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Sloshing of a bubbly magma reservoir as a mechanism of triggered eruptions
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Large earthquakes sometimes activate volcanoes both in the near field as well as in the far field.
One possible explanation is that shaking may increase the mobility of the volcanic gases stored in
magma reservoirs and conduits. Here experimentally and theoretically we investigate how sloshing,
the oscillatory motion of fluids contained in a shaking tank, may affect the presence and stability
of bubbles and foams, with important implications for magma conduits and reservoirs. We adopt this
concept from engineering: severe earthquakes are known to induce sloshing and damage petroleum
tanks. Sloshing occurs in a partially filled tank or a fully filled tank with density-stratified
fluids. These conditions are met at open summit conduits or at sealed magma reservoirs where a
bubbly magma layer overlays a newly injected denser magma layer. We conducted sloshing experiments
by shaking a rectangular tank partially filled with liquids, bubbly fluids (foams) and fully filled
with density-stratified fluids; i.e., a foam layer overlying a liquid layer. In experiments with
foams, we found that foam collapse occurs for oscillations near the resonance frequency of the
fluid layer. Low viscosity and large bubble size favor foam collapse during sloshing. In the
layered case, the collapsed foam mixes with the underlying liquid layer. Based on scaling
considerations, we constrained the conditions for the occurrence of foam collapse in natural magma
reservoirs. We find that seismic waves with lower frequencies < 1 Hz, usually excited by large
earthquakes, can resonate with larger magma reservoirs whose width is > 8.5 m. Strong ground motion
> 0.1 m/s can excite sloshing with sufficient amplitude to collapse a magma foam in an open conduit
or a foam overlying basaltic magma in a closed magma reservoir. The gas released from the collapsed
foam may in filtrate the rock or diffuse through pores, enhancing heat transfer, or may generate a
gas slug to cause a magmatic eruption. The overturn in the magma reservoir provides new nucleation
sites which may help to prepare a following/delayed eruption. Mt. Fuji erupted 49 days after the
large Hoei earthquake (1707) both dacitic and basaltic magmas. The eruption might have been
triggered by magma mixing through sloshing.
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