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Abstract

The temperature dependence of theQAlsolubility in bridgmanite has been
determined in the system MgSiAIl,O; at temperatures of 2750-3000 K under a
constant pressure of 27 GPa using a multi-anvilaegips. Bridgmanite becomes
more aluminous with increasing temperatures. A IGjthype phase with a pyrope
composition (MgAl,Siz0,) forms at 2850 K, which is regarded as to be faansed
from bridgmanite upon decompression. This phaséam30 mol% AlO; at 3000 K.
The MgSiQ solubility in corundum also increases with tempéned, reaching 52 mol%
at 3000 K. Molar volumes of the hypothetical @4 bridgmanite and MgSi©
corundum are constrained to be 25.95 + 0.05 an2#260.06 criymol, respectively,
and interaction parameters of non-ideality for éhgo phases are 5.6 + 0.5 and 2.2 +
0.5 KJ/mol, respectively. The increases in@sland MgSiQ contents, respectively, in
bridgmanite and corundum are caused by a largeomnof Al,Os;bridgmanite plus
MgSiO; corundum than that of MgSgObridgmanite plus AlD; corundum with
temperature, in addition to the configuration epyroOur study may help explain
dynamics of the top lower mantle and constrain qumess and temperature conditions

of shocked meteorites.

Keywords: Bridgmanite; LiNb@type phase; Corundum; Temperature; Entropy;

Lower mantle
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1. Introduction

Geochemical and petrological studies suggest thatthE lower mantle
(660-2900 km depth), which occupies more than 53%arth’s volume, is the
largest geochemical reservoir in the Earth (e.gng®ood, 1975; Anderson, 1983;
McDonough and Sun, 1995). Bridgmanite is the mbsindant phase in this region,
and comprises about 80% of this region in volumafufle, 1994). Under
lower-mantle conditions, bridgmanite can contaim#i% of alumina (AOs) (Liu et
al., 2016, 2017a), which is far beyond its contantshe pyrolite and mid-oceanic
ridge basalt (MORB) compositions (Green et al., %93un, 1982). Bridgmanite is
thus the major host phase for the@d in the lower mantle (Irifune, 1996; Liu et al.,
2016, 2017a). AD; incorporation can greatly change chemical and glaysi
properties of bridgmanite (e.g., McCammon, 199%u et al., 1998; Zhang and
Weidner, 1999; Brodholt, 2000). Therefore, the@l solubility in bridgmanite is of
great significance for understanding the mineraloigghe lower mantle.

The ALO; solubility in bridgmanite has been studied in slgetem MgSi@-Al>O3
by several workers (Irifunet al., 1996; Kubo and Akaogi, 2000; Hirose et 2001,
Akaogi et al., 2002). Liwet al.(2017a, 2017b) recently demonstrated that th©Al
solubility in bridgmanite has both positive pregsand temperature dependences at
pressures of 27-52 GPa and temperatures of 1700-K50hey also predicted that a
LiNbOgs-structured phase (LN) with a pyrope (Md,SisO12) composition should
form at 2750-2800 K under 27 GPa upon decompreskiras been regarded as a
metastable phase formed from high-pressure staidgrbanite by a diffusionless
transformation upon decompression (e.g., Ross.etl@89; Liu et al., 2006). The
formation of LN can help understand the complicateystal chemistry of
bridgmanite and constrains shock conditions of oréts (Ishii et al., 2017; Liu et al.,
2019). However, the temperature dependence MySblubility in bridgmanite is still
poorly understood because the data obtained byremant (Liu et al., 2017b) and
earlier (Irifune et al., 1996; Kubo and Akaogi, PQBlirose et al., 2001; Akaogi et al.,
2002) studies did not agree well. Furthermore,diemistry of AJO; component in

bridgmanite remains unknown at temperatures highan 2500 K. At higher
2
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temperatures, oxygen vacancies in the form of anmAllgs component should
increase, and might thereby decrease thgeOAkomponent (Brodholt, 2000;
Navrotsky et al., 2003; Liu et al., 2019a, 2019)ich should decrease ferropericlase
in the lower mantle. Temperatures in hot plumesnfithe lower mantle should be
significantly higher by 500-1000 K than the surrdung mantle (e.g., Farnetani,
1997). Consequently, temperature effects are totabnstrain dynamics of the lower
mantle. Nevertheless, our limited knowledge abbetALO; solubility in bridgmanite
at very high temperatures prevents our understgsdimantle dynamics.

Here, we investigated the A& solubility in bridgmanite at temperatures up to
3000 K and a constant pressure of 27 GPa in a-auNil press. This pressure can
prevent the formation of majoritic garnet. Based amr new results, we have
determined the temperature dependence of th&®s;Abkolubility in bridgmanite
together with the MgSigsolubility in corundum, estimated thermoelasticapaeters
of bridgmanite and corundum, and discussed thegnlioations for dynamics of the

lower mantle.

2. Experimental methods

EnzsCorys (MgsAl 2Siz01,, En: MgSiQ, Cor: ALOs; thenumber represents mol%)
and ERsCorsglasses are used as starting materials. Detaikeahichl composition of
the EnsCorys glass was reported in Liu et al. (2016), and tfahe ErsCorssglass
was confirmed in the present study to have thenddd composition using an electron
probe microanalyzer. Starting materials were ptd rhenium (Re) capsules made of
25 um thick foils, and then heated at 500 K forf lzed hour to purge water. The
capsules with starting materials were finally puatoi cell assemblies. Quench
experiments at a constant pressure of 27 GPa amketatures of 2700-3000 K were
performed using a @0s;-doped MgO (OMCR, Mino Ceramic Co., LTD.) octahedra
with a 7-mm edge length and LaGrG@leeves for heating in combination with
tungsten carbide cubes with 3 mm truncated edggtHenn a multi-anvil apparatus
(IRIS-15) with a press load of 15 MN at the Bayehiss Geoinstitut, University of

Bayreuth (Ishii et al.,, 2016). Temperature was novad with a W/Re-W7sRexs
3
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thermocouple placed adjacent to the Re capsule.aflapted cell assembly can be
referred to Fig. 1. The pressure at high tempesatwvas calibrated by the
decomposition of pyrope into aluminous bridgmamitel corundum and the A
solubility in bridgmanite at various temperaturdsu(et al., 2017b). Pressure
uncertainties of these quench experiments are P4. G

Phases in quench runs were identified using a rigmosed X-ray diffractometer
(XRD, Bruker, D8 DISCOVER) equipped with a Co tutyeerated at 40 kV and 500
MA. X-ray beams were focused to 50 pm in diameténguan IFG polycapillary
X-ray mini-lens. The XRD profile of each sample wedllected for three hours.
Textural observation was performed using a LEO1&&fhning electron microscope
(SEM) operating at an acceleration voltage of 15ad a beam current of 10 nA.
Chemical compositions of each phase present imtlench runs were determined
using a JEOL JXA-8200 electron probe microanalyfEPMA) operating at
acceleration voltages of 15 kV and a beam currébtroA with standards of enstatite

for Mg and Si, and corundum for Al.

3. Results

Experimental conditions and phases present indbevered samples are listed in
Table 1.

Fig. lashows cross section of the cell assembly, and Tiglots the generated
temperature as a function of the power suppliethbyLaCrQ heater at 27 GPa. It is
clearly seen that the temperature can successfelyl 2399°C. Above this
temperature, we cannot read temperature becaagedaeded the limit of temperature
display of the thermometer. We thereby estimated tbémperature from the
extrapolation by a cubic polynomial fitting of themperatures below 239€ and
heating power. In the run 627, the heating powachied ~760 W and the estimated
temperature was ~3086060 K.

Fig. 2 shows the XRD patterns of run products. Bighows their back-scattered
electron (BSE) images. At 2750 K, both XRD and B#iServations exhibit that run

products from EnCor,s consist of LN with trace amounts of corundum, gnidnite,
4



122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

and stishovite (Figs. 2a and 3a). We assume that ikNa product of
back-transformation of bridgmanite upon decompogsdiased on previous results
(Funamori et al., 1997; Miyajima et al., 1999; latial., 2016, 2017a; Ishii et al.,
2017). Therefore, we refer to the composition of &bl “bridgmanite composition”
hereafter. The formation of large amounts of LNthis bulk composition indicates
that bridgmanite incorporates close to 25 mol% BfOA even at the pressure much
lower than previous studies, above 40 GPa (Liulet2®17). Trace amounts of
bridgmanite may be a metastable remnant from tlo&-transition.The BSE image
shows no distinguishable BSE signal intensitieswbeh LN and bridgmanite,
indicating identical compositions of these two m®asOne of these phases
(bridgmanite) should therefore be metastable basedo binary phase loop of these
two phases. From the run at 2850 K, the run prodastpletely consists of a single
LN with grain sizes larger than 10 pm. From thesra 2850 and 3000 K from
EngsCorss, the run product consists of a mixture of LN anduandum based on XRD
identifications and BSE observations (Figs. 2cnd 3c, d).

One question is whether melting occurs at the lgeeperimental temperature of
3000 K (run 627). SEM observations, however, ditlsimw any features of melting
in this run as follows. First, phase compositions a&entical within analytical
uncertainties in the radial direction. Second,@ltfh particles of Re or its oxide are
found in the boundary of LN and corundum (Fig. 3b-ithe amounts of these
particles significantly increase from the centerttte ends of the sample capsule.
These Re phases are thought to have been formadsbld diffusion of the capsule
at very high temperatures (Thévenin et al., 1988)thermore, Kudo and Ito (1996)
studied the melting phase relations in this systn?5 GPa and reported that
bridgmanite with 10 mol% AD; melted at higher temperature than the melting
temperature of the pure MgSi®@ridgmanite, which is 2900 K. Their report suggest
that the incorporation of AD; component must raise the melting temperature of
bridgmanite. These observations and report ledldet@onclusion that melting did not
occur at the temperature of the run 627. Thereftre, melting temperature of

bridgmanite with the ERCor,s composition should be higher than 3000 K at 27.GPa
5
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Compositional analysis by EPMA confirms that LNdgimanite contained 24 = 1
mol% Al,Oz at 2750 K from the EgCor,s starting material. The LN in the run 635
from this starting material contained 25.0 + 0.2I%®A\I,03 at 2850 K, which is
identical to that of the starting material. Frone tBrysCorss starting material in the
same run, the AD; content in LN reached 26 + 1 mol%, while the Mg&SeOntent in
corundum was 42 £ 1 mol%. In the run 627 (3000tKg, ALO; content in LN and the
MgSiO; content in corundum were found to be 29 + 1 and 32mol%, respectively.
The lattice parameters of this LN (a = b = 4.84041c = 12.712 (10) A; the number
in the parenthesis represents the standard devi&tiothe last digit.) are slightly
higher than obtained by Ishii et al. (2017) thase (b = 4.783 (2) A; ¢ = 12.680 (11)
A). These differences can be explained by the higtigO; content in the present
study. As already mentioned, the formation of thakeach LN was recovered from
bridgmanite synthesized at lower-mantle condititmieugh a diffusionless transition,
in which the A (Mg) cations are substituted andsBB, Si) octahedra are distorted
due to the incorporation of large amounts of Alu(lat al., 2016, 2019; Ishii et al.,

2017).

4. Discussion

4.1. Thermodynamics of Al partitioning in bridgmanite and corundum
To further understand the #lexchange between bridgmanite and corundum, we
conducted the thermodynamics calculation usingdatewing reaction:

MgSiOs (Brg) + Al,O3 (Cor) = ALOs (Brg) + MgSiQ (Cor) (2)
where AbO3; and MgSiQ are the hypothetical end-member of bridgmanitey)Bind
corundum (Cor), respectively. The Gibbs free enariggnge of reaction (1) can be
expressed as:

Brg Cor _ , Brg Cor
Bmgsio; T HAL0; = Hal0, T MMgsio, (2

where py%.) - and uy %, are the chemical potentials of MgSi@nd AbOs in

bridgmanite, respectively, anpigf’zro3 and yﬁggi% are those of AD3; and MgSiQ

6
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components in corundum, respectively. Chemicalnit@tks of these components can

be expressed as the following equations in theideal solution model:

”1]\34;%103 = Mol]?/[rggSiO3 +RTIn a1]\3/1rgg5103 3
#g?2r03 = #OE\?;% + RT In ag?2r03 (4)
/‘Elrzgo3 = /‘Oﬁfzg% + RTIn a,l?\lrfo3 )
Hg\(/)[rgo.SSios)zos = Mol(\:’lggi% +RT In al(\:42§103 (6)

oBrg oCor oBrg oCor :
where p°yosio. s BAL050 Hal0,r 8ND KGMg, osiys),0,ar€ the standard chemical

potentials of the (hypothetical) endmembers of éhfesir components, andf,[rggSi%,

O af\lrfos, and aygs;o, are their activities. At equilibrium, the standasthte

Gibbs free energy change of reaction (1) can be ¢lxpressed as:

0 _ ,0oBrg oCor _ ,0Brg __ ,oCor _ Brg Cor __
AGRry = H7p1,0,F K (MgosSi0s),05 ~ HoMgsio, ~ H°Al,0, = RT Inayegi0, + RT Inag) o,

B
RTInay s, — RTInaygso, 7(

The activity coefficients for these components md¢gmanite and corundum can be

expressed as:

aito, = Kaio, " Vano,) (8)
all?/lrggSio3 = (Xﬁfggsiog '7’1\1/31;%103)2 9)
a5, = (X5, Y5 )’ (10)
058510, = (X010, V%0 (11)

By assuming the symmetric solutions for bridgmaitel corundum, their activity

coefficients can be written as:

B B B
RTIHVAergbg =W, *(1 - XA1r2g03)2 (12)
B B B
RTInyyéi0, = Wy o (1 = Xygsio,)’ (13)
RTIny§P,, = Wi (1 = X505,)? (14)

RTanl\(;I%rSi% = Wx" (1 - XI\C/I%rSiO3)2 (15)

7
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where X,1% and Xy, are the mole fractions of 4Ds and MgSiQ in bridgmanite,
respectively, ng’zros and Xﬁ‘g’sﬂos are the mole fractions of AD; and MgSiO;

components in the corundum, respectively, Mj@rg and W are the interaction

parameters of bridgmanite and corundum of the symensolutions, respectively.

AGR, can be expressed as:

XCtJri XBrg
AGS, = —2RTIn 22 4 owGor(1 - 2X50%, ) + 2w (2x4% —1)  (16)

Al;03“MgsiOz

Molar volumes of bridgmanite and corundum as a tioncof the AbOz; and
MgSiO; contents, respectively, are summarized in Figo'Aifour et al., 1978; Ito et
al., 1978; Irifune et al., 1996; Kubo and Akaodd0R; Liu et al., 2016, 2017a). It is
clearly seen that molar volumes of bridgmanite emdindum, respectively, increase
almost linearly with increasing AD; and MgSiQ contents within analytical
uncertainties. A linear relation leads to the failog equation for the bridgmanite
volume in cni/mol:

Virg = 24.44 + 0.0151(5)%a1.08 (17)
whereya.0; represents the mole fraction of the,@d in bridgmanite. The derived
molar volume of the hypothetical &D; bridgmanite is to be 25.950.05 cni/mol.
Since the molar volume of corundum is 25.56%amol under ambient conditions
(D'Amour et al., 1978), the volume of A); bridgmanite is larger than that of pure
corundum.

The same equation for corundum produces the fafigweiuation in critmol:

Veor = 25.56 + 0.0068 (6)figsios (18)
whereyugsios represents mole fractions of the Mg&i€ntent in corundum. It is thus
found that the effect of MgSi3ontents on the volume of corundum is significantl
smaller than that of AD; for bridgmanite. We have derived the molar volushéhe
hypothetical MgSi@corundum of 26.24:0.06 cni/mol. This value is very close to
the volume of MgSi@ akimotoite, which is 26.35 cttmol (Horiuchi et al., 1982).
Since akimotoite has an ilmenite-structure, whgha imodification of the corundum

structure by cation ordering, the MgSiearing corundum may form a continuous

8
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solid solution with akimotoite, and cation orderimgay occur from a certain
composition in the AlOs—MgSiO; system (Panero et al., 2003).

We derivew 5" and w2 by an empirical method for the non-ideality ofigol
solutions due to a mismatch of the component votunsng the following formula

(Davies and Navrotsky, 1983; Akaogi and Ito, 1999):

Ws = 100.8AV - 0.4 kJ/mol (19)
_ Va-Vp
AV = (Va+Vp)/2 (20)

where V, and Vg are the molar volumes of the larger and smallenpanents,
respectively. We then obtained theZ™ and wS°™ values of 5.6 + 0.2 and 2.2 + 0.2
kJ/mol, respectively, from the present molar voluesults and equations of (17) and
(18).

In Fig. 5, the derivedAGR, from reaction (16) changes from 106 + 13 kJ-mol
at 1700 K to 75 + 7 kJ-miblat 2300 K and to 38 + 4 kJ-nifoht 3000 K. The
composition data of bridgmanite and corundum atpematures of 1700-2500 K is

from Liu et al. (2016, 2017a). By fitting the preseexperimental data to a linear

dAGY,

function of AGS, = AHJ, —TASQ,, we obtained AS?, = —( —

)P=46i3

J/(mol-K). This fact suggests that the configuragmtropy of A}O3; bridgmanite and
MgSiO; corundum increase more than Mggi®idgmanite and AD3; corundum with
increasing temperatureswhich is consistent withb initio calculations (Panero et al.,
2003; Jung et al., 2010). It further means thatt hempacities of two former
components are larger than the latter components.

Fig. 6 illustrates the solubility of ADs in bridgmanite and that of MgSiQOn
corundum, respectively, as function of temperatypeto 3000 K at 27 GPa in the
present and previous studies (Irifune et al., 19960 and Akaogi, 2000; Akaogi et
al., 2002; Liu et al., 2016, 2017a). In the presswidy, the AIO; solubility in
bridgmanite apparently increases from 24 + 1 to+29 mol% with increasing
temperature from 2750 to 3000 K. At 2850 KKridgmanite contains 25 mol% ADbs,
and thereby transforms into LN upon decompressiin3000 K, we found that

corundum incorporates the MgSi€bmponent as much as 52 + 1 mol%, which is
9
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significantly higher than previous studies (Irifueteal., 1996; Kubo and Akaogi, 2000;
Akaogi et al., 2002; Liu et al., 2016, 2017a). Dahines are the thermodynamic

calculations using the following equation:

Cor XBrg
MgSiO3 Al04

X
AGgr,(P,T,X) = AHQ — TAS? + fl” wtmAVpr + 2RTIn———5

Al»034 MgSio3

— 2w (1 - 2X5%,) —
2wyt (2x5%, — 1) (21)
where AHY is the enthalpyAS? is the configuration entropy;, is temperature® is
the pressureAVpr is the molar volume at high pressure and high eatpre.
Thermoelastic parameters of bridgmanite and commdan be found in the present
study for molar volume and entropy, and other patans from Akaogi and Ito (1999)
and Liu et al. (2019b). Our thermodynamics caléolet show almost consistent
results for the experimental data of bridgmaniteowlver, there exists some
difference between our calculation and experimerdata for corundum at
temperature above 2400 K. This may be caused bstypoonstrained thermoelastic
parameters and large uncertainties of the intenacparameter for the ADs
corundum-MgSi@akimotoite, which needs further studies.
4.2. Implications

It is clearly found that the ADszsolubility in bridgmanite significantly increases
with increasing temperatures. Bridgmanite can doritee ALO3z content up to 30 mol%
at 3000 K even at a relatively low pressure of FaGThis value is far beyond it in
MORB compositions. From subducted basaltic slabght#® surrounding ambient
lower mantle, and then to upwelling of hot plumésthe top region of the lower
mantle, bridgmanite would become more aluminoustduecreasing temperatures in
this order, if the hot plumes have a highes@lcontent than slabs and ambient lower
mantle. If the plume at the top region of the lowaantle is dominated by
bridgmanite, bridgmanite with a higher .8k content would become denser.
Therefore, it may play the role of a barrier foe thigh temperature plumes upwelling
from the lower mantle.

The LN can be used an indicator for constrainingspure and temperature

conditions of shocked meteorites (e.g., Sharp etl@97; Ishii et al, 2017). The
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present study shows a clear temperature dependétize ALO3; content in LN at the
top lower mantle. Therefore, the presence of LN hwdluminous enstatite
compositions could be used to constrain the fownatconditions of shocked
meteorites. It is emphasized that, however, thegmee of LN or bridgmanite with a
garnet composition does not directly mean thatstiek pressure was above 40 GPa
(Ishii et al, 2017; Liu et al., 2019c). If the teempture had been higher than 2000 K,
the shock pressure should be lower than 40 GPa,itandn be 27 GPa if the

temperature were above 2800 K.

5. Conclusions

Phase relations in the system Mg&#Al,03 have been studied at temperatures of
2750-3000 K under a constant pressure of 27 GRammlti-anvil press. It is found
that both the AlOsand MgSiQ contents, respectively, in bridgmanite and corundum
have a positive temperature dependence. Bridgmanitethe ALO3; content higher
than 25 mol% transforms into LN upon decompressioa to the incorporation of
large amounts of Al. Bridgmanite and corundum, eesipely, contain the AD; and
MgSiO; contents up to 30 and 52 mol.% at a temperatuB900 K. We constrained
the partial molar volumes and interaction paransedéthe hypothetical end-members
of Al,O3 bridgmanite and MgSi©corundum. The increase in A& and MgSiQ
contents, respectively, in bridgmanite and corundvith temperature is enhanced by
their positive entropy in addition to the configima entropy. Temperature
dependence of the AD; content in bridgmanite would help understand threadhics
of the lower mantle and constrain the pressuretamgerature conditions for shocked

meteorites.
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Figures caption

Figure 1. (a) Cross section of the cell assembly. (b) Gdedréemperature as a
function of the heating powder. The inner pictisg¢he BSE image of the recovered
assembly of the run IRIS624.

Figure 2. XRD profiles of the run products. The number inguaihesis represents the
miller induces of the first appearing phase. Quasthasks represent the unknown
peaks. Abbreviations: Brg, bridgmanite; Cor, comumd LN, LiNbO;s-type phase; Sti,
stishovite; Re, rhenium.

Figure 3. BSE images of run products. Abbreviations: Brgiddgmanite; Cor,
corundum; LN, the LiNb@type phase; Sti, stishovite; Re, rhenium.

Figure 4. Molar volume of bridgmanite and corundum in theteyn MgSiQ-Al,Os

in previous studies.

Figure 5. Gibbs free energy of reaction (1) as a functioteofiperature. The data at
temperatures of 1762500 K are from Liu et al. (2016, 2017a).

Figure 6. The ALO; and MgSiQ contents, respectively, in bridgmanite and
corundum as a function of temperature. Dashed Bneshermodynamics calculation

results.
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Table 1. Starting materials, experimental conditions, and runs products
RunNo. Start Comp. P (27 GPa) / T (K) / t (minut Phases

IRIS624 EnsCorys 2750/10 LN+Cor + trace Brg+Sti

IRIS635 EnysCorys 2850/3 LN + Cor + Re
EngsCoras LN + Cor + Re

IRIS627 EngsCoras 3000/3 LN + Cor + Re

Abbreviations: Brg, bridgmanite; Cor, corundum; LN, LiNbO3-type phase; Sti, stishovite.



Table 2. Chemical compositions of the bridgmanite and L N-type phases.

Run. No. IRIS624 IRIS635 IRIS627
Comp. En;5Coros En,sCor,s EngsCorss EngsCoras
Brg/LN (n= _ _ _ LN(n Cor(n=
Phases 12) LN (n=11) LN (n=10) Cor (n=28) -12) 8)
MgO 30.58 (68) 30.26 (22) 29.85(70) 16.47 (49) 28.19 (45) 20.62(83)
49.22
Al,O4 23.77 (54) 25.42 (20) 26.50 (55) 58.30(72) 28.96 (81) (119)
SO, 45.34 (91) 44.73 (45) 43.87 (43) 24.70 (93) 42.60 (42) 31.09 (75)
100.93
Total 99.70 (119) 97.82 (58) 100.21 (96) 99.48 (76) 99.74 (41) (68)
Mg 0.767 (11) 0.754 (5) 0.745(13) 0.416(11) 0.707 (11) 0.244 (14)
Al 0.471 (13) 0.501 (3) 0.523(12) 1.165(21) 0.574 (16) 0.718 (13)
S 0.763 (9) 0.747 (4) 0.735(4) 0.419(13) 0.716 (7) 0.277 (12)
Ycation 2.001 (5) 2.002 (3) 2.003 (4) 1.999 (4) 1.997 (2) 1.998 (5)
Compone
nt (Mol %)
MgSiO; 76 (1) 75 (0) 74 (1) 42 (1) 71 (1) 52 (1)
Al,O4 24 (1) 25(0) 26 (1) 58 (1) 29 (1) 438 (1)
Total 100 100 100 100 100 100

Oxide analyses are reported in wt.%. n: number of analysis points. The oxygen number of Brgand LN is
normalized to 3. Number in parentheses represents standard deviation for the last digit (s). Abbreviations:

Brg, bridgmanite; LN, LiNbO;-type
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(a) En,sCor,s, 2750 K

EHT =15.00 kV Signal A= RBSD
WD =13.6 mm Photo No. = 2316
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Highlights of “Aluminum solubility in bridgmanite up to 3000 K at

thetop lower mantle”
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Highlights:

1.
2.
3.

Phase relations in the system Mg$i,0;were determined up to 3000 K at 27 GPa.
Bridgmanite can contain 30 mol%8kat 27 GPa and 3000 K.

The solubility of AbOs;in bridgmanite and that MgSidn corundum increase with
temperatures.

We constrain the molar volume and non-ideality dfOA bridgmanite and MgSi9
corundum.

Temperature dependence of@4 solubilityin bridgmanite may explain the dynamics of

the top lower mantle.
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