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Q1. Define Physical Geography. Discusy various branches of Physical Geography.

Answer: The word geography is derived from two Greek words (Gee referring to Earth
and Graphy meaning description or writing) and literally means ‘1o write abour the
Earth’". Geography is an all-encompassing science that seeks to bndge and understand,
through an understanding of location and place, the world™s physical and human features.
Geography teaches us where things are and how they got there; it looks at the spatial

connection between people, places and the Earth
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Fig, 1;: Branches of Physical Geography

Physical geography may be defined as the integrated study of the natural environment on
or close to the carth’s surlace. Physical geography involves the spatial analysis of the
various physical components and natural processes of the Earth. It encompasses the
processes and features thal make wp carth, mcluding human activities where they
mterface with the environmentl. Some examples ol earth’s physical components are air,
water, rocks, vegetation, and soil. It 1s a sub-discipline of geography that studies natural

features and phenomena on the earth from a spatial perspective. The study of physical
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gengraphy let us know ahout all the agents which play a key role in shaping and
modifying the earth’s surface features It has a number of sub-branches (Fig. 1) which

treat different kind of physical phenomena.

(1) Geamorphology: The science of study of landforms is known as geomorphology. It
15 concerned with the study of the nature, development and modification of landforms on
the Earth’s surface. It includes ongin and development of landforms through erosional,
transportational  and  depositional  processes  of  water, wind  and  glaciers.
Geomorphelogists are interested in understanding and explaiming vanation in landforms,
the processes that produce physical landscapes, and the nature and geometry of Earth’s
surface features

(i11) Climatology: Climatology 15 the study of the atmospheric conditions and related
climatic and weather phenomena It includes the study of atmospheric compositian,
climatic regions, seasons, etc

(1v] Oveanography: It 15 concerned with the study of various oceans, theirr components
and processes related o ocean Noor depths, currents, corals reefs, and conlinental drift
ele.

(v) Soil Geography or Pedology: It studies varwous soil forming processes, their
physical, chemical and biological constituents, their colour and tvpes. texture and
distnbution and carrying capacity efc

(vi) Bio-geography: It is concerned with the hiological phenomena in space, especially
in terms of the distribution of various kinds of floral and faunal species Bingeography
may be subdivided into plant or foral geography, animal or faunal geography and human
ecology. Biogeography examines natural and human-modified environments and

the ecological processes that influence therr charactenistics and distnbutions over ume. It
also studies the ranges and patterns of vegetation and animal species, seeking 1o discover

the environmental factors that limit or facilitate their distributions

()2. Explain the structure of earth’s interior with the help of seismological evidence

and describe in detail the zoning of earth.

Answer: The factual evidence concerning the interior of the earth is not readily available
Therefore, knowledge about the interior of the earth i1s based on indirect evidences as

under:
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fi) Seismic siudies: The study of seismic waves 1.e the vibration, usually created by
disturbances within the earth’s outer crust reveals some useful information about
the earth’s internal structure.

(i) Density studies: Using the spherical shape, the mean or average radius and mass
of the earth, it is possible to determine the average density of the earth as 55
g/em’ (Core: 11 Oglem?, earth's surface 2 610 3 3 g/em’)

Seismological evidence

I'here are three types of seismic waves;

#  Primary wave or compressional waves, in which particles oscillate back and forth in
the direction of propagation of wave

= Secondary waves or transverse waves are transverse in nature similar to light waves, in
which particles oscillate perpendicular to the direction of propagation

¥ |- Waves or love waves or Rayleigh waves are confined to surface of earth

The seismie waves ure rellected when they strike the interface between two materials
drawing different elastic properties and densities. The tme required for the wave
arrive al any poinl on the surface of the earth depends on the path of the wave speed s
known at any give depth, this can provide physical parameters such as density, rigidity,

ete. for various layers within major unit of earth

Thus, based on seismic investigations, the earth can be divided into three major zones

with different chemical composition. These are:

{2} Crust: The innermost layer of earth is the crust of the earth It is divided into
continental crust and oceanic crust. The continental crust has a thickness of about 35 to
70 km and the oceanic crust has a thickness of 10 to 12 km. The dominant elements in
crust are Silica and Aluminium (SIAL).

{b] Mantle: The next layer 15 mantle, which is 2900 km thick and is separated inta the
upper and lower mantle. The volume of the mantle is about 83% of the total volume of
earth The dominant elements found in mantle are Silicon and Magnesium (SIMA)
Between 100 and 200 km depth of the upper mantle, the velocity of seismic waves 15
slowed down to 7 8km/sec, therefore, this zone is called “zone of low velocin™.

{c} Core: The inner most laver of the earth 15 called ‘core’ It 15 separated into the liquid

outer core and the solid inner core. Earth’s magnetic field is believes to be controlled by
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the liquid outer core. The outer core 15 2300 km thick (fig.2) twice as thick as the inner

core {inner core is almast 1200 km thick)
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Fig. 2: Interior of earth

There are several discontinuities like Conard discontinuity (between upper crust and
lower crust), Moha discontinuity (between upper mantle and lower crust), and Weichart

— Ciwrenberg discontinuity (hetween lower mantle and outer core)
(3. Explain in detail the Wegener's theory of continental drift.

Answer: As per the known records of the history of science, it was “Abraham Orteliug ' a
Dutch map maker, who first proposed the possibility of drifting of the continents as early
as 1596 A D. Then ‘Amtonio Pellegrini’ drew a map showing the three continents
together However, it was ‘Alfred Wegener' a German meteorologist wha put forth a
comprehensive argument in the form of “The Contirental drift Theary™ in 1912 This
theory was regarding the distribution of oceans and continents

Wegener postulaled thal throughout most of the geologieal ume there was only one
continent, a supercontinent, which he called ‘Pangea’ surrounded by a massive ocean
‘Panthalasa’. Al sometime during the Jurassic period (around 200 million vears ago),

Pangea began to split. Pangea first broke wto “Lawrasea’ and ‘Gondwanaland” separated
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by the Tethys — a narrow shallow linear geosynclines (fig. 3} Subsequently, Lawrasia
and Gondwanaland continued to break into various smaller continents that exist today.
As per Wegener, India and Africa moved northward under gravitational forces, while
America moved westward under tidal forces. The notthward movement and the
subsequent collision with Laurasia produced the Himalayan mountain system by
squeezing the sediments of Tethys Sea, while the westward movement led to the

formation of the Rockies and Andes and the lsland arcs of Caribhean
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Fig 3: Breaking-up of Pangea and distribution of continents

Wegener cited evidences such as matching of boundaries of continents (Jig-saw 1L},
paleontological evidences {occurrence of mesosaurus — glossoptens fossil on various
continents), structural evidences (stratigraphic similarities along eastern Brazil and
northwest African coastlines) and lce-flow directions (showing radiating pattern in all

directions) in favours of his theory (figure 4)

Scanned by CamScanner



DEPARTMENT OF GEOGRAPHY, GDC ANANTNAG

E-RESOURCES

1" SEMESTER

CREDIT 1%

ROUTH AMESICA
AFRICH
.
" £
-
d!-rll \uni.
T £
-
’ Ot ATANCTI A
o
_‘-": T
Ty reegare -
r -Ji i AUETHALIA
e —

Fig.4: Geological and Paleontological evidences

The Wegener's hypothesis initially aroused much interest, debate and support but was

strongly opposed later The main flaws/ eriticisms in this theory are:

1) It was weakened by its lack of suitable driving mechanism for continental movement,

and hence by 1926 this theory was no longer a subject of serious mvestigation.

2) The second objection rassed was that the Rockies and the Andes mountain system

could not have been lormed in the manner envisaged by Wegener, because il “S4ILT

was floatng over /M4, the 5IMA could have not oflered such resistance o

westward movement of continents (o cause folds and build mountain system.

3) The oceanic crust is too rigid to allow sturdier (strong and solid build) continents to
break through it, and lastly;

4) Distribution of fossils has been proved wrong, because the evolution of organisms at

same bme in diflerent continents 1s pessible.

(4. Explain the concept of Sea Floor Spreading.

Answer; There are several mechamsms o explaim Sea Floor Spreading. For example,

Henry Hess postulated thal the ocean ridges are situated over the nsing limbs of

convection currents in the earth’s mantle. These convection currents led to rifts in the
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surface which providing path to the magna to come onto the surface in the form of
volcanic activity. This magna then solidifies and forms new crust. The new crust pushes
the old crust apart which i1s then consumed at trenches. The creation of new crust at
constructive plate margins 15 termed as “sea floor spreadimg’

The other view regarding sea floor spreading is that of Fine and Mathews who point out
that it is because of the formation of magnetic strips of alternating positive and negative
anomalies Sea floor spreading can he detected through the presence of magnetic

anomalies, age of ocean floor, heat flow and voleanic activity at mid oceanic ridges etc
(5. Explain the theory of Plate Tectonics.

Answer: The concept of plate tectonics has emerged from two earlier hypotheses of
continemtal drift and sea-floor spreading. Plate tectonics is a theory of geology that has
been developed to explain the observed evidence for large scale motions of the earth’s
lithosphere. The word ‘Plate’ was first used by Canadian geophysicist JJ Wilson in

1965.

I'he concept of Plate Tectonics was proposed simultaneously by Mackenzie and Parker
m 1967 and Morgan in 1968. The concept was presented in a detailed from by Le-Pichon
in 1973, The theory of plate tectonics explains the mechanism, evolution, nature and

motion of plates. There are two parts in this concept - Geometric part and kinematic part

Geometric part: This part believes that Lithosphere consists of mosaie of plates with
different sizes which floats on Asthenosphere. There are six or seven major plates. These
plates may be cither completely continental like Ewrasion plate or completely oceanic

like pacific plate or may be combination of both like African plate.

Kinematic pari: This part states that these plates are in motion with respect to ocean
basins and with respect to each other. They can separate from one another or they slide
simply over one another. These plates move on a mobile zone called ‘Asthenosphere’
Usually margins of plates come in contact and this 15 a weaker zone. When two plate
margins meet, they form Plate boundaries. Plate boundarnies are of three types:

(a) Constructive plate bonndaries: Also called the “divergent plate bowundaries” When
two plates move apart from each other, the magma rises from inside the earth which leads
to the formation of mid-oceanic ridges. E g, Mid Atlantic Ridge in Atlantic Ocean.

(b) Desiructive plate boundaries: Also called the ‘convergent plate boundaries’
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%+ Cceanic plate will be subducted in collision with continental plate, leading to the
formation of subduction zones (ocean trenches).

% Collisions between two continental plates will lead to mountain building.

(€) Conservative plate Margins: These are also called as Shear plate margins The plates

shde past each other along transform fawlis. Plates neither gain nor lose material e g .

San Andreas Fault in California These boundaries produce devastating earthquakes

hecause preat friction results as the moving plates grind past each other, e g; San

Francisco and l.os angles area experience great earthquakes because of San Andreas

Fault Ihfferent types of plate houndaries are shown in fig.5

S
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Fig.5: Plate boundaries
6. Explain the concept of Isostasy.

Answer: lsostasy refers to the condition of hydrostatic equilibrium between the sections
of the lithosphere with respect to the underlying mantle. The concept was first used by
Dutton in 1889 The theory of lsostasy presents a system for the distribution of material
in the earth's surface which confirms and explains the observed gravity values
According to this theory, wherever equilibrium exists in the earth’s surface, equal mass
must underlie equal surface areas. The lithosphere is floating on the Asthenosphere with

more massive portions reaching deeper to obtain needed buovancy. It can be understood
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thus -~ a massive block of ice will extend deeper into the water than the small ice cuhe. A
number of theories were put forward with respect to density distribution of rock material

and associated phenomena’s. Some important concepts or views are discussed below:

a)  Airy’s view: Sir George Airy postulated that there 15 a change in the density of rocks
at depth in the earth's interior and that the upper lighter material floats on the mare
dense part, which behaves like a fluid. The depth of this change vanies from place to
place. Under mountains, the depth is greater than under oceans or plains. In other
words, the mountamns have roots ol light weight materials which extend down nto
the lower, denser mantle rocks. The lower density (mass) of the rocks causes the
observed gravity values measured in the mountain ranges 1o be lower than predicated
theoretically (see figure) Therefore he proposed uniform density with varving depth.

b)  Pratt's view: Pratt’s theory differs from Airy's in that Pratt assumed that the
houndary between the upper light material and the lower dense rocks is at a uniform
depth of compensation. He further postulated that there are variations in the density
of the lighter layer. which are related to the elevation lo the surface. Lighter material
lies under mountains and heavier matenal under oceans. The weight of columns of
rock extending from the surface to the depth of compensation in different parts of the
earth 18 thus the same.

¢)  Heiskanen's theory: Heiskanen's theory combines the assumptions of both Airy and
Pratt and he postulates that density varies between columns and within columns
That 15, the higher densities are represented by the shorter columns and towards the
bottom of cach column. Therelore, rocks at sea level are denser on an average than
those on higher elevatons. Also, it accounts for the roots of mountains and for

variation i density in difTerent parts ol the crust.
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Dense Asthenosphere

Figure 6: Airy and Pratt’s View

()7. Define an Earthgquake and discuss its origin, types, measurements and

distribution,

Answer: An earthquake also known as “guake, tremor oF temblor is the shaking of
surface of the earth or an earthquake may be defined as the sudden shaking of earth
produced by the rapid release of energy that creates seismic waves, This energy radiates
in all directions from the source of earthquake (focus) Earthquakes are among the maost
destructive of natural phenomena taking an average yearly total of 1400 lives, besides
causing extensive damage to property It 1s estimated that over 301,000 earthquakes strong
o be felt occur worldwide annually The earthquakes accur because of the rupture and
sadden movement of racks caused by maore stress than the elastic limit of rocks. The
other causes leading to earthquakes are tectonic movements, volcanism, construction of

dams etc.

# TYPES OF EATHQUAKES
Earthquakes can be broadly classified inte three groups on the basis of how deep
heneath the earth they originate

{1} Shallow or normal earthquakes: All those earthquakes which occur hetween
the surface of carth to the depth of 44 miles are called ‘shallow earthquakes'.

They occur frequently,
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(1)  Intermediate earthquakes: All those earthquakes which originate between 44
to 188 miles below the surface of earth are termed as imtermediare
earthguakes.

{11)  Deep earthquakes: The earthquakes which onginate below the depth of 188
miles from the surface of earth are termed as deep earthquakes

# MEASUREMENT

Farthquake measurement is hasically done on two scales-one 15 imdensify scale and the
other 15 magnitede scale Farthquake intensity represents the degree of shaking at a
particle location on the earth surface. It indicates the local effect or damage of the
earthquake. Therefore intensity of earthquake diminishes or decreases with increasing
distance from the epicentre. Intensity is measured by Modified Mercalli scale whose
values run from 1o 12

Magnitude of an Farthquake is an expression of actual energy of the earthquake It is
measured on a standard scale called as Richrer scede which runs from 0 to 89
Farthquakes of magnitude 1{one) 1s described as weakest earthquake and magmitude of
6.9 to 79 is termed as “major earthquake’

# Distribution

Maost of the Earthquakes occur on the boundaries between lithospheric plates and arise
directly from the motion between the plates Three zones of seismic activity have been

identified throughout the world, which are:

(1) Circum-pacific belt: The circum-pacific belt imeludes the ocean trenches and
associated 1sland ares. This bell begins rom the weslern side ol the pacilic;
starting from Alaska 1t runs towards south parallel w Japan and Philippine
trenches It also includes west coast of North America and Peru and Chile
trenches This belt is known for shallow, intermediate as well as deep
earthquakes. Deep earthquakes are characteristic of this zone. About 68% of total
carthquakes oceur in this zone.

i} Mediterranean and trans-Asiatic belt: This belt extends along Alpine mountain
system. This belt 15 churaeterized by large and shallow focr carthquakes. About

21% ol the total carthguakes oceur in this zone
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(i) Mid-eceanic ridges and African rift system helt: This zone lies mostly along the
mid-oceanic ridges and transforms faults and contains shallow foei earthquakes.

About 11% of the total earthquakes occur in this zane.

VERY SHORT ANSWER TYPE QUESTIONS

Ol Define Lithosphere.

Answer: The outer, rigid shell of the earth 15 called lithosphere It comprises of the crust

and part of mantle
(2. What is hydrosphere?

Answer: The natural waters of the outer earth encompassing the oceans (98%), the

rivers, waters vapour etc. 15 known as “hydrosphere’.

(3. Define armasphere.

Ans: The blanket of gases surrounding the carth 1s termed as “atmospheres”™

(4. What do you mean by Biosphere?

Answer: Biosphere 15 thal part ol earth’s surface and s immediate atmosphere that s
ihabited by living organisms. It 15 that part ol earth’s surface where living forms
Survive

03. What is cryosphere?

Answer: The portion of earth’s hydrosphere where water 15 permanently froren as snow,
glacier or ground ice is called “ervosphere’ It is the ice at or below the earth’s surface,

including glaciers, ice-caps, ice sheers etc
(. Define Eariht’s Cruse,

Answer: The outer layer or shell of the earth including the continents and ocean floor is

called “crust”. Its thickness varies from 10-35 km.
(7. What is mantle?

Answer: Thal part ol carth which lies in between crust and core 1s called manle. The

width of mantle 15 almost 2900 kilometres.

08. Define Core.
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Answer: The inner most part of the earth is called (Core. lis thickness or width is almast

3500 kms. It is characterized by high pressure and high temperature.
M. Define o Plare,

Answer: A ngid segment of the earth’s crust which can float on semi-molten rock below
15 known as “plate™

(1. Define the term Isostasy.

Answer: The balance between the visible and invisible part of the continental crust of
carth 15 termed as Tsostasy . It relers w the condition ol hydrostatic equalibrium between
uppet sections of the lithosphere with respect 1o the underlving mantle.

011, What is a Rock?

Answer: The aggregate of minerals is called a rock

012. Define an Earthgquike.

Answer: The sudden shaking of the earth occurring usually by release of stress along

fault planes is termed as an “earthguake

213, Define a volcano,

Answer: 1t 15 an opening or vent or channel through which magna comes/erupts on to the
carths” surface

(14 What are the various layers of earth's interior besides crust, mantle and core?
Answer: Earth™s interior can be classilied into Lithosphere, Mesosphere and Barvsphere.
Lithosphere 15 the upper most layver which comprises ol the crust and sold portion of
upper mantle Solid lithosphere floats on a semi-liguid laver known as Asthemosphere
(weak sphere) which enables lithosphere to move around  Mesosphere includes whole of

mantle and lies below the Asthenosphere while Barysphere includes the whole of core
015 How thick ix the Earth s crust?

Answer: The thickness of the Farth's crust varies at different points around the planet
Under continents, the crust is approximately 15 miles (24 kilometres) thick, but under the

oceans it is a mere five miles (8 kilometres) thick.

IMPORTANT POINTS TO REMEMBER
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# The concept of sea floor spreading was first given hy Professor Harry Hess in the
vear 1960
Continental Drift theory 1s also known as "Displacement Hypothesis'

Surtsey island, south of Iceland has been formed by Volcanic activity in 1963

Y Vv ¥

Transform fault is the type of plate boundary which is located where plates slide

past one anather without ereation or destruction of the crust

# Regions of local magmatic extrusions are popularly known as ‘Hoispois

# Seismology is the study of earthquakes

# Seismographs are the seismic sensors, located throughout the world to record
earthquake waves.

#  Almost 30,000 earthquakes strong enough to be felt occur worldwide annually.

= Extrusive igneous rocks are also known as volcanfc rocks

# 87% of the minerals of earth’s crust are silicates

# Since sediments are usually deposited in distinet layers or strata, therefore these

rocks are termed as Siraiified rocks

v

Voleanic mountains are also called as mowntains of accumdation.
» Common elements on earth’s crust are silicon and oxygen, constituting 75% of it.
# A useful word to remember most abundant elements in the earth’s crust is

MOSAIC, 1.e. Magnesium, Oxygen, Silicon, Aluminium, Iron and Calcium

v

l-waves or Rayleigh waves or surface waves cause maximum destruction amang

the seismic waves

3

Maount Stromboli is called Kehithowse of the Mediterranean.
# The only active volcano 1s India 1s Barren Island in Andaman & Nicobar group of
Islands.

# Epicentre is the point on earth’s surface vertically above the seismic focus.
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Types and characteristics ol rocks

Rocks are mineral aggregates with a combmation of properties of all the mineral traces. Any umique
combination of chemical composition, mineralogy, grain sige, flexture, or other  distinguishing
characteristics can descnibe rock types. Additionally, different classification svstems exist for each major
tvpe of rock. There are different Types of Rocks exisling in natuge.

Rocks which are found in nature rarely show such simple characteristios and usually exhibit some vanation
in the set of properties as the measurement scale changes.

Types of Rocks — Rocks are broadly classified into three broad categories as the following

s |gneous Rocks
o Sedimentary Rocks
=  Meiamorphic Rocks

Igneous Rock

Scanned by CamScanner



DEPARTMENT OF GEOGRAPHY, GDC ANANTNAG
E-RESOURCES 1" SEMESTER CREDIT 2™

Izneous rock is one of the three main rock tvpes Igoeous rock is lormed through the cooling and
solidification of magma or lava. Ignecus rock may form with or without crystallization, either below the
surface as intrusive (plutonic) rocks or on the surface as extrusive (volcanic) rocks.

This magma ¢an be derived [rom partial melis of existing rocks 1n either a plapet’s manile or crusi
Tvpically, the melting is caused by one or more of three processes an increase in emperature, a decrease
in pressure, or a change in composition,

Sedimentary Rock

Sedunentary rocks are formed by the deposiiion and subsequent cementation of that matenal within bodees
of water and at the surface of the earth, The process that causes various orgame matenials and minerals fo
scttle inoa place s termed as sedimentation
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The particles that form a sedimentary rock by ﬁuumulming are called sediment. Before being deposited,
the sediment was formed by wc.'-rrhcnng and ¢rosion from the source arca and then transported fo the place
of deposition by water, wind, ice, mass movement or glaciers, which are called agents of denudation
Sedimentation may also oceur as mincrals precipitate from water splution or shells of agquatic creatures
settle out of suspension.

Metamorphic Rocks

Metamorphic rocks make up a large part of the Earth’s crust and are classilied by texture and by chemcal
and mineral assemblage. They mav be formed simply by being deep beneath the Earth’s surface, subjected
to high temperatures and the great pressure of the rock lavers above il

Metamorphic rocks arise from the transformation of existing rock tvpes, in a process called
metamorphism. which means “change in form™ The original rock is subjected o heat with temperatures
greater tham 130 to 200°C and pressure aroumd 13500 bars, causing protound physical and'or chemical
change,
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Weathering types and factors
Definition

It 1s a general term and applied to the combine action of all processes causing rocks
disintegration physically and decomposition chemically

Cir

It 15 the process of weakening rock and producing a rack waste or soil cover, Weathering
occurs when rocks and minerals comes in contact with the atmosphere, organie hife and
suicidal water Fssential feature of weathering is that it affects rocks in-situ (in place) and no
transpartation of material 15 involved

Factors

A part of rainfall always snips into the soil on the covered rocks and looses the rock particle
by dissolving 1l

Frost action also takes place in the for-spaces of rocks and causes disintegration and splitting
of rocks into fragments.

Chemical reactions are also taking place in rocks internally and causing rock-loosening

Slow geological process of construction and destruction 13 going on the surface of earth for
millions of vears because carth 15 old enough and has been completely leveled by weathering
and erosion Factors affecting rock weathering

Types of Weathering

There are two tvpes of wealhering:
Physical weathering
Chemical weathering

1. Physical weathering:

In the mechanical disintegration and breaking of the rocks to form particles of smaller size In
physical weathering, the composition of the weathered products remams unchanged.
Following are the different agents of physical weathering:

I'rast action

Heating and cooling

Orgunismes

a. Frost action:

Freczing of water in the cracks of rocks tends to disintegrate them because volume ol water
mnereases 1-11 umes of 115 actual volume. I exerts a greal pressure on the wall having cracks.
By this process, angular fragments of rocks are broken off from the main body of the rock,
causing physical weathering

b. Heating and cooling:

Heating and cooling of rock masses oceur due to daily changes in temperature. Heating of
rocks causes expansion and cooling cavse contraction of rocks. This repeated heating and
coaling helps to develop cracks in rocks and the rock will be disintegrated

¢. Organisms:

Plants and msccts like carthworms, anls, lermites and snokes plav an important rele m
physical weathering hecause they convert rock into soil to get their food Plants also grow in
jomts and cracks ol the rocks and push them further apart. Similarly, man also breaks rocks
by making roads, construcling dams and reservoirrs by drawing tunnels and mines ¢le.
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2. Chemical Weathering:

It is the type of weathering in which the rock minerals are attacked by water, oxygen, or hy
alkaline or acid materials dissolved in the water. Chemical structure of the rock minerals is
altered and Clay munerals are formed in this way

3. Mechanical Weathering

It is the breakdown of the rock by physical or mechanical forces

Frost wedging and heaving

water enters cracks and expands on freezing, pressure splits rock alternate freezing and
thawing of water in fractures and cracks promotes the disintegration of rocks (water expands
dbout ¥ upon [Teezing)

Exfoliation

rock layers peel like layers of an aonion Due to pressure release on igneous rocks (formed in
Earth’s crust)

Thermal expansion

repeated heating and cooling of rocks will induce stress and breakage - daily cyvcle of
temperature change weakens rock

Organic activity

physical breakdown and/or transport of material by plants and amimals, eg plant roots
growing in eracks, burrowing animals

Minerals in the parent rock are unchanged

Result 15 a primary rock mineral, which 1s the constituent of most sands & gravels
Weathering of rock 15 a complex process and depends on many factors including:

Climate — wind, rain, Irost & lemperature

Topography (e 2 waterlogged valleys are subjecied o deeper weathering than plateaus)

Rock structure (e g. presence of faults, joints etc dictate rock fractuning due to freeze-thaw
cveles)

Rock types (e g dominance of various minerals dictate resilience to weathering)

Looking at climate

Mechanical weathering (duc to freeze-thaw & heat-cool eveles) obviously depends on
climate

Chemical weathering 1s also strongly elimaie dependent as this form of weathening dominates
in regions O relatively high humidity and ranfall
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Earth movements

» Our earth 1s undergoing deformations imperceptibly but
inexorably.

» These deformations are caused by the movements generated
by various factors which are not completely understood and
include the following:

« 1. The heat gencrated by the radioactive clements in earth’s
interior,

» 2. Movement ol the crustal plates due o teclogenesis.

- 3. Forces generated by rotation of the earth.

« 4. Chmatic factors

» 5. Isostasy—according to this concepts, blocks of the earth’s
crust, because of variations in density would rise to different
levels and appear on the surface as mountains, plateaux, plains or
ocean basins (See box for details).

» Classification of Earth Movements:

Earth M?vernants

Endogenetic Exogenetic
I
I | Earthquake
Diastrophism Sudden—
Volcanc | |
[ 1 Weathering  Erosion
Epeirogenic Orogenic e Physical e Ice
[ e s 1 r‘ e Chemical e River Water
Upward Downward e Biological e Sea
|

‘ o e Wind
Tension Compression g Uit

- Water

. Endogenetic Movements:

» The interaction of matter and temperature generates these forces
or movements inside the earth’s crust. The earth movements are
mainly of two types: diastrophism and the sudden movements.

« 1. Diastrophism:

- It 1s the general term applied to slow bending, folding, warping
and fracturing,
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- Such forces may be further divided as follows:

« (1) Epeirogenic or continent forming movements act along the
radius of the earth; therefore, they are also called radial
movements. Their direction may be towards (subsidence) or
away (uplift) from the centre. The results of such movements
may be clearly defined in the relief,

» Raised beaches, elevaled wave-cul lerraces, sea caves and
fossililerous beds above sea level are evidences of uplifi. One of
the reasons for believing that the Deccan was uplifted is that the
nummulitichimestones rest uncomfortably on the basaltic lavas
near Surat well above sea level.

« Raised beaches, some of them elevated as much as 15 mto 30 m
above the present sea level, occur at several places along the
Kathiawar, Onssa, Nellore, Madras., Madurai and Thirunelveli
coasts. Several places which were on the sea some centuries ago
arc now a few miles inland. For cxample, Coringa ncar the
mouth of the Godavari, Kaveripattinam in the Kaveri delta and
Korkai on the coast of Thirunelveli, were all flourishing sea ports
about 1,000 to 2,000 vears ago.

« Ewvidence of marine fossils above sea level in parts of Britain and
Norway 1s another example of Epeirogenic uplift.

« Submerged forests and valleys as well as buildings are evidences
of subsidence. In 1819, a part of thc Rann of Kachchh was
submerged as a result of an carthquake. Presence of peat and
lignite beds below the sea level in Thirunelveli and the
Sunderbans is an example of subsidence. The Andamans and
Nicobars have been 1solated from the Arakan coast by
submergence of the intervening land. On the east side of Bombay
Island, trees have been found embedded in mud about 4 m below
low water mark,

» A similar submerged lorest has also been noticed on the
Thirunelveli coast in Tamil Nadu. A large part of the Gull of
Mannar and Palk Strait is very shallow and has been submerged
in geologically recent times. A part of the former town of
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Mahabalipuram near Chennai (Madras) is submerged in the sea.
(Fig. 1.11)

- (ii) Orogenic:

« Orogenic or the mountain-forming movements act tangentially to
the earth surface, as in plate tectonics. Tensions produces fissures
(since this type of force acts away [rom a point in two directions)
and compression produces [olds (because this type ol [orce acls
towards a point from two or more directions). In the landforms
so produced, the structurally identifiable units are difficult to
recognize.

« In general, diastrophic forces which have uplifted lands have
predominated over forces which have lowered them.

» 2. Sudden Movements:

- These movements cause considerable deformation over a
short spans of time, and may be of two types:

« (i) Earthguake:

- It occurs when the surplus accumulated stress in rocks in the
earth’s interior is relieved through the weak zones over the
earth’s surface in form of kinetic energy of wave motion causing
vibrations (at times devastating) on the earth’s surface. Such
movements may result in uplift in coastal areas.

« Another carthquake in Chile (1822) caused a one-metre uplift in
coastal areas. Another earthquake in New Zealand (1885) caused
an uplifi of upto 3 meires in some areas while some areas in
Japan (1891) subsided by 6 metres after an earthquake.

» Earthquakes may cause change in contours, change in river
courses, ‘tsunamis’ (seismic waves created in sea by an
earthquake, as they are called in Japan) which may cause
shoreline changes, spectacular glacial surges (as in Alaska),
landslides, soil creeps, mass wasting etc. (Fig. 1.17)

» (1) Volcanoes a volcano i1s formed when the molten magma in

the earth’s interior escapes through the crust by vents and
fissures in the crust, accompanied by steam, gases (hydrogen
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sulphide, sulphur dioxide, hydrogen chloride, carbon dioxide
etc.) and pyroclastic material.)

» Exogenetic Forces—Weathering and Erosion:

- These forces act over the earth’s surface and basically involve
the process of ‘gradation’, which in turn is achieved by the
simultaneous process of “degradation’ and “aggradation’. The
exogenetic [orces involve two stages—Iirstly: the landforms (in
form of rocks) weaken, break up, rol and disintegrate. This stage
comes into play as soon as the newly created landform 1s
exposed to the influence of weather. This stage 15 called
Weathering.

- Then comes a stage of scraping, scratching and grinding on the
surface rock. It includes removal or transportation of the
weathered rock material from one place to another. This stage 1s
called Erosion. The act ol erosion is performed by a number of
natural agents, such as running water, ground water, moving ice,
wind, waves and currents of the sea. These agents use the eroded
material as cutting tools to carve out and shape the landscape.

- FErosion is a mobile process while weathering 1s a static process
because the disintegrated material and the products (or the result
of weathering) do not involve any motion except the falling
down of the material by the force of gravity.

« The reverse process of filling up of depressions on the carth’s
surface by the material deposited by the same agents of erosion 1s
called aggradation or deposition. Weathering may be physical,
chemical or biological depending on the nature of agents and the
processes involved and the products created.

« 1. Physical Weathering:

. The disintegration of rocks by mechanical forces is called
physical or mechanical weathering. This type of mechanical
force produces line particles [rom massive rock by the exertion
of stresses sullicient lo [racture the rock. but does nol change ils
chemical composition. Physical weathering may take place n
many ways.

« These are discussed below:

« (i) Granular Disintegration:
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- Rocks composed ol coarse mineral grains commonly fall aparl
grain by grain or undergo granular disintegration.

« (ii) Exfoliation:

- A rock mass disintegrates layer by laver leaving behind
successively smaller spheroidal bodies and forming curved rock
shells by disintegration, This type of rock break-up 1s also called
spalling. These layers separate due lo successive cooling and
heating with changes in lemperature.

- (iii) Block Separation:

« This type of dismtegration takes place in rocks with numerous
joints acquired by mountain-making pressures or by shrinkage
due to cooling. This type of disintegration in rocks can be
achieved by comparatively weaker forces.

- (1v) Shattering:

- A huge rock may undergo disintegration along weak zones to
produce highly angular piecces with sharp corners and cdges
through the process of shattering. (Fig. 1.20)

- (v) Frost Action:

« This type of weathering is common in cold climates. During the
warm season, the water penetrates the pore spaces or fractures in
rocks. During the cold season, the water freezes mto ice and its
volume expands as a result. This exerts tremendous pressure on
rock walls to tear apart even where the rocks are massive,

« (vi) Mass Wasting:

- Since gravity exerts ils

- force on all matter, both bedrock and the products of weathering
tend to shide, roll, flow or creep down all slopes in different types
of earth and rock movements grouped under the term ‘mass
wasting”.

« This may take place in a variety of ways:

« (a) Talus Cones Rock:

» Particles created by processes ol mechanical weathering move
down high mountain slopes and steep rock walls of gorges.
These particles tend to get deposited in a distinctive landform,
the talus cone. A talus slope or scree slope has a constant slope
angle of 34 or 35,
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« (b) Earth flow:

» In humid climate regions where there are steep slopes, the
masses of soil saturated with water, overburden or weak bedrock
may slide downslope during a period of a few hours in the form
of earth flow.

« (c) Landslide:

» This 1s rapid shiding along hill slopes of rock mass. It may take
place cither by rockslide along a relatively flat inclined rock
plane or by slump mechanism involving a rotating motion of the
sliding rockmass on a slightly curved slope,

» (d) Soil Creep:

« This 15 extremely slow downslope movement of soil and
overburden on almost all moderately steep, soil-covered slopes.
Soil creep occurs as a result of some disturbance of the soil and
mantle caused by heating and cooling of the soil, growth of frost
needles (by [rosting process). allernale dryving and welting of the
soil, trampling and burrowing by animals and shaking by
earthquakes. Because gravity exerts a downhill pull on every
such rearrangement, the particles are urged progressively
downslope. Rock fragments of larger size may accumulate at the
mountain base to produce a boulder field.

+ (e) Mudflow:

» In regions with sparse vegetation to check the flow ol water, the
sudden flow of water due to rain acquires a muddy character on
its journey downslope. As it follows the strcam course, it gets
thicker and thicker until it becomes so overburdened as to come
to a stop. It may carry huge boulders on its way. Such mudflows
may cause massive loss of life and property.

« () Solifluction:

» This form of mass wasting 1s common In the Arctic regions. In
late spring and carly summer, the water penctrates and saturates
the upper lew [eet of the soil, but 1s unable to go deeper because
of [rozen conditions below. The upper saturated soil mass starls
flowing along slopes. This movement causes the formation of
terraces and lobes due to punctuated deposition.
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2. Chemical Weathering:

« This causes rocks to decay 1e to decompose instecad of
disintegrating.

« The mineral contained in the structure of rocks undergo chemical
changes when they get in contact with atmospheric water and air.
These chemical changes cause rock particles to break up due to
decomposition. Atmospheric waler contains oxygen, carbon,
sulphur, hydrogen etc. and the air also conlains oxygen, nitrogen,
carbon dioxide. High levels of temperature and water content
enhance the pace of chemical reactions,

« The chemical reactions may be classified as follows:

» (i) Carbonation:

« It takes place in rocks contaming calcium, sodium, magnesium,
potassium etc. when they come in touch with rain water which
contains dissolved carbon dioxide. This process is common in
lower humid climates.

+» (ii) Chlorination:

- It takes place when chloride salts are formed as a result of
chemical reaction.

« (ii) Oxidation:

- This occurs in ron-based salts. The atmospheric oxygen present
in rainwater unites with mineral grains in the rock, especially
with ron compounds. This results in the decomposition of the
rock and it starts crumbling. This process 1s called oxidation and
1s similar to the process of rusting,

« (iv) Hydration:

« The chemical action of water detaches the outer shell of
aluminium-bearing rocks through the process of hydration.

« (v) Desilication:

» Removal of silica from rocks also leads to their weakening and
eventual disintegration due to desilication,

« (vi) Solution:

- Some minerals, such as rock- salt and gvpsum, are removed by
the process of solution in water.

» The chemical reaction of rainwater brings about decomposition

of minerals more rapidly than its mechanical action. The
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chemical weathering is capable of breaking up even a hard
crystalline rock into minute particles,

Fluvial landforms

« The landforms created as a result of degradational action (erosion) or
aggradational work (deposition) of running water are called fluvial landforms.

» The fluvial processes may be divided into three physical phases — erosion,
transportation and deposition,

Fluvial Erosional Landforms

Various Aspects of Fluvial Erosive Action

» Corrasion or abrasion == solid river load striking against rocks and wearing them
down.

» Hydration == force of runming water wearing down rocks.

» Attrition == niver load particles striking, colliding against each other and breaking
down in the process.

» Downcutting == Lrosion in vertical direction (downcutting leads to valley
deepening) or

» Lateral erosion == Lrosion in horizontal direction, especially the walls of the
stream,

o Corrosion = Chemical action that leads to weathering,

River Valley Formation

» The extended depression on ground through which a stream flows throughout its
course 15 called a river valley.

» At different stages of the erosional cyele the valley acquires different profiles.

« At a young stage, the valley 15 deep, narrow with steep wall-hike sides and a
convex slope. The erosional action here 15 characterized by predomimantly
vertical downcuttingThe profile of valley here 15 typically *V7 shaped.

o A deep and narrow V7 shaped valley 15 also referred to as gorge and may result
due to downcutting erosion and because of recession of a waterfall. Most
Himalayan rivers pass through deep gorges {at times more than 500 metres deep)
before they descend to the plains.

Scanned by CamScanner



DEPARTMENT OF GEOGRAPHY, GDC ANANTNAG
E-RESOURCES 1" SEMESTER CREDIT 2™

« Anextended form of gorge 15 called a The Grand Canyon of the Colorado niver in
Anzona (USA) runs for 483 km and has a depth of 2 88 km.,

» A tributary valley hies above the main valley and 15 separated from it by a steep
slope down which the stream may flow as a waterfall or a series of rapds.

» As the cvele attains matunty, the lateral erosion becomes prominent and the
valley floor flattens out. The valley profile now becomes typically ‘U" shaped
with a broad base and a concave slope,

How do V shaped valleys form?

saley's ssbes ane shiredy DeoRen down Dooeagn

River course
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Y outh

»  Young nivers {A) close to their source tend to be fast-flowing, high-energy
environments with rapid headward erosion, despite the hardness of the rock over
which they may flow.

» Steep-sided “V-shaped” valleys, watertalls, and rapids are charactenstic features

Maturity

» Mature rivers (I3) are lower-energy systems. Crosion takes place on the outside of
bends, creating looping meanders in the soft alluvium of the river plain.
Deposition occurs on the inside of bends and on the river bed.

Old Age

« Atanver's mouth (C), sediment i1s deposited as the velocity of the river slows. As
the river becomes shallower more deposition occurs, forming islands and braiding
the main channel into multiple, narrower channels.

» As the sediment 15 laid down, the actual mouth of the river moves away from the
source mito the sea or lake, forming a delta.

» Head ward erosion == Erosion at the ongin of 4 stream channel, which causes
the origin to move back away from the direction of the stream flow, and so causes
the stream channel to lengthen.

Waterfalls

« A waterfall 1s simply the tall of an enormous volume of water from a great height.

»  They are mostly seen in vouth stage of niver

+  Relative resistance of rocks, relative difference in topographie rehefs, fall in the
sea level and related rejuvenation, earth movementy ete. are responsible for the
formation of waterfalls,

» [or example, Jog orGersoppa falls on Sharavati (a tributary of Cauveri) has a
fall of 260 metres.
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{4} Waterfall retreats upstream

(2} Orwartaing collagses

{5} Steep, gonge-like valleys
Saft rock

{3} Plungpeool develops

Pot Holes

» The kettle-like small depressions in the rocky beds of the niver valleys are called
pot holes which are usually eyhindnical m shape.

» Potholing or pothole-drilling is the mechanism through which the grinding tools
(fragments of rocks, e.g. boulders and angular rock fragments) when caught in the
water eddies or swirling water start dancing in a circular manner and grind and
drill the rock beds of the valleys like a drilling machine.

+ They thus form small holes which are gradually enlarged by the repetition of the
said mechamism. The potholes go on increasing in both diameter and depth.

Terraces

» Stepped benches along the river course in a flood plain are called terraces.
» Terraces represent the level of former valley floors and remnants of former
(older) flood plains.
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Gulleys/Rills

«  Culley 1s an incised water-worn channel, which 1s particularly common n semi-
arid areas.

o It is formed when water from overland-flows down a slope, especially following
heavy ramnfall, 15 concentrated into nlls, which merge and enlarge into a gulley,

» The ravines of Chambal Valley in Central India and the Chos of Hoshiarpur in
Punjab are examples of gullevs.

Meanders

+ A meander 1s detined as a pronounced curve or loop 1n the course of a nver
channel.

+ The outer bend of the loop in a meander is characterized by intensive erosion and
vertical cliffs and is called the cliff-slope side. This side has a concave slope.

» The inner side of the loop is characterized by deposition, a gentle convex slope,
and s called the slip-off side.

» Morphologically, the meanders mav be wavy, horse-shoe tvpe or ox-bow/
bracelet type.
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Ox-Bow Lake

Sometimes, because of intensive erosion action, the outer curve of a meander gets
accentuated to such an extent that the inner ends of the loop come close enough to
get disconnected from the main channel and exist as independent water bodies.
These water bodies are converted into swamps in due course of time.

In the Indo-Gangetic plains. southwards shifting of Ganga has left many ox-bow
lakes to the north of the present course of the Ganga.

Peneplane (Or peneplain)

This refers to an undulating featureless plain punctuated with low-lying residual
hills of resistant rocks, It 15 considered to be an end product of an erosional
cycle.

Peneplain, gently undulating (wave like), almost featureless plain that, in
principle, would be produced by fluvial erosion that would, in the course of
ceologic time, reduce the land almost to baselevel (sea level), leaving so little
gradient that essentially no more erosion could oceur,
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Glacial Landforms

« A glacier 1s a moving mass of ice at speeds averaging few meters a day.

» Types of Glaciers: continental glaciers, ice caps, piedmont glaciers and valley
olaciers.

« The continental glaciers are found n the Antarctica and m Greenland, The hggest
continental ice sheet n

+ lce caps are the covers of snow and 1ce on mountams from which the valley or
mountain glaciers onginate.

«  The predmont glaciers torm a continuous 1ce sheet at the base of mountaing 45 in
southern Alaska.

» The valley glaciers, also known as Alpine glaciers, are found in higher regions of
the Himalayas in our country and all such high mountain ranges of the world.

» The largest of Indian glaciers occur in the Karakoram range, viz. Siachen (72
km), while Gangotr in Uttar Pradesh (Himalavas) 1s 25,5 km long.

« A glacier 1s charged with rock debris which are used tor erosional activity by
MOvINgE Ice,

» A glacier during its hfetime creates vanous landforms which may be classihied
into erosional and depositional landforms.

(zlacial Erosional Landforms
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Cirque/Corrie

» Hollow basin cut into a mountain ndge.
» |t has steep sided slope on three sides, an open end on one side and a flat bottom.
»  When the ice melts, the cirque may develop into a tarn lake.

Glacial Trough

o Omnginal stream-cut valley, further modified by glacial action,

o Itisa ‘U’ Shaped Valley, It at mature stage of valley formation.

o Since glacial mass 15 heavy and slow moving, erosional activity 13 uniform —
honzontally as well as vertically.

» A steep sided and flat bottomed valley results, which has a *U” shaped profile.

Hanging Valley

» Formed when smaller tnbutanes are unable to cut as deeply as bigger ones and
remam “hanging’ at mgher levels than the main valley as discordant tributaries,

» A valley carved out by a small tnbutary glacier that joins with a valley carved out
by a much larger glacier.

Arete

» Steep-sided, sharp-tipped summit with the glacial activity cutting into it from twao
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Horn

» Ridge that acquires a “horn’ shape when the glacial activity cuts it from more
than two sides.

D—Fjurd

» Steep-sided narrow entrance-like feature at the coast where the stream meets the
coast.
+ Fjords are common in Norway, Greenland and New Zealand.

Glacial Depositional Landforms
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Outwash Plain

»  When the glacier reaches its lowest point and melts, it leaves behind a stratified
deposition material, consisting of rock debris, clay, sand, gravel etc. This layered
surface 1s called till plain or an outwash plam,

Esker

+  Winding ridge of un-assorted depositions of rock, gravel, clay ete. runming along
a glacier in a till plain,

» The eskers resemble the features of an embankment and are often used for making
roads.

Kame Terraces

+  Broken nidges or un-assorted depositions looking like hump m a till plam,

Drumlin

» Inverted boat-shaped deposition in a till plain caused by deposition.

Kettle Holes
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» Formed when the deposited material in a till plain gets depressed locally and
forms a basin.

Moraine

» General term applied to rock fragments, gravel, sand, etc. carried by a glacier.
+ Depending on its position, the moraine can be ground moraine and end moraine.

Glacial Cycle of Erosion

Youth

» The stage 15 marked by the inward cutting activity of ice in a cirque.
» Aretes and horns are emerging. The hanging valleys are not prominent at this
stage.

Maturity

» Ilanging valleys start emerging. The opposite cirques come closer and the glacial
trough acquires a stepped profile which is regular and graded.

Old Age

+ Emergence of a “U’-shaped valley marks the beginning of old age.
» An outwash plain with features such as eskers, kame terraces, drumlins, kettle
holes etc. 15 a prominent development.
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(1. Discuss in detail the relief and configuration of ocean floor?

Answer: The study of ocean floor i1s important for understanding the evolution of

earth’s crust. Earlier it was helieved that ocean floor 15 a submerged part of continents

and 15 umiform in relief. But developments in science and technology revealed that

ocean basins are in many ways similar to the land surface having mountains, plateau,

plains and canyons/trenches on its surface. The occan floor can be divided nfo three

majur provisions:

1) Continental margins, which are shallow water areas close to the continents and
includes continental shelf, continental slope and continental rise.

2) Deep-Ocean basins, which are deep water areas farther from land and includes
abyssal plain, ocean deeps etc

3) The mid oceanic ridge, which is composed of shallower areas near the middle of an

aoean
The main ovean Door Leatures are:

a) Confinental shelf: It is the seaward extension of the continent from the shore line to
the continental edge. The continental shelves are rich source of fish and therefore
world’s major fishing grounds are located on it E.g. Grand banks of
Newfoundland

b) Continental slepe; Continental slope refers to a relatively steeply sloping surface
lying seaward of the continental shelf The average slape gradient of continental
slope in4° 17"

¢} Continental rise: Continental rise or continental foot represents a gently inclined
surface which acts as a link between continental slope and ocean bed, or deep-sea
plain.

d) Abyssal plain: This 15 the undulating plan lying bevond the continental rise,
covering almost 70% of the ocean-floor. It has submarine plateaus nidges, trenches
cle. On its surface bul are extensively [at as well (Slope less them 1: 1000).

e} (cean deeps: These are the long, narrow trenches found on the surface of the ocean

The greatest known ocean deep 15 Challenger deep in Mariana trench near Gaum

Izland (More than 10,036m).
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i Mid-oceanic ridge: It is the remarkable feature of ocean floor The mid-oceanic
ridges are formed at divergent plate boundaries and are present in every ocean. Mid-

oceanic ridges have a depression known as nift-valley.

Fig. 4.1: Relief and Configuration of ocean floor

02 Describe briefly the bottom relief of Atlantic Ocean?

Answer: The bottom reliel of Atantic Ocean 15 deseribed below in the following

points:

* Extends over about 20 8% of total area of earth, and 24% of total areas of oceans.

# Most striking features of Atlantic ocean 1s the presence of ‘Mid-Avlantic ridge . That
divides this ocean into two halves.

*  Atlantic Ocean 15 characterized by broad continental shelf

*  Mid-Atlantic ridge has two parts, northern part is known as ‘Daolphin Rise " and the
southern part 15 called 'Challenger Rise’

# In the north Atlantic, the mid-Atlantic ridge is relatively wider and forms broad

Telegraph platean’.

The other ridges of this ocean arte, Rio Granade Ridge, Wyville-Thompson Ridge,

"_i

Walvis ndge, etc. as shown in figure.
= Continuity of mid-Atlantic ridge is broken by the ‘Romanche deep” (7373m).
¥ Beyond Cape of Good Hope, mid-Atlantic ridge is called the “Adantic-Antarctica

ridge .
Buasiny
* Labrador basin, NE Atlantic basin, brazil basin, CAPE basin, NW Atlantic basin,

Atlantic-Antarctic basin etc.
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¥ Puerto-Rico, deep 15 prominent among ocean deeps ( Depth -8648m)

Islands

# Bnrtish isles, New found land, Sandwich islands, Georgia islands, Falkland islands
ete

» Oceanic islands, like Azores in north and the ascension and Trisian de cunbia in
south are higher path of mid Atlantic ndge.
Marginal Seas

¥

¥ South Atlantic Ocean —absence of marginal seas.
¥ Morthern side-Baltic sea, Mediterranean Sea, Carrabin Sea, Gulf of Mexico et
> Carrabin sea 15 separated from open Ocean by a number of islands like Cuba,

lamaica, etc which are called ‘(frear Anilies”

W

Yucatan Strait’ connects Carrabin Sea with Gult of Mexico.
Q3. Describe briefly the Bottom Relief of "acific Ocean?
Answer: The bottom relief of Paecific Ocean is deseribed below in the following points:

# Pacific Ocean covers 33% of total earth’s surface and 46% of area of oceans

e Pacific Ocean is of triangular shape with its apex in the “Bering Strait .

= Continental shell width 1s controlled by the shape and structure of its coastline.

*  On the eastern side, due to the presence of Rockies and Andes, Continental shelf
width is narrow (80 kms only).

=  There are 9 trenches, 3 basins, 11 land features (mountzns! plateaus) n ths occan.

= Deepest occane trench 1s found in thas ocean (Marnana trench — 10,900m ).

Islands

Estimated number is 20,000. Islands are grouped and classified according to racial

grauping, for example, Melanesia, Micronesia and Polynesia

s Besides, there are Hawilan Islands, Clipperton, Jaun Fernandez ete.
s Voleanie cones of Mauna Kea and Mauna Loa belong to the Hawanan group of

Islands
Muarginal Seas

Crulf of California; East China Sea, Sea of Okhotsk, Banda Sea, Sula Sea etc
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M. Explain in detail the significance of ocean currents of Atlantic and Pacific
P g

ean?

Answer: Ocean currents are swilt moving, large masses of surface water that move in a
fairly defined direction over great distances, There are two types of ocean currents —

warm currents and cold currents

= Significance

1) Ocean currents are important in the sense that they act as transporters of heat from
equatorial to polar areas.

2) Ocean currents play a vital role in keeping heat halance of earth by constantly
adjusting the earth’s surface heat imbalances.

3) The warm Gulf Stream current brings warm air to the coasts of Britain and Europe
thus modifving their climate.

4) The El-Nino (warm current) leads to upwelling of cold water along the peru coast
which 15 an indication of heavy hish catching.

5) Cold currents hke Labrador and Okhotsk currents bring planktons from the polar
and sub-polar zones and thus increase the food supply for fishes.

6) The Benguela (cold} currents and Canaries (warm)} currents modify the local
climate 1n African continent.

7) Kuroshio (warm), California (cold) currents also modify local chmate.

— —_—

Codd currendy Warm cLrrantt

1. Califartia Curtent 1. Marth Pacthc Or it L wnetWind Onift

2. Hurrsold: Current Z. Morth Egustorlal Current 13, Momoon Currem

1. Labradar Current 1. Emaatosial Courvserpsrrent 14, equatorial Counterourrent

4, Canares Curmet A, St Equatorial Cumert 15. South Eguatorial Curreat

5. Benouslz Current 5 \iest Wind Drift 16. hozambigue Current

B Pabcland Curnest & Sulf steaare 17, WestWina Drft

7. et Austrelisn Curerrs. 7. Morth Atlartc Drilt 18. lapan Cumrent

8, Cikhatsk Cyerent R. Wnerth Fouatorial Oumer 15, Horth Faesatonal Corresst
9, Egualoial Couneumrenl 20, Egyustotial Countercutient

W, sauth Equatanal Cumert 21, snith Fauatanal e
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Fig: Distribution of ocean currents
(3, Deseribe in detail the sea waves and their types?

Answer: Waves are oscillatory movements in water, manifested by alternate rise and
fall of sea surface. These moving curves on sea surface have two parts — the top part is
called its ‘Crest’ and the lower part is called ‘trough’. The waves are generated by
wind striking the surface of water. The size and force of waves depends upon the
velocity of wind, duration of wind, distance over which over wind can blow
unhindered The different parameters of sea waves are wave height, wavelength, wave

velocity and energy etc the different types of sea waves are;

fi) Capillary waves: The small rounded waves with wave lengths less than 174
cms are called ‘capillary waves”.

fi) Gravity waves: When more energy is transferred 1o the oceans, waves with
wavelengths more than 1.74 cms generate which are called “gravity waves'

i) Sea: It is an irregular and chaotic wave caused by several waves of different
wavelengths The variety of wavelengths is caused by changing wind speed and
direction

fivi  Swell: The trains of waves which move on a unifarm pattern of equivalent
period and height are called “swell”. The swells move with hittle loss of energy
over large stretches ol the ocean surlace

v Surf: the breaking waves at coastal region are known as “surf” They release
their energy along the margins of the continents Surfs are generated when one
wave strikes share and comes back with slow speed and other wave i1s maving
towards share tends to catch up with the wave, thus reducing the wavelength
and increases the wave steepness(H/L.)

fvi)  Tswnami: It may be defined as “seismic sea wave' Tsunami is a long period
gravily wave generated by a sub manne carthquake of volcame event. They are

often called as “tidal waves'. The wavelengths of the tsunami may be as long as

Scanned by CamScanner



DEPARTMENT OF GEOGRAPHY, GDC ANANTNAG
E-RESOURCES 1" SEMESTER CREDIT 4*"

16ikms and such waves travel at very high velocity somefimes reaching

Aa0kmshr

(6. Explain the tides, their origin, types and significance?

Answer: Tides may be defined as the periodic rise and fall in the oceans and seas due to
the gravitational attraction of the sun and moon Twice a day about 12 hours and 26
minutes, the sea level rises and twice a day it falls The rise of sea level is called ‘Toad

figle " and fall 15 called the ‘ehh ride’

According wo the period of rise and fall, udes are divides into two diurnal,

semidivrnal and mixed tides.

#  Diurnal tidal pattern shows only one high tide and one low tide during a day.
=  Semidiurnal tides mean Gdes oceur twice a day (two high tdes and two low
tdes).

= Mixed tides mean two unegual high tides and two unequal low tides inoa day
Origin of Ocean Tides

The origin of tides in the oceans is primanly concerned with the gravitational forces of
the sun and the moon It may be pointed out that the earth rotates from west to east and
revolves around the sun following an elliptical orbit Similarly, the moon rotates from
west to east and revolves around the carth along an elliptical orbit so that the distance
between the moon and the carth changes during different tmes in every month The
period of the farthest distance belween the moon and the earth (407,000 km) 15 called
apogee while the period of the nearest distance (356,000 km) 15 called perigee (See
figure 4 1)

The surface of the earth with its diameter of 12 800 km (8,000 miles) is 6,400 km nearer
to the moon than its centre The gravitational force of the moon will be maximum at the
earth’s surface facing the moon (at T in fig 4.1) while it will be minimum at the
oppuosite side of the carth (at A in fig 4.1) Consequently, the water of the carth’s
surface facing the moon 15 altracted and pulled and high tide oceurs. High tide 15 also
formed at the opposue side ol the earth (A in Lig. 4 1) simultaneously because ol the
reactionary force (centrifugaly of the gravitational (centripetal) force of the moon

causing outward bulge of water
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e High Tide

Effects of gravitational force of moon on
earth's water surface and occurrence of high

ecoracogremrog il =57

Fig.4.1: Varving distances -ul'.mmm and occurrence of tides

On the basis of gravitational force, the position of sun, moon and earth, there are two

types of tides as follows:

(1} Spring tides: when the carth, moon and sun are in a straight ling either in
conjunction or apposition (SYZYGY) that happens on new moon or full maon
day , the tides attain maximum height and as known as ‘spring lides’

{ii) Neap tides: When on the first and last quarter, the sun, moon and earth make an
angel of 90", the force of the sun’s gravitational pull lowers the gravitational pull

of moon, results in the low tides called as ‘Neap tides .
Significance of tides
The ocean tides can be used as a source of power. Tidal energy 15 considered a
clean, repewable resource with vast potential. Though the nitial cost of tidal power
plant may be ligh, but operation costs are less because it does not need fossl fuels or
radivactive substances o generate electricity. The tdes are also important o many
maring organisms. For example, grunion - small silvery fish time their spawning

{laying eggs) cycle to match the pattern of tides
O7. Write a detailed note on the encrgy resources of aceans?
Answer: The oceans are a great source of energy in the following ways:

1. OTEC: Occan thermal energy conversions ides was given by French Scientist
Georges Claude long ago in 1950°s, but it received much attention recently. It is a
lechmgue for extracting useful energy from the heat in the surface layers ol ocean
water which are warmed by the sun. OTEC systems are also called solar see power

plants (SSPP) Such plants can generate electnicity by exploiting the temperature
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difference between the warm surface water and colder water a few hundred feet
below. OTEC system are closed systems and use propane as the working fluid,
which is cold and boiled by sea water but is not mixed with 1t . the only drawback of
OTEC system is that they are capital — intensive (need much money for
establishment)

2. Tidal energy: The rise and fall of ocean tides represents a renewable energy source
or system which could be used for generation of electricity. The exploitation of this
source is restricted to a few sites only where there are large tidal ranges, such as Bay
of Fundy {Canada), Cook Inlet {Alaska) seven estuary (LK) etc. the tipping of tidal
energy requires large capital and has the disadvantage of long lead time before
power is actually produced; therefore it 1s not a potential source of energy which

could contribute to energy supply of countries

08: Define a coral reef? Write down the favourable conditions for the growth of

coral reefs? Discuss briefly the different types of corals and their significance?

Answer: Coral 15 a form of protoplasm that Qourishes most in warm seas, where the
average temperature exceeds 18°C throughout the yvear. Coral reef 1s formed of coral
polyps, algae, mulluscus etc The corals continuously extract caleium salt from sea

water to build hard skeletons to protect their soft bodies.

When one generation of coral polyps dies, fresh structures are built upon the
skeletons of old anes by the new generation Thus, in due course of fime, a great mass
of coral reef is formed The masses of hard cemented skeletans form calcareous rocks
which have different calours and shapes The coral reefs are mostly found only in

shallow water surrounding the continents and islands of the ocean.
Conditions favourable for the growth of Corals

o (Corals grow rapidly in tropical waters between 30°N and S latitudes

=  Corals need temperature between 20-25°C for best growth, so they avoid too cold
and too hot waters ol extreme regions of oceans.

=  Coral polyps thrive best up to the depth of 60 meters because they need sunlight
which 15 available up 1o ths depth.

= The living corals also need sediment free water and as such they do not grow near

river mouths,
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* High saline water i5 harmful for the growth of corals
TYPES OF CORAL REEFS

Coral reefs are biological communities built o the floor of warm shallow waters.
There are three main types of coral reefs.

i) Fringing Reef: It is the belt of coral reef that grows attached to the coasts or
around 1slands 1t is a narrow belt and is remarkably flat It varies in width and
may be as much as 07 km wide The surface af this reef is rough and at low
water level, it appears above sea level

(if)  Barrier Reeft This type of coral reef generally lies offshore, separated from land
by a lagoon. This coral feature is the largest of all types of coral reefs. It may be
several kilometers wide and several hundred kilometers long It is formed of
corals of various sizes. On its surface, debnis, boulders etc are found. Example is
Great Barrier Reef of Australia.

(ifi)  Avell: Atoll is a ning like circular feature enclosing/encircling a lagoon It is either
having a plateau or an island beneath Atolls are located at great distances from
the deep sea platforms. Submerged island, volcanic cone are the favourable

submarine features for its growth Examples are Fiji atoll or Funafuti atoll
SIGNIFICANCE

The coral reef formation 15 important as they protect the coastal arcas from
crosion. Moreover, the coral reefs act as barrier for the sea waves to inundate the
coastal arcas, thug save coastal arcas from the il cifecls of waves and tides. The coral
polyps also help in maintaming the symbiotie relationship between the plant and animal

[11& in the sea or water bodies.
Q9: Define Ocean Current. Write down its Origin, definition and types?

An acean curreni 15 a continuous, directed movement of seawater generated by forces
such as breaking waves, wind, the coralis effect, temperature and salinity differences
etc Depth contours, shoreline configurations and interactions with other currents
mfluenece a current's direction and strength. Therelore, ocean currents are primarily
horizontal water movements, Ocean currents mfluenee the temperature ol the regions
through which they travel. For  example, the Gull Stream  currenl  which
makes northwest Europe much more temperate than any other region at the

same latiude
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Types and Function

Swrface oceamic currents are sometimes wind drnven and develop ther typreal
clockwise spirals in the northern  hemisphere and  counter-clockwise rotation in
the southern hemisphere due to imposed wind stresses. In these wind driven currents,

the Fkman spiral effect results in the currents flowing at an angle to the driving winds

Swrface currents make up only 8% of all water in the ocean, are generally restricted to
the upper 400 m {1,300 fi} of ocean walter, and are separated from lower regions by
varying temperatures and salinity which affect the density of the water, which in turn,
defines each oceanic region. Because the movement of deep water in ocean basins is
caused by density driven forces and gravity, deep waters sink into deep ocean basins at
high latitudes where the temperatures are cold enough to cause the density to increase.
Surface currents are found on the surface of an ocean, and are driven by large scale
wind currents. They are direetly affected by the wind—the Corolis effect plays a role in

their behaviors.

Deep ocean currents are driven by density and temperature gradients Thermohaline
circulation 1s also known as the ocean's comveyvar beli (which refers to deep ocean
density driven ocean basin currents) These currents called submarine rivers, flow
under the surface of the ocean and are hidden from immediate detection Where
significant vertical movement of ocean currents is observed, this is known
as upwelling and down welling 1deep Ocean currents are currently being researched

using a fleet of underwater robats called Argo

The Corohs effect 1s weak near the equator (and absent at the equator), water moving in
the currents on either side of the equator 1s deflected shghtly pole ward and replaced by
deeper water Thus, equatorial upwelling oceurs in these westward flowing equatorial
surface currents. Upwelling i5 an important process because this water from within and
below the pyenocline is often rich in nutrients and greatly benefits the growth of marine
organisms. By contrast, generally peor conditions for growth prevail in moest ol the
open tropical ocean because strong layering 1solates deep, nutrient rich water from the
sunhit ocean surface. Qcean currents are measured 0 sverdrup (sv), where 1 sv s

equivalent to a volume flow rate of 1,000,000 m* (35,000,000 cu (1) per second

Importance
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knowledge of surface ocean currents 15 essential in reducing costs of shipping, since
traveling with them reduces fuel costs In the wind powered sailling-ship era,
knowledge of wind patterns and ocean currents 1s even more essential A good example
of this 15 the Agulhas Current, which long prevented Portuguese sailors from reaching
India Ocean currents are important in the study of marine debris, and vice versa These
currents also affect temperatures throughout the world For example, the ocean current
that brings warm water up the north Atlantic to northwest Furope also cumulatively and
slowly blocks ice from forming along the seashores, which would also block ships from
entering and exiting inland waterways and seaports. Hence, ocean currents play a
decisive role in influencing the climates of regions through which they flow Cold
ocean water currents flowing from polar and sub-polar regions bring in a lot
of plankton that are crucial to the continued survival of several key sea creature species
in marime ecosystems. Since plankton is the food of fish, abundant fish populations
often live where these currents prevail COcean currents can also be used for marine
power generation, with areas off of Japan, Flonda and Hawan being considered for test

projects. Currents are respansible for eirculating water throughout the earth's oceans.
) Discuss in detail the Currents of the Atlantic Ocean.

Answer: The important currents of Atlantic Ocean are;

1. North Equatorial Current (warm)

North equatorial current 15 a significant Paeific and Atlantic Ocean current that flows
cast-to-west between about 107 north and 20° nerth. This current 15 generated because
ol upwelling of cold-water near the west coast of Afnea. This warm current 15 also
pushed westward by the cold Canary current. On an average. the north equatenal warm
current flows from east to west but this saline current is deflected northward when it
crosses the mid-Atlantic Ridge near 15°N latitude. R again turms southward after
crossing over the nidge. This current, after being obstructed by the land barrier of the
cast coast of Brazil. is bifurcated into two branches viz, Antifles currenr and Caribbean
current. The Antilles current 15 diverted northward and fows o the cast of West Indies
islands, and helps in the [ormation of Sargassoe Sca eddy while the second branch

krnorwn as the Canbbean current enters the Gull of Mexico and becomes Gull Stream.
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2. South Equatorial Current (warm)

The South Equatorial Current 15 a sigmificant Pacific, Atlantic, and Indian Ocean
current that flows east-to-west between the equator and about 20 degrees south. In the
Pacific and Atlantic Oceans, it extends across the equator ta about 5 degrees north
South equatonial current flows from the western coast of Africa to the eastern coast of
South America between the equator and 20°8 latitude. This current 15 more constant,
stronger and of greater extent than the north equatorial current. In fact, this current s
the continuation of the cold Berguela current, This warm current is bifurcated mlo two

branches due 1o obstruction of land barmier i the Torm of the east coast of Brazl.

The northward branch after taking north-westerly course merges with the north
equatorial current near Trinidad while the second branch turns southward and continues
as Brazil warm current parallel to the east coast of South Amenca This current 15
basically onginated under the stress of trade winds

3. Equatorial Counter Curreni

Equatorial Counter Current 15 a sigmificant ocean current in the Pacilic and Indian
oceans that flows wesl-lo-east at approximately five degrees north. The Counter
Currents result from balancing the westward flow af water in each ocean by the North

and South Equatonial currents.
4. Gulf Stream

The Culf Stream 15 a system of several currents moving in north-easterly direction
This current svstem onginates in the Gulf of Mexico around 20°N latitude and moves
in north easterly direction aleng the castern coast of North Amerca and reaches the
western coasts of Europe near 70°N latitude. This svstem, named Gull Stream because

of its origin in the Mexican Gulf
5. Canary Current (Cold)

The Canary current, a cold current, flows along the western coast of North Africa
between Maderia and Cape Verde In fact, this current is the continuation of North
Atlantic Dnft which turns southward near the Spanish coast and flows to the south
along the coast of Canaries Island. The Canary cold current modifies the otherwise hot

weather conditions of the western coasts of Morth Africa
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6. Labrador Current (Cold)

The Labrador Current, an example ol cold current, onginates i the Baflin Bay and
Davis Strait and after Nowing through the coastal waters of Newfoundland and Grand
Bank merges with the Gulf Stream around 50°W longitude, This current brings with it a
large number of big icebergs as far south as Newfoundland and Grand Bank These

iecbergs present eflfective hindrances in the oceanic navigation.
7. Brazil Current (YWarm)

The Brazil current 15 characterized by high temperature and high salinity This current
is generated because of the bifurcation of the south equatorial current because of
obstruction of the Brazilian coast near Sun Rock The northern branch flows northward
and merges with the north equatonial current while the southern branch known as the
Brazil current flows southward along the east coast of South America up to 40°S

latitude
8. Falkland Current {Cold)

The cold waters of the Antarctic Sea flows in the form of Falkland cold current from
south to north along the eastern coast of South America upto Argentina. This current
becomes most extensive and developed near 30°5 latitude. This current alse brings

numerous icebergs from the Antarctic area to the South American coast.

9. South Atlantic Drift (Cold)

The castward continuation of the Brazil current is culled Sowth Atlantic Drifi. This
current 15 ongimated because of the dellection of the Brazil warm current eastward at
4078 latitude due to the dellective force of the rotation ol the earth. The South Atlantic

Deift, thus, flows eastward under the influence of the westerlies. This current 15 also

known as the Westerlies Drift or the Antarctic Drift.
10. Benguela Current (Cold)

The Benguela cwrrene. u cold current, flows from south to north along the western coast
of South Alnica In fact. the South Atlantic Dt turns northward due to obstruction
caused by the southern tip of Afmica Further northward, this current merges with the

south Equatonial Current.

These currents and their path are shown in figure below.
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—p Warmewater current | ——# Cold-water curment

Fig. 4.2: Currents of the Atlantic Ocean

SHORT ANSWER TYPE QUESTIONS

Q1. Define Bathymetry?

Ans: The measurement of the ovean depths s called “batfymeny .
QL. What is Salinity?

Ans: The total amount of dissolved salis on grams per kilogram of water 1s termed as
selimety” 118 measured in parts per thousand

(33. What is an ocean current?

Ans: It may be defined as the persistent horizontal movement of ocean water in a fairly
defined direction

(4. Give the definition of Tides?

Ans: It refers to the regular rise and fall of sea water due to the gravitational pull of sun

and moon.
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05, Define waves?
Ans: It may be delined as the cvehic movement ol particles. This evehe movement
oceurs due to the energy transfer between particles in a medium

6. What is a coral reef?

Ans: It is a rock like structure formed usually in warm sees by colonies of small

animals called ‘corals
Q7. What do you mean by OTEC?

Ans: An acronym for ocean thermal energy conversions; refers to the process by which

energy from ocean is transferred or utilized by different means.
O8. What is tidal energy?
Ans: It refers to the kinetic energy derived from the rise and fall of sea water by means
ol technology.
Or

Rise and fall of the ocean tides represents a renewable enmergy source, which in
principle could supply perhaps 1EJ of energy per vear as electricity throughout the

world

9. Define a tidal range?

Ans The difference between high and low tides is called ‘tidal range”
010, Define a continental shelf?

Ans: The zone around the continents, extending from the low water line to the depths at

which there is marked increase in slope is called ‘Continental Shelf”
O

Area of the ocean floor bordering the continental landmass at a depth of around 200m.

Gradient of shelfis 0.17
Q11. Define continental slope?

Ans: It 15 the zone of marked slope (2-67) from the edge of the continental shell w the

deep sea plam.

0Q12. What is a continental rise?
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Ans: It is the long and broad elevation of the deep sea floor which rises gently and

smoothly.
013, What is an abyssal plain?

Ans: An abyssal plain 15 the deep sea-floor, formed of abyssal deposits. It 1s
characterized by least gradient.

014, Define seamouni?

Ans: It s dehined as the 1solated submanne peak with a steep slope in the ocean floor.
Q15 What is a Guyot?

Ans: A flat topped peak nising from sea floor is termed as "Guyor '

16, Define submarine canyon?

Ans A steep sided V-shaped trench usually found on the continental shelf and

occasionally an continental slope is termed as “submarine canyon’

0Q17. Define thermuocline?

Ans: It is defined as the region where temperature varies or changes rapidly with depth.
O14. Define halocline”

Ans: It 15 defined as the zone in the water column where the vertical change of salinity
15 relatively sharp.

019, Define pyenocline?

Ans: It is defined as the zone of the ocean in which density increases rapidly depth
20, Wheat is an oveanic trench?

Ans: A long but narrow depression of the sea floor having steep sides is called an
oceanic trench

021, How many aceans are there?

Ans: The seas and oveans of the world are actually one big “world occan™ because they
are connected Most of the time the world ocean 15 divided into four main purts: the
Pacific, Indian, Atlantic, and Arctic. By far the largest is the Pacific Ocean, more than

twice the size of the Atlantic. The Indian 1s third in size, fallowed by the Arctic Ocean.
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