
Introduction to 

Earthquakes 



Earthquake 

An earthquake (also known as a quake, tremor or temblor) is the 

result of a sudden release of energy in the Earth's crust that 

creates seismic waves. 

 

In its most general sense, the word earthquake is used to describe any 

seismic event — whether natural or caused by humans — that 

generates seismic waves. Earthquakes are caused mostly by rupture of 

geological faults, but also by other events such as volcanic activity, 

landslides, mine blasts, and nuclear tests. 

 

This energy is stored within the earth and released at interval due to 

different phenomena, some of which are given below: 

1. Plate tectonics. 

2. Atomic explosions. 

3. Volcanic activity. 

4. Collision of meteorites with the surface of earth 

http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Crust_(geology)
http://en.wikipedia.org/wiki/Seismic_wave
http://en.wikipedia.org/wiki/Seismic_wave
http://en.wikipedia.org/wiki/Seismic_wave
http://en.wikipedia.org/wiki/Fault_(geology)
http://en.wikipedia.org/wiki/Underground_nuclear_testing
http://en.wikipedia.org/wiki/Underground_nuclear_testing
http://en.wikipedia.org/wiki/Underground_nuclear_testing


Layers of the Earth 



Summary of Earth’s Layers 

Layer Relative Position Density Composition 

Crust Outermost layer; 

thinnest under the 

ocean, thickest 

under continents; 

crust and top of 

mantle called the 

lithosphere 

Least dense layer 

overall; Oceanic 

crust (basalt) is 

more dense than 

continental crust 

(granite) 

Solid Rock – 

mostly silicon and 

oxygen 

Oceanic crust – 

basalt; 

Continental crust 

– granite 

Mantle Middle layer, 

thickest layer; top 

portion called the 

asthenosphere 

Density increases 

with depth 

because of 

increasing 

pressure 

Hot softened rock; 

contains iron and 

magnesium 

Core Inner layer, 

consists of two 

parts – outer core 

and inner core 

Heaviest material; 

most dense layer 

Mostly iron and 

nickel; outer core 

– slow flowing 

liquid, inner core, 

solid 



Lithosphere:  

• The outer layer of earth having 

an average thickness of at 

least 80 km is relatively rigid.   

• This means that the 

lithosphere includes the crust 

and some more rigid part of 

mantle.   

 

Asthenosphere:  

• The layer of earth below 

lithosphere having a thickness 

of 100 km is softer / more 

mobile.   

• The rigid lithosphere actually 

floats over the mobile 

asthenosphere. 



PLATE TECTONICS 

These plates deals with large scale movement and deformation of 

earth outer most layer. These plates keep on moving and when two 

plates came across each other then there is a possibility that 

collision may occurs. This collisions are the biggest reasons of 

earthquake. There are seven large and several small plates.  The 

largest plates are given below: 

1. Pacific plate 

2. North American plate 

3. Eurasian plate 

4. Antarctic plate 

5. Indo-Australian plate 

6. African plate 

Over time period of 200 million year the Indian plate separated from 

Australian plate and moved towards Eurasian plate and due to 

these movements, the great Himalayas were formed. 



TECTONICS PLATE 



17–8 

A normal fault drops rock on one side of 

the fault down relative to the other side. 

A normal fault is caused by tension. 

 

A thrust fault raises rock on one side of 

the fault up relative to the other side. 

 A thrust fault is caused by compression. 

 

In a slip-strike fault, rocky blocks on 

either side of fault scrape along side-

by-side.  

A slip-strike fault is caused by 

shearing 



1. Two plates moving past each other get 

jammed together. 

2. Increasing pressure causes the plates 

to move in a sudden jerk – an 

earthquake. 

3. The sudden movement sends a 

shockwave through the earths crust. 

When plates collide or rub past each other, they can cause the Earth 

to shake. This is because friction stops them from moving easily 



The point of the earths 

surface directly above the 

focus is called the epicentre. 

The point where the seismic 

waves start is called the focus 

Seismic Waves 



Earthquake energy is released in seismic waves. These waves spread 

out from the focus. The waves are felt most strongly at the epicentre, 

becoming less strong as they travel further away. 

The most severe damage caused by an earthquake will happen close to 

the epicentre. 



VOLCANIC ERUPTIONS 

Earthquakes produced by stress changes in solid rock due to the 

injection or withdrawal of magma (molten rock) are called volcano-

tectonic earthquakes.  

The volcanic eruptions are often very violent and cause vibrations in 

the earth crust.  

Sometimes the vent of a volcano is blocked temporarily and explosive 

eruption takes place suddenly causing tremors in the earth crust. 



ATOMIC EXPLOSION 

Nuclear explosions generate seismic waves that can be detected 

thousands of kilometers away. These seismic wave strike with the 

surface of earth and cause earthquake. The magnitude and 

disaster which occurs due to the motion of tectonic plates is 

greater than the atomic explosion and volcanic activity. 

 

 

COLLISION OF METEORITES WITH THE SURFACE OF EARTH 

A Meteorite is a piece of rock from outer space that strikes the 

surface of the Earth. And if a large meteorites strike with the earth 

massive impact is transferred due to large mass and high velocity 

by which it strike with the earth may cause vibration of the surface 

of earth. 

http://www.rsc.org/Education/Teachers/Resources/jesei/glossary/home.htm
http://www.rsc.org/Education/Teachers/Resources/jesei/glossary/home.htm
http://www.rsc.org/Education/Teachers/Resources/jesei/glossary/home.htm


• Focus is the point within 

Earth where the earthquake 

starts. 

 

• Epicenter is the location on 

the surface directly above 

the focus. 

 

• Faults are fractures in Earth 

where movement has 

occurred.  

 

 

Focus, Epicenter, and Fault 

.   



Seismic Waves 

Rayleigh 

Love 

P 

S 

Body Waves 

 P-Waves (primary waves) 

 S-Waves (secondary 

waves) 

 

Surface Waves 

  L – Love Waves 

  R – Raleigh Waves 

(surface, vertical) 



Body Waves 

  1-Primary or compressional (P) waves  
  

 The first kind of body wave is the P wave or primary wave. 

This is the fastest kind of seismic wave.  

 

 The P wave can move through solid rock and fluids, like water 

or the liquid layers of the earth.  

 

 It pushes and pulls the rock it moves through just like sound 

waves push and pull the air. 

 

 Highest velocity (6 km/sec in the crust) 



P-Waves 



Particle motion consists of alternating compression and dilation.  Particle 

motion is parallel to the direction of propagation (longitudinal).   

Particle motion 

Deformation propagates 



Body Waves 

2-Secondary or shear (S) waves 

  

The second type of body wave is the S wave or 
secondary wave, which is the second wave you feel in 
an earthquake. 

 

An S wave is slower than a P wave and can only move 
through solid rock. (3.6 km/sec in the crust)  

 

This wave moves rock up and down, or side-to-side. 



S waves 



S-Wave 

Particle 

motion 

Particle motion consists of alternating transverse motion.  Particle motion is 

perpendicular to the direction of propagation (transverse).  Transverse particle 

motion shown here is vertical but can be in any direction.  

Deformation 

propagates 



Surface Wave 

• The first kind of surface wave is called a Love 
wave, named after A.E.H. Love, a British 
mathematician who worked out the 
mathematical model for this kind of wave in 
1911.  

 

• It's the fastest surface wave and moves the 
ground from side-to-side. 

 

1-Love Waves 



Love Wave 



L-Wave 

Particle 

motion 

Particle motion consists of alternating transverse motions.  Particle motion 

is horizontal and perpendicular to the direction of propagation (transverse).  

Particle motion is purely horizontal, as the wave propagates through it.  

Amplitude decreases with depth (yellow lines).   

Deformation 

propagates 



Surface Waves 

2-Rayleigh Waves 
 

• The other kind of surface wave is the Rayleigh wave, named for 
John William Strutt, Lord Rayleigh, who mathematically predicted 
the existence of this kind of wave in 1885.  

 

• A Rayleigh wave rolls along the ground just like a wave rolls across 
a lake or an ocean.  

 

• Because it rolls, it moves the ground up and down, and side-to-side 
in the same direction that the wave is moving. 

 

•  Most of the shaking felt from an earthquake is due to the Rayleigh 
wave, which can be much larger than the other waves. 

 



Rayleigh Wave 



Rayleigh Waves 

 
Particle 

motion 

Particle motion consists of elliptical motions in the vertical plane and 

parallel to the direction of propagation.  Amplitude decreases with depth.   

Deformation 

propagates 



Measuring Earthquakes 

Earthquake can be measured 

by following two approaches 

1. Richter scale 

2. Mercalli  scale 

Earthquake waves are recorded by a seismograph and the 

recording of waves on paper is called seismogram 



Measuring Earthquakes 

Richter magnitude, M =  log10 A(mm)  +  distance correction factor (log Ao) 

Richter scale  

 Earthquake magnitude is a measure of the energy released during 

an earthquake.   

 It defines the size of the seismic event but is not related with 

damage or effect of earthquake at a given location.   

 The magnitude of earthquake is usually measured on Richter 

scale; the corresponding value is calculated on log scale as 

follows: 

 
 

 

   Where,  A=  amplitude of seismic waves measured by the 

seismograph 

 Richter scale is a logarithmic based scale that utilizes the 

amplitude of seismic vibrations, recorded on a standard 

seismograph,  

 it determines the strength of an earthquake.  

  A magnitude of M5 Richter scale is ten-times greater than a 

magnitude of M4. A magnitude of M5 is 100 times greater than a 

magnitude of M3 scale. 



Richter scale  



Earthquake magnitude and Richter scale  



Measuring Earthquakes 
Mercalli intensity scale 

 

The Mercalli intensity scale is a seismic scale used for measuring the 

intensity of an earthquake.  

 

The intensity of an earthquake is not totally determined by its 

magnitude.  

 

It is empirically based on observed effects. 

 

The Mercalli scale quantifies the effects of an earthquake on the 

Earth's surface, humans, objects of nature, and man-made structures 

on a scale from I (not felt) to XII (total destruction). 

 

Values depend upon the distance to the earthquake, with the highest 

intensities being around the epicentral area. 

http://en.wikipedia.org/wiki/Seismic_scale
http://en.wikipedia.org/wiki/Seismic_scale
http://en.wikipedia.org/wiki/Seismic_scale
http://en.wikipedia.org/wiki/Earthquake
http://en.wikipedia.org/wiki/Epicenter


Mercalli intensity scale 
I. Not felt Not felt except by a very few under especially favorable conditions. 

II. Weak Felt only by a few persons at rest, especially on upper floors of buildings. 

III. Weak 

Felt quite noticeably by persons indoors, especially on upper floors of buildings. Many people 

do not recognize it as an earthquake. Standing motor cars may rock slightly. Vibrations 

similar to the passing of a truck. Duration estimated. 

IV. Light 

Felt indoors by many, outdoors by few during the day. At night, some awakened. Dishes, 

windows, doors disturbed; walls make cracking sound. Sensation like heavy truck striking 

building. Standing motor cars rocked noticeably. 

V. Moderate 
Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable objects 

overturned. Pendulum clocks may stop. 

VI. Strong 
Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen plaster. 

Damage slight. 

VII. Very Strong 

Damage negligible in buildings of good design and construction; slight to moderate in well-

built ordinary structures; considerable damage in poorly built or badly designed structures; 

some chimneys broken. 

VIII. Severe 

Damage slight in specially designed structures; considerable damage in ordinary substantial 

buildings with partial collapse. Damage great in poorly built structures. Fall of chimneys, 

factory stacks, columns, monuments, walls. Heavy furniture overturned. 

IX. Violent 

Damage considerable in specially designed structures; well-designed frame structures thrown 

out of plumb. Damage great in substantial buildings, with partial collapse. Buildings shifted off 

foundations. 

X. Extreme 
Some well-built wooden structures destroyed; most masonry and frame structures destroyed 

with foundations. Rails bent. 

XI. Extreme 

Few, if any (masonry), structures remain standing. Bridges destroyed. Broad fissures in 

ground. Underground pipe lines completely out of service. Earth slumps and land slips in soft 

ground. Rails bent greatly. 

XII. Extreme 
Damage total. Waves seen on ground surfaces. Lines of sight and level distorted. Objects 

thrown upward into the air. 



Mercalli Scale vs. Richter Scale 

 

Mercalli Scale 

 

Richter Scale 

Measures 
The effects caused by earthquake The energy released by the 

earthquake 

Measuring 

Tool 

Observation Seismograph 

Calculation 

Quantified from observation of effect on 

earth’s surface, human, objects and man-

made structures 

Base-10 logarithmic scale obtained by 

calculating logarithm of the amplitude 

of waves. 

Scale 

I (not felt) to XII (total destruction) From 2.0 to 10.0+ (never recorded). A 

3.0 earthquake is 10 times stronger 

than a 2.0 earthquake. 

Consistency 

Varies depending on distance from epicenter Varies at different distances from the 

epicenter, but one value is given for the 

earthquake as a whole. 

Mercalli scale describes the intensity of an earthquake based on its 

observed effects, the Richter scale describes the earthquake's magnitude by 

measuring the seismic waves that cause the earthquake.  The Mercalli scale is 

linear and the Richter scale is logarithmic. i.e. a magnitude 5 earthquake is ten 

times as intense as a magnitude 4 earthquake. 

http://www.diffen.com/difference/Affect_vs_Effect
http://en.wikipedia.org/wiki/Seismic_wave
http://en.wikipedia.org/wiki/Seismic_wave
http://en.wikipedia.org/wiki/Seismic_wave


Mercalli Scale vs. Richter Scale 



Some Notable Earthquakes 


