
1. Introduction
Subducted oceanic plates are expected to transport water into the deep mantle through hydrous and nominally 
anhydrous minerals (Hacker et  al., 2003; Peslier et  al., 2017; van Keken et  al., 2011). The subducted slab is 
comprised of sedimentary, basaltic, and peridotitic layers. Lawsonite (8 GPa) and phengite (6 GPa) are likely 
the hydrous minerals in the sedimentary and basaltic layers (Poli & Schmidt, 2002; Schmidt & Poli, 1998). In 
the peridotitic layers, these minerals may include antigorite (∼6 GPa) and dense hydrous magnesium silicates 
such as phase A (6–14 GPa), phase E (15 GPa), phase D (15–40 GPa), and 10 Å-phase (6.7 GPa) (Ohtani, 2015; 
Ono, 1998; Purevjav et al., 2020; Tomioka et al., 2016). However, these hydrous minerals are thermodynamically 
unstable at relatively high temperatures, i.e., >1300–1400°C (Ohtani, 2021). Consequently, they are likely to 
transport water only down to the mantle transition zone, which reaches the above-mentioned temperature limit 
(Tan et al., 2002).

In contrast, the dominant nominally anhydrous minerals in peridotite, such as olivine, wadsleyite, and ring-
woodite, can incorporate up to ∼30,000 wt. ppm of water as OH bonds within their crystal structures 
(Bolfan-Casanova, 2005; Demouchy et al., 2005; Fei et al., 2020; Fei & Katsura, 2020; Hirschmann et al., 2005; 
Kohlstedt et al., 1996; Purevjav et al., 2014, 2016, 2018; Smyth et al., 2006). Therefore, they may carry signif-
icant amounts of water down to the bottom of the mantle transition zone. This expectation has been supported 
by the discovery of hydrous ringwoodite and its decomposition products as diamond inclusions (Gu et al., 2022; 
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Plain Language Summary Stishovite is a high-pressure phase of silicon dioxide (SiO2). It was 
recently reported that stishovite could contain a substantial amount of water based on diamond anvil cell 
experiments and, consequently, transport water into the lower mantle through subducting slabs. However, the 
water contents in their samples lack precise constrain due to the limited size of the recovered crystals, making 
them inaccessible for measurements using reliable FTIR spectroscopy or secondary-ion mass spectroscopy. 
To settle this debate, we produced high-quality single crystals of stishovite under water-saturated conditions at 
high pressures and temperatures and measured their water contents using infrared spectroscopy. We discovered 
that stishovite contained only several hundred ppm of water under conditions at the top of the lower mantle. 
Therefore, it is likely that stishovite does not contain much water in the upper region of the lower mantle and 
does not transport water into the deep lower mantle.
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Pearson et al., 2014). However, the main minerals in the lower mantle, i.e., bridgmanite and ferropericlase, can 
only incorporate less than 1000 and 100 wt. ppm of water, respectively (e.g., Bolfan-Casanova et al., 2003; Fu 
et al., 2019; Liu et al., 2021; Purevjav et al., 2023). Therefore, the fate of the transported water to the lower mantle 
is unknown.

Even though the above argument is true for the peridotitic layer, which is made up of ultramafic systems, differ-
ent minerals in the basaltic and sedimentary layers may be able to carry water because they are made up of 
more siliceous compositions. Particularly, stishovite, a high-pressure polymorph of silica occurring >10 GPa, 
constitutes approximately 20–25 vol.% and ∼20 vol.% of mineral proportions in the basaltic and sedimentary 
layers, respectively (Ishii et al., 2012, 2019, Ishii, Miyajima, et al., 2022; Liu et al., 2019; Ono et al., 2001; Poli & 
Schmidt, 2002). It has been anticipated that stishovite could act as a water carrier into the lower mantle. However, 
studies on the water storage capacity of stishovite have yielded conflicting results. Earlier studies (Bromiley 
et al., 2006; Pawley et al., 1993) synthesized Al-free stishovite at 10–15 GPa and 1200–1500°C by multi-anvil 
experiments and found 3–7 wt. ppm of water in their samples through Fourier transform infrared (FTIR) spectros-
copy. Additionally, Bolfan-Casanova et al. (2000) and Litasov et al. (2007) synthesized Al-free stishovite crystals 
at 15–24 GPa and 1200–1750°C, determining water contents of 16–72 wt. ppm via FTIR spectroscopy at ambient 
conditions. In contrast, recent multi-anvil experiments at relatively low pressure and temperature conditions by 
Spektor et al. (2011, 2016), Nisr, Leinenweber et al. (2017), and Nisr, Shim et al. (2017) reported up to 32,000 wt. 
ppm of water at 9–10 GPa and 350–550°C, where their water contents were determined using thermogravimetry 
analysis, secondary ion mass spectrometry, and unit-cell-volume expansion as determined by X-ray diffraction 
(XRD). It should be noted that although these studies reported significant amounts of water, their applicability 
is limited to the coldest slabs in relatively shallow regions. Under conditions of the deeper regions of the lower 
mantle, Lin et al. (2020, 2022) and Nisr et al. (2020) reported up to 100,000 wt. ppm of water in Al-free stishovite 
using a laser-heated diamond anvil cell (DAC), where water contents were estimated through unit-cell volume 
expansion as determined by XRD.

Thus, it remains unclear whether stishovite can exhibit significant water solubility and serve as an important water 
carrier in the deep mantle. To address this, we systematically investigated the water solubility in high-quality 
single crystals of Al-free stishovite as a function of temperature, ranging from 1300 to 2100°C, at a pressure of 
22 GPa using the multi-anvil experimental technique and FTIR spectroscopy.

2. Sample Synthesis and Characterizations
2.1. Synthesis Experiments

The starting material was silica gel powder with a water content of 82,000 wt. ppm in all experiments. It was 
sealed by welding in Pt capsules with outer and inner diameters of 1.2 and 0.8 mm, respectively, and a length of 
1.5 mm. The encapsulated starting material was loaded into a 10-mm 5% Cr2O3-bearing MgO octahedral pres-
sure medium. A downscaled version of the zero-temperature gradient furnace developed by Zarei et al. (2018) 
was used to minimize the temperature uncertainty, estimated to be ±1°C. The cell assembly was pressurized to 
22 GPa using a 12-MN Kawai-type multi-anvil apparatus with inner tungsten carbide anvils with 4-mm trunca-
tions at the Bayerisches Geoinstitut, University of Bayreuth (Keppler & Frost, 2005). The sample was then heated 
to the target temperatures (1300–2100°C) for 4–20 hr while being monitored by a D-type (W97Re3/W75Re25)  ther-
mocouple without calibration of the pressure effect. Note that different heating durations were employed to 
facilitate the growth of large single crystals. As long as thermodynamic equilibrium was reached in each run, the 
water contents in the stishovite samples are not affected by the heating duration. Finally, heating was terminated 
cutting off the power supply, and the sample was then decompressed to ambient pressure.

2.2. Characterization of Recovered Products

The sample capsules were recovered from the assemblies, and holes were created in their walls to confirm the 
presence of liquid water inside the capsules. Subsequently, the sample capsules were embedded in epoxy resin 
to make cross-sections with polished surfaces for characterization. The compositions of crystals were meas-
ured using an energy-dispersive spectrometer (EDS) to confirm chemical homogeneity. All the crystals were 
then separated from the capsules for further characterization. Several crystals from each run were selected for 
the determination of their unit-cell parameters using a Huber single-crystal X-ray diffractometer equipped with 
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MoKα radiation and a point detector driven by the software SINGLE (Angel & Finger,  2011). The unit-cell 
parameters of each crystal were determined through a vector least-square inversion involving 14–31 reflections 
(Table 1), each centered in eight equivalent positions (King & Finger, 1979; Ralph & Finger, 1982).

2.3. Water Content Determination

The water contents in the recovered crystals were determined using a Bruker IFS 120 HR high-resolution FTIR 
spectrometer coupled with a Bruker IR microscope. Measurements were conducted using a tungsten light source, 
a CaF2 beamsplitter, and a high-sensitivity narrow-band MCT (mercury-cadmium-telluride) detector cooled by 
liquid nitrogen. Two or three crystals from each run were selected for unpolarized FTIR measurements, and 
these crystals were not exposed to scanning electron microscopy (SEM). They were polished on both sides to a 
thickness of 80–100 μm for unpolarized FTIR measurements. Each spectrum was obtained using an unpolarized 
infrared beam with a diameter of 20–50 μm by accumulating 100 scans with a resolution of 2 cm −1. Three to 
five spectra were obtained from each crystal. Prior to measuring each sample, a background of the spectrum was 
collected using the same aperture settings without the sample.

The water contents were calculated from unpolarized spectra using the calibration of Paterson (1982),

𝐶𝐶OH =
𝑋𝑋𝑋𝑋

150𝜁𝜁 ∫
𝐾𝐾
(

𝑣𝑣
)

(

3780 − 𝑣𝑣
)d𝑣𝑣 (1)

where COH is the water content in wt. ppm, ζ is an orientation factor, 1/3 for unpolarized spectra, 𝐴𝐴 𝐴𝐴
(

𝑣𝑣
)

 is 
the absorption coefficient in cm −1 for the given wavenumber 𝐴𝐴 𝑣𝑣 , and Xi is the density factor determined as 
Xi = 10 6 × (18/2d), where d is the density of stishovite (in g/l). The d of each run was calculated using the lattice 
volume determined by the single-crystal X-ray diffraction, as shown in Table 1. To apply Equation 1, each spec-
trum was numerically integrated with wavenumbers between 𝐴𝐴 𝑣𝑣 2,600 and 3,400 cm −1.

3. Results
3.1. Run Products

Liquid water was observed to leak from the capsules when pierced with a needle after recovery from high-pressure 
and high-temperature conditions, confirming that all experiments were conducted under water-saturated condi-
tions. Crystals ranging in size from 50 to 400 μm, as well as cavities, were found in the capsules using opti-
cal microscopy. The recovered crystals appeared transparent without visible inclusions. Backscattered electron 
images of the capsule cross-sections also revealed the presence of large crystals and cavities (Figure  1). 
Micro-focused X-ray diffraction analysis indicated that the crystals possessed a stishovite structure. It is worth 

Run No
Temperature 

(°C)
Duration 

(hr) Products
H2O  

(wt. ppm) a

Unit-cell parameters (Å)
Volume 

(Å 3)
No of 

reflectionsa c

H5630 1300 15 St + fluid 128(20) 4.1785(2) 2.6660(2) 46.549(5) 15

H5326 1500 5 St + fluid 315(53) 4.1783(6) 2.6667(8) 46.56(2) 14

H5486 1700 20 St + fluid 521(47) 4.1784(1) 2.6656(1) 46.540(4) 29

H5312 b 1800 5 St + fluid 340(10) b – – – –

H5376 1900 5 St + fluid 293(18) 4.1786(1) 2.6658(1) 46.546(2) 31

H5592 c 2100 d 4 St + melt 145(26) 4.1785(3) 2.6658(3) 46.544(8) 29

 aH2O contents were determined by averaging the H2O contents determined by unpolarized spectra of several different grains 
from the same batch. Uncertainties in the H2O content are one standard deviation of the water content.  bSince H5312 was 
not measured by single-crystal X-ray diffractometry, the density of H5376 was used for calculating the H2O content of it 
using Paterson's (1982) equation.  cPhase E powder was found in the capsule, suggesting MgO contamination during loading 
the silica gel powder into the capsule. Nevertheless, EDS analysis showed no detectable amount of MgO in the stishovite 
crystals.  dThe synthesis temperature was estimated by a temperature-power relationship from other runs. St denotes stishovite.

Table 1 
Details of the Synthesis Runs and the Unit-Cell Parameters of Stishovite
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noting that due to the large size of the recovered stishovite crystals and the small diameter of the X-ray beam 
used, only a few crystals were exposed to the X-ray beam. Consequently, only a few bright spots were observed 
in X-ray images instead of diffraction rings. Nevertheless, the observed diffraction angles perfectly matched 
those expected for SiO2 stishovite (Sinclair & Ringwood, 1978). In run H5592, stishovite crystals were recovered 
alongside phase E powder, suggesting sample contamination by MgO. We consider that phase E formed upon 
quenching a hydrous melt. EDS indicated that the crystals of stishovite were made of pure SiO2. Even in sample 
H5592, no detectable amount of MgO was identified (Table S1 in Supporting Information S1). Within the mutual 
uncertainties, single-crystal XRD measurements revealed identical unit-cell parameters of all samples. No distor-

tion to post-stishovite was observed, unlike in hydrous Al-bearing samples 
recovered from similar pressure-temperature conditions (Ishii, Criniti, 
et al., 2022). Single-crystal XRD also revealed that the crystals from each 
run exhibited very sharp and narrow peaks, with full width half maxima of 
<0.06° measured on omega scans, confirming the high degree of crystallinity 
of the stishovite samples.

3.2. Infrared Spectra and Water Contents in Stishovite Crystals

Unpolarized spectra of Al-free stishovite synthesized at 22 GPa exhibit four 
OH bands at 2,669, 3,112, 3,237, and 3,311 cm −1 (Figure 2). These bands were 
consistent with previously reported OH bands in Al-free stishovite. Particu-
larly, the shape of the unpolarized spectra of 1300, 1500, and 2100°C resem-
bles that of the unpolarized spectra of previous multi-anvil studies (Bromiley 
et al., 2006; Litasov et al., 2007), which were reported to contain <40 wt. ppm 
H2O. The OH band at 3,112 cm −1 was the most intense in their spectra, as 
observed in our stishovite spectra for 1300, 1500, and 2100°C runs, suggesting 
that this OH band is the most pronounced at low water content. In contrast to 
previous studies, the OH band at 3,312 cm −1 was the most intense in stishovite 
synthesized at 1700°C with 521(47) wt. ppm H2O. The intensity of the OH band 
at 3,312 cm −1 was found to increase with the highest water content and start to 

Figure 2. Representative unpolarized spectra of stishovite synthesized at 
22 GPa and 1300–2100°C. All spectra are baseline subtracted and thickness 
normalized. Spectra are vertically shifted for visibility.

Figure 1. A backscattered electron image of a cross-section of the sample synthesized at 22 GPa and 1900°C in the Pt 
capsule (H5376). The crystal sizes are ∼100–200 μm. A cavity is seen within the capsule, where a fluid is expected to have 
existed before recovery. St and Pt denote stishovite and platinum, respectively.
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decrease with decreasing water content. Thus, we suggest that the increase in 
water content enhances the prominence of the OH band at 3,312 cm −1.

The determined H2O contents were consistent between different spectra 
obtained from a single grain and also between different grains from the 
same capsule batch. The FTIR spectra displayed reproducibility within and 
between the grains, indicating a homogenous water distribution within the 
crystals. Figure  3 illustrates the stishovite water content as a function of 
temperature. The water content increases with increasing temperature up 
to 1700°C but decreases above this temperature. The highest water content 
was 521(47) wt. ppm at 1700°C, while the lowest was 128(20) wt. ppm at 
1300°C. We conducted a second water content measurement for stishovite 
from run H5486 three months after the initial analysis. The first and second 
measurements yielded water content values of 518(49) and 521(47) wt. ppm, 
respectively, indicating no water loss from the crystals after recovery.

4. Discussion
4.1. Comparison With Previous Studies

A positive temperature dependence of water content of stishovite was 
observed at temperatures below 1700°C. The maximum water content meas-
ured in Al-free stishovite in this study was 521(47) wt. ppm at 1700°C and 
22  GPa. This amount is significantly higher than the results reported by 
Pawley et al. (1993) and Bromiley et al. (2006), who reported <7 wt. ppm 

H2O at 10–15 GPa and 1200–1500°C (Table S2 in Supporting Information S1). This difference can be attributed 
to pressure variance, as increasing pressure elevates water fugacity, enhancing the water solubility in nominally 
anhydrous minerals (Mosenfelder, 2000; Mosenfelder et al., 2006; Smyth et al., 2006). Our reported 521(47) wt. 
ppm H2O is considerably higher than that of the 16–72 wt. ppm H2O reported by Bolfan-Casanova et al. (2000) 
and Litasov et al.  (2007) at 15–24 GPa and 1200–1750°C (Figure 3). Since two phases, stishovite and fluid, 
coexisted in the SiO2–H2O binary system in our experiments, the water content in stishovite should be uniquely 
determined according to the phase rule. In contrast, Litasov et al. (2007) observed stishovite crystals coexisting 
with hydrous silicate melts containing FexO, K2O, CO2, and MgO, which may not have reached maximum water 
content due to additional degrees of freedom. Specifically, water activity should be close to unity in our exper-
iments, as we observed H2O-fluid phases. However, the water content in the hydrous silicate melt in a complex 
system is only 150,000–250,000 wt. ppm at 1600–1800°C (Fei, 2021), and therefore, the water activity in Litasov 
et al. (2007)'s study should be much lower than in this study. This may explain the difference in water content 
between Litasov et al. (2007) and our results.

The highest water content value obtained in the current study was significantly lower than that of the multi-anvil 
studies performed at lower pressure and temperature than those in this study (Nisr, Leinenweber et al., 2017; 
Nisr, Shim et al., 2017; Spektor et al., 2011, 2016 (Table S2 in Supporting Information S1)). The OH bands 
of infrared spectra reported by Spektor et al.  (2011, 2016) are significantly broader than those of our current 
and previous multi-anvil studies at higher temperatures. They reported three OH bands at 2,644, 2,884, and 
3,388 cm −1 and elaborated that the two OH bands at lower frequencies are due to the substitution of octahedral 
hydrogarnet defects (4H + for 1Si 4+), and the later OH band at 3,388 cm −1 is grain boundary water. Their OH band 
at 2,644 cm −1 are comparable to our OH band at 2,669 cm −1, while the rest of the OH bands are very different. 
They used Libowitzky's (1999) correlation of OH frequencies with O–H…O distances to explain that the two 
lower OH-band frequencies are due to the hydrogen between the two longer oxygens (O–O distances are 2.57 
and 2.66 Å). We also correlated our OH band frequencies to the above-mentioned correlation. It was found that 
our OH band frequencies from 2669 to 3,311 cm −1 all correspond to the two longer O–O distances, 2.57 and 
2.66 Å. Therefore, we consider that the difference in IR absorption band characteristics between the current 
study and Spektor et al. (2011, 2016) may be due to the different hydrogen bond configurations in the stishovite 
structure. Although the hydrogen is incorporated via the 4H + for 1Si 4+ mechanism, the hydrogen bond configu-
ration may be different between lower pressure and temperature conditions and higher pressure and temperature 
conditions. This may also explain the discrepancies in water content between the current study and Spektor 

Figure 3. Temperature dependence of H2O content in stishovite. The black 
circles are from this study, and squares, triangles, diamonds, and open circles 
are from Litasov et al. (2007), Bromiley et al. (2006), Bolfan-Casanova 
et al. (2000), and Pawley et al. (1993), respectively. Note that the experiments 
of Bromiley et al. (2006) and Pawley et al. (1993) were carried out at 15 and 
10 GPa, and the experiments of Bolfan-Casanova et al. (2000) and Litasov 
et al. (2007) were carried out at 15–21 GPa and 20 and 24 GPa.
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et al. (2011, 2016). Since our experimental conditions cover a wide range of temperatures at the topmost lower 
mantle, the results should be applicable to the subducting slabs and ambient mantle near the 660 km discontinuity.

Lin et al. (2020, 2022) and Nisr et al. (2020) determined the water contents in stishovite at much higher pressures 
(>33 GPa) than the current study (22 GPa) based on the expansion of unit-cell-volume using DAC experiments 
and synchrotron XRD. They reported that the Al-free stishovite can uptake up to 100,000 wt. ppm of H2O. Their 
experiments were conducted at significantly higher pressures than the current study. Therefore, the difference in 
water content between the current study and theirs could be due to the pressure effect, where the water solubility 
of stishovite may have increased significantly at high pressures. Another explanation for the discrepancy might 
be the much higher differential stresses in the DAC experiments, which may cause high dislocation density. 
High-density dislocations and stacking faults may have trapped considerable amounts of water and enlarged the 
apparent unit-cell volumes. In addition, Lin et al. (2020) reported water loss during the decompression process at 
∼10 GPa. If the crystal initially had high water content and was lost upon decompression, this could result in the 
formation of water inclusion since hydrogen diffusion kinetics at room temperature are insufficient for water to 
escape from the crystal. Subsequently, substantial amounts of water inclusions must be formed. However, we did 
not observe any broad infrared absorption bands at wavenumber of about 3,400 cm −1 (Figure 2) or through the 
petrographic microscope. Therefore, water loss during decompression should be insignificant in our experiments.

4.2. Temperature Dependence of H2O Solubility in Stishovite

Our results indicate that the H2O solubility in Al-free stishovite increases with increasing temperature up to 
1700°C, but the water solubility decreases with increasing temperature >1700°C. Such a phenomenon is also 
observed in olivine: the water solubility in olivine increases with increasing temperature below 1250°C, but 
decreases with increasing temperature >1250°C (Bali et al., 2008; Smyth et al., 2006). We assume that the peak 
of the H2O solubility result forms two factors in the activity term of the chemical potential of the water fluid. The 
chemical potentials of the stishovite and the fluid can be expressed as:

𝜇𝜇St

H2O
= 𝜇𝜇St

H2O

◦

+𝑅𝑅𝑅𝑅 ln 𝑎𝑎St

H2O
 (2)

𝜇𝜇Fl

H2O
= 𝜇𝜇Fl

H2O

◦

+𝑅𝑅𝑅𝑅 ln 𝑎𝑎Fl

H2O
 (3)

where 𝐴𝐴 𝐴𝐴M

H2O
 is the chemical potential of the H2O component in the phase M, 𝐴𝐴 𝐴𝐴M

H2O

◦

 is the chemical potential of H2O 
in the pure phase M, and a is the activity of the H2O component in the phase M. R is the gas constant, and T is the 
temperature. St and Fl denote the stishovite and the fluid, respectively.

Under equilibrium conditions, we have 𝐴𝐴 𝐴𝐴St

H2O
= 𝐴𝐴Fl

H2O
 . Therefore, based on Equations 2 and 3, the water activity 

in stishovite, 𝐴𝐴 𝐴𝐴St

H2O
 , which should be linearly proportional to the water content in stishovite, can be expressed as:

𝑎𝑎St

H2O
= 𝑎𝑎Fl

H2O
exp

⎛

⎜

⎜

⎝

−

𝜇𝜇St

H2O

◦

− 𝜇𝜇Fl

H2O

◦

𝑅𝑅𝑅𝑅

⎞

⎟

⎟

⎠

 (4)

The 𝐴𝐴 𝐴𝐴Fl

H2O
 is expected to decrease with increasing temperature, thus decreasing 𝐴𝐴 𝐴𝐴St

H2O
 .On the other hand, since the 

pure H2O fluid should be more stable than the pure H2O stishovite, 𝐴𝐴 𝐴𝐴St

H2O

◦

− 𝐴𝐴Fl

H2O

◦

 should be positive. As a result, 
the exponent becomes close to zero with increasing temperature. The product of these two opposite temperature 
dependencies produces the solubility peak. Although, in reality, the solid/fluid ratio is constant at low temper-
atures because the fluid is always close to pure water, increasing temperature will increase the water activity, 
resulting in an increase in the water content of stishovite. At high temperatures, the fluid becomes melt. The melt 
fraction increases significantly with increasing temperature because SiO2 dissolves into water; as a result, the 
water content in the melt decreases.

4.3. Geophysical Implications

The pyrolytic mantle is ultramafic, and thus the majority of the lower mantle does not contain stishovite. However, 
the basaltic and sedimentary layers of subducted oceanic crusts are enriched in silica, stishovite is formed as these 
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materials are recycled into the mantle transition zone and lower mantle (Ishii et al., 2019; Ishii, Miyajima, 2022; 
Liu et al., 2019). Silica components in crusts can be either Al-bearing (e.g., lawsonite and phengite) or almost 
pure SiO2 minerals (e.g., quartz and chalcedony). Consequently, they will form Al-bearing and Al-free stishovite, 
respectively, in the subducted crusts. Even though the exact ratio of Al-bearing and Al-free stishovite is unknown, 
both of these minerals have been thought to be important for transporting water from shallow regions to the deep 
mantle (Lin et al., 2020, 2022; Lin & Mao, 2022; Nisr et al., 2020). However, such a conclusion should be recon-
sidered according to our experimental results.

Since our experimental temperatures cover the geotherm from cold slabs to hot ambient mantle at ∼660 km 
depth, the water solubility found in this study should represent the maximum water content in Al-free stishovite at 
the temperature of the bottom of the mantle transition zone and topmost lower mantle. Therefore, Al-free stisho-
vite can carry at most 521 wt. ppm of water into the lower mantle. Although this value is much higher than that 
of ferropericlase (<10 wt. ppm) (Bolfan-Casanova et al., 2000; Joachim et al., 2013), it is only slightly higher, or 
even comparable to those of bridgmanite and davemaoite (Fu et al., 2019; Liu et al., 2021; Németh et al., 2017; 
Purevjav et al., 2023), and much lower than that of majorite (1130–1250 wt. ppm) (Katayama et al., 2003). There-
fore, Al-free stishovite cannot be the dominant water carrier from the upper mantle to the topmost lower mantle.

It should be noted that some slabs, such as the Tonga and Java slabs, may have extremely low geotherms, less than 
1000°C at 660 km depth (Kaneshima & Yoshioka, 2014; King et al., 2015). The positive temperature dependence 
of water solubility obtained in this study suggests that stishovite contains less than 50 wt. ppm of water in such 
cold slabs near 660 km depth. Although slab temperature will gradually increase during descent, it should always 
be lower than the ambient mantle, and therefore, the water content in stishovite should be limited. Of course, it 
is theoretically possible that the hydrogen substitution mechanism in stishovite might be different at tempera-
tures below this study (<1300°C), resulting in different temperature dependencies on water solubility. Further 
multi-anvil experiments are essential to constrain the water content of stishovite in extremely cold slabs.

In the case of the Al-bearing system, Al2O3 content in stishovite increases with pressure (Litasov & Ohtani, 2005; 
Liu et al., 2019), and thus its water content may increase due to the coupling of aluminum and hydrogen incor-
poration. Recently, it was found that Al-bearing silica in CaCl2-structured stishovite, i.e., post-stishovite, can 
contain up to ∼11,000 wt. ppm at 24–28 GPa and 1000–2000°C (Ishii, Criniti, et al., 2022), corresponding to 
the topmost lower mantle conditions. Therefore, we can still consider Al-bearing stishovite as a potential water 
carrier in the topmost lower mantle.

Data Availability Statement
All the raw FTIR and microfocused XRD data are archived in Zenodo (Purevjav et al., 2024).
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