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                    Abstract
—The Kamchatka peninsula, located in the far east of Russia, is a geologically active margin where the Pacific plate subducts beneath the North American and Eurasia plates. This area is characterised by frequent and strong seismic activity (magnitudes reaching 8.6) and epicentres are generally distributed offshore along the eastern coast of the peninsula. For many years, hydrogeochemicals have been sampled with a mean interval of three days to measure the most common ions in the groundwater of five deep wells in the southern area of the Kamchatka peninsula. In the last decade, five earthquakes with M > 6.5 have occurred at distances less than 250 km from these wells. These earthquakes were powerful enough for them to be considered as potential originators of precursors. In order to reveal possible precursors of these earthquakes, we analysed the groundwater ion contents. The quasi-periodic annual variation was filtered out, together with other slow trends, and then we smoothed out the high frequency fluctuations that arise from errors in a single measurement. When examining the data, we labelled each signal with an amplitude greater than three times the standard deviation as an irregularity and we made a first attempt at defining an anomaly as an irregularity occurring simultaneously in more than one parameter at each well. In a second definition we used the existence of an irregularity occurring simultaneously in each ion at more than one well. Then, on the basis of past results worldwide and the time interval between the earthquakes observed, we chose 158 days as the maximum temporal window between a possible anomaly and the subsequent earthquake. With the first anomaly definition we identified 6 anomalies with 4 possible successes and 2 failures. For the five earthquakes considered capable of producing precursors we obtained precursors in three cases. With the second anomaly definition we identified 10 anomalies with 7 possible successes and 3 failures and we obtained precursors in four of the five earthquakes. A schematic model explaining aspects of the complex relationship linking earthquakes and ion content anomalies is also presented.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Earthquake Precursors in the Ionic and Gas Composition of Groundwater: A Review of World Data
                                        
                                    

                                    
                                        Article
                                        
                                         03 October 2022
                                    

                                

                                G. N. Kopylova, S. V. Boldina & Yu. K. Serafimova

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Changes in groundwater chemistry before two consecutive earthquakes in Iceland
                                        
                                    

                                    
                                        Article
                                        
                                         21 September 2014
                                    

                                

                                Alasdair Skelton, Margareta Andrén, … Ingrid Kockum

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Earthquake chemical precursors in groundwater: a review
                                        
                                    

                                    
                                        Article
                                        
                                         29 March 2018
                                    

                                

                                Shukra Raj Paudel, Sushant Prasad Banjara, … Friedemann T. Freund

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    
Author information
Authors and Affiliations
	Department of Physics, University of Bari, via Amendola 173, 70126 Bari, Italy. E-mail: Biagi@fisica.uniba.it, , , , , , IT
P. F. Biagi

	Department of Physics and Energy Science and Technology, University of Roma, Tor Vergata, Via di Tor Vergata, 00133 Rome, Italy., , , , , , IT
A. Ermini

	Sheffield Centre for Earth Observation Science, University of Sheffield, Hicks Building, Hounsfield Road, Sheffield S3 7RH, United Kingdom., , , , , , GB
S. P. Kingsley

	Experimental and Methodical Seismological Department, Geophysical Service Russian Academy of Science, Pijp Av. 9, Petropavlovsk-Kamchatsky 683006, Russia., , , , , , RU
Y. M. Khatkevich & E. I. Gordeev


Authors	P. F. BiagiView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. ErminiView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. P. KingsleyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Y. M. KhatkevichView author publications
You can also search for this author in
                        PubMed Google Scholar



	E. I. GordeevView author publications
You can also search for this author in
                        PubMed Google Scholar







Additional information
 Received December, 21 1999; accepted October 8 1999


Rights and permissions
Reprints and permissions


About this article
Cite this article
Biagi, P., Ermini, A., Kingsley, S. et al. Groundwater Ion Content Precursors of Strong Earthquakes in Kamchatka (Russia)
.
                    Pure appl. geophys. 157, 1359–1377 (2000). https://doi.org/10.1007/PL00001123
Download citation
	Issue Date: September 2000

	DOI: https://doi.org/10.1007/PL00001123


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


	Key Words: Precursors, earthquakes, groundwater, ions, Kamchatka.








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.215.186.75
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    