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FOREWORD

This book follows the approach taken by the Council n developing a cutriculum for
Classes XI and XII,

An Editorial Board for Geography for the secondary and higher secondary stage was
constituted undet the Chairmanship of Professor Moonis Raza. The Editorial Board
devoted considerable time to developing the syllabi in geogtaphy for Classes IX, X, XI
and XII and then to the preparation of manuscripts of different bools for the same,

The present book Physical Basis of Geography for Semester I of Class XI is one i
the sertes. At this stage1t'has been our endeavour to develop a curricuum which\
would be more functional and problem-oriented, Fusther, it should serve as a basis
for those students also who would go to colleges and universities or professional
mstitutions for higher learning.

Our thanks ate due to Professor Moonis Raza and his colleagues on the Editorial
Board for preparing the syllabi and manuscripts of the books. We are grateful to Dr.
A, B. Mukeryi of Panjab University, Chandigath, for the considerable pams he took
in the preparation of this manusctipt which was discussed and approved by the Edis
torial Board, Special mention may be made in this connection of Professor C. D.
Deshpande who looked after this wotk personally and also contmbuted the first two
chaptets of this book explaining the nature and scope of geography asa discipline.
The maps mncluded 1n thts book were prepated by Shr1 Purushottam, Qur thanks are
also due to Shri V., S. Chaudhaty who tendeted the script into Hindi in a very short
time,

The preparation of curriculum and textbooks calls for considerable expertise and
effort m planning the work, in screemng, teviewing and editing the book and, finally,
seemng it through the press. Forall this I am grateful to my colleagues in the Depart-
ment of Education in Social Sciences and Humanities, ard particularly to Professot
B, S. Parakh and to Smt. Savita Sinha who was assisted by Smt. Savita Verma. In fact,
but for the dedicated and sustamed work of Smt, Savita Sinha the book in its present
form would not have seen the light of the day.
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Curticalum construction and development of msteuctional matetals are on-going
onocesss and hence every suggeston from the teachers m the ight of thett expevence
would be most welcome, - These would be taken mto account while bunging out the

tevised verston of this book,

SHIB K. Mirpa

dJomt Duector

National Couney] of

Ecucational Reseatch and Tramng



PREFACE

The ‘plus two' stage in the new educational pattern is an important link in the chgin
of curricular wotk, whetern it 15 intended that the student should branch out on the
basts of the, foundations laid m the first ten years of schooling devoted to general
education. Accordingly, it would be necessary at this crucial stage to broaden and
deepen the students’ base i’ geography so that those offering :t as an elective
subject, may develop 2 keen and intelligent interest tn the subject that 15 so useful in
then every-day life as well as i thewr areas of specialization. TFurther, bemng a
subject of an mterdisciplinary nature, geography helps m the study of allied discrplines,
espectally botany and zoology among the natural sctences. and economics, political
science, saciology and the ltke among the social sciences,

Agamst this background the Editorial Board, i collaboration with a large number
of teachers and various academic agencies intetested i 1mproving the teaching of
geography at different levels 1 an articulated manmer, developed a framework of
curticulum consisting of systematic geogtaphy for two semestets and geography of
India tor the remamng two semesters.

The present volume on Physical Geography meant to be used 1n the first semester m
Class XTI 1s preceded by two chapters dealing with the nature and scope of geography
as a disciplme and its place m the world of knowledge. In fact, these two chaptéts
provide an introduction to the entire coutse spread over four semesters,

Its companion volume deals with Human Geography. The synthesis of the principles
discussed 1n these two volumes and their application would be discernible in the other
two volumes, viz., (1) India: A General Geography ; and (2) India: A Regional
Geography. The emphamis on the study of India and o regional geography needs no
elaboration.

The Editorial Board 1s also of the view that the study of geography and real appre-
ciation of 1ts nature and methodology remain mcomplete 1f theoretical study is not
complemented by practical work 1n the laboratoty and the field. Hence the Board
has provided for adequate field and practical work mits course outline and has pro-
duced a separate volume in this semes, enttiled Fieldwork and Laboratory Techniques
m Geography.

A workbook 1 geography for Classes XI and XIL 1s yet another addition m the
series ntroduced by the Editomial Board. This move was widely appreciated by
geography teachers,
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I am grateful to Dr. A. B, Mukerjee who wrote this book, notwithstanding a sertous
acadent he met with. My sincete thanks ate also due to Professor C, D. Deshpande
who, bestdes contributing the first two chapters of the book, took pams to go through
the manuscript of the book carefully and did his best to render 1t in as simple a
language as possible. I am also mdebted to Shu V. S, Chaudhaty who rendered the
book into Hindi n a very short time, Also, grateful mention may be made of Shn
Purushottam who prepated the maps and diagrams included in the book,

My special thanks are due to Smt, Savita Smha of the National Council of Ecu-
cattonal Reseatch antl Traming who has been responstble for seemg this book through
the press, But for her devoted and diligent work the book would not have seen the
light of the day i 1ts present form.

Curniculum construction and development of mstructional materials are on-going
processes, and hience every suggestion from the teachers n the light of their experience
would be most welcome. These would be taker into account while btinging out the
tevised vetsion of this book,

Moonis RAZA

Charrman

New Delhi Editotial Boatd for Geography
21 July 1977
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CHAPTER I

Introducing Higher Geography

i e began our study of geography at
a very eatly age n school. In fact,
from about ihe age of seven, and that
comcided with our leaving home, gomg to
school, visiting the market, calling on our
relations 1n other places and stmilar acti-
vities. In class, we learnt about our home
town or village, our district, our state,
our country, and the world as a whole.
This was done stage by stage, and we
studied how ‘man reacts to his environ-
ment in different parts of the wotld Why
some countries are tich and other poor,
and how mankind bas advanced fiom its
primitive state to modern agro-industrial
societies, We also learnt how, 1f mankind
makes a wise use of Natures gifts, 1t cap
live a hajpy and purposeful life. Geo-
graphy, thus, makes us aware of our place
on the globe, other countries of the world.
our telations with them, and provides us

the wisdom to cultivate, a truly civic out-
look. Tt 1s no wonder that geography,
along with history, civics and other sodtal
sciences helps us to be better citizens.
Geography continues to make a useful
contribution to our knowledge as we
proceed to the higher stages of education.
The mam purpose of this introductory
chapter 1s to explain the role of geography
in higher education. Many people think
that geography 1sa school subject only.
This 1s not so. What we have done so
far was to get acquamted with the
world and 1ts various parts in a progres-
stve mannet. It wasa popular view that
acquiting a general knowledge of the
world was the sole purpose of studymg
geography, because till the present centuty
much that was taught as geography was
drawn from the accounts of ttavellers and
explotets.
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Geography as a Description of the
Earth

This, of course, was natural. With
every advance of mankind, since ancient
times, man’s world, as he came to know
1t, has contmuously expanded beyond his
habitat From the ancient valley civiliza-
tions, growth of maritime commerce and
cultural contacts, expeditions to conquet
near and distant lands, voyages and dis-
coverles, during ancient and medieval
times, brought 1n a new knowledge of the
vatious parts of the Earth, thiough the
narratives of exploters, conquerors,
travellers and traders The horizons of
man's knowledge of the Earth, thus con-
tinued to widen,

But there were also some like the
Indian, the Greek and the Arab scholars,
who ttied to understand the Universe
around us and the place of our planet
within it. Many of them, like Bhaskara-
charya, were good astronomers, We have
seen how m our study of the size and the
shape of the Earth, latitude and longitude,
the Solar system, measurement of time,
and the like, these scholars laid the
foundations of geography as a science.
Thus, 1t 1s easy to understand how il
the eighteenth century there were scien-
tists—few m number but distinguished
—who 1dentified geography with the astro-
nomical phenomena and gave it a strong
mathematical character, But the accounts
of the newly discovered lands—the New
World of the two Americas, Australia
and the interior of Africa, and of the
matitime toutes to the Far East and
South-East Asia, became far more fasci-
nating, The European colonial conquests
of most of these regions added a practical
value to these accounts.

t was during the eighteenth century and
the eatly pait of the numeteenth century
that such geogiaphical accounts began to
be studied in a more systematic manper
and for the purpose of a bettetr under-
standing of the earth and its regions The
German geographets, Humbolt and Ritter,
were the pioneers. After them, geography
of the nineteenth century f{ollowed a
pattern of systematic description of the
Earth, 1ts contments and lesser regions.
Thus Unmiversal Geographies of the Werld
were published 1n Germany, France and
Great Britain. The Colonial tule of Great
Britam and France in patticular made
these types of geographies popular, and
the early school books m our country,
like those of Marsden, Canceron, Mormison
and Jater, L. Dudley Stamp, were fashioned
after the general pattern of describing the
earth and its regions.

We may say that geography as a des-
cription came to be tegarded as a study
of the man-environment relation, with
Ratzel's  Anthropogeographic.  Ratzel
argued, or rather over-argued, that man's
actions ate determined by Nature, This
was tn 1870's. Following Ratzel, there
was a greater awateness of the relation-
ships between man and environment. So,
Geography not only ‘described’ places but
tried also to explamn man's response to s
natural setting.

Is There Anything Else in Geography
Beyond Description ?

It is often asked, and very properly,
whether there 1s anything else in geo-
graphy besides descriptions of the earth
and 1ts parts ? The answer 15 clearly ‘Yes'.
Geography is no longer a description or a
catalogue of countries, places and the like.
What we have studied m geography
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eatlier was only a starting point, because
geography like other sciences has recorded
significant progress [thas a pomt of
view of its own, aims and objectives, its
methodology and 1ts field of enquiry.

The Pownt of View.

Tt 1s now generally accepted that geo-
graphy as a science 1s a point of view In
giving our knowledge of the wotld we live
. Just as botany 15 a study of the plant
kingddm, zoology of the ammal kingdom
geology ot the tocks, sociology ol our
socral relations as members of the society,
and economics of our economic relation-
ships, peography 1s the study of an area,
and all that features 1n that area, which 1s
generally known as ‘Environment’. The
area may be as small as a village or as
large as the Harth itself. Our attention
is primarily devoted to the surface—the
terrain—of the area. We study the
surface, s underlymg tocks, the mantle
of the soil, the hills and valleys, the
plants that grow, the ammmals that
move, the weather and the climate and
the role that man plays in this setting of
Nature, It 1s from this point of view that
geography 1s called a Chorological Science
a science which studies areas.

Awms and objectives

The aims and objectives of geography as
a sclence, thus, become clear. The
principal aim of geography 1s to under-
stand an area as a part of the Earth's
surface, in 1ts totality as an amimated
aspect of nature's creatton. In studying
this totality, 1t often becomes necessary
to study with greater precision one
particular aspect that contributes to the
totality, Thus we may study, for
example, the Rajasthan desert—1ts natural
setting and the human rtesponse, by
considering all the important natural and

man-made aspects, which distinguish this
region from 1ts neighbour. We may also
study, more specifically, features hike the
micro-chimatic variations 1n the Rajasthan
desert or the behaviour of ground water
m 1it. The first approach 1s often termed
regional geography, and the second,
systematic geography It 1spossible, and
indeed desirable, to apply both these
apptoaches.

Methodology and Techmques

For tcalising 1ts aims and objectives,
the science of geography has 1ts
methodology and techniques, which have
progressively gamed piecision and some
sophistication, We shall acquaint ourselves
only with the major aspects. In the fitst
place, geography heavily depends, asdo
other sciences, on scientific method and
logic This implies an orderly way of
sathermg the facts that are relevent, classi-
fymg the n on the basis of simaarities and
an effort based on clear reasoning to draw
some mecanmgful mferences. By techniques
we mean the ways in which the facts are
sifted, processed and mterpreted, The
use ot might techniques for a gtven
geographical problem or a situation
depends upos the skill of the geographer.
Published maps, published statistical
information or data, field studies mcluding
specially prepared maps, collecting the
required data and the hike, ptovide the
geographer with his data, But, further,
he has to transform and mterpret the data
so as to make his geographical study
meanmgful. He does this mamly through
(s) cartographic and (b) quantitativé
methods/techniques.

We should temember, however, that m
all this the geographer’s attention is tes-
tricted to the area and the changes that
are takmg place. Throughout his study.
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he asks himself two important questions :
(a) What are the patterns and processes
mvolved in the changes taking place in
the area under study, and (b) how does
man’s effort express itself m the terrain,
and what could be the meanmng of the
pattemn, process and human response ?
Do they show some commonness? Do
they, i other words, conform to some
tendencies or laws ?

In developing this reasomung the geo-
grapher uses, what the students of logic
term, both deductive and nduciwe
methods. We shall not go mto the details.
Deductive 1mplies conclusions arising from
a stated premise, Inductive means
gathermg a set of facts and trying to
identify the commonness i the observed
patterns and associations. In both cases,
we tty to set some meamngful inferences
and mote 1mportant we tiy to test
whether our inferences are cotrect or
othetwise. This testing 1s called empirical
testing. As we proceed to leaitn more
about geography, we will come aci0ss
Chuistaller’'s pattern of settlement herarchy
ot WM. Davis’s ‘cycle of erosion’. Air
photographs, space photographs and
computers have considerably strengthened
the tools of the geographer Thus, the
geographers’ methodology and techniques
have become more piecise and capable of
meanmingful inferences, These practical
aspects of gamming direct experience of
geographical phenomena can be acquired
with the help of the compamon volume,
Freld and Laboratory Techmques ..d other
similat books.

Relation to other Sciences

Geography draws a good deal of its
requitements fiom allied sciences~both
Natural and Soctal—and m 1ts tum

geogrophy makes a useful conimbution
to them. Thus there 1s a close relationship
between geography and other sciences,
also called disaiplines.  Geography,
accordingly, has several imterdisciplmary
areas shaied with other sciences.

Some scholars prefer to ‘identify this
relationship by a classification of natural
sclences Imto clorological, whose mamn
concern is with the study of regions or
areas, chronological, with the study of
element of time, and swstemafic, waith the
study of the Eaith phenomena by systems
or classifications. Thus, astronomy and
geography are chorological sciences,
wlach are linked with each other
History and pre-histoty are chronological
sciences which give geography its dimen-
sion of the time element | they help us to
understand, for example, how the face of
modern India evolved through ancient
and medieval times ; or how man evolved
biologically fiom the eatly homo to the
neolithic man, Physics. Chemistry, botany
and zoology ate systematic sciences which
enable us to study the more precise
aspects of man and environment m a
regron. It must be made clear, however,
that this classification serves the purposes
of study as useful avenues, but cannot be
regarded as a tigid compartment, for
almost every science has a component of
space, time and subject matter that can

be classafied.

The mcreasing association of othet
sciences has enriched geography both as
legards 1ts content and 1its sub-fields.
Geography, for example, has now entered
sub-fields like geomorphology, having close
links with geology, histoucal geography
with economics, biogeography with botony
and zoology. We shall soon acquamt
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ourselves with these sub-ficlds and further
specialisations.

In 1ts term, geogiaphy has contmbuted
to allied sciences like geology, oceano-
graphy, meteorology, geopolitics, climato-
logy and ecological aspects of botony and
zoology.

The relations of geogiaphy are getting
closer ind very fruitful with economics,
which 15 incteasingly interested 1 the
spatial or regional aspect of man's
economic welfare, as for example,
identifying which regions of Iiidia are rich
and which are poor, and why. Environ-
mental condrtions in the tribal regions ot
India 1s a challenging theme for study by
both the sociologist and the geographer.
Political boundaries and frontters 1s an
exatmg theme that belong both to
political science and geography. In
studies like patterns of human behaviour
mn space (area), the association between
psychology and geography 1s yielding
frurtful results.

In our approach to these sciences we
should be careful and also crtical m
judgmg which aspect of each science has
a relevance to geography and accept only
as much as 1s likely to entich our under-
standing of a geographical phenomenon
or problem. Indeed, 1n our study, we
should try to discrimmate “what 15
geography' and “'what 15 not geography",
and integrate our findings of those
aspects that are relevant for our purpose.
The wotd ‘integration’, which has now
become curtent in geographical literature,
broadly means combtning those factors
separately identified (and, pethaps, from
the fields of allied sciences) and reading
therr significance 1 their composite or
synthetic form. We' shall take a sumple

example of what integtation and synthesis
mean,

If for a tegion like the Kashmir Valley,
we piepare seveial maps each showing the
distribution of important aspects like a
physical map of the bordering Himalayan
tanges, the middle ‘Karewa' (alluwial)
plateaus and the Jhelum and 1ts drainage,
temperature and rtamfall/snowfall at
different stations 1n the valley, distribution
of forests and pastures, distribution of
cultivated lands, human settlements,
roads and the like, we are tdentifymg our
data and 1ts patterns 1 the valley region.
When we supeitmpose these maps 1m a
proper sequence, (from the physical base
to the man-made aspects), we are trymg
to find out the possible association
between these aspects. This 1s a process
of integration or synthesis, and 1t yields
meaning{ul results. As, for example, we
find that there 1s a close association
between the form of the land 1 the
Kashmir valley, 1ts agriculture, human
settlements and means of transport.

It 1s mote common to use this approach
m geography by drawimg upon its sub-
fields., Although the example quoted
above, 15 one based on map supernm-
position and interpretation, it 1s necessary
to remember that there are other methods
of mtegration also, most notably now,
with the aid of. quantitative methods. It
1s from this point of view that geography
1s called "‘a science of mtegration or
synthesis’.
Sub-fields

Geography

A hallmark of the progress that sclence
makes 15 the sub-fields and specialisations
it develops. Modermn Geography 1s no
exception, Geogrtaphy has two distinct

]

and specialisation in
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sub-fields—Physical and Human.

On the basis of their origin geographical
elements of an area can be classified into
broad groups : the natural or physical and
the human, that is, man-made or
influenced by man. The natural features
are those which are cieations of Nature,
independently of man, like mountains,
tivets, virgim vegetation, antmal life and
the likee The human or man-made
features are those created by human
gioups in their efforts to live m their
habitat with ease and security. Agri-
cultural fields, villages, factories and roads.
are some examples. As they express the
culture of human gioups, they are usually,
called cultural features. But, m addition,
there ate some aspects which are not
visible expressions, and yet materially
mfluence human action in environment.

These latgely belong to the realm of
thought Our thinking, perception, and
reasomng, out capacity to absorb know-
ledge, our view of life, as exptessed often
through our teligton and education, alf
these are non-material elements, which
need to be taken imto account. Some of
them do express themselves in wisible
forms like a school building or a religious
place, but most of them make a powerful
impact on human behaviour in space. The
choice of a place to locate an industry
and the journey to work (from home to
the place of work) in a aity, may be cited
as examples to show the nature of this
impact.

We need hatdly watn ourselves that
Physical and Human are two convenient
divisions made by us for understanding
Nature better. Nature repiesents a unity
m its existence (Fig. 1).

Geography

—

Physical

l

Human Ist Order Branches

b iy I T — 1
Landforms Climate Water Soil Veqgetation
\L .L -
Economic Cultural Social [Ind Order Branches
i i b
Alluvial Glacial Coastal
4 i
Agricultural  Transportation Industrial IIIrd Order Bronches

Fig. 1. Geography as a Discipline
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Sub-fields of Physical Geogr aphy

Geomor phology, the science which studies
landforms 1s a rapidly emeiging science to
which important contrtbutions have been
made by peology, geography and
climatology In regional geography, the
understanding of the teiram and its main
and detailed teatur>s 1s indispensable, and
as such geomorphology provides the base
for geography.

Climatology, though a saence almost
mdependent by 1itself, 1s also a necessary
part of physical geography, 1n that it
provides our understandmng of the
processes 1nvolved 1n the shell of the
atmosphere that surrounds the globe.
Hydrology, an emetging science, helps us
to grasp the processes whereby water
plays 1ts role mn nature through oceans,
rivers, glaciers, etc, and in sustaining its
Life forms. Soil geography, which 1s a part
of pedology, deals with the kinds of sols,
therr evolution, regional disttibution and
theit role m land use.

Sub-fields of Human Geography

The main sub-fields of human geography
ate : Cultural Geography which deals with
the cultural aspects of different human
groups. Cultural aspects mclude man's
habitat, clothing, food, shelter, skills,
toals, language, religions, social organisa-
tion and his outlook. As civilisation
advances, all these and other aspects
present a vatiegated form both 1n function
and spattal distribution. Some geo-
graphers prefer to call this sub-field
Social geography  Economic geography,
a rapidly developing sub-field, concerns
itself with man's activities 1 improving
his material well-bemng through economic
production, exchange distribution and
consumption of useful goods and services,

that human groups and therr members
ueed. How these activities develop m a
reglon, thiough man's use of the region's
natural tesouices and how they are
pither locally consumed or sent out of
the reglon to some othet tegion 1n
exchange, are the mam concerns m
economic geography.

Populaiion geography mamly deals with
those biological and cultural characteris-
tics of human groups which strengthen or
weaken the groups in then effort to
develop the resources of their region and
their capacity to live in comfort mn their
habitat Human groups in therr absolute
numbers, birth rates and death rates, age-
sex composition, levels of nutrition and
literacy, may besaid to be the puncipal
aspeets of this study with reference to
then spatial distribution of the vatious
forms m which human groups settle 1 a
region. The princapal forms are house
types and settlements, rural and utban,
ranging from a hamlet to a modem
metropolitan city. Historical Geography
seeks to build up the geographical picture
of a reglon or area, asitevolved {rom
time to time mn 1ts past. It gives us
important clues 1 understanding the
reglon as 1t 15 at present. Political
Geography aims at analysmg political and
administrative decistons or choices of
otgarused human groups in their spatral
setting, Relations between independent
states, frontiers, boundaries, federalism,
local government and regional planning
are some of 1ts princtpal concerns,

Some  further
geography

So mtense has been the recent research
m geography that each ot its many sub-
fields has led to further specialisations,

specialisations in
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We may mention only a few to under-
stand this development In geography,
for example, glacial, coastal, climabic and
anthropogenetic (r.e., landforms mfuenced
by man's action) geomorphologies are
making a sigmificant contribution. Micro-
climatology 1s another example, on the
physical side of geography. On the human
side, there has been a powerful emergence
of specialisations m economic ceography,
i the form of agricultural, industrial, and
transport geographies. Medical geography
15 a spectalisation which has emerged from
biological aspects of Interaction of man
m his environment.

It 1s possible to view these sub-fields
and specialisations 1n an orderly arrange-
ment that enables us to recognise their
place and role 1n the science of geography.
Physical and Human are the mam
branches, sub-fields like geomorphology or
economic geography are of second orgder,
Glacial geomorphology or agncultural
geography belong to the third order.

Regional geography: We now come to
an 1mportant aspect of geography that is
not a branch or sub-field, but rathera
counterpart of these aspects. It 1s a study
of a region at different scales —continents,
countrles, regions, local areas, etc.,—in all
its geographical aspects. Identifymg the
main geographical characteristics of a
region, the interplay between man and
nature and 1ts expressions on land and
reactions on man and nature’s resources,
delimitation of geographical regions,
status and relations between regions of
different size and iegional planning, are
some of the principal concerns of Regiorial
Geography. In fact, Regional Geography
15 a summation of thé findings of other
sub-fields and specialisations ;n geography

that are relevant to the area under study.
We shall make this clear by examimng
the relation of regional geography to other
branches of geography which are usually
termed together as systematic geography.

Systematic  Geography and  Regional
Geography
In identifying the branches and sub-

fields of geography and what Regional
Geography implies, we can see that there
are two ways of studying a geographical
phenomenon, One way 1s ta select one
geographical factor such as climate and
study 1ts world-wide  disttibution,
tecognise the climatic reglons over the
globe and go mto the detailed regional
climatic types and sub-types. Such a
study of climate can be done at any scale
of the area : India and its climatic
regions , the climatic regions of Rajasthan
with 1ts north-western region of and
climate and the south-eastern semi-arid
chimate of the Aravallies, the highlands
and sutrtounding sandy plam of the Lum
Basm, both of which are a part of south-
western Rajasthan. This study of a
specific geographical factor 1s known as
the systematic approach in geography.

The content and methods of Regional
Geography

Regional Geography, on the other hand,
considers the area as a whole first and aims
at 1dentifying those geographical factors
or components which m their unison
create the distinct character of the 1egion :
in doing so, it examines the man-environ-
ment relationship with the constant
change that 1s taking place within it.
This 1s done by integrating the findings
available as regards individual geographical
phenomenon. It will be readily seen that
systematic geography contributes its
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findings and' regional geography presents
an mtegrated picture of the region as a
whole. It also compares the region under
study and 1its relationship with negh
bourng ones This aspect 1s called ‘space
relationship”  Further, the study of
regronal geography implies demarcation
of tegions and sub-regions within the
study tegion. The process of identilymng
vatious reglons 1s often called regionalisa-
tion. This aspect also mcludes the study
of thestatus, that 1s, the place of various
Tegions, sub-tegions, even smaller regions,
and the linkages between them 1n their
mteractions, Jt 15 uwsual to call this
procedure a dlasstfication of 1egions and
identi{ying the regional hierarchy.

We may briefly illustrate these concepts
and procedures by continulng our example
of Rajasthan. Broadly, tae mo.t promi-
nent geographical factors operating 1n the
area delimited by the boundary of the
State ave 1ts rocky and sandy terrain, 1ts
soils, more importantly 1ts arid climate,
the expanses of desert mterspeised by
scrubby grasslands in low-lying basms and
occasional strips of agricultural land
supported by local wells. The density of
the population 1s low and has settled 1n
small widely distributed willages and
hamlets, many of which are the homes of
cattle-rearng nomadic communities. Com-
munications ate few and far between and
most of them connect the ancient towns
of 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 relations
1s one ol man's strenuous eifort Lo improve
his economic status and his living, mn an
envitonment which 1s harsh. We buld

this rtegional pictute of ours with the help
ol mups, statistical data and other sources.
We aim at mntegration ol out mateual so
gatheied to understand Rajasthun as a
geographical region.

We further tiy to identily sub-regions
and thetr sruallet regions, on the basis of
relevant {factors. Thus, Rajasthan may be
divided mto the artd north-westein region
and the partly forested, hilly region of
the south-east The south-eastern region
can be further classified mto (a) the
Narmada hills, (b) the Udapur hill com-
plex, (¢) the Lum boider lands, and (d)
the Aravalli hill complex, on the basis of
terramn and land use characteristics. Each
of these smaller regions can be further
broken down mto stll smaller geographi~
cal regrons.

Here, we should note that the techmque

of identitying and dematcating Teglons, or
regionalisation, has become more precise
and objective for time. Geographeis used
to classily regsions on the basis of ther
intimate undewnstanding of the region and
on the basis of factors which they regard-
ed as most relevant at each stage in classi-
fication. Nowadays, with the use of
tefined cartographical and statistical
techmques, 1L 1s possible to demarcate
regions moie objectively and weigh their
place m the regional hieraichy, with a
greater precision, Such exercises are use-
ful not only to gain a good msigh! into
thet regional geography ot the land, but
also for 1egional planmng and develop-
ment We now have some good studies
of our country as a whole and n greater
detail for some ot its regions hke South
India and some districts like Kamrmnal in
Haryana.
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The field of geography

We thus, see that geostaphy has a useful
contribution to make 1 out study of the
Banth and its vauious regtons, We come
actoss several well known definitions of
geogtaphy—'1s a science of places, a study
of the Barth a5 the home of mankind',
Fiach of these definitions may not convey
the entite content of geography, though
it does emphasise ane o mote aspects,
But. we can always temmd ontselves that
thefleld of geogrenhy contatns an atea

its geographical envelope and the constant
change that Is takmg place 1n the natural
and human phenomena, Qut study of
geogeaphy, therefore, should be omented
towatds the avea, the releyant aspects, the
wterachions 10 the phenosmens, the spahal
wafterns and processes, therr changes, and
above all what these changes mply i
tetms of man and his well bemng,

Inthe next chaptet, we shall deal with
the theme that Is basic to geography-man
and natute ot man-environment selattons,



CHAPTER 2

Man and Nature in Geography

he relattonship between Man and

Nature 1s such a basic theme in geo-
graphy that it menits a detailed discusston.
Initially, 1t would be worth while to 1ecall
the familiar statements that Nature has
ordamed or determined man's life and
actions or about man's conquest of
Nature. We tealise that these traditional
views of the man-envitonment telation-
ship, are exaggerations. It 1s difficult to
accept either of them because out ex-
pertence and facts do not lend support to
these views. To justify the first view, 1t
used to be aigued that man 1n the tropics
with 1ts hot and moist cimate will always
remain lethargic and backward, because
it has been ordained by pature Qur past
cvilisation and dut present economic
progress as an agro-industrial nation does
not support this view. Examples to show

the so-called conquest of Nature by man
are many and all too familiar, Man's
progress m science and technology 1s
tevealed by modern mdustry, the creation
of metropolitan cities, conquest of dis-
tances through better means of transport
and communications the latest example of
which 15 man's landing on the moon. But,
can we really say that man has conquered
nature when we still have to face such
calamities as earthquakes and floods?
Such exaggerated views ate mainly due to
ah mcotrect assessment of the man-nature
relationship. The relattonship, far from
bemng conflicting, 1s one of cooperation,
and Man 1n Nature 18 a more faithful
description of the man-environment rela-
tionship. Man’s very existence on the
earth depends upon the terram it provides
and the bounties 1t offers. As aleading
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geographer has stated "'Nature provided
the stage, and it 1s for man to act onit.”

(Vidal de 1a Blache).

Understanding the Environment

For our purpose before trymng to under-

stand the man and nature or the man and
eavironment telationship 1t 1s necessary
to know what envitonment means. Im
geography, when we talk of nature, we
often equate 1t with enviionment though
the two concepts are mot precisely the
same., When we refer to nature we mean
those creations m which man finds him-
self: the tcriamn, the landfoims, the cli-
mate, the vegetation, the animal life and
their mutual association. These we sce as
features or elements of a natural lands-
cape. These ate creations not made by
man, but by forces that are external to
him, When we refer to environment, we
emphasise the imtertelationships and -
fluences that mnature’'s different consti-
tuents exert on each other and +the sum
total of the effect produced (Fig. 2).

Hydrosphere

Fig 2. Natural Environment
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Thus, we speak of an equatortial environ-

ment or a desert enwironment. In an
cquatorial environment, rocks rot anc}'
lateirtic soils are developed ; there 15 a
luxuriant plant growth, with its typical
torm, under hot and moist climatic con-
dittons. A typical example of the second
type of environment 1s rhe Rajasthan
desert with 1ts bare rocky landforms,
sandy soils, and stunted scrub and coarse
grass, supportmg grazing ammnals like the
camel and the sheep The mutual relation-
ship between sandy soifs, dry climate,
scrub and ammal life 1 the Rajasthan
desert 1s seeu in their adaptation and
mutual dependence In an earlier study of
geographv we have known somethmg of
adaptation, and here we shall go into
some details of mutual dependence. Poor
and sandy soils and artid climate can
support only a scrub vegetdtion which m
1ts turn can support hardy animal types,
and the ammals support human groups
who can tend them as well as feed on
them ; these are our nomadic shepherds
of Rajasthan

In add:ition to these sequential links bet-
ween each of these, there are direct limks
like the one between landform and man
an oasis with a good soil and local 1rriga-
tion helps man to cultivate the land ; man
tegards springs, wells and tanks, as vital
to his living. This totality of mfluence n
any given area may be called, for\our
purpose, enviropment. To give a parallel,
natute offers the stage—that 1s the area,
as well as the actors on the stage ; the
principal actors are the landfoims, cli-
mate, plant and animal [ife, they mutually
Interact to create the enwvironment and m
that very process they—unlike the actors—
get influenced ; im their form, appearance



MAN AND NATURE IN GEOGRAPHY 15

and functions, and even 1n the case ot
living beings their mental reactrons. Only
in the case of higher antmals like monkeys
some Pprocesses of thought may be seen,
but the most thinking of them is man.

Natural and human environment

With every advance in cawvilization, man
has become more and more the dominant
actot. That 1s why some scientists pretei
to identi{y the natural environment as the
humanised or the human environment.
The former is created by non-human
agencles while the latter 15 influenced by
man, i an ever mcreasing measure, almost
to the extent of creating a totally man-
made environment as we see in metropoli-
tan cittes. We must, however, 1emember
that the distinction between the natural
and the human environment serves as a
useful guideline for understandmg the
enviionment. Environment, as a reality, 1s
one, and when man enters 1t, he not only
mfluences 1t, butm turn 1s influenced by
1t oo, according to his wisdom and ability
to take advantage of nature’s 1esources.
Ecosystemas

Thete 15 another interesting aspect of
nature and environment. [n a given area
or a reglon, each of the constituents,
broadly identified as geographical factors
and their components m all their vast
numbets, have a life-cycle. They are born,
grow to maturity, then d\;t:ay and die.
Land{orms, plants and ammal lifc have
this cycle; only the 1ate of change 1s
different!. In plant and ammal Lfe, the
changes take place over short periods.
Plant communrties for example, grow in

—

1. Even climates chang-.; over a long period, bet we

do not know whether Jhere 13 a cscle of life in
them

assoclatron with each other, and artive at
a final stage 1 therr growth, after which
thete 1s no change m their composition as
a commumty, though their individual
members may giow and die. This stage 1s
called ecological balance or climax (or
homeostatis—a Greek word). In a more
complex manner thisis what happens in
the growth of plant and animal communi-
ties all living together in the area, The
energy for their growth 1s ultimately
derived from the sun and finds its way
thiough 1mnumerable components of
nature and contmuously operates as energy
cycle, This expression of the enetgy cycle
through various forms on the suiface of
the earth 1s known as an ecosystem. The
concept of ecosystem helps us in under-
standing the mutual mterdependence of
the components of nature, espect ally 1n 1ts
biological aspects.

Ecosystem and environment;

There 1¢ a close relationship between the
ecosystem and the environment. Just as
an ecosystem advances to 1ts climax it can
have a teversal also. Overgrazing and
destruction of the forest cover has tutned
many green lands mto bleak and barren
lands. Palestine, in the Biblical days, was
‘land of milk and honey’, today, because
of overgrazing, 1t1s, for the most part, a
desert. We have many examples of such
reversals m the ecosystem. Such reversals
are caused mainly by human interference
in the ecosystem. The mote persistent
effect of the changes in an ecosystem 1s
felt in the changes in the environment.
There ate extensive laterttic plateaus In
the Konkan lands of our country, Once,
these were covered with tich forests and
good ammal lLife. Local communities
cleared these forests to obtamn timber and
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fuel as well as to till the cleared land. The
so1l became poor and dry, these lands have
now become barren and piactically noth-
mg can grow on them. The earlier environ-
ment of a moist landscape has Been
changed mto a dry one

Man as ecological dominant

This bungs out the mportant issue that
man, through his skills and tools, has
mcreasingly become a dommant factor in
ecosystem and the envitonment. He has
domesticated animals like the horse, the
ox and the sheep, for hisuse. He has
tilled the ground and raised selected
plants as crops These domesticated
plants and animals (termed cultigens) have
enabled him further to destroy forests
and alter the landscape of a region as well
as 1ts ecosystem Later, with the acquisi-
tion of greater skills, he has built roads
and other forms of transport, towns,
ports and industrial cities. Thus m
modern t1mes man has become a dominant
ecological agent, and has used the earth’s

Habitat Animals

w

N\

Organisms

Fig. 3. Interacting Elements of Biosphere
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resoutrces to his immediate advantage, but
m doiwng so, he 1s altering the ecosystems
and environments which from the long-
term pomt of view, are likely to be
disastious for him and his habitat on the
Earth Pollution of the air, water and the
seas that is gomng on today 1s only a fore-
warnmg.

Man-environment relationship a2s an
interacting system,

The role of man m his environment as
discussed above can be wviewed more
clearly 1f we see 1t as an interacling
system m which man 1s also one of the
paiticipants, But bemmg a dommant one,
his role has become increasmgly important.
Man, smce the dawn of human history,
has 1ealised his role 1mm mature, more
unconsclously than consciously  Like
other Iife forms on the Earth, he began
with the common piocess of adaptation
to nature. Where he differs from other
life forms 1s m his adaptation with a
purpose and a well directed effort He
began to think, 1eflect, and acqure
knowledge and skills that would add to
his Irving, comfort and safety. The essence
of human cvilisation lies 1n this reaction
of man to nature.

Human response .

The man and nature or ‘Man i Nature'
telationship 1s unique 1n the fact that man
does not tespond to the stimulie generated
by nature through his imnstincts alone His
behavioutr towards nature or with reference
to 1ts stimuli depends very iaigely on the
culture he has mherited By cultuie we
broadly mean the skills he has acquited,
the way he makes use of his skills, his
customs, manners and social relationships
and above all his knowledge, wisdom and
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outlook. AIll these elements of culture

are gathered by him as a member of the
human society, thiough ages smce the
dawn of civilisation

Spatial variations in response -

It should be noted, however that no two

groups 1n mankind respond to natuie n
the same way. There ate variations from
one part of the world to another. This
relationship has its origm withm an
Interacting system between Man and
Nature, and 1t 1s dynamic, complex and
not always to the advantage ot man, as
will be cleat from two examples.

Ancient Greece and modern Europe :

The awvilisation of ancient Greece 1s
known for 1ts cultural advancement. The
people tilled thewr lands well, produced
beautiful handicrafts, devoted their leisure
usefully and produced marvellous pieces of
art and architecture, Their contribution
to [iterature was great and their thinkeis
like Plato and Austotle exert their
influence even today, But after a petiod,
the Greek City States—small and mdepen-
dent republics as they were—mdulged in
mutual warfare and that mamly caused
the decline of the Greek civilisation.

The present-day Western Civilisation
owes a great deal to the ancient Greek
and Roman  awvilisations. But the
Eutopean communities tesponded to
nature more vigourously and with a spirit
of adventure. They charted the unknown
seas, discovered new lands, conqueted
and colonised many, invented the steam
engine and ushered m the age of modern
mdustry, Their progress n education,
science and technology has been so
remarkable that most of the European
societtes both m Hurope and the New
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World are rich, active and are today the
leaders of the destmites of mankind. But
they have had as we know, their mutual
wars mainly due to political rivaliles and
exploitation of colonies, With therr
advanced technology, they are now able
to send artificial satellites round the earth
and space-ships to the moon. Therr
success m handling nuclear power has
produced usetul energy both through
nuclear electricity power stations and the
forms of nuclear bombs, the former for
the benefit of mankind and the Ilatter
holding a potential for 1ts destruction.
These two examples of interaction ate
enough to show that mnteraction leads to
man's progress and can also lead to
disaster.

We call this 1elationship an interacting
system because every change caused by
man 1n his ecosystem leads to other
repercussions entailling changes mm other
elements of the ecosystem and thereby 1n
the environment. We can, for example,
trace this mteraction through the ‘food
chamm’ in which man plays an 1mportant
role. This mteraction, therelore, shows
some otder and pattern which 1s more
easy to 1dentify as a patt of a system.
Several aspects of this mteraction can be

studied 1n a methodical way, with
observation, cxperiments, mapping and
mterpretation The development of sub-

fields and specialisations m Physical and
Human Geography are but attempts to
trace this interaction with greater pre-
cision and understanding

Interaction in space and through time -
It 1s possible to study this interaction
both with teference to the present day

world and its various regions and with
reference tp the historical past Indeed
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both these approaches ate complementaty
and help us to understand the interaction
better. For example, our country even
today 15 an agro-industral nation. Great
Britamn and Japan a1e highly industrialised
nations, while the USS.R. and the
U S.A. have developed then resources so
well that they are regarded as the most
powetful nations of the world. Let us
take another example irom a geographical
pomt ot view. In western Europe interac-
tion between man and nature 1s strong
and purposeful, while in a major part of
the continent of Africa, 1t1s weak with
natute dommating. We have already
studied the Eskimos, the communities of
the Sahara desert and those of the
Equatorial regions. The examples given
above 1elate to studies of piesent-day
mteractions m different parts of the
world. In other words they ate spatial
studies with reference to the space or the
surtace of the earth as 1t is today.

We can now take the example of our
own countty and see how this interaction
can be studied thiough time as well. The
early Aryans reached India as cattle-
tearing nomads, Soon they became agri-
cultural commumities. In Tecent times we
have progressed both m agriculture and
modemn industry. Hete we study the
historical evolutton of India and the
Indian Society This apptoach to study
with reference to the time element is
called the temporal approach. We should
remember, however, that in geography
even while studying with reference to
time, we cannot lose sight of space. The
aim of geography, in this context, 1s to
study the interaction 1n space with
reference 1o a partticulal period ot {1me.
Total environment .

We may now summatise our findmgs
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telating 10 the environment and man’s
role m 1t. In the natural environment
there ate three already familiar domains-—
the Lithosphere, the Hydrosphere and the
Atmosphere. To these we may now add
the Biosphere the tealm of all living
forms, of the plant and the ammal
kinpdoms. It, of course, includes man.
It is the thin life-bearing layer above the
Earth's suiface where the different spheres
act and interact to produce and sustam
all living forms. This life layer nearly
extends vertically from the deepest oceans
to the higher lLfe-beating layets of the
atmosphere above. It has a range of a
few Lkm. Both vertically as well as
horrontally the biosphere has wide
varations. The importance of identifymng
the biosphere 1s two-fold, 1t shows the
place of man in nature's life forms and
how as a Iife foum he 1s becoming increas-
mgly dominant

Fig. 4. Total Environment

Fmally, 1t would be seen that inspite of
man's dominance, the environment
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opetales s a whole, Our earlier distinc-
tion between the natural and the human
15 only for understanding the environment
as a whole. Tt should also make us realise
the way m which man 15 playing a
consttuctive and a destructive tole tn his
envitonment and how the tesources of
the Harth could be wisely used, conserved,
and wherever possible teplemshed Thus
15 what geogtaphy as a science teaches us,

These fisst two chapters are meant to
seve as an mtroduction to the study of
geogtaphy 1 classes XI and XII, The
est of this book analyses the main aspects
of Physical Geography. Its counterpart,
Human Geography, 15 the Subject of a
companion volume, The techniques m

the study of geogtaphy m the field and
with the aid of statistical and other data
and maps ate presented m Freld work and
Laboratory Techniques m  Geography'
Finally the way m which the principles
that we learn and the techmiques we
acquite while studymg higher geogeaphy
help us to understand a part of the Farth's
surface and the problems of its people
form the subject of the fourth text book.
This 15 2 book on Indra and has been
divided into two parts, India A General
Geography, and India—A  Regtonal
Geography, All these books ate accon-
panted by work books covermg the entire
course spread over four semestes.
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CHAPTER 3

The study of the structute of the earth
focusses on its layered structute, and

the vatiations in the demsity and tem-

perature, at vartous depths., These tem-

perature vartations are both a cause and

an effect of the layered structure,

There are at least five important aspects

in the study of the structure of the earth :

() There are two forces, exogenic

and endogenic, which mould the.

earth’s surface and create land
forms. The energy of endogentc

forces is derived from the earth's
body.

(1) Alarge part of the earth's surface
1s composed of rocks detived from

within the earth’s body. The'

upper crust consists mostly of
silicates,

() The variations m the surface

Structure of the Earth

material depend on the variations
in the properties of the layers from
which these have been detived. For
example, the acidic rocks contain-
ing a latger proportion of silica
form granite and quartz which
largely constitute the crust, Simi-
larly, the basic rocks contaihing a
lesser proportion of silica form
basalt, gabbro, and dolerite which
comprise the lower crust and the
upper mantle,

(1) The eatthquake foci, the com-

Dressional orogenic forces which
Cteate mountains, tensional rifts
which create riit valleys, and fault
forces which cause the displace-
ment of the broken crustal parts
otiginate in the lower crust and
the upper mantle, ‘
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(v) The
theories, the formation of moun- and liqud body. It gradually cooled and
tains, and oceans, 1sostasy, earth- solhdified. During these processes the
movements, and the drifting of heavier material sank down and the lighter
continents are based on the con- material floated up. Thus, according to
cept of the layered structure and the density of the material comprising the
the conditions prevailing in each liquid mass, which was a mixture of
of the layers, materials having different densities, the

The earth’s body comprises several layers, different materials became sepgrated and
which are like shells resting one above the formed layers of different densities,

other. These layers are distingwshed by  Thus, the three main layers ot shells
their physical and chemical propetties, constituting the earth's body—the crust,
particularly, therr thickness, depth, den- the mantle, and the cote,—are mainly the
sity, temperature, metallic content, and density layers.

rocks,

PHYSICAL BASIS OF GEOGRAPHY

important geophysmal The earth began as a nebulous gaseous

The questton that now arises 1s what ate
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the souices of knowledge of the layered
structure. Direct observation Is not possi-
ble because of the tremendously high
temperatures 1 the deep inteilors and
because of the depths of upto 6400 kms.
As the deepest mines go only as deep as
3 kms. direct observation is limited only
to these depths. Hence, all the mmportant
sources of data on the layered structure
are mdirect and are logically derived and
mferred from other evidences. The most
important source of data 1s seismology
which 1s the sctence of earthquakes. Thete
are vartous types of earthquakes and
earthquake waves. The nature of these
earthquake waves and their travel speeds
reveal the internal layered structre of
the earth. Additional data are supplied
by the paths of travel. The laborator:
study of the rocks extracted from the
surface and from various depths also
provide data on the density of the outer
rock layers in the earth's crust.

Earthquake waves have three basic pro-
perties : type, propagation velocity, and
path of travel. These properties are
affected by both the structure and the
properties of the layers.

There are also three types of waves :
longitudinal, transverse, and surface, or
long. All these waves originate from a
pomnt, termed focus, within the body of

the earth and are recorded by seismo-
graphs.

The longitudinal waves are similar to
sound waves and travel in solid, hiquid,
and gaseous media. These ate also termed
P (Primary). In these waves the direction
of movement and the direction of oscilla-
tion of the particles are the same (Fig, 5).

The transverse waves, usually termed S
(Secondary) or sheer waves travel only in

solid media. These waves ate slow in
motion and not so well developed i bodies
which change theit shape easily. Their
direction of travel is at right angles to
the direction of oscillation.

The surface waves, usually termed R,
(Rayleigh) waves move along the bounda-
ries between solid, liqwud and gaseous
media. Their imtenstty decreases rapidly
with depth, but with low velocity they
may penetrate deep into the earth's
mantle over a long period of time.

The surface waves are generally set up
on the earth’s surface (Fig. 6).

®

Wave Propagdlion
in @ homogeneous earth

in a heterogenaous eorth
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Fig. 6, Wave Propagation

In an earth composed of homogeneous
material the propagation velocity and
the path of propagation of the earthquake
waves are characterized respectively by uni-
formity at all places and straightness. In



26

such a hypothetical case there should be
a simple relationship between the time
during’ which the wave travels and the
distance along the earth’s surface. With
an increase m distance travel time also
registers an increase (Fig. 7).

’ ECy
EC2 ‘
1= Reflection EC=Eplcentlre
@ 2 and z-Hﬂraeuon

\@

Shadow Zone
PKP ndicates reiroction ond a differenl medum

Fig. 7. Paths of Wave in the earth

Actual observations have shown that
the actual and theoretical relationships
between the travel time of the earthquake
waves and the distance along the earth's
sturface are different. The waves reach the
distant places sooner suggesting that the
intetior of the earth 1s heterogeneous. The
waves arriving at more distant stations

PHYSICAL BASIS OF GEOGRAPH

travel faster (Fig. 7 A). In Fig. 7 B, wave
2 reaches EC 2 earlier than wave 1 reaches
EC 1. Hence, the wave which travels
through a greater depth has a higher
propagation velocity. The velocty of
wave propagation Increases with the
depth. This suggests changes mn the physi-
cal properties of the earth's interior. For
example, the velocities of propagation at
depths of 50 kms. and 2900 kms. are
respectively, 8 msfsec, and 135 kms./sec
(Fig. 8).
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Fig. 8. Wave travel curves

In the real earth the paths of waves are
cutved suggesting that the interior com-
prises heterogeneous material. Because
the matertal through which the waves are
moving 1s heterogeneous they are refracted
and become cutved. There 1s also an in-
crease in the velocity of wave propagation.
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The paths are convex towards the centre
of the earth (Fig.7 A). After reaching a
certain depth the wave returns to the
surface. At the surface it 1s partially
reflected and travels back mto the earth.
There are several movements between the
surface and the interior.

Both P and S waves are reflected and
refracted on striking a boundary between
layers of different properties (Fig. 7 B & C).
Reflection and refraction produce phases,
Many phases are recorded by the seismo-
graphs. The S waves cannot travel through
liquid and have never been observed in the
core. Hence, the core is considered liquid,
The tigidity of the material 1n the core 15
wero, which 1s the characteristic of a

liquid.

The complex layered structure is inferred
from the followmng obsetvations :

(1) a large number of the paths of
propagation,

(21) reflection and rvefraction suffered
by the waves,

(111) phases recorded by the seismo-
graph,

(xv) shadow zone on the eatth's surface
whete P waves do not emerge
suggesting the presence of both
core and outer cote,

In the shadow zone PKP waves appear.
These waves start from the surface or near
1t as P waves, travel down to the boundary
of the core, suffer both reflection and
refraction and emetrge on the surface, the
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S waves fravel 300 kms in 90 mis ' velocity 3.3 kms per mt

Fig. 9. Wave Propagation Velocity
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former as P, and the latter as PKP waves.
The refraction suffered while moving
through a different medum suggests the
presence of the core (Fig. 7).

There are two types of travel curves : (1)
time-depth and (x2) time-distance (Fig.
8 A and Fig. 8 B), The times of arrival

i =:

of the various types of pulses and the
waves generated by an earthquke can be
determined on the seismographs lacated
at various stations. From these times of
arrival, travel-time curves are constructed.
These curves are also known as hodo-
graphs. The curve reveals the relationship

i

s
e

Cryst (51al}
N Mantle [Sima)
i Core (Nife)

S

Fig, 10. The main layers of eatth's bady
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between the time m which a wave travels
between the seismic focus and a given
pomt, and the distance 1t travels between
them. It enables us to calculate the velo-
city at any depth within the earth. Fig.
8B and Fig. 9 show that at any given
point on the curves the P waves are fastet
than the § waves. For example, the P
waves take about 74 mts. and the S waves
about 12% mts. to cover a distance of
4000 kms. from the place of origin (Fig 9).

Another type of curve, termed velocity-
depth curve, shows the relationship bet-

ween the velocity of propagation and the
depth at which the wave 1s moving. The
curve provides the 1nitial data from which
much of our knowledge of the interior
of the earth 1s derived,

The interpretation of the fist two curves
suggests the followng aspects of the
layered structure of the earth (Fig. 10).

(1) the three segments separated by
two sharp breaks m Fig, 8 A tepre-
sent three velocities, three media
having different properties, and
therefore three layers,

Conrad Discontinuity

Mohorovicic Discontinuity

Repetti Discontinuity

Gufenberg -Wiechert Discontinusty

Transition Disconfinuity

Fig. 11. Model of earth's interior
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(ir) the crust is composed of hetero-
geneous rocks.

(iti) below the crust to a depth of 3800
kms. thete is an uniformity of
material.

the core with aradius of about
2600 kms, has radically different
propetties.

(iv)

(v) the central nucleus is fhud but
below the ctust the material is
neither wholly solid nor wholly
liqud. Itis highly rigid to small

stresses of longer duration,

(1) the P wave's continuous accelera~
tion. with increasing distance
suggests changes in the properties

of media,

Changes in the speeds of P waves at
different depths suggest that there are two
major, three second-order, and one third-
order discontinuities which separate the
different layers. The two major or first-
order discontinuities separate the earth's
body into crust, mantle, and core. Bet-
ween the mantle and the curst 1s located

a very significant boundary termed
Mohoroyicric Discontinusty or Moho
(Fig. 11).

Thete are at least four causes tor the
formation of the discontinuities m the
earth (1) changes m the chemical
composition of materials ; (2) changes in
the phase of a given material ; (3) solid,
liquid, viscous differences m the silica
content within 100 km. of the surface:
(4) changes 1n the mmeral phases which
result in changes ;n the elastic properties
of the material.

Earlier, the following were regarded as
the main layers ;

PHYSICAL BASIS OF GEQGRAPHY

kness Density Modern

Layer Thichnes Pkl
Outer Sal’ 60 kms, 275t02'%0  Crust

Inner Silicate 1140 kms 3'10 to 475

Mantel

Zone of Mixed 1700 kms. 475to 500 » Mantle

Metals and

Silicates
Metallic Nucleus 4671 kms, 4'75t0 570  core.
(Nife)

P Sial refers to a combination of silica (Si)
and aluminium (al), sima tao silica (Si) and
magnesium (ma), and nife to mickel (ni)
and ferrum (fe).

Density within the Earth
The mean density of the earths 5°53;

of the core 17'2, of the mantle 568, and
of the crust 2'7. On the basis of the
density of the different shells along depth,
three are major layers.

Temperature of the Earth’s Interior

In the earth's body there is amn increase
of temperature with depth. The average
rate of increase 1s about 1°C per 30 mettes
of depth, but this gradient is highly
variable. At the average gradient the
theoretically expected temperature at the
centte of the earth should be 2,00,000°C
but actually it is much less than this
level. This is because upto a depth of
100 kms. the increaseas of 12°C per km. ;
from 100 to 300 kms. depth 1t i1s 2°C per
km., and below 300 kms, itis only 1°C
per km. The temperature of the core is
less than 2000°C (Fig.-12).

There are three major sources of heat ;=
(1) of the earth's interior, (2) radio-
activity, (3) the orginal temperature of
the material of which the earth 1s made,
and (4) the heat of aggradation. Chemical
reactions within the earth and com-
pression, tenston, and shearng of rocks
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Fig. 12. Vartation of temperature with depth

also produce heat in the crust.

The three basic layers, the core, the
core mantle, and the crust (Fig. 11) by
volume form respectively, 83 percent, 16
petcent and about 0'5 percent of the
earth’s body.

The crust 1s the hard external covering

of the earth. Its average thickness 1s 50
kms. but 1t is thicker below the continents
than below the oceans (Fig. 13). Its lower
limit is sharply formed by the Mohorovicic
Discontinuity. The crust has an extremely
complex mnternal structure comprising of
several layers as well as a large variety of

Continent Qcean
N e W S miks
\ jod — 1 | [2mile
5 miles
%2 miles )
W-O
\ ro\kg o \ \

Mohorovicic Discontinuity

Mantle

Fig. 13, Profile of the earth's crust
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sedimentary, igneous, and metamorphic
tocks. There are two types of crusts,—
the continental and the oceamic. The
continental crust is located below the
continents, on the shallow seas; the
continental slope, and upto abyssal depths

PHYSICAL BASIS OF GEOGRAPHY

from 20 to 70 km. It is thicker below
the mountains than it is below the plams.
The continental crust 1s composed of the
upper granitic and the lower basaltic
layers. The oceanic crust lacks a granitic
layer but 1s characterised by volcanic

of about 200 km,

P

G0N OO Ww

9.

10.
11.
12.

13.

Its thickness varies tocks and has a thickness of 5 to 15 kms,

EXERCISES

Explam briefly the structure of the earth ?

What is the significance of the variations m temperature 10 the earth's
interior ?

On what basis are the layers distinguished ?

Name the three fundamental layers in the eatth's body.

Why are all the sources of data on the layered structure mdirect 7
Name the most rmportant indirect soutce of data.

What are the thtee types of earthquake waves ?

How do we infer a change in the physical propetties of the earth's
interior from the velocity of the wave propagation ?

How do we know that the core is liquid ?

Give a full interpretation of the time-depth and time-distance curves.
Name the two fitst-order discontinurties.

Write the densities of the earth, core, mantle, and crust. Why does
the core have the highest densty ?

Attempt a detailed description of the crust of the earth,

Books For Further Study

Ordway, R.]. Earth Science New Delhi : Bast West Press, 1971,
Lounsbury, J.F. Earth Science New Yotk . Harper and Row, 1969,
Mernesz, V. The Earth's Crust and Mantle, New Yotk : Elsevier, 1964,
Leet, D.J. Physical Geology, New York : Prentice-Hall, 1965,



CHAPTER 4

Materials of the Earth’s Crust : Rocks

Rocks and minerals mainly constitute
the upper parts of the earth's crust.
This outer shell on an average is about
7 km. deep beneath the oceans and ahout
40 km. deep below the continents.

The information about the materials of
the earth’s ctust ts derived from the direct
study of rock masses which (i) occur at
the earth's sutface, (i) are extracted
from deep mines, and (1) are recovered
from beneath the ocean floors by drilling
through them.

Minerals ;
Since rocks are aggregates of minerals it

18 nocessary to know about the latter fitst.
A mineral 15 generally an morganic ele-

ment ot compound which occuts naturally.

It has a defimte chemical compoasition

and Minerals

and a characteristic atomic structure. A
mineral has also a definite set of physical

properties that are fixed withm certain
limits.

Approximately 200 mineral species ate
known. Of these about 24 minerals are
major constituents of the tocks of the
carth's crust. These are termed rock-
formung minerals. All the minerals belong
to one or the other chemical group.
There are ten chemical groups: oxides,
sulphides, sulphates, carbonates, halides,
silicates, pytoxene, amphibole, micas, and
feldspars. Examples of common minerals
belonging to eich of these groups respecti-
vely are hematite, fpymte, gypsum,
dolomite, fluotite, quartz, augite, homn-
blende, muscovite, and plagioclase. All
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these minerals and the chemical groups
to which they belong are chemical com-
pounds having fixed chemical composition.
For example, hematite is on oxde
(Fe:Qs) and augite 1s pyroxene {Ca
(MgFeAl) (AIS1) 205)}. The minetals have
both very simple and extremely complex
compositions,

The most impottant and the most
preponderant rock-forming mimnerals are
the silicates, Of the silicate mmerals
quattz (8iO¢) 15 the commonest of alf rocks
types. So sigmificant 15 the group of
sthcates, in terms of occurrence and
proportions, that it is sub-divided into
the groups of pyroxene, amphibole, micas,
and feldspars,

Rocks :

A rock is a naturally occurring mass of
solid inorgamic or organic matenal. Tt
forms a ‘significant part of the earth's
crust. Bvery rock 1s an aggtegate of
minerals, usually two or more. But a few
tock vatieties consist almost entirely of
one mineral. A rock can be ashard as
granite or as soft as mud.

For the geologists tocks are the mam
objects of study, They map the distribu-
tion of rocks and then draw general
conclusions  regarding the geological
history of areas. For the geographer the
study of rocks 15 significant in the study
of topographical features and as an
element of the natural environment which
man encounters.

Major types of racks :

Three major types of rocks have been
recognised - igneous, sedimentary, and
metamotphic, Each major type is further
subdivided on the basis of some ditingui-~
shing characteristics, such as origin,
mineral content, and texture.

Origin refers to the locales and processes
of origin. Mineral content indicates the
variety of minerals present m a rock type.
The term texture applies both to grain
size and to the arrangements of crystals of
various sizes.

Igneous rocks .

Igheous rocks are the most abundant
constituents of the earth's crust. Two
origms have been proposed for the forma-
tion of igneous rocks (z) solidification of
magma and (1) granitisation, Most of
the types of igneous rocks have origmated
through the former process.

Magma 15 a complex, very hot solution
of silicates containing water and several
gases. It originates in the deep Interiors
of the earth's body in the upper mantle.
Magma moves upward by melting away
the ovetlying rocks and by forcing them
aside. This process 1s termed intrusion.
Intrusion cools the magma. Magma that
reaches the earth’'s surface and then

solidifies 1s called lava.
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Fig. 14, Profile of a Volcano

The physical appearance of 1gneous rocl
15 essentially determined by the rate of
cooling of magma. The slow cooling of
magma which hes deep 1n the crust
produces large mmeral crystals, and thus,
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results m the formation of a coarse-grained
or phaneritic texture. Huge masses of
coarse~grained 1gneous tocks formed by
the solidifymg of magma at a deyth below
the crust are termed plutonic rochks. Granite
1s a typical coarse-grainzd plutonic rock

Rapid_cooling of molten igneous material

or magma, either mear or on the surface,
produces very small crystals which are
visible mamnly under a microscope. These
rocks have a fine-gramed or aphanitic
texture, On the surface, cooling can be
so rapid that the various atoms cannot
arrange themselves mto the different
structural artangements of the silicates.
Hence, no crystals are formed and the
tock is saird to have a glassy texture.
Andesite and basalt are examples of
aphanitic texture.

Some 1gneous rocks have been produced
through two stages of cooling, slow cool-
mg followed by rapid cooling. The large
crystals formed by slow cooling are found
embedded in a matrix of very small crystals
formed by rapid cooling. The former are
termed phenoorysts. The crystalline aggre-
gate in which the former are embedded 1s
termed porophyry.

In general, the silicate minerals forming
the most abundant constituents of 1gneous
rocks are precipitated 1m a defintte
sequence. The ferromagnesian minerals
or iron and magnesium silicates are the
first to be crystallised. These are followed
by hoinblende, biotite, feldspars, and
dquartz.

All igneous rocks are a function of the
original mineral copstituents of the paient
magma and the rate of coolinp vesulting
1 varfations in texture.

Rocks having a hish proportion of
ferromagnesian minerals are classified as
mafic, They are dark-coloured and have
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a specific gravity of about 3'0. Rocks
which have a high pioportion of quartz
and the feldspars are classified as felas:c.
They have a light colour and, a speafic
gravity of 2'7. Both mafic and felsic rocks
are produced from the same molten
magma by the process of dlfferentiation.
The fetromagnesian silicates are the first
to solidify. They are heavier thah the
stillmolten magma and hence, sink to the
bottom of the magma chamber. A residual
magmatic solution of a different composi-
tion is left behind. On solidifying this
produces the felsic rocks.

Granitisation is the second process pro-

ducing the 1gneous rtocks of granitic
variety., The minerals found in gramtic
rocks also occur in sedimentary rocks.
These minerals, through sufficient heating
are transformed into gramite. This process
is termed pranitization. In this process
the need for having a molten phase 1s
elimmated,

On the basts of the locale of origin the
igneous rocks can be classified into intru-
swe and extrusive varteties. The intrusives
crystallise beneath the surface and have a
coatse texture. In contrast, the extrusive
tocks crystallise on the surface and have a
finer texture, Many of the intrusive rocks
have their extrusive equrvalents. Rhyolite,
and basalt are the extrusive equivalents,
respectively of gramite and gabbro.

Figs. 14 and 15 show some mtrusive rock
masses, The batholuh 1s the largest of
them. It has an elliptical plan. The
laccolith forces the overlying rock into an
arch or dome. A sill 1s an intrusion of
cooled magma lymg between two pre-exist-
g rock layers and hence is concordant,
In coontrast, a dike 1s discordant and cuts
across the trends of the rocks which it
mtrudes.
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Fig. 15. Four types of Intrusive Rock Masses

The commonest extrusive rock is the
laya flow. The lave flows accumulate to
form thicknesses of several thousands of
metres, Pyroclastics form the second
group of extrusive rocks, They have

erupted from volcanoes and are of various
sizes. They are termed bomb, cinder, and
ash in the order of their decreasmg size.

Examples and properties: AsFig. 16
shows the igneous rocks can be classified

Clossitication of Igneous Rocks
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broadly on four bases : (:) process of
origm, (1) place of origin, (a1) mimeral
composrtion, and (iv) texture.

Process of origmn can be erther the nature
of cooling or granttisation. The nature of
coolmg can be either slow, rapid, two-
stage, or differentiation, Examples of
these respectively are granite, andesite,
thyolite porphyry and biotite-periodotite.
Granrtisation is exemplified by granite.

On the basis of’ the place of origin an
igneous rock can be etther imtrusive or
extrusive, Examples ate granite and
obsidian respecttvely. .

Mafica and felsic types are exemplified by
pertodotite and gramite respectively.
Rocks containing a large proportion of
silica, such as quartzite and granite are
also classified as acidic. In contrast, a
smaller proportion of silica places the
rocks into basic type, such as, gabbro and
basalt. The rocks having no silicates are
termed ultrabasic.

Phaneritic, aphanitic, and porphytitic
types have their examples m granite,
andesite, and rthyolite porphyry, tes-
pectively.

Any 1gneous rock can be fully described
m terms of the bases which have been
used for clessifying 1t. Thus, gramte 1s
formed by the slow cooling of magma. It
is an intrusive rock and 1s felsic 1
composition and also acidic. It has a
phaneritic texture,

Some of the important 1gneous rocks are
gramite, rthyolite, pegmatite, syenite,
diorite, andesite gabbro, basalt, dolerite,
and periodotite.

Gramte, thyolite and pegmatite belong
to the acidic group, Quartz, brotite, and
feldspar are the essential minerals 1n all
of them. Granite has a phaneritic,
thyolite a porphyritic, and pegmatite an

aphanitic texture.

Syenite has a coarsely crystalline texture
and the mineral composition of feldspar,
mica, amphibole, and pyroxine. It 1s
mtermediate between acidic and basic.

Diorite and andesite are also intermediate
between acidic and basic. Andesite is the
extrusive equivalent of diotite, Diotite has
a coarsely crystalline and andesite a
porphyrrtic texture. Plagioclase, horn-
blende, biotite and pyroxene are common
to both. Thus both are mafic.

Gabbro, basalt, and dolerite are common

basic tocks. Basalt is the extrusive
equivalent of gabbro while dolerite is a
hypabyssal variety. The textures of
these tocks are respectively, phaneritic,
aphanitic, and medium-grained. Plagioclase
feldspar and augite are the common
minerals.

Periodotite, an ultrabasic rock, consists

chiefly of olivime and also pyroxene,
hotnblende, and biotite. It has a
phaneritic texture and is mafic in com-
position.

Sedimentary Rocks

Sedimentary rocks are those which are
constituted of sediments. Sediment 1s
material from the air and water that
settles down. Sedimentary tocks have been
formed from sediments which accumulate
at the bottom of a lake, 1 a tiver bed, or
a desert plain and the bottom of the sea.
Sedimentary particles vary i size from
microscopic to very latge fragments.

The sediments can be divided into two
major groups @ clastic and non-clastic.
Clastic sediments are partticles broken
from a parent rock. Non-clastic sediments
are newly created mineral matter preci-
pitated from chemical solution or fro:ln
organic actwvity. The clastic group 18
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sub-divided into pvroclastic and deirital
classes. Pyroclastic sediments ate thrown
out from the volcanoes i the form of
bomb, cmder, ash, and volcanic dust. The
detrital sediments are derived from
fragments or imdividual minerals of
igneous, sedimentary, and metamorphic
tocks. \

The non-clastic group 1s sub-divided mto
chemical and organic sediments. The
chemical sediments are precipitated from
fresh or salt water and are also termed
hydrogemic and tnorganic. Organic sedi-
ments are biogenac ot biplithic and refer to
those which have been derived from the
temains of hiving organisms.

On the basts of size the sediments can
be classified into three groups ()
arenaceous, (i1) argillaceous and (2di)
rudaceous. The atenaceous sediments are
of medium size and are generally sands.
Argillaceous sediments are the finest-
grained mud, clay, silt, and loess. The
rudaceous variety ate coarse grams, such
as, gravel and scree, These three size
tetms are also used for describing the
texture of the rocks,

Formation of Sedimentary rocks :
Sedimentary rocks are formed by
compaction and cementation of layers of
sediments, These two processes constitute
the process termed lith:fication. Through
lithification rock-forming materials are
changed from the loose or soft state mto
a hard or indurated rock, Compaction 1s
achieved by the pressure of layers
overlymng each other while cementation
is effected when mdividual particles are
bonded togethetr by some mineral matetal,
such as calcium carbanate (calcite) or 1ron
oxide (limonite),

Properties of sedimentary rocks :
Almost all sedimentary rocks possess a
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layered atrangement. Together the layers
are called strata, each layer 1s termed a
bed or a stratum. The layers have
different textual composition and are
alternated or inter-layered The planes of
separation between beds are termed

Oldest

Fag. 17. Sedvmentary rock

bedding planes (Fig. 17). Most sedimentaty
rocks are deposited i a nearly horizontal
position. After lithification, the earth
movements may change the original
hotizontal position. Some layers are
uplifted, some folded, and some faulted.

Five factors control the properties of
sedimentary rocks : (1) kind of tock m
the source atea, (provenance), (+i) environ-
ment of the source area, (i) earth
movements (g) in the source area and
(b) mn the depositional area (tectonism),
() environment of the depositional area,
and (v) post-depositional change of the
sediment (lithification).

The type of rocks from which a rock-
formmg aggregate of sediments has been
derived can be known from the mineral
assemblages of the resultant rock. Its
properties are mfluenced by the nature of
the rock in the source area.

The environment of the source area
mcludes climate, topography, vegetation
cover, amimal population, and the
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geological processes. The complex inter-
play of these factors as well as weathering
and transportation profoundly influence
the kind of sediment produced, the
manner 1 which the sediment 1s
transported to the place of deposition, 1ts
disttibution, and 1ts special characteristics.

Earth movements occur during or
between the periods of sedimentation In
the depositional aiea and the source area.
There ate three types of deposttional
areas,—geosynclines, shelfs and intra-
shelf basins., In the source area uplift
takes place by orogeny and epiorogeny.
Three sedimentary environments have
been recognised ' continental, marine, and
transitional.

The post-depositional changes are effected
by compaction, cementation, and rectys-
tallization, all adding upto hithification.

Types and exampies: Sedimentary
rocks aie classified on the same bases that
are used for classitying sediments, The
four types are pyroclastic, detrital, chemi-
cal, and organic rocks. On the basis of
texture, these can be recognised as
arenaceous, argillaceous, and rudaceous
rocks

A pyroclastic tock has a rtudaceous

texture composed of angular particles.
Volcanic breccia and tuff are good
examples. Large [ragments are often

embedded in a matrix of finer debris.
They are composed of silicate mimerals of
magmatic origin.

In otder of the decreasing size of their
constituent particles, detrital rocks include
conglomerate, sandstone, and shale.
Conglomerates contain pebbles and cobbles
which are generally rounded and produced
by rolling on a stream bed or by waves
along a sea coast. Conglomerates have a
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rudaceous texture, The mineral contents
are highly vatiable since the particles
have been derived from all kinds of rocks.

Sandstone 1s an arenaceous rock and has
a coarse texture. (Quartz is the main 1ock-
formmg mneral. The rock consists of
cemented sand grains.

Shale is the most abundant of all sedi-
mentary tocks. It 1s compacted silt and
clay. Lamintation, paper thin layers, is
the chief diagnostic property of the rock.
Kaslin and clay minerals are abundant in
it. It has a fine argillaceous texture.

True hydrogenic limectone consists
predominantly of mineral calcite which 1s
calcrum carbonate. Limestone may have
porous, colitic (spherical particles) or
massive texture and 1g calcareous 1n
composition, Some varieties are crystaiime
in appeaience. Chalk 1s a2 common variety
of limestone.

Dolomite is a variety of limestone contai-
ning more than 50 per cent of muneral
dolomite which 1s a combination of calcium
and magnesium carbonates.

Rock gypsum is white to teddish in colour.
[t may occur in masstve or fibrous form.
Along with rock salt it forms the group of
evaporites Gypsum and rock salt are form-
ed by the evaporation of sea water &nd
dalt water lakes. The composittions of
gypsum and rock salt are calaum sulphate
and sodium chloride, respectively, Rock
salt occurs 1 salt domes and saline
deposits and digplays a crystalline or
granular form.

Organic or biogenic rocks mnclude organie
limestone, chalk, peat, and coal.

Organic limestone is derived from erther
plant or ammal fragments or through the
secretion of calcium carbonate by coral
reef bulders which inhabit the warm,
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shallow seas.

Chalk is a calcareous rock made up of
microscopic skeletal elements from a
varlety of limesecreting organisms. It 1s
soft and white, and 1s composed of almost
pure calaaum carbonate.

Coal and peat represent the accumulation
of vegetation which origmated in swamps.
Peat is the first stage 1n the transformation
of vegetable matter nto coal. It contains
about 57 percent carbon, Peat is trans-
formed to coal by increase in pressure
which expels the moisture and gaseous
constituents and 1ncteases the proportion
of fixed carbon. Peat, Iignite, bituminous,
and anthracite are grades of coal which
contain, rtespectively, higher proportions
of fixed carbon.

Metamorphic rocks and thewr formation
Metamorphic rocks ate formed by physi-
cal, chemical and mineral alteration of
other rocks under the conditions of high
pressure, intense heat, or shearing stress,
or by a combmation of these (Fig.13).
The process of change 1s termed meta-
morphism. It operates at great depths of
thousands of metres beneath the surface.
The formation of metamorphic tocks
takes place. always, 1n the solid state.

Four metamorphic processes have been
identified ; (1) mechanical deformation,
(11) re-aystallization, (31) chemical
recombination, and () chemical replace-
ment.

At great depths the pressure 18 very great.
The rocks are crushed and their texture is
changed. Under such conditions, for
example, shale develops slaty clevage.

Through re-crystallization the minerals
present in a rock before metamorphism
are ciacgad into larger crystals duriag
metamorphism, For example, during the
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metamotphism of limestone into marble,
larger calcite crystals are formed.

Chemical recombination refers to the
process in which a trock contarning more
than one mineral species 1s metamorphosed
into a new rock by a recombination of the
minerals of the original rock.

At great depths liquuds and gases penetr-

ate small fractures and inter-grain spaces.
Some original materials ate dissolved and
replaced by others. New minerals are
thus formed. This process 15 termed
replacement.

Two general types of metamorphism are
recognized : Contact metamorphism and
regional melamorphism.

Contact metamorphism also termed local
metamotphism is the process of change
effected by heat in the proximity of
magmatic mtrusion in the affected rock.
The invaded or host rock 1s changed by
both the heat of the magma and the
chemtrcal constituents released by it. The
effects of this type of thermal metamor-
phism decrease with increasing distance
from the contact zone. Contact metamor-
phism produces chemical teplacement,
te-crystallization, and mechanical changes
in the host rock. The host Tock receives
large amounts of metallic substances from
the magma and becomes a source of
valuable minerals.

Regional metamorphism 1s the process n
which rocks are altered mamly through
Increase i pressure but partly also
temperature. It 1s also termed tectonic or
dynamic metamorphism. The increase in
mechanical stress or pressure is caused
teglonally by the deformation of crustal
tocks. Regional metamorphism 1s associat-
ed with mountam chains. Slaty cleavage
and plastic deformation are the two



MATERIALS OF THE EARTH'S CRUST : ROCKS AND MINERALS

41

Magma

-

lgneous
rock

H:ci, pressure and

rock

Fig. 18. Rock Cycle

important tesults. Re-crystallization is
also an effect of the same process.

Types, properties and examples - Two
broad classes of metamorphic rocks have
been recogmized, (z) foliated, and (1)
non-foliated.

Foliated rocks are characterised by parallel

arrangement oi slaty minerals, such as, the
micas. PFoliction 18 produced during
regional metamorphism, The degree of
foliatronis related to the intensity of meta-
morphism. The foliations are ultimately
changed into bands. The series of shale,
slate, schist, and gneiss represent mncreasing



A2

grades of metamophism,

In the non-[oliated metamorphic rocks
the minetal gramns are equi-dimensional,
hence there is no spectfic orientation.
Quartzite and marble are good examples.

Slate, schist, gneiss, phyllite, quartzite,
amphibole, serpentme, and marble are
some of the common metamorphic rocks.

Slate, schist and gneiss have all been
derived ultimately from the sedimentary
rock shale. As the intensity of metamor-
phism increases shale 15 converted mto
clate, slate into schist, and schist mto
gness. Slate has an aphamitic texture and
a narked cleavage along which it can be
split into thin cohesive plates. Slaty
cleavage 15 formed during compression
in the phase of regional metamorphism.
The flaky mmerals were rotated so that
they were arranged parallel to each other
and perpendicular to the direction of
compression. Thus the cleavages were
produced.

Schist has pale colours and a foliated
texture. The foliation surfaces ate plain,
wavy, or contorted. The rock can be
easily cleaved and 1t 1s very soft. The
rock-formmg munerals are quartz, musco-
vite, and biotite. The micaceous flakes
and folia are clearly visible to the unaided
eye.

Gness 18 coarser gramed than schist.
It usually consists of alternating bands of
light and dark-coloured minerals. Mica-
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ceous layers are a characteristic, The rock-
formimng minerals are quartz, orthoclase,
plagioclase,  biotite, muscovite, and
pyroxene,

Phyllite 1s datk gray or greenish i colour.

There 1s a glossy sheen on the surface of
splitting. The foliation is often wavy.
The rock 1s easily cleaved but the thin
plates are mot usually as tough as slate.
The rock-forming minerals are sericite,
chlorite, and quartz.

Quartzite 1s the metamorphosed form of

the sedimentaty tock sandstone. It 1sa
compact siliceous rock and consists of
detrital quattz gramns 1n which the pores
are filled with quartz cement. The
metamorphism mvolved is due to both
heat and pressure.

Amphibole hasa green to dark green
colour. The rock-forming minerals are
hornblende and actionlite. It 1s occasion-
ally hard and massive. It has a foliated
texture with interlacing fibres.

Serpentme 1s generally of a green colour.
It 15 massive and gives a soapy feel and
has a fibrous or foliated texture. The
main rock-forming mineral is an alterative
product of olivine,

Marble 1s the metamorphic form of lime-
stone and has various colours, white,
yellow, green, black and red. Calicite and
dolomite are its mam rock-formmg mine-
rals. It has a massive, granular or fibrous
texture.

EXERCISES

1. Define a rock.

2. Name the three main classes of rocks.
3. Describe with the help of a sketch the relationship between the three

types of rocks.
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4, How ate sedimentaty tocks formed ?

5. Name some of the common sedmentaty vocks and then metamorphic
equivalents,

6, Define 2 mineral,

7. Name some of the common minetals and theit assocrated 10ck types.

& What are the two processes of metamorphism ?

6, Howwould you distmguich an acidic from a basic tock !

10. Name the five factors whtch control the toperties of the sedimentary
T0CKs,

Books for furthey study

Borner, R, Minerals, Rocks, and Gemstones, Edinbutgh  Oliver and Boyd
197,

Tymell, G.W. The Princules of Petrology, London * Methuen and Co, 1958,
Read, H.H. Elements of Mineralogy, London : Thomas Mutley & C. 1957,



CHAPTER 5

Rocks and Associated Econiomic

We have learnt from the previous
chapter that all the rocks are made
up of alarge number of mmerals. Thus,
all the minerals are associated with one or
the other kund of the three main types of
rocks, 1gneous, sedimentary, and metamor-
phic, Although the number of mmerals 1s
very large only a few are of economic
importance. The potential use of a large
number of minerals have not been dis-
covered as yet,

Economic minerals associated with
sedimentary rocks

The number of economic minerals asso-
clated with sedimentary rocks 19 less than
that associated with 1gneons rocks. Their
industrtal importance 15 also less. Some of
the common mimerals in this group are

Minerals

tock-salr, nitre, and

hematite.

Rock-salt 18 comman salt, It occurs m
the form of cubical crystals and granules.
When pure, 1t 13 perfectly white ot colour-
less but it may be yellow, brown, ot red as
well. Rock-salt 1s transparent or trans-
lucent. It s easily soluble i water. Rock-
salt deposits occur as extensive geological
beds and have been produced by the
evaporatton of enclosed or pattly enclosed
bodues of sea-water.

Gypsum 15 hydrated calcum sulphate.
Ctystalline and prismatic forms are qute
common. It also occurs m laminated,
granular, and in compact and fibrous
masses. Generally gypsum produces thin
plates as cleavages. Its crystals are colour-

gypsum, pytite,
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less. Cleavage planes have a shining lustre.
It can be opaque, translucent, or trans-
parent and can be easily scratched with
a finger-nail, The chief producers are the
US.A,, France, Spain, Great Britam,
Canada, Italy, and Getmany. It 1s used in
the manufacturing of cement, fertiliser,
paper, crayonms, paints, rubber, plaster of
patts, and construction materials.

Nitre or saltpetre is nitrate of potash. It
occurs in large quantities in the soils of
certain countries, such as India, Algeria,
Egypt, Persia, and Spain. Chile 1s an 1m-
portant producer of saltpetre. It 1s used
in the metallurgical and chemical processes
and in the manufacture of explosives, and
fertilisers.

Pyrite 138 wron sulphide. Pyrite is a
Ccommon constituent of many ore veins.
The chief producers are Spain, Norway,
Pottugal Cyprus, Germany, Italy, Japan,
France, and the U.S,A. From pyrite 1s
recovered sulphur and a large number of
minerals, nickel, iton, and silver.

Hematite occurs in both sedimentary and
metamorphic rocks, (Tt is a sesquioxide of
iron (FesOs) and a major ore of iron). It
gives its red colour to rocks and sotls. It
contains about 70 per cent iron. It 1s used
as a gemstone in the making of rings, cuff
links, and tie-pins. In its natural occur-
rence hematite is found alternating with
chert and magnetite in thm layers. It can
occur as veins ot layers in limestone.

Minerals associated with Igneous Rocks

A large number of minerals having a wide
variety of uses are associated with igneous
rocks, Some, such as 1ron, nickel, copper,
lead, zmc, and manganese, are used m the
metallurgical industries and othets, such as
diamond, gold, and platinum are the
meijures of wealth. Gold is used m the
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malging of coins and jewellery.

Platinum belongs to a group of rare
minerals that 1s essenttal to modetn indus-
try. It occurs m nature both as a native
metal and alloy. It occurs n many types
of rocks in many ways from which placer
or alluvial deposits are formed and these
supply the major output. Platinum is
separated from associated metals by a
complicated series of operations. It 18
produced mamly in the U.S.S.R., Canada,
South Africa, the U.S.A., Colombia, and
Ethiopia. The mineral is used in the
making of catalysts, and in dentistry and
jewellery,

Diamond and graphite are the two
naturally occurring forms of carbon., In
diamond the catbon atoms are closely
packed and strongly bound to each other.
That is why it is so hard. Most of the
world's supply of diamond comes froma
dense basic rock known as Kimberlite.
These rocks occur as pipes injected from
great depths into the overlying layers. The
well known diamond pipes occur in South
Africa, in Ural Mountains and in the
Rayalaseema region of India, Diamond is
the primary mineral in the ultrabasic rocks
but it also occurs in alluvial deposits.
Diamond is pure crystalline carbon and
also occurs as crystal. This form is attained
as a regult of tremendous pressure and
heat. The brilliant-cut diamond disperses
white light and produces brilliant flashes
of colour known as ‘fire’. Diamond qccurs
in bluish-white, white, yellow, brown, red
green, blue, and black colours, Diamond
isused as a gemstone and as an abrasive
in rock drills and d:amond saws.

Iron is next only to aluminium m bemng
the most widely distributed and abundant
mineral. It constitutes about 4’5 per
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cent of the earth's crust Itis found In ifs
native form in eruptive rocks, mostly asso-
ciated with nickel and cobalt and is
included 1n a large number of rock-forming
silicates, Magnetite, hematite, limonite,
siderite, chalybite, pyrite, and glauconite
are the principal iron-bearing compounds.
In the Lake Supetior region there are vast
teserves of iron ore. Iron ore 1s also

derived from laterite which 1s a product

of weathering. The U.S.A., the U.S.S.R.,

Canada, Brazil, France, India and Australia

are the main producers of iron. Iron mich

laterites are mined in Cuba and the

Philtppines. The chief use of iron 1s 1n the

manufacture of steel.

Gold 15 a precious, non-ferrous metal. It
is used as a measure of wealth and occurs
widely diffused m nature in its native
form. Generally, it 15 found m lodes
associated with guartz. Gold mines have
also been developed in placer deposits.
When pure, gold 1s the most ductile and
malleable of all metals. It is recovered
from two types of ores; (1) free milling
ores from which gold 1s recovered by
ctushing and amalsamation, and (u2) refrac-
tory ores which yield therr gold by smelt-
ing. Gold 1s produced 1n Transvaal (South
Africa), the Soviet Union, the U.S.A,
Canada and Australia.

Silver is a non-ferrous mimeral and
metal. It occures in nature in a free state
as well as combined with copper, gold and
other metals. Next to gold, it1s the most
malleable and ductile of all metals. The
chiet producers of silver are Mexico, the
U.S.A., Canada, Europe, and Bolivia.
Silver is used in coinage, jewellery, electro-
plating, medicines, vphotography, and
coloured glasges,

Nickel 15 quite common in the earth's
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crust. It occurs in combination with
sulphur and iron and never ac native metal.
White and malleable, it 19 unaffected by
moist or dry arr and is capable of taking
a high polish. Fifty per cent of the world
supply of nickel comes from Sudbury,
Canada. The U.S.A. yroduces about 25
per cent of the total production of the
world. Nickel 1s mainly used m the manu-
facturing of alloys, German cilver, white
metal, and nickel bronze. Nickel-Steel
alloy bas a greater strength and hardness
then carbon-steel alloy. It is used in tbe
manufacture of armour-plate, aircraft
bedy. and motor cats.

Copper 1s 2 non-ferrous mineral, It has
a strong affinity to sulphur. Copper sul-
phide occurs widely m major ore bodies.
Copper ore which occurs as lodes and veins
1s mainly mmed in the U.S.A , Canada,
Chile, Peru, Zambia, and Zaire. Copper
has » wide vartety of uses in electrical
appliances as it 18 very good conductor of
electricity. It is also used as an alloymn
producing brass, bronze, gunmetal and
nickel silver.

Zipe is a bluish-white brittle metal. It1s
a mnon-ferrous metal and can be rolled into
sheets or drawn into wire at temperatures
between 100° and 150°C. Most of the zin¢
produced 15 obtained by an electrolytic
ptocess The chief producers of zinc ate
the U.S.A., Belgium, Canada Poland,
Germany, Australia, Great Britain, France,
and Norway. Metallic zinc is used for
coating or galvanising iron and 1in the
manufacture of alloye, the chief ot which
ig brass. Zinc oxide and zinc sulphide are
used as pigments. Other salts of zinc have
wide industrial applications.

Lead does fiot occur pure. It is a bluish-
grey metal, The freshly cut surface reveals
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a bright metallic lustre. It is so soft that
it can be scratched with the finger-nail and
makes a black streak on paper. Lead has
a high specific gravity of 11'34, Tn semi-
molten condition 1t can be rolled or pressed
into thin sheets. Most lead ores contain
silver. The chief modes of occurrence of
lead are as lodes and vemns, Lead and its
compounds have a large vauety of uses. It
12 used 1n the making of sheets, pipes,
cable covers, ammunitions, foil alloys,
pigments, glass, rubber, dyemng and print-
ing, insecticide, and medicine. Lead 1g
produced 1n the U.S.A. Mexico, Australia,
Canada, Spain. India and Germany.

Manganese generally occurs 1n nature 1n
the oxides of the minerals. It is extracted
1n the electric furnace by smelting one of
the oxides, carbonates, silicates, or sul-
phides of the mineral. The most impor-
tant manganese deposits are the oxides of
a sedimentary or residual nature occurring
as beds of layers of nodules with 1ron
compounds. All deposits of manganese
oxides are formed by the disintegration of
manganese-bearing ixnerals of igneous and
metamorphic tocks. The chief producers

of the mineral are the Soviet Union, India,
the Gold Coast, and Brazil, The major
use of manganese 1s 1n the maanufacture
of alloys which have great importance 1n
the steel industry. It 1s also used, as oxtde,
in the mdustries of glass, pant, varnish,
dry batteries, and disinfectants.

Minerals associated with Metamorphic
Rocks

Garnet and sillimanite are two of the
many minetals associated with metamor-
phic tocks.

Garnet occurs in many varreties which
together constitute the garnet family. All
garnets are heavy and hard. Garnets are
used as gemstones and abrasives. It 18
mmed 1n eastern U.S.A., Czechoslovakia,
India, Sr1 Lanka and South Africa.

Sillimanite occurs as long needle-shaped
crystals. Shades of brown, grey, and green
are its characteristic colours It occurs in
those tocks which have been metamor-
phosed under high temperatures and
moderate stress. Stllimanite 1s used 1a high
grade refractories. In India it 1s mined n
Asgsam and Madhya Pradesh.

EXERCISES

1. What are the properties of economic minerals associated with sedi-

mentary rocks ?
2. Describe hematite and pyrite.

3. Describe the properties of diamond.
4, Name the mnerals assoctated with metamorphic rocks and describe their

properties.
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CHAPTER §

Rocks and Associated Land Forms

andforms are generally associated

with specific rock types. Rocks can
be differentiated on the basms of their
resistance to weathering and erosion.
These differences account for different
landscapes.

Rock resistance to weathering and etosion
is determined very largely by four proper-
tiea of rocks: hardness, jointing, pet-
meability, and porosity,

Rock hardness varies a great deal, Tt
depends on the minerals constituting the
rocks, the nature of their cementation and
the degtee of their compression. Inciden-
tally, it 1s the mierals of the rocks which
ate classified 1n Mohs' 'Scale of Hardness'.
This scale begms at 1 which mdicates very
soft and ends at 10 which means extrem:ly
hard. Gypsum and quartz have hardness
values of 2 and 7 respectively. Igneous

rocks are harder than the sedimentary
ones. The hard tocks are weatheted and
eroded slowly and to a lesser extent tham
the softer varieties. Quartzites and sand-
stoney provide two good examples of hatd
and soft rocks. Diversity i landscape
and changes in 1t are the results of
weathering and erosion. Hence, the hard
tocks do not produce the complexity of
landscape which characterises the areas
of softer rocks. Even though hatdness of
rocks is an important factor tn the evolu-
tion of land forms, it 1s not the most
important, Ttisa less impottant determi-
nant of the resistance of tocks in weather-
g processes’ but more 1mportant in the
processes of erosion. Chemical weathering
of rocks 1s not affected by their hardness,

Rock-jointing is the most important
determmant of the resistance of rocks to
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weathering. Jointing increases the area of
the rock surface which is available to
attack by chemical processes, allows
water to enter the rock, and provides
lines of weaknesses through which the
processes of mechanical weathering can
operate, Joints are planes of weak-
nesses and appear as small cracks. In
sedimentary rocks the joints are arranged
at right angles to the bedding planes and
in igneous rocks at right angles to the
marging of the intrusion or extrusion,
Jomnts are small, discontinuous, or long.
The long ijoints form a master-jomnt
pattern.

In igneous rocks the joints atre rectangu-

lar. Where the sedimentary rtocks have
experienced various phases of stresses the
joint-pattern is very complex. In crystal-
line rocks joints extending parallel to the
surface are common.

Weathering is helped by jointing patterns

in various ways. Chemical weathering is
concentrated along joints and bedding
planes, Limestone landscape features, such
as dolines, dry valleys, sinks, and under-
ground passages are related to master
joints, Large caverns are controlled 1
their size, shape and growth by the pattern
of joints through which the solution pro-
Cesd operates.

In granitic areas chemical attacks along
the joints produce cuboidal blocks and
eventually the granite tors ate rounded.
Sub-surface boulders are produced in the
areas of wider spacing of jomnts from joint-
bounded rectangular blocks of granite,
Joints help the action of frost and ice
mechanically disintegrating the rocks into
angular blocks. Lastly, exfoliation m
gtanite is related to sheet jointing. Jomnts
help, directly and indirectly, the processes
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of erosion as well. Streams follow the
joints while eroding the surface rocks,
Erosion by sea waves through the joints on
the clifi's produces steep-sided inlets. Domal
shape of granite landscape and straight
clifs on the ridges have been produced
under the control of joints,

Permeability of a rock is defined as the
capacity of rock to allow water to pass
through it. Permeability is determined by
the presence of bedding-planes and joints,
It helps the mechanical disintegration of
rocks as well as chemical ‘weathering,
Permeable rocks teduce the surface tun-
off, an important agent of weathering and
erosion, by permitting it to enter its body.
Hence, a permeable rock will be resistant
to erosion and form an upland. Imperme-
able rocks, such as clay or shale, promote
a large surface run-off and stream erosion
and hence, are eroded into undulating
valleys and lowlands, Where hard lime-
stones and softer shales, the former highly
permeable and the latter highly imperme-
able, occur together, the limestones feature
as high plateaus, escarpments and ridges
and the shales as valleys.

Porosity of a rock 1s defined as the pre-
sence of pores between the constituent
mineral particles of a rock., In some rocks
these pores are large and inter-connected,
while 1n others the pores ate totally absent.
Pores allow water to enter the rock but
may not allow 1t to pass through, A good
example 15 that of ‘chalk. Chalk is porous
but impermeable. Porosity retains water,
and when water freezes, it expands and
exerts pressure resulting in granular dis-
mtegration and i weakening of the rock's
cohetence. Porosity also promotes chem:-
cal decay. By allowing a part of the sur-
face run-off to go underground porosity
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Fig. 19.) Rock Hardness and Relief Features

reduces surface erosion.

Rocks and relief features

Rocks which resist weathering and erosion -

torm high relief features (Fig. 19). Such
rocks are hard and have fewer joints, and
a high permeability, Quartzites and lime-
stones for example form bold escarpments,
hills, and uplands. Rocks which are easily
weathered and eroded, such as sandstones,
form the valleys and other low-lymng
features. The processes of relief-formation
always attack the rocks selectively, eroding
the softer rocks to a greater extent than
the harder rocks. Hence the ridges are of
hatder and the valleys of softer 10cks.

Rocka and characteristic landscape

Landscapes evolve as a result of the 1n-
teraction between rocks and landscae-
{orming processes, such as the erosional
and depositional activities of river, glacier,
wind, sea-waves, and underground water.
Thus, rocks and landscape processes be-

scapes. Now, the rocks have different
properties and different types of interac-
tions even with the same process. Hence,
the resultant landscapes vary 1m their
attributes. Also, each type of rock gives
tise to 1ts characteristic landscape. This
18 specially so, 1a the case of rocks which
occur singly over extensive ateas. Thus,
we have gramite, limestone, chalk, and
clay landscapes which occur extensively and
individually in some parts of the wortld.
Where, however, a large vattety of rocks,
with different type of mteractions with the
landscape processes, occurs m combination,
the characteristic landscape is missing.

Granite landscape essentially comprises
domes and tors. Granite contains many
kinds of joints, linear and spherical. Along
these the rock disintegrates through the
processes of mechanical and chemical
weathering. Chemical weathering affects
granite through 1ts joints upto depths of
mote than 20 metres. The sub-soil weathet-

come significant in the formation of land- 1ng produces grapitic houlders. Cranite 1s
1lutional Ipstitit. cf Education



52

also affected by sheetmg which is large
gcale exfoliation 1.e., removal of cover
sheet by sheet. The detalled outline of 2
granite landscape owes 1ts origin to joints
rather than to other factors, Exf{oliation
takes place in a typical spheroidal form.

The high uplands characteristic of granite
areas are comptised of domes and gramte
bosses. These are known as batholiths.
These appear as domes after the overlying
tocks are removed. These domes are of
enormous size. The Patagonian batholithic
dome is 1100 km. long and 120 km. wide.
This typical shape 1s produced by exfolia~
tion. Surrounding the dome are older rocks
which have been denuded to greater depths
and hence, by contrast, the dome stands
out prominently. Such domes are quite
common 1n the Telengana’and Rayalaseema
regions of Andhra Pradesh. Along the foot
of the domes are wide aprons littered with
boulders. These sloping surfaces are the
pediments,

Tors are residual features and are formed
when more easily -weathered material
surrounding the resistant bedrock has been
removed. Generally, tors ate produced by
deep sub-soil weathering or rock-rotting.
A large number of pillowy boulders have
been produced. These are surtounded by
fine-grained products of rock decay. Deep
weathering follows the jomnt-patterns very
closely. After the fine weathered material
1s temoved, the boulders form a brzarre-
looking feature in which the boulders are
arranged vertically but topsy-turvy.

In addition to uplands, domes, and tors
the grancte landscape has its own ridge-
and-valley topography and typical drain-
age pattern. There 1s differential erosion
producing ridges and valleys. On the domes
the typical dramage pattern is radial. In
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the lowered surfaces granite dikes extend
as striking linear ridges in many directions.

Limestone landscape develops best in
the areas where limestone beds are well-
jomted and gently sloping, and the climate
humid. Both mechanical and chemical
weathering and fluvial erosion act on the
[imestone beds. Surface water enters the
body of limestone through innumerable
openings of vertical joints. On entering
the body of limestone rocks the water goes
down and encounters the horizontal bedd-
ing planes and spreads laterally. The joint-
planes and bedding-planes get widened by
chemical action.

In a limestone topography like sink holes,

dry valleys, poljes, and large valleys with
sharp valley-sides, are produced by the
solution action of water aided by mechani-
cal erosion. The limestone uplands are
generally bounded by bold cliffs on which
can be observed limestone windows, small
caves, and entrances to latge caverns.

Cavertns are as characteristic of the deeper
interior parts of limestone uplands as the
sinkholes are of their ground surfaces.
Caverns can be long, domal, or tunnel-
shaped. In each, however, the deposits
formed of evaporation are typical. Such
deposits hanging from the ceiling are
known as stalactites and those rising above
the floor as stalagmites. Through many
caverns run the underground streams. The
collapse of the caverns and mechanical
erosion on the surface create a very rugged
[andscape. In it there are many residual,
rugged-shaped, 1solated hillocks and
wregular deptecsions. The angularty of
the landscape 18 characteristic, Such a
topography 1s well known as a ‘Karst'
landscape, after the province Karst in
Yugoslavia which has this characteristic
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scenery. pinnacles add to the weird topography.

In the areas where limestone beds occur These erosional forms occur at the edge
folded the large rivers flow through gorges of the uplands and on the escarpments,
bounded by bold escarpments. Rock and owe their origin to the surface run-off,

P
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Fig. 20. Clay Topography
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chemical action, and river erosion.

Chalk landscape - Chalk 1s a soft, homo-
geneous limestone. It has a close and
evenly spaced system of minor joints and
bedding planes, and 15, therefore, attacked
uniformly by chetnical weathering. Relati-
vely smooth landform  profiles are
produced.

Escarpments constitute the most charac-
teristic landscape feature. A chalk region
18 characterised by a large number of dry
valleys. The most spectacular featute of
the chalk landscape 18 the coastal chalk
cliff. These cliffs are strikingly vertical
and tepresent a balance between the rate
of erosion and fall of loosened chalk
masses from the top. Cove, bay, ptomon-
tory, and stacks are associated with chalk
cliffs and escarpments.

Clay landacape : Clay consists of vety
small particles with minute pore-spaces.
It is compact and highly consistent and
therefore, tends to tetam many erosional
features. Where clay alternates with easly
erodable beds, the typical topography
developed consists of ridges, earth-pillars
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gully surfaces, bold scarp-faces, and various
shapes of masses of bedrocks. This 1s the
well-known badland topography so typical
of the chambal basin of Madhya Pradesh.
Tn a clay landscape, the dranage lines
form a dense net work (Fig 20). While
the drainage pattern 1s typically dendritic
in flat plains, in slopmg areas it develops
a parallel pattern. River channels have
meandering forms. Such landscapes are to
be seen commonly 1n the Ganga basim.
Deltas and estuaries are the common land-
form features developed mm clay regions.
A Deltaisa tmangular feature formed by
river deposttion near its mouth. (1) A
large number of distributartes fan out
toward the coast on the deltaic surface
dividing 1t mmto smabler triangular units,
(2) Such 1s the world's largest delta the
Ganga-Brahamputra. Whete large scale
deposition has been prevented by tides
near the rtiver mouths, estuarles are
common featutes. An estuary is a funnel-
shaped feature located near the mouth of
the river. The Narmada and Tap: moutus
are such estuaries, While estuaries are
small, deltas are of an enormous size.

EXERCISES

i

Explam rock-jointing,

S

weathering ?

. What is rock hardness ? How does it affect weathering of rocks ?

Distinguish between rock permeability and rock porosity.
What 15 katst topography ? Name some of 1ts major features.

How does the mineralogical composition of rocks affect their chemical

6. What are the essential attributes of a granite landscape ?
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7, Attempt an anclysis of the properties of chalk and the features of a
chalk landscape,

8, What is a bad-land topography !
0, Why do the drainage limes form a dense network 1 clay area !

Books for Further Study

Pitty, AF. Introductionto Geomorphology, London, Methuen & Co, 1971
Small RJ, The Study of Lanidforms, Cambndge, Cambridge Untersity
PIBSB{ 1572,

Thotnbury, W.D. Princsples of Geomorphology, New York, John Wiley, 1969,



CHAPTER 7

1l over the world, mankind has lived

and contmues to live off the soil.
An enormous vatiety of products denvled
from the tilling of the sol has sustained
human groups even from the Neolithic
times. "The march of civilisatyon has been
charactensed by the expandmg frontiers
on terrain and more intensive use of soil.
Man's occupancy of land has been very
largely controlled by spatial vatiation in
the intrmsic properties of the soil, which
in theit own turn have determined the
extent to which they can be cultivated, In
the agricultural otient the distribution and
density of population have conformed to
the persisting patterns of soil fertility and

Soils

productwity. Regionally, good soils have
attracted man to settle down while bad
and 1mpoverished soils have caused his
exodus,

Definition of soil

The science which studtes soils 1s known
as pedology. The pedologust defines soil as
the surface material which has distmctive
layets or horrzons (Fig, 21). It has dis-
timctive physical, chemical and biological
characteristics. Soils support one ot the
other kind of vegetation, Soil comprices
mineral and orgamic particles, while the
sub-soll or bed tock 15 composed wholly
of minerals,
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Fig. 21. Generalised Soil Profile

Factors in soil formation

Soil 15 a resource that develops over a

long period, very slowly, through the
mechanical and chemical weathering of the
bedtock and incorporation of organic
temains. These processes produce horizons
in th2 soil, each horizon having distimc-
tive physical, chemical, and biologicai
characteristics.

According to the Russian pedologst
Dokuchayev (1846-1903), there are five
soil-forming factors : local climate. parent

material, plant and amimal organism, relief
and elevation and the age of the soil 1t-
self, Further, constructive and destructive
activities of man telated to soil erosion
and soil conservation, also directly and
indirectly affect soil formation. The two
most important factors of sojl formation
on a 1egional scale, are the patent matertal
and the climate.

Parent Material

Tt 1s the parent material which undergoes
mechanical and chemical weathering. The
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weathered product incorporates biological
remams and 18 ' changed mto true soil (Fig.
21). Parent materral or the bed rock1s
comprised entirely of minerals. The
minerals constitute the inorganic factor
in so1l formation,

The mmeral contents of parent rocks
from which the soil is derived affects the
rate of therr mechanical and chemical
weathermg and their mimeral composition.
The latter is reflected 1n the physical and
chemical composition of the soils. Diffe-
rent parent rocks weather at different rates.
Rocks having varied and more complex
mimeral composition weather more easily.
For example, tocks with quartz aie far
more tesistant than calcite, while gypsum
1s one of the softest of minerals. Calcare-
ous rocks on weathering produce shallow

sotls.

The parent matertals of soils are derived
from all the three main classes of rocks—
sedimentary, igneous and metamorphic.
However, mo1e frequently they are derived
from sedimentary rocks. Glacial moraines,
loess, and alluvium are the more common
parent material. Among these the flood
plamn alluvium and miver-bed alluvium
weather into the alluvtal soils which cover
large parts of the earth.

Colour, texture, structure and rate of
weathering and the presence of plant

nutrients, such as 'calcium, phosphorus’

nitrogen, potassium, and sodmm i all
solls, are determined by the properties of
the parent materials. But parent material
1s one of the three passive factors, the
other two being, topography and time.
The active factors are climate and biologi-
cal action.

Climate

In general, soil formation 1s an interplay
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of the passive factor of parent material
and the active factor of climate. Acting
over a long period climate tends to reduce
the differences caused by parent material,
Where 1ts role has been short-lived, the
parent mater1al 1tself gets reflected in the
soil propetties. Thus two different parent
materials may produce the same soil 1n one
climatic context, and the same parent
material may produce two types of soil in
two climatic regions. The sandy and
organically poor desert soils of the Thar
have been evolved from both sandstone
and granite rocks under conditions of a
desert climate. On the other hand, the
crystalline gramite rocks produce lateritic
soil in the moist climatic areas of the
Rajmahal Hills, and the dry Chillka soil in
the drier regions of Andhra Piadesh. On
the whole, climate 1s the most important
sol-forming factor operating directly
through weathering and indirectly through
biological activity. It operates as an in-
dependent factor. A simple comparision
between the maps of the chimatic and soil
zones establishes the significant role of
climate.

Plant and animal organisms

The role of plant and ammal organisms
in so1l formation’ is also important. The
plant *kingdom consists of macroflora of
trees, shrubs, and grasses, and macroflora
of bacteria and fungi. Dead plants provide
humus, which 1s the dead organic matter
in the soil. Humus sustamns other forms
of 1ifec changes the appearance of the
surface soil, helps in the ‘weathering of
minerals, and acceletrates soi1l formation.
The activities of both bacteria and fungi
are related to climatic conditions, Bacteria
consume humus. In cold climates bacterial
activity 1s limited. Hence, humus collects
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on the soil. In humid tropical and sub-
tropical climatic areas bacterial activity
18 mtense and humus 1s consumed. Hence,
these soills tend to be poor :n  humus.
Also, the organic acids formed by humus
are absent and undwigsolved aluminmum,
non, and manganese accumulate 1n large
quantities in the soils making them
infertile. Bacteria also change the gaseous
nitrogen of the air wto a chemical form
which can be consumed by plants. This
process 1s termed mirogen fixation.

The influence of animals 1s termed faunal.

Three faunal groups are recognized—
microfauna, mesofauna, and macrofauna.
Micro-organisms such as protozoa, geduce
organic debris to their elements, promote
mineral exchange, and make mitrogen
available to plants. Mesofauna comprises
worm-like amimals 1n soil and they number
billions per hectare of soil. They live m
soil water and help 1n 1mproving aeration
and mixing mineral and organic matter.
They consume plant debris, bacteria and
fungi, and reduce the humifying material
to a small size and then move it deeper
into the soil. Macro-fauna comprises
woodlice, earth worms, ants, termites,
rodents, and birds. The agents re-work
the soil by burrowing and change its
texture and chemical composition, In
many areas the soil 1s rearranged by the
bringing of lower horizons to the surface
and the downward movement of the
surface soil into lower horizons.

Geomorphic factors in soil formation

Geomorphic factors such as relief slope,
weathering processes, and aspect to the
sun influence the formation of soils. On
steeper slopes the soil 1s thinner than on
gentler slopes. On flat upland areas a
thick soil 1s formed, often with a good

layer of clay, but 1t iz largely leached.
Flat bottom lands in the flood plains have
a poorly dramed, dark coloured, thick
soils, They wusually have a surplus of
humus. On gentle slopes new soil derived
from the parent material balances the sail
which 1s removed by slow erosion.

Time 15 the thnd passive goil-forming
factor. Soils develop in the coutse of time
and experience changes 1n their ptoperties
over time.

There are three relative stages of sail
development, young, mature, and old, The
young stage 1s characterised by the
dormant control of the parent material
and invading organisms. The soils of
the young stage evolve from recently
deposited tver alluvium and glacial tall.
They are poorly developed and do not
have the characteristic horizons, The
mature stage reflects a greater influence of
climate and these soils are developed over
a long period of time. It has a well-
developed oprofile of horizons which
remains constant through time. The old
sotls mostly occur n the tropical regions
and are one to six million years in age.

Process of Soil Formation

The process of soil formation includes
several physical, chemical, and biological
ptocesses, They operate at different' rates
m different environments. Two major
processes operate In the formation of
soils 1 (1) the accumulation or formation
of parent matertals, and (ii) the diffe-
rentiation of horizons.

Accumulation of parent materials is
effected by physical and biochemical
weathering. Phycical’ weathering results
in the mechanical breaking down of rocks.
Chemical weathering 1nvolves many other
changes : oxidation, hydration, hydrolysis
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and carbonation.

After the parent material is formed,
three sets of processes operate on 1t to
convert it mnto soil - physical, chemical,
and biological. Their effect on the
formation of soil horizons 1s termed
horizon differentiation.

In the upper parts of the parent material

which 18 subject to both mechanical and
chemical weathering as well as biological
processes, there occurs an accumulation
of vegetation hitter and subsequently of
humus, Humus gives the soil a dark
colour in the upper horrzon. The toots of
the plants extract the nutrient elements
from the depths of the parent material and
on their death become mineralised 1n the
form of compounds. The compounds are
changed mto a soluble form. Part of this
solutton is absorbed i the upper humic
horizons and part 1s carried down by
water to the zone of activity of plant
roots, Thus, just below the humus, the rich
top horizon (A-1) there .is the =zone of
eluviation, (horizon A-2), This 1s succeeded
at a lower depth by the zonme of illuvia-
tion, (horizon B). From A-2 colloids and
bases are leached out and deposited
horizon B. Below horizon B 1s horizon
C of weathered parent material. Thig
is succeeded by horizon D which 15 the
underlying rock.

Physical and Chemical Properties of
Soil

The ophysical and chemical properties
determme both the fertility and pro-
ductivity of soils. The physical properties
include texture, structure, and colour.,

Soil texture tefers to the particle sizes
composing the soil. These particles are
classified as gravel, sand, silt and clay in
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decreasing order of size (Fig. 22). Each
so1l type 18 really a combination of various
proportions of these particles. Four
textural types are recogmised. These are
sand, sandy loam, loam and clay., All the
textural types are combinations of
different sizes of particles. Sand contains
80 per cent or more of sand, and 20 per
cent or less of silt or clay. Sandy loam
contamns 20 to 50 per cent silt and clay
and temainder sand. Loam contains 20
per cent or less of clay and 30 to 50 per
cent of sand. Loam 1s termed silty loam
where gilt predominates and clay loam if
clay predominates. Clay contams 30 per
cent or more of clay and 70 per cent
particles of other sizes, Soil texture
determimes the watet condition of the
soll by affecting the pore space size. In
sand as both the patticles and the pore
spaces are large, it drains rapidly. The
particles and pore spaces in clay are small,
hence drainage 15 very slow. Both are
poor for plant growth for which loam
texture 18 best.,

Soil structure refers to the arrangement
in which soil grains are grouped together
mto larger pieces. Major types of structute
are blocky, granular, columnar, prismatic,
crumb, and platy, Soil structure influences
the absorption of water by the soil, its
erodibility, and ploughing.

Soil colour 18 2 minor physical attribute
but it 15 the most readily observed. It
indicates the orgin and composition of
the soil. Increasing quantities of humus
produce a tange from white, through
brown, to black. Black and dark brown
colours are typical of soils m the cool and
humid areas of temperate latitudes. Soils
m the steppe lands and desertsare light
brown and grey. Red and yellow colours
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are quite common and both are due to one site also along the vertical. This

the presence of iron oxides and hydroxides,

Chemical properties of soil include soil
water, chemical composition, soil colloids,
bhumus and so1l air.

Humus, an important chemical consti-
tuent of the soil, 18 the non-living organic
matter. It is developed through the slow
oxidation of vegetative matter, Humus
gives a dark brown or black colour to the
soll and 1ts particles hold ions in the coil.

Soil air occupres the pore spaces of the
soil when it 1s not saturated with water.
It contains an excess of carbon dioxide
but there are only small quantities of
oxygen and nitrogen.

The physical and chemical properties of
the so1l vary not only over space but at

results in the formation of soil profile.
The soil profile refers to the arrangement
withm a soil of its horizontal layers
termed horzons. These horizons are
differentiated m terms of texture, colour
and consistency. A sotl profile is formed
mainly of three horizons. A and B
tepresent the true soil, and C 13 the sub-
soil or 'weathered parent material. PBelow
this 1s the bedrock horizon D.

Soil classification

Soils are clagcified into groups or types
on the basis of some =elected charac-
terstics.,

There can be three systems of soil
classification (z) empirical based on certain
physical properties, (:2) morphologic based
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on the nature of soil profiles and (a2)
genetic based on the kmown formative
and environmental factors involved, These
three systems have been combined. Here
the properties of horizons and genetic
factors have been combined to identify
the morphological characteristics.

Zonal soils are those which occur over
large areas or clmatic zones having
geographical characteristics of their own,
sited on well-drained undulating land,
having well-developed profiles and other
properties, developed on patent material
which has, remained 1 its original place
for a sufficiently long time to have been
affected by chmatic and orgamism pro-
cesses. Zonal soils display a characteristic
latitudinal belt distribution.

Zonal soils

The zonal order 1s comprised of soils
which can be differentiated on the basis
of humid and ard, semi-arid, and sub-
humid climatic zones. Thus we have two
climatically origmated classes within the
order of zonal soils (Fig. 23).

In the bumid climate class we have
podzol, grey, brown podzolic, red-yellow
podzolic, latosols, and tundra soils.

The podzols are the most widely distri-
buted of the zonal sols of the humid cli-
mates. They occur in the sub-arctic cli-
matic and northern parts of humid con-
tinental climate areas, They develop under
conditions of 2 cold winter and an ade-
quate precipitation spread throughout the
year,

Grey-brown podzolic soil oceurs m humid
chimates. The profile of this soxl 1s simi ar
to that of the podzolic soil, but leaching
is less intense and the colour 1s brownish.
Its physical and chemical properties are

similar to those of the pod=zols but less
pronounced in therr expregsions. Agricul-
ture on 1t 15 highly productive. They are
good for diversified crop farming and
darrymg. Eastern U.S.A., the North
Eurcpean Plain, and the Northern Chinese
Plamns are typical areas of its occurrence,

Red-yellow podzalic soil occurs south of
the grey-brown podzolic belt. There 15 a
general similarity in 1ts properties with
those of the podzols. But the humus
content 1s low and mwon hydroxides give
typical red and yellow colours. In warm,
humid, tropical areas this so1l contains
large quantities of alummmum hydroxides.
Pine vegetation 1s associated with this soil
also, South-east®rn U.S.A. is a typical
area of its occutrence. Latosols or lateri-
tic soils are characteristic of the humid
tropics. Theirr characteristics include the
complete chemical and mechanical de-
composition of the parent rock, complete
leaching of silica, a reddish-brown colour
gwen by the oxides of ron, alummium and
manganese, and a complete lack of humus.
The soil has few plant nutrients, hence, 1t
loses its fertility quickly, when brought
under cultivation, The soil 1s associated
with luzuriant ramn forests of hardwoods,
and lianas. In the top hotizons there is an
accumulation of iron and aluminium oxides
which is used in making bricks. The
material 18 called laterite. On weathering,
laterite becomes extremely hard, Laterite
gives bauxites, limonite, and manganite.
India, South-east Asia, the Amazon Basin,

and the Congo Basm are typical areas of
occutrence.

The Tundra soil is widespread and co-
extensive with the Tundra climatic and
vegetation type. Hence 1t i1s a zonal type,
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but as it 1s poorly draned, 1t can be con-
sidered to be intra-zonal. Excessive humus
15 another characteristic. There is no
distinctive profile but there are thin layers
of clay and humus. It 1s an acidic sol.

Arid, semi-arid, sub-humid zonal order
soils mncliide chernozem, chestnut, chestnut-
brown, grey desert, and red desert varie-
ties, They occur in areas i 1mcreasing
order of temperature and aridity.

Chernozem is associated with a conti-
nental, warm, moist early summer, later
summer and winter drought, and dry
snow-free winter climate, and long-grass
steppe. In the profile, horizon A 1s black,
deep, and mineral-organic, horizon B has
clay accumulations and C horizon 1s
calcareous. Horzon A 1s rich m humus
while horizon B in colloids and bases. The
chernozem 1s generally acidic A typical
area of 1ts occurrence 13 Ukraine but it 1s
also widespread m the Central US.A,
Central Africa, South America, and
Australia. Chernozem 1s highly productive
for small grain crops, such as wheat, oats,
barley, and rye. The Ukraine ‘the bread-
basket ot the U.S.S.R." 1s 10 fact based on
chernozem goil, Very similar to chernozem
1s the prairie soil.

Chesinut soil occurs towards the atid side
of the chernozem belt 1 the semi-arid
middle-latitude steppe lands of North
America and Asia Tts profile is stmilar to
that of the chernozem but 1t contains far
less humus and has a prismatic structure,
There is a lot of alkaline organic matter.
High agricultural yields are possible only
through the application of coil-moisture
conserving technigues.

Chestnut sol 15 replaced by Chestnut
brown type 1n mote arid areas which 18
very stmlar to the former, but has less

humus and a lighter colour. The soil is
typical of the middle-latitude steppes and
is suitable for livestock grazing.

Grey-desert sml, also termed sierbzem,
occurs 1n vast east-west belts between 30°
and 50°N latitudes in the Northern Hemi-
sphere. It 1s co-extensive with the spread
of the middle-latitude desert climate. The
principle characteristics of this soil are
Little humus, shightly differentiated hori-
wons, and a hard, resistant deposit of
calcium carbonate termed caliche.

Red-desert sor] has the mimmum humus.
The ted colour is imparted by small
amounts of iron compounds. A coarse
texture, pootly developed horizons, frag-
ments of parent rock, and deposits of hme
carbonate are characteristic properties.

Desert soils are suitable for cultivation
along the flood plains and on the terraces
where their texture 1s fine.

Soil erosion and soil conservation

The process of destruction of soil and the
removal of the desiroyed soil .material
constitute soil erosion. Moving water and
wind are the two principal agents of soil
e10s101,

Water moves on the surface m two
forms, as a sheet, and 1 a lne. The
former is termed sheet movement and the
latter, linear ot channel flow. Sheet move-
ment causes sheet eros.on and channel flow
causes lmear erosion. Im beth forms of
erosion by water, two contiolling factors
are importaat—the velocity and the quan-
tity of pronounced sutface run-off and the
erodability of the soil itself, The nature
of the slope, the texture of surficial
material, the amount and nature of mncl-
dent precipitation, and the vegetation
cover directly affect the swmface run-off.
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The erodability is mfuenced by the mnner
properties of the soil, texture, structure,
consistency, and cohesiveness. On a gentle
slope, adequatly clothed by a vegetation
cover, clay soil will resist erosion to a
great extent. On such a soil, channel
eroston will succeed but not sheet erosion.
Here ploughings are done across the con-
tour lines. On sucha sloping surface, the
ridge and furrow surfaces are created, the
furrows then act as chanmels and the soil
15 quickly and massively eroded. Every-
where natural vegetation restricts the
extent and the intensity of soil eroston.

Sheet erosion removes the upper genetic
horizons of the soil over extensive areas,
This 15 followed by channel erosion 1n the
form of gulleys and ravines. Valuable
cultivated land is changed into wasteland.

Wmd erosion also termed deflation,
occurs in dry climatic areas having a
sparse and low vegetation cover on
mechanically weathered, loosened surfacial
material. Dust storms ate the principal
agents of wind erosion, Fine silt and clay
indry friable form ate removed from the
surface, thus, eroding the top horizon and
tendering 1t mnfettile, Wind deposits sand
In some areas masking the existing soil and
rendering 1t unproductive, On the whole,
wind plays a destructive role with no
redemption, unlike the tiver which both
destroys and recreates.

Methods by which soil 1s prevented from
being eroded constitute soil conservation.
So1l conservation has an utgent significance
throughout the world because of the siow
tate of soil formation. In tropical and
humid temperate areas for example, one
centimetre deep soil 13 formed during
about 200 and 150 years respectively. Soil

erosion, on the other hand, can take place
within a short time.

All methods of soil conservation ulti-
mately bave to aim at reducing the amount
and velocity of surface run-off and of the
erodibility of the soil. The cover of the
vegetation not only reduces the surface
run-off, but also binds the soil particles
through the rtoots and 1ncreases 1ts
strength., Thus, vegetation cover protects
the soil from the attack of erosional pro-
cesses. The planting of forests has been
the most important of the soil conserva-
tion techmques. The planting of forests
in ateas from where the original vegeta-
tion has been removed by man is termed
reforestation. The planting of f{orests in
those areas which have mever had any
vegetation 1s termed afforestation. Both
refotestation and afforestation atre needed
more specifically on slopes where trees
retatd the surface run-off and bind the
soil.

On the slopes which have been trans-
formed into a series of terraces, the walls
have to be remnforced by lines of trees,
and boulder and stone embankments., The
terraces break the flow of surface run-off
and act as wells of deposition of eroded
and transported sediments. Contour bund-
ing, terracing and contour ploughing,
thus, protect the soil from being eroded,

For conserving soil in #he aeolian geomor-
phic areas tall plants are grown as wind-
break sows at right angles to the wimnd
direction.

An indirect passive measure Is to prevent
the slopes from bemg grazed intensively
by sheep and goat and other livestock.
Overgrazing causes a packing of the soil
and decrease of 1ts water permeability.
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EXERCISES

Define co1l. How is 1t drfferent from vock ?

Desciibe a typical soil profile,

How are the horizons 1n a soil profile formed ?

Name separately the active and passive factors of soil formation.

What is humus? How 151t {ormed ? What s 1ts significance in sol
formation ?

Why are the soils of the humid tropical areas poot in humus ?
What 15 the conttibuticn of parent material to soil formation ?

What 1s the most significant difference between the black soil of
Maharashtra and the black soil of the Ukrame ?

Why are the main o1l types of the world spread in latitudinal belts ?
What 1s the basic difference between sheet and lineat surface tun offs ?
Do you agree that soll erosion 1s mostly the result of human interference

‘with natural ecological conditions ? Why ?

Identify the contributions of fotesters and cwil engmeeis m soil
conservation plans

Books for further study

Bunting, B.T., The Geography of Sal, London Hutchmson & Sons, 1965.
Jenny, H., Factors of Soul Formation. New York : McGraw-Hili Co., 1941.
Jacks, G.V., Soil, London : Nelson, 1954,

Plyusnm, LI., Reclamatwe Soil Science, Moscow - Foreign Languages Publish-
g House, 1965,



CHAPTER 8

Exogenous processes in the Evolution

Exogenous processes of landform

evolution and landform changes are
those which derwve therr energy from
external soutrces and ultimately from the
sut. These ptocesses are mamly caused
by earth geomorphic agents, such as river,
wind, glacier, and sea-waves. Exogenous
processes include gradation, degradation,
aggradation, and weatheting,

Gradation

Due to crustal movement and unequal
erosion and deposition the surface of the
earth 1 1ts vartous parts becomes 1rregular.
By and large, these irregularities constitute
the surface topography of the earth. The
geomorphic agents such as river, glacier,
wind, and sea-waves, remove the saterial
from the higher parts and deposit it in

of Landforms

the lower parts, Gradationis the process
by which the original irregularities of the
earth's surface are removed and a level
surface 18 created (Fig. 24). Gradation
starts operating as soon as nregulanties
are created and contlnues unti] these are
fully temoved. The processes of gradation
derive therr energy ultimately from the
sun, but immediately from atmospheric
phenomena. All pradation processes are
directed by grawty, Gradation 13
accompliched by the twin processes of
degradation and aggradation.

Degradation
Degradation conctitutes those processes
by which matetial from a high relief

feature 15 removed by exogenous or
external processes and the mam geomor-
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Fiz. 24. Formation of graded surface by Aggradation and Degradation

phic agents (Fig. 24). Bed rock 1s removed
through erosion, and weathered product
from the bed rock 1s transported away.
Degradation by removing material from
the migh relief features reduces their
elevation. Degradation 1s controlled by
three factors - the properties of the
material on which the processes are
operating, the energy available to the
geomorphic agents, and the tools used by
the agents. Where the materials are easily
erodable, and the agents have large energy
and large amount of tools, the efficiency
of degradarion is very high. A stream 1n

the hills does the work of degradation
efficiently, It is necessary to remember
that degradation is only the removal of
material from high relief features. There
are mnecessary conditions which must be
fulfilled before degradation can take place.
The rock must be 1n a form that can be
eroded, necessary coinpetence 1s acquired
by the agent, and the agent must have
tools.

Degradation comprises of thres processes:
weathering mass-wasting, and erosion.
Weathering 1s the disintegration or
decomposition of tock 1 situ, It 15 a
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static process and does not involve any
movement. Mass-wasting 1nvolves the
bulk transfer of masses of rock debris
down slopes under the influence of gravity.
Landslides are examples of mass-wasting.
Earthflows i mudflows are othet
examples.

Weathering

As defined eatlier weathering refets to
the disintegration or decomposition of
rocks in place. Weathering helps erosion
but is not a part of 1t. There can be
weathering without erosion and erosion
without weathering,

There are two main types of weathering :
physical and chemical. Both are affected
by rock structure, climate, topography,
and vegetation.

Rock structure refers to mineralogical
composition, joints bedding planes, faults,
fractures, pores, and its integral hardness.
The minerals control the rate of chemical
weathering. The jomnts permit water to
enter the rock and achieve chemical
and physical weathering. = Climate
determines whether physical or chemical
weathering will predommate and the

speed with which these processes will
operate.  Topography directly affects
weathering by exposng rocks and

indirectly through the amount of precipi-
tation, temperature and  vegetation
Topography also determines the aspect or
direction which exposes the rocks to the
direct attack of ramn or wind. Surfaces
covered with vegetation are ptotected,
and bare surfaces are weathered to a
greater extent. Since, even within small
areas a large variety of bedrocks are
exposed to the processes of weathering,
differential weatherig 1s quite common.
Physical weathering is also termed

mechanical weathermg. This process
refers to the mechanical disintegration of
rocks in which their wineralogical
composition 1s not changed.

Igneous rocks are formed at great depths

under conditions of high temperature and
pressure. When they appear on the
carth’s surface as a result of the removal
of the overlymg rocks, the pressure on
them is also removed, This tesults m the
expansion of igneous tocks and mn the
formation of large scale fractures parallel
to the surface topography.  Sheets
between the fractures are detached from
the main mass which thus suffers
fragmentation. This process 1s termed
exfolation. It tesults in the formation of
exfohation domes.

Crystal growth tesults in expansion and
rock fracturmng, water enters the rocks
through fractures and jomts and then
freezes, Crystals are formed, and when
they expand the jomnts are enlarged.
Repetition of this process results in the
weakenmg of the rocks and ultimately
their fragmentation. This process 1is
termed frost heaving. It operates more
efficiently on the. rocks which mitially
contain a large ndmber of joints, fractures,
and beddmg planes. In the muddle and
high latitudes, ice crystals are very
effective when thete 1s a repeated freeze
and thaw., Growth of other crystals, such
as salines, formed in dry climates through
capillary action of water containing salts
in solution, also forces the rocks to
expand and thus cause fractures leading
to fragmentation.

Repeated thermal expansion and contrac-
tion as a result of alternate heating and
cooling results in the weakening of the
rock, Creation of joints and fractures and
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enlarging of the existing ones, and finally
to the disintegration of the rocks. This
1s termed mass exfoliation. In the rocks
containing minerals which expand un-
equally thete 1s granulai exfoliation or
dismtegration. Spheroidal boulders ate
formed by these processes.

Plant roots also penetrate the rocks,
create new fractutes and enlarge the
existing ones,

Chemical weathering is mote impottant
than mechantcal weathering in almost all
the climatic regions. Chemical weathering
results 1n (3) an increase in volume which
produces stresses within the tocks (i)
lower density materials (111) particles of
smaller size which produce a larger surface
for chemical mnteractions, and (:») more
stable mmerals. There are two end
products of chemical decomposition and
disintegration :

(1) residual, such as clay and (31) soluble,
such as calcium bicarbonate which can be
removed In solution.

Oxidation When a rock is exposed to
atmosphere, the  atmospberic oxygen
Present 1n tamn water entets mto chemical
union with 1ts constituent minerals,
espectally the iron compounds. This
tesults 1n the decomposition of the rock
leadmng to 1ts crumbling mto a powdered
mass, This 1s known as oxidation. The
ouginal coloutr of the rock is also changed
mnto red, yellow, or brown. This process
is similar to the rusting of iron or steel in
the presence of air and water, as a tesult
of which the metal crumbles to a brown
dust.

Hydration The chemical union of water
with a mineral is called hydration. The
process of hydration 1s  particularly
effective on some aluminium-bearing

minerals such as felspar, On 1ts chemical
combination with water, the felspar swells
ot increases In volume, as a result of which
its outer shell gets detached by the
mechanical force of expansion. The
product left behind 1s a residue of sand
and clay,

Carbonation Ramn water, in the course
of its passage through the atmosphere,
dissolves some of the catbon dioxde
present m the air. It thus tums into a
weak acid (carbonic acid) which acts on
limestone rocks. * This process 15 known
as cartbonation and 1s well noticed m the
limestone or chalk areas in the humid
regions of the world.

Solution —Some of the mimerals may also
be dissolved by water and thus removed
in solution, for example, rock-salt and
gypsum. This process of chemical
weathering is known as solution,

Process of removal Products of
physical and chemical weathering are
removed by the followmng geomorphic
agents ; Tunining water, groundwater, waves
and currents, wind, and glaciers. Each of
these agents acquite loosened rock material
t.6., load, This loosened material m
transit abrades ie, tubs agamst the
surface. In transit the moving material
also gets worn and ultimately the matetal
I movement gets transported and depo-
sited elsewhere.

The two processes by which earth
surfaces ate eroded by matenals m transit
are corrasion and corrosion.

The geomorphic agencies carry tools with
them. The boulders, pebbles and sands
are transported by them., These are the
tools. When these tools move on the
earth surface or rock surface these surfaces
are corraded or abraded, Formation of
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pot holes m river beds 1s an example of
corrasion or abrasion. In many rivers of
peninsular plateau in our country we see
such pot-holes. Corrosion is temoval of
material by solution. Wearing of materials
while in tranoit 1s known as attrttion. The
movement mutually, tub, grind, knock,
materials 1 scrape, and bump, This
results 1n reducing their size. The material
acquired by the geomorphic agents 1s
transported (Fig. 25) by rolling, pushing
and drdgging along the surface. This is
known as traction. Often tock
materials move forward by leaps and
bounds in saltation. Turbulent currents
of airr and water hold the moving small
rock materials in suspension. Rock
materials also get embedded 1n glaciers and
are carrled forward,

TRACTION

-]

Dragging

Yo - w-m @@,

SALTATION

Al ;WH—N At
) L

SUSPENSION

Pushing
-—

T v \:/ Turbulunce

Fig. 25. Traction, saltation, suspension

Aggradation is a consequence of de-
gradation. It contnbutes as greatly as
degradation to the general levelling of
the earth's surface. Aggradation means
deposition and accumulation. In general,
deposition tesults {from the loss of the
transporting capacity of the geomorphic
agent. This happens when either' the

velocity is reduced or the material being
transported exceeds the capacity for
transporting. Underground water carres
limestone in solutton. When this solution
evaporates, precipitates are formed. This
1s a special type of deposition. Usually,
deposrtional features have a limited extent
and are not easily shown on topographical
maps.

In general, few landform features are
either entirely degradational or aggrada-
tional. Most features are subject to both
the processes. A plain 1s formed not only
by deposition but also by erosion operat-
ing at the same time. The processes of
eroston, transporation and deposition take
place 1 a river simultaneously m 1ts
different stretches.

Cycle of erosion

The concept of cycle of erosion was
formulated by Wilham Morris Davis.
His major objective was to describe and
explamn the distinctive charactertstics
possessed by landforms. He suggested
that these were related to the stages of
their development. In a cycle of erosion
the surface forms undergo changes as a
result of the processes acting upon them,
These changes are not erratic but follow
each other in 2 tegular sequence. These
sequences are termed stages. According.
to Dawvis there ate four stages: initial,
youth, maturity, and old. However, most
commonly, only youth, maturnity, and old
stages are used 1 the description and
study of topographies produced by diffe-
rent geomorphic agents (Fig. 26). In the
nitial stage the landform 1s generally even
and 1s ratsed high abave the sea level, slow
and small changes occur. However, vast
changes take place by the time thé land-
scape attains maturity. In the old stage



EXOGENOUS PROCESSES IN THE EVOLUTION OF LANDFORMS 71

agam landscape evolution slows down.
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Fig. 26. Cycle of Erosion

Different geomotphic agents have their
characteristic cycles of eroston. Thus, we
have, flural cycle of eroston, glacial cycle,
aeolian cycle, karst cycle and marine cycle
of erosion. Mature, and old stages charac-
terise all the cycles of erosion. But, how-
evet, the evolution of landscapes and thetr
stages ate significantly different.

In the mitial stage the telief 15 small,
Hence, the mobile geomorphic agents work
slowly and the material removed is like-
wise small. Topography 1s simple and the
humber of landform features is small.
Most of these features are erosional in
origin and small in extent,

In the mature stage relief features become
bolder, with marked contrast in hill and
valley forms.

The old stage is characterised by a
general loss of energy of the geomorphic
agent. Now, the topography 15 much
subdued and tends to be lowered to the
base-level of erosion. This 1s the level to
which the mitial relief 15 lowered. High
relief features are worn down and low
relief features are filled up or aggraded up.
Thus, thete 1s a general levelling of the
topography. Peneplams and monadnocks ot
mselbergs are highly charactenstsic features
of this stage. The peneplain 1s'broad low,
generally smooth-outlmed 'plain  which
represents the completion of a cycle of
erosion. Monadnocks ot 1nselbergs are
tesidual still features which resist erosion
because of their hard constituent rocks.

Thus, the cycle of erosion envisages that
landforms evolve through a definite
sequence of stages. The cycle operates
through the three stages until the mitial
relief is almost fully reduced and the sur-
face 15 agamn levelled.

Most of the cycles of erosion do not
reach the final stage as some time duting
their operation either climatic ot tectonic
disturbances take place. An imcomplete

or partial cycle results from this. Topo-

graphy leturns to a2 youthful stage. This
phenomenon 1s termed rejuvenaton. In it,

a mature topography becomes young :.e.,

it is rejuvenated. The cycle of erosign
begins anew.

Fluvial topography

Fluvial topography or the normal cycle
of erosion (i.e.. cycle of water eroston)
was formulated by Davis. He also appled
1t to the understanding of glacial, karst as
well as aeolian topographies. In his opinion,
these three topographies are merely the
dewiations from the normal cyde of
erosion. Hence, fluvial topography 1s the
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most 1mpotrtant of all topographies.
The main features of the fluvial cycle are :

The cycle begins on a recently uplitted
landmass. [t 15 inttiated throtigh the drain-
age system working on 1t.

The initial landmass 1s sculptured and
reduced by the combined action of
weatheting, mass-wasting, and erosion
both by streams and sutface run-off of
water.

Accordmg to Davis, a rapid uplift of the
landmass 15 followed by a long period of
standsiill or quiescence. Durmg this
period of standstill the cycle of notmal
erosion operates fully or completely.

However, during the period of standstil],
a cycle may be completed only pattially,
when another uplift initiates a new cycle.
Thus, many incomplete or parttal cycles
may tesult.

The three stages—youth, matutity, and
old—can be recogmsed in the notrmal cycle.
These follow each other 1n a vegular
sequence.

Each stage ts characterised by a distine-
tive set of landscape {eatutes,

Structure, process, and stage are the
three factors which explamn the land forms
produced 1n a cycle.

The mmitial landmass can be completely
wom down to a level below which erosion
is not possible. Thus 1s termed base-level,

In the old stage at opographic surface of
low relief termed peneplain is created.,

Fluvial topography develops welln a
drainage bastn. In the dramnage basm the
streams jotn each othzr and with a tiunk
or master stream. The joinmg of the t1-
butaries with the master stream produces
a pattern tetmed drammage paliern. The
common drainage patterns are dendritic,
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parallel, trells, and radial (Fig, 27). A
dendritic pattern 1esembles a tree 1n which
the angles of confluence of the tributaiies
with the master stream ate small. A
parallel pattein develops onsteep slofes
where the trbutames and the master
stream flow parallel to each other for
considerable lengths before weeting each
other. A trellis pattern develops m a
topography created on a folded structure
of synclines and antichines, Anticlines are
breached and the moie powetful synclinal
valley streams capture others of therr kind
flowing at a bigher level. Such stieam
junctions are almost at right angles A
radial pattern consists of dianage limes
radiatmg from a central part as on a dome.
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Fig. 27. Dramage Patterns
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Youthful Topography

In general a youthful topography 1s asso-

ciated with a recently uplifted landmass.
It may be a plateau, folded range, orin-
clined beds, with some relief features.
The work of the 1wer through erosion,
transportation, and deposition 15 of a
signuficant order. In the youthf{ul stage
the elevation of the landmass 1s the highest
(Fig. 28).
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Fig. 25. Fluvial Cycle

Some of the characteristic processes In
this stage are channel deepeming due to
bed scourmng and pot-hole diilling, forma-
tion of V-shaped valleys, The interfluvial
divides aie wide and generally simple in
their outlines. Finger-tip tributares, ex-
tended gullies, headwater, emplitheatres,
semi-circular crests, waterfalls, rapids,
valley headwalls, and inter-locking spurs
ate some of the other features characters-
g this ctage.

Waterfalls (Fig. 29) develop specraculatly

and ideally at the sites where there are
escarpments or very steep slopes and the
faces are composed of vety 1esistant,
horizontal beds. Vertical jomts help the
formation of scaips on which the rivers
form the waretfalls, At the basc ot the
waterfalls the churning of water contamning
boulders produces pot-holes, the pracess
bemng known as pot-hole drilling,

Fig. 29, Niagara Fall

Mature Stage Topography

This stage 1s characterised by maximum
relief and wmaximum etosion. Drainage
lines now get integrated 1n a density net-
wotrk, The landmass 1s fully dissected.
Ridges and valleys develop stukingly.
Ravers flow with a graded p1ofile (Fig, 30).
During this stage both erosional and
depositional activities aite at thenr maxi-
mum. This can be contrasted with the
youthful stage m which thete is only a
little erosion, and with the old stage
which 15 chatacterised by an enormous
amount of deposition. As a result of
heavy erosion and deposition the mature
stage topography is comprised of a large
number of landform features. Such are
hogbacks,  cuestas, plateau tables,
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esplanade meanders, meander cut-off or
ox-bow lakes, meander core, meander scar,
natural bridge or arch, flood plam, flood
plain scarp, rver bluff, terraces, alluwial
fans, and hinear lakes.

Fig. 30. Gradation of a Stream

The flood plain and its associated features
and meanders are the most typical of this
topography (Fig. 31). Floodplain 1s formed
by tepetitive deposition, beyond the banks,
of material brought by the floods of the
rivets. It 1s wide, long, and parallel to the
river. On the floodplam the characteristic
features are natural levees which are long
depositional tidges extending parallel to
the tiver, abandoned channels, ox-bow
lakes, and linear lakes.

B -blulfs,
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flow of water and mm deposition on the
bed of the river. As the meandering be-
comes mote accentuated the ends of the
loop come mearer and eventually meet.
When the loop 15 detached from the main
channel and ceases to receive water from
1t, an ox-bow lake 1s formed. The mouth
of such a lake is sealed by clay plugs.
After the ox-bow lake 1s filled up by
deposits and water disappears, the feature
produced 1s meander scar. The land
enclosed within the meander loop is
termed meander core.

A -alluvium, O—oxbow lake,
L —tevees, F-floodplain, Y-yazoo siream
_

Fig. 31, Landforms of an Alluvial
River Flood Plain

The meandeung of the channel streams
produces a S-shaped channel form (Fig.
32). It is caused by irregularities 1n the

Fig. 32. Stages of Meandering and
Formation of Ox-bow Lake
On descending to the plains from the
hills the velocity of a tiver and hence its
carrying capacity ate treduced. At this
point the river sheds a large amount of
load which assumes a fan or conical shape

Fig. 33. Alluvial Fan
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(F1g. 33). Thisis termed allumal fan. In
the lower parts many fans join laterally to
produce a bajada or pedmont plain.

A lLittle further down the miver cuts into
the material depostted by itself, creating
a feature which consists of several steps.
These step-like plains are terraces (Fig. 34).
The terraces are sepatated by steep wall-
like escarpments. Terraces occur on a
small-scale along the meanders and in the
flood plains as well.

Fig. 34, Alluvial Terraces

In the mature stage the main streams
have well-developed valleys sepatated by
mter-fluvial divides (Fig. 35). The valleys
are bounded by river bluffs which ovetlook
the flood plains. Near the base of the
bluffs are located linear lakes which
represent the mactive flood plamn scour
routes through which the diversion
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channels had flown at one time. At places
the natural levees aie breached by
channels origimating from the main river
and then flowmng on to the flood plams.
Where they cut the natural levees they
are termed crevasse chanmels and after-
watds flowing parallel to the main channel
they are termed yazoo streams.

Fi1g. 35. Widening of a valley by lateral
cutting of a Stream

Along vatious sections during this stage
the main chonnel splits into many narro-
wer channels separated by lenticular sand
or gravel bars (Fig. 36). The splitted
channels again meet the mam channel
somewhere dow nstream. This happens due
10 the shedding of alarge patt of the extra
load that the miver cannot carry. The
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channel 15 then termed by arding.

-

Fig. 36. Braided Stream
Old Stage Topography

Inthis stage the tivers are flowing very
near to their mouth level which 1s the sea-
level. The gradients are gentle, the velo-
cty is fow, and the energy of the river
flow 1s small. Hence, the river 1s mostly
engaged 1n depositing and does little of
erosion and transportation. The rehef
of the topogiaphy 1s small and the outline
of the land is gently rolling with very wide
valleys and low inter-valley divides, Most
of the sutlace 15 covered with clay or silt,
The topography 15 characterised by a set
of distributional features which comprise
delta, distributaries, delta-flank depres-
sions, linear depressions, lenticular sand
bars, and saucer-shaped mterfluves.

The delta (F1g. 37) is the most widespread
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depositional feature and characteristic of
the old age topography. It is triangular
m outhne and mamly formed of an
enormous volume of deposition of finer
particles near the mouth of the river,
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Fig. 37. Stages in formation of a
Simple Delta

Through the delta run a large number of
channels which come out of the main
channels. These smaller channels are
termed distritbutaries or passes. The dis-
tributaries are wide but shallow, choked
with silt and clay, and extremely sluggish.

Depressions filled with water and formmg
lakes occur on the flanks of the deltas.
These are termed delta-flank depressions
such as Lake Manzala in the Nile Delta
and Lake Kolleru m Andhra Pradesh.
Linear depressions +with stagnant water or
just abandoned and dry are termed bil in
Bengal. They are the tesidual parts of the
distributaries. Lenticular, long bats com-
posed of sand and clay are termed char
1n Bengal. Natural levees, ridges formed
by the deposition of materal over-spilled
by the flooded rivers ate quite common in
the deltaic areas. Natural levees are long
features and tun parallel to the tivets.
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Aeolian Topography

Aeolian topograpby is crested by the
erosional and depositional processes of
wind 1n the arid zones of the world. Hence,
it 1s also termed arid zome topography

(Fig. 38).

W Mounatoin
Rim

Fig. 38. Intermontane Desert

Wind creates its characteristic topo-
graphy by three processes, abrasion,
deflation dnd deposition. Abrasion 1s the
sandblast action of wind with sand
agamnst the rocks. Attrition 1s the
grinding action in which wind 1s the force
and sand 1s the tool. Abrasion does not
produce any landform feature of signi-
ficant size, It 1s effective near the ground
and upto a height of about 50 cms.

Deflation 15 the process of wind
transportation,  Deposition comprises
sedimentation, saltation and surface

creep, and encroachment. Abrasions hapes
features like yardang, tabular mounds with
hard rock cap, pedestal rocks (Fig. 39),
and caves and niches. Desert pavements,
desert polish, and horn-shaped sand are
typical features produced by deflation.
The most typical features of sand are
dunes and loess which is a thick deposit
of wind-blown silt. In the arid =zones,

PR =—Pedestal rock

_

Fig. 39. Pedestal Rock

topography 1s mnfluenced both by wind and
by action of rivers and sheet flows of
water. Such features are playas as centres
of inland dramnage basimns of flat surtace.
desert flats, alluvial fans, bajada, pediment
(Fig. 40), desert plains, hammadas,
badlands, and mnselbergs.

Block-faulled mountoin mass

Trig. 40. The Erosional Evolution of
a Pediment

Glacial topography

Davis suggested that a glacial topography
18 a climatic acadent that happens to
normal cycle of erosion 1.e,, climate gets



78 PHYSICAL BASIS OF GEOGRAPHY

very cold and the rivers freeze. Instead of
rivers of water thete are rtivers of Ice,
called glaciers, operating as the mam
geomorphic agent.

Glacial topography has the following
basic characteristics : It 1s parasitic m
rature. Glacial topography 1s developed
cn a pre-glacial topography. Hence, 1t 1s
also classified as compound or composite
topography. It is limited in area, m
distnibution, and in time. The largest
extent was attained during the Pleistocene
or Great Ice Ages. Now, the glaciated
topogtaphy is limited to the very high,
young, fold mountamm regioms, such as
the Himalayas, Andes, Rockies and Alps.
There 1s no control of base-level exerted
on the reductton of relief in glacial
topography. The rate of relief reduction
is extremely low, This is due to interrup-
tions in the cycle caused by advance and
retreat of glaciers. The movement of
glacters 1s by regealation .., pressure
within the ice~mass and hence the effects
are felt by both sloping and flattish areas.
Peneplain 15 unknown in glacal
torography.

A glacier is a large natural accumulation
of 1ce which teveals evidence of present-
day or past movements. Glactets originate
in snowfields or neves. They move down

the pre-existing valleys or radiate out in
great lobes.

Glaciers acquite loosened matemial by
scouring, gougmg, plucking or sapping.
They 'erode the earth's surface by
corrasion and gouging. Through attrition
the particles i transit are reduced m size.
Glaciers  transport material through
traction and suspenston.

Evidence of past glaciation is provided
by (i) striated, grooved, and polished

surfaces, (11) lack of restdual soils, (212)
large volume of glacial deposits, eskers,
and moramnes, () glacal deposits
comprised of unweathered rock, and
() numerous tock basins.

Types of Glaciers

There are two major types of glaciers,
the valley glaciers and the continental
glaciers or 1ce sheets. Correspondingly,
there are two types of glacial topographtes.
one related to the valley glaciation and
the other to the continental glaciation.
The two topographies are characterised
by distinctive features.

Topography of Valley Glaciation

There are two sets of features resulting
from glacial erosion and glacial deposition
(F1g. 41),

Hanging
\. valley

-L . - o4

Fig. 41. Glacial Featules

Features of Erosion ; Features of glacial
erosion 1mclude cirques which are circulat
depressions formed by pluckmng and
grinding on the upper parts of the moun-
tain slopes, They are the most widespread
features of mountain or valley glaciation.
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Another feature 1s known as glacial
trough which 1s the well-known U-shaped
valley,

A hanging valley is formed where a
glacier carves out a deeper U-trough and
the tributary valley 1s left perched on the
high wall of the U-trough. The junctions
of such valleys ave the sites of watetfalls.
Fyiord 1s a drowned U-shaed valley along
the coast. Itis deeper toward the coast
where 1t 1s overlooked by a high, bold
chiff.

Features of deposition : In the
glactated topography there are
following typical features -
Moraines are formed by the deposition
of the valley glaciers (Fig. 42). Three
types of moraines are known, lateral,
medial or median, and terminal or end.

valley
the

Fig,. 42 Medal and lateral Mo1aine

These three types are differentiated on the
basis of their location in the valley.
Where glacier retreats 1n a halting manner,
a series of concentric moramnes is formed
they are termed rtecessional or stadial

motames., Moratnes form long tidges
after the disappearance of glaciers. The
moraine formed on the bed of the wvalley
1s termed ground morame. Glacio-
fluviatile featuies are produced by the
deposition of melt-water channel load
after it emetrges from under the glacier.
Valley-shaped tramns are formed along the
bases of the high walls of the U-valleys.
They appear as terraces beginning from
the end moratnes and extending down the

.valley. Esker 1s a sinuous 1dge of assorted,

stratified sand and gravel, It 1s produced
by the filing of melt-water channel and
Is exposed after the glacter disappearts.
Kame terrace 1s an 1ce-contact fearure in
which the deposits are laid against an
ice-surface. It 1s formed by the filling of
depressions between the glacier and the
sides of the trough.

Clacio-lacustrie features are related to
those which are produced by lakes and
glaciers, Lakes are quite common 1 such
a topography. A lacustrme plamn 1s
formed by the filling up of the various
tyges of glacial lakes. They have flattish
surfaces.

Topograrhy of Continental Glaciation

In this topography, the features of
eroston are the ice-sccured plawns, sheep
rocks, and rock basins. The features of
deposition mclude : till plams ground
moraines, terminal mcrames, drumlins the
glacio-fluviatile features, such as kames
and eskers, tunnels, outwash plains, and
the glacio-lacustrime features, such as
lakes and the lacustrine plain (Fig. 43).

The 1ce-scouted plains are extensive areas
developed on bard bedtock surfaces.
Sheep rocks are the most common
features. These are composed of hard
rocks and have a shape of half-egg, They
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Fig. 43. Continental Glacial Features

atre formed m a serles and cover extensive
areas. Finger-lakes are long depressions
and are also formed 1n series.

A il plawn 1s produced where pre-glacial

PHYSICAL BASIS OF GEOGRAPHY

topography is burried. Till materal is
highly heterogenous and 1s unstratified,
The ground moraine reveals a swell-swale
topography corresponding to the knob-and-
basin topography. The terminal morame
teveals a knob-and-kettle topography in
which the knobs are hills and kettles are
deptessions., Drumlins are half-ellipsoid in
shape and bke 1nverted spooms. Many
drumlins  occur parallel to each other.
Drumlins are formed by glaciers clogged
with dnft or till material over-nding
their own load.

Many of the glacio-fluviatile and
glacio-lacustrine features of continental
glaciation bear a close similarity to with
those of valley glaciation.

EXERCISES

1. Explam the relationships existing between degradation, aggradation

and gradation.

£

characteristics ?

What are the two mamn types of weathering ? What are their basic

3. How 1s erosion different from weathering ?
4. Name the main geomorphic agents, Which of these agents is the

most important ?

=

tion ?
How does a glacier erode ?

® N o

a2

What 1s a cycle of erosion ?

What are the fluvial processes of erosion, tramsportation, and deposi-

Attempt telating cirque with horn in glacial topography.
Why does aeolan topography contain so few topographic features ?

10, Describe the stages which constitute the normal or fluvial cycle of

erosion.
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CHAPTER 9

Endogenous Processes in the Evolution of

process which orginates wrthin the

earth’s crust is termed endogenous.
Although it omgnates withm, it does
affect the earth's surfacein a spectacular
mannet, Mountains, plateaus  and
volcanoes are some of the striking features
produced by endogenous processes. The
two mamn endogenous processes are
volcamsm and diastrophism. The geomor-
phic features produced by them prowde
the setting for exogenous processes to
operate upon. All features which owe
their ongin to an endogenous process are
imvariably modified by exogenous processes.
A folded crust comsisting of synclines
and anticlines is eventually changed by
river erosion 1nto a topography of tidges
and valleys. What we observe on the

Landforms

earth's surface are mwainly the features
carved by exogenous processes.

Diastrophism elevates or builds up
portions of the earth's sutrface, This
prevents the exogenous processes from
ultimately reducing the earth's land ateas
to sea level. Diastrophic processes ate
classified as orogenic and epeirogeme
(Fig. 44). Orogeny tefers to mountain-
building, with deformation of the crust
and the earth’s surface, Eperrogeny refets
to regional uplift without marked
deformation. Orogenic movements are far
more localised than the eperrogenic, and
involve tangential forces resultng in
compression, Orogenic movements occur
in episodes, widely spaced in geologic
time, and are world-wide in extent.
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Epeirogeny

N/

Orogeny

W Y Y

Fig. 44, Epeirogeny and Orogeny

During the long intervals between two
consecutive periods of orogeny, the
earth’s crust temains stable or subject
only to slow epeirogenic uplift or subsi-
dence. It 1s during these stable periods
that the 1deal geomorphic cycle or cycle of
erosion can operate fully. Epeirogeny is a
vertical and orogeny, a horizontal earth
movement. Vertical movement 1s mainly
caused by radial forces, the forces that
operate at right angles to the earth’s sur-
face. Vertical mavement 1s etther uplift or
subsidence. Upwarping and downwarping
are the two tesults of the vertical
movement. Orogeny is tangential in that
the movement is parallel to the earth’s
surface. Both compression and tension,
pushing in and pulling out, lead to
horizontal movements.

Warping and 1sostasy cause vertical

movements while folding, faulting, and
continental drift constitute horizontal
movements.

Folding

The bending of rock strata due to
compressional [orces acting tangentially

or horizontally towards a common point
or plane from opposite dnections 1s known
as folding (Fig. 45). It results in
crumbling of strata into folds. The
compression is usually applied from ome
direction mn mountain-building. The fold
is on a great scale and the exposures of

Horizontal Sirala
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Fig. 45. Hortizontal Strata and
Compressional Force

rocks are discontinuous. Folds occur in
a series of troughs and crests alternating
with each other. The upfolds are termed
anticlines and the downfolds, the
synclines. Thus, anticlines and synclines
are the features of structures on which
the topography of ridges and valleys 1s
developed. Folding is sub-divided 1nto
compression which leads to contraction,
and fension which results in extension.
'The two more common features of folding
are antichnes or synclines. Like the waves
of a lake surface, the rock folds also com-
prise alternating crests or troughs., The
crests are the upfolds or anticlines, whereas
the troughs are the downfolds,
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The mote striking landforms of the
folded structure are anticlinal midges,
antichnal  valleys, synchinal valleys,
synclimal  ridges, homoclinal ridges,
homoclmal valleys (Fig. 46) and water
gaps. Anticlinal ridges correspond with

Homoclinal Homoclinal
Synclinal mditu:"nm vely
Valley 1 Vnallty Synclingl
Antrclinal ‘ id

Fig. 46. Valleys 1n Relation to
structural formation

anticlines. On the crest of the anticline,
along the axis from where the Iimbs dip
away, 18 a zone of tension and, therefore,
of weakness. The rivers flowing here
breach the anticline and gradually erode
the material and deepen the valley. Where
the antichine is fully eroded the ridge is
teplaced by a valley. This is termed
anticlnal valley. Tt 15 an example of what
1s commonly known as inversion or relief
or topography. So are the syndinal ridges.
The sides of both these features
correspond to very steep, scarp slopes.
Synclines correspond to valleys. Between
two anticlinal valleys the synchinal portion
stands higher than the valleys. This is
termed a synchinal 11dge.

Faulting

Fault 15 a fracture of large magnitude
along which the broken crustal blocks
have been displaced with reference to each
other. Displacement occurs parallel to the
plane of the break. Fault is the ultimate

PHYSICAL BASIS OF GEOGRAFHY

result of wvast regional tension. Every
fault must have two components, the
fault plane amd the displacement (Fig. 47),
The fault plane or the fault surface 1s the
break along which displacement takes
place. The fault plane makes an angle
with the horizontal plane which 1s termed
dip of the fault, The angle made by the

@ Fracture
P d

I

vertical » FaotlWall
dip of toplt

Horizantal Plane

Hanglng wall'—/{f}
®

7

a-heave
b—throw

d1g. 47. Fracture and Fault Plane

fault'plane with the vertical 1s termed hade.
Thus hade and dip are complementary
angles. The part above the fault plane 1s
known as the hanging block and the one
below 1t is termed the foot block. The
surface of the hanging block on the fault
plane is the hanging wall and that of the
foot block on the fault plane 15 the foot
wall, Displacement is of two types, the
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vertical displacement termed throw and
the horizontal displacement termed heave,

The types of features related to faults
are scarps of several types, horst, graben
block mountain, and rift valleys.

Scarp 1s the most characteristic feature
produced by faultmg, both normal and
reverse. Generally, scarps are associated
with high angle faulting. A fault scarp
is modified considerably by the erosion of
exogenous processes. Such  scarps
however, are quite high and often display
steep slopes. At the base of the scarp
are located small alluvial cones or talus
cones composed of coatse material. Scarps
ate also the sites of hanging valleys and
strikingly developed waterfalls, Where
the previous rocks on one side of the fault
plane are juxtaposed with the impervious
rocks on the other side, alme of springs

Horst or a block mountaimn is an uplifted
landmass located between two adjacent
faults (Fig. 48). A graben or rift valley
15 the block lowered between two adjacent
faults. The rift valley of East Africa and
the Vosges and the Block Mountains of
Europe ate good examples of tmift valleys
and block mountains.

In certain faulting the ridges ate breached
to allow the streams to cut through. The
gap 1s termed watergap. Where the
streams cross the faults, they display
latetal offsetting. Locally giant landslides
are also assoctated with tramscurrent
faults. The transcurrent faults have
great significance in the understanding of
the theory of Continental Drift.

Warping

Watpmg 1s deformation of the earth's
crust but one which does not necessarily

% {/////W Fch.lel:.?;;
_

Fig. 48. Formation of Horst and Graben
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large areas on the earth's surface, and
thus tesults m the formation of domes,
shields and depressions.

There are two types of warpmg: up-
warping and downwarping. Upwarping
is caused by vertical upthrust exerted, for
example by a laccolith on the overlying
bed (F1g. 49 B). Since the pressure exerted
1s maximum at the centre, and becomes
less and less with the increasing distance
from 1t, the central part is raised far
more higher than the peripheries. As a
result, the crust assumes a vast domal or
shield shape. In downwarping, the crust
1s buckled down by the ptessure exerted
vertically down by the enormous load of
deposition (Fig. 49 A). In both upwarping
and downwarping the beds need to be
elastic to be raised up or down, otherwise
the thrust would break the crust and
domes or depressions would not be so
well-{ormed.

®

WARPING

Downwarping

Upthrust ,o!/l.::coluh

Fig. 49, Downwarping and Upwarping

PHYSICAL BASIS OF GEOGRAPHY

"Isostasy. All large land masses on the
earth's surface tise or sink. After ea
geologically adequate time period, thes
land masses tend to get adjusted. This
adjustment leads to a hydrostatic
equilibrtum. Equihibrium is upset in those
areas where there are local stresses,
Isostasy refers to the state of hydrostatic
balance. Isostasy, therefore, is mneither a
force nor a process. Itis a condition of
gravitational balance between crustal
segments of different thickness. Isostasy
also tefers to a  tendency toward
restoration of balance once 1t has been
disturbed by some other force or process.
But this isostatic balance 1s never fully
achieved. When the crustal segments are
in an 1sostatic balance the high and
lowlying relief features of the earth's
surface are also m a state of balance.
This 1s made possible by the fact that the
high relief {eatures have lighter materials

in them, while the large, low relief
features, such as ocean basins, have
heavier materials under them.  This

enables the maintaining of 2 condition of
mechanical stability on a rotating earth.

The state of isostasy can be maintamed
only if there 1s a continuous compensation
at depth. Through erosion, material 1s
being removed from the tops of the
mountains which, therefore, ate becoming
lighter. Matenal should therefore, move
mto the 10ots of the mountains at depth
through the interior of the earth, This
movement is termed compensation,

Isostatic movements are always vertical.
These are related to the processes of
erosion and deposition on a large scale
and to glaciation on a fairly large scale
(Fig. 50).

Load is shifted on the surface from high
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Fig. 50. Isostatic Movements in Relation to Erosion and Deposition

relief features fo lower areas. This is
balanced by mass transfer at the, bottom,
of the crust ot beneath 1t.

Continental Drift

Continental drift refers to the horizontal
movement of the continents on a vast
scale. Wegener was the first to advocate
the theoty of Continental Drift. According
t6 him, the contments dtifted apart from
each other in the temote geological
periods., There is geological evidence to
show that in the past geplogical periods
equatorial, tropical,’ and arctic' climatic
types were located in Iatitudes far remdved
from theit présent-day Iomtion

Actording to the theory of Continental
D;ifq. all the sialic layer was concentrated

in a large continent. called the Pangea
before the Silutian period (270 nullon
years ago). This block floated, in a
unuversal basaltic layer. The, basaltic
layer is located below the Conrad
discontuity, with a probable depth
of more than 17 kms, In the late
Palaeozoic pertod (200 to 500 million years,
ago), ptobably during Permian -(200 to.
235 million years ago) or -Mesozoic (70
to 200 million yeats ago) era, the Pangea
broke into pieces under the.influence af
the tidal force and the force gemerated by-
the movements. of the earth's axis- of
rotation and revolution. (Fig..51),

The southetn parts 6f the Pange broke
apart during Mesozoic'and the ‘northétn
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Fig. 51. Sequences in Contmental Drift.
in the Tertiary periods (2to 70 million Before dtifting, North and South

yeats ago) Fig. 52. The Continental Drift
was caused by differential gravitational
fotces which acted upon the protruding
block of sial. One force caused the drift
towards the equator and the other towards
the west. The African block (the
Gondwanaland) and the Eurasian block
(the Laurasia) moved towards the equator,
When the drift towards the equator was
taking place, the Americas drifted
to the west. Thus, the Atlantic Ocean
twas created between North and South
Ametica m the west and Hurope and
Africa on the east. Australia was left
behind in the beginning. Later. it swung
to the east. Only tecently mn terms of
geological time periods did Antarctica
s¢parate from Sputh America,

America formed one umit. They rotated
about a pomt in North America.
Then they were drawn apart. This
produced the narrow land of Central
America and the scattered fragments of
the West Indies Archipelago. Labrador
and New Foundland separated from Europe
durmg Quaternary (about 2 million years
ago). They swung southwest. Gteenland
was left' behind asa separate block. At
the same time the Indian part of the
Gondwanaland moved north agamst the
mass of the Asian main continent. It
separated from Africa. Madagascar was
left behind, By the compression of the
Indian part against the Angara shield,
the mountain chains of the Himalayas
were created,
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Fig. 52. Continental Drift

Four strong types of evidence have been
put forth to support the Contmental Duft
theory of Wegener: (1) the )ig saw fit,
which refers to the similarities between
the coastlines of South America and
Africa, suggests that these were once
jotned together; (i) the similamty of pre-

Cambrian (before 500 milhon years ago)
rocks of Central Africa, Madagascat,
Southern India, Brazl, and Australa,
(1) the continuity of tectomic trends of
the blocks of these countries across their
present boundaries, and (1) the distubu-
tion of the fossil plant, in Argentina,
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South Africa, India, Western Australia,
and Antarctica,

Although the theoty of Continental
Drift has been -widely discussed and

accepted, serious doubts have been raised
about the period during which the force
causing the dmft had operated, and also
about the ditection and the amount of
the force. However, the tcecent theory of
plate tectonics, which argues “that the
continents are moving as plates on a semi-
liquid surface, lends support to the theory
of Continental Drift.

Volcanoes

Volcanoes are entirely the product of the
forces origmating from within the earth.
They form some of the most striking
features on the landscape.

Formation

‘A volcano 1s e hill, generally occurring
isolated, and composed of accumulation
of rocks which were brought from within
the earth and then solidified. A volcano
is che result of the process of volcamsm
in which lava 1s extruded on the surface of
the earth. The process arises from the
forces which are endogenous in nature
and are produced by physical and chemical
changes taking place 1n the earth’s interior.
In every volcano there is a central opening
from which molten matetial, solid rocks,
and gases are ejected (Fig. 53), The lava
or the magmatic material originates {rom
the lower parts of the earth's crust and
the mantle, Every time the magmatic
material 1s ejected from the opening it
spreads around 1t and gradually cools and
solidifies. Thus, around the openmng a
high landmass 1s built up. The process of
ejection, cooling, and solidification 1is
repeated over long geological period resul-
tipg in the formation of the volcano.
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Fig. 53. Volcano

Types

There ate three types of volcanoes ; active
dormant, and extinct. The active vol-
canoes ate always pouring forth lava.
The dormant ones have been active and
inactive alternately within human history.,
The extinct volcanoes have not experien-
ced any eruption during human history.
There are about 500 active volcanoes in
the world. Mauna Loa 1n Hawaiian Island
Group is the largest active volcanoe of the
wotld. Mt. Vesuvius is an example of a’
dormant and Eifel in Germany of an
extinct volcano.

Distribution

Even though volcances are some of the
striking features of the earth, their distri~
bution 15 very much restricted to a few
areas, and some regions and countties do
not have any active or dormant volcanoes.
India does not have any volcano, either
active or dormant, except 1n the Andaman
and Nicobar Islands.

A large number of volcanoes are con-
centrated 1n a narrow belt called the
Circum—Pacific Ring of Fire which, as
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Fig. 54, The Distribution of Volcanoes

the name suggests, is located along the
edges of the Pacific Ocean (Fig. 54). Most
of the volcanoes in this belt are located
on the high, young folded mountains, such
as the Rockies, the Andes, the Japanese
and Indonesian island arcs. Other vol-
canic areas mclude the scattered areas in
the Pacific, particularly the Hawaiian
Islands, atound the patt of Indian Ocean,
a belt that mcludes Arabia, Madagascar
and the Rift Valleys of Africa, the
Meditertanean belt, Azores and Canary
Islands, the volcanoes of the West Indies,
and those of Iceland.

Volcanic Eruption

A volcanic eruption comptises sohd,
liquid, and gaseous materials. The matter
ejected and the manner of eruption are
reflected in a variety of forms of volcanoes.

Thete are two main modes of eruption :
quiet and explosive ; and two main types

of materials thtown out : lava and acidic
lava. On the basis of location, two kinds
of eruptions have been recognised : central
eruption from a vent and resulting in the
formation of a volcanic cone, and fissure
eruption which produces small cones, lava
plains, or lava plateaus.

Volcanic Topography

There are two mam forms of features of
the volcanic topography. The high or
elevated relief features include hills,
mountamns, cones, plateaus or upland
plains, The lowlying telief features are
craters, caldetas, and tectonic depressions.
Many of these features are telated to each
other and occur in the same area. Vol-
canic cones occur on lava plamms, and
craters are located on the volcanic cones.
Pasitive Relef Features

Related to four attributes of eruption
and erupted material, volcanic features
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can be classified into four landscape ot
topographical groups : such as lava plains
or plateaus as in (:) features of quiet
etuption and (12) features of volcanoes or
volcanic cones. Basalt domes, or shield
volcanoes, ate very, high and have a
broad base and gentle slopes. Mauna Loa
in Hawaii is a typical example. Generally,
there 15 a large depression or volcanic
sink on the summit which has mward
facing cliffs. After the dome 1s completely
dissected, there remains a volcanic stack
ot neck or plug as a column. Basalt domes
also occur in Iceland, Pacific Islands, and
Ttaly. (2:i) The ash ot cinder cones have
many examples in Mexico, Italy, Philip-
pines, and Alaska. (1») Composite or
strato-volcanic cones teveal rough strat:-
fication of alternating sheets of lava and
pyroclastic materials. These cotrespond
to the alternate periods of explosive and
quiet eruptions.
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~ Voleanoes with such cones are the highest
and the most imposing. They have
symmetrical outlines and concave slopes.
Negative Relief Features

Craters and calderas are the depression
forms in the volcanic topography. Crater
1s a funnel-shaped depression having a
circular plan and a neck at the centre. It
1s rimmed by an infacing scarp. The crater
1s formed by explosion ot subsidence.
After an explosion destroys an existing
crater, a new but smaller cone with its
own crater 18 built up. This is termed a
cone-in-cone topography. A crater filled
with water 1s termed a crater-lake,

Calderas are very large volcanic depres-
sions. They are also circular 1n plan, and
in diameter they are several times larger
than the craters. Calderas are formed by
explosion and collapse. A caldera filled
with water after the volcano has become
extthet is termed a caldera lake. The
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Lonar lake in Maharashtra 1s claimed to
be an example of this category.

Earthquakes

An earthquake is a sudden, temporary
motion or a sertes of motions which origi-
nate ina limited region and then spread
out from the place of origin 1n all
directions.

The earthquake motion has a definite
beginning, it continues for a while and
then gradually dies out. It does not die
out suddenly. The duration as well as the
direction of motion can be estimated
nrecisely with seismographical methods.

Distribution of Earthquakes
The reelly destructive earthquakes are

concentrated in a ring surrounding the
Pactfic Ocean. This rng coincides with
the Circum-Pacific Ring of Fire (Fig. 55).
The second chain 15 termed the East
Indian. It ‘extends over Indonesia,
Andaman and Nicobar Islands, and Burma.

. The third belt extends over Himalayas,

Kun Lun, Tien Shan, and Altai Ranges
up to the Lake Baikal. Another belt
extends from the Pamir Knot to Afghani-
stan, Iran, Turkey, Greece, Rumania,
Atlas Mountams, Gibraltar, and the
Azores Islands. A belt extends from the
Gulf of Aden, between Seychelles and
Maladive Islands, tumns to the west-south
of Africa and goes up to the Falkland
Islands. A belt also runs along the Great
Rift Valley of East Africa,

EXERCISES

How does folding take place ?
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What 1s the relationship between exogenous and endogenous processes ?
Why is vertical movement so less frequent than horizontal movement ?
What ate the types and causes of vertical and horizontal mavements ?

Name the two basic types of folds and describe their properties.
What are the two major types of faults ? How are they produced ?
What are the three types of volcanoes ?

Describe the distributional patrtern of volcanoes in the world.

How 1s the condition of 1sostasy sttamed ?

Define an earthquake, and state what causes an earthquake.

Is there any relationship between an earthquake and a volcano ?

. Describe the salient featutes of the volcanic topography.
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CHAPTER 10

Landforms and their Economic

Landforms are not merely bare natural

physical features. They ate the sett-

mngs on which civilisations exist. The

major landforms of mountams, plateaus,

and plains have different economic signi-
ficance for man.

Mountains

Mountains have been recognised as a
significant factor in the evolution of
cvilisation, Mountains have promoted
as well as hindered human development.
Mountamns influence several aspects of
man's terrestrial existence by providing
him with diversity of physical environ-
ments, tesources, and political settings.

Mountains and climate

' Mountains and chimate are closely related
to each other, The fall of temperature

Significance to Man

with the increasing elevation is the cause
of this close telationship. The timber
line and the snow line in the mountains
ate due to the changes in chmate due to
elevation. Both forests and snow have
ditect and indirect significance as tesoutces
of great potential utility for man, Even in
the equatorial regions the mountains offer
favourable chmate for human settlements,

Mountains have thetr sunny and shady
slopes as'well as moist and dty slopes, all
of which are significant i controlling
vegetation, soil erosion, agticulture, and
location of human settlements,

The salubrious mountamn climate 1s itsellf
a great economic resource. In otder to
escape the heat and moisture of the tropi-
cal plains, people go to mountains and live
mn hill resorts. Summer resorts ali over the
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tropical and sub-tropical world are popular
for this reason.

Mountains and Vegetation

Mountamns support a wide varety of
vegetation because of the wide variety of
ecological settings provided by mountains
at various elevations and slopes. Therr
slopes have different aspects with reference
to the sunand winds. This variety is of
importance to man. Trees suppott
forestry, and grasslands are used for reai-
mng livestock., Trees also provide some
major products, such as timber, and minor
products, such as leaves, bark, herbs, and
resin. Paper, furniture, rayon, match-box,
and sports goods are manufactured from
surtable types of timber provided by the
mountain forests,

Mountains and agriculture

Solls of the mountain slopes are thin,
gravelly, and eroded ; and as such do not
encourage agriculture. Lands suitable for
cultivation ate testricted to man-made
tertaces, Enormous amounts of labour and
investment are needed to comstruct such
terraces as well as to maintain them.
In the ramn-shadow parts, irrigation is
necessary, but it is very difficult to pro-
vide. Again, because of the rainfall and
particular conditions of tempetatute, only
a specific range of crops can be grown in
mountainous ateas.

Mountains and minerals

The old folded mountains consist of
enormous masses of igneous and metamor-
phic rocks. These igneous rocks contamn
a wide vatiety of economic minetals,
Metamorphism with 1ts heat and pressure
produces a large number of ecomomic
minerals, Coal, iron, copper, gold,
manganese, mica, and diamond are the
matn mineral teserves that are associated
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with the old folded mountains. The young
folded mountains, also, possess many useful
minerals. Minerals associated with lava
are dertved from volcanic rocks. Mining
and quarrying in mountamn lands are
difficult. In the old mountain areas, the
tertain 1s hghly dissected and has low
elevation. Hence, mining and quarrying
activities are more widespread in them.
The mining of minerals is more 1mportant
in the Peninsular India than 1 the
Himalayas.

Mountains and hydroelectricity

Mountains are a great potential source
of hydroelectric power. Every large valley
with a perennial tiver can be impounded
within the mountain by a dam, and a
reservoir cteated. From the enormous
volume as well as velocity of waters, a
large amount of hydroelectricity can be
produced. Also, the water after generat-
ing hydroelectricity flows through canals.
Such canals are used for irrigation and
for inland navigation, The sources of
water in mountainous regions are high
rainfall, melting glaciers, melting snow,
and springs. The sites of waterfalls are
favoutable for the generation of hydro-
electricity. In many countries of the
world, hydroelectricity 1s now produced
so widely and in such large quantities that
it has substantially replaced the use of
coal. Hydroelectricity is often termed
the white coal. Hydroelectricity has greatly
helped Sweden, Norway, Switzerland,
Ttaly, Japan, Canada, the U.S.A. and the
Soviet Union 1n their economic develop-
ment.

Mountains and rvers

Most of the large rivers of the world
originate 1 the mountams. Mountain
rivets produce hydroelectricity, depostt
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alluvium which serves as the basis for
agriculture, and supply water to canals.
As a matter of fact, but for the moun-
tains, there would be no vast fertile plains
which are features of deposition created
by rivers flowing from mountains.

Mountains and tonrism

With the enormous diversity in their
landscapes and scenic beauty, health-giving
hot water and mineral springs, ice~covered
slopes for skiing, and rivers for fishing,
mountains atttact a large mnumber of
tourists. Tourism Is now a major industry
in some mountainous lands. 'Countties
like Switzerland and Nepal derive a con-
siderable part of their national income
from mountain tourism.

Mountains as barriers to transport

The complex topography of mountains
forces isolation on individual valleys. A
high mountain range, such as the
Himalayas, acts as a bartier in trade and
transport between adjoining regions. Con-
struction and maintenance of road is
difficult and costly 1n mountain lands,

Mountams and political boundaries

Mountains also act as effective political
fromtiers and boundaries. The boundaries
of many countries tun along the water-
sheds of mountain ridges. Such boundaries
were very effective till the dawn of the
modetn air age., However, such political
boundaries 'continue to have their econo-
mic significance even today. Shifting
of a mountain political boundary may
result in the loss of a part of a river basin
and thus deptive a country of the full dis-
charge of water flowing into it. Such
boundary changes may also rtesult in
international disputes,

g

Plateaus

The mpst important economic contribu-
tion of, plateaus to human civilisation is
their rich store of minerals, Plateaus all
over the world, such as the Brazilian,
South African, Deccan (India) and West
Australian, produce a large variety of
minerals. Most of the minerals have their
Teserves assoclated with igneous and
metamorphic rocks, Coal, iron, coppet,
gold, diamond, manganese, mica, and
several strategic minerals, too, occur in

large quantities 1n the plateaus.
Plains

Plains, particulatly alluvial plains, have
been the ‘cradles of civilisation'. The Nile,
Babylonian, Indus and chinese civilisa-
tions originated and flourished in great
alluvial plains, Agriculture, industries,
and transport, the three basic factors of
civilisation, develop best in the physical
environment of the plains.

Plains have a level topography and thick,
fertile soils. Laying of agricultural fields,
their maintenance, and their itrigation
are easy and less costly. Ploughing is
effective and needs little labour. Easily,
the greatest factor promoting agriculture
in plajns is the annually renewed deposi-
tion of alluvium, This veplenishes the soil
continually with rich plant nutrients and
ensures high crop yields. Agriculture in
the Nile Valley of Egypt and m the Ganga
basin in India are good examples.

Since transport is easy and agriculture
highly developed, plains become densely
populated. Demands of the large popula-
tion then promote a large number of
industties. Most of these mndustries derive
their raw materials, directly or indirectly,
from the agricultural produce, The raw
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materials required by many other industries
are derived from agriculture, forestry,
and' mining, Plains provide facdities for
thie assembly of raw matenals at the sites
of factories, through a good transport net-
work and they also facihtate the distribu-
tion of finished products over wide areas.
A large population of the plams also
provides adequate labour and potential
matket for these industries.

The level topography of the plains
facilitates the construction of a close
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network of roads. Both thelconstruction
and maintenance of roads ate economical.
Rivers of the plams flow on gentle
gradients. They are, therefore, used for
inland water transport. River and canal
transpott costs much less. There is also
a laige network of railways in the plains,
Their construction 1s both easy and mote
economical. How plains promote trans-
port metworks can be well seen if we see
s transport map of the North Indian
plains.

EXERCISES

1. Name the principal resources of mountams which have been exploited

and utilrzed by man,

2. Why do mountains have such a large potential for the production of

hydroelectric power ?

3. Plateaus are regarded as the storehouses of minerals. Why ?
4. Man’s occupance of the plains 15 the oldest and the most intense,

Why ?

Books for further study

Finch, V.C. et. al., Elements of Geography New York : Mc Graw-Hill, 1968.
Huntimgton, E., Principles of Human Geography, Bombay : Asia Pyublishing

House, 1959,
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CHAPTER 1l

limatology is the study of the

genetic processes and the distribu-
tional patterns of atmospheric conditions
immediately surrounding the earth’s
surface. It includes the study of both
climate and weather of a place, a region,
or the entite earth,

Weather

Weathet 1s the sum total of atmosphetic
conditions existing at any place at a
pathicular imstant of time. These
cond:tions are expressed by a combination
of several elements. 'The primaty elements
ate () temperature and (#) humidity and
precipitation, Weather tefers to the
atmospheric conditions m a place ot in an
area In terms of these elements for a very
short period of time. Itcan, however,
refer to the entire earth or a part of
it, Thisis the reason why the All India

Climate and Man

Radio broadcasts the weathet conditions,
and we have the weather maps published
by the Indtan Meteorological Department,
The science which studies weather is
known as Meteorology,

Climate

Climate isan aggregate of the changing
datly weathet conditions, It refers to
longer periods of time, The periods of
time may be long, and they may tefer to
the periods as old as the Pletstocene in
geology or the last 500 yeats of human
history ot any treasonable tecent span of
time. Studies of Indian climates, for
example ate basedon the data relating
to the last about 100 years. But climate
does mot tefer to a day's or a week's
weather conditions. Strictly speaking,
climate is not avetage weather, The
deviations from the average ate as
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important as the averages themselves.
Prominent departures are as important
as the average. Spatially, climate may
refer to the entire eatth or a part of it
Mostly, climate deals with the charac-
teristics and distribution of not only the
mdividual weather elements, but also with
their combinations, These combinations
existing over long periods of time produce
the characteristics of climates In these
combinations individual events which had
occured only on few occassions are also
taken 1nto account ; as, for example,
occurences of heavy rainfall and
devastating cyclones.

The basic difference, therefore, between
weather and climate 1s that the former
refers to a short and the latter to a much
longer period.

There are two methods by which chmate
can be identified (:) by combining the
averages of several climatic elements,
particularly temperature and precipitation,
and (43) by arranging and generalising the
various types of weather which 1n
combmation constitute climate.

Climatic elements and controls

The following elements influence the
making of climates: temperature, preci-
pitation, humidity, air pressure; and
winds.

These climatic eletnents individually and
in combination with éach other vary from
place to place and from season to season.
These variations ultimately produce
climatic variations. The variations are
produced by an interplay of factors
which * are termed climatic controls.
Latitude of location, temperature, land
and water contrasts, semipermanent low
and High pressure cells, winds, arr masses,
gltitude, mountain batriers, ocean currents,
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and storms ate the main climatic factors.

Like all other branches of geography,
climatology has two basic approaches
of study ; systematic and rtegional. Thus,
We have systematic and rtegional
chmatology. The former deals with the
general principles applicable to the entire
earth while the latter studies the climates
of specific regions In the former,
individual elements are studied fot their
spatial variations and combinations ; in
the latter, the elements are integrated
in terms of unuts of space. In the branch
of systematic chmatology, there are now
fields of study such as physical, dynamic,
synthetic, historical, agricultural, and
urban climatology.

Climate constitutes one of the most
fundamental components of the natural
environment, It tepresents the livmg
atmosphere which with hydrosphere,
lithosphere, and biosphere constitute the
natural environment. Climate affects and
1s affected by the processes and condition
of the other three components of natural
environment. A mountamn, through its
height, affects temperatyre and ramnfall,
Rainfall, 1n 1ts own turn, causes mechani-
cal weathering and erosion. Climatéf,sets
limits to the distribution of different kinds
of vegetation and animals.

Climate has a great significance in man's
Iife, Tt has both direct and indirect
imfluence on human activities, Agricqltute,
wrrigation, production of hydroelectricity,
forestty, cwvil engineering, transport,
house types, and soil erosion are buta
few of the aspects of man's existence on
the earth which are related to climatic
conditions. Think of the problems of
flood, fluctuations of water - tablg,
blowing of hot winds, devastating
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¢yclones, hazards of snow andice, fog, will appreciate the mnumerable points at
and droughts leading to famines, and you which climate affects human actuvities.

EXERCISES

1, Define climatology.

9. How would you distmguish climatology from meteorology ?

3. What 15 the stgnificance of chimatology for man ?

4, Bxplam with examples, the difference between weather and climate,

Books for furthez study

Trewartha, G., An Introduction jo Climate New York : Mc-Graw-Hill, 1954,
Critchfield, H., General Chimatology, New York ; Prentice=Hall, 1961,

Hare; EX., The Restless Atmosphere, Loridon 1 Hutchinson, 1966,

Barty, R.G. Atmosphere, Weather and Climate, London : Mechuen, 1963,



CHAPTER 12

Composition and Structure of

The structure of the atmosphere refets
to its layered arrangement. Out
knowledge about this layered structure
18 derived from the known vertical
differences m  tempelatute, movement,
composition, degree of electrical charsing
and radio-wave propagation. The structute
has been 1dentified on the basis of several
observations. The methods of observations
mclude human  ellost in  mountain
climbing, gunfire, unmanned baloons,
sound ptobmg from ground, searchlight
density probes, V-2 rockets, radio
probing, present-day vockets equiyged
with scierttfic instruments, and artifiual
satellites. While mountam climbing gives
information of up to 8 kms, artificial
satellites provide data for up to 400 kms,

The Atmosphere

The structute of the atmosphete is
highly complex, but s layering 15 now
well understood. Temperature changes
nregulatly with height. There are three
patts of the graph which show these
changes ; (a) a slow decrease 1 tempera-
ture up to 15 kms, followed by (b) a faitly
constant temperature, and then by (¢)a
rapid rise of temperatute above 80 kms.
Clouds and humidity are concentrated
withiu the first 15 kms, layer.

Layers

The structure of the atmosphere consists
of five basic layers : the troposphere, the
stratosphere, the ionosphere, the exo-
sphete, and the magnetosphere, Of these,
the troposphere is the most important in
clmatology since it is the locale of all the
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vital atmospheric processes which create
the climatic and weather conditions on
the earth’s surface. This layer immediately
ovetlies the earth's surface (Fig. 56).'

Troposphere

The average thickness of the troposphere
1s about 16 kms. It varies from 8 kms, at
the North Pole to about 16 to 20 kms, at
the Equator (Fig. 57). Near the equatot,
insolation 1s high, the surface becomes
heated, convectional currents are very
sttong, and these currents transpori the
heat to great heights. Thus, at the
equator, the thickness of the troposphere

is the greatest. The troposphere at any
latitude 1s thicket in summer than in
winter, The transition separating the
troposphere from the stratosphere 1s
termed tropopause.

e Fropopause
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Fig. 57. Troposphere
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. The temperature of air in the troposphere
decreases at the tate of 1°C per 165
metres of height, Thisis termed as the
wormal lapse rate of temperature. In the
lower part of the troposphere, however,
the lapse rate along the vettical is very
steep.

Innumerable vertical cuttents moving
throughout the year cause the troposphere
to temam unstable. Instability leads to
upward movment, condensation, formation
of clouds, and precipitation.

Composition of the Atmosphere

The atmospheric composition of the
troposphere rteveals two major consti-
tuents ; molecular mtrogen and molecular
oxygen. The former occupies 78 per cent
and the later 21 per cent by volume. The
minor constituents include carbon dioxide,
carbon monoxide, methane, nitrogen di-
oxide, nitrous oxide, water vapout, ozone,
and dust particles. Actually, the atmos-
phere 1s a mixture of gases. Of the many
constituents, the most important for the
earth’s climatic conditions are watet
vapour, dust, carbon dioxide, and ozone.
Waier Vapour

Water vapour absorbs the insolation
coming from the sun and thus reduces the
amount of insolation reaching the earth’s
surface. It preserves the earth's radiated
heat, It thus acts like a blanket allowing
the carth neither to'become too cold nor
too hot. Water vapout is the immediate
cause of condensation and precipitation.
In these two processes ‘water vapout both
releases and consumes latent heat of con-
densation which cools and warms the air,
Conditions of ‘stability and instability m
the air are greatly influenced by the role
of water vapour. The amount of water
vapour decreases with altitude, so that
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half the water vapour in the a1r lies below
an altitude of about 2000 metres. It also
decreases from the equator toward the
poles with the maximum occurring bet-
ween 10° and 30° latitudes.

Dust Parircles

Dust occurs in the form of myriads df
tiny particles. They are kept afloat by
the slight movements of air. The souregs
of dust mclude the dry, desert plamng, lake
beds and beaches, dry river beds, explosive
volcanoes, and meteors. Oceanic salts
also constitute dust particles, Dust partj-
cles are concentrated in the lower layer,
although convectional currents can trans-
port them to great heights. Similarly,
the amount of dust 1s far less in the
equatortal and polar regions than in the
sub-tropical and temperate dry and windy
areas. Dust particles play an important
role in the heating of atmosphere by
scattering and diffusing insolation, They
also serve as hygroscopic nucler atound
which water vapour condenses to produce
clouds. In gemeral, salt particles form
the ideal hygroscopic mucler, Dense haze
and smog (smoke-fog) are developed
around dust particles.

Other Gases

Carbon dioxide constitutes only 0'33 per
cent of the volume of the atmosphere.
Even so, 1t 15 extremely important because
1t absorbs heat coming from both the sun
and the earth, Thus, 1t proudces a green-
house effect.

Ozone absotbs ultra-violet radiations
from insolation and thus teduces the
amount of msolation. Ozone has its
greatest concentration at about 50 kums,
altitude in lower latitudes.

Of the inert gases, the most important
is argon, By volume it forms about 093
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per cent of the atmosphere, Other inert enon, all of which have no sygnificance
gases mclude neon, helium, krypton, and 1n the weather ptocesses of the carth.

EXERCISES

1, Nawe the matm constituents of the atmosphete.

2. What 15 the significance of dust pattrcles in the atmosphere ?

3. Name the main layets of the atmosphere.

4, What ate the properties of the troposphete ?

5, Why 15 the troposphere considered to be the most sigmuficant layei of
the atmosphere 7

6. Describe the role of water vapout in the weather processes,

Backs for further study

Trewartha, G., An Introduction to Clumate, New Yotk : McGraw-Hill, 1954,
Critchfield, H., General Climatology, New York : Prentice-Hall, 1961,



CHAPTER 13

Insolation and Heat Budget

Insolatinn is the energy radiating from
the sun's surface. It moves with the
speed of light, thatis, 186,000 miles or
about 300,000 kms per second, The inso-
lation received by the earth is only 741y
millionth part of the total energy radiated
from the sun's surface, By defimition,
msolation is the incoming solar radiation

(in-+sol+ation),

Insolation 15 the most important single
soutce of atmospheric heat. Hence, its
distribution over the globe 1s highly signi-
ficant i controlling weathet and climate,

Two major factors control the amount
of msolation teceived at any portion of
the earth's surface: (1) the mtensity of
solat radiation or the angle of mcidence
of insolatton or the sun's rays,
and () the dutation of solar radiation
ot the length of the day. The angle
of ncidence determines the area of the

eatth’s sutface affected by 1t and also the
loss that 1t suffers through the thickness
of the atmospheric path (Fig. 58). When
the angle of mcidence 15 high, the area
affected is small. Insolation 1s concen-
trated ona smaller area, hence the heat

Thlchpus
A'I'mogphlrc

Thickness
uﬂ ol
Almosphere

Fig. 58. Angle of mcidence of insola-
tion and Area Affected

recetved pet, unit area 15 large and the
sutface is heated to a higher degree. Also,
the high angle of incidence means that the
length of the path of the insolation rays
through the atmosphere is shorter, and it
looses only a small amount of its heat
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through absorbtion, scatiering, and reflec-
tion. On the other hand, where the
angle of incidence 1s smaller, the area
affected is larger and the heat per unit of
area 1s much less. At the same time, the
longer path through the atmosphere
results in a larger amount of loss of heat,
The duration of solar radiation or the
length of the day determmes the amount
of heat teceived by the earth’s surface
and also contributes to its temperature,
The two features operate jomntly and
produce complexities of distribution.

Four aspects regarding the amount of
msolation produced by this interplay are
of interest : (1) the angle of incidence of
insolation and the duration of sunlight
are directly propottionate to the amount
(13) on the same parallel of latitude, the
values of the two controls (namely the
angle of wncidence of wnsolation and the
duration of sunlight) ate the same, and
hence the amount of insolation on it
remains the same, (i12) different paraliels
receive different amounts of insolation,
and (iv) insolation decreases from the
equator to the poles for the year as a
whole,

Horizontal Distribution of Insolation
The horizontal distribution of insolation
can be studied under two heads : (2) along
a meridian, and (41) for selected latitudes.
(x) From pole to pole along a meridian at
the outer limits of atmosphere

This discussion is conducted for three
time periods; annual, equinoxes, and
solstices.

(a) Annual : The maximum insolation is
received at the equator. There is a gradual
reduction in a regular manner toward the
poles, At the poles, the amount received
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i1s the mimmum and is 1/40th of that
teceived at the equator. The annual
march 15 tepresented by a symmetrical
curve, This distribution 1s vety largely
the tesult of the fact that the sun's Tays
fall on the equatorial region at very high
angles and the angle of incidence becomes
smaller toward the poles. Also, there 1s
a decrease of the duration of sunlight
from the equator toward the pale, Hence,
it 1s found that the equator and the poles
receive 350 and 150 thermal days,
tespectively (one thermal day is equivalent
to the average total daily insalation
received at the equator,)

(b) Equinoxes (Spring and Autumn) :
These conditions ate obtained in the
months of Match and September when
the sun shines vertically over the equator
and tangentially at the poles, The
duration of sunlight 1s equal at all the
parallels,

The curve of disttibution resembles
broadly the curve of annual distribution.
The maximum is found at the equator and
the minimum at the poles. An important
fact is that the values at the poles reach
wero. The curve is symmetrical.

Thete ate at least three points of climatic
significance in the equinoctial distribution :
(:) in spring and autumn the distribution
of 1nsolation, temperature, pressure,
winds, and precipitation over the earth
15 similar to that for the year as a whole,
(iz) equal amounts of insolation ate
received by the Northern and Southem
Hemispheres, and (i) similar tempera-
tures occur in the two hemispheres, and
other climatic elements are in balance to
the north and the south of the equator,

(¢c) Solstices (Summer and Winter)
These conditions are obtained in the
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months of June and December. At this
time the midday rays of the sun fall
vertically on the Tropic of Cancer in June
and on the Tropic of Capricorn m
December.

At the top of the atmosphere there is
unequal distribution of insolation in the
two hemispheres. The summer hemisphere
teceives 2 times ‘the insolation rteceived
by the winter hemisphere. Begmning
from zero at the Antarctic Circle, the
msolation curve rises steadily up to about
44°N. North of this latitude there 15 a
slight decline up to 62°N., This1s due to
the offsettinis of the effects of the
increased length of the day by those of
more ablique rays. The curve rises north
of 62°N and reaches an absolute maximum
at the North Pole, The curve of insolation
is complicated by the mterplay of the

OF GEOGRAFHY

angle of madence and the duration. o
insolation. Their maximum effects do not
occur along the same latitudes,

At the surface of the earth thete isa
_reduction 1 the ntensity of insolation.
This 1s due to the effects of rteflection,
scattermg, and absorbtion by the atmos-
phere. There 1s a shift in the latitudinal
location of the maximum amounts of
insolation, so that the wpoles receive less
insolation than the equator. In the
summer hemisphere there 1s umnform
distribution of msolation with latitude.
There 1s a broad zone of maximum nesr
lat. 60°N.

There are four climatic effects : () The
maximum surface temperatures occur on
land masses of lower middle latitudes;
This comcides with a broad zone of
maximum insolation in the same latitudes.
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Fig. 59, March of Insolation
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() There is a striking latitudinal shift
of temperature, pressure, wind, and
precipitation from the summer to the
winter hemisphere. This follows a similar
mugration of insolation. (112) The latitu-
dinal temperature gradient 1s much steeper
in the winter than in the summer
hemisphere. (1) Storminess and vanability
of weather are much graater in the winter
than in the summer hemisphere. This is
related to the steeper temperature gradient
in the former.

(i1) Annual Distribution of Solar Radia-
tion for Selected Latitudes on the Earth's
Surface.

Low Latitude Tropical Type : About
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movement of the sun away from the
equator where the rays fall obliquely. In
March and September, about 500 units
ate received.

Thus, the range of insolation between
the solstice and the equinox is about 100
units. There is little seasonal variation and
the'values ate constantly high. The most
striking characteristic is the presence of
two maxima and two mimma, both
related to apparent movement of the sun
across the equator (Fig. 59).

Middle Latitude Type : The Ilowest
values of about 100 units of heat occur
in Januaty and December and the
highest of about 500 umits occur in
June, The seasonal ranges between the two

400 units are rveceived m December solstices and the equinox are 400 to 200
and a little less m June. These small units, respectively. Since insolation is
values are related to the apparent never absent, the valuesnever teach zero.
5
Scollered 1o Tolal Solar Reflecled lo Space by
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Fig. 60. Heat Budget
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The greater seasonal exttemes of msolation
tesult in greater seasonal extremes of
temperatures. There 15 one maximum and
one minimum.

Polar Type : The values are zero 1 March
and September, above zero between March
and September, and above =ero between
September and March. The maximum
heat of 300 units is received in June, The
seasonal ranges between the solstices and
between one solstice and the succeeding
equmox are 300 units. There 15 one
maximum and one minimum,

The atmosphete is heated by conduction,
convection, radiation and  advection,
Conduction 1s the process in which heat
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flows from a region of higher temperature
to a region of lower temperature. In this
pracess, the molecules 1n a2 medium do not
move but transfer the heat to the adjacent
molecules. Air, being a gas, has very low
conductivity, hence the process of
conduction has little significance in the
heating and cooling of the atmosphete,
In ccnvection, theve 1s an actual motion of
a part of the medmm or molecules and,
thus, heat is transterred from a hotter to
o colder region. Convection 15 the most
important heating process in atmosphere, -
Radiation 1s a transfer of heat through a
medium without affecting 1. The medium
1s not heated, The radiation commg from

Radiated to space from earth

|17 Units
A

Radiated to space from
atmosphere 48 Units
&

Retained by atmosphere
(effechve radiation)
6 Units

Turbulence and

Convection of conden?a‘hon
9 Units 19 UAI'!ITS
&

Short wave energy
absorbed by _

7

Latent heot

Radiation from earth
23 Unifs

. Evaporafio
Earths Surface P Ll

Fig. 61, Terrestrial Radiation
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the sun does not heat the atmosphere
which is heated by ground or terrestrial
radiation. Ground radialion comprises
long-rapge wave energy rtays and these
heat the atmosphere. In adyeciion,
thete 1s a horizontal movement of arwr
masses which transfer heat from a
hotter to a colder region. Also, a cold
air mass moving INto a warmer tegion
reduces 1ts temperature. While convection
results in the vertical transfer, advection
results in the horizontal transfer of heat.

Heat Budget

Tt has been found that the yeatly mean
temperature of the earth remains constant.,
The incommg short-wave solar radiation
is balanced by an equal amount of long-
wave earth radiation going back to space.
This 1s termed heat balance or heat budget
>f the eatth.
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Let us assume that the total heat
received at the top of the atmosphere is
100 unuts, Fig. 60 shows that the atmos-
phere absorbs directly 14 umits of this
heat and the earth tecerves 51 umits,
totalling 65 units. The remamming heat of
35 unuts 1s lost to the space, owing to the
reflection from the top of the atmosphere
(6 units), from the top of the clouds (27
units), and from the snow and 1ce-covered
areas of the earth's surface (24 units),
This total reflection 1s called the alhedo
of the earth. The 65 units received by the
earth gradually escape back into the space
in the form of terrestnal radiation. From
Fig. 60 it can be seen that the total
radiation returning from the earth and
atmosphere to space 1s 48+17=65 umts
which balance the total of 65 -units
tecetved from the sun. This is termed the
heat balance of the earth (Fig. 61).

EXERCISES

Define insolation,

. What are the units of the wave lengths of msolation ?

. Why do different parallels recefve different amounts of insolation ?
. What are the salilent features of distribution of insclation along a

meridian ?

3
2
3. Name the two major factors which control the amount of insolation.
4
5
6

. Explamn the concept 6f heat budget.

Books for further study
Trewartha, G., An Introduction to Chimate, New York : McGraw-Hill,

1954,

Critchfield, H., General Climatology, New York : Prentice-Hall, 1961
Batry, R.]., Atmosphere, Weather and Climate, London : Methuen, 1968.



CHAPTER 4

Distribution of Temperature

y horizontal distribution we mean

the distribution of temperature

across latitudes. * Temperature changes
slowly across latitudes,

Horizontal Distribution

The horizontal disttibution of tempera-
tute 13 shown iay isothermal maps. An
isotherm 15 aline joinng places having
equal tempetatures. In drawing an
_isotherm, the temperatures are reduced to
sea<level to eliminate the effects of
altitude. Suppose there ate two places X
and Y having the July temperatures of
32°C and 25°C and located at sea-level and
at an altitudeof 1300 metres, respectively.
Then, the temperature of Y reduced to
sea-level would be about 14°C,

Three general charaCteristics of isotherms
are to be noted : (1) 1sothetms trend east-
west, generally followmg the patallels,

{n) because of land-water contrasts,
isotherms take sudden bends at land-
water edges, and (w1) the spacing of
isotherms mdicates the latitudinal
thermal gradient,

The close correspondence between the
isotherms and the parallels of latitudes
is very largely due to the same amount of
insolation recerved by all the points
located on the same latitude. Durng
summer an isotherm bends toward the
equator on the ocean at the ocean-land
edge. As Fig. 62-A shows, along the 30°
latitude parallel land 1s warmer than ocean
and the same temperature of 16°C will
occur toward the equator. Hence, the
equatorward bending. In contrast, duting
winter, the land 1s cooler than the ocean,
and equally low temperature on the ocean
wil} occur away from the equator. Hence,
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-Fig. 62. Distribution of Temperature of land and water in summer and winter

the poleward bending (Fig. 62-B). And
lastly, the close spacing of the isotherms
indicates a rapid change in the temperature
over the latitudinal parallels, and the
wide spacing is a measure of the slow
change,

b
Features of Distribution
These can be systematically studied for
three time periods : annual, January and
July.
Annual : The highest and the lowe:t
values occur in the low latitudes and at
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the poles, respectively. This is related
primarily to a regular decrease of 1nsolation
from the equator to the poles. Witlun
the tropics, a low-latitude zone of 231° on
erther side of the equator, there is no
marked north-south temperature gradient,

Isothetrms are straighter and widely
spaced in the Southetn Hemisphere than
m the Northern Hemisphere. This is
because the Southern Hemisphere has a
broad expanse of oceanic waters and I
the Notthern thete 1s a great contrast
between the oceans and the contments. At
land-water edges, isotherms reveal bends
which are related to land-water contrasts
and to cool and warm ocean curtents.

January . At this time, the highest
temperature occurs on land areas. The
temperature of more than 30°C occurs m
four areas of the Southern Hemis-
phere North-west Argentina, East-
central Africa, Borneo, and Central

Austiaba. The first and the fourth are
located near the Tropic of Capricom,
while the other two are located neat the
equator. In general, the higher tempera-
tures occur in the Southern Hemisphere
and the lower 1n the Northern. The
lowest temperature occurs in notth-east
Asia. In the Southern Hemisphere, the
temperature nowhere falls below zeto
(Fig. 63).

Isotherms bend poleward on the oceans
and equator-ward on the continents in
the Narthern Hemisphere. They bend
toward the cquator on the oceans and
poleward on the continents in the
Southern Hemisphere,  Isotherms are
1rregular m the Northern Hemisphere and
more regular and trendmg east-west
the Southern Hemisphere. Also, 1sotherms
are charactenised by closer spacing in the
Northern and wider spacing i the
Southern Hemisphere. Hence, the latitu-
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Fig. 64. July Isotherms

dinal temperature gradients are steeper
now than during the summer.
July: At this time, the maximum

temperature of above 30°C occurs entirely
m the Northern Hemisphere between 10°
and 40°N latitudes, The areas ncluded
are the south-western U.S.A., the Sahara,
Arabia, Iraq, Tran, Afghanistan, the Gobr
Desert, large patts of China, and the
area sutrounding Madras 1n India. The
mintmum temperature occurs m the
Northetn Hemisphere, and m the
central parts of Greenland the temperatute
1s below zero (Fig. 64).

Isotherms bend equatorward  while
crossing the oceans, and poleward while
ctossing the land masses. Tsotherms
reveal the wider spacing on the ocecans
than on the continents. Hence, the
temperature gradients are gentler m
summer than i winter. Also, isothetms
are more regular in the Southern than mn

the Northern Hemisphere.
Comparison of two solstice conditions

There 1s a marked latitudinal shifting of
isotherms following the apparent move-
ment of the sun. This shifting 15 much
larger on the contments than on the
oceans, The highest temperature in
January and July occurs on land areas
which is ultimately due to the low specific
heat of land and the high specific heat of
water,

The seasonal contrasts in temperatures
ate much more pronounced 1 the
Noithern than m the Southern Hemis-
phere. This 15, again, related to the
extent of the land and water contrasts.

In the Northern Hemisphere, 1sotherms
bend equator ward m January and poleward
m July on the contments. But on the
oceans, they bend poleward in January
and equatorward m July. These bendings
are also telated to the land and water
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contrasts with reference to heating and
cooling and ultimately to the diffeiences
in their specific heat.

Annual Ranges of Temperature

Annual range is defined as the difference
between the average temperature of the
warmest and of the coldest month.

Large annual ranges occur characteristi-
cally in the Northern Hemisphere, on the
continents in middle and higher latitudes.
The large range of over 38°C occurs near
Verkhoyansk,

Smallet ranges occur in the Southern
Hemisphere, near the equator, and over
large water bodies.

Temperature Anomaly

The temperature anomaly ot thermal
anomaly 15 defined as the difference
between the mean temperature of any
place and the mean tempetatute of its
parallel. It expresses the deviation from
the normal. The dewiation 18 caused by
the land and water contrasts, ocean
currents, and prevalent winds. The
distribution of anomalies is studied on the
maps showing 1sanomals which are lines

joinng the places of equal thermal
anomalies.

The largest anomalies occur In the
Nortthetn and the smallest in the Southern
Hemisphere.

For the year as a whole the anomalies are
negative, i.e,, the temperatures are Jegg
than the mean temperatute of the latitude
on the contments poleward from about
40° latitude, and positive, ie,, the tempera-~
tures ate more than the mean temperature
of the parallel, toward the equator., On
the oceans, the ancmalies are positive
polew:ard from about 40° latitude, and
negative toward the equator,
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During January, the anomalies are
positive over the oceans, and negative
over the continents, The largest positive
anomalies occur along the eastern sides
of the mid-latitude oceans and adjacent
western margins of the continents. This
18 caused by the warm Gulf Stream in the
Atlantic and the Kuroshio currents in the
northern Pacificc. The largest positive
anomaly occuts in north-western Europe,
while the largest negative anomaly occurs
in north-western Siberza,

During July, the continents have positive

and the oceans have negative anomalies,
The largest positive anomalies of more
than 8°C occur in tropical and subtropical
deserts, south-east U.S.A., the Sahara,
Arabia, and Gobi, The largest negative
anomalies occur m north-east Atlantic,
along the west Aftican coast, coasts of
Equador, Peru, Colombia, and West
South Africa, These are associated with
such cold currents as of California, Pery,
Labrador, Azores, and Benguella.

Vertical Distribution

The most characteristic feature of the
vertical disttibution of temperature is its
decrease with increasing elevation. This
is due to the fact that the atmosphere is
heated directly by the heat radiated from
the earth’s surface. The atmospheric
layer immediately ovetlying the earth's
surface receives the maximum heat and
hence, 1ts temperatute 1s the highest. 'The
increasingly higher layers receivea lesser
amount of heat and, hence, their tempera-
tures become lower. The rate at which the
temperature decreases with altitude is 1°C
per 165 metres, This is termed the
normal lapse rate,

Lapse rates can be normal, very steep, or
gentle. These variations are caused by the
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time of the day, the season, and the
location of the place. The lapse rate 1s
steeper durmg the might, m the wwimter
and m continental locations. It 1s gentler
n the day, and mn the summer. To quote
the rule, the smallet the angle between
the X-axis and the temperatuie-altitude
Iine, the steeper 1s the vertical temperature
gradient. A horizontal temperature-
altitude line indicates the steepest possible
gradient. A vertical line suggests the
gentlest possible gradient and an 1so-
thetmal condition,

Inversion of Temperature

The mversion of tempetature 1s the
phenomenon 1n which there 1s an increase
of temperature with altitude, locally and
temporarily, In this condition, obviously,
the colder air is located near the earth’s
surface and the warmer air high above.

Sutface mvetsion occurs 1n the lower
layers of the atmosphere. During the
night, cooling is more rtapid on the
ground than mn the arr layer immediately
ovetlymng 1t. The degree of the specific
heat of the land being small, it soon gets
heated and cooled to a great extent,
Soon, the air layers above the ground also
get cooled and to a gieater degree than
the higher layers. Hence, the temperature,
mstead of decreasing, mncreases with the
mcreasing altitude. The second process
producing surface inversion is termed
dynamic wnversion. In this process, there
1s an advection of cold ait masses in the
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lower altitudes. This rtesults in the
loweling of the temperature of the air
layers near the ground.

There are six favourable conditions
ptoducing surface mversion : long nights,
cleat skies or high clouds relatwely dry,
air, slight airr movement, snow covered
sutface, and flattish sutfaces with a few
topographic depressions. These conditions
promote a high rate and a large amount
of back radiation from the earth’s
surface,

Surface immversion has climatic significance.

The marked stability of air suppresses
convection and tutbulent mixing and
produces characteristic dryness of air 1n
the upper layers. There 1s a dense smoke
fog (smog) beneath the mnversion layer.
Since the temperature 1n the inversion
layer 15 low and the relative humidity
1s high, fogs form frequently, Stratus
clouds are formed below the inversion
layer. The dynamic inversion is much
more extensive than the local, radiation
mversion. Surface mversionis also asso-
ciated with the arr-dramnage 1n the valleys
and frosts.

Surface inversion occurs over the polar
area, duting nights of colder months, over
snow-covered land-masses of  higher
middle latrtudes, on the oceans during the
day, and in the form of dynamic inversion
over the mnorthern lowlands of Eurasia
and Notth America mn cooler seasons.

EXERCISES

1. What is meant by the horizontal distribution of temperature ?
2. What factors control the horizontal distribution of temperature ?
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3, Explain the fall of temperatine with the mereasing altitude.

4, Discuss the tnversion of temperature, What are 1ts climatic implicy:
tions |
5, Why ate sotherms genetally parallel to the parallels of latrtudes !

6, Desctibe the sabient features of the January and July distribution of
temperatures,

Books for further study

Ttewartha, G., An Infroduction to Climate, New Yotk : McGraw-Hill, 1054,
Critchfield, H,, General Climatology, New York : Prentice-Hall, 1961,
Strahlet, AN, Physcal Geography, New York : John Willy, 1960,



CHAPTER 15

The atmospheric pressure and winds
are significant more as climatic con-
trols and less as climatic elements. Con-
trasts in temperature cause changes n
pressure which generate winds, Winds
cause preciprtation and affect both tem-
perature and humdity. At the same time,
distictive pressyre and wind conditions
are characteristic of different climatic
types and regions. For example, the
Kerala region of India has monsoon
clmate domtnated by monsoon winds and
the West European climatic region ex-
periences the westerlies. The equatorial
belt has lower air pressure than the sub-
troprcal belt of anticyclones,

Measurement of Air Pressure

The weight ‘of a column of air having a
ctossséctional area of onme square mcH
and extending from sea-level to the top

Pressure and Winds

of the atmosphete is 14 Ibs. The weight
of a mercury column 760 mm tall and one
squate mch in cross-section is also 14 Ibs.
This value, 29 mnches or 760 mm, 1s the
niormal value of the atmosphetic pressure
at sea-level at 45° latitude. The common
measute is mbbar, One millibar 15 a
force equal to 1,000 dynes per sq. cm., and
one dyne 18 equal to the weight of one
milligram. Therefore, one milltbar 15 equal
to the force of one gram per sq. cm. Also,
one mch of mercury 1sequivalent to 34
millibars,

Causes' of Pressure Changes and
Differences

There ate two types of pressute systems
(1) high pressure, and (12) low pressute,
More commonly, high pressute 15 also
known as an anticyclone and o Pigh.
When 1t has an elongated oval shape, 1t
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Fig. 65. Low Pressute and High Pressure

1s termed ridge or wedge, Low pressute 1s
also termed a depression, a cyclone, or a
low, When elongated, it 1s known as
trough (Fig. 65).

There are two causes of the formation
of high and low pressute : () thermal,
and (1:) dynamic. The cham in thermal
causation tuns like this: heating causes
expansion, expansion results in decteasing

the density and this leads to low pressute.
In contrast, cooling results in contraction.
This increases the density, which tesults
in high pressure, .

Three mam processes i the formation
of thermal highs and lows can be identi-
fied, They are: (3) conduction and radia-
tion, (21) horizontal advection of warm
and cold air masses, and (#ii) latent heat
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of condensatiom.

Examples of thermal lows are the
equatorial lows occurring during the
summer m Notth America and North
India, and those of thermal highs are the
polar highs which occur during the winter
in North Asia and North America,

The dynamic factor producing high and

low atmospheric pressutes  operates
thiough a frictional drag and centrifugal
force. Along the equator the velocity of
rotat.on 1s very high ; hence, the centri-
fugal force (force which thtows things
out) 1s very strong. 'As a tesult the air
mass tends to be thrown out which results
in low pressure. Sub-tropical highs and
sub-polar lows are examples of dyna-
mically mnduced pressure systems.

Distribution of Atmospheric Pressure

The distribution of atmospheric pressure
can be studied 1n two aspects : (2) vertical,
and (77) horizontal. Climatically, both are
impottant,

Vertical Distribution

Atmospheric pressure decreases by 34 mb
(millibacs) for every about 300 metres of
height, This decrease 1s telated to the
compressibility of air. The lowest layer
is the most highly compressed and, hence,
has the highest density and pressure. In
contrast, the higher layers are less com-
pressed and, hence, have low density and
low pressure,

Horizontal Distribubion

The distrtbution of atmospheric pressure
across the latitudes is termed horizonial
distrbution. This distribution 1s expressed
by isobars. An isobar is an 1magmary line
drawn through places which have equal
atmdspheric pressure reduced to sea-level.
The spacing of isobars expresses the rate
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and direction of the piessure change and
the pressure gradient or the barometric
slope. Close spacing of isobars indicates
a strong gradient, while wide spacing
suggests a weak gradient, The pressure
gradient 1s defined as the decrease in pres-
sure per unit distance in the direction in
which the pressure decreases most rapidly.

The main feature of the distribution of
pressure 1s its zonal or belted character,
Each zone or belt comprises several cells
of high or low pressures. The cells can
be either circular or elongated. The zonal
or belted character 15 strikingly developed
m the Southetn Hemisphere which has
a more homogeneous, water-covered sur-
face. In the Northern Hemisphere, the
land-water contrasts, frictional effects,
and mountain barriers produce a series of
cells aligned with latitudes.

The horizontal distribution of pressure
can be studied, in terms of time, under
three heads : annual, January, and July.
Annual Condations

The high pressure cells or belts are
located at about 320°N and S. These
dynamically induced highs are termed sub-
tromcal hghs. In the polar areas are
located shallow, tHermal highs,

There is one low, the Equatorial Trough
which is mainly thermal and partly
dynamic in origin., The two troughs and
individual cells of low pressure are located
in the sub-polar latitudes. In the Northem
Hemisphere, the cells predominate while
a contmuous, deep, circumpolar’ trough
of low pressure distinguishes the 'Southern
Hemisphere. Ny
January Conditions

The equatorial Jow-pressure trough shifts
a little south of 1ts mean -'equatoral
posttion. This 13 due to the southward
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latitudinal shift of the sun. The lowest
pressure pockets in this trough occur in
South America, South Africa, and
Australia (Fig. 66),

The cells of sub-tropical high pressure
are very striking over the oceansin the
Southern Hemisphere, They have therr
maximum development 1n the eastern
parts of the oceans, such as California,
Azores, Peru, and Benguela, where the
cool ocean cutrents are effective. In the
Northern Hemisphere, the midges of high
pressure occur in the sub-tropical latitudes
over the continents. An extensive and
well-developed high-pressure cell occuts
over East-central Eurasia.

Fmally, theie is a deep, continuous sub-
polar trough m the Southern Hemisphete.
In "the Northern Hemisphere, there occurs
two indrvidual cells of low pressure
over North Atlantic and North pacific,
the former is known as the Icelandic low,

and the latter the Aleutian low.
July Conditions

The equatotial trough has shifted a little
north of the equator following the north-
ward apparent movement of the sun.
Thus, all the pressure systems move north
duting July and south during January mn
the Northern Hemisphere (Fig. 67).

The sub-tropical belt of high pressure
is continuous 1n the Southern Hemisphere.
A high-pressute cell is located over
Australia and a few strong cells of high
pressure occur over sub-tropical North
Atlantic and North pacific oceans. These
extend into the eastern part of the middle-
latitude oceans.

There 1s a deep and contmuous trough
in the Southern Hemisphere, while in the
Northernn Hemisphere there 1s only a
faint, oceanic low.

Finally, there are several thermal lows
developed over Asia and South-west
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U.S.A. These lows mterrupt the forma-
tion of belts.

Presaure Belis

On the earth’s surface there are in all
seven ptessute belts, The polar highs, the
sub-tropical highs, and the sub-polar lows
foim matching pairs m the Notthem and
Southern Hemispheres. The three belts
of the Northern Hemisphere are sepatrated
from those of the Southern Hemisphere
by the equatorial belt (Fig. 63).

The sub-tropical high belts extend from
neat the tropics to about 35°N and S. The
sub-polar low belts are located between
about 45°N and Sto about Arctic and
Antarctic Circles. The polar high belts
are very small i extent and extend around
the poles.

The equatorial belt of lows extends from
the equator to about 5° to 10° N and S.

The location of the belts just described
is based on the annual averages. Follow-

Polar High
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Polar High

Fig. 68, Pressure Belts

ing the apparent movements of the sun
from one to the other hemisphere, the
belts also shift their locatiom. This is
because of the direct relationship between
msolation, heating, expansion, density,
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and pressure of air. Inthe Northern
Hemisphere, all the belts shift a little
north of theit annual average location
during the summer and alittle south of
their location during the winter, Opposite
conditions prevall m the Southem
Hemisphere.

The belts comprise cells i the Northem
Hemisphere and 1sobaric bands i the
Southern Hemisphere, In the belts of
high pressure, the arr 1s subsiding and
dwverging and, hence, stable and dry. On
the other hand, the air 1s converging m
the belts of low pressure. Air bodies of
different properties clash with each other,
Tise up, become unstable and cause ramn-
fall, Thus, the high-pressure belts are dry
and the low-pressure belts are humid. In.
both the belts, the winds are light and
blow in all the directions.

Relation of the Winds Pressure

The maimn result of the horizontal differ-
ences in pressure is the generation of the
winds. The horizontal differences in the
air density lead to the hotizontal differ-
ences 1n the air pressure. This generates
the winds. The winds blow from the

high-pressure to the low-pressure areas
(Fig. 69).

High Pressurg

1020 mb S |gnbar
1 1
{ |
l | Northern
: l Hemisphere
|
1000 mb = fsobar

Low Pressure

-3 Actual Course
—=-% Gradient Course

Fig. 69. Relation of Winds to Pressure

PHYSICAL BASIS OF GEOGRAPHY

Pressure Gradient

The rate at which the honzontal pressure
changes 15 indicated by the pressure
gradient. The pressure gradient is always
at right angles to the isobats. The pres-
sure gradient has two attributes : direction
and magnitude. The rate of air-flow or
the velocity of the wimnd is indicated by
the steepness of the pressuie gradient.
Steepness and velocity ate directly pro-
portional to each other (Fig. 69).
Ferrell's Law

Accoiding to this law, the winds tum
toward their right 1n the Northern Hemi-
sphere and to the:r left m the Southem
Hemisphere, The winds are deflected
from their true gradient coutse as a tesult
of the coriolis force which is generated
by the rotation of the earth (Fig 69).

Planetary Winds

The planetary winds are permanent
winds which blow throughout the year
from one latitude to the other in tesponse
to the latitudinal differences 1m air
pressure. They blow over the vast areas
of the continents and oceans. The two
most well-understood and most significant
winds for cltmate and human activities are ,
the trade winds and the westerly winds
(F1g. 70).

The Trades

The trades arealso termed tropical east-
erlies because in both hemispheres they
blow from the east to the west from 30°N
and 30°S toward the equator. At the
30°N and 30°S latitudes are located the
high-pressure cells from where the wi=ds
blow toward the equatorial troughs of
low pressure. In theory the winds would
blow from the north to the south in the
Northern Hemisphere and from the south
to the north in the Southern Hemisphere,
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Fig. 70. Planetary Winds

but the coriolis force and the Ferrell's
Law explain that the winds turn toward
the right in the Northern Hemisphere and
to their left in the Southern Hemisphere.
Thus, the north-eastern trades i the
Northern Hemisphete and the south-
eastern trades in the South Hemisphere
are produced.

The trades are not one homogeneous

mass. They have contrasting properties
in different parts. In their areas of origm,
they are descending and stable. Hence,
the poleward parts are dry. On the other
hand, as the trades approach the equator,
they become more humid and warmer and
therr instability produces copious rainfall.
Near the equator, the two trades clash
with each other and along the lme of
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convergence they rise up to produce heavy
rainfall, Also, the eastern parts of the
trades, assoctated with cool cutrents, are
drier than the western parts. The trades
are steady 1n the eastern parts and vari-
able ;m the westetn parts of the oceans.
Also, toward the poles and the equator
the trades are highly variable.

The Westerlies

The westetlics blow from 35°-40° to 60°-
65°N and S latitudes. They originate 1n
the notthetn patts of the sub-tropical
high-pressure cells, also termed the horse
latitudes, and blow toward the poles.
Their prevailing directions are southwest-
northeast and mnorthwest-southeast 1n
the Noithern and Southein Hem-
spheres, rtespectively. The poleward
boundary of the westerlies is highly
fluctuatmg, and there are many seasonal
and short-pettod fluctuations. The wester-
lies carry many west-to-east-moving tem-
perate cyclones embedded 1n them. They
produce spells and vatabilities m weather.
Stormy winds are more common than
the weaker ones. The velocity ranges
between 45 and 75 kms per hour and the
calms are very 1ate. The westetlies are
best developed between 40° and 65°S
latitudes. Rowing jorties, furious filtes,
and shriehing sixties ate dreaded terms for
navigators, Thc polar parts are more
unstable than the sub-tropical margins.
Monsoon Winds

The wotd monsoon 1s derived from the
Arabic word mausim which means season.
Monsoon winds ave seasonal winds. The
term was first applied to the monsoon
winds blowing over the Arabian sea.

In earlier times, 1t was thought that the
monsoon winds were land and sea breezes

on a Jarge scale. Thus, the monsoons
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were considered convectional circulations
on a glant scale.

Among the current theories of origm of
the monsoon, the one proposed by Flohn
has the widest acceptance (Fig, 71).
According to* Flohn, the monsoon 1s a
modification of the general planetary wind
system, It 1s superimposed on the general
planetary wind system and is not merely
convectional, The monsoon 1s 2 south-
westerly wind and is the northward
extention of the equatorial lows. It
corresponds to the equatorial winds
which, acconding to Flohn, are westerly.
During the summer, the tropical high-
pressure belt 15 displaced northward.
The equatoital westerlics embedded
m troptcal easterlies also move north-
ward. From the ocean, they move
toward and blow on the continents. These
ate the southwesterly, summel monsoons,
Durting the winter, the topical high-pres-
sure belt and the heat cquator retreat
southward The normal trade wind is
re-established. This 1s the winter monsoon,

The monsoon winds blow in India,
Pakistan, Bangladesh, Burma, Sri Lanka,
Arabian Sea, Bay of Bengal, South-
eastein Asia, Northem Austialia, China,
Japan and South-eastern North America.

The summer monsoon 1s principally
chatacterised by heavy 1awnfall that 1t
causes. The winds experience thtee types
of uses Orographic, upward convection,
and cyclonic ; and with these are telated
widespread lmear raimfall, ramnfall con-
centrated at a few localities, and 1ainfall
scattcied over large areas, tespectively,
The weather associated with the summer
monsoon is highly variable and charac-
terised by frequent spells of drought and
rainy days, In the lowlands, ramn 1s
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Fig. 71. Origin of Monsoons according to Flohn

cyclones, and India. The butst 1s the sudden startin:

convectional systems. The summer mon-
soon 1s very strong and has a high degree
of constancy. It has two main currents :
the Bay of Bengal current and the Arabian
sea cutrent. The south-west or summer
monsoon 1s also characterised by breaks,
bursts, and pulsatory movements. Breaks
are the spells of one or more weeks
during the height of monsoon in eastern

of the monsoon activity with its heavy
cloud and rainfall When the westerly
jet stream shifts from the south of the
Himalayas to its north, the monsoon
suddenly enters the Indo-Gang-tic Plain,
Pulsatory movements refer to alternate in-
crease and decrease 1n the mntensity of the
monsocon winds along with that of the
ramnfall that occuts.
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The winter monsoon m India 1s a gentle
dnft of aimr in which the winds generally
blow from the north-east. Embedded
in this return monsoon are many tempe-
rate latitude cyclones which cause
sporadic rainfall. The tamnfall caused by
the winter monsoon is characteristic of
the north-western parts and the Tamil
Nadu coastal ateas of India. Since the
winter monsoon blows from land to

oceans, by and large, 1t 15 less humid than
the summer monsoon and the resultant

tainfall 1s smaller m amount.

Qutside India, 1 the eastern Asiatic
countries such as China and Japan, the
winter monsoon 1s stronger than its
summer counterpart, Along the coast, the
cold, continental, dry air masses and
warm, oceani¢ humid air masses clash
with each other to produce cyclones
which then cause copious ranfall,

Local winds

l.ocal winds develop as a result of local
differences 1 temperature and pressure.

zxpansion

Moi1st warm m%
Cooling by "
slope

/

Wet windmord
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They affect small areas and are restricted
to the lowest levels of the troposphere.
There are four basic types of local winds :
hot, cold, convectional and slope.

Local Hot winds
Foehn or Chinook

Foehn (termed Chimmook in the U.S.A,
and Canada) 1s the most well-known local
hot wind in the middle-latitudes. It occurs
on the lee-side of a mountain range and
causes extremely rapid evaporation of snow
or so1l motsture (Fig. 72). The wind is dry
and warm. It descends a mountam slope
when a cyclone induces air to ctoss the
range from the other side. The warm
and moist air ascends the slope and causes
rainfall, The latent heat of condensation
keeps a high temperature in the ascending
a1t which has become dty. The descending
ait becomes further heated by com-
pression. The temperature of the Chinook
is about 15°C. The wind helps ammals
grazni by rtemoving snow from the
ground, and also the early ripenmng of

Descending air heating
by compression
Chinook wind

Rainshadow
Region

Low Pressure

Fig. 72, Formation of Foehn and Chimnook
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grapes,

Simoom

It 15 a hot, dry, suffocating wind or
whirlwind which blows during the
spring and the summer m the Sahara
and the Arabian deserts. It cartes with
it dense masses of sand which greatly
reduce the visibility, sometimes almost to
vero. Also, 1t changes the shape of sand
dunes which lie in its track. The wind
originates in small areas of intense
heating, vety high temperature, and
vety low pressute. The temperature of
airr 1 simoom is more than 32°C. The
whirlwind sucks loose sand particles
upward in a spiral formmg a sandspout.
The simoom blows during the daytime.

Local Cold Winds

Mastral
This cold wind flows 1 the winter
from the higher lands and snow-

capped mountamns to the north on
to the mediterranean coast of France.
It 1s channelled through the Rhone
Valley. It s a dry wind with high

High ground
show-covered
High Pressure

[ ™

Medilerronean Seo

:@\/:

———— e ——

Fig. 73. Formation of Mistral
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velocity (Fig. 73). While the air pressure
1s high 1n the northern higher larnds, the
adjacent Mediterranean has low pressure
associated wrth the travelling cyclomes.
The low pressure centres pull the cold,
dense atr toward themselves, The mistral
1s the most ptevalent wind durmg the
winter. It is very cold and very dry, and
has a speed of more than 60 km, per hour,
Even though the skies are clear, the
mistral brings down the temperature
below the freezing pomt. The mistral is
so strong that gardens and orchards have
to be ptotected from it by thick hedges
of cyptess tiees, and many of the smaller
houses have their doots and windows
facing only on the south-eastern side,

Karaburan
It is the hot north-easterly wimnd
experienced m the Tarim Basm of

Smkiang. The Karaburan blows durnny
the early spring to the end of the summer
when the interior of the Asiatic land
mass 1s 1ntensely heated. The wind 1s
strong, has high speed, and sweeps up
clouds of dust from the desert. It cause:
gteat discomfort by suffocating men and
animals, Lighter dust particles are
catried over to long distances beyond
the desert where they ate deposited to
form loess. The sand blown by the
Karaburan causes major changes m the
courses of desert r1vets.

Local Convectional Winds

Land and Sea-Breezes

The land and sea breezes constrtute
a convectional system of winds. During
the daytime, the land gets morc
heated than the adjacent sea and
develops lower air pressure. The sea
being cool develops higher pressure.
The warm air of theland beipg lighter
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land induces the air to flow toward the Katabatic Winds

lower pressuie areas on the sea., This

constitutes the land breeze. At higher tature produces high pressure. Air gets
elevations, agam, there is a return cutrent cooled, dense and heavy. The lower

moves up and 1ts place 15 taken by the [ \

from the sea to the land. slope is relatively warmer andl has lower

The land and sea breezes help moderating Pressure. H"j"“"-‘f’ air then slides down.
the temperature of the coastal areas. The Katabatic winds are also termed
Local Slope Winds mountawn breezes or granty winds.,
Katabatic Winds Angbatic Winds

Katabatic winds (Fig.74) or dramage These are also termed walley breezes
wiads are produced by the flow of and occur during the day. The upper
cold air under the influence of gravity slope gets heated and develops low pres-
from higher to lower regions. During sure, while the lower slope temains
the night, the upper slope bemmg more relatively cooler., The higher pressute
exposed gets mote cooled by larger than promotes the upslope flow of air
back radiation of heat. The lower tempe~ and this produces the anabatic winds.

EXERCISES

. What is the relationship between heating, temperature, and pressure ?
How are the winds related to pressure differences ?

V}i’hat is the significance of the wind as an element and as a control in
climate ?

Define the pressure gradient,
Why does pressure decrease with alt:tude ?
The distribution of pressure reveals cells more than belts. Why ?

Name the main pressure belts. Describe them in tetms of their location,
shifts in location, and climatic attributes.

L

Sy eh

b
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8. Explain, why the high-pressure belts are dry and the low-pressure belts
humid ?

9. Explain, why the trades in the Northern Hemisphete have north-
easterly direction ?

10, Des?iribe. with a sketch, the formation and properties of the chinook
wind.

11. How are the katabatic and anabatic winds formed ? What 1s their
climatic significance ?

Books for further studies

Hare, F.K., The Restless Atmosphere, London : Hutchmson, 1966.

Sellets, W.D., Physical Chmatology, Chicago : Chicago Untversity Press,
1965, '

Riehl, H., Introduct.on to the Atmosphere, New York : McGraw-Hill, 1965,



CHAPTER

An arr mass 15 a thick and extensive
patt of atmosphere having a homo-
geneous charactet in terms of temperature
and humidity, Within an air mass, there
are horrzontal layers arranged one over
the other. In each layer, the conditions
are more or less umform. In motion, ait
masses appeat to be large-scale currents
of polar or tropical origin,

An understanding of air masses 15 neces-
sary because of their relationship with
() atmospheric disturbances, cyclones and
storms, (1) formation of fronts (11s) tegi-
onal weather conditions, and (1) trans-
ference of heat from lower to higher
latitudes,

An arr mass has two basic'\ properties
vertical tempetature distribution and
moisture content. These properties affect
the weather conditions of a region covered

Air Masses

by an air masgs. The vertical temperature
distriburion 1s a measure of the warmth
ot coldness of the air mass. It affectsits
stability, When the air mass is stable, the
vertical upward movement Is restricted
and ptecipitation is inhibited. When the
alr mass 1s unstable, the wmds within 1t
move upwatd and cause condensation and
precipitation.

Air masses originate from areas which
are termed source regions. These regions
ate extensive areas on the earth's surface
having uniform characteristics, The air
temains stationary for a long time on the
surface and acquires the charactetistics of
the surface. The temperature and
moistute conditions of the surface of the
source region are acquited by air. Airis
gradually changed into an air mass. The
1deal source region should have uniform
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surface and light divergent surface air
movement, Both these conditions produce
uniformity in temperature and humidity
characteristics. Sub-tropical and tropical
oceans, the Sabara in the summer, and
the Arctic Plamns of Notth America and
and Eurasia 1n the winter are some of
the well-known source regions.

The moving air masses change not only
their own characteristics but also of the
regions which they invade and of the
regions over which they travel. However,
air masses retamn the characterstics they
acquite from the soutce region even after
travelling over long distances. Air masses
are essentially conservative in character.
The properties of air masses change slowly
m their new environments. In the areas
of horizontal convergence, two different
air masses meet and cause sharp changes
in temperature and humidity, Within an
air mass, changes are also caused by the
vertical movement termed convective mn-
stablity.

Air masses are classified on two bases :
(1) soutce of origin, and (1) modification.
On the basis of the source region, there
can be two primary types of air masses -
polar and tropical. Since the source
regions are both maritime and continental,
‘'we have four secondary types: maritime
polar, continental polar, maritume tropcal,
and continental tropical.

Maritime air masses have moist charac-
teristics and produce a large amount of
precipitation. On the other hand, con-
tinental air masses are dry and produce a
limited amount of precipitation. It 1s also
to be noted that a continental air mass
which has moved over the oceans has
helped increased evaporation. Inso doing,
it develops some properties of the mari~
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time air mass, When a matttime air mass
travels over a continent, 1t does not 1mme-
diately lose 1ts moisture and, hence, 1s
able to retain its original characteristics.

The properties of air masses are not only
related to their source regions but also
to several modifications which they under-
go. There are two maln types of modi-
fications ; thermodynamic and mechanical.
These modifications generally occur n
combrmnations.

Thermodynamic changes are caused by
the transfer of heat between the base of
an air mass and the surface over which 1t
moves. The degree of change 1s deter-
mmed by the nature of the underlyms
surface, the path of movement of an air
mass, the duration of travel, and the
addition of moisture., The surface 1s
located erther in polar or in tropical
regions. It can be either colder or warmer
than the temperature of the air mass.
When a warm air mass moves over a cold
surface, its lower layers become cold. This
creates a surface inversion of temperature
and a condition of stability. Stability pre-
vents the upward movement of air, and
mhibits condensation and precipitation.
Tropical air masses expetience this change,
When a cold air mass travels ovet a
warm surface, its lower layers become
warmer then 1ts upper layers. This causes
an increased lapse tate and instability.
Instability promotes vertical movement
of air, condensation, and precipitation,
Polar air masses also undergo this type of
change.

Evaporation from moist surface and from
falling ramn dtops also add moisture to
the air mass. The evaporated moisture
also contams heat of condensation.

Mechanical changes are produced Ly
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Fig. 75. Formation of a Jet Stream

turbulence and high level convergence
and divergence. These changes resultin
the arr mass becoming erther stable or
unstable.

Jet Streams

Jet streams have been termed the high
altitude rwvers of awr. Actually, these are
high velocity winds blowing at high alti-
tudes. They are the essential parts of the
wind circulation of the high troposphere.
A jet stream is a relatively narrow,
tubular-shaped meandering flow of the
winds moving from the west to the east
(Fig. 75). In general, jet streams are
located at altitudes of 5 to 12 km. Quite
often, they occur along the tropopause.
Jet streams exist m the Northern and
Southern Hemispheres, but are stronger
at some places. They are more pronounced
imm the Southern Hemusphere. In the
Northern Hemisphere, they reveal wide

seasonal fluctuations.

The jet stream winds have velocities of
300 to 500 km per hour. The greatest
velocittes generally occur over the eastern
parts of the contments and the western
sides of the ocean basmns. The lowest
velocities occur i the longitudmal or
west-east sectors near the surface sub-
tropical high-pressure cells. Velocities
change seasonally. The winter velocities
are double those of the summer, The
highest speeds 1n the winter occur along
the Asian Coast, over South-eastern
U.S.A., and in the region between North
Africa and Indian Ocean,

The jet stream 1s circumpolar in nature.
It completely girdles the earth mn the
Northern and Southern Hemispheres. Its
average location is about 30° to 35° lati-
tudes., The belt of jet winds 1s not contt-
nuous. The discontinuous segments are
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1500 to 4500 km long, 150 to 600 km wide,
and 1000 to 2000 metres thck.

The jet stream belt follows the annual
march of the sun. It shifts toward the
North Pole in the summer and toward the
equator 1 the winter. In the summer,
it1s located between 35° and 45°N and,
in the winter, between 20° and 25°N.

At places, a jet stream consists of several

indrvidual filaments of high, velocity ait.
In other parts, the filaments combine to
forma single giant stream moving from
the west to the east.

The jet stream, generally, 1s parallel to
the latitudmnal parallels. But 1t reveals
north-south undulations as well. Very
long ridges and troughs are common.
Even the small waves of the jet stream
have lengths of 6000 km.

The jet stream separates the cold air on
its poleward side from the very warm
air on. 1ts equatorward side. The jet 1s a
belt of steep temperature and pressure
gradients and 1s also termed planetary
frontal zone.
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Since the jet stream lies above the sub-
tropical surface high and the sub-polar
surface low, 1t 15 understood that it has
to do something with the surface weather
conditions and wind circulation systems.
The jet streamis a high altitude circular
wind movement. In the fiont of this
circular movement, the winds are descend-
ing down and there is an upper air trough
located above the surface high pressure
cell. At the back, the winds are diverging
from an upper amr ridge. Just below this
ridge near the surface the winds atre con-
verging and moving upward and creating
a surface trough. Thus, the upper amr
ridge and the trough of the jet stream are
related to the surface trough and ridge,
respectively Also, the meandering of the
jet stream causes the cold air of the higher
latitudes to mvade the lower latitudes
and lower their temperatures. Similatly
the warm air from the lower latitudes
invades the highet latitudes and rases
their temperatures. Finally, the jet
stream transfers heat from the zone of
heat surplus to the zone of heat deficit.

EXERCISES

W

tropical oceans ?

Why 1s a stable air mass dry ?
Describe a jet stream.

S N Lk

climatic differences.

. What 1s an air mass ? How 1s 1t different from the wind ?
Describe the polar contimental source region.
‘What happens when a polar contimental air mass moves over warm

What 1s meant by an unstable a1 mass ?

Discuss the shifting of a jet stream and 1ts impact on weather.
Wrtite an essay on the tole of alr masses in creating weather and
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CHAPTER 17

Atmospheric Disturbances and Cyclones

yclones constitute the most funda-

mental and climatically the most
signficant atmospheric disturbances. On
the basis of the areas of their origm,
cyclones are classified into two types :
temperate and tropical.

Temperate Cyclones

Cyclones ate areas of low pressure. A
centte of low pressure 15 sutrounded by
closed, concentric  isobats,  which
indicate the movement of the winds
towatd the centre from all the quadrant
and cardinal divections. Cyclones develop
in areas of ar-mass conflict and well-
developed fronts. Temperate cyclones
are concentrated m the middle latitudes
between 35° and 65°,

Cyclones originate as waves in the
westerlies and, hence, move from the
west to the east. There are four

quadrants, two sectars, and two fronts in
the structure of a cyclone, The warm
sector and the cold sectot have warm and
cold air masses, tespectively. The two
fronts are : warm front in the south-
eastetn quadrant and the cold front in
the south-western quadrant, The warm
sector is the smallest and the cold sector
is the largest in avea, Most of the warm
air masses ate concenttated in the south-
western and south-eastern quadrants, but
the cold air mass 15 diffused throughout
the eyclone.

The winds blow from different directions
in the different quadrants. These ate
eastetly and north-easterly in the north.
eastern quadrant, and northerly and
north-westerly in the north-western
quadtant. In the south-eastern quadrant,
they ate south-easterly above the warm
front and southetly below it. In the
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south-western quadrant, the wimds are
north-westerly above the cold front and
south-westetly below it.

Air has relatively less density in  the
cyclone. A cyclone 1s generally somewhat
circular, but some are V-shaped with a
broader part on the notrth and the long
ax1s extending northeast-southwest 1 the
Northern Hemisphere, These are elon-
gated troughs (Fig. 76). The sub-angular
shape 1s 1elated to well-developed fronts
which mtersect with the isobars at blunt
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stages in therr life history (Fig. 77). The
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Fig.76. Cyclone m the Northern
Hemisphere

Converging winds raise up air located at
the centre: This ,results in cloud-forma-
tion and preciprtation.

Tempetate cyclones are  generally
extensive. They have vertical thickness
ranging from 9 to 11 km. and diameter ot
about 1000 km.

Cyclones are composed ot two elements :
unstable waves of surface fronts and
surface cyclones built by the downward
expansion of an upper air trough.
Temperate cyclones reveal a sequence of

Fig. 77. Cold and Warm Air masses
and Fronts

winds associated with air masses moving
from the opposite direction produce a
shear force which creates waves on the
frontal surface. Some of these waves are
stable and are damped out. Some are un-
stable and grow in size to become mature
cyclones. Then air 15 drawn mto the
bulge, and as a result of the pressure
gradient, rotation, and friction, it develops
a cyclonic circulation.,

. In the first stage, the cold air mass on
the poleward side and the warm air mass
on the equatorial side move past each
other 1n the opposite direction. Since
there is no vertical displacement and it is
stationary, the front 1s termed equilibrium
frong, The air currents are parallel to the
front, and along the front there 1s a shear
force and a wind wave. In the second
stage, the wave begins to be formed along
with two fronts, cold and warm, and the
warm alt mass impinges against the cold
atr mass on the warm front. In the third
stage the wave becomes accentuated and
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the two fronts meet at a sharp angle.
The wave height increases and the warm
air mass is trapped between the two
fronts. In the next stage, the wave height
reaches its maximum and the air currents
of the two alr masses acquite near-
crcular motion, In the fifth stage, the
cold front overtakes the upper part of the
warm front, changing its curl into the
occluded front. The cold air mass pinches
out the warm air mass on the sutface. In
the final stage, a large whitl of homo-
geneous ait constitutes the cyclone.

Tropical cyclones
Hutricanes ot typhoons are the well-
known tropical cyclones. They are

nototious for their wviolence and for
causing widespread desttuction.

Hurricanes develop and mature over
water bodies only. Hence, their majot
climatic significance is in causing wide-
spread rainfall. Most of the hurricanes

develop in a belt of 8° to 15° North and
South latitudes.

Tropical cyclones are characterised by
the following properties : (1) The 1sobars
are arcular and symmetrical. At the
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centre, the air pressure ig extremely low
so that the pressure gradient 1s very steep
and thc winds are very strong. The wind
velocities tange from 120 to 200 km. per
hour. (1) Rainfall 1s totrential m natute
but is distributed evenly around the centre.
(1) The area covered 18 relatively small,
the diameter bemng only 150 to 500 km.
The central part, termed the eye of the
storm, has a diameter of only 10 to 50 km.
The eye 1s calm and ramless. (1v) The
contrasting air-masses are absent ; hence,
the temperatures around the centre are
relatively similar.. (v) The ‘winds form an
upward ,moving spiral, so there are no
marked wind 'shifts. (»2) Hurricanes are
far more common 1n the summer than in
the winter. (vii) They move from the east
to the west with the trades, (1) The
source of energy 1s latent heat of
condensation,

Tropical cyclones occur m the south-
western portion of North Atlantic Ocean,
along the west coast of Mexico, south-
western part of North Pacific Ocean,
incduding the Chma Sea, North Indian
Ocean, South Indian. Ocean, and South
Pacific Ocean,

EXERCISES

oo R H

How are temperate cyclones formed ?
What is the relationship between ait masses and cyclogenests ?
- What are the factors controlling the paths of temperate cyclones ?
Why are tropical cyclones so circulat m form ?
How is heavy ramfall caused in tropical cyclones ?
Tropical cyclones are devastating 1n their efects. Why ?
What exactly is the role of fronts in the formation of cyclones ?



14 PYSICAL BASIS OF GEOGRAPHY

Books for further study
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CHAPTER 18

Humidity and Precipitation

Humldity refers to the presence of

water vapour in air, The amouut of

water vapour present in ait is exptessed in
four different ways.

Vapour pressure tefers to that part of the
whole atmospheric pressure which 15 due
to water vapour, It is expressed 1 nullshars
or inches or millimetres of mercury.
Absolute humidity is defined as the weight
of water vapour per unit volume of air.
It 15 expressed as grams of water vapour
In a cubic centimetre of natural ar,
Relative humudity 15 the ratio of the
amount of water vapour actually present
In air as compared with the maximum
that could be contamed by the same
volume of ar at the given temperature
and pressure, Supposing air at 70° can
contain 8 grains of water vapour per cu,
ft. than only the 4 grams that 1t actually

contains, then the relative humidity will
be only 30 per cent (4/8 X100=50). When
the relative humidity 1s 100 per cent,
the air is termed fully saturated, The
relative humidity changes m accor-
dance with the changes in temperature
and amout of water vapour, If the amount
of water vapour temams constant but the
temperature 1s incteased there is a decrease
in the relative humidity. It will increase
if the tempetature is reduced. In contrast,
if the temperature temains constant, an
increase 1n the amount of water will
increase the relative humidity and a
decrease m 1ts amount will decrease the
telative humidity,

Since the weight of ait 15 propottional to
the pressure, vapour pressute and spectfic
humidity are stmilar, Any change in the
pressure without any change in the
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amount of water vapour changes these
two indices. Absolute humidity is nota
reliable index. It changes with the changes
in the volume of air which are effected by
expansion and  contraction. Relative
hunndity determines the amount and rate
of evaporation and hence 1s an 1mportant
climatic factor.

Distribution of Relative Humidity
Zonal .

Relative humidity 1s highest at the
equator and decreases towatd the poles.
It is minimum in sub-tropical anticyclones.
Tt increages from 30°N and S towards the
poles followmg the decrease in tempera-
ture 1n the same- direction. Following
the apparent movement of the sun, the

belts of relative humidity experience
latitudinal shifting.
Seasonal ;

The seasonal distribution varies with
latitudes, Between 30°N and 30°S the
average telative humidity is higher in the
summer than in the winter. In higher
latitudes, 1t 15 higher n the winter than
in the summer because land 1s colder in
the winter here. Thus the temperature
is low, the specific humidity is the same,
hence the relative humidity is higher.
Evaporation

The process by which water, a liquid
matter, is changed Into water vapour, a
gaseous matter, 18 termed evaporation.
Three factors control the rate of evapora-
tion ; (u) andity, (1) temperature, and
(112) movement of air. When and where
aridity 1s high, air has a potentiality of
absorbing and retaming a larger amount of
moisture. In air with higher humidity,
this potentiality is reduced hence evapora-
tion 1s slow and small in amount. Simi-
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larly warm water also experiences quicker
evaporation when 1t 1s overlain by cold air,
The lower layer of cold air 1s heated from
below, becomes unstable, develops turbu-
lence, and promotes evaporation, Evapora-
tion 1s greater on the oceans in the winter
than 1n the summer. Lastly, the greater the
movement of air the greater is the evapo.
ration. The movement replaces the mots-
ture-filled layer by a drier layer which
has a larger capacity of absorbing mois-
ture.

Condensation

Condensation 1s the process of change of
state from water vapour to liquid water.
When moist air is cooled either by
nsmg or by coming into contact
with cool surfaces, 1t may be cooled
to a level when its capacity to hold

_ water vapour is exceeded by the actual

amount present in it. Thena part
of water vapour which is i1n excess
condenses into a liquid form. In this
process of condensation a certain quantity
of‘heat 1s given up. Thuis is termed latent
heat of condensation, The temperature
at which condensation mnormally begins 1s
termed condensation temperature or dew
point. In free air, condensation tesults
from cooling around very small particles
termed condensatron nucler. The most
active condensation nuclei are termed
hygroscopic particles which attract mois-
ture on them even at temperatures above
the dew point and when the ‘relative
humidity 1s less than 100 per cent.

Tt 1s clear that for condensation to take
place the temperature of anm must be
close to or below the dew pomt. The
dew pomnt 1s closely related to the
relative humidity of amr. Also, the
amount of cooling needed to effect
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condensation is influenced by air tem-
perature and relative humidity, When
the temperature is low and the relative
humidity high, only a shight amount of
coolng is necessary for condensation, In
contrast, when the temperature 1 high
and the telattve humidity low, a much
greater amount of coolng would be
neccessary.

The amount of cooling and the relative
humidity of air determine not only the
amount but also the rtate of condensa-
Hon.

Forms of Condensation

Condensation can also be classified on
the basis of temperature at which the
dew point 1s reached. Condensation can
take place when the dew point 1s (i) lower
than 32°F and (3i) higher than the freez-
ing point. In the former condition, white
frost, snow, and some clouds, and in the
latter condition dew, fog, and clouds are
produced.

Condensation at or mnear the earth’s
surface results in the formation of dew,
white frost, fog, and mist, andin free
air in the formation of clouds.

Dew: The moisture deposited in the
form of water droplets on the earth's
sutface or on the objects near the eatth’s
surface, such as blades of grass, 1s termed
dew. The ideal conditions fot the forma-
tion of dew ate a clear sky, little or no
wind, high relative humidity, and relatr-
vely long nights. Under these conditions,
the earth radiates back a large amount of
heat and its surface becomes cooler than
the atmospheric layer immediately ovet-
lying it. In its own turn also, this layer
becomes chilled by tadiation and conduc-
tion. When its temperature is reduced
below the dew pomt, condensation takes
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place and dew particles are formed. The
dew pomt itself must be above 32°F m
order that dew be formed.

White Frost: White frost consists of
particles of frozen moistute formed on the
earth’s surface when condensation takes
place at a dew point below 32°F. The
ideal conditions for the formation of
white frost are the same as those for the
formation of dew. The air temperature
must be at or below 32°F or 0°C.

Fog: Fog comptises a dense mass of
small water drops or smoke or dust parti-
cles m the lower layers of atmosphere.
Fog results from the cooling of air below
its dew pomt. Cooling is caused by
radiation, conduction, and mixing of warm
and cold air masses,

Three types of fogs have been identified :
(1) radiation fog, (1) advection fog, and
(i1i) frontal fog. Radiation fog is the
commonest type and needs for its forma-
tion the following conditions: (a) air
should have been under a cloud cover
with rain falling through it the day before
the fog occuts, (b) pools of air, cooled to
an excessive degree, collected in depres-
sions or valleys, (c) a sutface inversion of
tempetature, (d) slight air movement, and
(¢) cloudless skies on the might before the
fog occurs.

Advection fog is formed through the
transportation of warm, moist air over
cold surfaces, This type occuts frequently
along the sea-coasts and shotes of large
inland bodies of water. It is common on
the lands in the winter and on the oceans
in the summer,

Frontal fog is formed along the front
separating cold and warm air masses. Cool-
1ng 1s caused by the forced ascent of air due
to convergence and by saturation of the
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cold surface layer of air by ramfall from
the over-running waim an aloft. Frontal
fogs are common in the cool temperate
latitudmal belt where fronts are frequent.

Mist : Mist 1s a type of fog in wtich the
visibility is more than 1000 metres but less
than 2000 metres. It becomes {og when
the visibility is less than 1000 metres.

Clouds : Cloud 15 a mass of small watet
drops or ice crystals formed by the
condensation of the water vapout in free
air at a considerable height above the
earth's surface. Clouds display infinite
variettes of forms. Two main types are
recognised according to their shape and
mode of formation : (1) Cumuliform or
heap clouds which attain great vettical
heights, and (ii) stratiform or layer clouds.
According to height and form, there are
ten types of clouds : (1) low clouds (up to
2000 metres) which include stratocumulus,
nimbostratus, cumulus, cumulommbus and
stratus ; (12) Medium clouds (up to 6000
metres) which comprises altocumulus and
altostratus and (i) high clouds (up to
10,000 metres) which include cirrus,
cirrostratus and currocumulus,

Condensation leading to the formation
of clouds and to the occuttence of rain
and other forms of precipitation needs
the ascending of air currents. This 1s
helped by adiabatic temperature changes
and adiabatic cooling.

Adiabatic Temperature Changes

When air moves upwatd, 1t 18 subject to
lower pressure and it expands. In contrast,
when it moves downward, it 1s compressed
by higher pressure surrounding it.
Expansion results in coolng and com-
pression in heating, although heat is
neither added nor subtracted. This kand
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of change m heat and, hence, in tempera-
ture is termed adiwabatic temperature
changes.

The rate of adiabatic heatmng and cooling
of dry or non-saturated ait is constant,
regatdless of the temperature of the air,
Tt is about 10° per 1000 metres change in
altitude. This is termed dry adiabatic
rate. This tate 1s far more rapid than the
normal lapse rate. These two rates are
entiretly different. The former refers to
the changes in an upward moving body of
air, while the latter refers to the changes
occurring through static layers. At an
clevation of 3000 metres, an upward
moving ait pocket which has a tempera-
ture of 50°C at sea-level will have a
temperature of 20°C, followmng the dry
adiabatic rate, while the temperature of
the surrounding air, following the normal
lapse rate, will be 32°C,

The non-saturated air moves upward
followmg the dry adiabatic rate and
reaches an elevation and a temperature at
which condensation takes place. This
temperature is termed condensation level.
It is clear that the condensation level of
tising air masses having different imitial
temperatures and relative humidities will
be different. An air mass havimg high
relative humidity and low temperature
mitially will need to move upward toa
lower height than an air mass having low
relative humidity and high temperature
to effect condensation. Condensation
level in the first case will be lower and
the difference between 1t and the instial
temperature will be smaller than m
the second case. Thus, the air mass A
starting with a temperatute of 80°C
will teach 1ts condensation level
at a temperature of 50°C and af an
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elevation of 3000 metres. The difference temperature of 30° will reach its conden-

in temperatures will be 30°C. In sation level at 10°C and at an elevation of

contrast, the airmass B starting with a 2000 metres. The difference :n tempera-
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Fig. 78. Convectional Rain, Orographic Rain and Frontal Rain
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tures will be 20°C. Thus, the warmer air
has to be cooled to a greater extent by
moving up to greater heights to effect
condensation.

After condensation has taken place, the
latent heat of condensation will be added
and, thus, the air mass will move up and
cool at a slower rate. This slower rate
of cooling of the non-saturated moving
air mass 1s termed wet adiabatic rate,
The wet adiabatic rate 1S mot constant
like the dry adiabatic rate but varies with
the temperatute of the amw. The wet
adiabatic rate of the air mass of 80°C is
2'5°C per 1000 metres which is much less
than that of the air mass of 30°C, bemng
about 6°C per 1000 metres. Tn the air
mass A the amount of the liberated and
added latent heat of condensation is much
greater than in the air mass B.

Adiabatic Cooling and Precipitation

Adiabatic cooling 1s the only process by

which the temperature of extensive and
thick masses of air is reduced below the
dew pomt. The resulting condensation
is on a vast scale and the precipitation is
abundant., Almost all the earth’s
precipitation is the result of adiabatic
cooling. Adiabatic coolng produces
clouds and all precmpitation falls from
clouds.

Precipitation

After condensation has taken place in the

free air in the form of rain-water, snow,
sleet, or hail, these particles, fall down
attracted by gravity., This constitutes
precipmtation. Thus, two major forms of
precipitation are liquid and solid.

Types : On the basis of 1ts origin. three

types of precipitation are recognised
(1) convectional, (i1) orographic, and
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(222) frontal.

Convectional rawn (Fig. 78) is caused by
convectional ascent of warm and humid
air to great heights. During hot, summer
days, the earth’'s surface, locally, 1s
intensely heated. The surface airis also
heated. It expands and 1s forced to tse
by the cooler, heavier air above and
around 1t. As the air riges, it becomes
cool, condensation takes place, water
vapour, particles are changed into water
particles, the particles join each other to
form larger particles heavier than those
which could be supported by the upward
moving currents of air, Then they start
falling (Fig. 79), At the same time the
latent heat of condensation is released
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Fig. 79. The Mechanism of Falling of
Rain Drops
which further heats the air and forces it
to continue moving upward. Further
condensation takes place and more of
precipitation follows. Thus, convectional
precipitation works for a long time asa
self-generating mechanism. Convectional
rain 18 heavy but highly localised ‘and is
associated with the minimum amount of
cloudiness.
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Orographic ramm (Fig, 78) occurs where
warm, humid air strikes landform bartiers,
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Fig. 80. Distribution of Ramfall

such as mountamn ranges, and rises up.
The subsequent sequence is similar to that
of the convectional rain. Orographic rtamn
is heavy on the windward side of the
mountamn range, while the leeward side 1s
termed rain shadow region which 18 arid to
semi-arid in nature. Orographic rain
occurs in a belt along the mountamn range
and, hence, decreases n agmount as the
distance from it increases. Much of the
monsoon rainfall in the western Ghats or
in the Himalayas 18 orographic in nature.

Frontal rainfall (Fig. 78) occurs where a
warm and humid air mass shdes along the
warm front on a cold air mass. Since the
warm front is gently sloping, the warm
ait mass tises slowly and the ramfall
is extensive. Since fronts are often
found in cyclones, frontal rainfall 1s also
cyclonic 1n nature and 18 termed cwclonic
rawnfall.

Zonal Distribution of Rainfall

The latitudinal distmibution of rainfall
is termed zonal distribution., Three factors

affect this distributional pattern : (z) the
great latitudinal 2onmes of horizontal
atmospheric convergence and divergence,
(1) the distribution of land and water,
and (ui) the alignment of highlands., The
first factor 15 the most important (Fig. 80)
The average annual precipitation for the
whole earth 18 about 975 mm. On the
land it 18 about 660 mm. but on the
oceans 1t i about 1100 mm.

There is a strong primary maximum of
about 1900 mm. in a belt of 10 degree
width on both sides of the equatot. In each
hemisphere, the amounts decliie poleward.
Lower rainfall of about 800 mm. is
observed at latitudes 20° to 30°N and S.
From these sub-tropical locations, rainfall
again increases. A secondary maximim
of about 1000 mm. occurs at 45° ‘to 55°N
and S latitudes. Poleward from these
latitudes tainfall again decreases. Beyond
75°N and S latitudes there is an absolute
zonal mimmum rainfall of 250 mm.

only.
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EXERCISES

1, Name the factots conttolling the amount and rate of evaporation.

2. How does condensation take place? What are the different forms of
condensation?

3. What is the dew pomnt ? How 1s it related to the amount of moisture ?

4, Define absolute and telative humidity, Which among the two is most
significant to climate and why ?

5. Explain the difference between dew, fog, snow, and cloud.
6, What are the necessaty conditions for precipitation to take place ?
7. Discuss the processes of adiabatic heating and cooling,

8, Discuss the salient features of the world disttibution of tainfall and the
associated controlling factors.

Books for further study

Ctitchfield, H,, General Chimatology, New York : Prentice Hall, 1961,
Trewartha, G., An Introduction to Chmate, New York : McGraw-Hill, 1954,
Sutcliffe R.C., Weather and Climate, Weidenfield & Co., 1966,

Mason B.J., Clouds, Rain, and Rainmaking, : Cambridge University Press :
Cambridge, 1962,
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CHAPTER 19

Classification of Climates

It is well known that different regions
of the earth have different climates.

Different combinations of climatic con-
trols produce many variations of climate
from place to place and, thus, a large
number of climatic types. Mapping of
climatic regions helps us to identify their
spatial diitribution on the earth, This
needs 1dentifying the main climatic types
by aprocess of classification, For this
purpose, we have fine bases of classifica-
tion: temperature, rainfall, evaporation,
evapotranspiration, and water balance,
On the basis of temperature, the earth's
climates can be classified into three broad
groups ; the tropical, the temperate or
the middle-latitude, and the polar.
Rainfall can help in identifying dry, wet,
seasonally wet, and seasonally dry climatic
types,

Evaporation is controlled by tempera-
ture. In using evaporation as a basis of
identifying climatic types it is matched
against ramnfalll Where evaporation is
greater than ramfall, the climate tends
to be dry; where it is less the climate
tends to be humid. This relationship 1s
applied not only to thé vear, but also tp
the seasons, Thus, we have wet, seasonally
wet, dry, and seasonally dry climatic

types.

Evapotranspiration is the amount of
moisture lost by evaporation from the
ground and by transpiration from the
plants. Thz relationship of evapotrans-
piration and rainfall again leads to the
identification of humid, seasonally humid,
dry, and seasonally dry climatic types.

The relationship between water surplus
and watet deficiency 1s expressed by water
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balance, 1f the former is greater than
the latter, the climate is humad ; if it1s
less, the climate 1s d»y., Water surplus
occurs when precipitation exceeds poten-
tial evapotranspiration. When precipita-
tion is less than potential evapotranspira-
tion, water deficiency occurs.

We shall now discuss the main features
of the two well-known systems of climatic
classification. There are two well-known
types of classification : one suggested by
Thornthwaite and the other by Koeppen.
We shall describe hete the mamn types of
climates based on Koeppen's classification,

Principal Climatic Types

There are six major groups of climates :

(1) Tropical rainy, (iz) Dry, (ii1) Humid
mesothermal, (:v) Humid microthermal,
(v) Polar, and (vi) Undifferentiated high-
lands (Fig. 81). On the basis of the area
covered, human occupance and human
utilization, the following principal cli-
matic types can be identified :

(2) Tropical rainy : Tropical rain-
forest, monsoon,
tropical savannah
: Tropical and sub-
tropical  desert,
tropical and sub-
tropical steppe

(i) Dry

(1) Humid meso- : Mediterranean,
thermal China, ‘West
European
(1») Humid micro-
thermal : Taiga
(v) Polar : Tundra

(») Undifferentiated highlands

The complexity of the combination of
climates and therr distribution 1n a con-
tinent depends on 1ts size, relief features,
and climatic controls,
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Tropical Rainforest

This climatic type occurs in a belt 0° to
25°N and S. The Amazon Basin, Congo
Basin, and Indonesia are typical repre-
sentatives of this type. In this type,
temperatures are high throughout the year
and the annual average 1s about 27°C. The
daily range is about 11°C, while the annual
range 1s only about 3°C. Rainfall is heavy
and occurs throughout the year. The
annual average 1s about 250 cm, The move-
ment of the windsis only slight, High
humidity and little air movement rtaise
the sensible temperature to very high
levels.

Monsoon climate

It1s also known as the monsoon rain-
forest climate. This type occurs typically
in South-eastern Asia, western Guinea
coast of Africa, eastern Amazon valley,
West Indies, and Guiana Coast lands of
South America. The annual average tem-
perature 1s about 26°C and the annual
range is about 3°C. ‘The marximum tem-
perature occurs 1 May-before the summer
rainfall maximum in June and July. The
annual rainfall amounts to about 300 cm,
The basic characteristic is the series of
monsoon winds which experience a com-
plete teversal of the direction betweer'
the summer and winter seasons,

Tropical Savannah:

This' climate is typical of tree-studded
grasslands in the tropical and sub-tropical
latitudes. Tropical savannah is bounded
by tropical rainforest climate toward the
equator and by dty climates toward the
poles. It occurs in Venezuela, Colombia,
Guianas, north of Amazon in South
America, Sudan and Veld in Africa,
northern Australia, India, Burma, Thai-
land and Vietham. The annual average
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temperature is about 23°C and the annual
range is 5to 6°C. The annual ramfall 1s
about 160 cm. There is a distinct dry
season during the winter in the Northern
Hemisphere. The rainfall varies greatly
from year.to year. Floods and droughts
are quite common.

Tropical and sub-tropical Deseri

The tropical and sub-tropical desert
climate 1s surrounded on all sides, except
the western, by low latitude steppe cli-
matic type. It occurs in the Sahara, the
Thar, Arabia, south-western U.S.A.,
south-westetn  Africa, and Central
Australia, This climate is dominated by
the sub-tropical anticyclones and 1s the
most nearly ramless of all the chimatic
types. The annual average is about 25 to
40 cm, but this average is meaningless
because rain occurs only once In several
years, The rainfall variability shows a
departure of more than 40 per cent from
the normal.. The rainfall 1s of cloud-burst
and thunder-shower type which produces
a very high intensity ; iz a smngle shower
as much as 6 cm of ram falls. Occasional
high floods are, therefore, quite common,
separated by long periods of absolute
drought. Skies are clear and sunshine
abundant. Evaporation 1s 20 times the
precipitationn, The average annual,
summer, and winter temperatures are 38°,
40°, and 15°C, respectively, The diurmal
range is more than 16°C,

Tropical and Sub-tropical Steppe

This climate surrounds the low-latitude
desert climate and occurs in southern
Australia, Mesopotamra, Arabia, southetn
Iran, north-western Mexico, and north-
western India. The annual average tem-
peratute 1s 21°C and the annual range is
about 13°C. Rainfall 1s not only small

153

but highly variable. The annual rainfall
15 30 cm. Steppes located on the poleward
side of the deserts recetve the maximum

rainfall during the cool seasons, while
those located toward the equator receive

it during the warm season. Passing
cyclonuc storms are characteristic of cool
Seasons,

The Mediterranean Type

This climate occurs m the warm tem-
perate latitudes. The areas covered extend
around the Mediterranean Sea, Central
California, Central Chile, southern tip of
South Africa, and south-western and
south-eastern tips of Australia, This cli-
matic type is characrerised by dry
summers, unusually mld wet winters,
and a large incidence of sunshine. The
average annual, winter, and summer tem-
peratures are 16°, 10°, and 25°C, tespetti-
vely, producing an annual range of 16°C.
The annual rainfall amounts to 40 to
60 cm. The winter rainfall is due to
middle-latitude fronts and cyclones and
the summer drought is related to sub-
tropical anticyclones.

The China Type

This climate is the eastern locational
counterpart of the Mediterranean type.
It occurs in China, south-eastern' U.S.A.
Argentina, Uruguay, southern Brazil,
Japan, and eastern coastal belt of
Australia. The average annual tempera-
ture is 19°C, while the annual range is
about 17°C. Rainfall is distributed
throughout the year and has an annual
average total of about 120 e¢m. Late
summer and autumn are the dreaded
seasons of hurricanes and typhoons.

The West European Type

This climate 1s reptesentative of the cool-
temperature latitude group of climates, It
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occurs between 30° and 60°N and S lati-
tudes in the western part of Europe,
North America, South America, and
south-eastern coastal strip of Australia.
The climate is characterised by the in-
vasion of polar fronts, cold polar air
masses, and middle-Jatitude cyclones dur-
ing the winter, Weather remains inghly
variable and unpredictable throughout
the year. The annual, summer, and winter
averages of temperatures are 10°, 15° and
7°C, respectively. Rainfall occurs through-
out the year and the annual total is about
140 cm. The winters are ramier than the
summers.

The Taiga T ype

This climatic type is named after the
coniferous trees of Sibertan regtons. The
climate extends in two large belts, both
extending in the east-west ditection, 1n
North America from western Alaska to
Newfoundland and in Eurasza from
Norway to the Kamchetka Peninsula, The
climate is dominated by polar and arctic
air masses. The annual, summer, and
winter averages of temperatures are 5°
13°, and —3°C, respectively. Thz annual
range is about 16°C, About 6 to S months
have temperatures below zero. Cyclonic
rain along the coast and convectional rain-
fall in the interior ate the characteristics
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of the climate. The total annual precipita-
tion is less than 50 cm.

The Tundra Type

This climate occurs in east-west trending

narrow belts north of 60°N latitude in
North America and Eurasia. In general
the tundra area is continental in nature,
Extremely cold winters are the principal
characteristic of this type. The ground
is covered with snow and ice for about 8
months. Purga and buran winds shower
snow particles, The summer and winter
temperatures are 10° and below 0°C,
respectively, Two to four months have
temperatures above zero. The total annual
precipitation is about 30 cm. Itis in the
form of ran during the summer and dry
snow during the winter.

The Undifferentiated Highlands Type

This type covers the Tibetan Plateau,
the Himalayas, the Rockies, and the Andes
mountains and a small part of the Alps.
Altitude and aspect play significant roles
in controlling the temperature and pre-
cipitation of this climate. High insolation,
low temperature, low air pressure, large
diurnal ranges of temperature, and rtelati-
vely large rainfall and snow at higher alti-
tudes are common. The most important
characteristic 1s the vertical gradient in all
the prmcipal climatic elements.

EXERCISES

1. Which are the two well-known climatic classifications ?
2. Name the principal bases of climatic classification.
3. Name the major climatic types of the world.

4, Enumerate-the ptmcipal features of the Mediterranean and the West

European types of climates,
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CHAPTER 20

ydrology is the science that studies

water in all its aspects especially in
relation to its occurrence i streams, lakes,
wells, oceans and as snow and ice [t also
studies 1ts discovery, uses, control and
conservation, Water exists in a dynamic
condition with its circulation from the
oceans to the atmosphere, thence to the
land, and back to the oceans (Fig. 82).
This citculation is termed the hydrological
oycle or the water cycle, The hydrological
cycle intetconnects the lithosphere, the
hydrosphere and the atmosphere,

However, thére are several interveming
agencies which erther intercept or acceler-
ate the hydrological cycle. (Fig. 83.) This
means that 1t is not a simple bilateral
transformation of moisture. There 1S
always an associated change in the stage
of moisture and 1n the location of mois-

Hydrological Cycle

Atmosphere
poo-

?
Movement
of

Molsture

iy

-~ Z Ocedn -

Fig. 82. Simple Hydrologic Cycle
ture, e.g., the moisture that goes into the
atmosphete may be precipitated into
water, dew, snow, ice, frost and the like.
Similarly, water collects in various forms.
The water that comes down from the
atmosphere may enter a tiver, a lake,
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may become a part of a glactet or under-
ground water. As a result of these
changes in the stage and locatton, the
progress of the hydrological cycle is
retarted. Exemplifying further, 1f 25 grams
of water vapour were to enter from the
ocean into the atmosphere and then, after
condensation return to the ocean, the cycle
would have operated without intervention.
It is the tempo with which the cycle is
operating that is slowed down whenever
there are changes in the state and location.
The movement of water from such
intervening locations back to the ocean
and the change from ome state of water
into the other ate always slow.

' Let us clarify this with an example. We
'may assumé that there are two intervening
variables a river and a lake. The ideal
hydrological cycle operates' on the ocean,

where there is a continuous interchange of
water in the seas and moisture in the

,-atmosphere. However, if the rain, instead

of falling directly on the ocear, partly
falls on the land and collects in a river,
the river takes a long time transportmng,
the water to the ocean, Some water may
also get locked up in a lake basin ; this
water would first evaporate into the
atmosphere and then through condensa-
tion re-enter the ocean.

Vegetation cover, glaciers or underground
water may also act as intervening factors.
In all cases, the main characteristic
involved is holding back a part of the
water belonging to the hydrological cycle
and then releasing it very slowly, |

The hydrological cycle involes several
processes as is clearly evident from its
functiommmg. These processes result in the
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movement of water from the ocean to the
atmosphere and back to the ocean

(Fig, 84.) These processes include:
evaporation, transpitation, air mass move-

ments, condensation, precipitation, infil-
tration, surface run-off, and underground
water behaviour.

Evaporation

Evaporation is the only mechanism by
which water from the oceans teaches the
atmosphere. This is undoubtedly the most
significant soutce, but equally important
1s the role of evaporation from other
bodies, such as vegetation, soil, rivers,
ponds, lakes, and even from the falling
rain. Over the world as a whole, evapora-
tion is always greater over the oceans than
over the contments, This is primarily
because over the oceans there is no dearth
of water to be evaporated: However, as
regards the other sources, the actual
evaporation is very largely controlled by
the characteristics of surface from which
evaporation takes place. Evaporation from
vegetation 13 controlled by type of vegeta-
tion, its distribution density and foliage.
The larger the area covered by vegetation,

the greater would be the 'amount of
evaporation.

Transpiration

Transpiration is the process by which
plants haying absorbed moisture through
their roots return it, in the form of water
vapour to the atmosphere through theit
leaves. This process leads to a consider-
able loss of moisture, but contributes
little to the mechanism of the hydtological
cycle. Vegetation, if efficient 'in transpira-
tion, would add to the hydrological cy¢le,
since it is ell the time sucking water from
below the surface and bringing it on to
the surface, For example, in desert areas
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vegetation being scarce, the amount of
transpiration is small and the hydrological
cycle is retarded. In contrast, dense
forests accelerate the hydrological cycle.

Air Maese Movement

Air masses are the principal agencies of
transference of moisture from the oceans
to the continents and back. The amount
of moisture transferred by these thick
enormous bodies of air 15 very large, The
air masses involved m the hydrological
cycle are primarily of two types : (:)]conti-
nental air masses and (i1) maritime air
masses. Obviously, it 1s the latter which
carries a large amount of moisture into
the continent. Both these types of air
masses carty moisture, but the maritime
air masses moving from the oceans to the
continents carry larger amounts of mois-
ture than the continental air masses mov-
ing from the continents to the oceans.

Air mass movements show the regional
aspects of the hydrological cycle. The
humid tropical maritime air mass moving
toward the poles is cooled, which leads
to condensation, causing precipitation on
the continents. Moreover, when the cold
stable polar air masses move to the lower
latitudes, they become warmer, and the
lowest layer coming into contact with the
warmer surfaces becomes hot. As a
consequence, it expands, ascends, and
becomes unstable. Thus, 1t is converted
into maritime tropical am, resulting in
heavy rainfall.

Condensation

Condensation is the process by which
a substance changes its state from vapour
to liquid. Condensation plays the major
role. in the hydrological cytle by ttans-
forming vapour again into water on the

land and the sea, .
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Precipitation

Precipitation refers to the deposits of
water, either in liquid or solid form, which
reach the earth from the atmosphere.
Therefore, precipitation 1s an integral
component of the hydrological cycle. It
is, in fact, the major step in the comple-
tion of the hydrological cycle both on the
land and the sea. Precipitation includes
not only rain, but also sleet, snow and
hail which fall from the clouds, and dew
and hoar frost. Rainfall is often used
synonymously with ptecipitation to
denote the total amount of water i all
forms deposited on a given area., Hence,
if precipitation 1s slow, even when the
moisture evaporated from the oceans has
been enormous, the efficiency of the
hydrological cycle would be reduced.
Therefore, conditions which are favourable
for precipitation indirectly become very
important in the hydrological cydle,
whether the precipitation is orographic,
convectional or cyclonc,

Infltration and Surface Run-Off

Consequent to precipitation, two proces-

ses start operating immediately, infiltration
4nd surface run-off, each involving some
amount of evaporation too. Infiltration
and surface run-off are both interdepen-
dent processes. Infiltration refers to
the rate at which water (derived from
precipitation) percolates into the soil. Run-
off amounts to the excess of precipitation
over infiltration. Changes m the under-
ground water seepage affect the surface
run-off. The underground seepage isin
itself affected by the surface material, the
slope of the terrain, the nature of the
bedrock, and the'density ‘of vegetation.
The climatic controls ate ‘temperature
and intensity of rainfall,
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Behaviour of the Underground Water

Surface water, after infiltration, becomes

a part of the underground water, which
moves to vegetation, soils, tivers and
oceans, Thus, it 13 again either directly
ot indirectly released n the hydrological
cycle, The last two processes complete
the hydrological cycle in that the moisture
which was once evaporated from a water
body (ocean) 1s returned to it.

It 1s evident that there are certain
essential pre-requisites for the operation
of the hydrological cycle. When heat
and moisture are abundant, as in the
tropics, the hydrological cycle is parti-
cularly active, In dry climate the cycle
becomes slow, while in very cold climates,
the operation of the cycle is highly limited.
Low activity of the hydrological cycle
would naturally cause low rainfall.

Ground Water

Water in its fluid form can penetrate
very minute pores of any materials*and
it is due to this property of water that it
enters the” soil and later the rocks under-
lying, through the minute open spaces left
between different particles of thé material
ot through the openings created in rocks
by faults, fractures, and joints. This
process of water gomng into the ground is
known as mnfiliration. The water -that
has entered the earth's body and occupies
open spaces in the soil or bed-rock is
known ‘sub-surface water. That part of'
the sub-surface water which is held in the
soil within a few metres of the surface is
termed soil water. On the other hand,
that part of the sub-surface water which
1s held 1n the openings 'tn the bed-rock
or 'deep within' the thick layers of trans-
ported overbutden is often referred to as
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ground water.
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Fig. 85. Soil Water Balance

Once having entered the process of
infiftration, the underground water moves
m different ways. Immediately below the
soil water belt, at the top of the bed-rock,
the gravity percolation of water starts.
Water goes deeper into bed-rock upto
the water table under the force of gravity.
At the water table, thereis a movement
of water, going aganst the gravity, which
is known as capillary rise. The smaller
the pores of the bed-rock, the higher will
be the capillary rise.

If the ground watet 1emoves some patts
of the bed-rock and creates some cavities
through which it flows freely making
channels, the flow of water, in the same
mannet as on the surface (3.e., streams), 1s
observed.

The porosity of a rock material refers to
the total volume of pore space present in
a given volume of rock. It stands for the
water-holding capacity of the rock material
and a porous rock does not necessarly

allow water to flow through it.

Another property of rocks 1s the permea-
bility. The permeability refers to the
capacity of a rock to allow water to flow
through it. The pore-spaces, 1f sealed from
the neighbouring ones will not allow water
to flow, and so a rock, although porous,
will not be permeable. Thus to be perme-
able, the pore spaces of a rock need to be
interconnected, It may be noted here
that a permeable rock is always also
a porous one whereas a porous rock 1s
not always permeable.
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Water Table

Below a certamn level which 1s not very
deep 1n the humid regions but very deep
1n the ard regions, all the fissured and
porous rocks are saturated with water
(Fig. 86). The upper surface of this satu-
rated zoneis called the water table,
The water table broadly follows the relief
of the ground and 1s arched up under the
hills (Fig. 87). The zone above the
water table through which water percolates
down to the water table 13 known as the:
zone af aeration or the zone of suspended
water,
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Water m the subsurface behaves diffe-
rently in different types of rock materals
and, consequently, the ‘water table is also
affected likewise. It at some place above
the main body of ground water thete 1s an
impervious stratum 1n the Zome of aera-
tion, some ground water is held above
this stratum and this water 1s known as
the perched ground water. The upper
surface of the perched ground water body
is known as the perched water table
(Fig. 38).

Fig. 88. Perched Ground Water

The water table changes its position in
Tesponse to the changes n the amount of

rainfall on the ground surface (Fig. 89).
During extreme dry weather, the water
table goes deeper. The deepest level the
water table ever attains is known as the
permanent water table, and below itisa
zone of permanent saturation. On the
other hand, during extremely wet weather
conditions, the water table reaches very
near the land surface, and between the
heighest water table and the permanent
water table 1s the zonme of ntermittent
saturation. The zone between the highest
water table and the ground surface is
known as the zone of permanent aeration.

The water table responds to the relief of
the ground above, as has already been
noted, and follows 1t 1n a subdued manner.
The water table changes also as a response
to the changes 1n the permeability of
rocks, because different rocks vary in
their property of permeability and so
display varying degree of their water-hold-

ing capacity.

The ground water is discharged out of
the ground continously, and so the amount
of water stored m the underground
reservoirs, 1f not teplenished, may become
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exhausted after some time. But it is inte-
resting to note that the ground water is
continuously recharged also through the
downward seepage of the surface water,
either from ram or melted snow or from
streams and lakes supplied by rain and
snow. The rain water reaches the water
table after having infiltrated through the
zone of soil water and petcolated through
the zone of aeration,

_ The amount and rate of recharge of the
ground water depends on the ramnfall, its
distribution in space and time, and the
intake facilittes, such as the permeability
of rocks, the structure of area, etc.
Springs : Geological and Topographical
Relationships

‘A spring 1s a concentrated outflow of the
ground water at the surface through an
opening in a rock mass, in the form of a
curtent of flowing water. A spring,
therefore, is found at a place where
there is an acquifer exposed at the surface

ot where an aquifer is overlain by a
previous alluvial or detrital cover. The
water of the springs may be supplied by a
free-moving body of the ground water
controlled by the clope of the water table
(water table springs) : or by the water held
between the two layers of 1mpervious
rocks Imown as confined water (artesian
springs) ; or by the water forced up from
the great depths by other forces than the
hydraulic piessure (geysers, volcanic,- and
thermal springs).

Springs can occur m different geological
and topographical conditions. At places
where the layers of previous rocks are
inclined, water flows down through the
aquifer and ocozes out at a point where the
lower edge of the ptevious stratum meets
the giound surface (Fig. 90). If the
pervious stratum is directly on the surface
and above the water table, the spring
cleated is termed as the perched water
spring. On the other hand, if the aquifer

L}
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has layers of aquicludes both above and
below 1t, the spring in such condition is
called the confined water spring (Fig. 90).
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Fig. 90. Rock Structure and Springs

Some springs are generated at the line of

a fault on the surface (Fig. 91} A fault
may bring some aquifer strata mn direct
contact with the impetvious strata, and
s0 the ground water in the aquifer may be
held up and not being allowed to percolate
down. Such water finds 1ts way out of
the ground at the surface expression of
the fault plane. In such conditions 1if
there 1s 2 low ground below the springs
having poor drainage facilities, there may
develop a marsh just below the line of
springs.

In the rock having a well-jointed
structure, water may enter the rock
through joints and may come out of it at
places where the water table meets - the
‘ground surface or where further percola-
tion is hindered by some tock having no
mterconnected joints (Fig. 91).

If there is a dike, having the impervious
material, exposed at the surface as an
outcrop and has the pervious material on
both sides of 1t, then the ground water
from the higher side may come out 1n the
form of a spring and after running on the
surface of the dike, it may agam enter
the pervious rock below it (Fig. 91),
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In the limestone regions, if the limestone
strata are underlam by the impervious
strata, the ground water, after entering
the limestone and making cavities by
dissolving 1t, makes its way down to the
lower surface of the limestone strata and
comes out of the ground at places where
this surface meets the ground surface in

the form of springs. In some later stages
when a considerable amount of limestone

has been dissolved, these springs may be
converted into limestone caverns (Fig. 91).
At places, springs are found at the
lower edge of the talus conpes and the
landshides (Fig. 91). Water' enters the
loose fragmented materia]l and percolates
down along the surface of the unfractured
impervious bed-rock and comes out as
springs at the lower edges of the loose
material (Fig. O1),

At places where there are deposited
pockets of the pervious material over the
umpervious strata, the water entrapped in
such pockets finds its way out at the
lower edges of the pervious pockets,
resulting in the springs called the pocket
sprmngs (Fig. 91),

Wells-Aquifer wells, Percolation wells
and Spring wells

Wells are man-made excavations. ' These
are made by mechanical drilling or
manual digging 1mto the earth’s surface
in order to extract the ground water
stored in the underground rock strata for
the human use or for irtigating the crop-
fields. Wells can be in the form of dug
pits or they may be in the form of shafts
sunk into the ground up to the water-
bearing strata, as the tube-wells.

~The dug-wells can be of various types,

The spting wells, essentially, consist of a

' hole catried down to the first impervious
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Fig. 91, Formation of Springs

layer of the clay which overlies a layer
of the water-bemmng sand (Fig. 92).
The layer of the clay 1s then pierced
for a smaller hole, and if the sand-
bed below contains water in a sufficient
quantity, there is an 1mmediate tush

of water into the well until 1t rises
approximately above the clay layer. The
layer of the clay left at the bottom of the
well acts as a beam to support the well,
and the clay, being an aquiclude material,
does not allow the water of the well to
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percolat‘e down. Such wells 1 India are
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found in the Pleistocene Terraces m the
Himalayan {oothills and the Ganga Plain,
The spring wells are more or less
permanent suppliers of water and can
withstand long periods of droughts,

The second type of dug-wells is the
percolation wells, which are generally
found 1n the Recent Flood Plains (Fig. 92).
These wells get therr water from the
percolation of the surface water which
finds its way into the wells through the
openings 1n the sides and the base of the
well. These wells are not lined with
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bricks so that supply of water to the wells
is not hindered. Such wells are not
permanent suppliers of water and they
may dry up even during a short spell of
dry weather. The advantage of such
unlined percolation wells s that they
are cheaply constructed ; they can be dug
within a shotrt time ; and they can be dug
near the fields without any particular
difficulty.

The third type of wells 1s the aquifer
wells which are the wells dug to the
depth of the water table into the aquifer.
The level of water in these wells 1s up fo
the level of the water table. Such wells
are permanent sources of water (Fig. 92).

Artesian wells

An artesian well normally gives out
water continuously, the water being forced
upward due to the hydraulic pressure
created due to the outlet of the well
being at a lowet point than the level of
the source of water (Fig. 93). The name
artesian 1s derived from Artois, the French
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possibilities of the artesian flow of water
are found at places where the rock strata
are 1n the form of a synclinal fold and the
layers of the rock are comprised of some
pervious rocks which have the impervious
tock-beds, both above and below it, so
that the water entrapped i the impervious
sttata cannot move out untill some

suitable opening m the adjacent imper-

vious bed is found. Another condition
necessary for the artesian flow 1s that the
point where the aquiclude strata are
outcropping and from where the water
enters the ground, should be higher than
the outlet of the well, so that considerable
hydraulic pressure 1s created so that the
water gushes out at the ground auto-
matically. Greater the vertical fall from
the point of entry to the pomnt of exist of
water, the greater will be the hydraulic
pressure, and so the water will gush out
of the ground with a great force. When
the hydraulic pressure is very great, the
water comes out from the ground in the
form of a fountamn,

Thus, from the above discussion we see
that for an artesian well the following
four conditions are necessary : (i) an
inclined or synclinal aquifer bounded
on both sides by water-tight beds ; (1)
exposure of the aquifer on the ground at
a considerable height so as to create
sufficient hydraulic pressure ; (i1i) a
suficient amount of rtainfall in the
catchment area 50 as to furnish sufficient
supply of water ; and (iv) the absence of
any means of escape of the confined
water except through wells.

A well-known example of an area having
conditions favourable for the artesian
flow is the London Basin where permeable
Ichalbbeds function as an aquifer which
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is enclosed by the London-clay above
and the Gault-clay below- which are
mmpervious. When the first wells were
sunk there, water used to gush auto-
matically to the ground level, but now
due to excessive extraction of water., the
supply of water has decreased and so
pumps have to be used. Conditions
favourable for the artesian flow are also
found in North and South Dacota near
the Black Hulls, in the United States. The
area of Queensland and adjcining new
South Wales ;mm Australia has the largest
artesian basin 1n the wotld. In India, the
porous sandstones of the Himalayan
foothills having synclinal structure provide
very favourable conditions for the artesian
flow. Good artesian conditions are also
found along the Narmada Valley to the
notth of the Satpura range, where aquifer
conglomerate beds ate overlan by the
impervious crystalline rtocks., Artesian
conditions are also found in the Neyvel:
lignite-mining area in the Tamil Nadu
state and also in Pondicherry.

Geyser

The tetm geyser 1s applied to those hot
springs which eject columns of hot watet
and steam at more or less regular intervals
to heights varying from a few centimetres
to hundreds of metres, The term 18
derived from an Icelandic proper name
Geyser meaning gusher ot spouter.

If a person stands near a geyser, he will
observe the following sequence of action
of the geyser during the time period
between two gushes - the water in the
vent is clear m the lulls between two
erruptions and one can see far down into
the spring ; just before a2 hew erruption,
he will see a white cloud rising from the
vent, which 15 a swarm of tiny gas bubbles
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which expand as they rise and near the
surface they become two to five centi-
metres 1n diameter ; and within a few
moments the column of water and steam
is ejected high into the air. This cycle
goes on without break.

The causes of Erruption

The vent of the geyser is filled with hot
water, which 1s charged with hot gases.
At great depth, at the lower end of the
vent, there 1s a reservoir of water which
1s 1 contact with the hot rocks, and the
water here is hotter than that in the vent.
But the water 1n the reservoir is prevented
from boiling because of the pressure
created by the column of water above, As
the water here reaches near the boiling
point, a large amount of vapour ts released
which ascends the vent of the geyser. As
soon as these vapout bubbles reach the
surface, the pressure on the hot water in
depth 1s relieved and the water flashes
violently into a vast volume of foam and
spray, which surges up with an wrresistible
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force, hutling itself up to a height of
about 60 metres (Fig, 94).

Location and Geological Relationship

Geysers are mostly found in regions of
tecent volcanic activity, where the lava
has not fully cooled down at great depths
below the earth's surface. The ground
water coming in contact with these heated
rocis is ejected as hot water and steam.
There ate three regions having a great
number of hot springs and geysers :
Iceland, Yellowstone National Park
(US.A), and the North Island of New
Zealand. Some geysers have also been
reported from Alaska, Kamchatka, Japan,
The Malay Archipelago, Eastern Tibet,
and Morocco,

The water of the geysers and hot springs
1s alkaline, and carres silica in solution
which is deposited on the walls of the
vent and around the mouth of the vent
in the form of a cone. The rocks below
the sinter cover are tecent volcanics and
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are still hot and so convert the ground
watet mto hot water and steam, which
are ejected out through the geyser vent
with a great pressure created by vapour
and expanding hot water.

Surface Phase of the
Cycle

The sub-surface phase of the hydro-
logical cycle starts at the point where
water enters the ground. About 25 per
cent of the avetage amnual rainfall runs
off the surface of the ground, a consider-
able proportion is evaporated, and the
rest about one-half or more sinks into
the ground. The path the underground
water follows varies with the geological
structure of the area concerned. Some
rocks are aquifers, such as sandstones,
whereas othet rtocks, such as shales are
aquicludes. The rocks with mterconnected
joints allowing water to flow act also
as pervious rocks. There is another set of
rocks which affect the flow of the
underground water, They are limestones
and dolomites which dissolve mto water,
and so 1n the place of the dissolved rock
cavities are formed through which the
streams of the underground water flow.

Hydrological

In the regions having the limestone strata,
either exposed on the ground surface or
having a layer of the aquifer above 1t, the
path of the ground water 1s different, The
water charged with carbon dioxide can
digsolve some amount of limestone and
so after entering it makes small cavities
which ate gradually enlarged by the ,action
of the water. If at the bottom of the
limestone bed it 15 exposed to the surface,
the water comes out as springs, On the
other hand if below the lynestone bed
there, agamn, is the aqufer, the water
enters into ‘that and flows as shown
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eatlier.

Ultimately, the sub-surface phase of the
hydrological cycle 1s completed when the
ground water emerges along the lines or
zones where the water table mntersects the
ground surface. Such places often are
channels of streams, floors of marshes,
and lakes or ocean,

Tt is very important to note that water
entering the ground at the divide does not
follow a direct path adhering, close to the
water table, to the pomt of seepage.
Water follows paths which are upwardly
concave, 1he most rapid movement 1s
found near the pomt where the water 1s
discharged into the stream.

Development of Limestone Topo-
graphy (Karst)

The typical limestone topography 1s
named after 1ts occuirence in the Karst
area of Yugoslavia. Kras 1n Yugoslavian
language refers to limestone plateau.
Limestone or Karst topography refers to
the topography of limestone or dolomite
which has been created by the solution
action of the underground water and to
a limited extent by the surface water.
Karst topographic features develop on
both over and under the ground.

Karst topography occurs 1m various
climatic regions. Cuba, Tabasco, and
Jamaica are located in tropical ramy
climatic regions. New Mexico 18 ard.
The Rohtas Plateau in Bihar experiences
monsoon climate. While Tabsco has a
coanstal location, the Mexico Karst region
has an interior continental location.
Kornool, Bastar, Kangra, Jabalpore, and
Solan have landscapes of well-developed
Karst topography.

The Karst cycle operates through under-
ground streams. It 13 controlled in ity
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development by a local base level which
corresponds to the bed of a deeply
entrenched master stream. All changes
in the Karst cycle are related to the
fluctuations of the local base level, The
movement of water is controlled by the
hydtostatic head, .e., the pressure of
water given to it by the difference m
elevation between the pomnt of entry and
the lowest depths to which 1t reaches.

Thete ate four mamn types ol movement
of the ground water seepage : (2) vertical
downward movement, (21) capillary Tise
through nartow pore spaces, (ii2) turbu-
lent flow through large openmgs, and
(1) percolation which 13 a slow movement
through interconnected pores,

Karst topography develaps very well
whete the followmg two essential
conditions are fulfilled : (i) the soluble
rocks are located near or at the earth’s
surface, and (21) the rocks are dense, highly
jointed, and thin-bedded. Two secondary
conditions also favour the development.
They are : (1) the presence of a deeply
entrenched valley of 2 master stream, and
(1) a moderate amount of rainfall.

The basic process of acquirmg material
inthe karst topography 1s solution Of
corrosion. Undissolved material 1s trans-
ported through suspension. This material
causes corrasion Dissolved material 1S
transported through solation. The evapo-
ration of the dissolved material leads to
deposition.

There ate two sets of features of the
karst topography : those doveloped on the
surface of the land and those below.

Features like Lapies, solution pits, sink-
holes, swallow holes, karst lakes, uvala,
polie, karst valley and natural bridges, are
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formed on the surface. Lapies refer to the
highly rugged surface occuring on conside-
rable relief.

A Karst lake is formed by the lateral
colescence of sink holes. Its bed 18 covered
by the impervious mwashed clay,

An uvala occurs on steep slopes, Itisa
very large elongated depression formed by
the convergence of compound sink holes.
A poljeis a very large, deep and elonga-
ted depression. It 1s formed by the block
movement of a limestone block between
two parallel faults. A Karst valley is a
very deep valley. It 1s formed by the
solution process, and occurs in limestone
rocks. A natural bridge represents the
remnant of the roof of a natural tunnel or

Limestone
Cavern

| Stalactite 2 Stalagmite
3 Limestone Column

Fig. 95, Stalactite, Stalagmite
and Limestone Column.

subterranean cut-off. Some characteristic
underground or surface features occur in
limestone caverns. These features include
stalactites and stalagmites. Stalactites are
formed by the slow evaporation of water
containing dissolved limestone and drip-
ping from the roof of the cavern. Stalac-
tite is thus, a column that hangs from the
ceiling downwatds, Stalactites display a
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large variety of forms. Stalagmites are the
columnar features which rise up vertically
from the floor of the cavern. When the
stalactites and stalagmites join, they form
a limestone column (Fig. 95).

Karst Cycle—There are four stages in the
Katst cycle (Fig. 96). The Youthful stage
has surface drainage and there is progres-
sive expanston of the underground
drainage. The mature stage displays lakes,
uvalas, and caverns, Caverns reveal a
multilayered structure.

The late maturity stage is evidenced by a
decline of the karst features. Cavern
streams are now wistble through karst
windows. Arches, bridges, long gorges with
streams, and polje lakes are characteristic
features. The old stage reveals the reappe-
arance of streams and deep entrenched
valleys on the surface. By this time the
entire mass of limestone would have been
removed. Remnant hills and their associa-
ted features are characteristic of such a
landscape,

EXERCISES

=

Define evapotranspiration,

How are springs formed ?

oms WD

How does the hydrological cycle interconnect the lithosphere, the
hydrosphere and the atmosphere ?

What are the main components of the hydrological cycle ?
What are the factors which control the ground water table ?

Describe the stages of the evolution of the Katst topography.
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CHAPTER 21

Ocean Basins and Submarine Relief

he relief of the sea or ocean floor is

as complex and varied as the surface
of the land. The furrows divide the
oceans into elongated troughs and the
transverse ridges subdivide these depres-
sions into a series of basins which are
separated from each other. The tidge and
basin topography 1s th® characteristic
topography of the ocean bottoms.

Ocean and Land

The significance of the oceans to physical
and human geography is ultimately derived
from its vastness. The oceans cover an
area of about 361,059,000 sq. km. which
is 71 per cent of the total area of the
earth's surface. The distribution of the
seas and oceans is highly irregular in
different latitudinal belts, as well as in the
Northern and Southern Hemispheres,
Nearly 61 per cent of the area in the

former and 81 per cent in the latter are
covered by water,

The overall distributional arrangement of
the land and water on the globe is anti-
podal with the Arctic Ocean around the
North Pole and the Antarctica Continent
encircling the South Pole, Also, the great
contmental land masses of Europe, Asia
and Africa are antipodal to the great
oceanic areas of the South Pacific,

Oceanic Water Bodies

There are three major oceanic water
bodies : (i) the Pactfic, (1) the Atlantic,
and (1i) the Indian. Together they comn-
stitute 90 per cent of the total area of
water bodies. The Pacific 18 the largest
ocean, both in surface area and volume,
The main constituents of the hydrosphere
ate : oceans, mter-continental seas, smaller
enclosed seas, and frmging seas
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Oceanic Relief Features

As one moves out from the edge of the
land into water, one descends on to the
continental shelf. This broad, shallow
water Zone containing canyons, submerged
valleys, shelf bars, and areas of terrigenous
deposits, is replaced seaward by the con-
tinenial slope. The continental slope 1s a
steeper zone that gives place to the conti-
nental mise which m 15 own turn 1s
succeeded at far gieater depths by the
deep sea plain o1 abyssal plan. The
abyssal plain containg ndges, hills, sea-
mounts, guyots, deeps, and fractute zones.
Numerous island ares, atolls, coral reefs,
submerged volcanoes, and seascarps create
an enormous varlety on the seabottom
surface, Trenches and troughs abound on
this surface. These divide the basins mnto
smaller wateir bodies and the basins are
separated by the 1idges. The great vatiety
of relief 15 laigely due to the interaction
of tectomic, volcanic, erosional, and depo-
sitional processes. At greater depths,
tectonic and'deep sea volcanism are signi-
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ficant processes.

Ocean basins are some of the deepest
relief features: on the globe. The average
depth of the sea 1s about 3800 metres.
With the echo-sounding method, the
depth of the sea at various locations have
been measured. The extent and the pro-
pottion of the ocean floor at various
depths atc given in the following table :

Depth (metres) Arag ;‘éﬁéi”on (E?EZ::: l:atr‘;f:e)
0—200 26 75
200—1000 18 4’5
1800—2000 13 44
2000—4000 69 235
4000—6003 207 530
above—6000 26 11

The table shows that as much as 82'5 per
cent of the total oceanic area has a depth
of 2000 to 6000 metres. The propottion
of the oceanic area having a certain depth
varies among the three major oceans. The
proportions of the oceanic areas having

-
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Fig. 97. Continental and Oceanic Crust
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depths of more than 3000 metres are 65
per cent, 82 per cent, and 81 per cent,
respectively, in the Atlantic, Pacific, and
Indian oceans. According to depth, the
oceanic bottom comprises of four zomes :
the contmenta?she[f, the continental slope,
the deep sea plan, and the oceamic deep.
The continental shelf is the transition
between the land and the actual sea
bottom and is bounded on the seaward
side by a depth of 200 metres (Fig, 97).
The shelf covers an area of about 26
million squate km, about 7'5 per cent of
the global atea. The continental slope has
an average depth of 200 to 2000 metres
but it covers a small proportion of the
total oceanic surface, only about 8'5 per
cent. The deep sea plain is located at a
depth of 3000 to 6000 metres and covers
about 77 per cent of the total oceanic
area, The oceanic deeps are deeper than
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the deep sea plains. They have depths of
more than 6000 metres. Since they are
linear features, they occupy small ateas.
They are mote strikingly developed i the
Pacific Ocean than anywhere else. Only
about two per cent of the oceanic area 1s
covered by the oceanic deeps.

Submarine Ridges

Submarine ridges ate elongated high
features on the floors of the oceans (Fig.
98). They may be 60,000 km long and
10 km high. The world-wide oceanic
tidge system provides evidence of the
global tectomcs. Along the mdges there
15 the formation of a new ocean crust. It
1s also the line of sea-floor spreading. A
large number of ridges are placed centrally
1n the oceans. At three places they run
into the land, and at several places they
meet or intersect. The most continuous
ridge is the one which tuns all across the
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) Fig. 98. Topographical Features of the Sea Bottom



182

Arctic Ocean., The m11dges have been
formed by various processes : (x) large out-
pourings of basalt along fissure limes,
(12) taising of the crust by the tsmg con-
vection current, (111) thickening and buckl-
ing of the basaltic crust by the downward
movement of the convectton current, and
(iy) formation of new oceanic crusts. The
ridges are erther broad, gently sloping
rises or steep-sided, narrow submarine
mountains.
Abyssal Plans

An abyssal plain 1s located 1n the deeper
parts of the ocean basin (Fig. 97). It is
uniquely flat with a gradient of less than
1:1000. It 1s bounded by the hills on the
seaward side, It occurs in small and large
oceans and 1n all latztudes. The abyssal
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plains are covered by sedimetits, both of
terrigenous and shallow water origins.
Most of the abyssal plamns have been
formed as a result of the burial of the
onigmmal relief by turbidity currents. The
largest abyssal plain of the Pacific occurs
south of Alaska.
Abyssal Hills

The deep sea floor contains also abyssal
hills, sea mounts, and guyots (Fig. 98).
All these features are genetically related.
The hills are formed by tectonic deforma-
tion and volcanism, Sea mounts and guy-
ots are very common in the Pacific Ocean.
The former have sharp and the latter flat
tops. The features rise 3000 metres above
the ocean floor. Both origmated as
volcanoes.

Conﬂnclnral Rise
Daep Sea Trench

Fig. 99—Distribution of Continental Rises and Deep Sea Trenches
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Trenches

Trenches are deep—sea elongated depres-
sions, mostly aligned with contmenta]
margins (Fig, 98). They are highly charact-
enistic of the eastern and western margins
of the Pacfic Ocean where they form an
almost continuous circum—Pacificring. In
the Atlantic, the trenches are located
along the Antilles, Many of the trenches
are associated wrth island arcs (Fig. 99).
There are four types of trenches : periphe-
ral type on the margins of the mam
oceans, marginal sea reversed trench margi-
nal to the Pacific and parallel to island
arcs, transverse or oblique trench which
crosses oceanic ridges or continental
structures, and those which extend parallel
to the first and second types and forming
the double arc system. The deeper trenches
ate more than 10,000 metres deep. The
Mariana Trench in the Pacific 19 the deepest
known with a depth of 11,022 metres. The
trenches are only about 100 metres wide
and more than 1000 km long. The trenches
are the locales of the earthquake foci and
associated volcanic activity.
Basins

A basin is a large depression of a more or
less circular or oval form (Fig. 98). A basin
is a feature which is formed by crustal
deformation. Both large and isolated
basins are known. The basins are tectoni-
cally originated features and have a perma-
nence that runs through long geological
periods. The basins are related to global
tectonics. Even the small, 1solated basms
are telated to diastrophic events occurring
in the adjacent larger basins. The oceanic
floor is also undergoing tectonic changes
and new ocean basins are being formed as
a result of these changes.
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gently sloping sides as contrasted with a
trench which has very steep sides. The
troughs are bordered by contrasted and
longitudinal ridges. They are far more
characteristic of the Pacific Ocean. The
troughs ate very deep, exceeding 8,000
metres. In the Arctic Ocean, the troughs
cut across the continental shelf. Elongated
troughs,are common 1 the Atlantic Ocean
whete they are separated from each other
by tidges.

Toward the sea, from the coastal zone,
extends the continental marginal zone.
This covers about 50 per cent of the area
occupied by the land and 21 percent of
the total ocean area. The continental
shelves, the contmental slope, and the
continental rise occupy 27, 28 and 19
million squate km of the area respectively.

Contwnental Shelf

The continental shelf joins the continental
slope to the land. ltis abelt of shallow
water and is mostly covered by sediment.
The average width is about 70 km and the
mean slope i3 less than one degree. Glacia-
ted shelf, shelf off a large river, shelf with
dendritic valleys, coral teef shelf, and
shelf along young mountain ranges are the
various types of shelves,

The continental shelves cover about 7'5
percent of the total area of the oceans
and 18 percent of the land. Some shelves
are undetlamn by the sedimentary strata,
while others by the igneous and meta-
morphic strata. The shelves have widened
the continents by up to 800 km through
the deposition of about2 km thick sed:-
ment. The rise and the fall of the sea level
during the last 15,000 years have changed
the surface character of the shelves very
much. Barrier beaches, rock dams, and

A trough is along, broad depression having drowned glacial deposits are related to
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these processes. Old beaches and moraines
can also be identified on the shelves. The
shelves are of great use to man., Marine
food comes almost entirely from them.
About 20 percent of the world production
of o1l and gas comes from them. They are
also large stores of sand and gravel. Finally,
the shelves are the sites of productive
fishing grounds.

Continental Slope

The continental slope joins the shelf to
the deep ocean floor (Fig, 97). The average
gradient of the slope is about four degrees.
On the slopes are the best developed sub-
marine canyons. One of the best known
slopes is located off West Florida m the
US.A. There are five types of slopes:
faitly steep with the surface dissected by
canyons, gentle slope with elongated hills
and basins, faulted slopes slopes with
terraces, and slopes with sea mounts.

Continental Rise

The continental rise is a prism of thick-
ened sediments located below the surface
of the contmental slope. At places it is 1'6
km thick (Fig. 97). The rise has a slope of
1° to 6°. The material of the Tise has been
denived from the shelf and slope. The rise
13 a major zone of deposition on the conti-
nental margins during recent geological
time (Fig. 99). On the lower parts of some
of the rises are belts of hills adjacent to
the abyssal plain. Most of the rigse surface
contains deposits brought by turbidity
currents. The contmental r1ses are found
only where the continental margins lie
within the crustal plates. Of the total area
covered by the continental margms, as
much as 19 million square km 13 accounted
for by the contmental tises. All the conti-

nental rises are sepavated from the shelf
by the continental slope.
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Bank, Shoal and Reef

Bank, shoal and teef are the matine
features which are formed through the
processes of erosion, deposition, and
biological activity. They are produced
upon features which may primarily be of
diastrophic origin and are located on the
upper parts of elevations which show the
effects of erosion or deposition.

A bank 18 a more or less flat topred
elevation located i1n the continental
margins. The depth of water over a bank
is relatively small but is adequate for navi-
gation. The Dogger Bank in the North Sea
and the Grand Bank in the North-Western
Atlantic of Newfoundland, are famous
examples. At places, as in the Grand Bank,
the banks are formed by the many hills
of the outer shelf rising nearly to sea level.
During the Pleistocene Ice ages when there
was a fall in sea level, the surfaces of the
banks were glacially eroded : for examgle,
the George's Bank off the eastern coast of
the U.SLA, On the other hand, the
Dogger Bank constitutes the remains of a
glacial morame, The offshore banks are
almost everywhere modified by tidal
streams. In some banks, as in the Bahama
Banks in the West Indies waters, there
are enormous wedges of sediments. The
banks are the sites of some of the most
productive oceanic fisheties of the world.

A shoal is a detached elevation with such
shallow depths that 1t 1s a danger to surface
navigation, The shoal 18 not composed of
a rock or coral. At many places shoals are
associated with banks, In the Dogger
Banks are shoals which are about 18 metres
above their surroundings and only about

20 metres below the water surface at their
crests.

A rteef is a rocky or coral elevation
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having a generally elongated shape. It is
dangerous to surface navigation because
it may extend above the surface. There
are many well-known types of reefs ; fring-
ing reef, barrier reef, coral reef and atoll
reef. The most widespread are the reefs
associated with atolls and formed by the
coral organism, The larg}st batrier teef
extends off the Queensland coast of
Australia, Inits formation 1t is related to
faulting of a peneplain and the activity of
reef-building organisms. Within the reefs
ate flat and shallow areas filled with sedi-
ments. The reef 1s generally 190 km long
and 160 km wide toward the south. The
reef spreads over a platform and is quite
linear in pattetn. The coral reefs are most
characteristic of the Pacific Ocean where
they are associated with seamounts and
guyots. Although reefs are morphological
features, all of them are related to the
highly productive biological activity of the
corals,

Submarine Canyons

Submatine canyons have been known for
a long time as one of the intriguing
morphological features on the continental
shelf and slope. These features occur
around all the coasts of the world. The
submarine canyons are strikingly deep
valleys which have cut the plain sharply.
Many canyons are associated with the
mouths of large tivers, such as Hudson,
Misssisippt, the Yukon, Indus, Ganga,
Congo and Columbia.

Broadly, there are three types of canyons :

(i) small gorges which begin at the edge
of the continental shelf and extend down
the slope to very great depths, (1) those
which begin at the mouth ot a river and
extend over the shelf, and (i) those which
have a dendruitic appearance, and deeply
cut into the edge of the shelf and 'the
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slope. The examples of these three types,
respectively, are the Oceanographer
Canyon in New England shelf, the -Congo,
the Mississippi, and the Indus Canyons,
and canyons off the coast of southem
California. |

Echo-sounding, sampling of the gecologi-
cal cores, remote photogiaphy, current
measurements, etc., scuba diving provide
data for the study of these submarine
canyons.

The largest canyons in the world occur m
the Bering Sea off Alaska. They are
the Bering, Prbilof, and Zhemchug
canyons. The Bering is about 400 km.
long and has a volume of 4300 cubic km,
while the Zhemchug has a volume of 8500
cubic km, It has a depth of 2600 metres.

It has been suggested that the submarine
canyons owe their orgin to subaerial
processes and submarine processes. During
the Pleistocene petiod, geg level went up
and down to the extent' of 100 metres,
When 1t went down, the shelf was exposed
to the river action and other subaerial
processes. Similar effects were produced
when faulting pushed a patt of the shelf
up. On the other hand, marine processes
explain the canyons which extend to
great depths.

It is quite possible that the canyons are
the valleys which have been cut by rivers
and have been, later om, down-faulted to
their existing positions. This process s
supported by the presence of hard rocks
on the walls of the canyons, Along
gome coasts the continental margins have
suffered fracture or bending which has
submerged the river-cut valleys to become
the submarine canyons.

The other process 15 the operation of
tutbidity  currents.. Water ‘containing
sediments hasa higher density than clear
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water. Hence, being heavier, it will flow
down the slope, erode, and will collect
more sediments, Such a self-generating
current is termed turbidity current. Erosion
by turbidity currents along the edge of the
shelf results in the formation of the
submarine canyons.
The Three Oceans

Generally speaking, there oceans are
recognised : the Pacific, the Atlantic, and
the Indian.
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The Pacific Ocean

The Pacific Ocean covers about 30 per

cent of the earth surface. Its average
depth is about 5,000 metres. On the
north, it 1s blocked from the Arctic
QOcean by the Bering Sea, The Pacific
Ocean has more than 20,000 1slands
comprising volcanic, low coral, 1sland arcs,
and contmental types. Many margmal
seas, bays, and gulfs occur along 1ts
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boundaries. The Northern Pacific is the
deepest part of the Ocean basin and has
a large number of deep trenches and island
arcs, Aleutian, Kurile, Japan and Bonm
are the well-known trenches of this basin,
rangmg in depth from 7000 to 10,000
metres. The Central Pacific is full of
islands, most of which are coral and
volcanic 1 origmn, There are a large
number of sea-mounts and guyots and
parallel and arcuate 1sland chains.
The South-West Pacific is about 4000
metres deep and has a variety of islands,
“margmnal seas, continental shelf, and
submarine trenches. The Mindanao
Trench is more than 10,000 metres deep.
" The South-East Pacific contains the
Tonga and Atacama trenches which are
about 5000 and 8000 metres deep respect:-
vely (Fig. 100).

The continental shelf is more characterts-
tic of the western margins of the Pacific,
while its eastern shotes have narrower
shelves backed by the high mountains of
Rockies and Andes. There is now a
central ridge 1 the Pacific Ocean but there
are qute a few swells, plateau, fracture
zones, sea-scarp, cordillera and coral and
barrier 1eefs.

The Atlantic Ocean

The Atlantic Ocean covers an area
of 82 million sq. km which 15 about half
the area of the Pacific Ocean. The most
striking topographic feature of this ocean
is the mud-Atlantic Ridge. (Fig. 101).
If extends from the north to the south,
paralleling the 'S’ shape of the ocean 1tself
and divides 1t into Western Atlantic and
eastern Atlantic parts. The tidge is about
14,000 km long and about 4,000 metres
high. It 1s a broad, fractured feature,
It rises as a series of steps and becomes

PHYSICAL BASIS OF GEOGAPHY

rugged near the crest. On the crest

there 15 a rift valley.

Within the Atlantic Ocean there are
several smaller basins, Adjacent to the
Atlantic are the Caribbean Sea, the Gulf of
Mexico, the Mediterranean Sea, the Baltic
Sea, and the North Sea. North Cayman
and Puerto Rico are the two troughs
and Romanche and South Sandwich are
the two trenches mn the Atlantic Ocean,
By and latrge the Atlantic Ocean lacks in
troughs and trenches which are fat more
characteristic of the Pacific Ocean, On
the other hand, continental shelves occur
all around the Atlantic Ocean. They
valy in depth at places. OR the coast of
Africa, they are 80 to 160 km wide but
off the coasts of North-Hast America
and North-West Europe, they are 250 to
400 km wide. Most of the marginal seas
are located on the shelves. The Hudson
Bay, the Baltic Sea, the Notth Sea,
and the Straits of Denmark and Davis are
located on the shelves.

The Indwan Ocean

The Indian Ocean is bounded on three
sides by Adrica, Asia and Australia, It
has an average depth of 4000 metres,,
There 15 a large variety of islands, volcanic
cones, submarine ridges, submerged folded
mountamns, and coral in otigin, There
are a large number of ridges and basimns.
The most 1mportant divide 15 the Mid-
Indian Ridge which runs along 75°E
meridian (Fig. 102). The ridge starts
from the Maldives and Laccadives
islands and extends south wupto 45°S
parallel. The Mid-Indian Ridges paral- "
leled on the east and west by Hast
Indian and West Indian ridges. West of
the Mid-Indian Ridge are the two large
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basins, Arabian 1n the north and Masca-

To the east are the Bay of Bengal, Central

rene 1 the south.

shooting off from
west are Carlsberg,
South Madagascar

The smaller ridges
the main ridge to its
Seychelles, Maurittus,
and Atlantic-Indian.

Basin, West Australian, South Australian
and South Indian basins. The Sunda
trench located south of Java 1s one of
the few deeps in the Indian Ocean.

EXERCISES

1. Name the most common features of the-aceanic land.
2. How have deep-sea ridges been formed ?
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3, Explarn the chatacteristics and formation of submarine canyons,

4, Describe the salient featutes of the topogaphy of the Atlantic Ocean,

5, Name the topographic features which ate common to all the three
oceans | the Atlantic, the Pacific and the Jndian,

Books for further study

Gulcher, A, Coastal and Submarine Geology, New York : ], Wiley, 1058,
Shepatd, F.D, Submarwme Geology, New Yotk : Harper & Bros, 1948,
King, C.AM, Beaches and Coasts, London : Edwin Amold, 195,

Smell, RJ,, The Study of Landforms, Cambuidge : Cambredge University
Press, 1972,




CHAPTER 23

Ocean Waters and Their Circulation

he temperature of the oceanic waters

plays a significant tole in the move-
ment of large masses of the ocean waters,
their attributes and the types and dis-
tribution of organisms at various depths,

There are two main processes of the heat-
ing of the oceanic waters : absorption of
radiation from the sun and convection,
There ate three principal processes of cool-
ing : back radiation of heat from the sea
surface, convection and evaporation. The
interplay of heating and cooling results in
the characteristics of temperature,

The distribution of tempetature is deter-
mined by the following factors ; the inten-
sity and daily duration of solar radiation,
the loss of insolation m the atmosphere,
the amount reflected from the surface,
salimty, density and atmospheric pressure,

and the heat transmitted back, heat
transfer through evaporation and conden-
sation, invasion of warm or cold currents
ot winds, local weather conditions, the
location of submarine ridges, and the
location and shape of the sea.

Diurnal Range of Temperature

The diurnal tange of temperature, like
the annual range of temperature, is con-
trolled by the balance betvween the insola-
tion and back tadiation. The daily march
of temperature does not strictly follow
the march of daily msolation and 1
affected by cloudmess, stability of ai,
and nature of the sea surface, Inm
the open seas, the dwrnal tange of
temperature is small, about one degree
only. The maximum temperature occurs
at about 2 P.M, and the minimum at
about 5 AM. The sea is anenormous

the heat balance between the heat received body of water. The specific heat of water
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is high. Hence, a much larger amount of
heat 15 needed by the sea to raiseits
temperature than the land. The sea
water does not experience large diurnal
ranges of temperature,

Annual Range of Temperature

The annual variation of the temperature

of the sea surface is also small, only about
1°to 8°C. The smaller, partly enclosed
seas display a higher range. The Mediter-
ranean and the Baltic Sea reveal the
tanges of about 7° and 14°C respectively.
The annual range on the sea surface is
high 1n the lower latitudes, the coastal
areas, the enclosed seas, and the areas
which experience two different types of
water masses within a year. The annual
variation is controlled by four factors :
(3) variations m heat at different depths,
(21) the effect of heat conduction, (iz1) the
effect of convectional currents, and (iy)
the lateral displacement: of water masses.

Surface Temperature

The sea surface temperature is mainly
controlled by latitude. Hence, the sea
surface isothetms are generally parallel to
parallels of latitude., The temperature
decreases with the distance from the
equator. In the Atlantic Ocean, tempera-
tures near the equator and at 70°N
latitude are 26° and 5°C, respectively.
The highest values of the surface tempera-
ture in the oceans, in general, occur to
the north of the equator. The latitudinal
decrease is influenced a good deal by the
presence of warm and cold ocean currents.
Because of the warm Gulf Stream, the
surface temperature of the eastemn part
of the North Atlantic’ m higher latitudes
is more than 5°C, while in other partsin
the same latitudes it is only 2°C.

PHYSICAL BASIS OF GEOGRAPHY

Distribution of Annual Temperatures

Annual temperatures of the sea surfaces
can be studied under the January and July
conditions which tepresent the warm and
cold extremes or the summer and winter
5easons.

January

In January (Fig, 63) for all the oceans,
temperatures are the highest, about 21°
to 32°C, in a latitudinal zone which
extends from 25°N to 40°S. There isa
far greater extent of high temperatures in
the Southern than in the Northern
Hemisphere, Withm this zone, tempera-
tures of 26°C to 32°C occur between 10°N
and the Tropic of Capricorn. The lowest
tempetatures of —45°C occur in the polar
areas of the Northern Hemisphere. The
gradient of decrease in the Northern
Hemisphere is steeper than in the
Southern counterpatt. In the Southem
Hemisphere, the lowest temperatures are
only about —1°C to 10°C, which means
that the higher latitudes of the Southem
Hemisphere are far warmer than those
of the Northern. In the Northern Hemis-
phere, the 1sotherms ate more or less
parallel to the equator. In the Southem
Hemisphere, they are bent toward the
equator near the tropical areas, but in the
higher latitudes they are parallel to the
partallels of latitudes, The configuration of
the 1sotherms 1s controlled by the presence
of warm and cold ocean currents, shape
of the oceans, shape of the continents,
and the distributional pattern of the
oceans and continents, FEasily, the most
important of these factors Is the ocean
currents.

July .
In July (Fig. 64), the latitudmal belt of

f
/
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the highest temperature of 20° to 32°C
extends from about the Tropic of
Capricarn to about 40°N latitude. The
highest temperature of more than 32°C
occurs in the Red Sea, In the Northern
Hemisphere, the 1sotherms are more
irregular than in the Southern and are bent
toward the north pole. In the Southern
Hemisphere, the isotherms are generally
qarallel to the parallels of latitudes, as is
observed for winter conditions. Here, the
isotherms have more or less an equal spac-
ing revealing a umform gradient, but stee-
pet than in the Northern Hemisphete. The
minimum temperature of —1'1°C occurs
in the southern parts of the Atlantic and
the Indian Ocean along the parallel of 60°S
Jatitude, In the Northern Hemisphete, the
minimuym temperature of about 4°C
occuts north of the Arctic Circle. Along
the north-western coast of Europe and
south-western coast of Africa, the 1so-
therms bend toward the pole and toward
the equator, respectively. This is related
to the Benguella cold and the Gulf Stream
warm current.

Thermal Anomalies

The difference between the average tem-
perature of a place and the average
temperature of the parallel on which it 1s
located is called the thermal anomaly.
The lines joming the places having the
same anomaly values are termed isanomals.
The anomaly is mostly due to the presence
of the cold and warm currents. There are
two types of anomalies : positive and
negative. The positive anomaly is related
to warm currents and the negative to
cold currentas.

Subsurface Temperatures

The sutface of the sea watet receives the
largest amount of 1solation. As the
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Tays penetrat2 the water, their strength is
reduced by scattering, rteflection, and
diffusion. Hence, there is a decrease in
the iemperature with the increasing depth.
Up to adepth of about 100 metres, the
temperature of water is about the same
as that of the surface. The rate of
decrease m the temperature jsu ot equal
at all depths. While it falls from about
15°C to about 2°C between the surface
and a depth of 1800 metres, the decrease
between 1800 and 4000 mettesis from
9°C to about 1'6°C. The rate of decrease
1s not the same at the equator and the
poles. At the equator, it is greater than
at the poles. Upwelling of water, sinking
of dense sutface water, regional higher
insolation, and submarine barriers influence
variations in the sub-surface tempetature.
of these, the most important factors are
the cold and warm currents and the
submarine topography.

Salinity

The oceanic water contains a large number
of dissolved salts. These salts result in
the property of salinity. The average
salinity of the oceanic water 1s about 35
per thousand which means that in 1000
grams of this water there ate 35 grams of
galts. The value is smaller where large
tivers meet the sea, but very high i the
closed seas, such as the Red Sea.

Salinity determines, among other fea-
tures, compressibility, thermal expansion,
temperature, density, absorptton of insola-
tion, | évaporation, and humidity. The
amount of salinity also greatly influences
the composition and movement of the
ocean waters, the distribution of sea fish,
sea ahimals and plankton, The salts in the
oceanic waters are ultimately derived from
the earth's crust. Sea waves and rivers
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erode the crustal rocks and dissolve their
constituents and add them to the oceanic
waters,

Distribution of Salinity

The distribution of salimty has two
aspects : (i) horrzontal, and (i1) vertical.

The amount of salinity vaties in different
areas of the oceans. These variations are
controlled by evaporation, precipitation,
river ‘water, atmospheric pressure and wind
ditection, and movement of the sea water.

Broadly, the stiength of these factots
decreases from the equator toward the
poles. Hence salimty also decreases in
the same direction. The wmaximum
salimty occuts between 20°N and 40°N
and 10°S and 30°S. Here, salinity 1s 36
per thousand. Near the equator, the

PHYSICAL BASIS OF GEOGRAPHY

rainfall is much higher than evaporation,
hence salinity is low. In the lower middje
latitudes, salinity decreases between 40°N
and 60°N and 40°S and 60°S. In the polar
areas, salimity 1s low because of the addi-
tion of water by the melting of the ice,
There is Iittle difference mn the amounts of
salmity mn the Northern and Southern
Heomushphetes. The shightly higher value
(35 per thousand) of the Southern Hemis-
phere 1s due to the abundance of the
ocean waters, (Fig, 102 and 103.)

Along the coasts, salinity is lowered by
the addition of fresh water. In the open
seas, the ocean currents, precipitation and
evaporation account for the differences in
salmity, Partly enclosed seas in the middle
latitudes have a very high salinity because
of large evaporation. The North Sea has
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higher salinity than the Baltic Sea because

the addition of fresh water in the former
is less.

Regional Distribution

The regional distribution of salinity refers
to the salmity patterns of the oceans : the

Atlantic, the Indian, the Pacific, and the
Indian seas and lakes,

The average salinity of the Atlantic
Ocean is about 36 per thousand. 'The
latitudinal variations 1 the amount of
salinity i this ocean and those of the
oceanic waters in general are practically
stmilar. In the higher latitudes, saline
watets are brought by the Gulf Stream
warm current to the eastetn parts of the
North Atlantic. Along the coasts of Gulf
of Guinea (West Africa) cold water up-
wells and reduces salinity. In the western
patts of the higher latitudes, salimity 1s
low. In the Mediterranean Sea, evaporation
is greater and, hence, salinity is high ; mits
eastern parts, salinity 1s 39 per thousand.
In the Indian Ocean, salinity is low (35
per thousand between 0° and 10°N. Itis
low in the Bay of Bengal and relatively
higher 12 the Arabian Sea. In the southern
part, maximum salimity occurs 1n waters
west of Australia due to the trapical dry
climate conditions. The Red Sea and the
Persian Gulf have high salinity, In the
mner parts of. the Red Sea, salimty is as
high as 40 per thousand.

In the Pacific Ocean, maximum salinity of
35 per thousand occurs between 15° and 20°
latitudes, north and south of the equator.
In the higher latitudes i the western
parts, salinity 1s reduced by the addition
of fresh water from the melting ice and
cold currents and by the disappearance of
the warm XKuroshiwo current. Similarly,
lower salinity occurs in the lower lati-
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tudes in the eastern parts where it is due
to cold currents.

Salinity i the inland seas and lakes is
generally hugh because evaporation is
higher than precipitetion. The calinity
values of the Great Salt Lake in Utah and

the Red Sea are 220 per thousand and 240
per thousand 1espectively,

Sub-sus face Salimty

In general, salimity decreases with the
increasing depth. This decrease varies
greatly with latitude. But the decreaseis
also influenced by cold and warm currents.
The rate of decrease is highly vatiable in
the North and South Atlantic Oceans,
In high latitudes, salimty increases with
depth. In the middle latitudes, 1t increaes
up to about 35 metres and then decteases.
At the equator, the surface salinity is
lower.

Movements in the Oceanic Waters

The ocean water experiences three types
of movements : waves, currents and tides.

Waves
The ocean waves are the oscillating
motion of the sea surface. This 18 indi-

cated by the rise and fall of the level of
water. The waves are formed by the
friction of the wind agamst the surface of
water (Fig. 104). Once the surface 1s dis-
turbed and its form 13 changed, there1s a
push against the rtear, suction over the
crest, pull at i1ts front, and vertical comp-
ression m the trough (Fig. 104,) There four
processes of the wind creat the wave
which 1s more a form of the water surface
than movement. There 1s negligible for-
ward movement of the water,

Every wave has a wave length, wave
velocity and wave period. Wave length
1s the distance between two adjacent
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crests or troughs. Itis influenced by the
depth of the water, the velocity of the
wind, the duration of| the wind, and the
bottom topography. Where the water is
deep, the winds are fast, the winds blow
over a long. period, and the bottom does
not interfere with the undulatory move-
ment of the water, the formation of waves
is unrestricted and full. Wave weight is
‘the weight of the crest from the base

(Fig. 105). The maximum wave height is
about 16 metres. The waves are higher
where the winds blow over a long period,
the wind velocity 13 high, and the extent
(fetch) of the water over which the wave
form advances. Wave period is the time
taken by two consecutive crests to pass
any reference pomnt. In Fig. 106 the
wave velocity is 100 metres per half an
hour and the wave period is half an hour.
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I0-30AM

Fig. 106, Wave Velocity
There aretwo types of waves : (i) the
wave of oscillatiop or the transverse wave,
and (ii) the wavé of translation ot the
longitudinal wave. The transverse wave
develops in deep water. It has a free
otbital movement. The ctrcular move-
ment of water particles is actually their
oscillation which is transverse to the
direction of the wave movement, Move-

ments are forward on the crest, upward
on the front, backward in the trough,
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and downward at the back (Fig. 107).
There is a slow but small movement of
water 1n the direction of the wave move-
ments, The movement on the crest is
mote tapid than in the trough. Also, the
mass movement of water is larger m high
than in low waves.

In the longitudinal waves when the
water moves forward, there is no compen-
satory backward motion. The patticles
move m the direction of the waves. It
is a single wave. On the surface, the
movement of the particles is parabolic and
at the bottom it 1s in straight lines.
Longitudmal waves are formed from
transverse waves when they break in
shallow water. In shallow water, the
orbital velocity decreases. Along with it
decreases the wave height. There is lack

of water at the base. A curl 1s formed
at the ‘crest. When the curl breaks,
it changes to surf. This is also

termed the swash or the wave of transla-
tion. The return movement to the sea is

' Direction of Particke Oscillation

T Direction of Wave

—>

. Fig. 107, Transverse Wave ‘
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termed the bachwash.

Work done by different waves and their
constituent movements 1s of different kind.
Longitudinal waves move material forward
on the sea bottom, and, thus, they do
a large amount of geologic work,
Swash or uprush or surf moves the sand
and gravel toward the land on the heach.
The backwash syeeps the sand and gravel
toward the sea. The transverse waves set
up osallations which damage jointed
structures. The  resulting  altemmating
increase and dectease of pressure pull
away jomnted blocks.

Currents

In terms of their significance, both in
physical and human geography, the ocean
curtents are the most important of the
movements 1n the oceanic waters. Unlike
the waves in which there 1sa change
merely of the shape of the water surface,
in the currents there1s an actual move-
ment of the water over great distances.
The oceamic currents are imtially classi-
fied mto surface and sub-surface currents.

The oceanic currents can be classified on
the basis of thetr otigin and temperature.
According to therr origm, the ocean
currents are of three types : (1) longshore
or littoral currents, (2i) undertow currents,
and (1i2) 1ip curtents. Longshore currents
are produced by two processes : (1) when
the waves bteak obliquely against the
shore and change nto longshore curtents,
and (i1) when after impmnging on the
shore, they change their ditection. In
bath the cases, the curtents begin to move
parallel to the shore. When sand is
moved parallel to the shore, 1t 1s termed
longshore dnifting, Undettow currents
are the seward movements of the water,

PHYSICAL BASIS OF GEOGRAPRY

Rip currents are localised streaks of
seaward returning watetr.

Warm and cold cutrents are more well
known m geography. The origin and
nature of the movement of these currents
are related to four sets of factors (1)
factors related to the earth's rotation:
gravitational force and force of deflection,
(1) factors originating outside the sea:
atmospheric pressure, winds, precipitation,
evaporation and 1nsolation ; (i) factors
originating within the sea : pressure
gradient, temperature difference, salimty,
density, melting of ice, (iv) factors modi-
fying the ocean currents: direction and
shape of the coast, seasonal variations
and bottom topography.

As a result of the interplay of these
factors, the curtents reveal the following
characteristics. In the Northern Hemis-
phere, the currents move to their right and
in the Southern, to their left. This is due
to the effect of the Coriolis force ot
deflective force and follow Ferrell's law,
‘Warm curtents move toward the cold
seas and cool cutrents toward the warm
oceans. Cold dense waters near the sur-
face occur m the middle latitudes on the
western shores of the continents. Cold
watets of lesser density move nto the
warmer oceans along the eastern coasts of
higher latitudes. In the lowerlatitudes,
warm currents flow on the eastern shotes
and cold on the westetn shores. In the
higher latitudes, warm currents move
along the western shores and cold currents
along the eastern shores. Convergences
along which the warm and cold waters
meet and divergences from which they

move out in different directions also
control the currents.

Surface Currents of the Oceans
The world pattern of the ocean currents |
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comprises those of the Atlantic, the
Pacific, and the Indian Ocean (Fig. 108)

» To Moon

Fig. 109, Formation of Tide

In the Atlantic Ocean, the mgre impor-
tant of the warm currents ate the Gulf
Stream, the North Equatorial Current,
the South Equatorial Current, and the
Brazil Current. The cold currents include
the Labrador Current, the Canary Current,
and the Benguella Current. Both in the
North and South Atlantic QOceans, there
are glant crculations of warm currents
between the latitudes of 10° and 40°

Tn the Pacific QOcean, the important warm
currents are the Kuroshiow, the North
Pacific, the North Equatorial, the South
Equatorial, and the Equatorial Counter
Current. The cold currents include the
Peru, California, and Alaska curtrents.
There 1s a glant circular movement of the
warm current 1n the North Pacific Ocean,

ln the Indian Ocean, the South Equa-
torial and the South-west Monsoon ate
the mnotewotthy warm _ currents. The
West Wind Drift, which 1s a cold cutrent,
flows west to east 1n the higher latitudes
of 40°S and beyond toward the south
pole. There are rtegional cutrents, such
as the Agulbas, the Mozambique, and the
West Australian. The Indian Counter
current flows immediately south of the
equaror, while the warm Equatorial
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Current between 10° and 20°S. There is a
reversal of the cutrent of the Indian Ocean
due to the influence of the monsoons. In
winter, the circulation of water, in the
northern part of the Indian Ocean is
counter-clockwise, while in the summer
1t is clockwise.

The currents not only flow at the surface
of the sea water, but also underneath it.
Such curtents are caused by the differences
m salimty and temperature. For example,
heavy surface water of the Meditetranean
Sea smnks and flows westward past Gib-
raltor as a sub-surface current.

Tides

Tides ate the thythmic rise and fall of the

water in the oceans, The sea level forms a
smooth curve with alternating maxima
and mintma, and the character of the
surface 15 wavelike. Tides are produced
by the attraction of the moon and the
sun on the earth. Because the positions
of these two heavenly bodies change with
veference to the earth, the tides generated
are of a complicated character and of
different types. '

The earth has uniform depth of ocean
water covering it. The part at A bemng
nearest to the moon is the most strongly
attracted by 1t. At B, the attraction of
the moon is weaker and atGC, it s the
weakest. The attraction of the moon
decreases from A to C. 'The earth deve-
lops a tendency to be pulled apait. The
ocean watet at A pulls away from the
earth and the eatrth pulls away from the
ocean at C. Since water 1s flued and free
to flow, it moves toward the centres at
A and C. These bulges of water are
called the tides (Fig. 109).

The moon whosc attraction produces
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Fig. 110. Formation of Spring and Neap Tides

the tides revolves around the earth. But
the earth with the moon tevolves around
the sun. ‘fl"hus, in the formation of the
tides three forces operate jointly or in op-
position ; the attractive force of the earth,
the attractive force of the moon, and the
attractive fotrce of the sun.

There are two tides of a special occutence:
the spring tide and the neap tide (Fig 110).
The spring tides are of an unusually great
range. They occur about. twice every

month, at new moon and full moon. At
new moon, the sun and the moon ate in
conjunction and the jomt attraction of
the two bodies 1s very great. At full
moon, the sun and the moon are in opposi-
tion and again the rise of water is great,
In the first and the third quarter, the
attraction of the sun and the moon tends
to balance each other, The tides produced
are of an unusually small range and are
termed neap tides,

EXERCISES

B

of temperature in the oceans.

o

the oceans ?

CD“-]'G\(JII-P‘-OJ

Discuss the factors which control the vertical 2and hotizontal distribution
How do the ocean currents mnfluence the distribution of temperature n

. What 1s meant by the isoanomalous temperatutre of the sea water ?
How 1s salt formed in the oceans ?

Describe the distribution of salinity in the oceans.

Name the main types of waves and explain the modes of theit origin.
Discuss the salient features of the ocean currents of the Atlantic Ocean.
How are tides formed ? Describe the formation of spring tides.
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Books for Further study

Sverdeup, KV, Oeeanogrphy o Metordogics, New York: Progt
Hali, 194,

Svedrup, KV, The Oceans, New Yotk Prentice-Fal, 1040
King, C.AM, Oceanogranhy, London: B Amold, 1975,



CHAPTER 23

Marine Flora, Fauna and Deposits

he marine environment has a large

vatiety of flora and fauna of all sizes.
The matine envitonment 1tself 1s variable
in properties, It has two mamn divisions ;
pelagic and benthic (Fig. 111). The
formet imncludes the entire mass of water,
while the latter includes all of the ocean
floot. The pelagic diviston 15 subdivided
nto meritic and oceanic provinces, hoti-
zontally. The two provinces are separated
by a depth of 200 metres which corres-
ponds to the edge of the continental shelf,
The nertic waters have a depth of less
than 200 metres, Jow salinity, less turbu-
lent motion, more of plant nuttients, and
latge quantity of diatoms. This 15 the
region of greatest importance to marine

life m general, It 15 the natural habitat
of the fish.

The oceamc province has a depth of

more than 200 metres. Ithas an upper
lighted zone and a lower datk wone with
their boundaty at a depth of 200 metres.
Broad, spatial expanses and great ranges
of depth areLthe main characteristics of the
oceanic province. The watet 15 transparent
and has no sediment of terrestrial origm,
Its salinity is low and 1n its upper layer,
plant nutrients occur in small quantity,

The benthic division comptises two
systems : littoral and deep-sea. The two
systems are separated by a depth of 200
metres. The littoral 15 characterised by
the bigh and low tide levels, Here live
isopods, gastropods, crustaceans and
fishes. Thete 15 plentiful primary foed fot
animals, The benthic womes have uni-
formly low temperatures, 5 to —1°C,
and have persistent darkness. Catnivorous
animals are qute common. Sedimentary
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deposits here - are—terrigenous deposits,
organic or pelagic oozes, and red clay.
The amount of pelagic food for amimals
decreases with the increasmg distance

from the coast, Red clay at great depths
15 the poorest.

Marine Vegetation

The matine vegetation is chatacterised
by a limited variety., Algae, thallophyta,
and the higher plants are quite common.
Algae are primitive plants m which the
body shows little or no differentiation of
vegetative organs. There 1s no true root,
stem, or leaf, The algae aie beautifully
colouted. Blue-green, gieen, brown, red,
and yellow-green algae have been 1denti-
fied. The first four are attached plants and
the fifth 15 a floating variety. The smaller
algae are epwphytic, growing on other
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plants, and epizoic,” growmmg on amimals,
The larger algae occur on tocky reefs in
bands, some distance from the shore.

The blue-gteen algae are smal¥ plants,
some ot which have only onec cell and
some have many cells. Ths type occurs
m fresh and brackish watets as well as in
watrm waters,

The green algae derive their pigmentation
from chlorophyll. 1t occurs mamnly m the
uppet littoral zone, especially in the Jower
half of the tidal zone. Its habitat 1s well
lighted, The fresh water algae are most
closely related to green algae, The green

algae are most abundantly found 1n the
Warm seas.

The btown algae occur almost wholly in
the sea. Brown seaweeds are included in
this type. Stuking oflshore growths of

Sea
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Neritic Province
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Benthic <L*"°"°| Syslem
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Fig. 111, The Principal Division of Marine Environment.
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this type of algae are termed kelp beds
which include giant seaweeds, These form
marine forests on which feed myriads of
neritic fish. Kelp beds are also harvested
for tommercial products. The brown
algae display a great range of size and
sttuctuie and are the most advanced of
all thallophytes. The brown algae are
1deally suited to cooler waters and occur
m tocky coasts of higher latitudes, Some
varieties, such as sargassum, occut in the
tropical and sub-tropical regions.

Almost all of the red algae are marine.
They are very beautiful and iridescent.
The ted algae are small in size, have a
large vauiety of form, and are numerous.
All are multicellular, These algae are
distributed very widely but are most abun-
dant in the temperate seas. They need
subdued light, Their most luxuriant
growth takes place in the subtidal zone.
They form crusts on tocks in the littoral
zone,

Yellow-green algae are both plants and
plant-like animals and are mainly floating
forms. They include diatoms, dinoflagel-
lata, phaeocystis, halosphaera, and
silicoflagellates, Of these, the most widely
occuring are the diatoms.

The diatoms are microscopic in size and
have a unicellular structure. All the
diatmos are covered by shells, The shells
are siliceous sediments and have formed
enormous fossil deposits of the diatoma-
ceous earth, In the economy of the sea,
the diatom plants are the most important.
The diatoms grow in the littoral zone as
benthic forms or are attached to plants
and animals.

The angiosperms or the flowering plants
comprise the higher plants of the sea.
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They do not onginate locally in the sea
but are brought in by the fresh-water
movements, The angrosperms are imporI-
tant 1n parts of the sea where they provide
detrital good for the marine animals,

The most stttlkung chatracteristic of the
sea animals 1s their endemism, 1.e., they
are specfic to patticular areas. Many
species of the marine animals live together
1n the same area. The ecological range
of most of the marme animals is rather
limited.

Faunal bivisions

There ate two btoad faunal divisions :
the epipelagic fauna of the continental
shelf and the bathypelagic fauna of the
deep ocean. The divisions are separated
by the outer edge of the continental shelf.
The epipelagic fauna ave greatly influenced
by temperature. There are fewer species
m the higher latitudes than n the lower
latitudes. Coral reef and mangrove swamp
communities are two impottant ecological
groups 1n the nernitic tropical waters, Very
rich'fauna are characteisstic of coral reefs.

There are three primary ecological groups
of the marine animals: benthos, nekion,
and zooplankton. The benthos are the
animals of the sea floor. The nekton con-
stitute the swimmimng ammals, and the
vooplankton refer to the floating animals.

The benthos group 1s subdivided into two
types * the animals of the littoral zone
and the ammals of the deep sea. ln the
littoral zone, the supply of food for
animals 1s very large. Hence, there is a
great variety as well. Limpets, chitons,
mussels, barnacles, corals, tube worms,
hydroids, sponges, and anemones are the
members of the sessile or immobile group.
Free-moving members include sea urchins,
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molluscs, corals, crabs, fish, and muddy
bivalves. The littoral fauna reveals a
horizontal groupmg as well : arctic,
antarctic and tropical. Those living on
the sea-bottom are termed demersal.

The deep-séa benthos comptise two
groups on the basis of depth : upper archi-
benthic fauna (continental deep-sea fauna)
and lower-abyssal fauna, the dividing line
bemng a depth of about 1000 metres. The
ammal life 1n the deeper sea is endemic
because these antmals can endure depth
and cannot live in shallow waters. The
number of species 1s small. The mud-
1sopods, shrimps, sponges, hydroids,
tunicate and crinoids are common.

The nektons or the swimmmg animals
are those which can swim against currents
and waves with the help of their organs,
They have sharp shape and are covered
with slime. Adult fishes, squids, whales,
dolphins, seals and crustaceans form this
group. They occur all over the pelagic
region and are both nernitic and oceanic.
The amimals are migratory and roam
through vast distances searching for their
food. Salmon 1s a typical example of such
migratory animal. Whale 1s a marine
mammal which travels over long distances.
Squids are the only invertebrate in this
group. Pelagic prawn, otters and snakes
also belong to the gtoup. The nektons are
of great significance to man because of
their following charactenstics : (3) large
size of individual members, () tendency
to form schools, (222) commercial value as
food, and () commercial value as oil,
All the swimming animals, fish, are termed
pelagic,

Zooplanktons, the floating animals,
depend for their food on phytoplankton,
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These include tintinnids; radiolartans, for-

aminifera, copepods, ostracods, euphausids,
amphipods, jellyfish, siphonophores, mollu-
sca, and the pteropods. Different kinds of

floating animals require different condi-

tions of temperature and salimty. These

animals have the habit of vertical migra-

tion, sinking down 1 the day and climb-

ing up m the night. The floating ani-

mals have a patchy distubution. Some

fish and other marine cieatures feed

directly on the zooplankton. In Japan,

zooplankton is used to feed rambow trout

and as a fertilizer and m Norway as bait

and food for trout and salmon. Zooplank-

ton also includes many larval foims, such

as eggs and larval stages of benthic and

nektonic amimals,

Marine Deposita

Marine deposits comprise the sediments
which have been produced by the conti-
nuous wearing of rocks, and include the
remains of plants and animals of the ocean
floor. The study of the marime sediments
is very important for the understanding
of most of the rocks exposed at the sur-
face of the earth. These rocks were once
laid down undert the sea.. More knowledge
of the histoty of theearth s also gained
from the study of the marine sediments.

On the basis of their ongm, the sedi-
ments can be classified under six groups :
(1) detrital material, of immediate terrige-
nous origin, (i2) products of subaerial and
submarme volcanism, (211) skeletal temains
of organisms and organic matter, (1) in-
organic precipitates from the sea water,
(v) products of chemical transformations
taking place in the sea, and (vi)extra-
terrestrial matetials,

The first comprises broken material
derived from the sedimentary and igneous
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tocks of the immediate land. Breaking
through mechanical processes and decom-
position through chemical processes results
in the formation of these sediments,

Subaerial and submanmne volcanoces throw
out lava. The lava of subaerial volcanoes
is mechanically and chemically weathered

and then transported to the sea by atr and

running water, The volcanic matemal is
deposited over a large area. Lava frag-
ments, volcanic glass, pumice and mineral
grains form the unchanged volcanic mate-
rial. Submanne volcamsm leads to the
formation of the volcanic oceanic islands.

The marine organisms have hard skeletal

structures.  These mainly comprise
calcareous and silliceous materials. The
skeletal structures are changed mto sedi-
ments by mechanical and chemical proces-
ses, The benthic animals constitute a
large proportion of the calcareous sedi-
ments. Plant temains also contmbute a
large share to these sediments.

Inorganic precipitates are formed by the
solution of some substance when the
amount of the substance is very large and
cannot be dissolved any further. Precipi-
tation also results from evaporation in
lagoons and closed seas. Calcium carbo-
nate, dolomite, iron and manganese oxides,
phaosphate, banite, pyrite, and ferrous sul-
phide form the mam inorganic precipi-
tates,

Products of chemical changes taking
place 1n: the 'sea are those substances
formed by the interaction of the sea water
and =olid particles. Glauconite, phospho-
site, feldspar, philliosite and clay minerals
are some ot the examples.

Extra-terrestrial materials are small black
and brown crystalline particles found in
the red clay. The particles are either of
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iron or iron alloy but are very rare. Mos
of these substances have been derived
directly or indirectly from many meteorites.

The martine deposits can be subdivided
into two mam groups : pelagic and terrige-
nous. The pelagic deposits ate found m
deeper water, far from the shote and may
be either organic or inorganic in origm,
The tertigenous deposits are found near
the shore and contain some coarse material
derived from the adjacent land.

The pelagic deposits are classified mnto
two groups : inorganic and orgamec. The
morganic group 1s represented by the red
clay. The organic deposits comprise calca-
reous and siliceous oozes, Calcareous oozes
contain globigerina, pteropod, and cocco-
lith members. Siliceous oomes ate consti-
tuted by diatom and radiolaria oozes.

The terrigenous deposits include sand,
silty sand, sandy silt, silty mud, and
clayey mud, Both organic and inorganic
terrigenous deposits have been identified.
The formaniferal, coral, and diatomaceous
deposits represent the former. The glacial
volcanic, and micaceous jepresent the
latter,

The red clay i1s the predominant type
of the pelagic deposit. It covers a
total area of 102 million sq. km., which is
about 38 percent of the oceanic area
About half of this area 1s concentrate
1 the Pacific Ocean. The red clay occurs
at average depths of about 5000 metres.

Inthe chemical composition of the red
clay, the two most important components
are silicon and alummium dioxides having
proporttions of 54 percent and 16 percent,
respectively, The red clay also contains
iron, manganese, phosphorus, and
radium.

Qozes contain more than 30 percent of
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material of orgamic ougin. Calcarcous
Oozes contain more than 30 percent calcium
carbonate. Globigerina ooze 1s related to
pelagic forammnifera and pteropod ooze
contains shells of pelagic molluscs. Cocco-
lith ooze contdins a large number ot cocco-
liths and rhabdoliths.

Siliceous oozes contain a large propot-
tion of siliceous skeletal material produced
by planktonic plants and animals. Diatom
oozes are produced by plankton plants.

Radiolarian oozes are produced by plank-
tonic animals,

According to their location, the matine
deposits can be classified into three
groups ; ccntinental or terrigenous, neri-
tic and pelagic, The first mcludes the
Iittoral, shallow-water, and terrigenous
mud deposits, About70per cent of the
deposits consist of quartz, Littoral depo-
sits consist primarily of boulders, gravel,
sand, and mud. Mollusca, crustacea, and
echinoids are found mixed 1n this material.
Shallow-water deposits consist of boul-
dets, gravel, sand and occur from the
shore up to depths of 600 metres. The
material 1s mostly derived from land, vol-
canic eruptions and organic calcareous
detritus. Terrigenous mud occurs beyond
a depth of 600 metres and mclude blue,
ted, and green mud.-

The meritic deposits contain organic
shells and skeletons of various animals
and plants occur up to depth of 300
metres. Deep-water neritic deposits occur
arround the occeanic islands, Here, coral
formation is specially important.

The pelagic deposits cover about 75 per-
cent of the oceanic area. Benthos, nekton
and plankton produce the pelagic deposits.
The red clay is an inorganic pelagic
deposit. “
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Corals

Coral reefs are masses of limestone and
dolomite, These ate accumulated by coral
polyps. The corals are cemented by solu-
tion and calcareous sand. The reefs are
essentially the temains of calcareous
organisms and algae.

Coral polyps need, for their growth, a
temperature of about 20°C. They live
within depths of about 80 metres where
sunlight 1s abundant. The corals need
sediment-free, clear water. Both fresh
water and highly saline water are harmful
to the growth of the corals, Coral reefs
grow on a submarine bench or a platform.
The benches and platforms should have
depths of within 300 metres located
along the continental shores and islands
in open seas. Living corals occur in depres-
sions or toward the outer margm of the

' reef into the open seas. Most coral reefs

were formed on the sea bottom when it
was at a higher level or the sea surface
was lower than at present.

Three types of teefs have been recog-
nised : (i) fringing, (11) barrier, and (ii3)
atoll, on the basis of their characteristics
and mode of occurrence (Fig. 112).

The fringing teef 1s a belt of reef that
grows around 1slands or along the coasts.
It grows from the deep sea bottom. Its
growth is checked along the mouths of
large rivers. The fringing reef is-a marrow
belt. Its seaward edge is higher than the
landward portions, The surface of the
reef is rough and 13 located above the level
of low water. The waves deposit coral
fragments and form a boulder zone which
is called reef flat. The reef is closely
attached to the coast and the island. One
can, therefore,climb up the slopes of . the
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Major Subsidence

An Atoli

Fig. 112, Ty pes of Reefs

island directly from the frnging reef.
The living corals do not extend outward
because of the sudden and large increase
of the depth. The fringing reefs occur in
the New Hebrides, Soctety Islands, and
off the southern Florida Coast. Near
Rameshwaram 1n south India is to be
found a fringing reef.

The barrier teef 15 the largest of the
three types. It develops on & coastal
platform. It i1s formed by the accumula-
tion of corals of various sizes. Boulders,
coral debris and sand deposits occur on

the surface. The essential characteristic
of this reef is its distant location from the
coast: or the island. There 1s a shallow
and broad lagoon that separates the
bartier 1eef from the island. The island
experiences mmotr subsidence, ‘while the
coral reef has built itself up. The barrier
reef is very thick, Its base extends below
a depth of about 180 metres. It has very
steep seaward slopes and a width of
several kilometres. Small channels <ut
across the barrier connect the lagoon
with the open sea. Along the coasts, its
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length runs hundreds of kilomettes. The
most extensive of all the barrter teefs is
the Great Barrier Reef of Australia,
covering a distance of 1900 km along the
coagt of Oueensland. The lagoon 15 about

70 me' s deep and 15 to 120 km m
width.

Atoll 15 a crcular coral reef surrounding
a lagoon either having an island or a
submerged plateau 1n it. A large number
of channels cutting across the atoll reef
join the lagoon with the open sea. Atoll
is located at great distances from the deep
sea platforms. Atoll is covered with
palm and coconut trees. The lagoon has
a depth of 80 to 150 metres. There ‘ate
three types of atolls : (1) a true atoll,
which has a crrcular shape and encloses
¢ s#yllow lagoon with no sland in 1t ; (1)
an atoll which surrounds a lagoon with an
1sland in 1t ; and (342) a coral island or atoll
island 1 which island crowns are formed
on the reef by erosion and deposition.
Atolls are far more common in the Pacific
than in any other ocean. These atolls
occut tm groups. The Fijn Atoll and the
Funafuti Atoll in the Ellice Island are
well-known examples of atolls. A large

number of atolls occur i the Laksha
Dweep Islands,

The orgin of the coral reef has been
explained by two theories : (1) subsidence
theory, and (1) standstill theory.

According to the subsidence theory, the
island around which the fringing reef
develops subsides slowly. Corals continue
to build upward and outward. A body of
water 1nvades between the sinking 1sland
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and the growing reef. This body of water
is retained 1n 1ts place by the higher cuter
edge and the lower inner edge of the reef.
This body of water 1s the lagoon and the
sutrounding reef 1s the batrier rteef.
Ultimately, the island sinks completely
and disappears below the water level,
There is now a continuous sheet of
crrculat or oval-shaped water body termed
Jagoon and the surrounding reef 1s then
termed as atoll., The most unportant idea
1s that the rate of the sinkmg of the
island is slower than the rate at which
the corals.are built upward and outward.

According to the standstill theory, the
wave-cut platform, on which the corals
build a teef and ultimately an atoll reef,
remains stable. In the case of some atolls,
there 1sno change 1 the sea level while
the corals continue to burtld up the reef
on the stable platform. The reef is built
up gradually and then finally appears
above the water level. The reef 15 built
outward, 1t also extends deeper into the
sea. Many of these atolls are built around
volcanic summits as well. The submit 13
changed mto a deptesston by solution
action and 1s then filled with water to
form a lagoon.

In the case of some other atolls, reef
butlding took place on the platform first
and then there was a lowermg of the
water level. The lowering has exposed the
atoll reef above the watet level. This
happened during the Pleistocene Ice Age
when the sea water became locked in the
land in the form of glacrers,
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EXERCISES

1. Name the plant and amimal =ones of the oceans and mentton themr
characteristics.

2. Classify the marme depostty in terms of theit orign.
3, Descrebe the vatious types of oozes.

4, What 15 meat by the pelagic deposits ?

5, Discuss how coral teefs ate formed

Books for further study

King, C.AM., Oceanography, London 1 Arnold, 1975,
King, C.AM., Beaches and Coasts, London ; Edwin Atnold, 1959,
Steers, J.A., The Sea Coast, London -

Guilcher, A, Coastal and Submarne Morphology, New York : J. Wiley,
1958,



CHAPTER 24

t 15 not generally appreciated that the

oceans constitute a vast stotehouse of
resoutces of a large vartiety, and, m
particular, of the Lving rtesources. The
chemical, biological, and geological
resources of the oceans have literally
incalculable value, Within the ocean, the
continental shelf is a soutce ofa major
part of ' geological and biological
TesOurces.
Sources of Minerals

There are a large number of minerals
which could be muned from the sea. The
mam oceanic minerals ate phosphorite,
mangsnese, sand, gravel, titantum, Zircon,
tin, diamonds, monazite, iron, gold, oil,
gas, and ‘sulphur. Oil, gas, sand, and
gravel form the major part ot the oceanic

Marine Resources

geological tesources. The most important
potential tesoutce 15  phosphorite.
Manganese nodules also occur widely,
particulatly m the Pacific Ocean, These
nodules accumulate on the sea-floot at the
rate of six million tons per year, Iodine,
salt; btomme, soda, and magnesium are
also abundantly mmed from the oceanhs,
A simgle cubic mile of the oceanic watet
contamns approximately 6,000,000 tons of
magnesium,

Natwral Ol and Gas

The most important mineral produced
from the sea 1s oil and gas. It accounts
for more than 90 percent of the value of
minerals obtamed from the oceans. The
off shore o1l and gas production athount
to 17 percent and 6 percent respectively,
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of the total in the non-communist
countries of the wotld, It 15 estimated
that, by 1980, about 35 percent of all the
wortld's oil production will come from
the oceans, The Bombay High 1s now an
important o1l producer of Indta. Most of
the o1l and gas now comes from the
continental -shelf but m future the conti-

nental rtises will also be tapped
increasingly.

Fish

Ocean 18 a source of fish, crustaceans,
mollusks, and other edible forms of
animal life, Together with the seaweeds,

they constitute the biotic marine resources.

Not all sea animals ate used as food. Seal
is used to provide only furs. Whales, sea
cows, sea lions, manatees, and other sea
mammals provide meat, oil, leather and
other products.

Fish, of an enormously large varmety,
constitutes the major biotic resource of
the oceans and has been caught and
copsumed smce the prehistoric times by
man throughout the world, The funda-
mental basis of fish resources, as of all the
matrine  biotic  tesoutces, 1s the
phytoplankton which ate minute plants
drifting at the mercy of the surface
curtents, Modern fishing methods are
stil of hunting type, but different
methods are wsed according to' the
differing behaviour of fish., The total
catch of fish 1s sptead very unevenly over
the oceans, with the Pacific, the ~Atlantic
and the Indian ocean providing 30, 23 and
3 million tons, respectively, m 1969.
Herting,, anchovy, cod, hake, haddock,
mackarel, red fish, basses, congers, and
tuna are some of the widespréad catches.
Of these, the herring type accounts for
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the largest share, In 1969, 1ts total catch
was about 18 million tons. Both the
demersal fish which live near the bottom
of the sea and the pelagic which swim
and live mnear the surtace are caught
th1oughout the world.

The chief fisheries of the world are
concentrated m the shallower waters of
the contmental shelves and over the
banks i the Northern Hemisphere, These
ateas provide the best supply ot phyto-
planktons, the food for fish. Four major
commetcial fishing regions of the world
have been identified : (1) the seas of
north-westertn Europe, (12) the Great
Banks and adjacent waters, (112) the seas
of North-eastern Asia, and (1) the waters
off north-western North America, The
most spectacular tise, however, has bcen
that of the Petuvian area which has been

at the top of the wortld’s fishing nations
for several years now.

Seaweed 15 being used for an increasing
number of putposes, as human food,
animal feed, n textile manutacture and
in cooking. It 1s a sublittoral resource.
Japan, Norway, Canada and Scotland are
the mamn producers. Japan's production
m 1965 was about 395,000 metric tons.
Energy

The energy resource of the oceans comes
from the tidal fluctuations. These are
highly 1tregular and, therefore, the devices
for generating power from the tides wnll
have to be vety costly. Only those
pockets of theseas where the tides are
extremely high and low and where they
can be dammed m long, narrow bays
provides the sites for generating power
from the tides. The tidal power station
on the Rance mm North France 1s very
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