Thermo-mechanical modelling of subducting plate delamination in the northern Apennines
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1. INTRODUCTION

2. SETUP AND METHOD

We investigate by means of thermomechanical modelling the first order conditions for, and consequences of, lithospheric delamination
postdating continental subduction in the northern Apennines region..
A)

The modelled domain simulates a 2-D vertical section
running SE-NW (purple line in Fig. 2B). The initial
model setup simulates the scenario at ca 20-25 Ma,
where the oceanic lithosphere was completely
consumed and some amount of continental
subduction also occurred.

B)

a
Fig. 1. A) Simplified present-day
geodynamic scenario of the Central–
Western Mediterranean region (from
Carminati et al., 2012). The vertical
cross-section shows the P-wave
anomaly in the northern Apennines
region (Giacomuzzi et al., 2011).
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The incorporation of free surface on the top boundary
(Rose et al., 2017) allows for properly modelling
topographic response.

Fig. 2. Model

Setup with the initial density
distribution and boundary conditions

Giacomuzzi et al. (2011)

3. RESULTS
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4. FINAL REMARKS

C) 25 Myr
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• The negative buoyancy of the slab remnant promotes lithospheric mantle sinking
into the mantle, and asthenospheric upwelling and its lateral expansion along the
lower crust.
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• The compressional front produced by delamination migrates about 400 km
eastwards, causing a similar migrating pattern of extension from the northern
Tyrrhenian Sea, to Tuscany and the seismogenically active Apennines backbone.
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• The topographic response reflects eastward migrating pattern of uplift caused by
asthenospheric inflow in the internal part of the system and crustal thickening; and
subsidence at the front caused by the negative buoyancy of the sinking Adria slab.
• The occurrence of magmatism and high heat flow beneath Tuscany are also
properly reproduced.
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Fig. 4.- Distribution of density and maximum melt fraction assuming peridotite with 0.05 bulk wt%
water content, following the parameterization by Katz et al. (2003). Horizontal and vertical
velocities of the free surface, and topographic response.
.
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Fig. 3.- Distribution of temperature and velocity field at
different evolution times A) 10 Myr, B) 20 Myr and C) 25
Myr of the Reference Model. The progression of the
asthenospheric lateral intrusion generates crustal
thickening in front of the delamination hinge, and crustal
and lithospheric thinning behind it.
.

Alborán

We use the Finite Element open source code
ASPECT 2.2.0 ( Bangerth et al., 2020a; Bangerth et
al., 2020b; Kronbichler et al., 2012; Heister et al.,
2017) published under the GPL2, to solve the
coupled equations of conservation of mass,
momentum and energy for a 2D vertical section of an
incompressible fluid. We adopt a visco-plastic
rheology with a composite viscosity given by a
combination of diffusion and creep dislocation
viscous flow laws (see Negredo et al., 2020 for
details).

B) kinematic reconstruction of the arc
migrations during the last 30 Myr
(Romagny et al., 2020). The light
purple line shows the location of the
modelled generic vertical section
(Dinarides area not modelled)
Carminati et al. (2012)
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Fig. 5.- Topographic response of the free
surface at different time steps. The
migrating pattern of topographic response
is caused (from left to right) by crustal
thinning (subsidence), the combination of
asthenospheric upwelling and crustal
thickening (uplift) and the pull exerted by
the sinking lithospheric mantle.

• The amount of uplift/subsidence is not properly reproduced by this preliminary
modelling. Furthermore, model-predicted slab geometry is less steep than that
mapped in most tomographic studies. A complete parametric study on the viscosity
and density structure is needed to improve the fitting of the topographic response
and slab geometry.
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