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The complex feedback between dehydration and melting in hot subduction zones is quantitatively
addressed in this study. We present an integrated numerical tool that combines a high-resolution thermo-
mechanical subduction model with a thermodynamic database that allows modeling metamorphic
devolatilization, and subsequent re-hydration and melting reactions. We apply this tool to quantify how
the hydration state of a lithologically layered subducting slab varies during interaction with the hot
mantle wedge and how this affects any melting taking place in the subducting crust or the overlying
mantle wedge. Total crustal dehydration is achieved before any crustal melting can occur, even in very
young subducting slabs. Significant oceanic crust melting is only achieved if the metamorphic fluids from
the dehydrating underlying subducting slab mantle are fluxed through the dry eclogites. But our models
further demonstrate that even if the oceanic crust can melt in these specific conditions, the preceding
crustal dehydration will simultaneously result in extensive mantle wedge melting at lower pressures than
for colder slabs. The significant mantle wedge melting implies that also for hot subduction zones, most
of the melt feeding the overriding plate is of mantle origin.
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1. Introduction

Subduction zones are part of the geochemical cycle for volatiles,
and are an essential site for the production of silica-rich mag-
mas that contribute to the formation of continental crust (e.g.
Arculus, 1981; Taylor and McLennan, 1995). Modern subduction
zone magmatic processes are mainly driven by slab devolatiliza-
tion that triggers flux melting of the metasomatized mantle wedge
and strongly influences the geochemical characteristics of arc mag-
matism (Tatsumi and Kogiso, 1997; Ulmer, 2001). It is within the
arc crust that most silicic-rich granitoids are formed, either by
fractional crystallization of mantle wedge primitive parental melts,
or, alternatively, by re-melting of previously crystallized primitive
melts. But in an unusually warm subduction regime, e.g. in a young
slab, water-present melting (water saturated melting) or water-
absent melting (dehydration melting) of slab crust may take place,
producing Na-Al rich dacitic melts, with high Sr/Y and La/Yb ra-
tios (symptomatic of the presence of garnet and/or amphibole),
commonly known as adakites (Moyen, 2009). This process has also
been suggested to be at the origin of the early Earth’s crust (e.g.
Martin, 1999). High-Mg andesites with specific trace element ratios
originally recognized in the Adak island of the Aleutian Arc (Kay,
1978) were subsequently termed adakites when interpreted to be
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slab melts. This terminology arose from Defant and Drummond
(1990), who recognized that adakitic compositions from the Aus-
tral Andes are related to the subduction of a young (<25-Myr old)
oceanic plate. But a considerable debate exists about the processes
leading to an adakitic signature: in addition to mafic crust melt-
ing as a means to produce adakites (Rapp et al., 1991; Atherton
and Petford, 1993), high pressure fractionation of water rich man-
tle melts also generates “adakitic” compositions (Macpherson et
al., 2006; Alonso-Perez et al., 2009), as does the interaction be-
tween mantle wedge peridotite and slab partial melts (Rapp et al.,
1999). This study intends to better constrain the possible source
of an adakitic signal during the subduction of a young lithosphere
and provide a better understanding of the magmatic outcome of a
warm subduction zone.

Because the effect of metamorphic fluid advection has long
been recognized as the primary factor for the generation of sub-
duction zone magmas (Ringwood, 1974), significant effort has been
put into constraining the distribution of water distilled from the
descending slab. This has been widely investigated experimen-
tally (e.g. Ulmer and Trommsdorff, 1995; Schmidt and Poli, 1998;
Grove et al., 2006) and numerically (e.g. Iwamori, 1998; Riipke et
al., 2004; Arcay et al., 2005; Connolly, 2005; Hacker, 2008; Wada
et al, 2012; Magni et al, 2014). Numerical models have simu-
lated slab dehydration in warm regimes (Syracuse et al., 2010;
van Keken et al., 2011; Magni et al., 2014), but much less atten-
tion has been given to the melting processes and the magmatic
outcome in these systems.

0012-821X/© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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In this study, we use a numerical model that reproduces the
thermo-mechanical essential characteristics of a subducting slab
and computes the thermodynamic equilibrium parageneses at each
pressure-temperature-composition (P-T-X) condition of the sys-
tem at every time step. The resulting paragenetic map of a sub-
duction system allows us to quantify the fate of water during de-
hydration and subsequent re-hydration or melting reactions. This
study has two main objectives: (1) to model these processes en-
visioned to occur in an ordinary subduction zone, by examining
a 40-Myr old subducting slab; and (2) to quantify the dehydration
process and the occurrence of melting in a much hotter subduction
zone. We show that oceanic crust melting can only be achieved if
free water is supplied by dehydration reactions occurring deeper
in the slab, but that extensive mantle wedge melting is still the
main overriding plate supplier.

2. A dynamic solidus setup

We have developed a numerical tool that unifies a thermo-
mechanical finite element model with a thermodynamic database,
which allows us to model phase assemblages and the metamor-
phic evolution of a lithologically layered slab of a subduction zone
system.

2.1. Combined thermo-chemical-mechanical model

We use the finite element code Citcom to calculate the flow
field and temperature distribution inside a subduction system in
a Cartesian geometry (Moresi and Gurnis, 1996; Zhong et al.,
2000). Conservation of mass, momentum (which together define
the steady state flow field) and conservation of energy (which
defines a time-dependent temperature field) are solved assum-
ing an incompressible flow and adopting the Boussinesq approx-
imation, with an a posteriori adiabatic temperature correction of
0.5 K/km. Tracking of material properties and water content is
performed using a second-order Runge-Kutta tracer particle tech-
nique. Further details on the governing equations and associated
numerical methods are described in van Hunen and Allen (2011).
For each tracer, the stable mineral phases are calculated using a
Gibbs free energy minimization strategy (Connolly, 2005, 2009),
see Section 2.2 below. Initially, water is only present within the
slab on the left hand side of the model. It is subsequently carried
deeper within the slab until dehydration occurs. If, according to
Gibbs energy minimization, free water is one of the stable phases,
it is collected for all tracers in each element, moved to and dis-
tributed over the tracers in the element above (Gerya et al., 2002;
Arcay et al., 2005), where it is added to the composition to affect
the stable mineral phases. This approach assumes that water per-
colation in the mantle occurs on time scales much shorter than
mantle convection. We run our simulations long enough to reach a
quasi-steady-state condition in the slab in which the dehydration
processes do not change anymore with time.

The computational domain is 300 km deep and 600 km wide,
with a grid resolution of about 0.6 x 0.6 km? (Fig. 1). We use a
commonly applied model setup of a kinematically described sub-
ducting slab (e.g. Syracuse et al., 2010). Since slab deformation is
not of first-order importance in this study, we use a straight slab
(as e.g. in van Keken et al., 2008) subducting under a 30° angle
with a constant velocity of 5 cm/yr. To allow subduction, a 4.5 km
thick weak fault zone (with an effective, relatively low viscosity
n = 102! Pas) is imposed between the subducting and overriding
plate. The temperature field is first computed in a model in which
the subduction of oceanic lithosphere with a given age evolves un-
til it reaches a quasi-steady-state condition. This thermal structure
is subsequently used as the initial temperature field for further

Slab v=0;T=0

Crust
2wt% H,O

Mantle wedge
(with induced
corner flow)

steady state solution

o

T=steady state solution 600 km

Fig. 1. Schematic representation of the computational model setup. A slab with
constant dip angle enters the computational domain from the left with a fixed tem-
perature (half-space cooling temperature for given plate age) and fixed velocity and
leaves it from the bottom. The top boundary conditions are no-slip and zero surface
temperature (0 °C). Stress free outflow and zero diffusional heat flow are the bound-
ary conditions on the right-hand side boundary. The slab consists of a 6 km thick
hydrated crust (2 wt% H,0) and a 9 km underlying DMM mantle (either dry or hy-
drated to 4 wt% H;0), and a dry DMM mantle underneath. The grey area between
the plates shows the weak fault zone.

Table 1

Symbols, units and default model parameters.
Parameters Symbols (unit) Value
Temperature Taps (K) -
Mantle potential temperature Tm (K) 1623
Reference mantle viscosity no (Pas) 1021
Maximum mantle viscosity Nmm (Pa s) 1024
Lithosphere viscosity n; (Pas) 10%
Weak zone viscosity Nw (Pas) 1021
Gas constant R (J/mol/K) 8.3
Activation energy E (kJ/mol) 360
Plate velocity v (cm/yr) 5
Mesh resolution km? 0.6 x 0.6

model calculations. Temperature is prescribed at the top and in-
flow boundary, while a zero conductive heat flux applies on the
right and bottom boundaries. The velocity boundary conditions are
no-slip at the top, imposed velocity at the slab in- and outflow
boundary, and stress free flow at the right boundary. The mantle
wedge flow is kinematically driven by the slab descent. We use
a temperature-dependent rheology in the mantle wedge, in which
the deformation is accommodated by diffusion creep (Table 1):

o ex E E
Ndiff = Mo €Xp RTops  RTm

Plates have a constant viscosity of 10%6 Pas. A maximum vis-
cosity of 10%* Pas is imposed for the mantle wedge. The obtained
slab temperatures in our models are within the range of those
proposed for such conditions (Gerya et al., 2002; van Keken et
al.,, 2008; Syracuse et al., 2010). At each time step, which corre-
sponds to about 3000 yrs, the obtained pressure, temperature and
composition are used to compute the stable phases from the ther-
modynamic database (see below).

2.2. Thermodynamical model set-up

We investigate the petrological processes involved in inter-
mediate-to-warm subduction zones using compositions for the
crust and mantle lithologies that have been widely used previ-
ously, and that can be considered as benchmark compositions. In
these models, the slab crust is a 6-km compositionally homoge-
neous hydrated (2 wt% H,0) layer representing the bulk of the
igneous oceanic crust (sample LTBC, Poli, 1993; Poli and Schmidt,
1995; Schmidt and Poli, 1998). Underneath is a depleted litho-
spheric mantle (DMM, Workman and Hart, 2005) with or without
a hydrated shallow part (9 km, with 4 wt% H;0) represent-
ing serpentinized mantle. Such slab compositions are considered
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Fig. 2. Calculated pressure-temperature (P-T) and temperature-water content (T-X) diagrams in the NCFMASH closed system. A) P-T space showing the fields of stability
of hydrous phases calculated for sample LTBC, with 2 wt% H,O. Dry eclogites = Cpx + Grt. SiO; is in excess. Also shown are experiments on LTBC where melt is present,
and the favored solidus from Schmidt and Poli (2014) (S&P14). A comparison of our thermodynamic solidus in the NCKFMASH system with the one obtained experimentally
for sample “1” of Lambert and Wyllie (1972) is shown in black. Phengite solid-solution from Holland and Powell (1998) added to account for potassium. B) P-T diagram
calculated for the primitive mantle composition of Hart and Zindler (1986) in water saturated conditions, showing the location of our thermodynamic solidus, compared to
the one of Smith and Asimow (2005) (S&A05). For comparison, parameterized and experimentally derived solidi are shown as dotted lines: from left to right at 4 GPa: Till
et al. (2012); Katz et al. (2003); Kawamoto and Holloway (1997); Green et al. (2010). C) T-X section of crustal sample LTBC at 1.2 GPa showing the trace of our solidus as a
function of water content. D) T-X section of the primitive mantle composition showing the trace of our solidus as a function of water content. Amph = Amphibole; Atg =
Antigorite; Chl = Chlorite; Ctd = Chloritoid; Ep = Epidote; Gt = Garnet; Law = Lawsonite; T = Talc; Q = quartz; Ol = Olivine; Opx = Orthopyroxene; Cpx = Clinopyroxene,

Sp = Spinel.

representative of a subducting slab (e.g. Connolly, 2005; Hacker,
2008). The mantle wedge is represented by a primitive mantle
composition (Hart and Zindler, 1986). The chemical space is mod-
eled in the Na,O-CaO-FeO-MgO-Al,03-Si0,-H,0 (NCFMASH)
system. Our choices of solid-solutions reproduce fairly well the
sub-solidus crustal and mantle parageneses (Fig. 2A, B) (Thompson
and Ellis, 1994; Fumagalli and Poli, 2005). Minerals and solid so-
lutions model data are from Holland and Powell (1998) except
for amphibole (Wei and Powell, 2003; White et al., 2003), spinel
(Jamieson and Roeder, 1984) and plagioclase (Newton et al., 1980).
The thermodynamic behavior of water is dictated by the equation
of state of Holland and Powell (1991). For melt, the solid solu-
tion used is from White et al. (2001), except that the Gibbs free
energy corrections (DQF) for the magnesium and iron component
(foL and faL) have not been taken into account; and that a pressure
(bar) dependency of —2.5 has been added to the DQF of the main
aluminum component (silL) that was implemented in the solid
solution by White et al. (2007) (DQFsilL k]J/mol: —10; 0; —2.5).
These modifications are intended to use the original interaction

energy involving folL and falL and to better represent the solidus
and melting reactions at higher pressure (in the systems consid-
ered here). Our choice of solid solutions reproduce the solidus and
melting reaction in water-saturated and unsaturated conditions for
both crustal and mantle compositions (Fig. 2). Furthermore, al-
though our melt-solid solution predicts melting for the mantle
at higher temperatures than what has been experimentally deter-
mined, it is in line with other thermodynamic solidi (Smith and
Asimow, 2005). Our study intends to only constrain the presence
or absence of melt and the melting reactions as a function of wa-
ter content, and not any subsequent melt compositional evolution.
Once formed, melts are not moved, implying that chemical mix-
ing and melt-rock reaction during percolation are not considered.
Therefore, we do not use the thermodynamic calculations to con-
strain melt volume or composition. When melt is present, the melt
composition is discussed via experimental results.

We present results for three different models: those for a
40-Myr old slab to illustrate the various dehydration reactions; and
two models for a comparatively hot slab of 5 Myr of age, one with
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and one without a hydrated mantle lithosphere. These last two
models enable us to characterize the different melting reactions
and to assess how dehydration of slab mantle lithosphere influ-
ences melting of slab crust and mantle wedge.

3. A paragenetic map of an ordinary slab

The dehydration/rehydration pattern for a thermally rather or-
dinary 40-Myr old subducting slab is shown in Fig. 3. At depths
>80 km, the hydrated part of the slab mantle has been trans-
formed into an Atg (antigorite)-Chl (chlorite) bearing peridotite,
under isochemical conditions, which remains stable until it un-
dergoes two major dehydration events related to Atg and Chl
breakdown. These two temperature-dependent reactions cause the
mantle part of the slab to undergo complete devolatilization along
a wide depth range, nearly parallel to the 620°C isotherm, from
~130 km to 160 km (4-5 GPa) thus being a potential source of
fluid for the overlying crust and mantle wedge. Atg breakdown di-
minishes the water content of the descending mantle from 4 to
~2.5 wt% Hy0, whereas the disappearance of Chl leaves a fully
dried oceanic mantle (Fig. 3B). In a cooler scenario (e.g. older slab),
the mantle part of the slab would easily store a large amount of
water due to the formation of phase-A which is not achieved in a
40 Myr-old slab (e.g. Thompson, 1992; Fumagalli and Poli, 2005;
van Keken et al., 2011; Magni et al., 2014).

The crustal part of the slab experiences a more complex
metamorphic history, which transforms the basaltic crust from

Amph (amphibole)-Cpx (clinopyroxene)-Grt (garnet)-Ky (Kyan-
ite)-Q (quartz) at 50 km (1.6 GPa, 200°C) to an eclogitic parage-
nesis composed of Cpx-Grt-Law (lawsonite)-T (talc)-Coe (coesite)
near 90 km depth (2.9 GPa; 590°C), decreasing the water con-
tent by nearly 1 wt% HyO (Fig. 3B). From there on, talc and Law
breakdown reactions dictate the dehydration pattern of the slab
crust. Talc breakdown, nearly parallel to the 600 °C isotherm, is
the first reaction to liberate water, which becomes a free phase
traveling through the overlying H,O saturated Law-eclogites that
can only hold about 1 wt% H,0. Beyond 120 km depth, talc is not
stable and the slab crust is a double layer of Law-Cpx-Grt eclogite
overlain by Cpx-Grt eclogites. This depth also corresponds to the
beginning of the slab mantle dehydration, leading to the presence
of free water originating from the dehydrating slab mantle, in the
double layered slab crust. At depth >150 km, Law breakdown in
the crust allows small H,O amounts to be delivered to the over-
lying mantle wedge. The slab crust further transforms entirely to
dry Cpx-Grt eclogites.

In the mantle wedge, hydrous phases appear as a result of
crustal dehydration. Chl and Amph are stable in the peridotite
above the first water release reactions between 80 and 90 km
depth where Amph, and later talc, breaks down in the crust. This
thin layer of hydrated peridotite (~2 wt% H,0) becomes slightly
thicker near 100 km depth. Between 100 and 105 km depth, the
water supply to the overlying mantle wedge is maximized by
breakdown of both Amph in the hydrated mantle wedge layer
and talc in the slab crust. HO becomes available as a free phase
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around 95 km depth within the mantle wedge and then percolates
upwards to ~90 km, where it allows the Grt-peridotite to melt in
water-present conditions. This is where mantle melting would be
maximized in our model. At greater depth, once talc is exhausted,
two reactions control the supply of water to the mantle wedge:
Law breakdown in the crust and Chl breakdown in the slab man-
tle.

4. Paragenetic maps of warm slabs

Slab melting is often attributed to high temperatures in a
(young) subducting slab, and in the next paragraphs we investi-
gate such melting process by simulating the subduction of a young
lithosphere. We intend to constrain the consequences of dehydra-
tion, and the process through which slab melting can be achieved.
In Fig. 4A we first show a 5-Myr old slab model that does not have
a hydrated mantle. Although it is unlikely that the slab mantle is
not hydrated whereas the crust is, this situation provides insight
in the viability of slab dehydration melting (without excess water)
alone. A second model (Fig. 4B), in which a hydrated mantle layer
is added to the young slab, addresses a more realistic, more com-
plex scenario of crustal de- and rehydration, and consequences for

slab and mantle melting, which then constrains the role of the re-
leased metamorphic fluid.

4.1. The dry slab mantle case

Crust in a young slab experiences complete dehydration at shal-
low depth, in a small P-T window, through a series of reactions
from a Cpx-Amph-Gt-Law-Q assemblage at 65 km to a dry eclog-
ite made of Cpx-Gt-Q at ~75 km (Fig. 4A). Because water-bearing
minerals and free water are then absent, the crust does not melt.
This illustrates an important point: even in a very warm case,
dehydration precedes melting, thus dehydration melting is not op-
erative.

Due to dehydration of slab crust at shallow depths, a thick
hydrated peridotite layer forms in the overlying mantle wedge
(Fig. 4A). Consequently, water saturated melting of Amph-perido-
tite occur near 2 GPa, where the mantle is continuously supplied
with slab metamorphic fluids. The hydrated peridotite is dragged
down by corner flow and melting occurs mainly through Amph de-
hydration between ~2.2 and 2.9 GPa. Therefore, our model shows
that mantle melting reactions are contrastingly different from a
40 Myr old slab: they involve Amph-peridotite in water-present
and water-absent conditions, occurring over a shallow, but wide
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pressure range (2.0-2.9 GPa), feeding the overriding plate with
primitive mantle melts.

Fig. 4A further shows that crustal melt is formed at the in-
terface between the dry slab crust eclogites and the dehydrating
Amph-peridotite of the wedge because of the presence of free wa-
ter from the dehydrating Amph-peridotite. Although insignificant
and only occurring at the slab-mantle interface, it illustrates the
effect of free water on dry eclogites above their water-saturated
solidus (Laurie et al., 2013).

4.2. The wet mantle slab case

In the presence of an underlying hydrated slab mantle, the crust
dehydrates as quickly as in the above scenario, but compared to
the 40 Myr-old slab case (Fig. 3), the lower portion of the hydrated,
relatively hot slab mantle layer dehydrates first (Fig. 4B) because
the 600 °C isotherm is contained within the hydrated part of the
slab. Between 55 and 72 km depth, on the high temperature side
of the 600°C isotherm, the successive Amph and Chl breakdown
liberates free water, hydrating the cooler slab mantle above. From
~72 km, where the 600 °C isotherm crosses the slab crust-mantle
interface, to 100 km depth, the successive Atg and Chl breakdown
delivers free water to the overlying crust. Near 75 km depth, this
free water combines with the water freed from the dehydrating
crust and contributes to hydrate the overlying mantle wedge to
a greater extend. Deeper, the dry eclogitic crust becomes flushed
by the water liberated from the Chl-breakdown reaction occurring
in the slab mantle, and is able to melt in water-saturated condi-
tions (Grt + Cpx £ Coe + H;O melting reaction). As discussed by
e.g. Laurie and Stevens (2012), this produces dacitic melts com-
parable to low Xpyg high-silica adakites. In this case, the crust
melts through a similar mechanism as the mantle wedge does in a
“normal” subduction zone, i.e. through the supply of metamorphic
water from deeper slab dehydration, a process suggested to occur
in many subduction zone (Spandler and Pirard, 2013).

Although our model predicts that the crust of a 5 Myr-old slab
will melt, it also predicts, like in the cases discussed above, exten-
sive mantle wedge melting. Hence, significant melting is occurring
in the wedge above the region where the slab melts could be ex-
tracted.

5. Discussion
5.1. Assessing solidus uncertainties

For the crust, our solidus is close to the experimental data. Nev-
ertheless, The P-T path of the 5 Myr young slabs would cross the
water-saturated solidus near 2.3 GPa and 700°C, where the po-
sition of the solidus and the possible parageneses are somewhat
uncertain (Fig. 2). If any Amph or Ep (epidote) were stable, Ep-
out dehydration melting would produce very little melt, and since
these conditions approach the upper pressure limit of Amph sta-
bility, a limited amount of Amph-out dehydration melting would
also occur (Poli and Schmidt, 1995). This illustrates that our mod-
els predict, within experimental uncertainties, the conditions for
slab melting.

For the mantle wedge, a wide range of water-saturated solidi
have been determined experimentally and thermodynamically (see
Fig. 2). Our water-saturated solidus is close to the pHMELTS model
of Smith and Asimow (2005), both being on the high temperature
end-member compared to experimentally derived solidus (Fig. 2B).
The use of our melt solid solution has the advantage of being de-
rived using a single database that is suitable for the whole range
of modeled compositions, and do not rely on an externally cali-
brated curve. Nevertheless, all determined solidi (including the one
presented here) for water bearing mantle involve a hydrous phase

and/or free H,O at the onset of melting. For most studies, amphi-
bole is the hydrous phase to be present, and its presence is mainly
pressure dependent, varying for its upper stability limit from 2 to
3 GPa, free water being present above (e.g. Millhollen et al., 1974;
Niida and Green, 1999). Chlorite-present melting, instead of free
water, has also been shown to be possible (Grove et al., 2006;
Till et al., 2012), but thermodynamic calculations fail to reproduce
such chlorite-melt relationships. Hence, in the case of the 40 Myr
slab model, where the first fluid release occurs deeper than 3 GPa,
the use of most experimentally derived solidi would bring the lo-
cation of the solidus closer to the slab-mantle interface, but would
involve the same melting reaction (i.e. dry peridotite + H;O =
melt). Similarly, for the case of the very young slab, a lower-T
mantle wedge solidus would affect the depth at which the solidus
is reached: the location of the solidus would be closer to the slab-
mantle interface. Considering that all fluid release reactions occur
between 2.2 and 2.9 GPa, where Amph is present, the melting re-
actions would still be the same as those for a higher-T solidus.

Therefore, even if solidus temperatures were lower than the
thermodynamically determined ones, the subduction of a young
warm slab would still result in significant mantle wedge melting,
but occurring at shallower depths between 2 and 2.9 GPa.

5.2. Expected magmatic output of warm subduction zones

So, in contrast with colder slabs, warm subduction zones
show a significant amount of mantle wedge melts produced in
water saturated conditions at shallow depth (~2 GPa), where
Amph is present. In such conditions, these primitive mantle melts
will approach a high Xyg andesitic composition (e.g. Mysen and
Boettcher, 1975; Hirose, 1997), which is notably different from
those expected in the 40 Ma old slab models (Gaetani and Grove,
1998; Ulmer, 2001). Importantly, the mantle melts formed near
this depth (60-70 km), en route to the overriding lithosphere, will
not travel through the hot core of the wedge (Fig. 4), and will
therefore not be subject to flux melting (Grove et al., 2006). In-
stead, these mantle melts will rapidly impinge the normal gradient
of the overriding plate (i.e. decreasing temperature with decreasing
pressure) and will be readily subject to fractionation. In such con-
ditions the fractionation sequence of these water-rich melts involve
the appearance of garnet at the liquidus (Muntener et al., 2001;
Alonso-Perez et al., 2009), forming derivative liquids showing an
adakitic signature (e.g. Macpherson et al., 2006; Alonso-Perez et
al., 2009).

The siliceous slab melts are produced in the warm subduc-
tion zone via advection of metamorphic fluids through the slab
crust and have an “adakitic” signature. These melts would exten-
sively react with the peridotite present above the slab. Experimen-
tal results show that the reactions between high-silica low Xy
slab melt and peridotite produce garnet-pyroxenites (& Phlogo-
pite £ H,0, Sekine and Wyllie, 1982) and reacted liquids that re-
main silica-rich but with much higher Xy, difficult to differentiate
from mantle-derived high Xyg Andesite (Sekine and Wyllie, 1982;
Rapp et al, 1999). Alternatively, amphiboles and orthopyroxene
can also be solid reaction products (Sen and Dunn, 1995) of slab
melt/peridotite interaction. The fate of the remaining liquid and
residue, as well as the reaction process is difficult to predict, con-
sidering the petrological complexity above the slab melting region.
Our models do not account for this complexity because melts are
not moved once formed, but they show that the mantle wedge is
melting above the slab melting region (~2.9 GPa). Therefore, any
slab melts that may survive the reaction with the Amph-peridotite
would encounter a region of the wedge where the mantle is po-
tentially melting, leading to a hybridization of mantle derived and
mantle-reacted slab melts (hybridization zone, Fig. 4B). Impor-
tantly, these melts will have to go through the hot core of the
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wedge, where they will be subject to further reaction at increasing
temperature. Despite the complexity of the slab melt-mantle re-
actions, the discussion above implies that the contribution of slab
melts to the overriding plate is very limited. Instead, our mod-
els show that the overriding plate is largely fed with primitive
Amph-bearing mantle melts produced at 2 GPa that did not travel
through the hot core of the mantle wedge.

6. Conclusions

We quantified the petrological processes in a warm subduction
system and the feasibility of oceanic crust slab melting. Melting
of the oceanic crust is often emphasized to occur in warm sub-
duction zones and to be controlled by the slab surface tempera-
ture, but we demonstrate that the hydration state of the slab is
equally paramount for the generation of oceanic crust slab melts.
We show that a high temperature gradient along the slab does not
induce significant slab melting, because the crust in a warm slab
devolatilizes completely at shallow depth, thereby suppressing de-
hydration melting potential. Significant slab crust melting is only
feasible through the reaction of dry eclogite with free water de-
rived from the deeper portions of the slab (e.g. Laurie and Stevens,
2012). These results emphasize the importance of the hydration
state of the slab, and our need to better constrain the hydration
mechanism at the ridge and during bending (e.g. Ranero and Sal-
lares, 2004; lyer et al., 2012; Faccenda, 2014) for extrapolating the
melting potential of the descending crust.

Although conditions can be met to produce melts within the
oceanic crust, our models demonstrate that the shallow slab de-
hydration also produces a thick hydrated mantle wedge, which
generates partial melts from Amph-peridotite over a wide range
of pressures at shallow depth. These melts will have a contrast-
ing composition compared to melts formed above colder slabs, and
will provide a challenging environment for the survival of pris-
tine slab melts. Moreover, these parental mantle melts will not
be transferred through the hot mantle wedge core, and will most
likely fractionate garnet and amphibole, giving an adakitic flavor to
their descendants. Just like for cold subduction zones, the mantle
wedge is also the main supplier of melt for the overriding plate in
a warm subduction regime.
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