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aBstract

Topaz [Al2SiO4(F,OH)2] is a subduction-related mineral that is found in metasediments and has a 
large pressure and temperature stability field. Here, we use luminescence spectroscopy of Cr3+ to probe 
the Al site in topaz at pressures up to ~60 GPa, which corresponds to a depth of ~1400 km in the Earth. 
This technique allows us to probe all three unique Al environments (i.e., [AlO4(OH)2]7–, [AlO4(F)2]7–, and 
[AlO4OH,F]7–) simultaneously under high pressure. We find that the R-line luminescence from all three 
Al environments shift linearly to longer wavelength to ~40 GPa. Above ~40 GPa, they shift nonlinearly 
and begin to flatten out at ~48 GPa, with a pressure shift of ~0 cm–1/GPa from ~48–55 GPa. Our results, 
combined with previous high-pressure single-crystal X-ray diffraction studies to ~45 GPa, strongly in-
dicate that there is a change in the compression mechanism in topaz above ~40 GPa. Our high-pressure 
room-temperature results show that the metastable persistence of topaz on compression represents one 
of the most extreme cases among tetrahedrally coordinated silicates.
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IntrOductIOn

Metamorphic minerals transport water and volatiles to depth 
during subduction. The dehydration of minerals in subduc-
tion zones is well-known to cause partial melting and back-arc 
volcanism. The water budget of a subducting slab is complex, 
but it is generally agreed that the amount of water subducted is 
substantially greater than the amount of water released above the 
back arc (Peacock 1990; Poli and Schmidt 1995; Schmidt and Poli 
1998; Williams and Hemley 2001). Minerals such as lawsonite 
[CaAl2Si2O7(OH)2·H2O], phengite [K(AlMg)2(OH)2(SiAl)4O10], 
topaz [Al2SiO4(F,OH)2], and other dense hydrous phases are 
thought to be able to transport water and volatiles to depths greater 
than ~150 km (Wunder et al. 1993; Pawley 1994; Schmidt and Poli 
1994; Domanik and Holloway 1996; Ono 1998, 1999).

Topaz [Al2SiO4(F,OH)2] is a subduction-related mineral that is 
found in metasediments and has a large pressure and temperature 
stability field. Topaz can form in pelitic sediments in subduction 
zones at conditions starting near 5.0 GPa and ~600 °C. Topaz has 
been shown to be stable to at least 12 GPa and ~1100 °C (Holland 
et al. 1996). Hydroxyl-rich topaz has also been found in high-
pressure and ultrahigh-pressure belts of the Sulu terrane, China 
(Zhang et al. 2002). To fully understand H2O and fluorine (F) 
cycling in subduction zones, detailed studies of the minerals that 
are likely to carry H2O and F to depth are required. Previous high-
pressure, room-temperature spectroscopic investigations focused 
on looking at the pressure dependence of the OH stretches and 
silicate vibrations (Bradbury and Williams 2003; Komatsu et al. 
2005). Spectra were collected up to ~24 and ~30 GPa, respectively, 
and no phase transitions were observed. High-pressure room-
temperature single-crystal X-ray diffraction (XRD) studies have 

also been reported up to ~45 GPa and, again, no phase transitions 
were observed (Komatsu et al. 2005; Gatta et al. 2006, 2014). 
Moreover, Gatta et al. (2014) suggest that H-bonding in natural 
F-rich topaz likely strengthens in response to external pressure 
based on a donor-acceptor distance argument. Raman and infrared 
spectroscopic results reported by Bradbury and Williams (2003) 
and Komatsu et al. (2005) demonstrate that the H-bonding in F-rich 
topaz becomes weaker under pressure. Hence, there are ambiguities 
associated with the high-pressure response of natural F-rich topaz 
to pressure. More recently, using first-principles techniques topaz-
OH was investigated at high pressure, and two distinct structures 
with different space groups that are close in energy were found: 
orthorhombic Pbnm and monoclinic P21/c (Mookherjee et al. 2016). 
Moreover, another first-principles study investigated the effect of 
fluorine content on the elastic behavior of topaz and found that 
orthorhombic Pbnm symmetry has the lowest energy for F-topaz, 
but orthorhombic Pbn21 is more appropriate for intermediate F/OH 
compositions (Ulian and Valdre 2017).

The luminescence spectra of topaz have primarily been ob-
tained at ambient pressure and various temperatures (Gaft et al. 
2003; Tarashchan et al. 2006). In the end-member F-topaz, there 
is one Al environment; however, in partially hydroxylated topaz, 
there are three unique Al environments whose abundances depend 
on the relative concentrations of OH and F (e.g., [AlO4(OH)2]7–, 
[AlO4(F)2]7–, and [AlO4OH,F]7–). Figure 1 shows the crystal struc-
ture of topaz. When trace amounts of Cr3+ are substituted into the 
octahedral sites, these different environments give rise to three sets 
of overlapping transitions for each of the R1 and R2 fluorescence 
peaks. The two split components are produced by the transition 
from the doubly split 2E level to the 4A2 ground state, and the three 
components of each of these peaks can be easily deconvolved. 
Here, we use luminescence spectroscopy of Cr3+, which substi-
tutes into the Al sites as a probe of the octahedral site in partially 
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