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Abstract: Alumina (Al,O5) is an important component in the Earth’s mantle. The compositions of basalt and mantle rock contain
about 15 % and 3%—5% Al,Os3, respectively. This review paper focuses on the effects of Al,O3 on the chemical properties of lower
mantle minerals under high-pressure and high-temperature conditions. Through analysis of previous relevant experimental results,
we conclude that there is a linear relationship between the AI** and Fe** contents with Xiec = 0.646(24)Xa in bridgmanite in
coexistence with Fe metal. The incorporation of Al,O5 greatly enhances the water storage capacity of high-pressure polymorphs of
silica. Especially, Al-bearing stishovite with the CaCl,-type structure can contain over 1% of water under the lower mantle
conditions. In cold subducted slabs of deep lower mantle, however, the Al-rich hexagonal NiAs-type silica phase is stable with a
greater water storage capacity compared to the CaCl,-type silica. High-pressure polymorphs of Al-bearing silica could be a main
water carrier in subducted slab to the core-mantle boundary. In the hydrous system of the lower mantle, Al,O; preferentially
partitions into the coexisting hydrous phase, leading to the depletion of Al,O; in bridgmanite. H,O and Al,O; have a combined
effect on the iron valence state and partitioning behavior of main minerals in the lower mantle. Further clarification of the combined
effect of H,O and Al,O3 on the physical and chemical properties of bridgmanite will provide constraint on the lateral heterogeneity
in the deep lower mantle. Future experimental and theoretical research should be systematically carried out to study the effects of

AlL,O5 content, iron content, and Fe>"/SFe ratio on the equations of state and elastisity of bridgmanite.
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Fig.1 Representative compositions of mid-oceanic ridge basalt (MORB) and pyrolite
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Fig.2 Ferric iron concentrations in bridgmanite under the lower mantle conditions
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Fig.3 The relationship between water solubility and alumina content in high-pressure polymorphs of silica under

the pressure-temperature conditions of the lower mantle
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Al-bearing silica containing over 1% of water
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shearvelocity provinces, LLSVPs)(Su et al.,1994;Ni
et al.,2002;Garnero and McNamara,2008) , %f T i ij2
WY R P I RS R R E R A2 A R
SERERILT G R AR BT U1 0% 3 48 B F-IE (Deschamps et
al.,2012; Wang et al.,2021; Deng et al.,2023), ¥
BRI 25 o3 S P AT O T i I AR
BT I, ISR BT e A7 Sk A i R B AL 1 5 B
fi# B¢ (Labrosse et al.,2007; Mukhopadhyay,2012),
BORT ) SE B0 25 1 (Zhang et al. ,2024) , £ ¥R T Hu g
2300 km AR, 5 &AM A7 (9 A AL 2 b A Bk
g, K=& EN S8 S mnmc. Wity
KA SLAE (9 A AL B SRR S 3P /L F e R
I, A He R AT B RR 2 iy T B AR S T2 8K (Zhang
et al.,2014), &K R A B S Ay vh A BRER e T
R, AT e F P B A A R SR DR AR B U I A 1Y)
SRR B A5 BR A% BE (Zhang et al.,2024) , 5 TRFAR A HKifE
{238 MU L

4 /é‘%’%%?‘é

AR S () F B2 ) TEARZER LT L
ASTTHR T — R .

(1) BS5 T AT BB 76T Hhd 55105 5 T4
i RS 5 4w gk LA R B AR A = gk
W2 AELIELR, X3i=0.646(24) X5, IR EIE T
i L A R Fe /SFe i 5 & M &R Y
FHG .

(2) A LR WE R T T g S T R e
JEARBE/KBE ST, 76T Hulg TR S5 T CaCL R S A
YEAH A 7K 25 5 7] i5~1% (Ishii et al.,2022b) , K& /7
RGN, FLA K 25 AR E PRI A AR, AT A%
8 300 S S5 PF T LIS bl v A KRR AE A o A
1 (Tsutsumi et al.,2024) . FEERT Hu0E & 5 vl A B
S NIASTYE AR AR AR e HE LR B
iK32.4(1.0) %, HAH/K A HEAH L CaCl, 2 J5 17 A7 A B
&1 (Liu et al.,2022),

(3)7E N MBS 25 T, 2 A0 L 2 B 7Kk A
TP B AR ER L Se i A K AR A5 A L L 2 204
A0 E K AR E T A B B A ) K (Zhang
et al.,2024), T HbME AT AL HR Q0T 52 0w 2k AE A
RS AT (Mg, Fe) OZ 0] I BL 43 ¢ & ¥ G
FEW .

T — 2 JHL I 7KORI AL A 4 e R ) 52 e 5 7K b
BRI RA R A S AR Hug S N
B 27 T AT S A ) N B8 — U R S A B AT 2
AR B LI IS TAER RGN AR & & s
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LA Fe’ /SFefH ) A1 HLAL & 4 P ALIRES R 3%
Wi o Bt o A S AROR L AR G R AEH AR Y PRl
J& AR L 25 A O % 22 2 23 1 25 4 v T e s S 6
RIPARFMN C B4, SEISIT RS TR
g I R By AL O M BRI AR A5 AR
HE b B pR 2o
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