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I. Introduction to Geomorphology 

Let’s begin with the definition. 

Just split the word: 

Geo = Earth, Morpho = Form, Logy = Study 

So, Geomorphology means “the study of Earth’s forms” — more precisely, it is the scientific 

study of landforms — the physical features you see on the Earth's surface like mountains, 

valleys, plateaus, plains, etc. 

But it doesn't stop at just looking at them. It also describes, interprets, and analyzes how these 

features formed, how they evolved, and what forces shaped them. That’s the essence of 

geomorphology. 

 

     Scope of Geomorphology 

Now let’s understand how vast the subject is. The scope is typically structured in three broad 

aspects: 

   Dimensions and Scales of Relief Features 

Just like any map has scales (1:50,000, 1:250,000 etc.), landforms are also studied based on their 

size and hierarchy. So we divide them into three orders: 

      First Order Relief Features    

These are the biggest landforms on Earth: 

• Continents (Asia, Africa...) 

• Ocean Basins (Atlantic, Pacific...) 

http://www.claritydeskhub.com/
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They are formed due to very large-scale tectonic activities, and studying them helps us 

understand continental drift, plate tectonics, and the general structure of the Earth’s crust. 

 

Surface of Earth, showing higher elevations in red 

 

      Second Order Relief Features – The Builders        

These are structural landforms found within continents: 

• Mountains, Plateaus, Rift Valleys, Lakes, Fault lines 

     These are mostly formed due to endogenetic forces (forces originating inside the Earth), 

specifically: 

• Diastrophic Forces: Very slow but powerful — like mountain formation (orogeny), 

faulting, folding. So slow that they are not visible in a human lifetime. 

• Catastrophic Forces: Sudden and violent — like volcanic eruptions, earthquakes. 

Thus, second-order landforms are often called “constructional landforms” because they build 

new structures on the Earth's surface. 

http://www.claritydeskhub.com/


 

 

 
GEOGRAPHY|GEOMORPHOLOGY 

       

 
Page 3 of  27|www.claritydeskhub.com 

©
 C

la
ri

ty
D

e
sk

H
u

b
 

 

      Third Order Relief Features         

These are smaller features formed on second-order landforms, mainly due to exogenetic 

processes (forces acting from outside, like water, wind, ice). 

These include: 

• Erosional Landforms (formed when materials are removed): 

Glacial valleys, river valleys, cirques, karst valleys 

• Depositional Landforms (formed when materials are deposited): 

Drumlins, eskers, flood plains 

• Residual Landforms (left behind after erosion): 

Monadnocks, inselbergs 

• Also, some minor tectonic features may appear here. 

So, in a way, first order is the canvas, second order is the sketch, and third order is the 

detailing. 

 

   Processes That Shape the Landforms 

Now the question arises: Who creates all this? 

There are two main categories of forces: 

   Endogenetic Processes 

These are internal forces rising from within the Earth — like the movement of magma, tectonic 

plate shifts, etc. 

Examples: 

• Folding and Faulting (Diastrophism) 

• Volcanism 

• Earthquakes 

They are responsible for building landforms. 

      Exogenetic Processes 

These are external forces — those which wear down the landforms: 

http://www.claritydeskhub.com/
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• Weathering (breaking down rocks) 

• Erosion and Transportation (by rivers, wind, glaciers) 

• Deposition (laying down materials elsewhere) 

So, if endogenetic forces are like architects, exogenetic forces are like sculptors. 

 

   Approaches to Geomorphic Studies 

To study all this, geographers use two key approaches: 

     Historical Approach 

Focuses on how landforms evolved over time — like tracing their biography from formation till 

now. 

It answers: 

“How did the Himalayas form?”, 

“What was the Deccan Plateau like 100 million years ago?” 

    Functional Approach 

This is more practical and time-independent — it focuses on how landforms behave under 

current environmental factors. 

For example: 

• Why do certain rivers meander? 

• How does rainfall affect soil erosion in a region? 

Both these approaches are important. Historical helps us understand the past, while 

functional helps us manage the present and plan for the future, especially in land-use 

planning, disaster management, and environmental conservation. 
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II. Geological Time Scale 

Introduction 

The Geological Time Scale (GTS) is like a diary of the Earth, not written in words, but in rocks, 

fossils, tectonic shifts, and climatic events. It chronicles the transformation of our planet from 

a molten ball of fire to a life-sustaining home. 

But unlike human calendars measured in years, the Earth speaks in millions of years (mya). 

That’s because real changes on Earth—like the rise of Himalayas or extinction of dinosaurs—

take millions of years to unfold. 

Here is a simple chart to remember the Geological Time Scale:  

 

      Structure of Time Division 

The GTS is hierarchically structured from the largest to the smallest unit: 

     Supereon → Eon → Era → Period → Epoch 

The Four Eons of Earth’s History: 

1. Hadean (4,560–4,000 mya) 

2. Archean (4,000–2,500 mya) 

3. Proterozoic (2,500–540 mya) 

4. Phanerozoic (540 mya–present) 

http://www.claritydeskhub.com/
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The first three eons (Hadean, Archean, Proterozoic) are collectively called the Precambrian 

Supereon, covering nearly 88% of Earth’s history. 

       Hadean Eon (4,560 – 4,000 million years ago) 

“This was the time when the Earth was born. But there was no sign of life.” 

• Named after Hades, the Greek god of the underworld, because the Earth was a hellish, 

hostile environment. 

• Earth was molten, constantly bombarded by asteroids and meteorites. 

• Around 4.5 billion years ago, a planet-sized body named Theia collided with Earth. 

  This impact is believed to have created our Moon. 

• Earth cooled slowly. Volcanic outgassing released CO₂, hydrogen, and water vapour, 

forming the primordial atmosphere and oceans. 

• Oxygen was almost absent. 

• Despite high surface temperatures (~230°C), liquid water existed due to high 

atmospheric pressure (above 27 atm), keeping water in a liquid state. How? Let’s see: 

     Scientific Insight: 

Is it possible to boil water at room temperature? 

Yes! Lower the pressure, and water boils at a lower temperature. 

     Boiling point is not just about heat, but also about pressure. 

 

        Archean Eon (4,000 – 2,500 million years ago) 

This was the time when the Earth was cooling. The spark of life shone for the very first time. 

• First life forms emerged: Prokaryotes (single-celled organisms without nuclei), such as 

cyanobacteria, around 3.5 billion years ago. 

• Atmosphere: still anoxic (no oxygen), and thicker (10–100 atm pressure). 

• Oceans: acidic due to high CO₂ content. 

• Earth's crust stabilized, forming the earliest continents. 

• Some of the oldest rocks found today are from this eon—evidence of a solid crust. 

http://www.claritydeskhub.com/
https://claritydeskhub.com/planets-of-our-solar-system-upsc/#-the-moon--earths-loyal-companion
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• By the end of this eon, plate tectonics may have become active, starting the continental 

drift processes. 

 

       Proterozoic Eon (2,500 – 540 million years ago) 

This was the time when oxygen arrived, life became complex, and the formation of mountains 

began. 

• Oxygen began to accumulate in the atmosphere through photosynthesis by 

cyanobacteria → The Great Oxygenation Event. 

• Emergence of Eukaryotes (cells with a nucleus). 

• Multicellular organisms started appearing—soft-bodied life forms. 

• First supercontinents formed, like Rodinia (~1000–750 Mya). 

• Tectonic activity intensified—this was the era of modern orogeny (mountain-building). 

• Most continental crust of modern Earth was formed during this period. 

  Snowball Earth Hypothesis: 

• Earth may have experienced global glaciation—oceans and continents possibly 

completely frozen. 

• This event drastically altered sea levels, climate, and evolutionary conditions. 

 

   The Phanerozoic Eon (540 million years ago – Present) 

This is the time when life became visible to the eye. 

The word Phanerozoic literally means visible life. This is the eon when complex, multicellular 

life flourished, continents shifted, and Earth became the living world as we know it today. 

It covers: 

• Almost all major plant and animal evolution 

• All fossil records used in geological dating 

• Multiple mass extinctions 

• Shifting of supercontinents: Pangaea → Laurasia + Gondwana → Modern continents 

http://www.claritydeskhub.com/
https://en.wikipedia.org/wiki/Great_Oxidation_Event
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      Structure of Phanerozoic 

Era Time Frame Nickname 

Palaeozoic 540–250 million years ago Age of Marine Life / Fishes / Amphibians 

Mesozoic 250–66 million years ago Age of Reptiles (Dinosaurs) 

Cenozoic 66 million years ago–present Age of Mammals 

Let’s explore them one by one: 

    Palaeozoic Era (540–250 mya) 

Life journeyed from the sea to the land. 

This was a time of enormous biological expansion. It saw the evolution of arthropods, fishes, 

amphibians, and reptiles, and ended with the most severe mass extinction in Earth’s history. 

     Cambrian Period (540–485 mya) – Cambrian Explosion 

• A dramatic diversification of marine life: nearly all major animal phyla evolved. 

• Evolution of algae, arthropods (like trilobites). 

Cambrian Explosion = Explosion of Life 

 

     Ordovician Period (485–440 mya) 

• Evolution of primitive fishes, corals, mollusks. 

• First arthropods moved onto land – beginning of terrestrial life. 

• By end: Gondwana moved toward South Pole → glaciation → drop in sea level. 

  First Mass Extinction: Ordovician–Silurian Extinction 

• Second deadliest in history (~85% marine species extinct) 

• Due to glaciation, fall in CO₂, and possibly volcanic weathering of silicate rocks. 

 

     Silurian Period (440–415 mya) 

• Four major continents: 

o Gondwana, Laurentia, Baltica, and Siberia. 

http://www.claritydeskhub.com/
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• Warm climate, stabilized sea levels, expansion of coral reefs. 

• Vascular plants and early land arthropods evolved. 

 

     Devonian Period (415–360 mya) – Age of Fishes 

• Huge diversification of marine fish (placoderms, lobe-finned fishes). 

• Evolution of first amphibians, trees, and seed-bearing plants. 

Fishes became top predators, and plants began greening the land. 

  Second Mass Extinction: Late Devonian Extinction 

• ~70% species wiped out. 

• Causes: anoxic oceans, sea level changes, volcanism, possibly global cooling. 

 

     Carboniferous Period (360–300 mya) 

• Named after coal formation from vast tropical swamps. 

• Oxygen levels high → giant insects and lush vegetation. 

• Evolution of amniotic egg → amphibians could move inland. 

• Gondwana glaciated due to proximity to South Pole. 

 

     Permian Period (300–250 mya) 

• Formation of Pangaea, surrounded by Panthalassa (superocean). 

• Harsh climate: Dry interiors, extreme seasons. 

• Conifers and reptiles dominated land. 

Scutosaurus and gorgonopsids roamed the arid deserts. 

  Third Mass Extinction: Permian–Triassic Extinction (The Great Dying) 

• Most severe extinction ever: 

o ~96% marine species 

o ~70% land vertebrates 

http://www.claritydeskhub.com/
https://en.wikipedia.org/wiki/Amniote
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o Only known extinction of insects 

• Causes: 

o Siberian Traps volcanism (CO₂, methane release) 

o Methanogen activity → runaway greenhouse effect 

o Possible asteroid impact 

So, this ends the Palaeozoic era and we are ready to move on to Mesozoic era: 

      Mesozoic Era (250–66 mya) – Age of Reptiles 

Dinosaurs rose and fell in this very era. 

Continents break apart, dinosaurs dominate, mammals and birds emerge. 

     Triassic Period (250–200 mya) 

• Post-Permian extinction: life slowly recovered 

• Pangaea still intact → dry, desert-like interiors. 

• Tethys Sea started forming in the Middle Triassic 

• By Late Triassic, first true dinosaurs and pterosaurs appeared. 

❌ Fourth Mass Extinction: Triassic–Jurassic Extinction 

• Elimination of many large amphibians. 

• Causes: Volcanism, climate change, acidification, CO₂ or sulfur dioxide release → 

possible extreme global warming or cooling 

 

      Jurassic Period (200–145 million years ago) 

In this era, ancient dinosaurs ruled the Earth. 

The Jurassic Period is iconic for the explosive diversification of dinosaurs, early mammals, 

and true crocodiles. 

             Three Epochs of Jurassic: 

Epoch Time Span Key Events 

Early 

Jurassic 

200–175 mya Crocodiles evolved, large amphibians declined. First true 

mammals appeared (small, shrew-sized). 

http://www.claritydeskhub.com/
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Middle 

Jurassic 

175–163 mya Peak dominance of reptiles; dinosaurs diversified. 

Late Jurassic 163–145 mya Pangaea split into Laurasia (North) and Gondwana (South). 

 

     Cretaceous Period (145–66 million years ago) 

The final chapter of the dinosaurs was written here. 

Cretaceous marks the end of dinosaurs and the beginning of mammals’ rise. 

             Two Epochs: 

Epoch Time Span Key Features 

Early 

Cretaceous 

145–100 

mya 

First true birds evolved → competed with pterosaurs. 

Late 

Cretaceous 

100–66 mya First flowering plants and marsupials emerged; Tropical zones 

shrank due to global cooling. 

❌ Fifth Mass Extinction – Cretaceous–Paleogene (K-Pg or K-T) 

• Cause: Massive asteroid impact → Chicxulub crater (Mexico) 

o Along with Deccan Traps volcanism poisoning the atmosphere. 

• Effect: 

o Wiped out all life >10 kg (non-avian dinosaurs). 

o ~75% of all species went extinct. 

• Aftermath: Rapid adaptive radiation of: 

o Mammals (e.g. whales, bats, horses, primates), 

o Birds and fish. 

So, this completes the discussion of Mesozoic era and we are ready to move to Cenozoic Era: 

 

       Cenozoic Era (66 mya – Present): Age of Mammals 

The story of human society begins in this era. 

Post-dinosaur extinction, mammals rose and dominated every ecological niche. 

http://www.claritydeskhub.com/
https://en.wikipedia.org/wiki/Pterosaur
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    Paleogene Period (66–23 mya) 

             Three Epochs: 

Epoch Time Span Key Events 

Paleocene 66–56 mya Continents took modern shape; no Panama yet. General warming → 

jungles to poles. Mammals small, reptiles like giant crocodiles 

dominated. 

Eocene 56–33 mya Mammals grew in size (e.g. early whales). Warm, humid climate. 

Oligocene 33–23 mya Grasslands spread, evolution of elephants, cats, dogs. Largest land 

mammal ever—Paraceratherium evolved. 

 

    Neogene Period (23.03–2.58 mya) 

Epoch Time 

Span 

Key Features 

Miocene 23–5.3 

mya 

→ Closure of Tethys Sea, creation of Arabian Peninsula, led to new 

inland seas (Black, Caspian, Red). Increased aridity. 

Pliocene 5.3–2.58 

mya 

→ Formation of Isthmus of Panama; animals migrated across Americas. 

→ Evolution of Australopithecus – the first human ancestor. 

→ Spread of savannas, rise of Indian monsoon, Sahara desert begins 

forming. 

 

  Quaternary Period (2.58 mya – Present) 

This is the time of the rise of humankind. 

This is the period of glaciation, Homo sapiens, and civilization. 

             Two Epochs: 

Epoch Time Span Key Features 

Pleistocene 2.58 mya – 11,700 years ago Ice Ages, deserts in Africa (Sahara, Namib, Kalahari). 

→ Evolution of mammoths, dire wolves, Homo sapiens, Neanderthals. 

→ Ended with extinction of many megafauna 

Epoch Time Span Key Features 

http://www.claritydeskhub.com/
https://en.wikipedia.org/wiki/Paraceratherium
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Holocene 11,700 years ago – Present Entire recorded human history lies here. 

→ Agriculture, civilizations, religions, technology. 

→ Anthropogenic extinction due to human activity = Sixth Mass Extinction (ongoing). 

 

Note: The Meghalayan Age (starting ~2200 BCE) is the most recent officially defined geological 

age, recognized by the ICS and supported by evidence from Mawmluh Cave, Meghalaya, 

making it India’s contribution to the global geologic time scale. 

 

    Concept Recap – Six Mass Extinctions: 

Mass Extinction Era/Period Affected Cause 

   Ordovician–Silurian Marine life Glaciation, sea level drop 

   Late Devonian Marine/Amphibians Ocean anoxia, cooling 

   Permian–Triassic 96% life extinct Siberian Traps, methane release 

   Triassic–Jurassic Reptiles/Amphibians CO₂, acidification 

   Cretaceous–Paleogene Dinosaurs Asteroid + volcanism 

   Holocene (ongoing) Mammals, birds Human activity, habitat loss 

 

  Evolution Highlights: 

• Cambrian Explosion → Multicellular marine life 

• Devonian → Amphibians 

• Carboniferous → Coal & reptiles 

• Cretaceous → Flowering plants & birds 

• Pliocene → Human ancestors 

• Holocene → Human civilizations 

 

http://www.claritydeskhub.com/
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Consolidated Summary: 

Eon Era Period Epochs (if 

any) 

Time 

Frame 

(mya) 

Key Features Mass Extinctions 

Precambrian – – – 4560–

540 

Formation of Earth, 

origin of life, 

prokaryotes & 

eukaryotes, 

oxygenation, Snowball 

Earth 

– 

→ Hadean – – – 4560–

4000 

Earth forms, no rock 

record, molten surface, 

Moon formed 

– 

→ Archean – – – 4000–

2500 

First life (prokaryotes), 

early oceans, 

continents form 

– 

→ 

Proterozoic 

– – – 2500–

540 

Oxygen increase, 

eukaryotes, 

multicellular life, 

Rodinia, first 

glaciations 

– 

Phanerozoic Paleozoic Cambrian – 540–485 Cambrian explosion, all 

marine phyla evolve 

– 

  
Ordovician – 485–440 Primitive fish, corals, 

land arthropods, 

Gondwana glaciation 

1st: Ordovician–

Silurian 

  
Silurian – 440–415 First vascular plants, 

early terrestrial 

ecosystems 

– 

  
Devonian – 415–360 Age of fishes, first 

amphibians, first trees 

2nd: Late 

Devonian 

  
Carboniferous – 360-300 Coal-forming forests, 

giant insects, amniotic 

egg evolution 

– 

  
Permian – 300–250 Supercontinent 

Pangaea, reptiles 

dominate, dry interior 

climate 

3rd: Permian–

Triassic (Great 

Dying) 

http://www.claritydeskhub.com/
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Mesozoic Triassic Early, Middle, 

Late 

250–200 First dinosaurs, 

pterosaurs, breakup of 

Pangaea begins 

4th: Triassic–

Jurassic 

  
Jurassic Early, Middle, 

Late 

200–145 Peak of dinosaurs, first 

mammals & crocodiles, 

Pangaea splits 

Jurassic–

Cretaceous 

(minor) 

  
Cretaceous Early, Late 145–66 First birds, flowering 

plants, marsupials 

5th: Cretaceous–

Paleogene (K-Pg) 

 
Cenozoic Paleogene Paleocene, 

Eocene, 

Oligocene 

66–23 Mammals diversify, 

continents drift to 

modern positions 

– 

  
Neogene Miocene, 

Pliocene 

23–2.58 Grasslands expand, 

Australopithecus 

evolves, Isthmus of 

Panama forms 

– 

  
Quaternary Pleistocene, 

Holocene 

2.58–

present 

Ice Ages, Homo 

sapiens, recorded 

history, Sixth extinction 

(ongoing due to 

humans) 

6th (ongoing, 

Anthropogenic) 

 

 

  

http://www.claritydeskhub.com/
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III. How to know Interior of Earth? 

Let's embark on a journey deep into the Earth’s interior, peeling away its layers like an explorer 

venturing into the unknown depths of a vast, uncharted cave. Imagine yourself standing on solid 

ground, the surface of our planet. It feels stable, firm, and unyielding. But beneath your feet, an 

entirely different world exists—a dynamic, fiery realm shaping the mountains, oceans, and even 

life itself. 

Why Do We Study Earth’s Interior? 

Before we dive in, let’s first understand why this knowledge matters. Think of Earth like a living 

organism. If you want to understand its behavior—why mountains rise, why earthquakes shake 

cities, why volcanoes erupt—you must study its internal organs. 

• Understanding Natural Disasters – Earthquakes, volcanic eruptions, and tsunamis 

originate from deep within. Knowing their causes helps us predict and mitigate their 

impacts. 

• Formation of Earth's Surface – The landscapes we admire—Himalayas, plateaus, ocean 

trenches—are all shaped by internal forces. 

• Mineral Wealth – Ever wondered why India has rich coal reserves in Jharkhand or iron 

ore in Odisha? The Earth’s interior holds the answer. 

• Clues to Other Planets – Studying our own planet’s structure helps us understand how 

Mars, Venus, and even exoplanets might be composed. 

Now, let’s begin our descent into the Earth. 

 

How Do We Know What’s Inside? 

You might ask, “If we have never drilled beyond 12 km (Kola Superdeep Borehole, Russia), how 

do we know what’s beneath?” Great question! Our knowledge comes from three main sources: 

1. Indirect Methods – Like a Doctor Using an X-ray 

Since we can’t physically go inside, we use indirect clues—just as doctors use X-rays or MRIs to 

see inside your body. 

• Density Clues: 

o The crust’s density is about 2.9–3.3 g/cm³, but the whole Earth’s average density 

is 5.5 g/cm³. 

o Clearly, the core must be denser—later found to be around 11 g/cm³! 

http://www.claritydeskhub.com/
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o So, what is it made of? The answer lies in pressure. 

• Pressure vs. Composition: 

o Initially, scientists believed that increasing pressure alone caused high density. But 

pressure alone cannot explain everything—beyond a point, it stops compressing 

matter. 

o This means the core must be made of heavy elements like Iron (Fe) and Nickel 

(Ni). 

• Temperature Mystery: 

o The temperature increases as we go deeper. If we calculate based on surface 

heating rates, the core should be around 25,000°C—which would have melted 

the entire Earth! 

o But this doesn’t happen because most radioactive elements (Uranium & 

Thorium) are found in the crust, generating heat at shallower depths rather than 

in the core. 

o Why are Uranium and Thorium in the crust, even though they are heavy? Their 

chemical behavior prefers bonding with silicates instead of iron, keeping them 

near the surface. 

• Gravity & Magnetism Clues: 

o Gravity is strongest at the poles and weakest at the equator because of Earth’s 

shape (oblate spheroid). 

o Differences in gravity reveal where heavier or lighter materials are distributed 

inside the Earth. 

o Earth’s magnetic field comes from the movement of molten iron in the outer 

core. Without this, compasses wouldn’t work, and Earth would be vulnerable to 

harmful solar radiation. 

• Meteors – Time Capsules from Space: 

o When meteors crash onto Earth, they give us hints about its composition. 

o Since planets and meteors formed from the same cosmic dust, their composition 

is similar, helping us infer Earth’s deep structure. 

 

http://www.claritydeskhub.com/
https://claritydeskhub.com/rotation-of-the-earth-upsc/#the-shape-of-the-earth-not-a-perfect-sphere
https://claritydeskhub.com/rotation-of-the-earth-upsc/#the-shape-of-the-earth-not-a-perfect-sphere
https://claritydeskhub.com/causes-of-geomagnetism-upsc/#the-secret-lies-in-earths-heart-the-geodynamo-effect
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2. Theories of Earth’s Interior – Early Attempts to Explain the Unknown 

Think of a time when people believed Earth was flat. Similarly, early scientists had theories about 

Earth's interior. 

• Edward Suess’ Model (Like a Multi-Layered Cake): 

o SIAL (Silica + Aluminium) – Light outer layer (granite) 

o SIMA (Silica + Magnesium) – Denser middle layer (basalt) 

o NIFE (Nickel + Iron) – The heavy core 

His idea of continents floating over SIMA was later refined but laid the foundation for plate 

tectonics. 

• Nebular & Tidal Hypotheses – Suggested that the core should be in a liquid state, 

aligning with modern seismic studies. 

 

3. Direct Sources  

Though we cannot travel deep into Earth, nature occasionally gives us glimpses. 

• Volcanoes – Windows into the Deep: 

o Earlier, scientists believed there was a vast underground magma ocean. 

o However, high pressure increases the melting point of rocks, keeping the deep 

interior solid. 

o Volcanic eruptions occur when pressure is released suddenly, lowering the 

melting point and causing magma to rise. 

• Deep Mining & Drilling: 

o South Africa’s Mponeng gold mine, the deepest mine on Earth (4 km deep), 

reveals rock composition from deep below. 

o The Kola Superdeep Borehole, reaching 12.3 km, found extreme temperatures 

(~180°C) but couldn't go deeper. 

  

http://www.claritydeskhub.com/
https://claritydeskhub.com/formation-of-the-solar-system-upsc/
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IV. Seismic Waves: Special Indirect Waves 

Seismic waves are mechanical waves, meaning they need a medium—solid, liquid, or gas—to 

travel. Just like sound waves need air, seismic waves need the Earth's interior or along the surface 

to move. When an earthquake occurs, energy is released from a specific point inside the Earth, 

called the focus (hypocenter). Right above this, on the Earth's surface, lies the epicenter, the 

first place to experience the tremors. 

 

Now, these seismic waves are broadly classified into two types: 

1. Body Waves – Travel through the Earth's interior. 

2. Surface Waves – Travel along the Earth's surface. 

 

Body Waves: The Explorers of Earth's Depths 

Think of body waves as travelers embarking on a journey through different layers of the Earth. 

They come in two main types: P-waves and S-waves. 

P-Waves (Primary Waves) – The Swift Runners 

• These are like the sprinters of the seismic world—fast, efficient, and the first to reach any 

location. They are faster than S-waves and all surface waves 

• They compress and expand the material they pass through, much like a slinky being 

pushed and pulled. They travel similar to sound waves, also known as longitudinal waves, 

compressive waves. 

• Medium Compatibility: They can travel through solids, liquids, and gases, but their 

speed varies: Solid > Liquid > Gas. 

http://www.claritydeskhub.com/
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• Since they pass through all mediums, they provide crucial clues about the Earth's internal 

state. 

S-Waves (Secondary Waves) – The Strong but Selective Movers 

• Unlike P-waves, S-waves move in a transverse motion, like a rope being shaken up and 

down. 

• Medium Compatibility: They travel only through solids. This means they completely 

disappear when they hit a liquid layer—helping scientists conclude that the Earth's outer 

core is liquid! 

• Since they travel slower than P-waves, they arrive second at seismograph stations. 

Now, let’s pause and think. If the entire Earth were homogeneous, these waves would travel in 

straight lines. But they don’t! Their paths bend and curve, forming shadow zones—regions 

where waves don’t reach. This behavior helps scientists deduce what lies inside the 

Earth(explained later in this section) 

Surface Waves: The Harbingers of Destruction 

When body waves interact with surface rocks, surface waves generate. So, while body waves 

explore the Earth's depths, surface waves stay on the crust, moving outward like ripples in a 

pond after a stone is dropped. These waves are responsible for the shaking we feel during an 

earthquake. 

Love Waves – The Fastest Surface Waves 

• These waves move horizontally, causing the ground to sway side to side. 

• Buildings hate them—because they cause severe structural damage. 

Rayleigh Waves – The Rolling Waves 

• These waves make the ground roll like ocean waves, moving both vertically and 

horizontally. 

• Most of the destructive shaking we feel during an earthquake is due to these waves. 

http://www.claritydeskhub.com/
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Source 

  

 

Source 

Summary 

Now, let’s summarise what we have studied up to now:  

• At the outset, an earthquake originates at the focus (hypocenter) due to sudden fault 

movement, releasing energy in the form of seismic waves.  

http://www.claritydeskhub.com/
https://annex.exploratorium.edu/fault-line/activezone/slides/pswaves-slide.html
https://annex.exploratorium.edu/fault-line/activezone/slides/rlwaves-slide.html
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• The first waves to be generated are P-waves (Primary Waves), which travel the fastest 

through solids, liquids, and gases, followed by S-waves (Secondary Waves), which move 

only through solids.  

• These body waves travel through Earth's interior, changing speed based on the material 

they pass through.  

• When they reach the Earth's surface, they interact with surface rocks, generating surface 

waves.  

• Among these, Love Waves (the fastest surface waves) cause horizontal shaking, while 

Rayleigh Waves (the slowest but most destructive) create rolling motions like ocean waves.  

• Since surface waves move along the Earth’s surface rather than deep inside, they cause 

maximum destruction during earthquakes. 

Seismology: The X-Ray of Earth 

Imagine trying to understand what’s inside a watermelon without cutting it open. You might tap 

it and listen for hollow or dense sounds. Seismologists do something similar—by studying how 

seismic waves move through the Earth, they create a picture of what’s inside. 

Shadow Zones: The Missing Puzzle Pieces 

• S-waves are missing between 103° and 180° from the earthquake’s epicenter, 

confirming that the outer core is liquid. 

• P-waves bend and form a shadow zone between 103° and 143°, revealing that the 

inner core must be denser and solid. 

 

Now, you must be wondering, how do scientists measure these waves practically i.e. if seismic 

waves travel throughout the earth, then measuring them should require instruments 

everywhere? Here is your answer: Instead of measuring everywhere, scientists rely on a global 

http://www.claritydeskhub.com/
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network of seismometers and study how seismic waves behave. By analyzing arrival times, 

speeds, and shadow zones, they create a complete 3D model of Earth's interior.  

Think of it like a CT scan of the Earth—we don’t cut it open, but we still know what’s inside!        

Comparison table 

Type of 

Seismic Wave 

Speed Medium 

of Travel 

Motion Type Wavelength & 

Frequency 

Shadow 

Zone 

Destructive 

Impact 

P-Waves 

(Primary 

Waves) 

Fastest 

(fastest 

among all 

seismic 

waves) 

Solid, 

Liquid, and 

Gas 

Longitudinal 

(compressional) 

Short 

wavelength, 

High frequency 

Small 

shadow 

zone 

Least 

destructive 

S-Waves 

(Secondary 

Waves) 

Slower than 

P-waves 

but faster 

than 

surface 

waves 

Solid only Transverse 

(distortional) 

Short 

wavelength, 

High frequency 

Large 

shadow 

zone 

More 

destructive 

than P-

waves 

Love Waves Fastest 

among 

surface 

waves 

Surface of 

the crust 

Horizontal 

motion 

Long 

wavelength, 

Low frequency 

No shadow 

zone 

(surface 

waves) 

Highly 

destructive 

Rayleigh 

Waves 

Slowest 

seismic 

waves 

Surface of 

the crust 

Rolling motion 

(like ocean 

waves) 

Long 

wavelength, 

Low frequency 

No shadow 

zone 

(surface 

waves) 

Most 

destructive 

(causes 

most 

shaking) 

  

http://www.claritydeskhub.com/
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V. The Layers of Earth 

From seismic studies, we now know that Earth isn’t a uniform mass. It has three main layers: 

 

 

The Crust 

Think of Earth as a giant apple. The crust is like the apple’s skin—thin, yet incredibly important. It 

is the outermost solid layer where all life exists, the very stage upon which history unfolds. 

Two Faces of the Crust 

Just as an apple has different textures—smooth on the outside, but rough near the stem—the 

Earth's crust also varies in composition and thickness. 

1. Continental Crust – The Land We Stand On 

o It is thicker (30–80 km), like a deep-seated tree root. 

o Made of lighter rocks like granite, diorite, and andesite. 

o Density: 2.7 to 2.8 g/cm³ (relatively less dense). 

2. Oceanic Crust – The Floor of the Oceans 

o Much thinner (5–10 km), resembling the shallow skin of an apple. 

http://www.claritydeskhub.com/
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o Made of denser basaltic rocks (Mafic rocks). 

o Density: 2.9 to 3.0 g/cm³. 

The crust "floats" over the denser mantle like an iceberg in water. Beneath it lies a significant 

boundary called the Mohorovičić Discontinuity (Moho), marking the transition to the next 

layer. 

The Mantle 

As we dive deeper, the temperature and pressure rise significantly. We have now entered the 

mantle, which makes up nearly 84% of Earth’s volume—like the fleshy part of an apple. This is 

the planet’s powerhouse, controlling volcanic eruptions and plate movements. 

Composition and Density 

The mantle is mainly composed of silicates of magnesium and iron (Peridotite and Dunite), 

with an average density of 4.6 g/cm³. 

Subdivisions of the Mantle 

      Upper Mantle (100–300 km) – The Birthplace of Tectonic Activity 

• At around 100 km, seismic waves (P and S waves) suddenly change speed, signaling the 

Moho boundary. 

• Around 300 km, we encounter a mysterious region called the Asthenosphere—a 

partially molten, ductile zone where rock flows like hot wax. This layer is crucial as it 

allows tectonic plates to move above it, shaping mountains, causing earthquakes, and 

forming continents. 

      Middle Mantle – The Silent Force Beneath 

• This lies just below the Asthenosphere. 

• It is separated from the upper mantle by the Repetti Discontinuity. 

      Lower Mantle – The Immense Pressure Chamber 

• Extends up to 2900 km below Earth’s surface. 

• It is the densest part of the mantle, with increasing pressure compacting the material. 

• The Biveh Discontinuity marks the transition from middle mantle to lower mantle. 

The Core 

At 2900 km, we finally arrive at the Earth’s core—the very engine that drives our planet’s 

magnetic field and heat. Imagine a glowing iron ball buried deep within Earth’s heart, constantly 

churning and radiating energy. 

http://www.claritydeskhub.com/
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Composition and Density 

The core is made primarily of iron (Fe) and nickel (Ni)—the same materials found in meteorites, 

supporting the idea that Earth was formed from cosmic debris. Its density is extremely high, 

ranging from 11 to 13 g/cm³. 

Subdivisions of the Core 

   Outer Core (Liquid, 2900–5150 km) 

• This is entirely liquid due to extreme heat. 

• Seismic S-waves cannot pass through it, confirming its liquid nature. 

• It is responsible for Earth's magnetic field, generated by the dynamo effect—where the 

movement of molten iron creates electric currents. 

• The Gutenberg Discontinuity separates it from the mantle. 

       Inner Core (Solid, 5150–6430 km) 

• Despite reaching temperatures as high as the Sun’s surface, the immense pressure 

keeps it solid. 

• Composed of a dense Fe-Ni alloy. 

• The Lehmann Discontinuity separates it from the outer core. 

 

Why Does Earth’s Internal Structure Matter? 

   Seismic Waves as Earth’s X-ray: 

• Just like doctors use X-rays to see inside our bodies, scientists use seismic waves from 

earthquakes to study Earth's interior. The way these waves travel and change speed 

reveals the presence of different layers. 

        The Magnetic Shield: 

• Without the liquid outer core, Earth would have no magnetic field, making it vulnerable 

to deadly solar radiation—just like Mars! 

        Plate Tectonics and Volcanism: 

• The movement of magma in the mantle drives continental drift, earthquakes, and 

volcanic eruptions, continuously reshaping our world. 

 

http://www.claritydeskhub.com/
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Conclusion – Earth as a Layered Mystery 

From the crust to the core, our planet is a layered marvel—each level playing a vital role in 

sustaining life and shaping landscapes. Like peeling an apple, we uncovered one layer at a time, 

discovering how Earth’s interior governs the world above 

http://www.claritydeskhub.com/
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