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Why do Volcanoes (Only Sometimes) Erupt Explosively? 
 
The fragmentation of ascending magma is generally thought to be the key physical process that 
leads to explosive eruptions. Fragmentation occurs when stresses associated with bubble growth 
or decompression exceed the strength of the melt, allowing the magma to break into disconnected 
fragments suspended within an expanding gas phase. Although repeated effusive and explosive 
eruptions are common at individual volcanoes, the dynamics controlling the transition between 
explosive and effusive eruptions are unclear.  One important constraint on the dynamics is that 
effusive lavas generally erupt considerably more degassed than their explosive counterparts, even 
if they erupt from sources with similar volatile contents.  One mechanism for degassing during 
magma ascent is the formation of intermittent permeable fracture networks generated by non-
explosive fragmentation adjacent to conduit walls.  We will show that such fragmentation, which 
occurs when shear stresses exceed the strength of the magma, are expected to occur in both 
explosive and effusive eruptions. 
 
The presence of fracture networks allows for rapid magma degassing and hence can inhibit 
explosive behaviour.  In order to test this hypothesis we will present a quantitative analysis of 
bands in obsidian from Big Glass Mountain, CA. We show that these bands can be created by the 
repeated breaking, reorientation, reannealing and stretching of fragments created at conduit walls. 
We thus conclude that, contrary to conventional views, explosive volcanism is not the inevitable 
consequence of magma fragmentation. 
 
Explosive eruptions can also be triggered by rapid decompression caused, for example, by dome 
collapse or landslides. We show, using a series of analog lab experiments, that whether or not 
rapid decompression leads to explosive eruptions depends on the initial vesicularity of the stored 
magma and the overpressure P in the bubbles. The product P is proportional to the potential 
energy of the bubbly magma. If the decompression rate is fast compared to the relaxation time of 
the magma, as it is when a surface load is suddenly removed, the potential energy is converted to 
kinetic energy and the speed of expansion v can be calculated. If v is large enough, the magma 
will fragment and the eruption will be explosive. In summary, whether or not a given eruption 
will be explosive depends not only on the ability of the magma to fragment, but also whether it is 
able to lose the volatiles that provide the driving force for eruption. 
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