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We combine Ab Initio Molecular Dynamics (AIMD) and
machine learning-based potential modeling to investigate the
seismic and geodynamic roles of superionic py-FeO₂Hₓ and δ-
AlOOH under Dʺ conditions. By simulating a range of pressure–
temperature regimes relevant to the lowermost mantle, we reveal
that superionic py-FeO₂Hₓ exhibits notable velocity softening
and high density, providing new clues to the low shear-wave
speeds observed in Large Low Shear Velocity Provinces
(LLSVPs) and Ultra-Low Velocity Zone (ULVZ). Meanwhile, δ-
AlOOH displays faster-than-average wave speeds and strong
shear-wave anisotropy, providing a plausible explanation for the
distinct Dʺ anisotropy signals. Remarkably, our results also show
that external electromagnetic fields induce anisotropic proton
diffusion in δ-AlOOH, hinting at a potential mechanism for
hydrous texture formation and water transport deep within the
mantle. Taken together, these findings suggest that a py-
FeO₂Hₓ–δ-AlOOH assemblage may account for key seismic
signatures and guide our understanding of the compositional
evolution of upwelling plumes in the Dʺ region. By integrating
first-principles calculations, machine learning potentials, and
electromagnetic field effects, our study establishes a framework
for linking hydrous phase transitions, deep water cycling, and
geophysical observations in the lowermost mantle.
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