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C2.5 Seismic detection of nuclear explosions 
 
2.5.1 History 
 
• From 1945 to 1957 nuclear weapons testing took place in the atmosphere. 
  
• This led to increased radiation doses to civilian populations. 
 

   
Nevada Test Site (NTS)   http://www.answers.com/topic/nuclear-testing 

 
• 1963 - Limited test ban treaty (LTBT) was also called the partial test ban treaty and 

forced many tests underground.  
 
• France continued atmospheric nuclear testing until 1974 and China until 1980.  
 
• Most testing after 1963 took place underground. Explosion forms a cavity 

underground, the roof of which usually collapses to form a rubble-filled chimney. 
Unless this is located at great depth, the chimney can breach the surface.  

 
 

   
      Nevada test site 
 
• Verification through seismic monitoring.  
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• Did South Africa conduct an atmospheric nuclear test in 1979? See details of the “Vela 
incident”. 

 
• Some test sites are clearly visible on satellite photographs on Google Earth and include 
 

United States    Nevada Test site, Amchitka Island 
China     Lop Nur 
USSR   Semipalatinsk (in Kazakhstan) and Nova Zemlaya 
France   South Pacific 

 
 
• World Wide Standardized Seismic 

Network (WWSSN) was deployed in 
the 1960’s to monitor nuclear 
explosions. Had important side effect 
that it gave new seismic data that 
supported plate tectonics (e.g. sense of 
motion on transform faults).   

 
• WWSSN now being replaced by 

Global Seismic Network (GSN). 

              
• Vela Uniform project.  

“Vela Uniform incorporated seven underground nuclear tests in the continental United States 
and Alaska from October 1963 to July 1971. Seismic traces from multiple locations were 
analyzed for each of these events to develop methods for differentiating underground nuclear 
tests from other seismic events (such as earthquakes) and locating the test site.” Wikipedia 

 
Project Longshot was part of the Vela Unifrom Project and involved an explosion on 
Amchitka Island in the Aleutian Islands of Alaska. It was used to study if a subduction 
zone could  conceal a nuclear explosion. Explosion took place in 1965 with a yield of 
70 kilotons. Slab caused early seismic arrivals because of it’s high velocity (Carder et 
al., 1967) 
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• Comprehensive Test Ban Treaty (CTBT) adopted by the United Nations in 1996 

 
Signed and ratified  France, Russia, United Kingdom 
Signed but not ratified China, Israel, United States 
Not signed   India, Iran, North Korea, Pakistan 

International Monitoring Service (IMS) developed to monitor nuclear tests.  
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C2.5.2 Discrimination at teleseismic distances 

Most Cold War monitoring operated at teleseismic distances (> 2000 km). Several 
observations can be used to distinguish earthquakes from nuclear explosions. 

Explosions give stronger P-waves than S-waves 

 

Example from a 1992 nuclear test at the Lop Nur test site in China, as recorded in Russia.  
Ground motion compared to an earthquake that occurred nearby. Both seismic signals 
have traveled a similar distance and should show similar amounts of attenuation. 

Note that the P-waves from the explosion are larger in amplitude than both the S-waves or 
Rayleigh waves. 

 http://www.iris.iris.edu/HQ/Bluebook/chapter3.html 

    

• Seismogram recorded in Pakistan from a 1998 nuclear explosion in India.  
• Compared to a regional earthquake, the nuclear explosion has a large amplitude P-

waves. 
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Ratio of surface wave amplitudes and body wave amplitudes 

 

Left :Fowler 4.11a. Earthquakes and explosions in Eurasia. Solid line shows bounds 
between earthquakes and explosions.  mb= 2.87+0.6MS 

Right : Ratio of local magnitude to moment for explosions at the NTS and earthquakes in 
California, Nevada and Mexico : Fowler Figure 4.11b 

 

C2.5.3 Regional detection of nuclear explosions 

C2.5.3.1 Kyrgyz Broadband Seismic Network (KNET) 

 

May 11 1998 Seismogram from :  http://eqinfo.ucsd.edu/special_events/nuclear_tests/india/index.php 
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May 28 1998 Seismogram from : http://eqinfo.ucsd.edu/special_events/nuclear_tests/pakistan/index.php 

 

Chinese events 

http://eqinfo.ucsd.edu/special_events/nuclear_tests/china/1999-01-27.php 

http://eqinfo.ucsd.edu/special_events/nuclear_tests/china/index.php 

 

C2.5.3.2 North Korean explosion in 2006 
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C2.5.3.3 Unresolved seismic events 

 

• Unresolved seismic events from Sykes (2002) 
• Detection threshold has decreased from 1960-2000 
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Links 
CTBT   http://www.ctbto.org/ http://www.ctbtcommission.org/      

Nuclear Testing  http://www.answers.com/topic/nuclear-testing 

Vela Incident 1979 http://www.answers.com/topic/vela-incident 

Vela Uniform Project http://en.wikipedia.org/wiki/Vela_Uniform 

Amchitka Island http://www.cresp.org/Amchitka/Amchitka_Final_Report/index_FinalReport.html 

    http://www.phys.ualberta.ca/highlights/amchitka-edmonton-journal-june20-2004.htm 

 


