Reaction between the feldspars and water in the Earth’s transition zone
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Water transport and cycle to the deep Earth are important in the dynamics and evolution of the Earth as water affects the phase transition kinetics as well as the viscosity of the mantle by the process called hydrolytic weakening. Delivery of water to the deep Earth has operated since the initiation of modern-style subduction processes. Phase transitions of subducting minerals to dense hydrous silicate minerals during subduction is one of the key processes to transport water into the deep interior. And one of the under-explored host candidate minerals for water in the Earth’s deep interior 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 physico-chemical properties of feldspars will extend the understandings of the Earth’s volatile cycles and 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 dry geothermal gradients, they have been known to breakdown into an assemblage containing a hollandite structure in the conditions of the mantle transition zone. In recent years, the presence of water in the mantle transition zone has been suggested by seismic studies and high-pressure experiments. The hollandite structure, possibly formed under conditions of the transition zone, is characterized by its high affinity for large cations with low valence due to its unique 2 x 2 octahedral tunnel structure where it can store and transport water and large cations such as 40K radioactive heat source which could affect the thermal evolution of the Earth. 

In recent years, we have reported the formation of smectite and moganite assemblage as hydration breakdown of the albite in the intermediate depth range between 90 and 135 km, under wet and cold subduction conditions [1]. This calls follow-up investigation at deeper depths to investigate whether hollandite-type feldspars can be formed under the similar, wet conditions, as a possible host for water and alkali cations in the lower mantle. 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 could be an indication of hydration in the tunnel-structured hollandite. This result could provide important data to understand the cycle and transportation of water and heat in the deep mantle and possibly the core mantle boundary
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