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The Carboniferous-Permian evolution of the Variscan belt, marking the transition from continental

collision to post-collisional extension, is particularly difficult to investigate because the post-

collisional metamorphism overprints the previous history of subduction and collision. In fact, the

collision is followed by widespread high- to ultra-high-temperature metamorphism in the early

Permian (e.g., Schuster and Stüwe, 2008), interpreted as the expression of a large-scale

transtensional regime linked to active shear zones across Pangea (Muttoni et al., 2003). In addition,

uncertainties in Pressure-Temperature (PT) estimates and metamorphic geochronology

complicate the discrimination of successive events.

In this study, we focus our analysis on the Valpelline area where the Variscan post-collisional

evolution is well preserved. The rocks in the area offer the possibility of integrating high-precision

age determinations with robust PT constraints, allowing the discrimination of two closely spaced

metamorphic events (M1 and M2) separated by only a few Myr (Filippi et al., 2025). We compare

these PT constraints with predictions obtained from 2D thermo-mechanical numerical models

performed with the FALCON code (Regorda et al., 2023), to investigate the evolution of

convergent–divergent tectonic systems, with particular emphasis on post-collisional processes. In

particular, we developed three models characterised by different durations of an intermediate

gravitational phase before the beginning of the extension.

Our simulations indicate that the onset of post-collisional divergence promotes the reactivation of

structures inherited from the preceding convergence phase. In fact, extension in the upper crust is

accommodated by normal faulting associated with the reactivation of pre-existing compressional

structures. This evolution leads to the progressive thinning of the thickened continental crust,

driven by asthenospheric upwelling beneath the slab. This process is enhanced by relatively high

temperatures and reduced viscosities at the base of the subducting plate compared to that of the

mantle wedge, which favour efficient strain localization. In addition, the agreement between

model predictions and high-precision PT estimates and geochronological data indicates that the

initiation of a divergent tectonic regime shortly after collision (within a maximum of 5 Myr) is

required to explain the observed metamorphic evolution of the Valpelline rocks.
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