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The structures, elasticities, sound velocities, and electronic properties of anhydrous and hydrous fayalite (Fe;SiO4
and Fe| 75H( 5Si04) under high pressure have been investigated by means of the density functional theory within the
generalized gradient approximation (GGA) with the on-site Coulomb energy being taken into account (GGA+U). The
optimized results show that H atoms prefer to substitute Fe atoms in the Fel site. Compared with the anhydrous fayalite
Fe;Si0y, the mass density, elastic moduli, and sound velocities of Fe| 75Hg 5Si04 slightly decrease. According to our
data, adding 2.3 wt% water into fayalite leads to reductions of compressional and shear wave velocities (Vp and Vg) by
3.4%—7.5% and 0.3%-3.4% at pressures from 0 GPa to 25 GPa, respectively, which are basically in agreement with the
2%-5% reductions of sound velocity obtained by the experimental measurement in the low velocity zones (LVZ). Based
on the electronic structure, the valence and conduction bands are slightly broader for hydrous fayalite. However, hydrous
fayalite keeps the insulation characteristics under the pressures up to 30 GPa, which indicates that hydration has little effect

on its electronic structure.
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1. Introduction

It is well known that water in the earth’s mantle exists in
hydrated metamorphic minerals, anhydrous silicate minerals
and dense hydrous magnesium silicate (DHMS). The impor-
tance of nominally anhydrous minerals (NAMs) incorporating
a little hydrogen as lattice defects in the mantle was reported
forty years ago.!!l Water of mantle minerals exists in the form
of hydroxyl (OH)~, which had been confirmed in olivine.?!
In recent years, many researchers were concerned about the
important effects of hydration of NAMS on geophysical pro-
cesses and geochemical processes.>~11]

The high-pressure behavior of olivine (Mg,Fe|_,),SiO4
is the focus of attention, which is helpful to understand the
compositions, structure, and dynamics of deep earth. In par-
ticular, olivine could be used to explore the origin of the dis-
continuities of density, seismic wave velocities, and electric
conductivity observed at 410-km and 660-km depth inside the
earth.l'>171 Many experimental results on the hydrous prop-
erties of olivine have been reported in recent years. In partic-
ular, electric conductivity, elastic property, and sound velocity
were significantly affected by the presence of water.!8-23 It is

known that water could reduce the elastic moduli of olivine un-
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der high pressure conditions.?4->6 However, the elastic prop-
erties of hydrous olivine had been rarely reported. For anhy-
drous fayalite, the elastic moduli of fayalite have been mea-
sured by means of static pressure method.”?’=°1 The elas-
tic properties of anhydrous fayalite have been obtained under
both high pressure and high temperature conditions. >34 The
wave velocities of fayalite in olivine-spinel phase transition
were obtained employing x-ray diffraction technique.[>>]
Recently, quantum mechanics method based on the first
principle calculation has become an important technology
to investigate the mineral material properties under extreme
conditions. 33 However, the influences of hydration on
elasticities and electronic structures of olivine were rarely re-
ported through atomistic modeling. Only structure, elastic,
and electronic properties of hydrous forsterite under high pres-
sure were explored by first-principle simulation.[*471 The
density of state of electrons in hydrous forsterite was calcu-
lated using the density functional approach.[*8! In addition, the
electronic structures, phase transition, elastic properties, and
magnetism of anhydrous fayalite had been studied employing

49-51

the first-principle modeling approach.| I The elasticities of

(Mgo.875Feo.125)2S104 crystals under high pressure conditions
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were also calculated.P?!

Theoretical data of elastic constants of hydrous fayalite
under high-pressure conditions have rarely been reported so
far. The elasticity and sound velocity of hydrous fayalite could
be used to assess the characteristics of seismic wave anomaly
in the mantle. In this article, the hydration effect on the elec-
tronic structures, elasticities and sound velocities of fayalite

under pressures up to 30 GPa has been investigated in detail.

2. Computational details
2.1. Computational method

All calculations of Fe;SiO4 and Fej75H(y5Si04 were
based on the first-principles method employing the VASP
program.33 To solve the electron exchange and correlation
correction, the generalized gradient approximation (GGA) of
Perdew-Burke-Ernzerhof scheme is introduced. ¥ Due to 3d
elections of Fe atom, our calculation incorporates a simplified
GGA+U scheme (U = 4.5 eV and J = 0.90 eV for Fe*).
According to the test data, the cutoff energy and k-points of
the irreducible wedge of the first BZ is 500 eV and 4x2x3,
respectively. The total energy and the force components on

each atom are converged to within 1.0x10™> eV/atom and
1.0x1073 eV/A, respectively.

2.2. Computational models

Fe;Si0y4 is described in the orthorhombic lattice struc-
ture with Pbnm space group. According to the previous data,
H atom could occupy the cationic vacancy due to the lattice
defect. To design the model of hydrous fayalite, Fe,SiOy is
transformed into Fe; 75H( 5S104 by replacing an Fe atom by
two H atoms in the unit cell (Z = 4, 28 atoms). There are
two non-equivalent sites for Fe atoms in fayalite crystal lattice,
which are marked as Fel and Fe2, respectively. Therefore, H
atoms can replace Fe atoms at two different positions. In this
paper, we design six possible models for the hydrous fayalite
(Fe175Ho5S104), through which an H atom and one of the O
atoms forms an OH group outside the SiO4 tetrahedron. Based
on the stable structure of anhydrous fayalite under the 20 GPa
pressure, five proposed structures (M1, M2, M3, M4, and M5)
lie in two H atoms occupy Fel site, while M structure catch
out to be Fe2’s occupation by the H atoms, as shown in the

following Fig. 1.

Fig. 1. (color online) Crystal structures of Six calculated models for hydrous fayalite Fe; 75Hg 5SiO4.

3. Results and discussions
3.1. Crystal structures of Fe,SiO4 and Fey 75H( 55104

To evaluate the accuracy of the first-principles method,
the crystal parameters of anhydrous fayalite Fe,SiO4 were
firstly optimized.  Theoretical and experimental data of
Fe,;Si04 crystal are shown in Table 1. It is obvious that our
calculated data are in good agreement with those theoretical
and experimental results. 2939301351 At 25 4 GPa, the value
deviates by less than 1.3%.0¢1 The discrepancy in cell vol-
ume of the calculated and experimental values is only about

2.5%, and the maximum deviation of lattice constants is less

than 0.08 A (Aa = 0.050 A, Ab = 0.011 A, Ac = 0.076 A).
To compensate for the temperature induced errors, we calcu-
lated the lattice parameters and mass density of Fe;SiO4 under
3 GPa pressure condition, as shown in Table 1. It indicates that
the 3 GPa pressure correction brings good agreement between
computation and experiment. >3] Compared with the experi-
mental data, the absolute shifts of lattice constants are less than
0.04 A (Aa=0.031 A, Ab=0.04 A, Ac = 0.038 A), and the
difference of mass density is only 0.01 g/cm?. It is obvious that
first principles calculation is an accurate method, which could
be extended to calculate the properties of Fe; 75H 5S104.
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Table 1. The experimental and calculated lattice parameters and mass densities of Fe;SiO4 under different pressures.

Condition Method alA blIA c/A VIA3 p/(glem?)

Theory ambient pressure GGA+U 4.874 10.557 6.137 315.78 4.287
3 GPa GGA+U 4.849 10.451 6.101 309.19 4.378
25.4 GPa GGA+U 4.735 9.793 5.899 273.53 4.950
ambient pressure® GGA 4.956 10.337 5.947 4.443
ambient pressure® GGA+U 4.878 10.354 6.115 4.383
ambient pressure® GGA+U 4.834 10.428 6.099 307.42 4.402

ambient pressure® LDA+U 293.64

Experiment ambient pressured 4.818 10.469 6.083

ambient pressure® 4.845 10.491 6.063 4.388

25.4 GPa' 4.685 9.782 5.823 266.86

aRef. [50], PRef. [51], °Ref. [39], IRef. [29], ®Ref. [55], [Ref. [56].

To obtain the stable crystal structure, six designed mod-
els of Feq75H(5Si04 at 20 GPa have been optimized. The
experimental and theoretical investigations of hydrous fayalite
have been rarely reported so far, thus the crystal symmetry is
set to P1 in the whole simulation process. All these optimized
data are listed in Table 2. The total energy of M1 model is
lower than that of the other five models, which indicate that
M1 model is the most stable structure among all these six mod-
els. It means that H atoms prefer to occur at the Fel site for
the hydrous fayalite, which is consistent with the experimen-

tal results of hydrous forsterite.>”) The calculated data of an-
hydrous fayalite at 20 GPa are: a = 4.753 A, b = 9.926 A,
c=5.941 A, and V = 280.31 A3. For Fe; 75H5Si04, the
large decrease (0.081 A) in the a axis and the relatively small
decrease (0.058 A) in the ¢ axis are obtained, while the cell
parameter b value increases by 0.5% in contrast with Fe,SiOj.
The overall lattice compression of Fe;75Hg5Si04 is about
2.3 %, which is due to the difference atomic radii after sub-
stitution. It is known that Rg. is 1.72 A, while Ry is only
0.79 A.

Table 2. The optimized results for occupation sites, cell parameters, volume, and total energy of Fe| 75H 5Si04.

Ml M2 M3 M4 M5 M
X 0.406 0412 0.445 0.701 0.623 0.835
H1 y 0.410 0.409 0.608 0.569 0.664 0.246
z 0.101 0.395 0.579 0.451 0.507 0.403
X 0.593 0.587 0.554 0.298 0.375 0.209
H2 y 0.589 0.590 0.391 0.430 0.337 0.309
z 0.898 0.604 0.419 0.548 0.494 0.153
alA 4.672 4.669 4.667 4.724 4.658 4.777
bIA 9.972 9.972 9.965 10.083 9.767 9.637
c/A 5.884 5.884 5.886 5.804 5.981 5.957
VIA 273.80 273.66 273.38 276.39 271.87 274.06
E/eV -204.444 -204.439 -204.092 -204.328 -200.149 -203.960
320 = 5.2 5
a .
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Fig. 2. (color online) The trends of the density, cell volume as a function of the pressure for Fe,SiO4 and Fe; 75H( 5S104.
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To explore the relation among the mass density, lattice
volume, and the hydrostatic pressure, the trends of the mass
density, lattice volume as a function of the pressure are drawn
in Fig. 2, respectively. As can be seen from the curve, the
greater is the pressure, the smaller the volumes of the system
Fe;Si04 and Fe 75H( 5S104 are, while the mass densities have
the opposite trend. Compared with Fe;Si04, the mass density
of Fe; 75H 5S104 slightly decreases, which apparently results
from the reduction of total mass after substitution. In addition,
the lattice volume of Fe; 75H( 5Si04 reduces under the same
pressure, which results from the decrease of atom radius after
substitution. The greater is the pressure, the smaller the dif-
ference of the system densities Fe;SiO4 and Fe; 75Hg 55104
(6.7% at 0 GPa, 3.7% at 30 GPa) are.

3.2. Elastic moduli of anhydrous and hydrous fayalite

Fayalite has an orthorhombic lattice with Pbnm space
group, which has nine independent elastic constants. Bulk and
shear moduli (K and G) are two important parameters of elas-
ticity for fayalite, which can be obtained from elastic constants
cij employing the following expressions: [°%!

(c11+cn+c33) +2(c12+c13 +¢23)
9 b
(c11+cm+e33) — (c1+c13 +23) +3(cas + ¢s55+ C6)
9

K= (1)

G= NO)

In addition, the P and S wave velocities (Vp and Vg) of the

system can be obtained by means of the elastic moduli K and

G as follows:

3K +4G

=y 3)
G

Vs=1/2, @)
ST\p

where p is the mass density of the system, which can be cal-
culated by total mass and volume of the fayalite.

To discuss the effect of hydration on the elasticity of fay-
alite, the elastic constants of Fe;SiO4 and Fe; 75H( 5Si04 at
hydrostatic pressures from 0 GPa to 30 GPa are given in Ta-
ble 3 together with the previous measured results. Firstly,
our calculated elastic constants of Fe,;SiO4 at 0 GPa are con-
trastively analyzed with the measured results under ambient
conditions. The zero-pressure values are basically in agree-
ment with the experimental data. The discrepancy with ex-
perimental results may be due to some temperature depen-
dence. The present results were obtained under the condi-
tion of 0 K. In order to compensate for the influence of tem-
perature, the elastic constants of Fe,SiO4 under 3 GPa pres-
sure condition were obtained as shown in Table 3. It is ob-
vious that the 3 GPa pressure correction brings a good agree-
ment between our calculation and previous experiment at room

31-33,551 As expected, the maximum absolute er-

temperature. |
ror is approximately 5 GPa for ¢, the value deviates by less
than 2%. The errors between the other elastic constants and

the experimental data decrease to some extent.

Table 3. Elastic constants of Fe,SiO4 and Fe; 75H( 5Si04 at the different pressure conditions with the experimental data (in unit GPa).

cil c2 13 23 €33 Ca4 Cs5 C66
Fe,SiOy4
0 GPa 248.12 90.03 86.65 159.64 87.26 226.69 56.41 12.77 40.36
3 GPa 265.21 99.84 96.09 174.42 96.17 238.62 61.97 34.80 49.38
5 GPa 272.29 106.66 104.09 179.16 100.38 248.87 64.32 38.62 52.74
10 GPa 298.92 124.88 122.93 196.03 118.06 265.27 70.59 48.05 58.46
15 GPa 311.17 139.61 139.03 205.91 129.35 277.62 74.98 48.04 62.43
20 GPa 328.46 156.04 157.76 206.53 140.42 289.96 75.43 50.36 63.52
25 GPa 348.52 171.73 174.81 208.50 159.64 306.49 75.20 51.72 67.68
30 GPa 371.46 183.77 195.53 230.32 171.33 322.09 82.41 51.29 71.34
Ambient pressure® 269.0 94.4 96.9 171.6 93.7 232.5 32.4 46.5 57.4
Ambient pressureb 265.85 92.4 80.6 160.30 88.4 222.42 31.55 46.74 57.15
Ambient pressure® 267.0 95.2 98.7 173.60 97.9 239.2 32.4 46.7 57.15
Ambient pressured 270 103 97.2 171.1 93.5 234.1 334 48.7 59.6
Fey.75Ho.5S104
0 GPa 198.65 56.36 55.68 111.96 60.59 172.61 54.13 28.37 41.43
5 GPa 214.19 79.20 84.56 149.35 87.11 213.40 59.58 38.87 49.35
10 GPa 212.82 76.38 98.98 153.66 100.02 227.81 57.21 38.84 48.46
15 GPa 240.28 111.30 121.46 176.00 118.60 243.82 62.47 4491 55.68
20 GPa 249.84 115.58 123.42 196.96 127.44 271.11 65.73 50.03 46.21
25 GPa 291.89 139.26 146.35 214.50 140.66 282.34 77.16 47.94 53.55
30 GPa 317.92 156.41 167.35 234.27 155.99 301.22 83.63 50.22 64.46

aRef. [32], PRef. [33], °Ref. [31], IRef. [55].
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In addition, all elastic constants of Fe,;SiO4 gradually
increase with increasing pressure. In order to make clear
comparison, the longitudinal constant c33 of Fe;SiO4 and
Fe| 75Ho.5S104 as a function of pressure are plotted in Fig. 3
together with the measured results. As can be seen from
Fig. 3, the elastic constant ¢33 is directly proportional to the
pressure at least up to 30 GPa. Compared with the experi-
mental data, the present data are slightly underestimated due
to the nature of GGA. Unfortunately, the elastic constants
of Fe| 75Hy 55104 have not been reported so far. Compared
with Fe;Si0y, the elastic constants of Fej 75H 55104 would
slightly reduce under the different pressure conditions. The
reason for the reduction may lie in the increase of the distance
between O—O atoms which leads to the decrease of repulsive
force between O—O atoms with the substitution of H atoms.
In addition, as pressure increases from Fig. 3, the differences
of ¢33 between Fe,;Si04 and Fe; 75Hg 55104 gradually lower.
For Fe| 75Hg 55104, the difference is 54.08 GPa at 0 GPa, de-
creased by 23.85%, while the data (20.87 GPa) produces only

6.48% decrease at 30 GPa.
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Fig. 3. (color online) The calculated and experimental elastic constant
Cs3 of Fe,;Si04 and Fej 75H( 5Si04 under pressure.

The pressure dependence of elastic moduli of Fe;SiO4
and Fe; 75H(sSi04 are plotted in Fig. 4. For Fe;SiOy4, the
data of the bulk (K) and shear moduli (G) at 0 GPa were
given in the previous experiment (K = 128 GPa-140 GPa
and G = 49 GPa—55 GPa).’! Our calculated moduli B and
G are 129.15 GPa and 49.81 GPa, which is consistent with
the measured data. It indicates from Fig. 4 that the bulk and
shear moduli of Fe| 75H( 55104 under different pressure con-
ditions gradually reduce with the substitution of H atoms. At
0 GPa, the bulk/shear modulus of Fe; 75H 5Si04 is respec-
tively 28.72% and 8.67% less than that of Fe,;SiOy4, while the
bulk/shear modulus of Fe; 75H( 55104 is 10.48% and 2.01%
less than that of Fe;SiOs when the pressure increases to
30 GPa. It indicates that as pressure increases, the differences
of elastic modulus between Fe;SiO4 and Fe| 75H 5sS104 grad-
ually lower. The reason is that the different degrees of volume
change caused by pressure. It can also be seen from Fig. 4

that elastic modulus of Fe;Si0O4 and Fe; 75H( 55104 gradually
increase with the increase of pressure up to 30 GPa.
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Fig. 4. (color online) Pressure dependencies of bulk modulus (K) and
shear modulus (G) of Fe,SiO4 and Fe 75H( 5Si04.

3.3. Effect of hydration on wave velocities of fayalite and
its geophysical implication
Employing the mass density (p) and bulk and shear mod-
uli (K and G), the wave velocities of hydrous fayalite under
the different depths were calculated and analyzed employing
Egs. (3)-(4). As we all know, the velocity of seismic wave
is very helpful to detect the composition and dynamics of the
mantle. Figure 5 provides the compressional (Vp) and shear
(Vs) velocities of Fe;SiO4 and Fe; 75Hg sSi04 (fayalite with
2.3 wt% H,0). Compared with Fe;Si04, the P (Vp) and S (Vs)
velocities of Fe| 75Hg 55104 at 0 GPa is slower respectively
by 8.5% and 1.1%, while the differences at 25 GPa reduce to
3.4% and 0.3%. It indicates that the differences of wave veloc-
ities between Fe,;Si04 and Fe| 75Ho sSiO4 are inversely pro-
portional to the pressure. Owing to the larger pressure deriva-
tives of K and G, the change trend of the pressure induced
sound velocities for Fe; 75Hg 55104 is more obvious than that
of Fezsi04 .
8

D/D/E
/ﬂ/::/
= i O
o 7 o _—
: /’\o
ke
~ 6_
z —0— Vp-Fe,SiO,
_8 —0— Vp-Fey.75H( 55104
q>) 54 Vs-FEQSiO4
o —v— V5-Fey 75H 55104
5]
= 4
V/V V- V- V’/'/v
3 T T T T T T T T T T T T
0 5 10 15 20 25 30
Pressure/GPa
Fig. 5. (color online) Calculated acoustic velocities (Vp and Vg) of

Fe;Si0y4 and Fey 75H( 55104 with depth.
Based on the seismic exploration data, a low velocity
zone (LVZ) exists in the mantle region.*-°21 However, the
origin of LVZ has been debated so far. Several mechanisms
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have been applied to explain the origin of LVZ.[63-951 The re-
search suggests that the main reason for LVZ is the presence of
water in mantle rocks. According to our data, adding 2.3 wt%
water into fayalite results in the decrease of 3.4%—7.5% (Vp)
and 0.3%-3.4% (Vs) from 0 GPa to 25 GPa, respectively. Our
results are basically in agreement with the 2%—5% reductions
of sound velocity obtained by the experimental observation in
the LVZ. The minor difference between our data and exper-
imental results, may be caused by ignoring the temperature

factor during the our calculations.
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3.4. Electronic structures of anhydrous and hydrous fay-
alite

To discuss the effect of hydration on the electronic prop-
erties of fayalite, firstly, the total and partial densities of states
(TDOS and PDOS) are shown in Fig. 6 for Fe;SiO4 and
Fe| 75Hp5Si0O4 at 20 GPa. and the zero point of energy in
every figure represents the Fermi energy Ep. It is obvious that
the TDOS at EF is O states/eV-f.u in Fig. 6. It indicates that hy-
drous fayalite still keeps the insulating characteristics, which
agrees well with the experimental evidence of insulator. [°°]
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Fig. 6. (color online) The total densities of states (DOS) and the local contributions of particular atoms of Fe;SiO4 (a) and Fe; 75Ho 55104 (b).

For Fe;Si0y, the valence band is mainly dominated by the
Fe-3d and O-2p states, whose width is approximately 9.1 eV.
The width of conduction band is about 7.2 eV, which is dom-
inated by the Fe-3d spin-down states. For Fe| 75H 55104, the
valence and conduction bands are still provided generally by
the Fe-3d and O-2p states, which are partially contributed by
H-1s states. As is known to all, the more delocalization of
electrons and the more width of valance bands, the stronger
are interactions among atoms of the system. Compared with
Fe;Si0y4, the valence band of Fe; 75HgsSiO4 is broader by
about 0.7 eV, which indicate that the interactions among atoms
could be strengthened with the substitution of Fe atom by
H atoms. In addition, the large-scale overlap between Fe-
3d spin-up states and O-2p states also can be observed from
Fig. 6, which indicates that the electrons between Fe-3d and
O-2p would be hybridized and bonded in the almost whole en-
ergy range of valence band. The top of valence band near Ef

originates from the Fel-3d and the Fe2-3d spin-down orbits.
Furthermore, the hybridization between O-2p and H-1s orbits
mainly occurs at the bottom of valence band, which would
probably enhance the stability of this system.

It is meaningful to study the dependence of the electric
resistivity of hydrous fayalite and the external pressure. The
band gaps of Fe,;Si04 and Fe 75H 55104 are plotted in Fig. 7
with increasing pressure. It can be clearly observed from
Fig. 7 that anhydrous and hydrous fayalite keep the insula-
tion characteristics under the pressures up to 30 GPa, which
is in agreement with the measured results.’*%7) For anhy-
drous fayalite, the band gap (2.21 eV) at 0 GPa is close to the
previous calculated value 2.52 eV,°!l but our calculated gap
is underestimated in comparison with the experimental value
4.22 eV obtained by spectroscopic technique.®%1 In addi-
tion, the band gap of anhydrous fayalite gradually decreases
with increasing pressure, which agrees well with the experi-
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ment conclusion.!'?%%%] For hydrous fayalite, the band gap
width does not decrease, but somewhat increases under the
same pressure. Our calculated data have the same trend with

e,1 but it seems

the theoretical results of hydrous forsterit
contrary to the previous experimental conclusions.!'%7 Tt in-
dicates that H atoms may enter into the interstitial sites of fay-
alite in the form of lattice defects rather than substituting Fe
atom. In other words, the experimental conclusions may result

from other physical mechanisms including occupying the in-

terstitial sites for H atoms or cation enhanced conductivity. [+4]
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Fig. 7. (color online) The effect of pressure on band gaps of Fe;SiO4
and F61A75H0A55i04.
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Fig. 8. (color online) The calculated spin magnetic moments of

Fe;Si0y4 and Fe; 75H 5S104.

The calculated spin magnetic moments for anhydrous and
hydrous fayalite are plotted in Fig. 8. For Fe,;SiOy, the spin
moment of Fel atom is 3.72 ug, while that of of Fe2 atom
is 3.75 up, which are less than the experimental values mea-
sured at 10 K (4.40 g for Fel and 4.41 ug for Fe2).”!! Our
data are closer to the previous theoretical predictions.[*9->1]
The magnetic structure of Fe,SiO4 is complex, the present
and previous simulations are only simplified as a collinear
magnetic structure. The spin magnetic moments of the differ-
ent Fe sites for anhydrous fayalite gradually decrease with in-
creasing pressure, which has the same trend with the previous
results. %31 Compared with Fe;SiOy, the magnetic moment
of Fel atom for Fe| 75H( 55104 slightly decreases, while the
data of Fe2 atom basically keep constant. The spin moments
of Fel atom and Fe2 atom of Fe| 75H( 55104 linearly decrease
with increasing pressure.

4. Conclusions

The stable structures, elasticities and electronic properties
of Fe,Si0O4 and Fe; 75Hg 55104 have been studied in detail by
density functional theory. According to modeling and optimiz-
ing, two H atoms prefer to substitute Fe atom of Fel sites. As
the pressure increases, the lowering of cell volumes and the in-
creasing of mass densities for Fe,SiO4 and Fe; 75H( 55104 are
consistent with the experimental data. In addition, nine elastic
constants and elastic moduli are proportional to the pressure
for FeZSiO4 and F61_75H0_5Si04.

According to our calculations, adding 2.3 wt% water
into fayalite (Fe;75H55104) reduces the wave velocities by
3.4%-17.5% (Vp) and 0.3%-3.4% (Vs) from 0 GPa to 25 GPa,
which are basically in agreement with the 2%—5% reductions
of sound velocity obtained by the experimental measurement
in the LVZ. The present research suggests that the main reason
for LVZ is the existence of water in mantle rocks. Based on the
data of electronic structure, anhydrous and hydrous fayalite
still keep the insulation characteristics under the pressures up
to 30 GPa, which seems contrary to the previous experimental
conclusions.
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