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Seismic waves











Determination of earthquake 

epicenters







Earthquake magnitude



Magnitude of an earthquake is based on the amplitude 

of the largest seismic wave corrected for distance and 

period of the wave

Magnitude scale are logarithmic

Richter magnitude ML 

Surface-wave magnitude MS

Body wave magnitude Mb



Richter Magnitude



M Approximate TNT Joule Example
0.0 15 g 63 kJ

0.2 30 g 130 kJ Large hand grenade

1.5 2.7 kg 11 MJ Seismic impact of typical small construction blast

2.1 21 kg 89 MJ West fertilizer plant explosion[

3.0 480 kg 2.0 GJ Oklahoma City bombing, 1995

3.5 2.7 metric tons 11 GJ
PEPCON fuel plant explosion, Henderson, Nevada, 

1988

3.87 9.5 metric tons 40 GJ Explosion at Chernobyl nuclear power plant, 1986

3.91 11 metric tons 46 GJ Massive Ordnance Air Blast bomb

6.0 15 kilotons 63 TJ

Approximate yield of the Little Boy atomic bomb 

dropped on Hiroshima (~16 kt)

7.9 10.7 megatons 45 PJ Tunguska event

8.35 50 megatons 210 PJ

Tsar Bomba—Largest thermonuclear weapon ever 

tested. Most of the energy was dissipated in the 

atmosphere. The seismic shock was estimated at 

5.0–5.2

9.15 800 megatons 3.3 EJ
Toba eruption 75,000 years ago; among the largest 

known volcanic events.

13.0 100 teratons 420 ZJ

Yucatán Peninsula impact (creating Chicxulub 

crater) 65 Ma ago (108 megatons; over 4×1029 ergs 

= 400 ZJ).

https://en.wikipedia.org/wiki/Hand_grenade
https://en.wikipedia.org/wiki/West_fertilizer_plant_explosion
https://en.wikipedia.org/wiki/Richter_magnitude_scale#cite_note-22
https://en.wikipedia.org/wiki/Oklahoma_City_bombing
https://en.wikipedia.org/wiki/PEPCON_disaster
https://en.wikipedia.org/wiki/Chernobyl_disaster
https://en.wikipedia.org/wiki/GBU-43/B_Massive_Ordnance_Air_Blast_bomb
https://en.wikipedia.org/wiki/Little_Boy
https://en.wikipedia.org/wiki/Hiroshima
https://en.wikipedia.org/wiki/Tunguska_event
https://en.wikipedia.org/wiki/Tsar_Bomba
https://en.wikipedia.org/wiki/Toba_catastrophe_theory#The_Eruption
https://en.wikipedia.org/wiki/Yucat%C3%A1n_Peninsula
https://en.wikipedia.org/wiki/Chicxulub_crater
https://en.wikipedia.org/wiki/Mya_(unit)
https://en.wikipedia.org/wiki/1_E21_J


Bigger Faults Make Bigger Earthquakes
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Bigger Earthquakes Last a Longer Time
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Moment magnitude MW based on seismic moment

Seismic moment M0 = μAu

μ shear modulus 3.3x1011dynes/cm2

A area of the fault

u average displacement on the fault plane

MW = 2/3log M0 – 10.7



intensity
Intensity scales are subjective based on damage caused 

by an earthquake

For a single earthquake there is a single magnitude value 

but several intensity values depending on the distance from 

the earthquake epicenter.











site ampflication



What Controls the Level of Shaking?

• Magnitude

– More energy released

• Distance

– Shaking decays with distance

• Local soils

– amplify the shaking





















elastic rebound theory for the 

earthquakes






