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Water plays a key role in the ductile deformation of rocks in the Earth’s crust and mantle, 
affecting the microphysical processes that determine the strength of these rocks. Although many 
studies reveal a distinct weakening effect of water, the mechanisms responsible for this effect are 
often difficult to determine. At least part of the problem comes from difficulties in isolating the 
effect of water from that of other rock properties that may influence deformation. In this study, 
we investigated the mechanical behaviour and microstructural evolution of synthetic 
polycrystalline halite samples that are similar except for differences in water content (determined 
using FTIR analysis). The samples were deformed to natural strains of 0.07-0.46 at 50 MPa 
confining pressure, strain rates of 5x10-7-1x10-4 s-1 and temperatures of 75-240°C, resulting in 
flow stresses of 7-22 MPa. Samples with a water content below ~5 ppm (‘dry’) showed 
continuous work hardening and development of a clear subgrain structure. Samples with a water 
content of ~9-46 ppm (‘wet’) showed oscillating flow stress accompanied by massive grain 
boundary migration. Flow stresses of wet halite were much lower than those of the dry material 
at all strains investigated. The flow stresses of the dry and wet material were evaluated against 
results from quantitative analysis of the microstructure, including measurement of the full grain 
size distributions. This analysis revealed that before the onset of grain boundary migration the 
difference in flow stress between dry and wet halite can be explained by differences in active 
deformation mechanisms, i.e. only dislocation creep in the dry material and combined dislocation 
and solution-precipitation creep in the wet material. At higher strains, water influenced the 
strength by facilitating grain boundary migration, which lowers the flow stress due to continuous 
removal of strain hardening substructure. Under the investigated conditions, grain boundary 
migration was absent in the dry material. 


