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Abstract: To simulate metasomatism at convergent plate boundaries, the process of phengite dehydration, followed by reactions
between the expelled fluid and a model mantle material consisting of forsterite + enstatite, was investigated at subduction zone
conditions using a piston cylinder apparatus. An experimental technique has been devised in which the fluid, which should be set free
during phengite decomposition at about 950°C and 3.5 GPa, would be triggered by a temperature gradient of about 50 K to infiltrate
through a perforated Au-foil the hotter part of the capsule, containing the model mantle material. Crystallization of phlogopitic mica
and Al-rich enstatite at the boundary phengite – (forsterite + enstatite), representing the „slab – mantle“ contact region, indicates
successful experimental simulation of mantle wedge metasomatism. Cs-Rb exchange coefficients KD, determined from
compositions of newly formed phlogopitic micas, recrystallized phengite and of an amorphous phase, representing the quenched
liquid, agree well with recently determined alkali-fractionation data between micas and fluid. The composition of the quenched
liquid is rich in alkali, aluminium, silicon, and poor in magnesium, which is in agreement with fluid solubility data determined in
earlier experimental studies at similar conditions.
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Introduction

It is generally accepted that one of the important fluid-in-
duced processes within subduction zones is the metasomatic
alteration of the mantle wedge triggered by the breakdown
of hydrous phases within the descending lithosphere. This
process is strongly associated with, e.g., the principles of de-
hydration within the subducting slab, the fluid transport
through the mantle wedge, magma production at active
plate margins, and element cycles leading to typical trace-
element and alkali-signatures in subduction-related island-
arc basalts.

As the result of infiltration of an alkali-rich slab-derived
fluid, phlogopite (KMg3[AlSi3O10](OH)2) crystallization
has been proposed to occur at the base of a mantle wedge
overlying the subducting slab (Sudo & Tatsumi, 1990). In
Fig. 1 the thermal structure of the SW Japan subduction
zone calculated after Peacock & Wang (1999) is shown, to-
gether with the proposed locations of the stabilities of
phlogopite and amphibole within the mantle wedge. For the
subduction zone of SW Japan, formation of phlogopite can
be assumed at the bottom of the mantle wedge exceeding
depths of about 100 km and for temperatures lower than
about 1200 °C. Towards lower depths amphibole might be
the relevant OH-containing phase formed from alkali-meta-
somatism within the mantle overlying a subducted oceanic

slab. Among hydrous phases relevant for subduction zone
environments, K-richterite and phlogopite have the highest
thermal stabilities (Modreski & Boettcher, 1972), both ex-
tending to high pressures above 10.0 GPa (Sudo & Tatsumi,
1990). From phase equilibrium calculations, Wyllie & Seki-
ne (1982) proposed the formation of phlogopite within the
mantle as the result of reaction between magma, rising from
the subducted crust, and the mantle peridotite. Knowledge
how, where, whether, and to which amount phlogopite can
be formed within the metasomatized mantle is of impor-
tance, because new crystallization of phlogopite within the
mantle would play an important role by altering the alkali
characteristics of subduction zone related magmas (Tatsumi
& Nakamura, 1986). Additionally, this would also explain
the occurrence of phlogopite in xenoliths of harzburgites
and lherzolites (e.g., Zanetti et al., 1999; Griffin et al., 1999)
or even as inclusions within diamonds derived from larger
depths (e.g., Zhang et al., 2000).

Important candidates of hydrous minerals for transport-
ing water into the upper mantle during subduction of sedi-
ments and basalts are phengitic micas, which composition-
ally fall along the muscovite (KAl2[AlSi3O10](OH)2) – cela-
donite (KMgAl[Si4O10](OH)2) solid solution join. Experi-
mental studies on the stability of phengitic muscovite
(Schmidt, 1996; Domanik & Holloway, 1996) indicate that
phengite persists to depths much greater than the zone of
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Fig. 1. Thermal structure of the SW Japan subductionzone calculat-
ed after Peacock & Wang (1999), together with the proposed loca-
tions of stability of phlogopite (Modreski & Boettcher, 1972) and
amphibole(Green, 1982)within the mantle wedge. The area phlogo-
pite can be formed metasomatically is shaded. Amphibole out (dot-
ted line), phlogopiteout (dotted-dashedline). The asterisk indicates
PT-conditions of the experiment. Arrows mark the assumed rise of
alkali-rich fluids generated by the continous phengite dehydration
within the decending slab.

melt generation beneath arcs (80 – 150 km). Within a descend-
ing slab, phengite should continously decompose to omphaci-
te, enstatite, coesite and a K-rich fluid (Schmidt, 1996). In
analogy to phlogopite, Rb and Cs can structurally replace K
within phengite completely and both micas are therefore im-
portant sources and sinks of large ion lithophile elements (LI-
LE) and hydrous components within subduction zone environ-
ments. The cross-arc geochemical variations of alkalis, ob-
served as a function of the depth of the Benioff zone (e.g., Ry-
an et al., 1995) are believed to be mainly influenced by the
fractionation behaviour of Cs, Rb and K between fluid and
phengites at different slab depths (Melzer & Wunder, 2000).
However, the alkali budget within the mantle wedge would be
drastically altered, assuming metasomatic phlogopite crystal-
lization in the mantle as the result of infiltration of slab derived
fluid, released from phengite-decomposition within the slab.
In such a scenario, the fluid composition would change on its
way through a phlogopite-bearing mantle wedge, according to
the LILE-partition coefficients of the system phlogopite – flu-
id (Melzer & Wunder, 2001), which differ from those of the
system phengite – fluid (Melzer & Wunder, 2000).

The main goal of this experimental study was to better
understand metasomatic processes within the mantle wedge
triggered by fluids derived from a subducting slab. Thus, to
simulate the metasomatic effects of such an event in the lith-
ospheric mantle, the process of phengite dehydration fol-
lowed by reactions between the expelled fluid and mantle
material was studied at PT-conditions relevant for subduc-
tion zones. Another focus was set on the distribution of K,
Rb and Cs between solid phases and coexisting fluids in or-
der to test the recently determined LILE-fractionation data
between micas and fluids (Melzer & Wunder, 2000, 2001).

Experimental

The experimental assemblage consisting of the simplified
model of slab and mantle material is shown in Fig. 2. Within

Fig. 2. Schematic drawings and photographof the cuttedAu-capsule
after the experiment. The dark part at the top of the capsule repre-
sents the recrystallized mantle assemblage consisting of forsterite
and enstatite. The light part at the bottom consists of recrystallized
phengite and Cs-rich anhedral phase. Additionally, the marked area
at the contact (see Fig. 3), representing the „metasomatic zone“ is
shown in detail. Abbreviations: Phe: phengitic mica; En: enstatite;
Fo: forsterite.

a gold capsule (10 mm length, 1 mm wall thickness, 5 mm
outer diameter) about 1/3 of the volume (about 40 mg) was
filled with synthetic phengite, placed at the bottom of the
capsule. This part should represent the subducted slab mate-
rial. The upper part of the capsule was filled with a homoge-
neous mixture of synthetic Fe-free forsterite and clinoensta-
tite (about 90 mg) of the weight proportion 3:1. This part
should represent the overlying mantle wedge. To avoid di-
rect chemical contact, the lower and upper materials were
separated by a perforated, about 0.2 mm thick Au-foil.

The experiment was performed in a conventional end-
loaded piston-cylinder apparatus at 3.5 GPa for three days.
The experimental temperature of 1000 °C was monitored by
using a chromel-alumel thermocouple, which was posi-
tioned at the top of the capsule. The PT-conditions of the run
lie within the stability-field of the assemblage phlogopite +
enstatite + vapor after Modreski & Boettcher (1972). A tem-
perature gradient of about 50 K occurs between the bottom
and the top of the capsule. The temperature gradient was
calculated from a 3D-Finite-Difference scheme recently de-
veloped for modeling the temperature distribution in piston-
cylinder experiments (Schilling & Wunder, submitted). For
the experimental approach chosen it was assumed that the
fluid, which should be set free during phengite decomposi-
tion at about 950 °C, would be triggered by the temperature
gradient to infiltrate the hotter part of the capsule through
the perforated Au-foil. No additional water was added. Nev-
ertheless, as the starting materials were not dried before the
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Table 1. EMP analyses of starting phengite and product phases (ex-
cluding enstatite).

Phengite
(starting

mat.)
11 analyses

Phengite
(product)

25 analysis

Phlogopite
(product)

7 analyses)

Amorphous
phase

(product)
7 analyses

SiO2 50.09(4.87) 46.94(1.08) 42.57(0.98) 56.20(11.47)
Al2O3 23.48(3.14) 25.82(0.88) 18.04(0.95) 11.47(1.31)
MgO 4.89(1.89) 5.26(0.52) 18.74(2.25) 0.20(0.06)
K2O 8.10(1.41) 9.06(0.34) 7.17(0.65) 3.73(1.03)
Rb2O 1.40(0.33) 1.42(0.11) 1.61(0.17) 0.90(0.06)
Cs2O 1.60(0.63) 1.60(0.28) 2.86(1.14) 5.39(1.82)
Sum 89.56(6.69) 90.09(1.02) 90.97(1.44) 77.89(12.22)
Mica compositionsbased on 22 oxygens
Si (IV) 7.11(0.24) 6.71(0.10) 6.22(0.09)
Al (IV) 0.89(0.12) 1.29(0.05) 1.78(0.12)
Al (VI) 3.04(0.39) 3.05(0.11) 1.33(0.09)
Mg (VI) 1.03(0.34) 1.12(0.11) 4.07(0.43)
K (XII) 1.47(0.30) 1.65(0.07) 1.33(0.11)
Rb (XII) 0.13(0.03) 0.13(0.01) 0.15(0.02)
Cs (XII) 0.10(0.04) 0.10(0.01) 0.18(0.07)

2 uncertainties are given in parentheses

experiment, small amounts of water, not exceeding 0.3 wt.%
(e.g., Wunder & Schreyer, 1991), might be absorbed at the
surface of the fine-grained synthetic silicates.

Synthesis conditions of forsterite (Mg2SiO4) and clinoen-
statite (MgSiO3) used were already described by Wunder &
Schreyer (1997). The grain size of both phases was < 5 µm.
Phengite used as starting material was synthesized from ox-
ide mixtures and 2 molal aqueous (K,Rb,Cs)-containing
chloride solutions at 2.0 GPa, 600°C. Details of the phengite
synthesis technique were described by Melzer & Wunder
(2000). As characterized by X-ray powder diffraction, the
run product consisted of phengite only. Phengite had grain
sizes mostly of < 10 µm in diameter and < 1 µm in thickness.
Starting phengitic micas had the composition (K0.74(15)
Rb0.06(2)Cs0.05(2))Al1.52(19)Mg0.52(17)[(Al0.45(6)Si3.55(12))O10/
(OH)2] (Table 1).

After the experiment, the capsule was cut vertically and
polished samples for scanning electron microscopy (SEM)
and electron microprobe (EMP) analyses were prepared.
SEM investigations were done with a Zeiss DSM962-mi-
croscope. For EMP analyses a Cameca SX100 microprobe
using the PAP correction mode (Pouchou & Pichoir, 1984)
was used. Counting times for all elements were 20 s on the
peak position and 10 s on the background of each side of the
peak. Operating conditions were 15 kV and 20 nA. Well de-
fined natural minerals were used as standards (wollastonite:
Si; tremolite: Mg; orthoclase: K, Al). For Rb-analyses syn-
thetic Rb-feldspar (RbAlSi3O8) was used. Cs was standard-
ized on synthetic pollucite (CsAlSi2O6).

Results

The first optical impression of the run product using a binoc-
ular was that most parts of the starting material had not
changed significantly. The lower part still consisted of

Fig. 3. SEM image showing a magnificationof the marked area (see
Fig. 2) with newly formed phlogopitic micas, Al-rich enstatite, re-
crystallized phengite and Cs-rich phase in cavities between mineral
grains. The Au-foil is not visible. Abbreviations:phe: phengitic mi-
ca; en: enstatite; phl: phlogopitic mica.

Fig. 4. Compositions of starting materials and product phases (see
legend) plotted in the ternary systems a) MgO-Al2O3-SiO2 (molar
fractions)and b) Cs-Rb-K (molar ratios). Abbreviations:see Fig. 3.

phengite, the upper part of a mixture of forsterite and ensta-
tite. Newly formed minerals were visible only directly at the
contact between the mantle and the slab material (Fig. 3).
Using SEM and EMP these were identified as phlogopite
and enstatite. Further SEM investigations indicate a com-
plete recrystallization of phengite as well as forsterite and
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Table 2. Results of EMP analyses of newly formed enstatite.

distance from contact
[µm]

0 2 5 8 23 27 29 32 84 119

SiO2 60.00 60.53 59.92 58.94 60.13 60.30 59.81 59.47 59.33 60.67
Al2O3 1.60 1.23 1.23 1.33 1.19 1.31 1.15 1.20 0.74 0.10
MgO 39.09 38.74 39.13 38.26 39.16 39.10 39.16 38.81 40.01 39.88
Sum 100.69 100.50 100.28 98.53 100.48 100.71 100.12 99.48 100.08 100.65

Structural formulae (calculated for O = 6)

Si 1.992 2.006 1.993 1.995 1.996 1.996 1.993 1.994 1.982 2.011
Al(tot) 0.082 0.048 0.048 0.053 0.046 0.051 0.045 0.047 0.029 0.004
Al(T) 0.008 0.0 0.007 0.005 0.004 0.004 0.007 0.006 0.018 0.0
Al(M1) 0.074 0.048 0.041 0.048 0.042 0.047 0.038 0.041 0.011 0.004
Mg(tot) 1.898 1.914 1.94 1.93 1.937 1.93 1.945 1.94 1.992 1.971
Mg(M1) 0.926 0.952 0.959 0.952 0.958 0.953 0.962 0.959 0.989 0.996
Mg(M2) 0.972 0.962 0.981 0.978 0.979 0.977 0.983 0.981 1.0 0.975

(M2) 0.028 0.038 0.019 0.022 0.021 0.023 0.017 0.019 0.0 0.025

Fig. 5. Change of the chemical composition of Al-containg enstatite
in the region of the contact zone (see Fig. 2).

enstatite. Compared to the fine grained starting materials,
the run product showed considerably larger grain sizes.

The grain size of the product phengite was commonly >
20 µm (Fig. 3). The compositional variation of the product
phengite is rather small, indicating a rather homogeneous
composition over the complete lower part of the capsule.
Compared to the starting material, the product phengite, the
composition of which was determined as ((K0.83(4)Rb0.06(1)
Cs0.05(1))Al1.53(6)Mg0.56(6)[(Al0.64(3) Si3.36(5))O10/(OH)2]), has
higher K/Cs- and K/Rb-ratios and a lower celadonite-com-
ponent (Table 1, Fig. 4a, b). Notwithstanding the lack of a
limiting assemblage, this latter result is in agreement with
the known T-dependence of the composition of potassic
white micas (e.g., Velde, 1965; Massonne & Schreyer,
1987).

Enstatite in the contact region is up to 10 µm in length
(Fig. 3) and contains significant amounts of aluminium (Ta-
ble 2). Al-containing enstatite was detected over a distance
of about 120 µm (Fig. 5) directly above the contact zone.
The Al-content of enstatite decreases with increasing dis-
tance from the „slab – mantle“ contact (Fig. 5). Enstatite of

the highest Al-contents (about 0.08 Al p.f.u., based on 6
oxygens), directly from the contact zone contains about the
same Al-amount as determined by Gasparik & Newton
(1984) for enstatite synthesized at similar PT-conditions in
the system MgO-Al2O3-SiO2. The enstatite analyses (Table
2) indicate that its composition is influenced by two com-
bined substitution mechanism: the Tschermak substitution
(Al + Al = Mg + Si) and a substitution towards a hypotheti-
cal termed „Mg-Eskola pyroxene“-component
( 0.5Mg0.5Al[Si2O6]) after Fockenberg & Schreyer (1997).
The alkali content of enstatite is close to the detection limit
of the EMP. The same is true for the alkali and Al2O3 content
of forsterite.

Newly formed phlogopitic micas are up to 30 µm in
length and 10 µm in width (Fig. 3). The phlogopitic micas
are rather homogeneous in composition (Table 1),
((K0.77(6)Rb0.07(1)Cs0.09(3))Al0.67(5)Mg2.03(21)[Al0.89(6)Si3.11(5)
O10/(OH)2]). These were only detected within the about 120
µm large Al-enstatite containing contact zone. The phlogo-
pitic micas are rather rich in Al indicating a large eastonite-
component (KMg2.5Al0.5[Si2.5Al1.5O10](OH)2). In compari-
son to product phengite, the newly formed phlogopitic mi-
cas are enriched in Cs and Rb.

The analytical total oxid sums of phlogopite and phengite
determined by EMP analyses of about 90 wt.% (Table 1) are
significantly smaller than the expected values of about 95
wt.%. This might partly be explained due to alkali-loss dur-
ing EMP measurements. However, Wunder & Melzer
(2002) have recently demonstrated that synthetic phlogo-
pites often exhibit incomplete occupation of the interlayer
site as the result of a talc component within phlogopite. The
EMP analyses given in Table 1 indicate twelve-fold vacan-
cies for both, phlogopite and phengite.

A Cs-, Al-, and Si-rich, almost Mg-free phase was detect-
ed by EMP analyses in cavities between phengite grains and
within the groundmass of the contact zone. According to the
low totals (Table 1) this anhedral, perhaps amorphous phase
is probably water-rich and might therefore represent the
quenched liquid. It could not be clarified whether the high
standard deviation of the EMP analyses (Table 1) is due to
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inhomogeneous composition of the phase or due to analyti-
cal problems resulting from the small, irregular size of the
phase.

Discussion

According to the Rb-, K-, Cs-partitioning between phengite
and fluid (Melzer & Wunder, 2000), and phlogopite and flu-
id (Melzer & Wunder, 2001), a fluid in coexistence with
phengite or phlogopite must be relatively enriched in Cs and
depleted in Rb at the PT-conditions of the experiment. This
agrees well with the composition of the phase observed in
pockets between phengite grains and within the contact
zone, which is Cs-rich and relatively poor in Rb. Therefore,
one might assume that the quenched material represents the
liquid phase at elevated temperatures and pressures of the
experiment. The alkali-content of recrystallized phengitic
muscovites, newly formed phlogopitic micas, and of the Cs-
rich phase are shown in Fig. 4b. The observed higher Cs-
and Rb-contents within phlogopite compared to phengite
are in agreement with the recently determined LILE-parti-
tion coefficients of the systems phlogopite – fluid and phen-
gite – fluid. Therefore, this indicates that both solid phases
were in contact with the detected Cs-rich liquid. In Table 3
the Cs-Rb exchange coefficiens KD for the systems phlogo-
pite/liquid and for phengite/liquid as calculated from the
analyses given in Table 1 are compared with the solid/fluid-
values determined by Melzer & Wunder (2000, 2001) for
the same systems at comparable PT-conditions. The good
agreement of these values indicate that equilibrium has been
reached in our experiment and that the composition of the
liquid did not change drastically during the quenching pro-
cess.

According to Schmidt (1996), phengite continously de-
composes to omphacite, enstatite, coesite and a K-rich fluid
during the subduction process. As we performed the experi-
ment in a Ca-, Na-, Fe-free system, we propose formation of a
Cs-rich liquid during the recrystallization process of phengite,
which might be initiated by small amounts of water absorbed
at the surface of the starting materials due to the reaction:

starting phengite + water Û
product phengite + Cs-rich liquid 1. (1)

Tentatively, we estimate that only a few percent of the start-
ing phengite decomposed during recrystallization. Due
to the obviously small amount of liquid available in our exper-
iment, the model assemblage for the mantle wedge only

Table 3. Cs-Rb-exchange coefficients KD for phlogopite, phengite/
fluid as determined by Melzer & Wunder (2000, 2001), and in this
study.

M & W
(2000)*

M & W
(2001)**

this study

KD
phl-fluid(Cs-Rb) – 0.20 ± 0.07 0.19

KD
phl-fluid(Cs-Rb) 0.34 ± 0.10 – 0.30

*Melzer & Wunder (2000); KD determined at 4.0 GPa, 800°C
**Melzer & Wunder (2001); KD determined at 4.0 GPa, 700°C

shows symptoms of metasomatism within the 120 µm large
range at the contact zone, where phlogopitic micas and Al-
containing enstatite were observed. The change of the
chemical composition of enstatite with distance to the direct
contact zone (Fig. 5) might be seen as evidence of non-equi-
librium and reminds to the result of a beginning ion ex-
change process operating within a chromatographic col-
umn. However, for a quantitative mass balance calculation
the data base (e.g., the amount of liquid available) is too un-
certain.

The pressure and temperature conditions chosen within
our experiment lie within the stability field of enstatite +
phlogopite + vapor as determined experimentally by Mod-
reski & Boettcher (1972) in the model system KAlSiO4 –
Mg2SiO4 – SiO2 – H2O. Further they determined that for a
pressure of 3.5 GPa and at temperatures above about
1180°C this assemblage incongruently melts to forsterite +
liquid. Phlogopitic micas and Al-rich enstatite might there-
fore be formed by the reaction:

forsterite + Cs-rich liquid 1 Û
phlogopitic mica + Al-rich enstatite + Cs-rich liquid 2. (2)

Wyllie & Sekine (1982) proposed that this phlogopite-form-
ing reaction is important for hybridization of the mantle
wedge overlying an subducted oceanic crust. According to
the experimentally determined LILE-distribution between
fluid and phlogopite (Melzer & Wunder, 2001) and fluid and
phengite (Melzer & Wunder, 2000), the liquid 2 produced
according to reaction (2) should be decreased in Cs relative
to the liquid 1 formed from reaction (1). The total alkali-
concentration of about 10 wt.% determined for the Cs-rich
phase is smaller than the K2O-solubility of 25 wt.% deter-
mined by Ryabchikov & Boettcher (1980) for liquid in equi-
librium with phlogopite and forsterite at 3 GPa, 1100°C.
This difference might either result from the different assem-
blages investigated and/or the slightly higher temperatures
and lower pressures compared to the PT-conditions of our
experiment. Ryabchikov & Boettcher (1980) calculated a
dissolved silicate component of about 50 wt.% and a K2O/
Al2O3-ratio close to unity for the liquid. Both, the SiO2-solu-
bility and the alkali(total)/Al2O3-ratio determined in this
study for the quenched material (Table 1) are in good agree-
ment to the data given by Ryabchikov & Boettcher (1980).
The large eastonite-component of the newly formed phlogo-
pitic micas further indicates rather high Al2O3-concentra-
tions in the liquid at the PT-conditions of the experiment.
Similar high Al2O3-solubilities in fluid, as additionally indi-
cated herein from the composition of the Cs-rich phase (Ta-
ble 1), have recently been observed by Feenstra & Wunder
(2002) for experiments on the dehydration of diaspore up to
4.0 GPa, and by Domanik & Holloway (1996) in experi-
ments on the stability of phengite at pressures above 5.0
GPa. Our experiment provides evidence that pyroxene,
which is metasomatically formed at the contact zone slab –
mantle from an ascending fluid produced by phengite de-
composition within the slab must be enriched in aluminium.
This might have consequences on the trace element parti-
tioning between pyroxenes and fluid or melt, because it is
known from experimental and theoretical studies (e.g., Col-
son et al., 1988), that partition coefficents are strongly de-
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pendent on pressure, temperature and compositions of coex-
isting solid and liquid phases.

According to Wyllie & Sekine (1982), the location of
phlogopitic mantle metasomatism strongly depends on the
geometry and thermal structure of the subduction zone. For
the rather hot subduction zone of SW Japan shown in Fig. 1,
phlogopite crystallization initiated by alkali-rich fluids ap-
pears to exceed 100 km in an about 20 km thick seam in the
hanging-wall wedge. In this region the temperatures, cooled
by the underlying slab, are cold enough, to allow stability of
phlogopite and incongruent melting only occurs at higher
temperatures. For colder subduction zones than shown in
Fig. 1 (e.g., Peacock & Wang, 1999, their Fig. 2a), the stabil-
ity of amphibole is pulled down within the mantle and
phlogopite formation is only possible at larger depths. Addi-
tionally, the seam phlogopite can exist within, is decreased
in the cold compared to the hot subduction zone, because the
position of isotherms within the overlying mantle wedge are
more narrow (Peacock & Wang, 1999, their Fig. 2a, b).

It is rather difficult to estimate the amounts of phlogopite
formed within a metasomatized mantle wedge from the re-
sults of our experiment. However, this study indicates that
even small amounts of an alkali-rich agent produced by re-
crystallization and little phengite dehydration in the experi-
ment led to phlogopite formation. Assuming that phlogopite
metasomatism exclusively is produced by continous phen-
gite dehydration within the slab, the depth and amount of
phlogopite formation in the mantle would be limited by
phengite stability and by the amount of phengite available in
the descending slab. According to Schmidt (1996) the maxi-
mum depth phengite persists within a cold subduction zone
is about 300 km. This value would be reduced within warm-
er subduction regimes. The modal amount of phengite with-
in a metapelite is about 5 % (Schmidt & Poli, 1998). Howev-
er, the potassium and water released during the continous
decomposition of phengite in the subducted slab is surely
only partly incorporated into phlogopite, because (1) at low
depths amphibole will be formed instead of phlogopite
within the mantle wedge, (2) the potassium solubility in cli-
nopyroxene (Harlow & Veblen, 1991) continously increases
with pressure, and (3) perhaps other alkali- and/or water-
containing phases (e.g., K-richterite) are formed within the
mantle from the ascending fluid in chemically more com-
plex systems and at PT-conditions differing from those per-
formed in this study.

Conclusions

At the PT-conditions of the reactions and for the design used
in our experiment, phlogopitic mica and Al-rich enstatite
crystallization indicate successful experimental simultion
of mantle wedge metasomatism. The Cs-Rb exchange coef-
ficients KD (Table 3), determined from the compositions of
recrystallized phengite, newly formed phlogopite, and of
the Cs-rich amorphous phase agree with recently deter-
mined fluid – mica LILE-partitioning data, when it is as-
sumed that the Cs-rich phase represents the composition of
the quenched liquid. However, our data are too uncertain to
allow a mass balance quantification of the processes occur-

ring at the contact zone. At the PT-conditions of the experi-
ment, the alkali, silicon, and aluminium solubilities are in
agreement to former experimental studies. Therefore, dur-
ing the experiment the water-activity was significantly
smaller than 1. This observation is important and has to be
taken into account, e.g., into calculations of the depth of de-
hydration reactions within subduction zones and hybridiza-
tion of the mantle wedge, which are mostly determined for
water activities of 1 (e.g., Peacock, 1990). Therefore, the
stabilities shown in Fig. 1 are shifted to lower depths for wa-
ter activities smaller than 1. The occurrence of only symp-
toms of metasomatism within the contact zone „slab – man-
tle“ of the experiment might be due to the obviously rather
small amounts of liquid available and only partial decompo-
sition of phengite. This might not to be comparable to the as-
sumed much larger amounts of fluid liberated within the
subducted slab.

As our study only represents a very simplified snapshot
of slab – wedge interactions, future similarily designed ex-
periments on the same topic should be expanded to other
pressures, temperatures, temperature gradients, and chemi-
cal systems of more complexity to close the gap of the sim-
ple chemical model described here and the natural system.
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