


 
Field Trip in the western Alps from the Rhône valley to the Torino Hills 

 
27th of September 2011 to 4th of October 2011 
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 Lin Wei, Wang Qingchen, Chen Ling, Zhao Liang, Chu Yang, Ai Yinshuang, Zheng Tianyu, He 
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Day 1 Tuesday 27th of September 
 Morning : arrival in Grenoble, short meeting in the laboratory 
Lunch at the No Name restaurant 
 Stop 1.1 Afternoon: half day excursion to Saint-Eynard (Chartreuse), panoramic view over 

the Grenoble valley. General discussion.  
 Accommodation and dinner at Hotel “Les 3 Roses”, Meylan 
 
Day 2 Wednesday 28th of September 
 Morning 8 pm: travel by minibus to Valence 
 Stop 2.1 Presentation of the Alpine foreland and the Rhône Valley and further in the Tertiary 

foreland basin of Valréas (Stop 2.2). 
Lunch in Nyons 
 Afternoon : travel along  the D94 toward Gap,, crossing the Subalpine Mesozoic series 

(European passive margin sequence) overprinted by alpine folding (Stops 2.3 & 2.4) 
 accommodation at Hotel Ibis in Gap. 
 
Day 3 Thursday 29th of September 
 Morning : thin-skinned thrusting in the External Alps (Digne Thrust) and evidence of 

inversion of a Mesozoic basin, near La Saulce (S of Gap). Outcrop view of the Liassic series 
along D120, and panoramic view from the opposite side of the Durance valley (Stops 3.1 to 
3.3). 

Picnic above the Durance valley near Piégut 
 Afternoon : Cross section of the thick Jurassic series of the Digne nappe across the Remollon 

anticline, between Tallard and the Serre Ponçon dam (D900b) (Stop 3.4). Panoramic view 
from the East (Le Sauze) along D954, introducing a first set of nappes issued from the 
Tethyan oceanic domain (Stop 3.5). 

 accommodation at Hotel “Les flots bleus” at Savines le Lac 



 
Day 4Friday 30th of September 
 Morning : panoramic view of this so-called Embrunais-Ubaye nappe system from nearby 

Savines (Stop 4.1). Travel to St Clément (N94), providing evidence that this first nappes stack 
has been overprinted by the Briançonnais Frontal Thrust (also improperly named Penninic 
Thrust).(Stop 4.2). 

Picnic 
 Panoramic view of the Durance valley and the Briançonnais frontal Thrust (the boundary 

between the external and internal alps) (Stop 4.3). Introduction about its recent normal 
reactivation seen from the Mt Dauphin Quaternary terrace (Stop 4.4). 

 accommodation at Hotel “Les Barnières” in Guillestre. 
 
Day 5 Saturday 1st of October 
 Morning : focus on the the Briançonnais frontal Thrust and its reactivation as a normal fault 

system in the Fournel Valley, landscape and outcrop evidence (west of Argentière la Bessée) 
(Stop 5.1) 

Picnic 
 Afternoon : cross section throughout the Briançonnais anticline along the Guil valley from 

Guillestre to Château Queyras (D902), introductory discussion about metamorphism (Stop 
5.2). 

 accommodation at Hotel “Les Barnières” in Guillestre 
 
Day 6 Sunday 2nd of October 
 Whole day: visiting the Schistes Lustrés unit (blueschist nappe system) from Château 

Queyras to Col Agnel.  
 Morning Panorama at Château Queyras on the Roche Brune Briançonnais nappe system 

above the Schistes Lustrés (Stop 6.1), stop along the D205 showing the metasediments 
including basic lenses. (Vallon de Clausis) (Stop 6.2). 

Picnic  
 Afternoon Blueschist gabbro at Col Agnel, and panorama on Monte Viso.(Stop 6.3) 
 accommodation at Hotel “Torinetto” at Sampeyre (Italy) 
 
Day 7 Monday 3rd of October 
 Morning: Eclogites and serpentinites of the Monviso just north of the Val Varaita valley (stop 

7.1). Then UHP Dora Maira continental massif (Parigi, south of Martiniana Po) : (Stop 7.2) 
Picnic 
 crossing of the Pô plain, point of view of the Pô plain at Rooca di Cavour (usually cloudy ..) 

(Stop 7.3) accommodation at Moncalieri, “Hotel Rigolfo”  
  
Day 8 Tuesday 4th of October 
 Morning : visting the Torino Hills (Stop 8.1) and Superga basilic 
 Afternoon : return to Grenoble.  
 Departure from Grenoble in the late afternoon or accommodation at Hotel “Les 3 Roses”, 

Meylan 
 



Overview of the geological context of the Western Alps 
 
I.Introduction 
 

The Alpine orogen resulted from the collision of the Adriatic microplate with the European 
continental margins of the Western Tethys ocean during Late Cretaceous to Early Tertiary times. 
The Africa-Europe convergence was trending N-S (Dewey et al., 1989;) but the Adriatic 
microplate may have moved independantly during the Tertiary (Handy et al., 2010). The Western 
Alpine orogen is well documented and the arcuate shape is related to change in relative motion of 
the Adriatic microplate, 35 Ma ago (Schmidt & Kissling, 2000; Ford et al., 2006, Handy et al., 
2010; Dumont et al., in press). The subsequent Oligocene dynamics could be partly driven by the 
initiation of the Ligurian rollback subduction and associated eastward retreat (Vignaroli et al., 
2009). 

This geometry results from progressive deformation events from Eocene to Miocene, and 
involves rotations of ancient kinematic indicators during younger deformation stages, especially 
in the Internal Zones (Rosenbaum & Lister, 2005, Schwartz et al., 2007).  

The present arc is outlined by a lithospheric thrust commonly called “Crustal Pennine Thrust” 
(CPT, Fig.1), that separates the External and Internal Zones and corresponds to at least 80 km 
offset of the moho (Gellec et al., 1990; Kissling et al., 2006; Lardeaux et al., 2006), but this 
feature occurred quite recently in Alpine history and does not follow the earlier Alpine 
kinematics and geometry particularly in the internal zones (Schmid & Kissling, 2000). However, 
in the footwall of the « Crustal Pennine thrust », that is, in the External Zone, the displacements 
and rotations are moderate (Aubourg et al., 1999). It is thus possible to observe the interference 
between differently oriented shortening stages during the development of continental collision 
more easily than in the Internal nappes stack whose building was polyphased.  

Cross-folding in the External zone has been previously interpreted as interplay between 
Pyrenean and Alpine shortening events, that is between the Iberian and Apulian plates kinematic 
effects (i.e. Lemoine, 1972; Ford et al., 2006). Dumont et al. (in press) show that a significant 
part of N-S shortening is actually younger than the late Cretaceous « Pyrenean-Provence » event 
and just preceeded the westward Oligocene propagation of the Internal Nappes. It is proposed 
that these structures, which formed around the Eocene-Oligocene boundary, are linked to the NW 
propagating Adria-Europe collision during the early stage of the Alpine orogenesis.  
 
II.Structural and stratigraphic setting of the external zone (from Dumont et al., Tectonics in 
press) 
 

The External Zone of the Western Alps (fig.1) is composed of elevated crystalline basement 
massifs having recorded the Hercynian orogeny (e.g. Guillot et al., 2009), surrounded by Tethyan 
sedimentary cover of Mesozoic age and scattered remnants of Cenozoic Alpine foreland basins. 
The basement massifs trend NE-SW from Mont-Blanc to Belledonne, and NW-SE in the 
southernmost part of the Alpine arc (Argentera). The NE-SW trend corresponds to the Hercynian 
grain reactivated in large-scale tilted fault blocks during the Tethyan rifting (e.g. Lemoine et al., 
1986 and references therein). This part of the European Tethyan palaeomargin experienced 
approximately E-W shortening in the footwall of the Pennine thrust during Alpine orogenesis 
(e.g. Dumont et al., 2008 and references therein).  



This compressional interference structure was first affected by N-S shortening events 
commonly assigned to the « Pyrenean-Provence » stages, during late Cretaceous to Eocene times 
(Ford et al., 2006Michard et al., 2010). Subseqently, that is during late Eocene to earliest 
Oligocene, the first Alpine nappes (« Embrunais Nappes »), composed of late Cretaceous deep-
water sediments likely of oceanic origin and of Mesozoic cover detached from the distal part of 
the European palaeomargin, were gravitationally transported with an approximately NW 
direction towards more proximal portions of the European foreland (Ford et al., 2006). It is 
observed that the later stages of thrust system propagation (from middle Oligocene onwards) 
were more radially directed (i.e. Platt et al., 1989). The main associated structure is a crustal-
scale thrust that we call « Crustal Pennine Thrust » CPT (fig. 1), which is the present limit 
between the non-metamorphic foreland (including the early Embrunais Nappes) and the 
metamorphic, Internal Nappes stack (Sue and Tricart, 2006).  

The Mesozoic series overlains a sharp late Hercynian unconformity, developed as a 
peneplanation surface which became flat and horizontal over the whole study area between late 
Carboniferous and early Triassic times. The so-called Dauphiné type Mesozoic sequence is 
characterised by the following formations :  

- Late middle to Late Triassic: thin peritidal dolomites showing only minor thickness 
variation, which implies that the whole area remained flat and horizontal until near end-Triassic 
times. The Triassic sequence, which is only made of carbonates in Dauphiné, remains attached to 
the basement, but it thickens further S and SE in the SE-France basin, and also in the Internal 
Nappes, including evaporites which provide widespread detachment layers. 

- The startpoint of intracontinental rifting is marked by thin but widespread ash layers with 
scattered alkaline to transitional basaltic flows.  

- Lowermost Liassic (early to middle Hettangian) transgressive platform carbonates grade 
upwards into thick early Liassic to Middle Jurassic hemipelagic marls and limestones. These 
latter formations are coeval with reapeted stages of extensional faulting (Chevalier et al., 2003), 
which mark the Tethyan rifting and show important thickness and facies changes due to 
differential subsidence (Lemoine et al., 1986).  

- Late Jurassic to early Cretaceous pelagic, post-rift carbonates are rarely preserved in the 
Dauphiné massifs, but there the post-rift unconformity is locally observed thanks to Tithonian 
limestones directly overlying the Hercynian basement. The post-rift cover is widespread further 
to the west and south, providing the thick carbonate series of the Subalpine massifs.  

- The Upper Cretaceous formations recorded the earliest, north-directed compressional 
deformation (pre-Senonian folding) in the Devoluy Subalpine massif, due to the motion of the 
Iberian block (Michard et al., 2010).  

- The Tertiary series from Paleocene to Quternary first developed in the proximal footwall of 
the Internal Nappes and progressively migrated outwards with the building of the Orogenic 
wedge. The detrital sediments, first marine then continental, record the erosion of the nascent 
reliefs.  
 
III.Structural and stratigraphic setting of the internal zone (from Lardeaux et al., 2006) 
 

The Briançonnais zone consists mainly of late Paleozoic, Tethyan sediments and pre-Alpine 
basement rocks (Ambin and Acceglio massifs). The Briançonnais sedimentary zone corresponds 
to a tectonic pile of thrust sheets involving ante-, syn- and post-rift sediments originated upon a 
thinned passive margin (Lemoine et al., 1986; Claudel and Dumont, 1999). This nappe pile was 
folded during Oligocene times and, acting as a mechanically contrasted multilayer, gave rise to 



regional west and east-verging folds and associated thrusts. The latter are known as the 
Briançonnais backfolds and backthrusts and correspond to the present-day alpine fan-shaped 
structure (Tricart, 1984). These poly-deformed rocks are also metamorphosed under lawsonite-
greenschist facies conditions (Goffé et al., 2004). In this part of the Briançonnais zone, a dense, 
regional-scale fault network attests to a Neogene to present-day extension (see details in Sue and 
Tricart, 2003). The Briançonnais basement consists of pre-Alpine magmatic and metamorphic 
rocks, whose Permo-Carboniferous sedimentary covers are preserved in some places but strongly 
re-worked and metamorphosed during Alpine orogeny. The metamorphic evolution of these 
basement slices contrasts sharply with respect to the evolution of the cover nappe pile. In the 
Briançonnais basement units, upper blueschist and/or eclogite facies conditions have been 
deciphered (Goffé et al., 2004). These significant metamorphic gaps are consistent with the 
existence of severe tectonic decoupling between the Briançonnais units. For example, the 
Acceglio massif is regarded as a low-angle extruded unit, bounded to the west by a normal fault 
and to the east by an inverse fault, within the overlying Piedmont Schistes lustrés of Queyras 
(Schwartz et al., 2000). 
The composite Piedmont zone comprises the Queyras Schistes lustrés complex, the Monviso and 
Rocciavré ophiolitic complexes and the Dora Maira internal crystalline massif. The Queyras 
Schistes Lustrés were derived from Liassic to late Cretaceous sediments deposited in the oceanic 
domain (Lemoine  et al., 1986). These sediments were strongly deformed and metamorphosed 
during alpine subduction and they outcrop today as foliated and polydeformed calcschists 
enclosing boudinaged decametric to kilometric-sized ophiolitic bodies. At the regional scale, the 
main structure is a pile of imbricated thrust sheets related to the building of an accretionary 
wedge during the Paleogene. The Queyras Schistes Lustrés show an apparent monoclinal 
structure dipping towards the WSW. This pile, which underwent repeated and severe refolding 
under blueschist facies metamorphic conditions is associated with this tectonic evolution and 
grades up eastwards from low-temperature blueschist to high-temperature blueschist facies 
conditions (Agard et al., 2001; Schwartz, 2002). A ductile normal fault separates the Queyras 
Schistes lustrés complex from the Monviso ophiolitic massif (Ballèvre et al., 1990; Blake and 
Jakyo, 1990). The latter is dominated by remnants of the Tethyan oceanic lithosphere that was 
strongly deformed and metamorphosed under eclogite facies conditions (Lombardo et al., 1978; 
Lardeaux et al., 1987) during the Eocene (Monié and Philippot, 1989; Duchêne et al., 1997). 
Contrasted eclogitic conditions have been deciphered in the Monviso massif (Messiga et al., 
1999; Schwartz et al., 2000) indicating that this massif is composed of imbricated eclogitic units. 
The Monviso eclogites are separated from the internal crystalline massif of Dora Maira by a 
ductile normal fault (Blake and Jakyo, 1990; Schwartz et al., 2001). Situated in the lowermost 
structural position in the studied cross sections, the Dora Maira massif corresponds to a stack of 
deeply exhumed continental basement slices involved in a “dome like” structure (Henry et al., 
1993; Michard et al., 1993). Here again, significantly contrasted metamorphic conditions have 
been inferred (Chopin et al., 1991; Henry et al., 1993). Quartz-bearing eclogite facies rocks 
outcrop at the top of the Dora Maira dome and overlie the coesite-bearing eclogitic unit. The 
tectonic contact between coesite and quartz-bearing eclogitic units is also a normal fault. This 
pile of thin (< 1km) high to ultra-high pressure metamorphic units rests upon a lowermost 
blueschist facies tectono-metamorphic unit (Pinerolo-Sanfront unit) along a thrust contact. The 
latter unit is similar, with respect to the lithologies, structural position and metamorphic 
evolution, to Briançonnais basement slices (Michard et al., 1993; Henry et al., 1993).  
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