
UNIT  - 7



� An earthquakeearthquakeearthquakeearthquake is a sudden motion or trembling of the Earth 
caused by the abrupt release of energy that is stored in 
rocks. 

� Modern geologists know that most earthquakes occur along 
plate boundaries, where huge tectonic plates separate, 
converge, or slip past one another.

� Earthquakes also occur when rock slips along previously 
established faults. 

� Tectonic plate boundaries are huge faults that have moved 
many times in the past and will move again in the future.



� Every rock has a limit beyond which it cannot 
deform elastically. 

� Under certain conditions, when its elastic limit is 
exceeded, a rock continues to deform. 

� This behavior is called plastic deformationplastic deformationplastic deformationplastic deformation. 

� Earthquakes do not occur when rocks deform 
plastically.

� Under other conditions, an elastically stressed 
rock may rupture by brittle fracturebrittle fracturebrittle fracturebrittle fracture. 

� The fracture releases the elastic energy, and 
the surrounding rock springsspringsspringssprings back to its 
original shape. 

� This rapid motion creates vibrations that travel 
through the Earth and are felt as an 
earthquakeearthquakeearthquakeearthquake.



� The Elastic Rebound Theory explains how energy is stored in rocks

� Rocks bend until the strength of the rock is exceeded

� Rupture occurs and the rocks quickly rebound to an undeformed shape

� Energy is released in waves that radiate outward from the fault



• The point within Earth where faulting begins is the 
focus, or hypocenter.

• The point directly above the focus on the surface is the 
epicenter



� Waves that travel through rock are called seismic wavesseismic wavesseismic wavesseismic waves. 

� Earthquakes and explosions produce seismic waves. 

� Seismology Seismology Seismology Seismology is the study of earthquakes and the nature of the Earth’s interior based 
on evidence from seismic waves. 

� An earthquake produces several different types of seismic waves.

� Two types of waves are produced during an Earthquake

� Body wavesBody wavesBody wavesBody waves

� P and SP and SP and SP and S

� Surface wavesSurface wavesSurface wavesSurface waves

� R and LR and LR and LR and L



� Two main types of body waves travel 
through the Earth’s interior. 

� P waveP waveP waveP wave (also called a compressional compressional compressional compressional 
wavewavewavewave) is an elastic wave that causes 
alternate compression and expansion 
(rarefaction) of the rock.

� P waves travel through air, liquid, P waves travel through air, liquid, P waves travel through air, liquid, P waves travel through air, liquid, 
and solid materialand solid materialand solid materialand solid material. 

� P waves travel at speeds between 4 
and 7 kilometers per second in the 
Earth’s crust and at about 8 
kilometers per second in the 
uppermost mantle. 

� P waves are also known as Primary Primary Primary Primary 
waveswaveswaveswaves.



� A second type of body wave, called an S S S S 
wavewavewavewave, is a shear waveshear waveshear waveshear wave. 

� They are transverse waves meaning that 
wave particles travel perpendicular to 
the direction of the propagation of the 
wave. 

� S waves are slower than P waves and 
travel at speeds between 3 and 4 
kilometers per second in the crust. 

� As a result, S waves arrive after P 
waves. 

� The S waves are also known as Secondary Secondary Secondary Secondary 
waveswaveswaveswaves. 

� Unlike P waves, S waves move only S waves move only S waves move only S waves move only 
through solidsthrough solidsthrough solidsthrough solids.



� Surface waves travel more slowly than body waves. Two types of surface 
waves occur simultaneously in the Earth.

� 1. Rayleigh wave Rayleigh wave Rayleigh wave Rayleigh wave moves with an up-and down rolling motion like an ocean 
wave.

� 2. Love waves Love waves Love waves Love waves produce a side-to-side vibration.



� A seismographseismographseismographseismograph is the device that scientists use to measure earthquakes. 

� The goal of a seismograph is to accurately record the motion of the ground during a quake.

� A seismograph has a pen that is hanging in the air. The pen touches a roll of paper called a 
drum. When an earthquake happens, the roll of paper shakes. The pen does not. A weight 
holds the pen still. 

� The marks on the paper show the size of the earthquake. A small motor rolls the drum of 
paper. This lets the seismograph record what happens as time passes.

� A seismogramseismogramseismogramseismogram is a graph output by a seismograph. It is a record of the ground motion at a 
measuring station as a function of time



� Earthquake intensity Earthquake intensity Earthquake intensity Earthquake intensity is a measure of the effects of an earthquake in a particular place.

� Modified Mercalli Scale Modified Mercalli Scale Modified Mercalli Scale Modified Mercalli Scale is use for measuring the intensity of earthquakes, adapted from the 
original Mercalli scale. 

� The Mercalli scale was devised in 1902 by Italian seismologist Giuseppe Mercalli. 

� American seismologists Harry O. Wood and Frank Neumann created the Modified Mercalli scale in 
1931 to measure the intensity of earthquakes that occur in California. 

� The Modified Mercalli scale has 12 levels of intensity12 levels of intensity12 levels of intensity12 levels of intensity. 

� Each level is defined by a group of observable earthquake effects, such as shaking of the ground 
and damage to structures such as buildings, roads, and bridges.

� The levels are designated by the Roman numerals I to XIIRoman numerals I to XIIRoman numerals I to XIIRoman numerals I to XII. 

� Levels I through VI are used to describe what people see and feel during a small to moderate 
earthquake. 

� Levels VII through XII are used to describe damage to structures during a moderate to catastrophic 
earthquake. 





� Earthquake Magnitude Earthquake Magnitude Earthquake Magnitude Earthquake Magnitude is a measure of the strength of an earthquake, or the amount of strain that 
rocks in Earth’s crust release when an earthquake occurs. 

� The Richter scale The Richter scale The Richter scale The Richter scale and the moment magnitude scale moment magnitude scale moment magnitude scale moment magnitude scale are used to measure the magnitude of 
earthquakes.

� Richter ScaleRichter ScaleRichter ScaleRichter Scale, method of ranking the strength or size of an earthquake. 

� The Richter scale, also known as the local magnitude scale, was devised in 1935 by the American 
seismologist Charles F. Richter to rank earthquakes occurring in California. 

� Richter and his associates later modified it to apply to earthquakes anywhere in the world.

� The Richter scale ranks earthquakes based on how much the ground shakes 100 km (60 mi) from the 
earthquake’s epicenter, the site on the earth’s surface directly above the earthquake’s origin. 

� The Richter scale is a logarithmic scaleThe Richter scale is a logarithmic scaleThe Richter scale is a logarithmic scaleThe Richter scale is a logarithmic scale—each increase of 1 on the Richter scale represents a 
tenfold increase in movement. 

� Thus, an earthquake registering 7 on the scale is 10 times as strong as an earthquake registering 6, and 
the earth moves 10 times as far.





� Large earthquakes can displace rock and alter the Earth’s 

surface. Most earthquake fatalities and injuries occur 

when falling structures crush people. Structural damage, 

injury, and death depend on the magnitude of the quake, its 

proximity to population centers, rock and soil types, 

topography, and the quality of construction in the region.

� CONSTRUCTION DESIGN AND EARTHQUAKE DAMAGECONSTRUCTION DESIGN AND EARTHQUAKE DAMAGECONSTRUCTION DESIGN AND EARTHQUAKE DAMAGECONSTRUCTION DESIGN AND EARTHQUAKE DAMAGE

� A magnitude 6.4 earthquake struck central India in 1993, 

killing 30,000 people. In contrast, the 1994 magnitude 6.6 

quake in Northridge (near Los Angeles) killed only 55. The 

tremendous mortality in India occurred because buildings 

were not engineered to withstand earthquakes.

� Some common framing materials used in buildings, such as 

wood and steel, bend and sway during an earthquake but 

resist failure. However, brick, stone, concrete, adobe (dried 

mud), and other masonry products are brittle and likely to 

fail during an earthquake.



� FIREFIREFIREFIRE

Earthquakes commonly rupture 
buried gas pipes and electrical wires, 
leading to fire, explosions, and 
electrocutions. Water pipes may also 
break, so fire fighters cannot fight 
the blazes effectively.

� LANDSLIDESLANDSLIDESLANDSLIDESLANDSLIDES

Landslides are common when the 
Earth trembles. They occur mostly 
when earthquake occurs in a hilly 
region.



TSUNAMISTSUNAMISTSUNAMISTSUNAMIS

� When an earthquake occurs beneath the sea, part of the sea 
floor rises or falls and water is displaced in response to 
the rock movement, forming a wave.

� Sea waves produced by an earthquake are often called tidal 
waves, but they have nothing to do with tides. 

� Therefore, geologists call them by their Japanese name, 
tsunamitsunamitsunamitsunami.

� In the open sea, a tsunami is so flat that it is barely 
detectable. Typically, the crest may be only 1 to 3 meters 
high, and successive crests may be more than 100 to 150 
kilometers apart. 

� However, a tsunami may travel at 750 kilometers per hour. 

� When the wave approaches the shallow water near shore, 
the base of the wave drags against the bottom and the 
water stacks up, increasing the height of the wave. The 
rising wall of water then flows inland.





� Earthquakes can occur anywhere between the 
EarthEs surface and about 700 kilometers 
below the surface. For scientific purposes, 
this earthquake depth range of 0 - 700 km is 
divided into three zones: shallow, 
intermediate, and deep. 

� Shallow earthquakes Shallow earthquakes Shallow earthquakes Shallow earthquakes are between 0 and 70 
km deep; 

� Intermediate earthquakesIntermediate earthquakesIntermediate earthquakesIntermediate earthquakes: 70 - 300 km deep; 
and 

� Deep earthquakesDeep earthquakesDeep earthquakesDeep earthquakes:300 - 700 km deep. 

� In general, the term "deep-focus 
earthquakes" is applied to earthquakes 
deeper than 70 km. 

� All earthquakes deeper than 70 km are 
localized within great slabs of shallow 
lithosphere that are sinking into the EarthEs 
mantle. 



� Although many faults are located within tectonic plates, the largest 
and most active faults are the boundaries between tectonic plates. 

� Therefore, earthquakes occur most frequently along plate 
boundaries.

� Earthquake occurs at all the three type of plate boundaries Earthquake occurs at all the three type of plate boundaries Earthquake occurs at all the three type of plate boundaries Earthquake occurs at all the three type of plate boundaries that 
is the divergent plate boundaries, convergent plate boundaries and 
transform plate boundaries. 

� However only shallow earthquakes occur along the midshallow earthquakes occur along the midshallow earthquakes occur along the midshallow earthquakes occur along the mid----oceanic oceanic oceanic oceanic 
ridge ridge ridge ridge (divergent plate boundary)because here the asthenosphere rises 
to within 20 to 30 kilometers of the Earth’s surface and is too hot and 
plastic to fracture.





80% of all earthquakes occur in the circum-Pacific belt. Most of these result from convergent margin activity~15% 
occur in the Mediterranean-Asiatic belt.

Remaining 5% occur in the interiors of plates and on spreading ridge centers. More than 150,000 quakes strong 
enough to be felt are recorded each year



� Long term predictionLong term predictionLong term predictionLong term prediction: Earthquakes occur over and over in the same 
places because it is easier for rocks to move along an old fracture 
than for a new fault to form in solid rock. 

� Many of these faults lie along tectonic plate boundaries. 

� Therefore, long-term earthquake prediction recognizes that 
earthquakes have recurred many times in a specific place and will 
probably occur there again.

� ShortShortShortShort----term prediction term prediction term prediction term prediction is based on occurrences of foreshocks, release 
of radon gas, changes in the land surface, the water table, electrical 
conductivity, and erratic animal behavior.



� P waves travel faster then the S waves and the surface waves areP waves travel faster then the S waves and the surface waves areP waves travel faster then the S waves and the surface waves areP waves travel faster then the S waves and the surface waves are the the the the 
slowest. slowest. slowest. slowest. 

� If a seismograph is located close to an earthquake epicenter, the different waves 
will arrive in rapid succession. 

� On the other hand, if a seismograph is located far from the epicenter, the S waves 
arrive at correspondingly later times after the P waves arrive, and the surface 
waves are even farther behind.



� Geologists use a time-travel curve to 
calculate the distance between an 
earthquake epicenter and a 
seismograph. 

� To make a time-travel curve, a number 
of seismic stations at different 
locations record the times of arrival 
of seismic waves from an earthquake 
with a known epicenter and occurrence 
time. Then a graph is drawn.

� The figure on the right shows us that 
if the first P wave arrives 5 minutes 
before the first S wave, the 
recording station is about 3400 
kilometers from the epicenter. 



� But this distance does not indicate whether 
the earthquake originated to the north, 
south, east, or west. 

� To pinpoint the location of an earthquake, 
geologists compare data from three or 
more recording stations. 

� If a seismic station in Darwin records an 
earthquake with an epicenter 4900 
kilometers away, geologists know that the 
epicenter lies somewhere on a circle 4900 
kilometers from Darwin.

� The same epicenter is reported to be 8200 
kilometers from a seismic station in Paris 
and 3400 kilometers from one in Nagpur, 
India.

� If one circle is drawn for each recording 
station, the arcs intersect at the epicenter 
of the quake.


