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Abstract

Inversion of the Austroalpine Triassic salt-bearing passive margin, represented by the Northern Calcareous Alps (Eastern Alps),
started in the Late Jurassic. Subsequent deformation during the Cretaceous and Cenozoic mostly preserved the Late Jurassic
deformation fabric in the central Northern Calcareous Alps, making it an outstanding location to understand the early history of
inversion of salt-bearing margins. Thrusting and folding in the central NCA during the Late Jurassic were strongly conditioned
by the distribution of Triassic salt structures, the thickness of supra-salt stratigraphy, the lateral propagation of deformation,
and the possible influence of sub-salt basement faults. Syn-orogenic sediments make it possible to reliably reconstruct the
timing of structural inversion. The description of Late Jurassic structures presented here indicates that initial inversion of
the Northern Calcareous Alps led to the development of coherent deformation systems that accumulated limited amounts of
shortening, totaling few tens of kilometers. This differs from previous interpretations of Late Jurassic deformation of the area,
that involve major amounts of allochthony (many tens of kilometers). As a specific example of coherent structural development,
we present here an 80 km long linked system of thrusts and folds (the Totengebirge-Trattberg contractional system), whose
outstanding continuity has gone previously unrecognized. The anatomy of this system and its temporal evolution are described

in detail and discussed in the framework of the Jurassic to recent evolution of the Eastern Alps.
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Key Points:

e Salt structures controlled the location of initial, Late Jurassic inversion of the salt-bearing

Austroalpine margin.

e The style of deformation was controlled by supra-salt stratigraphic thickness and the

lateral linkage of structures.

e Thrusting and squeezing of salt structures exerted a major control on the distribution of

Late Jurassic depositional environments.

Abstract

Inversion of the Austroalpine Triassic salt-bearing passive margin, represented by the Northern
Calcareous Alps (Eastern Alps), started in the Late Jurassic. Subsequent deformation during the
Cretaceous and Cenozoic mostly preserved the Late Jurassic deformation fabric in the central
Northern Calcareous Alps, making it an outstanding location to understand the early history of
inversion of salt-bearing margins. Thrusting and folding in the central NCA during the Late
Jurassic were strongly conditioned by the distribution of Triassic salt structures, the thickness of
supra-salt stratigraphy, the lateral propagation of deformation, and the possible influence of sub-
salt basement faults. Syn-orogenic sediments make it possible to reliably reconstruct the timing
of structural inversion. The description of Late Jurassic structures presented here indicates that
initial inversion of the Northern Calcareous Alps led to the development of coherent deformation
systems that accumulated limited amounts of shortening, totaling few tens of kilometers. This
differs from previous interpretations of Late Jurassic deformation of the area, that involve major
amounts of allochthony (many tens of kilometers). As a specific example of coherent structural

development, we present here an 80 km long linked system of thrusts and folds (the
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Totengebirge—Trattberg contractional system), whose outstanding continuity has gone previously
unrecognized. The anatomy of this system and its temporal evolution are described in detail and

discussed in the framework of the Jurassic to recent evolution of the Eastern Alps.

Plain Language Summary

The Eastern Alps (Austria) are a mountain chain with a protracted history. Sedimentary rocks
deposited in marine environments in the Northern Calcareous Alps (along the northern Eastern
Alps) recorded the initial phases of mountain-building during the Jurassic, at a time that this area
lay hundreds of meters below sea level. Multiple instances of submarine landslides preserved in
rocks of Late Jurassic age (approximately 150 to 165 million years old) are the first indication of
active faults and relief building in this area. As deformation and uplift progressed, the seafloor
reached depths shallow enough for the development of reefs (that need sunlight to grow). This
early phase of Alpine history was strongly controlled by the presence of salt diapirs
(underground accumulations of rock salt and other evaporitic minerals), which determined what
areas experienced the greatest uplift. Although indirect evidence for this phase of Alpine growth
evolution has been previously put forward by other authors, this is the first time that specific
structures relating to mountain-building are documented, and will require a rewriting of the

history of the Alpine mountain chain.

1 Introduction

The impact of evaporite sequences (referred here onwards as salt) on the structural development

of contractional systems has generated extensive research in recent years. Studies include



62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

manuscript submitted to Tectonics

analyses of the impact of pre-existing salt structures during shortening (e.g., Callot et al., 2012;
Célini et al., 2020; Duffy et al., 2018; 2021; Rowan & Vendeville, 2006; Santolaria et al., 2021),
the influence of salt detachment or sedimentary cover thickness on thrust development (Cotton &
Koyi, 2000; Storti et al., 2007; Santolaria, Harris, et al., 2022), or the dynamics of salt in inverted
rifts or passive margins (e.g., Ferrer et al., 2023; Granado et al., 2021; Santolaria, Granado,
Wilson, et al., 2022). Some of these studies explore the 3D (cross-section and map pattern)
expression of salt influence during contractional deformation, particularly using analog models
(e.g., examples and references within Jackson & Hudec, 2017; or Célini et al., 2020; Cotton &
Koyi, 2000; Duffy et al., 2018, 2020; Santolaria, Harris et al., 2022). In this contribution we
explore the initial inversion of salt structures formed in a passive margin setting in the central
Northern Calcareous Alps of the Eastern Alps (Austria).

The Northern Calcareous Alps (NCA) are a north-directed fold-and-thrust belt developed from
Late Jurassic to recent times, related to the closing of the Meliata and Alpine Tethyan oceans
(Fig. 1). Although the earliest published record of widespread subduction-related metamorphism
in the Eastern Alps is of Late Cretaceous age (e.g., Miladinova et al., 2022), there is abundant
evidence in the sedimentary record in the central NCA, in the form of breccias and mass
transport deposits (MTDs), for significant convergence-related tectonism since the Middle to
Late Jurassic (e.g., Faupl & Wagreich, 2000; Frisch & Gawlick, 2003; Gawlick et al. 1999, 2009;
Gawlick & Missoni, 2015, 2019; Mandl, 2000; Missoni & Gawlick, 2011; Tollmann, 1987). Late
Jurassic tectonics are also associated with rapid and very local shallowing of depositional
environments led to the development of, mostly isolated, reefs (Mandl, 2000; Mandl et al., 2012;

Tollmann, 1987). Late Jurassic deformation in the NCA is interpreted to relate to intra-oceanic
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subduction followed by obduction, documented hundreds of kilometers to the east in the
Dinarides (Plasienka, 2018, Schmid et al., 2008).

It has been previously interpreted that Late Jurassic tectonics in the central NCA are associated
to the gravitational emplacement of kilometer-sized bodies of Triassic limestones (known locally
as Gleitschollen, or down-glided plates) onto deepwater Upper Jurassic sediments in the central
NCA. These Gleitschollen have been interpreted to be olistoliths or MTDs (e.g., Tollmann, 1987;
Braun, 1998; Mandl, 2000; Ortner et al., 2008) or part of an accretionary prism (e.g., Gawlick &
Missoni, 2019) and in general requiring large amounts of displacement. Recently, however,
Fernandez et al. (2024) and Kurz et al. (2023) have proposed a tectonic interpretation (as thrust
sheets or salt allochthons) for some of these units, but description of these Late Jurassic
structures remains patchy.

In this contribution we show that Late Jurassic tectonic structures are indeed widespread in the
central NCA, and that they form structurally coherent shortening systems. We focus on an 80 km
long structure that developed during this time, and whose regional character and age of
development have not been previously fully recognized. Besides its outstanding length,
comparable in size to that of major structures in other fold-and-thrust belts, this structure
presents striking variations in structural style along its length that relate to the influence of pre-
contractional salt structures and stratigraphic thickness variations.

This article aims to document this exceptionally well-preserved early Alpine structure and its
associated syn-tectonic sedimentary record. Beyond the unigque nature of this salt-related
contractional structure, we document other Late Jurassic structures that conform coherent
contractional systems of similar dimensions. Furthermore, we comprehensively document, for

the first time, Late Jurassic tectonic contractional deformation in the Eastern Alps.
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2 Geological setting

The Northern Calcareous Alps (NCA) are a morphotectonic unit of the Eastern Alps comprising
Permo-Mesozoic stratigraphy. The NCA are almost entirely decoupled from their Austroalpine
(Adria) basement and are imbricated and thrust northwards on the UABT (Upper Austroalpine
Basal Thrust) onto imbricated Penninic ocean and European margin units (Fig. 1). The NCA
stratigraphy developed initially on a Tethys-facing passive margin, up to the Middle Jurassic.
From the late Middle Jurassic, the NCA were involved in Alpine orogenesis, which reached its
peak in the Cretaceous to Cenozoic. Of particular interest in this contribution are the central
segment of the NCA (Fig. 2), an area characterized by widespread Jurassic basins that provide a
tectono-sedimentary record for the earliest stage of Alpine orogenesis (Gawlick et al., 1999,

2009).

2.1 Structure

The central NCA are internally imbricated into 4 main thrust-bounded units. From north to south
(and footwall to hangingwall) these are the Langbathsee, the HOllengebirge, the Totengebirge
and the Dachstein thrust sheets (Figs. 1b, 2) (Fernandez et al., 2024). These thrust sheets
correlate to tectonic units traditionally referred to as the Bajuvaric (Langbathsee), Tirolic
(Hollengebirge—Totengebirge) and Juvavic (Dachstein) thrust systems (e.g., Tollmann, 1976;
Mandl, 2000). Herein, the individual thrust sheet names are used.

Internal imbrication along the Dachstein and Hollengebirge low-angle thrusts during Cretaceous
to Paleocene times has been previously documented and discussed (e.g., Fernandez et al., 2024;
Levi, 2023; Mandl, 2000; Ortner & Kilian, 2022; Strauss et al., 2023). The Paleogene and older
structures in the central NCA are partly offset by younger (Neogene) strike-slip faults and high-

angle thrusts (e.g., Konigssee, Traunssee, Wolfgangsee, Windischgarsten) (Linzer et al., 1995;
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Peresson & Decker, 1997). Although the Cretaceous to Neogene structures locally accumulate
many kilometers of displacement, they have not significantly distorted the Late Jurassic structure
of the central NCA (Fernandez et al., 2024).

Jurassic structures in the central NCA have been documented to date as isolated features: the
Trattberg (Ortner, 2017), the Sattelberg, Raschberg and Bad Mitterndorf thrusts (Fernandez et
al., 2024), the Wurzeralm allochthon (Kurz et al., 2023) (Fig. 2). However, map-scale blocks of
Triassic rocks that rest on Middle to Upper Jurassic sediments, previously interpreted to have a
non-tectonic origin (as Gleitschollen), are widespread (e.g., the Hoher Goll, Schwarzer Berg,
Sattelberg, Gerhardstein, Altaussee; Fig. 2) (Braun, 1998; Gawlick & Missoni, 2015, 2019;
Mandl, 1982, 2000; Mandl et al., 2012; Pléchinger, 1997; Tollmann, 1987). The re-interpretation
of some of these Gleitschollen as tectonic salt-related structures (Fernandez et al., 2024)
underscores the need for a comprehensive review of Jurassic tectonics in the area.

Likewise, one of the key structures in the central NCA, the Totengebirge thrust (Fig. 2), has been
interpreted to be Cretaceous in age (Linzer et al., 1995) based purely on geodynamic
assumptions. This thrust, however, correlates along strike with the Griinberg syncline and
Ahornkogel-Brunnkogel anticline (Spengler, 1924; Ganss, 1937; Mandl, 2013; Tollmann, 1976;
1985) (Fig. 2), two structures that are associated to a major Late Jurassic depocenter (Gawlick et

al., 2007; Mandl et al., 2012).

2.2 Tectonostratigarphy

The stratigraphy in the NCA, from Permian to Cretaceous, is summarized by Faupl and
Wagreich (1992), Gawlick et al. (2009) and Mandl (2000), and its nomenclature synthesized by

Piller et al. (2004). It is illustrated schematically in Fig. 3 and described below.
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The oldest strata in the central NCA are a thick succession of Permian to Lower Triassic clastics
(Prébichl Fm and Werfen beds) and evaporites (Haselgebirge). This succession, in particular the
evaporitic member, was many hundreds of meters thick, allowing for the widespread
development of salt-related structures (Leitner & Spotl, 2017; Strauss et al., 2023; Fernandez et
al., 2024). The Lower Triassic is followed by a Middle Triassic succession of relatively thin
(under 200 m, locally absent) Anisian limestones and dolomites (Gutenstein and Steinalm Fms)
above which developed the Ladinian to Carnian Wetterstein Limestone (Lst) platform (up to
1500 m). Carbonate production was greatly reduced during the Carnian pluvial event (Schlager
& Schollnberger, 1974). Deposits during this period are relatively thin (under 200 m, often
absent) and include clastics, evaporites and shallow water carbonates. During the Late Carnian,
carbonate platform development restarted, leading to the deposition of the thick Carnian to
Norian Dachstein Lst and Hauptdolomit lagoonal and reefal carbonates (up to 1500 m). Platform
development is capped by the development of intra-platform Kdssen Fm basins and isolated
carbonate platforms and reefs of Rhaetian age, that were drowned at the end of the Triassic
(Gawlick et al., 1999; Schlager & Schollnberger, 1974).

Synchronous with Triassic platform growth, subsiding diapiric structures within the NCA
platform domain (cored by Haselgebirge) led to the localized development of deeper (pelagic)
water conditions (Fernandez et al., 2024; Strauss et al., 2021). In these areas deep water
equivalents of the Ladinian-Rhaetian platforms deposited: allodapic slope limestones (Ladinian
Raming Lst and Norian Potschen Lst) and pelagic marls, limestones, and marly limestones
(Ladinian Reifling Fm and Norian Hallstatt Lst). The Norian Hallstatt and Pétschen Lsts

interfingered with the carbonatic turbidites and marls of the Zlambach beds, whose deposition
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stretched into the Rhaetian. The Triassic basinal successions are significantly thinner than their
platform equivalents, reaching a total maximum thickness of around 500 m.

The Zlambach beds grade upwards into the Lower Jurassic Allgdu Fm (Mandl et al., 2012).
Coevally and lasting into the Middle Jurassic, condensed red limestones (Hierlatz Lst, Adnet Fm
and Klaus Fm, meters to few tens of meters thick) deposited on the drowned Triassic platforms
and represent a marked deepening of the NCA basin. Breccias, syn-faulting sediments, and slope
instability, likely related to the opening of the Alpine Tethys, are documented locally in the
central NCA (Bohm et al., 1995; Garrison & Fischer, 1969; Krainer et al., 1994).

A major change occurs in the late Middle Jurassic, with the onset of radiolaritic deposition
(Gawlick et al., 1999; 2009). Siliceous limestones and marls, cherty limestones, cherts, breccias
and MTDs with a radiolaritic matrix conform the Tauglboden and Strubberg Fms (Gawlick et al.,
2007; Mandl, 2013). Gawlick et al. (2009) (in contrast to Piller et al., 2004) grouped the
Tauglboden and Strubberg Fms under the Ruhpolding Radiolarite. This unit grades upwards into
or is unconformably overlain by the Upper Jurassic Oberalm Fm (Gawlick et al., 2007; Mandl et
al. 2012; Mandl, 2013; Ortner et al., 2008). The Oberalm Fm is a succession of pelagic marls and
limestones, calciturbidites, and thick banks of resedimented carbonates (the Barmstein
Limestone) (Garrison, 1967; Gawlick et al., 2005). In the shallower waters of the Upper Jurassic
basin, reefs of the Plassen Lst developed coeval with the Oberalm Fm. The Oberalm Fm in the
study area is capped in its more proximal domain by relatively thick (meters to tens of meters),
relief-forming banks of allodapic carbonates that are referred to here informally as the
Tressenstein Lst (Mandl, 2013; Schaffer, 1982). The entire Middle to Upper Jurassic succession

varies from being absent to up to nearly 1000 meters thick.
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Deposition of the Plassen Lst and Oberalm Fm lasted into the earliest Cretaceous and was
gradually replaced by the deep-water, marl-dominated Berriasian to Hauterivian Schrambach Fm
(Decker et al., 1987; Faupl & Wagreich, 1992; Rasser et al., 2003). This unit is overlain by the
Rossfeld Fm, a succession of turbiditic sandstones, polymictic breccias and shales whose
deposition lasted into the Aptian (Decker et al., 1987; Faupl & Wagreich, 1992; Krische et al.,
2014). The Schrambach and Rossfeld Fms and their temporal equivalents record the imbrication
of the Dachstein, Hollengebirge and Langbathsee thrusts. This deformation is partly sealed by
strata of the Upper Cretaceous to Paleogene Gosau Gp, a thick assemblage of continental to
marine sediments that infilled pre-existing topography (Wagreich & Faupl, 1994; Sanders,
1998). The Gosau Gp itself deposited in a complex tectonic setting as the NCA units decoupled
from their underlying basement and thrust forwards, leading to complex subsidence patterns with
ongoing deformation (Ortner, 2001; Ortner et al., 2016; Wagreich & Decker, 2001; Wagreich &
Faupl, 1994).

There is a very limited sedimentary record of final stages of Alpine deformation (Neogene) in

the central NCA.

3 Middle to Late Jurassic deformation in the central NCA

As stated above, Middle to Late Jurassic structures have been previously documented in the
central NCA. We therefore do not aim to describe most of these structures in detail but will focus
on the criteria for determining the ages of the structures, the nature of syn-tectonic
sedimentation, and, most importantly, on understanding the relationships between these

structures.
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3.1 Stratigraphic record of Jurassic deformation

The onset of convergence-related deformation in the central NCA can be documented locally to
coincide with the onset of deposition of the Middle to Upper Jurassic Tauglboden and Strubberg
Fms based on onlapping relationships (Fig. 4b). Below them, the Lower Jurassic mainly infilled
pre-contractional topography at the top of the Triassic platform (Fig. 4a) or is interpreted to have
deposited in an extension-dominated system (Béhm et al., 1995; Krainer et al., 1994). Erosion of
the Triassic platforms underlying the Tauglboden or Strubberg Fms was commonplace and leads
to the frequent omission of significant portions of Jurassic and Triassic stratigraphy (Fig. 4c,d).
Erosion of the Triassic platforms and Lower Jurassic sediments resulted in the frequent
emplacement of deca- to hectometric-sized olistoliths and breccias within the Middle to Upper
Jurassic Strubberg, Tauglboden and Oberalm Fms (Fig. 5). The contact at the base of multiple
olistoliths (placing Triassic rocks on Jurassic rocks) have been previously documented by several
authors (Braun, 1998; Fernandez et al., 2024; Garrison & Fischer, 1969; Gawlick & Missoni,
2015, 2019; Mandl, 1982, 2013). The abundance of olistoliths have led some authors to interpret
all of the Triassic-on-Jurassic contacts to be of sedimentary nature, including those relating to
map-scale blocks of Triassic (interperted to be Gleitschollen). However, many instances of
Triassic blocks overlying Jurassic are in fact due to thrusting, as will be discussed below (see

also discussion in Fernandez et al., 2024).

3.2 The Totengebirge—Trattberg (TT) contractional system

The main focus of this paper is a system of structures that extends from the Totengebirge in the
east, to the Trattberg and Hoher Goll in the west (Fig. 2). The structures in this system, the

Totengebirge—Trattberg (TT) system, run roughly parallel to and south of an E-W trending
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depocenter of Middle to Upper Jurassic syn-orogenic Tauglboden and Oberalm Fms. This makes
the TT system and ideal set of structures for analyzing syn-tectonic relationships.

The TT system can be subdivided into two segments based on their interruption in outcrop by the
Dachstein thrust sheet (Fig. 2) that was thrust onto the TT system in the Early Cretaceous
(Fernandez et al., 2024; Levi, 2023). The eastern segment of the TT system runs from the
Windischgarsten fault system to the Altaussee area. The western segment runs along the

Trattberg and west, to the Hoher Goll.

3.2.1 Structure of the eastern segment of the TT contractional system

A detailed geological map of the eastern segment of the TT contractional system can be seen in
Figure 6. In this segment, the system changes from being a major E-W trending thrust along its
NE half (from the Windischgarsten fault system to the Offensee) to a system of NE-SW trending
anticlines and synclines along its SW half (from the Offensee to the Dachstein thrust).

The easternmost part of the TT contractional system is represented by the Totengebirge thrust
(Fig. 6). This thrust terminates in the east in the Windischgarsten fault system (of Tertiary age)
and has no known continuation beyond that fault system (Linzer et al., 1995; Peresson & Decker,
1997; Tollman, 1976). The Totengebirge thrust is best exposed in the Kasberg (Fig. 7). Here the
thrust places the Gutenstein Fm on the uppermost Hauptdolomit (equivalent of the Dachstein
Lst) in a flat-on-flat configuration. Transport on the Totengebirge thrust at Kasberg has been
interpreted to be NW-directed based on fault striations (Linzer et al., 1995). In this direction,
shortening on the thrust is over 10 km. However, shortening estimated on a N-S cross-section
yields only 7 km of shortening (Fernandez et al., 2024). Although no direct indications for north-
directed thrusting in the form of kinematic indicators have been documented, the footwall ramp

of the Totengebirge thrust strikes roughly E-W to ENE-WSW (Fig. S2), possibly implying that
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thrusting was indeed north-directed. NW-directed oblique thrusting above such a ramp might be
expected to generate greater internal deformation (in the form of tear-faulting) in the hanging
wall than is observed in the field (Fig. 6).

The Reifling Fm in the hanging wall of the Totengebirge thrust at Kasberg is under 200 m thick,
in strong contrast to the nearly 2000 m thick equivalent Wetterstein Lst to the south (Fig. 7a).
The Upper Triassic above the Reifling Fm of the Kasberg is completely absent, due to erosion,
but potentially was also thin and represented by basinal facies as Middle and Upper Triassic
basins often coincide in the central NCA (Fernandez et al., 2024; Mandl, 2000). Below the
Totengebirge thrust, the Hauptdolomit (Dachstein Lst) is the youngest unit, implying a post-
Triassic age for thrusting.

The Totengebirge thrust extends westward to the Offensee, where it terminates (Fig. 6, Fig. S3a).
Shy of its termination, east of the Offensee, the Totengebirge thrust brings the Wetterstein to rest
on the Hauptdolomit, in a ramp-on-ramp configuration (Fig. S3a). This ramp-on-ramp
configuration implies the displacement on the thrust has not exceeded the stratigraphic thickness
of the Wetterstein—Hauptdolomit succession (less than 4 km in the Totengebirge unit; Fig. 8a).
Across the Offensee, shortening related to the Totengebirge thrust is relayed into a system of two
vertical isoclinal synclines, the Ariplan and Griinberg synclines (Ganss, 1937; Spengler, 1924).
Both synclines are cored by Upper Jurassic Tauglboden Fm overlying the Lower Jurassic and a
highly thinned Dachstein Lst (under 200 m thick) (Fig. 8a) (Fig. S4a,c). Flanking the Grinberg
syncline on the southeast, the Ahornkogel-Brunnkogel anticline presents a major stratigraphic
expansion in the Dachstein Lst associated to a salt-floored extensional rollover (Fig. 8, Fig.
S4a,b). The extensional rollover is at present strongly overturned, in part due to contractional

deformation. Shortening in the Offensee area is estimated to be slightly over 4 km (Fig. 8b).
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The Griinberg syncline and the Ahornkogel-Brunnkogel anticline can be followed from the
Offensee southwestward (Mandl, 2013) (Fig. 6). The Griinberg syncline broadens progressively
to the SW and is infilled by Upper Jurassic sediments (Tauglboden and Oberalm Fms) (Fig. 9a).
At the Karbach (Figs. 6, 9a), the TT contractional system is formed by a set of isoclinal
anticlines and synclines (Figs. 5¢, 9a) (Fig. S4a,b) similar to those in the Offensee. There is no
evidence for units older than the Dachstein Lst being involved in folding. Within the folds, the
Dachstein Lst is observed to be significantly thinner than in the surrounding areas, going from
around 1500 m in the Raucherkar and Singereben down to under 200 m of thickness in the
Karbach (Fig. 9a). Along the Raucherkar, folding in the Dachstein Lst is gentler and the
Dachstein Lst dips steeply to the SW (Fig. S4c), plunging in under a major Upper Jurassic
depocenter that is partly fault-bounded (Fig. 6, Fig. 9a, Fig. S4a,b). Shortening across the TT
system in the Karbach is estimated to be around 4 km (Fig. 9b), although uncertainty in the
interpretation at depth imply this value could be up to 1 km greater or smaller.

The structure south of the TT contractional system and the Raucherkar folds is dominated by
extensional faults that bound the Mt Loser block (Fig. 9a) (Fig. S4a,b). Some faults on the
southern side of the Mt Loser are originally of Triassic age (Fig. 9b) and are associated to
deepening of the depositional water depth in their hanging wall (Fig. S4d). These faults were re-
activated during the Jurassic, causing tilting of the Dachstein Lst (Fig. 9a) (Fig. S4e) and
generating accommodation space in the Trisselwand (Fig. 9a).

Southwest of the Karbach—Raucherkar, isoclinal folding of the Dachstein Lst is replaced by
thrusting of the pelagic Upper Triassic Hallstatt Lst onto the lagoonal Dachstein Lst (Fig. 10Db).
At this location, the TT contractional system becomes mostly buried by syn-tectonic Upper

Jurassic sediments (Fig. 10a,b). North-directed thrusts transport vertically dipping Oberalm Fm
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(Upper Jurassic) in their hanging wall (Fig. 10a) (Fig. S5). The thrusts are sealed by the
Tressenstein Lst (uppermost Upper Jurassic) that also discordantly overlies the vertical hanging
wall strata (Fig. S5). These thrusts dip to the south and are interpreted to merge into a single
thrust (called here the Raschberg thrust) that is rooted in the Altaussee diapir and carries in its
hanging wall a condensed Triassic basinal succession (Fig. 10b). The Middle to Upper Jurassic
Tauglboden and Oberalm Fms onlap the uplifted basinal units of the Hoher Raschberg (Fig.
10a,b). Thrust-related uplift and folding raised the Hoher Raschberg units from their original
deep-water setting during the Late Triassic and Early Jurassic (Fig. 10c) into the photic zone,
allowing for the development of the Mt Sandling Plassen Lst reef.

The position of the footwall cutoff to the Raschberg thrust is not observed in outcrop or in mine
galleries. However, the contrast in facies between the hanging wall Upper Triassic Hallstatt Lst
and its footwall equivalent, the lagoonal Dachsetin Lst, provides a minimum constraint for
displacement. Kenter and Schlager (2009) documented that the transition between lagoonal
Dachstein Lst and Hallstatt Lst requires in the order of 2 km horizontal distance, which would be
an absolute minimum for offset on the Raschberg thrust. The interpretation in Figure 10 implies

roughly 4 km of total shortening.

3.2.2 Structure of the western segment of the TT contractional system

West of the Hoher Raschberg, the TT contractional system was thrust over by the Dachstein
thrust sheet in Early Cretaceous times (Fernandez et al. 2024; Levi, 2023). The Dachstein thrust
sheet rests in a flat-on-flat situation on the underlying Tressenstein Lst (that seals deformation of
the TT contractional system). The Jodschwefelbad borehole (Fig. 6; Mandl et al., 2012) shows

that syn-TT Upper Jurassic sediments are thin in the footwall of the Dachstein thrust, indicating
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that the Upper Triassic experienced Late Jurassic uplift in the current footwall of the Dachstein
thrust sheet.

The Dachstein thrust sheet and its footwall collapsed along the NW-SE trending Postalm fault
(Figs. 2, 11). The age for this collapse post-dates the Early Cretaceous emplacement of the
Dachstein thrust sheet, and most likely occurred due to the evacuation of Permo-Triassic
evaporites (as proposed for the Gosau basin by Fernandez et al., 2022). The TT contractional
system resurfaces in the footwall of the Postalm fault (to its west).

A detailed geological map of the western segment of the TT contractional system can be seen in
Figure 11. The western segment of the TT contractional system can further sub-divided into two
segments, as the system is partly displaced by the Cretaceous Untersberg—Dachstein thrust (Fig.
11). In the east, along the Trattberg portion, the the TT system is dominated by high angle
reverse faulting (Ortner, 2017) (Fig. 12) (Fig. S6). The structure is dominated by the highly
continuous Trattberg thrust whose growth is recorded by progressive unconformities in the
footwall Oberalm Fm and mass wasting of the Triassic limestones in the hanging wall (Ortner,
2017) (Fig. 12). The thrust of the Trattberg has been reworked, at least partially, as an
extensional fault during the Cretaceous but has mostly retained its reverse throw (Fernandez et
al., 2024; Ortner, 2017) (Fig. 12). Even though the Triassic succession in the area thins to the
south (Fig. 12) (Fernandez et al., 2024), deformation of the TT system concentrated on the
Trattberg thrust, that cuts through a relatively thick portion of the Triassic succession. This
contrasts with the Raschberg and Totengebirge thrusts (Figs. 7, 10) that cut through areas of
relatively thin Triassic stratigraphy. One possible explanation for this difference could be that the

Trattberg thrust is an inversion structure, reactivating a syn-depositional extensional fault. Syn-
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depositional Triassic faults in the carbonate platforms are observed south of the Mt Loser (Fig.
9b) and, possibly, south of the Trattberg (Fig. S9).

Along the eastern segment of the Trattberg thrust (presumably extending under the Dachstein
thrust sheet) Jurassic shortening is also taken up by the Einberg thrust (Fig. 11). Towards the
west, the Trattberg thrust is buried by the syn-orogenic Oberalm Fm, which is folded above it
(Ortner, 2017) (Fig. 11). It is possible that Jurassic shortening in this direction is also partly
taken up by the Schwarzerberg thrust (Fig. 11), as indicated by deformation structures within the
Oberalm Fm in its footwall (Pl6chinger, 1979).

Uplift related to the Trattberg thrust reappears west of the Salzach river valley. Here, the
Eckersattel thrust (Fernandez et al., 2024), was responsible for uplifting the Dachstein Lst of the
Hoher GOll mountain (Figs. 11, 13) (Fig. S7). Uplift is recorded by the erosive truncation of the
Dachstein Lst in the northern flank of the Hoher G6ll and its onlap by beds of the Oberalm Fm
(Fig. S7) (Braun, 1998; Fernandez et al., 2024). At present, the Dachstein Lst of the Hoher Goll
is tilted to the north due to the entire block being also partially backthrust along the Bluntautal
thrust (Fig. 13) and deformation related to the Untersberg—Dachstein thrust. The Bluntautal
backthrust places the entire Triassic stratigraphy of the Hoher G6ll onto a north-dipping panel of
Triassic and Middle Jurassic stratigraphy (the Hagengebirge block, Fig. 13). The Hagengebirge
block in the footwall of the Bluntautal thrust is cross-cut by the left-lateral Kénigssee fault
(Decker et al., 1994), a structure that has its origin as a Triassic-age salt structure (Fernandez et
al., 2024).

To the west, both the backthrust of the Bluntautal and the (blind) Eckersattel thrust come
together along the western margin of the Hoher Goll mountain (Fig. 11) (Fig. S7). Here, the

Triassic of the Hoher Goll is observed to have been emplaced onto the Oberalm and Strubberg
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Fms (Fig. 11) (Fig. S7). Along this western margin of the Hoher Goll, a north-dipping panel of
Triassic is offset by a roughly E-W trending extensional fault (Fig. 13) that likely developed

above a pre-existing diapir prior to or synchronous with Jurassic thrusting.

3.3 Other Jurassic contractional structures in the central NCA

Although this contribution lays particular emphasis on the TT contractional system, this is not
the only Late Jurassic contractional feature documented in the area. South of the TT system, Late
Jurassic structures span the entire study area from west to east (Fig. 2).

Contraction-driven allochthony of salt in the Hallstatt and Wurzeralm diapirs and in the Bad
Mitterndorf area has been documented by Fernandez et al. (2021), Kurz et al. (2023), and
Fernandez et al. (2024). The Hallstatt diapir recorded approximately 4 km of N-S shortening
(Fig. 14), the Bad Mitterndorf structures are estimated to have shortened by around 10 km
(Fernandez et al., 2024), and the Wurzeralm is interpreted to have experienced much more
limited amounts of shortening (in the order of 1-2 km based on the work of Kurz et al., 2023).
Despite the disparity in shortening magnitudes, shortening in the three cases involved the salt-
related uplift of condensed Triassic stratigraphy and the build-up of isolated Upper Jurassic
(Plassen Lst) reefs atop the squeezed diapirs, similar to the reef developed above the Altaussee
diapir (Fig. 10). After widespread deepening of the NCA during the Early to Middle Jurassic,
Jurassic shortening of salt structures was required to locally raise the seafloor into the photic
zone and allow for isolated reef development (Kurz et al., 2023; Tollmann, 1987).

In analogous manner, the Upper Jurassic reefs of the Rettenstein (Auer et al., 2009; Neubauer &
Moser, 2022), Ramsau (Mandl & Matura, 1995; Mandl et al., 2014) (Fig. 2) (Figs. S8, S9), and
of the Gerhardstein-Lofer (Mosna, 2010; Pavlik, 2006; Sanders et al., 2007) (Fig. 2) are

interpreted to mark the presence of salt walls also shortened in the Late Jurassic.
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The Hallein diapir, which lies north of the TT contractional system (Figs. 2, 11), also
experienced salt allochthony in the Late Jurassic, with Haselgebirge evaporites at present resting
sandwiched within beds of the Oberalm Fm (Plochinger, 1977, 1984, 1990; Schauberger, 1972)
(Fig. 15). The direction of Jurassic allochthonous salt emplacement in this case is less well
constrained as in the previous examples as the precise location of the feeding salt stock is
unknown, but was likely N to E directed. Posterior deformation of the allochthonous salt during
the Early Cretaceous was east directed to northeast, as inferred from folding of the Oberalm Fm
and growth geometries in the Schrambach and Rossfeld Fms (Figs. 11, 13). Immediately west of
the Hallein diapir, Jurassic shortening also led to the development of the south-directed
Rabenstein thrusts (Fig. 2) (Fig. S10).

In the westernmost part of the study area a further isolated Jurassic thrust (the Grubhérndl thrust)
is present (Figs. 2, 16). The Grubhdrndl thrust, previously interpreted as an olistolith (Ortner et
al., 2008), is interpreted here as a thrust transporting a thin (supra-diapir) Upper Triassic in its
hanging wall. The origin of this unit as an olistolith, as proposed by Ortner et al. (2008), requires
the presence of a major W-facing extensional fault of Late Jurassic age with exposed footwall
(Ortner et al., 2008) which hasn’t been documented to date (despite the presence of extensional
Early and Late Jurassic faults in the area; Krainer et al., 1994; Ortner et al., 2008). Jurassic
breccias constrain the time of emplacement of this thrust sheet (Ortner et al., 2008). This unit
was posteriorly thrust over in the Early Cretaceous by the Gerhardstein units (Fig. 16¢) and later
collapsed in extension into its present-day geometry (Fig. 16b).

As opposed to the isolated nature of the structures described above, the Klausbach—Bluntautal—
Sattelberg thrusts (Fig. 2), running along the western half of the study area and south of the TT

contractional system, represent a second hard-linked contractional system. At its westernmost
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end, this system is represented by the Klausbach thrust (Fig. 2), which placed the Triassic
platform of the Reiteralm southeastward onto that of the Watzmann (Fig. S10). The Klausbach
thrust transitions eastward into the Bluntautal thrust (Fig. S10). The Bluntautal backthrust can in
turn be correlated eastward to the Sattelberg backthrust (Fernandez et al., 2024) (Figs. 2, 11).
The Sattelberg thrust sheet (Fig. S11) and other, associated, minor imbricates have been
interpreted by some authors to represent olistoliths and breccias re-sedimented during Jurassic
tectonism (Gawlick and Missoni, 2015, 2019). Although the dimensions of the bodies are
compatible with those of large slides (Woodcock, 1979), the overall coherent arrangement (i.e.,
along-strike continuity of the structures for over 10 km with stratigraphically upright bedding)
and the consistent indications for south-directed emplacement (Cornelius and Plochinger, 1952;
Fernandez et al., 2024; Hausler, 1979; Tollmann, 1975) make their interpretation as south-
directed thrusts the most reasonable interpretation. Fernandez et al. (2024) provide an estimate of
over 5 km of N-S shortening on these structures.

The Sattelberg backthrust has only been traced to the eastern end of the Tennengebirge (Fig. 2).
There it enters an area dominated by the outcrop of the Lower Triassic Werfen beds and Anisian
carbonates (Fig. 2) deformed by north-directed thrusts and north-vergent folds (Mostler &
Roliner, 1977; Neubauer & Genser, 2018; Rol3ner, 1972). It is unclear if backthrusting on the

Sattelberg thrust is relayed into these structures or dies out in this direction.
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4 Discussion

4.1 Early inversion of a salt-bearing rifted margin

Jurassic contractional structures in the central NCA are the result of the initial inversion of the
Triassic Austroalpine rifted margin (Fig. 17). Jurassic structures nucleated along pre-existing
Triassic-age salt structures, whose initial layout can be mapped based on the presence of
thickness and facies changes in the Middle to Upper Triassic succession (Fernandez et al., 2024).
The NCA at Late Triassic times comprised minibasins developed above evacuating Permo-
Triassic salt and that accumulated 2-4 km thick platform carbonates (Wetterstein and Dachstein—
Hauptdolomit platforms). The minibasins were areas of shallow water separated by embayments
in which coeval condensed pelagic carbonates (<500 m thick) deposited above subsiding salt
walls or diapirs (Fig. 17a). Some salt walls (e.g., Figs. 8, 9) were covered in the Late Triassic by
thin platform carbonate rooves (<200 m in thickness) (Fig. 17a). The Triassic margin subsided
significantly in the Early Jurassic, drowning out platform growth (Schlager & Schollnberger,
1974) and leaving the seafloor hundreds or over a thousand meters deep (as illustrated in Fig.
17a) (see Kurz et al., 2023 for a discussion on water depth estimates.

Jurassic shortening structures conform a complex system of thrusts, folds, and squeezed salt
walls, that spans the entire central NCA from west to east (Fig. 18). The Jurassic-age structures
occur both as hard-linked systems (the TT and Klausbach—Bluntautal-Sattelberg systems) and as
more isolated features. All Jurassic structures developed along pre-existing salt structures
(diapirs and walls) or areas of thin (<0.5 km) Triassic stratigraphy, except for the Eckersattel and
Trattberg thrusts, which cut across relatively thick (>1 km) Triassic. The initial phase of Jurassic
inversion led to the re-activation (at least partial) of all the existing salt features in the area (Fig.

18b).
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The structures that developed during the initial stage of inversion (Figs. 17b, 18b) can be

grouped into 6 main types:

1)

2)

3)

4)

5)

6)

Salt overthrusts (sensu Jackson & Hudec, 2017), where salt walls were shortened and
displaced along with their rooves into thrusts travelling multiple kilometers
(Totengebirge, Raschberg, Eckersattel, Bluntautal, Sattelberg, Bad Mitterndorf, and
Grubhorndl thrusts; Figs. 7, 10, 13, 16; Fig. S11).

High-angle thrusts, likely re-activating Triassic-age extensional faults (Trattberg thrust,
Schonau thrust, Kuchlberg fault; Fig. 12; Figs. S10, S11).

Systems of synclines and anticlines developed in thin Triassic successions that originally
overlay salt walls (Griinberg and Ariplan synclines, and Barnkogel and Ahornkogel-
Brunnkogel anticlines; Figs. 8, 9).

Plug-fed thrusts (sensu Jackson & Hudec, 2017), where salt extruded from diapirs
transporting their rooves passively (Hallstatt, Hallein, Wurzeralm; Figs. 14, 15; Kurz et
al., 2023).

Squeezed salt walls for which no salt allochthony is known but uplift was sufficient to
raise the bathymetry into the photic zone as recorded by the growth of Upper Jurassic
reefs (Gerhardstein-Lofer, Rettenstein, Ramsau; Figs. S8, S9). In some instances,
squeezing of the salt wall led to the uplift of the flanking minibasin margin (rim uplift),
such that the reef developed on the minibasin margin as well as above the rising salt
stock/wall (Kurz et al., 2023) (Wurzeralm, Lugberg, Falkenstein; Fig. 17b).

Secondary welds (welds of salt walls or diapirs) without the development of significant

bathymetric relief (or at least with a lack of recorded uplift). An example of such a weld
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is the Echerntal weld documented by Fernandez et al. (2021) near Hallstatt and

Konigssee weld (discussed by Fernandez et al., 2024).

Many of these structures are associated to the rapid and localized uplift of the seafloor from
bathyal depths into the photic zone which enabled the growth of Upper Jurassic reefs (e.g.,
Fernandez et al., 2021; Kurz et al., 2023). The isolated nature of Upper Jurassic reefs across the
entire central NCA (Fig. 18b) indicates that bathymetry remained mostly sub-neritic away from
the growing structures, indicating no widespread uplift or stacking of tectonic units occurred.
The development of isolated structures without the growth of a well-developed orogenic wedge
can be explained by the presence of a well-connected and highly efficient basal detachment in
the Permo-Triassic salt. Analogue models indicate that contractional systems can develop with a
very subdued taper geometry (in cross-section) and fast forelandward propagation of the
deformation in the presence of continuous evaporite detachments (Pla et al., 2019; Santolaria,
Granado, Carrera, et al., 2022; Santolaria, Granado, Wilson, et al., 2022). Notwithstanding the
low taper angle, significant coeval uplift and unroofing occurring in more southerly (?) positions
is required to account for the inflow of detrital ophiolitic material in the Late Jurassic (e.g.,
Steiner et al., 2021; Drvoderic et al., 2023).

Sliding of the Triassic Wetterstein—Dachstein minibasins along the evaporitic basal detachment
are interpreted to have led to the vertical-axis rotation of some minibasins (Fig. 18b), a feature
indicative of a thick basal detachment during shortening (Duffy et al., 2021; Santolaria, Granado,
Carrera, et al., 2022). The amounts of vertical-axis rotation required for the map restoration (Fig.
18) are well within the magnitude range documented for younger block rotations by Pueyo et al.

(2007).
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Finally, but importantly, even though Jurassic shortening re-activated all salt structures, it did not
progress to the point of closing or welding them, thus leaving a remaining potential for
subsequent deformation stages (Figs. 16c,d). This incomplete inversion or welding of the central
NCA salt structures could be due to either a limited amount of shortening or to the blocking of
deformation by some mechanism. In this sense, the possible presence of basement faults
offsetting the Permo-Triassic salt could have hindered the propagation of deformation (Granado
et al., 2021). Fernandez et al. (2024) proposed that syn-rift basement faults that offset the Permo-
Triassic evaporites were inverted completely during the Late Jurassic. This inversion might,
however, not have always been total, as inferred, for instance, for the Hallstatt diapir (Fig. 14;

Fernandez et al., 2021).

Remarkably, the Jurassic shortening spared the closure of two broad salt-floored areas, Altaussee
and Hallein, flanking the Untersberg—Hoher Goll and the Dachstein—Kasberg blocks (Fig. 18b).
These were subsequently thrust over in the Early Cretaceous (Fig. 18c). The reason for this could
relate to the interplay of the supra-salt cover with sub-salt basement faults, that could have

hindered greater closure during the Late Jurassic.

4.2 Architecture of the Totengebirge—Trattberg system

A particularly prominent element of the Jurassic inversion system is the TT contractional system.
This system is a hard-linked system of thrusts and folds that spans 80 km from west to east
across the study area. This dimension implies it involved multiple minibasins during
deformation. Deformation along the TT system appears to have propagated from east to west

(Table 1).



manuscript submitted to Tectonics

530 Deformation in the TT system can be dated based on its relationship with the Oberalm Fm and
531  Tressenstein Lst (both Tithonian to Berriasian) (Gawlick et al., 2005, 2007; Steiger, 1981). In the
532  Eckersattel and the Trattberg thrusting is coeval with and sealed by the Oberalm Fm (Fig. S74a;
533  Ortner, 2017), indicating a Tithonian to Berriasan age. Uplift along the Trattberg prior to the
534  Tithonian is further recorded by erosion of Upper Triassic units under the Tauglboden Fm in the
535  footwall of the Trattberg thrust (Fig. 12; Ortner, 2017), whose initial deformation likely led to
536 the development of a gentle anticline with many tens of meters in relief. This uplift, albeit

537 limited in relief when compared to that generated by the Trattberg thrust, accounts for the

538  difference in facies of the Strubberg and Tauglboden Fms in the area (Trattberg Rise of Gawlick
539 & Firsch, 2003) and can therefore be inferred to have an Oxfordian onset.

540  Further east, the Raschberg thrust involves the Oberalm Fm but is sealed by the base of the

541  Tressenstein Lst (Fig. 10) locally dated as Tithonian (Gawlick et al., 2007). In this same area,
542  Jurassic stratigraphy records northward onlap of the syn-orogenic succession onto the Triassic-
543  Middle Jurassic carbonates in the footwall of the Raschberg thrust: the oldest syn-orogenic

544 sediments are Callovian in the south (under the Sandling) and Oxfordian in the north (under the
545  Hoherstein) (Fig. 10) (Gawlick et al., 2007). This indicates that structures in the area developed
546  from Oxfordian to Tithonian, ending somewhat earlier than in the western TT system. The

547  precise age of the Totengebirge thrust, at the eastern end of the system, is unconstrained due to
548  the absence of preserved Jurassic (or younger) sediments in the area. However, the fact that

549  sediments of the Tithonian Oberalm Fm are widespread in the area (Fig. 19b; Fenninger &

550 Holzer, 1970) and yet absent under the Totengebirge thrust (Fig. 7) may be due to its pre-

551  Tithonian emplacement.
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Segment Map  Shortening Hanging Type of Age
length (km) wall structure constraints
(km) thickness
(m)
Totengebirge 19 7-10 400-5000  plug-fed thrust --
Grunbach 12 4-5 150-250 synclines- ? — Tithonian
anticlines
Raschberg 7 4 500-1000  plug-fed thrust ~ Oxfordian(?) —
Tithonian
sub-Dachstein =~ 14 ? >500m*(?) thrust(?) -
(Einberg thrust)
Trattberg 21 2-3 >2000 inverted normal Tithonian —
fault Berriasian
(antiform from
Oxfordian)
Eckersattel 12 3 >1000 plug-fed thrust Tithonian —
Berriasian

! Thickness based on Jodschwefelbad borehole (Mandl et al., 2012)

Table 1. Characteristics of the segments of the Totengebirge—Trattberg (TT) contractional
system.

This timing implies that the TT contractional system grew by lateral propagation rather than by
linkage of smaller structures. It is therefore not surprising that the TT contractional system does
not display the arcuate shape for thrusts discussed by Elliot (1976) nor does it display its
maximum displacement in its center, as could also be expected for linked systems (Kim &
Sanderson, 2005). Maximum displacement on the TT system occurs at its eastern end, along the
Totengebirge, where displacement is in the order of 7-11 km. This represents 8-13% of total
structure length, somewhat higher than the average value of 7-10% displacement-length value
quoted by Kim & Sanderson (2005).

The TT contractional dies out into the Neogene Windischgarsten fault system (Fig. 6) and no
equivalent Jurassic-age structures have been documented to the east. The Windischgarsten fault

system developed along a pre-existing salt-floored Triassic embayment (Fig. 18a) (Eggerth,
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2023). This zone of abundant salt would have represented a “loose-end” for the TT contractional
system during Jurassic shortening (Fig. 18b), potentially explaining the anomalous pattern with
maximum throw at the eastern tip of the contractional system.

Another interesting feature in the TT contractional system is the variability in its structure, that
includes low-angle salt overthrusts, syncline—anticline systems, and inverted extensional faults.
These changes occur despite the structures having very similar orientations. It is possible that the
thickness of the deformed supra-salt Triassic stratigraphy played an important role in defining
the structural style. The syncline—anticline system of the Griinberg segment, for instance,
developed in the only area where supra-salt stratigraphy was under 250 m thick. In areas of
thicker supra-salt stratigraphy, thrusting is the dominant structural style. In the case of the
Trattberg segment, it is further surprising that thrusting developed through a thick supra-salt
cover, as opposed to through the Lammertal area of thin basinal deposits to the south. In this case
this could relate to the fact that the Trattberg thrust developed once the Sattelberg thrust to its
south had already been emplaced and shortened the Lammertal salt wall (see Section 4.3) in

combination with the presence of Triassic-age extensional faults, as discussed above.

4.3 Timing of Jurassic deformation in the central NCA

The onset of deformation in the area, based on the first generalized appearance of re-sedimented
Upper Triassic rocks, is Early Callovian (latest Middle Jurassic) in the southern half of the study
area (Sattelberg, Rettenstein, and Sandlingalm areas) (Auer et al., 2009; Gawlick et al., 2002;
Gawlick et al., 2003; Gawlick & Frisch, 2003) (Fig. 19a). Along the eastern margin of the study
area (Wurzeralm and to the east, Fig. 19a), the earliest breccias are dated to be Mid-Callovian to
Oxfordian (Drvoderic et al., 2023; Ottner, 1990). Deformation progressed northwards, with the

earliest re-sedimented Triassic rocks occurring in the Oxfordian (earliest Late Jurassic) in the
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basins along and north of the TT contractional system (Rettenbach, Osterhorngruppe,
Flankenstein; Fig. 19a) (Gawlick & Frisch, 2003; Kiigler et al., 2003). This northward gradient
in the age of breccias is also observed locally, as discussed for the Raschberg thrust above
(Rettenbach—Sandlingalm area).

The development of specific structures follows a similar pattern. The oldest structure in the
central NCA is the salt allochthon of the Hallstatt diapir, where evaporites override Callovian
age radiolarites (Suzuki & Gawlick, 2009). Deformation then spread west to the Sattelberg
thrust, in the Oxfordian (its youngest footwall sediments are Oxfordian; Gawlick et al., 2002), as
well as to the Grubhdrndl thrust farther west (this thrust is emplaced on and sealed by Oxfordian
breccias; Ortner et al., 2008). Likewise, salt allochthony at the eastern end of the study area
occurred in the Wurzeralm in the Oxfordian (salt extruded onto radiolarites of that age; Hiebl,
2011; Kurz et al., 2023; Ottner, 1990). Deformation subsequently propagated north, to the
eastern segment of the TT contractional system, active from Oxfordian to Tithonian times, and
finally to the western segment of the TT contractional system. The Trattberg and Eckersattel
thrusts (Tithonian—Berriasian), represent the youngest Jurassic thrusts. Although dating has not
been established in detail, allochthony in the Hallein diapir is potentially of equivalent age, as it
occurred synchronous with deposition of the youngest Oberalm Fm (Fig. 15).

During advanced phases of deformation on individual structures, the growth of isolated Upper
Jurassic reefs marks the shallowing of the seafloor from bathyal depths to within the photic zone.
Just as deformation follows a northward propagation, the age of Upper Jurassic reefs also
becomes younger in that direction. The Rettenstein (Fig. 19a) stands out as the location where
shortening-related uplift first brought the Jurassic seafloor into the photic zone and enabled the

growth of the first Upper Jurassic reef in the area (Late Oxfordian) (Auer et al., 2008, 2009).
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Further north, the reefs of the Plassen, the Krahstein, the Trisselwand, the Rote Wand,
Falkenstein (Fig. 19b), are dated as starting in the Kimmeridgian (Gawlick et al., 2003; Gawlick
et al., 2009; Hiebl, 2011; Kigler et al., 2003; Schlagintweit et al., 2003; Schlagintweit & Ebli,
1999; Steiner et al., 2021). Reef development in the Mt Sandling and the Lofer-Gerhardstein
(Fig. 19b) started in the Tithonian (Gawlick et al., 2007; Sanders et al., 2007).

The inversion of the NCA salt-bearing margin led to a transition from depositional environments
starved in carbonates in the Middle to earliest Late Jurassic (Fig. 19a) to a setting rich in
carbonates during the latest Late Jurassic (Fig. 19b). Two carbonate sources appeared during the
Middle to Late Jurassic to explain this transition. Initially submarine erosion of uplifted Triassic
carbonates along incipient Jurassic structures fed locally sourced breccia bodies (Gawlick et al.,
2002, 2007; Gawlick & Missoni, 2015; Mandl, 2013). Breccias related to uplift and erosion
continued to deposit throughout the entire Late Jurassic (Gawlick et al., 2005; Ortner, 2017,
Steiger, 1981). Once inversion had progressed sufficiently, the seafloor above some squeezed
diapirs and salt walls reached neritic depths, allowing for reefs to grow on their tops, or on the
uplifted flanking minibasins. Reefs became an additional source of carbonatic material in the
basin.

In contrast to the other reefs in the area, the Trisselwand reef did not grow on a squeezed diapir
but above a minibasin of Triassic platform carbonates that is in the hanging wall of an
extensional fault (Figs. 9, 19b). Paradoxically, the footwall of the extensional fault accumulated
reef slope deposits (Fig. 9). This counter-intuitive arrangement could have resulted from either: a
rotation of the underlying Triassic minibasins around horizontal axes as they interacted with fault
related steps in the sub-salt; or extensional faulting being the result of post-Jurassic extension

(see Section 4.4).
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4.4 Post-Jurassic deformation

Analyzing deformation after the Jurassic is beyond the scope of this article. However, the map
restoration presented in Fig. 18 required modelling Cretaceous to Neogene deformation to
understand the Triassic and Jurassic configuration of the central NCA (Fig. S11). Two key stages
of deformation were modelled: a phase of Early Cretaceous thrusting, in which the Untersberg—
Dachstein—Warscheneck thrust sheet was transported to the NE (Fernandez et al., 2024) (Fig.
18c); and a phase of Neogene strike-slip that offset the pre-existing structures (Linzer et al.,
1995; Peresson & Decker, 1997) (Fig. 18d).

Shortening during the Early Cretaceous was variable along strike. The Dachstein thrust
accumulated approximately 8 km of displacement, whereas its along-strike equivalents (the
Untersberg and Warscheneck thrusts) have been interpreted to have had more limited
displacement (5 and 3 km). Displacement on the Dachstein thrust is constrained as its footwall
cutoff is known to lie SW of the Steeg-1 borehole (Levi, 2023; Mandl et al., 2012). Displacement
on the other two thrust segments are estimates derived by reducing block overlaps in the
palinspastic restoration.

Thrusting during this stage occurred, as in the Jurassic, by decoupling along the basal Permo-
Triassic salt, a décollement observed at the base of the Triassic stratigraphy of the
Tennengebirge and Dachstein minibasins (Rof3ner, 1972). This stage of thrusting significantly
contracted the salt structures remaining after Jurassic shortening.

Coeval with thrusting of the Untersberg—Dachstein—Warscheneck, a set of structurally higher
thrust sheets was emplaced above the southern margin of the NCA. There are no preserved

remnants of these structural units, but their presence is inferred based on Early Cretaceous
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metamorphism (Fernandez et al., 2024; Frank & Schlager, 2006). The location of the leading
edge of these upper thrust sheets, estimated based on the distribution of Early Cretaceous
metamorphism (Frank & Schlager, 2006; Kralik et al., 1987), is indicated in Fig. 18c.

During the Late Cretaceous, thrusting also involved the Austroalpine basement in the trailing
edge of the NCA. This basement forms a wedge (in section view) whose leading edge has also
been represented in Fig. 18c.

From Late Cretaceous through to Neogene times, a system of extensional collapse structures
developed across the area (Fig. 18d). Whereas the Gosau basin is documented to have developed
by extension in the Late Cretaceous (Wagreich & Decker, 2001), the age of collapse in other
areas is Eocene or younger (Lattengebirge; Herm, 1962; Risch, 1993). In many other locations,
timing of collapse is only constrained to be post-Jurassic (e.g., Lofer—Gerhardstein, Lammertal,
Sandling, Obertraun, Ramsau, Wurzeralm) (Fernandez et al., 2022, 2024; Kurz et al., 2023).
Finally, during the Neogene (Fig. 18d), pre-existing salt structures were further re-activated in
thrusting (Wolfgangsee, Windischgarsten) or in strike-slip (Konigssee, Postalm, Traunsee).
Throw on the Traunsee fault is estimated to be 3 km at its southwestern end (Decker et al., 1994)
and a similar 3 km at its northeastern end (Egger, 2007) and acted mainly as a relay structure
between the Wolfgangsee and Windischgarsten thrusts. Further to the southwest, a limited
amount of displacement (1-2 km) has been interpreted along the Konigssee and Postalm faults.
Evidence for any greater offset along the Konigssee fault is lacking, as the criterion previously
used to determine throw (offset of map contacts; Decker et al., 1994) can be explained as an
inherited geometry in the Triassic minibasins (the Konigssee fault is an inherited salt structure;

Fernandez et al., 2024).
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Similarly, the Mandlingzug fault (Fig. S9), a branch of the SEMP (Salzach-Ennstal-Mariazell-
Puchberg) fault (Fig. 2), re-activates a pre-existing Triassic salt structure in its shallowest
portions. The possible re-activation of salt structures along the SEMP fault itself has not yet been
explored.

Despite the significant magnitudes of vertical-axis rotation documented for this time in the area
(Pueyo et al., 2007; Thony et al., 2006), there is no evidence in the field or from the map
restoration (Fig. 18, Fig. S11) that any segments of the central NCA experienced any significant
vertical-axis rotation. Frisch & Gawlick (2003) came up with a similar result in an earlier attempt

at a map restoration of the same area.

4.5 Regional tectonic transport directions

The local tectonic transport direction in most of the Jurassic structures documented here is
roughly dip-slip, with directions including NW-, N-, NE, SE, and S-directed transport. At a more
regional scale, and based on the palinspastic reconstruction presented, it is observed that during
the Late Jurassic the study area shortened in both N-S and E-W directions (Fig. 18b). The overall
direction of Jurassic tectonic transport is however not certain. Thrusting along the Trattberg is
NE directed (Ortner, 2017) (Fig. S6), whereas thrusting at the eastern end of the Totengebirge
thrust is NW directed (Linzer et al., 1995). These both could correspond to a regional N-S
directed shortening direction, but further observations are required to support this assumption.
An analogous situation is found in the Early Cretaceous. During this time, the area is also
observed to experience shortening in the N-S and E-W directions (Fig. 18c). NE-directed
thrusting in the study area is the one that best explains the structural configuration of the
Untersberg—Dachstein—Warscheneck system, with the Postalm and Salzsteig acting as lateral

faults (Fig. 2; see also Fernandez et al., 2024). However, this contrasts with NW-directed
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shortening documented in the western NCA (Ortner & Kilian, 2022). N-directed regional
shortening, with divergence occurring in the western and central NCA, potentially due to the role
of the Permo-Triassic detachment, could provide a satisfactory explanation.

Posterior thrusting events, in the Late Cretaceous to Paleogene, are not captured in the
restoration as during this stage the entire central NCA were transported mostly passively
northwards, with very limited internal deformation (Fernandez et al., 2024). Evidence from the
Austroalpine basement south of the study area (Ratschbacher & Neubauer, 1989) and from the
western NCA (Ortner & Kilian, 2022) points to W- or NW-directed transport during this time.
Finally, the NCA experienced Neogene left-lateral transpression (Linzer et al., 1995, 2002;
Peresson & Decker, 1997) that caused the reactivation of pre-existing structures with relatively

minor magnitudes of displacement (Fernandez et al., 2024) (Fig. 17d).

4.6 Salt volume balance

Shortening from Late Jurassic to present-day led to the major and continued re-activation of salt
structures. In the central NCA, salt structures during the Triassic were dominantly subsiding
diapirs and salt walls covered by pelagic carbonates or thin platform carbonate rooves (Figs. 17a,
18a; Fernandez et al., 2024). Tracking the map area of the pelagic carbonates and areas of thin
carbonate platforms (supra-salt-wall or supra-diapir carbonates) therefore provides a proxy to
estimate the magnitude of evaporite volume loss during deformation. The comparison of the map
areas in Figs. 18a and 18d indicates that supra-diapir carbonates in the central NCA at present
cover an area that is around 30% of their extent at Late Triassic times. Assuming a 1:1
relationship between the original (Late Triassic) map area of supra-diapir carbonates with the
map area of salt walls and diapirs (as a first approximation), a loss of 70% of supra-diapir

carbonate outcrop area would imply that around 70% of the original evaporite volume has been
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lost. This value is consistent with the estimate of Fernandez et al. (2021) for the Hallstatt diapir
and of Santolaria, Granado, & Wilson (2022) for analogue models of the neighboring eastern
NCA.

At present, the Permo-Triassic evaporites in the salt diapirs in the central NCA have contents of
halite ranging from 50 to 65% (Leitner & Mayr, 2017). If the 70% of volume loss is assumed to
have mostly removed halite (the most soluble component in the Haselgebirge), then the original
composition can be estimated to have contained 85-90% of halite (most likely including other
highly soluble constituents, such as potash salts). This composition would be comparable to that
in the Zechstein or South Atlantic salt basins (e.g., Fiduk & Rowan, 2012; Jackson & Stewart,

2017; Szatmari et al., 2021).

5 Conclusions

The central NCA is an outstanding example to study the inversion of salt-dominated margins. Its
structural and geomorphologic configuration, with Triassic minibasins preserved in sub-
horizontal position and the preserved syn-tectonic strata, make it feasible to reconstruct the
temporal evolution of this province since Triassic times. This contribution presents the first
systematic analysis of the evolution of Late Jurassic to Cretaceous inversion of this salt-
dominated margin.

Unsurprisingly, Triassic-age salt structures strongly controlled the location of the earliest
inverted structures during the Late Jurassic. All salt structures that persisted into the Late
Triassic were inverted, even if only partially, during the initial Late Jurassic deformation stage.
Deformation during the Late Jurassic did not, however, succeed in completely squeezing all salt
structures. The possible interaction of the supra-salt cover with sub-salt basement faults could

help explain this pattern.
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The same Triassic salt structures continued to play a key role during the later inversion of the
margin (Early Cretaceous) and during its partial dismemberment under transpression during the
Neogene.

Remarkably, the Totengebirge—Trattberg contractional system, that formed during the early
inversion of the margin, during the Late Jurassic, presents uncommon features. It exhibits
outstanding continuity (it is over 80 km in length) with strong along-strike variability in
structural style (including low-angle, high-angle faulting, or isoclinal folding) and is postulated
to have developed by along-strike propagation rather than by linkage of smaller structures.

The variability in structural style of the Totengebirge—Trattberg contractional system and its
peculiarities in growth and displacement patterns can be traced back to the key role exerted by

salt structures and the supra-diapir stratigraphy.
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Figure 1. (a) Simplified geological map of the Eastern Alps (modified from Schuster et
al., 2013). See inset for location. Abbreviations: Apenn.: Apennines, Dinar.: Dinarides,
E.: East, W.: West. (b) Simplified cross-section through the central Northern Calcareous
Alps (NCA). TF: Traunsee fault, UABT: Basal Thrust of the Upper Austroalpine, TS:
thrust sheet. (c) Schematic section showing the paleogeographic domains of the Eastern

Alps.

Figure 2. Simplified structural framework of the central NCA. Structures with Jurassic
tectonic activity are highlighted with names in white. The map is simplified from
Krenmayr (2005) and Krenmayr and Schnabel (2006). Structures are drawn, and partly
simplified, from Tollmann (1976), Braun (1998), Linzer et al. (1995), Ortner and Kilian
(2022) and Fernandez et al. (2024). Abbrevations for structures: A.-B.: Ahornkogel-
Brunnkogel; Eck.: Eckersattel; Gerh.-Lo.: Gerhardstein-Lofer; Grbh: Grubhdrndl; Ha.:
Hallein; Klausb.: Klausbach; Rab.: Rabenstein; Rschb.: Raschberg; SEMP: Salzach-
Enns-Mariazell-Puchberg fault system; UABT: Basal thrust of the Upper Austroalpine;
Wssh.: Weissenbach; sync.: syncline; antic.: anticline. Abbreviations for structural units:
Bg: Berchtesgaden; Dc: Dachstein; Go: Golling; Gr: Grundlsee; Ha: Hallein; HG: Hoher
Goll; Hn: Hagengebirge; HO: Hoéllengebirge; Is: Bad Ischl; Ka: Katrin; Ks: Kasberg; Lg:
Leoganger Steinberge; Mg: Mandlingzug; Mt: Bad Mitterndorf; Oh: Osterhorngruppe;
Pw: Pailwand; Ra: Reiteralm; Re: Bad Reichenhall; Rt: Rettenstein; Sh: Sattelberg; Sg:
Singereben; St: Steinplatte; Sw: Schwarzer Berg; Tn: Tennengebirge; To: Totengebirge;

Ub: Untersberg; Uk: Unken; Ws: Warscheneck. Zw: Zwieselalm.
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Figure 3. Synthetic Permo-Mesozoic stratigraphy of the central NCA. Jurassic unit
names are highlighted in white. A variety of condensed red limestones of Early to Middle
Jurassic age are grouped informally under “Jurassic red limestones”. The Ruhpolding
Radiolarite includes the Tauglboden (Tg) and Strubberg (Sb) Fms. The Middle-Upper
Jurassic and Cretaceous units are syn-orogenic in nature and can exhibit onlap

relationships on a variety of older units. After Fernandez et al. (2024).

Figure 4: (a) Unconformable contact between red Jurassic limestone (of Lower to
Middle Jurassic age) on the underlying Triassic Dachstein Fm. Outcrop location:
x403930 y5283470. (b) The limestone in (a) is folded into gentle E-W trending anticlines
that are onlapped by Middle to Upper Jurassic Tauglboden Fm beds. (a) and (b) are under
300 m apart. Outcrop location: x403730 y5283235. (c) (d) Unconformable contact of the
Upper Jurassic Oberalm Fm on the Triassic Dachstein Lst. Note that beds of both the
Dachstein Lst and Oberalm Fm are obligue to the contact and both the Lower Jurassic
and parts of the Dachstein Lst have been eroded. Reworked blocks of Dachstein Lst are
sometimes contained in the Oberalm Fm (c). Both images are orthophotos generated with
photogrammetry out of handheld and airborne photographs. Both outcrops are
approximately 100 m apart across a valley (note opposing orientations) and 2500 m west
of the outcrop in (a). Outcrop (c) is located at x401400 y5282100 and (d) is located at
x401355 y5282365. All coordinates are in WGS84 UTM33N and all outcrops are located

between the sections in Figs. 9 and 10 (see Fig. 6 for location).
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Figure 5: (a) Composite panorama view showing olistoliths of Dachstein Lst within the
Oberalm Fm on the flank of the Gamskogel mountain (labelled Gamskg. in Fig. 6). An
approximate scale bar is provided for the main body of olistoliths. Photos taken from
x404915 y5284585. (b) Detail of breccias of Dachstein Lst with interbedded Oberalm
Fm. Outcrop location: x405615 y 5285000. (c) Erosional truncation of a tight anticline in
the Dachstein Lst (Barnkogel anticline) overlain by an olistolith of Dachstein Lst. The car
in the photo is roughly 5 m long. (d) (e) Detailed pictures of the contact between the
Dachstein Lst olistolith and the underlying Tauglboden Fm. Note strong folding and
development of foliation in the Tauglboden Fm. The car in (c, d) was parked in front of
the outcrop by a third party and does not obstruct any key structures. Outcrop location:
x406720 y5284215. All coordinates are in WGS84 UTM33N and all outcrops are within

2 km of the section in Fig. 9 (see Fig. 6 for location).

Figure 6. Map of the eastern segment of the Totengebirge—Trattberg contractional system
and surrounding areas. AB antic: Arikogel-Brunnkogel anticline; Alt. diapir: Altaussee
diapir; Arp sync: Ariplan syncline; Gbg sync: Griinberg syncline; Fludergr.:
Fludergraben; Rettenb.: Rettenbach; peak names with ending *kg.: *kogel; R.: River;
sys.: system. This map is based on fieldwork by the authors and previously published
1:50,000 scale geological mapping (Egger, 1996; Egger & van Husen, 2007; Griesmeier

& Hornung, 2023; Moser & Moshammer, 2018; Plochinger, 1982; Schéffer, 1982).
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Figure 7. a) Cross-section of the Totengebirge thrust at the Kasberg. See Fig. 6 for
location. b) Restoration of the section in (a) to Late Triassic times. ¢) Restoration of the

section in (@) to early Late Triassic times.

Figure 8. a) Cross-section of the TT contractional system in the area of the Offensee.

The TT structure here is dominated by two isoclinal synclines involving the Dachstein
Lst and Jurassic units: the Ariplan and Griinberg synclines (Griinbg. syn.). In contrast to
the highly reduced thickness of the Dachstein Lst in the synclines, the eastern flank of the
Ahornkogel-Brunnkogel anticline (A.-B. ant.) presents a major stratigraphic expansion of
the Dachstein Lst associated to an extensional roll-over. See Fig. 6 for location and Fig.
S3 for accompanying field observations. b) Restoration of the section in (a) to Late

Triassic times.

Figure 9. a) Cross-section of the TT contractional system between the Singereben and
the Trisselwand. The TT structure is dominated in the Karbach area by a train of isoclinal
folds, potentially thrusted. Griinbg. syn.: Griinberg syncline; Barnkg. ant.: Barnkogel
anticline; A.-B. ant.. Ahornkogel-Brunnkogel anticline. See Fig. 6 for location and Fig.
S4 for accompanying field observations. b) Restoration of the section in (a) to Late

Triassic times.

Figure 10. a) Detailed surface cross-section of the TT contractional system between the
Singereben and the Hoher Raschberg, near its plunging below the Dachstein thrust sheet.

The TT contractional system is here mainly conformed by north-directed low angle
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thrusts, sealed by the uppermost Upper Jurassic Tressenstein Lst. Thrusts were re-
activated in extension in the Late Cretaceous. The topography of the Héherstein and Mt
Sandling (immediately east of the profile location) have been projected for reference. See
Fig. 6 for location. b) Cross-section corresponding to (a) interpreted at depth. Note that
the contrast in facies in the Upper Triassic (basinal vs platform carbonates) requires the
presence of a lateral transition at depth. ¢) Cross-section in (b) restored to Late Triassic

times.

Figure 11. Map of the western segment of the TT contractional system. This map is
based on fieldwork by the authors and previously published 1:50,000 scale geological

mapping (Pavlik, 2007; Plochinger, 1982, 1987).

Figure 12. a) Cross-section of the TT contractional system immediately west of the
Trattberg. Thrusting of Jurassic age along the Trattberg thrust is partly inverted in
extension along a set of Cretaceous (?) extensional faults. See Fig. 11 for location. b)
Restoration of the section in (a) to Late Jurassic times. Uplift on the Trattberg thrust was
accompanied by erosion of its hanging wall, as evidenced by the local absence of the
uppermost Triassic (Rhaetian reefal limestone) under the Upper Jurassic Oberalm Fm. c)

Restoration of the section in (a) to Late Triassic times.

Figure 13. a) Cross-section of the Hoher Goll area with the Eckersattel and Bluntautal
thrusts. The Eckersattel thrust places the Hoher Goll unit onto the margin of the Hallein

diapir and the Bluntautal backthrust places it onto the Hagengebirge block. The
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Bluntautal thrust is disturbed by the Neogene left-lateral motion along the Kénigssee
fault. The base of the Hallein diapir is known to lie below sea level based on data from
exploratory boreholes in the Hallein and Berchtesgaden salt mines (Kellerbauer, 1996;
Medwenitsch, 1960; Schauberger, 1972) but is otherwise unconstrained. The Untersberg
thrust relays with the Dachstein thrust in the subsurface across the Hallein diapir
(structure not shown), and the Ahornalm thrust is a shallow splay of the Untersberg

thrust. See Fig. 11 for location.

Figure 14. a) Geological map along a transect crossing the Hallstatt diapir. Map based on
mapping by the authors and Schaffer (1982). See Fig. 2 for location. b) Cross-section of
the Hallstatt diapir, updated from Fernandez et al. (2021). c) Restoration of the section in
(b) to Late Jurassic times. This interpretation contrasts with that in Fernandez et al.
(2021) because of the revised dating and structural analysis of the southern flank of the
Hallstatt diapir presented by Fernandez et al. (2022). d) Restoration of the section in (b)

to Late Triassic times.

Figure 15. a) Geological map along a transect crossing the eastern portion of the Hallein
diapir. Map based on mapping by Plochinger (1987) and Pavlik (2007). See Fig. 2 for
location. b) Cross-section of the Hallein diapir along the Wolf-Dietrich Gallery of the
Hallein salt mine. Four deep boreholes (DB) constrain the interpretation at depth
(Medwenistch, 1960; Schauberger, 1972). Biostratigraphy along the Wolf-Dietrich

Gallery is based on the work of Gawlick & Lein (1997).



1301

1302

1303

1304

1305

1306

1307

1308

1309

1310

1311

1312

1313

1314

1315

1316

1317

1318

1319

1320

1321

1322

1323

manuscript submitted to Tectonics

Figure 16. a) Geological map along a transect crossing the Grubhérndl thrust. Map based
on mapping by Ortner et al. (2008) and Pavlik (2006). See Fig. 2 for location. b) Cross-
section of the Grubhorndl thrust. The Grubhdrndl thrust is sealed by Jurassic breccias in
its leading edge and is overthrust by thrust sheets of the Gerhardstein-Lofer system (Early
Cretaceous in age). The entire area experienced Late Cretaceous (?) extensional collapse.
The wellbore Saalachtal Th-1 drilled a 1600 m thick Dachstein Lst with 35-40° dips
(Elster et al., 2016). c) Restoration of the section in (b) to Early Cretaceous times.
Thrusting in the area is interpreted to be dominantly out of the section plane and therefore
no balance is expected. Jurassic and Cretaceous age thrusting are further expected to have

variable transport directions.

Figure 17. a) Schematic structure of the central NCA at Early Jurassic times. The margin
was configured in minibasins with thick carbonate platform deposits separated by salt
walls. Some salt walls were rooved by thin platform carbonates whereas others had
subsided and were the loci of pelagic carbonate deposition. b) Shortening in the Middle
to Late Jurassic led to the development of shortening structures above the salt walls. The
Middle to Late Jurassic basin was starved, with the major thickness of sediments relating
to the presence of Late Jurassic reefs and the erosion and re-deposition of uplifted
Triassic carbonates. The presence of inherited or inverted basement structures, or

structures newly formed during the Late Jurassic is uncertain.

Figure 18. Palinspastic reconstruction of the central NCA from Late Triassic to present-

day through key time stages: a) Late Triassic; b) Late Jurassic; ¢) Late Cretaceous; d)
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1324 present-day. For the restoration, the structure of the central NCA has been subdivided
1325 into domains of thick Upper Triassic carbonate platforms (minibasin domains in the Late
1326 Triassic), areas of thin Upper Triassic deposition in shallow water settings (thin Upper
1327 Triassic rooves of salt walls), and areas dominated by Upper Triassic pelagic carbonate
1328 deposition (rooves of subsiding diapirs and salt walls). The map in (b) further shows age
1329 constraints on deformation indicators, including thrusts, breccias and reef growth. Ages
1330 for these are abbreviated: C: Callovian; Ox: Oxfordian; K: Kimmeridgian; T: Tithonian;
1331 B: Berriasian. The map in (e) shows an overlay of the domains used in the restoration
1332 with the present-day geology (cf. Fig. 2). The map restoration is based on the exercise
1333 shown in Fig. S11. The restored location of the Mandlingzug block is highly

1334 unconstrained (cf. Frisch & Gawlick, 2003) and has therefore not been incorporated in
1335 this figure. Platform domain abbreviations (black lettering): Dc: Dachstein; Gb:

1336 Grubhorndl; HG: Hoher Goll; Hn: Hagengebirge; HO: Hollengebirge; Ka: Katrin; Lg:
1337 Leoganger Steinberge; Mg: Mandlingzug; Oh: Osterhorngruppe; Ra: Reiteralm; Sg:
1338 Singereben; St: Steinplatte; Sw: Schwarzer Berg; Tn: Tennengebirge; To: Totengebirge;
1339 Tr: Traunstein; Tt: Trattberg; Ub: Untersberg; Ws: Warscheneck. Pelagic domain

1340 abbreviations (purple lettering): As: Altaussee; Gh: Gerhardstein; Go: Golling; Gr:

1341 Grundlsee; Ha: Hallein; Ht: Hallstatt; Is: Bad Ischl; Ks: Kasberg; Lo: Lofer; Mt: Bad
1342 Mitterndorf; Pw: Pailwand; Re: Bad Reichenhall; Rt: Rettenstein; Sh: Sattelberg; Uk:
1343 Unken; Zw: Zwieselalm.

1344

1345 Figure 19. Proposed paleogeography of the central NCA at: a) early Late Jurassic; b) late

1346 Late Jurassic. Names for Jurassic outcrop localities are shown on both maps. The
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configuration of Triassic minibasins from Fig. 18b is shown in the background.
Structures interpreted to be active at each stage are shown. Both maps are based on
observations by the authors and on the map of Fenninger & Holzer (1970). c)
Chronologic chart of structure activity and sedimentary record of structure growth
(erosion and reef growth). Structures and features are located in their relative W-E

location. Chronostratigraphic ages are from Walker and Geissman (2022).



Figure 1.



10° W

12° 13° 14°

48° N| -

47° |

.I\/Iunicr:i

15°

16°

| | | Cenozoic basin deposits

‘ | European basement

\ \ European margin (Helvetic) and Alpine Tethys (Penninic)

‘ ‘ Cretaceous synorogenic deposits

|:. Northern Calcareous Alps (Austroalpine Permo-Mesozoic)

‘ \ Austroalpine Paleozoic and crystalline basement

7]

‘ ‘ Southern Alps

L]

4 S] _~ Main faults ~ _.-" National boundaries

!
sy CI?.I S d d
- resent-day coordinates
i (P d ) NCA
1 v o _
‘ \ . Do AT _
N ) _ ﬁi Austroalpine ,
i Alpine Meliata
Europe Tethys Adria Tethys

Langbathseen TS
| I

Toten-

."-.-

—— o ——

Hollengebirge TS gebirge TS

20 km




Figure 2.



N\

Thrusts (outcrop / buried) <

Strike-slip faults /;(
Va
J

a®

V
N
QOQ% % Anticlines and synclines .q

Font 3 Structural units / blocks

>

Totengebirge-Trattberg
contractional system

Other Late Jurassic

structures

Areas of Late Jurassic

uplift

0 10 20
———————————————————

x: 304000

SEMP

‘.‘.::::--.-"'-.-
T ey  y: 5238000

WGS84 UTM33N

y: 9324000

X: 473000

Penninic, European margin, foreland I Pre-orogenic Jurassic
basin, intramontane Tertiary, Quaternary . o
. Middle-Upper Triassic
Synorogenic Upper Cretaceous- | o
Paleogene / Lower Cretaceous Permian-Lower Triassic
Synorogenic Jurassic (basin / reef) Austroalpine basement




Figure 3.



~ Upper Cretaceous

___Lower Cretaceous 7
.I\/Ilddle Upper Jurassic:

T ower-Middle TUrASSIc Tonassian 1ty Kiscar

Upper Triassic

Middle Triassic

Lower Triassic

Upper Permian

Dachstein Lst/
Hauptdolomit

Wetterstein Lst / Dol

Gosau Group

Préabichl Fm




Figure 4.



N
il
..-.+--.+---..--...l--.|l--i
m B
ML

.
apamuuEE

EEEE W

----r-llil d - -
e -

W
'|--ll"|-l'llii-'!|.liI-.l!-l!IIII i

;- |-.i-+""

i\;"..‘
)

o g

b

olistoliths of

!

y =25
.
iamwy
.l'.l""r*.P." : ;
| "'".'.'r'_ . o
o = n

RCCELLEERRLE A
- o B

R

- pedding - gtratigraphic contact —— fault —= fold



Figure 5.



Gamskogel
AT

| Oberalm Fm '+ * Qlistoli

* e "o e .-_-'“‘ ‘.“.-_‘1 '1-- .-. -"-q‘_ 1"L N | L .;r. ! f

 Bamkogel ~ Dachs B
A

-:__.‘__ =% _-‘.. - : .}t . 3 s "
-~ e H_'- e M 3 J"-.. h‘th M e

Wy

Dachsteir’

Dachstein
blocks

* E . I =]
-r" Fi g - ] ‘l'- : :
. _.I_.|r\: - L] | 3 L] -
i l- b i A ..I' - ';' - o :
L] * ) r T - a
y & L Py e ": . e
I 2 B e A -
& = "l' -l i i
5t ES - . f
P Ly Nt a g 37" e
i : e -1‘:':-.!-__, o ,|-"'i-1I N . \
s . B gire " ¥ " » i ’ : i *
o | e o ol k 'ﬂh'_ - 1"".:" | i . | __"-‘1
. . - & H e zr__‘., "F'!:’:-L “x = | Y
.-';;-.- " : " - = : ) .-."' o § - i .'!‘J_,.._.;,_-' *._. - & i | - ..r A
iyl 4 - £ £ . .\.'\.-\. = | J 8 o L
e Ak e - 1 e, W iy o
! -| -] o g - L l" l y £ = -

-

F
'
?'H"'::\'_-.,

B
¥
£
%
R
b
&
-~
i
|}
F
.:_
)
¥
¥
-
ll|'I
i
A
N
L
I\l
Ak
o
i
Ak
LA
r -
T
i1
f
g

.
; - - o IBREAR P, R o T A
. 1.". 1 i :-‘{.—ﬁ = P"; :-=& J el S .;;. i -w:lt"'"! g Sy F o I L -
E 1 8 N -__.__._EE.._: o, '1'-'[1" I i
Al . ) fjhff;: AT ) .- b b i :
L " y . Fo s - ﬂ! Y T R e §
= .,l‘" g 4 ﬁ_l:' ] " .l"!"' Y. _":."' i i . ' g -

-+ ’ et ] ; X _
: : o ol K 1 TR i ';" TR gkt VA % F: = y
} - . a i [ N - .ghﬁ_ﬁa L] . 4 s ¥ = =
’ ] ! i : ol o -~ ' & . [ “ - iF
- ‘ J F :.I.l %ﬂ 5 —— . X | i
: i 3 Y [ T e 1] i TR T | = = 7 L Ii a
a F, 4 . ¢ Ih- - i _.|-_F' e 1 - ] > L. {
i1 4 i - : = sl P N - Ll =8
f"! § e Ll LT K -1.1-\._\: i + ! *
B L :

o A . N T ] el e L i S X R T8 | vialk - e R
’ i i b - S i - r Tl Fa - f i N } 5 ' by
i g 'l' "l|_' vl [ L " P I.- . -ﬂ' al s 5 r g d s - i~ ¥

il | L ’ o |

- MR
)
A
¥
{
T
A

=

i ‘L - . .-._-___,..:: ..‘

f = b ~a ¥
*‘. _‘.H-fl_.f l |
o=t - P B F,

- o
Lo iy

*° Tauglboden Fﬁlw

¥

] ~ _

- -F’ ? .“ ag 2
. o e B ' Wl E

A i, 27
i x L

o Eer I
o LT
4wl ,d‘: i

e
3 il
L

g

e

.l
_
-,
L
4 w l
-

- U e gl
’ .- ‘- s , |
- - a
F T "; a
L
e .- .-
. i T
i ® v F. ik
et

e

'.'\- .-\:.__: t

. 4
.. rﬁ?-"'!'--? .

il

- pedding --~-- foliation - stratigraphic contact —— fault — fold




Figure 6.



_ Hélleng®

EbenSee

€6¢E -X

WGS84
UTM33

: 5272000

‘< 000
>

hirge

A, \
Ll

®

Grinau

e

u,
peS

Grunau-1

S o

L) '

y: 53050

"'4-

00

000/ € X

Quaternary

Penninic and European margin

Upper and lower NCA thrust sheets
Gosau Group

Schrambach and Rossfeld Fms

Plassen Limestone

- Tressenstein Limestone
< Oberalm Fm and MTDs
< Tauglboden Fm and MTDs

I Allgau Fm

Jurassic red limestones

Kossen Fm

Dachstein Limestone / Hauptdolomit

Hallstatt Limestone

Potschen Limestone and Zlambach beds
Carnian beds

Wetterstein Limestone

Raminger Limestone and Reifling Fm
* | Anisian carbonates
Werfen beds

Haselgebirge

—+ <4’ Regional dip
~v— ¢ Minor / major thrusts

o

// Minor / major normal
faults
<~ Minor / major normal
< / _
x> synclines
w % Minor/ major normal
anticlines
Lakes and rivers
-o- Boreholes




Figure 7.



a)
Totengebirge NNW-SSE

Kasberg

Eru nau-1 om—a S

2000 m Dachstein Lst (lagoonal carbonates)
I Carnian beds (clastics, carbonates)

B Wetterstein Lst (lagoonal carbonates)
| Refiling Fm (pelagic marly limestones)
B Anisian limestones (pelagic carbonates)
Werfen beds (clastics & carbonates)
| | Haselgebirge (evaporites & clastics)

- Penninic and Helvetic units (sub-UABT) —-2000 m

D) Rhaetian (Late Triassic)
— Om

- \___ i

—-2000 m

Austroalpine basement

- —-4000 m

C) Early Carnian (Late Triassic)

Om

‘ - -2000 m

4000 m

Oom 4000 m Austroalpine basement




Figure 8.



a) TT contractional system
I Grinbg. A-B.’ Offeirsee
Ariplan syn. S)ir} ant_l___ rofiover

Totengebirge

WNW-ESE [

-----

Penninic and Helvetic units (sub-UABT)

e e

—-2000 m

D) Rhaetian (Late Triassic)
Om
—-2000 m
B Austroalpine basement Om 4000 m L _4000 m

Tauglboden Fm (siliceous marls)
| | Red Jurassic limestone

Dachstein Lst (lagoonal carbonates)
I Carnian beds (clastics, carbonates)

Wetterstein Lst (lagoonal carbonates)

| | Refiling Fm (pelagic marly limestones)

- Anisian dolomites

Werfen beds (clastics & carbonates)
.| Haselgebirge (evaporites & clastics)




Figure 9.



\ 11 contractional system
d) | Barnkg. ant. !
Griinbg. syn. A-B.ant. ) oser

Singereben Karbach Raucherkar

F = e -
L. -
bl S ow e g = s =
L. & = = B Epmmm e =EEEE

T

-
5
L I
- =
.......
----------------------
‘‘‘‘‘

-
.
lllllll
-------
---------------

=
...........

r = B Lt e T T TP PR perrm e BT T e P T T rr
=

NW-SE

Trisselwand
-2000m

S el O m

--------
------------------
3w m
-
=
-
-
-

e mmEmmEmEmEE D&
--------
-------------

-2000 m

Rhaetian (Late Triassic)

= Austroalpine basement

| | Plassen Lst (reefal limestone)
BN Tressenstein Lst (reef slope)

Tauglboden Fm (siliceous marls)
| | Red Jurassic limestone
Dachsteln Lst (lagoonal carbonates)

Om 4000mM L _4000 m

I Carnian beds (clastics, carbonates)
Wetterstein Lst (lagoonal carbonates)

[ | Oberalm Fm (pelagic/ turbiditc carbonates) [ Refiling Fm (pelagic marly limestones)

- Anisian dolomites

Werfen beds (clastics & carbonates)
|| Haselgebirge (evaporites & clastics)




Figure 10.



| NNW-SSE ~2000 m
Mt Sandling (proj)
Hoherstein (proj) -~ Hoher Rgschberg
Singereben

-----
--------
-------------
e

W
_gmEs
_____
------ =220 -
““““““ = L
ey ——
L
.
— &g —
------
=
T amm?
Trwa T TR " T . (. & a=t )y eessmm==" &= = =Y LaeenmaesT
.‘*q - o
LT .
=
.. a i
.
a
-
- --. .'
-
#
Fl

-------

-'F
P
_______
-
amF®
- ==

-
------
-
--------
=
T
L
- -
L
]
LI

am™"
===
........
=
-
er T

F =
-
‘‘‘‘‘‘
=
-
=

------
-------------------
---------

'''''
-
--------
o
-
L
]
-

.....

- - .. ..
- -
S '-__|
- =
-
-
. “al
" e
= k]
= I"'---_
- . Eres
T = s -
....... R = LT e
= -
------- S e, ol T
T - =, .,
. l-‘ *h -
-...-.- .-I. ..--
ey T =
L] -
*-'J.-. “I.
. a
=
-
-
-
-

=
----------
LI
]
LY

D
_ ) 2000 m Plassen Lst (reef)

NNW-SSE x B Tressenstein Lst (reef slope)
e —— .| Oberalm (syn-orogenic marl and limestone)

Tauglboden Fm (siliceous marls and carbonates)
: oherlﬁ]aifschber B Allgau Fm (marls and siliceous marls)

' | | Hallstatt Lst (deep water carbonates)

Altaussee diapir I Zlambach beds / Pétschen Lst (basinal sediments)

""""""" “ B " 0m Dachstein Lst (lagoonal carbonates)
I Carnian dolomites
Wetterstein Lst (lagoonal carbonates)
B Anisian (shelf to pelagic carbonates)
Werfen beds (shallow marine clastics)
[ | Haselgebirge (evaporites & clastics)

- -2000 m
Penninic and Helvetic units (sub-UABT)
Om 2000 m
C) Rhaetian (Late Triassic) -
Hoher Raschberg
units
Altaussee diapir -2000 m

Om 2000 m Austroalpine basement




Figure 11.



-

"l.__"_hl

__#(thrust sheet /- i . I NG TS VTS

J 3 F 3 o = - - = ¥ v x Tl I —_— = -
oF " i P & % = T B AF B . o
! " = g 4 i : 1 i A "
C = M 3 BT
N . s = . i k 5 f
" L - - oy 1] . Al o B o
- 5 b = E h i o o . i = r
i L [ « e - =
1 . . C - F,
X il N . B
y o 1 & 5 . F il § f o i
i 1 = 3 4 L S B v e A . ¥ 3 - P,
. o 5 B N oF i N, ¥ N . & H - - : x "
- - 3 i ok o = ; ; i iy - : & :
F " ] T 0 2 . | 3 - A " . o . k . i - 1 . - ¥
. 3 " « i = i f = L . 3. " ) - 5 |
. g L s - i = 3 a2 i J I
__/"“"_ﬂ " . . g ! 5 o ) - g ) " At F, ! 1 L - : 3 3 o :
i 1 . L5 i % oy ik = ] | | . > L 3 vl
. = i 5 L3 L S = - " . A ¥ 3 E " I
g y i 1 i i L T ’ s 5 |
-,./ h \ k) LY n A L d . { 1 | 1 ; " it £ - n g B
3 K ' i, k H s 4 i . i L E : ) F :
i - -y ' - k s | A . & i R - 3 = L s L o r = ¥ 5 ar B 1
-, T L 1 ! - h o 1 : A I . Jr .I
g I-‘ ..I " e : Y B f L B o [ ’ -
3 1 o 3 W N 3 ' =1 - ! | . i F o
L L i it L L = 7 ey . - 3 ! ) i i :
N - | r . 1 B §
b - ; F [ - X A : - 1 i Fa
e - k L e o L : A i _— u L . i . Y " r
— ... r : : o) - L L ) & X : '“. q : L . L j : ,. o F:.
= o - - ; ’ \ " e ! } 4 s 1 : - F i
h .} e 4 . ¥ .. ¢ -. y : "_-. = 5 n ) : ¥ ariliry % F ]
- - o : ) - ) . rel i 2 | . . =] ¥ L ki WS
F i N : h i Xy ] LS L p= J 5 : i {9 ] - . L4 . — A = L i ; _. d -r: ud
ey Ll P It X ¢ R g il - - i - i . - L . J 3
= - - . Ly L 9 Y - i b s e e ] ’ = 3§ j :
) =d7 B : d i ; - ey *.‘: I_I n F 2 I_..I. - - e P = . ..{: i : ;

i
aar

ruS
7

< Tauglboden Fm, Strubberg Fm Dachstein Lst Wetterstein Lst Lakes and rivers v~ =« Minor / major thrusts

and MTDs - Hallstatt | st - Reifling Fm .~ National boundary P ,/ Minor / major normal

| Schrambach and Rossfeld Fms j\"géu 'Fm d limest Potschen Lstand I Anisian carbonates -7 W, Reglonal dip . raults
urassic red limestones Zlambach beds " < Minor / major normal  —— Buried trace of Trattberg -

.. Buried trace of Untersberg -

| Haselgebirge (evaporites and clastics) K X Mg’::)tircflil;]neaé'or normal ... =5 0p ctein thrust

Gosau Group

Kossen Fm




Figure 12.



I'l contractional  Cretaceous
systemexiensional system

a) 1 |
Hochwieskopf

—2000 m

Penninic and Helvetic units (sub-_U/iB T)

D) Tithonian (Late Jurassic) Gosau Gp (clastics and carbonates)
- — | Schrambach Fm (marine clastics)

' Oberalm Fm (pelagic/ turbiditc carbonates)
" .|

/ Tauglboden Fm (siliceous marls)
/

|| Red Jurassic limestone
Rhaetian Lst (reef)
) %

: u Kossen Fm (marls)

' Dachstein Lst (lagoonal carbonates)

- I Carnian beds (clastics, carbonates)

Wetterstein Lst (lagoonal carbonates)

B Anisian dolomites

B Werfen beds (clastics & carbonates)
| | Haselgebirge (evaporites & clastics)

2

Austroalpine basement

future

C
) Trattberg @Qj‘sts Rhaetian (Late Triassic)

Austroalpine basement

Om 4000 m




Figure 13.



N-S Diirreckberg Blunta utal Hagengebirge

] Z ~

Ahornalm 7

thrust , s

—2000 m

Penninic and Helvetic units (sub-UABT)
Om 4000 m

I Schrambach Fm (marine clastics)

|| Oberalm Fm (pelagic/ turbiditic carbonates)
Strubberg / Tauglboden Fms (siliceous marls)
| | Red Jurassic limestone

Dachstein Lst (lagoonal carbonates)

I Carnian beds (clastics, carbonates)
Wetterstein Lst (lagoonal carbonates)

B Anisian dolomites (pelagic carbonates)
Werfen beds (clastics & carbonates)

.| Haselgebirge (evaporites & clastics)

Om

—-2000 m




Figure 14.



Fﬂgssen
_ —

i

Chst ein

Altaussee
units (undiff.)

hrygy

Austroalpine

4000 m

Om

Echerntal

{

3 500,

NNW-SSE

Dachstein

............................................................................ _Om

basement

Plassen Lst (reef)

Tauglboden Fm (radiolarites)
| | Red Jurassic limestone

Dachstein Lst (lagoonal carbonates)
| | Hallstatt Lst (pelagic carbonates)

I Carnian beds

Wetterstein Lst (lagoonal carbonates)
I | Reifling Fm (pelagic carbonates)

-2000 m - Anisian dolomites (shelf to pelagic carbonates)

Werfen beds (clastics & carbonates)
| | Haselgebirge (evaporites & clastics)
Austroalpine basement

—-2000 m

Austroalpine

basement -




Figure 15.



1
f K
.i OIT-12 rb(obg
> Hall 8 Qﬁj
; D,
%
D) %‘
~ /7 NE-SW 1000 m
Osterhorngruppe Rossfeld 7/ —c =
syncline (/g Wolf - Dietrich
Gallery
Bisi-ul_icc 0 m
— “—-1000 m
Quaternary Dachstein Lst (lagoonal carb.)

] Schrambach & Rossfeld Fms
(clastics and carb.)

| | Hallstatt Lst (pelagic carb.)

I Oberalm Fm (calciturbidites) [Zi] Ladinian pelagic carb.
- Red Jurassic limestone - Anisian shelf to pelagic carb.

- Haselgebirge & Werfen Fm
ROREEn st - (evaporites & clastics)




Figure 16.



26‘3%% : %Qﬁgﬁ
a) ko 1 DONY
‘\
11‘ L -
bhrnae
ll I— .
\
~ \
\
S \
ue ‘x?_?ﬁl?chta >
s
WGS84 UTM33N X\ > A
5 . NW-SE
0) Grubhormal Gerhardstein-
.-ﬁ\ Lofer units w
. —O S @

=1 a1 == B B 1 B B = L B == B B A B i . i S T === =1 1 S ol N B B B

Lower Cretaceous (marine clastics)
Plassen Lst (reef)

Oberalm Fm (pelagic/ turbiditc carbonates)
Upper Jurassic breccias

Red Jurassic limestone

Rhateian Lst (reef)

Kossen Fm (marls)

Dachstein Lst (lagoonal carbonates)
Hallstatt Lst (pelagic carbonates)
Wetterstein Lst (lagoonal carbonates)

- Anisian dolomites

Werfen beds (clastics & carbonates)

Penninic and Helvetic units (sub-UABT)

Penninic and Helvetic units (sub-UABT) _ , .
0m 4000 m || Haselgebirge (evaporites & clastics)




Figure 17.



a)

drowned platform

thin platform roof

drowned platform drowned platform oelagic roof

b)

minibasin

Isoclinal
syncline

salt wall

—__pelagic roof

drowned platform

_— __—

VvV S

minibasin salt wall minibasin salt wall minibasin

Austroalpine basement 2?7
Inherited extensional offset?
| squeezed
salt wall salt Inverted salt secondary plug-fed
rim uplift overthrust faults wall weld thrust

T

Syn-orogenic
sediments

diapir

salt-detached
shortening

basement"thrusting? Inherited exteﬁéi-onal offset?




Figure 18.



a) Pelagic Upper Triassic and evaporites (diapir/salt wall roof)
Thin Upper Triassic platform (diapir/salt wall roof) M? n?Qr)ea
Thick Upper Triassic platform (minibasin) 1895

\ 1 Direction of stratigraphic tapering of
Middle / Upper Triassic platforms

== Extensional rollover

1 -
/ %
\t-@(\ Z & =

287
0220

2

Late Triassic 01020

b) Pelagic Upper Iriassic and evaporites A Thrust »~ Secondary weld
Thin Upper Triassic platform +*° Fold system Reef trend
L Thick Upper Triassic platform IVIaE area
€ (& First breccias (km?)
o< —~ Thrusting 14792
<2 63
O
O 4904
X
Ox—
L -t J " 0 10 20 40 km @
dl€e JUrassiC
C) Pelagic Upper Triassic and evaporites & Thrust ~~=~"Inherited structures
Thin Upper Triassic platform ~” Secondary weld Lebading ed?e 4
Thick Upper Triassic platform . Leading edge asement wedge
eroded upper thrust(s)
Map area
(km”)
[ 732
: 37
: 4725
....................................................................... 3\) 0 10 20 40 k @
Late Cretaceous ........................................................... 3® m
d) Pelagic Upper Triassic and evaporites & Thrust —~~=="Inherited structures
Thin Upper Triassic platform 7~ Strike-slip faults Lebading ed%:]e ’
Thick Upper Triassic platform ASEMEnt Wedge
7, |Late Cretaceous - Neogene collapse SN o, Map area
........................................ o N ( mz)
" 537
,,,,, Pyhrn o
=\ |
flurzeralry 77 4662

é’\%’@? L

%7

-
i.li
|||||||
..............
.......
LT
by,

Present-day ‘ e e m e

****** Key structures
e) Y




Figure 19.



a) = Erosion

J Breccias (Tauglboden & Strubberg Fms)

S/ .+* Active structures
L Squeezed salt walls

Background radiolarite basin (Tauglboden & Strubberg Fms)

Reef (Plassen Fm)

Callovian-Oxfordian

10

or diapirs

20

40 kKm

2

D)

== Erosion

Bl Megabreccias (Barmstein)

Reef (Plassen Fm)

Reef slope (Tressenstein)

J .+* Active structures

7 Squeezed salt walls
or diapirs

----
.®

*

/ Hallein
Lofereralm Lofer.

*
‘.-

Geérhardstein 7
Hochkranz

Kimmeridgian-Tithonian

kersai

- Trattbels
. Moosegg

......

L |

"y
~
......
Ny

al
-------

.
------

i
w
s
",

10

N\

20

erschober -
Schafkogel

40 km

2

C)

<
Q :
Onset of thrusting on the ) iZ | APTIAN O
______ Lofer-Gerhardstein and Untersberg & - Onsetofthrustingon <
thrusts o the Dachstein thrust BARREMIAN | j—=
. N » o WO ‘/ ~129.4 A GTERIVIAN] LLI
e Approximate Oberalm Fm ton ~132.6 0
Schrambach Fm boundary VALANGINIAN
.................................................................................................................................................................................................................................................................................................................................. ~139 8 O
.......................................................................................................................... S,
........................................................................................................................................................................................................................................................................................................................................................................................ ..._.-1 450
TITHONIAN
KIMMERIDGIAN

| OXFORDIAN
e b L ke Ry e ) L L CALLOVIAN
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ BATHONIAN
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ BAJOCIAN
AALENIAN
> ST D > O = o) O D =
S TEE & O O S - O I ®
o) = g © QO O <. O O ~ =
T w O = = ' = < o
= 5 9 SRR T %) L O 5
> as & F s B S -
G L A 2 =
b
Blue = Thrusts or folds Orange = Squeezed diapir or salt allochthon = Reefs
S PHOWE Thrusting/ = Thrusting / Erosion / breccia —
unconstrained : i SUNG _ lon / breccla p
cessation\. folding " folding (uncertain) 3 deposition | Reef growth

uplift




	Article File
	Figure 1 legend
	Figure 1
	Figure 2 legend
	Figure 2
	Figure 3 legend
	Figure 3
	Figure 4 legend
	Figure 4
	Figure 5 legend
	Figure 5
	Figure 6 legend
	Figure 6
	Figure 7 legend
	Figure 7
	Figure 8 legend
	Figure 8
	Figure 9 legend
	Figure 9
	Figure 10 legend
	Figure 10
	Figure 11 legend
	Figure 11
	Figure 12 legend
	Figure 12
	Figure 13 legend
	Figure 13
	Figure 14 legend
	Figure 14
	Figure 15 legend
	Figure 15
	Figure 16 legend
	Figure 16
	Figure 17 legend
	Figure 17
	Figure 18 legend
	Figure 18
	Figure 19 legend
	Figure 19

