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Lawsonite: Upper pressure stability and formation of higher density hydrous phases
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ABSTRACT

The high-pressure phase relationships in a H,O-saturated synthetic CaO-Al,0;-SiO,-
H,O (CASH) system were studied by multi-anvil experiments. The most extreme pressure
condition under which pure lawsonite [CaAl,Si,O,(OH),-H,0] exists is 120 kbar at 960
°C. This maximum stability is located at the intersection of the lawsonite breakdown
reaction with the topaz-OH + stishovite = phase ‘“‘egg” reaction. At lower pressures and
higher temperatures lawsonite decomposes to grossular + topaz-OH + stishovite + H,O,
whereas at lower pressures and lower temperatures lawsonite first reacts to grossular +
phase egg + topaz-OH + H,O and at still lower temperatures to grossular + phase egg +
diaspore + H,O. The two latter reactions have positive dP/dT slopes, with lawsonite on
the low-pressure side, and thus delimit the occurrence of lawsonite toward higher pres-
sures. The occurrence of topaz-OH (10.7 wt% H,O) is limited through a reaction to phase
egg (7.5 wt% H,0) + diaspore; the phase boundary extends from 110 kbar and 720 °C to
130 kbar and 920 °C. Phase egg is inferred to have a composition of AlSiO;(OH) and a
monoclinic unit cell similar to that proposed by Eggleton et al. (1978).

The high-pressure breakdown of lawsonite in CASH does not result in an anhydrous
assemblage. Lawsonite is known to occur experimentally in basaltic and andesitic com-
positions to at least 77 kbar; however, it is unknown whether topaz-OH and phase egg
appear in natural multicomponent systems, in particular those saturated in kyanite and

H,O.

INTRODUCTION

Lawsonite [CaAlSi,0,(0OH),-H,0] is a relatively dense,
hydrous mineral with a wide P-T stability field in syn-
thetic [Ca0-Al,0;-Si0,-H,0 (CASH)] and natural sys-
tems. In addition to two OH groups, the lawsonite struc-
ture hosts an H,O molecule, and Al is completely in
octahedral coordination (Rumanova and Skipetrova,
1959). This results in a density of 3.09 g/cm?, which is
higher than the 2.76 g/cm? density of its anhydrous chem-
ical equivalent, plagioclase. In the CASH system, law-
sonite forms from laumontite at approximately 3 kbar
(Nitsch, 1968) and persists to more than 92 kbar (Schmidt
and Poli, 1994). Pawley (1994) found lawsonite to be
stable at 120 kbar and extrapolated the stability limit to
higher pressures. The maximum thermal stability of law-
sonite is 1040 °C at a pressure of 92 kbar (Schmidt and
Poli, 1994). Pawley (1994) determined the maximum
thermal stability to ca. 1080 °C at 94 kbar. The reasons
for this small difference will be discussed below.

In natural rocks subducted to high-pressure, low-tem-
perature conditions, lawsonite is common in blueschist
terrains (mostly 3—15 kbar, see Evans and Brown, 1986,
and references therein) but also occurs in basaltic xeno-
liths in kimberlites (Watson and Morton, 1969) that orig-
inated from a depth equivalent of more than 25 kbar
(Helmstedt and Schulze, 1988). Poli and Schmidt (1995)
have shown experimentally that lawsonite occurs in ba-
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saltic and andesitic compositions to pressures of more
than 77 kbar; relatively cold thermal regimes in subduc-
tion zones permit lawsonite, formed at blueschist-facies
conditions, to persist in subducted crust to a depth of
more than 240 km. Lawsonite does not commonly occur
in eclogites from depths equivalent to >15 kbar. This is
probably the result of thermal relaxation during the ex-
humation process. Steep geothermal gradients are com-
mon during the descent of oceanic crust, however. When
the descent comes to a halt and exhumation begins, ther-
mal relaxation of the anomalous cold thermal structures
also begins. Consequently, most exhumation paths com-
mence with a prograde temperature evolution (e.g., En-
gland and Thompson, 1984). The occurrence of lawsonite
in eclogitic xenoliths in a kimberlite pipe (Watson and
Morton, 1969), i.c., in a locality where extremely fast
exhumation occurred, proves that eclogites that ascended
through relatively slow tectonic processes do not neces-
sarily preserve the most extreme high-pressure, low-tem-
perature conditions. During the exhumation process, cold
eclogites are likely to follow initially prograde tempera-
ture paths, and consequently lawsonite reacts to form
zoisite. The latter reaction is documented in many eclo-
gitic terrains (Newton, 1986, and references therein).

In this study two hydrous phases were encountered,
which are known from experimental studies but not from
the Earth’s surface. Topaz-OH was first described by

"Wunder et al. (1993a) and is a phase with topaz structure
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in which F is completely replaced by OH. Phase egg was
first synthesized by Eggleton et al. (1978) at approxi-
mately 1000 °C and at pressures greater than 100 kbar.
Eggleton et al. (1978) did not name this phase. The name
phase egg is assigned in this study to give credit to Eggle-
ton et al. (1978). Although the H,O content of phase egg
as inferred from this study is different from the original
study, X-ray diffraction shows that both phases are oth-
erwise identical.

This contribution is intended to examine the upper sta-
bility of lawsonite in a synthetic CASH system and to
clarify whether other hydrous phases are formed from
lawsonite at its pressure breakdown.

EXPERIMENTAL CONDITIONS

The experiments were performed in a split sphere and
a split-cylinder-type multi-anvil equipped with WC cubes
of 32 mm edge length. Mg-octahedra (95 wt% MgO, 5
wt% Cr,0,) of an edge length (M) of 14 mm were used
on a truncation edge length (TEL) of 8 mm. Pyrophyllite
gaskets with a 2.5 x 5.0 mm cross section, cardboard of
0.4 mm thickness, and Teflon tape of 0.13 mm thickness
were directly glued onto the WC cubes. The 14 M/8 TEL
setup was calibrated against coesite-stishovite (Yagi and
Akimoto, 1976) and «-8 spinel (Katsura and Ito, 1989)
and can be used at pressures ranging from 90 to 160 kbar.
The octahedra were drilled and furnished with a zirconia
sleeve for thermal insulation and a stepped LaCrO, heat-
er with a wall thickness of 0.3 mm in the upper and lower
3.1 mm and with a wall thickness of 0.5 mm in the cen-
tral 2.7 mm. A MgO spacer separated the capsule from
the furnace, and Mo disks or rings were placed between
the LaCrO, heater and the WC cube (for details see Rubie
et al., 1993). Capsules were made from 1.6 mm outer
diameter Pt tubing. The starting material was composed
of synthetic lawsonite + zoisite + grossular + cristobalite
+ AI(OH),, and of natural kyanite. Syntheses were per-
formed as described in Schmidt and Poli (1994). Fe and
other trace elements in the natural kyanite were below
the detection limit of an electron microprobe. The bulk
composition of the starting material is located in the
quadrangle lawsonite—topaz-OH-phase egg-H,O (Fig. 1).
Precisely 12 wt% H,O was present in the starting material
bound in lawsonite, zoisite, and mostly in stoichiometric
Al(OH),. The starting material was filled into half cap-
sules, which were then welded and pressed into cylinders
with lengths varying from 1.4 to 2.6 mm. Temperatures
were measured with welded Pt-Pt,Rh,, thermocouples
(S-type). No pressure correction for the emf was applied.
The standard assembly includes only one axial thermo-
couple, however a few experiments were performed with
a second axial thermocouple in the geometrical center of
the stepped heater. At 700~950 °C, temperature gradients
over the length of the capsule were between 20 and 40
°C, the highest temperature always being located in the
geometric center of the furnace. The pressure precision is
estimated to +4% (Walker, 1991), however the accuracy
is probably significantly better because P spacings of 5
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Fig. 1. Starting material composition. Square = bulk com-

position. Abbreviations for Figs. 1-3 are as follows: and = an-
dalusite, coes = coesite, crn = corundum, dsp = diaspore, egg =
phase egg, grs = grossular, ky = kyanite, lws = lawsonite, pi =
phase “pi,” sil = sillimanite, stish = stishovite, toz = topaz-OH,
v = H,0, zo = zoisite.

kbar yielded consistent results. The experimental prod-
ucts were measured with a STOE powder diffractometer,
equipped with a Co tube and a monochromator.

After the experiment, the amount of free fluid phase in
the capsule was not determined. In a sample weighing
approximately 4 mg, a total of 0.5 mg H,O was present
in the capsule at the beginning of an experiment. At the
end of the experiments, depending on the resulting as-
semblage, 0.1-0.4 mg of the H,O was bound in hydrous
phases, thus the remaining amount of free fluid phase was
too small to measure by weight difference because punc-
turing of a capsule generally results in small losses of
material from the capsule. Samples that obviously failed
because the thermocouple ceramics penetrated the cap-
sule resulted in the anhydrous assemblages grossular +
stishovite + corundum or grossular + stishovite + kya-
nite. In some samples, compositions of the experimental
products were determined by a Cameca SX50 micro-
probe operated at 12 kV and 20 nA.

In all samples except experiment Iwma21, reaction was
always complete, resulting in a three-phase + H,O as-
semblage. Lwma21, which was first analyzed in a longi-
tudinal section by electron microprobe, showed minor
grossular instead of lawsonite in the outer portion from
the middle of the capsule. This is interpreted as an over-
stepping of the phase boundary as a result of the thermal
gradient present in the capsule. The experiments con-
tained lawsonite and grossular in the starting material.
However, they do not represent true reversals because the
starting material did not contain topaz-OH or phase egg
and SiO, was not present as stishovite. However, because
reaction was always complete, the results are believed to
represent equilibrium. The lack of apparent kinetic prob-
lems is probably due to the high reactivity of the fluid-
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TaBLE 1. Experimental conditions and results of H,O-saturated
experiments
P T t
Expt. (kbar) (°C) (min) Expt. products
lwma20 150 850 65 grs, egg, dsp
lwma23 140 700 340 grs, egg, dsp
lwma26 133 875 210 grs, egg, dsp
lwma27 125 800 270 grs, egg. dsp
lwma32 125 900 120 grs, egg, toz
lwma30 120 720 99 grs, egg, dsp
lwma28 120 800 175 grs, egg, dsp
Iwma21 120 950 720 Iws, toz, stish, grs(—)*
lwma24 120 985 260 grs, toz, stish
lwma36 110 675 66 Iws, dsp, stish
lwma35 110 750 64 Iws, toz, stish
lwma29 110 800 188 lws, toz, stish
lwma31 105 700 120 Iws, toz, stish

Note: Abbreviations of experimental products are as follows: grs =
grossular, egg = phase egg, dsp = diaspore, toz = topaz-OH, lws =
lawsonite, stish = stishovite.

* The minus sign indicates that a very minor amount was present.

saturated CASH system at the P-7 conditions investigat-
ed. By contrast, the low nucleation energy of this system
at high pressures is a problem for the synthesis of large
crystals. Experimental products have an equilibrium tex-
ture with 120° phase angles, but the average grain size of
the experimental products is typically between 0.5 and 2
pm, and only a few crystals have significantly larger sizes,
up to 10 pm. This average grain size did not increase with
the duration of experiments, indicating that after initial
nucleation and formation of a texturally equilibrated as-
semblage, growth processes did not play an important
role.

EXPERIMENTAL RESULTS

The experiments resulted in phase assemblages con-
taining lawsonite, diaspore, grossular, phase egg, stishov-
ite, topaz-OH, and H,O. Experimental results are given
in Table 1 and Figure 2. The reaction positions in Figure
2 are constrained by the experiments and drawn in ac-
cordance with Schreinemaker rules.

Between 95 and 120 kbar the lawsonite breakdown re-
action in a H,O-saturated CASH system is

3 lawsonite = 1 grossular + 2 topaz-OH

+ 1 stishovite + 4 H,O. (1)

This reaction has a negative P-T slope of approximately
~—3 °C/kbar. The highest temperature stability of chemi-
cally pure lawsonite is 1040 °C (Schmidt and Poli, 1994),
located at the low-pressure end of Reaction 1 where Re-
action 1 intersects the kyanite + H,O = topaz-OH (Wun-
der et al., 1993a) and coesite = stishovite (Yagi and Ak-
imoto, 1976) phase boundaries (invariant points 4 and 3,
Fig. 2). Whether the lawsonite breakdown reaction inter-
sects the kyanite + H,O = topaz-OH hydration reaction
slightly above, at, or below the coesite = stishovite tran-
sition is beyond the experimental resolution of a multi-
anvil apparatus. The two possible topologies are shown
in Figure 3.

Topaz-OH [AL,SiO,(OH),, 10.7 wt% H,O] forms from
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Fig. 2. Experimentally determined phase diagram for the
lawsonite-out reactions in the H,O-saturated system from 90 to
150 kbar. The shading (solid/open) refers to the presence of law-
sonite, the symbol shape to the appearance of topaz-OH (circles),
phase egg (diamonds), and diaspore + stishovite (square). Law-
sonite-out reaction at 90 kbar as determined by Schmidt and
Poli (1994). The numbers are described in the text. Abbrevia-
tions as in Fig. 1.

kyanite + H,O, as determined experimentally by Wun-
der et al. (1993a). At higher pressures topaz-OH reacts to
form AlSiO,(OH), a phase denoted here as phase egg that
was first synthesized by Eggleton et al. (1978).

Eggleton et al. (1978) estimated the H,O content in
their formula ALSi;O,,(OH) by X-ray diffraction. Micro-
probe measurements in several samples resulted in totals
of 92-93 wt% (the same samples yielded totals of 99.1-
100.5 wt% for grossular) implying an H,O content of
roughly 7-8 wt%, which is consistent with the most sim-
ple formula AlISiO,(OH) (7.5 wt% H,O). The X-ray pow-
der diffraction of this study resulted in almost identical
peak positions of phase egg as determined by Eggleton et
al. (1978). From the best quality diffractogram (experi-
ment lwma27), 14 reflections were selected that fulfill the
criteria of Orville (1967). Cell parameters obtained by
fitting a monoclinic unit cell as proposed by Eggleton et
al. (1978) are as follows: a = 9.820(7), b = 18.236(7), and
c=5.372(4) A, 8 = 103.84(7)°, and V' = 934.0 + 1.0 As,
Eggleton et al. (1978) determined a unit cell having 72 O
atoms, thus for the composition AlSiO,(OH) Z would be
18, resulting in a density of 3.84 g/cm?.

The breakdown of topaz-OH to phase egg occurs by
two reactions. With increasing pressure, these are

1 topaz-OH + 1 stishovite = 2 egg 2

and

1 topaz-OH = 1 egg + 1 diaspore. 3)

At P-T conditions lying between Reactions 2 and 3 (Fig.
2), topaz-OH and phase egg coexist. Both reactions have
positive P-T slopes and intersect at approximately 700
°C, 110 kbar. At 900 °C they differ in pressure by < 10
kbar.

The most extreme pressure condition under which pure
lawsonite exists is 120 kbar, 960 °C, at the intersection
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Fig. 3. Topology of the CASH system to 150 kbar with re-
actions delimiting the stability fields of lawsonite and zoisite in
CASH and of diaspore, phase “pi,” topaz-OH, and phase egg in
ASH. Thick lines delineate the lawsonite and zoisite stability
fields as experimentally determined by Schmidt and Poli (1994)
and in this study. Quartz = coesite from Bohlen and Boettcher
(1982), coesite = stishovite from Yagi and Akimoto (1976), to-
paz-OH = kyanite + H,O from Wunder et al. (1993a), and re-
actions involving phase “pi” from Wunder et al. (1993b). Ex-
perimental brackets for the equilibrium diaspore-corundum from
Grevel et al. (1994, squares), Schmidt and Poli (1994, triangles),
and Vidal et al. (1994, diamonds); open symbols = diaspore,

solid symbols = corundum. The arrowheads at 120-150 kbar
indicate diaspore stability; the phase boundary is extrapolated
because a high-temperature constraint at these pressures is not
available. Solid circles are invariant points with P-T locations
well defined by experiments; exact P-T locations of invariant
points represented by open circles remain uncertain. Arrows in-
dicate in which direction(s) the latter invariant points might be
displaced. Note that the high-pressure lawsonite delimiting re-
actions are hydration reactions with increasing temperature. The
inset shows the second possible topology at conditions around
90 kbar, 1040 °C. Abbreviations as in Fig. 1.
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of the lawsonite breakdown reaction with phase egg form-
ing Reaction 2 (invariant point 5, Fig. 2). At pressures
above Equilibrium 2 the lawsonite breakdown reaction
is

3 lawsonite = 1 grossular + 1 topaz-OH
+ 2 egg + 4 H,O “

and transforms at temperatures below Reaction 3 into

3 lawsonite = 1 grossular + 3 egg

+ 1 diaspore + 4 H,O. 3)

Reactions 4 and 5 have positive slopes of approximately
40 and 25 °C/kbar, respectively, with lawsonite on the
high-temperature-low-pressure side. Thus, these reac-
tions delimit the stability of lawsonite toward higher
pressures and lower temperatures.

Diaspore is an experimental product in all experiments
performed at pressures above the topaz-OH destabiliza-
tion. As a result, the maximum pressure stability of dia-
spore exceeds 150 kbar (at 700-900 °C). Experiments
conducted at temperatures above 900 °C resulted in to-
paz-OH and thus are not suitable to examine the thermal
stability of diaspore because the bulk composition is lo-
cated between topaz-OH and the SiO,-apex (Fig. 1).

ToroLoGY

The topology of a H,O-saturated Ca0-Al,0,-Si0,-H,O
system (Fig. 3) is constructed from the present experi-
ments and from those of Schmidt and Poli (1994) and
Wunder et al. (1993a, 1993b). The breakdown reactions
of lawsonite depend mostly on phase relationships in the
Al,0;-8i0,-H,0 (ASH) subsystem. It is only at the in-
tersection of the lawsonite-out reactions with the pres-
sure-sensitive breakdown reaction of zoisite to grossular
+ kyanite + coesite + H,O that an invariant point (1,
Fig. 3) is defined by three reactions between Ca-bearing
phases. All other invariant points are defined by ASH
phase relationships, which determine the lawsonite-out
reactions and the topology of the CASH system at pres-
sures above 67 kbar. All lawsonite-out reactions at these
conditions are of the type lawsonite = grossular + 2 ASH
phases + H,0. As the densities of the ASH phases in-
crease, lawsonite changes from the high-pressure side to
the low-pressure side of its breakdown reactions. Very
unexpectedly, Reactions 4 and 5 are hydration reactions
with increasing temperature, i.e., H,O is situated on the
low-temperature side of Reactions 4 and 5 (Figs. 2 and
3). This indicates that phase egg has, besides a relatively
high density, also a relatively low third-law entropy. An-
other hydration reaction with increasing temperature is
constituted by the low-temperature (<700 °C), high-pres-
sure formation reaction of lawsonite (Fig. 3).

The principal features of the ASH topology (Fig. 3) are
as follows: At relatively low pressures of 20-60 kbar and
relatively low temperatures from 450 to 600 °C, phase
“pi” [Al,S1,0,(0OH);, p = 3.23 g/cm?] appears (Wunder
et al.,, 1993b); the stability field of this phase entirely
overlaps that of lawsonite. At intermediate pressures of
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50-120 kbar topaz-OH (p = 3.37 g/cm?®) forms (Wunder
et al., 1993a). At pressures higher than 90-120 kbar phase
egg (p = 3.84 g/cm?) forms instead of topaz-OH. At tem-
peratures below 430-690 °C stishovite or coesite coexists
with diaspore. The high-temperature behavior of phase
egg and topaz-OH remain unknown; they could either
melt or decompose to stishovite + corundum + H,O.

DISCUSSION OF PREVIOUS EXPERIMENTAL WORK

Pawley (1994) also determined the position of Reac-
tion 1 and estimated the maximum temperature stability
of lawsonite. Considering the relatively large uncertain-
ties of Pawley’s experiments, her experimental results are
in fair agreement with the present study. The results ob-
tained in this study are considered to be more accurate
because of the following differences in the experimental
setup: (1) Pawley (1994) did not calibrate pressure above
90 kbar for the octahedra used on a 4 mm truncation
(TEL). Only a half-bracket at 140 kbar is reported. Thus,
Pawley’s pressures have a larger error than the present
study, in which a complete calibration was undertaken
and a much larger octahedra was used for the same pres-
sure range (14 mm octahedra on 8 mm truncation edge
length). (2) Pawley (1994) used an inconel furnace, i.e., a
metal heater with a positive correlation between electrical
resistancy and temperature. Such heaters always result in
sharp hot spots, and consequently Pawley (1994) found
temperature gradients in excess of 100 °C (at 1000 °C) for
a capsule length of about 3 mm. Pawley points out that
the “autoamplification” effect on the thermal gradient is
less pronounced for inconel furnaces than for rhenium
furnaces, the latter resulting in the largest thermal gradi-
ents of all furnace materials commonly used in multi-
anvil experiments. However, such large thermal gradients
are not inherent to multi-anvil experiments. LaCrO; is
one of the rare materials suitable for furnaces in which
electrical resistivity decreases with temperature. This be-
havior causes warm zones to heat less than cold zones,
and consequently the hot spot is spread out. In addition,
the LaCrO, furnaces in the present experiments were
stepped heaters, i.e., the electrical resistancy is lower in
the central, thicker part of the furnace. This resulted in
temperature gradients on the order of 20-40 °C over the
capsule length of 2.6 mm (both experimental setups using
8 mm TEL).

Eggleton et al. (1978) synthesized phase egg in a Bridge-
mann-anvil apparatus at “pressures greater than 100 kbar
and at about 1000 °C.” Because precise synthesis condi-
tions are not given and pressures and temperatures were
not as well calibrated as can be presently achieved, this
first synthesis appears to be in agreement with the lower
pressure stability limit defined in this study. Phase egg
was also synthesized by Fockenberg et al. (1994) at 150
kbar, 1000 °C, and by Pawley (1994) at 140 kbar, 740—
840 °C. Pawley (1994) recognized that the estimated H,O
content of 1.6 wt% (Eggleton et al., 1978) is probably too
low. The difference of Al,O, + SiO, totals from 100 wt%
in microprobe analyses led her to conclude that the for-
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mula is probably AlISiO,(OH). This is confirmed by the
present study. However, a direct measurement of the H,O-
content of phase egg is necessary to obtain a precise de-
termination of its stoichiometry.

A high-pressure topology for the ASH system was also
presented by Pawley (1994, her Fig. 6). Invariant point 8
(Fig. 3) [her invariant point (ky, coes, v)] is similar in that
arrangement, and stabilities of reactions around this in-
variant point are identical except that reaction slopes are
now constrained experimentally. The high-temperature
parts of the topologies are different because the reaction
diaspore = corundum + H,O was not considered by
Pawley (1994). The low-pressure part of the topologies
are different because the formation of phase “pi” from
topaz-OH (Wunder et al., 1993b) was intentionally not
considered by Pawley (1994, p. 105).

THE OCCURRENCE OF LAWSONITE,
TOPAZ-OH, AND PHASE EGG IN NATURE

The present study also indicates conditions of maxi-
mum persistence of lawsonite in natural rock composi-
tions. Lawsonite has been shown experimentally to be
present in basalts, andesites, and probably greywackes to
pressures of at least 77 kbar. Once formed at blueschist
conditions, lawsonite remains stable in natural rocks to
temperatures about 100-150 °C lower than in the syn-
thetic CASH system (i.e., to 780 °C at 60 kbar in basalt
and to 900 °C at 77 kbar in andesite: Poli and Schmidt,
1995). Poli and Schmidt (1995) also showed that in nat-
ural rock compositions lawsonite has only minor impu-
rities (1-2 wt%), whereas grossular contents in garnet in-
crease with pressure from 15 to 45 mol%. The maximum
stability of pure lawsonite is reached at 120 kbar (950
°C), equivalent to a depth of 350 km. In natural rocks,
impure lawsonite is expected to decompose at somewhat
lower pressures.

Thermal models predict that relatively cold structures
are common in subduction zones with fast subduction
rates where relatively old crust is subducted: For the top
of the slab, Hsui and Toks6z (1980) predict 650-800 °C
at 400 km depth, Davies and Stevenson (1992) 600-800
°C at 400 km depth, Ito and Sato (1992) 600-900 °C at
400 km depth, Furukawa (1993) ca. 650 °C at 200 km
depth, and Peacock (1993) ca. 800 °C at 250 km depth.
These calculations show that temperatures are low enough
in cold subduction zones to permit the occurrence of law-
sonite up to its maximum pressure stability. Neverthe-
less, a precise determination of lawsonite occurrence in
natural rock compositions is necessary to elucidate this
point further.

In the synthetic system, hydrous breakdown products
of lawsonite are topaz-OH, phase egg, or both. Topaz-
OH is expected to appear in natural bulk compositions
saturated in kyanite at relatively low-pressure conditions,
i.e., metapelites and some greywackes. In such compo-
sitions, the dehydration of lawsonite (11 wt% H,0) would
result directly in the formation of topaz-OH (10.7 wt%
H,O0) at pressures between 90 and 120 kbar. Direct ex-
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perimental evidence for such a reaction is not available;
nevertheless, at pressures above 35 kbar, lawsonite de-
composes in andesites (which have bulk compositions
similar to greywackes) to garnet + omphacite + kyanite
+ H,0. Thus, similar or more aluminous bulk compo-
sitions (e.g., metapelites, greywackes, or metagranitoids)
potentially could bear topaz-OH. However, it remains
uncertain if topaz-OH occurs in the complex multisys-
tems that constitute natural rocks.

Phase egg, having a composition located between ky-
anite (topaz-OH) and stishovite, could appear in com-
positions that are less aluminous than those necessary for
the formation of topaz-OH. Because phase egg has not
been reported from systems more complex than CASH,
its appearance in nature remains speculative. However,
the pressure destabilization of lawsonite in natural rocks
is expected to result in a high-density phase, which could
be the hydrous phase egg or another new phase. The sig-
nificance of the high-density, hydrous phases topaz-OH
and phase egg for natural systems (if any) needs to be
clarified by additional experiments.
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