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Key findings: 
 
 
• Earthquakes with magnitude 10 or larger are possible, 

about once every 2000 years (or more), on average. 
 

• The maximum possible magnitude of usual (tectonic) 
earthquakes on Earth is probably about 10.4 (extremely 
unlikely to reach). 
 

• Even larger earthquakes, generated by impacts of 
asteroids or comets with Earth, are expected once every 
10 million years (or more), on average. 



Context. 

2011, Japan. Effects of magnitude 9.1 
earthquake and tsunami . Photo: APP. 
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• The largest recorded 
earthquake (magnitude 9.6) 
originated in Chile in 1960. 
 

• Tectonic earthquakes of 
magnitude 10 or larger are 
not usually considered 
possible. 

Context for tectonic (usual) 
earthquakes. 



Answers to Frequently Asked Questions 
(United States Geological Survey) 
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Meteor Crater , Arizona. 
Image courtesy of visitor’s centre. 
Shaking magnitude similar to 6. 
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• Modelling and geological evidence of the 
largest impacts on Earth already suggested 
shaking magnitudes of 10 or greater.  

Context for impact earthquakes. 



The calculations considered: 
 
 
1.- The statistics of earthquake data since 1904. 

Figure: 
International 
Seismological Centre, 
2019. 



The calculations considered: 
 
 
2.- The sizes of subduction zones (the largest faults on 
Earth), which limit the maximum earthquake magnitude 
that they can generate. 

Figure: Hayes and collaborators, 2018. 



The calculations considered: 
 
 
3) The impact rate of asteroids and comets with Earth. 

Figure: 
NASA/JPL 
-Caltech 



Practical implications. 

• In seismic hazard assessments, such large earthquakes 
(for example, magnitude 10 or larger) are not usually 
considered. 
 

• Such events could produce especially large tsunamis and 
especially strong and lasting shaking, which could affect 
even distant locations. 
 

• Future seismic hazard assessments could be improved by 
considering the occurrence of this very rare but extreme 
events, which might be generated far from the site of 
interest. 



Future research. 

These estimates could be improved especially by reducing 
uncertainties on: 

 
• Physical and geological limits of earthquake ruptures. 

 
• Impact rate calculations from orbital modelling. 

 
• Observations, experiments and modelling of seismic wave 

radiation from impacts. 
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