
noich’ along such a coast. This notch

Cooul wnfn 5hurv-|—-~r-- Ott shore rong —o e |
_Sa0 clfﬂ
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Fi1c, 9.20- Features due fo grosion by sea waves .
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vadudly
anerhanging yock unddl 10 stides or lalls

widens o underming the

e sed, When the waves constantly beat

against the sea-cliffs, they start receding

wwl Land Lis gradually worn back by the

Jwinding action of the 1ossing water armed

with rack fragments. Inn India, C\'lmp?f’sof
sea-cliffs, standing like a verdeal wall or
rerequ are Tound an the westemn coast.

Sea Caves. Stachks and AArches

Waves vrode weak 1dcks Taster than the
resistant ones, Where rocks are traversed by
joings, faulis or bands of weak rocks, the
differenstial erosion, by waves leads 1o the
formation of sea caves. Gaves generally

occur wiien the overhanging rock is strong
enough o stand without much support
[rom below.

When sea waves working [rom opposite

BAY- HMEAD BEACH IN SW. JERSEY -

BALTIC SEA

Fealures
waves”

Fic. 9.21

dur’ to depposition by sea
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directions are able to cut through the
caves, a sea arch, or a nawral bridge is the
result. The portion left standing on 2
subsequent collapse ol a sen arch is called a
stack.
., The, products of wave erosion coupled
with the sediments emptied 1nto the sea are
redeposiled by waves and currents. The
matine deposits along the shore modify the
coastline through the lormation of marine
features such as beaches, spits and bars,
Beach gathers the temporary depeosil of
sand, gravel and pebbles on dhe shore
between the low-tide level and the
coastline. The beach grows in size during
periods of less active wave ajtack but may
be completely destroyed in a storm by the
waves,
~Spit is a ridge or embankment of
sediments deposited by the waves and
ztiached 10 the land at one end and
projecting in the open sea at the other, [L is
formed when the waves deposit the rock-
waste tangentially to the headland, 4 Bar
is an embankment of sand and gravet buils
onthe sea {leor by the action of waves and
currerits. Generally, a bar extends between

- the two adjoining headlands, or it runs

roughly  paraliel 10 the shoreline
Headlands are- generally lormed in
resistannt Jocks; .whergas bays are common
in ngm-resistant rocks. It may or may not
be tied at hoth ends w land. The sea-water

cenclosed hetween the coast and the bas
becomes a parually enclosed lake known as
a lagoon lake. A lagoon generally

maintains connection with the open sea
through a narrow gap between the bar and
the headlands. The Chilka and (he Pulicat
lakes along the East Coast and Yembanad
on the Kerafa coast in the west. are
expmples of lagoons in India,

Coast and Coastlines

The boundary between the coast and the

R rreg
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shore is khown as the coastline, which
marks the seaward limit of the coast. The

outline of the coast may be modified by sea.

waves. The occurrence of alternating bays
and headlands along a coast may be due ©
rocks of upeqiial resistance to sea erosion.
By wave action, the r?ore resistant rocks
like chalk and limesione give: rise to
headlands in the form of steep clifls,

wheteas the less resistant rocks like sand
and clay form the bays.
broadiy grouped under two classes, viz,
coastlines'of sibmergence and coastlines of

‘remergence.

A submerged coastline is produccd either
by subsidence of land or by a rise in Lhe
fevel of the sea. The important types of
these coastlines are Fiord, Ria, Dalmadan

Coastlines arc.

Fic. 9.22 ‘Types of coasls

+ Therefore,
_mountain ranges with aliemating crests

and drowned lowlands.

The fiord coasts have heen the result ol
hartial submergence of a glaciated area of
high relief. These coasts have long and
nerrow inléts with very steep' sides. The
fiord mouths are often dotjed with small
hilly islands which were once the outlying
hills, The word liotd, (fjord) is of
Norwegian origin, The coasts of Norway
provide 1yp1cal examples of this type of
coast,

The ria c0'\su are [ormcd by the pnmal
submergence of highlands unaffected by
glacial erosion,- The sides of the inlets in
these coasts have gente slopes and develop
V-shaped profilés. They become uniformiy
desper towards the sea and there are

generally no islands aleng the mouths of.

the rias. The coast of south-west Ireland is
a typical exampie of a ria type of coast

The Dalmatianr coasts are developed

" because of the submergence of mauntain

ridges which run parallel 1o the sea coast.
there is a series of [old

and troughs running parallel to the coast.

THE PROCESS OF GRADATION ¥

The Dalmatian coast ol Yugoslavia is a
typical example of this type from which it
derives its name, .

A drouned lowland coast is low and free
from indentations, as it is lormed by the
submergence. of a lowlymg area, It is
characterised by a scries of bars running
parallel’ to the coast, enclosing lagoons.
The Baltic'coast of German Democratic
Republic is an example of this type of
coast., .

The coastlines' of emergence are formed
either by an uplift of the land os by the
lowering of the level of the sea. This type
of coast has bars, spits, lagoons,. salt
marshes, heaches, sea-cliffs and arches, The
east coast of India, especially its south.
eastern  parl, appears o -be a coast of
emergence. 'The coast has, however, been
invaded by the sea a number of “times
during the past, The west coast of India,
on the other hand, is both emergent and
submergent. 'The northern portion of the

coast is submerged as a result of fanlting.
and: the southern portion, that is, the

Kerala coastis an example of an emcrgem
coast,

"EXERCISES

Review Questions . ]
1. Answer the following questions :
() Define gradation.

{#1) What is sno’WIin_&:? What factors: are responsible for its variation?
2. Distinguish between -the [ollowing :

(1} Erosion and Weathering

{ii} Meander and the Ox-bow Lake

{1} Spit and the Bar

(iv) Degradation and Aggradacion

(1) Fiord and the Ria
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3.~'lempare‘and contrast ant L-shaped valley, an U-shaped valley, and a V-shaped
valley. ‘

4. What is nmshroom'rock? How is it formed?

5. What dillerent processes are mcluded in denudation?

6. Discuss in what different ways wealhcrmg takes place?

7. How mechanical weathering takes place”in cold and ho; Jands?

8, List out factors which affect {a) energy ol a streami, and (p) determine
stream’s carrying capacity.

9. In what different ways does a river lr‘\nsport its load?
10. How winds abrade and deflate? What are the resulis?
11, What is meant by diflerential marive crosion?

. 12, What are the effects ol rejuvenation?
‘18, -Haow waterfaﬂs are caused? Why a gocge appears '110ng the base ol a

waterfall ?
14, Give a.single term [or each of the following .
(#) The processes that u:n:d 10 bring the surtace of land 10 2 common level.
{ii). A stream thal gets divided into a network of interconnected channels,

(/i) Raised banks or natural embankments built up of coarse deposits
along the river channel,

{iv) Winding sections or loops of a .siream,

(#) A higher ground separating lwo adjoining drainage basins.

(vi} A drainage pattern looking like the wunk and branches ol a jree.
(#i7) Chemica! action of water with a mineral.
(vifif) Fragments of rock witli .whith wind, glacier and the river erode.

15. What do we mean by the [ollowing expressions :
‘Quiwash piain, Cirque, Esker, Drumlin, Moraine, Leess, Sbncl dune,
Distributaries, Hanging valley, Tarn, Trellis.

16, - How would you relale the cirque with the horn peaki

_17.__Draw a list of landlorms in the blank co1ﬁmr_1s against each.

"Agents ol Gradation " Depositional Features

Erosional Features

Landforms due (o
“tunning water,
Landiorms due (o
moving ice.
-Landforms due
o wind.
Landforms due 1o
wave actipn.

AL ar s s N ORESESL L e .
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18, Explain systematically the work ol river as an agent of gradation at each of
“the three stages ol s course, :

19, Explain how moving ice removes the pre-existing Lopog aphy and creates
entirely new landscape in its piace. Briefly deseribe the tandlorms associated
with glaciated . lopography,

Finding Qu
Find owl all that you can about the work of weathering and erosion in your
own region and relate it o e explwations given in this chapter.

Cartographic Work o
Study the locitionast informadion given througlhiout the chapter with re-
ference 1o map.

Try 1o locate st least one Iandfonn of eich categary on wop sheots widh the
help of conventionat symbols uscd.

“Further Readings ,

Buunew, Physical Geography tn Diagrams, Londan @ Tongmans Green & Co.,
1065, ' " - ;

Fox C.8 Ph\mmi qumphy for Indian Students, London : Macmiltan & Co,,
82,

Goh Cheng Leong. (:m[nn!r Phynm( and Human Geography, Delhi
Oxlord Lm\tml) Press, 1471,

Kellaway, G.P. A Background to Physical Geograpliy, London @ Macmillan
& Cao, 1957 . .

Robinson, 14, and Hudson F.S. Physical and Humaen Geography, P\ymmn} 1:
Macdonald & Evans Lid., 1978,

Smalt, R.:]. The SmH)i of Landforms, Cambridge University Press, 1982
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HE VAST expunse of air which

envelopes the sty all round s

called the aimosphere. It contins
P 4ile- giving gases like oxygen. for man and
animal, avl cwbon dioxide oy plunis,
acts like a greenhouse by impping the
heate Like the glass in o grepnhouse, it
atlows short wave radiation 10 enter i1 and
reach the earth’s surface. Bul it is nearly
opague 1o long wave wrrestrial radiation
and  thus  keeps the earth’s  average
temperare 35°C warmer than i would
mhe:wue be. [t protects the carth from the
Tharmful radiation from the sun. [t also
serves as 4 stopehouse for water vapour
which leads 1o precipiation fairly
distributed  over Land and sepns In e
Cmodern age, the ulmouphcm serves as the

¥

presence al aiv and water on the earth
anr it 4 unique plinet o the solar
5}\1&'!:1.

" The .nmmph{'u‘ extends to thausands of
kilometers, But it has no elear-cut upper
Jdimitand iv gradually merges with The
‘ouler space. In the ]ll!,he\l levels gases ure

] exlrrmtl', rarefied,

e Gumposumn :

JThe almosphtrc 5 o mixiure of many
tilb(_l(.‘lt’ gases, in which varying quantities
ol tiny solid particies are suspended. .Pure
dry air constitutes uuinly al nitrogen (78}
wr cent and oxygen (21} per cent which
- together make up 99 per cent of the air by

‘CHAPTER 10 #

mediom  Tor [ist air trasport, Tle.

Composition and Structure of the Atmosphere

voluine. Their proportion remains almost
constant  within  lower layer of 1the
atmosphere dose o earth. Remaining one
per cent s accaunted f(or by gases. like
argon (0.9% per cent) carbon dioxide {0.03
per cemt) hydrogen, helium and ozone.
Besides waler vapour, dust particles,
smoke, salis und other impuritics are also
present in Lhe air, in varying quantities, As
a result, the composttion ol air is never
conslant, It varies {rom time 10 time and
plice 10 place. However, il these variable
elements are removed Dot the atmosphere
its make-up would be lairly constimtall over
the earth, at least in the lower aimeosphere.

Of he  many  constituents,  carbon o

Fic. 104 Composilion of tie air




e COMPOSITION AND STRUCTURE OF THE ATMOSPHERE 9
earth’s surface. Tt extends roughly 1o n
height of eight kilometres 1reuar the poles
and abous 18 kilometres at the cquator
Thickness of the wapasphere at the
equator is the grealest hecause heat is
transported o gruit heights by strong
conveclional currents Temperature -
decreases with height in this luyer, roughly
at the rate of 19C for 165 meures of ascenl.
This is known as normal lapse vale 1his
st particles and over 40
| All

dioxide, dust particles, warer vapour and
] ().1911(2', are of' great imporiance for the
carth's climatic conditions.

.y . s | hsorhs uitra~vi adiation [rom the sun.
sul’.haent“lo keep a large quantity of tin," :llplieorrl”i;“fi;:mllieflt;: ‘:; lﬁ:.is gas in the
:‘::!"d t?r?;l;‘;: ?::;'Emct:i(f:ﬂ within it. Thej aumosphere and its distribution is also not
include = s | . f“:" smuc‘es and 1 uniform. It is.concemr;ued mainly belwee'n

sea salis, {ine soil, smoke-soolf |9 w 50 kilomewes above the earth's
surface. |

ash._ pallen, dust and disintegrated

fnaor::]c;escozfce]:r::;f:;s.. Dl;:[ ]pm'.ti‘c[es ank:  Of u?e inert gases of 1he‘ atmosphere,

However cbu\"clio fll;] ["e otn.el tayen - argon 1S ki G prefﬂomi‘nanl s28 by

g i - ecliona ‘m: currents mak  yolume Crthers are ncon, hehum,‘lﬁryplon
nsport: them. 10 great heights, Thi  and xenon. However, tliese have livtie or

amount of dust particles is more in subf - no importange in "alfecting’ aeather

tropical and temperate areas because of dnf  phenomena.

Water Vapour

Water. vapour is one af the most variable
gases in our atmosphere. In the warm and
wet ropics, it may account lor [dur per
cent of the air by volume, while in'the dry
and cold areas ol deserts and polar regions,

cd it may be even less than ane per cent of the jayer contins du

per cent of the carth's- waler vapour

air. ‘The amount of water va

; our decreas ; i . ca b il . S

Ly with altitude, Hence h'l“ﬂ‘\fwa(er vae l‘:: and windy conditions than in ihg 5 : vital atmospheric rocusses leading o

: 1 H y 2 o e . E = i . ' HY

W fti: (hi& ide Ties bt'kw:' svissltbue of alljzu[ cqua‘to]nal and polar regions. These dus;d - Structure T . various. climatic and weather mndu.mnls

! particles,- are signilicant fronf . ta slace in his layer. Henee, 138
g = YOUE - fhe atmosphere consists of .almost ke D '

comsidered 16 he the most significant ln?'er
However, aviators of jel aeroplanes often
avoid this luyer due 1o the presenes of
nd fly ahove 1L

. 2,000 mewes. It also. decreases [rom the
iy equator lowards the poles, '
Waier vapour absorbs paris of the

meteorological standpoint. Many of then
act as Niygroscopic nuclel around wlhich
waler vapour condenses to produce ctouds

concentric layers of air with varying
density and lemperature. Density is highest
_on the earth's surface and goes on rapidly

fn.solation [rom the sun and thus reduces
15 amount reaching the eardh's surldce. It
also preserves the earth’s radiated, heat. I
thus, acts like a blanket allowirig the carth

T}}c‘,' also intercept and refiect insolationf
Dust in' (he air produces marvellou .

optical phenomenon of red and orange

.decreasing upwards. [t can broadly be

divided into four layers—the troposphere,

-. the stratosphere, the mesosphere, and the

“layers, is

bumpy air pockets a

Beyond (ht troposphere. lies, Lhe
siratosphere The wone separating the two
s known as the (ropopause

. hues in the sk 1 i
neither to hecome too > sky at the sunnse and ihd ik
FUHITER: Wilerds l°° !:IOM nor too hot.  sunset.. Besides, dense haze and smog;‘:‘ .me’qumospl.\ere. herais | ] Temperature Ceases w fall _Wll:h ‘l‘}f
: the only subsiance that  (smoketfog) are also caused dile o the™ . he fm!?gipml’f l'}: lml“ owlesy layes th[ increase- in height at this level ‘The air
e almo, re, it us 1es Clos e 3 - o ks
.o the atmosphe us lies closet Lo emperature. at the tropopause i about

can exast in all the three states—solid,

an . presence of dust particles,
liquid and gaseous at the temperatures :

—40°C; over the equator and ahout —15°C

normally esisting on the carth, When  Other Gases : : - {;;:;;;g;«- les, Tt is @ yarently a paradox °
water changes from one siate io another, it ' ; 5 Excsphere 0o over the poles. I8 BPR e in the
obsorbs or, releases heat (1ermned as la(c'n: Carbon dionide constittties only 0,63 pef * Ak oo e T T T T e Lhat. 4% lo‘wcsl 1FT1‘1)LH u;‘]wad the
hcal)_. Water vapour absorbs heat during centaf the volume of the air, Even so it i .WERMOSPHEHE.. atmosphere 15 ‘Vcr_uu .y ;(,Y les Tht.:
the ‘process of evaporation, Winds very imporem meworologically because itk lonosphere ” T squator tathier WHATE “L] {3?':1 'of 50
iranspost- tatent heat along with water: 15 tmnsparent - Lo the incoming  solar ’ v Sl-ral{-)};plmlc parends U.IJLU‘J 1;'31“ ik} l-:r
Yapour from one place 1o unother, where e i T e il m”g“i“g) flegreres: O thcl e ‘”‘k'l‘ p cl‘f'f.‘s'
this heat may .be released through terrestrial radition. It absorbs a part o $ o e ie., upto a height r)l'"'20 Arolm ; d-';‘
condensalion and precipitatiohi. The terresivial  radiation and subsequentlgp 80 R b o e e ——————— Rl FLLE Tefmperat e .rc.:malliﬁ ,con.stdf‘ll. it ’l‘LT\:?"r(-J
amount ol enecrgy released by water remits pinrl of it towards the surlace, Thusf - el A gradually increases WPIG & .huc.[?c:F ():fr);e
molecules (latent heat ol condensation) it keeps the air near the ground warmef. MESASEHERE {lumenaey kilometres hecause of "m: pn""t.ncm.l.v;},[u[
during condensation and precipitation is and along with water vapour is lafgely. i lager hich ahs?rbs l.ht. }ser‘r':;d‘lhur’c is
equivalent 1o that which was absorbed respansible for the greenhouse effect of thep * 32sp=F-=7-=======""=""" - = sonm. rays. Q‘OU‘-’?"*“’ ‘”m?,"'l_" ):'-Lanm:.lr The air
during ‘evaporation. The released energy - atmosphere, Unlike other gases that ar ' i T éf":-.-.m . ':“’r . very little ‘tlusl 0; “d:_(‘:ﬁn;i]mnl‘-;l
p_lays an important role in producixlngr constant i volume, the carhon dioxidg - . % " STRATOSPHERE ',:“:‘E:,.‘E’:“‘"‘ mo.vemenu'm’-t‘ almas ' ' :
violent wealher like wapicai cyclones and  COMet of the atmaosphere has been rising ¢ '. Over the stratosphere, there existy the
thundersiorms. Condliions of swbility and tothe jiast Jovs eeades mainly hecuasedng L’t“mpm PNl b e third layer known as the mesosphere. 1t
: ;;;ﬁi:illilillrlglén the ."ifx’ are greatly inlluenced ;:;‘."ﬂfs” "”i ',l“'_ i_"‘.‘““f‘.t‘» ol Tossil Tuels. "This’ l_&fcﬂ;"a;p"‘-;;‘;;:;i New Gl frmeotes o dnds upto a height of 80 'Ifil(;n'lt:ll"t‘_ﬂ.
of water vapour, § causec !ncllt.lSc in the air temperate /%/// hright. Temperature decreases with height again

ik NI HE

VTR . ‘
* 2nd redches upto —100°C, a1 e height of

Fic. 102 Structure of the almosplere 80 kilometres. . The foutth layer thermasphidre

also,
" Dust Particles ( e
# Anather important component of e

Ihe movements of the aitmasphere are  aunosphere is prong. 1 acts as a lilter and :

1 '

.
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']54 loeated abave the mesosphere, In its lower
- past, there iz an electrically charged layer called
-the ionosphere Radio waves transmited Trow
* the earth are reflected back o the cart by ihis.

lluyer. Temperature agnin starts increasing with

Review Questions

K
I Answer the following questions :

height because of radiation from the sun.

The ypper part of the iermosphers i called te
exosphere. Here the dunmphem_ QASES e Very
thin. This partisextremely rarefiedand g radeally
merges with the outer space.

EXERCISES

(1) What are the major constijuents of pure dry air ?

(i} What is the signilicance of dust particles in the atmosphere ?

(i) How is it that the lowes! temperatures at the tropopause are vertically
over the equator rather than over the po]t:sp :

(v} I the temperature at sea level were 25°C, under average condmons what

2. Write notes on i

wcmld the air temperature be at a he:gh; -of 2 kilbmetres ?

(/) The ionosphere, and (i) Sigrificance of atmosphere 1o man,
8. Deseribe the structure of the atmosphers stating different charactensncs of

" ¢ach of its layers,

4. Give a single term for each of the [ollowing :

~#) The zone which separates the (roposghere from the stratosphere.

{ii) The layer of the atmosfhere where conditions are ideal for {lying.

{1if} "The, part of the smosphere which reflects the radio waves b"le to the earth's

surface,

(iv) The vas expansc of air which, envelopes the <arth all a;ound
(v) The atmospheric layer lying between stratosphere and thermasphere,
{vi) The uppermost layer of the atmosphere. -

Pinding Out

5, Find out what methods and 1ools are available &) gaLhcr information

regardmg “the atmosphere.
"Fui',l'.her_ Readmgs

Gates, E.S. Me:eorofog;v “and Climatalogy, London : George H. Harrap & Co.

- Lad.,, Fourth.Edition, 1978,

'.KOCPPC C.E. and Dclong G. C. Weathcr and Climate, New York : McGraw Hill

Book™ Company, "1958.

1879
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. ‘_:",——-Ulgcns, JF K. and Tarbuck, E.J. The dtmosphere, New Jersey i Prentice "Hall,
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CHAPTERII"

Insolation and Temperature

HE sun is continuously radiating
i heat energy into space, which is

known as solar radiation, Gnly a
minute pereentagt of sofar radialion—one
in two biltion parts is intercepted by the

 carth beause of its small size and great

distance [rom the sun. Yet, this small

_proporuon of solnr radiation reaching the
Cparth is of gréat importance, Being the

onIy major source of energy on the earth, it
ronnols many of the physical and all

1 Unit

Y
tUniLI

biological phenomena of the earth.

. Insolation

Insolation is the incoming sojar radiation.
It is received in the lorm of, short waves.

-The earth’s surface receives this radiant

energy al the rue of nweo calories per
square centimetre per minute.

Of the total radiant solar energy that
strikes the outer surface of the aunosphare,
only half (approximately 31 per cent) is

Fra. 11t fclination of the sun's rays
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able to reach the earth’s surface directly or
indirectly (scattered) and is absorbed. The
rest ts lost through scattering (by

P16, 112 The “engle of the sun's rays and the
amount of travcrse Lhrough the a!mos-

phere

gas molecules), reflection (by clouds) and
absorption (largely by water vapour)
passing through the aymosphere.

The amount of insolali\on reaching the
earth's surface and its effectiveness per unit

area depend upon (4) the angle of incidence ~

or the inclination of thesun's rays; (i) the
duration of sunshine or the length of the

atmosphere.

Change in the angle of incidence of the
sun's rays cause variations in the amount
ol solar energy reaching the earth's surface
in {wo ways. First, when the sun is almost
averhead, its tays are nearly vertical over
the surlace and are more concentraied.
Hence, the intensity of insolation is more.
If the angle of incidehice 'is low, rays are
ablique. Therelore, spread out is more and

intensity of insolation is less..Second, the

sun’s rays striking the earth at a low angle
traverse more of the atmosphere than rays
striking at a high angle. Longer the path,
greater the nmoum of scattering, reflection

© obeabon armnenhere which

trapsparency of the

reduces the intensity of insolation at the
‘surface. ‘

The length of daylight varies withh

season and with latitude, which delermmes

the amount of heat received by the earth's

surface. In fac(, the angle of incidence and’
the length of daylight together control th
gistribution of insolation an the earth's
surlace (See Appendix I).

The amount of solar radiation reaching

the carth’s surlace also depends on the
transparency ol the atmosphere. Thé
amount of cloud cover and its thickness,
dust, and witer ‘vapour which determine}:
the transparency of the atmosphere affeci)
the refl_ect'ion, ahsgrption and transmission |-
of solar ‘radiation.
The. total annual
-maximym within the tropits, beyond
which 1t gradually decreases towards the

poles. Along the parallels of 45° laliwude, itf-

is only about:75 per cent of that at ‘the
equator. It is reduced 10 50 per cent along
the Arctic and the Anwmrctic Circles and
only about 40 per cent at the poles.

Heating aﬁc[ Cooling of the Atmosphere|

Air, like all other substances may be heated|
in three ways : radiation, conducnon and
convection. 'y

Radiation _ ' e .

Radiaton is direct h'eating af la body or an
object by the: transmission ol heat wavesf
This is the only mechanism in which heatf
can travel through the relative emptiness|”
of space. Hence, the vast amount of energyj
coming 10 and leaving the earth are in this-

form.

The amount and nature of radiation are
goverped by certain basic laws such as: (@’
All objects, whatever may be their
temperalure, emid radiant energy. As such
not only hot objccts like the sun but thyl:
carth including its ice-caps emit energy

insolation isf:

“Fontinuously.- (b) However, houer objects
j#diate more energy per unit area than the
alder objects. Hence, the sun having a
dace temperature of B6,000°C, emits
indreds of thousands ol times more
enetgy than the earth, which has an
crage surface temperature of 15°C. (¢)
Temperature of an object also determines
(hc wave length of radiation, Hotter the
ject, shorter the wave length of
radiatipn. Radiation, from the sun is in the
srm of short waves.. Radiation {rom the
l?carlh is called terrestrial radiation and it is
;in the form of long waves. {d) Objects that
sare good absorbers of radiation are also
zood emitters. The earth's surface is a good
absorber of the insolation: {1-is also a good
radiator as it radiztes with 100 per cent
.elliciency. On the other hand, gases and

water vapour are selective absorbers and
tadiators. As a resuli, th¢ almosphere is
very transparent 1o insolation becavse it
ces not absorb ceriain wave length of

weatly opague {good absorber) to long
wave terrestrial radiation since gases such
a5 water vapour and carbon dioxide are

“The atmosphere is, therefore, heated .'r_\ore
“by terrestrial radiation than the incoming

rsolar radiation. This also explains why the
zatmosphere is heated [rom the ground up
-instead of vice -versa especialiy in the
troposphere.

1

. Conduction

Transfer of heat through matter by
~molecular activity is called conduction.
When two bodies of unequal temperawre
are in conlact with one anather, there is a
llow of cnergy from the warmer o the
coolet body. This transfer ol heat
continues umil both the bodies atain the
_-$ame lemperature or the contact is broken.
The ability ol substances (o conduct heat

vadiadon  such as visible lighe. But it is-

:good absorbers of long wave radidtion.”

INSOLATION AND TEMPERATURE %7

varies, Metals are good conductors. Air, on
the other hand, is a poor condyctor of
heat. Consequemly, ‘conduction -is
important only in the lower layers of the
atmosphere where the'air is in the direct

"contact with thé. carth's surface. As a

means af heat transfer in the agmosphere as
a whole, it i5 the least sngmfica‘m
§ i

Convection

Transler oft heat by the movement &f a
mass or Substance {rom one place to
another is called convection. Convective
motions are possible only in liquids a‘nd
gases.

When the air-in the lower layers of the
atmosphere gets heated either by terrestrial
radiation ér rconducuon, it expands.
Owing lo.decrease in density, iL_moves
upward ‘Continuous ascent of the heafed,
air mass pushés aside the air at the higher
levels, As a result, the pushed air mass
moves horizontally towards cooler areas

andd gradual!y descends down due 10
increasing density. Due to continuous

ascent of lhe heated air, a vacuum is:

created the lower layers of. the
azmosphere Cooler air mass moves
horizontally near the earth’s surface 0 fin
up this void.. Reaching the heated region,
it ;also warms up and. rises. Hence, cyclic
movements associated wilh the

convectional currents in the awmosphere -

transfer heat from the lower layers to the
upper layers and heat up the atmosphere.

Gas burnoar

Fic. 11.3 Conuection
f
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Head Budget tnsolation +34 units from terrestrig) | ) | it
The average temperzture of the earth radiation} are also radiated back inlg.g- 80 Bl : B . 3
remains rather cgnstant, It ‘has been space. Thus, the total radiation re(mmng o g . [ i
g from the earth and the atmosphere A0 T :

’ . possible because of the balance between the
amount of incoming solar radiation and
the amount of terrestrial radiation returned
to space. This balance of incoming and
ouigoing radiation has_been termed the

et rodigtion=—
N Y

respectively is 17+48 = 65 units which |
balance the total of 65 units received from
the sun. This is Lermed the heat budget org
heat balance of ‘the earth. 4

o

Energy units

A=
s ]
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) SSCA Heak e Ladtudinal Heat Balance |
: fovarie) . - ;
i 0 “'”a“:;““ Although the earth as a whole maintainsa
; : balance between the incoming and }
1 ¥ PR outgoing radiation, still jis ratio is not & .
3 § uniform "all over the earth. It has been | .
discussed earlier that the amount of | ‘ q i
L insolation gradually decreases from the —100. L : : e e =
E equator towards the poles. Similarly, the * 907060 50 40 30 W 0 ? 10 20 30 40 50 80T
4 :’“’?‘t‘:_':g amount of terrestrial radiation also varies, N . Lcil’!l:%de' s i
Z ‘ At .]atlilud‘es below 40 degrees more solar k v Fre 115 Latieudinal hegt ba'ance !
. ‘ A radiation is received than is losi o space:by |- - ) _ . . ) !
. L[+ Bitobseread) ssrin] the earth. The opposite is true for higher intensity of heat,.iL.e., the degree of hoiness.  influence upon temperatuse. Th‘§ creates o
® ) S A OR m:.‘:& latitudes where more heat is lost than the Hence, the (wo concepts are distinct. lemperature anomaly, aboul which you 4
Awund -8  received. The wopics, therefore, should Nevertheless, they are related because gain  will know more later in this chapter. i

F:‘c.'u_,.q:'Hea! bidger

Let us assume thatthe toral heat received
at the wp of the atmosphereis 100 units.

Roughly 35 units are reflected back to.

space even belore reaching the earth's
surface, Of these, 2 7units are rellected back
from the op of the tlouds and 2 units rom
the-snow and ice-covered areas of the earth,
The reflected amount of radiation is called
the- albedo of the earth,
The remaining 65 units are absorbed, 14
-units within the armosplhere and 51 units
by the earth's surface. The earth radiates
back 5] units in ihe form of .terrestrial
radiation. Of these, 17 units are radiated to
'spacc directly and the remainjng 34 units
are” absorbed by -the atmosphere (6 units
absorbed directy by the atmosphere, 9
© units th:ough convection and turbulence
and. 19 uniis throvgh latent heat of
condensation). Forty-eight units absorbed
by the ‘atmosphere (14 units from

AT AT AR A L

have been gelting progressively hotter and
the poles getting progressively cooler, But
this is not so. THe atmosphere and the
oceans act as giant thermal engines that
transfer heat from the tropics towards the
poles. Due toimbalance of heat, winds and
ocean: currents are produced. As most of
the heat wransfer takes place across the mid-
latitudes (30 degrees 0490 degrees), much
of the stormy weather is associated with

this region, Thus, the transler of surplus |

energy {rom the lower latitudes to the
deficit energy zone of the higher latitudes,

maintains an overall balarce over the
earth's surface.
Temperature ;

Usage of terms heat and temperature are
quile often confusing, Essentially heat is a
form of energy which makes things hotter,
In other words, it vefers to the quantity of
energy. Tempcr.a[ure measures the

EOARNAAT LI M T R o 3
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or lass of héat is necessary (o raise or lower
the temperature. Besides,' difference in
temperature it determines the direction of

heat flow, :

Factors Controlling Temperature

While discussing insolation we have
axamined the single” greatest cause [or
temperature variation—diflerence in the

TCCClpl ol incoming solar radiation which.
‘varies

with the latitude. They are
responsible {or warm temperatures in the
tropics and gradual decrease in
temperature towards the poles, However,
ladtude is nou the cnly factor controlling
temperature. I it weré so, all places aiong
the same parallel would have identical
temperatures. Several other faclors such as
dilferential heating of land. and water,
prevailing wind, ocean currents, altitude
and aspecis of slope (degree of slope and
direction facing the sun) alse exert strong

AR L AT A L
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Land and Water

Since air is heated more by terrestrial
radiztion, dilferentisl heating of lahd and
water surlaces cause variations in 1h_e
temperature of the air above. Land mass is
heated and ‘cooled more rapidly and to a
greater degree than water. Hence, the
temperature of the air resting over a land
mass differs markedly [rom that of the air
resting over an expanse of water in the
same latitude. Greater extremes of

" (emperature are felt over the land than over

the ocgans. The lemperature contrasts
between the continents and the oceans are
greater during - winter than during

summer.

Prevailing Winds

A windward coastal lecation will
experience the full moderating influence of .
the oaceans — cool summer and mild

i
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winters. On. the other hand, an inland
station on the same latitude or a leeward
coastal location will have a more
continental emperature rcgime because
the winds do not brmq oceanic mflneurt-
o it

Qeean Currenis

Ocean currents influence wemperature of
adjacent land areas considerably. Warm
currents raise the temperatures ol the
coastal areas, whereas cold currents lower
them.

In the higher latitudes, e.g., in Eurasia
and North America, the eastern coasts have
much lower temperatures than the
corresponding western coasts. The North
Adantic Drift, am extension ofl. the warm
Gull  Stream  keeps . winter  time
temperatures in Great Britin and much of
western Burope warmer thap one would
expect for their latitudes. Because of the
prevailing westerly winds, the moderating
effects of the ocean currenis are carried far
inland. For example,. Berlin (52° North
latitude) has a mean January temperadure -
similar 1o New York, (40°N. lat.) laspite of
the (act, that it lies abowt 12 degrees
latitude north of New York. .

The inlluence of the cold cuyrrents is
most pronounced in the tropics or diring
the summer motnths in mid-latitudes. For
example, the cold Benguela currents-oll .
the western coast of southern Africa
moderate the ropical heat

Altitude

The atmosphere is heated mainly [rom
below. The Jowest Jayer of the air in
contact with the earth's surlace is,
therefore, the warmest. As we go higher,
the temperature gradually decreases and
the air becomes ceoler. The normal lapse
rate is roughly 1°C for every 165 metres of
There are variations. [rom the

normal al different "times ol the day, in
different seasons and in different locations
of places. .
The two cities of Quito and Guayaquil
both in Ecuador ave near the equator and
are relatively close 1w onc another.
However, the annual mean temperature at
Guayaquil iy 25.5°C as compared to
Quito’s mean ‘of 18.3°C. This difference is
mainly due to the diflerence in elevation of
the two cities, Guayaquil is enly 12 metres
above sea leavel, whereas Quito is higher
in the Andes Mountains at 2,800 meures.
Aspects of Stope: Divection of the slope
and its angle cc\Jntr-ol the amount of solir
.tadiation received locally. Slopes more
exposed to the sun receive more solar
radiation (han those away from the sun's
direct rays, In manfevalleys, seulements
and cultivation are, th!:re[ore concentrated
on southeen  slopes, whereas porthern
slopes remain forested. In our counuy this
phenomenon  is well observed in the
Himalayan region.
Due to these [actors, distributlion of

Horizontal Distribution of Temperature

By horizonal distribuiton we men the
distribution of temperature icross Tatitode,
It is shown on & map by isoilerms. Ao
isotherm (isos equal, therms temperaune)
is an imaginary line joining phices having
equal temperatures, reduced o sea level 10
eliminate the elfects of altitude,
Isotherms  have  three  general
characteristics : (i) isotherms  uead  east
west, generally following the paualiels, {ii}
:sotherms take sudden bends where Luind-
watet contrasts are maximum, and (Jfi) the
spacing of isotherms indicares the
fatitudinal thermal gradient, d.e., steepress
of temperalure change.
Isotherms Have close

L

correspondence

temperature over the carth is not unilarm. *
It varies hortzontally as well us vertically
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with the parallels of latitudes ‘mainly
because same amount of insolation is
received by all the points locited on the
same latitude. Owing 1o unequal
distribution of insolation on the earth's
surlace, the temperature is highest in the

‘tropics and decreases gradually towards the.

poles. Due (o differential heating of land
and water, temperature above the oceans
and land masses varies even on the same
latitude. Isotherms, therefore, bend slighily

while crossing from land mass to oceans:
~and "vice versa.

As regards the spacing of the isotherms,
close spacing indicates a rapid change in
the temperawre and wide spiacing means
slow change. “y

By examining isothermal maps for
January and July, changing patierns of
global temperature with reference to the
apparent movement of tlie sun,
distribution of Jand and water, ocean
currents and  prevailing winds can be
studied.. For most places an the earth,
january and July represent’ (he seasonal
extremes. of temperature and - for this

-reason, these months are most often

selected “for analysis,

January

At this time, when the sun shines terticaliy
tcom, it
is wmter in the Northern Hemisphere and
summer in the Southern Hemisphere.
Temperature is, therefore, High over the
land mass in “the Southemn Hemisphere
rising over 30°C in four areas—North-west
Argentina, East-central Alrica, Bomeo and
Central Australia. In the Northern
Hemisphere, land mass is cooler than the
oceans,” As a result, lowest lemperature
occurs in North-east Asia.
As thie air over the ocean is warmer than
that over the land masses in the Northern
Hemisphere,  the isotherms hend

T o A AT T LGN N T AL W AR TR 1T m e i Mo

equitorward while crossing the lond
masses and poleward while crossihg the
oceans, in {he Southern Hemisphere, the

. conditions during this scason ‘are just the

rgverse.  Therefore, the isotherms hend
equatorward while croxsmrg the oceans and
poléward while crossing the land musses,
‘Due 1o the presence of vast expanse of land
masses;, isothermy are irregular und closely
spaced in the Northern Hemisphere, They
are more regular and wide Iy spaced in the

- Solithern Hemisphere.

July
During his period, ihe sun  shines.

-vertically overhead near the Tropic ol

Cancer. It is summer Tor the Northen
Hemisphere and winter for the Sowhein
Hemisphere,  Maximum ‘temperature of
aver 30°C occurs entirely in the Nonthern
Hemigphere between 10° and  40°N.
latiiudes. The dteas -include the South-
eastern USA, the Sahary, Arabia, Irag,
Iran, Alganisian, large part of Ching and’a
small part of South India. However, the
lowest temperature, L.e., helow zero degree
Celsius is also recorded in the Northém
Hemisphere in  the cenlral parls ol
Greenland. .

The relative tempermure of air owver the
two hemispheres are just the opposite of

what they were in the month of January.'

In the Northern Hemisphere, the
isotherms bend equatorward while
crossing the oceans and poleward while
crossing the land masses.-In the Southern
Hemisphere) it is vice versa. Isotherms
reveal wider spacing on lhe ocean than on
the continents.

It is thus apparent {rom the analysis of
the isotherms that there is a latitudinal
shifting of temperature distribution
because of the seasonal migration of the
sun's vertical rays. Due to a reguiar
decrease of insolation [rom the equator o

INSOLATION AND TEMPERATURE
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the poles, the highest values occur in the
low latitudes and the lowest. values near
the poles. Isotherms reveal marked contrast
in the distribution pattern of temperature
between the two hemispheres mainly due
o the distribution pattern of land and
waier in the two hemispheres, and their
differential heating, Isotherms are
straighter and- widely spaced’ in the
Scuthern: Hemisphere than in the
Northern Hemisphere because of the broad
expanse of water in the former hemisphere.
Similazly seasonal contrasts in temperature
are also less pronounced in the Southern

Hemisphere. The dilicrence between the

average temperature of the warmest and

‘the coldest month is called the annual

range oj .!empamrurc It presents the extent
of variations in temperature. Annual range
of temperature is large over the continents
in the middle and high latitudes of the
Northern Hemisphere, The range of over
38°C oecurs near Verkhoyansk in Russia
which happens 1o be the highest sange.

Tt:rhpcram.rc Anomaly

As mentioned eariicr, temperature varies
even along the same parallel of latiwde
because of ihe factors like aluwude, land
and waler contrasts, prevailing winds and
ocean currents. The difference between the
mean wmperature of any ‘place and ‘the
mean temperature of its paraliel is called
the temperature anomaly or thermal
anomaly. It thus, expresses deviation from
the normal. :

The largest anomalies occur in the
Northern Hemisphere and the smallest in
the Southern.Hemisphere, The anomaly iz

said to be negative when the temperature:
the expected |

a a place. is.less than
temiperature of the taditude, The anomaly
is positive when the temperature ata place
is more than the expected temperature of

*

.decreases™ and

the latitude.
For the year as a whole lhe ainomalies’
are negative over
about 40° latitude wwards the, poles and
positive (owards the  Equator. On the
ocean, Lthe anOmahcs are positive poleward’
from about 40° ladiude dnd negative
towards the equaior. |
L]

i

Vertical Distribution of ‘Temperatiire

The most characeeristic leature of the
vertical distribution of temperaiure is that
it .decreases with increasing height. Since
the atmosphere is heated mainly by the

“terrestrial radiation, the aumospheric layer.

immedialely overlying the earth's surface
receives the maximum heat. It is, therefore,
the warmest. But as we go higher and
highér, "the temperature gradually
the -air becomes cooler
because irferesingly higher layers receive a
lesser amount of heat. What is the normal

rate ol decrease in temperature  with
increase «n altitude under mnormal |
coriditions? -~ ;

Inversion of Temperature .

Occasinally the temperature in the lower |

layers of the air increases instead ‘of
decreasing” with. elevation. It occurs
particularly on cold winter nights, when
the sky is clear, the air is very dry, and
there is no wind. These conditions permit
quick radxauon of heat from the eanh’s
surface as well as from-the lower layers of
the atmosphere. This resuits into cooling

of the air near the earth’s surface. Being |

heavy and dense; it rests there sometimes
for & number of ddys. The upper air which
Ioses. its heat less rapidly remains comp-
aratively warm. The movement of colder
air- over low altinudes also brings about

similar results by lowering the giound

temperatures. Thus; there is reversal in the
vertical distribuijon of temperature, which

the continents from

e T S

is known as the. inversion of termperalure.
This phenomenon is specially ‘observed 'in
the intermontane valleys.

During long winter nights thc “valley
{icor and the mountain slapes radiate heat
quickly and the surface becores cold. The
air resting above the sutface also cools
down quickly and becomes dense. As such
it moves down he slope and settles down
in the valley botom replacmg
comparatively warmer air which is pushéd
up. Sometimes,; the temperature of the air
in the valley bottom reaches below (reezing
ponm, whereas the air at higher altirude
remains comparatively warm, As a resull,
the wrees along the lower slopes are bitten
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by frost, whereas those at higher levéle ner
free from it. Due to inversion nl
temperature, air pollutants such a3 st
pamclcs and srmoke do not disperse in the
valley bottoms. It 4s. because of these
reasons, heuses and farms in intermontane
valleys are generally situated aleng the
upper slopes, avoiding the cold and {oggy
valley hottoms. For example, mulberry
planters in the Suwa Basin of Japan and
apple growers i the mountain suues of
the Himalayas avoid lower slopcs
Similarly, the hotels a1 hol:da; fesorts in
the Himalayas are buily on’ the upper
slopes.”

EXERCISES

Review Quéstions
1. Answer the followmg quemons

(1) What is msoIauon? Why is it called.the most xmporxant comrollmg‘

factor of climate? .

(ii) Why does the amount of solar energy received at the earth's surface
change when the: altitude of the sun changes?

[m) Why do differerit parallels receive different amount ol insolation?
{fv) Why the atmosphere is heatéd more by terrestrial radiation than by

insolation?

(u) What is meant by the- vertical dlsmbuuon of tempera(urc?

2, Write short notes on:

(1) Heat-Budget, (i) Latitudinal heat balance, (i} Isotherms, (fv) Inversmn

of temperature, a

and (v) The lapse rate of temperatare.

3. Describe the three basicsmechanisms of heal transfer. Which of these

mechanisms is the least imporiant meteorologically?

4. What factors contrel the horizontal distribution of emperature?

5. Answer the following questions about world temperature distribution. You
may. refer to the January and July Isotherms maps.

{7} 'Iéotherm_'s genefally tend east-wést, Why?
(#i} Isotherms shift north and south from scason to season, Why?

I
. !
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{iii) Where do isotherms shift most, over land or water ? Explain,

. (1v) Why are isotherms more irregular in tl1e Nox:hern Hemisphere than in
the Southern Hemisphere? }

¢ B, Complete the Tollowing s:atemcm with a correct ending :
Sometimes trees at the valley bouom are completely frost bitten while on
the higher ground they escape [rost alipgether because
(1) the air at the higher level is warmer dr since it is able w absorb a

greater amount of the incoming heat energy of the sun.

s - (i) the colder air collects at the valley bouom due to its higher densi"ty

{fv) the {rost developed at higher level slips down and collects in the va[ley
botom, affecting the trees there.

Finding Qut

7. Find out the maximum, fiinimum and mean temperature of your place in
“different seasons.

'

.
L)

Cartographic, Work

8, Prcpare;%; temperatute graph for your place.

Further Readings

1961,

" Koeppe, C.E. and De Long, G.C. Weatherand Chmate, New York 7"MeGraw Hill
Book Company, 1958.

T1rbuck E.J. and Luigens, F.K. The Atmosphere. Ncw Jcrscy Prentice Hall,
1974.
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LTHOUGH the atmosphere cxerts
considerable pressure over the
© Meearth, we rarely feel it. Similarly ol
the various elements of weather and
dimate, changes in air pressure are hardly
noticed by us. However, the aumospheric
wessure is a very important [actor in
hroducing changes in our weather, as it is
doscly linked with oiher elements of
weather and climate in dscause and ellect
relauonshfp (‘ontrasts, in temperature
catise changes in air densuy, which are
respons:b]c for variations in pressure.
These variations calse horizontal
[movements of air called winds. Winds
sport heat and moisture [rom one

) region to another and thus help in the’

_o_cturrence of precipitatian and affect both
lemperaturc and humidity. Mmeovel,
different climatic types and regions are

ghatacierized by distinctive pressure and

Mid conditions. Atnospheric pressure is,
:thclcfore, regarded as one of the mos:
s:gmhcanl factor in weather iorecasung
Fo 1]
Measurement of Air Pressure

The almospherc rests ont the earth's surlace
owing to the gravitational pull of the
earth. Hence, it exerts its weight as
pressure on the earth’s surface,
4tmospheric pressure is thus the weight of
the column of air at any given place and
urnc it Is measured by means of an
lnslrumem called a barotneter. It is

AN ¢ b e g

measured as a lorce per unit-area. The |
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unifs used by meeorclogists for this
purpose ate called millibars (mb), One
millibar is equal o the force of one gram
on 2 square centimetre, A pressure of 1,000
miilibars 'is equal to the weight of 1.053
kilograms per square centimetre. In other
words, it will be equal o the weight of a
column of mercury 75 centimetres high.
Ta be exact, the normal pressure at sea
level is about 76 centimetres (1018.25
millibars), However, it [luctuates on either
side of this value. _
The distribution of atmospheric pressure
is shawn on a map by isobars, An isobar is
an imaginary line drawn through places
having equal atmospheric pressure reduced
to sea level. The spacing of isobars
expresses the rate and direction of the

-pressure changes and are referred to as

pressure gradients. Close spacing of isobar
indicates a strong pressure gradient, while
wide spacing suggests a weak gradient,
The préssure gr:adz'ent may, therefore, be
delined as the decrease in pressure per unit
distance in the direction in which the
pressure decreases most rapidly, There are
two types ol pressure systems—high
pressure and low pressure,

Distribution of Atmospheric Pressure

Distribution of atmpspheric pressure is not
uniform over the earth’s surface. [t varies
vertically as well as horizontally.

Vertueal Distribution ‘
Air being a mixture of gases is highly

SEERT U eeiuT AL e FONRRIUA don A s e o
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compressible, Its  densiiy s,

a resuit, the lower layers of the aumosphere
have high density and high pressure. In
contiast, the higher layers arc less
compuwscd and hence, have low density
and low pressure. Air pressure always

decreases with increase in ajtitude, but its |

rate of decrease is not constant, The
density of air depends upon teniperature,
amount of water-vapour and gravity, Since

ali“these. [actors are variable, there is_ no '’
simple relationship between altithde .and

pressure, However, in general we can say
that the almospherir pressure decreases on
am average at the rale of about 34 millibars
per-every 360 ‘metres of height.’ %

Horizerital Disiribution
The distribution of atmosplieric: pressure
across the latiudes is termed gtobal

horizonwal distribution. s main feuture is -

its zonal character known as pressuwre belts.
QOn the earth's surface, there are in all
seven pressure helts. They are the

Polar High

£
/Ax\\\\\\%\?’ﬁfw\e%'?vwk\\\\\ai

Polar High

Fic. 12,0 Pressure bells

therefore,
greatest at Lhe lower layers where it is
compressed under the mass of air above. As |

- movements.:.

equator:al fowr, the sub-tropical highs, the
sub-polar lows, and 1he polar highs.
Except the equmonai fow, all others [orm
maching paivs in the Northern 1nd
Southern Hemispheies,

Due o intense Heating, air 9;6(5 warm
and rises over the equatorial region and
prdduces the equatorial low pressuve belt
which extends {rom the equator to about

10°N. and S. The equatorial tow pressure

belt is characterized by exuemely low -

pressure wiih calm conditions, ' Surface
winds are. generally absent since windg
appm'tchmg' this belt begin to rise near its.
margin. Thug, only venical currents ,are’
[6und: This bell is also called the

doldriems because of the extremely calmyair-
{emperalures -ares

Lowest
found-. gver the. poles- which cause

. substdenre of air and hence poi‘n higlhs,

The ‘polai highs are small in area 'md
extend around the poles. ..
JIn: bclwecu the cqmlonal low . 'md th¢
polar hlghs,_therr' are the zones of sub-
tropical lvighs and the sub-polar laws. The
sub- lromcal highs extend from near the.
lroplcs to aboumt 38°N. and S. These are |

-caused by subsidence and piling up ol the |

air—ihe. phenonwnon which has, been

‘explained in the following pages. The {

desdending air currenis feed the, winds
biowing towards adjoining low piessure.

© helts.-A calm candition wuh variable and’

leeble winds is created in thede Nigh
pressurg belts called -‘Horse latitudes’. In
early days, the sailing vessels with the
cargo of horse fovnd.dt vory dilflicalt (o sail
under such calm conditions.- They used 1o
throw horses in (¢ s o mlke, their
vessels lighs. The” subpoldr i0ws !
located Beiween 452N, 4id §i a1 he” Arciic
and - the Antareti¢ c:rrlcs. le’wuuh

coming [rom e sub- -{Gpics el polar,

areas, converge and rise i w.zone bewtween
15°N. and

kS '

. ‘lhcrma!

S. and the Arctic and e

Antarctic circles, respectively. Due dto- u
great contrast between the lemperature of
the winds from sub-tropical. and polar
source regions, cycionic storms or ‘lows'[
are praduced in the region.

There are wwo main causes [or the
pressure diflerences resulting into high
and low pressure systems. These are @ (i)
ihermal,
‘rausation, temperature and its variations
[rom the equator to ihe poles in general is
‘important factor since a chajn of events
ake place due to heating and-cooling ‘of |
e carth's surface and its aumosphere.

:dcu ease it its density, This nawrally iéads
low pressure.. On comrary, cooling

‘"ﬁcnsuy and thus leads o liigh pressure.

fitghs are examples ‘of thermal. lows and
highs, respectively.
‘However, temperature alone is not
respons;ble for the differcnces in-pressure.
Al it were so, the pressure wobld have
progrcssnei) increased from the equator
fowards  the poles. Bup - the aclual
('hsmbuuon is somewhat dillerent. There
___ﬁre two intermediate Zones of sub-uwopical
highs and sub-polar lows, aud lor which
F@;\le previous explanation dees nor hoid
good. Formation of these- preSsure belts
I'may be explained, by dynamic conurols
'ms:ng out of pressure gradient.{orces and
irotation of the earth. The warm air of the
qualonal low pressure el gradually gets
J.cool in ils ascent, Upon reaching upper
Hayers, it starts moving towards the, pole 153
further cools and begins o subside in a
2one beiween 20 and 35 degrees latitude,
{Two [actors are respon51ble for Lhe general
-subsldeme ol air in this belt, First, cooling
Bl the air 1esuhs_ in increased density,
:\'\‘hith accounts for its subsidence. Second,
owing to the rotation ol the earth:

and {17} dynamic. In thermal .

H¥hen air is heated it expands and hence "
b e be vegarded as fixe scf sjnee-they e Dised

bl sults in contraclion. This increases (he .

farmation of equatorial low and- ;Joldr .

due o the

. + 1
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poleward, direcied  winds are celellecud
castwards which is also called the coriotis
{lorce alter the name of u Frencly scientisg,
wha  first expressed i mugnitnde
gquantitadvelys . The mte ol deflecuan
increases  with he  distanee from e
vquator. As a resull, by he rime the
poleward- dnul(‘d winds reach 26 degtees
latitude, they are defleeted: ino a nearly
west Lo case flow. T1 produces o blocking
effect and the air piles up alofi. This
cavses @ general subsidenee in the s
hetween - the wopies and 35°N, and 5,
deveToping imo- high' pressure hels.
Locatiint ol these prossurt e shoukd

on the annual wve rages. They are greanly
affecied. by - Jdilferencés in net radiation
‘resulting from apparent mpvemend of e

sui dnd Trom variations i Reating of b

and water surfaees, Following the apparent
movement of the sun thepressure bels shily,
In the Northern
sumner the thermabequator that is, the bele
-of highest t('mp('ldllllt'—-\\'nllhl e loeated
north of the geographical vipinor wnd the
pressure beley, therelore, shiftslighdy nonly
ol their dlll'ludl average dovation. Mg
winler (he 1hcml.11 uqu.mn is tereated soenh

of the geographical cquator and henee

pressure helis shilt sowhward, Qpposue
condidors - prevail in the Soarthern
Hemisphere, The amount ol shile s,
however, less in the Souhern Hemisphere
predomiinance ol water
Similarly, disvibution of continenw ol
aceans have o marked influence over thye
distribution of pressure, In winiee the
continents are coaler than the ocesiy anl
tend w0 develoy high pressue cennes,
whc:ms Ino suminier=they are reblutively
warmer and develop lawpressure. b is junt
Lhe reveise wuh the oceaps,

Seasonal Dlstnbunon of Proesaure

Seasonal-coritrasts in world distiibneon ol

Hum\pilm' during

s
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(1i) Where do isotherms shift most, over land or water ? Explain.

(i) Why aré isotherms more irregular in the Northern Hemisphere than in
the Southern Hemisphere? :

5, Complete the {ollowing slar.‘k!m'ent with a correct ending :

Sometimes trees at the valle bottom are completely frost bitten while on
the higher ground they escdpe frost altogether because

]

(/) the air at the higher level is warmer dr since it is able o absorb a
© greater amount of the incoming heat energy of the sun,

{it) the colder air collects at the valley bouiom due to its higher density:

‘(i) the frost developed at higher level slips down anﬂ col]ects in the valley
_bottom, alfecting the trees there,

Finding Qut-

7. Find out the maximum, minimum and mean temperamrc of your place in
different seasons,

Cartographic Work

) 8. Prepare a:"iCmperature graph for your place.

. Tusther Readings -

Critchfield, H. General Climalology, New York : Brentice Hall, 1961,

’ Koeppe, C.E. and De Long, G.C. Weather and Climate, New York ; McGraw Hill

2 - "Book Company, 1958.

Tathuck, E.J. and Lutgens, F.K. The Aimosphere; New Jersey ! Prentice Hall,
1979.
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LTHOUGH the aimosphere cxerts
considerable  pressure over the
= earth, we ravely [eel it. Similarly of
the various elements of weather - and
tlimate, changes in air pressure are hardly
noticed by us. However, the atmospheric

“|pressure is a very impertant factor in

producing changes in our weather, as it is

weather and climate in a cavse and effect
relationship. Contrasts in (emperature
cause changes in air density, which are
wsponsible for variations in  pressure.
These wvariations cause horizontal
movements of air called winds. Winds
transport heat and moisture {rom one
region to another and thus help in the
gccurrence of precipitation and alfect both
temperature and humidity, Moreover,
Ldiffrvcm climatic types and regions are
haraceerized by distingtive pressure and

Find conditions. Aunokpheuc pressure is,

therefore, regarded as'dne of the most
signilicant factor in weather forecasting.

[

Measurement of Air Pressure

The atmosphere rests on the earth’s surface
owing to the gravitatonal pull of the
earlh Hence, it exerts its weight as
Ppressure on the earth’s surface.
Atmospheric pressure is thus the weight of
the column ol air at any given piace and
fime. it is measured by means of an
instrument called a barometer. It is
measured as a lorce per unit arca. The

dosely linked with other elements of .

"Air being a

LCHAPTER 12

Atmospheric Pressure, Winds and Airmasses
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units used Dby meteorologists for this
purpose are called millibars (mb). One
millibar is ¢qual o the force of ane gram
on a3 square centimetre, A pressure of 1,000
millibars is equal to the weight of 1.053
kilograms per square centimetre. In other
words, it will be equal 10 the weight of 2
column of mercury 75 centimetres high.
Ta be exact, the normal pressure al sea
level is about 76 centimetres (1013.25
miliibars). However, it [luctuates on either
side of his value. -

The distribution ol atmoespheric pressure
is shown on a map by isobars. An isobar is
an imaginary line drawn ihrough places
baving equal atmospheric pressure reduced
o sea level. The spacing of isobars
expresses the rate and. direction of the

-pressure changes and are referved to as

pressure gradients. Close spacing ol isobar
indicates a strong pressure gradient, while

wide spacing suggests a wezk gradient.

The pressure gradient may, therefore, he
delined as the decrease in pressure per unit
distance in the direction in which the
pressure decreases most rapidly. There are
twe  types ol pressure systems--high
pressure and low pressure,

Distribution of Atmwospheric Presswre

Distribution of atmospheric pressure is not
uniform over the earth’s surface. It varies
vertically "as well as horizontally.

Vertical Dastrrbu!zon

mixture of gases is highly

.
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compressible, lis density is, therelore.
greaiest at Lhe lower layers where it is
compressed under the mass of air above. As
a result, the lower layers of the atmaosphere
have high density and high pressure. In
contrast, the higher Fayers are less
compressed and hence, have low dedsity
and low pressure. Alr pressure always
decreases with increase in alutde, but Qs
rate ol decrease is not constant. The
" density of air depends upou temperature,
amaunt of water-vapour and gravity, Since
all these. factors are variable, there is no
simple relationship beuween altiwude and
pressure, ‘However, in general e can say
that the atmospheric préssure decreases on
an average at the rate of about 34 millibars
per-cvery 300 merres of height. ’

Horizontal Distribution

The distribution of atmospheric pressure
across [he latiludes' is ‘termied globa]
horizontal distribution, Its main leature is .
its zonal character known as pressure belts.
On the earth's surlace, there are in all
severn pressure belts, They are the

Pelar High

Palor High

Fri, 120 Prassure bells

- MOVEMments.

_lhrow horses o the sea

equaltorial Iow, the sub-tropical highs. the
sub-polar - lows, and the polar Bighs,
Excepst the equatonal low, all others form
maching -pairs in'* the Noulhern and
Southern Hemispheres.

Due to intense heating, air gets warm

and rises over the equatorial region and’

produces the equatarial [ow pressure belt
which extends from the equator 10 abour
10°N. and 8. The equatorial low pressure
belt is characterized by extremely
pressure with calin conditions.

approaching this belt begin to rise near iis:,
margin. Thus, only vertical currents are*
found:. This belt is aiso called.
dbldrums because of the extremely cat ajri
Lowest

found over the poles which cause

~subsideuce ol air and hence pol'n highs

The polar highs are smaull in area, -and
extend around the poles..

JIn berween the Equalorlal jow and the
po]ar highs, there are the zones of sub-
lroplml hlqhs and the sub- -polar lows, The
sub- uop1c1l highs extend from near |lw
tropics 16 about 35°N. and 8. These are
caused by subsidence and piling up of Ui
air—the phenomenon which h.h.bcm
explained in the [ollowing pages.’ The
dcscend:ng air currents feed the winds’
blowing towards adjoining low plc-.mre
belis. A calm condition wit variable and
feeble winds is created in these high
pressure belts called *Horse latitudes'. In.
early days, the sailing vessels with the
cargo of horse found.dt very difficult 11 sail
under such calm conditions. Fhey used 1o

to “ri'i'.’&c. their
vessels ' light. The sub-poldr  lows e
lofated tetween 45°N. and §. ta the Arciic
and - the " Antwretic’ cireles. The “wiids
coming [rom the sub: impm and polar,
ares, converge and rise in' s zone hetween
45°N, and 5. and he Arclic and the.

Al ‘

Iow .
Surflace T
winds are. generatly abseqt since mnds-;‘

the,

lemperntres . are-

freat contrast between the temperature of
Jyhe: winds {rom sub-ropical .and polar
Lource regions, eyclonic storms or 'lows'l
Yre produced in the regioim.

There are (wo main causes for the
dilferences resulting into high
and low pressure systerns. These are ; (d)
‘Tmrmal. and (i) dynamic, In thermal’
‘dusation, temperature and its variations
om the equalor o the poles in general is
tmportant facior since a chain of events
ike place due to heating and cooling of
', the earth's surface and is atmosphere:
hen air is heated it expands and hence
ecrease in its density, This naturally leads
10 low pressure. On contrary, cooling

‘p]’CSSII'l'(‘

M

ensity and thus leads* 1o high pres.sure

ghs are examples bf tharmal lows and
ermal  highs, respectively.

However, temperature - alone is not’
sponsible for the differences inpressiire.
it were so, the pressure wolld have
gressively increased [rom the equator
owards the peles. But the acwal
istribution is somewhat different. There
are (wo intermediate zones of sub-tropical
fighs and sub-polar lows, and [or which
h‘:.\ht' previous explanation does not hold’
ood Formation of these pressure belts
1ay be explained by dynamic controls
-arising-out of pressure gr adient-forces and
rot'm(m of the earth, The warm air of the
i qualorlal low pressure belt gradually gets
fZool in its ascent.' Upon reaching upper
Ia}crs, it starts moving towards the poie. {L
lurther cools and begins to subside: in a
fone Lelwesn 20 and 35 degreés latitude,
:‘Twao faciors are responsible for the general
subsidence of ajr in this beli. First, cooling
of the air results in increased” density,.
which accounts for its subsidence. Second,-
owing (o the rotwation ol

A:mrcur circles, respectivély. . Due o as

Fesults in contraction, “This increases. the

ormation ol equatorial low' and “polar .

* Hemibsphere,

the earth’
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poleward, direcwd  winds are  deflecied
eastwards which is also eadled the coriolis

Toree alter the name of o French scientist,

wha  [irst  expressed  its magnilade
quantitadively. The rate of  deflection
inereases  with the  diswnce” rom e
cquatar. As a reful, by the tme e
poleward-direcied winds reach 25 degrees
latiwde, they wre deflected o @ nearly
west (e cast [ow: [ produces o blocking

“elfect and the air piles up aloft This

causes 1 peacral subsidence in tie areas
between the wopies and 35°N, and 8,
dcvc]()pms,r inte high pressure belis,
Lacation of these pressute lichs shrwld
not be regarded us Yixed smu' they are based
on the anhuul usverages. ihey ane wreatly
alfected: hy differences in fet radiation

i rcaulum; from apparent | movenient of the
sun and {rbm variations i lewting of land
and winer surfaces. Following the appavent

‘movenent of the suaythe pressure el shife,
In “the Northern
sumancer the thermaFeguator (s, die el

ol highest fempieratarc—would Be located

riarth of the geographicul cguator ane the
pressure helos, therelore, shali slightly norih
ol their dnmml ‘m.uz,u Jocations, During
winter-the thermul equator i locawd south

of the geographical cquawr. and hessce

pressure helts shift sowdweard. OQpposiie
conditions  prevail -to sthe. Soulhern
The amount of shilt s,
however, less in the Sowhern Hemisphere
duc to: the predominancé of  watet,
Stmitarly, distribution of ‘continents and
oceans have a marked influence over the
distribution  of pressure, In winwer the
cotmtinents are cooler thun the oceins il
end 1o (lo\clnp high  pressure cenrey,
wheregs ine swmmoeroghey: we N.'lllucly
warmer aind develoy tow pressure. I is jusi
the reverse with the eccans.

Seasonal Distribution of Pressure

Seasonal contrasts in world distribution ol

Hemisphere during .

i
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pressure have been’ shown in Figures 12.2
and 123 In January, the equstorial low-
pressure bielt shifts Tinle south of {ts mean
equatorial position, due to the southward
apparent movement of the sun. The [gwest
pressure pockets occur an the tand masses
of South America, Souwh Africa and
Australia, because land. masses become
much houer than the adjoining oceans.

Sub-tropical high pressure bell of the

Soulhern Hemisphere is broken aver the
condinents and remains confined 10 (e
oceans only. Its development is masimum
in the casiern parts of the oceans where the
coot acean currents are effective. In the
Northern Hemisphere, .a .well-develaped
sub-tropical high - pressure area extends
over the continents. Finatly, sub-polar low
of the Southern Hemisphere exiends as a
trough * whereas  in  th¢' Northern
Hemisphere there sare - two 'celis%of low
pressure extending over Noith Atlanlic
and North Pacific. These are known as the
lcefandic low -and the Aleutian low,
respectively.. ) )

In July, the equatorial low pressure belt
shilts north following the apparent
movement  of - the sun. This_ shilt is
maximum in Asia. The land masses of 1he
Northern Hemisphere bécome excessively

hot and low pressure arcas develop over -

themn. T'he sub-tropical high pressure beli

‘of the Southern 'Hemisphere 'éxtends

continuously, On ,contrary, in the
Northern Hemisphere, itis broken over the
continenis and -remains confined to the
North Adantic and North Pacific Oceans.
Sub-polar low is deep and continuous in
the Southern Hemisphere, ‘while in the
Northern Hemisphere, there is only a faint
oceanic low, :

Winds 5

Due 10 horizontal differences in air

pressure, air. flows [rom areas’ of high -the'NortRern Hemisphere get déllected to the

v

“wind. 1t is nature's auempl 1o balang
. inetualities in air pressure. The vetiical

. A

pressure o areas of low pressure,
Horizontal movement ol the air is calleg

nearly vertical movement of air is referre
to as afr current. Winds and air curren

.in the aimosphere. i

Since unequal heating of the carthyl].

surface is one:of the main reasons lor the
pressufe differences, solar radiation may he
called the ultimate driving force of wind. I

the earth were siztionary and had %

uniform surface, air would llow directy

from bigh pressure aréas {0 low pressure |,
areas, But none of these conditions exiy|;
and, therelore, direction and speed of wind|-
aré conlirol]ed by a combination of factors, |-

These are: the pressure gradient foree,

gravity, the coriolis eflect, the centripetal |~

acceleration and [riction,

"To get anything to change, its velociy |
tequires a nelimbalanced force in onej:
direction. The lorce that drives the winds, |~
pressure |-
dilferences, which is produced from the [
region of higher pressure rowards theésrea |,
ol lower pressure and is ktown as thel®
Ppressure gradient force. The gredter the |
dilierence in pressure between two points, &

the steeper is the pressure gradient and the i

results’  from horizonial

higher is the' wind speed. Sincz the
direction of -the force is from higher 0

lower pressure area and perpendicular ta |
the isobars, the initial tendency of the]
wind is w0 blow parallel 10 the gradient |

and at right angles to the isobars,

Duce o0 rotation of the earth, winds do |¢

nolcrogs the isobars at right angles as the
pressure  gradient force directs but got
deflected - fronv their original path. This
devigtion 15 the resuli of " the earth's

vatnicnt b is called the Coriolis effect or |:

Cortalis foree, Due 1o this_elfect winds jn

A

W

5 5 ; he Ferrel's ¢ i ; »
Ziright of their-path. It.is S i e wiI be low and the aiv will move at

Tf%i;:inn not its speed. It-is noteworsthy I.h'al
iqhis deflection force does not seem to exist 2
1% el the air is set in motion and-itincreases as

< the wind speed increascs, o
tagether comprise a systefn of circuladeg ! e .

ATMOSPHER

The coriohs lorce changes wind direcs

Oelloction
1o cight

Narthefn
hemisphere

(a1 S

Fic., 12.4 Deflection of winds iy coriol effect

Due 1 inward ncccl'crali.on _of air
towards the cente, of rotauen ‘r.m.‘lhe
rolating earth, it is posslble.k?r the air ]lp
maintain a curved pmhl (pziral.lei .'[0. the
isobars) about a local axis of high-or low{
pressure, [t is known as Qera.tmlg.f‘ieta

: mnon. )
a“ffl;;’:é ;nd near the carth's .sur[ace v\;md
daes not move freely ina 1101'110?Fa1.p[ane
due to irregularities in-the earth's surtacc.
The roughness of the termain ¢auses
friction  which deterntines the. angle a1

which the air will [low across the isobars,

1l as the speed at which it will move.

as we Sl
: divection:- Over

1t may also aler wind

comparat
terrain, {ri

and the speed
’ " Types of Winds
There arc )
theoughout the year [rom one I
the other in response to the
dilferences
known ns pre
N inds.

3 h!
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' v
datively smooth ocean surface, [ncnon

ively lower angles o the i.snhm‘.'i
nd hence at a preater speed. Qe tnggu.
ction will be high and, lht‘u'll.ﬂL.
of the -air Tlow will also e high

e angle
much reduced.

whiclh -blow
titude 1o
taridndinal
in- air pressire. These ‘;m‘c
niling winds ov ploietary
winds reverse lhv‘u'
direction periodically \\"il!‘. ::onsml\ :ulcl. ‘nc]
called periodic winds. 'I!wre.nu‘- “}]'ll‘mh
winds in different parts of (hclwmltl.\s 1.1r.l
flow In coml)‘.u-mivciy 511);Jll ayea :.\‘nd h|;\:j
special r[mmcwristu‘s._ Ihese it uv.\
local winds aund wheir nonwnclmult 18
ily' devived from the regional

some  winds

Ceriain

ustally
language.

Planetary Winds ,
These winds blow over the vast area of the

o\
\
A
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continenls z_1_nd oceans. The iwio-most well.
‘ ur‘:derslood and  significant winds for
" cltmaie and’ human. activities are the trade

winds and -the westerly winds. :

The Trade Winds

,'I‘hc- winds blowing.from the sub-tropical
high pressure areas (30°N, and S} towards
the equatorial low pressure belt are the
e:t.lremely steady winds known as the trade
winds, The name trade ¢omes from the
-German word. trade meaning ‘track’. To
- blow _lr_ade. means ‘to blow sicadily in the
same direction and in a conslant course'
Its nomenclature has nothing 1o do with
the English -word irade, which means

. business or chmmerce, These winds should

CThé Westerfies

“in different parts. In. the

have blown [rom the north. to the south in
the Northern Hemisphere and from the -
soulh‘_ 10 sthe nerth in the Sputhery
Hemisphere. But the Coriolis effect and
the Ferrel's Law explain how. these winds
ate deflected to the right in the Northern
Hem {splwere and to the left in the Southern
Hemisphere. Thus, they {low as the noreh-
eastern trades in the Northern Hemisphere
and the south-eastern trades in
Southern Hemisphere, |
* Trade winds have contrasting properties

L d are: g
origin they are descenditig und s‘iat?lt;: l};?:r
poleward part is therefore dry, As 1hec
reach the equator, they become humid 1n2;
warmer after picking up molsiure on tfwir
way. They become unsiable and procuce
rainfgl], Near the equator, the lwo trad i,
clash with cach other and on the Jin‘e f)(s: :
CQ'I‘l_\’EI'gEl}CE they rise and .cauds heay
r.a-‘mfall. The castern party of the lrady
winds associated  with the cool oceag
currenis, are'dricr and more stable than the
western paids ol the ocenn.

tire

The winds Llawing from the sub-tropical

R TT T S PTE YO PR

. high pressure belis towards the sub-pall”

: a!§o come under this category.

low pressure belis are known as Westerliy
They blow rom sowh-west (0 noith-tag
in the Northern Hemisphere and ner:,
west e southbeast in the Soulhey
Hemisphere, ]
In the Northern Hemisphere, vast ling:
masses  with  their drregular reliel angl
changing seasonal potterns of pressug :
tend 1o ohscure the general westerhl
airfllow. The westerlies of the Sounlm‘m
Hemisphere are suvonger and mosdus
constant in direction than those of ("
Northern Hemisphere, because of the vag|-
expanse ol water. The westerlies are hei
developed hetween 40° and 65°S. latiwde <
Thes.e laiiludes are "often called Roaring-
Forties, Firious Fifties, and Shricking
Sixl.ges, which ate dreaded lerms (o
navigalors.
) Thle poleward boundary of the westerlig
s highly fluctuating, There are manyl;

3

w0

seasonal and shori-term [luctustionsy
Thes_e winds  produce  spells  ang*
variabilities in weather.

‘Periodic Winds

The winds changing their direction.

periodically with change in season an’
called periodic winds, Monsoons are th,
best example of large ?c“ale modification oy
the planetary wind system. Land and saf
brecze, and mounin and valley breea*

Monscon- Winds
The word ‘monsoon has been derived (romy -
the "Arahic word ‘Mausim' which meang
season.  The monsoon winds thus reler 1
wind systems that haye a pronounce
seasonal reversal ol direction.

Traditionally, monscon winds werd-
explained- as land and sea breezes on ¢
large scale. Thus, they were considered
convectional cireulation on a giant scale]

S

Unfortunately this explanation doés not
provide  an adequate, hasis  for
understanding the warkings ol the system,

Among the current theories of origin of the

monsoon, the one proposed by Flohn has
the widest acceplance. * Accordingly, the
monsoon is a seasonal medificatdon of the
general planetary wind system. The Asiatic
monsoon regime is a consequence of the
interaction of both planetary and regional
factors, both at the surface and in the

upper roposphere. .

- ) ATMOSPHERIC PRESSURE, WINDS AND AIRMASSES 113

Fire, 126 AMonsoon winds

'

During summer, the sub-copical high
pressure belt arid the thermal equator are
displaced northward in response o the
changing pattern of solar healing of the
earth. Tn Southern Asia this movement is
magnified by the effects of the vast land
mass. The equatorial westerlies embedded
in tropical easterlies also move norchward.
From the ocean, they move towards the
land mass and blow over the -Asin
continent. These are the soulh-weslerly
summer monsoon. During winter, the sub-
ropical high pressue bl and the thermal
equator retreat southward. The normal
trade wind is re-established. This is winter
MONSCoN. _ '

The monsoon winds blow over India,
Pakistan, Bangladesh, Myanmar, Sri Lanka,
Arabian Sea, Bay.cl Bengal, Shuth-Eastern
Asia, Norihern Ausualia, China and
Japan. . .

The swmmer monsoon is characlerized
by highly variable weather with Irequent
spelis of droughs and heavy rains. The
winter mbnseon is a gentle drift of air.in
which the winds generally blow from the
north-easl, Retreating “onsoon cause
sporadic rainfall specially in the north-
castern parts. and the Tamil Nadu coastal
areas of India. Quuside India, in the eastern
Asiatic countries such as China and Japan,

the winter monsoon is stronger Lthan the
summer  monsoon. Along the coast, Lhe
cold continenial dry air masses and warm
occanic humid air masses clash and
produce heavy cyclonie rains.

Land and Sc;a Bregzes

The land and sea hreezes affect only a
narrow strip alpng the coast. During day-
time, the fand gets more heated than the
adjacent-sea and develops low air pressure.
The sca being cool, develops a
comparatively higher pressure. The warm
air of the land being lighter ascends and its
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place is taken by the cooler air coming
[rom the sea, which is called sea brevze A

the higher elevation, wavtn airgeis cooled -

and moves towards the sea. Henee, - sea

breezes blow during day at the lower level

‘and modérate the weather of the coastal:

[ringe. At night, rapid radiation makes the
land ceoler than the adjoining sea. This
resulis in high ‘pressure over the fand and
low pressuie over -the sea. Air staris
blowing from land to sea and is known as -

land breeze.,

Land Breezés

"FiG. 17 Land and sea breczes

Stopes hiatp

Valtey broazo(doyfirﬁe'}l .

- = ~<Fie, 128 Mountain and valley breezes

by insolation

Sea Breezes

&

\ Slopes cooled
\ _by radigtion

Mountain breeze (nlqhﬂ

eV

Ry
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Mountain and Valley Brecaes

A_diurnal or dafiy wind similar to land
and sea breezes occurs in most
mountainous regions. During day tirme the
slope of the mountain is heated more than
the valley {loor. As such the air {tom the
valley flows up the slope. This is kinown as
valley ‘brecze. After sunsel the pattern is

reversed. Rapid loss¢ of heat through.

terrestrial radiation along the mountain
slopes resulis in sliding of cold dense air

from higher elevations to valleys. This is.

called mountain breeze.

Local Winds

Local winds develop as a result of iecal
diflerences in lemperature and pressure,
They allect small areas and are restricied 10
. the lowest levels of the troposphere,

" Loo

in the plains of northern' India and
Pakistan, sometimes a very hot ard dry
wind blows {rom the west in the months of
May ad June, usually in the aftemoons, It
is known as loo, Its temperalure invariably
ranges between 45°G and 50°C. It may
cause sunsiroke 1o people.

Foehn and Chinook

Foehn is a hot wind ol local importance in
“the Alps. It is a swong, gusty, dry and
warm wind which develops on the leeward
side of a mountain range. Due (o regional
pressure gradient, stable air is [orced to

cross the barrier. Ascending air sometimes
causes the precipitation on Lhe mouniains

and.descends on the leeside. It warms and
‘becomes dry. The temperature of the wind
is from 15° w 20°C. The wind helps
animal grazing’ by melting snow and

hastens the ripening of 'grapes. Similar

kind ol winds in USA and Canada mave

down the wesl slopes of the Rockies und
are known as chinooks. The word chinook
literally means 'snow cater’. It is heneficial
to ranchers cast of the Rockies s it keepn
the grasslands clear from snow during

‘much of thes winter, :

Mistral

During winter, areas adjacent to highlands
may experience a local cold wind ‘which
originates aver (he showeapped mountains
or highlands and blows down the vailey,
These winds have been given local names.
The most [amous is the mistral that blows

from the Alps over France towards the -

Mediterranearr Sea. It is channelled
through the Rhone Valley. It is a very cold
and dry wind with high velocity. Even
though the skies are clear, the mistral
brings: down the temperature below
{reczing point. Its speed is so great that

_ -orchards and gardens have to be protecied

from it by thick hedges of cypress trees.
Many small houses have their doors and
windows only on the. south-eastern side,

Upper Air Circulation”

in the mid-laitude, high-speed swinds
known as jet streams blow {rom west to

east .n the upper troposphere near the,
tropopause. The jet streams arc narrow -

meandering bands of swilt winds which
are embedded in the prevailing westerlics
and encircle the globe. They may range
from 40-160 kilometres in width and 2.8
kilometres in depth. Average wind speed
are.very high with a lower limit of abowt
120 kilometres per hour in.winter and 50

¥m per. hour in_summer. These jet streams

also have cores where speed s much

 grealer,

There aré two main jet strenms, ‘They are

{) the sub-tropical jet stream, and (i1) the

mid-atitude or polar front jet stream. The
-
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118 PRINCIPLES OF GEOGRAPHY

sub-tropical jet stream is iocated over the

tow latitude :margins of .the woesterlies, It
persists through most of the year. It is
praduced by the rotation of the earth. Ad
the equator, the rotation produces greatest
velocity in thd atmosphere. As a result the
rising air wﬁjich spreads out northwards
and scuthwards, moves faster than the

latitudes over which it is blowing. It is

deflected to the right in (he Northern
Hemisphere and to the lelt in the Southern
-+ Hemisphere, and, at about 30° laticude it
becomes concentiatzd as the sub-ropical
jet streams. L .
The mid-latitude or polar {ront jet is
produced by a temperature difference and
is.closely related to the polar front abeut
* which vou will know in detail in Chapter
t2 of tKis book.™t has a more variable
position than the sub-tropical jet.® In
summaer, ils -position shills. wwards the
poles and In winter towards the equator.
Can- you explain why? - e
(Although  jet streams are not yet
completely understood, they seem to have
an important influence on our weather
conditions. They- play important role in
thé possible formation, steering or
intendifying weather phenomena such as
cyclonies,  anticyclones,  hurricanes,
lyphoons and other weather condjiions,
Usually there are severe storims when jet
streamns interfere with surface wind
. sysigms. Jel streams are also used by
aviators if they have o {ly in the direction
of. the. flow of 'the jet sireans.
- Air Masses

Most of the major weather changes take place
due’ o' the advances afid internction” of air
" masses'and of the processes involved thersin,
An air mass is 3 large bedy of air whose
physical properties especially temperature
and moisture content are relanively
uniform, horizonally.” Normally, an air
mass extends gver Hundreds ‘ol kilometres

I LS g T ¢

and consists of several layers, each having
homogeneous conditions, For acquiring
such an unilormity, the air must rest for
_sometimes over a surface which has fajrly
homogeneous conditons. Regions where
homageneous air masses tend 1o be created
are known.as source regions. A large land
mass or water body which has evenly
distribution insolatien provides a suitglile
locationn for the development ol an air
mass, Some of the well-known source
regions are sub-tropical -dnd tropical
oceans, ie, low-latitude deseris like the
Sahara in the summer and the continenial
interiorst especiallyjthose of North America
and Eurasia in the winter. Another,
prerequisite for the developrment of an air '

. mass is large scale subsidence over the

source region! Subsiding air over a
homogeneous source region gradually
acquires the characteristics of the region
and retains them even when it moves awav. |
The heat and moisture properties of the air
mass may, however, change when it moves ,
avet other surface conditions. An air mass -
is said to be cold when it is colder than the
surface over which it rests or is moving. An
air mass is sald (o be warm when it is
warmer than the sutlace aver which it rests
or is moving. -

Alr  masses « are classified on  two
bases : (‘I). nature of the sourte region; and
(1) air mass modifications. On the basis of .
the natadre ol-the source region, air masses
may broadly -be grouped under two
cafegories—-—lro,m'cal and polar. Since
source regions may either be oceans or
continents, further sub-divisions introduce
four "secondary types-—maritime tropical,
continental tropical, maritime polar, and
continental” polar. Maritimé -air masses
contain high humidity and preduce large

-amount of precipitatiog. Continental air -

masses on the other hand, are dry and
produce less amount of precipiation.
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Eventuaily, air masses are modz[xeFl as
they move away {rom their sorce reglons.
‘ main  types of
modilications : {hermodynamic and .
dynamic or nvechanical, When an ait mass
is heated or cooled from below due 0
ransfer ‘ol heat between the ground and
the base ol the air mass, it is known as
thermodynamie change. The degree of

. change is determined by the nature of the

underlying surface, the, path of movement
of an alr mass, the duration of wavel and
the addilion or abstraction of moisture.
When a warm air niass moves'over a cold
surface, its lower layers become cold. It
produces a temperature inversion which
greatly limits the vertical « extent o[lt}ue
cooling, Asa result, a couc.iluon of srt,ablllny
is created, which inhibits condendation
and precipitation. 'Suclh changes aie
experienced by tropical aiy masses. On lhe.
contrary, when a cald air rpass moves over
a warm surface, iis lower laycn:s'l?ccome
_warm. It increases air mass jnstability and
causes. convection, This leads, (0 the
formation ol vertical clouds {cum'u!us) and
Jurbulence in the air. Polar atr mass

experiences this change. » .
¢ 1o additon of

Changes occur  due
moisture in the air mass through
evaporation [rom the surface or by

precipitation {rom an ovc:rlyiqg layer ol

Worm air

aamarsraigsmmadss

&
*50
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the air mass. Similarly, absuxa‘ctipn'p[
moisture by condensaden or prec:puauo.n
can also bring about changes the nature
of the air mass. Besides, respective addition
or foss ol latent heat accompanylng
condensation and ‘evaporation is another
jmportant faclor responsible qfor. the
in the air mass. _
Ch?]r;%@easmic or mechan ic{zl changes -1[1VD]\{C'
such modifications which are generalh3
independent ol the changes caused v
surface cooling or heating. For example,
significant mod»ificm:lon can result from
‘vertical movements induced Dby cyclonc§
and anticylones or surface h.-nlzuon. {I:1 a
cyclone, conyergence and rising o {‘;H‘
results  into  instability copvers.ely. n.c
" anticyclones are.asseci;_ned'wnh divergence:
and subsidence of air cul:rf:ms.c'ausmg
stability. Surface friction’ :menmh‘cs_ the
natura) turbulence of air flow,prowdmg-a
ready n{echanism‘for the upwzsrd transfer
of the effects of thermodynamic changes. _
Air masses of dilferent densities do not
mix readily and tend to- TemIn ..Lhmr
identity as far as temperature and moisture
are concerned. The boundary .7.c.mc of
convergence separating the two air masses
are called [ronts. Usually, air mass from.
one region gradually moves (0 li?e ather
region occupied by some other air mass.

" when a warmer and lighter air mass moves

Warm air
TP
O
%
=
(> &
Cold qir ;
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Fig. 128 A werm and a cold front
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agamst a cold and more dense air mass, the
former rides up over the later. Such a
front is called a warm - front. On the
contrary, il the cold air mass forces its way
under a mass. of warmer air and pushes the .

cold front. :
In the middie lamudes, along the front ofthc
“warm and cold airmasses, temperate cyclones
are formed.

e

EXERCISES

Review Qucslions‘" N _

1. Answer ‘the following 'questions: - .
{) How does the knowledge of air pressure help in [orecasting weather?
(i) What is the standard sea level pressurc in. millibars?

(i) What is a pressure gradient? ‘

(iv) Distinguish- between air currerits and winds. -
(u} What are planetary winds?
(w) Why does presswe decrease 'with altitude?

.

(wz) What is an. n:r mzlss’J How i is it different fromit wmd?

2 Wnle short notes on% -
(1) [sobas, (1) The Doldrums, (:u) Mountain and Va]ley Breezes {iv) Trade
Wmds (v}, Lm, and (v:} Jet Streams. o
3. Brielly describe how the coridlis effect modifies the movement o[ air.

4, Dlscuss the pressure beles and prevailing winds,

5. The monsoon is a srodification of the general planetary. wind sysiem, )

E‘.xplam

6. Give one term [or each of the following :
(1) An imaginary line drawn through places having cquai atmospherlc

' pressure reduced to sea level.

(i1} Air that moves honzonmlly along ‘the earth’s surface.

{rid} Deflecung force due to rowiion ol the earth. ,"

(iv) Wmds blowing over south and south-east Asia that!are characterized
By reversal in wind direcdon with change in seaéon '

{v) Winds blowmg from the sub-tropical '11gh pressure belts towards
thé sub-polanilpw: pressure beits. : .

(v) A warm dry wind; known as a snow catcr,”blewmg on the eastern side
of Lhc Rocky Mountains. 5 i

(vu) Narrow meandermg bands of SWIfl virids “which blow in the mid-

latitudes near’ the tropopause.

{vivy An airmass which originates our tropical oceans,

fatter upward. the {ront will be called a

ATMOSPHERIC PRESSURE, WINDS AND AIRMASARIN 12

Finding Out ' :

7. Find out information on some other famous local wmds such as simoom,

karzburan and bora

Cartographic Wotk
8. Swdy Figs. 10.2-and 10.3 carefullv and wme in br:ef about the sealevel
pressure in January and ju!y . .
Further Readings '
Barry, R.G. and Chorley, R.). dtmosphere, Weather and Climate, Fourth ed:uon
Londorr : Methuen, 1982, : . ’
Das, P.K., <The Monsooﬂ I..ondon Amold, 1968. RS
Gates, ES. Me!eorofogy and Cl:mafology, Fourth edition, London Gcorge
G. Harmrap & Co. Lid,, :1979.- .
Kellaway, G.P. 4 Background o] Physzcal Geogra;‘;hy, London Macmrllan
& Co, 1957. . T
Lutgens F.K. and Tarbuck E.J. The Atmosphere, New Jcrsey Prcnucc Hall' :
1979.
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LTHOUGH :the highly variable

. | water-vapour content forms onty a
small proportion {varying from

zero 1o four per’cent) by volume of.the
_aynosphere,” it is the most important
constitiient of the.aiz in deciding weather

- and climate, Water may be present.in the
. atmosphere in _all the three forms
", {gaseous—water-vapour,  liquid—watér
. droplets, -and solid—ice crystals). This
Cunigue gift of nature 1o our watety planet
and o, the biosphere {5 of great

‘!‘;“ , -significance for several/(reasons. some of

10FE

e them are listed below :

1. The amount of water-vapour present
in a given-volume of air indicates the
‘atmosphere’s  potential capacity for
“precipitation,

-2, Watervapour absorbs radiation and,
therefore, it is a regulator of heat loss
from. the earth,

The amount af water-vapour present
»  decides the quantity of lawnt energy

" . stored up in the atmosphere for the
- growth of storms, )

4, The amount ol water-vaphlir' present

p in. the atmosphere ‘affects the himan

8 "o body's rae of cooling.
. Water-vapour in -the atmosphete comes
through * evaporation [rom the “oceans,

Takes, rivers, ice-lields and glaciers, which

; © together comprise abouit 75 per ccm‘EL the
o earths surlace, - Besides (Hese soliees,

-
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-~ Moisture in the ‘Atmosphere

evaporation - from the moist ground,
transpiration -from plants, and animal
respiration afsg contribute moisture to the
almosphere. By wind and convective
moverhents, [he water-vapour evaporated
[rom various sources is,carried for long
distances 'in Jand [rom the oceans. Under
favourable conditions it cendenses and
precipitates over the earth's surface as rain,
snow-and hail, If the precipitation is over
the "oceans, one cycle completes and

another begins. However, the precipitation

that falls on the land takes more time in
completing the cycle. A portion of the
precipitation that falls en tHe land "is
soaked by the ground. Some of it is
absorbed by plants which later on release it
inte the atmosphere through transpiration,
Rest of the waier that infliluates the
ground, moves under the surface and
finally finds it§ way into springs, lakes or
stréants. When the amount of ;3-1:ecipi tation
is more than the earth's abijily 1o absorb iy,
the additonal water llows over the surface
into streams and lakes. Eventually, the
water that sozks in or runs off linds iis way
back to the oceans and ithen 1o the
atmosphere or directly to the aimosphere.

Thus, there is a2 continuous exchange of

-water between the oceans, the atmosphere

and the continents thropgh evaporation,
transpiration, condensation
precipitation. This unending circulation
of the water an-the earth is called the
Iydrologic-eycle, Energy for the operation

R O L A B R g

and

of this cycle is provided by the sun
- Atmosphere is the vital link between the
oceans and the continents in this gigantic
.+ system. Huge quantiiies of water are cycled
17 through the atmosphere cach year.
 © However, the atmosphere cantains only a
! minate [raction of the eatth's tolal water
£ supply at any ohe point of time.
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- Fic, 13.1 Changes-of state

‘Humidity is the generdl term which
describes the invisible amount of water-
vapour present it the air. 1t may be
expressed quantitatively in different ways.
The weight of actual ameuni of water,
* . vapour present in a unit volume of air is
v called the absolule humidity. 1t is usually
expressed .as grams per ciabie metre of air.
Absolute humidity *of the atmosphere

LTk

o time. The ability of air to hold water-
vapour  depends. “entrely on it
. ~E¥ lemperature. Wanm air can hold more
moisture than the cold air. For example, at
a temperature of 10°C, ane cubic metre of
| air can bold 11.4 grams of watér-vapour. If
' temperature rises (o 21°C, the same volume

‘ Thus, a’ rise in the temperatere of air
increases its capacily 0 remin water-
vapour, whereas a -fall in temperawre

" decreases it. However, it is not a,reliable
index because change in temperature and
pressure cause changes in the'volume o[‘air
and consequenuy the absoiute humidity.

+
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Another and perhaps a more useful way
is lo express humidiy as the weight of
water-vapour per unit weight of air,.or the
proportion of thé .mass of water-vapour (o
the total mass of air is called the specific
humijdity. Since it is measured. in uits of
weight {usuaily grams per kilogram),
spéci[ic humidity is not alfected by
in pressure or temperature. -

et, another important measuie 15
relative humidity, which is the ratio of [!m
air's actuzl water-vapour conient o 1S
waler-vapour capacity at a given
temperature. “This relationship. bewween
absolute humidity and he maxymum
moijsture holding capacity of air at a
pasticular temperature is always expressed

“in percentage. Since relative humidity 15

changes from place to place and [rom time

of air can hold 22.2 grams of wawer-vapour. -

based on the air's water-vapour content as
well as on its capacity, it can be—chalnged in
either of the two'ways, First, if molstuse is
added by evaporation, the relalive
humidity will increase. Second,-a chan.ge
in' temperature will also aflect rejative
humidity and a decrease will' cause’'an
increase. in relative humidity, Relative

humidity determines tlie amount and rate’

TEMPERATUAE .

i 8t il
WATER VAPOR CONTENT 3 grama 10 gromy | 20 graems
Loreme for XHggram)
CARACITY 0 0 mn
RELATIVE BUMIDITY  3/20 «2%% 10470 - 50 20/20 - 100%
2v4 ., st
Fre. (32 Relative humidity
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124 PRINCIPLES OF GEOGRAPHY
of evaporation and hence it is an
important climatic factor.

Air comalmng maisture o s {ull
capacity at'a given émperature is said to
be saturated. .}t means that the air ac the
given emperatire is incapable of holding
any additiona! amount of molsture at-that
‘relative humidity of the

saturated zir ‘is 100 per cent.If it has hall

the amount of moisture that it can carry, -

the air 'is unsaturated and its relative
humidity ‘is only 50 per cent. A given
sample -of air becomes. saturated without
any change in its !
provided its teroperawre lalls or it cools lo
the required éextent. The temperature at
which satwration occurs in a given sample
of air ot -water-vapour begins (0-change
into water is known as dew point. Thus, a
maoist dir-as in equatorial region has high
relative humidity,-and dry airas ina dcserl
‘has” low relativé humldlly although the
laucr is capable ol holdmg more or it,

-Ev':porauon and Condcnsauon

I8 yansformed [rom liquid to gaseous’

ralion is the process. by whlch waler

form. It lakes. apprmumalcly 600 calories
ol energy to:cdnvert dne gram of water to
water-vapour, One calorie is the amount pf
heat required lo raise the temperature of
ene gram of water to I1°C. The energy
absorbed by the water motecules during
evaporation is used solely lo give them the
motion needed © escape the surface of the
Hauid and become a gas. Because this
energy is subsequenily reieased as heat
when the vapour changes back into liquid,
it is generally relerred (0 as .lalent heat.

Conversely, condensation reieases this heat
energy, which produces violent weather.

" The rawe -of evaporation depends.on a,

number of faciors : (i} teniperature, (if) the

Cmaeistuse content or the degree of dryness

ol air, -and' (i) movement of air. If

moisture content -

lsmoke and salt

moisture content is low, air has a
potentiality of absorbing and retaining a
larger- amount of moisture, Air with high
humidity has less potendality, hence
evaporation is slow and small in amount,
Similarly, increase in  temperature
increases - the water absorption and
retention capacity of the given sample of
air. Movement of air replaces the saturated
layer with the unsaturated layer which has
asgreater capacity ol absorbing moisture,
Hence, the grealer the movement ofair, the
greater is the cvaporauon .

Condensation is the process of clmnge ol
stale from gaseous to' liquid or soid state.
When -moist air is coeled, i1 may reach a

“level when its capacity o hoid water-

vapour is exceeded by the actual amount
present in it. Then the excess water-vapour
condenses jito 'a’ liquid or solid form
depending upon the temperature, In {ree
air, condensation results «from cooling
around very. small particles termed as
condensation nucleir Particles of "dust,
1 frbm the ocean are
parucularly .good ndclei
absorb water. Thesc pallucles are (termed
hygroscopic (water-seeking} nuclel.

.Condensation in'air itsell cin only take
place if the: lemperature of the air is
reduced: to below the dew poml As Lhe
dew poml ol any mass of air is it
saturation’ point, when its relative
humidity is 100 per cent, a liztle more
cooling will bring about the point at the
level where condensation takes place, viz.,
water-vapour changes into clouds ov rain.
in contrast, when relative.humidity is low
a large amount of cooling is required ‘1o

first -reach .the dew ‘point and then the

condensation. If moist air comes in contact
with some colder object, the condensation

‘may also takc place even when it is close 1o
‘the dew point.
depends on (7) the amount of cooling, and

Condensation, therefore,

* '

S he
i Condensation occurs
. condilions which in ‘one way or another
¥ are associated with change in any of the
W [olloumb

becausé they -

5. lemperatare

T et il i

humidity of th¢ air,
under varying

relative

variables—air volume,
emperature, pressure and humidity. Thus,
condensation  takes place (i} when the
temperature of the air is reduced biit'its
volume remains constant and the air-is
cooled below the dew point; (47) i the

,A
“volume of the-air is increased, without

addition of heat; (i77) when a ;oml change
‘of 1emjerature and, volume reduces the.
moisture holding capacity of the air below
is Pmslmg moisture contenty of (iv) by
evaporation adding moisture to the air.
- The ITOSE COMMOon circumstances
+ favourable (or condensation are those
producing a drep in air u:mperamre

*

:*iirldl'a!)atic Temfperature Changes

When the air rises, s volume increases
due 1o expansion, Thus, heat available per
¥ unit volume is reduced and therelore the
% wmperaure  alse  roduces,  Such: a
"\ wumperature change which does mot
- mvolve  any subtraction -of heat and
“ cooling of air takes place _only by ascent
tnd expansion .is termed  as admbatac

. major cause of adiabatic and katabatic

changes. Near the garth’s

* surface most processes ol change are non-
adiabatic because horizonlal movements
often produce mixing of air and modify
their characteristics.

When air rises, {empgrature decreases,
The rate at which lemperamrc decreaseé in
vising  air depends upon the moisture
content of the air. In unsaturated air, the,
du—rmsc of lqmpctalglrer with hEIghl" is
Suwice than in situ

" condensation after satwsration occufh. The
rate at which the wmperature decreases in

change. Yertical dlspiawmem of air s the’

" clear, sky.

d air. This is maialy .1
“due to the release” of - latr:m -héat. of
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rising’ unsawrated air is known as diy

adiabatic raté, and thatin the salurated air
is called wet adiabatic rate.

Forms of Condcnsmion

Formas of condens-mon can be classilied on
the basis of tempcmture -at which thHe dew
point is reached. ‘Condensation can. lake
place-when the dew point-is'(4) lower than
the ireezing point; and (i{yhigher than the

fréezing point. Whereas white [rost, snow .
and some clouds are produced when the

temperature is less than the freezing point,
dew, fog and ‘clouds result even when the

temperature is higher than thc [reeang .

point.
Forms of condensauon may also be

ClaSSlflEd on the hasis of their locatiof) i.el,

at or niear the carth's surface and in [rce
air. Déw, white frost, Tog add mist come in
the [irst category, whereas the clouds are in
the second category, On a clear winter

night strong r'ldnuon cools” ‘the ealth's.

surface very qu:cLly “Cold la\nd surface

cools—the moist .in- Joer : layer ol the'

atmosphere. When  thé temperature s
reduced 10 the dew point, condensation

- oecurs i the form of dew, frost or fog

depending on the ameunt of maoisture
invalved, the thickness.of the coohng air
{ayer * and “the V'l]l..lC of the dew point

Dew

When the moisture is dcposncd in the
{orm of water dtoplcts on cooler surface ol
solid objects such -as stongs, grass blades
and plant leaves, it is known as d¢ "." The
ideal condmous Tor. its fofmation awe a
itle or no wing, high ralative
‘Hurnidity and cold and long nighls’ Tending
lo-gredier radiauon.ol“ Heny (rogh; the earth
‘for its, coohng ‘For e Ffmalion af tew, it
is necessary that thé’ dew polnt is above
{reczing ppml..

R
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. White Frost :

When condensation 1akes plage af a dew
point -which is ai or below [reezing point
{0°C), excess mioiswure—is deposiied in the
form of minute ice crysials instead of
droplets of water. It is called white frast.

. The ideal conditions for the !arrnauon of
white frost are the same as those for the
formalion of dew, except that the air
iemperature must be-at or below freezing
point.

Fog

Fog is delined as a cloud with its base ator '

very near the ground. Fogs arc of different
kinds depending upon the nature of the
cooling process, Raediation fog, as the
name suggests, resulls from radiation,
4 _cooling of thé ground and adjacent alr.

. Fogs are also formed along the front

These fogs are npt wvery thick (10-30
metres), When the moist warm air moves

ever a cold surface, it is cooled by contact !

and 10 some extent by mixing with the
cold air associated with the cold surface
helow. If the cooling is sufficient, logs will
be formed. Sinée these fogs are a

consequence of diop in air temperature |

during horizontal movement of air, they
are .known as aduvection fog. Unlike
radiation fogs, advection fogs are olien
thick (300600 metres deep) and persistent.

separating cold and warm air masses. Due
to convergence, warm air is lorced 10 rise
over the cold air and cools. If the resulung
clouds yield rain and the cold air below is
near the dew point, the excess moisture of
the air falling as rain condenses to plcduce
fog at the boundary of the wanm angd cold

*h air masses. These are called fromtal or |3
. . . ! precipitation fog.
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. Mist is also a kind of 'fog in which the
; VlSlbllll)’ is more than one kilometre It

" less than 2 kilometres,

C!ouds

Cloud is a mass ol minute r‘mpl: o oof
watel ar tiny crystals of iée formed by the
condensation of the waterwwapour in [ree
air at-considerable elevations,

v CGlouds are caused mainly by the
Y adiabatic cooling ol air below s dew
 point. This cooling  process fs, most
dfecmely created by upward moverent of
light and warm meoist air, which in wm
2 reduces pressure, expands ‘and reaches ils

dew or sawration point, condensation
: rakes place in air forming clouds.
Clouds are classified on the basis of {a)
+their appearance, Le., the general shape,
" structure and vertcal extent; and (b) their
height or alriwde.

On the basis of the appesrance, the
following cloud types may be idendfied.
; Cirrus clouds are high; white and thin,
They are composed of ice Erystals, They

. and feathery dppearance. Cumulus clouds
\}‘i- exhibit a [lat base and have-the appearance
“ ol rising domes, Progressive veriical
development of (hese clouds are usually
quite apparent, Such clouds are often
described as having caulillower struciure.
Stratus clouds are bes| described as sheets
of layers that cover much or all.of the sky.
All the clouds either re{lect one of these
three hasic forms or are combinations or
modiflications ol them, '

" There are three main groups of clouds
according o the average height of their
bases. These are: High clouds (6,000-
12,000 metres); Medmm clowds ¢2,000-6,000

" metres); and Low clouds {ground level.

2,000 metres). Alto and Nzrnbo are the

e

dew point. With [uriher u)oimg below the |

form delicate patches and give a fibrous -
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other two prefixes which refer 1o middle

level clouds and jow clouds of ¢onsiderable
thickness with -dark-grey appearance,
resprectively.

1a all there ave ten major 1ypes of clouds
whichh are grouped here under three main
categories  arranged according 1o their
height. !

[ — Low clouds include stratocum-
ulus, stratus, nimbostratus,
curnulus and cumtlonimbus.
{I — Medium clouds include altocu-

mulus and altosiratus,
Il — High clouds include girrus, cir-
rostralus and cirrocumulis.
Cloud pictures taken from satellites help
in forecasting the weather.

Precipitation

Continuous condensation in free aif helps
the condensed particles to grow in size,
When the resistance of the air fails 10 hold
them against the force of gravity, they fall
on the earth’s surface. Condensation of
water-vapour in the air in the form ol

water droplets and ice and their'falling on°

the ground is called precipitation. This
may take place in liquid or solid forms‘of
waler. The precipitation in the fordi of
drops of water is called rainfaill. When the
emperature is less than 0°C, precipitation
takes place in the form ol line flakes of
snow and is called snow-fall. Although
rainm and snew are Lhe Lwd most.common
larms of precipitation, other forms such as
sleet and hail also exist. However, they are
limited in occurrence and sporadic in botly
time and space. i

Sleet is [rozen raindrops and re- [rozen
melted snow water. It may be a mixture ol
snow and rain or metely partially melted
snow. When a dayer ol air witl
lﬂnpcn[ure above [reezing poml overlics a

-sub-freezing’ fayer near -the.ground,

precipitation takes place in the form of
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sleet. The raindrops which leave the precipitation totals.-Hence, in many parts

warmer air encounter the colder air below.
As-a result, they solidily and reach the
ground as smali pellets of ice not bigger
than the raindrops from which they are
lormed. ' . .
Precipitation in the form of hard
rounded peliets is known as hail.
Sometimes rapidly ascending air currents
lift rain drops to great height above the

freezing. level. These. water draplets freeze -

easily around small solid perticles present
in the atmosphere. Once frozen, these

small ice granules grow in size and the air |

is unable 10 hold them. They start falling
down. But the sirong air ‘currents .again
toss them up. Inthe process they collect
more coating ‘of ice, become large and
begin the downward journey. Each trip
above the [reezing level may be represented
by an additional layer of .ice. Hailstones,

therelore, reveal several congentric layers of

ice one over the other.
Precipitation Types
On the basis of its origin, precipitation

may be classified into three main-types—

onveclional, orographic, and cyclonic or
irontal. In general, only rain and snow
‘make . significant contribution to

)
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t're. 13.5 Conudetional "]')'rQCI‘pi'Etiti'o.ri

Qrographic Precipitation

~movement,

of the world the ierms rainfall
precipitation are used inlerchangeably. In
[act. precipitation records mostly refer 1o
only rainfall data since snow-fall is less
easily measured with the same degree of
accuracy. .

]

Convectional Precipltation |
+

It is caused by convectional ascent of warm’

and humid air 16 great heights. Most ol it
is in the [orm of rainfall. Due 10 excessive
heating of the earth's surfacé in summer
manths, vertical air currents are produced.
As the surface alr rises, it expands and
couls and eventually gets saturated. This is
followéd * by condensation and
precipifation. This process releases iasent
heat of condénsation which lurther heats
the air and [orces it to continue upward
This - ieads 10 further
condensation  and  .precipitation.
Convectional precipitation is heavy but
highly “localized and is associated wiih
minimum amount of cloudiness. Rainfal}

in: the. doldrums is of convectional nawre. -

It occurs when warm and humid air strike

landform barriers such as mounmin raniges
and is [orced wo rise. The subsequent

sequence is similar o that of convectional

rain. In- orographic precipitation, the
windward slope of a mountain range gets
more precipitation than the leeward slope
because the -air descends down the slope
and’ gets warmed up. Hence, the leeward

Fic. 13.6 Orographic precipitation
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slope is drier and is known as the rain-
o shadow area. ‘ Cw

The wide variation in the amount of
rainfall at Mahahaleshwar and Pune, only
a lew kilometres;away from each other, is
duc to the orog!aphié nature of rainfall.
Mahabaleshwar situaled on the Western
Ghats receives more than 600 centimelres

L of rainfall, whereas Pune lying in the rain-

2 shadow area has ‘only about 70 centimetres,
& .

Cyclonic or Fronlal Precipitation

When precipitation is asspciated _-‘}vi-Lh"‘a
cyclonic circulation, it is called' eyelonic.
Rainlall and snow-[all of [ronal utigin are
associated with this. When warm and
humid air mass converge with the cold air
mass, they cause turbulent amd stormy
conditions,  genérally  [oliowed b.y
precipiation particularly along their
‘frants. :

« Distribution of Precipitation

Diflerent places on the earth's s.ur(_acc
receive dillerent amounts of precipitation

Fre. 137 Cyclonic or fromial precipitation .

' " in a year, and that oo, in diflerent seasons.
Nevertheless, the main [calﬁres-_can_be
explained with the help of global wind
. dnd pressure systems, distribution of land

and water, and the nature of the relief
features. - .

MOISTURE IN THE ATMOSPHERL  12¢ .
In gener’all, high latitudes having high
pressure’ associated with subsiding and
diverging “winds, experience rather dry
conditions. On the othet hand, the
equatorial belt with low pressure and its
converging winds, ‘and ascendipg -air
receives ample precipitation. Besides wipd: -
pressure systems, the inherenit natre of the
air involved; is also aly important factor'in
determining the . potential ‘for
precipitation. Since cold air has low

“capacity to hold moisture ihan the watm

air, a general decrease in precipitation’ is
revealed with the increasing distance.: of
latitude (rom the equator towards -the
poles. . : -
" In addition (o the latitudinal variation
in .precipitaiion, the distribution of land
and - water  complicates the global -
precipitation pattern; Large land masses in
the middle latitudes generally experience a
decrease in precipitaion towards their
interiors. Further, the mountain barriers
alter the ideal precipitation pattern that .
one would expect [rom the global wind
systems, Windward mountain_ slopes
receive - abundant precipitation, while
lecward slopes and adjacent low Jands [all
in .rain-shadow.

On the basis: of the total amount of
annual precipitation, major ;.wcri|?ill'.umn
regimes of the world may be identified m

" Fig..11.8,

The equatorial belt, the windwurd

“ slopes of the mountains along the wenlen

¢oasts in the cool temperate zona il the *

_coastal areas of the monsoon Intucle, 1reeive |
" heavy precipitation of over 200 centhmetien

per_annum. \

.Areas adjacent to the high precipitution
regime receive moderate rainfull varying
from 100 to 200 centimetres per nphiim.
The coastal iwrens jn the warmy tempwnte
zone also receive moderate wnonnt ol
rainfall,
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’ ‘ z 2 2 The central p':n‘ls of the wopical land  of the regions such as monsoon lands and 3
‘:T] ioand the eastern and interior parts of the | the. Mediwerranean regions experience i |
et gt ¥ tempesate  lands receive inadequate seasonal rainfall. For example in our o
) sl { precipitation varying between 50 w0 100 country, 100 much of rain in one season is a0
1 g eentimewres per annum. often followed by lgng dry season. This i
; i Areas lying in the rain-shadows, the leads 10 the wastage of rain-water in one ‘
; nt e HERR ol . interior ol the continents and high season and an appalling scarcity in the
' T T b latitudes receive jow precipitation of less  other. ‘ &
/ than 50 cendimetres per annun, The  -Even 'if the precipitation is scanty but
e western margins of the, cominents in the  concentrates in a short growing season, as :
tropical lands, and the arid deserts come  in high latitudes, its maximum utilization ;
m ! under Uris calegory. : is possible. )
- ) , Seasonal- L!istribp'tion of rainfall Precipitation even in.the form of f{og, -
2 4 : provides an importang aspect to judge the mist or dew in certain parts has an
{ ; elfectiveness of pregipitation. In some appreciable eflect on vegetaton. The dense
' £ regions, precipiation is distributed evenly fog, nourishes vegetation in lhg I\alefhan
9 = s throughout the year such as in the _Deser.t, and dg‘w and‘ mist i winter ”
§ ] s equatorial belt and the western parts of “nourishes wheat crops in parts of Cenual
) o i ] i 3 .
: o - ! g ‘cal temperate regions. On contrary, some  India.
! o ) b :
.| | : £ - ‘
of ® ' : s
- 10 o . I : } ®
e ll i . et | 2
i § = — :
ol | e i 3 ENTRCISES :
N i | ' - 4 2 ‘ .
TN | L i D, e g B :
T "E: QB ; . [ e 2 . . .
; ¥ o] P }i = T - Review Questions . . 5,
bl ,gsg =fnl i g o e i s [ 1. Answer the [ollowing questions: | -
B B - RS -~ - L4 = . . s ' g ¢ "
: RN} 3 : T . ) i : (£ What is humidity? . - . ; ‘
N T i | e iaaial S g - - N ,
L g ¥ | —,L" g o {(it) What are the factors controlling the amount and rate ol evaporation?
& & - . B ; g s -
G N I : et E o 2 = (tif) How docs condensation take place?
tmli i . I | X L s - . . R *
¥ ™. '[u i f _L____..ﬁ_f“/ 5o : (fv) What are the different forms of condensation?
il - ] ’ f o .
':j . ! i [ I ﬂm] : (v} How clouds are formed? i
. |- T ' 1y What are the different types of clouds? ’ .
I & - .
: T L 2, Distinguish between : ‘
» z ({) Fog and mist; (i) dew and dew point; (i77) absolute and relative humidity,
R . 3 ) .
‘ et - and (fv) rainfall and snow-[all,
b 3, Write short notes on:
S . i {7) Frosy, {i1) Adiabatic tempeérature changes, (i7i) Orographic precipitation,
] . . YRR S, W § B {#) Convectional precipitation, (v} Hail, {vi) Rain-shadow areas. E
S > : _ : . ] 4. Discuss the salient feafures of the world distribution of rainfall and the
b R 5 associated conwoliing factors.
- . ¥ EY
2, 5, ; i
 Jile i N o = P
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5. Give a single term for each-of the following :

(9 ’Ijhe.z amount of actual water-vapour present in per unit volume of
amr, ‘ ‘

(i1} The air that conains moisture o its full capacity.

i) T : ' .
{ifi) wlal:er[.)rocess of change of state {rom gaseous to liquid or solid forms of

{(fv) Falling of the frozen 1ain dro
ps and re-frozen ;
earth's surface, melied snow on the

+

- {v) Rainfal} associated with. the convergence of warm and cold

i RIr masses.
Finding Ow i

8. Mgintain atecord of clima
thick f{og, dew, frost and |
_thc year, you would be in
ar}d intensity of each type
climate of your region,
Cartographic Work R T
7. Study carefully (he world
the following - questions

{) Why.the amount of precipitation is mcagr.e'
Canada, Greenland and Siberia? '

tic phenomena_ such as duststorm, thunderstorm,
heavy n::lownpour in your locality. At the end of
a position o gengralizeé your data—the frequency
of phenomenon, Correlate your findings with the®

map showing distribution ol minfail and answer

in the northern parts of

{#) Why do the Central America, Northern Af
receive dilferent amoun
latitudes?

Further Readinés

¢rica, Northern Africa and Southern China
ts of rainfall while they arc Jocated in the sanie -

[

Barry, R.G. and Chorle :
o, T ¥ R, At
tion, Londoen : Methuen, 1J982,momhm'

Critchiield, H. General Climatalogy, New York : Prentice Hall, 1961
Lutgens F.K. and Tarh ' g P

i uck, E.j. The Atma:phe.re. New LJersgy i Prentice Hall,

Weather and Climate, Fourth edi-

F .

.

E2Y

Y

E have so [ar examined the spatial
and seasonal variations of the
. major clements of weather and

winds, humidity, and precipitation,
Weather is the sum total ol the

\ specific atmospheric conditions. Clirdte,

and composite picture ‘ol the average

weather conditions and prominent

departures from the average spread over a
" long period, {or a given larger area. The
combined effects of the variations, of the
major climatic elements in different.parts
of the world and also the varied nature of
% . the carth's surface give every location a
% distinctive climate, Hence, the number of
different climates is exwremely large. Such
a varjety poses problem in providing
simple explanations. It is, therefore,
essential to classify the different climates
- into few major groups having certain
. common important characteristics. In

LR T T Ry

—

arrangernents  of  information  in a

simplified and generalised manner. This

. would not only help in comprehension but

" would also facilitate analysis and
‘explanations. . C

Several attempts -have’ been ‘made to

" .classily the climates of the world w0

. describe and delimit the major types of

CHAPTER 14

climate, such as temperature, pressure,

¥ aumospheric conditions in a place or in an
< area in terms ol these clemenis “at-'a
particular -instant.~. Thus, it rkfets (o

on the other hand, indicates a generalized

other words, it mecans systémalic

‘Arctic and  the

Classification of Climates

climates in quaniitative terms, It should,

-however, "be termembered that no. single

classifi¢ation . canv.be perfect because
cimate stands [or the generalized. and

‘composite ‘weather: conditigns, The. value:

of any . particular classification s
detetmined by its intended use. A-systemy
desipried - for one ijpurpose may fnat. -
necessarily be applicable 1o another, . ! °
"Probably the first attempt 1o clasily.the. -
world’ climatés was ‘made by the anciént

Greeks: On the basis of temperature; they

divided the carth into (1) Torrid (tropical); .
{if) Temperale (mid-latitude), ‘and (iti),

_Frigid {polar) zones. “The boundaries of

these zones were the four astronothically

bouridéd by the Tropic of* Gancer and the
Tropic .. of Capricorn’ having  high
temperature - throughout - the yéar were
called the winterless. forfid or tropical
region: Bounded between' the Tropic of
ggccr and the  Arctic -Circle in the
Northern ,I-Icmisp}ier_q-,._.ar_idsf the Tropic aof
Capricorn and the Antarcdc Circle in the
Southern Hemisphate, were the (wo zonds
of - temperate clirdatey These rones
experierice] marked. seasonal contrast n
temperature. Regions lying beyond the
' Antarctic  circles,
exaerienced low temperature througlout

the, year and hence, were designaed as

[rigid: zone.
Since: that time, many classificationy of -
climate have been devised, However,

important parailels. Thé low laiiudes ¢«
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Fig. 14.1 Distfibution of major elimatic types

among the modern classilication schemes,
‘two have gained wider acceptance and
popularity. These schemes are those of
wW.Koeppen and C.W.
These are quantitative in expression as
they use numerical values {or defining, the
bouridaries of the climatic groups and
types. Here, we will describe main 1ypes of
climates based on the dassilication sclherne
of W.Koeppen, which has been the most
popular system used nowadays,

Koeppen’s Classification

Koeppen's classiflication is Dbased  upon
temperature, ‘precipitation and their
scasonal characieristics, He aimed at
providing a quantitative scheme which
would relate climate o vegetation in an
objective manner singe he believed that the
distribution of nawral vegewtion was the
best expression of the wtality of climate,
Definite numerical values of wmperature
and precipitation have been established for
delimiting the boundaries of different
climatic types. However, these boundaries
are nol, lixed ang they should be regarded

. as a broad vansiden wone. Broadly, five

principal groups have been rocognized.
Each group has been désigiaed by a
capital letter. Th;e_'se major groups are
further sub-divided into a number of
climatic types on the basis of temperawure
and precipitation differences.

© Besides these [live groups, the climate of
highlands has been also included in this
hook as o . separate category Dbecause
altitudinal zonation of vegelation on ihe
mountains also reveal similar pattern as
one notices while going from the low
latitudes to high latitudes.

Climatie Groups Climetic Types

{4) Tropical rainforest
(4}, Savannag
(1) Monsoon .

.

A. Humid tropical
clinunes {No coal
SCASHINY

Thornthwaite,

D Humid middle ladi-
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{iv) Desert climate
() S1eppe

B. Dry climates
(Climates where eva-
poration exceeds
precipiiation and ! ¢
there ‘is constant
water deficiency).

C. Flumid middle
tatitude elimates
(Mild wintersy

(ui) Medilerranean
(viiy China
(wii) West European
climate
{ix) Taiga
{x} Cool vast-coast
{x#) The ceninental

iede climates
{Severe winler)

E Polar climate
{No warm scason)

{xit) Tumdra
{xiii} lee-cap climate
E. The climate of

highlands s
A, Humid Tropical Climate

The wropics having this kind of climate
occupy almost half of the earth's surface,
over 20 per éent of the land and 40 per cent
ol the ocean surface. This climaiic group is
bounded by the mean annual isotherm of
20°C, The hot deserts of North Alrica and
Arabia lying within this area are excluded
from this group because of their extreme
aridity. In this belt, emperature is more or
less - uniform. Principal climatic ypes
within this group are identilied basicaily
on the basis of their. seasonal disuibution
of rainfall, ’

(i) The Tropical Rainforest or Equatorial
Clirnale

“This climate is.found in the beit extending
from equater 1o J10°N. and . lautudes.
Along the windward margin of the
continents, this climate may extend upto
202 North and Soullh Jlatitudes, The

Amazon basin, the Congo basin and the-

south-east Asian [slands have this kind of
climate. . :

This climate has uniforfnly high
temperature * throughout the year, | the
annual average being about 27°C. The

daily range of temperature is-in beuveen

i o
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10°C and 25°C. The annual ‘-range_ 15,
however, less than 5°C. Rainfall is heavy
and is distributed throughout the year.
The annual average rainfall is about 250
cm. The constantly high temperature and
all the year round rainfail help to pmduce
the most luxurient vegetation in:.the
region, whicl is known as. the tropical
rainforest or selva.

-(it}) The Savanna. Climate

This climatic type is bounded by Lroplcai
rainforest climate wward the equator and
by dry climates towards the poles. Areas
having a savanna clirmdte are the Sudan
and Veld Plateau of Alrica, the tropical |
grasslands of narthern Ausiralia, Lhe
Llanos of the Guiana highlands of South
America and the C«lmpm of Brazil. Tt
represents a ransidonal zone which gets
convéctional “rdinfail during the sumamer,
whereas during rest of the year it rernams
dry Gnder the dmmnanng ml‘luence_o[ Lhe
lmd(. winds,

e emperature 1§ hlgh ahrouqhout lhe year,
the' annual dverage temperature being
about 23°C. The annual. range .of
lcmpemmre is 5 w 6°C. The annual
rainfall is abous 160 cm, Wet summers
allernate with dry winiers,” Floods and
drouglm are quite common. Duratien ‘of
the ramv season and the average amount 0(
annual rainfall "decreases with . the'
increasing distance from the cquatdr.
Similarly, annual range of temperature
also increases away from the equator. Here
the tropical rainforest ‘gives way ro the
sayanna, .a trepicat . gtassl'mcl w:Lh
scquered deczduous trees.

(m) ,The Monsoon Ctimate.

The monsoon climate is found in 'India,
south-east Africa; .northern Australia, ‘the
Guinea "Coast of West "Africa” and the
Pacific Coasl of Columbn ’I'he mousoon

climate s characterized by seasonal reversal
of wind ‘direction associated with
alternating periods of rainlall and
drought. During - the summer season,
humid unstable air moves from the oceans
towards the land. Cohditions are, therefore,
conducive to rainfall. In winter, a dry wind
originating over the land, blows towards
the . seas. Thé monsoonal circulation
system having “reversal of wind direclion

.'develops in-response to the differences in

annual temperatare variations belween
continents and oceans.. During summer,
the intense heating of Central Asia
produces an ared of very low préssure,

_wheteas in the Southern Hemisphere there

exists the subetropical high pressure aver
the oceans. The '$south-east trades -flow
fram the high pressuse to the low pressure
area and:arc defledted 1o the right ‘and
reach lndta and south-east Asia as on-shore
souzth 'anc]_, south-westerly ‘winds,  These
winds are’ laden with = moisture and,
lherefore, tause .‘newy rainlall in these
parts of the Asmn Continent,

During Wmu:r, he excessive coolmq in
Central Akia intensifiés the high pressure
bele and the olf-shore north- -east tradés
blow over south-easi Asia. Due 1o *the
nrestnge ol the Himalaya, these cold winds
are prevented from descending into “the
IndHian Peninsula, Tempemmrcs are low
during +this season. '

B. The Duy Climaltes

The ' dry climates have been sub- dw:decl
into the arid or desert type, and the semi-

.arid or steppe type. These two climatic

sub:divisions ‘have many features in
COMMOIL. Their differences are pnmmly a
matter of degree

(v} The Deser! Climate

The chief- feamre of any desest climate %
- the scarcity ol water. This resuits where

*a

“evaporation exceeds precipitation. Aridity

fan cirynesq is not simply a mater of low
Iprecipitation, but of the ‘effective
* precipitation’.
|- precipitation may be sufficient to support

For example, 25 cm of

.the forest cover in Sandinavia where
- evaporaiion is less in the cool moist air,
“Bue the same amount of rainfall in Iran
.‘,suppous only a sparse vegetauve caver
: becauso evaporation is very high in lE)t dry
ir. .IHence, no specific amouht of
,precipitation can serve as a universal
“boundary for dry climates, .
In  Koeppen'st ciassu‘lcauo:\. “three

“establish the boundary between dry and
,,_.humld climates. These variables are {1
“dverage annual temperawre; (I} avefage
“inaual precipitadon; and ({#ii) seasonal
“distribution of premp:tauon With the
~increase in temperature, patentidl
'evaporanon (evapotranspiraticfy) aiso

increases.
" “The arid deserts §ie in the low-latitudes

‘close to the Tropic of Cancer and the
“Tropic of Capricorn. The Sahara, the
“Arabia, the Thar, south-western USA,
‘south-western Alrica and Central Australia
have this type of climate. This climate is
-dominated by the subsidence of air masses
and marked stability of the sub-ropical
amicyciones and hence, nearly rainless.
Preapltauon is not only scanty but is also
‘}uvcry errdtic. The cloudless sky and low

humidity allow a great amount of solar
fadiation w reach the ground during the
‘day and permil rapid terrestrial radiation
"at., mghc Consf:queml}u low-latitude
deserts in the interior of the connnents
have the greatest daily ranges ot
-temperature on the earth, which is more
han. 15°C. Average annual temperature is
‘about 38°C.

Tropical desertd located along the west
L coast of continents reveal marked inflizence

ariables have been used inthe formula to°

of cold ocean currents on their climntes,
For example, Atacama 1 Peru and Cliile
and the Namib in south-west Africa-have
lower annuz} means as well as annual and
diurnal ranges of temperawre compared 6
other stations located at similar Jatiwudes,-
but in other parts, However, these arcas’

receive the lotwest annual rainfall totals iiy =

the world despiwe their location adjacent 1o
the oceans. In fact, thetaridity in this part
is intensified because of the cold ofl-shore

waters which chill the air and further

stabilize it.
(v) The Steppe

Unlike the low-lattude deserts, the steppes
are not contrplied by the subsiding air
masses of the sub-tropical anticyclones,
Instead, these ave dry lands principatly
because of their. position in the deep -
interiops of large-iand masses away-from
the oceanic influences, - In additien,.
presence of mountain barriers across the
paths of the prevailing winds [further
rcstrict maritime influences. The middie
tatitude deserts having steppe climates are,

" therelore, most widespread in® North

America and Eurasia, - 3

This climatic type is characibrized by
meagre and unreliable precipitation: like
the tropical deserts. However, annual
means {21°C) as well as annual range of
tempergtures (13°C) are comparatively
jower. The annual rainfall is 50 cm,
Steppes located on the poteward side of the

deserts receive maximum rcainfall during -

the cool season, while those located tawnida
the equator yeceive it during the warm
$ea50M.

‘C. Humid Mid-Latitude Climates

This elimatic group is sub-divided o

“the . Mediterrinean, Clhina and  Weat

Europeart clirnatic  types. The  roliles
month is ‘balow 18°C, hitt (ewifwranbe
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; 'neizer goes below —3°C. The warmest
; month records temperature over 10°C,

(yl) The .Mcd,iterra.nean Climate

This climate is found along the wést coasts

‘of continenis between 30° ‘and 45°

{atitudes. ‘[t is bounded by the arid steppe

on the equatorward side and the Marine

West Ewropean climate on he poleward

side. Areas around the Mediterranean Sea,

Central California, Central Chile, southern

part of South Alfrica and south-eastern and

sotth-western parts of Australia cxpenence
this. climate,

. ' . Ag there is seasonal shilt of pressurc beles
-with the annual movements of the sun,
these areas cotne under the inlluence of
sub-tropical high-pressure conditions
during summer, and cyclonic low-pressure
conditions during winter. Summers are,
therelore, warm_  and  dry, (emperature

k being in between 20°C and 27°C. Winuers
_are .mild with temperature ranging
between 4°C and 10°C. The annual range
&l “temperature is about 10°C o 17°C.
* Rainfall is moderate and varies between 40

: ' ) and 60 centimetres. Most of it occursin the

wmter season,

[uu) The Humid Sub- -Tropical (‘I:maic or
the China Type L

’

- The huniid sub-tropical climale is found
 along the eastern coasts of continents
between 25° and 45° laditudes. [t occurs in
the south-eastern United States, Uruguay,
Argentina, southern Brazil, casiern China,

Australia.

Summers are hot and humid, Winters
are niild. The-avérage annualuemperztute
is 20°C and the average annual range of

" temperatare  iscrabout 17°C. Yearly
o precigitation gtals are usually more than
' 100, .centimetres. Lo is well distibuted
throughom the year. Thest arcas

oy .

(OO P MRV AT T DA A2 i e, s
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_mountain.

southern Japan and, easiern coastal beli ol

experience dreaded hurricanes and
typhoons, mostly in the late summer and
autumn.

(viii) The Marine West European Climate

This climate is [ound along the western
coasts of continenis [rom about 48° and 65°
North and South latitudes. This climatic
fegion is dominaied by the en-share flow
of oceanic air, Under the influence of
manumc air masses, Lhese areas experience
niild’ winiers, cool summets and ample
amount of ramfall throughout the year.

This  climate-is found most widely in

Europe, where in the absence of any
mountain barrier running north-south, the
movement ol cool maritime air is npt
restricted. In North and South Americas.
this climate is [ound only in narrow belt
along the coast, hecause of the presence of
barriers. Besides these areas,
New Zealand and south-castern tip of
Australia also experience this ciimaie,

Weather remaing Trighly variable and
unpruhctab'lc throughout the year under
the influence of cyclonic low pressure
system. The average annual temperature is

H°C. Total annual rainfall is about 140
centimetres, The winters are rainier than
Cthe summers.

0. Humid Mid-Latitnde Climates

Hmm(l mid-latitude elimales having low
mmpf‘)dture tave been sub-divided inw
ihe faiga &limate, the cool east coast, and
the continenial climates.

‘fix) The Taiga Glimate

This climatic wype has been n.mu.d alter
the coniferous forest cover found in the
This climatic Tegion covers bro.zd

region.
expanses  from  weslern Alaska 10
Newioundland in North  Ameried, and

[rom Norway to the Kamehetka Peninsula
in Furasia :

R I e A Tk T TN T, P

T E RRANALERA SR

i+ Fhe climate is dominated by continental,
.polar air-masses.. The summers-are- short-
“and _Lhe temperalure. varies berween  13°C

vand 15°C. The . winters are fong and very

cold. Minimum. température. may be as.low:
as. +50°CH (nmrdul aL. \’erkhoyan ioin
january) Fhe precipiation is_law and-is
conccmratcd. in: warmer months.. Despnc
Lits small amount, jt.ds: sufficientsfor tree;
growth because evaporation .is:less: Fhe:
,vcg.f.tauon associated -with  this . climate
‘typ(r is the sa[t'-wond com'ferous foresti -

(\c) 'Ihe (‘onl Eus! (‘oa.vt (xll;qte
Thls climate i found ii *aréds [0(*.![63
zﬂong thénofth-eastaf iveosl oF {He Uniiée

Stales, rmrthern China, J'nban‘ “Krel dtvd:
lower Danuhc ?]ams. L T L

. ““The- suriimers ‘are’ lodg, hot aﬁd humzd
. utider: the influbnee: ok uépléai maritime
" alf'musses. Average summer terperare's
. 25°C. The winters'are:cold and:the average
Cwintertemperdiure tangls betwedn- w490

and .0°C, Precipitation is variable, Suritner

rianfail  is © characteristic  and “is
convectional  in- nawre. o winter,
. pregipitation is usually less dhan in

sumier, and falls mosily in ihe {orm .of
snow, '

(xt) The Continental Climate

This climatic region is siwated in the
1aterior parts ol the big continents between
the Taiga and the mid-latitude deserts. In

States 1o the Central Ruwan Plain.
chrmd the Ural moiintains, the helt is
parrow and runs albng the 45¢ parallei. In
NortleAmeriea this clmaze:is found inthe.
northern states of the United States and the
southern . paris: of, zhc central  states . of .
Canada.

Temperaiuye is usually hlger than
those of the Taiga ‘type climate, but' 15
lowcr than those of-the tool*east. toast *

R LT

e e

.

Eurasia, it spreads from Poland and Baltic ., ...
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climate, Summers.idre  short” and: warm,!

temperature . bemg in, between, 10°C _and,
219C, W ater is. Jong, Tcmpcramre goes
down helow Ereczmg poinl, Precrpumon
is \*arlable and congs moslly in summer as,
ramfal] Wmter _precipitation is.in the,
form of snow.‘ C

E:i;The -Polar-f‘limates": : A e By
Po!ar £l

mates 1rc those in wh:ch the’ mean
] lhe w;irmest momh is

I‘hese arq thus charaumzcd
e “warm, penod drig’ by
dditions, Thn; chrnauc gloup’
ha3 bcen sub dw:ded into, two Lypes = The,
Tundra Climate in which warniest monih
has a ternperature above freezing point biit
i, less than 10°G; and The Jce-cap Climate:
m whu:h the,., warmeg manth, has,

mpe Lure below,: % C. v g

(xll), Th(: fu-,-;d.m Chma:e ' ..‘ e

It. s found alivost exclusively in’ \he
Northérn Hemisphere occupying the
coastal [ringes of the Arctic Qcean and
many Arctic Islands and the i ice-free shores
of Iceland and Greenland.”

“* Winters are severe but summers are cool
Annual temperature runges are high.
Precipitation’is small, Temperature of the
warmest monch does rise” dbove 0°C, but
nevgr-above 10°C. As-shich, the ground may
be ErLc from snow, lbul for, a;short period.
The ]O C summer isotherm Lhus mark; the
“equatdiward 1imie of the tarldra as well as
the: poleward. limituof. ttee growth. Only
sparse wvegetation Is:possible which
cpmprises grasses, dnosses, and lichens.

(xm) The !ce cap C'lmmte-

The Ice-mp cllmale does not have a single
momhly mean above 0°C Cousequently,

“the’ gmwth Gl 'egcmuon is brolnbued and
it ista wegloniofgermanent ice and snow.
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F. Climate of the Highlands

In mountaihous regions, altitude and
aspect play important roles in controlling
lcmperaunrc and precipitation. On hlgh
mountains the effect of high altitude is
almast the same as, that of high latitudes
on the globe. This may bé revealed by
altitudinal zonation ol vegeaton from

foot of the mountains to their tops. High.
low air.

insolation, low temperature,
pressure, large diurnal ranges ol
. lemperawre and relatively large amount of
precipitatjon at higher .altitudes afe

common. This type of ¢limate’is found in-

the Alps, the Himalayas, the Tibetan
Plateau, the Rockies and the Andes.

Climate and Man

Since climate refers to the atmospheric
conditions of the earth over a long period
of time, it is one of the most important
aspects of the nawral environment. "It
‘represents the living atmosphere, with
which  hydroesphere,

"b:osphere

lithosphere and

constitute the natural
environment, Climate- alfects and is also
affected by the processes znd conditions bf
the other. three components, i.e.,
hydrosphere, lithosphere, and biosphere.

Climate sets limits to the distribution of £

different kinds of plant and animal Hves. It
has, therefore, a great significance {or man.

It influences human activities both directly
.and indirectly. Agr:culture, irrigation, .

forestry, consiruction of houses, land’ use,
lranspor{auon and ather economic
activities are greatly influenced by the;
climatic conditions. Indiscriminate cuumg
of tress. by ‘man in several paris of the
world has led to decrease in the amount of
precipitation and 'hence more Ercqucm
famine conditions. Similarly, increase m
the burfing of fossﬂ fuels durmg past
several decades has caused increase in the
amount -of . carbon dioxide in ‘the
atmosphere. This has raised the
temperature of the:atmosphere {o some
extent. :

EXERCISES

Review Questions

1. Answer the following questions ¢

(f) Distinguish between weather and climate,

{ii) Which are the two well-known climatic d’a#iﬁéations?

(¢éif) What climawe data are- used in Koeppens scheme of c]assnfymg

climates? »

(iv} Which type of climate is known for 1he minimum range ol annual

Lemperatures?

{v) Why is the amount of prempuauon that defmes lhf: humid-dry boun-

dary viriable?’

(vi) What is the mgni[icancg of the 10°C su‘mmcr isotherm?
(uiit What are the characteristics -of - the Savanna climate?

st

R
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. Write short noles on:

() Major temperalufe zomzs of the world; (7i) The Taiga Climate, (fif) The

Tropical Ramforests (w) -The Climate of:the nghlands and- (v) Climale
and Man.

o~

. Compare. the low Ialuude desert climate with the steppe.

. Discuss the main characteristics of the monsoon climate,

Explain why the marine west European climate is found .oﬁly in a.narrow

belt along the coast m North and South Americas?

. Listed :helow are some imporant characteristics of a few climatic Lypes.

Name the climatic types of which they refer 1o :

{/) Bigh temperature throughout the year, wet summers and dry winters.

(i) Greatest daily ranges of. temperawtre on the earth.
(#7i) Reversal in wind direction with change of season,

(iv) Constantly high temperature and heavy pi’ecipitation -throughout the

year:

{v) Warm and dry summer,
- winder, '

(vi) Shoft sumrher emperature rarigihg between 10°C o 15°C, long and
very cald winters, low precipitation, mostly in warmer motiths,
(vity Severe winter, cool summer with lemperanue not: nsmg above 10°C.

Finding Out

5

“Distribution of natwural vegetation is Lhe best uxpress:on of the totality of
climate.” Colleet inlormation with regard (o climatic data and photographs,
pictures, depicling natural vegelation for each climatic ype in support of

_ this statement.

Cartographic “Work

8.

Refer'to Appendix 11 glven in rhis book Prepare temperature and rainfali
graphs for each climalic type.

Further Readings )
Critchlield, H. General Climalology, New,York : Prentice Hall, 1961,

Koeppe, C.E. and De Long, G.C. Weather and Climate, New York : McGraw
Hill, 1958, E

Lutgens, F.K. and Tarbuck, E.J. The Atmasphere Nechrsey Printice Hall,

1979.

mild winter, moderate rainfall mostly in
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CHAPTER (5§ ° .

The Profile of the Oc’é'a.n Floc_)r‘ | .

- P TYHE FLOORS of the accans are not
plain as believed earfier, They are

rugged and complex with world's
longest mountain ranges, deepest wenches

and largest plains. The deve]opmem ol the

Sonic depth recorder hls made-it_possible
o measure depth for mapping the. ogean
floor indirectly with the help of sound
waves. - The echo or the sound refurning
after striking the owan hottn forms
the basis of this device. e data reveal
many complex and “wicd features which

rival anything about relie! leatures on the

land. :

In general, the occan (loor can be
divided into four major divisions : (/) The
continental shelf, (/i) The continental
slope, {iii} The continerual rise, and (iv}
The abyssal plain. Besides, there are many
associated [eatures including ridges, hills,
seamounts, guyots, trenches, canyons,
deeps and [racture zones, Numerous island
arcs, atolls, coral reels, submerged
volcanoes, and sea-scraps add to the variety
of submarine features. As the trenches and
ridges abound on the ocean floor, the ridge
and basin lopography is the characterstic
of the ocean bottom, The iransverse ridges
sub-divide the depressions into a series of
basins which are separated from each
other. The great variety ol reliel is largely

due 10 the interacton bf tectoivic, volcanic, .

erosional and deposivonal processes.. At
greater depths, tectoni¢ and wvolcanic
phenomena are. more significant processes:

.

along  young mountain

‘Continental Shel{

The Con'lincn;lai Shell is a, gcnlfe scaward
s|oping surface extending from the” coasts
towards ‘the apen sea. The shelf'is generally

formed by the drowning of part of # continent

with a relative rise ih sea level or marine
deposition .bencath the water, The seaward
edge of the continental shelf is usually 150-200
metres.deep. The shelf varies in its width, It is
almost absent of the eastern Pacific, esp'cci'z'illy
in South America. Along othcr coasts, it is
broad [or example the castern qoast of thc
United States, it is 120 kilometres wide. Along,
the eastem coast of India, also a wide- strip of
Continental Shell is noted. Howcver, the
average width of Continental Shelf is" aboul
70 kilometres and mean slope is less thanlonc

deégree. The angle of slope is usually the least -

where the shelf is widest. In alt, about 7.5 per
cent of the total area of the oceans is covered by
the continental shalves.

The conunental shelves are mostly
covered by sediments derived (rom rocks on
land. Some ol them are underlaid by
sedimentary strita while others by U
igneous and metamorphic strata. There are
various types of shelves including glacnwd
sheif, coral reel shelf, shell ol a large river,
shelf with dendritg-valleys, and the shell

beaches and moraines can both be

. identified on the shelves.

~The shelves of the world are of prcm use

n

ranges. Old:

.
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1o man. Marine food comes almost entirely
from them. They provide -.the richest

f;shmg grounds They are also, poten lia) -

mining sites [or economic minerals, Aboui:
20" per cent ol the world production. of
petroleum dnd,,ga‘v
They dre alsgt targe“smres
gravel,

Continenfal Slope
At the edge of the continental shelfrthe
seaward slope becomes conaiduably steep,‘
theangle ‘ofislope Varying.from 2 1045
degrees. TTis sieepeslope; which decends o
3/ deplh, of abom 2,000 fashoms+oriabout

s thecmean-sea-

avﬂ’dg
L{cnc

SRR 8 e AMPLIEA Py

kc’ve! s

pmes from.“shelvcs,; ;
f%5and and” *
. The, abyssal

world

ofrar floor found ac a depth of 3,000 o
6,000 memes. They occupy aboul 40 per
cent of the acéean [loor and are present in
afl’ majar ocem- and several seas of the
They are uniguely flat with a
gradlem wofe Jdss o than.b100. They are
b{sunded Ly tfe’ hlll‘i o the seaward side.
plains arc covered by

- sediments boih of terrigenous and shallow

: sleep sxdcd

“water origins.

abyssal plains
tand-derived

In general,
are’ more common where.
sed:mtms Care in greag “supply.
uregu?ar {opragraphy is burrwd ‘forming
I‘Lidilvt*]}.’ Mat areas due ta the hzgc- supply
o[ sed:mems L

+

Submarmc Rldge‘

9ubmatme ndqes are muuntﬂm mnges ks

ew’ Imndred kilomelres wide @nd hundrgds

and’ oEu-n thousands of kilomefres in'
fength on' the “lloors, o oceans. These
suhmannt ridges &1 high relief, form the
]onqcsr mounlain wstem on thé carth, lhc_
wial lengin of submarine ridge system. is
more than 75000 kilometres. A largc
numh'e: af rid a:s are plarcd rcn,uall\' in
EEA IS “Ihcv meet o1 intersect at
[ places ihf:sc ridges are either
broad l‘ll\f' a ])idl.C'lu or, gem!y sloping or
ﬂﬂr!'()\r\’ . II\OUnlalnﬁ
summits may rise above’ sea level formmg
xslands'“The submanne ridges: have leen
[ormed by var:ous procesges. The world-
wu:ic ‘oceanic, nclge systcm prm:dcs
ewdeqce of glnbal teclonics. i

Ab‘y:s_s_ai_.,.Hil‘ls ,'

The deep sea:flodr also containg thousands
of -isolated abyssai, “hills, seamounts and
guyoLs. A" submarine mountain or ‘peak
rising more than 13000 “mietres ‘above ‘e
oceanr-[loor is kriown 'ds a seamounf Hat-_
opped “seatriontits “gré" Knowh as guyots:
All-these features'are of volcinic orzgm

Seamounts and guyatsare véry conimoriiin

G ISR . . I

The "

Their -

~level of the ocean’ floorsi A’ lonr,, ‘hhrrow

*believed to

-and ‘western margins of the Pacific

© thes trenchies ol the” Pacmc: Otean
- Mdriaia: off

Depth (in kitometers)
I [#] [3*]
I |

R
7
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Abyssal plain

s sl 1 ’
o) 200 ) 5 400

szl st
600 - BOO

Me]m bmonnefopogmphsc elernen!s

Fie.- 15[ Mdmr

tl}’v Pucific Ocean Ortanoqraphets*be]mve
Aat dhere are 10,600, seamounis and. ZUyoLs
in the Pacific Ocean alone.

Submalme T:en(‘hcs b, Decps

These are-ihe deepest’ parts of the ottans
with thei bottems far belov the dverage

and steep sided’ depremon on the
botiom is called ~
usuaily 5,500 metres in depth andliéa \g
the fringes ol the deep-sea plain, Fhey are
have resulted [rcsm down
faulting or down Eo[dm[r ol the: tarths
crust-and are, therefore, ‘ol teétdnic oF 1g B
The trenches genexally rur paml]el ‘o e
bordering “fold mountains or ‘ihe 1siand
chaing. Although trenches ' 'ue found in a}l
major ocears, ‘they ar mosl comunon’ i
the Pacific Ocean. I‘renches [orm an
almost conunuous ring aloug the Pastem

the " Guan Islands
déepest.: While the averige depth o[ tie

ASRIAL e D S e TR

Trenéh: &1° hes' art‘ ’

.yery greal degths e.g.,

(it} those

marm e” l’b;baqmph.r_ elé) mem d

‘theans is {our k:lofmctrcs;}:i-t-i-s as rrtuch as

U kilometres deep. I the Mo Everast were

to be submerged in this trench, is peak

Cwoulds sl remain two kilometres below
“the sea level

TR i v B

Submarine Ca nyons :

Ubmarine canyons are decp g,ome\ on the
oo, They are surikingly deep
\aleys wuh- steep slopcs Lh.u Jorm long
¢ rofiles.. They oc,cur dIOLlHd ’11]
he co sts ol' Lhe world, and’ are mamly
rcsmcted w0 the commemal shielf, slape
'snd rise. Bloadhr, there are’ three types of
sub haring yom (i), small gorges
] edge of the conunemal
shell’ and efo-rad!. down the . slope i
OLG')]'IOg 3h
Cafiyon's “‘near ‘New England; (i)
which” bcgm at ‘the mouth of a ri
extehd over the shclf; uch as";
Mississippi, and (he’ Thif(s Canyons, and-
whichsstiave - as ddndrmc
appearance ard are deeply cut JAnto, the
c'dge of the shell and the slopc, like the

Lo
000L 1200
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Cantinental rise * :
L

Guryol or

Fre, 152 Major :ubmarme topagraphrc]eaturcs »

Canyons off the coast of southern

California. Many canyons. in the oceans
have their heads near the mouths of rivers.
H'udshq ‘Canyon js the best known canyon
in the avorld. It begins near the mouth of
the | udsim. diver and extends inwo the
Atlamic Ocean. Some of the canyons are
compatabie n size o the Grand Canyon.
The Lagest canyons in the world oceur in
the Beting Sea ofl Alaska. They are the
Bering, Pribilol and Zhemchug canyons.
The Bering is about 460 km long and has a
volume of about 4,300 _cubic km. The

*Zhemehuog has a depih of 2,600 metres and

a volume ol B, JDO cubic km. Some canyons
also terminate in fan-shaped cones o‘ in
dclms on the sea floor.

Bnnk, Shoal and Reel

Bank, shoeat and ree! are the marine

[eatures wlnch are {ormed mrough .Lhe
processes of erosion, deposition and
biological activity. These (eatures gre
produced upon other features which are
primarily of diastrophic origin, Thev are,

therefore, 'located on upper pails of
elevations,

A bank is- mare or less [lai-tpxad
elevation lgeated in the conninentaf

margins. The depth of water over a bank is
relatively small but is adequate for
navigation, The Dogger Bank in the Narth
Sea and the Grand Bank in the north-
western Atldntic off Newloundland, are
famous cxamples, At places, as .in, (he
Grand Bank, the banks are [ormed. by
many hills of the o'utcr shelf rising nearly
to sea level. Durmg the Plgistocene Ice age,
when there was 4 fa'll in the sea level, the
surfaces of lhese bapks were. glacnlly

eroded. The Georg's Bank off the eastem
coast of the U.S.A. is an example of this
type of bank. On the other hand, the
Dogear Bank constitutes the remains of a
glacid moraine. The ofishore banks are
almost everywhere modified by tidai
streams. ‘The banks are the sites of some of
thie most productive oceanic {isheries of the

. worid.

A shoal is a detached elevation with

* shallow depths. The shoal is not composed
LFuf a rock or corai Al many places, shoals
I

are associated with' banks. In the Dogger

“Bank there are shoals which are about 18

metres high above their surroundings and
only about 20 metres below the water

| surface at their crests. That is why shoals
" are d‘mg(:ious for navigation:

A reef is prodominant(y organic deposit

. made by living or dead organisms that’
. forms a mound or a rocky elevation like a
, ridge. The reefs formed by corat organisms

are most characteristic of the Pacili¢ Ocean

- where they are agsoctated with seamounts
and guyots. The largest reef in the world s

lound off the Queensland coast of

~ Australia. Reefs are generally dangcrous to

navigntion because they may exieid shave
the surface. '

The smdy ol the’ morplmlm,\ of ihe
oceans is important because. the relidd
controls the nature,
motion of sex water, The oceanic
movemeni in the (orm ol currents in Lum
causes ,many varialions “which are
important 1o the character o marine fauna

" and flora. The bouom relief of oceans alse

influences navigation, fishing and other
important activities of man, Given below
are the features of the bouom relief of

different oceans.

The Pacilic Ocean
This ocean is.the largest of all the water
bodies. Together with its associzted seas, it

“QOcean basin and locate var:ous :,ubn

characier .md ilie
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COVErs dhtllll cne-thirnd  of  the earth's
suriace and: cxieedds U wotal land arda of
the world i size. 1is slmpe is roughly
triangular with irs apex in the nortli a1 the

Bering Strait. It is hounded on the west by

the continents:of Asia and Australia along
with a chain-of intcrmediate istands, on
the east by North_and Séuth Amencas and
on the south by Antarctlca.

The Pacilic is the decpest of all oceans.
The major portion -of !he dell! has an
average depth of abour 7,300 mwes Many

margmal seas, hays and gulfs ocour .\long .

its boundaries.

This vast occan iy dotted with mare lh.m
20,000 islands, though their totul-area may
be small. The islands sitnated close 1o (he
coitinent are continéntal isknds. The
islands appearing in the mid-ocean are
coral and volcanic in origin.

The.ocean floor of the Pacific ()cmn is
fairly * uniform with _broad rises Tand
depresslons ‘Study ‘the map of e Pacifie

[caturcs on it

The Northern Pacific is the deepest part ’

f ‘the ocean:. The average depth of this
part tanges between 5,000-6000 metres.
This part has a large numbcr of “deeps,
‘wrenches and islands arcas Aleulmn.
Kurile, Japan’ and Bonin are some well-
known trenches of this ‘part, ranging in
depth from’ 7,000-10,000 metres, Mosl of
the deeps are [ound bordering the  istand
areas,” There are also a large number of
seamounts, guyots and paraliel, and
arcuate island chains in the centrul part
The south-west portion of the Pacific
is marked by a variety of islands, mnrglnni
seas, ‘continental  shell. and -:u!nﬂ.mm-
trenchcs The Mmdamo trench is mmc
thas 10,000 meuwds deep. The averuge
depth ol this part-s about 4,000 metres.
The south-east Pacific lms broad
sulbrn‘ari'ne'rid;;es and platcius, This pant

rine,
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' - uf lhc acxhc‘,.:s consp ‘uous} by e . Lllomcues w‘ide ul o[[ Lhe coast of noth- ;
L ai}scnce of margma] seas‘ I‘he I'onga and  east Arericd, nnrth west Europe, itis 2.)0‘ 3‘
Ar.acama Lrenches in ih]s pau are gbout 400: Kilometres wide. l
9 (}OO and 80007 mer.res d{Lp, rcspccuvely The Ailantic” Ocean has nuiherous: i
. ; . B . mdaguml seas on both sides, especially in ]
Ih-. Atlanhc OC‘faﬂ R - its northemn part, Most ol (he marginal 3
At s rcpghly ha{[ Lhe sm. 0[ 1},e pacmc seds *ure. located.- on«the. shelves, ~The ¢
‘ A ! bout one- sxxth of, the Hudson Bay, the Baltic Sea, lhc North Sea. :
4 “ear] ‘3 1 Tesgmb]f,% the leuer$' are’ ‘located on -the .shelves,
Cw ins i 'ld_.e P}‘ the: -~ Themost: striking feature oof 1he Atlantic i
' Sur R"’agd---- Oce'm {s the presence oftheamid-Atlantic il

}q sou:hfu ;5"openéand may be Ridge: kt+extends from the notth to the
extgnd,upto. thg, Contin mo[ south paralleling the 'S' shape of the ocean
h GIL[’I, itsell. It divides the. Atlaniic into. lwo
deeper basins on either,side. The ridge s

ity aboul 14, 000, km Iong and about 4000
: = : cn cours, alllground . mctrcs hxgh The r1dgc 15 a brodd” fracture
¥ TN ﬂw ?\Lianuc'Ocean "B iCvirick in width.  and-a sirelched Teature, Theslopes oatboth [=ir m a-tew 0 hoewle rem o, i oy
5 O[‘[ ‘the coast of Afnca, it is B0-160 .sxdes of the rldgea:e very gentle throughoyt : ‘ . o T T i

,
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the greater part of its length, In [act, it
rises as a series of steps and becomes
rugged near the crest.

The ridge though under the sea Icvcl has

many peaks projecied out of the deep water
above the surface of the ocean. These peaks
are, in flact, "the islands of 1he Mid-
Atlantic, Examples include Pico Island of
Azores, Cape Verde lsland. In. additon,
there are some coral islands as, Bermuda
and Volanic Islands like, " Ascension,
Tristan da Cunba, St. Helena, Gough and
others.

By and targe, the Atantic Ocean lacks in
troughs and trenches
more characterstic of the Pacilic Ocean..
MNorth Cayman and Puerto Rico are the
two roughs and Romanche and” South.

Sandwich are t(he wwo (renches in the'

Atlaniic Ocean,

The Indian Ocean

The Indian QOcean is smailer than. the -

Atlantic Qcean. Unlike the  other two.
wceans, it does not open out northward
into the

and in' this sense it can be considered only
hall an orean. Its northern margin is very
irregular. 1t is bounded on the west by
Africa, and on the east-by-the island chain
in Indonesia and Austtalia. In the south, i
extends up 1o the contineni-of Antarctica
from where it merges inte the Allantic and
the Pacific. The average déepth of the
indian Ocean is 4,000 ‘metres which is
comparatively lesser than that of othes -
oceans. rM'argmaI seas are also few. Find
out their names (rom the map. .

The [loor of the Indian Ocean has {ewer
irregularities in comparison to:the other
lwo nceans. Linear 'deeps “are almost
absent. The anly exception is the Sunda
I'ench, which lies south of the island. of
Java and runs parallel to i

‘which are far’ |

rctic Ocean; rather v, is
comptetely. locked on the north-by Asia,-

" FiG. 155 Thq profile-of the Indian Ocean basin

There are a. number of broad submarine |

ridges on the floor of the lndian Ocean,
“Like ‘the Atlantic Ocean, a prominenj
submarine ridge runs from Kanya Kumar
confinuously southward to Antarctica,
It is situated in the middle and divides 1hie
oréan into (wo hbasins on either side.
Unlike the Atlantic Ridge it is widerand

does not extend sa near thessurlace. I is | -
s called the Lakshdwcan—Chagos Ridge is in ¢

the narth, the §t. Paul Ridge in the'middle
and. the Amsterdam St. Paul Plateau.in the
south, where it widens out considcmhly.

The centr'ﬂ ridge is bifurcaied inwo

many smail ridges. wluch reach the coasts
of Africa and India, Look at the: map
showmg the Indian Ocean and" notice
notice thalt twe minor and’ parallel ridges
run norih-westward.” These are knewn as
the- Socotra-Chagos® Ridge and the
Seychelles Ridge.

Anctlier ridge, known as the South
"Madagascar Ridge, runs southward from

the Madagascar island. It widens in the

sowth, where it is called the Prince Edward

Crozer Ridge. In the Bay of Bengal,

another ridge called the Andaman-Nicobar -

extends from the mouth of the Irrawaddy
the Nicobar lslands. The Carlsberg Ridge
has been discovered by recent surveys and
it divides the Arabian Sea into two parts.

The central and other ridges divide the
Indian, Ocealt into many basins., Chiel
among them, are the Central Basin,
Arabian Basin, . South Indian Basin,
Mascarene  Basin,™ West Australian, and

: "{ff;'b South Australian Basins.

Review Quesnons
I, Answer the followmg questions :

.EXERCISES _ o
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Most of the islands in the Indian Ocean-

represent detached parts ol the cotinental

blocks. They surround this ocean on the.

north and the west. The Andaman and
Nicobar, .8ri Lanka, .Madagasear ‘and
Zanzibar are fmportant: examples ol this
group. The Lakshdweep and Maldive
Islands, off the coast ol south-weilemn
India, represent coral ‘islands. The
Mauritius and Reunion islands to the cast
ol Madagascnr are of voleanic-origin. The
eastern -section of the Indian Ocean is
almost free. [ram islands,

(1) Name the most common features found on the ocean. [loors,

{ii) How -have submarine ridges been formed?

{fi7) Why are the ocean deeps or tfeﬁches believed 1o be of tectonic origin?

{fv} Whai are the main characieristics of submarine canyons? Name lhe
best known submarine canyon in lhe waorld.

{(v) Whal are the four 1mportam processes that are |esponsnble for a great
variety of «refief on the ocean floors?

2. Discuss systemadcally the major submarine features, giving specific exam-
ples [rom all the three major ocearns.

8. Give one term for cach of the {ollowu:g staternents :

{i) A gently seaward sloping 3urface exl:endmg between the shoreline and

the continental slope.

{if) A flai, neagly level area in the ocean, lymg beysnd Lhe commenm]

slope,

>

{fif} A predominantly orgamc dcpo.m made by living or dead organisms
I - that forms a mound or ridge-like elevation,

{(iv) An eietronic device used to determine and record water depth in the

OCeans.

TN o et AR T D
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(z) Submarmc trench

') A Icmg, nar(qu Jang:. ra.smg abp\'e :hc
nct'm floor. - -

(:a) A rci.mw:h sl topoqraphfc fealure fof
dcep coceanflobrrmnging fronid 600 o 1()00 ’
meer‘s high and d‘fCW“L.‘l]OﬂlEUES w:dc {_

V;dcpressmn (zul ‘Bank .

'21)"Cuyot

(m} Submarmc ridge

Ao fo) A et or less tlat-[opped clevauqn Tocated” (u) Abyssal Hill,
in the comtinental ‘marging, -

(ru A flaL-topped sea nmunmn..

5. Distinguish clcarly between the following terms ;
- (i) Continental shell and Continental slope
(7). S‘eammmt and Guyol
(m) Shoai dﬂd Bank S
(w) Submannc tranch 'md S:Jb.‘ﬁ.l':':l;lll‘:letcgljl)'ﬂﬂ
3 5. _Check the accuracy ol the followmg statements and correct them whc:revel

) they. are inaccurate : ;
;_“.53 ' (Y The ndge and basm lopngraphy sfthel charactcn:.uc of 'the acéan -
) g{ N R (Y 1T SR T O S NP R
{ii) (‘onlmems r:sc abluglg}? frogn the,. 868 wvim et e e 0o
‘(m) Nr}}g.}g“}hr gnurmn‘mnne foed, gomes;, from,; the. abyssal plains,
. (w} ?he suzhmarmc,ndg,g form, the Iongc,sl-moumam system, on the eanh.
* .« - (v) The continental slofie joins:ihe: wonlinems with the ocean ﬂoor
luf) dUhe -Atlanticris the; deopest dballteceanss. 0 o -\,
{wvif) The botlom rehef o[ ocean" ‘mf[d&nccs uavlqauen '
-:r,-;;. voatitane b iy Lol s W e . .
. Finding Qut ' ' :
7. Find out some of th ot rlan dlscovencs made as a 1e<t:ll of the Intelv
“hationdl fndian Ogean: :~Ifx'r>vdxi:oh‘ g
. Cartographlc Work - .
'l’H’ the el ot 'Iatesc edition of 4 standard auas mark and label the
lmporlam submarme features on the outline map of the Inclrm Ocean Do
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"CHAPT
Ocean Waters and

HE Oceans contain all bui three

per cent of the total amount of

watet on the earth. fThe
iempcraxurc “and salinity are two important
properties of the ocean water, which
determme the “miovements ol large masses
of waler, theircharacteristics and the types,
and also the ypes of marine [lora’ and
fauna. Thus, temperature of the water 6f
the oceans and its density, salumy and
circulation are some important aspects in
which geographers are specially inlerested.

Temperature of Ocean Walers

The temperature is an important physical
property of the ocean water. Tt is an
imporiant [actor in coniroiling the
movemnents of large masses of ocean water
and their characteristics. The type and
distribution of marine fauna and flora also
depend largely on the emperawure of the
water, The temperawre of the surface
waley varies considerably throughout the
world, Temperature below the surface also
vary with depth. The lemperature
decrrases according to the increasing depth
ol the ocean. In general, iemperature in
ocean walcrs varies from be]nw —5°C L)
oyer 33°Ci-

I'rocess of Healing and Cooling

There are lwo__m'nn processes of heating
the ocean _waler, te..f‘bx,i_ Fpuon“of
l.nimtmn Trom the sun and by conveciion

of hieat lhlouqh ‘the écean bouom lrom Lhe

ER 16

their Circulation

interior of the earth. The mdin processes ol
cooling the ocean water include @ (§) back

rachanon of heat from the sea surlace; (n) -3

convection; and’ {{i1) cvaporation.  The

‘m!crplay of heating and cooling processes

determines the temperamre distribution.,

Distribution of Tcm‘peralufe on Qceans

The temperature ancf- its dlsmhuuon is
determined; by many [agtors such. as the
intensity and daily duration .ol solar
radiation,~the loss ol insolation in.the
umosphere,*thc amount of salar’ encrqy

_ refiecied _back inlo the space [rom Lhe

surface,” fihe characterisiics of the mrface
such as salinity, denm; and the nature and
amount of evaperation,”“the heat halance
hetween the heat received and the héat
transmilted  back,“heat wansler lhrouqh
evaporation and condensationZinvasion of
warm or cold air currentsflocal weather
conditions, the location of suhmaune
ridges, and {asuy-the Iomlmn and shape‘of:
the sea.

In the oceans temperatuee of the surface
water is not the same everywhere. [t varies
from one part to another, Water is hoteat

near the equator and the ‘lemperaitire
gradually decreases p_olewards. The
average ¢ apnudl temper; 1. thé equaior

is/26° C, and at the latitudes ol 20°, 40° and
6(]° it 1s 23°C, 14°C and |°C respecuvely

The isatherm of zero degree Celsius
forms an irregular circle round the polar
areas and moves lowards

the equator

Fduring winter.

The apparent annual oscillation of the
Lsun causes a seasonal chiange in the surface
~temperalure. Hlowever, this change on the
“surlace  water  of  the  oceans  is

OCEAN WATERS'AND THEIR CIRCULATION 137

The isotherms over the oceans do not
run parallel 1o the lines of latitudes. They
are alfected by he ]Jlu'ailing winds and
the ocean currents, Thus, in the Tropical
Zone, the wcslern sections of the oceans are

SURFACE
TEMPERATURE

_comparatively than on the land

surlaces.

i The\annual _range ol lemper'uure is
greater in “the Atlantic than in the-P rz{zc

+ Ocean owing Lo the dilferenice. ity their size.

Similarly, the range is “greatet in the

less,

- y:Novthern Hemisphere as compared to the

‘§uu| «wrn because of the extensive
" conthien! bigeks in e north.

sowth and south of 50°8. latitude; the range
ol lemperature is about 5.5°C. The greatest
“ranges are, however, abouy 2Q°C i the
north-western Atlantic near Newfound]nnd
“and  about 25°C in
Pacific near Vladwostok

“The hlghem Lemperalmes are ucorded in
the enclosed (ropical’ seas; for example, the
“avérage summer Lemperalurc of. the surface
water of ll-.e Red Sea is about 30°C

Fic. 16.1 Distribution of eemperamre.v

Between the paralleis of 206° north and

the nqrth wgslern )

¥

warmer than the castern sections owing [o
the influence of the wadé wmds Smularly,
the westerlies make the eastern sections
warmer than lht’ weslern in the Temperate
Zone,

The surface waters of the Arctic Ocean
as well as those around the margins of the
Antarctic Continent remain permanently
frozen and form extensive ice-lields. In
winter, these ice-{iclds extend towards the
equator and in summer they recede
polewards, During summer, the marginal

- ice-fields break’ away and begin to drilt

towards the equator. The drifting ice-fields
are called ice floes. Their heoight varies
from less . fhan a metre Lo sln,htly maore
than four metres, Some af the ice Maes
resembling ice sheets are found w0 I
several kilomewes in diameter,

Distinct from the ice {loes are the huge

"

s e s

.
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i

‘masses of flo’ttmg ice known as ivebergs.

These hugc nasqes ol icz hrcak from_ Lhc
' or ‘an’ Tce b'lmer on

r?ﬁtﬁ?ﬁg*t_f{é'bea'
tips at TeRst ung melre?abow- the water

surface. It should be remembered that only

-reported ‘o be 60 kilomewes in length. |

about "one: lenth of an 1ccl rcnmms

ice s oniy 0.94 whereas 11131 of S(::l water it
i5 1,025, Some of the icebergs tower “about
@_fﬂﬁlra above the level of the:sea,
There are numerous icebergs ! in the
Nosth Adande, hall of them originating
from . the glaciers in Gréenland. In the
North Pacilic, these are rarely seen because
of the narrow and shallow Bering-Strait.
Icebe1gs in the'Southern Hemisphere are

of enormous snze. Saome of them have been

“These tabular icebergs, 'looking like

‘horizontal ice islands, ongmaw from the

‘ -edge of ‘the Antarctic' Ice Barrier. Icebergs

“lare nature’s-way of desalinating sea water

ind fresh water. -

Sub-sutiace Temperatures

,Thc surface of the sea waler receives the
Jargest amount of insolation. As the rays

penctrate the .water,” their strength is
reduced by scauering, reflection. and
diffusion, Hence, thele is a decrcwse in the
temparature wu thc mcrt:'lsmg dcpth,
However," tlia " rate oI “décrease in the
temperature is not equal at. all depths.
Upto a dep(h of about 100 metres, the

e

TQIT
Lo about 2"C bf.‘iwt:cn ﬂle
re The

[rorn p1 C to about LG"C The ratc of

-dccrggse is not. r.he same at Lthe equator and

hc poles. AL Lhe  equator,. [iLis greater than
L the polef., Llpweﬂmg, of watc:, smkmg

s VY A mh e o 3p F o 4 LTI TV AR A5
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insolation, and submarine barriers
m[lucnce variations_in -the sub- SI?T[QCP
tempemture. Of these, the most importani,
factors are the cold and warm currents and
the submarine topography.

Salmn) \

Sea waler 1s brackish to taste. It contains a
number of dissolved shlts which rcs?ll[ in
the property ol salinity. The salinity is
expressed as the pumber of grame of
dissolved salts in 1 000 grams of sea waler

The avgrage _salinity of the sea ware¥ is tj_—'j‘
B

about 85 per “theusand or 358, Tt means
Ahat in ong k;logmm of sea water there are

¥ 35 gzams of_di ssOlved, 51]15'.

“THe ocean is the “earth's greatest
sio:chouse o[ minerals. It conmins about
41 million tons of dissolved salts in every
cubic kilometre of its, water, Of the toral
salt contents found.in sea water, sodium
chloride  constiture 77.7 per cent,
magncsmm chloride ~10.9 per cent,
magnesium sulphate 4.7 per cent,
sulphate 8.6 per cent, and potassium
sulphate 2.5 per. cent. Thoue,h, the total
amount of dissolved salts is variable yet the
relative proportion of the major elements
is constant,

Much of the salt:was perhaps dissolved
in the wiater when the oceans were inwdally
formed in the earlier part of tlie earh’s
history, Later on its quantity progressively
incrensed as the rivers Howing aver (he
land surfaces brought salts with them in

solution, Thus, the salis in the sea water:

are ultimately derived from the earth's
surface. Sea waves and tivers erode the
crustal  rocks and  dissolve 1heir
constituents including salts and add them
to the sea water.

Salipity. _ determines, among  other
[earures, mpresszbliuy, thermal
expansion,  temperature, denmy

bsorpt:on ol insolation, evaporation and

calcium

humidity. The amount of salinity also
_%reatly influences the composition and
~movement of the sea. water, the
distribution of .'fish and ,other marine
animals.

D SURFACE
/_SALINITY
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decreases both towards the equator and
towards the poles. Near the ¢quatar the
salinity is refatively low because hf heavy
rainfall, high I‘(’]d[lVL hleldli‘,’,

c]o diness anc] clm a alr of tl

Distribution ol Salinity | o

" The diswibution of salinity has two
aspects : (1) homonml, and {7i) verncal
The argount of salinity varies from one
art of the ocean to another, The Silll'l"llty
of the sea water is largely cinLndem on the
difference’ between .cva .inE'fri “and
preclplmuo'. The " variations aré also
coritroiled 1o 3 lesser extent by stream run
Ireezmg and méling of ice,

iy

off,
‘atmospheric pressure, wind direction’ and
movement of the sea water. ;
Broadly, the areas of the highest salinity
are found “e.B;E-,»Lhe froplcs The
explanation Tor this is thal there i3 agLive
evaporation owing 1o clear skies, hi oh
ipgralires and the sLeadL'L;_ade ng
In the Alanti “Ocean the salinity near I‘.hC.
“Tropics is a out 7%, :

From the tropical areas,

the salinity

o

\

"Fre, 162 Distribution of salinity

The equatorial region of the Atantic
Qcean has a salinity of about 35%, almost
the same as the average of ocean water. [n
the polar seas, there is wvery liule
evaporation and -this, coupled with (he
melting of ice® vielding [resh water, teads
to a deerease in salinity usually ranging
between 2005, and 32%. In this way the
maximum salinity occurs between 20°N,
and 40°N. and 10°S. and 30°S. latitudes. Tt
decreases ‘between 40% and 60° latitudes.

The differences ir salinity are relatively
smail in the open seas but are wel} marked

\-"By CONIrast, waler near frecz.ing ice s more thun

. the average amount of salt since the ice in-the process

oV NN AT ANV M F AN VTN 6 NS AT LA L, e Bk ar s et i s Eoaured £ 4T A o S

of [reczing, laaves the salt behind as i retidor § in tiw
waier. This eold and wl(y water sinks to dwe botgem.
Thiss, he heaviest water in the pular seas is Tound a
their botom, Tiis is also jrue of utilm §EA5.

+

e -

A ol




146 PRINCIPLES OF GEOGRAPHY!

in parily or wholly enclosed seas. In the
Balic - Sea, for example, the salinity .
decreases [rom 1% near the- south
Swedish coasl 1o 209xnear the head of the
Gulf of Bolhnia. In the Black Sea, which
receives many rivers, the salinity is about
8% only The Red Sea, on the other
hand, owing to greal evaporation and the
absence of rivers has a salinity of more
than 40%..

The salinity of the mland seas and takes
is very high because of “ihe rci;ular supply
of ‘sall by the’ rivers fl6wing_into them.
Evaporalmn makess theiv  waier
progressively more saline. The salinity, for
examplé, of the Gréat Salt Lake (Utah in
the United St,ates] the” Dead "Séa and the
Lake Vag in Turkey is 220%0. 240% and
* 330%0, respectively, s )

“The oceans and salt lakes are becommg
more salty as lime goes on because ihe
rivers are constantly bringing more salt
from the land, whereas cvaporation is
carrying away only fresh water. It

depth, Tn -general, it decreases with the
increasing  depth. The
greatly with Tlatitude. But the dec
a[S’é‘TﬁTluenceJ by cold and warm o :
The rate of dccrease is nightly variable in
the North and Seuth Atlantic Oceans. In
high latitudes, salinity._increases wnh_
dcplh In the middle latitudes it increases
upto about 35 metres and then decreases.
Al the eguator, the surface salinity is
lower. '

AV d. Th | distance between ;

' P A ¥ period. The vertical distance bet ay
Subssuddas Saliniy  uough and a_cresi_is (He wave Neglil. Thex
The salinity of sea witer also varies with  riain components of a Lypical"Wave arg

decrcasc vanes

Mavements in the Océanic Waiters

The movement of ocedn waters takes place

in three different ways, viz,, waves, currents

and des. .
Sea water 18 mobile and responds readily

horizontally as w’e‘ll as vertically. The
horizontal movcmenl is both at the surlage |
and sub-surface levcls These movemeny [+
are due to varialion in density from one [}
part io another which results (rom the
dilterences in the salinity  andj
temperatures, Winds also provide a‘motive
lorce for the horizontal movement of{
surlace water.

T

BT ey

Waves

- ol
Waves are n most conspicugus featurcﬁ
oceans, They are oscillatory movements inj,
water, manilested 5y 4 ATl 'rf“e andli’
ihe sea surface. "These moving Tidge- 3
fike cufveson the sur[acc of the sea havelt’
two parts : The top pareof a wave s i
its ¢cres! and the lower pzTrt betwecn twol*

Lu e

“Every wave hasa wave length, vek)eu)
height and wave period. Wave length is g,
distance between 1wo c,onsecuuvc cresis
The.fime taken iy Lwo consecutive crests 1o

z;)‘pass any (ixed point is known as the ward:

e

shown in Fig. 16,3, The velacity ol a maving

~wavé can_be determined as [ollows:

Wave_length 5
Period {T)

Jelocity of ‘wave (C) =

Wove poramaterd

TR e LT

Fic. 163 Wave parameters

Waves are mainly produced by wind
When blowing winds impart their ener’
to the water in the form of (riction al.
pressure on the smooth surface of the ¢}
waves are produced, once the sca surface|’
Aictwrhed and its form is changed, there]”

5

“with

Puil ol thg

gl

Yetlcal

Fic. 164, Formatton of wave
Y

a push against tlic rear, suction over the
crest, pull at the front and vertical
cornpression in the trough (Fie46.4) The
size and force of waves depend on three
factors ¢ (i) the velocity of the wind, {if) the

"duration of the wind; and (ii7) the distance

over which the wind can blow unhiridered
{the [etch), Where the water is deep, the
winds are fast, the winds blow over a long
period, and the botlom does not interfere
the undulatory movement ol the
water, the formation of waves is
unrestricted and [ull. For example,winds al
a speed of 160 km per hour, blowing [or
about 50 hours and over a [étch of mere
than 1,600 km can produce waves of 15
metres height.

Waves represent a series of paral!el crests
separated by troughs.. They travet in some
delinite direction over great distances, But
it is only the wave motion that is

“tansported, whereas the water particles

remain at the same place. I a tennis bail is
fipated on thé sea surface, 1L will move up
and down and to and f{ro with the
approaching series of crests and ‘troughs,
but it will not travel with the wives unless
it is blown away by the wind,

There are three types of wind-generated

waves 1 (i) Sea, 114 'chll and (/1) Surf,
Sevetal trains of dl[fermg wave lengihs and
- directional maovements ol sea waves occur
Mmull'mcously in the occans. It resulis
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and variable in nature. As the waves move
away from the winds that disturb the
smoothness of sea surface they begin 1o
mave in an uniform pattemn of equivalent
period and height. These rains of waves
are ¢alled swells. The pauern of swell is

ified as (hey approach the shore.
When waves reach shallow water near the
shore, they crowd together, their. height is
increaged and their slopes are steepened.
Now, the lower part of each wave travels
more slowly than the top owing to the
{riction olfered by the botiom of the sea.
The crest of the wave curls over and it
breaks at the shore, forming a breaker, The
broken mass of water dashes up the shore
as swash. It (then descends seaward- as the

‘backwash. These breaking waves in coasal

regions” are called Surf,

Besides wind produced waves, “other
types ol scawaves include catastrophic
waves, storm waves, internal waves arid
seiches, Catastrophic waves are sudden,

violent and wemporary and are caused by

earthquakes, volcanoes or landslides in
oceans. Storm waves are usuaily high
resulting {rom strong wind action. Internal
waves are formed at the boundary of. two

water layers having  different densities,

whereas seiches are siationary waves,

* Carastrophic and storm waves can cause

great damage (o coastal areas,

Currents

In terms of their significance, -both in'
physical and human geography, the ccean
currents are the mast imporiant of the
mavements in the oceanic water. The
ocean current.is \he general movementol g

mass of water in"a fairly delinedt dlrc ten
ovcr greal distances, Ocean CTeITE Gan

bradly BEdividéd into wo élasses—the

wam and the cool or cold Cuifeius. The

into an overall ifregular and chaotic wave waarm TR AR TGS which Tow [romy

pattern called the seéa. St.'as are complex

“the low latitudes in

A P b By,

Tropieal Zanes
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towards  the. h:gh iqluuclg; n the
B “- Aty

HelaTLanes, S‘lmllarly,
h‘r‘l‘ Iugh Jatitudes

Tenlpcrate G T
clrents [Iowmg an
Lowarcls the™ 1 ‘

A b

CuT?f‘ﬂf&.

e
l'.

GERENELY

of the currents arc related o four
Iaclors-——( 7 Tactors related &
rolation : gr'wnatlon.ai
deflection: (5 “factors originating dutside
the sea.atmosphenr pressure, winds,
pree p:umon evaporalion and insolation;
-f31) factors originating within the
s¢R 1 pressure gradient, temperawure
difference, salinity, density and melting of
feer (347 factors modilying the acean
currents @ clirecti‘on‘ and shape of the coast,
seasonal  variations  and  Dbottom
wpoegraphy, )

. As a result of the inierplay cf these
B faclors lhe curients reve al the (o]lowmg
characteristics, In"  the Norlhern
Hemlspherc, the currents,, npxm w‘*’ﬁur
_nghl_ and ifv the ‘Southern Hemisphere (o
(heir lefu, This. is due’i i© thL‘ eiTE‘FF"“of the

“Tle origin and 1 nau _rg_o[ the movement

force and force of

- alsg contro} the currents.

the Forrell's s Law. A notable excepuon n

lhe generarsg"henw elcirculation of Gee
r its_is, however, founcl in the norr,hem

part of thc Indian Qcean. in this pary_ihe

direction. of. ULCTEnts rhdngLs in wsponse‘

A P

10x, ll_w T at 0[ the monseon. ..wmds

Cold clense watels figdy lhe Surlace oeGiTIn

. the middie latijudes on the western shores

of the cotinents. Cold waers of lesser

density move into the warmer cceans along &

the eastern coasts of higher latitudes. In
the lower latitudes, warm currenis flow. on
the eastern shores and cold on the wasiern
shores. In  the higher latitudes, warm
currerits move along the western shores
and cold currens,along the eastern shores,
Convergences along which the warm and

“cold currents meet and divergences from

which they mowve out in different divections
Finally, the
shape and position of coasts play an
important role in guiding the direction of
‘currents,

“The currents not only {low at the surface
of the sea waler but also underneath i
Such currents are caused by the differences
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North - Equatorial Curcant

Gounter Equuiormt Curront .

2 uu!orltﬂ currcni
guu\h q

\7

74

Soulh Pcciﬂc Currm

__

t—az-munb M sy c°|d Current

in-salinity and temperature. For example, ) l:>d i weal QT M GUTFARE
heavy surface wajer of the Mediteranean Tb Wal: L orl ' : :
Sea . sinks and [lows, wesiward past 7 ) ™ o
Gibralter as a sub-surface current. Fic. 166 Currenis oj the Pacific Qcean :

Currents exert an  inlluence on the :
climate of .the bordering coastal regians.
They affect température, humidity and
precipitation. “Cold  currents  bring
plankwn [rom -the cold polar and . sub-
polar zones and thus increase the [ood
supply for (fish. As'a result .of this, [ish
ttirive in large numbers in these areas.

~

Afler reachmg the wcst
it bl[Lﬂ'G‘:\LCS into

T i g B g

TO58 the Qcean fb
E quata lﬂ£ Cuncm’ “(JWS ac ()5 th .Fﬂc i Cu.rrenr I

fl;om EHEL T West, Increasing in volume-as a,

two branc, €5,
it {lows west. Starung from the west coast  twWo. O%a0 br'lrlCh {lows -anti-
g C §§i'mLf “Biilisit’

of Cemral Américd,” it réachEs the- The nnrlhcrn
- C’éltﬁflba and Alaska’: Fid s Kiown as ilie

-l--;----._,

“S’::l‘lh Squelonal (?""-\ 7,

/ ol

1ds irt the Western Pacilic - .clagkwise’
N 1€ A |
-Geean. 11 then turns nov thwards along th Izwka Curmm B Lt e s

i /)’ f, T \k‘urmcurrmr T~

e e Coid surranl

oulhsrn, Wm..-;
—" ¥ Drlu . /

S
-

Fre, 165 General divection of ocean currents
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Important ocean” highways follow the
favourable curents, wherever possible.

Curmn‘ls of lho"--Paciﬁc Ocean

AT T #

Plnllppmc Isiands, Taiwan and ]apan o
“torm ihe Kuvo Szwo Cuncnt

From tHe south-east “comst of Japan, ther.
the' infuence. of .

current comes  under
prevailing westerlies and flows right across
the ocean-from west 1o east as the Nerth

is refauvéﬁ( warm as compared 1O that GE
the sea in this zone. The other; br'mch o

the North. Pacnhc Currenl. movcg_sout Tiward

1 AT ol Ca]:”foni'fi" as the “cool
alongﬂlhe CO 5 own HY A “the C.af‘!"forman

cufrtent. It is known e

mptampin.
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It evenwally joins the North

Current,

E’"‘uaf“’sa[ Current, whith™ [ToWs actoss -

4500 km of Scean under the influence of
the tradé winds, thus completing the cyele,
Iy the north cf the Pamhc, the Oya Siweg
Current [loWs along e ¢ast COdst. OT/VC
Kamchptka Pcnlqguh It isa &B6ld currenl
Anoither ¢8ld “€hrrent in the North Pacific
is the Okhotsh Current which flows past
Sakhalin 15 merge W ith the Oya Siwa
Current off Hokkaido! The Qya Siwo
finally merges wuh and.sinks bencath Lhe
warmer water of the Kuro 3iwe,

In the Soulh Pacaflg,,Qccan, the. South
Equatorial "Eurrent (ows from Gax to west
and iirns southwarq as the East Austrahan
Gurrent. It then meets_the South Pacific
Current near Tagndania, Whlch ~flous from
WESL. 10 east. i

Rcachmg -the south-western coast. of
Squth Amenca, 1l fiifns northward: as ihe
Pe_y Cirreni. 1t is 2 cold clirrent ‘wirich”
“finally feeds the South Equatonal Current,
completing the great circuit, -

Between the North and the Sogth
Equalorlal IF ems a current [lows from

-West Lo_gast
Lqumorml";cu,:cm:t The North ‘Fhd the
South Equatorial Lurrents | cause
acmmulatxon_,o[ water in the westemn parts
"which distarbs the surface level, This
difference in level makes the Counter
Equatorial current flow eastward.

Cutrents of the Atlantic Ocean

The steady trade winds in north and south
of the equator drive two streams of surface
water westward, They are known as the
North andw.th,,Somh Eq%glozmI«Gur,rmu _
- m“fﬂm\ cugrent 0t called the Equatorial
Comzter Currcnt flows; from wcs?’i'“é”'easl
letween !hc W™ Thain Equatorlal Currents
in order to replace the removal of water
from the eastern side of the 'ocean, It is

ich is knwoh asthe Countc:-' .

known as the Gumea Currcnt off the Wesl
African coagt, B

The South, Equalorn! current hifurcates
inta two Branciies eay Cape de Sag Roque
(Brazx]) 1§ norileribranch reinforees the
N&#th Equatorial (’urmm Pari’ ol “the

combmed edtrent entérs the Cdribbean Sea |

and  ‘the Gull of Mexl.co, “while " the
r:mamdcr passes along (hE ddstern side of
the Wese Indies ‘as ther@nailes Currem
“The branch’ emermg the Gull’ ol' Mexico
is reinforced by a great bulk of warm ocean
walet driven by the wade winds and by the
water brought by the MlSSISSIPpI river. As
a result, the water level in the Gull rises as
compared to that of the Atlantic Ocean,
This difference in water level is

"compensated {or by the current {lowing

out through the Strait of Florida and this
branch is joined by the Antiiles current,
From 'the Cape ol Flarida, the combined
current moves along . the south-eastern
coast of the United States and is known ds
the Flond\_ Current _uplo Lhe Cape
Haueras chona “the (_.ape -Hatteras. Mpto
"d_Banks afl Newloundlands.it is
; lhe Gul)‘ Strgam The Guif
Stream is well defined in the deep waters,

- From the Grand Banks, the Gull Stream

flaws édstward across the Atlantic as the

North A!lant:f_fQ_rﬁ:L The main motive

———.
{5rce Tor this current is supplied by the
prevailing South-Westerly winds.

The North Altantic current makes two

main brariches on reaching the eastern part’

ol the ocean. The main current continuing
as the North Atlantic’ Drilt reaches the
British Isles from where it lows along the

. coast of Norway as the Norwegien Curtent

and enters the Arctic Ocedt. The'ﬁ;ulherly
branch flows between Spain and Azores as
the cold Camzr_y Current. This current
finally J6iRs -the” Noith Fqualonai
current compieting the circuit in the
North Atlantic. The S‘irgasso/%a ties

e
'

T
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Fic. 16.7 bumnts of the Atlantic Ocean
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within this. circuit: which is full of latgc
quantities of seaweed..
Two cold currents—the East Greenland.

-+ currert and the Labradoi™d rurruu Bk

Trom The Arctic OGN NG the “Atlantic
' Oceaﬁm’T HETABIBT current Hows Along
Bart of the east coast ol Canada and meets
the warm Gull stream. The gonfluence of
these two_cutrents, ane hot an thc other
cOlT™ By produccs the f”a"x‘ﬁ’"ous fogs moqnd
NEwfoundland, (1S om;,n( e hastin ;ﬂlmﬂrmﬂt

e T

t'Tng groun'g: in Lhc - world.
i w-'-"“‘-"‘-“‘ b D
_In the South Atlantic Ocean, the South
- Equalorial Currend, flowing [rom east to
“Jwest, splits into two branches near Cape de
Sao Roque (Brazil}, The northern branch
_joins’ the North. vEquatorial current,
-"whereas the southern branch turns
southward’.gand flows along the scuth
“American coast as the 1{11:5:! Current. The
Brazil .current swmgs easlward al '1hou1-

"& . ]1 xtudc 3$,°3¢10 jom the Wrsf wmd D)L[t

Mlowing from west to east,
* Near the Cape of Good Hope, a branch
ol the. South Ailantic current (lows
narthward aleng the west coast of South
Alrica. It is a cold current and ts known as
the Bf:nguela Curreng, 1t finally joins the
south Equatorial current, thus .ofnplmng
the circuit, i
Another .,cold “current, known as the
Falklund Gurrent, (lows along the south-
e
_eastern, coast of South America from sputh
1o north.

Curnents af the Indian Ocean

Being only hall an ocean, completely land
locked in the north,- the chiracterstic
current circulation of ths Indian Ocean 15

" ditferent from those of the Atlantic and the

Pacilic Qceans. The -wcurrents in  the
northetn portion of the Indian Qecean
differ entively from the general pauern of
circulation. They_change ! their_diregtion
Trom season (0 $EasOn in response o |i|n

S s i WL 00

- | Equotor

lesz= Cold Current
w——p VWarm Current

' FAPHE T P G ARG IS K T o e Lbifeoar

PR P

R T

seivonal I‘h}ihm of the nmnsoons'The
elfeo ol \»mclx i CmPRATAITVEY more
j)l()ll()lill(t'd inthe Indinn Qceane.

In the notthern section "ol " Indian
Ocean, there 1s w clear-reversul of currents
between winter and summer, [n u:n;_r the
Nowtiy, Lquatorial Curdng and lfw Souih
i ol Ciirreme-How g l_o west,
gu'nn:jgﬂ.-;(}_'_,"'_Culg'm.’ [aws Tigm
10 cast, Botween the two cqu'uondl
is. The north-vist momsiong d@tive
the warer along the const ol the Bay of
Bengal o chreulate in an anti-clockwise
diveetion, Similarly, along the coasts of the
fgiuls bordering the Arabian Sea, an anti-
tlockwise ciiculation of Curre‘nls develops
(Fig. 15.8).

\H_\I
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North East Trades. There iy no_counter
Fqualc}lml current al ihm time ()L lhe year.

]

Ihum 4 Eh‘ﬁ“ ‘|itLr HTion

The sm h(‘ln pare of the [ncian Ocean
is perhaps fess marked hy the seasonal
changes. Thir general panern of elreuiation
is simple and is anti-clockwise like that of
the ather sourthern oceans.

The South Equaworial Currenmis, pardy
led by the corrosponding curtent of the
Pacific Ocean, 1lows [rom east 1o west and
furns sonthward along  the const of
Mozambique in  Africa. The current

“flowing through the Mozambigue Channe!
JDMozambigue

15 known as the H’m'm

o 11 A g g AR

o~
! _ _Eaugtor

if; TTNA
& T ey
o~ —

1 & ~
st Weel i - P
> mmmmp 104 5 1 ¥ " [==_Cald Current |
: === ' "l e Waem Current

Fic, 16.% Currenis af the Indian Odvan (Sunimer)

In SUMBIC), a strong current flows [mm
wes 0 RS whith’ (()mph tr'h “obliterates
the” Nty Equitiorial CUITE :Junnq this
ACUSTL TL {3 (Euf‘ tn the efieets of the song
soliih-west monsoon and te abseace of the

'

Cuylreas

“Further southward, the
Cuvrent 18 joined by another branch of the
South Equmorial Current flowing st
Madagascar ']slil;}I;I___(I\\’I‘;l_l_u_g:_l\s_\:.;“&ﬂiul)li(‘).

Mozambique

i,
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Alter the conlluence of these two streamsi
it is known ‘as the AgylhashCuxrenxk‘It. slill
continues to be @ warm ccurrent dll it
mesges with the West Wind Drilt ‘
The West Wind Drift flowing across \he
ocean in the higher latitudes [rom wesl 0
exsy reaches ('ie southern 4ip of the west
coust of Ausiralia. One of the branches ol
his cold current wms northwards zlong

the wesl coust of Australia. This current;”

known as West_dustralian g;;grrf;u,_'_[lb:!qs
northward o Teed the South Equatorial

“Chrrent T

Tides

Sea-wafer fises regularly twice a'dzw at
constant  intervals.  This _ periodic
phenomenon nate rise A .
- ihe el gt e ey 75 KRGwn a8 :_:_-élﬁ,.es.
Tides are gravilauona

3

T L
praduced as ‘
interaction of the earth, moon and the sun.
Tides can casily be mcasured.‘ E,‘.dff are
*complex aylhey vary [rom_‘;i).lj_alc&‘tg__gll_ace
because of (1) the MOVETEN of the moon
in relation to the earth, {‘ﬁ) ¢hanges in
positions of the sun and the moon N
relation lo the earth, i) uneven
distribution” of watet over the”globe.r, and
(igf irregularities in the configuration of
i : ieht of the tide at Okha is
oceans. The height of the tde at xaa
about 2.5 metred, WHiilg iHe tide’in ':he_ﬂlééy_‘
of Fuﬁﬁ?ﬁwxggn?ggﬂ_*I}u[gﬁr‘lswlck apd
ciScotid i the highest ranging between
15 aid 18 ineurgs.

o e, T HOON
pal

Fic. 16.10 Farpmtion of fides

of alternate rise and Tal "in .

. Fig. 1611

The gravitational imgrnqion ol the .
moon, the sun and the cafth is responsible
for the occurrence of tides. The sun by
virtue of its bigger size should autract more;
but owing to its greater distance from the
earth it is unable to exert much influence.
The moon on the ather hand, thoug}*\
much smaller in size than the sum, is
relatively very close o the earth, and s
(hus able to attract- more than the sun.
Hence, the moon exert the strongest
influence on tides. _
force of the moon is twice as strol
cofthe sunt ‘
“T§uppose, the earth has a uniform depth
of ocean water covering it the auraction
force of the moon is greatest a A, being
nearest to the moon (Fig. 16.10). AUB, the
aitraction of the moon is weaker apd at C,
“it-is the whakest. Thus, the gravitational
auraction of the maon ‘decreases [rom A t0
'C. The ocean water at A, Qulls' away from
the earth. Since the water 13 fluid and free
o move, a lidal bulge in the direction of
moon is produced. The solid part of the
earth also buiges out bul very stighily, a
few 'centimetres al the most,

Note that a similar tidal bulge also
develops in the oceans ofl the opposite side
ol the earth (Fig. 16,1021 C). Thisis because,

s that

it

N

s

Water s.ur face
{tido! bulga}

; \ Moon
— O

y /%2

/ {qeovitational torce)

Fe
feentritugol force)

Tides due to gravitetionel and cen
{rifugal forces :

The tide producing -

more alfected by its tendency 16 be _Ll"lr‘OWl_’l
out by the earth’s rotation and revolution,
or the centrifugal force. I fact, on e side
o[ the eanh nearest to the ‘moon  the
aurgtive [orce is gréater . than “the
centrilugal Tarce. Thie bulging on the other
side is due to the excess of the centrifugal
= force over the attractive lorce (Fig. 15,1 .
 Tides do not rise to the same height
every day. The.relauve position of the

# moon and rthe suit with respectio the earth
.

is responsible for this variatton in the

yew. moon, the m n and the_sun_are
almosi’in a line with the carth, Henge
exerL.aheir, combified pull "on ihe
Therefore, on”'iliest W0 days L

Futl mbon
[Seringtidey

v
L] Frivi auaeter
IHeep L)

‘F16. 1612 Neap tides and spring tides

When the moon is at first and-last
quarter; the sun and the moon make a
right™angle "at " the earth's “centré?” The
auraction of the'sun and the mooi iends to
bulan¢e each othér.A$ 7 Tesult, Gdés with
lowest-amplitade occur; These ‘tides are
rermed a5 neap Lides.

Althoughi™“tides occur wige a day, their
interval is not exacily 12 hours. Inslead;

the water on Lhe other side of the easth is

height of tides. Qn the full moon and the -
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they oceur atlregular intervals of 12 hours
and’ 25 minutes, The moon revoives round
the earth Trom west t6 eastand completes
one revolution in 29% days. Thérefore,. al
any plice-ot the ¢arih’s suriace, the moon
does not appear crossing the meridian at
the same hour cvery day as itmoves a little
eastward in 24 hours. It takes gil__lggu_ys and
0 minges for the rotating earth to bring

the, same_TEri(Tan Vertically Lelow the

&

- moon_every day, Hence, ‘Bigh.tides follow |

al intervals of 12 hours and 25 minues.
(Fig. 16.13)"" = "~ e

wmogn’s _erblf

—————— T

FiG. 16,13 The inoon's revolution and the inier- -
val of tides

The earth would- take another 48.
minutés and-48 seconds 1o bring the point
A éxaly below MI. Actually, it requires
an additionn| obe minute and 86 seconds
for the earth 10 bring the point A exactly-
below the nicon as it has [urther moved.a
litle during 1his small interval, This.time
lag of about 50 minutes thus explains the
tide interval of 12 hours and 25 minutes, as
tides -occur twice a day.

Generally, tides occur twice a day. But
Southampon Flgiwg the Southerii Coast of
England, expericnées Titdes four . times
day. This peculiar phenomenon of Tour |
(de¥instead of bwois dug to the [acl that the
. g o the Padtl
tidal -waters come .through the English
Chatinél, as wvel] &5 Through'the North Sea
atdferent hitervals,
“Tides FIEE oS Tn the arms of the seas
known ‘as- gulls, ‘Gulls with wide fronts:

)
3




e

Fow, twsre

e
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and narrow rears experience higher tides,
The height of these tides may be ten metres

or motre, Whien a gull is conneeted with the
et e e

open’sed by a narrow chaTinel, water Hows

o Pigr AT R e i o 4 e fan s T *
i5io the gulL at the {itne. of high tide and |,
caves out HITIHE gull at low tide, This
Fite) ne-pf-water, inward and outward
e oy g e : by 3o
s RAGwWHgs~tddl current.

When ETTHEERE™ 1k narrow and

" shallow estuary of a river, the front of the

tida) wave appears to_be vertical owing 0
the pilling up of .the water of the river
against the tidal wave and the [riction of
the river bed. This steep-nosed tide crest
looks like a vertical wall of water rushing

" Upstreant and is known as a (idal bore.

The favourable conditions of udal’ ores

o

inciude’ strength. of the incoming tidal
wavé, slope and depth of the channel and
the river f_lbw\'gl-rf'. India tidal bores are
common in the Hooghly. river.

Tides generally, NI 1 fiaking some of

ry N oL o A B
the_ rivers pavigable lor ocean:going

bty et ¥

vessels.-London and Calcutia have become
i LR 415 LS

pi ]

importani ports owing o the ddal natwre

of the mouths of the Thames and the
Hooghly, respectively. Tides also clear

away the_sediments.brought by the riyers
afd—tios retard the process of delia

fsrmanon. ThHe tidal Torce “may also be
wsed 5 Wosourcs for penerating slectrigity.
For cxample, Fpance and Japan have
power stations whith Converl Gidal energy

into electricity.

EXERCISES

Review Questions
1. Answer the {ollowing questions:

" (i) What factors control the horizontal and’ vertical distribution of tem-

« peratute in the veeans?

(1) How is salt formed in ll’u: oceans?

(i)

Why does the salinity of sea-water diller [rom place to place?

(iv) Name the main types of wind producéd waves and explain their modes

ol origin.

(v) Discuss the gcn.&r:il characteristics of the ocean currents.

{v)) Why do currents in the Notrth
summer and winwr?

{vii) How are tides caused ?

2, How are ocean cuitents

your answer. 2

<+ -8, Discuss salient [eatures of the ocean currents of the Atlantic Qcean with |

[ndian Ocean change their di{cclion in

{viii) Why are tne tides delayed everyday by 50 minutes?
caused? What four sets of faclors determine the
nature and origin of ogean currents?. Give cancrete examples o illustrate

special reference to the Gull Stream.
4, Give one term for eich of the {ollowing statements :
(i) Floaling or stranded masses of ice al least [ive metres high above the

level of the sea.

5

AT LTSN AN ARG .
PR R T
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(i} Index of the i ids i :
amount of total dissolveds solids in sea-waier. ‘ {

(H‘f‘) An OSCl“sllOl Y movement in 3 ater manif 3 d b s 13
¢ lln'l-lJOd'O[W * i T
| ¥ aler nteste Yy an ailgl aLe .

(fv) The breakirg waves in a coastal region

e

(lf) Currents -flowing from low lattudes to high oncs.
(‘w:-u A vertical wall of tidal waters mo'ving upslr:*am ir; the river channel
5. Distinguish clearly between the following terms e
{1} Tee-floes. and e hergs.
{i} Swell and Surf, I
({11} Swash and Backwnsh.
(fv) Spring tides and Neap tides, l ;
6. Choose the correct ending for the féiluwing stitement ¢ ;

The counter equatorial currents flow from: west Lo east
;

) in orde 5¢ .
(“) ; der to compensate for north and south equatorial curvents
it i 1 ‘ |
(. ) in sympathy with the carth’s rotation from west 10 east
{i71) as a result of Ferrel's Law.

(fv) because of the trades lowi
Al ades llowing from the tropi
o ropics towards the e g
Finding Qut e
7. Find out how salt i ined’ |
: alt is obuained from o : i (
bSO i ceans, salt lakes an i {

India. Collect also the relevant statistics ' © imimes; sl any i

, Carlographic Work

8 (i ing cun
(1) Compare the maps showing cirtents and planetary winds. Write a

note Yerrel’ T
) ote on Ferrel's Law giving examples from both- the maps,
; . ’
(i) 2)? f.; world map show cold currents and west coast tropical deserts;
iftuence of warm and cold currenis and ﬁshing,gl‘ounds. ,
Further Readings

f‘-hau, J.J. Qeeanography, New York : D.Van Nostrand Company, 1978, .
flrSOI'I. R.L. The Sea Around Us, London : Stapples Press Lud, 1953, 231
‘King, C.AM. QOceanagraphy, London: Edwin Arnold, 1975. N

Lake, P. Physical Geography, Calcutia : MacMillan & Co, 1959,

Monkhouse, F.], 7he Princt ] .

PHCL p,—ES{;. v rinciples of Physical Geography, London : University of’

Sharm.a, R.C and Vil M, Ocmn.o' .

) Chauanyaf’ublishiné' House, 1962,
1 e t

graphy for 'Ggé‘grrzf)laer.f, Allahabad :
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CHAPTER 17

‘Marine Life and Deposits

HE marine environmnent has a
large variety of flora and fauna. It
is characterized by complex and
intricately mtcrdcpendem organic systems.
The intensity of , light
nutrients and dlssoivcd— gases are some

important (actors which eonirol life i in the -

oceans.

The marine envtronmem is-divided inso

two principal realms: pelagic and berithic.
The [ormer relers w the open ocean
environment and includes the entire mass
of water, while the lauer refers 1o that part
ol the ocean bottom which is populated by
organisms. The pelagic realm: is further
" divided into the neritic province and the

oceanic province. The two provinces are,,

separated by the edge of the-continenial
shell. The neritic province is ol greatest
importanece to marine life in general, It has
a depth of about 200 metres and is the most
populated area in the ocean by the marine
life. 1t is characterized by shallow depth,
receivas most of the light,-has low salinity, less
turbulent motion.and moré of plant nutrients,
it is the natural habitat of fish.

The oceanic province -has a. depth of
more than 200 mewes. It has ar upper
lighted zone and a' lower dark zone with
their boundary at a depth ol 200 metres.
The oceanic provinee is characterized. by
great geographic distribution, unmatched
ranges of depth and relatively uniform
tenperture and salinily diswibution, The

depth, currents,

Major tlorones of fhe ocean

Fig, 171 Major biozenes of the oceans

water in, the,oceanic provinee is clear and
has’ no sediment of terreswial origin.
The benthic realm ts further suly-divided
into littoral and deep sea wones. The wo
ones are separated by a depth ol 200

metres. The littoral.Zone is characterized by
the high and low tidélevel. Here primary food

for animals is availdble .in plenty Isopods,
gastropods, crusiaceans and fishes live here.

The deep-sea benthic gone extends from
depths of 200 metres o Lhe deepest
renches. -1t is characterized by unilormly
low temperawres, 5° 1o [°C
persistent darkness. On the whole, the
population ol ‘organisms decreases with
ihe :ncreasmg distance {rom the coast.
Most organisms in the deep-sca zone are
amnivorcus, Jiving on the orgaiic debris
of dead organisms ol the upper rone,

e

and -

Modes of Marine Life

The marine plants and animals can be
classified into three categories on the basis
ol “their modes of locomotion "and
habitais : plankion, benthos, and nekton.

- Plankton

Plankwon are floaters or wanderers which

have no means of self~propulsion. “They -

are cartied passively by currents, Most of

The majority of the plankton are
microscopic in size but there are notable
exceptions such as jeily-(ish and brown
algae or sargassum. Plapklon are hoth
phytoplankion (plant plankton) and
zooplankton (animal plankion). Diatoms

These are the most commen single-celled
microscopic planis usually covered with
siliceous matter. They {lourish rapidly in
the cold water of ihe sub-Arciic and
Anaretic regions, They are brought by

cold currents to the temperate zone, where

they [loat on the surface 'of the open
oceans. Diatoms form, the chief lood of the

{ish and many sez animals. Zooplankion

are larger and maote complex in character
than phytoplankidn,  Jelly-fish,
arrowworms and small crustaceans are
notable zoplankton. They live under
varying  conditions ol  temperature,
sglinity, currents and tight.

Benthos-

Benthos are organisms that livé on the
ocean floor. Benthos comprise both the
mobile afd the immobile. Lobsters, crabs,
snails, burrowing calms and the worms
whieh eraw] or hounce on the seaslloor arg
examples of mobile benthos. The
immobile benthos
corals,

sponges, . bamacles and  oysters.

them live in shallow water where'.they
¢ absorb sunlight and minerai nuiriens.’

make up a large percentage of plankion.

dnclude plants dike; -
seaweeds and eclgrasses and animals like.
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They are (irmly anached o the sea-floor
and are permanemily stationdry ur flixed.
Most benthos'are found in shallow waters.
where sunlight reaches the bottom. Only a
few of them ste found in the deep oceans.

Nekton

Neklan are the swimming org‘amsms and
include fishes, whales, dolphins, porpoises
and other animals. Nekwon feed primarily
on zooplankton live below the suiface
where food is plcmlful Many plant-eating
nekion come on the surface only at night
to feed on planklon, Nekion always move
[rom place to place aritd from one depth w0
another in search of food and for breeding.
Some move in cold water and others either
in warm water or in the entire ocean.
Nekton ‘are an.advanced [orm of animakin-
relation to planklon and benthos. .
Dolphins .and porpoises are among the.
most intelligent dinimals of the world.
Dolphins:have been successfully trained in
some parts of warld ta carry messages,
mail and iools (rom one place to another.

~

‘Marine ‘Vegclauon

The marine vcgvtauon is characterized by a
limited variety. It consists chielly ol
pzimilive “plant forms which include
various types of seaweed, technically
known as algae. Advanced forms ol plants
are virwally absent from the octan,
“Algag are primitive plants in which the
body shows liule or no dilferentiation of
vcgcmnve organs. There is no tue 1ont,
stem &7 leal. Algae contain rhlmaphyll
and are capable of photosynthesis. The
larger. algae occur onrocky reels in by,

“some disance away from the share, The

smaller algae grow on other lants anl

~animals. The algae growing on pl.lnll\ i
* called the epiphytic and those growing en

animals is known as epizofe, 'Thie algar ue

‘
.
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Fll.::. 17“‘ G_l:’élam A_lgae‘—:;—
" Neptune's shaving

Fi6. 17,6 Red ".I‘!gne-—CoraHn'na

f ey

.

L CL AT

i 17.3 Green Algae—
- Halimeda

Fi6, 7,7 Brown Algar-
Sargassum specics

beawtifully  coloured. « Most  common
among them are blue-green, green, red and
rown. .

Of . these, the brown algae is the most
advanced type of algae and include familiar

* forms such as keip and sargassum. Some

brown algae such as 'macr(_)cystis angd
aercocyslis grow over 50 metres high. The
Sargasso Sea of the North Atlantic Qcgan

" Terives its name [from Sargassum, Brown

algae are an important ocean resource lor
iodine and potash. Note some of the interest
forms of marine vegetation below:

Murine Animals

L}
The marine animals are more Jiversilicd
tan plants in werms of shupe, siae, ol

- form. They are also more wide-spread in

terms of depih. Many of them, however

3

=

Fi1G. 11.8 Foraminifers
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TG, 17.9 Radiolalan

live wgether 'in fimitea specific. arcas. . As

“the marine animals'de not depend. upon

sunlight Tor their survival, they are able o
live at great depths where there s
permanent darkhess. These are the major

Fic. 11.10 8rachiopod

EET R wian
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groups of marine animals; Sarcodina
{foruminifers and radiolarians), Poriferans
{sen sponges), Coelenterates ((‘m:uis aiud
jelly-fish), Echinoderms (s_l:lr-flsh. sCd
urchiris  and  sea  lilies),  AMolluse
(gastropod, . caim and  octapus),
Brachiopods (lampshells), Bryozoany (moss
animals),  Clenophores {goaschereics and
comb jellies). Marine Worms may be
classificd into three groups @ flat wolms,
arrow  worms and  segmented  wonns,
Arthropods group of animals include
crahs, lobsiers, shrimps und  hamacles.

Lastly, there are ahout. 25,000 species of

fish and 50 species of sea snakes.

Corals . ] i .
The coral is @ kind of calcareous rock
chielly made of the skeléions of minute sed
organism called ‘polyps. These uny
organisms extract caleium salt from sea-
water to build hard skelelons (o prolec
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their solt bodies. The tube-like skelétons

extend upward: and outward as the old
polyps die and new ones are born, There
are about 2,508 species of coral polyps.
They live mainly in colonies which remain
fastened to the rocky sea-flcor. When one

generation of polyps dies, fresh structures-

are buill upen the'old skeletons by a'new
generation. In due course of time, a greas
mass ol coral reef is [ormed. The masses of
cemented skeletons form hard calcareous
rocks which vary in colour and form,
depending upon the spices forming them.
Besides polyp, millions of small ‘phffis
(algae) deposit calcium carbonate and thus
contribute to the building of coral rocks.
The progressive growth of corals from.
submatine topographic [eatures appears in
various {orms in course of time above the
surlace of the sea, Corals ‘are generally
found in Tropical Seas bétween 30°N, and
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30°8. Coral polyps need [or their grow(h
temperature of about 20°C. They live w
depths of almost 45 to 55 metres wheie
sunlight  is in abundance, Polyps thrive
well in clear salt water. Both fresh water
and highly saline water are harmful to the
growth of the polyp. They avoid the deita
fegions. An.ndequate supply of oxyzen
and' micrascopic marine food known as
plankton is essential for their existefice and
growth, As the food' supply' is more
plentiful on the seaward side of a growing

- reel, coral grow on the seaward side more

rapidly. : :

Three types of cor}a\l features have been.

recognised ‘on - the\ basis ~ of their
characteristics and mode of occurrence—{;)

fringing, (Ei) barrier, and (fii} atoll.

Fringing Reef w T

The fringing reel is a-'coral pladorm
attached to the codst of a continent or an

istand.. Somelimey, theré is a lagoon or a

shallow channel between the edge of the
reef and the land. The [ringing reel is a
narrow belt and its width variss berween
05 to 25 km., The fringing reef grows
from the deep sea bottom. [ts seaward side
usually “drops stéeply into the sea, The
surface of }'he reel is rough and is located
above the level of low water. The waves

Ve, 1115 Fringing Reef

deposit coral [ragments and {orm 'u'.lmuklcr
zane called a reel flat. The coral polyps do
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L]
not extend outward because of the sudden
and large increase ol depth, ‘The fringing
new  Hebrides Saciety
Islarids’ and off the southern
Florida, Tt is also found in the Gulf of
Mannar near Rameshwarfin in Souih
1nch1 . .

Barrier Reef

The barrier reef is the largest ol the three

" types, It.may be several km wide and
- several hundred km long.

The essential
characteristic of this kind of reel is its
distant location from the coast or the
island. It-is separated from the land by a
comparatively broader and deeper lagoon.
Lying almost parallel o the coast, it

[.dgoon

Borrier

Fic. 1706 Barrier reaf

develops on a coastal platlorm. The barrier
reef is generally very thick which extends
below a depth of about 180 metres with

. very stdep seaward alopes Small channels

usually cut across “the barri 1er reels
connecting the lugeon with' the dpen sea.
'}'hcn .barrier reels™ are ‘formied by the
accumulatlon of ¢brals of various: \shapea,
s1zes lhrough théxdges. Their aurfacc is
covcred with bopulders, coral debTis and
sanid. - ‘Generally. barrier rcels
istands «in an irrcgular and broken ring.

" The Great Barrier Reel off the north-east
cQast Qf Australia is the largest in the
world It is more than 1,500 km tong’ ‘and
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encircle:

about 180 km wide. The Greaw Burrier 15 16
km from the caast at its neares! point and
240 km at the farthest. A vast comples of
hundreds of separated reefs and island, the
Great Bartier Reel .is considered as a
maring® paradise. It aturaciy thousands of
lourists every year'fram all over the world.

Atol!

The atoll is a ring-like reef which partly or
somelimes completely encloses a shallow
lagoon. A cross section of an atoll shows
that the laggon has a level flowr but the
outer edges Bl ihe atoll slope steeply. The
lagoen has a depth of 80 o 150 metres
havmg an island or'a submerged plateau
Generatly, a large. number ol
channels cutting across the atoll reef join
the Jagoon with the open sea.-Atolls are
located ac great distances from the deep sea
platlorms.
created at such places by the presence ol

"Logoon

Frg, {007 Atolis

submarine features, the surface of which
may rise. to a level fit for corl growth,
Such’ submarine features may include a
submergecl island, a.volcanic cone, or a
drowned island, owing (0 the positive
mavement of the sea level.

Accordmg to lhen nalure atolls can be
divided, into three {ypes (x) the true atoll
with o, .circular reel enclosmg a shallew
ligoon with no island in i {if) an atoll
which.surrounds a lagnon with an island
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Favourable -conditions are,

in it; and (#i2) a coral island or atoll island:
which is in fact an aioll reef, built by.the
process of erosion and deposition of waves
with island crowns formed on them, .
Atolls are far more commen in the

Pacific than any other ocean, The Fiji atoll
and the Funaluli Atwoll in the Ellice [siand
are well known examples of atolls, A Jarge
number of atwlls also occur in, the
Lakshadweep Islands.

S

Marine Deposits

‘The ocean floor is almost covered thh ablanket
of sediments. This unconsolidated material lies
over the bottom like a heavy'mantle,covering
some of its features. 1t is just as soil covers the
land surface of continents, The kinds of marine!
deposits dilfer a great deal from one part of the
ocean to another. The marine deposits are 1he
autcome of* deposition of sediments duc' to
continuous wearing of rocks along with the
other material such as the femains of marine
animals and plants, The study of marine
deposits is very important for the understanding.
of the rocks exposed on the su]'fac;: of theenrth,

% The 'marine deposits can he broadly
ié% divided into two main groups-on the basis
of their tocation (i) the deposits of the
continental shelf and slope, and (i7) the
deposits of the deep sea plains and deeps.
The former consists mainly of material
derived from the Jand and are often called
lerrigenous deposits. The lauer are formed
targely ol the shells and skeletons of
mariné animals and plants. Such’deposits
are known as pelagic deposits, However,
the distinetion between: the two groups is
rot absolute. The terrigenous deposits are
not entirely composed of the rock malerial
and the pelagic deposits are -not enurcly
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These rocks were once laid down under the sea,”
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made up ot the emmmns ot anmmals and
plams. By and large. the terngenous
deposits are found near the continents.

The pelagic deposits mainly predominate
in mid-oceans away from the continents.

However, with no  sharp  line  of
demarcation hetween them, the pelagic
deposits may somelimes extend [ar up (o
the continental slope and the ternigenous
deposics..may be carried o the deep sea
region.

. Terrigenous Deposits

in general, the lerrigenous deposits congist
mainly ol :

{a) materiat derived from the. wear and
tear of the land; o

(&) the remains of animals and plants
that live on the bed ol the sca; and

(¢} volcanic material,

By far lhe gt’ca'er part of the terrigenous
depasits on the connncntai shelf and stope
‘consists of the rock material. All Kinds of rocks
are continuously disintegrated into smaller
ragments uader the process of disintegration
and decomposition. The loose material is
carried down to the ocean by rivers. The process

of disintegration and decomposition is not the

same everywhere, It depends upon Lhe character
of rock and climaiic conditions. The amount of
disintegration depends upon the time for which
rocks are exposed. The larger fragments of
rocks are deposiled near the shore, Whereas, the.
finer materials are carried far into the open sea.
Thus, from the shore- outwards there is a
gragual decrease in the . coarseness of the
material. However, their outward extension is
usually Jimited. by the contingntal slope. The

R
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‘distance 19 which the rock material travels not
only depénds upon the size of the fragment but
also on the strength of the waves and ocan
‘currents.

On ‘the basis’ of the size of the Tock
fragments, the sediments, can’ be broadly
classified into gravel, sand and mud. The
finest material which is uswaily grouped
under the general term'mud, covers a large

part of the continencal shelf-and of the

slope beyond. Muds are of finer texture
than the-sands, They consist to a large
extent of minute particles of various rock
formning minerals, quartz being the most
abundant, Murray distingtishes between
ihe three main classes of mud based’on the

colours of the sectiments — blue mud, red
mud and green mud.

Volcanic Deposits

In . volcanic -rcgi()ns; the deposits of the
continental shelf and slope consist chiefly -

of product of volcanism. The volcanic
maierial which is bei;')g thrown oul from a
volcano is subject ,to chemical and
mechanical . weathering. It is
transported to the ocean by the action pl
running water and wind, These deposits
again diller f[rom the ordinary terrigenous
deposiss in the sense that they consist ol
the fragmenis_of lava instead of quariz.

Organic Peposits
A great number of animalis and plants live
and grow on many parts of the contihental

then’

she f. Their shells  and skelelons seutle

do 'n on the bottomy and may form the
greuer pars of the deposits. The organic
sh. s and skeletons are changed into sand
ard mud by mechanical and chemical

pacesses. These deposits conain only the

¢ lcium ecarbonate and  thus they are

Gilferent (ehmy "the ordinary terrigenous

< 1posits.

“elagic Dg:posi[h

These depasits ave most’ conspicuous on
the deep sea plains and in the deeps
covering about 75 per ceni ol -the oceanic
area, With the excepiion of Tine volcanic
dust, very litde terrigenous material s
cantied  beyond  the continental slope.
Wherever the supply of tervigenbus mud is
not much on the slopes, the deposits
hecome more or less pelagic in type. The
pelagic deposits are hoth organic and

_inorganic in nature. They consist parily of

the remains of marine animals and plams
and partly of the volcanic dust brought by
the wind. :
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The orgunic group is chielly represented

by a kidd of liquid mud which is known as

poze., The ootes contain shells of severa)
kinds "of organisms. In some ooues,. the
shell is tade of calcium cirbonate, while
in others il is made of silica. Therefore
there are two main kinds of oczes:

© Caleateous ooze and. the Siliceous ooze,

These ooues .are named alter .the

. predominenu (ype of organisms.

The calcarcous ooze is either the pler'upod
ooze or the globigerina ooze. The siliceous noze
comprises the diatom ooze and the'radiolarian
ooze, . ’ -

In addition 1o the organic aozes, there is
anothier type ol deposit called the Red

Clay. Iv consists mainly ol inorganic”

material which is apparently of. voleanie
origin. Silicon'and aluminium didxide are
the chief constituents. It also containgiron,
manganese, phosphorus and radiam. Red

clay is the most widely spread pelagic |

deposits. It covers about 38 per cent'of the’
toial oceanic arca. It covers mare than half
of the Pactlic Ocean, '

EXERCISES-

Review Questions' .-
1. Answer the following questions:

(i)  What are the two principal realms of marine environment?

(i) Mention the chief characteristics of the neritic province. Why is it of greatest

importance to marine life?

(iit) Why does the population o{ marine organisms decrease with depth?

(iv) What are algae?

(v} Why are mdrinz animals able to live at great dépths than marine plants? 4

(vi)

(vii)

(viii} What are terrigenous deposits?
2. Write short notes on:

How are marine deposits formed?

Classify the marine deposits on the basis of their location and origin.

" (iyPlankton; (i) Renthos; and (iii) Nekton.

n
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als and coral deposits. Mention the essential conditions
for their formation. THustrate your answer with specific examples and diagrams.

4.7 ‘Givea single term [of each of the following statements:
(i), {Floating or wandering forms of organisms with micros
“ o withi currents and tides, }
(ii) . Qrganisms that live on the ocean boltom. i
-iiii—), .Pelagic animals that are abls to swim independently.
(iv) Coflective term for planktonic plants. . : '
(v) Collective term for animal ptankton,
(vi) Marine depdsits that are located on abyssal plain.

copic size, drifting passively

5. ‘Distinauish- clearly between the following terms:
(i) Pelagic realm and Benthic realm..
(ili) * Neritic province and Qceanic province,
' (iii} T;rri'g_qﬁ_ét_:s' deposits and Pelagic deposiis.
- (iv) Fringing reef and Barrier reef, o c
‘6. Listed below are thie important ¢haracteristics of the fringing rgc‘_f: bartict rcefanfi atoll. After
"' going through the list, group thes eorrectly under the respective coral type.
hs of varicus kinds of marine plants, animalsand

lize how fascinating they are:
samples of marine deposits from the

7 “Scarch for coloured Apicture‘s and. photbgrap
. coral formations. Only then would you rea

Fi:".d,ou‘t what methiods and tools are employed to“collcct

ocean floof :

Certographic Work _ r

8. ‘Lg:ﬂatc coral islands, reefs and atolls on the map of Indian, oo,
Weite n brief report regarding their location in respect of latitudes, ocean cu‘\t—mms, epth and ,
proximity to land masses. o . o
With the help of a standard atlas, show the distribution of the following merine scdlme:nts;n

Jm&'&aﬁs' (i)'f'&ﬁig,éhoﬁs‘dcposits,‘_(ii) Calcareous voze,"(iii) Radiolarian ooze, and (1v)11'c
'Diatofn 00ze; ' |

Further Readings ' ) B

g;att, 1.1, Oceanogrophy. New York: D. Van Nostranid Company, 1978. .

Carsbﬁ, R.L, ihe.Sea Around Us:London: Staples ’P-r._css -L.ld..,._ 1953,

Bngel, L. The Seq, New York: Time Incorporated, 1962.

King, C.A.M;; Oggw;qgrqphy. Lendon;: Arnold, 1975

Atlantic and Pacific Oceans,

“Lake, B, Physical Gédgraphy, ‘Caleutta’ Macmillan & Co., 1959.

Larousse Encyclopaedia of the Earth, London: Paul Hamlyn, 1961,
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CHAPTER I8

.. Man and Oceans

r I VHE oceans serve man in many ways
both directly and indirectly. The
chemical, biclogical and geologi-

cal wealth ol oceans is overwhelming,

Man ' has ‘exploited these resources for

centuries. Oceans are also useful to man as

a means of (ransportation and

communication, and as a modifying factor

in climatic environment, With- the

explosion of population, the.dependence

of man on ogceans is bound o increase
greatly. . !

Aithough the ‘oceans Hold' great
potentials for vast resource {or the rapidly
increasing population of the world, but
they are not infinite.. With the scientifié
knowledge, the man has improved his
methods ol exploitation ol marine

, resources to a great extént. Al the rsafie

‘dme, He must also realise and. ty 10
control the ‘exploitation keeping in view
the place, time and quantity.

Oceans and Climate

Oceans exert an ovarwhelmifig influence
upon the climatel They greatly influence
the distributionr ol temperature and
hymidity over the earth’s surface. Qceans

-act as savings bank for the selar energy.

They receive deposits in seasons of
excessive insolation and pay them back in
seasons of want, Since the same amount of
insolation heats the land surface [aster
than the water surfaces, the eflect of oceans
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‘On the other hand, cokd cyrrents flow from !
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on temperature and  humidity of the i
atmosphere is very significant. Water nol |
only heats up slowly than land, it also s
cools mnuch more slowly than land, The
enormous absorbing and liberating
capacities of the oceans do not aliow much
extrernes of temperature on the coastl
areas and over the surface of the ocean,
Thus, the range of emperature over the
pceans. and on the adjacent land s very ;
insignilicant, This major conlrast between ! ‘
the effects of land and water on
temperature conditvions and their
grographical distribution has resulted in
two types of climates. of the world viz, the
continentel and the maritime climates..
Ocean currents also help o modily the
distribution of temperature. along. the
coastal areas. The wann currents, flow
from the- low latitudes towards, the high
Lititudes and  bring .abnormally  warm
waiers (o cold areas. For example, the
climatic conditions off the west.and.north-
west coasts of Eurgpe are governed hy the
warm ‘watet of the North Adantic Drifu

the high ladtudes to the fow- latitudes and
bring water that is ubnormaily cold, In
fact, ocean currents help in redistributing
the heat over thousands of kilormetres o !
the earch, .
- The oceans also control the distribyton
nf pressure and prevailing wind system
over thé globe in a big way. The prevailing
winds in turn determine the distribution -
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and the amount ol rainfall over the zarth,
The oceans are, in faci, the main-source
from which our almOSphcre derives its
moisture, Rajnfall which is so important
o man, sunimal, plant life is the giit of
ceans. Thys, the oceans are -great
regulators dnd  stabilizers of climatic
phenomenon over the earth,

Oceans and Food Resources

The oceans are a gredt source ol food and -

other products of value 0 man. Man
consumes fish, molluscas, crustaceans and
many other edible forms of animal life. He
also uses certain kinds of seaweeds to make
foods. Besides [ocd, many sea animals also
provide oil, fur, leather, glue, cattle {ecd,
- and other uselul products, Certain marine
planis and animals are also used [or
making: curative medicines. The most
‘important factor about the marine
biological resources is that they are casily
available and  inexhaustible. With the
progress of human society, man has been
increasingly depending on oceans for food
and other uselul things. Of all the marine
resources, fish is the most abundant and
widely used focd.

Fish form a rich source ol food and
nutrition © man. Fish has been caught
and consumed by man since the pre-
historic times. For the warld as a whole,
fish now make up more than 10 per cent
of the total animal protein food that man
consumes. Herring, anchovy, pilchard,
sardine, cod, «almon, tuna, mackeral, hake,
‘haddock constitute the bulk of the world
fish caich.

Today, [lishing is 2 well deveioped
industry -in many pans of the world.
Different {ishing methods are used
depending upon:Lhe behaviour of fish, The
fishing mcthods ‘range from primitive to

most modem. ‘Advanced fishing nations-

use more efficient methods including

- concentrated

trawhng and diiliing. Today all kinds of
modern  devices are employed in the
fishing industry. Echo-sounders are used
not only 1o detect shoals of {ish below the
suiface, but also indicate the depth at
which they swim. Modemn [ishing ships are
fitted with computer- -controlled sensors for
locating {ishing grounds In addition, the
modern fishing ships  have huge f[ish
processing [aclories. Advancements in
relrigeration have made it possible to store
[or a longer permd the huge catches at séa.

Important hshmg areas ol the world are
in' shallow waters ol the
continental shelves and over the banks in
Northern HMemisphere. These areas provide
the best supply of phytoplankions—the
food for lish, Five major commercial
fishing regions have been identified: (?)
North American Waters, (i) North-
Weslern European Wat'ers, (it7) South
American Watets, (i) Enst Indian Waters,
and (v} West Indian Wasers '

Seawced is being uséd' for ‘an increasing
‘humber of purposes as human and arfimal

food, in cooking and in textile industry.

Oteans and Mineral Resources

.Qceans are the storehouses of a2 large

number of ‘useful meialiic and oaon-
metaliic minerals. Minerals occur both in
solution and in suspension. Dissolved salts

that *are common in sea-water include
coramon salt, magnesium and bromine.
Othér  important  minerals  include

petm!eum, gas, manganese, phosphorue
sulphus, litanium, zircon, monazite, gold,
platinum, diamonds, lin, iron, sand, gravel
and many others,. Of all the mincrals
found-in the oceans, pewraleuin and gas are
the most important.’ Qifshore pewoleum
gas exploration and production has now
become 2 glohal phenomenon. The main
source of variods minerals in the sea water

is the land. The precipitation that [alls on

Py
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the' fand carries vast amounts of mineral
material (o the oceans on its retum
journey, Qcean mining is [ar more
{xpenswe than l'md mining. It costs about
twenty times more.

Qceans and Petroleumn

The most important minerals produced
[rom the sea are petroleum and gas, which
alone accounts for more than 90 per cent of
the lowal value of 'minerals obtained from
eoceans, In view of recent energy crisis,
the production of petroleum [rom ollshore
waters has' increased considerably in’ the
past two decades;

Petroleum is found mainly jin the
continental shetves and slopes and in small
ocean basins. Some scientists estimate that
about 20 per cent of the world's ol
reserves are deposited in offshore waters, At
present the offshore waters of more than 75
countries are being
petroleum. The Bombay High i5 now an
importarh il producer o[Indfa At present
oflshore pewroleum cdmes * {rom areas

within 150 kilometres of the coasts and
[rom depihs of 2,000 metres. It is estimated
that by the end of this century about 40 per
cent of the world’s oil production wili
come from the oceans. :

Oceans and Energy

The energy resources of the oceans come in
lorms: tidal [orce, geothermal
energy and energy from ocean temperature
differences. .
Tides are the source of great energy.
This energy is due to the rise and fall of
the sea-water due o tide generating forces.
The powerful tidali waves release large
amounis - of energy when they strike
against the shore. The piston-like

movement of tides can be tapped to run a’

generaior and subsequently to produce

exp]ored for.
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electricity, But there are dilficulties i1 the
use of tidal power bhecause tidusgnre
irregutar. However, a few tidal puwer
stations are working successfully in the
Commonwealth of Independent States, France

and Japan.
The sea-watcr 'is capable of genecrating
energy in another way. The principle
underiymg the- generation _of power from

sea-water is based upon the difference in -

wmperatures of surlace and the sub-surface
water. The winer at the botiom of the
ocera is cold and at the surface is warm,
The,water at the surface of_sea in tropical
region may be 25°C to 30°C, while the deep
waters in the same locality are 5°C. This
thermal gradient. of -25°C is powerlul
enough 10 run a generator thai would
ultimately produce electricity, Floating
generators have been designed in. recent

- years to produce power from the diflerence

in ocean temperatures. Such power plama

are operating in Befglum and Cuba.:
Geothermal energy in the oceans is

‘associated with [raciure zones and active

volcanoes. Geothermal energy is especially .

promising for the generation of electricity
in the coastal aveas. "Al present ‘Lhe
geothermal source of energy has already
been developed in the U.5.A., Mexico and

New Zealand.
Ocean Transportation and Trade

The oceans provide the most important
means of natural wransport to the man. As
the oceans cover about 71 per cent of the
total area of the earth's surface, they have

" proved 1o be ap invaluable fink among the

continents and the nations ol the world.
Oceans not only provide the easiest means
of transport but also the cheapest. Qcean
transporl is cheap because the nitine
provides [ree highways and the waler is
buoyant, needing less motive power, There
are ' no" obstructions such as gradients,
which the land and -inland  waier
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lrangporiation engounter. However, there
are -obstacies such as [(og, icelidrgs,
submerged reels and. sterms. Moreoyer,
‘pceatis - form a  world  highway  which

- - Dbelongs o none and can br used l}y each
. and all. Therelore, Lhe ceeans as a highway
has proved a boon for the iruun;uionai
trade. Oceans arc.no imore considered as
barners separating continents but provide

. Tpawea)l ks between themn,
., The ocean routes of the world depend an

* .various [actors : the great circle route ar the
shortest distance between two poine over

_the globe; the facility for relueling ac

©. . intermediale stations; the quantity of cargo
‘and the presence of jcebergs, submerged
I'El:fs)z fog, storms and ocean currents. The'

. Nonh Adantic :Route which connects
T Eastem ‘North America with Eusope is the

‘busiest ocean Arade route in the world,

) : :

a Qeceyns and Politics

o An increasing -imporumcv ol oceanic
resources has heen crealing new grounds
for disputes among nations. They have
difteredl 'op territorial claims of sea-waters
‘and an awnership of their resources. The
_politics hds not _le{t ocgans unteuched and

‘Laws ol the Sea are being perlecied (o
avoid wars over the use of sea-water and all
that it yields. High seas are 1 be kept [ree
as common heritage of maukind, :

‘Rev'imv- Questions

,‘ 1, Answer the Foiiowmg questions @

A number of oecan highways, pardally

closed seas and islands are geting globul
importancé among  superpowers of the
world on accotnt of their siraregic aniliary
importance.: The dwnemship of such siles
for constructing air and'naval bases in the
gta hag ecome the aim for incressing the
sea power of great counties ol the present-
day world. Close to aur country, the need

Tor Keeping Indian Ocean free from such

developments is being realised by zll the
countries along its boundaries. The sinail
or developing countries around this acean
are valuing the marginal and mid-ocean
istands for making naval bases for
guarding oul cobstline lrom the greed of
the big powers. Defence of the oceans has
thus become equally important [or
maintaining peace and for vse of dieis
resources by the countries adjoining them.

The futine usts of the oceans will
include - desalination,  deep sea oil
explovation and  production,  deep  sea
mining of strategic minerals and

praduction of power from the tdes. One of
the newer uses of oceans is (0-extract
substances Tor viamins and drags from
marine organisms [or curing diseascs.
this™ requires Lo keep oceans free lrom
noltutions. The spilling of oil from large

petroleum rnkers, heavy concentration of,

toxic metallic cuntents, and addition of
radio-active wastes. from ships and nuclear
explosions are 'to be checked w conserve
rich marine life, '

EXERCISES

(:) Llst the varlous dnpql and indlirect uses o[ oceans o man.

- the-earth?.

LAl 1L N

iR GE e
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Farr el et (u) W:hy,arf: oceans called grc‘u regulators znd stabitizers of climate over

“a .

Y

Al

7 ’ M.'AN AND OCEANS

(it Nime lmpouapt marine loods that man consumes (oday.
{iv} Where are the major commercial fishing grounds o[ the world located?

{v) What II'(IpOJhU'(,l n‘llnerlS are found in the oceans? Wh'u is the muain
sQurce cy' these mmerals in the sea- waler?

{vi} How have the oceans proved a boon for international trade?

2. Discuss systematically how oceatis influence climate, giving 5peuf1c figurcs
and examples wherever possible,

3. Discuss in detail the significance of oceans for man. Give spccx[:c examples
wherever possible, . :

' 4. Wrile short notes on’s

(i) tidal energy, and (ii) geothermal energy,
5. Make out correct pairs frgm, the wwa colums.

i ' } A B
(i) An cadible form of ségmented anmimal (a) Cristacean

{11} An edible form of solt-hodied animal (&) Tidal- energy
covered by hard shells. ’
{r) Mollusk

.. {#) The busiest ocean rome"‘in the world.
() North Adantic Drift

¥ () Energy associated with [racture zones
and active voicanoe;'.

(v} Energy due (o ;l;e rise ant fall of (he
sea waler,

{e) The North Atlaniic
Route

: {(w) The current which influences (he
climace ol north-west coast_ ol Lurope.

(/) Geothermal Energy

6. Which of the [ollowing sttemends contradict the conlention that oceans
are great ‘regulators and stabilizer” of cl:malrc phenomvnon over.the earth?

(i) Oceans receive deposits of solarencrgy in seasons of excessive insola-
tion and pay them back in seasons of want

(1) The enormous absorbing and liberating capacities of the oceans do not
allow much extremes ol temperature on the coastal areas.

(1iy Ocecans control the distribution of pressure in the upper atmosphere.
- (i) Ocean currents help to re-distribute heat over thoufands of kilomeures..

]

I‘inding Out

- 7. Find out all that you can about the modern dev:ccs employed in the fishing

- industry in the world. Also collect photogragshs of-modern fisiing ships, fish
processing fac(oncs and. computcr controlled sensors

S vasran
A Ly sy ks g
TN MY e v o meny,

e -

{vii) In which countries has the tidal force been successiully harnessed?
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*
.

Cartogra'phic— Work

g, (1) Show five majnf commercial-{ishing regions on the map of the wor'lld.
(i) Show the inportaat ocean routes o the map p[ ‘the world.

Further Readings - .

Bhau. 1.]- Oceanography, New ’York: D Van Nosl-rand Coinn,;;z\n.y. 1978.

:King, GAM., Oc‘eanogmph\- Londo ¢ Edwin Arnokl 1979,

1
mcrs Af!ahalml Ch.n

Sharma, R.C. and Vatal, b. Qceanography for Ceograg
tanya Publishing House, 1962.

UNIT V

'lThé_"BiOsphere .

—
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f . , " Cartographic Work
. 8. () Show live nmjm;- commercial [ishing regions on the map of the world.’

= 7 i (i) SHOW the importiaat gecan rosiey ou the map of the world.

] Fur(hc;r Rcadmgs

i ‘ Bhat, J.J. Ormnogmph\-. New York D. Van Nostrand Cm‘nmm 1_978.
' King, G-AM Ormnogmph\- London : Edwin Arnold, L475.
Sharma, R.C. and Vatal, M. Qceanameply fr:r (;mgw,uuers Alla]xalnd Chai-
tanya Publishing House, 1962,
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CHAPTER.I9

“The Biosphe}e- .

he biosphere relers to that part of the
i earth imwhich allfife forms exist, Itisa

shallow but extremely complex -zone

lying at or close to the interfaces between the -

three realms of the earth, i.e. the biosphere, the
atmosphere and the hydrosphere, Since life of
any kind is possible only in this layer, it is vilal
far us. T

The organisms or life forms in.the biosphere
vary in size {rom .minute bacteria to large
whales or huge trees. -All oiganisms may
broadly be -grouped under two categories—
the plant Kingdom and toe anumal Kingdom.
Under each category, there are several species,
Human beings are just one of the species of the
biosphere called the Homo Sapiens.
Ecosystems, Cycling of Matter and
Flow of Energy .

All organisms whether belonging 1o the plant
kingdom or the animal_kingdd_n'i,iﬁtemct with,
each other as well as with- fheir - physical

environment, The study of the interactions

hetween. organisms and their énvironment is
called ecology The complex system of
interactions belween organisms and the

physical environment in any unit of area is’

referred to as an ecosysten. It could be of any
size from a small pond to the "Amazo
rainforest or the entire world, )

What dre the components of an ecosystem

and how do they interact with each other? Let
us understand It with the example of a small
isolated woodland, - ’

SOLAR (; LONG WAVE”
ENERGY . ADIATION .

ATMOSPHERE
R —

A Litter
falt

Valer and nuteients

F1G. 19.1 The ecosystem af a woodland

The woodland consists of different kinds of
planté and rnimals such as grasses, plants,
trees, fungi, bacteria, birds and animals. All
these organisms are closely associated, Some
plants are parasites that feed on other plants,
Similatly some animalg-are predators living off

, fellow animals- Many animals:derive their food

from plants. These relationships cxtend
further; Plants derive nutrients and water from
soil and air. When the plants and antmalé dig,
the mineral nutrignts from the deenyed planis
and animals are released with the help of
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tountless organismis in the soil. These nulrents
then return back to the soil from where they can
again“be taken up by the plants, Various
components of the woodland-thus interact with
cach ‘other as well as with their physical
environment. As such the ecosystem of the
woodland consists of all kinds of tife forms such
as plants and animals (biptic or living
coinponent) and their physical environment
such as soil, and water (abiotic or non-living
component} with which they interact.

Irrespective of the size, thekeyfeatures ofan
«co-system are the cycling of matterand flow of
energy between various components. Matter
and energy in the ecosystem are used to blild,
o maintain m.u:ssary
internal energy level for sustenance,

All life forms are made of- primarily thres

-7 most abundant clements—carbon, hydrogen

and oxygen. Other elements such as nitrogen,

~drgn, sulfur, phosphorus ahd manganese are
- required only i small quantitics, Thesc

clgments are also called nufrients,  Vast
quantities of the major clements ate found i in
large reserves in the atmosphere (e.g. carbon,
oxygen and’ nitrogen) znd in rocks (e.g.
phosphorus, iron and sulfur). Thev enter the
biosphere mainly through plants. .

Matters consisting of elements and com-
pounds move from one component of the

-ecosystem (o another in a cyclic mariner

following distinet and consistent pathways, For

example, carbon, oxygen, nitrogen and water, -

ali. move -betweén ..the atmpsphere, the
lithosphiere, the hydrasphere:and thebiosphere,
While some of these matters complete their
cycles in a very'thort time, some may be stored

in certain formis where they.are unavailable for *
«use-for, prolanged. period of geologieal times.

Nevertheless, at dny:goint-of time they do.not |

_* leave-the total system of the planetiearth, What
. makes these natural.cycles operational?

We know that. energy’ is required for any

e G T = e g e

work or mevement. The ccosystem also
functions dus to energy transmission through
its various components which makes natural
cycles operational. The source of this encrgy
could be traced back (o solar radiation. In
earlier chapter you have already read about
latitudinal patterns of encrgy distribution and
heat balance on the earth. They control the
distributional pattern of life form on the earth
and provide examples of encrgy flow in the
abictic component of the environment. Now

we will read aboul energy flow in the blOllC

component of the environment.

The transfer of ¢nergy in the ecosystem takcs
place in &'s¢ries of steps or levels, referred to as
a food chain, Plants dre the firstdevel i the
chain and are called the producers. They use
light energy ta copvert carbon dioxide and
water 10 produce carbohydrates and eventually
to other biechémiczl molecules required to
support life, This precess of energy conversion
is kirown as photosynthesis, Al-the next level of
the chain are the primary cohsumers. These are
the plant eatlng animals (herbivores) such as
insects, mice and goat. At the third level are the
secondary consumers, whé feed on the primary
consumers (¢arnjvores) suctf as owl and lion.
Some of the -species are cailed omnivores
because they are both herbivores and carni-
vores, Human beings come under this category,
The decomposers (microscopic organisms and
bacteria) feed on the detritus or the decaying
organic matter derived from all levels, They

help in recycling the mineral nuttents into the

ecosystem  and  thus’
completed.
A food chain is seldom as simpie as described

the foed chain is

above because each organism may fecd on a

variely of food derived from different levels.
Many simple foodchains intermingle with one
anather depicting .complex interrelationships
of organisms at each level and form afood web,
Instead of unidirectional links one could

SOLAR
RADIATION e
- LN

il i
.//
——"/ _|SECONDARY |
PRODUCER{'=’=={CSI'3%MARV CONSUMERS)

FIG. 19.2 The flow of encrgy through the Joodehain

observe several interactions. '

Al each level of energy transformation,
considerable amount of energy is tost. Much of
this energy is expended by orgapisms in the
form of body heat and respirations. Generally

I0:to 50 per cent of Lthe energy stored in organic

matler at any level can be transferred to the
next higherfevel in the chain, Thisexplains why
most of the food chains are limiled to four or
five levels and whyanimals at the higher level of
the-food chain have to depend over a larger
areu to pbtain :.he requircd {ood. In other
words * each wccesswc Jevel within the
gcosyslem in an ascendmg order 15 by necessity

much smaller. A¢ a comsequence we atways find -

a very consistent pattgrn of the pyramid ol'_
numbers in all types of ecosystems, While the
base of the pyramid consisting of the primary
producers is large, 1here is.a sharp decline in
numibers at cach suceessive level,

1n & natural state, tnere is a perfect harmony
betwgen the various cycles and flow of energy
establishing a dynamic and fluctuating equili-
‘briumm in any ecosystem. This is known a
ecological balarnce, ]
Human Impacl on the Ecosystem

Though human beings are justone of the species
of the numerable life torms, they are much

THE BIOSPHERE 193

Fic, 193 A typical pyramid of numbers

1. Primary producers
2. Primary consumers
3 Semna’ary consumers

V4, Terl!ary corisumers

more adept and ommniscient member of the
ecosystern than any other organism. With the
help of science and technology théy are
becoming more and more capable of having &
significant impact on plants and animals. They
have been able to domesticate many plants and
animals for greater human use, It meant
changing the genetics of plants and animals so
that the new desirable characteristics are passed
on 1o succeeding generations. The effect of
domestication is 1o replace the progess of
natural selection by those of human sclection,
Cur agricultural ¢rops and domestic animals

are the results.of this kind ol environmental

control.
The other significant impact could be seenby
the way of introducing plants and animais to

new arcas crossing the physical boundaries an-

land and sea. Sometimes these introdictions
have been deliberate for the sake of food,

aesthetic appeal, sport or any ether ncccsslty
But at times, these mlroducl:ons have been

zceidental. Irrespective of 1hg way of,the

intreduction, occasionally thise plants and’

animals find their new habiat free of
competition, As a consequence, their growth

rale is 5o fast that they outnumber many species’.

soon and alter the environment drastically,
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However, fesgurces are renewable as long as
environmental conditions are [avourable.
Careless use mdy destroy them loan extent that
they may not be available to mankind in the
near {uture.” For example, wasteful pse or
pollution of water may create is scarcity. The
problem is still much mose acute with the non-
renewable resources, Since their formation of
concentratjon takes, severel thousand years,
their oves-exploitalion may cause deprivation
of such resources, For example, mineral oil
once exhausted may not be available for
human use in the-near future. .
Mast of the environmenta! problems of the
present-day-world are essentially man-induced
fence their solutions also lie in their hands. 1f
we want the survival df the human race, we will
have to learn 1o live in harmony with the
environment, For this we have 1o aveit
deterioration, damages ot destruction of the
alfected systems. Besides, cheeking poliution,
we have 1o conserve our resources so that they
cauld be stretched for a protonged use. 1L is
possible by. substitution and recycling. For
cxample, plastics are being widely substitited
for metals in many applicatian. But we should
remember thal plastics are also synthesized
frotn compeunds which are themselves mineral
resources— petroleum and coal. Besides, 1ltgy
-also create pollution because their disposal is

difficutt. Hence careful selection from. vasious.

alternatives is necessary. Several rc50u.rcess_uch
as minerals can be recovered and used againin
a process, kKnown as-recycling. For example,
scraps metal [rom the autamobiles may be
melted and used to make new items, However,
" much altention has not been paid to this aspeel.
1i requires intensive research and development

TH: BOSPILERD

EXERCISES

’

Revizw Questions !

1. Answer the following questions;
(i) Why is blosphere important?
(i) What is an ecosystem? )
{ili) What makes natural cycles operationa !
(iv) Why is conservation of natural resources necessar

2. Distinguish between:

(i) herbivores'and carnivores
(i) blotic and abiotic components of the environment
(iii) producers and consumers
(v} food chain and [ood web

3. Discuss human impact oh the ecosystem.

4. Discuss the ways to chec‘l_i enyimﬂméuml degradation.

Finding Out S o ' .

5, Collect c_lippir_tgs_._l'rom newspapers for'a week about environmental problem. Prepﬁﬁ:’ 3
report discussing the nature of the problem and its extent, the geographical area and the
possible reasons.

Cartographic Work :

§. Prepare graphs showing the papulation growth, reserves and production of iron, coal and
petroleum for the world (continentwise) from 1950 to 1980 at in interval of 40 years. Discuss
the result, : .

Further Readings ‘

I. Strahler, ANN. and AH.Strahler, Geography and Man’s Environment, New York
John Wiley & Sons, 1977, . :

2, OJivef, J.E. Physical Geography, Duxbury Press, 1979.
3. Goudie, A. The Narure of the Environment, OXford: Basil Blackwell Publishers Limited,

1984, .
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