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            Abstract
The unusual capability of solid crystalline materials to deform plastically, known as superplasticity, has been found in metals and even in ceramics1. Such superplastic behaviour has been speculated for decades to take place in geological materials, ranging from surface ice sheets to the Earthâ€™s lower mantle2,3,4,5,6,7,8. In materials science, superplasticity is confirmed when the material deforms with large tensile strain without failure; however, no experimental studies have yet shown this characteristic in geomaterials. Here we show that polycrystalline forsterite + periclase (9:1) and forsterite + enstatite + diopside (7:2.5:0.5), which are good analogues for Earthâ€™s mantle, undergo homogeneous elongation of up to 500 per cent under subsolidus conditions. Such superplastic deformation is accompanied by strain hardening, which is well explained by the grain size sensitivity of superplasticity and grain growth under grain switching conditions (that is, grain boundary sliding); grain boundary sliding is the main deformation mechanism for superplasticity. We apply the observed strainâ€“grain sizeâ€“viscosity relationship to portions of the mantle where superplasticity has been presumed to take place, such as localized shear zones in the upper mantle and within subducting slabs penetrating into the transition zone and lower mantle after a phase transformation. Calculations show that superplastic flow in the mantle is inevitably accompanied by significant grain growth that can bring fine grained (â‰¤1â€‰Î¼m) rocks to coarse-grained (1â€“10â€‰mm) aggregates, resulting in increasing mantle viscosity and finally termination of superplastic flow.
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                    Figure 1: 
                        Specimens before and after tensile deformation experiments.
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Figure 2: 
                        Microstructures of reference and deformed samples, and schematic illustration of the deformation process.
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Figure 3: Experimental data (ln dÎµ/dref versus  Îµ ) for Fo+Per samples.[image: ]


Figure 4: 
                        Predicted grain size and normalized viscosity as a function of time under static and dynamic conditions applicable to three different mantle settings.
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Superplasticity goes underground
Superplasticity, an unusual capability of a solid crystalline material to deform plastically beyond its normal breaking point, has been found in metals and even ceramics. Superplastic behaviour is also thought to occur in some geological materials, including Earth's lower mantle, but until now it had not been demonstrated in geomaterials in the laboratory. Hiraga et al. now report that synthetic rocks that are good analogues for mantle composites do exhibit superplasticity, undergoing up to 500% elongation. Their calculations show that mantle superplastic flow is accompanied by significant grain growth that can change fine-grained rocks to coarse-grained aggregates, resulting in increasing mantle viscosity â€” and finally the termination of superplastic flow.
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