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In the internal zones of the west-
ern Alps(from Gran Paradiso-Belle-
donne southward to Dora Maira-Ar-
gentera), blueschist metamorphism, 
with pressures up to 10-13 kbars and 
temperatures of 400-450°C in the 
Schistes Lustrés (Liguro-Piemont) 
has been dated as 40-50 Ma (39Ar-40Ar 
;Agard et al. 2001). The Mont Viso 
ophiolite records eclogitic conditions 
of 25 kbar and 550°C (Schwartz et al. 
2000) at consistant Sm-Nd, Lu-Hf, 
39Ar-40Ar ages of 45-55 Ma (Monié 
and Philippot, 1989, Duchêne et al., 
1997, Cliff et al., 1998). In the under-
lying Dora Maira massif, conditions 
of up to 27-30 kbars and 700-750°C 
(Chopin 1984; Chopin et al. 1991) 
have been dated at 35 to 38 Ma by 
Sm-Nd, Lu-Hf, and U-Pb on eclog-
itic minerals and zircons (Tilton et al. 
1991, Gebauer et al. 1993; Duchêne 
et al. 1997). The Dora Maira reached 
350-250°C and 3-6 kbars at 28-34 Ma 
(Monie & Chopin 1991), indicating 
that it was exhumed somewhat later 
than other HP units. The mechanisms 
of exhumation of these rocks are con-
troversial (e.g. Duchêne et al. 1997). 

Throughout the Eocene and early 
Oligocene (55-30 Ma) a flexural fore-
land basin, closing to the west migrat-
ed NW over the European plate. The 
basin was starved of sediment until 36 
Ma indicating a low orogen topogra-
phy. Turbidites then rapidly filled the 
basin, recording an increasing orogen 
topography. Throughout its forma-
tion, this basin underwent gentle 
foreland-directed shortening (10 to 20 
km). In the early-mid Rupelian (34-
30 Ma) major changes occurred in the 
external western Alps. Exotic flysch 
nappes were emplaced onto the basin 
in SE France and no flexural basin is 
detected from then on. Subsequent 
sedimentation was confined to small, 

isolated depocentres. Clasts of blues-
chists first appear in Tertiary depocen-
tres on both sides of the Alps around 
this time (de Gaciansky et al 1971; 
Polino et al. 1991) In contrast, frontal 
flexure of the European plate (North 
Alpine Foreland Basin) increased and 
the basin was became overfilled (30-
11 Ma; Sinclair & Allen 1996). From 
early Oligocene into the Miocene 
approximately 120 km of NW-SE 
shortening was accommodated in the 
fold and thrust belts of the Northern 
(Helvetic nappes) and Southern Alps 
(Schmid et al. 1997).

By combining these tectonic his-
tories of external and internal zones, 
several important observations can be 
made regarding the dynamics of colli-
sion. HP and UHP metamorphism in 
the Penninic domain and subsequent 
rapid exhumation occurred during 
early orthogonal collision (50-35 Ma), 
as recorded by the contemporaneous 
European flexural basin. The lack 
of clastic sediments in the foreland 
basin indicates that early collisional 
processes generated little or no topog-
raphy. This observation has profound 
implications for exhumation process-
es. Plate convergence is estimated to 
have been 15mm/yr from 50-40 Ma, 
slowing to 5,5 mm/yr from 40-32 Ma 
(Schmid et al. 1996). Foreland basin 
migration estimates (pinchout migra-
tion) average around 10-12 mm/yr 
((pinchout migration; Ford & Licko-
rish, in press). Thrust front advance 
rate estimates are similar at 10mm/yr 
(Burkhard and Sommaruga 1998). 
These figures suggest that plate con-
vergence was accommodated largely 
by subduction of the European margin 
and thrust front advance rather than 
by internal shortening and thickening 
of the orogenic wedge.

As the Apulian indentor passed 

over the hinge line of the European 
plate, collision reached its peak and 
a high topography developed. In the 
Central Alps 120 km of Oligocene-
Miocene NW directed shortening 
was accommodated in the Northern 
and Southern Alps, while over 5 km 
of clastic sediments accumulated in 
the North Alpine foreland basin. In 
contrast, the western Alps became the 
western sidewall of the orogen (35-11 
Ma) as indicated by the termination of 
flexure of the European plate in SE 
France. In the early Oligocene (35-30 
Ma) the formation and exhumation of 
UHP rocks of Dora Maira signalled 
the end of the metamorphic evolu-
tion of the HP domains of the western 
Alps. Blueschists and eclogites were 
at the surface and being eroded from 
this time onward. Vertical and across-
strike motions in both the internal and 
external sectors appear to have been 
minor while strike-parallel displace-
ment and sinistral rotations about a 
vertical axis became significant.
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