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Some less conventional processes in 
subduction zones 
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Emplacement of buoyant, felsic material from subduction 
zones into hanging wall crust may be as important as 
foundering of dense lithologies from the base of the crust. 
Building on the ideas of Hacker et al. (EPSL 2011), we’ve 
proposed an end-member, uniformitarian model in which 
continental crust forms and evolves via accumulation of 
buoyant, felsic material ascending from the upper crust of the 
subducting plate in arc-arc or arc-continent collisions 
(Kelemen & Behn, submitted). 

 More generally, fore-arc sediments can be thrust into arc 
crust during subduction erosion, buoyant material can be 
subducted to great depths and then ascend along a “subduction 
channel”, or diapirs may rise through the hot mantle wedge 
beneath arcs. The latter process can efficiently recycle 
components from subducted sediment (greywacke, pelite, 
carbonate; Behn et al. Nature Geoscience 2011), and play a 
key role in global geochemical cycles. Interaction between 
metasedimentary diapirs and mantle peridotite may form a 
variety of hybrid rocks, melts and fluids. 

It is more challenging to understand accumulation and 
transport of partial melts of subducting basalt, where these 
comprise a substantial geochemical component in arc lavas 
(e.g., W Aleutian primitive andesites). Perhaps, reaction 
between SiO2-rich melt and peridotite forms an impermeable 
carapace of pyroxenite, beneath which melt accumulates to 
sufficient thickness to form diapirs (e.g., Ringwood 1975). 

Diapirs may slow or stop near the crust-mantle boundary. 
An intriguing observation in some areas (Mt Shasta, W 
Aleutians) is the spatial juxtaposition of primitive magmas 
(Mg# ~ 0.7) with very different MgO and H2O contents, and 
thus different temperatures. Perhaps hydrous, cool, primitive 
andesites and dacites commonly pond and equilibrate with the 
mantle just below the base of arc crust, while hotter primitive 
basalts rise rapidly through this region in cracks or porous 
conduits of focused flow. 
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Hydration, carbonation, and oxidation of volatile-poor 
lithologies are essential to the rheology of oceanic plates, the 
structure of subduction zones, global geochemical cycles, and 
possible capture and storage of CO2. There’s plenty of energy. 
Mantle olivine plus H2O or CO2 contains 5% of the energy 
density (J/m3) of petroleum fuels (Kelemen and Hirth EPSL 
2012). Negative feedbacks (fluid consumption fluid, falling 
diffusivity, increasing solid mass, decreasing solid density, 
crystallization in pore space, armouring of surfaces) make 
these processes self-limiting under many conditions. Yet, fully 
hydrated (serpentinite) and carbonated (listvenite) peridotites 
demonstrate that reaction can proceed to completion in some 
cases. Cracking due to stress from volume change can 
maintain or increase permeability and reactive surface area 
(MacDonald & Fyfe Tphys 1985). In systems far from 
equilibrium, reactions can produce kilobars of differential 
stress to fracture rocks, though the effect of confining pressure 
is uncertain. In natural samples that underwent reaction-driven 
cracking, the surface energy density on newly formed 
fractures corresponds to a strain energy density produced by 
kilobars of stress, consistent with thermodynamic estimates 
(Kelemen & Hirth EPSL 2012). 

Devolatilization and melting may cause earthquakes and 
hydro-fracture, if fluid/melt production is rapid and 
permeability is low. Again, disequilibria in natural systems 
have energy densities ~5% of petroleum. Reaction of eclogite 
melt with peridotite could form an impermeable pyroxenite 
carapace, beneath which a column of interconnected melt 
grows until buoyancy leads to magma fracture. Volume 
change due to rapid fluid evolution from cooling melt, or from 
warming rocks, can cause fracture if relaxation (porous flow, 
viscous deformation) cannot keep pace. Shear-heating could 
cause rapid fluid production and fracture in localized shear 
zones. If fluid pressure reduces effective stress, heating will 
slow. With different time scales for thermal evolution and 
reaction progress, such instabilities could be oscillatory. 


