
Seismic Activity & Management

◼ 1. Sound waves

◼ 2. The first seismic experiment

◼ 3. Origin of earthquakes

◼ 4. Seismic sources (ground vibrations)

◼ 5. Seismic waves - reflection/refraction; types

◼ 6. Earthquakes – seismic gap; faults; stick-

slip

◼ 7. Monitoring – magnitude/intensity

◼ 8. Prediction & Dilation

◼ 9. Management



1. Seismic Waves = Vibration (solid/liquid) –

Sound (air/gas)



2. The First Seismic Experiment

◼ Robert Mallet – Killiney Beach, Dublin (1849)

◼ Gunpowder explosion shock wave travel 

times



3. Earthquake Origins

◼ The hypocenter (focus) is the location where fault slip occurs. 

Often a fault surface.

◼ The epicenter is the land surface directly above the hypocenter. 

Maps often portray the location

of epicenters. 



4. Seismic Sources (ground 

vibration)
◼ 1. Explosions/vibrations (Mallet; Kursk; exploration)

◼ 2. Humans, e.g. traffic (Covid Pandemic)

◼ 3. Landslides

◼ 4. Volcanoes

◼ 5. Impacts

◼ 6. Tectonics 

(especially faulting)

Taylor Swift:

https://www.bgs.ac.uk/news/quake-it-off-taylor-swift-concerts-shake-edinburgh/



Seismic Reflection Profiling

(4. Sources)



Seismic Reflection Profiling

(4. Sources)



5. Seismic-Wave Propagation



5. Reflection and Refraction
◼ When a ray hits a boundary between two materials, the ray can 

undergo:

• Reflection: bounce off the boundary

• Refraction: bending as it passes through the boundary



5. Refraction: The Crust-Mantle 

Boundary (Moho)



5. Seismic Body Waves: P-waves (liquid & solid)

5. Seismic Body Waves: S-waves (solid)

Push me pull me

Make me sick



P-Wave Refraction & The Core-Mantle Boundary



Seismic Velocities - Tomography



5. Seismic Body Waves: L & R-waves
◼ Surface waves travel along Earth’s exterior. 

Surface waves are the slowest and most 

destructive.

Love waves - lollop R waves - roll



5. Earthquake Seismic  Waves

◼ Earthquake waves arrive in a distinct 

sequence with different motions.

Adapted from Marshak (2019)



5. Earthquake Seismic Waves

L Waves

R Waves



6. Earthquakes (all seismic sources) = sudden 

release of elastic energy. Micro- to fractures: 

dilation

Time between release: seismic gap 

Adapted from: Marshak (2019), Norton/Wiley



6. Earthquakes



6. Earthquakes 2 – Seismic Gap Theory

https://www.usgs.gov/programs/earthquake-hazards/science/20-

largest-earthquakes-world-1900

https://doi.org/10.1029/91JB02210

In a known seismic zone, the longer 

the gap between earthquakes, the 

greater the magnitude/intensity: 

Kagan & Jackson (1991) agree with 

McCann et al. (1979)
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6. Faults



6. Strike-Slip Fault

◼ The displacement (or offset) is the 

amount of movement across a fault.



6. Strike-Slip Fault
◼ Faults are found in many places in the crust and include both active and 

inactive faults.



6. Stick-Slip Behavior

◼ When a fault moves, it is quickly slowed by friction due to 

asperities (bumps) along the fault. Eventually, strain will 

build up again through dilation and cause another 

episode of failure and motion.



6. Stick-Slip Behaviour



6. Elastic Strain & Dilation



6. Displacement – elasticity



7. Monitoring: seismographs



Seismic Waves = Vibration (solid/liquid) – 

Sound (air/gas)

www.iris.edu



7. Seismographs



7. Seismogram

◼ Seismogram is the data record by a seismograph. It depicts 

earthquake wave behavior, particularly the arrival times of the different 

waves, which are used to determine the distance to the epicenter.



7. Magnitude and Intensity



7. Magnitude



7. Magnitude measurement of size based on 

the maximum amplitude of seismograph waves. 



8. Prediction: Locating the Epicenter

◼ P-wave and S-wave arrival times can be graphed. A 
travel-time curve plots the increasing delay in 

arrivals. The time gap yields distance to the 

epicenter.



8. Prediction. Earthquakes at 

Plate Boundaries



8. Intraplate Settings: Away 

From Tectonic Plate Boundaries

https://www.geplus.co.uk/news/ireland-gets-first-underground-seismic-station-09-08-2022/

https://theconversation.com/why-earthquakes-happen-all-the-time-in-britain-

but-not-in-ireland-207695

thicker, cooler crust



8. Can We Predict Earthquakes? 



8. Can We Predict Earthquakes?



8. Identifying Recent Faults



8. Short-Term Predictions

◼ Earthquakes 

have precursors: 

◆ Clustered 

foreshocks

◆ Crustal strain - 

dilation

◆ Level changes in 

wells

◆ Gases (Rn, He) in 

wells

◆ Unusual animal 

behavior



9. Earthquake Damage

◼ Building 
floors 
“pancake.
”

◼ Bridges 
and 
roadways 
topple.

AP Photo; Pacific Press Service/Alamy



9. Earthquake Hazards: 

Landslides and Avalanches

AP Photo; Pacific Press Service/Alamy



9. Earthquake Hazards: Liquefaction



9. Earthquake Hazards: Liquefaction



9. Earthquake Hazards: Fire



9. Earthquake Hazards: Tsunamis

◼ Destructive tsunamis occur frequently, 

about one per year.



9. Management (Preparedness)



9. Management (Preparedness)
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Useful Web Resources

◼ Incorporated Research Institutions for Seismology (IRIS)

http://www.iris.edu/hq/

◼ Surviving a Tsunami—Lessons from Chile, Hawaii, and Japan

http://pubs.usgs.gov/circ/c1187/

◼ Story of the Svaerd Family Who Survived the Tsunami

http://news.bbc.co.uk/2/hi/europe/4141733.stm

http://www.smh.com.au/news/Asia-Tsunami/Survivors-against-all-

odds/2005/01/02/1104601241841.html?oneclick=true

http://www.iris.edu/hq/
http://pubs.usgs.gov/circ/c1187/
http://news.bbc.co.uk/2/hi/europe/4141733.stm
http://news.bbc.co.uk/2/hi/europe/4141733.stm
http://news.bbc.co.uk/2/hi/europe/4141733.stm


6. Earthquakes 1



8. Divergent-Plate Boundary: Mid-

Ocean Ridges



8. Convergent-Plate Boundaries

◼ Convergent-

plate 

boundaries 

have shallow, 

intermediate, 

and deep 

earthquakes.



8. Convergent-Plate Boundaries



8. Continental Transform-Plate 

Boundaries



8. Continental Rifts

◼ Examples: Basin and Range Province (Nevada, 
Utah, and Arizona); Rio Grande Rift (New Mexico); 

East African Rift



8. Orogenic Crustal Compression: 

Tectonic Collisional Mountain Building



9. Earthquake Hazards: The Indian 

Ocean Tsunami



9. Earthquake Hazards: Tsunamis 



9. Earthquake Hazards: Tsunamis 

Prediction

◼ Tsunami detection is expanding. Tsunami detectors are 

placed on the deep sea floor. Sense pressure increases 

from changes in sea thickness. Prediction/detection can 

save thousands of lives.
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