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ABSTRACT

The depth of slab dehydration is thought to be controlled by the thermal state of the downgoing slab:
cold slabs are thought to mostly dehydrate beneath the arc front while warmer slabs should mostly
dehydrate beneath the fore-arc. Cold subduction zone lavas are thus predicted to have interacted with
greater extent of water-rich fluids released from the downgoing slab, and should thus display higher
water content and be elevated in slab-fluid proxies (i.e., high Ba/Th, H,0/Ce, Rb/Th, etc.) compared to hot
subduction zone lavas. Arc lavas, however, display similar slab-fluid signatures regardless of the thermal
state of the slab, suggesting more complexity to volatile cycling in subduction zones. Here, we explore
whether the serpentinized fore-arc mantle may be an important fluid reservoir in subduction zones and
whether it can contribute to arc magma generation by being dragged down with the slab. Using simple
mass balance and fluid dynamics calculations, we show that the dragged-down fore-arc mantle could
provide enough water (~7-78% of the total water injected at the trenches) to account for the water
outfluxes released beneath the volcanic arc. Hence, we propose that the water captured by arc magmas
may not all derive directly from the slab, but a significant component may be indirectly slab-derived via
dehydration of dragged-down fore-arc serpentinites. Fore-arc serpentinite dehydration, if universal, could
be a process that explains the similar geochemical fingerprint (i.e., in slab fluid proxies) of arc magmas.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Subduction zones are one of the most important regions on
Earth for volcanism, but the origin of such magmatism is unclear.
The prevailing view is that arc magmatism is driven by hydrous
flux melting by the passage of fluids released by prograde meta-
morphic dehydration reactions of the subducting slab (Grove et al.,
2006; Kelley et al., 2010; Schmidt and Poli, 1998), but some re-
cent studies suggest that arc magmatism might be largely driven
by decompression in the convecting mantle wedge, with the ef-
fect of the slab fluids being secondary (England and Katz, 2010;
Karlstrom et al., 2014; Turner and Langmuir, 2015a, 2015b). In
the slab dehydration view, it is thought that the thermal evolu-
tion of the subducting slab, which controls dehydration, dictates
where arc magmatism initiates. The depths at which dehydration
takes place should thus depend on the initial thermal state of
the slab (Peacock, 1990; Van Keken et al., 2011), which is pri-
marily controlled by 1) the age of the plate, 2) the dip angle and
3) the rate of subduction (Syracuse et al., 2010). Indeed, cold and
fast-sinking slabs, such as in the Marianas and Tonga, mostly de-
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hydrate beneath the volcanic arc front, with remaining slab water
contributing to back-arc magmatism or transported back into the
deep mantle (Syracuse et al., 2010; Van Keken et al., 2011; Shaw
et al., 2008) (Fig. 1A). However, the origin of arc magmas is likely
to be more complicated. For example, for warm and young slab
subduction, such as in Cascadia, thermal models predict that most
of the intra-slab water is released well before the arc front (i.e.,
to serpentinize the cold fore-arc mantle) (Syracuse et al., 2010;
Van Keken et al., 2011), suggesting that decompression melting
may be the primary driver of arc magmatism.

Additional questions come from spatial and regional variations
in arc water contents and various geochemical proxies for con-
tributions from slab-derived fluids. For example, regardless of the
type of subduction zone (cold or hot slab) and the location of the
arc front in relation to when slab dehydration is predicted to occur,
arc lavas display similar water contents (3.9 + 0.45 wt%) (Plank
et al, 2013; Walowski et al., 2015). Fluid-mobile versus fluid-
immobile element ratios (H,0/Ce, Rb/Th, Cs/Th, Ba/Th), which are
thought to reflect fluid contributions from the slab, decrease in arc
lavas with distance from the arc front (Fig. 2), as one might expect
with progressive loss of water from the downgoing slab as it heats
up (Plank et al., 2009; Van Keken et al., 2011). Yet, arc front lavas
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A- Model of dragged-down fore-arc mantle
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B- Mass balance calculations
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Fig. 1. Figures illustrating the potential role of the fore-arc mantle in the petroge-
nesis of arc magmas. A) Sketch showing the water budget of a typical subduction
zone, with a dragged-down fore-arc mantle. The number represent the amount of
water released from the downgoing plate for all the subduction zones investigated
here (see Fig. 8 for details). The white numbers within a black oval represent the
various water fluxes relative to the water influxes injected at the trenches (in %)
as in Table 1 (i.e, for the fore-arc, Fyp/Fin; for the arc, Fxq/Fin; for the back-arc,
Fypa/Fin; for the water returned to the lower mantle Fyq/Fin). B) Sketch summariz-
ing our mass balance calculations, as detailed in Eq. (1) and Eq. (5). Notations can be
found in Table 2. C) Nb/B vs §''B diagram of Scambelluri and Tonarini (2012) used
to decipher the contribution of the fore-arc serpentinites in arc lavas. Composition
of the arc lavas are filtered for primitive composition (i.e., Si0; < 56 wt%, MgO >
5 wt%) whenever possible. We used the dataset of Ishikawa and Tera (1999) for the
Marianas, Leeman et al. (2004) for Cascadia, Ishikawa et al. (2001) for Kamchatka,
Leeman et al. (2017) for Tonga-Kermadec, Tonarini et al. (2007) for Central Amer-
ica (Centram), and Marschall et al. (2017) for the mid-ocean ridge basalts (MORB)
using an averaged Nb content of 6.3 & 9.6 ppm (Jenner and O’Neill, 2012).

Table 1

Subduction parameters used in our modeling, and results of our mass balance calculation and 2D fluid dynamic modeling. We only report the results of our successful runs that are within the mass balance limitations imposed by

Eq. (12).
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