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Abstract Water in Earth’s mantle plays a critical role in
both geodynamic and surficial habitability. Water in the
upper mantle and transition zone is widely discussed, but
less is known about the water in the lower mantle despite it
constituting over half of Earth’s mass. Understanding the
water storage in Earth’s lower mantle relies on compre-
hending the water solubility of bridgmanite, which is the
most abundant mineral both in the lower mantle and
throughout Earth. Nevertheless, due to limited access to the
lower mantle, our understanding of water in bridgmanite
mainly comes from laboratory experiments and theoretical
calculations, and a huge controversy still exists. In this
paper, we provide a review of the commonly employed
research methods and current findings concerning the sol-
ubility of water in bridgmanite. Potential factors, such as
pressure, temperature, compositions, etc., that influence the
water solubility of bridgmanite will be discussed, along
with insights into future research directions.
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1 Introduction

Water (referring to hydrogen-bearing ions or molecules) is
an essential component of a habitable Earth, which is not
only distributed on the surface but also exists in Earth’s
interior (Peslier et al. 2017; Li et al. 2020; Ohtani 2021).
Water in the Earth’s interior could significantly reduce the
viscosity and melting temperature of rocks (Gaetani and
Grove 1998; Genova et al. 2023), thereby accelerating the
circulation of materials within the Earth’s interior.
Understanding the abundance and distribution of water in
the mantle is fundamental to unravel its differentiation and
evolutionary processes.

Based on extensive geochemical, geophysical observa-
tions, and high-temperature and high-pressure (HPHT)
experimental studies, the water content of the upper mantle
is well constrained, with an estimated value of ~ 200 ng/g
(Hirschmann 2006; Peslier et al. 2017), corresponding to
~ 0.1 ocean mass water (one ocean mass = 1.4 x 10*!
kg). The water content of the mantle transition zone
remains under debate, with estimated total water budgets
ranging from ~ 0.1 to 5.8 ocean masses (Karato 2011; Fei
et al. 2017; Zhang et al. 2022). But the mantle transition
zone appears to contain more water than the upper mantle
because water solubilities of the major minerals in the
mantle transition zone (e.g., wadsleyite and ringwoodite)
are significantly greater than those in the upper mantle
(Keppler and Bolfan-Casanova 2006; Inoue et al. 2010).
The water content in the lower mantle currently is highly
uncertain, with only sporadic studies suggesting that there
are some hydrous regions in the shallow lower mantle (Liu
et al. 2016; Gu et al. 2022). For example, Gu et al. (2022)
found hydrous peridotitic fragments in the inclusions of
ultra-deep diamonds possibly from the topmost lower
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mantle. However, the representativeness of these samples
and the water content in the deeper lower mantle remain
unknown.

Ocean island basalts (OIB) are usually used to probe the
geochemistry of the lower mantle due to their deep sources
that possibly extend to the core-mantle boundary as shown
by the seismic observations (French and Romanowicz
2015). Overall, OIB generally has higher water content
compared to mid-ocean ridge basalts (MORB) derived
from the depleted mantle (Moore 1970; Hallis et al. 2015;
Liu et al. 2017a). Hirschmann and Dasgupta (2009) esti-
mated that the water content in the mantle sources of OIB
is ~(0.2—-1.6 times higher than that of MORB based on H/C
ratios. However, whether the source of OIB can represent
the entire lower mantle remains unclear, because some of
the water in OIB may be contributed by the recycled
lithosphere (Dixon et al. 2002). Marty (2012) proposed that
the whole mantle is required to contain about 10 £ 5 ocean
masses of water to match the cosmochemical observations
of noble gas in the bulk silicate Earth. However, the upper
mantle and mantle transition zone could only account for
~7 ocean masses of water at maximum if they are both
water-saturated (Karato et al. 2020). It means that the lower
mantle has to contain at least ~3 ocean masses of water to
satisfy the estimate from Marty (2012). The maximal water
capacity of the lower mantle hence becomes a key
parameter for judging the validity of the estimates of water
in the mantle. Additionally, the water capacity of the
mantle also plays a critical role in regulating its dehydra-
tion processes and the water cycle within Earth (Bercovici
and Karato 2003).

Bridgmanite, the (Mg, Fe)SiO; perovskite in an
orthorhombic structure (Tschauner et al. 2014), is the most
abundant mineral in the lower mantle. Bridgmanite com-
prises approximately 75-80 % volume of the lower mantle
when in pyrolite or harzburgite composition and around
35 % when in subducted slab composition [see Irifune and
Tsuchiya (2015) and references therein]; hence, its water
solubility is of first-order importance to determine the
water capacity of the lower mantle. Extensive attempts
have been made to investigate the water solubility of
bridgmanite using various approaches, but a consensus has
not yet been reached. This review paper will first introduce
the methods for studying the solubility of water in bridg-
manite then summarize the results we now have. Factors
that may influence the solubility of water in bridgmanite
will be discussed subsequently with some perspectives
proposed for future studies.

2 Methods for studying solubility of water
in bridgmanite

The HTHP experiment and first-principles simulation are
two primary methods for studying the water solubility of
bridgmanite because natural samples derived from the
lower mantle are rare. Bridgmanite stabilization requires
pressure over 23 GPa at mantle adiabatic (Ito and Weidner
1986), which makes it challenging to be studied in a
laboratory.

When employing the HTHP experimental method, two
steps are necessary: (1) synthesizing clear bridgmanite
samples under extreme pressure—temperature (P-T) con-
ditions in a water-saturated system; and (2) accurately
determining the water content of the obtained bridgmanite
through HTHP experiments. Multi-anvil apparatus and
laser-heated diamond anvil cell (DAC) are generally
employed to generate the P-T conditions of the lower
mantle. However, quantifying the water content of sample
recovered from HPHT experiments is challenging because
(1) the synthesized bridgmanite are often accompanied by
water-rich melt, making it difficult to be separated cleanly
and (2) the size of synthesized bridgmanite is usually
small. For example, bridgmanite crystals recovered from
multi-anvil experiment typically do not exceed 400 pm and
is often only tens of micrometers; the DAC samples, on the
other hand, are usually smaller than 5 pm.

Fourier transform infrared absorption spectroscopy
(FTIR) and secondary ion mass spectrometry (SIMS) are
two techniques that are widely used to measure the water
content of a sample. They both have high sensitivity with
detection limits generally less than 10 pg/g (Rossman
2006). FTIR has the advantage of not damaging the sample
and can also determine the bonding types of hydrogen
simultaneously. However, the sample requires double-
sided polishing and the accuracy of the measurement lar-
gely depends on the choice of calibration coefficients
(Paterson 1982; Libowitzky and Rossman 1997; Koga et al.
2003). SIMS determines the total water content of a sample
with detected limits as low as 1 pg/g (Newcombe et al.
2023). Furthermore, the nanoscale secondary ion mass
spectrometry (NanoSIMS) could have spatial resolution
reaching to nanometer level (Saal et al. 2008) and is a
powerful technique available for quantitatively analyzing
water content in small ultra-high pressure samples (Yang
et al. 2023). However, both SIMS and NanoSIMS have
several disadvantages. Firstly, they cause irreversible
damage to the sample, preventing repeat measurements.
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Secondly, they are unable to exclude the water in the
inclusions (fluid or melt), hydrous phases, and/or other
impurities that formed within the experimentally-produced
bridgmanite samples. Lastly, the matrix effects need to be
addressed. In recent years, atom probe tomography (APT)
has rapidly emerged as a potential technique for quantita-
tively analyzing the composition of small samples. It can
not only accurately analyze the water content but also
provide information on the spatial distribution of water in
the sample (Gault et al. 2021). However, the sample pre-
treatment for APT analysis is complicated. At present, no
examples of its application in bridgmanite water solubility
studies have been seen (Reddy et al. 2020).

The first-principles simulation is readily to simulate the
P-T conditions of bridgmanite stability. The essence of this
method is to solve the Schrodinger equation, which
determines the position of the atomic nucleus by consid-
ering the fundamental laws governing the interaction
between atomic nuclei and electrons (Stixrude 2001). Free
energy is calculated iteratively using a path integral and
subsequently converted into thermodynamic parameters
based on thermodynamic derivation. However, it is nec-
essary to possess an accurate equation of state of the
material before conducting the simulation to obtain an
accurate P-T. Additionally, simulation of multiple atoms
entails significant time and computational resources,
thereby a very simple mineral composition under an ideal
case is usually assumed. However, this assumption may not
be true since the natural system is highly non-ideal. Vari-
ous factors such as composition, as well as variables like P
and T, can potentially affect the solubility of water in
bridgmanite.

3 Results of water solubility of bridgmanite

Table 1 summarizes the solubility of water in bridgmanite
that has been reported so far, most of which were obtained
through HTHP experiments with some from calculations.
There is still no consensus on the water solubility of
bridgmanite so far.

3.1 Water solubility in bridgmanite constrained
by multi-anvil experiments

The multi-anvil apparatus has been widely used to syn-
thesize water-saturated bridgmanite at conditions of the
lower mantle since the 1990s, yet a unified understanding
of water solubility of bridgmanite has not been achieved
(Fig. 1). Meade et al. (1994) first reported the water content
of synthetic bridgmanite recovered from 27 GPa and
2103 K. They found bands at 3483 and 3423 cm™"' using
synchrotron radiation FTIR and estimated the water
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content of the bridgmanite at ~ 105 pg/g (Meade et al.
1994), suggesting that the lower mantle can accommodate
a large amount of water in bridgmanite. However, Bolfan-
Casanova et al. (2000) obtained different results in their
experiments, where bridgmanites synthesized at 24 GPa,
1873 K, and water-saturated conditions did not show any
hydrogen-related bands in the IR spectra, indicating the
water content should below the detection limit (< 1 pg/g).
Bolfan-Casanova et al. (2000) speculated that the experi-
ment of Meade et al. (1994) might not reach equilibrium
because the experiment only lasted for 8 mins (Ito and
Weidner 1986).

Bridgmanite in the lower mantle is unlikely to be pure
MgSiOj; and should be Al- and Fe-bearing (Ito et al. 2004).
To investigate the effect of Al and Fe, Murakami et al.
(2002) synthesized Al- and Fe-bearing bridgmanites at 25.5
GPa and 1873-1973 K and found bands at ~3400 cm ™' in
the IR spectra of the recovered bridgmanites. Combined
with SIMS analysis, they showed that the water solubility
of bridgmanite could be up to 2400 pg/g (Murakami et al.
2002), which is significantly higher than the results of
Bolfan-Casanova et al. (2000). Subsequently, Litasov et al.
(2003) synthesized bridgmanites with various Al and Fe
contents at 25 GPa, 1273-1873 K, and water-saturated
conditions. IR spectra of recovered bridgmanite also show
bands at ~3400-3500 cm™' and the water solubilities
were determined in the range of 47-1780 pg/g (Litasov
et al. 2003). To address this contradiction, Bolfan-Casa-
nova et al. (2003) synthesized Al- and Fe-bearing bridg-
manite at 24 GPa and 1673 K in a water-saturated system
and also observed bands at 3350, 3410, and 3640 cm™! in
the IR spectra of bridgmanite. However, Raman spectra of
the sample show peaks that can be referred to as super-
hydrous phase B, indicating that these IR bands are likely
caused by water-rich inclusions between or in the bridg-
manite grains rather than in its crystal structure (Bolfan-
Casanova et al. 2003).

Inoue et al. (2010) conducted experiments at 23 GPa and
1873 K using Fe-bearing initial materials with water con-
tent of 15.8 wt% to determine the partition coefficient of
water between the transition zone and lower mantle min-
erals. Fe-bearing bridgmanites coexisting ringwoodite and
hydrous silicate melt were obtained with water contents
measured up to 700 pg/g using SIMS (Inoue et al. 2010).
However, they did not provide a detailed analysis to con-
firm whether the bridgmanite contains water-rich inclu-
sions. To address the “water-rich inclusions” problem, Fu
et al. (2019) used transmission electron microscopy (TEM)
to check the purity of the bridgmanite synthesized at 24
GPa and 2073 K using Al- and Fe-bearing initial materials.
Water contents of the bridgmanites were determined up to
~ 1000 pg/g using both FTIR and SIMS, which is much
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Table 1 Compilation of water solubility of bridgmanite

Reference P (GPa) T (K) Run no.  Starting materials “H,0 solubility in
Brg (ng/g)
Experimental results
Meade et al. (1994) 27 2103 MgSiO; + 50 wt% H,0 105(25)
Murakami et al. 25.5 1873 C157 75.5 wt% KLB-1 + 11.5 wt% CaSiO3 + 13.5 wt% H,O 2300(100)
(2002) 25.5 1893 C165 64.0 wt% KLB-1 + 25.0 wt% CaSiO; + 11.0 wt% H,0  1900(100)
25.5 1923 C183 42.5 wt% KLB-1 4 38.9 wt% CaSiO3 + 11.1 wt% 2400(100)
FeO + 7.5 wt% H,O
Bolfan-Casanova 24 1673 HI1311 MgSiO; + 10 wt% AlL,O3 + 5 wt% H,O I(1)
et al. (2003) 24 1673 HI1302  Glass + brucite 2(5)
Litasov et al. (2003) 25 1573 K-202 MgSiO; + 10 wt% H,0 300(100)
25 1673 K-200 MgSiO; + 10 wt% Al,O5 + 10 wt% H,0 101(19)
25 1473 K-165 MORB-related Al-bearing bridgmanite (FeO free) + 5  1400(400)
wt% H,O
26 1473 K-164 MORB-related Al-bearing bridgmanite (FeO free) + 10 1400(400)
wt% H,O
26 1273 K-160 MORB-related (Al, Fe)-bearing bridgmanite 4+ 5 wt% 110(21)
26 1473 K-161 H,0 600(200)
25 1573 K-205 MORB-related bridgmanite (TiO, free) + 8 wt% H,O  47(12)
25 1673 K-208 Peridotite-related bridgmanite + 10 wt% H,O 1780(175)
25 1873 K-209 1460(130)
Inoue et al. (2010) 23.1 1873 E1730 (Mgg gFeq2),Si04 + 15.8 wt% H,O 300
23.2 1873 E1695 700(300)
Panero et al. (2015) 33 1600 710Ha Enstatite with Mg/(Mg + Fe) = 0.87, < 0.1 wt% 10
42 1900 0608Ha AlLO; + 2065 pg/g H,O 220
Fu et al. (2019) 24 2073 5K2667- 21.6 wt% Mg(OH) ; + 58.8 wt% MgSiO; + 11.8 wt%  1005(68)
Pl AlL,O3 + 7.8 wt% FeO
24 2073 5K2667- 1031(81)
P2
Liu et al. (2021) 24 1900 S7119 En90Cor10 + 8.8 wt% H,O oxide mix 15(5)
26 1900 IRIS669 En90Brm10 glass + 6 wt% H,0O 31(11)
26 1900 S7158 En90FA10 glass + 10 wt% H,O 12(2)
Ishii et al. (2022) 28 1273-1873 (70-90) wt% MgSiO3 + (10-30) wt% Al(OH); <1
[(7.5-22.5) wt% H,0]
Yang et al. (2023) 33 3690 Modified pyrolite composition > 1099(14)
Computational results
Hernandez et al. 24 1500 — 2000 MgSiO; + Mg,SiOy4 770-1000
(2013)°
Panero et al. (2015)  25-125  2000-3000 MgSiO; — MgO + 3AIOOH 31-37
Townsend et al. 110-135  2000-4000 H-bearing MgSiO; 1250— 6667

(2015, 2016)°

H- and Al-bearing MgSiO;

50,000 —10,000

For samples that both FTIR and SIMS measurements are available, the larger values are taken as the solubility and used in Fig. 1. ® In these
studies, the water solubilities are inferred from the water partition coefficient among solid minerals, see the main text for detailed discussions

higher than those reported by Bolfan-Casanova et al.

(2000, 2003).

To verify the results of Fu et al. (2019), Liu et al. (2021)
conducted similar experiments using Al- and Fe-bearing
initial materials with water content of 6 — 10 wt% at

24-26 GPa and 1900 K. To minimize the effect of water-

rich inclusions, the experimental durations were prolonged

and hence they

to 30 h. They obtained pure and transparent bridgmanites
in the absence of bands at 3350-3690 cm ™! in IR spectra,
suggested that water solubility of

@ Springer
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Fig. 1 Water solubility in bridgmanite obtained from multi-anvil
experiments

bridgmanite should be < 30 pg/g (Liu et al. 2021). These
results were later confirmed by Ishii et al. (2022), who
synthesized Al-rich bridgmanite at 25-28 GPa and
1273-1373 K with the existence of hydrous minerals and
found that the water content of synthesized bridgmanite
was lower than the detection limit (~1 pg/g) of FTIR,
supporting that bridgmanite is dry at the top lower mantle.

3.2 Results from laser-heated diamond anvil cell
experiments

Limited researches have been conducted on studying water
solubility of bridgmanite using laser-heated DAC com-
pared to those using multi-anvil. The main obstacle comes
from quantitative analysis of water content in tiny
(< 5 pm) recovered samples. And up to now, a consistent
understanding has yet to be achieved.

Schmandt et al. (2014) conducted pioneering experi-
ments, where the synthetic hydrous ringwoodites were used
as the starting materials and laser-heated to 1873 K under
30 GPa. The researchers subsequently analyzed the prod-
ucts using synchrotron radiation FTIR and observed bands
at 3400 and 3680 cm~'. However, the presence of hydrous
melt and brucite around the bridgmanite indicates that
these bands may represent water in the melt or brucite
[Mg(OH),] rather than water in bridgmanite (Schmandt
et al. 2014). In a subsequent study, Panero et al. (2015)
employed enstatites with different water contents (35 and
2065 pg/g) as starting materials and laser-heated the sam-
ples to 1600-2000 K at pressures of 33-60 GPa; using
synchrotron radiation FTIR, they identified four stretching
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bands (3576, 3378, 3274, and 3078 cm_l) in the IR spectra
of the recovered samples that were cooled below 100 K.
Although the total water content estimated from these
bands could reach 220 pg/g, the actual water content
within the bridgmanite should not exceed 10 pg/g if con-
sidering the melt dispersed within the mineral interstices
(Panero et al. 2015).

In the two aforementioned studies, there was a failure to
completely separate the silicate melt and bridgmanite in the
run products. Consequently, the exact water content of the
bridgmanite could not be accurately quantified. Yang et al.
(2023) melted a hydrous silicate glass at 33 GPa via laser-
heated DAC experiments, where the bridgmanites grown at
a liquidus temperature of 3690 K were completely sepa-
rated with the silicate melt. NanoSIMS analysis demon-
strated a water content of ~ 1100 pg/g in the bridgmanite
when in equilibrium with the silicate melt containing ~4.4
wt% water (Yang et al. 2023). It means that under these
experimental conditions, water solubility of bridgmanite
must be larger than 1100 png/g, contradicting that bridg-
manite is dry.

3.3 Results from first-principles simulations

It is challenging to investigate the solubility of water in
bridgmanite using first-principles simulations due to the
accuracy of simulating melts or fluids. Up to now, the first-
principles simulations only yield accurate results in water
partitioning among solid phases, from which one can
estimate the water solubility of bridgmanite by knowing
the water solubility of another phase.

Simulations from Herndndez et al. (2013) suggested that
the partition coefficients of water between ringwoodite and
bridgmanite are 10—13, which aligns with the experimental
results of Inoue et al. (2010). The solubility of water in
bridgmanite hence could be estimated to be up to 1000 pg/
g (Hernandez et al. 2013) given ringwoodite’s water sol-
ubility of 1 wt% (Fei and Katsura 2020). However, Panero
et al. (2015) found that water content of bridgmanite in
equilibrium with stishovite should not excess 43 pg/g
according to the calculated partition coefficient of water
between bridgmanite and stishovite in a MgSiO;-MgO +
OAIOOH binary system.

Bridgmanite could change its structure from perovskite
to post-perovskite in the lowermost mantle conditions (e.g.,
Murakami et al. 2004; Oganov and Ono 2004). Townsend
et al. (2015) conducted calculations and found that the
post-perovskite structure can accommodate 1-2 wt%
water. In their subsequent work, the partition coefficient of
water between bridgmanite and post-perovskite is calcu-
lated to be 5 (Townsend et al. 2016), which means that the
maximum water content in bridgmanite in equilibrium with
water-saturated post-perovskite can reach 5-10 wt%.
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However, if the system is Al-bearing, the partition coeffi-
cient of water between bridgmanite and post-perovskite
would decrease to 1/3—1/8 (Townsend et al. 2016), yielding
the maximum water content in Al-bearing bridgmanite of
approximately 0.13-0.67 wt%. However, it is worth noting
that first-principles simulations typically assume a sim-
plistic system, whereas the incorporation of water in real
mantle minerals exhibits substantial non-ideality. This
discrepancy may explain why the simulation results exhibit
higher values compared to the experimental findings.

4 Discussion and future perspective

4.1 Potential substitution mechanism of H
in bridgmanite

The chemical formula of pure bridgmanite is MgSiOs3,
which belongs to nominally anhydrous minerals. However,
under the conditions of the lower mantle, some cations can
dissolve into bridgmanite and may affect its water solu-
bility. For example, Navrotsky and colleagues (1999; 2003)
proposed that trivalent cations (A3+, A = Al, Fe) can dis-
solve into bridgmanite by substituting Si forming MgAO, 5
or substituting Mg and Si forming A,O; (Fig. 2), which
could be expressed as:

AT < Si*t 1+ 0.5 Oy( MgAO, ) (1)
2A%F o Mg 4 Si*T(A203) (2)

where the Oy in Eq. (1) is the generated oxygen vacancy. If
forming MgAQ, s, the oxygen vacancies are potentially to
be occupied by OH™ in a water-rich environment, thus
introducing H into bridgmanite; whereas if forming A,Oj3,

Al(+Fe*"), PFU

the amount of H incorporated into bridgmanite would be
limited. The first substitution mechanism was adopted to
explain the high solubility of water in Al- and Fe-bearing
bridgmanite (Murakami et al. 2002; Litasov et al. 2003; Fu
et al. 2019). However, experiments by Bolfan-Casanova
et al. (2003) and Liu et al. (2021) do not support this
explanation. As shown in Fig. 2, bridgmanite with com-
position falling on the MgAQ, 5 substitution line does not
always have high water solubility. Townsend et al. (2016)
conducted first-principles simulations and found that H*
together with AI’* could directly substitute Si*" in
bridgmanite:

APt 4 HT « Si*t (3)

In this way, the Al-bearing bridgmanite could contain
water up to 1000 pg/g (Townsend et al. 2015, 2016).
However, there is a lack of experimental evidence to
substantiate this substitution mechanism. Additionally, the
Mg?" in bridgmanite could also be substituted by divalent
Fe or Ca ions (Boujibar et al. 2016; Liu et al. 2020; Ko
et al. 2022). Based on the analysis of the Laplacian of the
electron density distribution function, Ross et al. (2003)
found that the Mg site is the only potential site for H
entering bridgmanite via:

2JHT < Mg2+ (4)

This substitution mechanism has been confirmed by a study
using the first-principles simulation (Townsend et al.
2016), although the experimental evidence remains lack-
ing. One important implication is that H could directly
enter the lattice of bridgmanite in this way. If this is the
case, one can expect that substantial water would be
incorporated in bridgmanite; yet experimental verification
is urgently required.
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4.2 Factors that may control water solubility
in bridgmanite

Bridgmanite is stable at depths from 660 km to the bottom
of the mantle (Murakami et al. 2004), where the P-T
conditions could change from ~23 GPa and 2000 K to
~ 125 GPa and 4000 K (Boehler 2000; Fiquet et al. 2010)
with oxygen fugacity varying by several orders of magni-
tude (Frost and McCammon 2008). Moreover, bridgmanite
could also transfer to other phases (such as corundum, etc.)
within the mid-lower mantle regions of the subducted slabs
(Liu et al. 2017b, 2020). Therefore, various factors,
including P-T and oxygen fugacity, could potentially
influence the solubility of water in bridgmanite.

The P-T conditions of related multi-anvil experiments
are limited to 2103 K and 27 GPa, which are far from
covering the P-T conditions of the whole lower mantle.
Although laser-heated DAC experiments can achieve more
extreme P-T conditions, quantitatively analyzing the water
content of tiny recovered samples is a significant challenge.
Yang et al. (2023) established a workable protocol to
measure the water content of DAC sample using Nano-
SIMS and found that the partition coefficient of water
between bridgmanite and melt could be as high as ~ 0.025
at 33 GPa and 3690 K. Assuming that the partition coef-
ficient of water is constant even when the activity of water
in the melt equals to 1, then the maximal water content in
bridgmanite would reach ~2.5 wt%, which is dramatically
higher than all the values obtained from multi-anvil
experiments. Further experiments at more extreme P-T
conditions are urgently needed.

The incorporation mechanism of H into the bridgmanite
could be influenced by the oxygen fugacity, which not only
alters the Fe3+/ZFe of bridgmanite (Boujibar et al. 2016;
Kuwahara and Nakada 2023) but also controls the H spe-
cies in the hydrous melt or fluid that in equilibrium with the
bridgmanite. For example, some low-pressure (< 3 GPa)
experiments have shown that at oxygen fugacity of 2 orders
magnitude below the iron-wiistite buffer, more than half of
the H in a silicate melt containing 3000 png/g water will
exist in the form of H, molecules (Hirschmann et al. 2012).
As a result, some nominally anhydrous minerals (olivine or
pyroxene) could incorporate H in the form of H, (Yang
et al. 2016). And if there is also a certain amount of C or N
in the system, more complex species such as C—H and N-H
bonds will form at reduced conditions (Armstrong et al.
2015; Li et al. 2017). However, H species in bridgmanite
and silicate melt at high pressures and varying oxygen
fugacity conditions are still poorly constrained.
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5 Conclusion

With a comprehensive review of studies regarding the
solubility of water in bridgmanite, the conclusions of this
article are summarized as follows:

1. The water solubility of bridgmanite obtained from both
HPHT experiments and first-principles simulations is
highly uncertain. Experimental results could range
from ten to thousands of pg/g, while computational
results could vary by three orders of magnitude. The
significant uncertainty in water solubility of bridg-
manite hinders its further applications on constraining
water budgets in the lower mantle.

2. Innovative research protocol is urgently needed to
address the huge controversy, especially the quantita-
tive analysis techniques for determining the water
content of tiny sample recovery from HTHP
experiments.

3. Based on the previous point, extensive work is ahead
to clarify the behavior of H dissolving in bridgmanite
at varying P-T, oxygen fugacity, and composition
conditions, to deepen our understanding of water in
Earth’s deep mantle.
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