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In Y i N Model Upper plate rheology Lower plate rheology
t OdUCt o MOdEI SEtUP 1 Qtz sand Qtz sand
2 | Duct. base layer 1+ Qtz sand Duct. base layer 1+ Qtz sand
In classical analogue and numerical models, shortening during continental collision is Experimental velocity: 10 cm/h By — Otz sand
accommodated by a series of thrust faults on the pro-wedge side and a single shear Scaling ratio h* 10° 1cm=1km 4 | Duct. base layer 1(2xthickness) + Qtz sand Duct. base layer 1+ Qtz sand
zone/ backthrust on the retro-wedge side. However natural examples of collision type 5 | Duct. base layer 1 + frictional weak layer + Qtz sand Qtz sand
orogens often contain retro-vergent fold and thrust belts. Most compressional 6 | Duct. base layer 1+ duct. layer 2 + Qtz sand Duct, base layer 1+ Qtz sand
analogue studies on crustal scale either investigate pro-wedge deformation via single sackston Table 1: Overview of initial model stratigraphy.
vergent wedges or make use of a rigid indentor . Studies that do invesitgate double Material | Density (g/cm’) |Viscosity (Pas)
vergent orogens are mostly on lithospheric scale. The aim of this study is to infer Retro Wedge Pro Wedge Qtzsand | 15
favorable rheological conditions leading to the formation of retro-foreland fold and - o v e Glassbeads | 14
thrust belts on the upper plate. In this study key variables are the rheological Ductile layer 1| 1,558 1,01410°
stratification of the colliding plates and the geometry of the subducting plate. — . Ductile layer 2| 1,0 10*
Schematic overview of initial modelling setup. Table 2 QLTI meehanical
properties of used materials.
Modelling results Comparison to natural examples
Refe rence mOdEIS b) EGT - Eastern Traverse L
Coversand e S e W N el TN N~ S
. °F N “‘L_O
50 — - 50
3

Figure 7: Cross-section through the Central Alps (modified from:
Pfiffner et al., 2000).

The Southern Alps are characterised by post collisional retro-vergent thrusting
(Castellarin et al., 2006). It also contains a decollement at the interface between basement
st S Ty ——— and the sediment cover. Comparing the structural style of the Central Alps with model 2
AN 0 e _, g M e e e Bt (figure 4) gives a good first order fit.
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Flgure 2: Reference model 2 - Brlttle Ductile plates. Ebro basin rfrl:;?r‘i’l'f Montsec Boixols , 7 ! | e . 5 Aquitsine basin T
——— P — |
Models containg variations in geometry and or rheology
These models contain heterogeneities in the upper plate. gtk N ﬂ mf
See table 1 for initial model stratigraphy details / | —

Figure 8: Cross-section through the central Pyrenees (modified
from: Beaumont et al. 2000).

Beaumont et al. (2000) showed that the tectonic style of the central Pyrenees can be
attributed to weak crustal inhomogeneities inherited from earlier phases of deformation
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e anwﬁzﬁ FEi ,ww“"'? R I s e — L, SN L and that structural inversion is complicated by the interaction between the midcrustal
F,gure 3: Model 3 - Brittle lower p|ate Brittle - Ductile upper plate S decollment and the weak Triassic layers. This suggests that, like in the Alps, a weak
containing Brittle weak layer. detachment layer in the crust of the upper plate is controlling the formation of retroward

fold an thrust belts. This is in accordance with our models. results.
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Flgure4 Model4 Brlttle Bueile lowe plate, Brittle - Ductlleupper - |
plate. Weak layer in upper plate twice as thick.
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Figure 9: Spatial migration of the active deformation front of the models.
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Figure 5: Model 4 - Brittle lower plate Brittle - Ductile UIOIOer plate Analogue models have been used to investigate the role of rheological and

ORI (B Wes < EREt: geometrical variations in the upper and lower plate on retro-wedge deformation.
The results lead to the conclusion that in order to produce upper plate deforma-
tion and retro-wedge formation, a ductile/ weak decollement has to be present in
the upper plate. Observations of the spatial migration of the deformation front of
the models (figure 9) indicate that upper plate deformation and retro-wedge
formation takes place after 5-10% of bulk shortening. Comparing the structural
style of the analogue models with that of natural examples, such as the Alps and
the Pyrenees, a good first order fit is observed, particularly with model 4 (figure 4).

Flgure 6: Model 6 - Brlttle Ductlle Iower plate, Brittle - Ductlle upper
plate containing second Ductile weak layer.
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