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Abstract
δ-AlOOH is regarded as a potential water carrier that is stable in the Earth’s lower mantle down 

to the core-mantle boundary along the cold slab geotherm; thus, knowledge of its structural evolution 
under high pressure is very important for understanding water transport in the Earth’s interior. In this 
work, we conducted Raman scattering and luminescence spectroscopic experiments on δ-AlOOH at 
pressures up to 34.6 and 22.1 GPa, respectively. From the collected Raman spectra, significant changes 
in the pressure dependence of the frequencies of Raman-active modes were observed at ~8 GPa, with 
several modes displaying softening behavior. In particular, the soft A1 mode, which corresponds to 
a lattice vibration of the AlO6 octahedron correlated to OH stretching vibrations, decreases rapidly 
with increasing pressure and shows a trend of approaching 0 cm−1 at ~9 GPa according to a quadratic 
polynomial extrapolation. These results provide clear Raman-scattering spectroscopic evidence for 
the P21nm-to-Pnnm structural transition. Similarly, the phase transition was also observed in the 
luminescence spectra of Cr3+ in both powder and single-crystal δ-AlOOH samples, characterized by 
abrupt changes in the pressure dependences of the wavelength of the R-lines and sidebands across 
the P21nm-to-Pnnm transition. The continuous decrease in R2-R1 splitting with pressure indicated that 
the distortion of the AlO6 octahedron was suppressed under compression. No abnormal features were 
clearly observed in our Raman or luminescence spectra at ~18 GPa, where the ordered symmetrization 
or fully centered state with hydrogen located at the midpoint of the hydrogen bond was observed by a 
previous neutron diffraction study. However, some subtle changes in Raman and luminescence spectra 
indicated that the ordered symmetrization state might form at around 16 GPa.
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Introduction
Hydrous minerals in subducted slabs are widely accepted 

as the dominant water carriers into the Earth’s interior (Ohtani 
2020). Their dehydration can significantly influence the evolu-
tion of the mantle by altering the physical and chemical proper-
ties of the surrounding materials (Hirschmann 2006; Mei and 
Kohlstedt 2000; Wang et al. 2006). To date, various hydrous 
minerals, such as antigorite, lawsonite and dense hydrous mag-
nesium silicate phases, have been suggested to transport water 
from the Earth’s surface to the deep mantle (Iwamori 2004; 
Ono 1998). Among those hydrous minerals, δ-AlOOH stands 
out due to its wide P-T stability field. High-pressure and high-
temperature experiments have indicated that δ-AlOOH could 
survive P-T conditions up to ~140 GPa and 2500 K; hence this 
mineral is regarded as a potential water carrier to the Earth’s 
core-mantle boundary (Duan et al. 2018; Ohtani et al. 2001; Piet 
et al. 2020). Since Suzuki et al. (2000) first synthesized it by the 

dehydration reaction of Al(OH)3 at 21 GPa and 1000 °C, several 
routes have been proposed to produce δ-AlOOH using various 
starting materials, including diaspore, phase egg, and hydrous 
peridotite (Fukuyama et al. 2017; Ohtani et al. 2001; Sano et 
al. 2004; Yoshino et al. 2019; Zhang et al. 2019). These results 
have further confirmed the possible existence of δ-AlOOH in 
the deep interior of the Earth.

The crystal structure δ-AlOOH belongs to the orthorhom-
bic system with P21nm space group under ambient conditions 
(Komatsu et al. 2006). It consists of infinite edge-sharing AlO6 
octahedral chains along the c-axis that are cross-linked by hydro-
gen bonds in the a-b plane (Fig. 1a). Due to its significance as 
an important water carrier at lower mantle depths in subduction 
zones, the structural behavior of δ-AlOOH at high pressure has 
attracted much attention. X-ray diffraction studies observed a 
significant change in the axial ratios of a/c and b/c at ~10 GPa, 
which is likely to correspond to the structural transition from 
P21nm to Pnnm (Kuribayashi et al. 2014; Sano-Furukawa et 
al. 2009; Simonova et al. 2020). An analysis of the unit-cell 
volume vs. pressure data showed that the bulk modulus of 
the high-pressure Pnnm phase was ~52% higher than that of 
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