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We present a visco-elastic bubble growth model, accounting for viscous and elastic
deformations and for volatile mass transfer between bubbles and melt. We define the
borders between previous bubble growth models accounting for incompressible viscous
melt, and our new model that also accounts for melt compressibility and elastic defor-
mation. Elastic deformation is most prominent for magma of small vesicularities, where
the growth regime depends on the shear modulus. Following an instantaneous pressure
drop, elastic deformation of melt with high shear modulus is negligibly small; high gas
pressure is preserved in the bubbles and their growth follows an exponential viscous
growth regime. For magma of low shear modulus bubbles initially expand due to elas-
tic deformation of the surrounding melt; gas pressure falls quickly and growth follows a
square-root diffusive solution. Our model provides all the elastic components (stresses,
strains and strain rates) required for defining criteria for failure and magma fragmen-
tation. We examine two failure criteria, a stress related criteria based on the internal
friction and the Mohr-Coulomb failure theory, and a strain related criteria based on fibre
elongation experiments. We argue that both criteria are equivalent if we consider their
dependence on the shear modulus and effect of the modulus on magma rheology.


