




GPH 301 - Earthquake Seismology

Q. How old is Earth?



Based on the radiometric age dating, Earth is 4.6 billion years old.
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A normal fault is a dip-slip fault in which the block above the fault has moved downward 
relative to the block below. This type of faulting occurs in response to extension and is 
often observed in the Western United States Basin and Range Province and along oceanic 
ridge systems. 
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Definitions
• Earthquake = Vibration of the Earth produced by 

the rapid release of energy

• Seismic waves = Energy moving outward from 
the focus of an earthquake 

• Focus =  location of initial slip on the fault; where 
the earthquake origins

• Epicenter = spot on Earth’s surface directly 
above the focus
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• Fractures, faults

• Energy released

and propagates in all 
directions as seismic 
waves causing

earthquakes.

focus
epicenter
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Types of earthquakes
There are many different types of earthquakes: tectonic, volcanic, and 
explosion. The type of earthquake depends on the region where it 
occurs and the geological make-up of that region. 
1. Tectonic earthquakes. These occur when rocks in the earth's 
crust break due to geological forces created by movement of tectonic 
plates.
2. Volcanic earthquakes occur in conjunction with volcanic activity. 
3. Collapse earthquakes are small earthquakes in underground 
caverns and mines. 
4. Explosion earthquakes result from the explosion of nuclear and 
chemical devices. 
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Q. Earthquakes, why and where do they occur?
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- It has long been recognized that earthquakes are not evenly 
distributed over the earth. 
- The eventual correlation of the earthquake pattern with the 
earth's major surface features was a key to the evolution of the 
plate tectonics theory. 
- The basic idea is that the earth's outermost part ( Lithosphere ) 
consists of  several large and fairly stable slabs of solid and 
relatively rigid rock called plates. 
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Where Do Earthquakes Occur and How Often?
~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
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1. Shallow earthquakes:
(Depth between 0 and 70 Km) 

2. Intermediate earthquake:
(Depth between 70 and 300 Km)

3. Deep earthquakes:
(Depth is greater than 300 Km) 
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Measuring earthquakes
• Seismometers:

instruments that 
detect seismic waves

• Seismographs
Record intensity, height 
and amplitude of seismic 
waves
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Earthquake size: two ways to measure

1) Magnitude: Richter Scale
• Measures the energy released by fault 

movement
• related to the maximum amplitude of the S 

wave measured from the seismogram
• Logarithmic-scale; quantitative measure
• For each whole number there is a 31.5 times 

increase in energy
• eg. an increase from 5 to 7 on the Richter scale = 

an increase in energy of 992 times!!
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2) Intensity: Mercalli Scale:

– What did you feel?
– Assigns an intensity or rating to measure an 

earthquake at a particular location (qualitative)
– I (not felt) to XII (buildings nearly destroyed)
– Measures the destructive effect

• Intensity is a function of:
• Energy released by fault
• Geology of the location
• Surface substrate: can magnify shock waves e.g. 

Mexico City (1985) and San Francisco (1989) 
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Largest earthquake in the world

Chile: 
1960 May 22 
19:11:14 UTC 
Magnitude 9.5 

• More than 2,000 killed, 3,000 injured, 
2,000,000 homeless, and $550 million 
damage in southern Chile
• tsunami caused 61 deaths
• $75 million damage in Hawaii;
• 138 deaths and $50 million damage in 
Japan; 
• 32 dead and missing in the Philippines; 
and $500,000 damage to the west coast of 
the United States. 
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Q. How to locate the epicenter of an earthquake?
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- P waves and S waves travel at different velocities. 
- The first P wave will arrive at a seismic station before the first S 
wave. 
- By using the difference in their arrival times you can determine 
the distance between the epicenter of any earthquake and a 
seismic station. 
- Once you have determined that distance, you can use it as the 
radius of a circle and can draw a circle around the seismic station. 
- You need two other seismic stations doing the same thing. 
- Where the three circles intersect is approximately where the 
epicenter of the Earthquake is. 
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• Three seismograph stations 
are needed to locate the 
epicenter of an earthquake

• A circle where the radius 
equals the distance to the 
epicenter is drawn

• The intersection of the circles 
locates the epicenter 
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s Epicenter Located?’How is an Earthquake

Time-distance graph 
showing the average travel 
times for P- and S-waves. 
The farther away a 
seismograph is from the 
focus of an earthquake, the 
longer the interval between 
the arrivals of the P- and S-
waves
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