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A Computational Mineralogy Study of the Crystal Structure and
Stability of Aluminum Silicate (AlSiOs) Minerals
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= 1AEAEEH3 AlE# o] (classical molecular dynamic simulations)®} A8} A|
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S0l 2 A4 B5 gt upgl By} Eolee 7]E9] AdAde} 5YU AEgS Ry &
UEHEFo| 208 Aozl AXGrE AFH oF 1% oo eA=2 ul$- Hgs A74E BT
Ty gs A4t A3, EAsETAE g e g WMt A §lo] FE T A
o] dAs = Aol AHE 7T F ATk AEHETO|E AL 2= AP FY3 TS B
FAA T, AR w3gE BAE Y= "ol wet o] el IA gE AfE RoF
Attt AERF o2 At s AATEY dgT o A B 52 5 AEEE HAFA
g Fdol Y FER AAodle AFHOE F AE BHAFU.
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ABSTRACT : Aluminum silicates (Al,SiOs) undergo phase transitions among kyanite, andalusite, and
sillimanite depending on temperature and pressure conditions. The minerals are often used as an
important indicator of the degree of metamorphism for certain metamorphic rocks. In this study, we
have applied classical molecular dynamics (MD) simulations and density functional theory (DFT) to the
aluminum silicates. We examined the crystal structures as a function of applied pressure and the
corresponding stabilities based on calculated enthalpies at each pressure. In terms of the lattice
parameters, both methods showed that the volume decreases as the pressure increases as observed in
the experiment. In particular, DFT results differed from experimental results by much less than 1%. As
to the relative stability, however, both methods showed different levels of accuracy. In the MD
simulations, a transition pressure at which the relative stability between two minerals reverse could not
be determined because the enthalpies were insensitive to the applied pressure. On the other hand, in
DEFT calculations, the relative stability relation among the three minerals was consistent with experiment,
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Fig. 1. Crystal structures of AlSiOs polymorphs. Andalusite and sillimanite contain five- and four-coordinated

Al, respectively, besides six-coordinated Al.
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Table 1. Calculated structure parameters of Al,SiOs polymorphs

Minerals Lattice Parameters EXP MD LDA PBE PBEsol
(A) 7.126 7.255 7.072 7.203 7.139
(A) 7.852 7.968 7.805 7.932 7.871
c (A) 5.572 5.700 5.531 5.634 5.584
kyanite a ©) 90.0 89.8 90.1 89.9 90.0
B ©) 101.1 100.7 101.1 101.1 101.1
Y ©) 106.0 106.0 106.0 106.0 106.0
volume (R% 293.6 311.6 2875 303.1 295.5
error in volume (%) 6.1 2.1 32 0.7
(A) 7.798 8.144 7.719 7.879 7.798
b (A) 7.903 8.095 7.844 7.981 7.916
c (A) 5.557 5.563 5.535 5.611 5.579
andalusite a ©) 90.0 90.0 90.0 90.0 90.0
B ©) 90.0 90.0 90.0 90.0 90.0
Y ©) 90.0 90.0 90.0 90.0 90.0
volume (% 342.5 365.9 335.1 352.8 3443
error in volume (%) 6.8 =22 3.0 0.5
a (A) 7.488 7.622 7.448 7.571 7.513
b (A) 7.681 7.689 7.606 7.779 7.693
¢ (R) 5.777 5.890 5.745 5.815 5.785
illimanite a ©) 90.0 90.0 90.0 90.0 90.0
B ©) 90.0 90.0 90.0 90.0 90.0
Y ©) 90.0 90.0 90.0 90.0 90.0
volume (&% 332.3 345.3 3255 342.5 3344
error in volume (%) 39 2.1 3.1 0.6

EXP = experimental results (Winter and Ghose, 1979).

MD = classical molecular dynamic simulations; LDA, PBE, PBEsol=DFT calculation with the LDA, PBE, and PBEsol functional, respectively.
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Fig. 2. Calculated volume of AlSiOs polymorphs
vs. applied pressure: (a) kyanite, (b) andalusite, (c)
sillimanite. MD = classical molecular dynamic
simulations; LDA, PBE, PBEsol=DFT calculation
with the LDA, PBE, and PBEsol functional,
respectively. Solid symbols represent experimental
results.
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PBEsol functional.
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Fig. 4. Phase diagram of AlSiOs obtained based on
the DFT (PBE) -calculations. Solid lines are
experimental data (Olbricht et al., 1994), and solid
circles are the transition pressures at T = 0 K
obtained from DFT calculations.
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