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POPULAR SCIENTIFIC SUMMARY:  
 
The largest mass extinction in Earth’s history occurred at the end-Permian, 252 million 
years ago, approximately 187 million years before the famous extinction of the 
dinosaurs at the K-T boundary. At the end-Permian, plants and animals both on land 
and in the sea suffered dramatic losses with up to 95% of all species going extinct. 
Unlike the K-T extinction, which was likely caused by meteorite impact, the end-
Permian mass extinction is thought to be caused by a suite of other factors including 
massive volcanism. A leading hypothesis is that the mass extinction was brought on by 
environmental change induced not only from lava degassing, but also from the 
degassing of toxic and greenhouse gases produced by magma-sediment interaction deep 
underground. Fristad investigated one of hundreds of ancient volcanic explosion pipes 
that formed at the end-Permian in association with massive volcanism in Siberia. Her 
research demonstrates that these structures did indeed act as conduits through which 
toxic and greenhouse gases were released to the environment. The volcanic pipes 
formed via magma-sediment interaction deep in the Tunguska Basin, producing gases 
and fluids that were explosively released to the surface. Through diverse geochemical 
analyses, field relationships, and microscope observations, she was able to determine 
what fluids and gases traveled through the explosion pipe and, thus, assess the impact 
that these structures had on the environment. These research results support the 
hypothesis that the formation of the hundreds of explosion pipes in the Siberian Traps 
had a major impact on the environment at the end-Permian, possibly leading to the end-
Permian mass extinction.  
 


