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Comprehending the dynamic processes of the Earth necessitates comprehensive understanding on the recycling of water from the surface to its deep interior. An estimation of the global water cycle suggests that an annual throughput of approximately 3 × 1011 kg of water bound in the tectonic plate penetrates to the deep interior of the Earth through the subduction process. In this regard, water-bearing minerals composing a subducting slab serve a pivotal role for the transportation of water to the deep Earth. One of the under-explored host candidates for water transportation is hollandite-type minerals, which are the transformation products from subducting feldspars and known to be stable down to the core-mantle boundary conditions. Therefore, studies on the water transportation scheme by feldspars-to-hollandite transition will extend our understanding of the Earth’s volatile cycles and related dynamic processes.

Feldspars, a family of framework silicate minerals containing Na, K, and Ca, are one of the major constituents in the crust. When feldspars in the oceanic crust subduct along “water-free” geothermal gradients, they are known to breakdown into anhydrous mantle mineral assemblage. Orthoclase (KAlSi3O8), the potassium end-member of the feldspar, breaks down to wadeite (K2Si4O9) and kyanite (Al2SiO5) at pressures of 7-8 GPa, which then recombine to form a hollandite-type phase (KAlSi3O8) at pressures above 10 GPa. Albite (NaAlSi3O8) and anorthite (CaAl2Si2O8), the other end-members of the feldspar, also undergo breakdown to contain a hollandite-type structure. Of significance is the commonality that the hollandite-type structure is formed by all feldspars under the temperature and pressure conditions of the Earth’s mantle transition zone (MTZ).
In recent years, the presence of water in the MTZ has gained prominence by diverse evidence based on high-pressure experiments, seismic investigations, and mineral inclusions within diamond. The hollandite-type structure, possibly favoured in the MTZ conditions, is characterized by its high affinity for large cations with low valence due to its unique 2 x 2 octahedral tunnel structure where water as well as large cations can be nested. In our LH-DAC experiments, we observed the formation of the hollandite-type structure from feldspars and the expansion of its unit cell volume when it forms under wet transition zone conditions compared to a dry analogue. This result could be an indication of hydration within the tunnel-structured hollandite, thereby offering valuable insights into the mechanism governing the cycle and transportation of both water and thermal energy within the profound recesses of the Earth's mantle.
