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Abstract: Enstatite is one of the major mantle minerals in the earth which is an important Mg end member of the

orthopyroxene system. Li isotopes are important tracers of mantle geochemistry

and they are very important for

studying related properties of diffusion and fractionation in the major mantle minerals ( such as olivine and pyroxene) .

We have modelled and calculated the activation energies of Li diffusion in enstatite lattice via two different migration

mechanisms ( interstitial and substitutional mechanism)

at atomic level and degree of isotopes fractionations on

different lattice sites at different temperatures. Our calculation shows that Li isotopes are more likely to migrate

through enstatite by interstitial mechanism. Moreover ’Li will incorporate on interstitial sites while®Li prefers to move

into Mg vacancies. The temperature is one of the key factors affecting fractionation and the corresponding results can

be used to explain isotopic composition of mantle Li and isotope fractionation under cooling conditions.
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Table 1. Empirically derived potential parameters used in :
enstatite modelling
Core-shell /
Core Shell
(10°nm™2eV)
Li* 1.00 o Li
Mg 2.00 Li
Sit* 4.00
0+ 0. 8482 —-2. 8482 74. 90 Mg
Li
AleV p/nm C/( 10" nm®eV) Li
Lit-0% 632.0 0.291 0.0 Li
Mg 0% 1430.0 0. 295 0.0 !
Si*r-0% 1280.0 0.321 10.70 o
0> 0% 22800.0  0.149 27.90 Li Mg
Li
FI( eV frad™2) 8y/(°) !
0> i 0> 2.097 109. 47 - L
2 (Mg,Si,0;) supercell( 1x2x3) Li Li
supercell( 1x2x3)
Table 2. Lattice energies for defective supercells of enstatite o L1
( 1x2x3) . The perfect supercell energies are given as well 1
supercell( 1x2x3) 1
/eV N
V ~16365. 26 1 Li
Vi -16366.78 .
Li%yy -16374.37 Li ) Li
Li*yp ~16375. 11
Lit ~16395.22 .
' Li
Perfect supercell -16390. 63 .
o Mg Li
2 3 A( Mgl-
: Mg2) .B( Mgl-Mgl)  C( Mg2-Mg2) .
2 Mg, Li, Si,0, + Mg, Si,0,& Mg, Li, D 1.
Si,04 + Mg, Li_ Si,0 + Mg, Si,0q 001 .
2 D@2
Li Mg2 Li Mg
Li M2 o 2
Li
@ L
. . 1 Li
o Zhang ~ Wright * Li '
(a) 001 7 (b) 100 o
° " . Fig.1. Calculated possible diffusion paths in enstatite lattice.
(Fe Al ) Possible migration pathways of lithium (a) paralleled
to 001 direction ( b) and viewed along 100 .
Li
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A( Mgl-Mg2)
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Table 3. Li diffusion activation energies in enstatite lattices

along various possible paths viewed in Figure 2

Li /eV
A 0.937
1.018
C 2. 667
D 0. 749
2 A.B.C

D 4
Fig.2. Energy profiles for lithium diffusion along
several possible paths (A B C D)

in enstatite lattice.
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300.1000 1500 K3 10 GPa
4 °
10 GPa 300 K
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1. 0026( 2. 6%o) Li
1
4 Li
Mg °
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300~ 1500 K Li

Table 4. The forcefield modelling combined relevant empirical
potentials calculated fractionations between isotope Li species
incorporated in the enstatite structure via the interstitial and

vacancy substitution mechanisms at 10 GPa 300-1500 K.

p/GPa  T/K Aior-vae /%0
Bintersiial an‘um} jrorvac
300 1. 44095 1. 37103 1. 0510 51.0
10 1000  1.27698 1.26961 1. 0058 5.8
1500 1.26735 1. 26409 1. 0026 2.6
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