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DM – Shuanghe eclogite, Dabie Mountains (Liu et al., 2013)
KV – Kaghan Valley eclogites, the Himalayan (Wilke et al., 2010)
SM – Sivrihisar Massif, Turkey (Whitney et al., 2011)
LD – Lepontine Dome, Swiss Alps (Wiederkehr et al., 2008)

The Bohemian Massif:
KH - Kutná Hora (Perraki and Faryad, 2014)
PC - Podolsko complex (Faryad and Žák, 2016)
GE - Monotonous series (Faryad ad Fišera, 2015)



e.g. Bohemian Massif

Kubínova et al., 2017

We present now an alternative…
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Code: I2VIS (Gerya and Yuen, 2003)  Boundaries: free-slip  Resolution: 1x1 km
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Push: 5 cm/yr, 80 Myrs
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Late orogenic heating: slab breakoff or slab rollback?

22, 34, 40 … - Myrs from the beginning of the experiment

Heating due to asthenospheric mantle juxtaposition and 
crustal material redistribution. 
Late heating by first 100 degrees       – 2-4 Myrs
Late heating by another 100 degrees  > 7 Myrs

Most markers showing the PTt paths with the late heating stage
with some exceptions stay at depths in the experiments. They
could be further exhumed by magmatic rocks or another stage
of contraction.

Subduction of crustal material  slab rollback  exhumation
of crustal material  asthenospheric mantle upwelling 
heating of the subducted and exhumed crustal material
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Late orogenic heating: slab breakoff or slab rollback?

slab breakoff at different depths

slab rollback
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Late orogenic heating: slab breakoff or slab rollback?

Mantle upwelling occurs due to the slab bending and the subducted crust exhumation, before slab breakoff.
Slab breakoff stops the collision and causes system cooling.

Sizova et al., 2019
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Late orogenic heating: slab breakoff or slab rollback?

Sligthly elevated temperatures due to the subducted crust exhumation, before slab breakoff.
Slab breakoff stops the collision and causes system cooling.

Sizova et al., 2019
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Late orogenic heating: slab breakoff or slab rollback?

Small mantle upwelling following the exhuming crust.
Some markers heating is caused by the late material redistribution and appearance of the markers at the Moho.

Sizova et al., 2019
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Late orogenic heating: slab breakoff or slab rollback?

Slab rollback during ongoing continental collision:
- effective extraction of (U)HP metamorphic rocks
- their later heating

The analysed scenarios with slab
breakoff do not show any slab
breakoff related mantle upwellings.
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Late orogenic heating: slab breakoff or slab rollback?

The paths from the slab rollback experiments do not
perfectly match the natural field, but almost cover
both metamorphic peaks and repeat, in some cases,
the shape.

In the experiments we have tested the prolongated
slab rollback scenarios, while some short-lived
stages could most likely characterize the natural
orogens.

red lines – PTt paths from slab rollback experiments,
light grey field – combined PTt paths from the Bohemian massif.
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Late orogenic heating: slab breakoff or slab rollback?

Brun & Faccena, 2008

Slab rollback as an exhumation-supporting mechanism: Cloos et al, 2006 and Hacker, 2007
Application for the Mediterranean: Brun & Faccena, 2008, numerically: Tirel et al., 2013  

Tirel et al., 2013

We suggest similar idea, but for ongoing continent-continent collision.
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Late orogenic heating: slab breakoff or slab rollback?

Slab rollback during ongoing continental collision can be considered as a mechanism responsible for:
- the effective extraction of (ultra)high pressure metamorphic rocks
- their later heating.

The produced PTt paths have similar shape with some natural metamorphic rocks, like some from the
Bohemian Massif.

The analysed slab breakoff scenarios do not show any slab breakoff related mantle upwellings.
Further work should be done to test that conclusion.

Sizova Elena 14



Late orogenic heating: slab breakoff or slab rollback?

Brun, J.-P.; Faccenna, C. Exhumation of high-pressure rocks driven by slab rollback. Earth Planet. Sci. Lett. 2008, 272, 1–7.

Cloos, M.; Sapiie, B.; Quarles van Ufford, A.; Wiland, R.J.; Warren, P.Q.; McMahon, T.P. Collisional delamination in New Guinea: The 
geotectonics of subducting slab breakoff. Geol. Soc. Am. Spec. Pap. 2006, 400, pp. 1-55.

Gerya, T.V.; Yuen, D.A. Characteristics-based marker-in-cell method with conservative finitedifferences schemes for modelling 
geological flows with strongly variable transport properties. Phys. Earth Planet. Inter. 2003, 140, 295–318.

Hacker, B.R. Ascent of the ultrahigh-pressure Western Gneiss Region, Norway. In Cloos, M.; Carlson, W.D.; Gilbert, M.C.; Liou, J.G.; 
Sorenson, S.S., eds. Convergent Margin Terranes and Associated Regions: A Tribute to W.G. Ernst. Geol. Soc. Am. Spec. Pap. 2007,
419, 171–184.

Kubínová, Š.; Faryad, S.W.; Verner, K.; Schmitz, M.; Holub, H. Ultrapotassic dykes in the Moldanubian Zone and their significance for 
understanding of the post-collisional mantle dynamics during Variscan orogeny in the Bohemian Massif. Lithos 2017, 272–273, 205–
221.

Sizova, E.; Hauzenberger, C.; Fritz, H.; Faryad, S.W.; Gerya, T. Late Orogenic Heating of (Ultra)High Pressure Rocks: Slab Rollback vs. 
Slab Breakoff. Geosciences 2019, 9(12), 499; https://doi.org/10.3390/geosciences9120499

Tirel, C.; Brun, J.-P.; Burov, E.; Wortel, M.J.R.; Lebedev, S. A plate tectonics oddity: Caterpillar-walk exhumation of subducted 
continental crust. Geology 2013, 41, 555–558.

Sizova Elena 15


