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ABSTRACT

The signi�cant progress achieved over the last �fty years in understanding continental rifting and oceanization processes demonstrates the bene�t of an iterative work�ow 
between onshore �eld studies and o�shore geophysical studies. On the one hand, geophysical studies can image intact present-day rifted margins in their entirety. However, 
the resolution of refraction and re�ection seismic sections is relatively low, and most parts of the margin remain largely inaccessible, even to deep-sea drilling. On the other 
hand, �eld studies of rifted margin remnants exposed in orogens o�er easy-to-access, high-resolution outcrops. Yet, they provide only local, discontinuous, and often 
overprinted insights into the former margins and their evolution.
With more than one century of published research into the geology of the European Alps, the present-day Alpine orogen and former Alpine Tethys rift system are among the best-
described tectonic systems in the world. In the present document, we provide a guide for recognizing key remnants of the former Alpine Tethys rift system (Fig.�I.0) and discuss how 
the derived observations can be integrated into the study of present-day rifted margins. This document is structured around three parts:
�	 Excursion notes: we �rst provide an overview of the state of the art on rifted margins and its historical evolution. Second, we outline the paleogeographic framework 

of the Alpine rift system and discuss its uncertainties. Third, we describe the structural and stratigraphic relationships of well-preserved remnants of the Alpine Tethys 
rift system and propose a crustal-scale reconstruction for one transect across the former Alpine Tethys rift system. Finally, we provide insights into the spatio-temporal 
evolution of the Alpine Tethys rift system.

�	 Excursions: through a series of excursions at illustrative remnants of the Alpine Tethys rift system, we propose a journey across the proximal part, the distal part, and the 
so-called ocean-continent transition (OCT) of the former North-Adriatic margin. In particular, we display the scale of the considered geological objects, report the nature 
of the crust, mantle, and sediments, and highlight the structural and stratigraphic relationships between the di�erent domains.

�	 Thematic sheets: we provide a series of short syntheses on di�erent geological themes and illustrate them with examples from the Alps. Themes include the petrology 
of the Alpine Tethys lithosphere, the tectono-stratigraphic record and �uid signature during the Alpine Tethys rifting, the tectono-structural characteristics of the Alpine 
Tethys rift system and Alpine orogen, the impact of inheritance vs rift-induced and orogenic processes, and the isostatic evolution of future distal margins during rifting, 
with special focus on the Briançonnais domain in the Alps.

Keywords: Alpine Tethys rift system, Alpine Orogen, Tectonics, Stratigraphy.

PROGRAM SUMMARY

The present �eld trip describes a journey across the Adriatic margin and an ocean-continent transition of the former Alpine Tethys. It focuses 
on the major rift-related structures, their �eld evidence and the tracking of timelines (isochrons) from one domain to the other based on 
stratigraphic markers.
The �rst excursion takes place near Il Motto (IM in Fig.� I.1), an Early Jurassic half-graben depocenter that was inverted during the Late 
Cretaceous. This excursion provides an overview of the pre-rift paleogeographic and stratigraphic setting in which the Alpine Tethys rifting 
took place. It focuses on the style of both rift-related and Alpine deformation style in the (former) proximal domain of the fossil Adriatic margin.
The second excursion takes place near Diavolezza (D in Fig.�I.1), where the Piz Alv mountain represents a former extensional allochthon. This 
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ACCOMMODATIONS

Tourist o�ces:
�	 Pontresina tourist o�ce�: Via Maistra 133, 7504 Pontresina; tel.: +41 81 838 83 00�; email: pontresina@engadin.ch; website: https://www.

engadin.ch/pontresina
�	 St. Moritz Tourist Information Village: Via Maistra 12, 7500 St. Moritz; tel.: +41 81 837 33 33; email: info@stmoritz.ch; website: https://

www.stmoritz.com

Fig. I.1 - Location of the excursion sites on: (a) a regional map; (b) a schematic diagram block of SE Grisons region and adjacent Italy (modi�ed from Froitzheim et al., 1994); 
(c) a synthetic cross section through the former Alpine Tethys rift system (see location of transect B�B� in Fig. I.0a, I.0b and I.12); Abbreviations: Austro. n.: Austroalpine nappes; 

d./dom.: domain; embr. OC: embryonic oceanic crust; hypext./hypertext.: hyperextended; OCT: Ocean�Continent Transition.
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versus non-oceanic nature of the rift basins; (2) assessing the movements of the Iberian and Eurasian plates; (3) recognizing the former 
conjugate margins and determining the importance of rift-related segmentation in the Alpine Tethys rift system; and (4) integrating realistic 
margin architectures in (deformable) plate reconstructions.

Alpine tectonic evolution

By and large, the Alps are the product of the convergence between the Eurasian and African plates and their interference with the smaller Iberia 
and Adriatic plates. The Alpine orogen was essentially constructed through three successive, but not coaxial, phases of convergence, namely the 
Eoalpine, Mesoalpine, and Neoalpine orogenic phases (Fig.�I.9; Hunziker et al., 1992; see also the Tectono-Structural thematic sheet).
i)	 The Eoalpine orogenic phase (Figs.I.9a and I.9d). From the Late Jurassic to the Late Cretaceous, NNE-directed closure of the Meliata-

Vardar domain led to the construction of a strike-slip dominated thrust wedge that propagated from the north-eastern margin of Adria 
towards the WNW (Kley et al., 2008). During this event, the proximal margin, distal margin, and OCT of north-western Adria (i.e., the 
Adriatic margin that faced the Piemonte branch of the Alpine Tethys) were telescoped into a number of thrust sheets, so-called Eoalpine 
Austroalpine and Upper Penninic thrust complexes, which are today exposed in the Eastern and Central Alps (Froitzheim et al., 1994, 
1996; Schmid et al., 2004). The geological record of this orogenic event is essentially limited to the former northern Adriatic margin.

ii)	 The Mesoalpine orogenic phase (Figs.�I.9b and I.9d). At ca. 84 Ma (Late Cretaceous), the NNE-directed movement of the African plate 
relative to Europe rotated counterclockwise to an NNW-directed contraction (Kley et al., 2008), which led to the subduction of parts of 
the Alpine Tethys beneath the Adriatic plate. This event resulted in the telescoping of the European passive margin, and eventually in the 
emplacement of the Eoalpine Austroalpine and Penninic thrust complexes as an orogenic lid over the European shelf (Helvetic units; e.g., 
P��ner et al., 2002; Schmid et al., 1996).

	 Eocene subduction-related metamorphism a�ected parts of the Piemonte-Liguria and Valais basins, and later the most distal parts of the 
European margin. In contrast, shallow crustal levels of the European margin were scraped o� and accumulated in crystalline basement 
units and sedimentary dØcollement nappes (P��ner et al., 1997). Thrust sheets derived from the Adriatic margin and OCT were always 
in the hanging wall of the subducting European plate during the Mesoalpine phase, therefore they escaped subduction, and hence high-
pressure metamorphism.

	 In the Grisons region, the Cenozoic continental collision between the Adriatic margin and the Briançonnais unit-European margin a�ected 
only the northern parts of the former distal Adriatic margin and OCT. In contrast, the rear of the margin was only weakly reactivated. The 
Late Cretaceous nappe stack was thrust more or less �en bloc� to the north, over the Briançonnais and Valais units (i.e., the Middle- and 
North Penninic units, respectively). In the South Alpine domain, a southward propagating thrust wedge a�ected the southern Adriatic 
domain, whose southwestern part had escaped the previous Eoalpine orogeny (Doglioni et al., 1987; Schumacher et al., 1997; Zanchetta 
et al., 2015).
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EXCURSION A 
The proximal domain of the Adriatic margin: Il Motto (Ortler Nappe, northern Italy)

ABSTRACT

Il Motto is a 2716 m high mountain close to the village of Livigno in northern Italy. It belongs to the Upper Austroalpine Ortler Nappe, which samples the proximal domain 
of the former northern Adriatic margin. Il Motto preserves structural and stratigraphic relationships between a high-angle master fault bounding an extensional basin and 
its pre-, syn- and post-tectonic sedimentary in�ll. It is a representative example of the numerous extensional basins that formed all over the proximal domain of both the 
European and Adriatic margins of the Alpine Tethys.
This excursion aims to highlight (1) the structural and stratigraphic architecture of the former rift basin exposed at Il Motto; (2) the pre-rift geological setting in the Alpine 
Tethys realm; and (3) the inversion of the Il Motto basin and reactivation of rift-related structures during Alpine convergence.

MAIN TAKE-AWAY OF THE EXCURSION

	- Age of rift-related deformation: Lower Jurassic (Hettangian to Sinemurian, ca. 200 to 190 Ma), before the Toarcian oceanic anoxic event.
	- Deformation style: distributed deformation (so-called �stretching�). The continental crust remained thick, as indicated by the moderate 

creation of accommodation.
	- Paleogeographic framework at the onset of rifting: the Alpine Tethys system overprinted an older rift system (Meliata-Vardar) that used to 

be east of the Adria microcontinent (i.e., Alpine Tethys rifting was part of a so-called multistage rifting).
	- Onset of Alpine reactivation: Late Cretaceous (Santonian/Campanian).
	- Reactivation style: thin-skinned tectonics controlled by rift-inherited structures (decoupling salt layers).
	- Main remaining questions: what is the nature of the contact between the Ortler and Campo nappes (i.e., Zebru thrust): why young on old? 

Is it a rift-inherited structure? why is there no sediment on the Campo Nappe?

INTRODUCTION

The Ortler Nappe exposed in south-eastern Switzerland and northern Italy belongs to the Upper Austroalpine Nappe complex (Fig.�I.0). It 
preserves remnants of the proximal domain of the former Adriatic margin. As it was only weakly deformed during Alpine convergence, the 
Ortler Nappe provides good insights into the architecture and stratigraphy of the former Adriatic proximal margin. It also enlightens us on the 
paleo-environmental settings at the onset of the Alpine Tethys rifting.
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Stop 2: Monte Crapene (46°32�49.6�N - 10°10�09.7�E)

The pre-rift paleogeography of the future Alpine Tethys realm can be deduced from the pre-rift stratigraphic record, which is excellently 
preserved and well described across most of the Alpine realm (e.g., Fig.�II.A.4). Apart from local exceptions, the pre-rift Triassic stratigraphy of 
the Alpine Tethys realm shows a general evolution from continental siliciclastics in the northwest, to sabkha- and shallow-marine carbonate-
dominated depositional systems toward the southeast (Bosellini, 1973; see Fig.�III.B.2 of the Stratigraphy thematic sheet).
The Triassic sedimentary sequence is thicker in the east and southeast (1 to 5 km in the Upper Austroalpine and Southern Alps), thins towards 
the west and northwest, and is only a few tens of meter-thick in the future proximal European margin (bottom panel of the take-away Fig.�II.A.0). 
In the future distal margin, Triassic pre-rift sediments are only present as extensional allochthons (e.g., Err in the top panel of the take-away Fig.; 
see also Fig.�I.1 and Excursions B and C).

Fig. II.A.2 - Geological maps of the Livigno-Il Motto region. a) excerpt from the Swiss geological map 1:500.000. The black dashed line in the upper panel represents the trace 
of the pro�le shown in Fig. II.A.6; b) excerpt from the geological map of the Swiss National Park 1:50.000 (Trümpy et al., 1997).
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Alpine convergence and associated rift basin reactivation

Primary architecture of the Alpine nappe stack in the Ortler-Campo region

The Ortler Nappe and overlying Quattervals Nappe belong to the Upper Austroalpine nappe system (Fig.�I.0). The underlying Campo-Grosina-
Languard Nappe (including the Filladi di Bormio) belongs to the Middle Austroalpine nappe system (Mohn et al., 2011). It is separated from 
the Ortler Nappe by the Albula-Zebru Movement Zone (Fig.�II.A.8a; Mohn et al., 2011).
The Campo-Grosina-Languard Nappe is essentially comprised of upper- and middle-crustal rocks and lacks largely pre- and syn-rift sediments 
(Fig.�II.A.8). The Ortler and Quattervals nappes are dØcollement sedimentary nappes that sample essentially the pre- and/or syn-rift sedimentary 
cover, although some slivers of crystalline basement overlain by Permo-Triassic pre-rift sequences can be locally observed (Fig.�II.A.8).
The Zebru Thrust between the Campo-Grosina-Languard and Ortler nappes is part of the Albula-Zebru Movement Zone. The latter is a complex 
tectonic contact that corresponds largely (but not only) to the boundary between the Variscan basement and its sedimentary cover (Fig.�II.A.8). 
It may be rooted in a pre-existing (inherited) structure; however, this assumption remains to be con�rmed.
In contrast, the Quattervals Thrust between the Quattervals and Ortler nappes followed an evaporite layer that was deposited during the Meliata 
rifting (Carnian). This salt layer acted as a dØcollement level during Alpine convergence.

Reactivation during Alpine convergence

The Alpine orogeny included three main deformation phases, namely the Eoalpine, Mesoalpine and Neoalpine orogenic phases (see section 
3.3. of the excursion notes). In the Ortler Nappe, the Eoalpine orogenic phase is equivalent to the local D1 deformation phase. The Mesoalpine 
orogenic phase is expressed by the D2 and D3 deformation phases. The Neoalpine phase is only recorded by minor deformation structures 
in the Ortler Nappe. In the Il Motto area, the D1 and D3 deformation phases are clearly identi�ed, while the D2 phase is less well expressed.
�	 D1 phase (i.e., Trupchun phase of Froitzheim et al., 1994). During the D1 deformation phase, the Quattervals Nappe was thrust over the 

Ortler Nappe along the Quattervals Thrust, and the Ortler Nappe was thrust over the Campo-Grosina-Languard Nappe along the Zebrø 
Thrust (Fig.�II.A.4c). Both thrusts are top the west-northwest and the age of thrusting is Late Cretaceous (post-Cenomanian, for details see 
Mohn et al., 2011).
The Allgäu Fm was strongly folded during the D1 deformation phase (e.g., sheath folds in Fig.�II.A.8). Folds are increasingly tight when 
approaching the Quattervals Thrust plane, and a gradual transition into calcite mylonites is observed. Close to the thrust plane, fold axial plans 
become parallel with the mylonite foliation, which implies that the Quattervals Nappe thrusting (i.e., basin inversion) was contemporaneous 
with both folding and mylonitization (Conti, 1997).

�	 Orientation of the D1 sheath fold axes varies largely in the Il Motto area. Yet, as their axial planes are consistently northward plunging, 
this non-cylindrical folding cannot result from a subsequent folding event (Conti et al., 1994). Escher and Watterson (1974) and Cobbold 
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EXCURSION B 
The inner part of the Adriatic hyperextended domain: Diavolezza-Piz Alv and Val da Fain (Bernina Nappe, southeast 
Switzerland)

ABSTRACT

Diavolezza, Piz Alv and Val da Fain lie in the Bernina region, south of the village of Pontresina. They belong to the Bernina Nappe, which 
samples the inner part of the former Adriatic hyperextended domain. The stratigraphic and structural relationships between basement rocks 
and pre- to syn-rift sediments preserved at Piz Alv and Val da Fain indicate the existence of an extensional allochthonous block made of 
pre-rift sediments, and of early syn-rift sediments that directly overlie exhumed basement and are sealed by post-tectonic sediments. The 
occurrence of cataclasites and gouges along a low-angle interface separating the tectonized exhumed basement from either the extensional 
allochthon or late Lower Jurassic sediments, suggests that this contact is a former rift-related detachment fault.
This excursion aims to: (1) describe the structural and stratigraphic architecture; (2) discuss the type of sediments and basement and 
structures observed in the inner part of the Adriatic hyperextended domain; and (3) highlight how the former necking zone controlled the style 
and location of subsequent Alpine deformation.

MAIN TAKE-AWAY OF THE EXCURSION

	- Age of rift-related deformation: the Bernina detachment fault is younger than the Toarcian Oceanic Anoxic Event (T-OAE; ca. 185 Ma), 
and older than the Bathonian-Bajocian Bio-siliceous Event (BB-SiE Radiolarian cherts; ca.170 Ma).

	- Deformation style: essentially controlled by brittle extensional detachment faults.
	- Paleogeographic framework: extension occurred after the necking phase, at the onset of crust-mantle mechanical coupling. At that time, 

the proximal margin was tectonically inactive, conversely to the future distal margin.
	- Onset of Alpine reactivation: Late Cretaceous (Santonian/Campanian).
	- Reactivation style: essentially thick-skinned tectonics. Involved basement and reactivated pre-existing faults, also thin-skinned tectonics. 

Reactivation of decoupling levels (e.g., Triassic salt layers).
	- Main remaining question: what are the age and importance of the Val da Fain normal fault and of its reactivation?
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Fig. II.B.8 (modi�ed from Mohn et al., 2012) - Geological sections across (a) Sassalb�Sondalo, and (b) parallel to the Alpine shortening direction across the 
Piz dal Fain�Piz la Stretta area (see Figure II.B.7 for location); c) restoration of the two sections above showing the pre-Alpine structures and their relation to the 

sediments and basement rocks in the Bernina, Campo-Grosina nappes. Abbreviation:; N.: Nappe; sed.: sediments.
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EXCURSION C 
The outer part of the Adriatic hyperextended domain: The Err detachment system at Piz Lavinier, Piz Bardella and Piz Nair 
(Err Nappe, southeast Switzerland)

ABSTRACT

The Err detachment system belongs to the Err Nappe, which samples the outer part of the Adriatic hyperextended domain. The Err detachment system is comprised of at 
least three in-sequence long-o�set detachment faults, namely, in order of activity, the Err, Jenatsch and Agnel extensional detachment faults. The length of detachment 
faults and the size of associated breakaway blocks decrease oceanward. The three-dimensional architecture of the Err detachment system was largely controlled by inherited 
structures and compositional heterogeneities within the basement and pre-rift sediments.
This excursion aims to display: (1) the three-dimensional architecture of the Err detachment system; (2) the sedimentary facies and stratigraphic architecture of supra-
detachment basins; (3) the characteristics of �uid �ow linked to detachment systems; (4) the importance of inheritance in controlling the architecture of the Err detachment 
system; and (5) the importance of rift-related structures in controlling Alpine reactivation.

MAIN TAKE-AWAY OF THE EXCURSION

	- Age of rift-related deformation: the Err detachment 
system is younger than the Agnelli formation, which is 
dated Sinemurian (196.5-189.6 Ma), and older than the 
Radiolarian Cherts (ca. 165 Ma).

	- Deformation style: essentially controlled by long-o�set 
detachment faults (so-called �hyperextension�). The 
continental crust was thinned from ca. 10 km to 0 km over 
a distance of ca. 30 km while signi�cant accommodation 
space was created.

	- Paleogeographic framework: extension occurred after 
the necking phase when the crust was mechanically 
coupled to the upper mantle; syn-tectonic minerals and 
pre- to syn-rift sediments show evidence for mantle-
reacted �uid contamination.

Fig. II.C.0 - Schematic section across the Alpine Tethys rift system showing the position of 
the Briançonnais (Br) and Err domains during the (a) Middle Jurassic mantle exhumation phase, 
and (b) late Early Jurassic (Pliensbachian�Toarcian) hyperextension phase (modi�ed from 

Manatschal et al., 2022).
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EXCURSION D 
The exhumed mantle domain of the Adriatic margin: Falotta-Marmorera-Val da Natons-Bivio (Platta Nappe, southeast 
Switzerland)

ABSTRACT

The Platta Nappe in south-eastern Switzerland samples the exhumed mantle domain of the former Adriatic margin. The Platta Nappe can be subdivided into two units based 
on their lithology and tectonic position, namely the Upper- and Lower Platta units: the Upper Platta Unit corresponds to the most proximal part of the exhumed mantle 
domain. It is comprised of an inherited subcontinental lithospheric mantle with minor magmatic additions and a few continental allochthons. The more distal Lower Platta 
Unit is comprised of (re-)fertilized mantle with an increasing number and volume of intrusive and extrusive magmatic bodies oceanward. It also preserves remnants of a 
proto-Oceanic Core Complex (OCC). The exhumed mantle domain is characterized by intense hydrothermal �uid activity and Cu-Fe-Ni-Co-Zn-rich mineralizations linked to 
serpentinization.
This excursion aims to display: (1) the general architecture of the exhumed mantle domain; (2) the tectono-sedimentary sequences and structures associated with mantle 
exhumation; (3) the nature of �uid-rock interactions and associated mineralizations; (4) the characteristics of the magmatic intrusions a�ecting the exhumed mantle 
domain; (5) the evidence for a proto-OCC; and (6) how rift-related structures controlled the style and location of subsequent Alpine deformation.

MAIN TAKE-AWAY OF THE EXCURSION

	- Age of rift-related deformation: latest Middle Jurassic (Callovian; ca. 161 Ma).
	- Deformation style: essentially controlled by detachment faults a�ected by later normal faulting; minor magmatic activity and intense 

hydrothermalism.
	- Paleogeographic framework: Ocean-Continent Transition (OCT) of the southeast Alpine Tethys margin.
	- Onset of Alpine reactivation: Late Cretaceous (Santonian/Campanian).
	- Reactivation style: thin-skinned tectonics; controlled by local buttresses and decoupling levels at the top and within the serpentinized 

mantle.
	- Main remaining questions: what is the nature and age of the contact between the Upper- and Lower Platta units? A primary lithological 

transition or a major Jurassic shear zone?

INTRODUCTION

The Platta Nappe belongs to the Upper Penninic Unit. It preserves remnants of the most distal part of the northern Adriatic margin, namely 
the exhumed mantle domain. The mechanisms of mantle exhumation are well-constrained for the Platta Nappe (Epin et al., 2019). Seismic 
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EXCURSION E 
The European-Briançonnais Ocean-Continent Transition: Tasna (Tasna Nappe, southeast Switzerland)

ABSTRACT

The Tasna Nappe in south-eastern Switzerland preserves a quasi-intact fragment of the Ocean-Continent Transition (OCT) between the former 
European-Briançonnais margin and the Valais Basin �oored with exhumed mantle. The Tasna Nappe displays a wedge of continental crust 
adjacent to exhumed subcontinental mantle. Field evidence indicates two major detachment faults, namely the Upper Tasna Detachment 
(UTD) at the top of the crust, and the Lower Tasna Detachment (LTD) that extends from the base of the crust to the top of the exhumed mantle.
This excursion aims to display: (1) the general architecture of an OCT; (2) the nature of crustal and mantle rocks involved; (3) the main 
deformation structures and their role; (4) the nature, origin, and architecture of the sedimentary deposits found in this OCT; (5) the 
paleogeography of the Alpine Tethys rift system; and (6) the architecture of the nappe stack associated with the reactivation of the Tasna OCT.

MAIN TAKE-AWAY OF THE EXCURSION

	- Age of rift-related deformation: prior to the deposition of the Tithonian Falknis breccias (Late Jurassic); mantle exhumation was presumably 
coeval throughout the Ligurian-Piemonte-Valais domain and occurred after 170 Ma (post-Bathonian).

	- Deformation style: essentially controlled by extensional detachment faults with minor subsequent normal faulting; intense hydrothermal 
activity.

	- Paleogeographic framework: OCT between the Briançonnais continental ribbon and the distal European margin, forming a V-shaped basin 
referred to as the Valais Basin.

	- Onset of Alpine reactivation: Post-Tasna �ysch (Eocene).
	- Reactivation style: thick-skinned tectonics (minor Alpine overprint within the Tasna Sliver).
	- Main remaining questions: Where and how did the crust thin prior to �nal detachment faulting?

INTRODUCTION

The Tasna Nappe in south-eastern Switzerland belongs to the Penninic domain of the Alpine nappe stack. It displays a unique example of a 
quasi-undeformed OCT, well exposed along an SSW-NNE trending mountain ridge between Muot da l�Hom and Piz Tasna (Figs.�II.E.1 and 
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A. PETROLOGY THEMATIC SHEET 
Crust, mantle, and magma characteristics across the former Alpine Tethys

INTRODUCTION

Rifting exhumes rocks of various crustal and mantle positions to the sea�oor so that lithospheric levels that were initially on top of each other 
become exposed next to each other (see coloured stars in Fig.�III.A.1). Magma-poor rifted margins are thus ideal places to characterize the 
initial architecture, lithology, and thermal conditions of a pre-rift lithosphere. Based on Pressure-Temperature-time (P-T-t) paths deduced 
from preserved mineral assemblages and cooling ages, it is possible to identify the pre-rift position and thermal conditions of rocks and gain 
insights into their exhumation history. In the Alps, the pre-rift (Variscan) magmatic intrusions are particularly well suited for such analyses.

ARCHITECTURE AND LITHOLOGY OF THE ALPINE TETHYS PRE-RIFT CRUST

The pre-rift upper crust (red star in Fig.�III.A.1) is made of a polymetamorphic basement a�ected by late Carboniferous to early Permian felsic 
intrusive and extrusive rocks. Such rocks occur in the Err, Bernina, Sella, Margna, and Grosina nappes (Fig.�III.A.2d) and were related to the 
Variscan orogeny and post-Variscan orogenic collapse. The P-T conditions deduced from the mineral assemblages preserved in these rocks 
(Fig.�III.A.2a) as well as their contacts with Permian sedimentary deposits indicate very shallow intrusion depths (<3 km; Peters, 2007, 2005).
Pre-rift mid-crustal rocks (orange star in Fig.�III.A.1) have only been recognized in the basement of the Campo nappe. Campo�s basement 
consists essentially of metapelites that equilibrated within the amphibolite facies during pre-Permian and/or Permian time (the timing of 
peak metamorphism remains ill-constrained). Ma�c intrusions such as the Sondalo gabbro (Fig.�III.A.2d) were emplaced within these rocks 
by 300 to 270 Ma (Tribuzio et al., 1999; Petri et al., 2017, 2016). Based on P-T estimates from the rocks encompassing the Sondalo gabbro 
(Fig.�III.A.2b) and the relationship between the intrusion and the country rock, Tribuzio et al. (1999); Braga et al., (2003, 2001), and Petri et 
al. (2017, 2016) concluded that the Sondalo intrusion resided at mid-crustal levels (0.6–0.2 GPa, 900 °C) during the Permian. Its exhumation 
occurred during the necking phase of the Alpine Tethys rifting (ca. 185 Ma; Mohn et al., 2012).
Pre-rift lower crustal rocks (yellow star in Fig.�III.A.1) have only been recognized in the Margna and Malenco nappes (Fig.�III.A.2d). The Malenco 
nappe preserves a former crust-mantle boundary welded by early Permian gabbroic rocks dated 281–19 Ma by U/Pb on zircons (Hansmann et al., 
2001). The country rocks a�ected by gabbroic intrusion and underplating are meta-pelites and meta-carbonates that underwent granulite-facies 
intrusion-related contact metamorphism (Appendix 4). Müntener et al. (2000) demonstrated that, after the intrusion of gabbros in Permian time, 
the mantle and lower crustal rocks cooled more or less isobarically over 50 Ma (Fig.�III.A.2c). They calculated that, at the crust-mantle boundary, 
the temperature was ca. 550 °C and pressure ranged between 0.9 and 1 GPa at the onset of rifting. Such conditions are expected at the base of 

















Fossil rif ted margins in the Alps
Gianreto Manatschal - Pauline Chenin

141

ge ologic al �eld trips and m
aps 2023 - 15(1.2)

itin
e

r
a

ry

https://doi.org/10.3301/GFT.2023.02

B. TECTONO-STRATIGRAPHY THEMATIC SHEET 
Migration of rift activity and related depocenters with time: the multistage and polyphase nature of the Tethyan-
Atlantic rifting during the Mesozoic

INTRODUCTION

The tectono-stratigraphic record of a rift system is controlled by the migration of deformation with time. Here we unravel the two main - and 
not mutually exclusive - types of rifting, namely multistage and polyphase rifting.

MULTISTAGE RIFTING

De�nition

During multistage rifting, several successive extensional events 
take place under various plate kinematic directions. The di�erent 
extensional phases may or may not overlap in space. In the Tethyan-
Atlantic realm, at least three extensional phases occurred: The 
�rst was the Triassic Meliata-Vardar rifting to the east of the Adria 
microcontinent and Central Atlantic rifting southwest of Iberia 
(violet rifting in Fig.�III.B.1a). The second was the Jurassic rifting 
of the Alpine Tethys within the proximal domain of the western 
Meliata-Vardar margin (blue rifting in Fig.� III.B.1a; the violet 
stripped pattern represents the domain where it overprints the 
Meliata-Vardar rift system). The third occurred during the Early 
Cretaceous when the southern North-Atlantic Ocean started to 
propagate northward from the Central Atlantic and eastward in 
the Bay of Biscay.
Multistage rifting is common in Earth�s history and may even be 
the standard rift evolution. For instance, Cadenas et al. (2020) 
evidenced at least three successive rift events at the northern 

Fig. III.B.1 � a) Schematic view of the successive rifting events that took place in Western 
Europe. Lighter colours represent more distal domains; b) illustration of the stratigraphic 
complexity in a multistage rift system: the local presence of blue sediments unrelated to 
the green rift event in the distal margin may be misinterpreted when the multistage nature 

of the rift is not recognized (Chenin et al., 2022, modi�ed from Miró et al., 2021).
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APPENDIX

A1: GEOLOGICAL TIME SCALE
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