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melt extraction processes
Mattia Pistone1,2,*, Jon Blundy1, Richard A. Brooker1, and EIMF3
1
School of Earth Sciences, University of Bristol, Wills Memorial Building, Queen’s Road, BS8 1RJ, Bristol, U.K.
Department of Mineral Sciences, National Museum of Natural History, Smithsonian Institution, 10th Street & Constitution Avenue NW,
Washington, D.C. 20560-0119, U.S.A.
3
Edinburgh Ion Microprobe Facility, School of Geosciences, University of Edinburgh, Grant Institute, Kings Buildings, West Mains Road,
EH9 3JW, Edinburgh, U.K.
2

Abstract
Many plutons preserve evidence of magma mixing between hydrous mafic magmas and resident
felsic crystal-rich mushes. To investigate water transfer processes in such systems following thermal
equilibration, we conducted 24 h experiments to establish the petrological evolution of a waterundersaturated (4 wt% H2O in the interstitial melt) quartz-bearing dacite crystal mush (0.5–0.8 in
crystal fraction) intruded by a water-saturated (≥6 wt% H2O), initially crystal-free, andesite magma at
950 °C and 4 kbar (12 km depth). Our results show isothermal undercooling resulting from a change
in liquidus temperatures of the interacting magmas due to their changing water content. Specifically,
mafic samples dramatically crystallize during water escape into the felsic end-members and consequent increase in liquidus temperature. Conversely, the addition of water to the felsic mush reduces
the liquidus temperature, leading to an increase in melt fraction. The experiments provide insights
into how volatiles contribute to crystal mush rejuvenation (i.e., increase of melt fraction). However,
H2O diffusion alone is not sufficient to promote melt extraction from short- and long-lived mushes in
the Earth’s crust.
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Introduction
The link between crustal architecture, the fluxes of magma
through the crust, and the attendant transfer of heat, mass, and
fluid is fundamental to our understanding of crust-forming processes (e.g., Hildreth and Moorbath 1988; Huppert and Sparks
1988; Barboza and Bergantz 1997; Tatsumi 2000; Bohrson and
Spera 2001; Solano et al. 2012; Dungan and Davidson 2004;
Dufek and Bergantz 2005; Annen et al. 2006; Takahashi et al.
2007; Huber et al. 2009, 2010; Chiaradia et al. 2011; Paterson
et al. 2011; Paterson and Ducea 2015). In arc settings in which
large volatile budgets are released from the subducting slab (e.g.,
Ulmer and Trommsdorff 1995; Poli and Schmidt 1995; Schmidt
and Poli 1998), the Earth’s continental crust is a processing zone,
fed by mantle-derived, hydrous magmas (H2O contents of 1–7
wt%, with 4 wt% on average; Ulmer 2001; Plank et al. 2013; CO2
contents of >250 ppm; Cervantes and Wallace 2003; Blundy et
al. 2010) and releasing H2O-rich, differentiated (felsic) melts to
shallower crustal depths where they degas and crystallize. The resultant felsic crystal mushes (i.e., partially molten rocks between
the liquidus and solidus temperatures) are often rheologically
stalled bodies with average solid fractions (f) of 0.4–0.6, close
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to the microstructural transition from a suspension of isolated
crystals in a melt to a solid framework containing a throughgoing network of melt channels (e.g., Lejeune and Richet 1995;
Caricchi et al. 2007). Felsic crystal mushes may be thermally
stable for long periods of time (Glazner et al. 2004; Caricchi and
Blundy 2015); whether they are mobilized to erupt, or solidify
to form plutons, is primarily a function of the extent to which
they are sustained by further additions of heat and volatiles. An
important process of heat and volatile addition is the injection
of hydrous mafic magmas into crystal mushes. Many volcanic
rocks carry evidence of mafic injection shortly before eruption,
and this process has been invoked as an eruption trigger (e.g.,
Eichelberger and Izbekov 2000; Murphy et al. 2000; Suzuki and
Nakada 2007; Sigmundsson et al. 2010; Tomiya et al. 2013).
Mafic-felsic magma interactions have the potential to remobilize near-solidus felsic crystal mushes by means of heat
(Burgisser and Bergantz 2011; Tapster et al. 2016) or volatiles
(Bachmann and Bergantz 2006; Parmigiani et al. 2016), or a
combination of both (Huber et al. 2011; Parmigiani et al. 2014).
Felsic crystal mush “defrosting” (Huber et al. 2010) could be
triggered by the percolating buoyant volatiles with a high specific
heat, which can assist the reactivation of the mush by allowing
significant heat advection. Volatiles are also essential in the
rheological rejuvenation of crystal mushes by lowering their
viscosity (e.g., McByrne and Murase 1984; Petford 2003; Ardia
et al. 2008; Pistone et al. 2013), density (e.g., Ochs and Lange
1999; Bachmann and Bergantz 2004; Malfait et al. 2014; Ardia
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