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Synthesis, crystal structure, and phase relations of AISiO.OH, a
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AssrRAcr

Phase egg, first described by Eggleton et al. (1978), was synthesized and its composition
determined to be AISiO.OH. The crystal structure of AISiO.OH, including the position of
the hydrogen, has been solved and refined from high-resolution X-ray powder diffraction.
The resulting lattice constants are a : 1.14409(2) A, b : 4.33462(l) A, c : 6.95253(2)
A, and P : 98.396(l)". The space group is P2,/n; Z : 4, V" : 212.99(1) A3, and the zero
pressure density is 3.'74 g/cmr. This phase, which has features in common with the sti-
shovite structure, occurs above 1l GPa and 700 'C. AISiO.OH forms from topaz-OH with
increasing pressure and persists to more than Il .7 GPa and 1300 "C. From a Schreinemaker
analysis, we predicted that phase egg decomposes with pressure to an unknown, possibly
hydrous aluminosilicate. Potentially, phase egg could replace topaz-OH or kyanite in sub-
ducted crustal bulk compositions and may transport some water into the deep Earth.

INrnooucrroN

The structure and stability of hydrous high-pressure
phases have received considerable attention recently be-
cause of their importance in many geodynamical pro-
cesses. Attention has been focused on the MgO-SiOr-HrO
system, which is directly applicable to the Earth's mantle,
and also the AlrO.-SiOr-HrO system. In the later system,
kaolinite and pyrophyllite constitute stable phases at
crustal conditions. Toward higher pressures, initially
phase Pi : AI.Si,O,(OH). (Coes 1962; Wunder et al.
1993a) and then topaz-OH : AI,SiO,(OH), (Wunder et
al. I993b) form in water-saturated systems. At higher
pressures, Eggleton et al. (1978) was the first to synthe-
size a hydrous phase with Al:Si : 1:1. This study inves-
tigates the structure and composition of this high-pressure
phase, which has been termed "phase egg" (Schmidt
1995). Additional experiments, combined with results ob-
tained from the literature, allow the delineation of the
stability relations of topaz-OH and phase egg.

SvNrrrBsrs

Starting materials were prepared from cristobalite,
Al.O., and AI(OH)3. Because the water content of phase
egg could not be directly measured, much effort was put
to constrain the water content as closely as possible dur-
ing syntheses. The use of AI(OH). permits the addition
of precise quantities of HrO to the starting material. SiO,
and Al,O, were fired at l2O0'C, and AI(OH). was dried
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at 110'C prior to mixing. The exact water content of
AI(OH). was determined by firing to 900 oC and mea-
suring the weight loss. Dehydration was complete at 450
"C, the weight loss of AI(OH). between 110 and 450'C
being almost exactly equivalent to its stoichiometric wa-
ter content of 34.6 wt%o. For synthesis, two starting ma-
terials were prepared with Al:Si ratios of 1:1 and water
contents of 7.8 and 7.2 wt%o. The prepared starting ma-
terials were stored in a desiccator and dried again at 100
'C just before loading the capsules, which were imme-
diately welded. During the welding, the lower end of the
capsule was cooled with water to ensure that temperatures
within the capsule did not exceed 100'C. Only capsules
that could be welded during the first attempt were used.

Experiments were conducted in a split sphere multian-
vil (MA-S) device employing prefabricated MgO-octa-
hedra with an edge length of 14 mm on WC-cubes of 32
mm edge length with a truncation edge length of 8 mm.
Gaskets were made from natural pyrophyllite. A stepped
LaCrOr-furnace inside a ZrOr-sleeve was used as heater.
Capsules were separated from the furnace by a MgO-
sleeve (Rubie et al. 1993; Schmidt 1995). Temperature
was read by a Pt-Pt,oRhno S-type thermocouple, which
was not corrected for the effect of pressure on the ther-
mocouple emf. Capsules were made of 1.6 mm O.D. plaC
inum tubing and had initial lengths of 2.7 mm, equivalent
to the length of the central thickened part of the heater.
Temperature gradients over the capsule length were less
than 60'C and thermocouple readings represent essen-
tially the coldest temperature within the capsule. Pressure
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Taele 1. Averaged EMP analyses of phase egg
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Teele 2. Experimental conditions for synthesis experiments

Experiment lwma37
No of analyses 9

lwma4o lwma2o
8 6

Inwm220
Std dev Exper name P (GPa)

Solid experimental
f fC) Time (min) products

sio,
Al,o3

Total

H,ot
Total.

0.59
0 4 7
0 0 4
0 6 4

lwma37
lwma40
lwma62
lwma70

1 4 0
1 3  5
1 1 3
15 .0

1 000
1  100
800

1 000

49 84
41.84
0 0 6

91 74

7 4 4
99  18

1 004
0 994
0.001
1.000

/Vofe. Exoeriment lwma2o from Schmidt (1995)
* H2O contents calculated on the basis of Al : Si : H - 1:1 :1 , see text

was calibrated against coesite-stishovite (Zhang et al.
1996) and c-B Mg,SiOo transitions (Katsura and Ito 1989)
and is believed to be accurate to t4vo.

CouposrrroN oF pHASE EGG

Scanning electron microscopy revealed that experimen-
tal products contained texturally equilibrated polycrystal-
line aggregates with grain boundaries meeting at l20. an-
gles. Thus we could not identify the proper habit ofphase
egg. Typical grain sizes were between 2 and 4 pm, only
few grains were larger (up to 10-12 pm). Compositions
of experimental products were measured from three ex-
periments by electron microprobe (EMP) using a beam
of 12 kY 20 nA. Standards were quartz, corundum, and
wollastonite (the latter for analysis of experiment lwma2O
from Schmidt (1995) in a CaO-Al,O3-SiO,-H,O-system).
Analysis of phase egg produced in both the CASH and
the ASH systems yielded Al:Si ratios close to unity (Table
l), in agreement with the original study of Eggleton et
al. (1978). The solubility of CaO in phase egg appears to
be low, a maximum content of 0.18 wtVo CaO was mea-
sured, the average being 0.06 wt%o CaO. Totals of all
analyses for phase egg averaged 92.2 -r 0.6 wtTo (Table
1). The same polished sections yielded totals of 99.6-
100.8 wtTo for kyanite, stishovite, corundum, and gros-
sular. Thus, the HrO content of phase egg is likely 7.8 +
0.6 wt%o.

The HrO content of phase egg is also indicated from
the bulk compositions used for synthesis: experiment
lwma7O (Table 2) with 7.8 + 0.1 wt%o H,O (Al:Si:H :
1:1:1.04) resulted in >9OVo phase egg with stishovite +
diaspore. Opening the capsule revealed a humid white
powder, indicating the presence of an excess fluid phase.
Phase egg + stishovite * diaspore are co-linear (Fig. 1)
and thus do not have a stability field in a three component
system. From the diffraction profiles, we believe that di-
aspore has precipitated upon quench from the excess fluid
phase. An assemblage deficient in water with respect to
phase egg, experiment lwma37 with7.2 + 0.1 wtVoHrO
(Al:Si:H : l:l:0.98), resulted in >90Vo phase egg with
stishovite * corundum as excess phases. The powder ap-

Note: cor : corundum, dia : diaspore, egg : AIS|O"OH : phase egg,
ky : kyanite, st : stishovite, toz : topaz-OH

peared to be dry, however, no further attempt was made
to detect small quantities of water.

The combined electron microprobe analyses and bulk
compositions for synthesis implicate 7.6 -+ 0.4 wtvo as
the water content of phase egg. As described later, the
unit cell of phase egg contains 4 Al and 4 Si atoms. For
an Al:Si:H ratio of 1:1:1, the ideal formula of phase egg
is AISiO.OH and has a stoichiometric water content of
7.50 wt%o. Newby ratios of Si:Al:H : 4:4'.3 or 4:4'.5 re-
quire water contents of 5.7 and 9.2 wt%o, respectively,
which are beyond the limits imposed by synthesis com-
positions and microprobe analyses.

Srnucrunr DETERMTNATTON AND REFTNEMENT

Diffraction patterns for all experiments were obtained
with a SIEMENS D5000 powder diffractometer with flar
plate geometry. The sample that appeared to have the
lowest impurity content (lwma70) was selected for high-
resolution diffractometry on BM16 (beamline 15) at the
European Synchrotron Research Facility (ESRF), Gre-
noble, France. This instrument consists of nine detectors
separated by 2, each with a Ge(111) analyzer crystal.
The optimal instrument contribution to the peak width is
0.002", which is obtained through the use of a vertically
collimating mirror before a Si(311) double-crystal mono-
chromator, therefore, the highest possible resolution can
be obtained on this beamline.

The sample was placed in a capillary with an inside
diameter of 0.5 mm and spun about the cylindrical axis

stishovite corundum

SiO2 kYanite AlrO,

Frcunn 1. The system AlrO3-SiO, HrO showing the phases
of interest in this study.

Weight percent

50 72 50.49
41 38 42 13

9210 9262

7.48 7 51
99.s8 100 13

1 017 1.007
0 978 0 991

1 000 1 000

270
570
90

240

egg, cor, st
egg, ky, st
toz, cor, st, dia
egg, dia, st

Si
AI

H-

0 009
o 012
0.001

HrO
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Frcunn 2. Results of Rietveld refinement on the powder pattern measured in this study at a wavelength of 0.84933 A Th" upp.t
solid line shows the calculated reflection envelope, and the plus signs are the observed data. The difference function is represented by
the lower solid line. From top to bottom, the vertical ticks represent the locations of reflections for AISiO.OH, stishovite, and diaspore,
respectively. The inset shows the region from 110 to 120" 20 with a greatly expanded vertical scale This highly crystalline sample
diffracts even al a resolulion of 0.49 A.
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during data collection. In this instrument, the 20 axis is
driven continuously, and the data accumulated by sam-
pling the detectors and 20 encoder with a frequency be-
tween 50 and 100 Hz, depending upon scan speed. The
resulting data are stored, but the detectors are not cleared.
In later processing, data from the nine channels are cor-
rected and summed, and the data are rebinned to form a
pseudo step-scan data set. In this experiment, an initial
scan of 2 'lmin for the center detector between -2 and
140' was followed by subsequent scans of 2 '/min from
-2 to 38,1 '/min from 38 to 68", 0.5 '/min from 68 to
88', and 0.25'lmin from 88 to 118". After rebinning to
a constant step size of 0.004', a total of 39 412 data steps
were obtained. Of these, the 28150 between 5 and 120'
were used in further calculations. The wavelength for this
experiment was determined from a Si standard to be
0.84933(1) A, thus the resolution of the pattern is 0.49
A. Significant peaks occur even at this very high diffrac-
tion angle Gig. 2).

Individual peaks to 1.3 A were extracted from the pat-

tern to check the previous phase identifications and to
determine initial proflle parameters. The diffractometer
uses a detector opening of nearly 10 mm, and a sample
illumination length of 4.5 mm, therefore, there is consid-
erable asymmetry for low-angle peaks due to axial-di-
vergence. Accordingly, the peak profiles and positions
were corrected for asymmetry using the method of Finger
et al. (1994). The resulting peaks had three distinct
widths, confirming that the sample consists of three
phases-stishovite, diaspore, and phase egg. All 52 d
spacings for the latter material could be indexed by pro-
gram TREOR (Werner et al. 1985) with a monoclinic cell.
Figures of merit are M(20) : 117 (de Wolff 1968) and
F20 = 182 (Smith and Snyder 1979), leaving no doubt
as to the correctness of the indexing. Systematic absences
are consistent with space group P2,/n. Table 3 compares
the spacings and intensities for this study with those of
Eggleton et al. (1978), who misindexed the pattern, main-
ly because three extra peaks from diaspore were thought
to belong to this phase. The unit cell obtained from the
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Taele 3. Comparison of diffraction oatterns for AIS|O"OH

This study Eggleton el al (1978)'

d (calc) d (obs)

SCHMIDT ET AL: STRUCTURE OF PHASE EGG

5 3 4

J  O /

354
3.44
3.36
2.74
2.695
2 649
z . o  t o

2 450

z J5+

2 301

2.054
2 031

2.014
1 .881

1 832

1.807
I . T I J

'I 678
|  .ooo

1 641

'L587

1 574
1.570
'l 544

' I  514

1 502

1 425

'1.413

'l 387
1 372
1.346

1.322

1 314

1 298

used to fit the pattern using the program GSAS (Larson
and Von Dreele 1986). Intensity extraction was accom-
plished with the method of LeBail et al. (1988), with
pseudo-Voigt peak profiles and the axial divergence
asymmetry model of Finger et al. (1994). After conver-
gence by refinement of a full set of instrumental param-
eters, the slope of the normal probability plot was 2.5,
indicating a significant underestimation for the standard
deviations of the intensities. After the previous sigmas
were increased by this factor, the slope of the normal
probability plot was changed to 1.02. At this stage y,- :
1.4. The peaks for diaspore were more than twice as
broad as those for either stishovite or AISiO.OH. Struc-
ture factors for phase egg were then extracted and used
as input to program SIRPOW (Altomare et al. 1994), a
direct methods routine for intensities derived from a pow-
der pattern. The initial experiment, using default param-
eter values yielded a solution. As expected, both Al and
Si are octahedrally coordinated, and a preliminary as-
signment was based on average bond distance.

At this stage, all instrumental parameters were held
fixed, and the initial atomic coordinates were refined with
the Rietveld method. After convergence, the method of
bond-valence sums (Brown 1992) was used to check the
assignment of Al and Si and to determine the identity of
the hydroxyl, and to determine which O atom is involved
in the expected hydrogen bond. For the initial assignment
of Al and Si, the valence sums were 3.14 and 3.96 for
Al and Si, respectivety. (If the assignment were reversed,
the sums for Al and Si become 3.73 and 2.92, clearly
incorrect.) For the correct allocation of Al and Si, the
sums for the four O atoms are 1.93,2.00, 1.66, and 1.27
for 01 to 04, respectively, implying that 04 is the hy-
droxyl, and 03 participates in a hydrogen bond.

After convergence, a difference electron density was
computed. A peak with 0.8 e/A3 was found in the position
expected for the H atom. This atom was added to the
structural description and its position and temperature
factor refined. The positions of H atoms have been in-
ferred in previous experiments (Lengauer et al. 1995), but
as far as we know, this is the first instance in which a H
atom could be located and refined from X-ray powder
data.

In the final refinement, lattice, profile, and background
parameters were varied, along with the structural param-
eters for AISiO.OH. For stishovite and diaspore the in-
tensities were matched with the LeBail et al. (1988) meth-
od-no structural model was used for these phases. The
refinement converged to a reduced yi of 1.66. Residuals
for the pattern are R., : 0.II2, and Ro : 0.087. Bragg
R values's for phase AISiO.OH are R(F'z) : 0.045, R(F)
: 0.021 . The relatively large values for the profile resid-
uals are due to the low background. Figure 2 shows the
observed and calculated intensity data, and the difference
between the two. Final values of atomic parameters are
in Table 4; bond distances and angles are in Table 5.

The fundamental module of the structure, consists of
edge-shared Si octahedra, linked to an AlrO,odimer (Fig.

101
1 1 0
0 1 1
200
002
' I  11
210
012
211
112
211
1 1 1
301
202
103
120
3 1 0
021
3 1 1
2 1 2
0 1 3
1 1 3
412

213
220
022
221
122
303
400
221
122

312
402
213
204
320
321
222
123
411
303
114
t z o

322
402
204
413
314
031
1 3 1
105

421
501
5 1 0
404
132
512
105
224
231

5.3339
3 6949
3.6670
3.5338
3.4390
3 3638
2.7390
2 6941
2 6497
2  6190
2 4511
2 4267
2.3358
23022
2 2AO7
2.0721
2 0699
2 0671
2 0562
2 0333
2 0267
2 0184
1 8834
1 8650
1.8475
1.8336
1 .8194
1 8094
1 7779
1 7669
1  7510
'l 7421
1  6819
1.6807
1.6741
1 6676
t . o + J c

1.5959
1 5887
1 5781
1 5711
't 5454
1 5367
1  5153
I cucc

1.5048
1.4859
1 4643
1 4261
-t 4149
1 4140
1 3946
1 3889
1 3877
1 3732
1 3464
1 3439
1 3334
1 3227
1  3151
1  3148
1.3096
1 2994

5 3295
3.6945
3 6665
3.5334

3 3633
2 7386
2 6938
2 6495
2  6188
2.4509
2.4264
z.ooco

2.3029
2 2805
2 0716
2 0696
2 0670
2 0561
2 0331
20265
2.O1A2
1.8833
1.8648
1 8474
1 8334
1  8193
1 8092
1 7778
1.7666
1 7508
1 7421
1.6820
1.6806
1 6740
|  . o o /  c

1 6432
1 5949
1 5886
1.5780
1 .5710
I C+CJ

I cJoc

1 .5152

1 5050
'l 4857
1.4642
'l 4260
1  4150
1 4142
1 3943
1.3988
1.3874
1 3737
1 3460
1 3436
1 3332
1 3224

1  3145

1.2992

o

1 3
100

1
< 1

1
'I

1 3
67
t o

3
1 0

'I

8
< l
39
46
3

25
I

< 1
< 1
< 1

8
2

< 1

JJ

26
32

1 7

< 1
< 1
1 1

1
1
1
3

< 1
t o

E

1 ^

1
1 1
1

1 0

50

100
1 0
1 0
20
1 0
1 0
40

100
70

30
60

90
100

60
60

'10

60
30

20

60

50

20
40
1 0

100
90

100
20

70

20

60

30

40
100
80

* Lines seen by Eggleton et al at d : 3 98 and 21 29 (both with / : 30)
and d - 1 630 with /: 10 belong to diaspore.

high-resolution data is the same as found for the labora-
tory rnstrument, however, in the latter case the figures of
merit were too small for us to be confident of the results.

To determine the structure, the Rietveld method was
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TneLe 4. Befined atomic parameters for AIS|O.OH

A t o m x y z

TABLE 5. Bond distances and angles for AIS|O.OH

Bond distance (A) Angle (degree)

AI
Si
o1
02
o3
o4

H

0 06463(7)
0.68048(7)
0  1513  (2 )
05226 (21
0 88004(1 6)
0 76017(19)
0 7e6 (3)

0 02406(1 5)
0 .01714 (16 )
0.2023 (3)
0 1937 (3)
0 2007 (3)
0 2146 (3)
0 553 (6)

0 70840(7)
0 58383(6)
0 2600 (3)
0.3943 (2)
0 s1236(17)
0 1288 (2)
o 422 (s',)

0 270(8)
0 31 4(7)
0 35 (2)
0 26 (2)
0 . 1 9  ( 1 )
0 31 (2)
1 7  ( 5 )

si-o1
si-o1
si-o2
si-o2
si-o3
si-o4
Avg Si-O

At-o1
Ar-o2
Al-o3
At-o3
At-o4
At-o4

Avg Al-O
H1-O3
H1-O4

1 7597(14)
1 7743(14)
1 7402(13)
1 7777(141
1 7663(13)
2 0659(1 3)
1 .8140

1 .8679(1 4)
1 8358(14)
1 9076(12)
1 9126(13)
1 8720(1 5)
1 9410(13)

o1-si-o1 94.77(41
o1-si-o2 99 47(7)
o1-si-o3 84 90(6)
01-si-o2 95 2s(7)
o1-si-o2 96.72{7)
o1-si-o3 93 85(6)
o2-si-o2 81 04(7)
o2-si-o3 92.76(6)
o2-si-o4 85.25(6)
o2-si-o4 89 42(6)
o3-si-o4 80 00(6)
01-Ar-o2 92.55(7)
o1-Al-o3 78.41(61
o1-Ar-o3 95 62(6)
o1-Al-o4 97 42(6)
o2-AFO3 9392(7)
o2-Ar-o4 96.08(6)
o3-Ar-o3 80 41(6)
o3-Ar-o4 90 32(6)
o3-H1-O4 172.0(14)

Lattice constants: a 7 14409(2\ A; b a33462(1\ A; c 6.95253(2) A; I
98 396(1)"; V 212.99(1) 43. Space gtoup: nrln z : 4

3a). The way these units a"re linked to form the structure
(Fig. 3b) resembles that of stishovite, wherein edge-
linked octahedra form columns of corner-linked octahe-
dra. In phase egg, H atoms lie in the openings between
columns. This efficient packing of H stabilizes this phase,
relative to the oxide mixture (SiO, Al,O., and HrO), and
other hydroxyl-bearing materials.

Thus, crystal structures of moderate complexity can be
determined from high-resolution powder data, even from
multiphase mixtures. In addition, the positions of H atoms
can be located and refined, as long as the material is high-
ly crystalline and lacks high-Z elements, as they would
dominate the scattering.

ScnnnrNeM,lKERs ANALysIS AND STABILITy
or AISTO.OH

Experiments conducted on bulk compositions suited to
constrain phase relations of phase egg arc compiled in
Figure 4. Phase egg was synthesized above 700'C and
12 GPa. Neither its high-pressure nor its high-temperature
stability is experimentally determined. The highest pres-
sure at which phase egg was reported is l1 .1 GPa at 1200
'C, and the highest temperature is 1300 "C at 15.5 GPa

1 8895
1.73 (2)
0 86 (2)

bil

(Irifune et al. 1995). All experiments on phase egg Ne
synthesis experiments and do not necessarily represent
equilibrium. However, in a water-saturated system at
pressures above 12 GPa and temperatures from 700 to
1300 "C, it appears unlikely that significant differences
between synthesis and reversal experiments would occur.

Experiments that resulted in phase egg have been con-
ducted in the chemical systems AlrO.-SiOr-HrO and CaO-
AI,O.-SiO,-H,O. The stability of the hydrous high pres-

sure silicates (such as topaz-OH and phase egg) are
identical for these systems because no phases in the ASH
system have a significant Ca-solubility. The experiments
compiled in Figure 4 are mutually consistent. The exper-
iment at 1200 'C and 13.5 GPa by Irifune et al. (1995)
yielded phase egg * corundum. As seen in Figure 5, this

n
)

FrcunB 3. Crystal structure of A1SiO.OH. (a) The structural module in a-c projection. (b) The linkage of these units in b-c

projection. The diagrams were produced with program DRAWxtl (Finger and Kroeker 1997) Dark octahedra contain Al, bright

octahedra Si, the position of the H atom is indicated by white spheres

b
L
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temperature ("C)
Frcunp 4. Compilation of experiments on bulk composition

relevant for the occurrence of phase egg and topaz-OH. Filled
symbols : presence of phase egg; open symbols : topaz-OH;
crosses : phase egg + topaz-OH; circle with cross : diaspore
+ stishovite. Triangles and plus sign from this study, open stars
from Wunder et al. (1993b), the filled star from Fockenberg et
al. (1994), diamonds from Pawley (1994), circles and diagonal
cross from Schmidt (1995), squares from Irifune et al. (1995).
Abbreviations as follows: AISiO.OH (egg), topaz-OH (toz), ky-
anite (ky), diaspore (dia), corundum (cor), stishovite (st), and
vapor (v).

assemblage should be stable at slightly higher pressures
(around 13.8 GPa at 1200 "C), however, this pressure dif-
ference is largely within the uncertainty of multianvil
expenments.

A Schreinemakers analysis of the AlrO.-SiOr-HrO-sys-
tem was performed considering the phases egg, topaz-
OH, stishovite, corundum, kyanite, diaspore, and vapor.
We did not consider melt, however, the temperature sta-
bility of phase egg might be delimited by melting reac-
tions and consequently the high-temperature portion of
the topologies in Figure 5 would have to be modified.
The reactions kyanite : stishovite * corundum (Schmidt
et al. 1997), topaz-OH : kyanite + vapor (Wunder et al.
1993b), diaspore : corundum + vapor (Fockenberg et al.
1996: Schmidt 1995) and

2 AISiO,OH : 1 topaz-OH + I stishovite, (l)

and

2 AISiO.OH * 1 corundum + 1 H,O
: 2 topaz-OH, (2)

and

Id iaspore+ I  s t ishovi re:  IAISiO.OH (3)

are experimentally determined (Fig. 4). These reactions
allow one to determine which of the possible homologous
grids is stable, and to orient and position these grids in
P-Z space. The extrapolation of dPldZ-slopes of phase
egg and topaz-OH bearing reactions suggest that topaz-

= 1 0 0 0  = 1 5 0 0
Temperature ("C)

- 1 0 0 0  = 1 5 0 0
Temperature ( 'C)

Frcunn 5. Schreinemaker topologies for reactions in the system Al,O3-SiOr-HrO considering the phases AISiO.OH, topaz-OH,
kyanite' diaspore, corundum, stishovite, and vapor. For abbreviations, see Figure 4.Heavy solid lines delineate approximateitability
conditions of phase AISiO3OH, medium solid lines delineate the upper pressrre stability of topaz-OH. The grid is orientated and
positioned in P-T space according to the experiments in Figure 4 and according to the experimentally determined reactions toz -
ky + v (Wunder et al. 1993b), ky: st + cor (Schmidt eral.1997), and dia - cor + v (Fockenbeig etal 1996; Schmidt et al.
1991). ln both grids, two stable invariant points (egg, cor) and (egg, st) locate at pressures below l0 GPa. (a) Topology for a
breakdown of topaz-OH within the stability field of kyanite. (b) Topology for overlapping stability fields of topaz-OH and siiihovite-1- corundum.
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OH decomposes within the stability field at kyanite (Fig.
5a). However, given the large uncertainties on the dPldT-
slopes, it might be possible that the stability fields of to-
paz-OH and of stishovite + corundum overlap. This al-
ternative topology is illustrated in Figure 5b. Our
preferred grid (Fig. 5a) differs from the Schreinemaker
analysis of the low-pressure stability relations for topaz-
OH by Wunder et al. (1993b) in that an intersection of
the reactions topaz-OH : kyanite + HrO and kyanite =

coesite + corundum does not occur. The grids of Figure
5 also differs from the Schreinemaker analysis of Pawley
(1994): Because the stability field of phase egg extends
to temperatures beyond the stability of diaspore, corun-
dum needs to be considered as additional phase to delin-
eate stability relations of phase egg.

The upper pressure stability of topaz-OH and the min-
imum pressure stability of phase egg is delimited by the
following reactions (Figs. 4 and 5a): Phase egg forms
from topaz-OH and stishovite according to reaction 1.
This reaction has a flat slope of approximately 45 MPal
K in P-Z space. Over a limited pressure range (max. 1
GPa), topaz-OH coexists with phase egg until topaz-OH
decomposes according to reaction 2 at temperatures
above 950 'C. Below approximately 950 'C topaz-OH
decomposes through

1 phase egg + I diaspore : 1 topaz-OH (4)

At low temperatures, phase egg forms around 700 'C ac-
cording to reaction 3. Estimates yield a subvertical P-I
slope for this latter reaction indicating that AV of reaction
3 is small although it cannot be accurately determined
due to the lack of thermal expansivity and compressibility
data for phase egg.

At temperatures and pressures higher than the intersec-
tion at reaction I with the breakdown reaction of topaz-
OH, phase egg decomposes first to stishovite + kyanite
+ HrO and then to stishovite + corundum + HrO (Fig.
5). Both reactions have positive slopes in P-Z space, the
molar volume of phase egg being significantly lower than
the volume of its oxide breakdown products stishovite +
corundum + HrO. It is thus most likely that an unknown,
possibly hydrous aluminosilicate, forms instead of phase
egg with increasing pressure.

Do nrcH-pnESSURE HyDRous ALUMTNoSILICATES
OCCUR IN NATURE?

Phase egg and topaz-OH are potential carriers of water
at large depth. Thus we examine bulk compositions and
conditions suitable for the occulrence of these phases.

As long as water is present, topaz-OH should occur in
eclogites saturated with respect to kyanite, i.e., in peral-
uminous basalts, in most greywackes, and in metapelites.
In fact, topaz-OH was encountered in experiments on me-
tapelites (Domanik and Holloway 1996) at conditions
ranging from 6 GPa and 700'C to 11 GPa and 900 "C.
The temperature stability of topaz-OH in these experi-
ments coincides (within the uncertainty resulting from the
relatively large thermal gradients in the experiments of

Domanik and Holloway 1996) with the end-member re-

action in the AlrO,-SiO'-H'O-system' Toward higher
pressures, topaz-OH should react to phase egg through a

water conserving reaction. Phase egg with an Al:Si ratio
of 1:1 is expected to occur in a wider range of bulk com-
positions than topaz-OH (Al:Si : 2:I), e.g', phase egg

could also appear in metaalurninous bulk compositions
such as mid-ocean ridge basalts.

The T-P conditions for the occurence of topaz-OH and
phase egg are characteristic of subduction zones. At pres-

sures of 15 GPa, phase egg was synthesized up to 1300
'C and the maximum temperature stability might be as
much as 1500 to 1600 "C. The potential occurrence of
phase egg in a wide range of bulk compositions does not

necessarily modify significantly the water budget at large
depth. At pressures above 12 GPa the nominally anhy-
drous phases such as clinopyroxene, gamet, olivine, and

B-(Mg,Fe),SiO"dissolve significant amounts of H'O (Bell

and Rossmann 1992). Because these phases are at least
an order of magnitude more abundant than nominally hy-
drous phases, the nominally anhydrous phases are ex-
pected to be the main carriers of HrO at depth in excess
of 300 km. However, phase egg could be a carrier of
water into the deep Earth, owing to its reasonable chem-
ical composition (unlike most of the previously known
high-pressure, hydrous silicates, which have very high
Mg:Si) and to its high-pressure and high-temperature
occurence.
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