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Abstract Small‐scale scatterers observed in the mid‐lower mantle beneath the subduction zones are thought
to result from the phase transition of stishovite within subducted oceanic crusts. Here we investigate the
phase transition of (Al, H)‐bearing stishovite with four compositions at simultaneously high P‐T conditions
combiningRaman spectroscopy andX‐ray diffraction. These experimental results reveal that the incorporation of
0.01 a.p.f.u Al into stishovite with H/Al ratio of∼1/3 lowers the transition pressure by 6.7(3) GPa. However, the
Clapeyron slope of this transition is nearly unaffected by changes in theAl content and has a value of 12.2–12.5(3)
MPa/K. According to our results, Al content variation ranging from 0 to 0.07 a.p.f.u in SiO2 can reasonably
explain the depth distribution from 800 to 1,900 km of the seismic scatterers observed in the circum‐Pacific
region. These results deepen our understanding on the complex features of mid‐lower mantle seismic scatterers
and corresponding dynamic processes.

Plain Language Summary Seismic studies have identified various small‐scale scatterers in the mid‐
lower mantle, with low‐VS and complex depth variations between 700 and 1,900 km. Understanding the
formation mechanisms of these scatterers is crucial for understanding mantle dynamics and chemical evolution.
Previous studies suggest that their formation is linked to the structural phase transition of SiO2 from stishovite to
post‐stishovite in subducted oceanic crusts, with variations in Al and H content potentially influencing the
transition depth. However, earlier experiments on (Al, H)‐bearing stishovite phase transition were conducted
only at high pressures and 300 K, limiting our ability to quantify the relationship between variations in
subducted oceanic crust composition and small‐scale scatterers in the lower mantle. In this study, we investigate
the phase transition of (Al, H)‐bearing stishovite under simultaneously high pressure and temperature
conditions. Our results constrain how variations in Al and H content and temperature affect the transition depth.
The obtained experimental results can be used to determine the depth of the post‐stishovite phase transition with
varying Al content at different temperatures and provide critical experimental evidence for understanding the
formation and corresponding dynamic processes of small‐scale scatterers in the lower mantle.

1. Introduction
Short‐period seismic waves have revealed the ubiquitous presence of small‐scale seismic scatterers in the mid‐
lower mantle (Kaneshima & Helffrich, 1999; Krüger et al., 2001; Niu, 2014; Rost et al., 2008). Most of them
are detected beneath the subduction zone, with occasional observations near hotspots (Haugland et al., 2017;
Kaneshima, 2019, 2023; Yuan et al., 2021). These seismic scatterers are characterized by a shear velocity
reduction of 2%–12% and a planar geometry, with thickness ranging from several to tens of kilometers and lateral
extents spanning tens to hundreds of kilometers. (Haugland et al., 2017; Kaneshima, 2019; Niu, 2014; Niu
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et al., 2003). Furthermore, these seismic scatterers exhibit a complex depth distribution, with over 70% located at
depths of 700–1,300 km, approximately 20% between 1,300 and 1,900 km, and less than 10% observed at depths
greater than 1,900 km (Kaneshima, 2016; Li et al., 2022). The complicated features of these scatterers make it
challenging to fully understand their origin and corresponding dynamic processes.

The subducted oceanic crusts are regarded as the major source of lower‐mantle heterogeneity (Kaneshima &
Helffrich, 1999; Wang et al., 2020). Free silica (SiO2) is a notable phase in the subducted oceanic crusts,
constituting 16%–25% of the volume (Hirose et al., 2005; Ishii, Miyajima, et al., 2022; Ricolleau et al., 2010). In
the shallow lower mantle, it is stable in the form of stishovite (stv) with a rutile‐type structure and then transitions
into CaCl2‐type post‐stishovite (post‐stv) at ∼55 GPa and 300 K with a positive Clapeyron slope of 11.1–
15.4 MPa/K (Fischer et al., 2018; Hirose et al., 2005; Kingma et al., 1995; Nomura et al., 2010; Ono et al., 2002;
Shieh et al., 2005; Yamazaki et al., 2014). This transition causes notable shear velocity softening and has been
regarded as the potential cause for the observed mid‐lower mantle scatterers (Andrault et al., 1998; Carpenter
et al., 2000; Hemley et al., 2000; Zhang et al., 2021). However, even when accounting for the temperature
variations within the lower mantle, the post‐stishovite transition of pure SiO2 cannot satisfy the wide depth
distribution of the observed seismic scatterers from 700 to 1,900 km.

It should be noted that the subducted oceanic crust contains up to ∼19 wt.% Al2O3, which can partition into
stishovite via the substitution mechanism of 2Al3+ + OV

2+ = 2Si4+ (Ono et al., 2001; Pawley et al., 1993). Also,
H+ can be incorporated into stishovite by the coupled substitution with Al3+ or direct substitution of 4H+→ Si4+

(Bromiley et al., 2006; Litasov et al., 2007; Pawley et al., 1993). Previous studies have demonstrated that the
incorporation of a certain amount of Al and H into stishovite can effectively lower the transition pressure to the
post‐stishovite phase, making it more consistent with the depths of seismic scatterers in the lower mantle (Criniti
et al., 2023; Lakshtanov, Sinogeikin, et al., 2007; Zhang et al., 2022). For example, stishovite with∼4 wt.% Al2O3

transitions into the post‐stishovite phase at 23–24 GPa and 300 K (Bolfan‐Casanova et al., 2009). The transition
pressure for stishovite with 5.37 wt.% Al2O3 and 0.27 wt.% H2O at 300 K is as low as 16.1 GPa (Zhang
et al., 2022). While Lakshtanov, Sinogeikin, et al. (2007) propose a linear decrease in phase transition pressure
with increasing Al content, more recent research suggests a polynomial relationship between Al content and
transition pressure (Zhang et al., 2022). Notably, these previous studies only decipher the relationship between
transition pressure reduction and Al content in stishovite at 300 K, and the combined effects of composition and
temperature on the phase boundary of the post‐stishovite transition still remain poorly understood, significantly
limiting our understanding on the complex features of mid‐lower mantle scatterers (Bolfan‐Casanova et al., 2009;
Criniti et al., 2023; Lakshtanov, Sinogeikin, et al., 2007; Zhang et al., 2022).

In this study, we comprehensively investigated the net effect of Al and H on the phase transition and equation of
state (EoS) of stishovite by combining Raman spectroscopy and single‐crystal X‐ray diffraction (XRD). Raman
spectroscopy was applied to determine the phase boundary between (Al, H)‐bearing stishovite and post‐stishovite
at simultaneously high pressures and temperatures, while single‐crystal XRD provided crucial constraints on the
variation of lattice parameters across the phase transition at high pressures and 300 K. These experimental results
allow us to constrain the impact of the compositional variation on the phase boundary of stishovite at simulta-
neously high P‐T conditions. These results deepen our understanding of the complex characteristics of the lower‐
mantle seismic scatterers.

2. Experiments
Single‐crystal stishovite with four different compositions was synthesized by a large‐volume press (LVP) at the
Institute for Planetary Materials, Okayama University. The composition of the starting materials and recovered
sample, as well as the synthesis conditions, have been summarized in Table S1 in Supporting Information S1 and
described Text S1 in Supporting Information S1. The composition of the synthesized samples was determined by
electron probe microanalyzer (EPMA) in the Key Laboratory of Crust‐Mantle Materials and Environments,
University of Science and Technology of China (USTC) (Tables S1 and S2 in Supporting Information S1). The
unpolarized infrared spectra collected by the micro‐Fourier Transform Infrared (FTIR) spectrometer in the Key
Laboratory of Crust‐Mantle Materials and Environments in USTC were used to determine the H2O content of
these recovered samples (Figure S1 in Supporting Information S1). To better compare with previous studies, we
also use the calibration method by Paterson (1982) to evaluate the H2O content (Table S1, Figure S1, and Text S1
in Supporting Information S1). The samples used in this study are hereafter named Al2.5‐SiO2, Al5.1‐SiO2,

Funding acquisition: Youyue Zhang,
Jung‐Fu Lin, Takashi Yoshino
Investigation: Yingxin Yu,
Youyue Zhang, Luo Li, Xinyue Zhang,
Denglei Wang, Ningyu Sun,
Yanyao Zhang, Xinyang Li,
Sergio Speziale, Dongzhou Zhang, Jung‐
Fu Lin, Takashi Yoshino
Methodology: Yingxin Yu,
Youyue Zhang, Luo Li, Xinyue Zhang,
Ningyu Sun, Yanyao Zhang, Xinyang Li,
Wancai Li, Sergio Speziale,
Dongzhou Zhang, Takashi Yoshino
Project administration: Youyue Zhang
Resources: Xinyang Li, Wancai Li,
Sergio Speziale, Jung‐Fu Lin,
Takashi Yoshino
Software: Yingxin Yu, Xinyue Zhang
Supervision: Sergio Speziale
Validation: Yingxin Yu, Youyue Zhang,
Ningyu Sun, Yanyao Zhang,
Takashi Yoshino
Visualization: Yingxin Yu, Denglei Wang
Writing – original draft: Yingxin Yu,
Youyue Zhang, Luo Li, Xinyue Zhang,
Ningyu Sun, Yanyao Zhang, Xinyang Li,
Sergio Speziale
Writing – review & editing: Yingxin Yu,
Youyue Zhang, Luo Li, Xinyue Zhang,
Denglei Wang, Ningyu Sun,
Yanyao Zhang, Xinyang Li, Wancai Li,
Sergio Speziale, Dongzhou Zhang, Jung‐
Fu Lin, Takashi Yoshino

Geophysical Research Letters 10.1029/2024GL114146

YU ET AL. 2 of 10

 19448007, 2025, 14, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2024G

L
114146 by U

niversity O
f T

exas L
ibraries, W

iley O
nline L

ibrary on [11/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Al5.9‐SiO2, and Al0‐SiO2 according to the chemical compositions (Table S1 and Figure S2 in Supporting
Information S1).

High P‐T Raman measurements up to 66 GPa and 700 K were performed using the membrane‐driven externally
heated diamond anvil cells (DACs) at the High Pressure and Temperature Mineral Physics Laboratory at USTC
and State Key Laboratory of Superhard Materials at Jilin University. The Raman system is equipped with a 532
nm‐wavelength green laser. For measurements under high pressure and 300 K, four single‐crystal samples in
different compositions, which have been double‐side polished to 10–15 μm in thickness and cut to ∼20 μm in
diameter, were loaded into each sample chamber in DACs equipped with a pair of diamonds with culets of 300 or
200 μm. 250‐μm thick Re foil was pre‐indented to ∼35 μm in thickness, and a hole with a diameter of 160 or
110 μm was drilled to serve as the sample chamber. Ne was used as the pressure‐transmitting medium. Ruby was
placed next to the sample platelets and used as the pressure calibrant for the experiments under high pressure and
300 K (Datchi et al., 2007). At 300 K, Raman spectra were collected up to 66 GPa (Figure S3 in Supporting
Information S1). High P‐T experiments were conducted using BX90 DACs (Kantor et al., 2012). High tem-
perature was generated by platinum‐rhodium alloy resistive heaters. A K‐type thermocouple attached to the
diamond surface ∼500 μm away from the diamond culet was used to determine the temperature. The uncertainty
of the temperature measurements in our BX90 DACs was within ±5 K (Sinogeikin et al., 2006). Ruby and Sm2+:
SrB4O7, placed next to the samples, served as the pressure calibrant during high P‐T experiments, and the dif-
ference in pressure determined by Ruby and Sm2+: SrB4O7 is less than 1 GPa at the investigated pressure range
(Datchi et al., 2007). Due to the overlap of R1 and R2 lines of ruby above 600 K, the pressure is only determined by
Sm2+: SrB4O7 for the experiments at 700 K. High‐temperature isothermal compressions were carried out at 400,
500, 600, and 700 K, respectively, and the pressure step was 1–2 GPa up to ∼50 GPa. Each Raman spectrum was
collected by a 20X objective with a focused beam diameter of 3 μm, a typical exposure time of 15 s, and 5
accumulations (Figures S3 and S4 in Supporting Information S1). The laser power used to generate the Raman
signal is 200 mW.

Single‐crystal XRD experiments under high pressure and 300 K were performed at the beamline 13‐BM‐C of the
GSECARS, Advanced Photon Source (APS), Argonne National Laboratory, and the Extreme Conditions
Beamline (P02.2) at PETRA III, DESY. The wavelength of the X‐ray was 0.4340 Å for 13‐BM‐C at APS and
0.2910 Å for P02.2 at PETRA III. Short symmetric DACs with 300‐μm culets were used for high‐pressure XRD
measurements. The gasket and pressure transmitting medium are the same as those of the high P‐T Raman
measurement experiments. For each (Al, H)‐bearing sample, two sample platelets with different crystallographic
orientations were loaded into the same sample chamber. One piece of Au foil placed next to the sample platelets
served as the pressure calibrant (Fei et al., 2007). A ruby sphere was also loaded into the sample chamber to
determine the pressure during gas loading. We collected the XRD data at an interval of 1–2 GPa up to 57 GPa
(Figure S5 in Supporting Information S1). At each pressure, the sample stage was rotated ±35° along its vertical
axis to detect as many diffraction spots as possible.

3. Results
3.1. High P‐T Raman Results

At ambient conditions, four major optic modes at ∼230, ∼585, ∼750, and ∼950 cm− 1 were observed for all our
stishovite samples in the four different compositions, which can be assigned to B1g, Eg, A1g, and B2g modes,
respectively (Figure 1a, Figures S3 and Tables S3–S6 in Supporting Information S1) (Kingma et al., 1995). The
frequencies of each optic mode slightly decrease with the increased Al content. The intensity of the B2g mode
weakens with pressure, and it is difficult to detected for all the samples. For comparison, we only analyzed the
variation of Raman shift for modes B1g, Eg, and A1g with pressure for all the four compositions (Figure 1 and
Tables S3–S6 in Supporting Information S1). In general, the frequencies of Eg and A1g modes exhibit a nearly
linear increase with pressure for all the investigated compositions, while the B1g mode exhibits obvious softening
with increasing pressure. Above 18 GPa, the pressure dependence of the frequency of the B1g mode of stishovite
becomes positive for Al5.9‐SiO2, which indicates the phase transition from stishovite to post‐stishovite.
Accompanied by this, the slope of Eg and A1g modes slightly changes. After the post‐stishovite transition, B1g and
A1g modes both convert into the Ag mode, and the Eg mode transforms into a B2g mode of the post‐stishovite
phase. We observed a similar change at ∼21.8 GPa for Al5.1‐SiO2, ∼37.5 GPa for Al2.5‐SiO2, and 55.2 GPa
for Al0‐SiO2. With the temperature increasing, the turning of B1g mode occurs at a higher pressure for all three
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(Al, H)‐bearing samples (Figure S4 in Supporting Information S1). For Al5.9‐SiO2, the pressure at which the
pressure dependence of B1g mode becomes positive is ∼19.4 GPa at 400 K, and shifts to ∼22.6 GPa at 700 K.
Similar changes are also observed for the other two (Al, H)‐bearing samples, with the kink in the B1g mode
increasing in pressure by 1.1–1.4 GPa for every 100 K rise in temperature.

3.2. Lattice Parameter and Equation of State (EoS)

The collected XRD patterns of all (Al, H)‐bearing samples at 300 K show 9–15 reflections (Figure S6 in Sup-
porting Information S1). With the increasing pressure, the observed 210, 211, 310, 311, 420, and 421 reflections
for Al5.9‐SiO2 and 101, 210, and 211 reflections for Al5.1‐SiO2 in the tetragonal structure split into a doublet
above ∼18.9 and ∼22.5 GPa, respectively. Similar splitting of 211, 202, 212, and 321 reflections for Al2.5‐SiO2

was observed at ∼38.8 GPa. The splitting of these observed peaks indicates the transition from stishovite with
tetragonal structure to post‐stishovite with orthorhombic structure. We thus analyzed the higher‐pressure XRD
patterns using the orthorhombic structure of the post‐stishovite phase (Tables S7–S9 in Supporting Informa-
tion S1). We showed that the a‐axis of Al2.5‐SiO2, Al5.1‐SiO2, and Al5.9‐SiO2 split into a‐ and b‐axis at 38.8,
22.5, and 18.9 GPa, respectively. Across this phase transition, the pressure dependence of c and V slightly changes
(Figure 1 and Tables S7–S9 in Supporting Information S1). Given the well‐known trade‐off between isothermal
bulk modulus (KT0) and its pressure derivative (KT0’) in XRD measurements, we derive the isothermal bulk
modulus (KT0) with the fixed KT0’ of 4 using Birch‐Murnaghan EoS for each sample. The obtained KT0 decreases
with increasing Al content (Table S10 in Supporting Information S1).

Figure 1. The experimental results in this study. (a) Raman shifts of (Al, H)‐bearing stishovite at high pressure and 300 K. Gray: Al0‐SiO2; blue: Al2.5‐SiO2; orange:
Al5.1‐SiO2; green: Al5.9‐SiO2. Solid lines: the best linear or quadratic fitting results of our experimental data. Open squares: Zhang et al. (2021). (b) and (c) Lattice
parameters and equation of state (EoS) of (Al, H)‐bearing stishovite at high pressure and 300 K. Solid lines: fitting results by the third‐order Birch‐Murnaghan EoS.
Vertical dashed lines: transition pressure of each sample.
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4. Discussion
4.1. Post‐Stishovite Transition at High P‐T

Previous studies have shown that SiO2 undergoes a second‐order ferroelastic transition from stishovite to the
CaCl2‐type post‐stishovite at 50–55 GPa and 300 K (Andrault et al., 2003; Carpenter et al., 2000; Kingma
et al., 1995; Zhang et al., 2021). This transition is manifested by a softening of the B1g mode of stishovite from
Raman measurements (Kingma et al., 1995; Zhang et al., 2021). After the transition into post‐stishovite, the B1g

mode transforms into the Ag mode, and its frequency starts to increase with pressure. Meanwhile, the Eg mode
across the phase transition will split into the B2g and B3g modes (Kingma et al., 1995). However, the splitting of
the Eg mode was not identified in our Raman measurements due to its relatively low intensity (Figure 1 and
Figures S3 and S4 in Supporting Information S1). Therefore, the transition pressure from stishovite to post‐
stishovite in this study was determined by the intersection of squared Raman shifts of the B1g and Ag mode
(Figure S5 in Supporting Information S1).

At 300 K, the intersection of squared Raman shifts of B1g and Ag mode for Al0‐SiO2 occurs at 55.4(4) GPa, which
is consistent with previous studies (Andrault et al., 1998; Kingma et al., 1995; Zhang et al., 2021). For three (Al,
H)‐bearing stishovite samples, the transition pressure was determined as 38.0(6) GPa for Al2.5‐SiO2, 21.8(4) GPa
for Al5.1‐SiO2, and 18.0(4) GPa for Al5.9‐SiO2, respectively, visibly lower than that of endmember stishovite. In
addition, across the post‐stishovite transition, the Wyckoff position of oxygen atoms would split, thus causing a
symmetry reduction from tetragonal to orthorhombic (Zhang et al., 2023). Therefore, the transition pressure could
also be determined by the intersection of the linear extrapolation of a straight line of the squared symmetry‐
breaking strains from the lattice parameters (e1‐e2)

2 and the pressure axis according to the Landau theory
(Figure S7 in Supporting Information S1) (Carpenter et al., 2000). This yields a transition pressure of 37.1(8) GPa
for Al2.5‐SiO2, 21.4(6) for Al5.1‐SiO2, and 17.3(6) for Al5.9‐SiO2, respectively, consistent with that determined
by softening of the B1g mode.

For (Al, H)‐bearing stishovite, part of Al3+ incorporates into stishovite by the oxygen vacancy substitution of the
AlO1.5 component, while the other part incorporates into stishovite via charge‐coupled substitution of AlOOH
component (Bromiley et al., 2006; Pawley et al., 1993). We have noted that the H/Al ratio of stishovite used in this
study and most of the previous studies is close to 1/3, making it difficult to isolate the individual effects of these
two substitution mechanisms (Figure S2 in Supporting Information S1). Nevertheless, these results provide a
robust constraint on the combined effect of Al and H incorporation on the phase boundary of stishovite while the
H/Al ratio is ∼1/3. We thus derived the relationship between transition pressure at 300 K and Al content in
stishovite with the H/Al ratio of ∼1/3 as follows (Figure 2):

Ptr = 55(2) − 6.7(3) × Al × 100 (1)

where Ptr represents the transition pressure in units of GPa, Al is atom per formula unit (a.p.f.u). According to our
modeling result, the incorporation of 0.01 a.p.f.u Al could reduce the transition pressure by 6.7(3) GPa, when the
H/Al ratio in stishovite is ∼1/3. It is important to note that our experimental results show a linear decrease in the
phase transition pressure of stishovite at 300 K with increasing Al content, rather than the polynomial trend
reported by Zhang et al. (2022). These differences are mainly due to the more diverse H/Al ratio of their samples.
Specifically, sample Al4.0‐SiO2 from Zhang et al. (2022) has a H/Al ratio of 0.41(8), which is apparently higher
than 1/3, thus causing it to deviate from the linear relationship we obtained.

More importantly, we provide experimental constraints on the influence of temperature on the phase transition
pressure of (Al, H)‐bearing stishovite based on the Raman shifts of the B1g mode. The phase diagram of three (Al,
H)‐bearing stishovite samples is shown in Figure 3. The transition pressure of each sample increases with the
temperature, which indicates the positive Clapeyron slopes of this transition. We thus determined the Clapeyron
slopes of each phase as 12.5(3) MPa/K for Al2.5‐SiO2, 12.4(3) MPa/K for Al5.1‐SiO2, and 12.2(3) MPa/K for
Al5.9‐SiO2, respectively, which is similar to that of pure stishovite of 11.1–15.4 MPa/K (Fischer et al., 2018;
Nomura et al., 2010; Ono et al., 2002). Therefore, our results reveal that the incorporation of Al and H into
stishovite significantly reduces the transition pressure but has a minor effect on the Clapeyron slopes. When the
H/Al ratio in stishovite is ∼1/3, the combined effect of composition and temperature on the post‐stishovite
transition pressure can be described as:
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Ptr = 55(2) − 6.7(3) × Al × 100 + 0.0123(3) × (T − 300) (2)

where is Al is expressed in a.p.f.u, and T is in units of K.

4.2. Origin for the Depth Variation of Mid Lower‐Mantle Scatterers

The mid‐lower mantle seismic scatterers are characterized by the complex
depth distribution (Haugland et al., 2017; Kaneshima, 2016; Li et al., 2022;
Yuan et al., 2021; Zhang et al., 2020). Especially for the circum‐Pacific re-
gion, most observed seismic scatterers are shallower than 1,400 km, with
deeper scatterers (>1,400 km) primarily concentrated in the Tonga‐Fiji region
(e.g., Kaneshima, 2019; Li & Yuen, 2014; Niu, 2014). To understand the
complex depth variation of mid‐lower mantle seismic scatterers, we
comprehensively model the effect of composition and temperature variations
on the phase transition of stishovite in the lower mantle (Figure 4). In our
modeling, the H/Al ratio is close to 1/3, and we allowed Al content to vary in
SiO2. The model established based on our latest experimental constraints of
the phase boundary can be used to determine the depth at which the post‐
stishovite phase transition occurs in SiO2 with varying Al content at
different temperatures (Figure 4 and Figure S9 in Supporting Information S1).

Along the normal mantle geotherm, the post‐stishovite transition occurs at
∼1,860 km (∼80 GPa) for the Al‐free stishovite (Figure 4a). Elevating the Al
content in stishovite causes the post‐stishovite transition to shift to shallower
depth. For example, stishovite with 0.03 a.p.f.u (1 mol.%) Al in the subducted
oceanic crusts undergoes the post‐stishovite transition at ∼1,410 km
(∼58 km). For a higher Al content of 0.06 a.p.f.u (2 mol.%) in SiO2, the post‐
stishovite transition occurs even shallower, at depths of ∼940 km, while up to

0.07 a.p.f.u Al reduces the transition depth to 800 km. Along the cold slab geotherm, which is 500‐K colder than
the normal mantle, the post‐stishovite transition shifts to a shallower depth with a given Al content. For stishovite
with 0.03 and 0.06 a.p.f.u Al, the post‐stishovite transition occurs at 1,250 and 800‐km depth, respectively. Here,
we also estimated the effect of experimental uncertainty on the phase transition depth (Figure S9 in Supporting
Information S1). We found that, at a given Al content, the experimental uncertainty associated with our derived
parameters can lead to a variation of 40–80 km in the transition depth. Moreover, since our experiments were
conducted at relatively low temperatures, extrapolating our results to mantle conditions may also introduce
additional uncertainty. Therefore, we also referred to the Clapeyron slopes of pure SiO2 determined from previous

Figure 2. The effect of Al content on the post‐stishovite transition pressure at
300 K. Red: this study; purple: Lakshtanov, Sinogeikin, et al. (2007); black:
Bolfan‐Casanova et al. (2009); pink: Zhang et al. (2022); green: Criniti
et al. (2023). Solid line: the transition pressure as a function of Al content
when the H/Al ratio in stishovite is∼1/3; Error bars smaller than the symbols
are not shown.

Figure 3. Phase diagram of (Al, H)‐bearing stishovite at high P‐T. (a) Al2.5‐SiO2; (b) Al5.1‐SiO2; (c) Al5.9‐SiO2. Blue:
stishovite; orange: post‐stishovite. Solid lines: phase boundary between stishovite and post‐stishovite.
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laser‐heating experiments (Fischer et al., 2018; Nomura et al., 2010; Ono et al., 2002). Taking the experimental
results of Nomura et al. (2010) and Fischer et al. (2018) as the lower and upper bounds of the Clapeyron slope for
the structural transition in SiO2, we found that, at a given Al content of 0.06 a.p.f.u, using different Clapeyron
slopes results in a variation of ∼200 km in the transition depth (Figure S10 in Supporting Information S1).

Figure 4. (a) The phase boundary between stishovite and post‐stishovite with the varying Al content. The contour represents the phase boundary of stishovite with
different Al content and the Al/H ratio of 1/3. Geotherm: FromKatsura (2022). (b) The depth distribution histogram of the lower‐mantle seismic scatterers in the circum‐
Pacific region (He & Zheng, 2018; Kaneshima, 2019; Li & Yuen, 2014; Niu, 2014; Niu et al., 2003; Vanacore et al., 2006; Yang &He, 2015; Yuan et al., 2021). (c) Map
of the mid‐lower mantle scatterers around the circum‐Pacific region. The color of these spots represents the Al content in SiO2 required to account for the observed depth
of these seismic scatterers. The Al content in SiO2 was estimated under the conditions of the H/Al ratio of 1/3 and the normal mantle geotherm. The color bars in figures
a and c are the same.
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Actually, the Al content in stishovite in the subducted oceanic crust is likely governed by partitioning among
coexisting phases, whichmight be affected by temperature and the presence ofH2O. In the cold slab, δ‐AlOOHand
aluminous phaseDmay coexist with stishovite and bridgmanite and result in the depletion of Al in them, leading to
a greater phase transition depth of stishovite (Ishii et al., 2024; Ishii, Ohtani, et al., 2022; Liu et al., 2019). Such a
scenario reasonably explain that the seismic scatterers deeper than 1,400 kmmainly concentrate in the Tonga slab,
which is one of the coldest slabs (Figure 4c) (Ganguly et al., 2009). In contrast, most slabs stagnating at the bottom
transition zone or top lower mantle may be continuously heated, leading to the release of Al and H fromAl‐bearing
hydrous minerals (Chen et al., 2025; Fukao & Obayashi, 2013; Goes et al., 2017). The released Al and H could be
incorporated into SiO2 and shift the post‐stishovite transition to shallower depths, accounting for the shallower
seismic scatters detected at the regions with slab stagnation, such as the western Pacific region. Also, the wide-
spread slab stagnation results in more than 70% of seismic scatterers concentrated at depths of 800–1,300 km
(Figure 4b). Therefore, depending on the thermal and dynamical state of the subducted slab, stishovite in the
subducted oceanic crusts may contain varying amounts of Al and H, leading to variations in the transition depth.
This depth variation provides a plausible explanation for the presence of small‐scale seismic scatterers observed at
800–1,900 km depths. Despite these insights, experimental constraints on the elasticity of (Al, H)‐bearing
stishovite under simultaneously high P‐T conditions remain limited (Lakshtanov, Litasov, et al., 2007; Zhang
et al., 2022). Future elasticitymeasurements, combinedwith our experimental constraints on the phase boundary of
post‐stishovite transition, are expected to provide a more comprehensive understanding of the complex depth and
low‐velocity anomalies of small‐scale seismic scatterers in the mid‐lower mantle.

5. Conclusion
In this study, we investigated the phase transition and elasticity of (Al, H)‐bearing stishovite by Raman spec-
troscopy and synchrotron XRD at high pressures and temperatures. Specifically, we provide crucial constraints on
how the variation in Al and H contents and temperature on the post‐stishovite phase transition pressure. Our
results indicate that the incorporation of 0.01 a.p.f.u Al into stishovite with H/Al ratio of ∼1/3 could lower the
post‐stishovite transition pressure by 6.7(3) GPa at 300 K. However, the variation in Al and H content in stishovite
have a negligible effect on the Clapeyron slopes. Based on these results, we further model the effect of
composition and temperature variations on the transition depth of stishovite in the lower mantle. For the Al‐free
SiO2, the post‐stishovite transition occurs at∼1,860 km, while the incorporation of 0.07 a.p.f.u (2.3 mol.%) Al can
shift the transition depth to ∼800 km, thus reasonably explaining the wide depth distribution of the seismic
scatterers in the circum‐Pacific region. Our findings provide essential information for understanding the complex
depth characteristics of small‐scale scatterers in the mid‐lower mantle.
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