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Abstract The phase transformations of MgSiO3 bridgmanite control the structure, dynamics and chemistry
of the Earth's mantle. Formation of bridgmanite occurs at a depth of about 660 km causing the strong and abrupt
seismic discontinuity. Previous experimental studies have revealed that this discontinuity is caused by
ringwoodite dissociation in the average mantle. However, the cause of the 660‐km seismic discontinuity beneath
hotspots remains unclear. Here we determine the phase relations in the MgSiO3 system near the 660‐km seismic
discontinuity conditions. At 2,200–2,350 K with decreasing pressure, MgSiO3 bridgmanite first transforms to
akimotoite and then to garnet. The akimotoite‐bridgmanite boundary has almost no temperature dependence,
whereas the garnet–akimotoite transition has a very steep positive boundary slope. Based on these slopes, we
calculated the garnet–bridgmanite boundary slope. Depending on the temperature regime, the akimotoite‐
bridgmanite or the garnet–bridgmanite transition may occur in ascending plume beneath hotspots near the
660 km depth.

Plain Language Summary This study determines phase relations in the MgSiO3 system at the
upwelling plume zone conditions near the 660‐km seismic discontinuity (D660). The MgSiO3 system was
selected since the most abundant mineral in the Earth's lower mantle—bridgmanite—contains about 90% of this
component. The D660—is a boundary between the lower mantle and transition zone in the Earth. The D660 is
usually attributed to the ringwoodite dissociation to bridgmanite and ferropericlase in peridotite. The D660 is
elevated beneath hot plume zones, and this elevation cannot be explained by the ringwoodite dissociation. We
used the most reliable experimental technique to find the interpretation of this phenomenon. Our results indicate
that the D660 elevation beneath plume zones can be caused by the akimotoite‐bridgmanite transition if plume
temperature is low or by the garnet–bridgmanite transition if plume temperature is high. The akimotoite‐
bridgmanite transition has no effect on mantle geodynamics, whereas the garnet–bridgmanite transition may
accelerate plume rising.

1. Introduction
The 660‐km seismic discontinuity (D660) is a global feature of the Earth's mantle and provides insights into
mantle structure and dynamics. The D660 is usually attributed to the dissociation of ringwoodite (Rwd) to
bridgmanite (Bdm) and periclase (Per) (Chanyshev et al., 2022; Ishii et al., 2019). Many seismic studies have
shown that the D660 is elevated in upwelling hot plume zones and depressed in cold subduction regions (Houser
& Williams, 2010). Depressed D660 beneath cold subduction zones is interpreted by the akimotoite (Aki)–
bridgmanite transition (Chanyshev et al., 2022). Elevated D660 in hot plume zones was previously interpreted by
the negative Clapeyron slope (dP/dT) of the Rwd dissociation (Irifune et al., 1998; Ishii et al., 2011; Ito &
Takahashi, 1989). However, our recent experimental study revealed that the Rwd dissociation boundary in
Mg2SiO4 has an almost neutral Clapeyron slope (Chanyshev et al., 2022), and therefore it cannot cause a sig-
nificant change in the seismic discontinuity depth. Thus, an alternative explanation for the D660 elevation in
plume zones is needed.
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A possible interpretation is the majorite garnet (Grt)‐Bdm transition. Previous experimental and computational
studies have shown that this transition in the MgSiO3 system occurs at slightly lower pressures than the Rwd
dissociation at plume conditions near the D660 (Hernández et al., 2015; Hirose et al., 2001; Ishii et al., 2011;
Kulka et al., 2020; Sawamoto, 1987; Yu et al., 2011; Yusa et al., 1993). Hence, the Grt‐Bdm transition could be
responsible for the D660 elevation in plume zones, although it has a positive Clapeyron slope.

As we have postulated in previous studies, a combination of the multi‐anvil technique with in situ X‐ray
diffraction gives reliable high P–T phase relations data (Chanyshev et al., 2022; Ishii et al., 2022). Among the
previous experimental studies performed in multi‐anvil apparatus using in situ X‐ray diffraction, the Grt‐Bdm
boundary was determined only by very few experiments (Hirose et al., 2001), which is insufficient to
conclude its contribution to the D660 in plume zones. Our recent experimental studies showed that the phase
transition boundary at high P–T conditions should be determined by balancing the normal and reverse reactions of
a phase transition in situ (Chanyshev et al., 2022; Ishii et al., 2022, 2023). Therefore, it is crucial to systematically
examine the Grt‐Bdm phase transition boundary using our established methodology.

2. Methods
2.1. Preparation of Starting Materials

MgSiO3 enstatite glass was used as a starting material. The glass was prepared from reagent grade oxides of SiO2

and MgO. These oxides were heated at 1,270 K for 16 hr to remove adsorbed water and then mixed by grounding
with acetone in an agate mortar for 1 hr. The resulting mixture was heated to 1,873 K for 1 hr and quenched into
cold water. After that, obtaining glass was ground with acetone in an agate mortar for 1 hr.

Reagent‐grade MgO powder mixed with diamond powder (10:1 weight %) to prevent grain growth was used as a
pressure marker for the in situ X‐ray diffraction experiments. Magnesium oxide powder was heated at 1,270 K for
16 hr to remove adsorbed water prior to weighing. A mixture of MgO and diamond was ground with acetone in an
agate mortar for 1 hr. Using a mixture of MgO and diamond as a pressure marker may introduce uncertainties in
pressure determination using MgO at low temperatures due to the formation of a load‐bearing framework.
However, since the fraction of diamond is low (≈10 volume %), it is unlikely that such a framework was formed.
Furthermore, the temperature in this study is sufficiently high (>2,000 K) to weaken any framework that may
have formed. Therefore, the influence of adding diamond to MgO on pressure should be minimal.

Both the MgSiO3 enstatite glass and the MgO + diamond mixture were compressed to 5 GPa and heated to
1,000 K for 1 hr using the 10‐MN Kawai type multi‐anvil press at the Bayerisches Geoinstitut, University of
Bayreuth to make the sintered samples. Tungsten carbide anvils with 15‐mm truncated edge lengths were used to
generate high pressure together with a Cr‐doped MgO octahedron with a 25‐mm edge length as the pressure
medium. The inside of the pressure medium consisted of a stepped cylindrical graphite heater and ZrO2 thermal
insulator. A Mo foil (50‐μm thick) was used as the sample capsule. The temperature was measured on the surface
of the capsule using a W97Re3− W75Re25 thermocouple.

The recovered samples were analyzed using a micro‐focused X‐ray diffractometer (Brucker AXS Discover 8)
with a two‐dimensional solid‐state detector (SSD) (VANTEC500) and micro‐focus source (IμS) with Co‐Kα
radiation operated at 40 kV and 500 μA. The synthesized samples were cut into discs 1.0 mm in diameter and
0.5 mm in thickness. The sintered MgO was cut into discs 1.0 and 1.5 mm in diameter and 0.5 mm in thickness.

2.2. In Situ X‐Ray Diffraction Experiments

The phase relations in the MgSiO3 system at 2,200–2,350 K were determined at the DESY synchrotron radiation
facility (Hamburg, Germany). The experiments were performed at beamline P61b at DESY using the 3 × 5‐MN
six‐axis multi‐anvil press (Farla et al., 2022). X‐ray diffraction patterns were collected for 150–300 s for the
pressure marker and 300–3,000 s for the sample using a Ge SSDwith a 4,096‐channel analyzer. The SSD analyzer
was calibrated using the X‐ray fluorescence lines of 57Co and 133Ba before the measurements. The diffraction
angle (2θ) was calibrated before each experiment with a precision of 0.0003° using MgO as a standard.

Two different types of cell assemblies were used in this study similar to Chanyshev et al. (2024). The first type of
cell assembly consisted of an MgO + Cr2O3 octahedral pressure medium, a cylindrical boron‐doped diamond
(BDD) heater, ZrO2 thermo‐insulators and TiC electrodes (Figure S1a in Supporting Information S1). The sample
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and pressure marker were isolated from the BDD heater by MgO sleeves. The temperature was measured using a
W97Re3–W75Re25 thermocouple located in the center of the assembly and was separated from the heater by Al2O3

tubes. The second type of cell assembly consisted of an MgO + Cr2O3 octahedral pressure medium, a strip‐type
BDD heater and tetragonal MgO prism with round corners (Figure S1b in Supporting Information S1). Tem-
perature was also measured using a W97Re3–W75Re25 thermocouple located in the center of the furnace between
the pressure marker and the sample disks. The thermocouple, sample and pressure marker were isolated from the
BDD stripes with the MgO prism. In both types of assemblies, we isolated the BDD heater from the pressure
medium with MgO sleeves to prevent the reduction of Cr2O3. We carefully monitored the resistance between the
heater and the thermocouple before and after heating to confirm the reliability of the temperature measurements.
The pressure effect of the thermoelectromotive force of the thermocouple was corrected using the equations
determined by Nishihara et al. (2020) after the experiments.

The incident X‐ray beam collimated to dimensions of 30–50 μm horizontally and 200–300 μm vertically was
directed at the sample through the gaps between the second‐stage anvils. All of the experiments were carried out
with a press oscillation around the vertical press axis between 0° and 6° during the X‐ray diffraction measurement
to suppress intensity heterogeneities of the diffracted peaks due to possible grain growth at high temperature. The
pressure was obtained from the MgO unit cell volumes using the equations of state proposed by Tange
et al. (2009) based on the third‐order Birch‐Murnaghan (3BM) and Vinet equations of state. To calculate the MgO
unit cell volumes, we usually used eight diffraction peaks (111, 200, 220, 311, 222, 400, 420, 422), which produce
relatively high precision in pressure (Chanyshev et al., 2022; Ishii, Huang et al., 2018; Ishii et al., 2022).

3. Results and Discussion
3.1. Phase Transition Boundaries

In this study, we determined Aki‐Bdm and Grt‐Aki phase transition boundaries in the MgSiO3 system at 2,200–
2,350 K using advanced multi‐anvil techniques with in situ X‐ray diffraction (Table S1 in Supporting Infor-
mation S1). The Aki‐Bdm boundary was determined mostly using our previously established technique (Cha-
nyshev et al., 2022; Ishii et al., 2022), except for one data point at 2,245 K. For the Grt‐Aki transition, we initially
considered using our previously established technique as well. However, we encountered some difficulties
determining the phase transition boundary between Aki and Grt, since the transition between these phases
occurred extremely fast (full transformation from Aki to Grt during the data acquisition of pressure
marker + sample = 8 min), and stable pressure‐temperature conditions for the coexistence of Aki and Grt could
not be achieved. Therefore, this phase transition was determined by the abrupt disappearance of one phase and the
appearance of another one.

In the temperature range of 2,200–2,350 K, the Aki‐Bdm boundary was determined at 20.2–20.3 GPa with a step
of ≈50 K. At 2,245 K, the phase transition was determined by the abrupt disappearance of Bdm and the
appearance of Aki with decreasing pressure (Figure 1a). At 2,192, 2,300 and 2,354 K, the phase transition was
determined by the relative change in intensity of the Aki and Bdm diffraction patterns (Figure 1c). The resulting
Clapeyron slope of the Aki‐Bdm boundary at 2,200–2,350 K was determined to be slightly negative at around
− 0.6 MPa/K (Figure 2a). To obtain a more accurate phase diagram, we combined our data with our previous
experimental data on the Aki‐Bdm transition boundary at lower temperatures of 1,250–2,085 K (Chanyshev
et al., 2022). The resulting Aki‐Bdm transition boundary from 1,250 to 2,350 K is shown in Figure 2b. The slope
of this boundary gradually changes from − 8.1 MPa/K at low temperatures below 1,300 K to − 0.6 MPa/K at
temperatures above 2,200 K.

The Grt‐Aki boundary was found at 17.4–18.7 GPa at 2,200–2,350 K. At ≈ 2,350 K, the phase transition was
determined by the abrupt disappearance of Aki and the appearance of Grt with a significant decrease in pressure
from 19.84 to 18.42 GPa (Figure 1b). Furthermore, the Aki‐Grt phase transition was observed by the abrupt
disappearance of Aki and appearance of Grt with a decrease in pressure from 18.61 to 18.48 GPa during heating
from 2,295 to 2,348 K. At ≈2,187 K, we observed the abrupt disappearance of Bdm instead of Aki and the
appearance of Grt with a significant decrease in pressure from 19.22 to 17.13 GPa. Although Aki is a stable phase
at 19.22 GPa and 2,187 K, we observed only Bdm diffraction patterns. We consider that Bdm is metastable at
these conditions and accept the assumption that the Aki‐Grt transition at this temperature occurs at the same
pressure as determined for the Bdm‐Grt transition. The Clapeyron slope of the Grt‐Aki boundary was estimated to
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be 8.8 MPa/K (Figure 2). The triple Aki‐Bdm‐Grt point is located at approximately 20.2 GPa and 2,530 K by
linear extrapolation of the Aki‐Bdm and Grt‐Aki boundaries above 2,200 K (Figure 2).

Although we did not experimentally determine the Grt‐Bdm phase transition boundary, we can estimate the slope
of this boundary from those of the Aki‐Bdm and Grt‐Aki boundaries. The slope of a phase boundary is equal to the
ratio of the entropy change (ΔStr) to the volume change (ΔVtr) associated with the phase transition according to
the Clausius–Clapeyron relation: dP/dT=ΔStr/ΔVtr. The Clausius–Clapeyron relations of Aki‐Bdm, Grt‐Aki and
Grt‐Bdm boundaries can be described as follows:

(dP/dT)Aki‐Bdm = ΔSAki‐Bdm/ΔVAki‐Bdm = (SAki − SBdm)/ΔVAki‐Bdm (1)

(dP/dT)Grt‐Aki = ΔSGrt‐Aki/ΔVGrt‐Aki = (SGrt − SAki)/ΔVGrt‐Aki (2)

(dP/dT)Grt‐Bdm = ΔSGrt‐Bdm/ΔVGrt‐Bdm = (SGrt − SBdm)/ΔVGrt‐Bdm (3)

Figure 1. Accurate phase identification by means of in situ X‐ray diffraction in a multi‐anvil press. (a) Disappearance of Bdm
and appearance of Aki at 2,245–2,247 K during decreasing pressure from 20.64(6) to 19.57(6) GPa. (b) Disappearance of Aki
and appearance of Grt at 2,347–2,353 K during a pressure decrease from 19.84(7) to 17.94(8) GPa. (c) Change in intensity
ratio between Aki and Bdm at 2354 K and 20.29(7)–20.16(5) GPa. The numbers above the peaks indicate the Miller indexes
of Aki, Bdm, Grt, St and Per. The upward and downward arrows indicate peaks with increased and decreased intensities in
the second and third diffraction patterns, respectively. The fluorescence lines of Pb Kα and Kβ are shown by the Siegbahn
notation.
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SGrt− SBdm from the Equation 3 can be found from Equations 1 and 2:

SAki − SBdm = (dP/dT)Aki‐Bdm × ΔVAki‐Bdm (4)

SGrt − SAki = (dP/dT)Grt‐Aki × ΔVGrt‐Aki (5)

By summarizing Equations 4 and 5, we can express the difference in entropies of Grt and Bdm:

SGrt − SBdm = (dP/dT)Aki‐Bdm × ΔVAki‐Bdm + (dP/dT)Grt‐Aki × ΔVGrt‐Aki (6)

Figure 2. Phase relations in the MgSiO3 system. (a) Aki‐Bdm and Grt‐Aki phase transition boundaries determined in the
current study at 2,150–2,350 K and 17–21 GPa. (b) MgSiO3 phase diagram at 1,200–2,600 K and 17–25 GPa. Red squares,
blue circles, and purple triangles indicate the P–T conditions of Bdm, Aki, and Grt stability fields, respectively. Open and
filled symbols are from the current study and fromChanyshev et al. (2022), respectively. Pressures were determined from the
MgO unit‐cell volumes using the Birch–Murnaghan and Vinet equations of state from Tange et al. (2009). Error bars result
from the pressure uncertainty of the MgO equation of state suggested by Tange et al. (2009). The temperatures and pressures
were corrected based on the pressure effects on the thermoelectromotive force of a W97Re3–W75Re25 thermocouple
(Nishihara et al., 2020). The dark blue shaded area indicates an allowed region for the Aki‐Grt boundary. The solid dark
represents the most likely transition curve within this range. The orange line on a top figure (a) indicates the Aki‐Bdm phase
transition boundary based on experimental data obtained in this study. The violet shaded area indicates an allowed region for
the Aki‐Bdm boundary for most experimental data points. The solid violet curve represents the most probable transition
curve within this area. Dotted lines are result of linear extrapolation of the Aki‐Bdm and Aki‐Grt transition boundaries above
2,200 K. The dashed blue line indicates the Aki‐Bdm phase transition boundary calculated from the proposed heat capacities
difference (Figure S2 in Supporting Information S1). The dash dotted black curve is calculated Grt‐Bdm boundary based on
the slopes of Aki‐Bdm and Grt‐Aki boundaries at temperatures above 2,200 K.

Geophysical Research Letters 10.1029/2025GL115385

CHANYSHEV ET AL. 5 of 10

 19448007, 2025, 17, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2025G

L
115385 by U

niversitaet B
ayreuth, W

iley O
nline L

ibrary on [17/04/2026]. 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



Therefore, the slope of the Grt‐Bdm transition boundary is defined as:

(dP/dT)Grt‐Bdm = ( (dP/dT)Aki‐Bdm × ΔVAki‐Bdm + (dP/dT)Grt‐Aki × ΔVGrt‐Aki)/ΔVGrt‐Bdm (7)

The volume changes of Aki‐Bdm, Grt‐Aki, and Grt‐Bdm phase transitions can be determined from the experi-
mentally investigated equations of state of MgSiO3 Aki, Grt and Bdm. At around triple Aki‐Grt‐Bdm point,
ΔVAki‐Bdm ≈ 1.05 cm3/mol, ΔVGrt‐Aki ≈ 1.93 cm3/mol and ΔVGrt‐Bdm ≈ 2.96 cm3/mol. The resulting (dP/dT )Grt‐
Bdm is positive and equals 5.5 MPa/K.

Figure 3 shows a comparison between the current results combined with those of Chanyshev et al. (2022) and the
previous data obtained using multi‐anvil apparatuses and in computational studies. The resulting Aki‐Bdm
boundary has a steep convex curve, and its slope gradually changes from − 8.1 MPa/K at low temperatures up
to 1,300 K to − 0.6 MPa/K above 2,200 K. The curved Aki‐Bdm boundary curvature is explained by different
curvatures of the Aki and Bdm heat capacities with temperature, as discussed in Chanyshev et al. (2022). Here we
propose variations in the Aki and Bdm heat capacities to 2,500 K based on our experimental data (Figure S2 in
Supporting Information S1), and show how the Aki‐Bdm boundary bends according to these variations
(Figure 2b). The Aki heat capacity should be higher than that of Bdm in the temperature range of 850–2,400 K
(Figure S2 in Supporting Information S1). This difference in curvature could result from temperature‐dependent
cation disorder in Aki, as discussed in Chanyshev et al. (2022).

The determined Clapeyron slope of the Aki‐Bdm boundary at 2,200–2,350 K is less steep than that from the other
experimental and computational studies, whereas the Clapeyron slope of the Grt‐Aki boundary is similar to that
from the previous studies (Hernández et al., 2015; Hirose et al., 2001; Ishii et al., 2011; Kulka et al., 2020;
Sawamoto, 1987; Yu et al., 2011; Yusa et al., 1993). Our new data does not change the curvature of the combined
Aki‐Bdm boundary up to 2,100 K. Therefore, we do not discuss the variation in slope of this boundary at low
temperatures here, since this was already discussed in Chanyshev et al. (2022). The proposed triple point of Aki‐
Bdm‐Grt is located at higher temperature than previously suggested (Figure 3).

Figure 3. Comparison of our results with previous data in theMgSiO3 system (Chanyshev et al., 2022; Hernández et al., 2015;
Hirose et al., 2001; Ishii et al., 2011; Kulka et al., 2020; Sawamoto, 1987; Yu et al., 2011; Yusa et al., 1993). Current data
combined with results from Chanyshev et al. (2022) are shown as solid violet curve. Dotted violet lines are result of linear
extrapolation of the Aki‐Bdm and Aki‐Grt transition boundaries above 2200 K. The dash dotted black curve is calculated
Grt‐Bdm boundary based on the slopes of Aki‐Bdm and Grt‐Aki boundaries at temperatures above 2,200 K.
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Of all the previous studies, the most similar results were obtained by Hirose et al. (2001). They also determined
MgSiO3 phase diagram using a multi‐anvil apparatus and in situ X‐ray diffraction, although their experimental
procedure differed from the present study. They used X‐ray only for the pressure determination in situ, whereas
the stable phase was determined after quench and decompression by analyses of the recovered samples. On the
other hand, we used X‐ray to determine pressure and stable phase in situ simultaneously. Notably, the most
important experiment where they observed Grt as a run product failed within 4 min, and the target pressure
contained uncertainty (Hirose et al., 2001). We hypothesize that in this short run, the pressure significantly
decreased after the Grt formation. In our experiments, pressure was significantly dropped from 19.8 to 18.4 GPa
(− 1.4 GPa) at ≈2,350 K and from 19.2 to 17.1 (− 2.1 GPa) at 2,187 K during the formation of Grt fromAki sample
at constant temperature. If the pressure in experiments from Hirose et al. (2001) was also significantly reduced
(− 1.4 to − 2.1 GPa), then this means that the triple point should be at significantly higher temperatures,
approximately at P‐T conditions which we proposed (Figure S3 in Supporting Information S1).

3.2. D660 Topography in Plume Zones

The temperature beneath hotspots at around 660 km depth is approximately 200–300 K higher than the sur-
rounding mantle (Karato, 1993; Katsura, 2022; White & McKenzie, 1995), leading to plume temperatures of
2,200–2,400 K at the topmost region of the lower mantle. Therefore, the MgSiO3 transformation that we have
determined at 2,200–2,350 K may control the topography of seismic discontinuities in mantle plume regions and
also affect geodynamics. However, the Aki‐Bdm and Aki‐Grt transitions occur at about 580 and 530–570 km,
respectively (Figure 4), but there are no detectable discontinuities in plume zones at these depths (Deuss
et al., 2006). The most elevated D660 in mantle plume regions was detected at 630–640 km depth beneath
Yellowstone (Schmandt et al., 2012).

A possible factor that can explain the discontinuity at such depths is an Al or Fe effect. At high temperatures, Bdm
contains a significant amount of Al and Fe (Ishii et al., 2011; Ishii, Kojitani & Akaogi, 2018; Nishiyama &
Yagi, 2003). Al‐rich Bdm transforms to Grt at higher pressures than Al‐free Bdm transforms to Aki (Kubo &
Akaogi, 2000). At low Al content, Grt gradually transforms to Bdm via a binary loop, whereas at high Al content,
Grt abruptly transforms to Bdm + corundum (Cor). However, the gradual Grt‐Bdm transformation via binary
loop cannot cause detectable seismic discontinuity, whereas the abrupt Grt‐Bdm+Cor transition occurs at much
greater depths than 660 km (Ishii et al., 2023).

In contrast to the Al effect, the Fe effect can explain the elevation of the 660‐km discontinuity in plume zones. The
Fe‐rich Grt‐Aki and Aki‐Bdm transitions occur at higher pressures than the Fe‐free transitions (Ohtani
et al., 1991). In the pyrolite model, Bdm contains about 10% of Fe, and for this Fe content, the Aki‐Bdm transition
shifts to ≈ +1 GPa at 2,073 K relative to the Fe‐free system (Ohtani et al., 1991). With a 10% of Fe content in
Bdm, the Aki‐Bdm transition occurs via a binary loop, but this loop is very narrow (Ohtani et al., 1991), and may
therefore cause a sharp discontinuity, similar to ringwoodite dissociation in (Mg90Fe10)2SiO4 system (Ishii
et al., 2019). Shift of the Aki‐Bdm transition boundary to a higher pressure can explain the possible discontinuity
at around 600–610 km depth, but this is shallower than seismologically detected. The shift of this boundary to an
even higher pressure can be caused by the combined effect of the Al and Fe, although it has not been experi-
mentally investigated. However, this combined effect can cause the shift of the Grt‐Bdm boundary to the lower
temperatures, meaning that the discontinuity beneath plume zones is caused by the Grt‐Bdm transition instead of
the Aki‐Bdm transition. The Grt‐Bdm transition in an Fe‐Al‐rich system may occur gradually since this transition
is topologically a binary loop in Fe‐Mg‐Si (Ohtani et al., 1991) and Al‐Mg‐Si (Kubo & Akaogi, 2000) systems,
and a gradual transition cannot explain the discontinuity. Therefore, the Aki‐Bdm transition in Al‐Fe‐rich system
can cause a sharp discontinuity, unlike the Grt‐Bdm transition in Fe‐Al‐rich system. However, all previous
petrological studies have revealed that Aki is not a stable phase in pyrolytic system at the plume zone conditions,
near the 660 km depth (Dong et al., 2025; Ishii et al., 2011; Nishiyama & Yagi, 2003).

Both the Aki‐Bdm and Grt‐Bdm transitions are associated with significant density change at 2,300–2,600 K,
+5.5% and 11.8%, respectively (Figure S4 in Supporting Information S1). These changes are comparable with the
+7.9% density change associated with the ringwoodite dissociation reaction in the average mantle (Yu
et al., 2011). Taking all these factors into account, it is difficult to reach an unambiguous conclusion about which
phase transition causes the seismic discontinuity beneath hotspots. Therefore, we will discuss the possible effect
of both transitions on mantle convection in the next section.
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3.3. Geodynamic Implications

The Clapeyron slope of the phase transition boundary of major mantle minerals affects mantle convection. If the
dP/dT of a phase transition is positive or negative, the phase transition enhances or impedes mantle convection,
respectively (Faccenda & Dal Zilio, 2017; Schubert et al., 1975). However, a recent geodynamic study found that
the Clapeyron slope of the phase transition does not significantly impact global dynamics (Morgan et al., 2025).
Nevertheless, we will estimate the possible effect of the determined phase transition slopes on mantle
geodynamics.

The determined Aki‐Bdm boundary in Al‐ and Fe‐free system at 2,200–2400 K has an almost neutral slope
(Figure 4), indicating that this transition has no effect on the mantle convection beneath plume zones. The well‐
known phenomenon of upwelling plumes is broadening and horizontal deflection around a depth of 1,000 km
(French & Romanowicz, 2015; Lei et al., 2020). At around 660 km, some plumes tend to flatten and bend (Chang
et al., 2016; Tosi & Yuen, 2011), but the change in plume shape is not necessarily associated with a Bdm‐forming
phase transition. In the case of the Samoan plume, plume bending is caused by interaction with the stagnant Tongo
slab in the transition zone (Chang et al., 2016).

We also consider the possibility that the Grt‐Bdm transition causes the discontinuity beneath hotspots. If the
plume temperature is significantly higher than that proposed by Karato (1993), Katsura (2022), White and
McKenzie (1995), and is approximately 500–600 K higher than the surrounding mantle, the Grt‐Bdm transition

Figure 4. Combination of the present results with previous data from (Chanyshev et al., 2022) in MgO‐SiO2 systems. Cold
and warm subduction geotherms are from (Ganguly et al., 2009; Thompson, 1992), and the average mantle geotherm is from
(Katsura, 2022). The plume geotherm is drawn assuming that the temperatures in plumes are 200–300 K higher than the
ambient mantle (Karato, 1993; Katsura, 2022; White & McKenzie, 1995). The horizontal solid orange line indicates 660 km
depth (Dziewonski & Anderson, 1981). The Rwd dissociation boundary from (Chanyshev et al., 2022) is shown as a dot‐
dashed black curve and gray‐shaded area. The Aki‐Bdm transition boundary is shown by a solid violet curve. The Grt‐Aki
boundary is shown as solid dark blue curve and blue‐shaded area. The dotted lines are the result of linear extrapolation of the
Rwd dissociation boundary below 1,300 K, the Aki‐Bdm boundary below 1,300 K and above 2,350 K, and the Aki‐Grt
boundary above 2,350 K. The dash double dotted blue line is the calculated Grt‐Bdm boundary based on the slopes of Aki‐
Bdm and Grt‐Aki boundaries at temperatures above 2,200 K. Aki, MgSiO3 akimotoite; Bdm, MgSiO3 bridgmanite; Per,
MgO periclase; Rwd, Mg2SiO4 ringwoodite; Grt, MgSiO3 majorite garnet.
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may occur and affect mantle convection. The calculated Grt‐Bdm boundary slope is positive and equals 5.5 MPa/
K. Therefore, it may impart an upward buoyancy to hot plumes and enhance their upwelling. It may contribute to
the plume thinning at depths between 660 and 410 km, as observed beneath the Hawaiian hotspots (Agius
et al., 2017).

4. Summary
We determined the MgSiO3 phase diagram at 2,200–2,350 K and 17.4–20.3 GPa using advanced multi‐anvil
techniques with in situ X‐ray diffraction. At these conditions, the Aki‐Bdm boundary has an almost neutral
slope of − 0.6 MPa/K, whereas the Aki‐Grt boundary has a steep positive slope of 8.8 MPa/K. The triple Aki‐
Bdm‐Grt point is located at about 20.2 GPa and 2,530 K by the linear extrapolation of the Aki‐Bdm and Aki‐
Grt boundaries. Based on the slopes of Aki‐Bdm and Grt‐Aki boundaries at temperatures above 2,200 K, we
calculated the slope of the Grt‐Bdm boundary as 5.5 MPa/K. Our results are comparable with those obtained by
(Hirose et al., 2001), but the triple Aki‐Bdm‐Grt point was determined at a much higher temperature. We cannot
unambiguously conclude which phase transition causes discontinuity beneath hotspots. Therefore, we discussed
the possible effect of both Aki‐Bdm and Grt‐Bdm transitions on mantle convection. The Aki‐Bdm transition may
cause the elevated 660‐km discontinuity beneath plume zones. However, the neutral slope of this transition has no
effect on mantle convection beneath plume zones. In contrast, the Grt‐Bdm transition may impart an upward
buoyancy to hot plumes and enhance their upwelling, which contributes to the plume thinning between 660 and
410 km depths.
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