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Abstract The calcium solubility in bridgmanite and the resulting abundance of davemaoite under lower‐
mantle pressure‐temperature conditions have been under debate following a recent report of extensive calcium
dissolution in bridgmanite. We experimentally investigated the calcium solubility in bridgmanite in a basaltic
composition at pressures up to 125 GPa and temperatures up to 3,520 K. Our experimental data are modeled
thermodynamically along the bridgmanite‐davemaoite solvus to quantify the calcium solubility in bridgmanite
and the davemaoite proportion in basaltic and pyrolitic assemblages along lower mantle geotherms. Our results
indicate that bridgmanite hosts only 0.001–0.03 Ca cations per formula unit in the lower mantle, while
davemaoite remains as an abundant mineral, accounting for 8 and 25 vol% of pyrolitic and basaltic
mineralogical models, respectively, along representative lower‐mantle geotherms. Our thermoelastic modeling
further indicates that the effect of calcium dissolution on the density and bulk sound velocity of lower‐mantle
assemblages is negligible.

Plain Language Summary Bridgmanite and davemaoite are considered the first and third most
abundant minerals in Earth's lower mantle, respectively. Davemaoite (CaSiO3) can dissolve into bridgmanite
(Fe, Al‐bearing MgSiO3) at extremely high‐pressure and high‐temperature conditions of the lower mantle, but
the extent of this dissolution and the amount of davemaoite that remains are still a hotly contested topic. We
performed high pressure‐temperature X‐ray diffraction experiments, quenched sample chemical and structural
analyses, and thermodynamic modeling to determine how much calcium dissolves into bridgmanite and how
this process changes the mineralogical composition of a subducted basalt at lower mantle conditions. Our results
show that bridgmanite contains only a very small amount of calcium and that this dissolution only slightly
reduces the proportion of davemaoite in current mineralogical models of the lower mantle. We also examined
how calcium dissolution into bridgmanite affects the physical properties of lower‐mantle assemblages and
found that its influence on density and seismic wave speeds is minor.

1. Introduction
Bridgmanite (Bgm; Fe, Ca, Al‐bearing MgSiO3) is the most abundant mineral of the lower mantle, while
davemaoite (Dvm; CaSiO3) is proposed to be the third most abundant mineral of the region in most mineralogical
models. Their distributions in the lower mantle differ among proposed rock assemblages. For example, a classic
pyrolitic compositional model indicates 75 vol% Bgm and 8 vol% Dvm contents in the lower mantle (Irifune
et al., 2010; Ishii et al., 2018; Kesson et al., 1998; Ricolleau et al., 2009), whereas subducted basaltic composition
would contain approximately 27 vol% Bgm and 25 vol% Dvm (Ishii et al., 2019, 2022; Ricolleau et al., 2010). The
relative Bgm and Dvm abundances have important ramifications for lower‐mantle composition, seismology, and
geodynamics because they display distinct elastic and rheological properties (Immoor et al., 2022; Zhou
et al., 2025).

Bgm can accommodate a certain amount of calcium (Ca), but the extent of Dvm dissolution in Bgm and the
maximum amount of Ca that Bgm can incorporate remain under debate. Recent diamond‐anvil cell (DAC) ex-
periments suggest that Dvm can substantially dissolve into Bgm, forming Ca‐rich bridgmanite (Ca‐Bgm) at high
pressure‐temperature (P‐T) conditions (40–110 GPa and 2,300–3,000 K), with Ca solubility (χCa) as high as 0.20
cations per formula unit (Ko et al., 2022). This interpretation is based primarily on the disappearance of Dvm
peaks in situ X‐ray diffraction (XRD) patterns at high P‐T conditions and post‐quench high‐resolution
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transmission electron microscopy (HRTEM) analyses of the recovered samples. It implies that Dvm could largely
disappear in the deeper lower mantle, forming a “one‐perovskite domain.” Such extensive Dvm dissolution is also
supported by density functional theory calculations, which predict that Fe‐bearing Bgm can enhance Ca disso-
lution, whereas Al may suppress it (Muir et al., 2021; Muir & Zhang, 2022). These findings challenge con-
ventional lower‐mantle mineralogical models and could influence geodynamic models and interpretations of
seismic observations (Ko et al., 2022; Zhou et al., 2025).

Recent multi‐anvil press (MAP) experiments suggested that the high χCa in Bgm reported in previous DAC
experiments may reflect kinetic effects associated with metastable Ca‐Bgm formation and nm‐sized grains (Wang
et al., 2025). The small grain sizes of the quenched samples may complicate post‐quench HRTEM analyses,
potentially causing neighboring Bgm and Dvm grains to contaminate each other's measured compositions. The
MAP experiments produced large grains and reported much lower χCa in Bgm, less than 0.021 cations per formula
unit at 27–50 GPa and 2,300–2,700 K, approximately one order of magnitude lower than those reported in DAC
experiments (Wang et al., 2025). However, these experiments did not use in situ XRD to observe phase formation
at high P‐T conditions and were limited to pressures below 50 GPa. Thus, whether Dvm dissolution into Bgm
increases in the deeper lower mantle remains unresolved. In addition, a thermodynamic framework is still needed
to fundamentally and quantitatively evaluate how χCa and the coexisting Dvm proportion vary with relevant
lower‐mantle P‐T and compositional conditions.

Earth's lower mantle can contain several mineralogical assemblages ranging from pyrolite to subducted basalt
(McDonough & Sun, 1995; A. E. Ringwood, 1991). Subducted mid‐ocean ridge basalt (MORB) along ancient
subduction zones is considered a source of heterogeneities in Earth's lower mantle due to its distinct composition
relative to the surrounding pyrolitic mantle. Subducted MORB has notably more CaO and Al2O3, but less MgO
(A. Ringwood and Irifune, 1988). Under lower‐mantle conditions, MORB is composed of Bgm, Dvm, stishovite
(St), and a Ca‐ferrite‐type aluminous phase (CF), with proportions of approximately 25–30, 23–27, 19–23, and
24–28 vol% for these phases, respectively (Ishii et al., 2019, 2022; Ricolleau et al., 2010). High P‐T DAC ex-
periments on MORB compositions using crystalline starting materials can help constrain Dvm dissolution into
Bgm at relevant lower‐mantle conditions because the relatively high abundances of both Dvm and Bgm make
themmore readily detectable in XRD patterns and more suitable for HRTEM analysis. Thermodynamic modeling
of high P‐T phase relations in subducted MORB under lower‐mantle conditions can further help constrain the
origin of lower‐mantle heterogeneities.

In this study, the dissolution of Dvm into Bgm in a representative basaltic composition was examined at
33–125 GPa and 1,581–3,520 K using double‐sided laser‐heated DAC experiments coupled with in situ syn-
chrotron XRD. Crystalline and glassy starting materials were used to help address the aforementioned high P‐T,
compositional, and kinetic effects. The quenched samples were further analyzed by HRTEM to determine phase
assemblages and compositions. A thermodynamic model of the Bgm‐Dvm solvus was developed to calculate the
Ca content in Bgm and Dvm proportions along representative lower‐mantle geotherms. We further used ther-
moelastic calculations to evaluate how the Ca dissolution and the resulting changes in Dvm abundance affect
density and seismic velocities in pyrolite and MORB at lower‐mantle conditions. Our study provides new con-
straints on the Ca solubility in Bgm, Dvm stability, and the seismic velocity contrasts between MORB and the
surrounding mantle.

2. Materials and Methods
2.1. Starting Material

Crystalline and glassy starting materials with similar bulk compositions were synthesized to evaluate starting‐
material‐dependent kinetic effects on Dvm dissolution into Bgm. The composition was designed to contain
approximately equal proportions of Bgm and Dvm using phase compositions reported for subducted basalt (Ishii
et al., 2022; Ricolleau et al., 2010). The precursor silicate glass was synthesized from FeO, MgO, Al2O3, SiO2,
and CaCO3 powders by drying, stepwise heating to 1,073 and 1,873 K, and quenching. The crystalline starting
material was synthesized by recrystallizing the precursor glass at 24 GPa and 2,073 K for 1 min to produce grains
smaller than the laser‐heating spot size used in subsequent laser‐heated DAC experiments. Its measured bulk
composition is 47.9 mol% SiO2, 19.4 mol% CaO, 16.2 mol%MgO, 10.8 mol% FeO, and 5.7 mol% Al2O3, similar
to that of the glassy starting material, which contains 47.1 mol% SiO2, 18.3 mol% CaO, 16.8 mol% MgO,

Geophysical Research Letters 10.1029/2026GL121981

ZHANG ET AL. 2 of 11

 19448007, 2026, 14, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2026G

L
121981 by O

kayam
a U

niversity, W
iley O

nline L
ibrary on [13/07/2026]. 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



12.1 mol% FeO, and 5.7 mol% Al2O3. Similar bulk compositions allow direct comparison of starting‐material‐
dependent kinetic effects on phase formation during laser heating, while detailed synthesis and preparation
procedures are described in Text S1 in Supporting Information S1.

2.2. In Situ X‐Ray Diffraction With Laser‐Heated DAC Experiments

High P‐T laser‐heated DAC experiments coupled with in situ XRD were conducted at the 13IDD station at the
GSECARS of the Advanced Photon Source, Argonne National Laboratory (Prakapenka et al., 2008). In situ XRD
patterns were collected by an Eiger2 CdTe 9M detector, and the monochromatic incident X‐ray beam had a
wavelength of 0.3344 Å. The laser beams with a diameter of 15 μm on both sides of the sample were aligned
coaxially with the X‐ray focused to a beam size of ∼1.5 × 1.5 μm2 (full width at half maximum, FWHM). One to
four non‐overlapping ∼15 μm‐diameter heating spots on each sample were heated for 1–7 min. During heating,
diffraction patterns were continuously collected with 5–10 s exposures, followed by rapid quenching to preserve
high‐T assemblages. After quenching, XRD patterns were also collected by rotating the sample stage over
ω = ±5∘ during a 20 s exposure period. The XRD patterns were refined using Rietveld and Le Bail methods to
identify phase assemblages and unit‐cell parameters, with detailed heating and analysis procedures provided in
Text S2 in Supporting Information S1.

2.3. Chemical Analysis of the Quenched Samples

Recovered samples were milled using a focused ion beam (FIB; Scios 2 HiVac DualBeam) to prepare lamellae for
further HRTEM analysis at the Texas Materials Institute, University of Texas at Austin. The sub‐angstrom
electron probe (∼0.08 nm) and atomic spatial resolution (0.078 nm) enabled nanoscale chemical analysis,
although the effective analytical spatial resolution of HRTEM–EDS depends on the interaction volume within the
∼100 nm‐thick FIB lamellae. Nano‐beam electron diffraction was used to confirm the quenched phases. Ferric
iron ratios in Bgm were determined by electron energy‐loss spectroscopy following van Aken and
Liebscher (2002). Phase proportions were estimated by mass‐balance calculations. Additional details on FIB
preparation and HRTEM analysis are provided in Text S3 in Supporting Information S1.

3. Results and Discussion
3.1. Phases Present at High P‐T

To evaluate whether the apparent disappearance of Dvm XRD peaks reflects true Dvm dissolution into Bgm or
starting‐material‐dependent kinetic effects, we compared in situ XRD patterns from crystalline and glassy starting
materials over 33–125 GPa and 1,581–3,520 K. In situ XRD patterns collected from crystalline starting materials
show sharp and well‐resolved diffraction peaks, allowing reliable phase identification and Rietveld refinement
(Figure 1, Figures S1 and S2 in Supporting Information S1). Rietveld refinements show that the crystalline‐
derived samples contain 55.4–58.2 vol% Bgm (space group Pbnm), 41.4–43.9 vol% Dvm (space group Pm 3
m), and 0.4–0.8 vol% St (space group P42/mnm). At higher pressures (∼68 GPa), St transformed to CaCl2–type
SiO2 (space group Pnnm) (Sun et al., 2019). In contrast, runs using the glassy starting material show broader XRD
peaks with larger FWHM, stronger peak overlap, and lower intensities (Figure 1b), consistent with finer‐grained
quenched products (Figure 2b). The FWHM values are ∼2–6‐fold higher for Bgm and ∼1.2–1.5‐fold higher for
Dvm in the glass‐derived runs than in the crystalline‐derived runs (Figure S2 in Supporting Information S1). For
selected glass‐derived runs, extending the heating duration to 300–420 s did not noticeably improve the XRD
pattern quality (Figure S3 in Supporting Information S1). Consequently, the glass‐derived XRD patterns were
analyzed using Le Bail rather than Rietveld refinements. Phase proportions for the glass‐derived runs were
therefore determined from complementary HRTEM results. The weak, broadened, and overlapping Dvm peaks
can give the appearance that Dvm has disappeared from the diffraction patterns (Figure 1b). Similar observations
in previous DAC studies were interpreted as complete Dvm dissolution into Bgm (Ko et al., 2022). However, the
strong contrast in Dvm peak intensity and peak width between the crystalline and glass starting‐material ex-
periments suggests that the weak Dvm signals in the glass runs are primarily a consequence of kinetic
effects—specifically, the formation of numerous nm‐sized Dvm grains—rather than complete dissolution of Dvm
into Bgm (see HRTEM analysis for further discussion).

Lattice parameters and equation of state (EOS) results of Bgm were obtained from our XRD data and used to
compare its unit‐cell volume with previously reported bridgmanite compositions (Figure S4 in Supporting
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Information S1). The volume data, consisting of 14 P–V data points collected after annealing at each pressure,
were fitted with a second‐order Birch–Murnaghan EOS with a fixed pressure derivative (K0ʹ = 4). The fitted
parameters are V0 = 169.4 ± 0.4 Å3 and K0 = 242 ± 4 GPa. The covariance matrix of the fitted parameters

[V0,K0] is [
0.16 − 1.60

− 1.60 17.31
].Our Bgm has Fe–Al‐rich compositions (e.g., Ca0.02Mg0.60Fe0.34Al0.25Si0.79O3) and

shows unit‐cell volumes consistent with previously reported Fe–Al‐rich Bgm compositions
(e.g., Ca0.01Mg0.54Na0.02Fe0.36Al0.33Ti0.05Si0.69O3) (Ishii et al., 2022; Ricolleau et al., 2010). These Fe–Al‐rich
Bgm compositions have larger unit‐cell volumes than Fe‐Al‐poor Bgm (Mg0.88Fe0.13Al0.11Si0.88O3) and MgSiO3
perovskite (Pv) (Catalli et al., 2011; Tange et al., 2012). The unit‐cell volume of the reported “Ca‐Bgm”
(e.g., Ca0.17Mg0.59Fe0.19Al0.15Si0.9O3) from Ko et al. (2022) is also comparable to that of Fe–Al–rich Bgm. Thus,
a larger unit‐cell volume of Bgm is not, by itself, a robust indicator of high Ca contents, as previous studies have
shown that Fe and Al substitutions also increase the unit‐cell volume (Andrault et al., 2001; Criniti et al., 2024;
Wolf et al., 2015).

3.2. Calcium Solubility in Bridgmanite at Lower Mantle Conditions

HRTEM analyses were conducted to test whether weak Dvm XRD signals in the glass‐derived runs reflect true
Dvm disappearance and to determine phase compositions in the quenched samples. High‐angle annular dark‐field
images and energy‐dispersive X‐ray spectroscopy (EDS) chemical mapping of the recovered samples show that
three phases are present in the quenched assemblages: Bgm, St (CaCl2–type SiO2 at pressures above ∼68 GPa),
and amorphous Dvm (Figure 2 and Figure S5 in Supporting Information S1), consistent with XRD results
(Figure 1). Notably, the grain size of Bgm strongly depends on the starting material: crystalline starting materials
yield relatively coarse‐grained products with a mean grain size of ∼285 nm, providing the most reliable basis for
compositional analysis, whereas glassy starting materials are associated with much finer grains with a mean grain
size of∼65 nm (Figure S6 in Supporting Information S1), consistent with the weaker XRD reflections observed in

Figure 1. X‐ray diffraction refinements of high‐pressure and high‐temperature run products. (a) Refinement by the Rietveld
method using the crystalline starting sample; (b) refinement by the Le Bail method using the glassy starting sample. The Le
Bail method was used for refinement in (b) because of broad diffraction peaks and relatively poor diffraction quality.
Observed intensities are in black dots; calculated profiles are in red curves; residuals are shown in gray. Vertical colored ticks
denote peak positions for each identified phase: bridgmanite (red), davemaoite (blue), stishovite or CaCl2–type SiO2 (gray),
and KCl or Ne pressure medium (black). Panel legends show the residual factor (Rwp) together with the volume proportions
of the identified phases derived from Rietveld refinements. The wavelength of the incident X‐ray beam is 0.3344 Å.
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the glass‐derived runs. No systematic dependence of phase assemblage or χCa on heating duration was observed,
although longer heating of the glassy starting material could promote grain coarsening at relatively high tem-
peratures. Bgm and St remained crystalline at ambient conditions, as confirmed by Nano‐beam electron
diffraction analysis (Figure 2c).

The χCa in Bgm is determined to be 0.01–0.06 cations per formula unit at 55–124 GPa and 2,083–3,061 K (Table
S1 in Supporting Information S1). Our measured χCa in Bgm is consistent with the MAP results of Wang
et al. (2025), in which the chemical equilibrium between Bgm and Dvm was achieved at conditions up to 50 GPa
and 2,700 K with 24 hr annealing. Together with previous studies, our results suggest that the χCa in Bgm is
primarily controlled by temperature. An increase in temperature from 2,083 to 2,713 K at 60 GPa results in an
increase in χCa of ∼0.01 (±0.002). Within uncertainty, no pressure dependence of χCa is noticeable. The high χCa
in bridgmanite (0.2 cations per formula unit) reported by Ko et al. (2022) was not observed in any of our P‐T runs.
Detailed discussion about chemical analysis, ferric iron ratio, and Mg‐Fe‐Al incorporation in Dvm (χCa of Dvm
<1) is in Text S4 in Supporting Information S1.

3.3. Thermodynamic Modeling of Calcium Solubility in Bgm

To understand the χCa in Bgm at relevant lower‐mantle P‐T conditions and its influence on lower mantle
mineralogy, we constructed a thermodynamic model using the asymmetric Margules equation to estimate the Ca
content in Bgm at different P‐T conditions by calculating the solvus (mixing temperature) of Bgm and Dvm at
different pressures (Figure 3). The asymmetric Margules equation is commonly used to describe the mixing

Figure 2. High‐resolution transmission electron microscopy characterization of the recovered run products from high P‐T experiments. For each panel set of four images
in (a) and (b), dark‐field transmission electron microscopy image is displayed at the top left together with energy‐dispersive X‐ray spectroscopy maps for Si (blue; top
right), Ca (cyan; bottom left), and Mg (red; bottom right). The run products were quenched from high P‐T using crystalline (a) and glass starting materials (b). The run
products in (a) clearly displayed better crystalline features of the phases than that in (b). (c) Nano‐beam electron diffraction patterns indexed to bridgmanite [001] and
stishovite [110] with representative reflections labeled. Pressure and temperature conditions and scale bars for the syntheses are indicated within the panels.
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properties of minerals, such as feldspar (Eugster et al., 1972; Waldbaum & Thompson, 1969). The asymmetric
Margules equation used in this study is as follows (White, 2020),

ΔGmix = RT[x ln x + (1 − x) ln(1 − x)] + x(1 − x) [WAB(1 − x) +WBAx] (1)

where ΔGmix is the Gibbs free energy of mixing, x is the mole fraction of the Ca component, R is the gas constant,
and T is temperature. WAB and WBA are the asymmetric Margules interaction parameters that describe the non‐
ideal mixing behavior on the Bgm and Dvm sides, respectively. The coexistence compositions of the two pha-
ses are denoted by x1 and x2, where x1 is the Ca component content in the Bgm phase and x2 is the Ca component
content in the Dvm phase. These correspond to the two binodal compositions at a given pressure and temperature,
with x1 < x2. The Margules parametersWAB andWBA were constrained by fitting the experimentally determined
tie‐line compositions, that is, the Ca contents in Bgm and Dvm, at their corresponding temperatures (x1, x2, T).
For each experimental tie line, the coexistence compositions were required to satisfy the common‐tangent
condition applied to the Gibbs free‐energy curve, which is equivalent to (Prieto, 2009),

∂ΔGmix

∂x

⃒
⃒
⃒
⃒
x1
=
∂ΔGmix

∂x

⃒
⃒
⃒
⃒
x2
=
ΔGmix (x2) − ΔGmix (x1)

x2 − x1
. (2)

The best‐fit asymmetric Margules parameters, fitting statistics, and corresponding covariance matrices at each
pressure are summarized in Tables S2 and S3 in Supporting Information S1. The spinodal was determined from
the condition,

∂2ΔGmix

∂x2
= 0. (3)

Figure 3. Temperature‐dependent solvus in the bridgmanite–davemaoite system at high pressures. The solvus (red solid curve) and spinodal (blue solid curve) are
grouped into six pressures at 35, 55, 60, 70, 80, and 124 GPa. χCa denotes the mole fraction of the Ca component in bridgmanite or davemaoite, where χCa = 0
corresponds to Ca‐free bridgmanite and χCa = 1 corresponds to davemaoite. Pale dashed curves indicate solvi and spinodal above the eutectic melting temperature. Red
dashed curves are the calculated solidus and liquidus (Braithwaite & Stixrude, 2019). Solid red circles represent experimental data from this study. Open symbols denote
literature data: downward triangles from Ricolleau et al. (2010), squares fromWang et al. (2025), circles from Ishii et al. (2022), upward triangles fromHirose et al. (2005),
and diamonds for low χCa Bgm from Ko et al. (2022). Green circles mark the melting temperatures of the endmember phases, and green squares denote the eutectic
compositions (Braithwaite & Stixrude, 2019; Pierru et al., 2022; Zerr et al., 1997).
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We used Ca‐free Bgm (χCa = 0) and pure CaSiO3 Dvm (χCa = 1) as endmembers. The model was then used to
calculate Bgm–Dvm solvi at different pressures. At 35 GPa, the fit is constrained by 8 tie lines, corresponding to
16 compositional data points from previous studies, providing a test of the applicability of the asymmetric
Margules model (Figure 3a). In addition to “Ca‐Bgm”, Ko et al. (2022) also reported Bgm with low χCa in
separate runs, possibly due to larger grain sizes resulting from prolonged heating. Our solvus model can also
accurately represent the low χCa Bgm data reported by Ko et al. (2022) and the compositional data of Bgm and
Dvm reported from studies using basaltic and Fe–Al‐rich starting materials (Hirose et al., 2005; Ishii et al., 2022;
Ricolleau et al., 2010; Wang et al., 2025) (Figure 3). Additional details of the thermodynamic framework and
modeling procedure are provided in Text S5 in Supporting Information S1.

Our modeling results show that χCa in Bgm increases strongly with temperature at a given pressure, while pressure
effects are comparatively minor. The modeled temperature dependence of χCa is on the order of 10

− 5 K− 1, over
the relevant pressure range. Our calculated solvus and P‐T dependence of χCa are consistent with recent MAP data
reported byWang et al. (2025) (Figure 3b). Given the modeled P–T dependence and the persistently low χCa up to
124 GPa and 3,061 K, we infer that the true mixing temperature must be substantially higher than 2,300 K. The
constant mixing temperature of ∼2,300 K for Bgm–Dvm proposed by Ko et al. (2022) is inconsistent with our
findings.

4. Lower‐Mantle Mineralogical and Geophysical Implications
Our experimental results, together with thermodynamic modeling, demonstrate that Ca has limited solubility in
Bgm. The combined XRD and HRTEM results suggest that Dvm does not completely dissolve into Bgm at
relevant lower‐mantle P‐T conditions. Instead, the disappearance of Dvm XRD peaks in runs using glass starting
materials is likely attributable to kinetic factors, such as fine grain size from multiple nucleation centers and poor
Dvm crystallinity. This finding is consistent with the results of Wang et al. (2025), suggesting that the previously
reported “Ca‐Bgm” by Ko et al. (2022) likely represents nanocrystalline phases or overestimated Ca contents
resulting from small grain sizes. Similar kinetic effects in experiments using glass starting materials have been
observed in previous studies, where metastable phases and nanocrystals of silicates were produced (Asahara
et al., 2005; Irifune et al., 2016).

Taking the Ca solubility from our thermodynamic modeling into consideration, the mineralogical proportions of
Bgm and Dvm in basaltic and pyrolitic models can be better constrained along representative lower‐mantle
geotherms (Katsura, 2022; Spiliopoulos & Stacey, 1984). To calculate χCa in Bgm and the corresponding
Dvm abundance along these geotherms, we used a two‐stage pressure parameterization of the asymmetric
Margules parameters. The best‐fitWAB andWBA values used to construct the solvi in Figure 3 were obtained from
the Bgm–Dvm tie‐line compositions and were then fitted with linear functions of pressure. The limited and
weakly pressure‐dependent χCa suggests a slight reduction in Dvm and a corresponding increase in Bgm in the
deeper lower mantle. The strong temperature dependence of χCa further implies a more pronounced reduction of
Dvm in hotter regions of the lower mantle, such as near mantle plumes and the core–mantle boundary (CMB)
(Figure 4). Details of the linear pressure parameterization are provided in Text S5 in Supporting Information S1.
The results of our modeling indicate that Ca solubility in Bgm is as low as ∼0.001 at topmost lower‐mantle
conditions; however, this value is extrapolated beyond the experimental temperature range and is therefore
less well constrained than the higher P‐T results. At ∼115 GPa, χCa reaches ∼0.004, 0.013, and 0.03 along
representative cold, normal, and hot geotherms, respectively. The Dvm fraction remains nearly constant for both
pyrolite and MORB along the cold geotherm. Along the normal geotherm, Dvm abundance decreases only
modestly with depth, by ∼0.7% in pyrolite and ∼0.3% in MORB, whereas along the hot geotherm both assem-
blages show a more pronounced decline in Dvm abundance. Overall, our model supports the traditional view that
Dvm remains an abundant phase in lower‐mantle mineralogy, with broadly maintained abundances of ∼8 vol% in
pyrolite and∼25 vol% in MORB (Irifune et al., 2010; Ishii et al., 2018, 2019, 2022; Kesson et al., 1998; Ricolleau
et al., 2009, 2010), although stronger Dvm reduction may occur in hotter regions.

Dvm thus remains a major component in subducted MORB and pyrolitic assemblages in the lower mantle and is
characterized by a distinctly low shear‐wave velocity (Gréaux et al., 2019; Sun et al., 2016, 2022; Thomson
et al., 2019; Zhou et al., 2025). We usedMie–Grüneisen EOS and finite‐strain theory to evaluate how the modeled
Dvm reduction affects density (ρ), bulk modulus (KT), and bulk sound velocity (Vϕ) in pyrolite and MORB (Ita &
Stixrude, 1992; Stixrude & Lithgow‐Bertelloni, 2005) (Figure S7 and Table S4 in Supporting Information S1).
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The calculated changes are small, with slight increases in ρ and KT and a slight decrease in Vϕ, reflecting the
limited Dvm reduction predicted by the solvus model. The maximum changes are Δρ ≈ + 0.27%,
ΔKT ≈ + 0.13%, and ΔVϕ ≈ − 0.31% for pyrolite, and Δρ ≈ + 0.19%, ΔKT ≈ + 0.09%, and
ΔVϕ ≈ − 0.16% for MORB. Consequently, these changes fall below typical seismic detectability and are un-
likely to be resolved by current global tomography. Subducted MORB is expected to accumulate above the CMB,
while much of it stagnates and mixes with the ambient lower mantle (Li & McNamara, 2013; Nakagawa
et al., 2010; Xu et al., 2008). Interaction with the surrounding mantle and rising hot plumes may raise temper-
atures sufficiently for Bgm in the surrounding mantle to dissolve Dvm in subducted MORB. These processes can
markedly decrease the Dvm proportion in subducted MORB in the lower mantle. To explore this endmember
scenario of stronger Dvm reduction, we calculated the seismic properties of subducted MORB with progressively
lower Dvm abundance. The results show that reduced Dvm increases VP and VS while leaving density nearly
unchanged (Figure S8 and Text S6 in Supporting Information S1). This effect may help explain the discrepancy
between high‐ and low‐velocity anomalies attributed to subducted MORB in the lower mantle (Gréaux
et al., 2019; Kaneshima, 2019, 2023; Thomson et al., 2019;Wang et al., 2020). Overall, Dvm is expected to persist
in the lower mantle, but temperature‐driven changes in its abundance can modify the seismic expression of
recycled basaltic crust.
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Figure 4. Davemaoite volume proportion and representative mineralogical diagrams of subducted mid‐ocean ridge basalt (MORB) and pyrolite in the lower mantle. (a),
(b) Calculated davemaoite volume proportion along representative cold (blue), normal (green), and hot (red) geotherms (Katsura, 2022; Spiliopoulos & Stacey, 1984)
for MORB (a) and pyrolite (b). Shaded bands denote representative uncertainty ranges associated with the thermodynamic model. Dashed lines show extrapolated
davemaoite fractions beyond the bridgmanite‐to‐post‐perovskite transition, assuming that our thermodynamically modeled Ca solubility in bridgmanite can also be
applied to post‐perovskite. The red and blue dashed lines are the post‐perovskite phase boundary for pyrolite and subducted basalt, respectively (Ohta et al., 2008). (c),
(d) Mineralogical diagrams of MORB (c) and pyrolite (d) with depth in the lower mantle. The mineralogical diagrams follow previous studies, except that the
bridgmanite–davemaoite boundary was modified according to the Ca‐solubility model developed in this study (Ishii et al., 2022; Lin et al., 2013; Ricolleau et al., 2010;
Stixrude & Lithgow‐Bertelloni, 2012). Abbreviations: MORB, mid‐ocean ridge basalt; Qtz, quartz; Coe, coesite; Cpx, clinopyroxene; Opx, orthopyroxene; Grt, garnet;
Ol, olivine; Wad, wadsleyite; Rwd, ringwoodite; NAL, new‐hexagonal aluminous phase; St, stishovite; Dvm, davemaoite; Bgm, bridgmanite; CF, Ca‐ferrite‐type
phase; Fp, ferropericlase; pSt, post‐stishovite (CaCl2–type SiO2); pPv, post‐perovskite; α‐PbO2, α‐PbO2‐type SiO2.
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