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Abstract

We conducted X-ray diffraction (XRD) measurements of a pyrolitic mantle material up to 4480 K at 122-166 GPa in a laser-

heated diamond-anvil cell (DAC). Results demonstrate that the phase transition between bridgmanite and post-perovskite

occurs in pyrolite within the lowermost mantle pressure range even at >4000 K. It suggests the ubiquitous occurrence of post-

perovskite above the core-mantle boundary (CMB), which may be consistent with recent high-quality seismology data that

non-observations of D” reflections are exceptions. Combining with earlier experiments performed at and below the normal

lower-mantle geotherm, our data show that the bridgmanite + post-perovskite two-phase region is ˜5 GPa thick and the

Clapeyron slope of the boundary is +7(+2/-3) MPa/K in agreement with previous theoretical calculations. The global presence

of rheologically weak post-perovskite at the bottom of the mantle has profound implications in seismology, geodynamics, and

heat transfer from the core.

1



 1 

Post-Perovskite Phase Transition in the Pyrolitic Lowermost Mantle: 1 

Implications for Ubiquitous Occurrence of Post-Perovskite Above CMB 2 

Yasuhiro Kuwayama1, Kei Hirose1,2, Laura Cobden3, Mayu Kusakabe1, Shigehiko 3 

Tateno2, and Yasuo Ohishi4 4 

 5 
1Department of Earth and Planetary Science, The University of Tokyo, Tokyo, Japan 6 
2Earth-Life Science Institute, Tokyo Institute of Technology, Tokyo, Japan 7 
3Department of Earth Sciences, Utrecht University, Utrecht, The Netherlands 8 
4Japan Synchrotron Radiation Research Institute, SPring-8, Hyogo, Japan 9 

Key Points: 10 

• We conducted synchrotron XRD measurements of a pyrolitic mantle material up to 11 

4480 K at 122–166 GPa in a laser-heated diamond-anvil cell.  12 

• Phase transition between bridgmanite and post-perovskite occurs in pyrolite within 13 

the lowermost mantle pressure range even at >4000 K. 14 

• Ubiquitous occurrence of post-perovskite above the CMB is consistent with recent 15 

high-quality seismological observations of D” reflections. 16 

Abstract  We conducted X-ray diffraction (XRD) measurements of a pyrolitic mantle 17 

material up to 4480 K at 122–166 GPa in a laser-heated diamond-anvil cell (DAC). 18 

Results demonstrate that the phase transition between bridgmanite and post-perovskite 19 

occurs in pyrolite within the lowermost mantle pressure range even at >4000 K. It 20 

suggests the ubiquitous occurrence of post-perovskite above the core-mantle boundary 21 

(CMB), which may be consistent with recent high-quality seismology data that non-22 

observations of D” reflections are exceptions. Combining with earlier experiments 23 

performed at and below the normal lower-mantle geotherm, our data show that the 24 

bridgmanite + post-perovskite two-phase region is ~5 GPa thick and the Clapeyron slope 25 

of the boundary is +7!"#$ MPa/K in agreement with previous theoretical calculations. The 26 

global presence of rheologically weak post-perovskite at the bottom of the mantle has 27 

profound implications in seismology, geodynamics, and heat transfer from the core. 28 

Plain Language Summary  (Al, Fe)-bearing MgSiO3 bridgmanite is a predominant 29 

mineral in the lower mantle. While bridgmanite with MgSiO3 end-member composition 30 

is known to undergo a phase transition to post-perovskite at lowermost mantle pressures, 31 
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the pressures and thickness of the phase boundary in a typical mantle material (pyrolite) 32 

have been controversial. The present synchrotron XRD measurements of pyrolite 33 

performed up to 4480 K around the CMB pressure show that the bridgmanite/post-34 

perovskite phase transition takes place within the lowermost mantle pressure range even 35 

under high temperatures of the CMB region. The bridgmanite + post-perovskite two-36 

phase region is found to be about 90 km thick. These results suggest the global presence 37 

of post-perovskite above the CMB, which is consistent with recent seismological 38 

observations of D” reflectors not only in the circum-Pacific high velocity regions but also 39 

in many areas away from subduction zones. Post-perovskite is rheologically weak, and 40 

its ubiquitous occurrence in the lowermost mantle has important seismological and 41 

geodynamical implications. The high positive pressure/temperature slope (+7!"#$ MPa/K) 42 

of the boundary suggests that a phase transition to bridgmanite assists upwelling of 43 

plumes from hot regions above the CMB.  44 

1. Introduction 45 

Both experiments and theory have shown that a phase transition between bridgmanite 46 

(perovskite-type structure) and post-perovskite occurs in MgSiO3 end-member under the 47 

lowermost mantle conditions (~120 GPa and ~2400 K), where the D” seismic velocity 48 

discontinuity is observed (Murakami et al., 2004; Oganov & Ono, 2004; Tateno et al., 49 

2009). The Clapeyron slope of the phase boundary in MgSiO3 was determined to be +8–50 

13 MPa/K, several times larger in magnitude than those of major upper mantle phase 51 

transitions. The pressures and sharpness of the post-perovskite phase transition have been 52 

examined also in a pyrolitic mantle material. In a natural mantle, Al and Fe impurities 53 

(e.g., Tateno et al., 2005; Mao et al., 2005; Hirose et al., 2008; Catalli et al., 2009) and 54 

the coexistence with ferropericlase (Sinmyo et al., 2011) affect the transition pressure and 55 

broaden a pressure interval of transition (see a review by Hirose et al., 2015). It has been 56 

repeatedly reported the post-perovskite phase transition occurs in a pyrolitic lowermost 57 

mantle around 120 GPa, comparable to the case in pure MgSiO3, along the normal lower-58 

mantle geotherm with a ~5 GPa pressure interval (Murakami et al., 2005; Ono & Oganov, 59 

2005; Ohta et al., 2008). On the other hand, the similar XRD study by Grocholski et al. 60 

(2012) found higher transition pressure that is beyond the pressure range of the Earth’s 61 

mantle and much broader pressure interval (140–168 GPa at 2500 K).  62 

In these previous experimental studies on pyrolite, however, the stabilities of bridgmanite 63 

and post-perovskite have been explored only up to 2700 K under the lowermost mantle 64 

conditions. There are more observations of the D” seismic discontinuity in seismically 65 
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fast regions associated with paleo-subduction than in slow regions—although this may 66 

be influenced by favorable earthquake source and receiver combinations—and in some 67 

locations the D” discontinuity is not observed at all (see reviews by Wysession et al., 68 

1998, Cobden et al., 2015, and Jackson & Thomas, 2021). The high Clapeyron slope of 69 

the bridgmanite to post-perovskite phase transition might suggest that bridgmanite is 70 

stable (post-perovskite is absent) to the CMB in relatively hot areas. Even in cold regions, 71 

“paired” discontinuities (positive S-wave velocity jump at the D” discontinuity and 72 

negative one at a deeper level near the CMB) might indicate the presence of bridgmanite 73 

above the CMB, instead of post-perovskite, as a consequence of back transformation from 74 

post-perovskite to bridgmanite at high temperatures in a thermal boundary layer (a 75 

double-crossing scenario) (Thomas et al., 2004; Hernlund et al., 2005). It is of great 76 

importance to verify these scenarios by phase equilibria experiments on multi-phase 77 

assemblages that are representative of average mantle material under high temperatures 78 

of the CMB region. In addition, the Clapeyron slope of the bridgmanite/post-perovskite 79 

boundary was determined to be +5 to +13 MPa/K in MgSiO3 end-member by theories 80 

(Tsuchiya et al., 2004; Oganov & Ono, 2004) and experiments (Ono & Oganov, 2005; 81 

Hirose et al., 2006; Tateno et al., 2009). It is several times larger in magnitude than those 82 

of major upper mantle phase transitions, suggesting that the post-perovskite transition has 83 

important dynamical consequences (Nakagawa & Tackley, 2004; Tackley et al., 2007). 84 

The high positive Clapeyron slope was reported also for pyrolite, but it was constrained 85 

by experiments performed in narrow temperature ranges less than ~1000 K (Ono & 86 

Oganov, 2005; Ohta et al., 2008; Grocholski et al., 2012).  87 

Here we performed synchrotron XRD measurements of a pyrolitic mantle material to 88 

investigate the post-perovskite phase transition at high temperatures (3570 K and higher) 89 

including those above its solidus temperature. The results show that bridgmanite/post-90 

perovskite phase transition occurs within the lowermost pressure range even at >4000 K. 91 

Combining with the earlier experimental results by Ohta et al. (2008), the post-perovskite-92 

in and bridgmanite-out curves are constrained by data obtained in a wide temperature 93 

range from 1780 to 4480 K, and the Clapeyron slope is found to be +7!"#$ MPa/K when 94 

the gold pressure scale proposed by Fei et al. (2007) is applied. These results suggest that 95 

post-perovskite is present globally above the CMB, which may be consistent with recent 96 

high-quality seismological data that non-observations of D” reflection are exceptional 97 

(Jackson & Thomas, 2021). 98 

2. Experimental Methods 99 
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High-pressure and -temperature (P-T) experiments were performed with in-situ XRD 100 

measurements in a laser-heated DAC. We employed a symmetric-type DAC with beveled 101 

90-μm culet diamond anvils. A starting material was the same as that used in Ohta et al. 102 

(2008); it was prepared from gel with the chemical composition of a natural peridotite 103 

KLB-1, similar to pyrolite (Takahashi, 1986). The sample was mixed with fine gold 104 

powder and loaded into a hole at the center of a pre-indented rhenium gasket. Argon was 105 

cryogenically loaded and used as a thermal insulator.  106 

After compression, heating was performed from both sides of the sample using a couple 107 

of 100 W single-mode Yb fiber lasers (SPI Lasers Co. Ltd.) with beam shaping optics 108 

that converts a beam with a Gaussian intensity distribution to one with a flat-top 109 

distribution. The laser spot size was approximately 30 μm across. Heating duration was 110 

3 sec. One-dimensional radial temperature profile across a hot spot was obtained by a 111 

spectro-radiometric method (e.g., Tateno et al., 2018a) (Figure 1). In runs #1–3 in which 112 

the sample was partially molten, temperature shown in Table 1 corresponds to that at the 113 

boundary between a melt pool and a solid layer, which was determined by a combination 114 

of the temperature profile and a melting texture found in a cross section of a recovered 115 

sample (e.g., Hasegawa et al., 2021). For subsolidus experiments (runs #4 and #5), sample 116 

temperatures are the average in a 6 μm region at the hot spot, from which XRD data were 117 

collected. The overall temperature uncertainty may be ±5% according to Mori et al. 118 

(2017). The sample was heated only once in each run. Pressure at high temperature was 119 

determined based on the unit-cell volume of gold (Fei et al., 2007). Those in the earlier 120 

experiments performed by Ohta et al. (2008) were based on the equation of state (EoS) 121 

of gold proposed by Hirose et al. (2008), which is not applicable at high temperatures like 122 

~4000 K. Therefore, we recalculated the pressures in Ohta et al. (2008) using the Mie-123 

Grüneisen-Debye EoS of gold proposed by Fei et al. (2007), in order to compare their 124 

results with those obtained in this study (Table 1). 125 

Angle-dispersive XRD patterns were collected in-situ at high P-T at the beamline 126 

BL10XU, SPring-8 synchrotron radiation facility (Hirao et al., 2020) (Figure 2). A 127 

monochromatic incident X-ray beam was focused by stacked compound refractive lenses 128 

and collimated to approximately 6 μm area (full width at half maximum) on a sample. 129 

The wavelength was 0.4133 to 0.4158 Å (~30 keV). XRD data were obtained 130 

continuously during heating on a digital flat panel X-ray detector (Perkin Elmer) with 131 

exposure time of 1 sec. To obtain conventional 1D diffraction patterns, 2D XRD images 132 

were integrated as a function of 2θ angle (Seto et al., 2010).  133 
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After high P-T experiments, samples in runs #1–3 were recovered from a DAC, and their 134 

cross sections across the center of a laser-heated spot were prepared parallel to the 135 

compression axis by using a focused Ga ion beam (FIB) (FEI, Versa3D DualBeam). X-136 

ray elemental maps were obtained with an energy-dispersive X-ray spectrometry (EDS) 137 

attached with a field-emission-type scanning electron microscope (FE-SEM) in the dual 138 

beam FIB system (Figure 1). 139 

3. Results 140 

We have conducted five separate high P-T experiments on a pyrolitic mantle material up 141 

to 156 GPa and 3570 K (Table 1). In order to avoid kinetic hindering of phase 142 

transformation especially in such a multi-component system, heating was made on an 143 

amorphous starting material at a single P-T condition in each run. In run #1, the sample 144 

was compressed and then heated to 3910 K at 122 GPa, higher than the solidus 145 

temperature of pyrolite (Nomura et al., 2014; Kim et al., 2020) (Figure 3a). The XRD 146 

spectrum collected in-situ during heating shows that bridgmanite and minor post-147 

perovskite, in addition to ferropericlase and CaSiO3 perovskite, grew from the amorphous 148 

sample (Figure 2a). Microprobe analyses of the cross section of this sample recovered 149 

from high pressure demonstrate that there is a round pocket of quenched melt at the center, 150 

being enriched in Fe and Ca and depleted in Si (Figure 1). This melt pocket is surrounded 151 

by a Si-rich and (Fe, Ca)-poor layer, which should represent bridgmanite (± post-152 

perovskite) observed in the high P-T XRD pattern. It indicates that bridgmanite is the 153 

liquidus phase, consistent with the earlier melting experiments on pyrolite performed by 154 

Tateno et al. (2014).  155 

Similar experiments were made in runs #2 and #3 at conditions slightly higher in both P 156 

and T (Figure 3a). Diffuse scattering signals from melt are recognized in their in-situ 157 

XRD patterns (Fiquet et al., 2010), in particular for run #2 (Figure 2b). The XRD data 158 

indicate that melt coexisted with bridgmanite and minor ferropericlase (post-perovskite 159 

is absent) in run #2 at 128 GPa and 4480 K. In contrast, the high P-T XRD pattern is 160 

dominated by post-perovskite in run #3 performed at 130 GPa and 4300 K (Figure 2c). 161 

In addition, runs #4 and #5 were conducted at 156–166 GPa and 3570–3860 K under 162 

subsolidus conditions (Figure 3a), which is supported by observations that the number of 163 

peaks and their relative intensities in XRD patterns did not change upon quenching 164 

temperature.  165 

These results of runs #1–3 tightly constrain the post-perovskite-in and bridgmanite-out 166 

conditions around 4000 K (Figure 3a). While partial melts coexisted with both 167 
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bridgmanite and post-perovskite in runs #1 and 3, either one of them was dominant in 168 

these experiments (Figures 2a and 2c), indicating that their P-T conditions should be close 169 

to the post-perovskite-in and bridgmanite-out curves, respectively. The width of the post-170 

perovskite phase transition should thus be about 5 GPa, corresponding to a lowermost 171 

mantle depth range of 90 km, similar to that observed by Ohta et al. (2008) at lower 172 

temperatures below 2550 K. When combined with Ohta et al. (2008)’s data (Table 1), our 173 

results obtained in a wide temperature range from 1780 to 4480 K at 108–130 GPa show 174 

the Clapeyron slope of these post-perovskite-in and bridgmanite-out curves to be +7!"#$ 175 

MPa/K, although the slope should change at the solidus curve (Figure 3a). 176 

4. Discussion 177 

4.1. Post-Perovskite Phase Transition in Pyrolitic Lowermost Mantle 178 

Both the pressure (~120 GPa at 2400 K) and Clapeyron slope of the post-perovskite phase 179 

transition boundary we obtained for pyrolite are in agreement with those for MgSiO3 end-180 

member reported by earlier ab initio calculations (Tsuchiya et al., 2004; Oganov & Ono, 181 

2004). While the experiments on pyrolite carried out by Grocholski et al. (2012) found 182 

the phase transition at 140–168 GPa and 2500 K, earlier XRD measurements including 183 

those by another group have repeatedly demonstrated that it takes place around 120 GPa 184 

(Murakami et al., 2005; Ono & Oganov, 2005; Ohta et al., 2008) along the normal lower-185 

mantle geotherm (Brown & Shankland, 1981). Such a large discrepancy is not reconciled 186 

with the difference in pressure scale employed to determine experimental pressures in 187 

these studies, although pressure estimates can change as much as 15 GPa in the relevant 188 

pressure range, depending on choices of an internal pressure standard and its equation of 189 

state (see a review by Hirose et al., 2015) (Figure 3b). The difference in a pressure 190 

medium is also unlikely to be an important source of the discrepancy; noble gas (argon 191 

or neon) pressure medium was used in Ono & Oganov (2005) and this study as well as in 192 

Grocholski et al. (2012).  193 

The Clapeyron slope of +7!"#$ MPa/K depends on the choice of the Au pressure scale. 194 

When different EoSs of gold (Jamieson et al., 1982; Anderson et al., 1989; Shim et al., 195 

2002; Tsuchiya, 2003) other than the Fei et al. (2007)’s EoS are employed, the slope 196 

becomes smaller ranging from +3 to +7 MPa/K (Figure 3b). The pressures of the 197 

transition also becomes lower. The slope of +7!"#$ MPa/K found in pyrolite is markedly 198 

smaller than +13±1 MPa/K in MgSiO3 (Tateno et al., 2009), which could be because of 199 

the effects of Al and Fe impurities included in natural samples. 200 
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The present experiments and the earlier ones by Ohta et al. (2008) demonstrate that 201 

bridgmanite and post-perovskite coexist in a pyrolitic mantle material in a ~5 GPa 202 

pressure interval at ~4000 K and ~2000–2500 K, respectively (Figure 3a). The thickness 203 

of the bridgmanite + post-perovskite two-phase region has been reported to be wider, 204 

more than 20 GPa in (Al, Fe)-bearing MgSiO3 (Catalli et al., 2009; Andrault et al., 2010). 205 

Nevertheless, bridgmanite/post-perovskite coexists with (Mg,Fe)O ferropericlase in 206 

pyrolite, and the partitioning of FeO with ferropericlase results in lower FeO 207 

concentration in post-perovskite than in bridgmanite. It leads to a much narrower 208 

bridgmanite + post-perovskite two-phase region in pyrolite than that in the (Al, Fe)-209 

bearing MgSiO3 system (Sinmyo et al., 2011) as observed in this study as well as in Ohta 210 

et al. (2008).  211 

4.2. Ubiquitous Occurrence of Post-Perovskite above CMB 212 

These results show that post-perovskite transforms into bridgmanite above 4800 K at the 213 

CMB (Figure 3). It is much higher than the present-day CMB temperature, while its 214 

estimates range from 3600 to 4300 K (e.g., Lay et al., 2008; Nomura et al., 2014; Kim et 215 

al., 2020). If the deep lower mantle is dominated by a pyrolitic material, it suggests that 216 

1) the bridgmanite/post-perovskite phase transition takes place globally in the lowermost 217 

mantle although the transition is not sharp, and 2) post-perovskite is present ubiquitously 218 

above the CMB. This conclusion does not depend on the choice of the EoS of gold to 219 

determine experimental pressures (Figure 3b). If the lower mantle is not pyrolitic but 220 

more enriched in silica and therefore poor in (Mg,Fe)O ferropericlase (Murakami et al., 221 

2012; Mashino et al., 2020), the P-T location of the post-perovskite-in curve does not 222 

change as long as the chemical composition of bridgmanite is similar (Figure 3a), while 223 

the bridgmanite + post-perovskite two-phase coexisting region should be wider (Sinmyo 224 

et al., 2011).  225 

The ~5 GPa pressure width of the bridgmanite + post-perovskite coexistence corresponds 226 

to ~90 km depth interval in the lowermost mantle. The sharpness of the D” seismic 227 

discontinuity should be less than this (Weber et al., 1996) and potentially as narrow as 8–228 

30 km (i.e. <2 GPa) (Lay & Young, 1989; Lay, 2008; Wysession et al., 1998), suggesting 229 

that the bridgmanite/post-perovskite transition boundary in pyrolite may not be observed 230 

as a seismic velocity discontinuity as argued by Lay (2008).  231 

The D” discontinuity is found mainly in high-velocity regions underneath the circum-232 

Pacific (Wysession et al., 1998; Cobden et al., 2015; Jackson & Thomas, 2021), and this 233 



 8 

has been attributed to the enrichment in subducted depleted mantle materials (harzburgitic 234 

rocks), in which the bridgmanite to post-perovskite phase transition occurs in a narrow 235 

pressure range because they are poor in Al and Fe impurities (Grocholski et al., 2012). D” 236 

seismic reflections could also be produced in these regions by scattering off chemical 237 

heterogeneities (e.g., Cobden & Thomas, 2013). On the other hand, there are observations 238 

of the D” discontinuity beneath the central Pacific as well (Lay et al., 2006; Cobden & 239 

Thomas, 2013; Jackson & Thomas, 2021). Post-perovskite should be predominant above 240 

the CMB including such areas away from the circum-Pacific high-velocity regions. Our 241 

results do not preclude the bridgmanite/post-perovskite transition in pyrolite from 242 

generating D” reflections; stress-induced re-equilibration within the two-phase region can 243 

produce high amplitude seismic reflections, even when the transition region is thick 244 

(Langrand et al., 2019). Additionally, development of the lattice-preferred orientation of 245 

post-perovskite may generate sharp reflectors within a broad two-phase region (Ammann 246 

et al., 2010; Pisconti et al., 2019).  247 

Indeed, the ubiquitous occurrence of post-perovskite above the CMB has been supported 248 

by statistical analyses of seismic observations (Cobden et al., 2012, 2015) and by 249 

comparisons between seismic tomography and geodynamic models (Koelemeijer et al., 250 

2018). Mineral physics models with post-perovskite are compatible with both global and 251 

local seismic data of S- and P-wave velocity perturbations in the lowermost mantle rather 252 

than post-perovskite-free models. Recent high-quality seismological data indicate that 253 

non-observations of a discontinuity in the lowermost mantle are not common but 254 

exceptional (Jackson & Thomas, 2021). 255 

The ubiquitous presence of post-perovskite above the CMB has profound geodynamical 256 

consequences. Because of its proximity to the CMB, the global occurrence of the 257 

bridgmanite/post-perovskite phase transition with high positive Clapeyron slope (+7!"#$ 258 

MPa/K) destabilizes the thermal boundary layer developed at the bottom of the mantle 259 

and enhances plume upwelling (Nakagawa & Tackley, 2004; Li et al., 2014; Hirose et al., 260 

2015). Theoretical calculations and experiments demonstrated that post-perovskite is at 261 

least five times weaker than bridgmanite (Hunt et al., 2009; Ammann et al., 2010). The 262 

low-viscosity D” layer allows cold slab materials to spread extensively above the CMB, 263 

leading to an increase in heat transfer from the core (Buffett, 2007; Cizkova et al., 2010). 264 

It also enhances the segregation of MORB crust materials from the rest of the subducted 265 

slab, contributing to the formation of dense piles above the CMB (Nakagawa & Tackley, 266 

2011).  267 
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Ultralow-velocity zones are observed locally above the CMB, likely representing 268 

partially molten materials with relatively low melting temperatures such as FeO-rich ones 269 

(Boukaré et al., 2015; Helffrich et al., 2020). On the other hand, when the CMB 270 

temperature was higher in the past (Labrosse, 2015), the lowermost mantle could have 271 

been globally molten. The present experiments demonstrate that post-perovskite is the 272 

liquidus phase (the first phase to appear upon crystallization) in a pyrolitic lowermost 273 

mantle (Tateno et al., 2014) (Figure 3). The behaviors of trace elements during partial 274 

melting involving post-perovskite may be different from that with bridgmanite at 275 

shallower depths; water and Na2O have been shown to be partitioned more into Al-276 

bearing post-perovskite than into bridgmanite (Townsend et al., 2016; Hirose et al., 2005; 277 

Tateno et al., 2018b). Partitioning of trace elements between melt and post-perovskite is 278 

yet to be explored.  279 

5. Conclusions 280 

We have examined the phase transition between bridgmanite and post-perovskite in a 281 

pyrolitic mantle material at high temperatures (3570–4480 K) around the CMB pressure. 282 

Results demonstrate that the bridgmanite/post-perovskite phase transition occurs in 283 

pyrolite within the lowermost mantle pressure range even at >4000 K. They also indicate 284 

the two-phase coexisting region of ~5 GPa and the Clapeyron slope of +7!"#$ MPa/K, 285 

when combined with earlier experimental results obtained at lower temperatures (Ohta et 286 

al., 2008).  287 

The global presence of post-perovskite above the CMB is consistent with recent high-288 

quality seismological observations of the D” seismic reflections; they are found not only 289 

in the circum-Pacific high-velocity regions but also in many places away from such 290 

(presumably) cold areas (Jackson & Thomas, 2021). The 5 GPa two-phase coexisting 291 

interval may be too thick for the bridgmanite/post-perovskite phase transition in pyrolite 292 

to be the cause of seismic reflections. Alternatively the seismic discontinuity observed 293 

underneath subduction zones could be attributed to the post-perovskite phase transition 294 

in depleted peridotite materials that should be abundant in such areas (Grocholski et al., 295 

2012) or caused by scattering off chemical heterogeneities that derive from subductions 296 

of former oceanic plates (Cobden & Thomas, 2013). The D” reflections observed in areas 297 

distant from subduction zones can be formed by other mechanisms such as deformation 298 

of weak post-perovskite within a two-phase region (Ammann et al., 2010; Pisconti et al., 299 

2019). Indeed, the ubiquitous occurrence of post-perovskite above the CMB is supported 300 

by a statistical interpretation of seismic observations (Cobden et al., 2012, 2015) and by 301 
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comparisons of seismic tomographies between observed and synthesized from 302 

geodynamic simulations (Koelemeijer et al., 2018). The global presence of rheologically 303 

weak post-perovskite at the bottom of the mantle has profound implications for the 304 

dynamics and thermal histories of both the mantle and the core. 305 
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 538 

Figure 1. (a) X-ray elemental maps of the sample cross section recovered from run #1 at 539 

122 GPa and 3910 K. (b) A corresponding temperature profile across the hot spot.  540 
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 541 

Figure 2. X-ray diffraction patterns at (a) 122 GPa and 3910 K, (b) 128 GPa and 4480 K, 542 

and (c) 130 GPa and 4300 K. Bdg, MgSiO3-rich perovskite; PPv, post-perovskite; Fp, 543 

ferropericlase; CP, CaSiO3 perovskite; Au, gold; Ar, argon pressure medium; Re, 544 

rhenium gasket.  545 
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 546 

Figure 3. (a) Phase boundary between bridgmanite (Bdg) and post-perovskite (PPv). 547 

Open and solid symbols represent the stabilities of bridgmanite and post-perovskite, 548 

respectively. Half-filled symbols show the coexistence of both phases. Red symbols, this 549 

study; black symbols, from Ohta et al. (2008). Solid, broken, and dashed-dotted curves 550 

indicate solidus temperatures of pyrolite reported by Nomura et al. (2014), Kim et al. 551 

(2020), and Fiquet et al. (2010), respectively. (b) Changes in the phase boundary by using 552 

different EoSs of gold to calculate experimental pressures (Jamieson et al., 1982; 553 

Anderson et al., 1989; Shim et al., 2002; Tsuchiya, 2003; Fei et al., 2007). 554 
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 555 

Table 1 556 

Experimental Results 557 

Run# Volume of 
Au Pressure Temperature Phase assemblage 

 (Å3) (GPa) (K)  

This study 

#1 52.19(5) 121.9(2) 3910 Bdg + PPv (trace) + Fp + CaPv + melt 

#2 52.06(12) 128.1(3) 4480 Bdg + Fp + melt 

#3 51.82(4) 129.6(2) 4300 PPv + Bdg (trace) + melt 

#4 49.08(8) 165.9(3) 3860 PPv + Fp + CaPv 

#5 49.53(8) 156.1(3) 3570 PPv + Fp + CaPv 

Ohta et al. (2008) 

#1-1 51.91(11) 108.2(3) 1780 Bdg + Fp + CaPv 

#1-2 51.93(7) 109.4(2) 1960 Bdg + Fp + CaPv 

#1-3 52.26(12) 110.0(3) 2540 Bdg + Fp + CaPv 

#2-1 51.70(8) 110.9(2) 1800 Bdg + PPv (trace) + Fp + CaPv 

#2-2 51.75(9) 111.6(3) 1950 Bdg + PPv (trace) + Fp + CaPv 

#3 51.43(6) 115.6(2) 1940 PPv + Bdg + Fp + CaPv 

#4 53.43(3) 95.0(2) 2300 Bdg + Fp + CaPv 

#5 52.33(17) 105.4(3) 2070 Bdg + Fp + CaPv 

#6 51.56(1) 118.8(2) 2550 PPv + Fp + CaPv 

#7 50.79(14) 126.6(4) 2250 PPv + Fp + CaPv 

#8 50.72(20) 129.1(4) 2450 PPv + Fp + CaPv 

The numbers in parentheses represent one standard deviation in the last digits. 

Bdg, bridgmanite; PPv, post-perovskite; Fp, ferropericlase; CaPv, CaSiO3 perovskite 
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