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a b s t r a c t

We have synthesized a hydrous peridotite-composition sample at 13 GPa and 1400 �C with co-existing
coarse grains (�100 lm) of olivine, wadsleyite, clinoenstatite, plus melt in a multi-anvil press. Some of
the olivine grains contain fine-scale (0.5–2 lm-wide) lamellae of wadsleyite and clinoenstatite that likely
resulted from transformation caused by small temperature fluctuations during the four-hour experiment.
Phase compositions were determined by electron probe microanalysis (EPMA) and secondary ion mass
spectroscopy (SIMS). The olivine ranges from Fo94 to Fo90 in composition and contains about
4000 ppm wt. H2O. The wadsleyite is Fo87±1 in composition and contains about 10,000 ppm wt. H2O.
The clinoenstatite is En93±1 in composition and about 1400 ppm wt. H2O. Transmission electron micros-
copy of the wadsleyite lamellae and host olivine shows that the two phases share their close-packed oxy-
gen planes so that the wadsleyite lamellae are nearly planar and perpendicular to the [100] of olivine.
The wadsleyite lamellae thus have their {101} and {021} planes parallel to the (100) plane of olivine.
Additionally, larger incoherent grains of wadsleyite in olivine are found. Dislocation microtexures in
the olivine and iron concentration profiles across the lamella interface suggest heterogeneous nucleation
and diffusion-controlled growth of coherent wadsleyite lamellae on defects in the olivine followed by the
nucleation of faster-growing incoherent grains on the lamellae. The results show that, under hydrous
conditions, the olivine–wadsleyite transformation occurs close to equilibrium at conditions of the 410-
km discontinuity. Furthermore, inheritance of crystallographic preferred orientations (and therefore seis-
mic anisotropy) across the 410-km discontinuity is unlikely to be significant. In addition, hydrogen dis-
tributions among the various phases indicate that dehydration by melt extraction at 410 km will be
inefficient and that H contents greater than about 4000 ppm wt. H2O are needed to initiate melting at
410 km.

� 2012 Published by Elsevier B.V.

1. Introduction

Transformations between the principal polymorphs of (Mg,Fe)2-

SiO4, olivine (a), wadsleyite (b), and ringwoodite (c), are thought to
be the cause of seismic discontinuities at depths of 410 and 525 km
in the Earth’s mantle. Improved knowledge of transformation
mechanisms between the polymorphs may thus shed light on crys-
tal preferred orientation at seismic discontinuities (Mainprice
et al., 1990), and seismic anisotropy in the deep upper mantle
and transition zone. In addition, metastable persistence of olivine
below 410 km depth and its subsequent rapid transformation to
wadsleyite or ringwoodite in subducting lithospheric slabs has

been proposed as a possible cause of deep-focus earthquakes (Kir-
by 1987; Kirby et al., 1991, 1996; Green et al., 2010).

There have been numerous studies of the mechanisms by
which olivine transforms to wadsleyite and/or ringwoodite (e.g.,
Poirier, 1981; Rubie and Brearley, 1990; Burnley et al., 1991;
Brearley et al., 1992; Dupas-Bruzek et al., 1998; Mosenfelder
et al., 2001; Kubo et al., 2004). Most experimental studies have
been performed on nominally-dry samples at P–T conditions that
greatly overstep the equilibrium phase boundaries (e.g., by 1–
4 GPa). There are two reasons for this: (1) Nucleation energy bar-
riers are high (Rubie et al., 1990) so that transformation does not
occur at conditions close to equilibrium, at least on an experi-
mental timescale and in the absence of catalytic water or OH.
(2) The aim of most previous studies has been to understand
transformation mechanisms and kinetics at P–T conditions of sub-
ducting slabs, where a high degree of overstepping is applicable.
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We are not aware of any studies that have been performed at
near-equilibrium conditions, within the olivine–wadsleyite two-
phase loop for example.

As mentioned above, most experimental studies have been per-
formed on nominally-dry samples. The application of transmission
electron microscopy (TEM) has shown that transformation pro-
ceeds by incoherent grain boundary nucleation and interface con-
trolled growth (i.e., without any compositional change). When
olivine is transformed within the ringwoodite stability field (e.g.,
at 18 GPa), a shear-like mechanism also operates on a spatially-
limited scale and results in the development of coherent nm-thick
ringwoodite lamellae which subsequently act as sites for incoher-
ent nucleation and growth (Kerschhofer et al., 1996, 2000). Several
experimental studies have shown that the presence of H2O fluid
and/or OH initially dissolved in olivine has a large effect in increas-
ing transformation rates (Kubo et al., 1998; Diedrich et al., 2009)
but, again, such experiments have been performed at conditions
that significantly overstepped the equilibrium phase boundary. In
this study, we describe an experiment that was performed within
the olivine–wadsleyite two-phase loop that shows that water/OH
has a dramatic effect in reducing nucleation barriers during the
olivine–wadsleyite transformation and also promotes ‘‘coherent’’
(topotaxial) growth that could have implications for seismic
anisotropy at the 410-km discontinuity. Hereafter, we use the
‘‘coherent’’-term for an topotaxial interface between wadsleyite
lamellae and the matrix olivine, which however may be strictly
‘‘semi-coherent’’ due to the existence of minor lattice misfit be-
tween the two phases.

In general, the various (Mg,Fe)2SiO4 crystal structures have cor-
responding close-packed oxygen layers. The olivine structure is
based on an approximately hexagonal-close-packed oxygen sub-
lattice, with the a-axis perpendicular to the quasi close-packed
planes (100). Wadsleyite is a spinelloid and is based on a nearly
cubic-close-packed oxygen sub-lattice. In a cubic-close-packed ar-
ray there are four close-packed planes, and in wadsleyite they are
{101}, and {021}. Anhydrous wadsleyite is orthorhombic (space
group Imma), whereas hydrous varieties can be slightly monoclinic
(I2/m) with a beta angle of up to 90.4� (Smyth et al., 1997; Holl et al
2008; Ye et al, 2010), but the unit cells and structures are approx-
imately the same.

Ringwoodite is a true cubic spinel (space group Fd-3m) having a
cubic-close-packed oxygen sub-lattice with the close-packed
planes being (111), (�111), (1�11), and (11�1) (perpendicular
to the four three-fold axes of the cube). Olivine oxidation produces
magnetite spinel lamellae with the (111) parallel to (100) of oliv-
ine (Kohlstedt and Vander Sande, 1975; Puga et al., 1999).
Although olivine–ringwoodite topotaxy has been described previ-
ously (Kerschhofer et al., 1996), olivine–wadsleyite topotaxy has
not been reported. We have identified ‘‘coherent’’ wadsleyite
lamellae precipitating from an olivine host in one of our experi-
mental samples synthesized in an Fe-bearing hydrous peridotite
composition and here describe the compositional and crystallo-
graphic relations as they may pertain to the olivine–wadsleyite
transformation at 410 km depth in the Earth. Additionally, Couvy
et al (2004) and Demouchy et al (2011) have discussed shear defor-
mation mechanisms in wadsleyite and effects of shear on the oliv-
ine–wadsleyite transformation. An understanding of observed
topotaxial relations between the two phases is potentially impor-
tant in studies of crystal-preferred orientation and elastic anisot-
ropy in the transition zone (Mainprice et al., 1990).

2. Experimental

In order to measure H and Fe partitioning among nominally
anhydrous phases at the 410 km discontinuity, we have conducted
experimental syntheses of phases coexisting with hydrous melt in a

MgO–FeO–SiO2–H2O system with a mantle-like Fe:Mg molar ratio
of about 1:9 and sufficient silica to have a pyroxene phase present.
The experiment reported here was conducted at 13 GPa and
1400 �C in a 1200-tonne multi-anvil press at Bayerisches Geoinsti-
tut using in an 11 M sample assembly (11 mm sintered MgO octa-
hedron and WC cubes with 8 mm corner truncations). Starting
materials were San Carlos olivine (76 wt.%) plus brucite (10 wt.%),
silica (12 wt.%), and FeO (2 wt.%) for a bulk water content (as hydro-
xyl in brucite) of 2.9 wt.% H2O. The starting materials were finely
ground and loaded into a 2 mm diameter welded Pt capsule. The
duration of heating was 4.5 h and temperature was measured using
a W–Re thermocouple and controlled manually. Temperature fluc-
tuations during the experiment up to about ±20 �C were observed.

After opening the capsule several crystals were removed for X-
ray identification and characterization. The remaining sample was
sectioned for scanning electron microscopy (SEM), and chemical
and H-content analysis by EPMA and SIMS. The capsule contained
crystals of olivine (Fo90–94), wadsleyite (Fo87), and clinoenstatite
(En93), plus an estimated five to ten volume percent of a quenched
melt phase consisting of feathery wadsleyite crystals and void
space that is presumed to have been occupied by a fluid phase.
An SEM electron backscatter image of the sectioned capsule is gi-
ven in Fig. 1a. There were clearly temperature gradients across
the radius and length of the capsule as indicated by the melt being
concentrated in a girdle around the ‘‘waist’’ of the capsule. Clinoen-
statite is primarily in contact with the melt. Olivine is present in
the outer center of the capsule near the pyroxene with wadsleyite
predominating in the cooler center and ends of the capsule. Phase
compositions, as analyzed by electron microprobe, are given in Ta-
ble 1. Major-element compositions were determined by wave-
length-dispersive electron microprobe analysis, using the JEOL
JXA-8500F at the University of Hawaii. Analytical conditions were
an acceleration voltage of 15 kV, a 10 nA probe current beam diam-
eter between <1 (focused) and 5 microns. San Carlos olivine stan-
dard USNM 111312/444 was used for calibration of Fe-ka, Si-ka,
and Mg-ka and Kakanui augite standard USNM 122142 was used
for Ca-ka and Al-ka. On- and off-peak counting times were 20 s
for all elements. The mineral compositions listed in Table 1 are
the averages of six individual analyses. Of these, olivine shows
the greatest range from Fo95 to Fo90, whereas the wadsleyite and
clinopyroxene are relatively constant in composition.

H contents (Table 1) were determined by secondary ion mass
spectroscopy (SIMS) at the University of Hawaii. We used a Cs+ pri-
mary beam to generate negative secondary ions: H–, D–, and 30Si–.

Fig. 1A. Backscatter electron image of the capsule showing the bright Pt capsule
material, and the distribution of the quenched melt phase (Mlt), clinoenstatite (P),
olivine (Ol), and wadsleyite.
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The electron flood gun was used for charge compensation. The
mass resolving power was �1500, sufficient to resolve all interfer-
ences from the hydrogen isotopes. The small signal from 29SiH at
mass 30 is partially resolved and does not significantly affect the
results. Each spot on the sample was first sputter-cleaned by
rastering a 1 nA beam of a 25 � 25 lm area for 600 seconds. The
beam current and raster size were then reduced to 250 pA and
5 lm, respectively for the measurement. A field aperture masked
the ions originating from outside of a �50 � 50 lm area on the
sample. A liquid-nitrogen trap was used to reduce the pressure
in the sample chamber to �1 � 10�9 torr. A measurement con-
sisted of 40 cycles through the masses with count times of 1 sec-
ond (H), 40 seconds (D), and 1 second (30Si). For the first 10
cycles and last 10 cycles, the primary ion beam was off, giving us
a measure of the hydrogen background in the sample chamber.
The measurements were calibrated using an experimental ring-
woodite sample that had been measured by FTIR. Uncertainties
in our water contents, which include the statistical uncertainties
in measurement and background and the uncertainty in the sensi-
tivity factor derived from our standard, are �8% relative for wads-
leyite and olivine and �8.5% relative for pyroxene.

In order to determine the crystallographic orientations between
phases, a portion of an optical thin section was selected, removed
from the glass slide and thinned using Ar-ion milling. TEM obser-
vations were performed with a Philips CM20FEG TEM (Bayerisches
Geoinstitut), operating at 200 kV. Topotaxial relations were exam-
ined using bright field (BF) and weak-beam dark-field (WBDF)
images and selected area electron diffraction (SAED). High resolu-
tion TEM images were recorded under defocused conditions near
the Scherzer defocus (�67 nm). For chemical analysis across wads-
leyite lamellae, energy dispersive X-ray spectroscopy (EDXS) using
scanning beam mode was performed. The chemical data were eval-
uated with calibrated k-factors for oxygen, magnesium and iron
against silicon by using a pyrope-almandine mineral standard
(van Cappellen, 1990) and a thickness-absorption correction based
on electron neutrality (van Cappellen and Doukhan, 1994).

3. Results and discussion

3.1. Petrographic relations

The SEM electron backscatter image of Fig. 1b shows olivine
crystals near the center of the capsule that contain coherent lamel-
lae of wadsleyite. The backscatter image shows variable contrast in

the olivine grain that indicates significant gradients in Fe content.
The regions with higher Fe contents contain exsolution lamellae of
wadsleyite typically �200 nm wide, and may represent areas that
were initially wadsleyite but that had reverted to olivine with a
small increase in temperature during the experiment. The higher
Fe (and H) contents then partitioned into coherent lamellae of
wadsleyite that subsequently nucleated within the olivine
(Figs. 1b and 2). Coherent wadsleyite lamellae within olivine have
not been reported or described previously and here we document
the crystallographic topotaxy of the two phases by optical and
transmission electron microscopy. In the vicinity of the wadsleyite
lamellae, topotaxial clinopyroxene lamellae were also always
found in the TEM observation, which indicates that the precursor
of the olivine with these two-phase lamellae is a wadsleyite that
had a lower (Mg + Fe): Si ratio than 2.0 of a stoichiometric olivine.
The existence of the clinopyroxene lamellae is proof of the trans-
formation mechanisms from wadsleyite to olivine with exsolution
lamellae. Its presence is consistent with hydration of wadsleyite by

Table 1
Chemical compositions (weight percent oxide) of co-existing phases as determined by
electron microprobe chemical analysis and H by ion microprobe (SIMS).

Oxide Olivine Wadsleyite Clinoenstatite

SiO2 40.16 40.01 57.70
TiO2 0.00 0.00 0.00
Al2O3 0.00 0.07 0.07
MgO 51.79 45.92 37.70
FeO 7.48 11.95 3.16
NiO 0.43 0.48 0.38
CaO 0.00 0.00 0.07
H2O 0.40 1.00 0.14
Total 100.26 99.43 99.38

Atom ratios
Oxygens 4 4 6
Si 0.971 0.986 1.970
Ti 0.000 0.000 0.000
Al 0.000 0.002 0.003
Mg 1.866 1.687 1.924
Fe 0.151 0.246 0.091
Ni 0.008 0.009 0.011
Ca 0.000 0.000 0.003
H 0.064 0.164 0.032
Total 3.061 3.095 4.039

Fig. 1B. Backscattered electron image of exsolution texture of wadsleyite (bright)
from olivine (darker). The wadsleyite (bright rounded grains and lamellae) are
richer in Fe and H relative to the darker olivine. The image is from near the center of
the capsule (Fig 1A) after the section was re-polished.

Fig. 2. Crossed-polars optical image of wadsleyite lamellae and coarse grains (blue-
gray) in an olivine host showing orange-red birefringence colors. The image is about
100 micrometers across. The optical thin section was cut from near the center of the
capsule (Fig 1A).
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octahedral cation vacancies which gives the wadsleyite a lower
(Mg + Fe): Si ratio than olivine with a lower H content.

A 30 lm thick petrographic thin section was prepared of the
sectioned capsule. A crossed-polars optical image is given in
Fig. 2. This shows a single olivine grain with a strong interference
color gradient probably due largely to thickness, but also to com-

positional gradients. There are several large grains of wadsleyite.
Several orientations of wadsleyite inclusions are visible within
the olivine grain. The inclusions are rounded blebs, several of
which appear to be near extinction and are possibly in optical con-
tinuity. There are also the prominent coherent lamellae of wads-
leyite that appear only in the Fe-rich regions of the olivine grain.

3.2. Orientation relations of the coexisting phases

Two types of topotaxial relations between olivine and wadsley-
ite lamellae were confirmed by selected area electron diffraction
patterns from the two-phase boundaries. In Type 1, the {101}
planes of wadsleyite are parallel to the (200) plane of olivine
and the [010] zone axis of wadsleyite is parallel to [001] of olivine,
which corresponds to the orientation of the incident electron beam
(Fig 3). In this orientation relation, transformation between the
phases preserves hexagonal close-packed and cubic close-packed
layers of oxygen, respectively. On the other hand, in the Type 2
relationship the {04�2} plane of wadsleyite is parallel to the
(200) plane of olivine (Fig. 4), which implies that {021} planes

Fig. 3. Bright field TEM image and diffraction pattern of the olivine (a)-wadsleyite
(b) intergrowth. (Type 1 orientation relationship: (100) olivine // (101) wadsleyite
and [001] olivine // [010] wadsleyite). Cpx: clinoenstatite.

Fig. 4. Typical bright field-TEM image and selected area electron diffraction
patterns of the topotaxy in olivine (a)-wadsleyite (b)-clinopyroxene (cpx) (Type 2
orientation relationship: (200) olivine // (04�2) wadsleyite, (060) olivine // (044)
wadsleyite and [001] olivine // [100] wadsleyite).

Fig. 5. High resolution lattice images of the two types of interfaces between olivine
(a) and wadsleyite lamellae (b). (A) Type 1, where [001] olivine and [010]
wadsleyite zone axes are parallel, (B) Type 2, [001] olivine and [100] wadsleyite
zone axes The Type 1 in the image (a) displays a sharp interface, but the Type 2 in
the image (b) displays a vague one, implying a tilting interface, i.e., not parallel to
the incident electron beam. Insets are Fast Fourier Transform patterns from the two
phases separated by the interfaces, which correspond to SAED patterns of the
above-mentioned zone axes.
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of wadsleyite are parallel to the (100) plane of olivine (see the ste-
reo plots of axes and plane directions in Appendix Fig. A1), and the

[100] zone axis of wadsleyite is parallel to the [001] of olivine. In
the same olivine grain, clinopyroxene lamellae are also present and
the (100) plane is also parallel to the (100) of olivine (upper right
inset in Fig. 4). In all the relations, the close-packed layers in oliv-
ine and wadsleyite, as well as clinopyroxene, are preserved in the
same orientation normal to the lamella walls. High resolution lat-
tice images of the two-types of interfaces between olivine and
wadsleyite indicate a sharp interface for Type 1 and a broader
interface for Type 2, respectively (Fig. 5), which implies that the
latter composite planes can be tilted from the close-packed layers
of both phases. Moreover, a textural transition from semi-coherent
lamellae to incoherent blebs is observed in wadsleyite (Fig. 6). Such
textures appear to indicate that the coherent wadsleyite lamellae
act as nucleation sites for incoherent wadsleyite grains that have
much higher growth rates, as observed previously for the oliv-
ine–ringwoodite transformation by Kerschhofer et al. (2000).

Our interpretation of the texture is that the sample initially
equilibrated with olivine, wadsleyite, clinoenstatite and melt being
distributed according to the thermal gradient in the capsule. In the

Fig. 6. Bright field TEM image of a textural transition in wadsleyite from semi-
coherent lamellae to relatively large incoherent grains. Such textures suggest that
incoherent wadsleyite grains nucleate on the narrow lamellae, as observed for the
olivine–ringwoodite transformation by Kerschhofer et al. (2000).

Fig. 7. Weak-beam dark-field TEM image (with g = 400 a) of [00] edge dislocations
(triangle-arrowhead) in olivine (a), which are parallel to wadsleyite lamellae (b).
The wadsleyite lamellae are likely to have nucleated on or in the vicinity of the
[100] edge dislocations.

Fig. 8. Chemical analysis of a narrow lamella (�285 nm in width) by STEM–EDXS.
(a) A dark field STEM image with beam trace spots in the EDXS analysis across a
lamella and the adjacent host olivine. (b) The wt.% FeO concentration across the
wadsleyite (b) lamella and adjacent olivine (a); the exact location of the profile is
indicated by the white arrow in (a). The data point indicated by the arrow is
influenced by the compositions of both phases.

J.R. Smyth et al. / Physics of the Earth and Planetary Interiors 200-201 (2012) 85–91 89
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center of the capsule a small rise in temperature, or perhaps loss of
H through the capsule wall, during the experiment shifted the
phase boundary between the olivine and wadsleyite in favor of
the olivine phase. The olivine grew into a previously wadsleyite re-
gion that had higher Fe and H contents and a lower (Mg + Fe):Si ra-
tio (due to higher H content: hydrogen substitutes into the
wadsleyite structure forming OH on the O1 position with octahe-
dral vacancies at M3 (Smyth, 1987; Holl et al., 2008; Ye et al.,
2010)). The new olivine then approached chemical equilibrium
by exsolving wadsleyite and clinoenstatite lamellae (Figs. 3 and
4). The higher iron content of the olivine that contains wadsleyite
lamellae is seen in the electron backscatter contrast in Fig. 1b.

3.3. Heterogeneous nucleation mechanisms of coherent wadsleyite
lamellae

The dislocation microtextures in the matrix olivine and chemi-
cal compositions in the vicinity of wadsleyite lamellae suggest het-
erogeneous nucleation and growth of wadsleyite lamellae on
defects in the olivine. The [100] edge dislocations with [010] or
[001] line direction are observed in a parallel orientation to the
wadsleyite lamellae (Fig. 7). The [100] dislocation is the most com-
monly observed in olivine deformed at temperatures above
1400 �C and low stress conditions (e.g., Carter and Ave’ Lallemant,
1970; Phakey et al., 1972). At higher pressures around 7.5 GPa, the
[001] dislocation is also activated depending on water contents
and stress conditions (e.g., Raterron et al. 2011; Shekhar 2011),
although the geometry of the TEM foil studied here is not suitable
for visualizing [001] dislocations. It is likely that coherent lamellae
of wadsleyite nucleated on [100] edge dislocations. A chemical
profile across a narrow wadsleyite lamella (<300 nm in width)
and the adjacent olivine using EDXS analysis with a scanning elec-
tron beam displays a detectable downhill gradient in iron content,
i.e., fayalite component, in the olivine (Fig. 8). This shows that
growth of the Fe-rich wadsleyite lamella has depleted the adjacent
olivine in Fe, as would be expected in the case of diffusion-con-
trolled growth. However, analyses across wider lamellae (e.g.,
�600 nm in width) do not display any significant chemical gradi-
ents (Appendix Fig. A2). These results support the interpretation
that heterogeneous nucleation of wadsleyite takes place on crystal
defects in the matrix olivine and subsequent downhill diffusion in
olivine controls the coarsening rate of the lamella at conditions
close to thermodynamic equilibrium.

The microtextures of the lamellae indicate that the olivine–
wadsleyite transformation can proceed effectively by heteroge-
neous nucleation mechanisms with semi-coherent interfaces that
could potentially preserve lattice preferred orientations. The ob-
served rapid transformation from olivine to wadsleyite under
near-equilibrium conditions means that metastable preservation
of olivine below 410 km is especially unlikely under hydrous con-
ditions. The temperature of the experiment was, of course, much
higher than expected in a subducting slab and close to that of
the expected mantle geotherm.

The textures observed in this study do not support the notion
that the olivine to wadsleyite transformation will preserve crystal-
lographic orientation relationships across the 410-km discontinu-
ity (e.g., Mainprice et al., 1990). Although wadsleyite nucleates at
intracrystalline sites in olivine with well defined orientation rela-
tionships, the resulting lamellae do not volumetrically dominate
the transition. Instead the lamellae act as nucleation sites for fas-
ter-growing incoherent wadsleyite grains (Fig. 6), which constitute
a larger volume and are thus likely to dominate the transformation.
This two-stage transformation process is identical to observations
for the olivine–ringwoodite transformation in experiments per-
formed at 18 GPa (Kerschhofer et al., 2000). A relatively fast
growth rate for incoherent grains, compared to those of coher-

ently-nucleated grains, has also been reported for the wadsleyite
to ringwoodite transformation (Dupas-Bruzek et al., 1998, Fig. 10).

3.4. Hydrogen distributions

The distribution of H among the coexisting phases may also
shed some light on melting relations that might occur if a hydrous
transition zone were to convect upward across the 410 km discon-
tinuity as suggested by Bercovici and Karato (2003). In the exper-
iment described here, the wadsleyite contains about 10,000 ppm
wt. H2O, the olivine about 4000 ppm, and the clinoenstatite about
1400 ppm, as measured by SIMS. If the areas in the section of
Fig. 1a are representative of the volume fractions of the various
phases, the melt phase may constitute up to about 10% of the total
capsule volume and was probably a single-phase hydrous melt.
The remainder of the sample consists of �60% wadsleyite, �20%
olivine, and �10% clinoenstatite (by volume). If the total H2O con-
tent was about 3% by weight and no water was lost from the cap-
sule during the experiment (not likely), then the melt phase may
have contained up to 20 wt.% H2O. On quench, the melt crystallized
to form mostly wadsleyite dendrites and an aqueous phase that
was liberated when the capsule was opened. This implies that dis-
tribution of H2O between solid and melt was at most 20:1 by
weight which demonstrates that significantly hydrous wadsleyite
and olivine can co-exist with hydrous melt so that dehydration
by melt extraction is not highly efficient under these conditions.
The H distribution between wadsleyite and olivine is about 2.5
and wadsleyite to clinoenstatite is about 5 at temperatures above
the hydrous solidus for 3% H2O by weight and near an expected
geotherm. The H content of the olivine therefore implies that melt-
ing at 410 km on upwelling convection would require more than
about 4000 ppm wt. H2O.
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