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Geomorphology: Meaning — Scope and Content

Geomorphology

Geomorphology is the study of landforms, their processes, form and sediments at the surface of
the Earth. Study includes looking at landscapes to work out how the earth surface processes,
such as air, water and ice, can mould the landscape. Landforms are produced by erosion or
deposition, as rock and sediment is worn away by these earth-surface processes and transported
and deposited to different localities. The different climatic environments produce different suites
of landforms. The landforms of deserts, such as sand dunes and ergs, are a world apart from the
glacial and preglacial features found in polar and sub-polar regions. Geomorphologists map the

distribution of these landforms so as to understand better their occurrence.

Earth surface processes are forming landforms today, changing the landscape, albeit often very
slowly. Most geomorphic processes operate at a slow rate, but sometimes a large event, such as a
landslide or flood, occurs causing rapid change to the environment, and sometimes threatening
humans. So geological hazards, such as volcanic eruptions, earthquakes, tsunamis and landslides,
fall within the interests of geomorphologists. Advancements in remote sensing from satellites
and GIS mapping has benefited geomorphologists greatly over the past few decades, allowing

them to understand global distributions.

Geomorphologists are also “landscape-detectives” working out the history of a landscape. Most
environments, such as Britain and Ireland, have in the past been glaciated on numerous
occasions, tens and hundreds of thousands of years ago. These glaciations have left their mark on

the landscape, such as the steep-sided valleys in the Lake District and the drumlin fields of

central Ireland. Geomorphologists can piece together the history of such places by studying the
remaining landforms and the sediments — often the particles and the organic material, such as
pollen, beetles, diatoms and macrofossils preserved in lake sediments and peat, can provide

evidence on past climate change and processes.

So geomorphology is a diverse discipline. Although the basic geomorphologic principles can be
applied to all environments, geomorphologists tend to specialize in one or two areas, such
aeolian (desert) geomorphology, glacial and periglacial geomorphology, volcanic and tectonic
geomorphology, and even planetary geomorphology. Most research is multi-disciplinary,
combining the knowledge and perspectives from two contrasting disciplines, combining with

subjects as diverse as ecology, geology, civil engineering, and hydrology and soil science.

Scope and content of Geomorphology

Geomorphology is the scientific study of landforms and the processes that shape them.
Geomorphologists seek to understand why landscapes look the way they do: to understand
landform history and dynamics, and predict future changes through a combination of field
observation, physical experiment, and numerical modeling. Geomorphology is practiced within
geology, engineering geology, geodesy, geography, archaeology, and geological engineering.
Early studies in geomorphology are the foundation for pedology, one of two main branches of

soil science.

Geomorphology is the study of landforms and landscapes on Earth and other planets, and the
processes that shape them. This discipline is primarily concerned with the erosion and deposition
of rock and sediments by wind and water, but also includes the creation of topography through

tectonics.

Geomorphology is the scientific study oflandformsand the processes that shape
them. Geomorphologists seck to understand why landscapes look the way they do: to
understand landform history and dynamics, and predict future changes through a combination of

field observation, physical experiment, and numerical modeling.



There are three major aspects of the study of geomorphology

* Firstly, it is the study of the relations between landforms and the underlying rocks ie .
Geological Geomorphology. Thus, geomorphology is concerned with the interactions between
denudation processes and the rock strength. Hence, in the precise investigation of the resistance

of rocks to denudation, detailed experimental work on rocks must be carried out.

« In its second sense, geomorphology is the study of the evolution of landscapes. Such studies
have been termed denudation chronology. Such studies attempts to reconstruct succession of
pictures of the relief at different times. Alterations of relief are usually believed to have been

caused by changes of base level and climate.

* The third aspect of geomorphology is the study of the actual process of erosion which give rise
to landforms. Unlike the first two aspects of Geomorphology, which are essentially regional in
approach, this third aspect is systematic. It aims to understand the action of waste movement of

water movement, ice, and wind as well as the processes of weathering.

Origin of Universe

The word Universe comes from the Old French word Univers, which comes from the Latin word universum. The Latin
word was used by Cicero and later Latin authors in many of the same senses as the modern English word is used.
The universe is all of space and time and their contents, including planets, stars, galaxies, and all

other forms of matter and energy.

Our Milky Way Galaxy was once thought to comprise the entire known universe. Today our
universe encompasses many billions of galaxies, and its history can be recounted back to its

earliest moments.

Our universe began with an explosion of space itself - the Big Bang. Starting from extremely
high density and temperature, space expanded, the universe cooled, and the simplest elements
formed. Gravity gradually drew matter together to form the first stars and the first galaxies.
Galaxies collected into groups, clusters, and superclusters. Some stars died in supernova
explosions, whose chemical remnants seeded new generations of stars and enabled the formation

of rocky planets. On at least one such planet, life evolved to consciousness.

At a particular instant roughly 15 billion years ago, all the matter and energy we can observe,
concentrated in a region smaller than a dime, began to expand and cool at an incredibly rapid
rate. By the time the temperature had dropped to 100 million times that of the sun’s core, the
forces of nature assumed their present properties, and the elementary particles known as quarks
roamed freely in a sea of energy. When the universe had expanded an additional 1,000 times, all

the matter we can measure filled a region the size of the solar system.

At that time, the free quarks became confined in neutrons and protons. After the universe had
grown by another factor of 1,000, protons and neutrons combined to form atomic nuclei,
including most of the helium and deuterium present today. All of this occurred within the first
minute of the expansion. Conditions were still too hot, however, for atomic nuclei to capture
electrons. Neutral atoms appeared in abundance only after the expansion had continued for
300,000 years and the universe was 1,000 times smaller than it is now. The neutral atoms then
began to coalesce into gas clouds, which later evolved into stars. By the time the universe had
expanded to one fifth its present size, the stars had formed groups recognizable as young

galaxies.

When the universe was half its present size, nuclear reactions in stars had produced most of the
heavy elements from which terrestrial planets were made. Our solar system is relatively young: it
formed five billion years ago, when the universe was two thirds its present size. Over time the
formation of stars has consumed the supply of gas in galaxies, and hence the population of stars
is waning. Fifteen billion years from now stars like our sun will be relatively rare, making the

universe a far less hospitable place for observers like us.



Our understanding of the genesis and evolution of the universe is one of the great achievements
of 20th-century science. This knowledge comes from decades of innovative experiments and
theories. Modern telescopes on the ground and in space detect the light from galaxies billions of
light-years away, showing us what the universe looked like when it was young. Particle
accelerators probe the basic physics of the high-energy environment of the early universe.
Satellites detect the cosmic background radiation left over from the early stages of expansion,

providing an image of the universe on the largest scales we can observe.

Our best efforts to explain this wealth of data are embodied in a theory known as the standard
cosmological model or the big bang cosmology. The major claim of the theory is that in the large
scale average the universe is expanding in a nearly homogeneous way from a dense early state.
At present, there are no fundamental challenges to the big bang theory, although there are
certainly unresolved issues within the theory itself. Astronomers are not sure, for example, how
the galaxies were formed, but there is no reason to think the process did not occur within the
framework of the big bang. Indeed, the predictions of the theory have survived all tests to date.

Yet the big bang model goes only so far, and many fundamental mysteries remain.
Big Bang Theory

The Big Bang theory is a cosmological model of the observable universe from the earliest known

periods through its subsequent large scale evolution.

In 1927, an astronomer named Georges Lemaitre had a big idea. He said that a very long time
ago, the universe started as just a single point. He said the universe stretched and expanded to

get as big as it is now, and that it could keep on stretching.

The Big Bang Theory is the leading explanation about how the universe began. At its simplest, it
says the universe as we know it started with a small singularity, then inflated over the next 13.8

billion years to the cosmos that we know today.

When the universe began, it was just hot, tiny particles mixed with light and energy. It was

nothing like what we see now. As everything expanded and took up more space, it cooled down.

The tiny particles grouped together. They formed atoms. Then those atoms grouped together.

Over lots of time, atoms came together to form stars and galaxies.

The first stars created bigger atoms and groups of atoms called molecules. That led to more stars
being born. At the same time, galaxies were crashing and grouping together. As new stars were

being born and dying, then things like asteroids, comets, planets, and black holes formed.
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According to most astrophysicists, all the matter found in the universe today -- including the
matter in people, plants, animals, the earth, stars, and galaxies -- was created at the very first
moment of time, thought to be about 13 billion years ago.

The universe began, scientists believe, with every speck of its energy jammed into a very tiny
point. This extremely dense point exploded with unimaginable force, creating matter and
propelling it outward to make the billions of galaxies of our vast universe. Astrophysicists
dubbed this titanic explosion the Big Bang.

The Big Bang was like no explosion you might witness on earth today. For instance, a hydrogen
bomb explosion, whose center registers approximately 100 million degrees Celsius, moves
through the air at about 300 meters per second. In contrast, cosmologists believe the Big Bang
flung energy in all directions at the speed of light (300,000,000 meters per second, a million
times faster than the H-bomb) and estimate that the temperature of the entire universe was 1000
trillion degrees Celsius at just a tiny fraction of a second after the explosion. Even the cores of
the hottest stars in today's universe are much cooler than that.

There's another important quality of the Big Bang that makes it unique. While an explosion of a
man-made bomb expands through air, the Big Bang did not expand through anything. That's
because there was no space to expand through at the beginning of time. Rather, physicists

believe the Big Bang created and stretched space itself, expanding the universe.



A Cooling, Expanding Universe

For a brief moment after the Big Bang, the immense heat created conditions unlike any
conditions astrophysicists see in the universe today. While planets and stars today are composed
of atoms of elements like hydrogen and silicon, scientists believe the universe back then was too
hot for anything other than the most fundamental particles -- such as quarks and photons.

But as the universe quickly expanded, the energy of the Big Bang became more and more
"diluted" in space, causing the universe to cool.

Rapid cooling allowed for matter as we know it to form in the universe, although physicists are
still trying to figure out exactly how this happened. About one ten-thousandth of a second after
the Big Bang, protons and neutrons formed, and within a few minutes these particles stuck
together to form atomic nuclei, mostly hydrogen and helium. Hundreds of thousands of years
later, electrons stuck to the nuclei to make complete atoms.

About a billion years after the Big Bang, gravity caused these atoms to gather in huge clouds of
gas, forming collections of stars known as galaxies. Gravity is the force that pulls any objects
with mass towards one another -- the same force, for example, that causes a ball thrown in the air
to fall to the earth.

Where do planets like earth come from? Over billions of years, stars "cook" hydrogen and
helium atoms in their hot cores to make heavier elements like carbon and oxygen. Large stars
explode over time, blasting these elements into space. This matter then condenses into the stars,

planets, and satellites that make up solar systems like our own.

Evidences for Big Bang

Astrophysicists have uncovered a great deal of compelling evidence over the past hundred years
to support the Big Bang theory. Among this evidence is the observation that the universe is
expanding. By looking at light emitted by distant galaxies, scientists have found that these
galaxies are rapidly moving away from our galaxy, the Milky Way. An explosion like the Big

Bang, which sent matter flying outward from a point, explains this observation.

Another critical discovery was the observation of low levels of microwaves throughout space.
Astronomers believe these microwaves, whose temperature is about -270 degrees Celsius, are the
remnants of the extremely high-temperature radiation produced by the Big Bang.

Interestingly, astronomers can get an idea of how hot the universe used to be by looking at very

distant clouds of gas through high-power telescopes. Because light from these clouds can take
billions of years to reach our telescopes, we see such bodies as they appeared eons ago. Lo and
behold, these ancient clouds of gas seem to be hotter than younger clouds.

Scientists have also been able to uphold the Big Bang theory by measuring the relative amounts
of different elements in the universe. They've found that the universe contains about 74 percent
hydrogen and 26 percent helium by mass, the two lightest elements. All the other heavier
elements -- including elements common on earth, such as carbon and oxygen -- make up just a
tiny trace of all matter.

So how does this prove anything about the Big Bang? Scientists have shown, using theoretical
calculations, that these abundances could only have been made in a universe that began in a very
hot, dense state, and then quickly cooled and expanded. This is exactly the kind of universe that

the Big Bang theory predicts.

The Nebular Theory

Currently the best theory is the Nebular Theory. The nebular theory is an explanation for the
formation of solar systems. The word “nebula” is Latin for “cloud,” and according to the
explanation, stars are born from clouds of interstellar gas and dust. The transition from an
undifferentiated cloud to a star system complete with planets and moons takes about 100 million
years. According to this theory, our own solar system formed about 4.6 billion years ago, and

others are forming today in distant nebulae.

This states that the solar system developed out of an interstellar cloud of dust and gas, called
anebula. This theory best account for the objects we currently find in the Solar System and the
distribution of these objects. The Nebular Theory would have started with a cloud of gas and
dust, most likely left over from a previous supernova. The nebula started to collapse and
condense; this collapsing process continued for some time. The Sun-to-be collected most of the

mass in the nebula’s center, forming a Protostar .

A protostar is an object in which no nuclear fusion has occurred, unlike a star that is undergoing
nuclear fusion. A protostar becomes a star when nuclear fusion begins. Most likely the next step
was that the nebula flattened into a disk called the Protoplanetary Disk. Planets eventually

formed from and in this Protoplanetary disk.



Three processes occurred with the nebular collapse:

e Temperatures continued to increase
e The solar nebula spun faster and faster

e The solar nebula disk flattened

The orderly motions of the solar system today are a direct result of the solar system’s beginnings

in a spinning, flattened cloud of gas and dust.
‘What the Theory Explains

As it relates to our own solar system, the nebular theory explains three observable facts. The first
is that the planets all rotate in the same direction. The second is that they all orbit within 6
degrees of a common plane. The third is that all the terrestrial planets, which are those within the
orbit of the Asteroid Belt, are rocky, while those outside it are gaseous. The theory also explains
the existence of the Kuiper Belt - a region on the fringes of the solar system with a high

concentration of comets.
A Star Is Born

According to the nebular theory, a solar system begins when an interstellar cloud, containing
approximately 75 percent hydrogen, 25 percent helium and traces of other elements, begins to
form areas of higher concentration, or clumps. As the clumps grow, gravitational forces increase
and get converted to the kinetic energy of the increasingly fast-moving particles, which collide
with one another and generate heat. Eventually one clump dominates, and when its temperature
reaches 10 million degrees Kelvin (18 million degrees Fahrenheit), nuclear fission begins. The
outward pressure created by the fission reactions prevents further collapse, and the clump of

burning hydrogen gas stabilizes and becomes a star.
Seeds of Planets

As a proto-star grows in size, the gases in the nebula from which it is born form a disk and spiral
more and more quickly around its center. Eventually, elements on the fringe of the disk begin to
form into globules with compositions that depend on their distance from the center. At smaller
distances, where temperatures are higher, they are formed of heavy elements, while at greater

distances they are formed of ices of water, methane and ammonia. These globules collide with

each other and stick together to form larger, spherical bodies in a process called accretion. The

larger bodies, with diameters of a few kilometers, are called planetesimals.
Planets and Comets

Once planetesimals form, collisions continue, but they tend to be destructive, and only the largest
planetesimals survive. These continue to grow by assimilating surrounding material, including
smaller planetesimals, to become planets. The composition of planets closer to the center of the
system differs from that of those farther away. The planets within a critical distance, where
temperatures are warmer, are rocky, while those beyond the critical distance have solid cores and
thick, gaseous atmospheres. At the fringes of the solar system, where gravitational forces are
weak, planetesimals never coalesce into planets. These icy bodies sometimes wander in eccentric

orbits, and when they get close to the sun, we know them as comets.
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Solar System

The Solar System is the gravitationally bound system of the Sun and the objects that orbit it,
either directly or indirectly. Of the objects that orbit the Sun directly, the largest are the eight
planets, with the remainder being smaller objects, the dwarf planets and small Solar System
bodies. Of the objects that orbit the Sun indirectly - the moons - two are larger than the smallest

planet, Mercury.

The Solar System formed 4.6 billion years ago from the gravitational collapse of a giant
interstellar molecular cloud. The vast majority of the system's massis in the Sun, with the
majority of the remaining mass contained in Jupiter. The four smaller inner planets,
Mercury, Venus, Earth and Mars, are terrestrial planets, being primarily composed of rock and
metal. The four outer planets are giant planets, being substantially more massive than the

terrestrials.

The two largest planets, Jupiter and Saturn, are gas giants, being composed mainly
of hydrogen and helium; the two outermost planets, Uranus and Neptune, are ice giants, being
composed mostly of substances with relatively high melting points compared with hydrogen and
helium, called volatiles, such as water, ammonia and methane. All eight planets have almost

circular orbits that lie within a nearly flat disc called the ecliptic.

The Solar System also contains smaller objects. The asteroid belt, which lies between the orbits
of Mars and Jupiter, mostly contains objects composed, like the terrestrial planets, of rock and
metal. Beyond Neptune's orbit lie the Kuiper belt and scattered disc, which are populations
of Trans Neptunian objects composed mostly of ices and beyond them a newly discovered

population of sednoids.

Within these populations, some objects are large enough to have rounded under their own
gravity, though there is considerable debate as to how many there will prove to be. Such objects
are categorized as dwarf planets. The only certain dwarf planet is Pluto, with another trans-
Neptunian object, Eris, expected to be, and the asteroid Ceres at least close to being a dwarf
planet. In addition to these two regions, various other small body populations,

including comets, centaurs and interplanetary dust clouds, freely travel between regions.

Six of the planets, the six largest possible dwarf planets, and many of the smaller bodies are
orbited by natural satellites, usually termed "moons" after the Moon. Each of the outer planets is

encircled by planetary rings of dust and other small objects.

The solar wind, a stream of charged particles flowing outwards from the Sun, creates a bubble-
like region in the interstellar medium known as the heliosphere. The heliopause is the point at
which pressure from the solar wind is equal to the opposing pressure of the interstellar medium;

it extends out to the edge of the scattered disc.

The Oort cloud, which is thought to be the source for long period comets, may also exist at a
distance roughly a thousand times further than the heliosphere. The Solar System is located in
the Orion Arm, 26,000 light-years from the center of the Milky Way galaxy.

Pluto

Makemnake

SOLAR SYSTEM
INTERIOR OF THE EARTH

Humans have never drilled past Earth’s crust, and yet we know a lot about the composition of the
earth’s interior. Rocks yield some clues, but they only reveal information about the outer crust.
In rare instances, a mineral, such as a diamond, comes to the surface from deeper down in the
crust or the mantle. To learn about Earth’s interior, scientists use energy, recorded by

seismographs.
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The Composition and Structure of Earth

Core, mantle, and crust are divisions based on composition. The crust makes up less than 1
percent of Earth by mass, consisting of oceanic crust and continental crust is often more felsic
rock. The mantle is hot and represents about 68 percent of Earth’s mass. Finally, the core is

mostly iron metal. The core makes up about 31% of the Earth.

Lithosphere and asthenosphere are divisions based on mechanical properties. The lithosphere is
composed of both the crust and the portion of the upper mantle that behaves as a brittle, rigid
solid. The asthenosphere is partially molten upper mantle material that behaves plastically and

can flow.

Ice cap. Asthenosphere

Rigid mantle

CRUST
Earth’s outer surface is its crust; a cold, thin, brittle outer shell made of rock. The crust is very

thin, relative to the radius of the planet. There are two very different types of crust, each with its

own distinctive physical and chemical properties. Oceanic crust is composed of magma that
erupts on the seafloor to create basalt lava flows or cools deeper down to create the intrusive
igneous rock gabbro. Sediments, primarily muds and the shells of tiny sea creatures, coat the
seafloor. Sediment is thickest near the shore where it comes off the continents in rivers and on

wind currents.

Continental crust is made up of many different types of igneous, metamorphic, and sedimentary
rocks. The average composition is granite, which is much less dense than the mafic igneous
rocks of the oceanic crust. Because it is thick and has relatively low density, continental crust
rises higher on the mantle than oceanic crust, which sinks into the mantle to form basins. When

filled with water, these basins form the planet’s oceans.

The lithosphere is the outermost mechanical layer, which behaves as a brittle, rigid solid. The
lithosphere is about 100 kilometers thick. The definition of the lithosphere is based on how earth
materials behave, so it includes the crust and the uppermost mantle, which are both brittle. Since
it is rigid and brittle, when stresses act on the lithosphere, it breaks. This is what we experience

as an earthquake.
Crust
o It is the outermost solid part of the earth, normally about 8-40 kms thick.
e It is brittle in nature.
o Nearly 1% of the earth’s volume and 0.5% of earth’s mass are made of the crust.

o The thickness of the crust under the oceanic and continental areas are different. Oceanic

crust is thinner (about 5kms) as compared to the continental crust (about 30kms).




e Major constituent elements of crust are Silica (Si) and Aluminium (Al) and thus, it is often
termed as SIAL (Sometimes SIAL is used to refer Lithosphere, which is the region

comprising the crust and uppermost solid mantle, also).
o The mean density of the materials in the crust is 3g/cm3.

e The discontinuity between the hydrosphere and crustis termed as the Conrad

Discontinuity.

MANTLE

The two most important things about the mantle are: (1) it is made of solid rock, and (2) it is hot.
Scientists know that the mantle is made of rock based on evidence from seismic waves, heat
flow, and meteorites. The properties fit the ultramafic rock peridotite, which is made of the iron-
and magnesium-rich silicate minerals. Peridotite is rarely found at Earth’s surface.Scientists
know that the mantle is extremely hot because of the heat flowing outward from it and because
of its physical properties. Heat flows in two different ways within the Earth: conduction and
convection. Conduction is defined as the heat transfer that occurs through rapid collisions of
atoms, which can only happen if the material is solid. Heat flows from warmer to cooler places
until all are the same temperature. The mantle is hot mostly because of heat conducted from the
core. Convection is the process of a material that can move and flow may develop convection

currents.

Convection in the mantle is the same as convection in a pot of water on a stove. Convection
currents within Earth’s mantle form as material near the core heats up. As the core heats the
bottom layer of mantle material, particles move more rapidly, decreasing its density and causing
it to rise. The rising material begins the convection current. When the warm material reaches the
surface, it spreads horizontally. The material cools because it is no longer near the core. It
eventually becomes cool and dense enough to sink back down into the mantle. At the bottom of
the mantle, the material travels horizontally and is heated by the core. It reaches the location

where warm mantle material rises, and the mantle convection cell is complete.
Mantle

o The portion of the interior beyond the crust is called as the mantle.

o The discontinuity between the crust and mantle is called as the Mohorovich Discontinuity

or Moho discontinuity.

o The mantle is about 2900kms in thickness.

o Nearly 84% of the earth’s volume and 67% of the earth’s mass is occupied by the mantle.

e The major constituent elements of the mantle are Silicon and Magnesium and hence it is
also termed as SIMA.

o The density of the layer is higher than the crust and varies from 3.3 — 5.4g/cm3.

o The uppermost solid part of the mantle and the entire crust constitute the Lithosphere.

o The asthenosphere (in between 80-200km) is a highly viscous, mechanically weak and
ductile, deforming region of the upper mantle which lies just below the lithosphere.

o The asthenosphere is the main source of magma and it is the layer over which the

lithospheric plates/ continental plates move (plate tectonics).

CORE

At the planet’s center lies a dense metallic core. Scientists know that the core is metal for a few
reasons. The density of Earth’s surface layers is much less than the overall density of the planet,
as calculated from the planet’s rotation. If the surface layers are less dense than average, then the
interior must be denser than average. Calculations indicate that the core is about 85 percent iron
metal with nickel metal making up much of the remaining 15 percent. Also, metallic meteorites
are thought to be representative of the core. If Earth’s core were not metal, the planet would not
have a magnetic field. Metals such as iron are magnetic, but rock, which makes up the mantle
and crust, is not. Scientists know that the outer core is liquid and the inner core is solid because

S-waves stop at the inner core. The strong magnetic field is caused by convection in the liquid



outer core. Convection currents in the outer core are due to heat from the even hotter inner core.
The heat that keeps the outer core from solidifying is produced by the breakdown of radioactive

elements in the inner core.

Core

o It is the innermost layer surrounding the earth’s centre.

e The core is separated from the mantle by Guttenberg’s Discontinuity.

o Itis composed mainly of iron (Fe) and nickel (Ni) and hence it is also called as NIFE.

o The core constitutes nearly 15% of earth’s volume and 32.5% of earth’s mass.

o The core is the densest layer of the earth with its density ranges between 9.5-14.5g/cm3.

o The Core consists of two sub-layers: the inner core and the outer core.

o The inner core is in solid state and the outer core is in the liquid state (or semi-liquid).

e The discontinuity between the upper core and the lower core is called as Lehmann

Discontinuity.
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Layers of the earth

Unit I1

Geomorphic Processes: Internal and External Processes — Diastrophism — Folds, Faults —
Volcanism: Types and distribution — Earthquakes: Causes, Effects and zones of

distribution

Geomorphic Process

The endogenic and exogenic forces causing physical stresses and chemical actions on earth
materials and bringing about changes in the configuration of the surface of the earth are known
as geomorphic processes. Diastrophism and volcanism are endogenic geomorphic processes.
Weathering, mass wasting, erosion and deposition are exogenic geomorphic processes. Any
exogenic element of nature (like water, ice, wind, etc.,) capable of acquiring and transporting
earth materials can be called a geomorphic agent. When these elements of nature become mobile
due to gradients, they remove the materials and transport them over slopes and deposit them at

lower level.

The formation and deformation of landforms on the surface of the earth are a continuous process
which is due to the continuous influence of external and internal forces. The internal and
external forces causing stresses and chemical action on earth materials and bringing about

changes in the configuration of the surface of the earth are known as geomorphic processes.

Geomorphic processes and geomorphic agents especially exogenic, unless stated separately, are
one and the same. A process is a force applied on earth materials affecting the same. An agent is
a mobile medium (like running water, moving ice masses, wind, waves and currents etc.) which
removes, transports and deposits earth materials. Running water, groundwater, glaciers, wind,

waves and currents, etc., can be called geomorphic agents.

Gravity besides being a directional force activating all downslope movements of matter also
causes stresses on the earth’s materials. Indirect gravitational stresses activate wave and tide
induced currents and winds. Without gravity and gradients there would be no mobility and hence

no erosion, transportation and deposition are possible. So, gravitational stresses are as important



as the other geomorphic processes. Gravity is the force that is keeping us in contact with the

surface and it is the force that switches on the movement of all surface material on earth.

All the movements either within the earth or on the surface of the earth occur due to gradients

from higher levels to lower levels, from high pressure to low pressure areas etc.
ENDOGENIC PROCESSES

The energy emanating from within the earth is the main force behind endogenic geomorphic
processes. This energy is mostly generated by radioactivity, rotational and tidal friction and
primordial heat from the origin of the earth. This energy due to geothermal gradients and heat
flow from within induces diastrophism and volcanism in the lithosphere. Due to variations in
geothermal gradients and heat flow from within, crustal thickness and strength, the action of
endogenic forces are not uniform and hence the tectonically controlled original crustal surface is

uneven.

o Endogenic forces are those internal forces which derive their strength from the earth’s

interior and play a crucial role in shaping the earth crust.

e Examples — mountain building forces, continent building forces, earthquakes, volcanism

etc.
o The endogenic forces are mainly land building forces.

The energy emanating from within the earth is the main force behind endogenic geomorphic
processes. This energy is mostly generated by radioactivity, rotational and tidal friction and

primordial heat from the origin of the earth.

Denudation involves the processes that cause the wearing away of the Earth's surface by
moving water, by ice, by wind and by waves, leading to a reduction in elevation and in relief of

landforms and of landscapes.

Denudation incorporates the mechanical, biological and chemical processes of erosion,
weathering and mass wasting. Denudation can involve the removal of both solid particles and
dissolved material. These include sub-processes of cryofracture, insolation weathering, slaking,

salt weathering, bioturbation and anthropogenic impacts.

Factors affecting denudation include:”

o Anthropogenic activity

o Biosphere
o Climate
e Geology

o Surface topography

e Tectonic activity

Diastrophism

Diastrophismis  the process of deformation of the Earth's crust which
involves folding and faulting. Diastrophism can be considered part of geotectonics. Diastrophism
covers movement of solid crust material, as opposed to movement of molten material which is
covered by volcanism. Movement causes rock to be bent or broken. The most obvious evidence
of diastrophic movement can be seen where sedimentary rocks have been bent, broken or tilted.
Such non horizontal strata provide visual proof of movement. Diastrophic movement can be
classified as two types, folding and faulting, tilted beds wusually are part of a
larger syncline or anticline. Diastrophic movement is often called orogenic as it is associated

with mountain building.

Diastrophism is also called tectonism, large scale deformation of Earth’s crust by natural
processes, which leads to the formation of continents and ocean basins, mountain
systems, plateaus, rift valleys, and other features, by mechanisms such as lithospheric plate

movement plate tectonics, volcanic loading, or folding.

Diastrophism

All processes that move, elevate or build up portions of the earth’s crust come under
diastrophism. They include:

(i) Orogenic processes involving mountain building through severe folding and affecting
long and narrow belts of the earth’s crust;
(ii) Epeirogenic processes involving uplift or warping of large parts of the earth’s crust;

(i)  Earthquakes involving local relatively minor movements;



(iv)  Plate tectonics involving horizontal movements of crustal plates.

In the process of orogeny, the crust is severely deformed into folds. Due to epeirogeny, there
may be simple deformation. Orogeny is a mountain building process whereas epeirogeny is
continental building process. Through the processes of orogeny, epeirogeny, earthquakes and
plate tectonics, there can be faulting and fracturing of the crust. All these processes cause
pressure, volume and temperature (PVT) changes which in turn induce metamorphism of rocks.

Epeirogeny and orogeny, cite the differences.

All processes that move, lift or build up portions of the crust of Earth come under diastrophism.
They include:

Orogenic Processes:

e It includes mountain building through severe folding and faulting affecting long and
narrow belts of the crust of Earth.

« Orogeny is a mountain building process.
Epeirogenic processes:

o Itinvolves the uplift or warping of large parts of the crust of the earth.
« Epeirogeny is a continental building process.
o Earthquakes comprising local, comparatively minor movements.

o Plate tectonics comprising horizontal movements of crustal plates.

Through the processes of epeirogeny, orogeny, earthquakes and plate tectonics, there can be
fracturing and faulting of the crust. Each of these courses causes pressure, volume and

temperature (PVT) changes which in turn induce metamorphism of rocks.
Volcanism

Volcanism includes the movement of molten rock (magma) onto or toward the earth’s surface

and also formation of many intrusive and extrusive volcanic forms.
Earthquake

An earthquake is the shaking of the surface of the Earth resulting from a sudden release of

energy in the Earth's lithosphere that creates seismic waves.

Earthquake is any sudden shaking of the ground caused by the passage of seismic
waves through Earth’s rocks. Seismic waves are produced when some form of energy stored
in Earth’s crust is suddenly released, usually when masses of rock straining against one
another suddenly fracture and “slip.” Earthquakes occur most often along geologic faults,

narrow zones where rock masses move in relation to one another.

Plate tectonics is the theory that Earth's outer shell is divided into several plates that glide over
the mantle, the rocky inner layer above the core. The plates act like a hard and rigid shell
compared to Earth's mantle. Plate tectonics, theory dealing with the dynamics of Earth’s
outer shell thelithosphere that revolutionized Earth sciencesby providing a
uniform context for understanding mountain building processes, volcanoes,
and earthquakes as well as the evolution of Earth’s surface and reconstructing its past

continents and oceans.
EXOGENIC PROCESSES

The exogenic processes derive their energy from atmosphere determined by the ultimate energy

from the sun and also the gradients created by tectonic factors.

o Exogenic Forces are those forces which derive their strength from the earth’s exterior or are

originated within the earth’s atmosphere.
o Examples of forces — the wind, waves, water etc.
« Examples of exogenic processes _ weathering, mass movement, erosion, and deposition.
o Exogenic forces are mainly land wearing forces.

Exogenic forces can take the form of weathering, erosion, and deposition. Weathering is the
breaking of rocks on the earth’s surface by different agents like rivers, wind, sea waves and
glaciers. Erosion is the carrying of broken rocks from one place to another by natural agents like

wind, water, and glaciers.

Gravitational force acts upon all earth materials having a sloping surface and tend to produce
movement of matter in down slope direction. Force applied per unit area is called stress. Stress is
produced in a solid by pushing or pulling. This induces deformation. Forces acting along the
faces of earth materials are shear stresses. It is this stress that breaks rocks and other earth

materials. The shear stresses result in angular displacement or slippage. Besides the gravitational



stress earth materials become subjected to molecular stresses that may be caused by a number of

factors amongst which temperature changes, crystallization and melting are the most common.
WEATHERING

Weathering is action of elements of weather and climate over earth materials. There are a
number of processes within weathering which act either individually or together to affect the
earth materials in order to reduce them to fragmental stage. There are three major groups of
weathering processes: (i) chemical; (ii) physical or mechanical; (iii) biological weathering

processes.
MASS MOVEMENTS

These movements transfer the mass of rock debris down the slopes under the direct influence of
gravity. That means, air, water or ice do not carry debris with them from place to place but on
the other hand the debris may carry with it air, water or ice. The movements of mass may range
from slow to rapid, affecting shallow to deep columns of materials and include creep, flow, slide
and fall.

Volcano

A volcano is an opening in the earth's crust through which magma, gases and ash are
released to the earth's surface. The molten rock material found in the interior of the earth is called
magma. It can be noted that when magma reaches the earth’s surface, it is known as lava Vent is
an opening or mouth of a volcano. Fumaroles are the gushing fumes through the gap in the
volcano. Crater is a saucer shaped depression in the mouth of a volcano. When the crater is
widened, it is called as Caldera. Volcanic ash consists of fragments of pulverized rock, minerals
and volcanic glass, created during volcanic eruptions. Volcano generally erupts either through
the vent (E.g. Mt. Fujiyama, Japan) or fissure (The Deccan Plateau, India). Pumice is a volcanic
rock produced when lava with a very high content of water and gases is discharged from a

volcano.

Volcano

Causes of Volcanic Eruptions
The following are the causes of volcanic eruptions:
Weak Zones in the Earth Crust:

The parts of the earth where two tectonic plates collide against or drift apart from each other are
considered very weak. Volcanoes may erupt in such zones, for example, African and Eurasian

plates.
Magma Saturated with Gases:

The magma, in the interior of the earth, is often found saturated with gases like carbon
dioxide, and hydrogen sulfide. These gases together with water vapour make the magma highly
explosive. Magma is forced out as lava on the surface of the earth due to the pressure exerted by

these gases.
Types of Volcanoes
Based on the frequency of eruption, there are three types of volcanoes:

1. Active Volcanoes: Volcanoes which erupt frequently are called active volcanoes. Generally,

their vent remains open. Mount Etna of Italy, Cotopaxi in Ecuador are some examples.



2. Dormant Volcanoes: These volcanoes may not have erupted in the recent past but there is a
possibility of eruption at any time. In other words, they may lie dormant awaiting active eruption
anytime. Sometimes gases and steam come out of them. They cause great destruction to life and
property once they become active again. Mt. Vesuvius of Italy and Mt. Fujiyama of Japan are

examples.

3. Extinct Volcanoes: These volcanoes have exhausted their energy and have not erupted during
the known geological period. The vent of these volcanoes remains closed with solidified lava.
The formations such as craters may be filled with water and crater lakes may be formed. The
slopes of these landforms may be covered with vegetation. Popa in Myanmar and Mt. Kenya in

eastern Africa are the examples of extinct volcano.

On the basis of nature of eruption and form developed on the surface, they are classified into

following types:

1. Shield Volcanoes: These are made up of basalt, a type of lava that is very fluid when erupted.
They become explosive when water gets into the vent. They develop into a cinder cone.

Hawaiian volcano is an example of this category.

2. Composite cone volcanoes: They are also called 'strato volcanoes'. They are cone-shaped
volcanoes composed of layers of lava, ash and rock debris. Mount Vesuvius and Mount St.

Helens are examples of composite volcanoes.

3. Cinder Cone Volcano: It forms when magma is thrown out to the surface, cooled in to ash

and cinders and settled around the mouth of volcano. It is less dangerous than other volcanoes.

4. Lava Dome: Unlike composite and shield volcanoes, lava domes are of significantly smaller
structure. They are formed when the lava is too viscous to flow to a great distance. As the lava
dome slowly grows, the outer surface cools and hardens as the lava continues to pile within.
Eventually, the internal pressure can shatter the outer surface, causing loose fragments to spill

down its sides.
Effects of Volcanic Activities
Destructive effects of volcano

Showers of cinders and bombs can cause damage to life and properties. Sometimes

ash can precipitate under the influence of rain and completely cover large areas. The volcanic

gases pose potential hazard to people, animals; agriculture, while sulfur dioxide gas can lead to

acid rain and air pollution.
Positive Effects of Volcanoes

Volcanism creates new landforms. Volcanic rocks yield very fertile soil upon
weathering and decomposition. The Kimberlite rock of South Africa, the source of diamonds, is
the pipe of an ancient volcano. In the vicinity of active volcanoes, waters in the depth are heated

from contact with hot magma giving rise to springs and

geysers. The Puga valley in Ladakh region and Manikaran (Himachal Pradesh) are promising

spots in India for the generation of geothermal electricity.
Distribution of Volcanoes across the World

Most known volcanic activity and the earthquakes occur along converging plate margins and

mid-oceanic ridges. The major regions of volcanic distributions are as follows:
1. Pacific Ring of Fire

Circum-Pacific region, popularly termed the ‘Pacific Ring of Fire’, has the greatest
concentration of active volcanoes. Volcanic belt and earthquake belt closely overlap along the

‘Pacific Ring of Fire’. It is estimated to include two-thirds of the world’s volcanoes.
2. Mid Atlantic Region

The Mid Atlantic Region coast has comparatively fewer active volcanoes but many
dormant or extinct volcanoes, example. St. Helena, Cape Verde Islands and the Canary Islands.

But the volcanoes of Iceland and the Azores are active.
3. The Great Rift valley of Africa

In Africa some volcanoes are found along the East African Rift Valley. Kilimanjaro and

Mt. Kenya are extinct volcanoes. The only active volcano in West Africa is Mt. Cameroon.
4. Mediterranean Region

Volcanoes of the Mediterranean region are mainly associated with the Alpine folds.

Example, Mt. Vesuvius, Mt. Stromboli (known as the Light House of the Mediterranean Sea).

5. Other Regions



Elsewhere in the interiors of continents of Asia, North America and Europe active

volcanoes are rare. There are no volcanoes in Australia.
Volcanoes in India

There are no volcanoes in the Himalayan region of India. However, Barren Island, lying
135 km north-east of Port Blair became active in 1991 and 1995. However, the other volcanic
island in Indian Territory is Narcondam (Andaman and Nicobar Islands) It is probably extinct.

Its crater wall has been completely destroyed.

Earthquake

Earthquake is a sudden shaking of the earth’s surface. Focus is the location inside the
earth where the earthquake originates. Epicenter is the point on the earth's surface vertically
above the focus of an earthquake. Earthquake results from the sudden release of pressure which
has slowly built up within the earth’s crust. Energy is released in the form of shockwaves known
as seismic waves. The seismic waves can broadly be classified into two types namely Body

waves and surface waves.

1. Body Waves are the waves that travel through the interior of the earth. They are further
divided into the following.

Parts of an Earthquake

a. P or Primary or Compression waves are the fastest seismic waves (6 km/sec. in the upper
crust). They cause the matter to oscillate forward and backward, parallel to the motion of the
seismic wave front. P waves push (compress) and pull (dilate) the rock that they pass through.

They pass through all medium.

b. S or Secondary or Shear waves are slower than the primary waves (3.5 km/sec. in the upper
crust). They cause matter to oscillate side to side, perpendicular to the motion of the wave front.

S waves shear the rock that they pass through. They pass through only solid medium.

II. Surface Waves are the waves that travel along the earth's surface. They are slower than body

waves. They cause damage during earthquakes.

e Love waves shake the ground side to side like S wave.

e Rayleigh waves displace the ground like rolling ocean waves. The ground rolls forward
and up and then down and backwards. This is similar to a p wave but with the extra up-
down motion.

Measuring the earthquake

It is estimated that about 100,000 earthquakes occur but all cannot be felt. A few
earthquakes may be severe causing huge damage to property. Earthquake magnitude is measured
on the Richter scale (named after the seismologist who devised it), which rates them on a scale of
1 to 10. Earthquake intensity is measured on the modified Mercalli scale, which ranges from 1 to
12, depending upon the intensity. The seismograph is an instrument used to detect and record
seismic waves created by the earthquakes.

Description of effects of earthquake in Richter scale




The Mercalli and Richter scales

Causes of Earthquakes

There are many factors controlling the occurrence of the earthquake. Some of the major factors
include:

1. Plate Tectonic Movements

2. Volcanic Eruptions.

3. Construction of large dams results in earthquake. Ex: Koyna dam, Maharashtra.

4. Other Reasons: The nuclear explosions also release massive energy to cause tremors in the

earth crust. When underground cave collapses, earthquake may occur.
Effects of the Earthquakes

1. Damage to buildings, roads, rails, factories, dams, bridges etc.

2. Landslides caused by earthquakes damage infrastructure.

3. Fires in the forest and urban areas.

4. Flash floods.

5. Tsunami - The high amplitude oceanic waves caused by submarine earthquake (measuring
more than 7 on Richter scale). The seismic waves travel through seawater generates high sea
waves. They cause severe loss of life and property. For instance, on 26th December 2004, a
tsunami originating from a magnitude 8.9 earthquake in northern Sumatra killed over 1,50,000

people in countries surrounding the Indian Ocean.
Distribution of earthquakes

1. Circum Pacific region: This region includes all the coastal areas around the Pacific Ocean. It
extends through the coasts of Alaska, Aleutian Islands, Japan, Philippines, New Zealand, west
coast of North and South America. This zone accounts for 68% of all earthquakes on the surface
of the earth.

2. Mediterranean Himalayan region: This region extends from Alps Mountain to the Himalayan

Mountains and Tibet to China. About 31% of world's earthquakes occur in this region.

3. Other Areas: These include Northern Africa and Rift Valley areas of the Red Sea and the Dead

Sea.

World Distribution of Earthquakes and Volcanoes
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364 RCMSLLIHeTT@GID. Fm Camek:afleadr QsM@&GLIL60 miymerv (Eros)
eTetTm F1m &MY RUWBISMHM @ HEHESHMS. 1937 b e[ Qamiyney



ettty FAmICHETaT LalsE e eamemnnulle) aibasl QFarmsl. @elalmm
Uellemw QBGHEIGL Fom  CohmerskeT Heanghg elar  &HMH&6TTS
all (W& eTmeuT.

The four largest asteroids

Ceres Vesta Pallas Hygiea
939 km 525 km 512 km 434 km

Eh& e

yelufledr @Gy Slemewors:GsmeTmenr FhHreor Lelulledr ellgeugensEul
RESONSS. QRIGETeT LITMEET L6 Lelulgierer LIMenme:EeHsH S
euurarenel. Lelse We AGH 2 6TaIHme  6lueul G TeTEHem6T
STLIGID @) &I [HETE T TLILIL (H6TeTeTs.

FH&HTeT @ QUL @M HWITET &HienaTs:CaHMeTME&WD. @&Her afll_LLh
3456 & .15 . @& yelwler el LB 1 /4 UG SGWD. @3 Hev eul L
umemsuiey Lallemw &mn)l eumSHmg. @a Lalanw GUmeuGel &HIq.&ITY
WETEPEE dHINE &FENHDE. @G FOWD UMNEE FHO AGHID
GaUQMM(H FOWILD FHm R LD STl ILIHOGB M SI.

FhH&Teflear @@ UHsD WEGGL BHEG OsFfHma. Lell 4640 &. LS.
SLTWETET Qeul Ll LUmengulléd siparml QFslh LTS FHHFar CH
WLWWSH O ®HES 457600 K. 1. o To6TeT Qeul L1 Lmenguilley & LpedTmi
QFLRMII.

Ul Glluassd, Uallssh Fhfras@En @enl G CHmeTmih
FrlL elengullermey Lellulley gmmeimmibd (Tides) gHLGEMS!. &HS) Feor
e APwsTs @ELusTe ser Cumurliy eleng Leluller Ly
allemauiley 1 /6 LMIEG LLGGCW @BERMS.LIaNUN 6 Lia| e eremL6Ter
QU6 FHH Tevflev 1 LIaeor® eTemL 0L HIC @ BSHGLD. FHH Feolley e
QuTEemer CLGe erBSTeT Lellulleh 918 QFID STISamME CLIT 6
LOL M@ 2 WITLOMES QFeUaLD.

@ reflear ernaf] 9ILisH 3 34 QL8 2 6Tensl. @& LFML Limenmuier
ILTHGG @UUIGL. @5HFHm&BW  UTom&ET @Qhig WeHwuns
SreoTl LGSR rmerr.  FhHrefleverer L LmemseT  Lelufsyerer

LIMemM & EH& G 62 LILIMET60 6.

Fh@refles FIUY elens Gemelns GQUOLUILSTE SHemneT Smnl
auerflineuorL_euLh & Teoor 1L (H U B 6v6mI6V. g euTentl6L FHS)yevfleor
ugliNe9mbs QealeflGWMId QMU &S FFHGL SemallhEe @nG
FILL 565 @eeme. FHHrsun Lallenw CuUmuBal &GHlwelL®mhHes
QeulILIGenSU|LD eeerflemwiu|Lb QUMRMS. &flw sperflemi
Areduedliugme @rele shSHr eefl Lallenmw SiemL&Bmg. Gl eerl
UG LUHBHSH 6L QaullLib 200 °F 9L&a D DM@ L&S&HEH - 243 OF 9u&e|h
Qo&HDsI/

Fh@refle Fneaaflullauld, QFRhIGSS Fifla] Q&TEIL (G6TMISHEHLD,
erifllnemey auml GUIMETM LIeTemmbigG @b (Lunar  crater) &meoor LI5S 60T meoT.
FHdrealles @&Fmesw  HECILLISET &MY 30000 @@GLUSTS
SHesSH LU ReTengl. @eaimnlev HGemallwev, enl_Ca&T, C&TUTBI&H6N
GUTETMemal (&G W FACILLISET &G, BCILLI&ET erflinemey
GSWAWSTE gHULIQBSEGSEINE T SHSSUILILIBHSS!. p60TTe)
ROUTLIQET &HMSSILILILG  eNeorsM&H6T AHNenFUL 6T &FHS Teneor



CTHWSTH @ SHMEW RCILL &6 GgmeTiledr  eTedrmI
Q&meTer LGS mSI.

6uUITeL (HLEFSHBHTLD (Comets)

amey BLESHTID eaTLg Gflwenerdg &mml BT eul LU Lmenguiev
FPETN  QFLNRM B Hm  HLUIQUTGTTGWL.Qemeal  Girlw
LDEOTLVSH MBIGHL aUREHD Hm CHmusaTTEGL. Camed, eredrm
amerelliey HNMEGISTD  eumey  BLEFSHIHIGT (NSNS 6060
ST SSTI.IMD  BLFSHIHGH Gflweaners  &mnl  aleub
amaIsT @Cr Frmer GenLGelell CHIMmIG6T6L B & 6UoTeooTenlds G LI
Hevliu@&ermer.@eummler Betaul L Liumeng Wl Quiflugsm@d.g L
umeng Gamem UMemsuWiled@mha CamuGRmas.@rl uranguiler e
ussL Glumse Ws SeHsbd , o ussnh  elleu&un
STaoTlILGORAmE.Qeme GHlLUesEE ABRO eGLCUTS  BHGLD
BHV G HEHROTMET.TTCAIFTET BLOOME LMT&HES WIQHma!.NeTL
Slemal MBS LeooTGID BB aIBISNES 3 .3 2,600 (H &H6T 2,5 60T MEDT.
Gamedlufedr eumeb BLESHIWD 76 WOTHHEHHGS RO (WNeMM BLO
&H600TE0I &G LIeVLILIOS MG,

-

QM) BLFSHTID eNlem&Fu|er LMD BeoTl &eoor( CUITETMm 2 (Helulb

2 OLWG. EFHOT GORU Hw LSEHSEH6 GBI &HH0SHSTar Fmi

Umemm SIGETHEHD  SI&H&HSEBL  SreaorliLG&earmer. Genel  Gilw

eallllly UlL@® UVrHudsHearmer. aime BLESHTD  Gfluweneor
QBHHIGLCUNSI 9|5 6T 56060 (WY A N (Y QUMW & &6
QaueflliL@eusTev 343 efleb GUIMETM SjemLnLIL|L 6T Bevor(h QFLHRMSI.
erifl BL&S B\ 71D(Meteors)

oiifl BLESHTID Sveual olfl SeTH6T eraTLauemeT Liellenul GCBTHS
GausgiaiLeaT AN P HLUQUIGETTGWL. GFlW  DeTLEH 6
@emal QOSBMYEHHEOISHESETEH 2 6Temar. @eaimmley Fev Glwemer S
amRaTmer. @emal LG  SIGRO euGLeUTs LefFrLiLy
adlemgullermey TGS LGRETmer.  emal el nesor 605 518 & 6T
BlempUu|Ld cumnmgl gHLUB S eTm 2 _gmiielermey @ eummlsaTer
FLUQUTGBETHETI TSNS flbg FThUTRTmer. @bs 6fl e
QABTQLIQAUTWH O wamAME. Qelamm Lalevw  eubsenLunh
QUMBETH 6T QLOMSS WHLILTH 600TIq MG 20000 LeOTSHETTEGLD.

efleuor &M &:6ET (Meteorites)

G&flw erLeusHear Fm smevsefledmha Llbg Lelanw el Hm
FLLIQUTHETSH6 60 Fnlwemne 6uerflL060oT L6V &5 6L BIIGE
Frbum&®ermer. QUlw wmmib flwnmg HLLUIQUTH6THET UiigGul
yelullerr semguilev ellw&aTment. @emel elletor HMEET eTearLILI(BILD. @) emal
Lellenw siemLwbCumg sperfluyLedr @)lg CUIMETM Qem&F WD CaL LIS,



Leluflerr &1 eflwid afletor sm&eT e QuUflaTalms: @BHSTL 3iamal
alwhs @LEDHO GUlser ghuBG G erTmer @enel el fIBLESHT 6UTUIg6T

(meteor crater) eTeor LILI(HILD.

Leufeir 2 6T ojemLoLiL] (Interior of the Earth)

20 91D BIMHMITEOTIQ 6T QST H&HSFH 60 @ Wien etedrm Liedll oinflep Lefufedr
GOUTLILNY SmeorliLGID HeooTLbIG6ET Wmejld HFmenerl. GLITerm
LI S&ELLTEMSETTE)  SLamenalQwermid  @eaumnilev Hedsasmayn
adfleaflwwid HH&E lerelley HeubHSI6TeTeT eTeTm FnMleTTd. SILT55
GOMhE @HS AQSHME e FWM eTetm HOPSSTY. Flwimey
OQ&ERNG BCL LTSS DG Q&GMEIM LIFTEUL 6T60TM LITEN M 6T
2 _dremesr.  @LILTemMSGEe  FedEHmah, QAW Nn  GLOLLD
SOBHBLILSTOL @HS OGS euf FRIDMT  TOrMPSSTT. HLVIY
SOTHRIGET WTelh Am HH\&mse FTIHSSTSGH. AT SHHG Fulme
IHEME L  IHE ST AHE SILFSHUD Q&ML SMESLD.
eTaTG6l FNWIMeL | (H &GS FM 3K ER 6T 13 LISHSHIE Q& Meuorq (BLILISTS

@ W6 FaneoTT.

LAYERS OF EARTH

el @ etttz AWM SIHQ&GD Fm Q&G CFIHeSTGM. @&
&OMY 16 (NS6L 48 ). IS, aueny QLI Q&meorLgl. LellGwmliigmE S6L
@6 9IS WGHs GuUTTenel(mantle) 2 6Temsl. @FH 6V ae0eler
umemm o drengl. LelCWmligm@&Lld UMFeneas@Gh QLG LTSS
55560 o GanLGeel smarl UGBS @8 QumeammCrmeieds
eTaTLRUT e &Heoor(HLINQGSELILLL ST @HeneT Gmamm G enL G eler]
TR CmMD. LallliGunyemelenl S(H5s LeN&&E (core) 2 6ToTsl. © &I
&M 6612 &. . LD Q&HTELE. @Hev BlHESID GLLLWh
HOBHGLILSTL @ emer BleGL  (Nife) GTTM S|P EH R BTEMITLD.
yalliouriemnelsGh  &SmalmHE&lh @aLCuw  Wmemrm Qe Gealerfl
ST ILORME!. @& &L LeTLTS @enLQeuer] stariLGH S

Continental Upper Lower Outer  Inner
Crust Mantle Mantle Core Core

(8-40 km) (600 km) (2250 km) (2250 km) (1300 km)




[T ]f20(C)]

GGm® Hels&sT  whmib  gedellwid  GUTETMaIMHMTE 21,607
QeaueflGBeum®G  WwHmih  FeGEsET  QusetHwbD  GUTHmelmHmTeuTeor
SHCWCeTT(H eteor @ UetorLie LN&sUUlBHarers . GGG LTSS
QLI(BMBIGL6) GG (HLILGH ulaid &H600TL_ GG HILILIGHUlsuih
Caumul (@ SToTUUGHMS . QUBESLE  CGETLIQET  SIq 06T
856007 L_GLOG6VITL_(HL_60T UG WLEUTS GHOMEUTEH2 GTEMTSH.  QLIIHEISHLED
GGerligerr Fymelfl SQner S5HCMLSL L IT&He|D 5600TL_GLOG6VITL 19 63T
519 10607 30RBeLMLSLLJT&HeD STt ILGH M .

Crust
the outermost layer
of the earth

sHeouF M &S

HalF HEG FPOGHT QUEEfAWD WHMID @BULUTL SLaTs . @8
BCML I MG QealefleEsmalHGd @enLulle) SemngaieTeng . @& 2900 &S
b aueny ugallwerangl . @& QeaeflGHaFd WHMIDL 2 UL &HHIFD 6T6r

Gaid @ reorLims LNifleaslul G erens .

dge
\_'.‘-\): | Lithosphere

Trench Trench

Outer Core

TR~
Core

saF H&E unsans: HLBlameuled STarliLGRME . Haus 6H &R 6r
CLALIGH LB GaTmauLIWIT 6Tel SeMP&HSLILGHRMS . @& &MY 400 G

el LgedluyeTeng .
WHN0F:Y:30,)

Lel&asm Leluller enwliuGHWNGD. §&6T SILFSS 13 KT/ @b .
@) 5607 QeULILIBlemev gFMEEGemMUI 5500 © C (P& 6Y 6000 ° C euemiy STl ILH&H MG .
Blemeuuilev @G CUMG 2 L& FHL Bleneuuiley 2 aTeng) .

Lel&aE@m QUTSIAITS &6 WMHmID @LDL] 6T6TM SH6oIDMBIGETITE) 2,60TS M0
@al BleGU el SESLIUGSHDE.  @UUGSH WS Lyefullesr
GeUTUILNOBHS 2900 HILS &5 0 BHS 6370 RS o pibeueny LFailueTerg..




UNIT I

yelemy QsweuLIm® &6t

widluller GuourLifey Blevliugliysefler 2 (Beaimsash Hmih Pensey
R QFTLIFAWTT QFWWmMWLTGL. @& Qeleflliym wmHod
o grenmihs FE&EHaallear ellanetaim@d. LUelll Qum@mLlssefler LSsieTer
WSS LMoL CeuHufwiey LOITH M BI85 60) 61T JHUGSSID
QFWLMTHSET, Cuaih Lell urliler o arerenioellev LTHMHIHE6TES
Q&MeTGeU@BL 26T WwMMID  Qeleflliym  FEH&Eer  LeleTy
QF WLIGV(ILNENM S 6T 6T6e0TMI S|P &HSLILIGR M.

Uall 2 I LLymEQFwWe LI SeT

wufler o LumsHelmnha euedennls Qumm widuiler Gum
Uglienu ellgealenliLFe WHEHW LBIG aR&EGh 2 67 F&H&E6r 2 LU
LUm& F&HG6ET eTedtml enps&LILOGSRMS.

qaOSSIGHHTLD: eV 2 (HUMEHESHF QFwWelr(d, &eoorl
2 (HEUTHSEF QFWeLIT®H), L,5DLIMBIGET, 6Tiflnemev GLIMeTmenel.
2 I U Um& F&EH 56T (NEHERH WIS BleVGens 2 (HaUTH G F&H&H6T 21,6 LD.

LwsGeT  @ohs  Qeefllu@l  Swdmev el 2 L
LUmEFQFWOLMTH&HEBHGL LI6Tarme 2 6Tl (NEHERW FEHWMGSID .Q)HS
MM QUGBLLMNIMD &HAWLESS Seteni, Liall &M MHmIh 9emev
o gmle) LHMID wuladr CSTHMEROBHS WHHTOL QeullLISSmey
2 HeUMHHLILL(HeTeTg.
Helufetr 918 6flen &6t
yelluilerr o0 eplueHuiedieba yell Cuourllinhg ars agw
alems yaluller sisallens oG, GNFWTL G0 6U6M& W 6T
2{60)5F 61| 5561 GG MedT MG 60T M 60T.

3|6D6U:

1.USSMUTL(H S eMF6y &6

2.QFRIGS S |60F 6 & 6T

Transform
S60TL &5 L (H &erfetr H&Fey
Jsallenesefler CHmmHMLO
LedluSlesr SJIQWITLH QallILBlemevs S6E0TEMLD,

UGSHUTLE nFaSmer MmN QFRGSHE MFSHET LITMSHET
FHBIGUSTIN LOHmID  elflaumLeusTaln  Bl&LDHG 6. ) elalens
Blapalnel yallulear oplilugHsefls QFaTUGL  QelliLbleney
MHMID QAILILBIEM6V LOMMHMLD 24,5\ WIem6 &5 ITT600TLO TSR 60T M 60T
ssallemguler afflwsams QG LILMLWTSES Q&Tar(h  3aumniley

2 _6TeTL IS W &) (H6Uen&WITeT 6l6h &8 6m6md & 60T L MIULIGITLD. {66 :

1.8 egellens (Sudden force)

2.L0\@ 2560 eflem& (Diastrophic force)
SieF ellems (Sudden Force):
Lellufedr o9 @ UGHUI UGG 2salas H6T QFHEGSS!
Uwemrgsmer  Laflullesr  GoGeumL1g eviln yelufledr  GomGUmIemel
UGB G&eflauld QLB G555 allemerall S 60T meur.



ariflnemey wHmid UelwHre wHweaimenm &SLGUUTLHM A5
Bl&LD6YGET CUTETME &&HETLISH 166 LGHHamer Iemeal SHTHhGLD
GUTEI IMIG QLIBHLD BTFMHIG6T CHThmieds&eTmer. Flev FLOWILD @ emal
255 dlengsarnsaln smaorliLG&@earmer. @bH W So&Hemeoor Lyl
owniflés Brlgeadrer Qsmebliwm fLud SLHuwer @elaians
erflloemey  Qaulglilermed 2 HeumssLILLB6TeT  BlelILIGHHeTTGLD.
@ems sy ewmaum Feeueflasdr, eflnemeveuril gifleseT  GUITETM

BleVESCHTHMMHIGET HICT 3,65 llensFsH G FTeTmIseTmEGLD.

erupson of lava
an

oyrociastc matensl
\

volcank crater — 0 JEp—

sokdifad ash layer

cantral conduit channel

RLO® SPH60 eflenFs6T I0MHMID 6m&F 6 &6l (Diastrophic forces and
Movements)

Lefuledr EYRTIT IG5} UGB serflev Nm&ELd allem &g erfleor
QeweLmp&eflearme QFhIGSS WHMID LUESTLG LG dujb
aflen &g 6T g5 MeoTmI S 60T m6oT.

SLO®G 3P0

2LO 0 3N5560 lenFsH6T 1G] QILDGIETET 285 alenF&eTmELD(Slow
Constructive force) @eleuemss ellema LeNUILFLILI6 eneuseT, LS dgar,
Nemey&s6T Wmmild giflseT & wearCel GHMeTM SHTTeTTHMS). L (HmI
i fub elemFenw @@ Lifleyserms Lflg&seumin.

1. &H6UOTLMIGETTSHGLD | 6m&Fa 6T (Epeirogenetic movement)

2. 106MEVWIMTSH S |6M&F6&6IT (Orogenetic movement)

1. SHEUOTLBISGEMTSGLD 60 &F6 56T (Epeirogenetic movement)
SeoTLBleuILUGH&HET  CLaCHTER W aflemFWwimey 2 WSS HILD SLb
CHTERAW  eswmed) SWEHEH SAWESLIULG  SmevorliLI( S 6T meor.
QFmIGSs alangullarme @@eNSLOTaT QFWOLTHISGET  HL 8 60Tmer.
SLMHGBOTLILGHSH6T CLVCHTEHS 6T(eUSTE CLG6V(WDHS &L )5 6T 6T
CHMaTMIRGTMET.  SHLOHGOILLGHSET @eleumn  HCp WSS
WHRIGHETD CuUMal WPHS SLMHFHTEHET (submergent coasts)
G55 60T M1 5 60T M 60T

L1 sunre Mountain Metamorphic rock
X :

Fald-4hast bt Fill rhﬂ it

Magma is generated at subduction zones where dense
oceanic plates are pushed under lighter continental plates. T

2. LDEMIWIMTSH S |6M&F 6 & 6T (Orogenic movements)

LeNuNeT 288 QFW6LINEmME6T HeLWTHET SV6VS! LIS S6IML 19 CeuT
Leugliesr 18sl QFWeLLIHLECUTSI LDEMGVLLITE: & TE 61 & 6T
GmeaTmISermerr. @UUSHUTL(H  NlensFHeT WMOMID  eNTF6FHEM6T

QETLIUMM QSTHCHTLH allend eTedTml Semp&H&ELILGRMSI.



USSTLH womewnsEs olaasulley @; olasse aHrms aHF
FeFuledphs alens QFwWeLGLECUTE Lletejellemd (Tensional force)
CHMeTIR M. @FHemner alevHFaFaaild allemnd(Divergent Force ) eTeuTayLd
empssrd.  @eaedllans  Lalliurlifien  ellfleedy, Wereywpnieseir
MHMILD LN6T6) 56T G WI6T CSHTETM & ITTemTOMTH MG

Mountain - Building

Fold mountains Fault-block mountains  Volcanic mountains.

e
Comarput Ware bendinas

yel QeuefliLm&Q&weLm{B &eir

widluller QauefllimEHeNmEs SHi&GET aedlaneanwill QLMD
Sleveugl aleflneTLeuEH e BHS CHTarNIW FHH&6T Lelll Lm&sE &eT
UG, FEH&HGT TOSHGEHTLHSHET - SHTHO, A&, BT
Gumearmenal.Qalefliiim  QFwewWwammaaflar dOHSIGETHI&GET -
almeflanenFFR eng e, LI@BLIGLIT(H 6T T, G560,
Ligweneaigsen.QaleflliLm F&H&EET WWERWINTE BleugsHer G UiLnmer
FEHEHH6T QL GLD.

yellim Siem&F e s e6iT(Exogenetic processes)

Um&CHITmHMm allengaaner/ Q&FWI6L(LDED M &M 6T CaWMISSH 60
QFWEmME6T (Denudation  process) 6TeUTMILD FaMEVTLD @emel L|JIT
BleGCHTHMEIGmET UWEHGI allengamer (Destructional Forces) ereoreyLd
SPWLILGRTMeT.  @6mal  eUETINEDITLVSH 6T  LIMIELILI600 WML
GsMmmiIai&aLILIH G 6T meor. Leufedr 9|&HFQF W6 (e M & 6rfl 6T ey
2 (BT BlevGCHTHMEIGHEET Genal QFTLIHS 2GS 6B 6TM6UT.
yelluledr ymellend, sumeflemevdFlengeayser, il Wwmmib Ugeildgey,
LI@GLIQUITIHET Slen&FalseT CGUMeTm QFWwWeseflearms) LalliLmeHe) Liew

QUEM & WITET BleVSCHTHMMBIGET GG TEOTM &5ITT600TLOMTER 60T M 6oT.

Qauefllim &R &6T aumaflendFanseal, SFILIL WMHMID LI U 6IS S 60
GUITETM QUG EUMEIGE6T T(HIHHMD .QLMIGET, HTHM, HLE MEVSH6T
wmoIh ueflliLmanmaer GuUmeTy GeualCalm S&ryenll&sermey L iflufler
GMHUTLILIEL LIMemEHemeT 2 L LILIZ almelleneudFlenge.

@6ueummI 2 eLULL UBL QUTGBLSeT &Tmo, BJ WwmHmih
ueolLmenm & 6T GuITedTm @ WIMHen s SITJ600T & 6T TV GLogvilh
FengaloL s QFlg Hm S&ESHaTTS DTHoeS  AMEH00
QFWMGSLD. QUOUTBLEMET QSHSF QFL6S HLHSIHH UGLD.
SLSSID QUTBL&ET IHEMTH QLEH Gelssll LGSR armer. G siGeal
LIgWeneauggev eTeorll LGS mSI.




erfllnemeu s et (Volcanoes)

yelufledr Gumugliiey 26Tem UlaTe] olvevd Siemer aubGul
IDM&LOM, QUMTWEEET, MmN FTDUMSET &wemel QeleflGumials
erflnemey eredT@CMMD. Lelluledr @i LGHUNL 2 6Tem LIMEMEGLLDL]
WDISMT elerIU@WD. @bBsUTmMEGSWDL Uall Guourliing el
QUMW S ‘eumal’ erar ILIG&H MG,

srflnemevulledt BmUenU Vg UMl LGHemwg S iemer(Vent)
TR CmMD. erflinemevuiledr @enLQeauefluller euflwimes SrQuUMN 6T
QaueflGw aumalens e flnemey 2 L0lhe s Siemer(fumaroles) eTadr&HCMITLD.
eriflnemey eumMILILGHUWIN6L 2 6Tem G mLliemLi(Saucer ) U AILILIGTOTS M
eriflloemeuliLiemeTid (Crater) eTedTRGMMD. erflinemevliiaTerid  eNlflaum@Ld
QUTWE Sisamerall Lerflinemeveuril (Caldera) eTedrml SemP&HSHCMITLD.
QUM WITSH &S LILIL L LITeOMS SI&H6TH6T, 556011 L0185 61T DM MILD
T ILDEDY LG EUOTEOIT T G6T  GLIMetTmeme  eTifllnemey  FMIDLIGS6L 2 eTermenr.
@emal erfllnemey QeI &G CUME 2 (HalMHeTmSl. eTflinemey QLITSIaITS
siemeTeull  [LUUMelley 2 drem  eyesor L Liw,eSlwimiom(Fujiyama)]  2j6veugl
Werey auflwims QeleflGUMB S (H&amevor LI, @bBEHwm). erflinemev
Qaug U N6dT QUTWS ‘SIHsuIquimer BF LHMID GUTWSSHETTE) 2,60T

el QaueflGLIMICIemS BN T&H 60 (Pumice) 6TedrH GMITLD.

e lL0 66V @ UL LILN (D) & IT6UT & IT 60T Ml & 6iT

eTfllnem vl LILN D& TeDT & ITTetor G 6T LileoTe (B mmi:

ye GoGeumL1q.60T LisveTeuriomenr LIG S &6t (Weak zones in the earth crust)
@ USs  H&6T @aTComm@h arm CUMSIh g all&me

QFoald LalluEg® ueeiferomer UGHWMHS SOGSLUUGRMS.

eTaTGaleTIfIlnemeVE AL LIL|G&6T @SICLITETMHLIGHUN SmedT B80T meoT.

er.&m, ol Nflésasmnmmin weradlwer Lels sl (H et

6UITW| & &6iT [BlemMIHSLOME L0 (Magma saturated with Gases )

Lefufedr 2 UGS uilev SmesorLILI(BHILD ‘LOM& LD’ GTOTHR M
LMenMEGOIDLMETS STTL6T- 60l -2L&hemen@d), maml IRe6r FeuemL(
GuImedTm QUMW S&HETTE Blenmbs ST LRS!, Gosyih
QBT ESHET BrmalluLer CF@mLL QUMTWS WmsInmamalldlesSalrinms
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Earthquake

Earthquake is a sudden shaking of the earth’s surface. Focus is the location
inside the earth where the earthquake originates. Epicenter is the point on the earth's
surface vertically above the focus of an earthquake. Earthquake results from the
sudden release of pressure which has slowly built up within the earth’s crust. Energy
is released in the form of shockwaves known as seismic waves. The seismic waves
can broadly be classified into two types namely Body waves and surface waves.

1. Body Waves are the waves that travel through the interior of the earth. They are
further divided into the following.

A b U R s s ek )

Fault Plane

Parts of an Earthquake

a. P or Primary or Compressional waves are the fastest seismic waves (6 km/sec. in
the upper crust). They cause the matter to oscillate forward and backward, parallel to
the motion of the seismic wave front. P waves push (compress) and pull (dilate) the
rock that they pass through. They pass through all medium.

b. S or Secondary or Shear waves are slower than the primary waves (3.5 km/sec. in
the upper crust). They cause matter to oscillate side to side, perpendicular to the
motion of the wave front. S waves shear the rock that

they pass through. They pass through only solid medium.
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I1. Surface Waves are the waves that travel along the earth's surface. They are slower
than body waves. They cause damage during earthquakes.

Love waves shake the ground side to side like S wave.

Rayleigh waves displace the ground like rolling ocean waves. The ground rolls
forward and up and then down and backwards. This is similar to a p wave but with the
extra up-down motion.

Measuring the earthquake

It is estimated that about 100,000 earthquakes occur but all cannot be felt. A
few earthquakes may be severe causing huge damage to property. Earthquake
magnitude is measured on the Richter scale (named after the seismologist who devised
it), which rates them on a scale of 1 to 10. Earthquake intensity is measured on the
modified Mercalli scale, which ranges from 1 to 12, depending upon the intensity. The
seismograph is an instrument used to detect and record seismicwaves created by the
earthquakes.

Description of effects of earthquake in Richter scale

The Mercalli and Richter scales



Causes of Earthquakes

There are many factors controlling the occurrence of the
earthquake. Some of the major factors include:
1. Plate Tectonic Movements
2. Volcanic Eruptions.
3. Construction of large dams results in earthquake. Example. Koyna dam,
Maharashtra.
4. Other Reasons: The nuclear explosions also release massive energy to cause
tremors in the earth crust. When underground cave collapses, earthquake may occur.
Effects of the Earthquakes
1. Damage to buildings, roads, rails, factories, dams, bridges etc.
2. Landslides caused by earthquakes damage infrastructure.
3. Fires in the forest and urban areas.
4. Flash floods.
5. Tsunami - The high amplitude oceanic waves caused by submarine earthquake
(measuring more than 7 on Richter scale). The seismic waves travel through seawater
generates high sea waves. They cause severe loss of life and property. For instance, on
26th December 2004, a tsunami originating from a magnitude 8.9 earthquake in
northern Sumatra killed over 1,50,000 people in countries surrounding the Indian
Ocean.
Distribution of earthquakes

1. Circum-Pacific region: This region includes all the coastal areas around the Pacific
Ocean. It extends through the coasts of Alaska, Aleutian Islands, Japan, Philippines,
New Zealand, west coast of North and South America. This zone accounts for 68% of
all earthquakes on the surface of the earth.

2. Mediterranean-Himalayan region: This region extends from Alps mountain to the
Himalayan Mountains and Tibet to China. About 31% of world's earthquakes occur in
this region.

3. Other Areas: These include Northern Africa and Rift Valley areas of the Red Sea
and the Dead Sea.

World Distribution of Earthquakes and Volcanoes

Volcano

A volcano is an opening in the earth's crust through which magma, gases
and ash are released to the earth's surface. The molten rock material found in the
interior of the earth is called magma. It can be noted that when magma reaches the
earth’s surface, it is known as lava (Figure. 3.25). Vent is an opening or mouth of a
volcano. Fumaroles are the gushing fumes through the gap in the volcano. Crater is a
saucer shaped depression in the mouth of a volcano. When the crater is widened, it is
called as Caldera. Volcanic ash consists of fragments of pulverized rock, minerals and
volcanic glass, created during volcanic eruptions. Volcano generally erupts either
through the vent (E.g. Mt. Fujiyama, Japan) or fissure (The Deccan Plateau, India).
Pumice is a volcanic rock produced when lava with a very high content of water and
gases is discharged from a volcano.

Volcano

Causes of Volcanic Eruptions

The following are the causes of volcanic eruptions:
Weak Zones in the Earth Crust:

The parts of the earth where two tectonic plates collide against or drift apart
from each other are considered very weak. Volcanoes may erupt in such zones, for
example, African and Eurasian plates.

Magma Saturated with Gases:

The magma, in the interior of the earth, is often found saturated with gases
like carbon dioxide, and hydrogen sulfide. These gases together with water vapour
make the magma highly explosive. Magma is forced out as lava on the surface of the
earth due to the pressure exerted by these gases.

Types of Volcanoes
Based on the frequency of eruption, there are three types of volcanoes:



1. Active Volcanoes: Volcanoes which erupt frequently are called active volcanoes.
Generally, their vent remains open. Mount Etna of Italy, Cotopaxi in Ecuador are
some examples.

2. Dormant Volcanoes: These volcanoes may not have erupted in the recent past but
there is a possibility of eruption at any time. In other words, they may lie dormant
awaiting active eruption anytime. Sometimes gases and steam come out of them. They
cause great destruction to life and property once they become active again. Mt.
Vesuvius of Italy and Mt. Fujiyama of Japan are examples.

3. Extinct Volcanoes: These volcanoes have exhausted their energy and have not
erupted during the known geological period. The vent of these volcanoes remains
closed with solidified lava. The formations such as craters may be filled with water
and crater lakes may be formed. The slopes of these landforms may be covered with
vegetation. Popa in Myanmar and Mt. Kenya in eastern Africa are the examples of
extinct volcano.

On the basis of nature of eruption and form developed on the surface, they are
classified into following types:

1. Shield Volcanoes: These are made up of basalt, a type of lava that is very fluid
when erupted. They become explosive when water gets into the vent. They develop
into a cinder cone. Hawaiian volcano is an example of this category.

2. Composite cone volcanoes: They are also called 'strato volcanoes'. They are cone-
shaped volcanoes composed of layers of lava, ash and rock debris. Mount Vesuvius
and Mount St. Helens are examples of composite volcanoes.

3. Cinder Cone Volcano : It forms when magma is thrown out to the surface, cooled
in to ash and cinders and settled around the mouth of volcano. It is less dangerous than
other volcanoes.

4. Lava Dome: Unlike composite and shield volcanoes, lava domes are of
significantly smaller structure. They are formed when the lava is too viscous to flow
to a great distance. As the lava dome slowly grows, the outer surface cools and
hardens as the lava continues to pile within. Eventually, the internal pressure can
shatter the outer surface, causing loose fragments to spill down its sides.

Effects of Volcanic Activities
Destructive effects of volcano

Showers of cinders and bombs can cause damage to life and properties.
Sometimes ash can precipitate under the influence of rain and completely cover large
areas. The volcanic gases pose potential hazard to people, animals; agriculture, while
sulfur dioxide gas can lead to acid rain and air pollution.

Positive Effects of Volcanoes
Volcanism creates new landforms. Volcanic rocks yield very fertile soil
upon weathering and decomposition. The Kimberlite rock of South Africa, the source

of diamonds, is the pipe of an ancient volcano. In the vicinity of active volcanoes,
waters in the depth are heated from contact with hot magma giving rise to springs and
geysers. The Puga valley in Ladakh region and Manikaran (Himachal Pradesh) are
promising spots in India for the generation of geothermal electricity.

Distribution of Volcanoes across the World

Most known volcanic activity and the earthquakes occur along converging
plate margins and mid-oceanic ridges. The major regions of volcanic distributions are
as follows.

1. Pacific Ring of Fire

Circum-Pacific region, popularly termed the ‘Pacific Ring of Fire’, has the
greatest concentration of active volcanoes. Volcanic belt and earthquake belt closely
overlap along the ‘Pacific Ring of Fire’. It is estimated to include two-thirds of the
world’s volcanoes.

2. Mid Atlantic Region

The Mid Atlantic Region coasts has comparatively fewer active volcanoes
but many dormant or extinct volcanoes, example. St. Helena, Cape Verde Islands and
the Canary Islands. But the volcanoes of Iceland and the Azores are active.

3. The Great Rift valley of Africa

In Africa some volcanoes are found along the East African Rift Valley.
Kilimanjaro and Mt. Kenya are extinct volcanoes. The only active volcano in West
Africa is Mt. Cameroon.

4. Mediterranean Region

Volcanoes of the Mediterranean region are mainly associated with the Alpine
folds. Example, Mt. Vesuvius, Mt. Stromboli (known as the Light House of the
Mediterranean Sea).

5. Other Regions
Elsewhere in the interiors of continents of Asia, North America and Europe
active volcanoes are rare. There are no volcanoes in Australia.

Volcanoes in India
There are no volcanoes in the Himalayan region of India. However, Barren
Island, lying 135 km north-east of Port Blair became active in 1991 and 1995.

However, the other volcanic island in Indian Territory is Narcondam (Andaman
and Nicobar Islands) It is probably extinct. Its crater wall has been completely
destroyed.
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FOLD
Horizontal movements are produced by forces of compression and tension.
Folding is the bending of rock strata due to compression. Folding on a large

scale results in mountain building generally referred to as orogeny.

Anticline Syrcline Anticline

Parts of the Fold

PARTSOF A FOLD

Up thrown part of a fold is caled anticline. Down thrown part of a fold is
syncline. The plane which bisects the angle between two limbs is called the axis
of fold or axial plane. Thefold is formed by the plate movements.

TYPESOF FOLDS.

The type of fold depends on the nature of the rock; the intensity of compression
forces. The types of the fold can be many but we will deal with five of the

following.

1. When compression force is equal from both sides, the angle of the limb is
same on both sides. Such afold is called symmetrical fold.

2. When compression force is more from one end. One limb is steeper than the
other, such afold is called asymmetrical fold.

3. Isoclinal folds are similar to symmetrical folds, but these folds both have the
same angle and are parallel to each other.

4. When one limb of the fold is pushed over the other limb of the fold.it is
called as over turned fold. Limbs are seldom horizontal.

5. When one side of the fold is pushed so much that it lies positioned over the
other, such afold is called recumbent fold.

When plates converge, the weak rocks and sediments lying between two plates
get squeezed and folded. Paralel folds form long chains of fold mountain
ranges with high peaks. The Fold Mountains are characterized by peaks and
valleys. Thetops of anticlines become the valleys.Intermontane plateaus may be
found between the high ranges.example, Tibet
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FAULT

A fault is a break in earth’s crust where blocks of rock crust slide past each
other. Usually it occurs along plate boundaries, where the forces of plate motion
compress, pull or shear the crust that breaks the crust. Energy release associated
with rapid movement on active faults is the cause of most earthquakes.

The fault planeis the flat surface along which broken blocks of rock slide past
one another. A fault dip is an angle between the fault plane and horizontal
plane. Up thrown side represents the upper most block of a fault. Down thrown
side represent the lowermost block of a fault. Hanging wall is the upper wall of
afault. Foot wall represents the lower wall of afault.

A fault scarp is the steep wall like slope caused by faulting of the crustal rocks.
Sometimes the fault scrap is so steep that it resembles a cliff.

TYPESOF FAULT

Based on how plates move about, the fault can be divided into as follow:

1. NORMAL FAULT

Vertica displacement of the crust is called a normal fault. The normal fault is
caused by tensiona forces where plates diverge. One block lies above the other
(hanging wall).The other block lies below the fault (footwall).



L andforms made by Normal fault are:

1. Rift valley or Graben

When a narrow block of land drops or subsides between two paralel normal
faults, rift valley (Graben) is formed.Graben originates from the German word
meaning ‘trough’. A Rift valley may subsequently get filled by water and ariver
may flow through it.Normally, arift Valley is long, narrow and very deep. For
example,

. YEFF
FRValley  pauitipia fracturing
Lakaw on vailey floors (0.g. Lake Tanganyiha)

Rift valley and Block Mountain

1. Rhinerift Valley is flanked by two Block Mountains namely the VVosges and
the Black Forest.

2. The rift of River Narmada in India lies between the Vindhyas and Satpura
block mountains.

3. The Great Rift Valley of Africa The Great Rift Valley of Africa is the
longest rift Valey in the World.

2. HORST

When a block of land between two faults is pushed up, Block Mountain or
horst is formed. In this case, the central block is not only up thrown but the side
blocks are aso relatively downthrown so that the whole central mass appears
like a dome. In India, specificaly the mountain ranges of Vindhya and Satpura
found in the central western part of the India are Block Mountains.
3.REVERSE FAULT
A reverse fault is a horizontal displacement of the crust. It is caused by
compresssional forces along convergent plate boundaries. One side of fault lies
at an angle above the other.

4 TRANSFORM FAULT.

It is created by shearing aong transform boundaries. Rocks on either side of
fault slip past each other sideways with little up or down motion. It mostly
occurs in the ocean basin and connects offsets in the mid ocean ridge.

Transform fault



Unit I11: External Processes: Weathering and itstypes—Mass Wasting: L and Slide, Soil
Creep, Rock fall and Mudflow.

EXOGENIC PROCESSES

The processes which occur on earth’s surface due to the influence of exogenic forces are

called as exogenic processes or exogenic geomorphic processes. Weathering, mass wasting,
erosion, and deposition are the main exogenic processes. All the exogenic processes are
covered under a general term- denudation, which means strip off or uncover. The elements
of nature capable of doing these exogenic processes are termed as geomorphic agents (or
exogenic geomorphic agents). E.g. the wind, water, waves etc.

WEATHERING

Weathering

N

Physical weathering I

The process of disintegration and decomposition of rocks in situ is generaly called
weathering. It means weathering is a static process. Weathering is defined as mechanica
disintegration and chemical decomposition of rocks through the actions of various elements
of weather and climate. Weathering processes are responsible for breaking down the rocks
into smaller fragments. Erosion cannot be significant if the rocks are not weathered. That
means, weathering aids mass wasting and erosion. There are three types of weathering. They

are physical weathering, chemical weathering and biological weathering.

| .PHYSICAL WEATHERING.

Physical weathering, also known as mechanical weathering or disaggregation, is the process
class that causes rocks to disintegrate without chemical change. Abrasion (the process by
which clasts and other particles are reduced in size) is the primary process in physica
weathering. Due to temperature, pressure, frost etc., physica weather may occur. For
instance, cracks exploited by physical weathering will increase the surface area that is
exposed to chemical action, thereby increasing the rate of disintegration.

The applied forces could be: (i) gravitational forces such as overburden pressure, load, and
shearing stress; (ii) expansion force due to temperature changes, crystal growth or animal
activity; (iii) water pressure controlled by wetting and drying cycles. Most of the physical
westhering is caused by thermal expansion and pressure

1. Unloading and expansion: Removal of overlying rock load because of continued

erosion causes vertical pressure release. Thus, the upper layers of the remaining rock expand
to produce disintegration of rock masses. Fractures will develop roughly parallel to the
ground surface.In areas of curved ground surfaces, arched fractures tend to produce massive
sheets or exfoliated slabs.Exfoliation is aresult but not a process. Flaking off of more or less
curved sheets of shells from over rocks or bedrocks results in smooth and rounded
surfaces.So, unloading and expansion create large, smooth rounded domes called exfoliation
domes.

2. Temperatur e changes and expansion: With rising in temperature, every mineral expands

and pushes against its neighbour and as the temperature falls, a corresponding contraction
takes place. Due to differential heating and the resulting expansion and contraction of surface
layers and their subsequent exfoliation from the surface results in smooth rounded surfacesin
rocks.In rock like granites, smooth surfaced and rounded small to big boulders
called tors form due to such exfoliation.




3. Freezing, thawing and frost wedging: Cycles of freezing and thawing (the weather

becomes warmer and causes snow and ice to melt) causes frost weathering. It is most
effective at high elevations in mid-latitude where freezing and melting is often repeated.
Rapid freezing of water causes its sudden expansion and high pressure. The resulting
expansion affects joints, cracks, and small intergranular fractures to become wider and wider
till the rock breaks apart.

Water callects e thewes, zontracts
in rock crack anil waler geis desper  Rupesled exgansion
Water freases eod  jung racks again i
\ expands, forcing il gl and tontraction

x causes further
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g - splits
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4, Salt weathering: Salts in rocks expand due to thermal action, hydration and
crystallization. Many salts like calcium, sodium, magnesium, potassium and barium have a
tendency to expand. The expansion depends on temperature and their thermal properties.
High temperature ranges between 30-50 °C of surface temperatures in desert favours such
sat expansions. Sdt crystallization is the most effective of al salt weathering processes. It is
favoured in areas of alternative wetting and drying conditions.

II.CHEMICAL WEATHERING : Decomposition and disintegration of rocks due to

chemical reactions is called chemica weathering wherein the minerals of the rocks weather

away. Water vapour and water are the media which activate several types of chemical
reactions within the rocks. Oxidation, carbonation, solution, hydration, hydrolysis, base
exchange etc. Are the important chemical reactions which cause various chemical changesin

the minerals of rocks which ultimately lead to decomposition and disintegration of rocks.

Rock with crack Water enters cracks, Cracks deepen. Repeated freeze and thaw

freezes and expands More water enters breaks up rock along
| the crack: and freezes the joint lines
‘ ‘ . e

eschooltoday.com

1. Oxidation means a reaction of atmospheric oxygen to form oxides, when water is mixed
with oxygen its reaction with the minerals of rocks forms hydroxides. The atmospheric
oxygen after reacting with the rocks produces several types of oxides, iorn oxide being the
most important which weakens the rocks to disintegrate.when water mixed with atmospheric
oxygen comes in contact with ion bearing rocks, the iorn oxidizes to form ferrous oxides
(FeO).Further oxidation of ferrous oxides produces ferric oxides(Fe20s) or ferric hydroxides

(Fe(OH)2).The oxidation of iron-bearing rocks produces rusts in the following manner.
Fe + H,O + Oy~ Fe2 O3 3H,0

2. Carbonation is the reaction of carbonate and bicarbonate with minerals. It is a common
process hel ping the breaking down of feldspars and carbonate minerals.It takes place in rocks
containing carbonates of calcium, sodium, magnesium, potassium etc. when they come in
touch with rainwater which contains dissolved carbon dioxide.

2 KA1 Si3 Og + 2H,0 + CO,— Al Si; O3 (OH)4 + 4 SiOs + K, CO;3

3. Hydration is the chemical addition of water. Many rock minerals swell and
contract during wetting and drying and a repetition of this process results in
their disintegration. Salts in pore spaces undergo rapid and repeated hydration
and help in rock fracturing. The process of hydration changes feldspar minerals

into kaolinite clays, the process being known as kaolinization.
Anhydrite + water —» gypsum
CaSos 2H,0 — Ca Sos 2H,0

4. Hydrolysis: chemical reaction between mineral and water, that is between hydrogen (H)
ions or hydroxyl (OH) ions, and theions of the mineral. The hydrolysis of magnesium silicate
mineralsin contact with 4 ionized water molecul es takes place in the following manner.

Mg Fe Sios + 2HOH —» Mg (OH), + H; SiO3 + FeO
5. Solution: is considered to be the first step in the chemical decomposition and
disintegration of rocks. When something is dissolved in water or acids, the water or acid with

dissolved content is called as a solution. Soluble rock-forming minerals like nitrates,



sulphates, and potassium etc. are easily leached out without leaving any residue in the rainy
climate.calcium hydroxide, Ca (OH) 2, is formed due to reaction of calcium oxides (CaO)
with water (H20) in the following manner of reversible exothermic reaction. CaO+ H20—
Ca (OH), Limestone can be dissolved in water only when it transformed into calcium
bicarbonate.

CaCos + H,O + Coy— Ca (HCO3)2

111.BIOLOGICAL WEATHERING

Thisrefersto disintegration and decomposition of rock masses due to growth or movement of
organisms. Burrowing and wedging by organisms like earthworms, termites, rodents etc.,
help in exposing the new surfaces to moisture and chemica attack causing their
decomposition. Human activities like ploughing and cultivating cause mixing of air, water in
the mineras, thereby aiding in weathering process. Decaying plant and anima matter help in
the production of humic, carbonic and other acids which enhance decay and solubility of
some rocks. Plant roots penetrate the cracks in the rocks and exert tremendous pressure on the
earth materials mechanically breaking them apart.

MASSMOVEMENTS

These movements transfer the mass of rock debris down the slopes under the direct influence
of gravity. The debris may carry with it air, water or ice. The process of weathering aids in
mass movements. Mass movements are very active over weathered slopes rather than over un
weathered materials. No geomorphic agent like running water, glaciers, wind, waves and
currents participate in the process of mass movements. Mass movements are aided by gravity.
Mass movement is also aided by weak unconsolidated materials, thinly bedded rocks, faults,
steep slopes, abundant precipitation and torrential rains and scarcity of vegetation etc

Classification of Mass M ovements

Heave (heaving up of soils due to frost growth and other causes), flow and slide are the three
forms of movements. The figure, given below shows the relationships among different types

of mass movements, their relative rates of movement and moisture limits.

Types of Mass M ovements

Mass movements can be grouped into two major classes:
I. Slow movements  |l. Rapid Movements
I. Slow movements

1. Creep:Creep refers to the movement of materias which is extremely slow and
imperceptible in normal conditions. Creep, generally occur on moderately steep, soil-covered
slopes. Depending upon the type of material involved, several types of creep viz., soil creep,
talus creep, rock creep, rock-glacier creep etc., can be identified.

2. Solifluction: Solifluction refersto slow downslope flowing soil mass or fine-grained rock

debris saturated or lubricated with water. This process is quite common in moist temperate



areas. It mainly occurs in permafrost regions as the layers of ground water are occupied in

between permanently frozen soil and rocks.

11 .Rapid Movements

1. Earthflow: Earth flow refers to the movement of water-saturated clayey or silty earth
materials down steep slopes. These movements are most prevalent in humid climatic regions
and occur over gentle to steep slopes.

2. Mudflow: In the region of sparse vegetation and heavy rainfal, thick layers of weathered
materials get saturated with water and flow down aong definite channels. It looks like a

stream of mud within a valley. Mudflows frequently occur on the slopes of erupting or

recently erupted volcanoes. Mudflows can cause great destruction to human habitations.

3. Avalanche: Thisis also atype of debris flow. Debris avalanche can be much faster than
the mudflow. Debris avalanche is similar to snow avalanche. It is more characteristic of

humid regions with or without vegetation cover.It occurs in narrow tracks on steep slopes.

4. Landslide: Landslide involves relatively rapid and perceptible movements of the rock
mass. The materials involved are relatively dry. The size and shape of the detached mass in
the landslide depends on the nature of discontinuities in the rock, the degree of weathering
and the steepness of the slope. Depending upon the type of movement, a landslide can take
place either by slump involving back rotation with respect to the slope or by rapid rolling or
sliding of earth debris without backward rotation, referred to asdebris side. Similarly,

diding down of individua rock masses is referred to as therock dlide.

5.Slump :Great mass of bed rock moves downward by rotational slip from a high cliff is
known as slump. Most common reason for slumping is erosion at the base of the slope which

reduces the support for overlying sediments

Tandslide Trunstational ndstide Block slide Rockfall Topple

Lateral spread
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UelbsenshHevsien  LTedpdeT  Ousnds,  @ramwen  QFwienswrsd 2 enlul (B
Hovgapams aralamed Hoge (Weathering) eaidGprn. ety HensHauemi bl
o gAflwns wwrflw utenBll QUTML&6T BB BT, USWT®D, STBBI PSWeuB6T DiDF6F
Qauwipenpsented  PALHHOMBSH  LBOBTEH BLH5IBG sSLSSULGSsMmer.  slenCe
uteppEmen  dfbH  BLSHOUSBEGH ~— auTellensvd  Fewde  aufleu@H oS ma!.aTallenevd
Fevgemeull QUTHIUTS peiiml euensEeTol  Lfléasomd. oeme (1) Guendle Heamsey (2)
@ramwen fAengey (3) 2 ulflen Fengey eleLITEUTELD.

L Quengls fansa

Quengdla  QFUI(LPENBEENTeL  LITDBE6T  E@IFTW  OMBBLD  gHID  SIHLWITLDED
2 LUBMSG CQuends Hmk eandCurd. Guendls FHendeyb@liler uTenpaEeier o meub
orRIEBes Haly CHTEGLILENLOLIL] LOTNI6IE606m6v.

utenpaseiley Quends Fewsey GUISHIONTE BPEHWIL  SHTJemmiG6T6Tsd  gHLBSABSI.
Sleme

1) uep BhGeusTed LTens aiiflosnL geo

2) umens OauglilHeflsd LIQHLOTH60

: BGued HeMHHI LTDBH66  LiETHEUTEL
SlYSHENHSH LITeDBHT Si(psHalL@alsimser. ofiilamsd urenBssT &L SSILGLEUTSI L
BPRGAUSTO  WPHHD  GHMBHH DSBS LUTensser — aifleenLsemper.  @gHer
allewemeutall LTenpdeiey alenLwimen elflFsosst Comems emeu 2 enL LB eImenr.

(2) urenp Qeugln iwaflsh LugHorHsd : UTOB Geouglibseisd CHrmAUlmEGWL BT
2 mpbhH UMMGELQUITEGL  CuTsl  iHeT  HeT  lee)  JAHSMALLSTEL  LTenmuedr
2 LuGHUIL LSS T LESMEBe gBULG UTdB 2 mLEBEH. BT 2 aBbhaHl
uefldbal uITGbBUTE  dBeisien  peosmiser  (molecules) wp  Svwiyl  CuBpl
2 piFHwirer DIBIGHTEN eUgeUll LIgHHIB6NTE  LOTH3IE 636

BT 2 _mpaiBHTed LUTmBSGsT 2 L ubous 2 epus o eniiiny (frost wedding)

SleevH 2 mpUel OFulens eTeILILIBLD. 6T1606VTL LITeDBEEMILD GQUTHIeUTS BT SHLILSTEO

QsiayempLel OFUlimsl LTmBHeflsd DiFs FoHmel gBLBSHIBBH. Sl LTenBHEM6TIL
Lgeyll LTenBaEemsHTel BFOFUINS HBOTHE STEILILIGLD.

(3) Qenmssred Lmenp  Hanseuan Heb  : GML  GQelUSHHT  ULTEDBESIT
allfloenL deimer.  uTedBuisd o 6iten  HTHIL  QUIGL ST @euGeuTeiipid  GleusiGoups
GauliugApenentt QuBp BBCsBL  elfleuenLdleiimpen. LTenpuist  Gwsd DBHE B
SIBHmEBIL  IFHTE Gl bel  alfleumLdpa.  oGuTEH i SPCHTES
alfluenLw @uieonHHmed, Goeo@HTEaCW  suemendmal. eeBa & DibEIedmbaH  Llgliy
@&oBha o5 UNbaelGangs. Seelsd HBEGHSH6N Lflougk QuITemB BHa TalLBLD.

utenpase  elfleuedLbdl FHEIGSHTL GBuriilevsten Srail QuIdLaeT Lliglis
SHeenoenw! RhHl 2 HmBeimer. Reueurm LTmBEeT FAfle FPiHTe 2 HibhH SpiIHulsd
QM o _GEWmLWTE IpEBs. & ol GoauoLs  dmse (Spheroidal weathering)
eTeIILIBLD.

L.@panwens Hamgpey

QraTwend OQFWInsWTEL LTmBE6T FHvbaypelsnsd SrFTwueFdende| 6l6maGmmiD.
GeuliLp,FF(pD  LTenBEHeflavieen  HTHIL  GuThsiTdemen  slelldled  HMIHEH BT
GaFTbenBEmUI 2618 @ 6 & GBTN36M.

QuaTwen HenHey SPHBMIL (WenBulsd gBLBSIBEI.

[0 Susenisyend (Oxidation)

2) smituentésd  (Carbonation)

3) BT Qameiensd (Hydration)

(4) Biler Gairdens (Hydrolysis)

[®) smyss0 (Solution)

6) selwniselen @ wmppi (Base Exchange)

1) sysamisyemmd : wenpBievid, Hev Bilewd euefloemisvdhasvisien  ydendiageit
B HBHICTONSHI. AHIWID BB Coupl HTHIN CUTHsTHEDHL 6T BFTHemad GFuiwLTeligeild,
Bmydbaml Bl GuT@mhsiiaebLs  (iron compounds) e Lenguwins  Gaitdbama  GFuidsimer.
@586 Sy HeNIEBTMIOTGD.  LTeBHeNavison  EMBLSSTHIBENT  pbHendmei 6 BFmHd
Curgl owuBlen oiewwliy HmshHl  GUTOUSHTEL eTehdlUl  HTHIBH6T eTeMlsd @aFTien
LTBBD  SDLBEH UBHw  CQurmsTast CoHrepissipenr.cusiiosmisobHd  ubHeniley@n B
Cabal oibd DMLH SBLmL Gewelipflen EhaeT isLsLH LIAPLIL BIBLP6IT6N  60LDEMEIL
(limonite) e1eii3 AW GQurmenTe  wrHBReGase.

@by + BT + pbeileet = emamBl ey @y HpbemervB  (60emet)

4Fe + 3H,0 + O, 2Fe O3 3H,0



(2) smiuarEsD : 105 Gl I VSHMID AJHSTBEI Bmphs LGHsefain
HITUNTESD SJIoTHS STMLILGABHI. UL HAGVIETEN HTTLENL. U HMENEH DMLY
Biled  semyhs Biss sriutels  (HoCOs) oufleowrdps.  Beiaunbfleon  Lrenmssigisitem
@y sreodlw, wrdefdwid, Gamewib, QuILLTAwWD GuTEB SHTHIL  GUTH6THEHL 6T
@Qpamwen Csibems OCFLABH. BHIBen STTUILINTEHSOTGLD.GFFTUIN  OBBLOHL HEH LBl
QUITB6THENTE  LOTEIBBET. 2 HITewIone:  UTedBHeled  (WpdAWTess — SremiiuBl
HTHBHTHBeTery o GLIsLETOLITT  HTHIOL 65 WemBT CFTHEI gBUBSHSHID FmBHmen kG
GpraEGeurid.

THBHTEBeery  SoQUseOLITT +  &rTuTelld  Sfeod (ewlp BT + SITLIsTENL.
Bmeo®B) —  HBwimedenr  (seflosw) +  Fedar  (wewisd) + GQUTLLTAwD  STTLGsIL
L&) &H6lT

2 KA1 Si3 Og + 2H,0 + CO,— Al Si; O3 (OH)s + 4 Si053 + K, CO3

(3) Bila_Caithans: STHIICLTHSTEMET B HOISHSHIGHCHTH CFs0auCHTH iHIG6u
Q® @rstwend Sfevw GFLUD OuUTGeMSeaD eleMbGHmes. @RFH  Bier GaroHma
(hydrolyss) ereuiu@.oueleusi  srgelsd B Gaibemawimed el gréeisy  hydroxyl)
CarapIdng. @ e eleneTeurs (WHBBIVID LHSHTE MDHS SETFIULD HEUBLJTHmr0B,
Felondla oifleod, @by pbemero® Cumsimeney Bameirmiassmet.

aedelleir  +  ewami grendled (BHfletr  CaTdbens) —  wHafFWID  wasl jrhrmenh  +

Feldld sidevld + GHL UdHmen([B

Mg Fe Sios + 2HOH — Mg (OH); + H, SiO; + FeO

(4) BI_QO&EmeTsned : SHTHEH6T BHdJ ATHHIHCHT6NOUH BT GCHT6iTensd  sleLILIBLD.
Bem] FTHBIBCHTENEBD HTHbHT S enelsd OL®HS LHw GUTHsTH6NTE  LOTN3IE6mmer.
o gpemions il eyl (Anhydrite)  srgelsd B CemwGurg  2dlFD  (Qypsum)
CameBISIBS.

Sl + BT = eSlFd

CaSos 2H,0 — Ca So,s 2H,0

(5) smysed  LTOBSTsIsTON  STHLOUTHsTHEeNs Lev FrpTyew Biled Henyulds
FQUIDILITGHD. FTaHTIem 2 (] @F5BE& FBHS 2 STTNOTGL. STTUSTDL D Hmen(B
smhaieisn Biled (smiureld ouleub), srevengl  (Cacite) Gumeip SHTgHibd6T  e6fged
BTGB, TG FHEUTEWIMDL  LITEDBUID  FoeDeUd  HeORVID  HTOMFL  HTHIN6IDH
QBTEWTYBLILIBTEO  DieHe  HTTLTENS  DBVHH60 FOLIDTHS HDJH BN, OO  HITENSHI
6UeITIOGWIL 6UID  SIGVEVGHI  LOGWTEWNGVISTSN  BTTLIGTENL.  SPHMEVDL S  HWJHHISH0HT6mIH
sTuTefid  oifeowrs  sememTbLl  uTedBseflled  omBmHed  CuTgdl  Diewey  HMIHSHI
BIPHHEMIL TN FlenHeuenL &l eien.

BHTOMFL (GeWTenImbLl LUTenp) + BT + SITU6TL  UHmen® —

euUSTTULGCEI B

CaCo;z + H,0 + Co,— Ca (HCOs3),

(7 salohsedss @ worgpn : fev  Fowmselsd LTenpseiiavsien  SHeflomissit
QOBISCHBTHDI TS CHBTeTUSTID QTFTLNE FnHe| FBLUBHBH. 2 STTEMIOTS SHlger
B Bifled smevdlwid evusTTUGEI. WGHWTE BHEEBEH. Hlgem BilevieTsn Sreodluid e
oW HIB6TBEHD  (10NS), UTenpulasion Gamouid 106IoWS SHiB6BEHD  QIKIBEBTHIBI
omd @@L QUWITENSHTL Hlge BT GLOTBITE  WTRIEBS.. SeUauTHl BHBGWL LTHBEHGLD
@QwLBw  BxHTeNpId G TBBHSHTEL  LTenmHeflsveien  HTHibsellen  Semoly  TEILL (B
Few s eiiment.

e wifers Hengey

aleVmi, Lpenel, SHTeugd pdweuBpien GFwiemnswrsd Garaipid HmdHey 2 ulflens
flenspey  (Biologiocal weathering) eemiuGw.  wip  HAosasGame  @UILIGLELTS
2 uiflenFfHengeysefentsd gBUBL CFHD WHH HMBEUWTELD.

utedB  @BHB0  LghHeTen  ewenflsd  euenBD  CFigmeflen  Ceuitmeir  SPGHTHES
oaBHelF Oasleusbred LTemmEsT Llsneubalemer. Qufiw wyhisefst GeuTasl Lsv LBLLT
HPHHBG OFeiip HevdHemall Llensdeimpen. CouTsdeflen eufwirs &TBEID BB  GCoud
WHHBGH QBTMIBF CFeLe0lILBEUBT S DibSeVlsien LITenBHeTesd @pamuens FensHey
gBUBSBEG amily gBuGSEBH. BwsH Sell] Srey Geulissit 2 BuSH  QFUILD
Qgsopgid  (humid acid) ®Bigs oudevwrseorsd oG UTDBGeMsd Gt HagHemel
IBUBHSIBBSI-

FHreumisenen’  GumeuBer LBeneusEHD, LigTeniaEnd, 6levmiEGaEnD, auTalamevd
FWBHOHE SHTJERIOTULETENG. LBmaUEB6T HlevhendHd dlennl  @Glsemnen BB emser.
6160, BB GUTEBME HevHHed CUMEHMET DIMIOLILISTO F6v FIOUID UBBI PHISH60,
ABBEEM] pBens gl FHH eNGSeBer. epIDL, WL, SHewFuITer CuTEIBEME
Bevsemssd g Avste  ofsdeamer.  feoo  sLsveump LgTenlselel®mbs  HTH@GD

FTURIBET HEWEIMTDLL LITeDBHMENF FenHeouenL WF CFuiassimer.

LITenB&H6T suTalensod FlengeusnLeusbmed CHTepid LTenBsH Hidseen @G GL S0
Beweowims  GmUudsvensv. GUluTs Fleysefsd STemILILGD UTeBE HideTaen Laluimiiy
elengulemed &SpsF afemey  (down slope) Gprdba paGSemer. eveurm  yelufiiy
allenFuienmed LITNBSH SHIH6TH6T BHHAUMS LIGLOLTHaTH6TST DiengFe| (Mass movement or

mass wasting) s1eii&@mLD.

GUIOLITHAT _oienFane aenG IBHEIHED  LIGLCOUTHETSH6NT gFhleyseriled B&HLOELITHI

SluBlsd  sevbGIsien  Bflelt Doy,  HideTmeNel  BHGD  Heewd, BBHGD  Geusld



S FWaBmBL CUTHSS DieuBlen Simaemer (1) G HeuTs BeHHO (2) Couswors sfgHed
60l @ UMBHeNTHLI Lifldsae0mid.

QgiuTd BHMID UMBUTED LSO  6UMBH6T 2 _6ileNean. Sjevauwimele: (1) emigHeo
(creep) (2) wemr auflgdsv (solifluction) (3) uremmpir wewmm (Rock glaciers)

Bouslons  &fHedsd SPoHGENIL  clndHeT o aener. Siewer (1) BeoFafey (Land
dlide) (2) umenm efipgdl (Rock fal) (3) usliiiurenys efipFd (avalanche) (4) sfiba Gealseo
(slimp) (5) Ggm auflmsd (Mud flow) sreiuieeur@ip.

Q o
Lestigan (Creep)

UGLOUT®ETHsT Flaydelsd WGaID GoHoUTe bHHMmaH amihed (Creep) ereuliLBLD.
BHGD  GUTDsTEsT Weitemms @GS SbS Denge| aw omihsd (SOil Creep) siasiD,
utenpwites  Gamuler Uty  omihed (TOCK Creep) eisipid  SPSEILGSBSHI.  DLeT60
QuTgIaITe Hlewenill HiH6THele BHMMEB@GL! LIOLILLTH GLogleuTen DenFameu@ul 260
6163185 GmLD.

2. e eufsed (Solifluction)

pilemmed  yfswewLbsh e SpF  Fflewen  CrrTHE  aufldemev e eufl&He0
(solifluction) el &GuIL. BHBMBL  SwFalsd  HIBCTHT @M BIDHETHEG  Fev
SIBIGEOVBIEET  (IPH6D  Fl6oO  SlgH6iT  6UDT  BBHGHH BN W  uflHed 2 Li-GHieuLl
yCapamiseilsd @piliLns STemILBABSI.

et ouPfHedes ellewsnours LeldHenshaleo LsoGeuml et eugeaumise (SOil patterns)
gBubdemer. wew  aufwbBurgl  FBm  Ouflw  B@B®EsT UL  GaTewT  BLLEIBETL
(polygonic) simwbsl BEels0, Sefloew, FnIRGHEET, GUTEBMe  STERIILIBE SIB6T.
BbHMmEW  algalld &0 auememud (Stone ring) eeuGSBH. Fley FBHI B BWsiTeN
Blevmhiseilsd oew eufided, FBml HNSILGSHT &pF Flayl LGHUTL SBHET HETHSHI
&0 oTeweudeT  (Stone garlands) Gareimideiper.  gfle)  Re@id  SiFs0OTS 2 siten
HlevkiBeNsd &60 LOTMeVEST MEHHI H6v aufldenta (Stone strips) rpissimser.
3.urenml uellwirgy (Rock glaciers)

Fafll  (penemOETERIL. QU@L LTeDBH HibeiTameT &omr 100-200 igHen Qs remiL
SIBHGHNTE @ LiefwImiBenmsL Gumed  emi BB U GBI @uuTenBSHeesT
Geuefulmiselled  (cavity) wefl  Hpbll  srewiuBL.  @Rewe  Weiy  UeNwTpissit
SIDWHHBHS LTeNHSTHSH6Me0  STemILBSBen. LTenBsh Hibssemsns  @enLulevsiten
2 B UaiulemmeddHTer @Rewer b hHaerme.

Ll .Conmions Fllge :

1. Beosgfey(land Slide) OGumd UTEOBEHEDHD, FHDHAMLHS LTDBEH SHIHETHEHD S
Crred  eflupeumasBur  seveg  efleumasBunr  PeoFefley (land  slide)  eraiEGmimd.
Beogafelsd Ffiiged 918 Coausrs gBUBSMH. RH60 BHMD QUITHsTHeTe LT WEa|D
Ao Lwotad Caldns. Horee Suguiasisn utopuls sSMmiG Féd  (SUpport)
@B Curgl Bleob sfdpg. o sryemores Sifiileomsd Hev Siugeuryo CowmibGLITSHI
FHIRGH0 GopEBH. (2) Fielst o Ffuled eeml F@BLOUTH BevFafley gBUGSBH (3)
Blov DHTFS DiewevmeileanTsd LITedBH6T HTHSILLH HevFafle) gBLBSBSI.

2. urenm efipsd (Rock Fall)

wenevsF  Flleyselelmban UTemBHeT o LUl 2 Hflwrs S eflpsus LTODB
eflpFdl  elemlLBD.  eeLWigauTHAed  @eweutm  elwpbs  @Gelujd  Curgdl gl
2_MLEBGHMe  RLILGEBDH.  SlgauTFHHe0  CHTHBID 2 _mLBBGHMe @H GBI L
FloysECasrand OsTaiGsieng. o &l QuIGL semTed Galbs Csramw @& o 25°
s 35 oy FlHGECHTID CBHTHIGETNE. 2 ML SHBHME, cUGFNasiTen  @rised
Slgaungrhisefevid, Hreurllesors LT LedsTHH6MID o wpLellF CFulens HSBLpsiten
LGB Bellavid STemI LGS BSI.

3. uefiurenp efpsd (Avalanche)

Lefldbslly, LTedBEH SHideTser B QuImeTseien oigHGausoren  FhHabE
uellumens  efipgFd  (avalanche) ereiiug  Quwit.  uefldbal 19iBuTEs  QUTmeTEeT  Fhbo!
allpaudTed  Siwey  CBTHRGHSBeN.  LTOBH6T 2 enLbdH — Oeuedll L [BepLd,
SWHHHHeMe0 GeulUdLbH STBBeL Leldally o ®ma Gsmemiw B, QBTEHEESW
GUITBLBEDBL6T CFmeuBHTed Diswey Bouslons  [hb([hH sBe.

4. sfips @elpsd (Slump)

WenemidbaiiuLrg (Un consolidated) urenpsHsiseismensd Gorami  wemevgFfa)ssien
Flov FOWID UTMB DiLVFH W DBEFT @ Cufl LGH DUBH BHTHH BB
Ufbg  Heosder  Fflemeu  Cpred)  Hebyenr  Fihgk Galdps.  oeueunry  Fhba
@NWDBUTH LTenBH  SHIb6THen SPMbH Gosoms LIl LUUGSHTL SeuBplen GLosOSH6ND
SIHMBSHH0  FTUibSHIeTeNGH. LTedBL QuITBLaer LIfba eubd Hemd @m Cohdbayemiguiest
Simwoliled, GuBLGHUTH Gelbs Fleneud QBTERIYHSBESLD.

5. Bzm ewfiged (Mud flow)

Crm aufHeud wew  eufiGemeolt  BuTeuBer BT LMEH WL BH  gBUBABSHI.
enmed GFml  auflBHed  QUTHIOITE  LIGTeNSHSTEGHMOBTN — STeMLILGABBEH.  Bded
Cousupld FsWOTS 2 eTengl. W eufiHemeoliGLTed  wemevsF  Flleysefllsd  @emen
Capmeiipleudsvemev.  LIsTEMSHSHTHEGH6M0 S Sibdds0 Herfl  wenremid  Gosd  SiBHBl6d

LoD @616 LigHseilsd @g gBUbSBH. @ewer boThHEH GFeosid GuTgH  sufufsd



QBTG QUTHL BmETULID FHilohH OQFsodeimpear.  siflenevd FTIDLIGY Guimedip

QurmpLsmens  OsramiBsion  Fllayselsd  OUEmEHSWeny  QuTPubCuTsd  GFpiaIlHe0 . .
Unit IV:Geomorphic agents and Processes: Landforms formed due to

TDUGHD. fiomenls Gunshast Gaiomp aifbel Gosdaims st (20a) e Erosion, Transportation and Deposition of Running water, Wind and Glacier.

RUNNING WATER OR RIVER

« Running water, which doesn’t need any further explanation, has two
components: one is overland flow on the general land surface as a sheet
and the other is linear flow as streams and rivers in valleys.

o The overland flow causes sheet erosion and depending upon the
irregularities of the land surface, the overland flow may concentrate into
narrow to wide paths.

« During the sheet erosion, minor or major quantities of materials from the
surface of the land are removed in the direction of flow and gradual small
and narrow rills will form.

o These rills will gradually develop into long and wide gullies, the gullies
will further deepen, widen and lengthen and unite to give rise to a network
of valleys. (Note: A valley can be formed in various ways like faulting, but
here we are dealing only with the formation by means of exogenic
geomorphic agent).

« Once a valley is formed, it later develops into a stream or river.




Courses of a river

A river, which is the best example of the linear flow of running water through a
valley, can be divided into three, on the basis of its course — upper course,

middle course and lower course.

Upper Course / Stage of Youth (Erosion dominates):

Lower Course/ Stage of Old (Deposition dominates):

The river starts to flow through a broad, level plain with heavy debris
brought down from upper and middle courses.

Vertical erosion has almost stopped and lateral erosion still goes on.

The work of the river is mainly deposition, building up its bed and forming
an extensive flood plain.

Landforms like braided channels, floodplains, levees, meanders, oxbow

« It starts from the source of the river in hilly or mountainous areas.

The river flows down the steep slope and, as a result, its velocity and
eroding power are at their maximum.

Streams are few, with poor integration.

As the river flows down with high velocity, vertical erosion or downward
cutting will be high which results in the formation of V-Shaped Valleys.
Waterfalls, rapids, and gorges exist where the local hard rock bodies are

exposed.

Middle Course/ Stage of Maturity (Transportation dominates):

In this stage, vertical erosion slowly starts to replace with lateral erosion or
erosion from both sides of the channel.

Thus, the river channel causes the gradual disappearance of its V-shaped
valley (not completely).

Streams are plenty at this stage with good integration.

Wider flood plains start to visible in this course and the volume of water
increases with the confluence of many tributaries.

The work of river predominantly becomes transportation of the eroded
materials from the upper course (little deposition too).

Landforms like alluvial fans, piedmont alluvial plains, meanders etc. can

be seen at this stage.

lakes, deltas etc. can be seen at this stage.

Upper Course ¢

flows with high velocity “ il
V-shaped valiey
vertical erosion dominates “ .

waterfalls, rapids, gorges etc “ PP———

MIOTE (LU ey

flows with moderate velocity
vertical and lateral erosion

plenty of streams
meanders, aluvial fans etc ':
Lower Course

<
flows with low velocity
lateral erosion dominates &
wide channels

extensive flood plains.
DA dlt Stages of a River
levees, oxbow lakes, meanders, deltas etc

Running water: erosion, transportation, and deposition

« Erosion occurs when overland flow moves soil particles downslope.

o The rock materials carried by erosion is the load of the river.

o This load acts as a grinding tool helping in cutting the bottom and sides of

the river bed, resulting in deepening and widening of the river channel.

Erosion Types

The work of river erosion is accomplished in different ways, all of which may

operate together. They are corrasion, corrosion, hydraulic action etc.



1. Corrasion or Abration: As the rock particles bounce, scrape and drag

along the bottom and sides of the river, they break off additional rock
fragments. This form of erosion is called corrasion or abration. They are
two types: vertical corrosion which acts downward and lateral corrosion
which acts on both sides.

. Corrosion or Solution: This is the chemical or solvent action of water on
soluble or partly soluble rocks with which the river water comes in
contact.

. Hydraulic Action: This is the mechanical loosening and sweeping away
of material by the sheer force or river water itself. No load or material is

involved in this process.

_@_ Traction Saltation

G 3 s.us.pen.sbn' 7 : Solution

When the stream comes down from the hills to plain areas with the eroded
and transported materials, the absence of slope/gradient causes the river to
lose it energy to further carry those transported materials.

As a result, the load of the river starts to settle down which is termed as

deposition.

Transportation types « Erosion, transportation, and deposition continue until the slopes are almost

completely flattened leaving finally a lowland of faint relief

After erosion, the eroded materials get transported with the running water. . . .
called peneplains with some low resistant remnants called monadnocks.

This transportation of eroded materials is carried in four ways:

) ) Erosional Landforms due to Running Water
1. Traction: The heavier and larger rock fragments like gravels, pebbles etc

are forced by the flow of the river to roll along its bed. These fragments
1. Valleys, Gorges, Canyon

can be seen rolling, slipping, bumping and being dragged. This process is
called as traction and the load transported in this way are called traction
load.

. Saltation: Some of the fragments of the rocks move along the bed of a
stream by jumping or bouncing continuously. This process is called as
saltation.

. Suspension: The holding up of small particles of sand, silt and mud by the
water as the stream flows is called suspension.

. Solution: Some parts of the rock fragments dissolved in the river water
and transported. This type of transportation is called solution

transportation.

As we discussed above, valleys are formed as a result of running water.
The rills which are formed by the overland flow of water later develop into
gullies.

These gullies gradually deepen and widen to form valleys.

A gorge is a deep valley with very steep to straight sides.

A canyon is characterized by steep step-like side slopes and may be as
deep as a gorge.

A gorge is almost equal in width at its top as well as bottom and is formed
in hard rocks while a canyon is wider at its top than at its bottom and is

formed in horizontal bedded sedimentary rocks.



3. Incised or Entrenched Meanders

o They are very deep wide meanders (loop-like channels) found cut in hard
rocks.

« In the course of time, they deepen and widen to form gorges or canyons in
hard rock.

o The difference between a normal meander and an incised/entrenched

meander is that the latter found on hard rocks.

2. Potholes, Plunge pools

« Potholes are more or less circular depressions over the rocky beds of hills
streams.

e Once a small and shallow depression forms, pebbles and boulders get
collected in those depressions and get rotated by flowing water.
Consequently, the depressions grow in dimensions to form potholes.

o Plunge pools are nothing but large, deep potholes commonly found at the
foot of a waterfall.

o They are formed because of the sheer impact of water and rotation of

boulders.

Entrenched Meanders

4. River Terraces

o They are surfaces marking old valley floor or flood plains.
o They are basically the result of vertical erosion by the stream.
o When the terraces are of the same elevation on either side of the river, they

are called as paired terraces.




o When the terraces are seen only on one side with none on the other or one
at quite a different elevation on the other side, they are called as unpaired

terraces.

Paired Terraces

Depositional Landforms due to Running Water
1. Alluvial Fans

o They are found in the middle course of a river at the foot of slope/
mountains.

o When the stream moves from the higher level break into foot slope plain
of low gradient, it loses its energy needed to transport much of its load.

o Thus, they get dumped and spread as a broad low to the high cone-shaped
deposits called an alluvial fan.

« The deposits are not roughly very well sorted.

AllovialiFan

2. Deltas

Deltas are like an alluvial fan but develop at a different location.

They are found in the mouth of the river, which is the final location of
depositional activity of a river.

Unlike alluvial fans, the deposits making up deltas are very well sorted
with clear stratification.

The coarser material settle out first and the finer materials like silt and clay

are carried out into the sea.

3. Flood Plains, Natural Levees

Deposition develops a flood plain just as erosion makes valleys.

A riverbed made of river deposits is the active flood plain and the flood
plain above the bank of the river is the inactive flood plain.

Natural levees are found along the banks of large rivers. They are low,
linear and parallel ridges of coarse deposits along the banks of a river.

The levee deposits are coarser than the deposits spread by flood water

away from the river.

4. Meanders and oxbow lakes

Meanders are loop-like channel patterns develop over the flood and delta
plains.

They are actually not a landform but only a type of channel pattern formed
as a result of deposition.

They are formed basically because of three reasons: (i) propensity of water
flowing over very gentle gradient to work laterally on the banks; (ii)

unconsolidated nature of alluvial deposits making up the bank with many



irregularities; (iii) Coriolis force acting on fluid water deflecting it like
deflecting the wind.

The concave bank of a meander is known as cut-off bank and the convex
bank is known as a slip-off

As meanders grow into deep loops, the same may get cut-off due to
erosion at the inflection point and are left as oxbow lakes.

For large rivers, the sediments deposited in a linear fashion at the

depositional side of a meander are called as Point Bars or Meander Bars.

5. Braided Channels

o When selective deposition of coarser materials causes the formation of a
central bar, it diverts the flow of river towards the banks, which increases
lateral erosion.

o Similarly, when more and more such central bars are formed, braided
channels are formed.

o Riverine Islands are the result of braided channels.

WINDS

o Work of wind is more prominent in desert areas where soil particles are

loose due to lack of moisture and vegetation.

o A plenty of loose material is provided to be picked up by the blowing wind.
Topography created by the erosional and depositional wind is called Aeolian
topography.

EROSIONAL LANDFORMS

1. PEDIMENTS AND PEDIPLAINS

« Pediments are gently inclined rocky floors close to the mountains at their

foot with or without thin cover or debris.

o These are formed as a result of erosion of mountain front through a

combination of lateral erosion by streams and sheet flooring.

e Once the pediments are formed, the steep wash slope and free face retreat
backwards through parallel retreat of slopes and the pediments extend

backwards at the expense of mountain front.

o Gradually the mountain gets reduced leaving an inselberg which is a

remnant of the mountain.

« In this way, high relief in the desert areas is reduced to low featureless plains

called pediplains.



. PLAYAS

Playa is an inland drainage basin with shallow saline lake of fluctuating

volume, encircled usually by mud sheets.

Water remains for a short period only due to high rate of evaporation in dry
climate of the desert. Quite often the playas contain deposits salt and such

playas are called alkali flats.

. DEFLATION BASIN

Many depressions are formed by deflation action of wind. These depressions

are called deflation basins.

. BLOW OUT

In several desert areas which lack vegetal cover, strong winds form eddies

and blows away the loose and soft rocks.

Consequently a saucer-shaped depression is formed which is known as

blowout.

. MUSHROOM

The maximum erosion of an upstanding mass of rock occurs slightly above
its ground level, where friction close to the ground is absent and sand

content in air is yet high.

The intensity of cutting into the rock decreases, both upwards as well as

downwards from this level of maximum erosion by wind.

Due to greater erosion of the lower portion, the rock

DEPOSITIONAL LANDFORMS

When the velocity of the wind decreases, it starts dropping its load.

Some of the important depositional features due to wind action are the sand

dunes and loess deposits.

SAND DUNES

A sand dune is the mo important feature formed by the depositional work of

wind.
It is a mound, a hill or a ridge of sand with a crest or a definite summit.

When the carrying capacity of sand laden wind is reduced due to reduction
of its speed, it deposits its material whenever some obstacle comes in its

way.

A dune has a long and gentle windward slope and a much steeper leeward

slope.
BARCHAN OR BARKHAN

Barchan is the typical sand dune with a crescent-shaped front, having two

horns or wings towards the leeward slope.
It has a convex windward side.

As the extremities of this dune move more rapidly than the middle portion, it

gives it such a characteristic shape.

A constant wind direction and a limited supply of sand are two essential

conditions for the formation of Barkhan.

PARABOLIC DUNES

Parabolic dunes are reverse barchans which are formed when sandy

surfaces are partially covered with vegetation.

SEIF

Seif is similar to barchan with the only difference that it has only one wing

or point. It is formed when there is shift in wind conditions.

The long wing of seifs grows very long and high.



LONGITUDINAL DUNES
o Longitudinal dunes are formed when supply of sand is poor and wind

direction is constant.
« They have considerable length but have low height.

TRANSVERSE DUNES
« Transverse dunes are in direction perpendicular to the wind directions.

o These dunes are formed when the wind direction is constant and the source

of sand is an elongated feature at right angles to the wind.

GLACIER

o A glacier is a large mass of ice that is persistently moving under its own
weight over the land or as linear flows down the slopes of mountains in

broad trough-like valleys

o Glaciers are formed in the areas where the accumulation of snow exceeds

its ablation (melting and sublimation) over many years, often centuries.
« Glaciers move under the influence of the force of gravity.

o The movement of glaciers is slow, unlike water flow. Glaciers flow like

very slow rivers.

o Their movement could be a few centimetres to a few metres a day or even

less or more.

Types of Glaciers
Glaciers are categorized by their morphology, thermal characteristics, and
behaviour. Glaciers are mainly of four types - continental glaciers, ice caps,

piedmont glaciers and valley glaciers.

1. Continental Glaciers - Continental glaciers are continuous masses of ice
that are much larger than alpine glaciers. By definition, they have areas
larger than 50,000 km2, some examples of Continental Glaciers are

Antartica, Iceland, Greenland etc.

2. Ice caps - Ice caps are the covers of snow and ice on the mountain ranges
from which the valley or mountain glaciers originate. Though they can
also be found at the lower altitudes. Ice caps have an area of less than

50,000 km2.

3. Piedmont Glaciers - The piedmont glaciers form a continuous ice sheet
at the base of mountains. The Malaspina Glacier in Alaska is one of the

most famous examples of this type of glacier

4. Valley Glaciers - A glacier that fills a valley is called a valley glacier.
The valley glaciers are commonly known as Alpine Glacier and are found

in the valleys created by lofty mountains such as Himalaya in India.
Mechanism of erosion and deposition
o Erosion by glaciers is tremendous because of friction caused by sheer
weight of the ice.

o The rate of erosion is determined by several factors such as the velocity
of flow, gradient of the slope, the weight of the glacier, the temperature of

the ice and the geological structure of the valley
o A glacier erodes its valley through two processes plucking and abrasion.

o Plucking - By Plucking , the glacier freezes the joints and beds of the

underlying rocks tears out individual blocks and drags them away

« Abrasion - By abrasion , the glacier scratches, scraps, polishes and
scours the valley floor with the debris frozen into it. These fragments are

powerful agents of denudation



o As glaciers move over bedrock, large blocks and fragments of rocks are
plucked from the land by glaciers. This mass of rocks and debris creates
huge erosion potential and erodes the bed and sides of the valley through

which glaciers flow.

« The movement of glaciers continuously erodes the bedrock and levels of
the plain. Eventually, the slope is so much reduced that no further
movement is possible and so glacier stops and deposits the debris in the

vast outwash plain.

Glacial Ice
plucking movement

Glacier Abrasion. polishing

Glacial Erosion

Glacial Landforms

Glaciation generally gives rise to erosional features in the highlands and
depositional features on the lowlands, though these processes are not mutually
exclusive because a glacier plays a combined role of erosion, transportation and

deposition throughout its course

Glaciated topography

Erosional Landforms

Cirque

Cirques are horseshoe shaped, deep, long and wide troughs or basins with

very steep to vertically dropping high walls at its head as well as sides.
Cirques are often found along the head of Glacial Valley

The accumulated ice cuts these cirques while moving down the mountain

tops.

After the glacier melts, water fills these cirques, and they are known as

cirque lake.
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Horns

Horns form through head-ward erosion of the cirque walls.

If three or more radiating glaciers cut headward until their cirques meet,

high, sharp pointed and steep-sided peaks called horns form.

Aretes

Arete is a narrow ridge of rock which separates two valleys.

o Aretes are typically formed when two glacial cirques erode head-wards

towards one another

o The divides between Cirque side walls or head walls get narrow because
of progressive erosion and turn into serrated or saw-toothed ridges

referred to as aretes with very sharp crest and a zig-zag outline.

Arete

Glacial Valleys
o Glaciated valleys are trough-like and U-shaped with wide, flat floors and
relatively smooth, and steep sides.

o When the glacier disappears, and water fills the deep narrow sections of

the valley, a ribbon lake is formed.



Glacial Valley  ~ =

Glacial Valley

Fjords/Fiords

A fjord or fiord is a long, narrow and steep-sided inlet created by a

glacier

They are formed where the lower end of a very deep glacial trough is

filled with sea water

Fjords are common in Norway, Chile, and New Zealand etc.

Fjord/Fiord

Hanging Valleys

A hanging valley is a tributary valley that is higher than the main valley.
Hanging valleys are common along glaciated fjords and U-shaped

valleys.

The main valley is eroded much more rapidly than the tributary valleys as

it contains a much larger glacier

After the ice has melted tributary valley, therefore, hangs above the main

valley

The faces of divides or spurs of such hanging valleys opening into main
glacial valleys are quite often truncated to give them an appearance like

triangular facets.
Often, waterfalls form at or near the outlet of the upper valley

Thus, the hanging valley may form a natural head of water for generating

hydroelectric power

Hanging Valley



Depositional Landforms Moraines

Outwash plains « The unassorted coarse and fine debris dropped by the melting glaciers is

called glacial till.

« Anoutwash plain is a plain at the foot of the glacial mountain ) ) o )
o The long ridges of deposits of these glacial till is called as Moraines

o They are made up of fluvioglacial sediments, washed out from the
« Depending on its position, moraines are classified into be ground, lateral,
terminal moraines by the streams and channels of the stagnant ice mass.
medial and terminal moraine.

o As it flows, the glacier grinds the underlying rock surface and carries the
o Terminal Moraines - Terminal moraines are long ridges of debris
debris along.
deposited at the end (toe) of the glaciers.

o When the glacier reaches its lowest point and melts, it leaves behind a
) B ) o ) » Lateral Moraines - Lateral moraines form along the sides parallel to the
stratified deposition material, consisting of rock debris, clay, sand, gravel
) ) ) ) ) glacial valleys. These moraines partly or fully owe their origin to
etc. with larger boulders being deposited near the terminal moraine, and
) ) ) ] glaciofluvial waters pushing up materials to the sides of glaciers.
smaller particles travelling further before being deposited.

o There can be many lateral moraines on either side in a glacial valley. The
o The stratified surface thus formed is called as an outwash plain and a
lateral moraines may join a terminal moraine forming a horse-shoe
downward extension of the deposited finer particles and clay material is
shaped ridge
called valley train.

o Ground Moraines - Many valley glaciers retreating rapidly leave an
irregular sheet of till over their valley floors. Such deposits varying
greatly in thickness and in surface topography are called ground

moraines.

o Medial Moraines - The moraine in the centre of the glacial valley
flanked by lateral moraines is called medial moraine. They are

imperfectly formed as compared to lateral moraines.

» Sometimes medial moraines are indistinguishable from ground moraines.

Outwash Plain



Types of Moraine

Eskers

An esker is a long, winding sinuous ridge of stratified sand and gravel

Eskers are frequently several kilometres long and, because of their

peculiar uniform shape, are somewhat like railway embankments

When glaciers melt in summer, the water flows on the surface of the ice

or seeps down along the margins or even moves through holes in the ice.

These waters accumulate beneath the glacier and flow like streams in a

channel beneath the ice.
Such streams flow over the ground with ice forming its banks.

The stream underneath carries coarse materials such as boulders, blocks
which gets deposited in the bed and when the glacier melts the deposits

forms a sinuous ridge called eskers.

Eskers

Eskers

Drumlins

Drumlins are smooth oval shaped ridge-like features composed mainly of

glacial till with some masses of gravel and sand.

The drumlins form due to the dumping of rock debris beneath heavily

loaded ice through fissures in the glacier.
The long axes of drumlins are parallel to the direction of ice movement.
They may measure up to 1000m in length and 30-35 m or so in height.

One end of the drumlins facing the glacier called the stoss end is blunter

and steeper than the other end called the tail.
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QLPOMTET  LieTenGeng HBieflpgdd @earid (Plunge Pool) eredrSGmMD. @&l
Brefbefuiler oinaryssHe aflw&Rerm Biler oflss560 allens sMyamorinms
2 (HUTHMSI.

BevorL. LI6iTeTLh (Grooves)

BrefpsAullear oiqamysHe mnilear atlbCsTHD Biflermey (run off)
o2 meurment  BeTomer LMWL  GMISHETET  LeTengeng  BeooTL  LIeTeTLd
GTEOTRCMTID. R(F GNRW HTUVSHHE GETM VG LDEEVUN6) 2 6Ter LD6voT
Brfleormev X5 Y AN ) Beoor L LI6Ten& 608 2 (HEUTEHGRMS!I.
Brefips®uiled@hba B &parm GagsHe elweaiemns (eddying) Bisl
GTEOTEREGMITLD.

Wedreor UL L &6u@® (Interlocking spur)

"V’ oallgel  LIGTeTSSTERT  THATSH T USSHSH6V  (LD60ISOTLILITe0T

(Projecting)

LEOVGASTLT 2 BUMGL emgd UarerliulL @Geu® (Interlocking spur)
TRTRCMTD. @eaubemnm CLHAUTHHEHW Geu® 6TarmIlD  3|6MLP&SHEUITLD.
@ ST GUSLMTETSI aUM6THESID QB6fHSID QFRMSI.

&L GenLe (Pot Holes)

Al Qseorlq  (kettle) GUIMETMULIGTOTIOMEISI MM LIGT6TE S5 TE: 5 60T
LUTenm&6eT Blemmbs Spho LUGem&sUle) 2 (haulaleadmsd GLE GeLe)
GTEOTREMTD. emed TLAUMTWSICD 2 (HemeT 6aulqel6) & meoorLiLI(HE) 65T meot.
LDGTOT N 856V LOMMILD & (IS GLIMeTM QUIIW &IG% 6185606 6 8 MeoTL

UMM &6fleQUMTSIITHGL S G6L6)| 2 (HeuTHMS!.

"“ . 1

2,0 MIBL6L (River Teraces)

LIGTEM& & T8 S 60T 319.61MTTSH 60T @)(H LIS MG 60 &memor LG Go&lw
UG8 (H&6T GUMeTm SLenLWmeT CumUILlienl Summ S eear@EmTLD.
@ 6maU LI LIGTeTS&Me: & LG em & WIl6iT [Blemevemn & nlé S 6T meo.
2,MHM 65T LI S60160TT6L 6 MHLIL & &alqW [B16V8 GG ITH M ISt
1. euevoT LN F Il & 6iT (Alluvial Fan)

QUMEITS MIGET L (HEF QFLID QIMETITL DMMID 6D 6MMETTL
eSS QSTLIHe 6T 3iqeaTISHe0 NG M6 & mevor i HS 60T M6, FFener,
Demorey MWD Al SiGeTEHmeTs: Q& smorl AN eugelley o eiter

LIL.6)| & 6M6T 6U6uoTL 60 T M &6iT eTadTEEMITLD.



@uuwemell LUGH el 2 6Tem &MTH mi, QWHleEs BEGH W BTL L6
2 66T OFeoOTLl  LIGTaMG MGG GCHHW LH&T  Whmih Q&MeGITLIT
HMTHTUNL_GTeTRTMeOTL. LTSS MHEG CHAW  LL,BIST  GLITErm

@)LrhigerleL eUeoorL 60 NG M&s 6T & mevor LiLI(H) &) 60T 6.

au6uoT L 6Lell A\ il & 6iT
2. 911l & F@euerfl(Peneplain)

GLhs wHhobh Gebs Gearmseflar aFFmsameTw i Hnlw Cu@®
LI6TeMTRIGemeT 2 emL W GLMHUFLemUWLD Q&ML STheumer FlGelerflenw
flliL& Fo@euer] erearHEMTLD.

3. SLMH M euemerTey (Meander)

2MHN6T auenemay LMHMID Qberflemen LAWITEOTL T 6T6dT&HGMITLD. &p,MHNledT
flH&H60 WOHMID LG QFWWem&E6flar alleneralns QL,mhm 6lem6Te]
2 BUTEMS. @& woHMleT @6l mlemew (Middle stage) WHOMID @0
Blemeowiledr (Lower stage) GMIUINLGSHEHSH BlVGEHTHMWLMNGWD. GQeu6TeTg
FQeaefulley QFRIGSs AFES50, LESHATLH FlEHH60 HMID LIS

SITTE00TLOME LM N6 aUEM6T6| 2 (HeUTH M.

LILLD-S,MMI 6U6mI6TEY

4. B0 GeTibL el (Ox bow lake)

WaeTemn  uHMeNBHE SETOESELULULGS SHaflgs &meorliu@i
wHm amamGa GHer Gty gifl aariuG&HDE. @5 GHT 6Tl
aulgeiley & IT6uoT L1LI () 61 & TV Qbs BlesEHTMHMLD @ 6ueummi
MPESILGRMSI.

5. 2_Wwyemevor (Levees)

IQEHY  QalETamTlIQUMBSHEG FHULGH  6UeTLe) LIQe&H6T  Lg&560

STITLONSG MMl6T L(Gemns WMmmID SanTCWTIHISGeT 2 WissLUG IS

2_WITEmeEoT 6T HGMITLD.

After many floods

Natural levee

6. Qeucterg @ euer (Flood plain)

UMHN6T HenFenl el IQU|6Tem FNGETIOMET BlevILFLienL QeueTeTd
g6l  aETRCOTL. @F ohms Haarseflar  sangulledmbal
LeTeTSSMER6T &alf elangulsd LFelsasmeam UGS mE. I8 & LU meor
2,mm1 Bifletr QeueflGUMHMESH 6TV QEU6TETLIGLIHES JHLUGSMS!.

7. 2,0 M5 &P NS (Estuary)

erevgaulfl “Estuary” etedTm Q&FMH ewGHer Qumlufer erehugreurfluih
"Estuarium” eTedrm Q&FmMevedled(BEg QUMLILILL &I S|H6T QUTHET &HLeN6T @5
mlenpaumuiley Q& L. gFeVL 6N ‘aestus’ 6T60TM Q& M6VEN 6T QLIMIHET ‘&0’
6T60T LIS MGSLD.

REOTMIGHEG GCULOULL M&s6T &LeO0 o6temr 2euf  BpLeor
HVHGRETN HOFCWMIL LUGHSHET SLOILET HMbHS E)emetorLiL|L sl
STl ILGeemns Sl (W&LID eTeTHCMTLD.



2 oy BF WwHMID HeteofT CF@HLD E)LLDMETS GUATLOMET  DMHMID
o6 | FFGSI Webssme  Brlawb  wLOOID  eUeITL6y Lig eflevih
STarlILGSME. aarGel, &HWHD 2 G We  eaueTomear  Gum
QFTGSHWMEH 2 6TeMgl.  6L&EMT.  GRIMEH 2. 66m  BILST My
2IMLOBBIETET &L (LNEsLD.
8. QL6GULIT (Delta)

2mHMleT Walemn Blemevuwlley QLELT SmeorliLGRmS!. 2 mnjleor
(WD&HSSIUTTSH6, (NSHCSHTE allgel BleusCHTHMID EUEDITL 6 LIL6)&6TT6D
2 BAUTHEMS. MG QLOLT TTHGCMTD. BTOTHETaS RCIHS 6T(LDE S TeT
QLLT augailey @bs MleusEHTHMD @ELILST @UAUWT 2 (HeUTETS.
er.&IM. 2 R 6T &L QU QLELT &hlens LNFDWLLSHTT QLT SL@GLD.

QL6eLLMeN65T 6160V & 6iT
MMl Ugesefler eulgelld WOHMID ealassefler 9 LliLenLuley
QLeLmemey LeTeu®Lommi elemn&LILBH G SeuLD.

1. efl6veulgeu QLGUL T (Arcuate Delta)

Al 9L  QUMETHS 6IQAIGMS Q&ML GLOLTHESET Galbhs
CTEUECVHEBLETT SHLemey GCBHMEHRG SmeorliL(Geld el allgel QLeVLIT
9L,G .G Femer NFI M) 66l QLEVLIT 6TETMID S|eMLN&GHEUTID. 61.5T. 6THLIFH 6L

2 _6Tem emBHeL QILEVLIT nMHMID @BE wmeiller &hiens NFWLSSHTT QLT

2. W& QL6VLIT (Estuarine Delta)

SPOWs QLEOLT eerug  eppiw  umiflear  (WHSSIaMTISS) 6or
RGN eIl U esmeT ghuBsSsid  CUTE 2 BamGD
BleVSCHTHMOMGLD (61.8) LT TeiTHl6v 2_6Tem Fedr ( Seine River) &i,mI.

3. LUMemeu LIMG QLeLLIT (Bird foot Delta)

HNlerTmey LIqul emeussLIL@D 108 Hlesoreool I LI eNlermey Limemnel
UMS QLEVLIT 2 (UGB M. LG en6Us&LILIL L e6UTL 6V L1656 6uTTey &b, mi
FAmlw Remerwimmgsarns LN &Hme.




IGHME  QLELMTEHESHET LMemal LTS GQLEVLT 6TerSGMMD. 6LaIT.

21w &s LEH W BT 1960 2 676 LWARAIL SHm QL.

4. g1fl QL6ULIT (Lacustrine Delta)

@M 0 QmHwrs gilovw eubsamLwbh Cums, gifl QLevLT
2 BAUTHMSI. .EM. AWTVMHEH 6L 2 6Tem Ceulm GeueadTGeoT (Lough Leanne) &u,mmI
QL6VL .

5. S1600TIq.&&LILILL QL6VLIT (Truncated Delta)

HLO MG MmN HL6) BCIMLLB&ET S flSHe0 SHTFerinns
2 BUTHEW QLLT6 WLIHPWLESCT Ivevg  3N&EHCIT
QFWIROTMEIT. 6UeUTM 2 (HeUMGLD QLEILTena SIewrq&HaLLLL QLT
GTETHRGMITLD.

6. M (HILLL QL6EVULIT (Abandoned Delta)

25 SN SIS (NHSSIAUTTSHNS DTHN&EQHTETEELD CUITS 6 MH&eTGel
BHS BHWIMEL 2 [(HaUTerT QLOLT &Gl lILGRMS. S5Hm&HW QLT
AAULL QLEVLIT 6TaiT) SIenp&SLILGER MG 6T.6M. Fearmeiley 2 66T L0EhF6T
mfledl QLT wommib @nHuwmeiley 2 6Tem amgerfl (Hoogly) <Lmmi
QLevLT.

7. &1flw auIg6u QLEVULIT (Cuspate delta)

@8 Ffllu U GUTETM 2 (HheusH SMTTLLGRMS. b Haflss
FeMETWITY  QUETOTL 6V  LilgelsGemnar Sumiiledr @ Ussmseflayn  Ligul
MmalGGIL CUME Faflll allgel QLELT 2 (hbaumHmal. e.&m, @865 meduller
LU QMM QLEVLIT.

SMHom

aImesoTL.  Blevmigefley 2 drtem  E&@Ewinmer Lielllimeluicy & myesof]
STHN G, UMl UGG Ullev HSTHMIT Goussld HHSHMHML 24iflHSHe0
LHoID Lgelss00 QFwWasEmer QFURaTmg. smoflar oiflss6e o
L elsser QFweseflearmey ghU@L  BlewsCHTHMmSGET &SThom e
BlevGsEHTMMMIGET (Aeolian landform) eTedT SMPHSEILGHRMS. SHMHeoT

QFWLE6T BLp&:&He00TL 6uL& 660 SITMHNJleT Q& WELEET 60 L GLIMIG) 65T M 6uT.

1. s1HMISH6L (Deflation)

STHN6T e6eUD 6ETeY MmN SrE&&eT BHsluGelansd SMHmige
CTEOTHCMTID. @FQFUID LITMEVEITSH6L LIaTemmiGeneT ghHUBSSIRMmS!.
@b LeTemmigeT Brmev BIFLULLU@GLD CUTE LIME6VeleTs C&Fmeneudser
(Oasis) 2_((h6uTER 6T M 6oT.

2. A\ MGG 6V (Abrasion)

srhnfler QFwesefley, HTmHnilerme &L SSLILIGIWD D66 SIG6T 86T

urmenmaerfler 15g1 GmH & LILGSC RPTUISHE h@&LD.

3. 2. Jmigev (Attrition)

STHMETT SLSSLLBID LTIV HIG6ETHET ETMIL 6T e6Tmi GLOME)

CaUleugl 2 FImUigev ereorILI(ILD.

srmHnler g6 BlevdCsTMMMLSET (Erosional Landforms of Wind)
1. 2arg|LI6iTermLD (Blow/Deflation hollows)

STHM6T STHMIHH QFWNGTTE JHUGLD LPWMM LITETHISGGET ‘261

LI6ITeITIg 6T’ 67607 L1LI(HILD.



2. smermesrLmemm (Mushroom Rock)

SMETMET LMenma&eT LML (@eveugl) LI LILmenmseseT  ereoreylb
IOPESEILGEMS. Qe @QUDENSWTEH GHTETMID &HTeTmer GLITeTm
DL 6MeTd: Q& MeuorLq (H& G LD.

umenevalemigGefley s H&IME  DeTey  WOMMID  LITeMmS
sIGaGamer &STHm LaUuriing Cuean Q&Meau®Hh QFVISTH 3hIEG
B BIETeT  LUTem&eter QLIUGH&6T GCuelm UGH&amer el
P&0Ts  flEslLGGRarmar. @S5ar olleneralns LTeNME ST600rs 6T
uliugHuler SFsn YflGalul@n G UGH UTbHSID  &Termer

GUITeTM oL emeTL G LM MI6GT6T6oT.

| T e i e SR
ULLD LIM6D606U6TE G Memey LDMHMILD &ITEITTedTLIMenm

3. WML (Yardang)

&THM 6f&xD HensshE @enenrwing 1 W ev 10 WSLLT 2 Wb ey
ughs Semwlifleurer UTem&sear HFGESUULG GOSN LTSSl
GPHEEBLEID RWRBISHM LTM WHEOISETTE STl iLU@Gn BlevCsTmHmELD
wryLmm eeorliL@®b. @emen  &STomledr UewCaumiLl L flHHe0

QFwevseflermey gmHUBROTMS. giflsefley &meorliLmLD D6TTeY S8 6TEH 6T
qTQSSIF QFLNID STHM THCT 2 676 LITeMSET6r eusiieumm Li& S &emerT
9P &ME fEs WEGSGETUD MM L6TeTHEIGmeTW D )
2 BUTEGRAME. Wsl Quiflu  oereleumer WITLTHEIGST RIS
jevaurmet gfluller aul_ &@LU LGS &arflev 2 drer CamneplnGLIT 6T6drm )L 5560

ST LIL(QSH MG

4. B\ W, 8607 (Zeugen)

sToHMler ‘2 grlbs GCsUSH ' QFwelearme 2 (Heum@Ld
BleusCHTHMSH 6 N&HDH & EHLD LIGTETHISGEB HE55H\S5S5 &meorliLbHeacs
Flu,&e0r eTeorLILIRILD. @emau 30 LS 2 WFh euemiy smevoriL(BID.

SMH M LILGW 601615869 60TTeV GF 60T MILD [B6V &GS ITMHM I & 6T
1. LO6DOTEV (&60TMISHET (Sand Dunes)

QUMETTL.  Qellill  LIMeNEVaIETRIGEET LO6DIT6)  (GETMIHET 2 (HeUM@GLd
FAAMHS QLTS MNRGTMSI. LD6UT6V & 6TmIsaflaTallgaGbamnsll QUTMISS,
LIV 6UEDGLLITENT LDETOTEY (G6ETMIGET &TeooT LILI(GReTmerr. jemal Llemmeulqel
DT MHGETMI  (Barchans), &FMI&eNE QSTLY DewoTey G6eoTml  (Seif  dunes)

GUITEIT M 6m6U WIMEGLD.



i. UG & metTerv (Barchans)

UF&&MeTey LImeneuelarsHer Lad b @ BlevsCHTHMLID G0,
@emar emm allgalld Q&TerLenel. LlenmuiledT @@ (WeneT&Ebld &mmjler
BT Hengulley Beoor(He SmeorliLGRMS. GLILNeMM allgels G6TMIG&E6T 27

ISULF 2 Wiylh euemy &meoor LiLGID.

ii. #FRISe0G QGTLIT L06vOT6V (S 60TMI(Seifdunes)
BewoTL (WP&HEBHGHE6TE GIGTETL LDEITEY (&6TMISHGCET FhiIGHNS QSTLT

LDGTOTEL (G 6OTMIGHET 6TeorLILI(HILD. @ emeu SmiE 6fa b sTHMeT Hlens jemLitiley
SrerlILG &S armer. FRGS QSHTLI eure) Gerpiledr LFLL &emd (Slip)
&THm 6fFD Henguled SMLaAISNHES, UFHET Q0 (LEMETHEHD &ITHMIF
FLOLGHMET Q&HMEOMIBLLUCH SMTTETLMGL. FEHOG QFTLT (G6Tm
WHEOSHEHEG G@eLule) 2dmar  LeTemhigGefle)  SmeoorliL(BID  LD60oT6Y
srhrflerme BHsLIUGRDS. @QbS WHOSGET Ly HGeum WL Beoor(

&Moot LILI(H)LD.

LILLD LOGOOT6V (& 60TMIH 6T
2. EMTMHMLY EUEBITL 6V LILG6Y (GeuITwieiy)

U oWilrd eu@mLLTE 2 &ar U UGHsefley GumurLiuImers

sTHflearmailn g ghu®GsSsin el Lueseflarmald uigeldéasliul Ll

LI9.6y&6mmey BIFLIUlILL (H6Tersl. @h& L1Iq6| 8 GeT SMMMLY 6U60TL 6V LILG6)| 6T60T
2MPESLILGRMS!.

3. emeuwily FLnGeuerl (Pediplains)

umemeveueTEiGefley 2 6Tem 2 W Blevmiser srmler Q&Fwevserflermey
fl&alUul@  eeeils BlsCHSTHMIOL MM STPEleNNs WLTNIeICSH
emeuwliq FLo@euerl ereorILIGID.

uewrmiser (Glaciers)

wenevgsflefe®hg sl Quiflu  semellevmer Ll QLgeTs
B&JHS aHSCe 'Leflwmy’ srerliLG&Hmg. Lieflwmm ereiln Q&mev LNy meirs:
QA6 ‘Glace' 6T6dTm UMT&HMSUNNBHES 2 ([BeUTeT Q& Mev. LieoflwmmigeT
QUEBLLUTAILD ‘Le&EELIGHmET QML S,mIG6T eerliLGS M. Leofl
IP&0TE Galbg waesFsflallefmha BHslL@Geismey  Lieoflwmmsser
JHUG S BTMET. 2b,600T(H (L(WD6USID Liesf UL FhSi6TeT @)L hi&sEaT ‘Liefldgserin’
(snowfields) eraTILIGSME. 2 MUEEHECHTEH  (snowline) 6TeQID  &HHLIMETS
G&TLITETS! [Blem6uWLITET LIetl&&6TD @) (HEHEG WD LGH e GMILLUSTESLD.

eTeorGal, 2 MUECHTLINMEG GLEASTET  ILUIQUTWSID

U6l &eTnmears 2amnAmsl. @flLsHar QuUbmss CHTMHMBIGHT 2L &6
G&m(), ueflliQumdleler oerey, sMHMlET Hengd R WeaiMHamL QUTNSECS
2 enmLiefl& G&HMLITeTS! QLSHNS @Lb CaumLGRGTMSI.
2 aUN&ECHTLILHES BP0 BHS Lesflwmm 2 [BUTHTMSI.
CVHEGHANET WSS &TTTNNG: BB oHEGsefle 2 drer Ll 2 »BS
ueflwmmrs wenevsd Fifleley BHETHMG. Liolwmmser @@ brefley 1 LSL LT
georm  Frnsfl GaussSH BHEIRMG. 2T 96 % UL lWmmigser
ST T S Tallavild, BifletTeu S avild & meuor LiLI(H &) 60T m6oT.



Ueoflwmmiger16ir 61em & &6t

LIeof WM& 6T eLnedTm)l elen&LILIBILD. {em6,

1. &evor LI Liesflwimmigseit (Continental Glaciers)

2. Lesflaellenas (Ice caps )

3. LDEMEL LMHMILD LIGTETS S M@ Lo lWmmigeT (Mountain and Valley Glaciers)

1. evorL LI LiedlwWTmis6T (Continental Glaciers)

Bmalll UGHGEefer SHeorlll  LeslWmmiseT  &meoorLiLI( 8 6ot meor.
QUUGR &6l FFUQUTHE&ET SmaTEHSICL UalQUMeuTs: 2 6Tereor.
Q6UGTH UGBLWLD QuUTEuD Leflwmears CaTCLaild GelBmE. @)&e6T
SIS QUILUGH We He jeralley Lenflds L 1quwime el ULl (HeTergl.
@emeuGW LIesllg SMeTaeT (Ice sheet) 9j6V6VSI G6vorL L1 LieoflWIMmIG6T (Continental
Glaciers) eteorLILIQ R TM60T. @HSL1 Lieol &S mersefler LI5S NP &L FIOTS
3,400 SLLT semailey SiflateunbHevid, HH& LULFOMS 4,776 L7 jemailey
ST THI SHTellevd 2 6Tengneg Sevollsas UL HeTersl. @)LUiLieof) &g meiss erfleor
afleflblILEGS Fev GBI SLOLGH W CHTHES Heoor( SmeorliLHH M.
HLO  SMUSET @elelmn SLUGHew  ChTEE  Beor( BHELID
uefggmersener fleaGn QUTWS el Wereyul (B LellILTenm&erTs:
(Ice bergs ) &L_69160 L& &G 60T 60T,

2. uenfl &aflemss (Ice caps)
sipalll UuGH&ale) 2der &LeO LLTbhSlemer Uesfl mHmiD

Uell&al19sCar Ll &alland aarliuG®Bmg. 10& s semailley Gelud
uUerfl Lmmild Uel&sLlgseT el UTbhs LTLILETEN6IS 68 Teur e (HoELD.
LGB FaUM LI F6iT Lieoll&:allen s, aul_&@ BTGe.

3. LD6M6V LM MILD LIGT6ITS & M85 (& LI60TIWIITmI& 6T
(Mountain of valley Glaciers)
@)6MeEU SL6VEDLIGHT LI6OHIWITMIGHET 6T6uTeyLD 26008 LILIHGR 60TM6T. G)6mal

ueflll ULevSH e BHS! DemeVLILIeTaTSS TS GS6 ler aulflGWw BM&EG 6ulgeiley
@96l HeooTL LI LWTmIGET G, @enas QSTLIHS Bleawd Gung
LDEMEVWIGEIMTSESH 6V LDMeVLLIL LiesflWImmigeT (Piedmont Glaciers) 2 (6 mE) 6T meor.
@uw wenewWiler 2 wWirnmer LGS serflauld, Gald 2 cuGH60T E)616160)85 WLITeoT
2 WDl  DMVSQSTLIGEIID, LTSS MHEG (SV60S1) L6060 LI
LI6of | W MO &6iT 85 mevor LI LI (5) 8 60T 6.

6ol wim i & 6rfl6dT LI 63T L| &5 6T

B&HGLD Ll&EHI1N eveug Uellwmm BaIsHey, Gausld WmMmID [lev
ML 2B Flev LI6TITL|&HE06TE: 68 Meoor(H)6Tengl. Lieof|Wmmigseflesr 8 LD

afsmers W& QLgiansGe &meT LGS M.

uelwmmmledr &G afFh 9veug Causih LesflwmmHniler Sjememelu]Ld,
UeTemgsaMeaRer  Fflemeuw]ld QUTMISS AOWLHMS. FeuCHImhger v
ussflwmmmler Gumurliie gou@d WereysGear uellwmmmill LleTeysse6r
(Crevasses) eTeTLILIQ&EM&I. Uelwmholedr CLMUTLILIE ghU@LD &bLPLW0ITeT,
CaumiLil L gi&euwenL i efiflFevasGer Lsoflwmm il LNemeysserm@Ln. nemev

JMILIITSHEHSHEG @b Leoflwmmoml LereseT L&D 2bLLI% S TeTene6l.

uesflwmh o Kemeyg et
ueslwmmiserfledr Q& wev 6T

Ueflwmmigsem oflE560, HLSHSH6, MM LG ULImaISSH0 G LTI
QFWLGEMET QFWURGTMeT. Lo lWmmser LGens&semneT LnlgsHen nmmin
FArMUSHL T W QFWSHETTE 38 HedTmeoT.
1. unl & &6v (Plucking)

ueflwrmiset Waslouflw uUmms SoTH &emeT  LI6Terg s M5 6ot
SIS 56T5H 0 BHS! urlss N IEETR Quiflw LT i &5 emer
gHUGSSITHeTm6T. LNUTMIGSET BHGIL QUMW <féslulL umams
Sl (H&HEMETUID LMTMIBISH&SEMETWN QUESSHE QFRGTMET. @560y,
UITemM& @BLD, LIMeNME &6 LD e6Tenm eettmi fl&&etTma!.

2. A\F MG 5 6L (Abrasion)
16V G85IT600T 161 8560168 QG TEO0TL. 2 6055 LITeNMG 516186 TS

FHHOMear  UaflyLer Geibal Waslauflw  oereleumer  LITenN M6

Armilss ofle@Rarmg. usflwmmigeTr umemmuier GumurliLserfley



LIGTemhIGeneTwld  BmevsameTwld ghuGSSReTmer. Uellwmm &S5
amlibsenel. @& e elleneTaurs Lelwmm LevGaum BlevdGsTmmski&senarT
gHUGSSEDE. @oal 2SS0 LOHMID LIQUMEISSOTH  CSHTaTmd
BlevsCHTMHMEIGETTE 6UeM&LILIH S5 LILIH &) 60T meoT.

uefwmrmisserfler 986860 Blevg GG MM HIS 6T
Lieoflwimm sl esr Bl6v & GG MMM & 6T QUBLOUITEVILD

LMeLILIGH &HefGeuGWw
sneoTlIL@®ermerr.  Uellwmomnledr  flGHedlermey  CHmedrmud (&S

161605 G &M M kI & 66U 60T:

C. Glaciated topography

FIGURE - EROSIONAL LANDFORMS OF GLACIERS

1. U- auigeull LIGTeNS S8
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Unit V: L andformsformed dueto Erosion, Transportation and Deposition of Waves

and __Underground water

WAVES (COAST)
Sea waves are defined as undulations of sea water characterized by well developed crests and
troughs. Waves are generated due to friction on water surface caused by blowing
winds.Horizontal movement of sea water caused by the wind, rotation of the earth, etc. are
called waves. Waves are nothing but the oscillatory movementsthat result in the rise and
fall of water surface. Waves are akind of horizontal movements of the ocean water. They are
actualy the energy, not the water as such, which moves across the ocean surface. This energy
for the waves is provided by the wind .In awave, the movement of each water particleisin a
circular manner. A wave has two major parts: the raised part is caled as the crest while the

low-point is called as the trough

wavelength

Processes and mechanism of sea wave erosion

The combined effect of waves, currents and tides result in avariety of gradationa processes
acting in the coastal zone. Coastal erosion happens in the form of

a) Hydraulic action,

b) Corrosion (or) abrasion,

c) Attrition,

d) Corrosion (or) solution and

a) Hydraulic action is the impact of moving water on the coasta rocks. It is caused by the
direct impact of waves on the coasts. Enormous pressures can build as water and air are
compressed into the rock fractures.

b) Abrasion (or) corrosion isakind of erosion happening with the help of tools of erosion.
In water suspension coarse sands, pebbles, cobbles and boulders are used by the waves to
attack the coastal rocks.

c) Attrition isaprocess in which mechanical tear and wear can break any rock massinto
fragments. Mutual collision effected by backwash and rip currents are powerful tools of
coastal erosion.

d) Corrosion (or) Solution is the chemical ateration of rocks which are soluble and due to
their contact with the seawater. Solution is locally important especially where soluble rock is
exposed along the shore Due to periodic wetting and drying a wide range of chemical
processes happens on the coastal rocks which lead to both physical disintegration and
chemical decomposition.

I.EROSIONAL LANDFORMS

1. Sea Cliffs: The most widespread landforms of erosional coasts are sea cliffs. Wave erosion

undercuts steep shorelines creating coastal cliffs. A sea cliff isavertica precipice created by
waves crashing directly on asteeply inclined slope. These very steep to vertical bedrock cliffs
range from only a few metres high to hundreds of metres above sea level. Their vertical
nature is the result of wave-induced erosion near sea level and the subsequent collapse of
rocks at higher elevation. Hydraulic action, abrasion, and chemical solution all work to cut a
notch at the high water level near the base of the cliff. Constant undercutting and erosion

causes the cliffsto retreat landward.

2. Wave cut platform At the base of most cliffs along a rocky coast one finds aflat surface
at about the mid-tide elevation. This is a benchlike feature called awave-cut platform, or
wave-cut bench. Such surfaces may measure from a few metres to hundreds of metres wide
and extend to the base of the adjacent cliff. They are formed by wave action on the bedrock
along the coast. The formation process can take a long time, depending on the type of rock
present. The existence of extensive wave-cut platforms thus implies that sea level did not
fluctuate during the periods of formation. Multiple platforms of this type along a given reach

of coast indicate various positions of sealevel.

Cliffs Area of cliff
recession




3. Sea arch: Another spectacular type of erosional landform is the sea arch, which forms as the
result of different rates of erosion typically due to the varied resistance of bedrock. These
archways may have an arcuate or rectangular shape, with the opening extending below water

level. The height of an arch can be up to tens of metres above sea level.

4. Sea stacks: The subaerial remnants of headlands that project above the shore platform
with wave refraction, headlands are eroded on three sides, causing sections of headland to be
isolated as sea stacks.

5. Sea caves: Differential erosion by sea waves through a rock with varying resistance across
its structure produces arched caves in rocks called sea caves. The common products of wave
erosion at the base of sea cliffs. A sea cave is a hollow excavated by waves in a zone of
weakness on acliff. The cave depth is greater than the entrance width.

6. A_blowhole may form in the roof of a sea cave by the hydraulic and pneumatic action of
waves, with fountains of spray from the top. If blowholes become enlarged, they
maycollapses.

TRANSPORTATION WORK OF WAVES.

The eroded materials are transported by the waves in different ways. The materials involved
in the transportation by sea waves include silt, sand, gravel, cobble, pebble and boulder.
DEPOSITONAL LANDFORMS

1. Beaches are characteristics of shorelines that are dominated by deposition.Beaches are

temporary features which are made up of sand-sized materials.Beaches which contain
excessively small pebbles and even cobbles are called as Shingle Beaches.
2. Sand dunes are formed just behind the beaches as long ridges parallel to the coastline.

Deposition by Sea Wavesg, i qune system




3. Barsare deposits of sand and gravel laid down by waves and currents which separate the

shoreline from the sea. They act as a barrier between the mainland and the sea.

4. When one end of such bar is attached to the coast and other extends into the seg, it is called
asa spit.

5. Tombolois a deposition landform in which an island is attached to the mainland by a

narrow piece of land such as a spit or bar.

6. Sometimes due to deposition of waves and currents, both ends of the bar join to enclose a
part of sea water between the coast and the bar. This enclosed part of the sea forms a lake of
saline water caled as Lagoon. Lagoon is generally connected with the sea through a narrow

passage.

GROUNDWATER
The part of rain or snow-melt water which accumulates in the rocks after seeping through the

surface is caled underground water or simply groundwater. The works of groundwater are
mainly seen in rocks like limestone, gypsum or dolomite which are rich in calcium carbonate
L.LErosional L andforms dueto Groundwater

Sinkholes and caves are erosional landforms formed due to the action of ground water.

1. Sinkholes: Small to medium sized rounded to sub-rounded shallow depressions called
swallow holes forms on the surface of rocks like limestone by the action of the solution. A
sinkhole is an opening more or less circular at the top and funnel-shaped towards the bottom.
When as sinkhole is formed solely through the process of solution, it is called as asolution

sink.
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2. Doline

A doline is a closed depression draining underground in karst areas. It can be cylindrical,
conical, bowl or dish shaped. The diameter ranges from a few meters to many hundreds of
meters. The name doline comes from dolina, the Slovenian word meaning valley. The
term Doline is sometimes used to refer collapse sinks.

3. Lappies

Lappies are the irregular grooves and ridges formed when most of the surfaces of limestone
are removed by solution process .The highly corrugated and rough surface of limestone litho
logy characttterized by low ridges and pinnacles ,narrow clefts and numerous solution holes
iscalled lapies.




4.Uvalas. When severa sink holes join together to form valley of sinks, they are called

asvalley sinks or Uvalas.

5. Polje
Most extensive larger than dolines,depressions are called poljes.Polje is an elongated basin
having aflat floor and steep walls. It is formed by the coalescence of several sinkholes. The
basins often cover 250 square km and may expose “ disappearing streams.” Most of these
basins have steep enclosing walls that range from 50 to 100 meter in height, giving rise to the
name “blind valley.
6. Caves
Caves normally have an opening through which cave streams are discharged. Caves having
an opening at both the ends are called tunnels. In the areas where there are aternative beds of
rocks (non-soluble) with limestone or dolomite in between or in areas where limestone are
dense, massive and occurring as thick beds, cave formation is prominent.

-
1. Curtains
Numerous needle shaped strip stones hanging from the cave ceiling are called drapes or
curtains
2.Stalactites and stalagmites
They are formed when the calcium carbonates dissolved in groundwater get deposited once
the water evaporates.These structures are commonly found in limestone caves.Stalactites are
cacium carbonate deposits hanging as icicles while Stalagmites are calcium carbonate
deposits which rise up from the floor.When a stalactite and stalagmite happened to join

together, it givesriseto pillars or columns of different diameters

Stalactite

Stalagmite

Limestone cave

Beoapld  BLEID  FhHEGW  Bewil  CaETLBE  SLGsory  elem Q.
HLBMIHBH60 Hlev(pld, SLEVID 6u6T  LOGWILV(IPLD QIBTHF  OFutsdLIbaleipen. Bleoligriy
&L BurHHe0  (pBm  QuEIbBUTH @B BT  ofiyF  GFwueid  WBB  CUBISBSI.
HLBLMTHH0 UBIHT SuBBledl FHH  (WppaumBUD SBhHdH elBSeper. eerGo @miE
UBiIGee  Lenildemsm  HL6D  SlemevdsiT  GoBOETETEmE T,  BLO  Sieweveileir
Qusssdamed  Caraipd  éHd  (Kinetic energy)  BPevsdet  weveimwd ST
BevSCHTBBRIBEMET 2 (HEUTHGHBBSHI.

sLGeuMID  aieLG BLed @rsmen (Sea cliff) oiBssE deauyph  Smwbs 9k
GUEWL  PeolugGAWTGD. &L Goryéaesn®  (coast 1ing) esiiug Beoddls  elafibLsemsn
(QEIBOBM6T) QMWEBEB @ GCHTH PGD. SLBBMJ 6leiiLB  Hev [Biled S
ol LHHBe0  (Low water ling) sLsd ghselst SganisdBen @mLBw o sien
LOGWTL 6VULDT@GHLD. @D  LOSWIL 605H&60 BT L LD  LTHOSTERNIg®BLUUSTE @RhiE HTD L&
BHLBHMI, & WT W Ld SLBEHMJ GUTEHB LD LGHHB6T STewILBE e, Sl BHenyuisd
et sL_peemy (fore shore), s sLBsemny (back shore) eien @m LGH ST 2 _WB. (st
BLBEM], QRIBIN  JYOUTTHMS @PLIQUIGTENSHL: LTl SLBHDJ  IASHBBLILITEISTETSI.
SaUBD QFWISOBHET APEVLDTH HLO Demevwitard DflHHe0 QFwievensy GFUIslegI.

1. 2 gmirhs Bsuissb(Abrasion)

B SlemevdeT difldasiulL QuT®HeTECTd &L Cumyhms STdGHats 2 Jruibs
Capwimsd  elLBL. o gTubsl  BHUIBed,  SiflbHiIbBeensd  eremeyd  (abrasion)
DIMPEBLILIGSEBS.

2. dhsmrdsd (Hydrauli action)

SIMeVE6T  LTenmameien  Qeugliysefllen  aufGuw  Benguyd  srBenBud  Ceusloms
2 | QFebHIBemer. UTUihsl (WeiiGgFsoaid Bilemmed &sTBpflel @m UGS utmdB BBHdHss0
DUWHBLILBLOLTH &TBm elfleuenL b uTemBUlsd 2 6iten  elflFsdsamen  LsvelamILIGSS

LTENBEHMET 2Dl SHBIBar. QFCFWmey BTHBHTHSID 6163 EBMD



B imevsslilein GFuwisoameflanted, Biled LTeNBET SeMFEBILIGS BT THSH0
Sie0euEHI BMIHe0 (Solution) sreILBLD.
4. 2 gmiimed (Attrition)

oifldalul L QU sTETTaT LTBIRISBHEEBL LTenBHEBL  QipiLel  @aiml  Gurd)

AP UTEBH HIHETHNTH 2 (Hourdlamer. R IBa 2 JruigHsd sl LB

1. BL6) Qrim P PWESHBB 2 WIHeD &Le0s0 STPHBSH CUTEGLOTS &L 6T
2 LGhSH IGHBEH. SAICUTH DeWevHsT WTESTMH SewLuien] sLBoemgemul CrroHsas
aBBIBar. Sinevameten fLLF OFuleorsd SL6O WLL AP Heopld FHAHSBB G HHle0
QB G B L (notch) CareamiIBBg. BronoLelsy B QUASTESILLB SL6O @HhiGed
(seacliff) GamemIEBa.

@bgdwrelsd HL 6V QPHIBEOHET GoB@ HLBHMTUien GHWTHEH
sTemLLGEBemer.  Hps@Gd  sLBBoFulsd  @fp  GLmsellsd  WLBHOL  Eewe
SHTewTl LB eament. LHweSenBurgl @riselen 5g Siemevssit Gomd BengdH el sme.
LBLTH PrBedsN DigauTfHHBE BGsd aBm o wysdsd iy gBulLB @® NG
CorapidBa. g o wi BirolL sflGwsvL (high water platform) eremiu@io.

2. smev oifiliumeoren Gughd(wave cut bench)

HL6O @mHsL BremedLelsd eufipT oifliy, meossfey, yelufiiy elens eyaleubien
FHLBF OFweorsd uTHSHUUL(H FBWHTS LUseewLdpgl. 6] ok Leienenl bdb
BLeHd @m o  aiflliureotenr  Guehd (wave cut bench) Gsraipidng. Gsemen
SibSSlsTen  LUGHUTL Semeouied  BVBHHEGL CQUTmeTHEeTsd 2 WgTuIha  DiflHHe0
Qswevtsd @® oewev oiMBwewL  (abrasion platfor) Coremdna. Sweo  oifliiumeoTe
CuEhF, iemev SifBenL. Hwemer PEIEIsT g AMTSHHIBHHI HLewev CBrHa BHemiB
QFeOPlemBer. PGV DQAUTFHFH0 QBHTLMIE  HLenev CBTHE BHEYBHHGSWD — SieN60
sifiiumeorenr GUEhd FBBI COFHTMeVEYHHILITD P Diewsv NfCwenLwires ST 8 HHABSHI.
@F Siemevssit, BHOITLLID CureBauByles BewiLsmeo NLLF CFweomsd CHTenmISBEHI.

3. BL@ Menmar (hand lands)

&L BsumrhHevieien Qs LTenBHsT sleMdled DIfdHULGBLD GUITEH Hlgell LITenBSH6IT
STy SANBSILLTIED SLemev Cprohs BB Rmbdemer. @eweu BLEG  Bleomissit
(head lands) e iL@GLD.

4. & @Gme (Seacave)

PLB Bevdglel @ uLbsHINID Siwed  WBHey GBULE imevssi  Gellbal
Curgidemmer. SGUTH et @®  UpsSHeud Oufiu  Heursd  gRUGSBSH. Bl
HLBGMS (Seacave) erelILBLD.

5. sL6) euenenaysmeil (Sea Arches)

BLBGMBHT  LigliLguiteg o 61 Crrabdlujb, Gwsd Grrédlwn ifldsiinbesed
BLG BeosHer @m LBSBeweTen  Bemer  Benewibdl  Gmil  CuTeiB  SiewiolienL
gBUbSHIBemer. Qemen  Goevd oifldslul (G QUAiLSTEHL GCUTEH HLEO  cue6TEYHETTS
(sea arches) wrydsime.

BL6O euemenallell @B LGS BLB BeobHed BOBTEH UGS SLeDd EenewiboHi
@ uteld GuTed SHTElILGHABH. cnBa BH Aumpenslt ured (natutal bridge) ereweyd
SIMPSHBLILBBBSI.

6. sLevgman (Stack)

BHL6v ecuemeneymen  Gospid  SfGSILGL  CUTH  DieuBEIBSDLWITEN  EEnERILIL|S6TT
2 Lbgl elqpadamer. CUTE BLG HevsHelmbhal HLed euemenalem BILEGEH LIfHal
alpaBg. Qseurn Ufbs uGH @m STevemil Gumsd ST FLelb@h. REH SO SHITemr
(stack) eremnLBLD.

7. eighdwurens (Stump)

BTeNeDL6lled HL6D HTEID DIHeVHEMTEL DUfBBILL[H BB DBH. UMM S
AeHS BLHH0 LTOBE6T (PIPMLWTE  JASBBULLTIOsY FBfla  aTehFulmeE@n. sl
ehAW  LTEDD  Sisdevgl  (SUMP) elanILBID. Sienevsaflenn  wIGIUL L SIS HeTenouITsd
BLBTIHHH FABl ueHeTaBEHD, CUIHSHISEDHD CHTapIdmer. @emen FBGLT (COVE),
Qu@migLr (bright), elflgLr (bay) een LBy GQUWITHENE DimIPHSIILIGE GHIme.

[ARENT pallihHered GHreipud HehCHIBmmRISel

U (beach) eeiug  owwev  sifllumeorenr  QUEbSlsd  LgHB  BTEILILGD
QUBHBIBTEMETE QBT @@  Osvelwl bSMBE GEGGL. @H0  Lewisn,
FPTRIBBHET — YHWeney  STewilILBGHBer. @BH @M SBSTEIHL  LgauT@EHbd.  Flov
BL[BHEM] H6IT60 L& gismei [BIT 3316585 6001 &> & IT 60T M6V BeNHHBE OaTLTFHwnsd
STeMILILBS BN  cueneTeyHem6Nd  OETemiBoen  &JH  (PILT6N  HLBHMIH6T0  Eewer
alflgLrsseisns  Hmeoliled @reHed  LghdH  srewliLiGasmer. Ssieurm  ellfl@Lmeler
smeolilled siwowd iFsse alfleLr someoly s (bay head beach) seweyn, umébsL
55 (pocet beach) eiemeyd, ewms ahHyen 195 (crescent beach) eewmend  GQuuiireeit
2_GiTeMenN.

Hflev  Fowd  BLG  Bleudden  (peveuled  LTBH  HIH6THET  LIghSHI
sremlLBousienh. @& BLG Mev Fs (head land beach) siemiu@Gl. BB Pevkismend

sTLged elfl@GLroselsd LiFassn WEaHwned STenliL(Ha)smser.



2 D Al Geal ( )

Lo6mI6D,  FTeMETHEBe0  BUTEIBEMEN  DIMEVBETTEVID  BEITLLBISEMTEIID  SLSHBLILIL B
BLEVY  HNHHL LpaubsHied ewed HLG (sand bar) GCaraipidns. @& sLed0
SUOPHEHT DisvevH BLIBE@ Boed 6rPLIGUIT STewILIBLD.
3 i o G (Spit)

wewisd  HLBHeflen  sewwlenuujd SeULILSMSWUD  QUTBHS ey LsoGeuml
QuWITH6e0 DIMPSBLILIGSTBEN. Wewisd S g6l P (Wevenr HevHCHTH SemembHID DX
W BLmeY BBThE BewiBL STMLILL LT B Bewi wewisd SHLB (SPit) erewii@GLo.
@ OurgieuTs @M CBHTHCHT 1960 &L CuTIHHBEH MemILTHS HTEILILGHBSH. UMT60
BOITLLAIBST Blevdhend ChTealul Ut UGHBefled Bewil wewied HU B HOFTLL &adeir
Hwes@ QUL aueslibgl STaILGEBSE. B&l sumenbsh Wewsd SUG (recurved spit or
hook) eremiuB. Fev  Fowmselsd BLEG BeosdHer @B UbSHIBNEID BewiL  LewIsd
HBH6T  BmHndEEeT  GUTEL eueNTheHl  STeILILGSsBer. IBUTH b BLG  Blevd
Opéma OstemiL BIG Peon (Wigned head land) stentiL@io.

WL ewied S iger (SPit) B (pwaBEHd HevHCHTH EewemisbaLILL19HbSTEID
S wawied HLG (bar) ey SwwsHslILGSDBE. Fev Fowmsallsd Wawid HG @b

auemenuild  BuTed @ HoLel RMEMGELILLQHEGD. BHBEGH UeDeTL oW  H (B

(looped bar) srsiiug Guuiir.

(Tombor os)

Fov  GQLmEseled  PevdHHedmhHaH  eueNThdHl  OFeved  BewiL  Loewisd L (HasiT
SiHBVIsiTen  Soyselled Bevemioupieni. Beve Gemewis@G ewied HBsei  (tombolos)

eTeuLILI(BLD.

FHETEITIDLLI  LITeDBH6T BTG Heenosnd CBTammgBLLSTID  @renejbd Bilso
SHOIUSTOID DiuBIled HellHHeieno CaTewi  HevhCHTBBHIBsT BHTeIBIEsBen. LOMIPHT
6U6ITILOGHTL 60HHNGVIETEN  HITLISTENL.  UEHEMOVML S  HMIHEHIS OBTeih  BThHd  STTUTaNS
SIOl6IDTE  GEWEWIMOLLT — LITOBEOW!  SDLEBH.  UCUTH  sewtewmioy  sTellgled
HMIWBInlgl STOFAWID emubs STTUCRIL LTS TREBEH. BH Sibed H6eobdH BHev [Biflsd
steflldled  HmIbhH BLSHBLILBABSHI.  aemienmbLill  Lmenpuisvisien  Qeugliseit,  ellflgsoseir
BEGSHSNMD  pBweaBnierr el Geaudeold Hevps BT eaBmelsF  GFsoedCLITHI

HMIHEV OFUIHBWITED LTHESIUG LevCam HlevsCHThmmiser Gameirmiasiment.

1. eflan int)
giewemoLl  LgCahamisefsd GLBLmUIETCLTSI BT alenFalsd 6llgaIseoemev.
106urg Bl swrsHe0  GFweorsd  Lyulesr  uglnied  oBOGUTEIB  LeTemRIGSIT
CaTapIBBe. oMoy B FHTMIBENMTHS — SrewiLiLGaSeiper. Qeueury  Sfbsiul B
CaHIemID & FHHGmen Sefle (clint) eredir.
2. Gy irgr Ggreror (Terrarosa)
Blev BT Hmps@en elflFssst ol 2mBmelF OGasdepid GUTH ULITMBHMETE
BOIHBH  CFDWewr, Hefwewr  CUTEIB  eiGemend Hmhed alflFsoseisd Lguwl el (&
CFeOBMEH. @ LIgeYB6T L6V Ig&H6T aUenJ Head OCBTemI(BLD. LITNBEHM6T  (LP(LPeHLOUITS

AplHOETEwIBL 2 sitenen. @iLgelBe@ GLigr Gyreror (tErrarosa) eediug G

1aute_(lapies)

2 Wihs uGHdelled aewemmbll  urempulss elflFsosefisveien  QLigm  Grmerom
Gueiin QUITEHL_B6iT SIBBBLILIL L L N6bT LITEmBa6iT SifdsUuL B (etched)
ueienorésiur Guo(pitted) sevLwiu G (grooved)  eufiiiusitenmiseit - (fluted)  giuc Gd
grewsen  Gursiip &M Awelld@h BHsmaw &I6G wILTar ujiiBe eotlsd (lapies)
sTedTLgl QUIW.

4. 2 Nehdls Fiemenseir (Sink holes)

FiewienmoLl  LIpChahHed BF FTHTIIOTSS STEILILGBL  HevhHHTHBBRHIGETEL
2 BlehdSalmen QABTGL. 2 Mehdlh Hiewsm eliLH Flov SYH6IT (LPH6L BB DIQEHET
QUMY SWPHOETEWIL @B Usienon@d. @@ yemed  (funnel)  emgib  QsmewiLg.
RQsii2_BlehdSaiemensmst QUi Hevmisslled BIBBIGHMBHTES  SHTemILILIBES IB6.

5. Glmenevair (Doline)

2 BHlehdld Slemendemenl  QUTHIOITS  SHEAUDBLILBGHHEOTD.  Dieweu(l)  HmIHHI
o poutanl o PehdsHaemsn  (solution sink)  (2) GETHEE 2 @aurar o plehdbsiemsn
(collapse sink) ersLEIEITED. LTHBH6MNE0 HMIH OCFUIMSWITED GHTHIBID — HIen6TEssiT
BOJHH 2 Houten o ehdldH SHiewenmen slMUILGL. BFH  Flev  Fowrmhiselled  GLTensved
(doline) el SimWPSSEILGABH. CBETHRS o Hauten 2 flehdld Hiemenuled LIbBHISSIT
Fiey GHesSTHS STauILBLD.  CBTHRE  SHeeTomend  STLIgVID  GLTedlgibaein
cTemTemiBemBUTs) DFHBID  HremLILIBasme.

6. 2_eumenr(Uvala)

BT auflbgl  GLTelaubareien aufu yebs SigBeols uTemasuisd GCFeipl
SYILTHEHMS DML EBFH. Fov Fowmssiled Sengulsd emPud BT 2 ehdd SHiemenseied
all(peUSBTed  DiHBHMBW  Hievensemen  alWh@d semenssit  (Swallow holes)  ssia@mm.
Amal  JABBHOH  CHTHIBILCLTH  RewewibdH  @® Uil LeTemoTs  LoTIElETIBE.



QauBBEG L ulsvisien gaedy GCBETMHHS alweaudbTsd @wm Ouflw usTend CaHmeipis sl
Geleutm CHmemid LsiTend weuteor (Uvald) erentin®io.

S GMBHSH DHEOTEN QL TelgIeney, HIbhol 2 Heuten SUG (Solution pan)
st @M. flov FowmiEeTsd HMIHOHTHD Horfl LewTewTed Hener DML LGLEUTH DIBIG
B Corhedna. BUTH e o Mlehdld SHmen Gemassit (Sinkhole pond) sisvevgi
anirevl. gflaeir (Karst lakes)steni i@ asimen.
1._Gursbaigg (Polje)

GumebOly  eleliLIB D GOBES, Fley WGHS, @B SledLWTeN  Hewil
ueTemor@lo.  GuTebOiggeyld @  cuewswTen 2 Blehdid — HlEWEMUTGHLD. BHe  HewJ
FHFSHIIUTE BHBEGD. HMIHL CFWienswTed GHreipid GumsbGy. ujeumeorensull GuTeLBe
a1.dH ShsTIDd CHTBBSHAMID, LiId g sendelmba wrfullmssngl. wjsumeor
@® oo gésm ugluetalsd I GO STewLGLOUTEH BUTEGE] L FHT wed UTLILTBE

SlYBevd GHME 6TeILH g BleHHeVI6TeN FEWemIMDLILI LTedB SHedJhEH CHmeimiiut
QM BuBmasWTer GeuBpLTGL. BEGHmedsT CFmGHHTECMUT Ssveugd el wimasGsur
STenILILBS BN, DigHlevd GMBHerile Fev FWID SimHelleeT STeNILILIBEISIGHIH. EUBENIL

GHDBDHEI Fev FLOWIBIB6M60 UsLBeuml LOL_L_ MBI 606N Qamemi® UigBuimest)

ST Fwier e eiment. 5 LLLTenBHeievsTen  cpl BEdelled HeoBT LTSI DG
LITenBEM6TdS HmIHdHl GMBHmend CHTHBmIeNEHBEI.

2@mahdlarss (Curtains) @maule  GeLgnengulledmbal Bemomes  Geugliseei
aPBw QT BAB  WBITEIGH  @®  OHTLIFAWmDr  HEWIG STl S0
LYeuRisemeT  gBLUBGSHDNBEH. @DmaiCw  GmasHIHengHEe  eTanlILIBa 6. Higmlsvds
GMBHeMs0  LsvBaup LIgHe0 BevdHCHTBUmIGT SremiliLGasamer. Rever L FrGleuTenL e
(traverting) ereulILGLD.  Sedemmbyll  LTenpuisvisiien  srevdwid  STTUGIL.  Biled  HevHSI
eosula  smogulaud, seflaud, Sopuland  @ud o et  BEHSMEW
Bev&CHMBMBBIBSIT GameiId 6. @euBpilev (LPSELIDTETEN6 F:2Ye0) PNEWGIGES]
PUpASBHTEIBID  eOLTeBeLL.  (Stalagtite : ssb  ell(pasl), erOLTemeudbemoL.  (Stalagmite :
BHEO(LPEM6NT)  SIHILISTGD.  6OLTVEMLL  aleilgl  @Gemaulen  gnenguleddmbal  SpCHTHES
QUSTTHEGI CHTHIGHUSTEHD. 6OLTeVHMLLIgeBHH @G STeodlwd  &SrTLGa.  Hemyulsd
al(pbal 2 6vThal UglLuwiTs Gosd GBrTed easnBaBEH. BH 6OLTEVHMIL  6TerlILIBLD.
QauBeoss HeIJ GOBBME0 HTEHISH6,BOILL DL B6T (COIUMNS) GUTEB  SIEHLOLILBEIHLD

STeLILBS BN, L TuHMLL (B 6rOLTeuHmL (B0 @ewemnuburdl @@  Hiewm

LOTRISBH.  OLTOHMLL g6 Blensnae  SledLwmsCaur  Disvevdl  STUIHBGHT

Gosb@BTHEACWIT sueTBLOLTSH Siewer CamelldemL L sTarl LB srmse.

SIS



GROUND WATER EROSIONAL AND DEPOSITIONAL LAND FORMS

Groundwater - The part of rain or snow-melt water which accumulates in the rocks after

seeping through the surface is called underground water or simply groundwater.

CONDENSATION

PRECIFITATION

1. Sink Holes:

2
o

3
o

3
o

A sinkhole is a surface depression in a region of limestone or chalk terrain.

Some sinkholes are filled with soil washed from nearby hillsides, while others are steep
sided, dug holes.

They develop where the limestone is more susceptible to solution, weathering or where

an underground cover near the surface has collapsed.
A sinkhole is an opening more or less circular at the top and funnel-shaped towards end.

A sinkhole formed solely through the action of solution is called solution sink.

Swallow Holes :

e They are cylindrical in shape lying underneath the sinkholes at some depth.

e  Medium to small sized rounded to sub-rounded shallow depression on the surface of rock
known as swallow holes.

e In limestone regions, the surface streams often enter the sinkholes and then disappear
underground through swallow holes.

e It is so, because these holes are connected to the underground caverns on their other side.

3. Caverns:

Caverns are interconnected subterranean cavities in bedrock formed by the corrosions action of
circulating underground water on limestone. They are found near Dehradun in Uttarakhand and
in Almora in Kumaon Himalayas. The caves of Kotamsar in the tribal district of Bastar in

Chhattisgarh are famous caverns of India.




4. Stalactites :
They are the major depositional features formed in the caverns in limestone regions.

The water containing limestone in solution, seeps through the roofs of the caverns in the

form of a continuous chain of drops.

A portion of the water dropping from the ceiling gets evaporated and a small deposit of

limestone is left behind on the roof.
This process continues and deposit of limestone grows downwards like pillars.

These beautiful forms are called stalactites.

Stalagmites :

»  When the remain in portion of the water dropping from the roof of the cavern falls on
the floor, a part of it is again evaporated and a small deposit of limestone is left behind.

»  This deposit grows upward from the floor of the cavern.

\4

These type of depositional features are called stalagmites.
»  As the process grows, both stalactite and stalagmite often join together to form vertical

columns in the caverns.
UNDER GROUND WATER FEATURES

An aquifer is an underground layer of water-bearing permeable rock, rock fractures or

unconsolidated materials (gravel, sand, or silt). Groundwater can be extracted using a water well.
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Artesian well

It is a type of well from which water flows under natural pressure without pumping. It is dug or
drilled wherever a gently dipping, permeable rock layer (such as sandstone) receives water along

its outcrop at a level higher than the level of the surface of the ground at the well site.

Artesian water is really not different from other groundwater, except for the fact that it flows to
the land surface because pressure in the rocks underground force it to the surface. But, having

water flow to the surface naturally is a handy way to tap groundwater resources.

Artesian Well

Piezometric Surface ——

Recharge arsa

Recharge area

[ Pervious Strata [ Impervious Sirata

Groundwater in aquifers between layers of poorly permeable rock, such as clay or shale, may be
confined under pressure. If such a confined aquifer is tapped by a well, water will rise above the
top of the aquifer and may even flow from the well onto the land surface. Water confined in this

way is said to be under artesian pressure, and the aquifer is called an artesian aquifer.



SPRINGS

Springs are surface outflow of ground water through an opening in a rock under hydraulic
pressure. In such cases the aquifer is either exposed at the surface or it underlies an impermeable
rocks. The amount of water in the aquifer depends upon the amount of rainfall in that area,

landform characteristic and the size of the aquifer.

A spring is a place where water moving underground finds an opening to the land surface and
emerges, sometimes as just a trickle, maybe only after a rain, and sometimes in a continuous
flow. Spring water can also emerge from heated rock underground, giving rise to hot springs,

which people have found to make a delightful way of soaking away their problems.

A spring is a water resource formed when the side of a hill, a valley bottom or other excavation
intersects a flowing body of groundwater at or below the local water table, below which the
subsurface material is saturated with water. A spring is the result of an aquifer being filled to the
point that the water overflows onto the land surface. They range in size from intermittent seeps,

which flow only after much rain, to huge pools flowing hundreds of millions of gallons daily.
Formation of springs

Springs may be formed in any sort of rock. Small ones are found in many places. In Missouri,
the largest springs are formed in limestone and dolomite in the karst topography of the Ozarks.
Both dolomite and limestone fracture relatively easily. When weak carbonic acid (formed by

rainwater percolating through organic matter in the soil) enters these fractures it dissolves

bedrock. When it reaches a horizontal crack or a layer of non-dissolving rock such as sandstone
or shale, it begins to cut sideways. As the process continues, the water hollows out more rock,
eventually admitting an airspace, at which point the spring stream can be considered a cave. This

process often takes tens to hundreds of thousands of years to complete.

Springs are not limited to the Earth's surface, though. Recently, scientists have discovered hot
springs at depths of up to 2.5 kilometers in the oceans, generally along mid-ocean rifts
(spreading ridges). The hot water (over 300 degrees Celsius) coming from these springs is also
rich in minerals and sulfur, which results in a unique ecosystem where unusual and exotic sea

life seems to thrive.

Hot springs

Thermal springs are ordinary springs except that the water is warm and, in some places, hot, such
as in the Bubbling Mud Springs in Yellowstone National Park, Wyoming. Many thermal springs
occur in regions of recent volcanic activity and are fed by water heated by contact with hot rocks
far below the surface.
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Even where there has been no recent volcanic action, rocks become warmer with increasing
depth. In such areas water may migrate slowly to considerable depth, warming as it descends
through rocks deep in the Earth. If it then reaches a large crevice that offers a path of less
resistance, it may rise more quickly than it descended. Water that does not have time to cool
before it emerges forms a thermal spring. The famous Warm Springs of Georgia and Hot Springs

of Arkansas are of this type.

geyser

—superheated
water

The water is crudely filtered in the rock, and the time spent underground allows debris and mud
to fall out of suspension. If underground long enough, lack of sunlight causes most algae and
water plants to die. However, microbes, viruses, and bacteria do not die just from being

underground, nor are any agricultural or industrial pollutants removed.
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