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Abstract The elastic behaviour and the high-pressure
structural evolution of a natural topaz, Alsg.
Si; 0504.00(OHg.26F1 75), have been investigated by means
of in situ single-crystal X-ray diffraction up to
10.55(5) GPa. No phase transition has been observed
within the pressure range investigated. Unit-cell volume
data were fitted with a third-order Birch-Murnaghan
Equation of State (III-BM-EoS). The III-BM-EoS
parameters, simultaneously refined using the data
weighted by the uncertainties in P and V, are:
Vo=345.57(7) A%, Kro=164(2) GPaand K’ =2.9(4). The
axial-EoS parameters are: ao=4.6634(3) A, Kto(a)=
152(2) GPa, K'(a)=2.8(4) for the a-axis; by=
8.8349(5) A, Kro(b) =224(3) GPa, K'(h) =2.6(6) for the b-
axis; ¢o=8.3875(7) A, Kto(c)=137(2) GPa, K'(c)=2.9(4)
for the c-axis. The magnitude and the orientation of the
principal Lagrangian unit-strain ellipsoid were deter-
mined. At P—Py=10.55 GPa, the ratios &j:e,:e3 are
1.00:1.42:1.56 (with ]|, & ||a, &3]|c and |e3] > [en] > |e]).
Four structural refinements, performed at 0.0001, 3.14(5),
5.79(5) and 8.39(5) GPa describe the structural evolution
in terms of polyhedral distortions.
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Introduction

Topaz, Al,SiO4(F,OH),, is one of the most important
F/OH-bearing silicates, found in different geological
environments: as accessory mineral in F-rich granitic
rocks, associated to pneumatolithic/hydrothermal events
and in UHP units (Pichavant and Manning 1984; Taylor
1992; Taylor and Fallick 1997; Zhang et al. 2002;
Alberico et al. 2003). The crystal structure of topaz was
first solved by Alston and West (1928) and Pauling
(1928). Later, several studies have been devoted to the
crystal chemistry/physics of topaz along the solid solu-
tion Al,SiO4F,—Al,SiO4(OH), (Ribbe and Gibbs 1971;
Ribbe and Rosenberg 1971; Akizuki et al. 1979; Zemann
et al. 1979; Parise et al. 1980; Ribbe 1982; Barton 1982;
Barton et al. 1982; Northrup et al. 1994; Wunder et al.
1993, 1999; Alberico et al. 2003; Chen and Lager 2005,
Chen et al. 2005). For natural topazes, with OH/
(OH +F)<0.5, the crystal structure is described in the
Pbnm space group, with one H-site (Fig. 1). In contrast,
in the crystal structure of the synthetic Al,SiO4(OH),
end-member two non equivalent and partially occupied
(50%) H-sites were found and some evidence for a lower
symmetry (Pbhn2, space group) has been reported
(Northrup et al. 1994; Chen et al. 2005).

The thermal expansion of topaz has first been de-
scribed by Skinner (1966) by means of in situ X-ray
powder diffraction. Later, the thermal and pressure
behaviour of a natural topaz (Al, o1Si;.00O4F.57(OH)g 43)
was investigated by Komatsu et al. (2003) by means of in
situ X-ray single-crystal diffraction. The H P-lattice
parameters have been measured up to about 6.8 GPa.
The bulk modulus (Kto=—Vo(dP/dV)p) has been cal-
culated on the basis of the volume data collected up to
6.2 GPa with a truncated second-order Birch-Murna-
ghan equation-of-state (II-BM-EoS, Birch 1947), i.e. with
the bulk modulus P-derivative (K" = (dKto/dP)pg) value
fixed to 4. The calculated bulk modulus (Kto=
154(2) GPa) significantly differs from the elastic stiffness
(C=174.3 GPa) obtained for a natural topaz (whose
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Fig. 1 Clinographic view of the crystal structure of topaz. Site
positions from Alberico et al. (2003)

composition was not reported) by Haussiihl (1993) by
means of ultrasonic resonance experiments. Although the
isothermal bulk modulus is always smaller than the elastic
stiffness, such large difference may also be due to the fact
that the K value was fixed to 4. Komatsu et al. (2003)
provided some structural refinement up to 6.2 GPa. A
recent study of Chen and Lager (2005) on the HP-
behaviour of the synthetic Al,SiO4(OH), topaz analogue,
by means of in situ synchrotron powder diffraction up to
10.2 GPa, determined a bulk modulus value of
145(4) GPa with a 1I-BM-EoS. However, no HP-struc-
tural refinement has been provided by Chen and Lager
(2005).

In order to determine the K’ value of this hard min-
eral it is necessary to obtain accurate lattice parameters
at P>6.8 GPa. The aim of this study is therefore to

investigate the HP elastic behaviour of a natural F/OH
topaz by means of in situ single-crystal diffraction up to
pressures in excess of 10 GPa, which will allow a full
description of the elastic parameters (i.e. Kty, K’, axial
bulk moduli and elastic anisotropy). Moreover, struc-
tural data at pressure higher than 6 GPa will be collected
in order to describe the P-induced deformation mecha-
nisms, providing greater insight into the structural evo-
lution with pressure, and an explanation for the elastic
anisotropy of (F, OH)-topaz.

Experimental methods

A natural, pale yellow and transparent, gem-quality
single-crystal of a pneumatolithic/hydrothermal topaz
from Ouro Preto, Minas Gerias, Brasil, was used in this
study. Electron microprobe analysis in WDS was per-
formed on a single-crystal (300x200x90 um) using a
fully automated JEOL JXA 8200 microprobe at the
Bayerisches Geoinstitut (BGI). Major and minor ele-
ments were determined at 15 kV accelerating voltage
and 15 nA beam current with a counting time of 20 s.
To minimize loss of water and fluorine, due to the
electron bombardment, the crystal was mounted in
epoxy resin and a defocused beam was used. The stan-
dards employed were: orthoclase (Si, TAP), spinel (Al,
TAP), periclase (O, LDE1) and fluorite (F, LDE1). The
amount of oxygen was measured in order to define the
OH content. The chemical formula (obtained by aver-
aging 40 points analyses and on the basis of 2 apfu of
Al) is A12'008i1'0504.26F1_75, which can be rewritten as
Al 00S11.0504.00(0H0 26F 1.75).

A single-crystal of topaz (160x110x20 pum), optically
free of twinning and defect, was used for the HP-
experiments. Accurate lattice parameters were first
measured with the crystal in air (Table 1) by X-ray dif-
fraction on a Huber four-circle diffractometer (non-
monochromatized Mo-Ka radiation) at the BGI using

Table 1 Unit-cell constants of

topaz at different pressures P (GPa) a(A) b (A) c(A) V(AY)
0.0001* 4.6629(2) 8.8344(4) 8.3865(3) 345.47(1)
0.0001° 4.6627(2) 8.8343(4) 8.3867(2) 345.46(2)
0.41(5) 4.6597(2) 8.8303(3) 8.3799(2) 344.80(2)
1.88(5) 4.6451(2) 8.8108(3) 8.3509(2) 341.78(2)
2.57(5) 4.6378(2) 8.8022(3) 8.3372(2) 340.35(2)
3.14(5) 4.6325(2) 8.7938(3) 8.3254(2) 339.15(2)
3.67(5) 4.6267(2) 8.7872(3) 8.3150(2) 338.05(2)
4.65(5) 4.6179(2) 8.7759(3) 8.2976(2) 336.28(2)
5.16(5) 4.6135(2) 8.7692(3) 8.2887(2) 335.34(2)
5.79(5) 4.6071(2) 8.7614(3) 8.2765(2) 334.08(2)
6.52(5) 4.6009(2) 8.7533(3) 8.2641(2) 332.82(2)
Estimated standard deviations 7.41(5) 4.5930(4) 8.7427(5) 8.2488(3) 331.23(3)
are in parenthesis 8.39(5) 4.5841(4) 8.7308(5) 8.2316(3) 329.45(3)
“Data collected with the crystal — 8.97(5) 4.5795(5) 8.7247(6) 8.2224(4) 328.53(4)
in air 10.01(5) 4.5704(6) 8.7111(7) 8.2038(4) 326.62(4)
"Data collected with the crystal — 10.55(5) 4.5652(5) 8.7046(6) 8.1946(4) 325.64(4)
in the DAC 5.93(5)° 4.6054(4) 8.7589(5) 8.2731(3) 333.73(3)
“Data collected during decom-  2.41(5)° 4.6385(2) 8.8021(3) 8.3382(2) 340.43(2)

pression



eight-position centring of 20 Bragg reflections according
to the protocol of King and Finger (1979) and Angel
et al. (2000). Peak scanning, centring procedure and
vector-least-square refinement of the lattice constants
were performed by SINGLEO4 software (Ralph and
Finger 1982; Angel et al. 2000). Following the correla-
tion equation between weight percentage of F (wg) ver-
sus unit-cell constants (calculated on the basis of 33 data
available in literature, see Alberico et al. 2003), the «
value measured for the crystal in air gives a wg=16.3%,
equal to a F content of 1.61 apfu, which is slightly lower
than the value from the chemical analysis (wg=17.6%,
1.75 apfu).

A BGI-diamond anvil cell (DAC), designed by Allan
et al. (1996), was used for the H P-experiments. Stainless-
steel T301 foil, 250 um thick, pre-indented to a thickness
of about 60 um and with a 250 pum hole obtained by
electro-spark erosion, was used as a gasket. The platy
crystal of topaz, already studied in air, was loaded into
the DAC together with some ruby chips for pressure
measurements (Mao et al. 1986). A mixture of metha-
nol:ethanol:water (16:3:1) was used as hydrostatic pres-
sure-transmitting medium (Miletich et al. 2000).
Accurate lattice parameters were measured at pressures
ranging between 0.0001 and 10.55(5) GPa (Table 1)
following the same procedure used for the crystal in air.

Intensity diffraction data were collected on a Xcali-
bur-Oxford Diffraction diffractometer (Kappa-geome-
try, graphite-monochromated Mo-Ko radiation) at
0.0001 (with the crystal in the DAC), 3.14(5), 5.79(5) and
8.39(5) GPa (Table 2). The reflection conditions were in
agreement with the space group Pbnm. Integrated
intensity data for the structural refinements (corrected
for Lorentz-polarisation effects) were obtained using the
Winlntegr3.4 program (Angel 2003a, b). The absorption
correction due to the crystal and the DAC was performed
using the ABSORBS.2 computer program (Burnham
1966; Angel 2002). The crystal structure was then refined
with isotropic displacement parameters using the
SHELX-97 software (Sheldrick 1997), starting from the
atomic coordinates of Alberico et al. (2003). Hydrogen
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atoms were not included in the structural model. Neutral
atomic scattering factors of Si, Al, O and F were used
according to the international tables for crystallography
(Wilson and Prince 1999). Details of the structural
refinements are reported in Tables 2. The refined atomic
positions at different pressures are reported in Table 3.
Bond distances, polyhedral volumes and other relevant
structural parameters are reported in Table 4. Observed
and calculated structure factors are deposited and can be
obtained from the authors upon request.

Results
Elastic behaviour

The evolution of the unit-cell parameters of topaz between
0.0001 and 10.55(5) GPa is shown in Fig. 2. No phase
transition has been observed within the pressure range
investigated. Two data points measured during decom-
pression (at 2.41(5) and 5.93(5) GPa) follow the same
trend of the data collected during compression (Fig. 2,
Table 1). Unit-cell volume data were fitted with a III-BM-
EoS. The resulting III-BM-EoS parameters, simulta-
neously refined using the data weighted by the uncer-
tainties in P and V' (Angel 2001), are: Vo=345.57(7) A3,
K19=164(2) GPa and K'=2.9(4). The confidence elhpse
at 68.3% level was calculated starting from the variance—
covariance matrix of Ko and K" obtained from the least-
square procedure (Angel 2000). The ellipse is elongated
with a negative slope, indicating a negative correlation of
the parameters Kt and K’. The individual values for Kt
and K" are 164 £4 GPaand 2.9 +£0.7, respectively. Fitting
the cell-volume data with a II-BM-EoS we obtained:
Vo=1345.69(6)A%, K1o=158.2(7) GPa (K'=4), but an
evident discrepancy was observed between the calculated
and the observed cell-volume values at P> 8 GPa, signi-
fying that a ITI-BM-EoS has to be used for the best fit.
A linearized III-BM-EoS (Angel 2000) was used to
obtain the axial-EoS parameters, yielding: ao=
4.6634(3) A, Kro(a)=152(2) GPa [B.=1/3Kto ()=

Table 2 Details of data

collection and refinements of Pressure (GPa) 0.0001* 3.14(5) 5.79(5) 8.39(5)
topaz at different pressures
Radiation MoKua MoKu MoKu MoKu
20 range (°) 2-60 2-60 2-60 2-60
Scan type w w w w
Scan speed (°/s) 0.05 0.05 0.05 0.05
Scan width (°) 1.20 1.20 1.20 1.20
Detector-sample distance (mm) 135.0 135.0 135.0 135.0
Space group Pbnm Pbnm Pbnm Pbnm
Reflections measured 619 566 567 540
Unique reflection (total) 224 223 213 186
2 N Unique reflection with F,>40(F,) 200 190 184 151
Rmt 2| Fops—Fops(mean)|/ Parameters refined 23 23 23 21
I[Fonsdi Ry = 2(Fobdl=Feac)) R, 0.060 0.068 0.068 0.112
z 2| Fobs ) Ry (F) 0.045 0.046 0.053 0.062
“Data collected with the crystal — GooF 1.075 1.168 1.169 1.093

in the DAC without P-medium
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Table 3 Refined positional and - P
displacement parameters for Site X y z Uiso (A7)
topaz at different pressures

Al 0.9047(4) 0.1309(2) 0.0817(1) 0.0053(4)
0.9047(5) 0.1307(2) 0.0816(2) 0.0053(5)
0.9064(5) 0.1309(2) 0.0811(2) 0.0055(5)
0.9069(7) 0.1313(3) 0.0807(2) 0.0041(7)

Si 0.4005(5) 0.9409(2) 0.25 0.0044(5)
0.4009(6) 0.9407(3) 0.25 0.0041(5)
0.4023(7) 0.9404(3) 0.25 0.0047(5)
0.4016(8) 0.9413(4) 0.25 0.0041(7)

ol 0.7963(11) 0.5321(6) 0.25 0.0057(10)
0.7919(14) 0.5295(7) 0.25 0.0044(11)
0.7884(14) 0.5295(7) 0.25 0.0046(12)
0.7882(19) 0.5276(9) 0.25 0.0037(9)

, L 02 0.4531(10) 0.7559(5) 0.25 0.0035(10)
Estimated standard deviations 0.4471(14) 0.7547(6) 0.25 0.0057(13)
are in parenthesis. For each 0.4482(13) 0.7555(6) 0.25 0.0047(13)
atom, values from top to 0.4490(19) 0.7546(9) 0.25 0.0037(9)
bottom correspond to the 03 0.7904(7) 0.0108(4) 0.9069(3) 0.0064(7)
refinement at 0.0001, 3.14(5), 0.7876(9) 0.0101(5) 0.9080(3) 0.0053(8)
5.79(5) and 8.39(5) GPa, 0.7856(9) 0.0094(5) 0.9092(4) 0.0059(8)
respectively. For the refinement 0.7845(12) 0.0086(7) 0.9094(4) 0.0037(9)
at 8.39(5) GPa, the thermal F(O) 0.9006(8) 0.7533(3) 0.0599(3) 0.0117(7)
displacement parameters of Ol, 0.9021(10) 0.7529(4) 0.0625(4) 0.0129(8)
02 and O3 have been 0.9046(10) 0.7531(4) 0.0637(3) 0.0110(8)
constrained to have the same 0.9075(15) 0.7531(5) 0.0653(4) 0.0112(11)
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Fig. 2 Variation of the unit-cell parameters with pressure. Open symbols represent data collected during decompression. Solid curves
represent the axial and volume III-BMEoS-fit. Uncertainties are smaller than the size of the symbols
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Fig. 3 Axial and volume normalized stress (F, = P/[3f.(1 +2/,)*'%]) versus eulerian strain (f, = [(Vo/V)*/> —1]/2) plot for the data points at
P>0.41 GPa. The esds have been calculated according to Heinz and Jeanloz (1984). The solid lines are the weighted linear fit through the

data

0.00219(3) GPz%_l], K'(a)=2.8(4) for the a-axis;
by=8.8349(5) A,  Kro(b)=224(3) GPa  [B,=0.00149
(2) GPa™ '], K'(b) =2.6(6) for the b-axis; c, = 8.3875(7) A,
Kro(c)=137(2) GPa [.=0.00243 (4) GPa™'], K'(¢c)=
2.9(4) for the c-axis. The elastic anisotropy of topaz
appears to be significantly large, with Kyo(a):Kto(b):
Kto(c)=1.11:1.63:1.00 (B.:fp:f.= 1.47: 1.00:1.63).

Axial and volume Eulerian finite strain (f,) and
“normalized stress” (F,) (Angel 2000) have been calcu-
lated and the f,—F, plots are shown in Fig. 3. The neg-
ative slopes obtained from the linear fits of the f—F,
plots is in good agreement with the K’ values smaller
than 4 given by the III-BM-EoS fits.

The magnitudes of the principal Lagrangian unit-
strain coeflicients (&, &, &) between room pressure and
each measured P>0.41 GPa, were calculated with the
STRAIN software (Ohashi 1982) (Table 5). The unit-
strain ellipsoid is oriented with &||b, &l|la, esllc and
le3| > |&s] > |e1|. The magnitude of the strain coefficients
slightly decrease with P. At P—Py=10.55 GPa, the cal-
culated elastic anisotropy is high, being e&:e:63=
1.00:1.42:1.56.

High-pressure structural evolution

Four structural refinements, carried out at 0.0001 (with
the crystal in the DAC), 3.14(5), 5.79(5) and

8.39(5) GPa, have been used to give insight into the HP
structural evolution of topaz. The Al-O and Si—O bond
distances are decreasing as a function of pressure (Ta-
ble 4) with consequent decreasing of the Al-octahedra
and of the Si-tetrahedra volumes (calculated using the
IVTON software, Balic Zunic and Vickovic 1996). Al-
though the Si-tetrahedron is less compressible than the
Al-octahedron, it is not as stiff as in the Al,SiO5 poly-
morphs sillimanite, andalusite and kyanite (Smyth et al.
2000) or in the garnet structure (Zhang et al. 1998), but
it is indeed deforming as suggested by Komatsu et al.
(2003). A minor effect of polyhedral tilting is observed
between Al-octahedra connected by a F-bridge. The
angle Al-F(O)-Al is 143.5(2)° under room condition
and decreases to 139.9(5)° at 8.39(5) GPa (Table 4). The
main structural deformation mechanism under pressure
is therefore represented not by polyhedral tilting but
rather by the shortening of the polyhedral bond dis-
tances, which imply a reduction of the polyhedral vol-
umes, as expected for a “dense’ orthosilicate.

Discussion and conclusions

The precise determination of the unit-cell volume al-
lowed wus to refine both the bulk modulus
(Kt9=164(2) GPa) and its P-derivative (K'= 2.9(4)).
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Table 4 Relevant structural

parameters of topaz at different £ (Gpa) 0.0001 3.14(5) 5.79(5) 8.39(5)

pressures o
AL-F(0) (A) 1.795(4) 1.787(5) 1.793(5) 1.783(5)
AL-F(0) (A) 1.809(3) 1.809(4) 1.795(4) 1.794(7)
Al-O1 (A) 1.903(4) 1.889(4) 1.882(4) 1.886(6)
ALl-02 (A) 1.908(4) 1.899(4) 1.893(4) 1.879(6)
Al-03 (A) 1.884(3) 1.867(4) 1.860(4) 1.855(5)
AI-O3 (A) | 1.894(4) 1.888(5) 1.878(5) 1.869(6)
<AL-F/O> (A) 1.865 1.856 1.850 1.844
V Aloctabedron (A) 8.575(31) 8.464(36) 8.380(37) 8.306(50)
Si-O1 (A) 1.625(6) 1.621(7) 1.623(7) 1.608(9)
Si-02 (A) | 1.650(6) 1.648(7) 1.633(7) 1.643(10)
Si-03 (x2) (A) 1.643(3) 1.633(4) 1.635(4) 1.623(5)
<Si-0> (A) | 1.640 1.634 1.631 1.624
V Si-tetrahedron (A%) 2.263(14) 2.236(16) 2.228(17) 2.199(22)
01-02 (A) 2.540(3) 2.541(5) 2.524(4) 2.518(4)
03-03 (A) | 2.506(4) 2.494(4) 2.485(5) 2.478(5)
F(0)~F(0) (A) 3.184(4) 3.111(5) 3.080(5) 3.037(7)

, o F(0)-01 (A) 2.565(3) 2.555(3) 2.548(4) 2.545(7)
Estimated standard deviations F(0)-0l1 (A) 3.070(4) 3.021(4) 3.004(5) 2.974(5)
are in parenthesis. The bulk F(0)-02 (A) 2.609(3) 2.602(3) 2.601(4) 2.599(3)
modulus of the Al-octahedron  F(0)-02 (A) 3.026(4) 2.963(5) 2.938(4) 2.909(9)
and the Si-tetrahedron F(0)~03 (A) 2.545(3) 2.540(5) 2.532(5) 2.501(6)
calculated with a linear F(0)-03 (A) 2.648(4) 2.638(4) 2.636(4) 2.633(7)
regression through the data F(0)-03 (A) 2.658(4) 2.650(4) 2.640(5) 2.639(9)
point (as inverse of the F(0)~03 (A) 2.967(3) 2.929(5) 2.900(4) 2.871(6)
compressibility coefficients) are  AI-F(O)-Al (°) 143.5(2) 142.2(2) 141.1(2) 139.9(5)

270(8) and 328(42), respectively

The bulk modulus value obtained in this study is in
between the Ktg value obtained by Komatsu et al. (2003)
(Kto= 154(2) GPa) and the mean elastic stiffness
(C=174.3 GPa) reported by Haussiil (1993) by means of
ultrasonic resonance data. The difference between the
K of this study and that of Komatsu et al. (2003) may
be due to the different K” used, since Komatsu et al.
(2003) implied a K’ value of 4 whereas from our data K’
is clearly less than 4. Also the differences in Kt values
may be due to the different composition of the topaz
samples used in the different studies, as the fluorine
content of the sample used by Komatsu et al. (2003)
(1.57 apfu) was slightly less than that of our sample.
Considering the results of this study and those of
Komatsu et al. (2003) and Chen and Lager (2005) we
observe a relationship between the F-content and the

bulk modulus: the higher the amount of fluorine, the
higher is the bulk modulus value. A similar effect was
observed in (F, OH)-substituted humites (Ross and
Crichton 2001; Friedrich et al 2002).

The anisotropic behaviour of topaz obtained in this
study is in general agreement with the results reported by
of Komatsu et al. (2003), who provided the axial com-
pressibility coefficient up to 6.2 GPa on the basis of a
linear  regression trough  the data  point
(Ba:Po:fc=1.42:1.00:1.58).

The orientation of the strain ellipsoid and the magni-
tude of the principal unit-strain coefficients show that
under pressure the maximum and the minimum short-
ening of the topaz structure are along [001] and [010]
respectively. The reasons of the observed anisotropic
compression can be intuitively deduced from the topo-

Table 5 Magnitude of the

principal Lagrangian unit- P—P, (GPa) lel| (GPa™!) le2| (GPa™ ') le3] (GPa™ )
strain coefficients (between
room pressure and 1.88 0.00142(8) 0.00201(9) 0.00226(8)
P>0.41 GPa) and orientation 2.57 0.00142(8) 0.00208(10) 0.00230(8)
of the unit-strain ellipsoid at 3.14 0.00146(8) 0.00207(9) 0.00232(8)
high-pressure 3.67 0.00146(8) 0.00211(9) 0.00233(9)
4.65 0.00142(8) 0.00207(9) 0.00229(8)
5.16 0.00143(8) 0.00204(10) 0.00226(8)
5.79 0.00143(8) 0.00206(10) 0.00227(8)
6.52 0.00141(9) 0.00203(11) 0.00224(8)
7.41 0.00140(10) 0.00202(10) 0.00222(9)
8.39 0.00140(9) 0.00201(11) 0.00220(9)
) o 8.97 0.00138(10) 0.00199(11) 0.00218(9)
Estimated standard deviations 10.01 0.00139(10) 0.00198(11) 0.00218(10)
are in parenthesis. & /b, &lla, 10.55 0.00139(12) 0.00198(12) 0.00217(11)

&slle




logical configuration of polyhedra and their inter-poly-
hedral asset. Given that the Si-tetrahedra are the less
compressible polyhedra, we can expect that the effect of
pressure will be accommodated mostly by the Al-octa-
hedra and the voids. Figure 4 presents the view of the
crystal structure of topaz down the a-axis and the corre-
lated unit-strain ellipsoid. It can be noticed that along the
c-axis tetrahedra and octahedra are alternated giving rise
to “weak zones” (i.e. “‘tetrahedra-free zones’ in light-grey
overlaying the crystal structure in Fig. 4) which are more
compressible. The ‘“‘tetrahedra-free zone” concept was
already used in order to explain the {001}-cleavage ob-
served for natural topaz crystal (Ribbe and Gibbs 1971).
The compressibility along [001] is basically due to the
reduction of the O3-0O3 distance, which represents one
edge shared by two Al-octahedra in the “weak zone”
(Fig. 4, Table 4), and to the bond distance AI-O3, with a
reduction of 1.12 and 1.54% between 0.0001 and
8.39(5) GPa, respectively. Within the same P-range, the
distance O2-O1, which reflects the contraction along
[010] (Fig. 4), shows a reduction of only 0.87% (Table 4).
The anisotropic decrease of the bond distances with P
causes a distortion of the octahedra.

The bulk moduli of the SiO4 tetrahedron
(328(42) GPa) and AIlO4F, octahedron (270(8) GPa,
Table 3) determined in this study are in good agreement
with those reported by Komatsu et al. (2003) (324(76) and

Fig. 4 Oriented unit-strain ellipsoid and crystal structure of topaz
viewed down [100]. Tetrahedral sites are shown as closed-faces
polyhedra; octahedral sites are represented as balls and sticks. The
“weak zones” (see text) are represented in light-grey overlying the
crystal structure
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251(19) GPa, respectively) within the esds. In addition,
the AIO4F, octahedra appear to be more compressible
than expected in comparison to the bulk modulus-volume
relationship of the AlO¢ octahedra in the Al,SiOs poly-
morphs (Komatsu et al. 2003; Yang et al. 1997).

Due to the impossibility of determining the hydrogen
positions in the HP structural refinements, the topo-
logical configuration of the OH group and the role
played by the H-bonds under pressure on the structural
evolution has not been characterised. Natural topaz
possess weak hydrogen bonding at room pressure with
the O1 and O2 sites as possible hydrogen bond acceptors
(Belokoneva et al. 1993). The F(O)--O1 and F(O)--02
distances decrease with pressure, moreover the distance
F(O)-F(O) decreases from 3.184(4) A at 0.0001 GPa to
3.037(7)A at 8.39(5) GPa, suggesting a strengthening of
H-bonding. However HP Raman and IR experiments
performed by Bradbury and Williams (2003) and
Komatsu et al. (2005) suggest that the H-bonds in nat-
ural F/OH-topazes does not change with increasing
pressure. As stated by Komatsu et al. (2005), the
strength of the H-bond is also controlled by the F(O)-
H-O angle, since such angular value influences the de-
gree of H(s)-O(2p) orbital overlap of the bond
(Hofmeister et al. 1999; Kagi et al. 2003). Therefore, a
neutron diffraction study at HP is necessary in order to
locate the H-sites under pressure and to provide a
structural model for the O—H vibrational modes.
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