You have reached the cached page for https://www.britannica.com/science/earthquake-geology
Below is a snapshot of the Web page as it appeared on 3/7/2024 (the last time our crawler visited it). This is the version of the page that was used for ranking your search results. The page may have changed since we last cached it. To see what might have changed (without the highlights), go to the current page.
Bing is not responsible for the content of this page.



















    














  
    
      
      
        
        
          
        

          
          
        
              











































          
          
    
        Search Britannica
        
        
            
        
        
            Click here to search
            
        
        





      


      
      
            











































          
    
        Search Britannica
        
        
            
        
        
            Click here to search
            
        
        




      
        
              Login
              
              
	
	
            
              
  Subscribe  Now


            
              
   Subscribe


          

    

  


    
      
        	Home
	Games & Quizzes
	History & Society
	Science & Tech
	Biographies
	Animals & Nature
	Geography & Travel
	Arts & Culture
	Money
	Videos
	On This Day
	One Good Fact
	Dictionary
	New Articles


History & Society
    	Lifestyles & Social Issues
	Philosophy & Religion
	Politics, Law & Government
	World History


Science & Tech
    	Health & Medicine
	Science
	Technology


Biographies
    	Browse Biographies


Animals & Nature
    	Birds, Reptiles & Other Vertebrates
	Bugs, Mollusks & Other Invertebrates
	Environment
	Fossils & Geologic Time
	Mammals
	Plants


Geography & Travel
    	Geography & Travel


Arts & Culture
    	Entertainment & Pop Culture
	Literature
	Sports & Recreation
	Visual Arts


	Companions
	Demystified
	Image Galleries
	Infographics
	Lists
	Podcasts
	Spotlights
	Summaries
	The Forum
	Top Questions
	#WTFact


	100 Women
	Britannica Kids
	Saving Earth
	Space Next 50
	Student Center




    

  
    
    
    
      




























































































    
        
    
				Home
				Games & Quizzes
				History & Society
				Science & Tech
				Biographies
				Animals & Nature
				Geography & Travel
				Arts & Culture
				Money
				Videos

    


    

    

    

    
        
    
    
        
    





    

  

	    

	        

		        
			
	        

            

	            
	                



























































































    
        

    

    
        
            
            
                
				earthquake
            

            
        

        
            






































    
			
				
	
				Table of Contents
			
    
    


        

    


    
        

        
            
            
                
	
                
				earthquake
            

            

            
                
	
            
        


        

        
            
                
                
                    Table of Contents
                

                

                
                    	Introduction & Top Questions


	The nature of earthquakes
	Causes of earthquakes	Natural forces	Tectonics

	Volcanism



	Artificial induction	Reservoir induction

	Seismology and nuclear explosions





	Effects of earthquakes	Surface phenomena

	Tsunamis

	Seiches



	Intensity and magnitude of earthquakes	Intensity scales

	Earthquake magnitude

	Earthquake energy

	Frequency



	Occurrence of earthquakes	Tectonic associations

	Shallow, intermediate, and deep foci

	Aftershocks, foreshocks, and swarms





	The study of earthquakes
	Seismic waves	Principal types of seismic waves

	Properties of seismic waves

	Measurement of seismic waves	Seismographs and accelerometers

	Ocean-bottom measurements

	Measuring microseisms





	Observation of earthquakes	Earthquake observatories

	Locating earthquake epicentres



	Earthquake prediction	Observation and interpretation of precursory phenomena

	Methods of reducing earthquake hazards	Interpreting recorded ground motions

	Constructing seismic hazard maps

	Developing resistant structures





	Exploration of the Earth’s interior with seismic waves	Seismological tomography

	Structure of the Earth’s interior

	Long-period oscillations of the globe



	Extraterrestrial seismic phenomena



	
Major historical earthquakes




                    
                    
                

                

                
                
				References & Edit History
                

                
                
				Quick Facts & Related Topics
                
            


            
                
                    
				Images & Videos

                    























































    
        
                        
                                
                                
                                    
                                    
                                    
                                        
                                            













































    
    
    
        
    


                                        
                                    
                                
                        
                                
                                
                                    
                                    
                                    
                                        
                                            













































    
    
    
        
    


                                        
                                    
                                
                        
                                
                                
                                    
                                    
                                    
                                        
                                            













































    
    
    
        
    


                                        
                                    
                                
                        
                                
                                
                                    
                                    
                                    
                                        
                                            













































    
    
    
        
    


                                        
                                    
                                
                        
                                
                                
                                    
                                        
                                            








































    
    
        
    
    
    



    
    













































    
    
    
        
    


    
        
        
    




                                        
                                    
                                    
                                    
                                
                        
                                
                                
                                    
                                    
                                    
                                        
                                            













































    
    
    
        
    


                                        
                                    
                                
                        
                                
                                
                                    
                                    
                                    
                                        
                                            













































    
    
    
        
    


                                        
                                    
                                
                        
                                
                                
                                    
                                        
                                            








































    
    
        
    
    
    



    
    













































    
    
    
        
    


    
        
        
    




                                        
                                    
                                    
                                    
                                
                        
                                
                                
                                    
                                        
                                            








































    
    
        
    
    
    



    
    













































    
    
    
        
    


    
        
        
    




                                        
                                    
                                    
                                    
                                
                        
                                
                                
                                    
                                    
                                    
                                        
                                            













































    
    
    
        
    


                                        
                                    
                                
                        
                    
    


    

    

    

    
        
    
    
        
    



                

            

            
                
                    
                        For Students
                    

                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		earthquake summary
		
	

	



                    
                

            

            
                
                    
                        Quizzes
                    

                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		April Showers to March’s Lions and Lambs
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		Disasters of Historic Proportion
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		The Solid Earth Quiz
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		36 Questions from Britannica’s Most Popular Science Quizzes
		
	

	



                    
                

            

            
                
                    
                        Related Questions
                    


                    	
				Why is an earthquake dangerous?
	
				What are earthquake waves?
	
				How is earthquake magnitude measured?
	
				Where do earthquakes occur?


                

            

            
                
                    
                        Read Next
                    

                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		6 of the World’s Deadliest Natural Disasters
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		What Is an Aftershock?
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		The 6 Deadliest Earthquakes Since 1950
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		Five Years Later: The Great Sendai Earthquake
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		How Do Scientists Predict Tsunamis After Earthquakes?
		
	

	



                    
                

            

            

            
                
                    
                        Discover
                    

                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		The Seven Sacraments of the Roman Catholic church
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		Did Marie-Antoinette Really Say “Let Them Eat Cake”?
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		7 of History's Most Notorious Serial Killers 
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		How Many Electoral College Votes Does Each U.S. State Have?
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		Have Any U.S. Presidents Decided Not to Run For a Second Term?
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		12 Greek Gods and Goddesses
		
	

	



                    
                        























































	

	

		

		
			













































    
    
    
        
    



			

		
	


	
		
		Why Are U.S. Elections Held on Tuesdays?
		
	

	



                    
                

            

        


    



    

    
        
	
    






                
                    
                        
                            

                                
                                    







































	
	
		
	



	
		












































	

	

		

	

	
		
			
				Home
				
			
		
		
			
				
					
					
						
				Science
					
				
			
		
			
				
					
					
						
				Earth Science, Geologic Time & Fossils
					
				
			
		
			
				
					
					
						
				Earth Sciences
					
				
			
		
	



	

		

			

				





































  Science & Tech

earthquake


			


			geology

			


		











































    
        














































    
    
        
    
    







    
    
        
            
	
    
            Actions
        
    



        
            

            
                
                    











































    
        
			
				
	
			
			Cite
		
    
    



	
		
			verifiedCite
		

		
			While every effort has been made to follow citation style rules, there may be some discrepancies.
			Please refer to the appropriate style manual or other sources if you have any questions.
		

		Select Citation Style

		MLA
APA
Chicago Manual of Style


		
		
			

		


		














































    
    
    
        
    







    
    
        
            
	
    
			Copy Citation
        
    


	




                

            

            

            
                
                    












































    
        
            
                
	
            
            Share
        
    
    



    
        
            
	
            Share
        

        Share to social media

        













































    
    
    
        
    



    
        
    
    
    







    
    
        Facebook
    
    
        Twitter
    
    
    
    
    





        URL

        https://www.britannica.com/science/earthquake-geology
    




                

            

            

            
                
                    
                        
	
                        Give Feedback
                    
                

            

            

            
                
                    
                        
	
                        External Websites
                    
                

            
        


        
            
	
		
			Feedback
		


		

			
				Corrections? Updates? Omissions? Let us know if you have suggestions to improve this article (requires login).
			


			
				Feedback Type
				Select a type (Required)
Factual Correction
Spelling/Grammar Correction
Link Correction
Additional Information
Other


			


			Your Feedback
			

			Submit Feedback
		


		
			Thank you for your feedback

			Our editors will review what you’ve submitted and determine whether to revise the article.

		

	




        

        
            
                
                    
                        External Websites
                    

                    
            	University of Saskatchewan - Physical Geology - What is an Earthquake?
	Biology LibreTexts - Earthquake
	Michigan Tech - UPSeis - Where Do Earthquakes Happen?
	USGS Earthquake Hazards - The Science of Earthquakes


        


    Britannica Websites

        Articles from Britannica Encyclopedias for elementary and high school students.


        	earthquake - Children's Encyclopedia (Ages 8-11)
	earthquake - Student Encyclopedia (Ages 11 and up)



    
                

            

        
    






	











































    

    
        
            
                














































    
    
    
        
    







    
    
        
            
	
    
                    Print
        
    


                
	
		
			print
			Print
		

		
			Please select which sections you would like to print:
		

		
			
					Table Of Contents


			

			
		

	




            
            
        
    

    

    
        











































    
    
        














































    
    
    
        
    







    
    
        
            
	
    
            Cite
        
    


    



	
		
			verifiedCite
		

		
			While every effort has been made to follow citation style rules, there may be some discrepancies.
			Please refer to the appropriate style manual or other sources if you have any questions.
		

		Select Citation Style

		MLA
APA
Chicago Manual of Style


		
		
			

		


		














































    
    
    
        
    







    
    
        
            
	
    
			Copy Citation
        
    


	




    

    

    
	    












































    
    
        














































    
    
    
        
    







    
    
        
            
	
    
            Share
        
    


    



    
        
            
	
            Share
        

        Share to social media

        













































    
    
    
        
    



    
        
    
    
    







    
    
        Facebook
    
    
        Twitter
    
    
    
    
    





        URL

        https://www.britannica.com/science/earthquake-geology
    




    

    

    
        














































    
    
    
        
    







    
    
        
            
	
    
            Feedback
        
    


    

    

    
        














































    
    
    
        
    







    
    
        
            
        
    


        
            
                
                    
	
                    External Websites
                
            
        


        
	
		
			Feedback
		


		

			
				Corrections? Updates? Omissions? Let us know if you have suggestions to improve this article (requires login).
			


			
				Feedback Type
				Select a type (Required)
Factual Correction
Spelling/Grammar Correction
Link Correction
Additional Information
Other


			


			Your Feedback
			

			Submit Feedback
		


		
			Thank you for your feedback

			Our editors will review what you’ve submitted and determine whether to revise the article.

		

	





        
            
                
                    External Websites
                

                
            	University of Saskatchewan - Physical Geology - What is an Earthquake?
	Biology LibreTexts - Earthquake
	Michigan Tech - UPSeis - Where Do Earthquakes Happen?
	USGS Earthquake Hazards - The Science of Earthquakes


        


    Britannica Websites

        Articles from Britannica Encyclopedias for elementary and high school students.


        	earthquake - Children's Encyclopedia (Ages 8-11)
	earthquake - Student Encyclopedia (Ages 11 and up)



    
            

        

    


Also known as: earth tremor

	
		
		
			
				Written by
				
		
  
        Bruce A. Bolt


        Professor Emeritus of Earth and Planetary Science, University of California, Berkeley. Author of Earthquakes: A Primer and others.

            
    





  Bruce A. Bolt

	
		Fact-checked by 
  
        The Editors of Encyclopaedia Britannica


        Encyclopaedia Britannica's editors oversee subject areas in which they have extensive knowledge, whether from years of experience gained by working on that content or via study for an advanced degree. They write new content and verify and edit content received from contributors.

            
    





  The Editors of Encyclopaedia Britannica

	
			
					Last Updated: 





































Feb 21, 2024
•
			Article History
			











































    
    
			
				
	
				Table of Contents
			
    



		


















			
		









































    























































    
        
      
					
							
								
									













































    
    
    
        
    


										
	
								
								
										Kōbe earthquake of 1995 

								

						

					

			
    
    


    

    
        
    

    

    
        
    
    
        
    






					See all media
				

			

			
					Category:
					





































  Science & Tech



			
						Key People: 
	John Michell
	Boris Borisovich, Prince Golitsyn
	Charles F. Richter
	Arthur L. Day


					
						(Show more)
					
				

			
						Related Topics: 
	aftershock
	seismic wave
	epicentre
	intermediate earthquake
	earthquake swarm


					
						(Show more)
					
				

			


		
				
					See all related content →
			

		

		
			Recent News


		
						
							Feb. 18, 2024, 5:20 AM ET (ABC News (U.S.))
						

						4.7 magnitude earthquake outside of small Texas city among several recently in area
					

				
						
							Feb. 9, 2024, 8:18 PM ET (MSN)
						

						Philippines: Earthquake halts landslide rescue efforts
					

				


				Top Questions
			

Why is an earthquake dangerous?
Over the centuries, earthquakes have been responsible for millions of deaths and an incalculable amount of damage to property. Depending on their intensity, earthquakes (specifically, the degree to which they cause the ground’s surface to shake) can topple buildings and bridges, rupture gas pipelines and other infrastructure, and trigger landslides, tsunamis, and volcanoes.  These phenomena are primarily responsible for deaths and injuries. Very great earthquakes occur on average about once per year.



What are earthquake waves?
Earthquake waves, more commonly known as seismic waves, are vibrations generated by an earthquake and propagated within Earth or along its surface. There are four principal types of elastic waves: two, primary and secondary waves, travel within Earth, whereas the other two, Rayleigh and Love waves, called surface waves, travel along its surface. In addition, seismic waves can be produced artificially by explosions.



How is earthquake magnitude measured?
Magnitude is a measure of the amplitude (height) of the seismic waves an earthquake’s source produces as recorded by seismographs. Seismologist Charles F. Richter created an earthquake magnitude scale using the logarithm of the largest seismic wave’s amplitude to base 10. Richter’s scale was originally for measuring the magnitude of earthquakes from magnitudes 3 to 7, limiting its usefulness. Today the moment magnitude scale, a closer measure of an earthquake’s total energy release, is preferred.



Where do earthquakes occur?
Earthquakes can occur anywhere, but they occur mainly along fault lines (planar or curved fractures in the rocks of Earth’s crust), where compressional or tensional forces move rocks on opposite sides of a fracture. Faults extend from a few centimetres to many hundreds of kilometres. In addition, most of the world’s earthquakes occur within the Ring of Fire, a long horseshoe-shaped belt of earthquake epicentres, volcanoes, and tectonic plate boundaries fringing the Pacific basin.





earthquake-damaged neighbourhood of Port-au-Prince, HaitiResidents of an earthquake-damaged neighbourhood of Port-au-Prince, Haiti, seeking safety in a sports field, January 13, 2010. The magnitude-7.0 earthquake struck the region the day before.(more)




earthquake,  any sudden shaking of the ground caused by the passage of seismic waves through Earth’s rocks. Seismic waves are produced when some form of energy stored in Earth’s crust is suddenly released, usually when masses of rock straining against one another suddenly fracture and “slip.” Earthquakes occur most often along geologic faults, narrow zones where rock masses move in relation to one another. The major fault lines of the world are located at the fringes of the huge tectonic plates that make up Earth’s crust. (See the table of major earthquakes.)

earthquake epicentresGlobal seismic centres for earthquakes of magnitude 5.5 and greater occurring between 1975 and 1999.(more)


Little was understood about earthquakes until the emergence of seismology at the beginning of the 20th century. Seismology, which involves the scientific study of all aspects of earthquakes, has yielded answers to such long-standing questions as why and how earthquakes occur.

San Francisco earthquake of 1906Crowds watching the fires set off by the earthquake in San Francisco in 1906, photo by Arnold Genthe.(more)


About 50,000 earthquakes large enough to be noticed without the aid of instruments occur annually over the entire Earth. Of these, approximately 100 are of sufficient size to produce substantial damage if their centres are near areas of habitation. Very great earthquakes occur on average about once per year. Over the centuries they have been responsible for millions of deaths and an incalculable amount of damage to property.
      The nature of earthquakes
 Causes of earthquakes
 Earth’s major earthquakes occur mainly in belts coinciding with the margins of tectonic plates. This has long been apparent from early catalogs of felt earthquakes and is even more readily discernible in modern seismicity maps, which show instrumentally determined epicentres. The most important earthquake belt is the Circum-Pacific Belt, which affects many populated coastal regions around the Pacific Ocean—for example, those of New Zealand, New Guinea, Japan, the Aleutian Islands, Alaska, and the western coasts of North and South America. It is estimated that 80 percent of the energy presently released in earthquakes comes from those whose epicentres are in this belt. The seismic activity is by no means uniform throughout the belt, and there are a number of branches at various points. Because at many places the Circum-Pacific Belt is associated with volcanic activity, it has been popularly dubbed the “Pacific Ring of Fire.”
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 A second belt, known as the Alpide Belt, passes through the Mediterranean region eastward through Asia and joins the Circum-Pacific Belt in the East Indies. The energy released in earthquakes from this belt is about 15 percent of the world total. There also are striking connected belts of seismic activity, mainly along oceanic ridges—including those in the Arctic Ocean, the Atlantic Ocean, and the western Indian Ocean—and along the rift valleys of East Africa. This global seismicity distribution is best understood in terms of its plate tectonic setting.


 Natural forces
 Earthquakes are caused by the sudden release of energy within some limited region of the rocks of the Earth. The energy can be released by elastic strain, gravity, chemical reactions, or even the motion of massive bodies. Of all these the release of elastic strain is the most important cause, because this form of energy is the only kind that can be stored in sufficient quantity in the Earth to produce major disturbances. Earthquakes associated with this type of energy release are called tectonic earthquakes.

 

    
  
 

            
        

        
                Special offer for students! Check out our special academic rate and excel this spring semester!

            Learn More
        

   

   


 



	



	






                            


                            
                            

                    

                


            


        

        


	    

	

    
 

		























		










    


    
        


