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Geomorphology Part I 

Geography is the study of 

1. the physical features of the earth and its atmosphere,  

2. human activity which affects and is affected by the physical features of the earth and its atmosphere. 

(Definition from Oxford Dictionary) 

 Human activity which affects and is affected by the physical features include the distribution of populations, 

distribution of resources and economic activities, and changes in the environment. 

Geography, the natural science, is divided into two main branches: 

1. Physical geography: deals with the study of processes and patterns in the natural environment like 

the atmosphere, hydrosphere, biosphere, and geosphere. 

2. Human geography: deals with the environment shaped by human activity. 

Physical Geography can be divided into several sub-fields, as follows: 

 Geomorphology (‘geo’ meaning earth, ‘morphe’ meaning form and ‘logos’ meaning discourse) is the field 

concerned with understanding the surface of the Earth and the processes by which it is shaped.  

 Climatology is the study of the climate (weather conditions averaged over a long period).  

 Meteorology focuses on weather processes and short-term forecasting (in contrast with climatology).  

 Oceanography is the branch of physical geography that studies the Earth's oceans and seas.  

 Hydrology is concerned with the amounts and quality of water moving and accumulating on the land sur-

face and in the soils and rocks near the surface and is typified by the hydrological cycle.  

 Biogeography deals with geographic patterns of species distribution and the processes that determine 

these patterns.  

 Environmental geography analyses the spatial aspects of interactions between humans and the natural 

environment. The branch bridges the divide between human and physical geography. 

 Geomatics is the field of gathering, storing, processing, and delivering geographic information. 
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 Mponeng gold mine (deepest mine in the world) and TauTona gold mine (second deepest mine in the 

world) in South Africa are deepest mines reaching to a depth of only 3.9 km. 

 And the deepest drilling is only about 12 km deep hole bored by the Soviet Union in the 1970s over the 

Kola Peninsula. 

 

The Kola Peninsula in north-west Russia. (TUBS, from Wikimedia Commons) 

 Volcanic eruption forms another source of obtaining direct information.  

1.3 Indirect Sources of information about the interior 

 Gravitation and the diameter of the earth help in estimating pressure deep inside. 

 Volcanic eruptions and existence of hot springs, geysers etc. point to an interior which is very hot. 

 

 Seismic waves 
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 They are the most important source available to understand the layered structure of the earth. 

 The velocity of seismic waves changes as they travel through materials with different elasticity and density.  

 The more elastic and denser the material is, the higher is the velocity.  

 They also undergo refection or refraction when they come across materials with different densities. 

 Earth’s internal structure can be understood by analysing the patterns of reflection, refraction and change 

in velocity of the seismic waves when they travel through it.  

 Meteorites 

 Meteorites and Earth are born from the same nebular cloud. Thus, they are likely to have a similar internal 

structure. 

 When meteoroids they fall to earth, their outer layer is burnt during their fall due to extreme friction and 

the inner core is exposed.  

 The heavy material composition of their cores confirms the similar composition of the inner core of the 

earth. 

 

 Gravitation 

 The gravitation force differs according to the mass of material. The uneven distribution of mass of material 

within the earth influences this value. Such a difference is called gravity anomaly.  

 Gravity anomalies give us information about the distribution of mass in the crust of the earth. 

 Magnetic field 

 The geodynamo effect helps scientists understand what's happening inside the Earth's core. Shifts in the 

magnetic field also provide clues to the inaccessible iron core. 

 Sources of earth’s heat 
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 The terms seismic waves and earthquake waves are often used interchangeably.  

 How are earthquake waves produced? 

 The abrupt release of energy along a fault (sharp break in the crustal layer) causes earthquake waves. 

 Rock layers along a fault tend to move in opposite directions due to the force excreted on them but are 

held in place by counteracting frictional force exerted by the overlying rock strata. 

 

The Focus of an Earthquake; Epicentre 

 The pressure on the rock layers builds up over a period and overcomes the frictional force resulting in a 

sudden movement generating shockwaves (seismic waves) that travel in all directions.  

 The point where the energy is released is called the focus or the hypocentre of an earthquake.  

 The point on the surface directly above the focus is called epicentre. 

 An instrument called ‘seismograph’ records the waves reaching the surface. 

1.5 Types of Seismic waves or earthquake waves 

 The seismic waves or earthquake waves are basically of two types — body waves and surface waves. 
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Earth’s Layers 

 The interior of the earth is made up of several concentric layers of which the crust, the mantle, the outer 

core and the inner core are significant because of their unique physical and chemical properties. 

 The crust is a silicate solid, the mantle is a viscous molten rock, the outer core is a viscous liquid, and the 

inner core is a dense solid.   
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OS CIA 

 Most Abundant Elements of the Earth 

  

 The Mohorovicic (Moho) discontinuity 
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 Mohorovicic (Moho) discontinuity forms the boundary between the crust and the asthenosphere (upper 

reaches of the mantle) where there is a discontinuity in the seismic velocity.  

 It occurs at an average depth of about 8 kilometres beneath the ocean basins and 30 kilometres beneath 

continental surfaces. 

 The cause of the Moho is thought to be a change in rock composition from rocks containing feldspar 

(above) to rocks that contain no feldspars (below).  

 Lithosphere 

 The lithosphere is the rigid outer part of the earth with thickness varying between 10-200 km. 

 It is includes the crust and the upper part of the mantle. 

 The lithosphere is broken into tectonic plates (lithospheric plates), and the movement of these tectonic 

plates cause large-scale changes in the earth’s geological structure (folding, faulting). 

 The source of heat that drives plate tectonics is the primordial heat left over from the planet’s formation 

as well as the radioactive decay of uranium, thorium, and potassium in Earth’s crust and mantle. 

 The Mantle 

 It forms about 83 per cent of the earth's volume and holds 67% of the earth’s mass.  

 It extends from Moho’s discontinuity to a depth of 2,900 km.  

 The density of the upper mantle varies between 2.9 g/cm3 and 3.3 g/cm3. 

 The lower mantle extends beyond the asthenosphere. It is in a solid state. 

 The density ranges from 3.3 g/cm3 to 5.7 g/cm3 in the lower mantle.  

 The mantle is composed of silicate rocks that are rich in iron and magnesium relative to the overlying 

crust. 

 Regarding its constituent elements, the mantle is made up of 45% oxygen, 21% silicon, and 23% magne-

sium (OSM).  

 In the mantle, temperatures range from approximately 200 °C at the upper boundary with the crust to ap-

proximately 4,000 °C at the core-mantle boundary. 

 Because of the temperature difference, there is a convective material circulation in the mantle (although 

solid, the high temperatures within the mantle cause the silicate material to be sufficiently ductile). 
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 Convection of the mantle is expressed at the surface through the motions of tectonic plates. 

 High-pressure conditions ought to inhibit seismicity in the mantle. However, in subduction zones, earth-

quakes are observed down to 670 km (420 mi). 

 Asthenosphere 

 The upper portion of the mantle is called as asthenosphere (astheno means weak).  

 It lies just below the lithosphere extending up to 80-200 km.  

 It is highly viscous, mechanically weak and ductile and its density is higher than that of the crust. 

 These properties of the asthenosphere aid in plate tectonic movement and isostatic adjustments (the 

elevated part at one part of the crust area is counterbalanced by a depressed part at another). 

 It is the main source of magma that finds its way to the surface during volcanic eruptions.  

 The Outer Core 

 The outer core, surrounding the inner core, lies between 2900 km and 5100 km below the earth's surface. 

 The outer core is composed of iron mixed with nickel (nife) and trace amounts of lighter elements. 

 The outer core is not under enough pressure to be solid, so it is liquid even though it has a composition 

similar to the inner core.  

 The density of the outer core ranges from 9.9 g/cm3 to 12.2 g/cm3. 

 The temperature of the outer core ranges from 4400 °C in the outer regions to 6000 °C near the inner core. 

 Dynamo theory suggests that convection in the outer core, combined with the Coriolis effect, gives rise 

to Earth's magnetic field. 

 The Inner Core 

 The inner core extends from the centre of the earth to 5100 km below the earth's surface. 

 The inner core is generally believed to be composed primarily of iron (80%) and some nickel (nife).  

 Since this layer can transmit shear waves (transverse seismic waves), it is solid. (When P-waves strike the 

outer core – inner core boundary, they give rise to S-waves) 

 Earth's inner core rotates slightly faster relative to the rotation of the surface. 

 The solid inner core is too hot to hold a permanent magnetic field. 
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Earth’s Magnetic field 

2.2 Magnetic poles 

 A magnet's North pole is thought as the pole that is attracted by the Earth's North Magnetic Pole when the 

magnet is suspended so it can turn freely.  

 Since opposite poles attract, the North Magnetic Pole of the Earth is the south pole of its magnetic 

field. 
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Normal and Reversed field (The bar magnet at the centre represents earth’s magnetic field) 

In Normal Polarity, Earth’s North Magnetic Pole is the South Pole of its Magnetic Field. 

In Reverse Polarity, Earth’s North Magnetic Pole is the North Pole of its Magnetic Field. 

 The current location of the Magnetic Poles 

 The North and South Magnetic Poles wander (Polar Shift Theory) due to changes in Earth’s magnetic field. 

 The North Magnetic Pole (86֯ N, 172֯ W) lie to the north of Ellesmere Island in northern Canada and is rapid-

ly drifting towards Siberia. 

 The location of the South Magnetic Pole is currently off the coast of Antarctica and even outside the Ant-

arctic Circle.  

 Scientists suggest that the north magnetic pole migrates about 10 kilometres per year.  

 Lately, the speed has accelerated to about 40 kilometres per year and could reach Siberia in a few decades. 

 Since the Earth's magnetic field is not exactly symmetrical, the North and South Magnetic Poles are 

not antipodal (a straight line drawn from one to the other does not pass through the centre of the Earth). 

 The Earth's North and South Magnetic Poles are also known as Magnetic Dip Poles because of the vertical 

"dip" of the magnetic field lines at those points.   
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 That is, if a magnetic compass needle is suspended freely at the magnetic poles then it will point straight 

down at the north magnetic pole (south pole of earth’s magnetic field) and straight up at the south mag-

netic pole (north pole of earth’s magnetic field). 

2.4 Compass 

 A compass point north because all magnets have two poles, a north pole and a south pole, and the north 

pole of one magnet is attracted to the south pole of another magnet.  

 The Earth is a magnet that can interact with other magnets in this way, so the north end of a compass 

magnet is drawn to align with the Earth's magnetic field.  

 Because the Earth's Magnetic North Pole attracts the "north" ends of other magnets, it is technically the 

"South Pole" of our planet's magnetic field. 

 While a compass is a great tool for navigation, it doesn't always point exactly north. This is because the 

Earth's magnetic North Pole is not the same as "true north (Earth's Geographic North Pole)."  

 Although the magnetic declination (deviation from true north) does shift with time, this wandering is slow 

enough that a simple compass remains useful for navigation.  

Using magnetoreception various organisms, ranging from some types of bacteria, sea turtles, some migratory 

birds, pigeons, etc. use the Earth's magnetic field for orientation and navigation. 

 Magnetic declination 

 Magnetic declination is the angle between magnetic north and true north.  

 It is positive when the angle derived is east of the true north, and it is considered negative when the angle 

measured is west of the true north.   

 In which direction would a compass needle point if you were standing on the true North Pole? 
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Magnetic Declination 

 

Magnetic Declination 
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 This region begins at the height of 60 km, extends up to 3 or 4 Earth radii, and includes the ionosphere.  

 This region rotates with the Earth. 

 Bow shock 

 Sunward of the magnetopause is the bow shock, the area where the solar wind slows abruptly. 

 

Earth’s magnetosphere (Original bitmap from NASA. SVG rendering by Aaron Kaase, via Wikimedia Commons) 

 

Earth’s magnetosphere (Credits: losangeles.af.mil) 

 Auroras 
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 Aurora is the name given to the luminous glow in the upper atmosphere of the Earth which is produced by 

charged particles (solar wind) descending from the planet's magnetosphere.  

 Positive ions slowly drift westward, and negative ions drift eastward, giving rise to a ring current. This cur-

rent reduces the magnetic field at the Earth's surface.  

 Some of these particles penetrate the ionosphere and collide with the atoms there. 

 This results in an excitation of the oxygen and nitrogen molecular electrons. The molecules get back to 

their original state by emitting photons of light which are the aurorae.  

 The charged particles follow magnetic field lines which are oriented in and out of our planet and its atmos-

phere near the magnetic poles. Therefore, aurorae mostly are seen to occur at high latitudes.  

 

 Geomagnetic storms 

 The varying conditions in the magnetosphere, known as space weather, are largely driven by solar activity.  

 If the solar wind is weak, the magnetosphere expands; while if it is strong, it compresses the magneto-

sphere and more of it gets in.  

 Periods of intense activity, called geomagnetic storms, can occur when a coronal mass ejection erupts 

above the Sun and sends a shock wave through the Solar System. It takes just two days to reach the Earth.  

 At the Earth's surface, a magnetic storm is seen as a rapid drop in the Earth's magnetic field strength. 

 Ring Current: Ring current is the name given to the large electric current that circles the Earth above its 

equator during magnetic storms. 
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 Effects 

 The ionosphere gets heated and distorted, which means that long-range radio communication that is 

dependent upon sub-ionospheric reflection can be difficult. 

 Ionospheric expansion can increase satellite drag, and it may become difficult to control their orbits.   

 Geomagnetic storms disrupt satellite communication systems like GPS. 

 Astronauts and high-altitude pilots would face high radiation levels.  

 Electric power grids would see a high increase in voltage that would cause blackouts.   

 Geomagnetic storms disrupt satellite communication systems like GPS. 

2.7 Van Allen radiation belt 

 A Van Allen radiation belt is a zone of energetic charged particles, most of which originate from the solar 

wind, that are captured by and held around a planet by that planet's magnetic field.  

 There are two such concentric tire-shaped regions. The inner belt is 1–2 Earth radii out while the outer belt 

is at 4–7 Earth radii.  

 By trapping the solar wind, the belts deflect the energetic particles and protect the atmosphere. 

 The belts endanger satellites, which must have their sensitive components protected with adequate 

shielding if they spend significant time near that zone. 

 Spacecraft travelling beyond low Earth orbit enter the zone of radiation of the Van Allen belts. Beyond the 

belts, they face additional hazards from cosmic rays and solar particle events. 

 

Van Allen Belts (Booyabazooka, via Wikimedia Commons) 
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 Diastrophism 

 Diastrophism refers to deformation of the Earth's crust due to diastrophic movements (deforming move-

ments) such as folding, faulting, warping (bending or twisting of a large area) and fracturing. 

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

include:  

1. orogenic processes involving mountain building through severe folding (crust is severely deformed in-

to folds) and affecting long and narrow belts of the earth’s crust;  

2. epeirogenic processes involving uplift or warping of large parts of the earth’s crust (simple defor-

mation);  

3. earthquakes and volcanism involving local relatively minor movements;  

4. plate tectonics involving horizontal movements of crustal plates. 
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 The most obvious evidence of diastrophic movement can be seen where sedimentary rocks have been bent, 

broken or tilted.  

 Epeirogenic or continent forming movements 

 Epeirogenic or continent forming movements are radial movements (act along the radius of the earth).  

 Their direction may be towards (subsidence) or away (uplift) from the centre.  

 They cause upheavals or depressions of land exhibiting undulations (wavy surface) of long wavelengths 

and little folding.  

 The broad central parts of continents are called cratons and are subject to epeirogeny, hence the name 

continent forming movements.  

 Uplift 

 Raised beaches, elevated wave-cut terraces, sea caves and fossiliferous beds above sea level are evidence of 

upliftment.  

 

Uplifted landforms 

 In India, raised beaches occur at several places along the Kathiawar, Nellore, and Tirunelveli coasts.  

 Several places which were on the sea some centuries ago are now a few miles inland due to upliftment.  

 For example, Coringa near the mouth of the Godavari, Kaveripattinam in the Kaveri delta and Korkai 

on the coast of Tirunelveli, were all flourishing seaports about 1,000 to 2,000 years ago. 
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 Tension produces fissures (since this type of force acts away from a point in two directions), and compres-

sion produces folds (because this type of force acts towards a point from two or more directions).  

 

Fissure and Fold 

 Sudden Movements  

 Sudden geomorphic movements occur mostly at the lithospheric plate margins (tectonic plate margins).  

 The plate margins are highly unstable regions due to pressure created by pushing and pulling of magma in 

the mantle (convectional currents). 

 These movements cause considerable deformation over a short period. 

 Earthquakes 

 Earthquakes occur when the surplus accumulated stress in rocks in the earth's interior due to folding, fault-

ing or other physical changes is relieved through the weak zones over the earth's surface in the form of ki-

netic energy (seismic waves).  

 Such movements may result in uplift or subsidence in coastal areas.  

 An earthquake in Chile (1822) caused a one-metre uplift in coastal areas.  

 An earthquake in New Zealand (1885) caused an uplift of up to 3 metres. 

 An earthquake in Japan (1891) caused subsidence of up to 6 metres. 

 Earthquakes may cause a change in contours, change in river courses, shoreline changes, glacial surges (as 

in Alaska), landslides, soil creeps, mass wasting etc.  
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 The word ‘denude’ means to strip off or to uncover.  

 Denudation depends on physical (folds, faults, orientation and inclination of beds, presence or absence of 

joints, bedding planes, hardness or softness of constituent minerals, permeability) and chemical (chemical 

susceptibility of mineral constituents to corrosion) properties of the rocks.  

 

 Weathering 

 Weathering is the disintegration of rocks, soil, and minerals under the influence of physical (heat, pressure) 

and chemical (leaching, oxidation and reduction, hydration) agents. 

 As very little or no motion of materials takes place in weathering, it is an in-situ or on-site process.  

 The weathered material is carried farther away by erosion. 

 There are three major groups of weathering processes: 1) chemical; 2) physical or mechanical; 3) biolog-

ical weathering processes. All the types of weathering often go hand in hand. 

 Physical Weathering Processes 

 Physical weathering involves mechanical disintegration of rocks due to temperature changes, freeze-thaw 

cycles, wet-dry cycles, crystallisation of salts, animal and plant activity, etc. 

 Various mechanisms of physical weathering are explained below. 

 Exfoliation due to pressure release or unloading 

 Intrusive igneous rocks formed deep beneath the Earth's surface are under tremendous pressure due to 

overlying load.  



                              

                                         

                                                                                                                           
 

                                                                                                   BY KULDEEP RATHI 
96 

 

Mains Question on Fold Mountains. 

 Why are the world’s fold mountain systems located along the margins of 

continents? Bring out the association between the global distribution of Fold 

Mountains and the earthquakes and volcanoes. 

Why fold mountains at the continental margin? 

 Fold mountains are formed due to convergence between two continental plates (Himalayas, Alps) or be-

tween an oceanic and a continental plate (the Rockies, Andes).  

 In Continent-Continent (C-C) convergence, oceanic sediments are squeezed and up thrust between the 

plates and these squeezed sediments appear as fold mountains along the plate margins. 
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 In Continent-Ocean (C-O) convergence, the continental volcanic arc formed along the continental plate 

margin is compressed and is uplifted by the colliding oceanic plate giving rise to fold mountains along the 

continental plate margin.  

Earthquakes 

 In both C-C convergence and C-O convergence, there is the formation of fold mountains and frequent 

occurrence of earthquakes.  

 This is because of the sudden release of friction between the subducting plate and up thrust plate.  

 In C-C convergence, the denser plate pushes into the less dense plate creating a fault zone along the mar-

gin.  

 Further collision leads to the sudden release of energy along this fault zone generating disastrous earth-

quakes (shallow-focus earthquakes). 

 In C-O regions the subducting oceanic plate grinds against the surrounding denser medium producing 

mostly shallow-focus earthquakes, and deep in the subduction zone deep-focus earthquakes occur. 

 Volcanism is observed only in C-O convergence and is almost absent in C-C convergence.  

 Volcanism 

 This is because of the thick continental crust in C-C convergence which prevents the outflow of magma. 

Magma here lies stocked within the crust. 

 In C-O convergence, metamorphosed sediments and melting of the subducting plate form magma which 

escapes to the surface through the less thick continental crust. 

5.5 Continent-Arc Convergence or New Guinea Convergence 

 New Guinea came into being about 20 million years ago as a result of continent-arc collision.  

 The continental plate pushes the island arc towards the oceanic crust. The oceanic plate plunges under the 

island arc. 

 A trench occurs on the ocean side of the island arc and, ultimately, the continental margin is firmly welded 

against the island arc. 
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6. Divergent boundary  

 In the Seafloor Spreading Theory, we have studied how divergent boundaries below the oceans are respon-

sible for the spreading of the seafloor.  

 In Plate Tectonics, we have learnt about the major and minor lithospheric plates and how these plates 

moved through the geological past.  

 We have studied about convection currents in the mantle which are the primary reason behind plate 

movements ― divergence and convergence of the lithospheric plates. 

 The horizontal limbs of the convection currents, just below the lithosphere, drag the plates horizontally.   

 The falling limbs of the convection currents create a negative pressure on the lithosphere, and this negative 

pressure (pulling force) is responsible for the formation of the convergent boundary. 

 The rising limbs, on the other hand, create positive pressure on the lithosphere, and this positive pressure 

(pushing force) creates a divergent boundary.   

 Divergence (divergent boundary) is responsible for the evolution and creation of new seas and oceans 

just like convergent boundaries are responsible for the formation of fold mountains, volcanic arcs. 
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 Lake Tanganyika, second largest freshwater lake by volume, is in the Albertine Rift, the westernmost 

arm of the active East African Rift.  

 Lake Tanganyika is also the world's longest freshwater lake and the second deepest lake in the world 

(the deepest point is 1470 meters below the surface). 

 Lake Superior in North America, the largest freshwater lake by area, lies in the ancient and dormant 

Midcontinent Rift.  

 Lake Victoria is the world's second largest freshwater lake by surface area. 



                              

                                         

                                                                                                                           
 

                                                                                                   BY KULDEEP RATHI 
104 

 

African Great Lakes (MellonDor, from Wikimedia Commons) 
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Major Lakes of the World 
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Great Lakes of North America (Phizzy, via Wikimedia Commons) 

6.3 Great Rift Valley  

 The Great Rift Valley is a geographical feature running north to south for around 6,400 kilometres from 

northern Syria to central Mozambique in East Africa. 

 The northernmost part of the Rift forms the Beqaa Valley in Lebanon.  

 Farther south, the valley is the home of the Jordan River which continues south through the Jordan Valley 

into the Dead Sea on the Israeli-Jordanian border.  

 From the Dead Sea southward, the Rift is occupied by the Gulf of Aqaba and the Red Sea. 

 The Afar Triangle of Ethiopia and Eritrea is the location of a triple junction.  
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 Volcanism and seismicity along East African Rift Valley 
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 The East African Rift Zone includes many active as well as dormant volcanoes. 

 Mount Kilimanjaro (it has three volcanic cones), is a dormant stratovolcano in Tanzania, Mount Kenya is 

an extinct stratovolcano. 

 Although most of these mountains lie outside of the rift valley, the EAR created them. 

 The EAR is the largest seismically active rift system on Earth today.  

 The majority of earthquakes occur near the Afar Depression, with the largest earthquakes typically occur-

ring along or near major border faults. 

 How come Mount Kilimanjaro and Mount Kenya that formed close to the divergent boundary are 

stratovolcanoes when the magma that flows out at the divergent boundary is basaltic? 

 The formation of stratovolcano and shield volcano depends on the silica content of the magma.  

 Shield volcanoes are formed from magma that contains a low proportion of silicates (magma coming 

from the mantle, like in divergent boundary). 

 Stratovolcanoes are formed from magma that contains a high proportion of silicates (magma formed due 

to the melting of crustal plates, like in convergent boundary). 

 Mt Kilimanjaro is a stratovolcano. It was formed during the process of formation of the African rift valley.  

 During the formation of the African rift valley, there was a lot of faulting. The stress caused in the crustal 

plates led to the melting of the subsurface layer into magma, and the volcanism around Kilimanjaro oc-

curred due to this magma (high proportion of silicates).  

 Take a look at the picture below to know the proportion of silicon content in mantle and crust. 
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Silicon content in the mantle, oceanic crust (mafic) and the continental crust (felsic)  

 Majority of the stratovolcanoes occur along the convergent boundary, but there is no fixed rule that they 

should occur only along convergent boundaries. It all depends on the nature of magma that flows out.  

7. Classification of Mountains 

 Classification of mountains on the basis of location 

 Continental mountains 

 Coastal mountains  

 the Rockies,  

 the Appalachians,  

 the Alpine mountain chains,  

 the Western Ghats and  

 the Eastern Ghats (India);  

 Inland mountains  

 the Vosges and the Black Forest (Europe),  

 the Kunlun, Tienshan, Altai mountains of Asia,  

 the Urals of Russia, the Aravallis,  


