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                    Abstract
Landslides caused by a low magnitude earthquake swarm (2.8 ≤ M ≤ 3.6) in 2012 were documented at the Santa Rosa Canyon in northeastern Mexico. Disrupted landslides from falls and slides, in both rocks and soils, were identified based on fieldwork and high-resolution satellite imagery along stream banks from natural cliffs and along the road cut in the epicentral area. Most of the landslides occurred on slopes greater than 40°, where geological features played a key role in triggering slope instabilities. The maximum distance limit for disrupted slides from the epicentral area was 7 km. The area affected by landslides during the early stage of the seismic sequence (July through August 2012) was 90 km2. Landslide identification was limited in some areas by the resolution of the satellite imagery and dense cloud coverage. Both the epicentral distance and the area affected by landslides are above the global bounds reported in literature. The final landslide inventory is the first documented case of earthquake-induced landslides in northeastern Mexico.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3


Fig. 4


Fig. 5


Fig. 6


Fig. 7


Fig. 8


Fig. 9


Fig. 10


Fig. 11



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        An active large rock slide in the Andean paraglacial environment: the Yerba Loca landslide, central Chile
                                        
                                    

                                    
                                        Article
                                        
                                         27 October 2020
                                    

                                

                                Sergio A. Sepúlveda, Alejandro Alfaro, … Mario Garcés

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Inventory and Spatial Distribution of Landslides Triggered by the 8th August 2017 MW 6.5 Jiuzhaigou Earthquake, China
                                        
                                    

                                    
                                        Article
                                        
                                         04 December 2018
                                    

                                

                                Yingying Tian, Chong Xu, … He Zhang

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Landslides triggered by the 20 April 2013 Lushan, China, Mw 6.6 earthquake from field investigations and preliminary analyses
                                        
                                    

                                    
                                        Article
                                        
                                         06 January 2015
                                    

                                

                                Chong Xu, Xiwei Xu, … Wenjun Zheng

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Aleotti P (2004) A warning system for rainfall-induced shallow failures. Eng Geol 73:247–265
Article 
    
                    Google Scholar 
                

	Ashford SA, Sitar N, Lysmer J, Deng N (1997) Topographic effects on seismic response of steep slopes. Bull Seismol Soc Am 87(3):701–709

                    Google Scholar 
                

	Bartolini C, Mickus K (2001) Tectonic blocks, magmatic arcs, and oceanic terrains: a preliminary interpretation based on gravity, outcrop, and subsurface data, northeast-central Mexico. AAPG Bull 75:29–44

                    Google Scholar 
                

	Bird JF, Bommer J (2004) Earthquake losses due to ground failure. Eng Geol 75:147–179
Article 
    
                    Google Scholar 
                

	Buech F, Davies TR, Pettinga JR (2010) The Little Red Hill seismic experimental study, topographic effects on ground motion at a bedrock-dominated mountain edifice. Bull Seismol Soc Am 100(5A):2219–2229
Article 
    
                    Google Scholar 
                

	Caine N (1980) The rainfall intensity-duration control of shallow landslides and debris flows. Geogr Ann A 62:23–27

                    Google Scholar 
                

	Chávez-Cabello G, Torres Ramos J, Porras Vázquez N, Cossio Torres T, Aranda Gómez J (2011) Evolución estructural del frente tectónico de la Sierra Madre Oriental en el Cañón Santa Rosa, Linares, Nuevo León. Bol Soc Geol Mex 63(2):253–270 In Spanish
                        

                    Google Scholar 
                

	Comisión Nacional del Agua (2016) Información climatológica. http://smn.cna.gob.mx/es/climatologia/informacion-climatologica (last Access Jan 2017). In Spanish
                        

	Crone AJ, De Martini P, Machette M, Okumura K, Prescott J (2003) Paleoseismicity of two historically quiescent faults in Australia: implications for fault behavior in stable continental regions. Bull Seismol Soc Am 93:1913–1934
Article 
    
                    Google Scholar 
                

	Delgado J, Garrido J, López-Casado C, Martino S, Peláez J (2011) On far field occurrence of seismically induced landslides. Eng Geol 123:204–213
Article 
    
                    Google Scholar 
                

	Delgado J, García-Tortosa F, Garrido J, Loffredo A, López-Casado C, Martin-Rojas I, Rodríguez-Peces M (2015) Seismically-induced landslides by a low-magnitude earthquake: the Mw 4.7 Ossa De Montiel event (central Spain). Eng Geol 196:280–285
Article 
    
                    Google Scholar 
                

	Eguiluz de Antuñano S, Aranda García M, Marret R (2000) Tectónica de la Sierra Madre Oriental. Bol Soc Geol Mex 53:1–26 In Spanish
                        

                    Google Scholar 
                

	Florescano Mayet E, Sancho y Cervera J, Gavilan Arias DP (1980) Las sequías en México: historia, características y efectos. Comercio Exterior 30(7):747–757 In Spanish
                        

                    Google Scholar 
                

	Galván-Ramírez IN, Montalvo-Arrieta J (2008) The historical seismicity and prediction of ground motion in northeast Mexico. J S Am Earth Sci 25:37–48
Article 
    
                    Google Scholar 
                

	García Acosta V, Suárez Reynoso G (1996) Los sismos en la historia de México. Universidad Nacional Autónoma de México, México In Spanish
                        

                    Google Scholar 
                

	Goldhammer RK (1999) Mesozoic sequence stratigraphy and paleogeographic evolution of northeast Mexico. In: Bartolini C, Wilson J, Lawton T (eds) Mesozoic sedimentary and tectonic history of North-Central Mexico. Geol S Am S 340:1–58

	Gómez-Arredondo CM, Montalvo-Arrieta JC, Iglesias-Mendoza A, Espindola-Castro V (2016) Relocation and seismotectonic interpretation of the seismic swarm of August-December of 2012 in the Linares area, northeastern Mexico. Geofis Int 55(2):95–106

                    Google Scholar 
                

	Gostelow TP (1996) Landslides. In: Singh VP (ed) Hydrology of disasters. J. Kluwer Academic Publishers, Dordrecht, pp 183–230
Chapter 
    
                    Google Scholar 
                

	Harp EL, Keefer D, Sato H, Yagi H (2011) Landslide inventories: the essential part of seismic landslide hazard analyses. Eng Geol 122:9–21
Article 
    
                    Google Scholar 
                

	Jibson RW, Harp E (2012) Extraordinary distance limits of landslides triggered by the 2011 Mineral, Virginia, Earthquake. Bull Seismol Soc Am 102(6):2368–2377
Article 
    
                    Google Scholar 
                

	Jibson RW, Harp E (2016) Ground motions at the outermost limits of seismically triggered landslides. Bull Seismol Soc Am 106(2):1–12
Article 
    
                    Google Scholar 
                

	Keefer DK (1984) Landslides caused by earthquakes. Geol Soc Am Bull 95:406–421
Article 
    
                    Google Scholar 
                

	Keefer DK (2002) Investigating landslides caused by earthquakes—a historical review. Surv Geophys 23:473–510
Article 
    
                    Google Scholar 
                

	Mantovani F, Soeters R, Van Westen CJ (1996) Remote sensing techniques for landslide studies and hazard zonation in Europe. Geomorphology 15:213–225
Article 
    
                    Google Scholar 
                

	Metternicht G, Hurni L, Gogu R (2005) Remote sensing of landslides: an analysis of the potential contribution to geo-spatial systems for hazard assessment in mountainous environments. Remote Sens Environ 98:284–303
Article 
    
                    Google Scholar 
                

	Meunier P, Hovius N, Haines J (2008) Topographic site effects and the location of earthquake induced landslides. Earth Planet Sci Lett 275:221–232
Article 
    
                    Google Scholar 
                

	Montalvo-Arrieta JC, Chávez-Cabello G, Velasco-Tapia F, Navarro de León I (2009) Causes and effects of landslides in the Monterrey Metropolitan Area, NE Mexico. In: Werner D, Friedman H (eds) Landslides: causes, types and effects. Nova, New York, pp 1–32

                    Google Scholar 
                

	Ortega-Gaucín D, López-Pérez M, Arreguín-Cortés FI (2016) Drought risk management in Mexico: progress and challenges. Int J Saf Security Eng 6:161–170
Article 
    
                    Google Scholar 
                

	Padilla y Sánchez RJ (1985) Las estructuras de la Curvatura de Monterrey, Estados de Coahuila, Nuevo León, Zacatecas y San Luis Potosi. Rev Inst Geol 6:1–20 In Spanish
                        

                    Google Scholar 
                

	Padilla y Sánchez RJ (1986) Post-paleozoic tectonics of Northeast Mexico and its role in the evolution of the Gulf of Mexico. Geofis Int 25:157–206

                    Google Scholar 
                

	Papadopoulos GA, Plessa A (2000) Magnitude-distance relations for earthquake-induced landslides in Greece. Eng Geol 58:377–386
Article 
    
                    Google Scholar 
                

	Petschko H, Bell R, Glade T (2016) Effectiveness of visually analyzing LiDAR DTM derivatives for earth and debris slide inventory mapping for statistical susceptibility modeling. Landslides 13:857–872
Article 
    
                    Google Scholar 
                

	Ramos-Zuñiga LG, Medina-Ferrusquía H, Montalvo-Arrieta J (2012) Patrones de sismicidad en la curvatura de Monterrey, noreste de México. Rev Mex Cienc Geol 29(2):572–589 In Spanish
                        

                    Google Scholar 
                

	Rodríguez CE, Boomer J, Chandler R (1999) Earthquake-induced landslides: 1980-1997. Soil Dyn Earthq Eng 18:325–346
Article 
    
                    Google Scholar 
                

	Salinas-Jasso JA, Salinas-Jasso RA, Montalvo-Arrieta JC, Alva-Niño E (2017) Inventario de movimientos en masa en el sector sur de la Saliente de Monterrey. Caso de estudio: cañón Santa Rosa, Nuevo León, noreste de México. Rev Mex Cienc Geol 34(3):182–198 In Spanish
                        
Article 
    
                    Google Scholar 
                

	Sato HP, Harp E (2009) Interpretation of earthquake-induced landslides triggered by the 12 May 2008, M7.9 Wenchuan earthquake in the Beichuan area, Sichuan Province, China using satellite imagery and Google Earth. Landslides 6:153–159
Article 
    
                    Google Scholar 
                

	Scholz CH, Avilés C, Wesnousky S (1986) Scaling differences between large interplate and intraplate earthquakes. Bull Seismol Soc Am 76:65–70

                    Google Scholar 
                

	Servicio Geológico Mexicano (2010) Carta geológico-minera Iturbide G14-C67, 1:50,000: Pachuca, Hidalgo, México, 1 map. In Spanish

	Servicio Geológico Mexicano (2015) Carta geológico-minera Hualahuises G14-C57, 1:50,000: Pachuca, Hidalgo, México, 1 map. In Spanish

	Servicio Sismológico Nacional (2017) Catálogo de sismos. http://www.ssn.unam.mx (last Access Oct 2016). In Spanish

	Stein S (2007) Approaches to continental intraplate earthquake issues. In: Stein S, Mazzotti S (eds) Continental Intraplate Earthquakes: Science, Hazard, and Policy Issues. Geol S Am S 425, pp 1–16

	Wu X, Chen X, Zhan F, Hong S (2015) Global research trends in landslides during 1991-2014: a bibliometric analysis. Landslides 12:1215–1226
Article 
    
                    Google Scholar 
                

	Xu C (2015) Preparation of earthquake-triggered landslide inventory maps using remote sensing and GIS technologies: principles and cases studies. Geosci Front 6:825–836
Article 
    
                    Google Scholar 
                

	Zhou Y, Murphy M, Hamade A (2006) Structural development of the Peregrina-Huizachal anticlinorium, Mexico. J Struct Geol 28:494–507
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
First author (JASJ) received a scholarship from Consejo Nacional de Ciencia y Tecnología (CONACYT). SPOT 5 imagery was provided by ERMEX NG station, Estación de Recepción México Nueva Generación, through an agreement between Instituto de Ingeniería-Universidad Nacional Autónoma de México (IINGEN-UNAM), Servicio de Información Agroalimentaria y Pesquera-Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación (SIAP-SAGARPA), and Secretaría de la Defensa Nacional (SEDENA). Thanks to David Gómez-Palacios (IINGEN-UNAM) for helping in pre-processing the satellite imagery and to M.M. González-Ramos for the critical reading of the manuscript and various useful remarks. We are grateful to the editor and two anonymous reviewers for their critical remarks that helped to greatly improve the original manuscript.


Author information
Authors and Affiliations
	Universidad Autonoma de Nuevo León, Facultad de Ciencias de la Tierra, Ex-Hacienda de Guadalupe km 8. Carr. Linares-Cerro Prieto, 67700, Linares, N.L., México
Jorge A. Salinas-Jasso & Juan C. Montalvo-Arrieta

	Universidad Nacional Autónoma de México, Instituto de Ingeniería, Ciudad Universitaria, 04510, Ciudad de México, México
Eduardo Reinoso-Angulo


Authors	Jorge A. Salinas-JassoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Juan C. Montalvo-ArrietaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eduardo Reinoso-AnguloView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Juan C. Montalvo-Arrieta.


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Salinas-Jasso, J.A., Montalvo-Arrieta, J.C. & Reinoso-Angulo, E. Landslides induced by a low magnitude seismic sequence at continental interiors: a case study of the Santa Rosa Canyon, northeastern Mexico.
                    Landslides 15, 783–795 (2018). https://doi.org/10.1007/s10346-018-0963-7
Download citation
	Received: 10 July 2017

	Accepted: 07 February 2018

	Published: 17 February 2018

	Issue Date: April 2018

	DOI: https://doi.org/10.1007/s10346-018-0963-7


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
                        


Keywords
	Rockfalls
	Disrupted slides
	Maximum distances
	SPOT 5
	Northeastern Mexico








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					34.204.174.147
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    