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@:GU Problematic

Tectonic underplating: deep accretion at the base of the forearc crust of material dragged down the subduction zone [e.g., Platt, 1986]
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Modelling strategy

Characterizing tectonic underplating and associated crustal response from the subduction interface
to the surface along active margins

v Performing a series of high-resolution thermo-mechanical models of ocean-continent subduction zone including Implementation of fluid
fluid (de)hydration and transport processes, as well as fluid-related rheological weakening PIOGESSES
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(EGUEE;}E?:&es Modeling frontal accretion and tectonic underplating processes

Long-term accretive dynamics along ocean-continent subduction zone
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Exhumation up to the surface of a dome-shaped structure |
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Details on the central-

Sticky air Basaltic crust Lithospheric mantle south-Chilean margin
Water Gabbroic crust Asthenosphere

[ ] Terrigenous sediments Upper continental crust Serpentinized mantle

|| Pelagic sediments Lower continental crust Hydrated mantle
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(E:GUE:L"s*éfén“ces Relation between underplating events and plate interface hydromechanics

» Preferential location of underplating events (U7, and U,,) and
fluid distribution in the forearc domain
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(Small stress increase (~2 MPa)\ (" Higher stress increase (~5 MPa) )
» Shear stress variations along the plate interface = only underplated sediments = underplated sediments + basalt
Sedimentary slices .
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EGU i The « topographic signature » of tectonic underplating

Union

»  Tectonic underplating and long-term forearc topography: >1,000 m coastal . o )
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( EGU iz Take-home message(s)

1. Fluid distribution plays a critical role on the Topography -
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More details on this study g;-
Menant A., Angiboust S., Gerya T. (2019), Stress-driven fluid flow controls long-term megathrust strength and deep accretionary dynamics, Sci. Rep. 9(9714). ' ﬁ
Menant A., Angiboust S., Gerya T., Lacassin R., Simoes M., Grandin R. (2020), Transient stripping of subducting slabs controls periodic forearc uplift, Nat. Commun. 11(1823). o f
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Field evidence of tectonic underplating: coherent tectonic slices in a fluid-rich environment
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[Angiboust et al., 2015]

Evidence from geophysical observations
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Modelling strategy Model resolution 4 ' |
» High-resolution thermo-mechanical models of ocean-continent subduction by solving mass, momentum and heat Grid size 7 y 2 ;. 4
conservation equations, using a marker-in-cell technique [Gerya & Yuen, 2007] ‘ Xx =500 m 2 o

ly =370 m ‘ = i

»  Visco-elasto-plastic rheologies constrained by laboratory experiments

and 8,209,600 markers

»  Fluid (de)hydration and transport (as Lagrangian markers) + fluid-induced rheological weakening
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» ~80 experiments by varying first-order parameters (e.g., convergence rate, thermal structure, amount of sediments, fluid-weakening effect)
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Implementation of fluid processes

1. Dehydration
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Accretive forearc margin in alternative models

Slow convergence rate
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Upper continental crust
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No pelagic sediments No fluid weakening effect

[Menant et al., 2019; 2020]
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Comparison of the reference experiment with the HP-LT Western Series, central-south Chile

> Predicted duplex geometry » Geometry of the Chilean margin during the formation of the X7

Western Series accretionary complex
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[Menant et al., 2019]

» Dome-like structure imaged below the Coastal Cordillera where »  Similar P-T peak conditions for HP-L T metamorphic rocks
the Western Series crops out and exhumation rate (i.e., 0.2-0.6 mm/yr) [Willner, 2005]
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Predicted forearc deformation associated with tectonic underplating

Sedimentary slices
(shallo duplex)

Basaltic slices
(deep duplex)

\  High-strain
subduction channel

Log 2" inv. strain rate (s)

» Compressional stress regime at the base of the forearc domain
= insertion of tectonic slices at the base of the duplex

> Extensional stress regime at shallow depth
= rock exhumation and doming of the forearc crust
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Forearc geometry, topography and mass flow in alternative models

»  Fast convergence rate (~8 cm/yr), vertical
overall mass flow
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»  Slow convergence rate (~2 cm/yr), horizontal
overall mass flow
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[Menant et al., 2020]
= low coastal topography
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Topographic signal in alternative models ‘
»  Periodic vertical surface oscillations are predicted when tectonic , o
Increasing amount of underplated basaltic crust underplating is achieved through a vertical mass flow ’ ,
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Trench-parallel variations in forearc topography as a proxy for temporal variations?
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