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Abstract Clinoenstatite pyrope and spinel the important end members of pyroxene garnet and spinel groups are major mineral
compositions in the upper mantle. Li isotopes are important tracer element in the mantle geochemistry and its properties of diffusion
and fractionation in the major mantle minerals are important for understanding Li isotopes as a tracer element of the mantle
geochemistry. By performing the classical force field calculations at the atomic scale we calculated the activation energies of the Li
diffusion in the clinoenstatite pyrope and spinel lattice via both interstitial and substitution mechanisms under the different pressures
and temperatures; meanwhile we have also calculated the effect of Li isotopes fractionations on various mineral lattice sites. The
results suggest that the Li isotopes are migrating through the substitution mechanism in the clinoenstatite pyrope and spinel lattice. The
fractionation calculation of Li isotopes on the different lattice sites indicate that "Li is more likely incorporate on the interstitial sites
while °Li prefers to move into Mg vacancies. The temperature is one of the key factors affecting the fractionation and the corresponding
results can be used to explain scientific issues such as Li isotopic composition in the mantle and the isotopic fractionation under the

cooling conditions.

Key words Clinoenstatite; Pyrope; Spinel; Li isotopes; Diffusion fractionation; Simulations
. Li R Li
o Li
o Li N o Li
"Li °Li Mg .
Li o
* “ » . “ o (41773057)
( DQXX201702)
1992 E-mail: jiangjiajun@ mail. gyig. ac. cn

*k : 1980 E-mail: zhangfeiwu@ vip. gyig. ac. cn



2812

P597.2; P599

Li
Li
(°Li 7Li)

( Marschall et al. 2007; Tonov and
Seitz 2008; Magna et al. 2015) . Li oTi
"Li ( ~17%) ( Seitz and Woodland
2000; Woodland et al. 2002; Seitz et al. 2003 2004; Teng
et al. 2006; Trail et al. 2016)

( Gallagher and Elliott 2009; Pogge von Strandmann et

al. 2011) . ( Mg,Si,04) ( Mg, Al,
(8i0,) ;) ( MgAlO,)
( Magna et al. 2006; Jeffcoate et al. 2007) ,
Li
Li Mg
. ( Lodders 2003; Grant
and Wood 2010)
( Richter et al. 2014) . Li
Li
Li
Li Li
Li

1
Li
Gale J. D. General Utility Lattice Program
( GULP) (Gale 1997) o
- Li
Li :
2 x2 x4(19.08A x 17.28A x21.254) 640
: 2x2 x2(22.654 x22. 654 x22.654)
1280 ; 2 x2x2(16. 164 x 16. 16A x
16. 16A) 448 Supercell
Li Supercell Li/Mg
1/128 Supercell
Li

2018 34(9)

Acta Petrologica Sinica

Born
o r
zze -1\ ¢
Uir) = = Aijexp(i) - rg (1)
(1)
Buckingham o Z~Z;
i Aij\p,-j Cij
Qo
( shell model)
( core) ( shell) Y
7X(7 ) -
K o
o= (2)
Catlow ( 1977) .Lewis and Catlow ( 1985)
MgO.AlL,0,.5i0, Li,O Buckingham
(0]
( Harmonic three-body term) Si-0 0-Si-0
( Sanders et al. 1984) 2172k (60—
0,) 9 0=Si-0 .

( Palin et al. 2003 2005; Zhang and Wright 2012a) .

1 o
( cutoff)
10A 204 Supercell
1077
cutoff 104 o Supercell
16. 16A ( cutoff) 10A;
Supercell
3% o
2
2.1 Li

( Mg, Si, 05) Mg Mgl



tLi N

1 ( Mg, Si,06) «
(Mg;AL(Si0,) ;) ( MgAlO,)
Table 1 Empirically derived potential parameters used in

clinoenstatite pyrope and spinel modelling

Core Shell Core—shell K( eV/A?)
Li* 1.00
Mg * 2.00
APt 3.00
Sit+ 4.00
0% 0. 8482 —2.8482 74. 90
A(eV) p( nm) C(eV « A°)
Lit-02"  632.0 0.291 0.0
Mg?* -0~ 1430.0 0.295 0.0
AP+ 02" 1460.0 0.299 0.0
Si** -0~ 1280.0 0.321 10.70
0%~ -0*" 22800.0 0. 149 27.90
k( eV /rad ~?) 0, ( degrees)
0% AP+ 0" 2.097 109. 47
0%~ Sit+ 0*-
2 ( Mg, Si, Oq) Supercell (2 x2 x4)
(Mg, Al,(Si0,) ;) Supercell(2 x2 x2) . ( MgAlO,)

Supercell(2 x2 x2)
Table 2

clinoenstatite (2 x2 x4)

Formation energies for the defective Supercells of

pyrope (2 x2 x2) spinel (2 x2 x2)

(eV)
Vit 25.41 25.5 26.05
Viie 23.81
Lify, 16.27 16.22 16.23
Lijyo 15.49
Li;” -4.23 -4.11 -3.66
Mg2 Li —
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Li Mg 4 L 3

Mg o Li Table 4  Li diffusion activation energies in the pyrope and spinel

lattices along various possible paths viewed in Fig. 3

Li Li

Li (eV)
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Table 3 Li diffusion activation energies in the clinoenstatite

lattices along various possible paths viewed in Fig. 1

Li (eV)

2 A.B.C

A 1. 052

B 1273 Fig.2  Energy profiles for lithium diffusion along several

possible paths (A B C) in the clinoenstatite lattice
C 3. 055
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Fig. 3 The calculated possible diffusion paths in spinel ( left) and pyrope ( middle and right)

The left and middle are along

100  direction the right is along 010

4 ()
Fig. 4 Energy profiles for Lithium diffusion by several possible paths in the pyrope (a) and spinel ( b)
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5 Li
Table 5 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

(GFPa) (K) Binterstial Buacaney intervac Ainersa {70
300 1.42814 1.36117 1.0492 49.2

4 1000 1.27544 1.26882 1.0052 5.2
1500 1.26645 1.26353 1.0023 2.3
300 1.48799 1.36738 1.0882 88.2

10 1000 1.28099 1.26934 1.0092 9.2
1500 1.26885 1.26376 1.0040 4.0

6 Li

Table 6 The force-field modelling combined relevant empirical potentials calculated fractionations between isotope Li species

incorporated in the pyrope structure via the interstitial and vacancy substitution mechanisms

(GPe) (K) Binterstial Buacaney intervac Al %)
1000 1.27891 1.26788 1.0087 8.7
4 1400 1.26896 1.26353 1.0043 4.3
1700 1.26569 1.26214 1.0028 2.8
1000 1.28076 1.26884 1.0094 9.4
10 1400 1.26999 1.26399 1.0047 4.7
1700 1.26635 1.26245 1.0031 3.1
1000 1.28170 1.26934 1.0097 9.7
13 1400 1.27042 1.26427 1.0049 4.9
1700 1.26670 1.26256 1.0033 3.3
7 Li

Table 7 The force-field modelling combined relevant empirical potentials calculated fractionations between isotope Li species

incorporated in the spinel structure via the interstitial and vacancy substitution mechanisms

GP: K Ajiervac ( %0)
( ? (K) Binterstial B\umnuy Qiptervac '
300 1.41372 1.36490 1.0358 35.8
0 1000 1.27426 1.26879 1.0043 4.3
1500 1.26585 1.26339 1.0019 1.9
300 1.42021 1.37277 1.0346 34.6
4 1000 1.27490 1.26955 1.0042 4.2
1500 1.26614 1.26373 1.0019 1.9
300 1.42972 1.38447 1.0327 32.7
10 1000 1.27587 1.27072 1.0040 4.0
1500 1.26660 1.26423 1.0018 1.8
1. 0040( 4. 0%o) 4GPa 4GPa~10GPa.13GPa
Li Li ( 6
o 4GPa 1000K 1700K Li
300K 1. 0087 ( 8. 7%o) 1. 0028
Li 4GPa  10GPa (2. 8%o0)
~39%o Li 10GPa  13GPa
o 5 o Li
Li Li
Mg o 1000K 4GPa 13GPa

1000K . 1400K 1700K 8. 7%o 9.7%o(  6)
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( Nishio et al. 2004)
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