Ha6E 1M oY % R Vol.46 No.l
2026 4E 2 H ACTA MINERALOGICA SINICA Feb., 2026

DOI: 10.3724/1.1000-4734.2025.45.123 CSTR: 32252.14.j.1000-4734.2025.45.123

%A R A EFE AT YaRig P EmKIEE
HLHBIEIR 3R

HE', TR, HER, KR

(1. W ERF B BRSSO GBIl 4 [ f SRR =, S 5BH 5500815 2. HHEEMFEFE RS, LR 100049)

WE: fHRAEA (Mg-Pv) {EATHBRFEZEMT Y, TEKRAZFHTE T M B S H 4 HKIA RER
B LA B AT T b8 45 R 7K 5 1) B R A T S o A a0 AT Dy R A AR R oo R b 8 St i R ) B X
B, TRFUIZIX S G M K FE AT HLAT B R AN [RIIAE AL 1 (1] £ K % A v P A B TR N LR K 7E M BRVR 0 1 &
G TR AR . AU TR B — PR R T B S L, R AT R TR A T Vg2 H(V e
+20H). VgdH(Vs+4OH ) FIAlGH(AL+OH ) = Fh AN [A] (0 B RHL A 76 A B4 8 b M Rese k. BF AR5 R,
R T R EREURHLE T, IR 2 B MAIGH(ALAOH BV LRI R g 1, B R e Ve G 2R  Th w8 .
Ui, VedH(Vg+AOH LAV 2H(V e F20H LI RAR R R PERF 58 o, FERRIBIA R AE T, S5k/K T
AE S 1) T A AT 7 NEUREBE AT vk, RIS HR P st ks K SIOL,  AH An SR A M S b Sis A IR FE ARG, 45
P B B 7 A A R A RN AT LA 2 A P AR S WA IR . TS Z AR, AlgH(ALAOH )WLHIZE
TR T R At v AR M U 7R T R B A e AL DXHAR T B B AR S W SRR, TR RIA0.5% (R
KO HAh, AERES AN TA (Hy) 75 T Hube e i il m R 4kl T gE B — e R AR e
PE, X HLER P EKIRAE 8 2RISR IR SR T — S48 K8 7R
KBRS fiE e A WA PR

FESES: P59l XEARERE: A XEHRS: 1000-4734(2026)01-0086-09

F—EE: WEH, 5, 19964, id, HEigthski 2 AHET W E %LV, E-mail: x1631733348@vip.qq.com.

Theoretical studies on the occurrence mechanism of structural water in the
lattice of Bridgmanite minerals at the core-mantle boundary of the Earth

XIE Lei'?, WANG Yi'?, JIANG Jiajun', ZHANG Feiwu'*

(1. State key Laboratory of Critical Mineral Research and Exploration, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang
Guizhou 550081, China; 2. University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Bridgmanite (Mg-Pv), as the most abundant mineral in the lower mantle, has been discussed by many scholars in
recent years regarding to the different substitution mechanisms of structural water in Bridgmanite and their important
scientific significance for the content of structural water in the lower mantle. The core—mantle boundary of the Earth is a
key area bearing the processes of plate subduction and Mantle convection. To explore the relative stabilities among different
occurrence mechanisms of structural water in Bridgmanite in this area will help us to understand the content, distribution,
migration and circulation rules of water in the deep Earth. In this study, we have systematically studied the relative
stabilities of three different substitution mechanisms of structural water in Bridgmanite including the VMg2H(V'{Ag+2OH'),
VSi4H(V;'i'+4OH‘) and AISiH(Al;ﬁ-OH') under temperature and pressure conditions at the core—mantle boundary of the Earth
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through the first principles molecular dynamics simulation. The research results indicate that among the three substitution
mechanisms under high pressure, the stability of the AlgH(Al;+OH’) substitution mechanism was significantly affected by
the temperature, and it was increased with the increase of temperature. On the other hand, the researches on the relative
stabilities of the VSi4H(V;;'+4OH') and VMgZH(V;Ag-s-ZOH') mechanisms show that under the condition of core-mantle
boundary of the Earth, structural water may be more favourable to enter the lattice of Bridgmanite with the VSi4H(V;}'
+40H") substitution mechanism, that is, to occupy the Si site in the lattice of Bridgmanite. However, if the concentration of
Si vacancy in Bridgmanite at the core—-mantle boundary of the Earth is very low, the capability of structural water entering
into the lattice of Bridgmanite through the dissolution of cation vacancy defects will also be very limited. In contrast, the
relatively high stability of the AlgH(AL+OH') substitution mechanism under high temperature and high pressure suggests
that the Al rich region at the core—mantle boundary of the Earth could have considerable water content, possibly as high as
about 0.5 wt.%. In addition, the molecular hydrogen in the interstitial sites of the lattice of Bridgmanite may also have a
certain degree of stability under high temperature and high pressure conditions at the bottom of the lower mantle. These
provide some new insights into the occurrence state and source of structural water within the interior of the Earth.

Keywords: core-mantle boundary of the Earth; Bridgmanite; occurrence mechanism; first principles
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Fig. 1. Different lattice structures of Bridgemanite for various substitution mechanisms of its structural water
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Table 1. Volumes and formation energies of the phases calculated at 135 GPa

Yt AA/(A /atom) TE ARG/ (eV/u.)
=0 K
MgSiO; 6.119 -5.376
(Mg,.,H,,)Si0; 6.011 —5.586
Mg(Si.Ha)O; 5.898 -5.539
Mg(Si, AlLH,)O; 6.075 —5.264
MgSiO;H,. 6.016 —-5.269
(Mg, .+ AL)(Si, AlL)O; 6.124 —5.438
MgO 6.459 0.860
T=4000 K
MgSiO; 6.332 ~13.717(20.055)
(Mg,..H,,)Si0; 6.287 —14.009(0.046)
Mg(Siy.H,y)O5 6.106 ~14.079(0.036)
Mg(Si, Al H,)O;5 6.291 —13.835(20.049)
MgSiO;H,, 6.231 —13.818(0.052)
(Mg, AL)(Si;AlL)O; 6.329 —13.798(0.054)
MgO 6.689 ~2.589(0.023)

#2135 GPa T HEFEAFEBRNEI B8R MEEM S E R

Table 2. Reaction energies and partitioning coefficients for different substitution mechanisms of structural water in Bridgmanite

at 135 GPa
BUACHLH ¥ b AL RBLAEN(eV/L. u.) IR
AlgH/Vy2H ~0.235+0.122 (~0.002) 1.98(0.70)
VdH/Vy,2H ~0.150+0.115 (-0.251) 1.54(0.51)
AlgH/Vg4H ~0.160+0.234 (0.118) 1.59(1.08)
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Fig. 2. Changes of the H-H distances (bond length) and RMSD values for the interstitial molecular hydrogen of bridgemanite

with the change of time
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