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Table 1 Lattice parameters and elastic modulus of garnet under normal pressure

Garnet Lattice parameter/A Density/( g'cmd) Method Bulk modulus/GPa Shear modulus/GPa
11.559 Exp.B” 199.0
11.466 3.582 Exp.[" 172.7 92.0
Exp.>* 173.6 94.9
Pyrope 3.610 Exp.1 170.1 90.2
11.447 3.569 Exp.P" 167.0
11.472 Exp.¥ 173.7
11.486 3.587 Average 176.0 92.4
11.581 3.448 This study 154.5 83.1
11.532 4312 Exp.!¥ 168.0
4.289 Exp.1 175.1 92.1
11.519 Exp.["! 185.0
Almandine 11.507 3.916 Exp. 173.7 95.4
11.535 3.930 Exp.™ 174.9 95.5
11.523 4.110 Average 175.3 94.3
11.591 4.250 This study 166.6 79.4
11.99 3.850 Exp.P” 162.0 92.0
Uvarovite 3.841 Exp.[ 164.8 89.9
11.990 3.846 Average 163.4 91.0
12.070 3.780 This study 139.1 79.8
11.617 4.195 Exp.[*! 178.8 96.3
11.611 4.172 Exp. 176.4 96.5
Spessartine 11.608 4.185 Exp.[ 171.8 93.3
11.612 4.184 Average 175.7 95.4
11.744 4.060 This study 165.6 89.8
11.849 3.600 Exp.l" 166.8 108.9
11.848 3.602 Exp.[*! 168.4 109.0
Grossular 11.870 3.659 Exp. 161.2 102.6
11.910 3.667 Exp.¥ 162.4 102.9
11.869 3.632 Average 164.7 105.9
11.991 3.471 This study 143.4 87.4
12.048 3.840 Exp.l" 159.4 90.0
12.054 3.836 Exp.*” 157.0 90.0
Andradite 12.009 3.775 Exp.[ 147.3 92.7
3.938 Exp.1 162.5 86.0
12.037 3.847 Average 156.6 89.7
11.977 3.930 This study 151.9 89.3

GGA EUMEAS 1551819 A 3R, 3 it 5 TS fh i Kok . 2= TES 8RR O I AR T Zhang 251
S5 R I DA AT R SR S 0 A 45 S BR AR A A A, 32 3 T HAB AL A SR . IR S TECAL Y AL TR T
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Table 2 Elastic constants (C,,, C\,, C,,) and wave velocity of garnet

Garnet C,,/GPa C,,/GPa C,/GPa vp/(m's™) vg/(m-s™) Ref.
297.6 109.8 92.7 9.08 5.07 [7]
301.0 110.0 94.3 [36]
Pyrope 8.94 5.02 [6]
90.7 8.92 4.99 [8]
91.7 8.92 5.00 [8]
263.1 100.1 84.2 8.78 4.91 This study
309.0 111.0 96.0 [41]
8.33 4.64 [6]
Almandine 95.0 8.77 4.94 [8]
94.9 8.77 4.93 [8]
270.9 114.4 80.1 8.01 4.32 This study
304 91 84 8.85 4.64 [39]
Uvarovite 8.60 4.83 [6]
259.7 78.7 73.4 8.34 4.75 This study
309.5 113.5 95.2 [41]
96.2 8.55 4.81 [8]
Spessartine
92.0 8.41 4.72 [8]
283.1 114.4 90.9 8.38 4.70 This study
321.7 104.6 91.4 9.49 5.54 [7]
321.7 104.6 914 [40]
Grossular 98.8 9.02 5.30 [8]
9.04 5.30 [8]
274.7 80.7 77.7 8.65 5.02 This study
8.49 4.73 [6]
87.9 8.47 4.96 [8]
Andradite 289 92 85 9.05 5.09 [7]
289 92 85 8.38 4.95 [39]
285.5 85.1 82.7 8.30 4.77 This study

/NSRS Fe’, CoTB 7242, HAE BRI A1 . BRERAR A0 AR S0 A 0 b+ i A4k ) Mg
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IR B A RO L R AR, AR LD R AR AR AR 5 A TR XA T R TR AR
AR ACSFAE— B X TES RV A, RIEFME T R T p<8 GPa), LI i /NI KA 5 2R 41
AR A L SRR O, SR T AR AL (B r(Fe™)<r(AI)<r(Cr™)) — B (HIE X p>8 GPa, fh i <
RN RAR YR BRI A7 . BRI A7 B4R A1 o X T RE2 il T IR ISl T Bl 48 7> 5, 1 Fe™ A
Ji@ FH AL S TR B AR, R Fe R AR /N T AP AR o DA R T At 32 A AR AR S B
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Fig. 6 Elastic modulus of six garnets varies with pressure
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Structure and Elasticity of Garnet under High Pressure
by First-Principles Simulation

YANG Longxing, LIU Lei, LIU Hong, YI Li, GU Xiaoyu

(Key Laboratory of Earthquake Forecasting, United Laboratory of High-Pressure Physics and
Earthquake Science, Institute of Earthquake Forecasting, CEA, Beijing 100036, China)

Abstract: Garnet is an important component of the upper mantle and mantle transition zone, and its
properties under high temperature and pressure are of great significance to understand the composition,
structure and dynamic process of mantle. Therefore, the crystal structure and elastic properties of pyrope,
almandine, spessartite, uvarovite, grossular and andradite under 0—-16 GPa, the six most common garnet in
the Earth, were calculated by first principle method. The results show the unit cell volume of pyralaspite
(pyrope, almandine, spessartite) is smaller than that of ugrandite (uvarovite, grossular and andradite), and the
density of pyralaspite is higher than that of ugrandite except for pyrope. During structural compression, the
volume change of polyhedron is from large to small as [XOq] dodecahedron, [YO,] octahedron and [SiO,]
tetrahedron, and their ratio is close to 3 : 2 : 1, indicating that the compression mechanism of garnet is
mainly controlled by the dodecahedron. The variation of bond angle shows that tetrahedron and octahedron
of the ugrandite would be more regular under high pressure; while the tetrahedron of pyralaspite becomes
more irregular under high pressure. The bulk modulus of garnet increases with the increase of almandine,
and decreases with the increase of uvarovite and grossular; while the shear modulus of garnet increases with
the increase of grossular, and decreases with the increase of almandine and uvarovite. The wave velocity of
pyralaspite is smaller than that of ugrandite except for pyrope. Calculation results show that the wave
velocities of garnet intersect with the typical wave velocity model of the Earth near 410 km, proving that
garnet is an important component of the mantle, and the existence of garnet and its solid solution with
different compositions may have an important influence on the wave velocity structure of the Earth’s mantle.

Keywords: garnet; crystal structure; elasticity; high pressure; first principle simulation
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