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[1] The second critical endpoint in the peridotite-H2O system has been determined using
an X-ray radiography technique together with a Kawai-type, double-stage, multianvil
system driven by DIA-type cubic press (SPEED-1500) installed at SPring-8, Japan. The
pressure of the second critical endpoint was determined by the appearance and
disappearance of round shape in the radiographic images with changing the experimental
pressure. In the experiments up to 3.6 GPa, two fluid phases (i.e., aqueous fluid and
hydrous silicate melt) were observed. At 4.0 GPa, however, we could not distinguish these
two phases in the radiographic images. These observations indicate the second critical
endpoint occurs at around 3.8 GPa and 1000�C (corresponding to a depth of �110 km) in
the peridotite-H2O system. Our experimental results suggest that hydrous silicate melt and
aqueous fluid in the Earth’s mantle become indistinguishable from each other and that
melting temperature of hydrous mantle peridotite can no longer be defined beyond this
critical condition. This position of the second critical endpoint could explain the
previously observed drastic changes in composition and connectivity of aqueous fluid in
mantle peridotite at around 3–4 GPa and could play an important role in magmatism
and chemical evolution of the Earth’s interior.
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1. Introduction

[2] Water affects the physical and chemical properties of
the materials in the Earth’s interior. Therefore knowledge of
the phase relations in silicate-H2O systems is fundamental
for clarifying the physical and chemical evolution of the
Earth. Under the high-pressure and high-temperature con-
ditions, relevant to the Earth’s mantle, both the solubility of
water in silicate melt [e.g., Kennedy et al., 1962; Eggler and
Burnham, 1984; Hodges, 1974] and the solubility of silicate
minerals in aqueous fluid [Kennedy et al., 1962; Anderson
and Burnham, 1965; Nakamura and Kushiro, 1974;
Schneider and Eggler, 1986; Paillat et al., 1992; Ryabchikov,
1988, 1993;Manning, 1994; Stalder et al., 2001;Mibe et al.,
2002] increase with increasing pressure. This suggests that

silicate melt and aqueous fluid in the Earth’s interior can
become indistinguishable from each other beyond the
second critical endpoint [Niggli, 1920; Kennedy et al.,
1962; Ryabchikov, 1988, 1993; Paillat et al., 1992; Shen
and Keppler, 1997; Bureau and Keppler, 1999; Wyllie and
Ryabchikov, 2000; Stalder et al., 2001; Mibe et al., 2002,
2004; Kawamoto et al., 2004].
[3] In silicic silicate-H2O systems [Kennedy et al., 1962;

Paillat et al., 1992; Mibe et al., 2004], the location of the
second critical endpoint has been determined (e.g., 1.0 GPa,
1080�C in the SiO2-H2O system; 1.5 GPa, 670�C in the
system albite-H2O) and the complete miscibility between
hydrous silicate melt and aqueous fluid has been directly
observed [Shen and Keppler, 1997; Bureau and Keppler,
1999; Kawamoto, 2004] using the hydrothermal diamond
anvil cell [Bassett et al., 1993]. In ultramafic systems which
are relevant to the Earth’s upper mantle, however, neither
the critical curves nor the second critical endpoints have
been determined directly by the experiments because of the
following reasons: (1) the difficulty in identifying phases
(aqueous fluid vs. hydrous silicate melt) in the recovered
samples quenched from high-pressure and high-temperature
conditions using solid media high-pressure apparatus [e.g.,
Mibe et al., 2002]; and (2) the difficulty in obtaining high-
temperature (>1000�C) to observe coexisting aqueous fluid
and hydrous silicate melt using the hydrothermal diamond
anvil cell [Kawamoto, 2004]. Therefore the position of a
second critical endpoint has only been estimated or assumed
[Ryabchikov, 1988, 1993; Stalder et al., 2001] by the
extrapolations of experimental data (3–4 GPa, 1050�C in
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the peridotite-H2O system; 12 GPa, �1150�C in the MgO-
SiO2-H2O system). Here we report the direct determination
of the second critical endpoint in the peridotite-H2O system
using newly developed experimental technique which
enables us to observe aqueous fluid and hydrous silicate
melt directly under high-pressure and high-temperature
conditions.

2. Experimental Technique

[4] High-pressure and high-temperature experiments
were carried out using X-ray radiography technique
[Kanzaki et al., 1987] together with Kawai-type, double-
stage, multianvil system driven by DIA-type cubic press
(SPEED-1500) installed at SPring-8, Japan [Utsumi et al.,
1998]. Direct X-ray beam, which passes through the anvil
gaps of SPEED-1500 and sample under high pressure, is
observed with an X-ray camera [Mibe et al., 2004]. Real-
time radiographic images were recorded with a hard disk
video recorder. The spatial resolution of the sample image
was �5 mm. The exposure time for the X-ray camera was
�35 ms. The detailed capability of the system installed at
beam line BL04B1, SPring-8, has been described elsewhere
[Funakoshi et al., 2000].
[5] The hydrous peridotite (SiO2 34.6 wt %, Al2O3 2.6 wt

%, FeO* 8.5 wt %, MgO 29.0 wt %, CaO 2.9 wt %, Na2O
0.2 wt %, K2O 0.1 wt %, H2O 22.1 wt %) was prepared
from a mixed powder of SiO2 . xH2O (x = 0.85), Al(OH)3,
FeO(OH), Mg(OH)2, Ca(OH)2, and Na2O-K2O-SiO2 glass,
and was used as a starting material. This composition is
close to the model upper mantle composition, pyrolite
[Ringwood, 1966], on dry basis. In addition to the water
included as hydroxides, deionized water was added to the
sample powder (a mixture of oxides, hydroxides, and glass)
by a micro syringe. The total amount of H2O in the starting
material ranges from 22 ± 5 to 63 ± 5 wt % (Table 1). On
the basis of the previous studies [Kushiro et al., 1968a;
Green, 1973; Mysen and Boettcher, 1975], the hydrous
solidus of the starting material at pressures around 1 �
4 GPa is estimated to be �1000�C.

[6] The sample container should not react with hydrous
samples but should be X-ray transparent. We therefore
developed a new sample container which is composed of
a AuPd tube and a pair of cylindrical single crystal diamond
anvils (with a diameter of 2.7 mm and a height of 2.0 mm)
placed on both ends of the AuPd tube. The entire AuPd tube
and two diamond lids are surrounded by a Pt tube (with an
outer diameter of 3.0 mm and an inner diameter of 2.7 mm),
which helps to seal free water when the sample is pressur-
ized at room temperature. The maximum H2O content in the
starting material is limited to �70 wt % because of the
difficulty in sealing large amount of free water. Temperature
is increased (�5�C/s) under the constant load. The X-ray
camera is switched on before heating. Radiographic images
are observed and recorded entirely during heating (i.e., from
the beginning of heating to the quenching). The absolute
error in the temperature determination is about ±50�C and
that of pressure is about ±0.2 GPa. The maximum temper-
ature in the experiments is limited to �1350�C, because the
AuPd tube deforms at temperatures slightly higher than
1350�C. Further increase in temperature always results in
loss of radiographic images because of breaking diamonds.
Detailed experimental methods and pressure-temperature
calibrations have been reported elsewhere [Mibe et al.,
2004].
[7] Most of the Fe3+ in the starting materials are consid-

ered to have transformed into Fe2+ by the buffering reaction
between the diamond anvils and the starting materials,
4FeO(OH) + C = 4FeO + CO2 + 2H2O, although we have
not determined the Fe2+/Fe3+ ratios in the recovered samples
because of the experimental difficulties. The appearance of
olivine and orthopyroxene and the absence of iron oxides in
the recovered samples support the validity of this assump-
tion. Because small amounts of CO2 have to be generated as
a result of this buffering reaction, the actual volatile com-
ponent in the system is H2O with a very small amount of
CO2 [Saxena and Fei, 1988].
[8] The pressure of the second critical endpoint was

determined by the appearance and disappearance of round
shape in the radiographic images with changing experimen-

Table 1. Experimental Conditions and Results

Run P, GPa TM,a �C TQ,b �C H2O,
c wt % Observed Phases in X-Ray Images Quench Productsd

S1000 1.7 1280 1180 57 F + M (980–1280)e ndf

S1175 2.4 1190 1180 59 F + M (1110–1190) Ol + QF + QM
S1001 3.0 1260 1180 63 F + M (980–1260) nd
S1178 3.3 1190 1180 61 F + M (1125–1190) Ol + QF + QM
S1003 3.6 1350 1130 55 F + M (1130–1230)g Ol + QF + QM
S1177 3.6 1240 1180 61 Supercritical Ol + QF + QMh

S1002 4.0 1350 1350 63 Supercritical nd
S1079 4.0 1310 1180 55 Supercritical nd
S1080 4.0 1300 1180 40 Supercritical Ol + Opx + QS
S1082 4.0 1240 1180 22 Supercritical Ol + Opx + QS

aTM, the maximum temperature during the run.
bTQ, quenched temperature.
cAmount of H2O in starting materials. Error ±5 wt %.
dQF, fine quench materials from aqueous fluid; QM, glass and/or quench materials from melt; QS, quench materials from supercritical fluid; Ol, olivine;

Opx, orthopyroxene.
eTwo phases were observed during temperature (�C) range shown in parentheses. F, aqueous fluid; M, silicate melt.
fNot determined.
gAt 1230�C, the complete dissolution of aqueous fluid into silicate melt was observed (Animation S2 in the auxiliary material).
hQF and QM were found in the recovered sample, although no fluid/melt bubbles were observed in the radiographic images (see text for detail).
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tal pressure. All we could observe in radiographic images
were the round shapes (aqueous fluid or silicate melt) in the
experiments at pressures below the second critical endpoint.
This is because one phase (either aqueous fluid or silicate
melt) forms spheres in the other phase because of their
differences in the interfacial tension. In the experiments at
pressures above the second critical endpoint, no distinctive
shapes were observed in any of runs with different water
contents, which we interpret as evidence for a single
supercritical fluid phase existing at high temperature. The
crystalline phases were difficult to identify because of the
limitation of the quality of the radiographic images.
[9] After observation with the X-ray camera, the samples

were quenched to the desired P-T conditions (Table 1) so
that the X-ray radiographic images could be compared with
the quenched textures. Before quenching, the samples were
kept under constant temperature about 5 to 45 min in order
to obtain large crystals. First, the diamonds were removed
and the surface of the quenched sample was inspected under
a microscope. Then the polished surface was examined with
a petrographic microscope using reflected light. Phases in
the quenched samples were identified with a JEOL 8800
electron microprobe at Earthquake Research Institute, Uni-
versity of Tokyo. Most of the equilibrium crystal phases are
euhedral and do not have compositional zoning, consistent
with the fact that the minerals in the peridotite-H2O system
can be well recrystallized in 20 min even at temperatures
below the solidus when heated to �1000�C [Kushiro et al.,
1968a]. Because the chemical diffusion in aqueous fluid and
hydrous melt is much faster than that in crystals, it is
considered that chemical equilibrium has been attained
during the radiographic observations above 1000�C.

3. Results

[10] Experimental conditions and results are shown in
Table 1. At around 980–1130�C in runs at pressures
between 1.7 and 3.6 GPa, a dark gray sphere appeared in
the light gray matrix (Figure 1a). The light gray matrix
should be the aqueous fluid phase because it absorbed less
X-ray than a silicate melt. Because the appearance of the
spherical melt upon heating indicates the experimental
condition reaches well above the solidus, the hydrous
solidus in the peridotite-H2O system should be located
below 980�C at pressures between 1.7 and 3.0 GPa and
below 1125�C at pressures between 3.3 and 3.6 GPa, which
is consistent with the previous studies [Kushiro et al.,
1968a; Green, 1973; Mysen and Boettcher, 1975]. In the run
S1175 (2.4 GPa), no visible change in size of the dark gray
melt sphere was observed in the radiographic images while
temperature was kept at 1180�C for 45 min (Figure 1a). This
indicates that the modal abundance of phases does not change
with time during radiographic observation, suggesting that
chemical equilibrium was attained. When temperature was
increased further, a sudden overturn was observed (i.e., a light
gray fluid sphere became surrounded by the dark gray matrix
melt; Animation S1, available in the auxiliary material).1

[11] In experiments at pressures between 1.7 and 3.3 GPa,
two phases were visible in the radiographic images up to the
maximum temperature investigated, indicating the upper

limit of the miscibility gap between aqueous fluid and
silicate melt exceeds 1300�C at this pressure range. In
the run at 3.6 GPa (Run no. S1003), we observed that the
aqueous fluid bubble shrank and disappeared at around
1230�C (Animation S2, available in the auxiliary material).
This is caused by the complete dissolution of aqueous fluid
into silicate melt rather than supercritical phenomena,
because we observed the volume reduction of the aqueous
fluid phase instead of the fading of the phase boundary
between these two phases. The complete dissolution of aque-
ous fluid at 1230�C and 3.6 GPa indicate the critical curve in
the system peridotite-H2O decreases in temperature with
increasing pressure, which is consistent with previous studies
in other silicate-H2O systems [Kennedy et al., 1962; Paillat et
al., 1992; Shen and Keppler, 1997; Bureau and Keppler, 1999;
Kawamoto, 2004]. At 4.0 GPa, we could distinguish only one
phase in the radiographic images (Figure 1b and Animation S3,
available in the auxiliary material) in any of runs with different
water contents (Table 1).
[12] A crescent void space can be seen in the photograph

of the recovered sample quenched from 2.4 GPa and
1180�C (Figure 1c). This void space exactly corresponds
to the light gray crescent in Figure 1a. Fine-grained materi-
als were observed on the surfaces of quenched silicate melt
sphere and are considered to be quenched products (quench
crystals and/or amorphous quench) from aqueous fluid
(Figure 1c). From the inspection of the polished surface,
which is parallel to the X-ray path, it was revealed that the
silicate melt phase was quenched into two types. One is an
interstitial glass in a matrix of olivine crystals. Also, the
other is a quenched melt sphere, which is about 200 mm in
diameter (Figures 1c and 1d). The compositions of these
two types of quenched silicate melts are ultramafic. Many
tiny glass spheres (less than 10 mm in diameter) were also
observed in the void space (Figure 1e). These spheres are
Si-rich composition and are the typical quench products
from high-pressure aqueous fluid [Kennedy et al., 1962;
Kushiro et al., 1968b; Nakamura and Kushiro, 1974;
Schneider and Eggler, 1986; Paillat et al., 1992; Ayers et
al., 1997; Mibe et al., 2002]. No voids were found in the
recovered samples quenched from >3.0 GPa (Figure 1f).
Instead, the amount of the fine-grained materials quenched
from aqueous fluid increased above 3 GPa (Figures 1g
and 1h). The quenched products from aqueous fluid and
silicate melt can be distinguished from each other up to
3.6 GPa (Figure 1g). Although we could not observe any
sign of fluid or melt in the radiographic images in one run at
3.6 GPa (S1177), relatively small hemispherical quenched
silicate melt (�100 mm) was observed in the recovered
sample (Figure 1h). At 4.0 GPa, the classification of the
quenched materials into two types (i.e., aqueous fluid vs.
silicate melt) was no longer possible. Only dense quenched
silicate materials were observed in the recovered samples in
any of runs with various water contents (Figures 1f and 1i).

4. Discussion

4.1. Second Critical Endpoint in Peridotite-H2O
System and Its Bearing on the Properties of Aqueous
Fluid at High Pressure and High Temperature

[13] Both radiographic observations and examination of
the quenched samples indicate that aqueous fluid and

1Auxiliary materials are available in the HTML. doi:10.1029/
2005JB004125.
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Figure 1. X-ray radiographic images and photomicrographs of recovered samples. (a) X-ray
radiographic image taken at 2.4 GPa and 1180�C (S1175). Both aqueous fluid (fluid) and silicate melt
(melt) can be seen. (b) X-ray radiographic image taken at 4.0 GPa and 1180�C (S1002). Only the
supercritical fluid phase (supercritical) is observed. (c) Recovered sample quenched from 2.4 GPa and
1180�C (S1175). A crescent void space (dark color), which was filled with aqueous fluid at the
experimental condition, can be seen on the left side of the large and round quench product. A small
sphere composed of a mixture of silicate minerals and glass is indicated as white arrows and is considered
to be a quenched product from silicate melt. (d) Polished surface of Figure 1c, which is parallel to the
X-ray path. The square (Ol + QM) on left of the sphere (QM) is a mixture of olivine and glass. This
square shape is because the main body of quenched product (large round shape) in Figure 1c is not
spherical but columnar. (e) Backscattered electron image of the region indicated as a white square in
Figure 1d. Silicate melt (QM) is quenched into large sphere (above right) and the interstitial glass in
olivine crystals (Ol). Many tiny glass spheres (QF), which are considered to be quenched products from
aqueous fluid, can be seen in the epoxy (dark matrix). (f) Recovered sample quenched from 4.0 GPa and
1180�C (S1082). Note that there is no void space. (g) Secondary electron image of the polished surface of
the recovered sample quenched from 3.3 GPa and 1180�C (S1178). Two kinds of quenched materials
(QM and QF) can be clearly seen. (h) Backscattered electron image of the polished surface of the
recovered sample quenched from 3.6 GPa and 1180�C (S1177). Although fluid/melt bubbles were not
observed in the radiographic images, small melt sphere (QM) can be seen in the quenched aqueous fluid
(QF), indicating that the condition of this run is still below the second critical endpoint. (i) Backscattered
electron image of the polished surface of the recovered sample quenched from 4.0 GPa and 1180�C
(S1080). Dense quenched materials are distributed in the entire region in the recovered capsule. The
classification of quench materials into two types (i.e., aqueous fluid versus silicate melt) is no longer
possible, indicating that the condition of this run is above the second critical endpoint.
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silicate melt can coexist up to 3.6 GPa (Figure 2). Although
no fluid/melt bubbles were observed in the radiographic
images in the run S1177 at 3.6 GPa (Table 1), the existence
of two kinds of quenched materials in the recovered sample
(Figure 1h) indicates that the stability field of aqueous
fluid + silicate melt existed at 3.6 GPa but was below the
radiography detection limit. Above 4.0 GPa, however, these
two phases can no longer be distinguished in the system
peridotite-H2O (Figure 2). Therefore the second critical
endpoint in the system peridotite-H2O should occur at
pressure between 3.6 and 4.0 GPa (Figure 2). As the second
critical endpoint occurs on the hydrous solidus, the temper-
ature of the second critical endpoint should be lower than
1130�C (Table 1), probably around 1000 ± 100�C based on
the previous studies [Kushiro et al., 1968a; Green, 1973;
Mysen and Boettcher, 1975]. The water content of the fluid
phase on the second critical endpoint could be around 55–
61 wt % (Table 1).
[14] In order not to overlook a small miscibility gap, we

conducted a series of experiments at 4.0 GPa with varying
H2O contents in the starting materials (Table 1) and con-
firmed that there were no evidences for the coexistence of
two fluids. Although it cannot be ruled out that a small and/
or narrow miscibility gap still exists even at 4.0 GPa on the
water-rich side of 63 wt % H2O or on the region between
the H2O contents of each runs, the miscibility gap near the
second critical endpoint in general shrinks quickly with a
small increase in pressure [Paillat et al., 1992; Shen and
Keppler, 1997]. In addition, it must be noted that the system
peridotite-H2O is not the simple binary system (e.g., SiO2-

H2O, albite-H2O) but the multicomponent system. In binary
systems, if there is a narrow stability field of silicate melt +
aqueous fluid (M + F in Figure 3a) on the water-rich side of
the phase diagram, then our experimental method could fail
to find this stability field if we only conduct experiments
with water-poor side than the M + F field (Figure 3a). In
multicomponent systems, however, if there still exists mis-
cibility gap on the water-rich side, then the stability field
of solid + silicate melt + aqueous fluid (S + M + F in
Figure 3b) should also exist on the lower-temperature side
of the stability field of silicate melt + aqueous fluid (M + F
in Figure 3b) [e.g., Van der Laan and Wyllie, 1992; Wyllie
and Ryabchikov, 2000]. This stability field of solid +
silicate melt + aqueous fluid extends to the water-poor side
(Figure 3b). However, we could not observe the evidence of
coexisting two fluids in any of runs with different water
contents up to 63 wt %, indicating that there exists no
miscibility gap at 4 GPa. Therefore our best estimate of the
second critical endpoint in peridotite-H2O system is 3.8 ±
0.2 GPa, 1000 ± 100�C, and with water content of 58 ±
5 wt % of the supercritical fluid (Figure 4).
[15] Recent experimental studies have shown that that the

properties of aqueous fluid coexisting with mantle minerals
drastically change at around 3–4 GPa. The composition
of aqueous fluid coexisting with peridotite changes from
Si-rich below 3–4 GPa [Nakamura and Kushiro, 1974;
Schneider and Eggler, 1986; Ayers et al., 1997; Kawamoto
et al., 2004] to Mg-rich above 3–4 GPa [Ayers et al., 1997;
Stalder et al., 2001; Mibe et al., 2002; Kawamoto et al.,
2004]. In addition to the change in Mg/Si ratio, the
solubility of silicate components increases drastically above
3–4 GPa [Stalder et al., 2001; Mibe et al., 2002]. Dihedral
angles formed by olivine and aqueous fluid also shows
sudden change from nonwetting (q > 60�) below 3–4 GPa
[Watson and Brenan, 1987; Watson et al., 1990] to wetting

Figure 2. Pressure-temperature diagram showing the
experimental results and phase relations in the perido-
tite-H2O system. Open bars represent the P-T conditions
at which two fluid phases (aqueous fluid and silicate
melt) were observed, whereas shaded bars represent the
P-T conditions at which two fluids were not observed in the
radiographic images. The amount of H2O in the starting
materials of data plotted here ranges 60 ± 3 wt % (Table 1).
Solid curves denoted KSA, G, and MB are the hydrous
solidus in the peridotite-H2O system determined by Kushiro
et al. [1968a], Green [1973], and Mysen and Boettcher
[1975], respectively. The dotted line and the star represent
the estimated position of critical curve and second critical
endpoint in the peridotite-H2O system.

Figure 3. T-XH2O phase diagrams at pressures below the
second critical endpoint in the system (a) albite-H2O (binary
system [Stalder et al., 2000]) and (b) trondhjemite-H2O
(multicomponent system [Van der Laan and Wyllie, 1992]).
Figure 3a is polybaric (1.22 � 1.45 GPa) diagram, whereas
Figure 3b is isobaric (1 GPa). Ab, albite; S, silicate solids;
M, silicate melt; F, aqueous fluid. The arrows indicate the
possible T-X paths during experiments with water-poor side
than the stability field of M + F. Note that the stability field
of S + M + F (dark gray field) can be seen on the lower-
temperature side of the stability field of M + F (light gray
filed) in Figure 3b, whereas no S + M + F field exists in
Figure 3a. See text for details.
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(q < 60�) above 3–4 GPa [Mibe et al., 1998, 1999]. All
these drastic changes in aqueous fluid properties at around
3–4 GPa can now be well understood by the position of the
second critical endpoint in peridotite-H2O system. The
composition of aqueous fluid and silicate melt coexisting
with mantle minerals should converge when pressure and
temperature conditions approach to the second critical
endpoint, which explains the drastic change of solubility
and Mg/Si ratio. Then this drastic change in composition
could become the reason for the sudden change in wetting
characteristic of olivine because the dihedral angle is
expected to become smaller when the compositions of the
fluid phase and the solid phase become close to each other
[Takei and Shimizu, 2003].

4.2. Implication for Subduction Zone Magmatism

[16] The second critical endpoint in peridotite-H2O system
could play a fundamental role in understanding the magma-
tism and the chemical evolution of the Earth’s interior [e.g.,

Wyllie and Ryabchikov, 2000; Manning, 2004]. The position
of the second critical endpoint in the Earth’s hydrous mantle
would be located at around 110 km depth if the dominant
fluid component is H2O. Above this depth, the chemical
differentiation of the hydrous magma could be possible by
the fluid-melt immiscibility. On the other hand, no such
differentiation could be occurred below 110 km because the
only supercritical fluid phase is stable.
[17] The water released from descending oceanic litho-

sphere has been thought to play an important role in
subduction zone magmatism, because this water might
trigger partial melting of mantle wedge peridotite [e.g.,
Kushiro, 1972; Mysen and Boettcher, 1975; Gill, 1981;
Tatsumi and Eggins, 1995; Mibe et al., 1999]. It has been
pointed out that K2O content in primitive basalt increases
with increasing depth to Wadati-Benioff zone [e.g., Kuno,
1966; Ryan et al., 1995; Bindeman and Bailey, 1999].
Several mechanisms have been proposed to explain this
correlation: (1) Reduction of the degrees of partial melting
away from the volcanic front due to deeper melt segregation
from mantle diapirs [Sakuyama and Nesbitt, 1986].
(2) Addition of K2O-rich fluid to the mantle wedge peridotite
by the dehydration of phlogopite at the base of the mantle
wedge peridotite [e.g., Tatsumi and Eggins, 1995; Tatsumi
and Kogiso, 1997] or by the dehydration of phengitic mica in
the subducting slab [e.g., Schmidt, 1996; Ono, 1998]. Each
of these processes could play an important role in generating
the positive correlation between K2O content in primitive
basalt and depth to Wadati-Benioff zone.
[18] In addition to these processes, our experimental

results lead to another possible explanation for the origin
of the positive correlation between K2O content in primitive
basalt and depth to Wadati-Benioff zone. Partial melting of
mantle wedge peridotite begins when the aqueous fluid
migrates upward in the mantle wedge peridotite and the
ambient pressure-temperature conditions exceed the H2O-
saturated solidus [e.g., Grove et al., 2002; Gaetani and
Grove, 2003]. This initial melt is thought to be H2O-
saturated and will react with the hotter shallower mantle,
thereby lowering its H2O content [e.g., Grove et al., 2002;
Gaetani and Grove, 2003]. In the above scenario, the depth
of the beginning of melting in the mantle wedge beneath the
volcanic front should be shallower than 110 km (depth of
the second critical endpoint in the peridotite-H2O system)
because the depth of the Wadati-Benioff zone at the volca-
nic front is about 110 km [Gill, 1981; Tatsumi and Eggins,
1995], whereas the melting could begin at deeper mantle
wedge than 110 km on back-arc side. Because K2O is
expected to partition into aqueous fluid relative to silicate
melt [e.g., Keppler, 1996], the primitive basalt on the
volcanic front could become tholeiitic as a result of the
possible removal of alkaline-rich aqueous fluid from magma.
On the other hand, the primitive magma on back-arc side
should remain to be alkaline-rich because the extraction of
the alkaline elements by the fluid-melt immiscibility is
impossible beyond the second critical endpoint.
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Figure 4. Schematic phase diagrams in the vicinity of the
second critical endpoint in the peridotite-H2O system.
(a) Isobaric phase diagram below the second critical
endpoint. (b) Isobaric phase diagram above the second
critical endpoint. (c) P-T-XH2O phase diagram showing the
position of the second critical endpoint (star) in peridotite-
H2O system. The second critical endpoint occurs at around
3.8 ± 0.2 GPa and 1000 ± 100�C, where the hydrous
solidus (solidus) intersects the critical curve (dotted curve).
S, silicate solid; M, silicate melt; F, aqueous fluid. Note that
the solidus of the hydrous peridotite is no longer defined
above the second critical endpoint, and the aqueous fluid
changes continuously to the silicate melt with temperature.
Details of these phase diagrams have yet to be determined in
future works.
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