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Introduction

Modeling of subducting plate (SP)/overriding plate (OP) interaction along the
subduction interface (SI) J
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Model setup
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Convergence Rate
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Vconv decreases for:

e Stiffer SP
e Stronger SI

Fixed slab geometry:
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Case study: central Aleutian subduction zone

Geometry and Viony from Lallemand et

al. (2005)
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For A1 € [250 — 450] = v € [2 — 6]
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Rates of viscous dissipation of energy

ENERGY DISSIPATION

Is mantle convection primarily resisted by the
deformation occurring at subduction zones (e.g.
Conrad&Hager, 1999) ?

Balance of mechanical energy
Drotal = Ds1 + Dsp + Dop + Du

Rate of release of gravitational energy

Drota1 = Ap1g/ u;i (y)ni(y)y;dl(y)

S1

Rate of viscous dissipation within
the subduction interface

Dst = 21731/ eijeijdAst
Ast

Rate of viscous dissipation within the plates
from thin-sheet theory (Ribe, 2001):

1 .
Dsp/op =/ |:47]ihiA2($i)+§’l7ih?K2 ds;
s b — ———
stretching bending
A= Midsurface stretching rate
K= Rate of change of midsurface curvature

i=1 or 2 for SP and OP properties, respectively
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SP+OP case: time dependent solutions
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SP+OP case: time dependent solutions
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For realistic time-dependent solutions, R € [0.3 — 0.5] J




Steady-state analysis of thermal convection (s Turcott & schubert, 2019)

Geometry of the convecting cell:
Nusselt number (Q/Q.)

Lsp |~ hsp/tg(0s1) |
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! ' Ost
Ln Energy balance
H L. VS' L~ }LspﬂgApl
T mofa(0) (14 Cr)
v
Geometrical effect Dpr,/Dy

WEAK BL (Cr — 0)

Note: hgp= SP's thickness as it enters into the subduction zone

Assumptions: Thermal thickening

o No heat sources; well-mixed mantle at temperature Ty, hﬂ sz2(0) 1/3 " - HsgApl

e Temperature gradient across the SP: AT = T, — Tsurt H ~ < /Ram > o & W
Total surface heat flow — Q = 2KAT [UspLy, /(7k)] 1/2 Nu ~ Ra.. /3 ( L )1/3
Mass conservation — Usp/Lj, ~ Vsink /L= " L.£5(0) |




Steady-state analysis of thermal convection (s Turcott & schubert, 2019)

Conrad&Hager (1999) approach: Ragp =
KM
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Steady-state analysis of thermal convection (s Turcott & schubert, 2019)
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Steady-state analysis of thermal convection (s Turcott & schubert, 2019)

£3gA d3gA
Conrad&Hager (1999) approach: Ragp = M, Ragy = Is192p1 Dgp/s1 > 1 = Ragp/s1 < 1 J
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Dgp evaluation

Dsp ~ L™3 — L= length scale describing the bending response of the SP J
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Conclusions

SUBDUCTION ZONE INTERFACE
@ The strength of the interface and the flexural stiffness of the SP strongly affect Vioony;

@ The comparison of the predicted Voony of our numerical simulations with the observed values
given by Lallemand et al. (2005) regarding the central Aleutian slab suggests v € [2 — 6].

ENERGETICS OF SUBDUCTION

@ When subduction starts Dgy can give the highest contribution to the the deformation of the BL
(60% for A\ = 250). As subduction proceeds, its importance diminishes;

@ For viscosity ratios € [250 — 2500] and H/hgp € [2— 7], R = Dg1,/Dy € [0.3 — 0.5].

(GLOBAL-SCALE MANTLE CONVECTION MODELS

@ Combining our numerical solutions with the steady-state boundary layer analysis of upper mantle

convection we find Nu ~ Ray, '/* f(Ragp)'/?;

@ A wrong length scale can lead to a strong overestimation of Dgp which, in turn, increases as we
consider a thicker convecting cell.




ExtraSlide: BEM formulation

Boundary-Integral representation
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ExtraSlide: Bending length definition

] Midsurface rates of stretching
0.5 (A), rotation (w) and change of
] midsurface curvature (K):
= 0
] A=U'— KW
~ ] w=W'+KU
AL05 ‘
] K=uw - KA
14
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ExtraSlide: Values of ~ from other works

Table: Dimensionless interface strength of different subduction models. Asterisks indicate studies where
~ has been inferred by comparison with geophysical observations.

Study Type y A1 Rheology

This study* Numerical 2.0-6.3 150-450 Linear
Meyer&Schellart (2013) Experimental 0.13-0.43 200 Linear

Duarte et al. (2015)* Experimental <90 160 Linear (visco-plastic interface)
Chen et al. (2015) Experimental 5.3-10.00 200 Linear (visco-plastic interface)
Holt et al. (2015) Numerical 0.73-1.80 100-2000 Visco-plastic

Klein et al. (2015)* Numerical 0.17-1.3  Elastic lithosphere  Visco-elastic asthenosphere

(inversion from GPS data)




ExtraSlide: Rate of release of gravitational energy

Dissipation and rate of working for a volume V of fluid bounded by a surface S:

277/ €ije7;jdv = /uic}ijnde
\% S

| — | —
Total rate of viscous Rate at which work is
dissipation in V' performed on S by

the modified stress:
o =0+ pgzl

Rate of release of gravitational energy
Dogal = /S wi(y)a ;) (v)n;(y)di(y) + / ui(y)a ) (v) (=n(y)) di(y)
1

= Apy /S wi(y)ni(y)y;di(y) where'y € Sy and (61 — 62 )n; = niApgy;
1



ExtraSlide: SP ONLY case-scaling analysis

SP’s portion dynamically relevant
Viscous dissipation within the mantle

Dui ~ no<2>2<e§>f2<eo>

\

~eij ~ Am

Dissipation ratio

Dynamical effect
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ExtraSlide: Dgp /Dy overestimation
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ExtraSlide: § for constant hgp

Y
1+ Cr
U'[A)()l oM 01 ] 10 100 Table: Values of the energetical ratio Cr|r, and the
) .. corresponding exponent S|, for L = ¢, or Ruyin-
L
N -
< Hi =67 M Crle, CrlRpm Bley, BlRum
0.14 0.1
250 0.27 8.91 0.39 0.05
Sy
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0.014 L0.01
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0.001 0.01 o1 1 10 100

Cr 2500 0.60 30.6 0.31 0.02




ExtraSlide: R vs 4 (Ribe,

Flexural Stiffness of the plate: St =

V/VStokes
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ExtraSlide: Definition Cr (Dg; = 0)

BEM NUMERICAL SOLUTIONS (A; € [250 — 2500])
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ExtraSlide: SP ONLY case- instantaneous soluti
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ExtraSlide: SP ONLY case- instantaneous soluti
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ExtraSlide: SP+OP case-instantaneous solutions
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Steady-state analysis of thermal convection

£3gA d3 gA
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