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Abstract drifting to Jurassic collision/accretion. The Northern

Calcareous Alps as part of the Eastern Alps is one of the

The topic of this field trip is to get to know and under- ~Most prominent Alpine areas. Together with the
stand the sedimentation of Austria's Northern Calcareous ~ Carpathians, the Southern Alps and the Dinarides, they
Alps and its tectonic circumstances from Triassic rifting/ ~ constituted an up to 700 km wide and approximately 2000
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km long shelf strip of the northwestern Tethys margin.
The Jurassic sedimentation in this realm was controlled
by its pal aeogeographic position between two oceans and
their evolution, respectively: the Neotethys Ocean to the
east/southeast and the Alpine Atlantic to the west/
northwest. The opening of the Central Atlantic Ocean with
its continuation into the Alpine Atlantic (= Ligurian-
Penninic Ocean) resulted in a new Mediterranean plate
configuration. The*Apulian“ plate wasformed. Successive
spreading of the Alpine Atlantic led to closure of parts of
the Neotethys and deformation of the Triassic carbonate
shelf since late Early Jurassic time.

Deformation and accretion started in the Neotethys Ocean
with intra-oceanic thrusting in the late Early Jurassic. This
thrusting process resulted in the obduction of the accreted
ophiolites onto the outer shelf in Middle Jurassic time.
The former Triassic to Early Jurassic passive continental
margin with its huge Triassic carbonate platforms took a
lower plate position in this developing thin-skinned oro-
gen. Thrusting started in the outer shelf region and
successively propagated towardstheinner shelf. Inthelate
Middle Jurassic contractional tectonics reached the inner
parts of the shelf and affected the Triassic carbonate
platforms. Deep-water trench-like basins formed in
sequence in front of advancing nappes: Thus the initial
trench-like basins formed in the south. Later, in the early
Late Jurassic, further trench-like basins formed farer to
the north. The trench-like basins accumulated thick
successions of gravitatively redeposited sedimentsderiving
fromthe accreted older sedimentary sequences. Someslides
and blocks experienced low temperature - high pressure
metamorphism before redeposition, indicating deep burial
intheframework of subduction processesin Jurassic times.
Uplift of the accreted nappes led to the formation of
shallow-water carbonate platforms on top of the nappe
stack. The build-up, progradation and degradation of
carbonate platforms in Late Jurassic to Early Cretaceous
times progressively sealed the trenches and rises
morphology by the deposition of hemipelagic and shallow-
water carbonates.

This Jurassic evolution of the Northern Calcareous Alps
isbest preserved in their central region. During thefieldtrip
we will visit some of the finest outcrops documenting this
earliest phase of Alpine mountain building and
degradation.

What you will see:
A complete, very complex active continental margin
evolution from Middle Jurassic to Early Cretaceous with
the interplay of thrusting, trench formation, mass
movements, onset of carbonate platforms, and formation
and preservation parameters of organic content. This
includes:

* Condensed carbonates (pelagic platform; “ Ammonitico
Rosso* and grey cherty limestones) of Early to early
Middle Jurassic age. These follow on top of the huge
Late Triassic Hauptdolomit/Dachstein Limestone
carbonate platform and underly the sedimentary
sequences deposited during the complex late Middle to
Late Jurassic evolution.

LateMiddleto early Late Jurassic deep-water radiolaritic
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trench-like basins related to thrusting and accretion,
which were characterized by fine-grained organic-rich
(siliceous) sedimentation with intercalations of
olistostromes and huge slides.

* Large scale mass movements from an accretionary wedge
into adjacent trench-like basins; each basin fill is
characterized by a coarsening-upward cycle.

* Carbonate-clastic radiol aritic deep-water blocksin matrix
structure (radiolaritic “wildflysch*) as sedimentary basin
fill and mélange formation due to contemporaneous
contractional tectonic movements.

* Radiolaritic/argillaceous trench-like basin fills with po-
tential source rocks and intercalated potential reservoir
rocks.

* Onset of different shallow-water carbonate platforms on
an uplifted nappe stack in a contractional margin setting
(lower plate position) and progradation of shallow-water
carbonates over older deep-water basins.

* Carbonate production and platform configuration in a
contractional margin setting with the carbonate factories
still working during orogenic uplift and extensional
collapse.

+ Formation of starved basins between these carbonate
platforms as the result of the interplay of tectonics and
carbonate production.

* The carbonate platform collapse due to mountain uplift
associated with extensional tectonics.

* Early Cretaceous drowning of carbonate platforms due
to siliciclastic input

+ Siliceous and carbonate sedimentology and sequence
stratigraphy in outcrop analogs to reservoirs.

During this field trip in one of the geologically most

classical areas of the world, the central Northern

Calcareous Alps (Salzkammergut region, Salzburg and

Berchtesgaden Calcareous Alps), we will visit locations

documenting the whole early convergence story.

1. Introduction

As introduction a short outline of the whole Permian/
Triassic to Early Cretaceous sedimentary and geodynamic
evolution of the northwestern Neotethys realm (e.g.,
Eastern and Southern Alps, Western Carpathians,
Pannonian realm, Dinarides) is provided in order to better
understand the topics of the field trip (Fig. 1). We will see
Late Permian to Middle Jurassic rocks from different
provenance areas asreworked, differently sized (millimetre
to square kilometre) componentsin thelate Middleto early
Late Jurassic deep-water basin successions. Beside age
dating of the matrix sediments, unravelling the derivation
of these components is of great importance for the
reconstruction of basin formation during that time span.
The overall geodynamic evolution is crucial for the
initiation of the large-scaled mass movements into these
deep-water basins and the time-equivalent to subsequent
formation of carbonate platforms. The Eastern Alps,
especialy the Northern CalcareousAlps (Fig. 2) as part of
this northwestern Neotethyan realm, provide an excellent
opportunity to study this story. More than 150 years of
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Fig. 1: A) Mega-units and mountain belts in the Alpine-Carpathian-Dinaride-Pannonian realm. B) Most important
tectonic mega-units/nappe systems in the Alpine-Carpathian-Dinaride-Pannonian realm with more detailed names of
the different units and the area of the field trip indicated (after Kovacs et al. 2010, 2011).

For the Austroal pine mega-unit and the exact geographic position of the Northern Calcareous Alps see Fig. 2.

geological investigationsform a solid data base with many
topics still controversially discussed and remaining open
questions. Not only the geodynamic models are
controversial but there is also still no consensus on the
pal aeogeographic configuration of today’s mountain puzzle
in this region (details in Missoni & Gawtick 2011a).

There is a large number of contrasting palaeogeographic
reconstructions of the Alpine Belt and adjacent regions
for the Late Triassic to Jurassic period (e.g., FriscH 1979,
Haas et a. 1995, GawLick et al. 1999a, 2008, STAMPFLI &
BoreL 2002, ScHmip et al. 2004, 2008, StamprLl & Kozur
2006, and many others, compare ZAcHER & Luru 1999).
Our reconstruction of the Austroalpine domain’s
tectonostratigraphic evolution follows a causal approach.
It is based on the tectonic events steering the depositional
areas’ development and the deposition of the different
sedimentary successions (= formations and
lithostratigraphic names), respectively. Theformations are
classified in respect of their event-related deposition within
a palaeogeographic domain. The subordinate control of
the history of the Austroalpine domain was the situation
of the latter as part of a continent between two oceanic
domains: the Alpine Atlantic Ocean (= South Penninic/
Piemont/Ligurian Ocean) to the west/northwest related to

the Central Atlantic Ocean (e.g., FriscH 1979, LEMOINE &
TrumPy 1987 - the term “Alpine Tethys® should not be
used in order to avoid confusion: e.g., DAL Piaz 1999,
SrtamprLl & BoreL 2002, ScHmip et al. 2004, 2008, STaAMPFLI
& Kozur 2006) and the Neotethys Ocean to the south/
southeast (not Meliata Ocean - compare Krystyn et al.
2008) (Fig. 3, Fig. 6).

In Triassic to Early Cretaceous times the Northern
Calcareous Alps, together with the Western Carpathians,
the Dinarides, the Albanides, the Hellenides and other
regions, formed a continuous NNE-SSW trending belt
facing the north-western margin of the Neotethys Ocean
(Fig. 3) and undergoing the same history: Formation of
oceanic crust since Late Anisian, onset of inneroceanic
thrusting in late Early Jurassic, ophiolite obduction in
Middle-Late Jurassic, followed by the formation of shallow-
water platforms, extensional collapse due to tectonic
thickening and mountain uplift before the Jurassic/
Cretaceous boundary, and infilling of the foreland basins
with the erosional products of this orogen in the Early
Cretaceous. The detailed documentation of the geodynamic
evolution as synthesized in Missoni & Gawtick (20114, b)
clearly demonstrates that a prominent orogenic event with
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Fig. 2: Tectonic sketch map of the Eastern Alps and field trip area (compare Fig. 8; after ToLLMANN 1977, FRriscH &
GawLick 2003). GPU Graz Palaeozoic Unit; GU Gurktal Unit; GWZ Greywacke Zone; RFZ Rhenodanubian Flysch

Zone.

oceanic accretion, fold thrust belt formation and foreland
basin creation has taken place in that period. The regional
importance of this event affected the complete western
margin of the Neotethys margin; therefore the name
Neotethyan Belt for this Jurassic orogen was introduced
by Missoni & Gawtick (2011b).

Overall geodynamic and sedimentary evolution:

Following a major post-Variscan regression and Permian
crustal extension (e.g., ScHUSTER & StUwe 2008),
sedimentation in the northwestern Tethyan realm started
in the Middle/Late Permian with coarse-grained
siliciclastic sediments in the northwest (Alpine Verrucano
- compare ToLLMANN 19763, 1985) and evaporites to the
southeast (Alpine Haselgebirge: ToLLmann 19763, 1985)
due to early Neotethyan crustal extension (ScHUSTER et al.
2001). In the Early Triassic, siliciclastic sedimentation
continued with the deposition of the Alpine Buntsandstein
in the northwest and with deposition of the marine Wer-
fen Bedsin the southeast (Fig. 4). Around the Early/Middle
Triassic boundary, carbonate production started with the
build-up of carbonate ramps (top Werfen Formation, Guten-
stein and Steinalm Formations: Fig. 4). The opening event
with open marineinfluenceis manifested below the Middle
Anisian Steinalm Formation (Lein et al. 2010). Shallow-
water carbonate sedimentation with overlying hemipelagic
carbonates (GaLLET et al. 1998) as the result of a partial
drowning event due to the final break-up of the Neotethys
Ocean in the late Pelsonian (Lein & Gawtick 2008)
dominated in the entire Eastern Alpsinthe Middle Triassic.

Inlate Middleto early Late Triassic times, the Wetterstein
Carbonate Platform was formed (Fig. 4). This platform
was overlain by siliciclastic sediments of the Lunz and
Northalpine Raibl Formations or by the Reingraben For-
mation (Halobia Beds) in the Hallstatt realm (HornuNG et
al. 2007, Krystyn 2008). After this siliciclastic event a
new carbonate ramp built up in Tuvalian time (Opponitz
and Waxeneck Formations). On top, the classic Late
Triassic Hauptdolomit/Dachstein Carbonate Platform was
formed during optimum climatic and geodynamic
conditions in the Norian and Rhaetian.

At the Triassic/Jurassic boundary, the carbonate production
rate significantly decreased. This occurred in connection
with an environmental crisis that led to mass extinction
and was accompanied by a sea-level drop (compare
Sepkoskl 1996). This mass extinction coincided with an
environmental change: a global cooling and sea-level fall
(e.9., OcG 20044, b) around the Triassic/Jurassic-boundary
(e.g., HueearD & BouTLER 2000, Guex et al. 2004), followed
by a warming event and long-term sea-level rise in the
Hettangian (McELwaIN et al. 1999, Guex et al. 2004, Oce
2004b). Also aperturbation of the global carbon cycle (e.g.,
PALFY et al. 2001, HesseLBo et a. 2002, WARD et al. 2004)
aswell as significant sea-level changes can be recognized
(e.0., HaLLam 1997). Regardless of the causes of this mass
extinction (e.g., MarzoLi et al. 2004, Lucas & TANNER
2007), which are intensively debated (summarized e.g., in
PALFY 2008), these environmental events left a signature
in the Austroalpine domain (e.g., HiLLEBRANDT & KRYSTYN
2009).
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Fig. 3: A) Palaeogeographic position of the Northern Calcareous Alps as part of the Austroalpine domain in Late
Jurassic time (after FriscH 1979, GawLick et al. 2008). In this reconstruction the Northern Calcareous Alps are part of
the Jurassic Neotethyan Belt (orogen) striking from the Carpathiansto the Hellenides. The Neotethys suture is equival ent
to the obducted West-Vardar ophiolite complex (e.g., Dinaridic Ophiolite Belt) in the sense of ScHmip et al. (2008) = far-
travelled ophiolite nappes of the western Neotethys Ocean in the sense of GawLick et al. (2008) (see RoerTson 2012 for
discussion). The eastern part of the Neotethys Ocean remained open = Vardar Ocean (compare Figs. 73-100). Toarcian
to Early Cretaceous Adria-Apulia carbonate platform and equivalents according to GoLonka (2002), ViLaHovic et al.
(2005), and BernouLLl & JENKYNS (2009). B) Schematic cross section reconstructed for Middle to Late Jurassic times. It
shows the passive continental margin of the Lower Austroalpine domain facing the Penninic Ocean to the northwest
(e.g., ToLLMANN 1985, FaurL & WacRreicH 2000) and the lower plate position and imbrication of the Austroalpine
domain in relation to the obducted Neotethys oceanic crust (after GawLick et a. 2008). Compare FriscH (1979, 19803,
b).
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Fig. 4: Lithostratigraphic table of Triassic formations and tectonic events in the Northern Calcareous Alps (modified
after ToLLMANN 1985, GawLick & FriscH 2003, PiLLER et a. 2004). The main detachment horizons are indicated because
of their importance during Jurassi ¢ nappe stacking and disintegration of the sequencein the course of mélange formation.
The colours of the different facies belts in this figure correspond to the colours in the other figures, clarifying the
provenance of the different clastsand slidesin the Jurassic basin successions (after Missoni & GawLick 2011a). Compare

also Fig. 6.

Earliest Jurassic sediments are missing on top of the
morphologic highs (former Hauptdolomit/Dachstein Car-
bonate Platform). Only in basinal areas sedimentation was
continuous (HiLLeBrANDT & KRysTYn 2009). Lack of
sufficient sediment supply led to drowning of the Haupt-
dolomit/Dachstein Carbonate Platform in Late Hettangian
times due to a sea-level rise. The spread and morphology
of the facies zones in the Early to early Middle Jurassic
followed in general the Triassic inventory (Figs. 5) except
in the lower Austroalpine units and equivalents.

Later on, a horst and graben morphology developed
(BernouLLI & JENkYNs 1974, EBerti 1988, KRAINER €t al.
1994) and triggered breccia formation along submarine
slopes and escarpments, mainly in Late Pliensbachian to
Early Toarcian times (Boxm et a. 1995). An increasing

pelagic influence was manifested in the Early to Middle
Jurassic sediments (GARRISON & FiscHER 1969, BoHm 1992).
Breccia formation in late Early Jurassic time is mostly
interpreted as a result of the opening of the Ligurian/
Penninic (= Alpine Atlantic) Ocean (e.g., BernouLLl &
JENkYNs 1974, Esertl 1988, KRAINER et al. 1994), named
Penninic Ocean in the Eastern Alpine realm (compare Fig.
3). Whereas the older part of the Early Jurassic sequences
near to the Penninic realm (Lower Austroal pine passive
continental margin) shows the typical features of a rifted
margin (e.g., EBerLi 1988), the other areas of the
Austroal pinewere only slightly influenced by theserifting
processes. In contrast, late Early Jurassic (Late
Pliensbachian to Early Toarcian) tectonics affected mainly
the Dachstein Limestone facies belt (Fig. 5) and resulted
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Fig. 5: Stratigraphic table with lithostratigraphic names and main tectonic events of the Jurassic in the Austroal pine realm with their variations depending on the pal aeogeographic
position (after GawLick et al. 2009a; compare Fig. 4, Fig. 6). In red the sedimentary succession which will be visited during the field trip. Bavaric units, Tirolic units, Hallstatt
Mélange = Northern Calcareous Alps.
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in acompletely new pal aeogeographic setting. Meanwhile
the Lower Austroalpine passive margin was not or only
mildly influenced by these tectonic processes.

Many authors interpreted the above described change in
the late Early Jurassic as a result of the opening of the
Penninic Ocean (e.g., EBerLl 1988, KRAINER et a. 1994).
In contrast, FrRiscH & Gawtick (2003), GawLick et al.
(2009a) and Missont & GawLick (20114, b) attributed this
“event” to the onset of subduction in the Neotethys Ocean
realm.

Inlate Early to Middle Jurassic timesthe situation generally
changed also in the former (Triassic) carbonate platform
areadueto the partial closure of the Neotethys Ocean (Fig.
3). Concerning the active margin, the Austroal pine domain
attained the lower plate position (Gawtick et al. 1999a).
The tectonics of this time span were characterized by a
propagating thrust belt in front of the overriding ophiolite
nappe stack, as proven in the Albanides and Dinarides
(GawLick et al. 2008, 2009b). In the Eastern Alps and the
Northern Calcareous Alps, respectively, the obducted
ophiolite nappe stack is not preserved. Here, only pebbles
in the Late Jurassic to Early Cretaceous deep-water
sedimentary successions prove this ophiolite obduction
stage (summarized in GawLick et al. 2009a). The same
story is visible in the southern Western Carpathians
(FroiTzHEIM €t al. 2008, Kovacs et al. 2011, Haas et al.
2011).

Middle Jurassic northwest-directed thrusting caused the
formation of deep-water trench-like basinsin front of the
propagating nappes which obliquely cut through former
faciesbelts. Tectonic shortening decreased in Late Jurassic
time. In contrast to the Triassic evolution, shallow-water
carbonates are generally missing in the Austroalpine
domain during most time of the Jurassic until the Late
Oxfordian, when new shallow-water carbonate ramps and
platforms established (Fig. 3) and sealed the main tectonic
shortening structures. They existed until the Early
Cretaceous. Siliciclastic influenced sediments occurred in
the southern Northern Calcareous Alps in the
Kimmeridgian and inthe more northward partsin the Early
Cretaceous (Fig. 3).

NW-SE directions refer to Triassic-Jurassic
pal aeogeographic reconstructions. North-South geographic
directions refer to the Present as a result of a complex
rotation history of the Eastern Alps since Late Cretaceous
(e.0., HauoLp et al. 1999, CsonTos & Voros 2004, THONY
et a. 2006, Puevo et a. 2007).

1.1. Triassic-Jurassic palaeogeogr aphy, sedimentary
successions and stratigraphy

The reconstruction of the Triassic palaeogeography, i.e.,
the facies zones of the shallow-water Hauptdolomit/Dach-
stein Carbonate Platform and its gradual transition to the
hemipelagic Hallstatt Zone, has been arranged in a
characteristic shore parallel fashion (Fig. 6) (Len 1985,
KRYsTYN & LEIN 1995 in Haas et al. 1995, GawLick et al.
1999a). Their Late Anisian to Early Jurassic sedimentary
succession represented an open marine, distal periplatform
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setting on the Triassic European continental margin facing
the Neotethys Ocean (= Meliata Ocean or Meliata-Hall-
statt Ocean according to, e.g., Kozur 1991, ScHwElGL &
Neusauer 1997, Neusauer et al. 2000, StamprLi et al. 2001,
StamprLI & Kozur 2006).

The variegated Hallstatt Salzberg facies represents the
oceanward belt on this margin, giving way to siliceous
limestones and radiolarites towards the Neotethys Ocean
(= Meliatafacies; Fig. 6). In the sedimentary environment
of the Hallstatt Salzberg facies with relatively stable
hemipelagic conditionsfor at least 40 Ma, the existence of
large intermediate shallow-water carbonate platforms is
quite unrealistic (Gawrick & Bonm 2000). Only the
Zlambach facies zone received shallow-water debris from
the large, flat-topped Triassic carbonate platforms.

1.1.1. Hauptdolomit facies zone

Triassic

The Hauptdolomit facieszoneis preserved only in thelower
structural units of the Northern Calcareous Alps (Bavaric
and in parts Tirolic nappes: see chapter geological
overview). Permian and Early Triassic sedimentsare mostly
missing inthese profilesasaresult of the usage of shallower
detachment levels during younger tectonic movements
(ToLLMANN 1985). The thickness of the Middle and Late
Triassic formations (Fig. 4) can only be roughly estimated
due to the polyphase tectonic history, but could be around
4-5 km (BRANDNER 1984).

Carbonate production started around the Early/Middle
Triassic-boundary with carbonate ramp sediments above
the Alpine Buntsandstein (StincL 1989) and the evaporitic
Reichenhall Formation. The lower Gutenstein Formation
was formed in a restricted, periodically hypersaline
lagoonal area. The overlying Steinalm Formation represent
sediments of more open marine conditions, partly forming
small build-ups and reefal structures created particularly
by calcareous algae and microbial mats. The Gutenstein
and Steinalm Formations are named Virgloria Formation
in the western Northern Calcareous Alps (PiLLER €t al.
2004). In Late Anisian time a large part of this (Steinalm)
carbonate ramp was drowned and widespread basinal
carbonate sedimentation took place (grey, cherty limestones
of the Reifling Formation) (BEcHSTADT & MosTLER 1974,
1976, Krystyn 1991, KrystyN & Lein 1996). According
to GawLick (2000a) and Missoni & GawLick (2011a) the
hemipelagic carbonatic basins were separated from the
open shelf area by the growing Wetterstein carbonate
platforms to the southeast in the Late Ladinian
(Langobardian) (compare Krystyn & LEIN 1996). The
Reifling sedimentation was replaced by fine-grained
siliciclastic deposition of the Partnach Beds. During Early
Carnian, after aregressive/transgressive cycle the Wetter-
stein Carbonate Platform (Arlberg and Wetterstein For-
mations) started to progradeinto thisfacies belt (BRANDNER
& RescH 1981, Krystyn & Lein 1996). South of therapidly
southeastward (towards the Dachstein Limestone facies
zone) prograding platform (Raming Formation as slope
deposits: Lein 1989), a basinal area prevailed in Early
Carnian (Cordevolian) time. The youngest sediments in
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Fig. 6: A) Late Triassi c pal acogeographic position and facies zones of the Austroal pine domain as part of the northwestern
Neotethys passive margin, modified after Krystyn & Lein in Haas et al. (1995) and GawLick et a. (1999a, 2008). B)
Schematic cross section (for position, seelinea-binA) showing thetypical passive continental margin faciesdistribution
across the Austroalpine domain in Late Triassic time (after GawLick & FriscH 2003). Compare Fig. 3.

IAZ = |beria-Adria Zone transform fault, AAT = future Austroalpine-Adria transform fault, TTT = future Tisza-Tatra
transform fault, TMT = future Tisza-Moesia transform fault, AA = Austroa pine, Bl = Bihor, BR = Briangonnais, BU =
Bikk, C = Csovar, Co = Corsica, DI = Dinarids, DO = Dolomites, DR = Drau Range, HA = Hallstatt Zone, JU =
Juvavicum, JL = Julian Alps, ME = Méliaticum, MK = Mecsek, MO = Moma unit, MP = Moesian platform, P = Pilis-
Buda, R = Rudabanyaicum, S| = Silicicum, SL = Slovenian trough, SM = Serbo-Macedonian unit, TA = Tatricum, TO
= Tornaicum, TR = Transdanubian Range, VA = Vascau unit, WC = central West Carpathians. For other reconstructions
of the western Tethyan realm see, e.g., Sencor (19853, b), CHANNELL et al. (1990, 1992), Dercourr et al. (1986, 1993),
Marcoux & Baup (1996), CHANNELL & Kozur (1997), StamprLi & BoreL (2002), StamprLi & Kozur (2006).
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these basinal areas were the organic-rich grey, cherty
limestones of the Gostling Formation. As consequence of
the Lunz/Reingraben event (SCHLAGER & SCHOLLNBERGER
1974, Len et d. 1997), the Wetterstein Carbonate Platform
drowned nearly in the whole area in Julian time and
deposition of siliciclastic sediments (Lunz and Northal pine
Raibl Formations) took over (ToLLmANN 19768, 1985,
KRraINER 1985). These siliciclastic depositsfilled the basinal
areas between the Wetterstein Carbonate Platforms, with
the result of a uniform topography at the end of this
siliciclastic event. In the Late Carnian, the siliciclastic
input decreased rapidly and a new carbonate ramp was
established (Opponitz-Waxeneck carbonate ramp). The
transition between the early Late Carnian “Northalpine
Raibl Formation“ and the more carbonatic sedimentation
farer to the south is gradual. Around the Carnian/Norian-
boundary this carbonate ramp passed in the Late Triassic
Hauptdolomit/Dachstein Carbonate Platform (for details
see ToLLMANN 19763, 1985, GawLick & BoHm 2000). The
Hauptdolomit ranges from?atest Carnian/earliest Norian
to the Middle/Late Norian, with newly formed
intraplatform basinsin Middle to Late Norian times (See-
feld Formation) (ToLLmann 1976a, Donorrio et al. 2003,
compare BecHTeL et al. 2007). Inthe Late Norian, opening
of therestricted Hauptdolomit lagoon resulted in deposition
of the“Plattenkalk”. In Early Rhaetian thelagoon deepened
and renewed siliciclastic input led to deposition of the
mixed terrigenous-carbonatic Kdssen Formation
(stratigraphic details in GoLesiowski 1990, 1991). In Late
Rhaetian, the Kossen Formation was in many places
overlain by shallow-water carbonates including reefal
build-ups in some areas (Oberrhét Limestone: FLUGEL
1981). Within the Hauptdol omit facies zone, these shallow-
water carbonates prograded from north towards south.

Jurassic

Inthe earlier Early Jurassic, the sedimentation was mainly
controlled by the Late Triassic topography (Fig. 5; BoHm
2003, GawLick & FriscH 2003, GawLick et a. 20098). Only
in the westernmost part of the Austroalpine domain
extensional tectonics led to the formation of the
southeastern (Lower Austroal pine and equivalents) passi-
ve continental margin of the (South) Penninic Ocean
(FriscH 1979, EBercl 1988, HAusLEr 1988) as part of the
Central Atlantic system (Fig. 3, details of the whole
evolution in Gawtick et al. 2009a). Near to the future
oceanic realm (start of sea-floor spreading in Late Toarcian:
RaTscHBACHER et a. 2004) asymmetric, brecciafilled basins
are common features (e.g., EserLi 1988). The influence of
this extensional process decreased in eastern direction
towards the Dachstein Limestone facies zone. Therefore,
in most areas block tilting wasrelatively mild in the Haupt-
dolomit facies zone in direction towards the Dachstein
Limestone facies belt.

The Rhaetian shallow-water carbonates were overlain by
red and grey crinoidal limestones in the Hettangian and
Sinemurian, partly with a gap in the depositional record
(EBLi 1997). On top of the Rhaetian Kdssen Formation
cherty and marly bedded limestoneswere deposited (Kalks-
burg Formation and Kirchstein Limestone). These
sediments progressed gradually into the hemipelagic All-
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gau Formation (Sinemurian to ?Bathonian). In the
depositional areas of the Adnet and Enzesfeld Formati-
ons, condensed sedimentation prevailed partly until the
late Middle Jurassic. Red limestone deposition resumed
intheform of the Steinmiihl or Klaus Limestones (Bgjocian
to Tithonian; Krystyn 1971, 1972). In the Callovian to
Oxfordian there was a widespread deepening of the
depositional environment, which resulted in the
sedimentation of cherty limestones, cherty marls, and
radiolarites. In basinal areas on top of the Allgau Formati-
on, dark grey cherty marls and cherty limestones were
deposited. These were formerly interpreted as early to late
Middle Jurassic Allgau Formation (EsLi 1997, PiLLER et
al. 2004), but are in fact time equivalents of the Ruhpol-
ding Radiolarite Group (Chiemgau series) in the sense of
GawLick & FriscH (2003), followed by Saccocoma Lime-
stone. On the Early to Middle Jurassic topographic highs,
red condensed limestones or condensed radiolarites were
deposited (Callovian to Kimmeridgian). In the
Kimmeridgian the siliceous sedimentation passed
gradually to a marlier and then limier one, which is
characteristic for the Tithonian to Early Berriasian
(Ammergau Formation, A ptychus beds, Biancone). Typical
Aptychus beds beside Biancone were deposited in the L ate
Tithonian.

1.1.2. Dachstein Limestone facies zone

Triassic

In the Dachstein Limestone facies zone (mainly preserved
in the Tirolic unit: see chapter geological overview) the
stratigraphic and facial evolution reflects the intermediate
passive margin setting between the Hauptdolomit facies
zone and the Hallstatt facies belt (Fig. 6). The thickness of
the Middle and Late Triassic formations is slightly higher
compared to that in the Hauptdolomit facies zone.
Carbonate production began in the Late Olenekian, slightly
earlier than in the Hauptdolomit facies zone (MosTLER &
Rossner 1984), followed by the evaporitic Reichenhall
Formation around the Olenekian/Anisian-boundary.
Increased carbonate productivity started also around the
Early/Middle Triassic-boundary with carbonate ramp
sediments (Gutenstein and Steinalm Formations) above
the Alpine Buntsandstein/Werfen Formation and the
evaporitic Reichenhall Formation. In Late Anisian time,
large part of this carbonate ramp drowned and widespread
basinal sedimentation took place, with dolomites
predominating, (Reifling Formation) (e.g., Missoni &
GawLick. 2011a). The siliciclastic influenced Partnach
Formation was deposited in the northern part of thisfacies
belt, whereas in the more southeastern part of this facies
belt the Wetterstein Carbonate Platform was formed since
the Late Ladinian (Krystyn & LEIN 1996). Transitional to
the hemipelagic open shelf areas, the Raming and Grafen-
steig Formations (HoHENEGGER & LEIN 1977) wereformed.
This platform drowned in Julian time nearly in the whole
facies belt in the wake of the Lunz/Reingraben event
(ScHLAGER & ScHOLLNBERGER 1974). Siliciclastic (e.g., Lunz/
Raibl Formation, Reingraben Formation) and carbonatic
sediments (Cidaris Limestone) were deposited. As in the
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Hauptdolomit facies belt, these siliciclastic rocksfilled the
basinal areas between the Wetterstein Carbonate Platforms,
leading to a nearly uniform topography at the end of the
siliciclastic event. Inthe Late Carnian thesiliciclastic input
decreased rapidly and a new carbonate ramp was
established. The Opponitz Formation was deposited under
shallow-water, partly evaporitic conditionsin the northern
part of the Dachstein facies belt. Towards south, the
environment passed gradually to a more open marine one,
however, with the shallow-water Waxeneck Formation in
the southern part of the Dachstein Limestone facies zone
(Krystyn et al. 1990). Around the Carnian/Norian-
boundary, this carbonate ramp passed into the lagoonal to
reefal Dachstein Limestone platform. The Dachstein
Limestone ranged from the lowermost Norian to the Late
Norian, without recognised intraplatform basins in the
Middle or Late Norian. In Early Rhaetian, the northern
part of the Dachstein Limestone lagoon deepened by
siliciclastic input and changed to the mixed terrigenous-
carbonatic sedimentation of the Késsen Formation,
intercalated by the Lithodendron reef limestone
(GoLeslowski 1990, 1991). Inthe L ate Rhaetian, the Kdssen
Formation was occasionally overlain by shallow-water,
partly reefal carbonates (Oberrhét Limestone or Rhaetian
Dachstein Limestone). The Rhaetian Dachstein Carbona-
te Platform (FLuGeL 1981, ScHAFER & SENOWBARI-DARYAN
1981) prograded from south towards north.

The southern part of the Dachstein Limestone facies zone,
i.e., the reef rim (Upper Tirolic nappe), represented the
transitional area from the lagoonal area to the open mari-
ne shelf (reef rim and transitional zone to the Hallstatt
facies zone). The early Middle Triassic sedimentary
succession of this transitional area is similar to those of
the other parts of this facies belt. An Early Ladinian
transition of the Reifling Formation into the Hallstatt
Limestone is partly preserved. The formation of the
Wetterstein Carbonate Platform started in the Late
Ladinian. It rapidly prograded towards southeast (Raming
Formation: Lein 1989). The Lunz/Reingraben event
affected these areas only peripheral with thin, fine-grained
siliciclastic sediments (Reingraben Beds). In some areas,
shallow-water organisms survived the event as recorded
in the Julian Leckkogel Formation (DuLLo & Lein 1982).
The Leckkogel Formation passed gradually into the Late
Carnian Waxeneck Formation (Lein in Krystyn et al. 1990)
and later into “Hallstatt Limestones* or the Norian to
earliest Rhaetian reefal Dachstein Limestone (ZankL 1969,
FLuceL 1981, Krystyn et a. 2009) which drowned in Early
Rhaetian time (Krystyn et al. 2009: newly introduced
Donnerkogel Formation). In fact, in this palaeogeographic
area a vertical mixture of basina sediments, fore reef to
back reef sediments, and partly lagoonal sediments
occurred, reflecting sea-level fluctuations and possibly
?extensional tectonic movements (Lein 1985, GawLick
1998, 20003, GawLick & BoHm 2000, compare Missoni et
al. 2008). In Late Norian time, in some areas of thisfacies
belt hemipel agic sequences were deposited in newly formed
basins (Murztal facies, Aflenz facies: Lein 1982, 1985,
2000, ToLLMANN 1985).

Jurassic

In the Early Liassic, the sedimentation was controlled by
the topography of the Late Triassic Hauptdolomit/Dach-
stein Carbonate Platform (Fig. 5, Bonm 2003, GawLick &
FriscH 2003). On top of the Rhaetian shallow-water
carbonates red condensed limestones of the Adnet Group
(Hettangian to Toarcian: Bonm 1992, 2003) were
sedimented, partly above a depositional gap. On top of the
Rhaetian Kossen Formation cherty and marly bedded
limestones (Scheibelberg Formation: Hettangian to
Toarcian; Kendlbach Formation: Hettangian: Boxm 1992,
2003, EsLI 1997, KRAINER & MosTLER 1997) were deposited
in the transitional areas to the Rhaetian K&ssen Basin
crinoidal or sponge spicularich limestones of the Enzesfeld
Formation (Hettangian to Sinemurian: Boxum 1992). In the
Late Pliensbachian and Early Toarcian, a horst and gra-
ben morphology developed (BernouLLl & JENKYNs 1974,
KRAINER et a. 1994) and triggered brecciaformation along
submarine slopes and escarpments (Boxm et a. 1995). On
the horsts, the Toarcian and most of the Middle Jurassic
(if deposited) are either characterized by starved
sedimentation and ferro-manganese crusts or by a hiatus.
In contrast, the grabens were filled with deep-water
carbonates and breccias shed along fault scarps. Neptunian
dykes developed in various places. In these newly formed
basinal areas grey bedded limestones were deposited,
whereasthe topographic highswere covered by condensed
red limestones of the Klaus Formation (e.g., KrysTyn
1972).

This sedimentation pattern diachronously changed
dramatically inthelate Middle Jurassic (GawLick & FriscH
2003) when deposition of radiolarian cherts, radiolarian-
rich marls and limestones of the Ruhpolding Radiolarite
Group commenced (DierscHe 1980). For details see chapter
2.

1.1.3. Hallstatt facies zone (preserved in the reworked
Jurassic Hallstatt M élange)

The mostly condensed Triassic to Early Jurassic
hemipelagic succession was deposited in an outer shelf
depositional setting (Fig. 4, Fig. 6).

TheHallstatt facieszone (i.e., Hallstatt Zone) is subdivided

into three facies zones:

a) Zlambach/Potschen facies zone (grey Hallstatt facies,
Zlambach/Potschen facies with shallow-water allodapic
limestone intercalations from the Dachstein reef rim).

b) Hallstatt Limestone facies zone (red or variously
coloured Hallstatt facies or Hall statt Sal zberg facies) (for
newest review see Krvstyn 2008).

c) Meliatafacies zone (Lein 1987a, GawLick et al. 1999a);
including the Pétschen Limestone sensu stricto (compare
MosTLER 1978). Recently the depositional area of the
Potschen Limestone without shallow-water influx
(Potschen Formation sensu stricto) has been interpreted
as transitional facies from the Meliata facies belt
(continental slope) to the oceanic realm (Missoni &
GawLick 20113, b, compare GawLick et a. 2008).

Remnants of thisfacies belt are only present in the Middle

to Late Jurassic radiolaritic trenches and on top of them,
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where all sedimentary rock types of the Hallstatt facies
belt from the Triassic platform transitional area to the
Meliata facies zone occur (for details: GawLick & FriscH
2003, GawLick et a. 2009a, Missoni & GawLick 20114).

Zlambach/Pétschen facies zone

Early Triassic as well as Early and Middle Anisian
sediments of this facies belt are not preserved within
continuous sections. Fine-grained siliciclastic sediments
of the Werfen Formation only occur as componentstogether
with components of the Gutenstein and Steinalm Forma-
tions and the complete reconstructable hemipelagic Late
Anisian to Early Jurassic succession of this facies belt
(GawLick 1996). Late Anisian to Ladinian Reifling Lime-
stoneisalso proven intheform of small componentswithin
late Middle Jurassic mass-flow deposits (Gawtick 1996,
2000b). The oldest continuously preserved sections start
with well bedded, chert-rich limestone or hemipelagic
dolomite of earliest Carnian age (Gawtick 1998). The
Julian Halobia Beds did not form a uniform, laterally per-
sistent sedimentary layer in this facies belt but are partly
preserved in some sections (ManpL 1984). In Late Carnian
to Middle Norian times, mostly well-bedded cherty
hemipelagic limestones of the Pdtschen Formation with
shallow-water allodapic limestone intercalations were
deposited in more distal shelf areas (Lein 1985, GawLick
1998, Missoni & GawLick 20114), probably transitional to
the red or variously coloured Hallstatt facies zone (LEIN
1981, LEIN & Gawtick 1999). Hemipelagic dolomites
(Pétschen Dolomite similar to the Baca Dolomite of the
Slovenian Trough and equivalents in the Cukali area of
Albania) and bedded cherty limestones occurred in more
proximal position near to the transitional area of the
carbonate platforms and ramps. Here the carbonate
platform facies and evolution is reflected in the carbonate
basinal facies (RelMER & EveEraas 1991). Dueto sea-level
fluctuations occasionally shallow-water carbonates were
deposited also (GawLick 1998). Terrigenous input and
synsedimentary tectonics (strike-slip related movements
according to Missoni et al. 2008), led to more complex
sedimentary facies patterns in Late Norian to Early
Rhaetian times. This is expressed in different lithologies
of the Pedata Formation: e.g., Pedata Plattenkalk, Pedata
Dolomite, Pedata Limestone (ManpL 1984, GawLick 1998,
2000a). Also the basinal areas of the MUrzal pen facies and
Aflenz facies were deepened during this time interval
(LoBiTzER 1974, LEIN 1982). Since Middle Rhaetian times
(KrysTyN 1987, 2008) the marly Zlambach Formation was
deposited, which passed gradually into the Early Jurassic
Durrnberg Formation (Gawtick et al. 2001, 20094). The
youngest known sedimentsin the Hallstatt facies zone are
thick cherty to marly successions of the Toarcian to
Aalenian Birkenfeld Formation (Gawick et al. 2009a,
Missoni & GawLick 20114, b).

Hallstatt Limestone facies zone

As distal continuation of the Zlambach/Pétschen facies
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zone (grey Hallstatt facies), the red or variously coloured
Hallstatt facies (Lein 19873, Krystyn 2008) sedimentation
started with the drowning of the Steinalm carbonate ramp
in Anisian (Late Pelsonian) time. Early Triassic Werfen
Formation is only proven as components in Late Triassic
Hallstatt Limestone (Lein 1981). The Steinalm Formation
followed stratigraphically the lower Anisian Gutenstein
Formation. Hemipelagic sedimention started in late Middle
Anisian with the condensed red Schreyeralm Limestone
(e.0., Krystyn et a. 1971, ToLLmann 1985), followed by
the Grauvioletter-Graugelber Bankkalk (Ladinian), the
Hellkalk (Late Ladinian to Early Carnian), Halobia Beds
(Julian), the Roter Bankkalk (Tuvalian), the Massiger
Hellkalk (Lacian), the Hangendrotkalk (Alaunian to
Sevatian), the Hangendgraukalk (Early Rhaetian) (KrysTyn
1980, 2008) and the Zlambach Marls (Middle to Late
Rhaetian: Krystyn 1987, 2008). These passed gradually
into the Early Jurassic Dirrnberg Formation which is
overlain by the Birkenfeld Formation (see above).

Meliata facies zone

The Meliata facies zone represents the most distal part of
the Triassic shelf area, the continental slope and the
transition to the Neotethys Ocean. Rare remnants of this
facies belt are described from the eastern (MAnDL &
OnpREJCKOVA 1991, 1993, Kozur & MostLER 1992) and
from the central Northern CalcareousAlps (GawLick 1993).
These remnants occur partly as metamorphosed isolated
slides (Florianikogel area) or as breccia components. A
general stratigraphic reconstruction showsMiddle Triassic
radiolarites and partly cherty marls followed by Early
Carnian Halobia Beds and L ate Carnian to Early Rhaetian
Hallstatt Limestone (red and grey). Younger sediments are
so far not proven, but a similar sedimentary succession
likeinthe Hallstatt Limestone facies zone can be expected.
The Meliata facies zone is thought to have been the most
basinward facies belt underlain by continental crust,
incorporated in the evolving imbricate wedge during the
closure of the western part of the Neotethys Ocean (late
Early Jurassic as mentioned by Gawtick & FriscH 2003,
GawLick et al. 2009a, Missoni & GawLick 2011a, b).
Recently also sequences of the Pdtschen Limestone sensu
stricto have been interpreted to derive from the transitional
area of the Meliata facies zone to the Neotethys Ocean
(Missoni & GawLick 2011a, b; compare GawLick et a. 2008,
2009b).

1.2. Geological overview

Classical concept and historical alternatives

The classic tectonic subdivision of the Northern Cal careous
Alps (compare Fig. 2) (in its fundamentals established by
Hauc 1906, later modifications by, e.g., HaHn 1913, Ko-
BER 1923, SpeENGLER 1951, PLOCHINGER 1980, TOLLMANN
1985) defined three nappe groups. These are, from bottom
to top: Bavaric, Tirolic, and Juvavic nappe group (today
only preserved in the Hallstatt Mélange). This tectonic
concept, established in the Berchtesgaden Alps and in the
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Salzkammergut area, was widely accepted. Later, a
subdivision into three tectonic units (“ Stockwerke" sensu
LeeuinG et al. 1935) was proposed: the Tirolic unit
(“Tirolische Einheit" sensu Hann 1913) at the base,
overlain by the Lower Juvavic unit (“ Tiefjuvavische Ein-
heit": Hallstatt nappes), and the Upper Juvavic unit
(“Hochjuvavische Einheit": Berchtesgaden and Dachstein
nappes). Subsequently, in the salt-mine of Hallein
MebweNITscH (1962) subdivided the Lower Juvavic nappe
into aLower (“Untere Hallstétter Decke" : ZIambach nappe
- grey Hallstatt facies rocks) and an Upper Hallstatt nappe
(“Obere Hallstétter Decke": Sandling nappe - variously
coloured Hallstatt Limestone nappe). In this concept
fragmentary blocks of Lower Juvavic Hallstatt Limestones
(ToLLmaNN 1976b) framed the Upper Juvavic nappes (ToLL-
MANN 1985 for details and figures).

In an alternative concept, evaporites, subsumed as Alpine
Haselgebirge (Permian salt-claystone succession; Hasel-
gebirge Méange according to SpoTL et a. 1998), acted as
a ductile paste and motor of gravitational tectonics.
Gravitational tectonics in the Juvavic units should have
started in the Oxfordian (e.g., ToLLmann 1981, 1987,
ManpL 1982, Lein 1985, 1987a) or Late Tithonian
(ProcHINGER 1974, 1976, 1984), leading to Late Jurassic
to Early Cretaceous sliding of Alpine Haselgebirge and
Hallstatt Limestone successions towards the north.
According to these models (summarized in, e.g., TOLLMANN
1987, Lein 1987b), sliding began in a phase of enhanced
radiolarite sedimentation when troughs with marine
sedimentation were arranged along the median longitudi-
nal axis of the Northern Calcareous Alps (DierscHE 1980).
Mainly based on ammonite stratigraphy (summarized in
DierscHE 1980), the onset of radiolarite sedimentation was
estimated as Oxfordian. Hence, the radiolarite basins were
filled up by deep-water cherty limestones to radiolarites
with intercalated breccias and turbidites. Slump folds are
characteristic features in these sediments (e.g., GARRISON
& FiscHER 1969, ScHLAGER & ScHLAGER 1973, DIERSCHE
1980, ToLLMANN 1987).

The formation of the generally asymmetric radiolarite
basinswas attributed to extensional tectonics (e.g., ScHLA-
GER & ScHLAGER 1973, DierscHE 1980, VEcse et al. 1989).
Another group of authors attributed basin formation and
breccia mobilization to strike-slip tectonics (e.g., FiscHER
1965, WACHTER 1987, FRank & ScHLAGER 2006, ORTNER €t
al. 2008).

Current concept
In the current concept, based on new results, we follow:
1) The tectonic subdivision of the Eastern Alps of ToLL-
MANN (1977) with some modern modifications (FriscH
& GawLick 2003, compare ScHmip et a. 2004) (Fig. 2),
2) The palaeogeographic reconstructions of Krystyn &
LeninHaaset a. (1995) with some modifications (Fig.
6), and
3) The concept that the Jurassic geodynamic history of the
Austroalpine domain mirrors its palaeogeographic
position between two oceanic domains (Fig. 3):
A) To the west (northwest) the newly formed Penninic
Ocean as part of the Alpine Atlantic, where
continental extension started around the Triassic/

Jurassic boundary or in the Hettangian, with the first

oceanic crust formed in the late Early Jurassic

(Toarcian), and

B) to the east (southeast) the Neotethys Ocean, in which

closure started before the Early/Middle Jurassic

boundary.
The Juvavic nappe stack represented the Jurassic accreted
wedge of the Northern CalcareousAlps (FriscH & GawLick
2003). It became completely eroded with remnants of this
nappe complex only preserved in the Middle to Late
Jurassic radiolaritic trench-like (wildflysch) basin fills
(GawLick & FriscH 2003). These basins were situated in
front of the propagating thrust belt or on top of them and
were later overthrusted. In these radiolaritic basins all
sedimentary rocks of the Meliata facies zone, the Hall statt
faciesbelt and from thereefal belt of the Triassic carbonate
platform occur as redeposits. Some blocks show the effect
of transported metamorphism (GawLick & Hoprer 1999,
Missont & Gawtick 2011a, compare FRANK & SCHLAGER
2006).
In the Bajocian the sedimentary evolution in the southern
(palaeogeographically southeastern - Fig. 3) part of the
Tirolicrealm aswell asin the Hallstatt realm differed from
that in the northern (pal aeogeographically northwestern -
Fig. 2) part. Deep-water trench-like basins formed in front
of advancing nappes (Fig. 7). The first basin group in the
southern parts of the Northern Calcareous Alps received
mass-flow deposits and large, up to nappe sized slides
which derived from the Hallstatt Zone (= Hallstatt
Mélange). The thickness of the basin fills may reach up to
2.000 metres. The nappe stack carrying the Hallstatt
Mélange is defined as Upper Tirolic nappe (group) (Fig.
7).
The second basin group, the Tauglboden and the Rofan
trench-like basins in the north were subjected to high
subsidence and sedimentation rates in the Oxfordian to
earliest Kimmeridgian. The Trattberg Rise was eroded and
supplied the Tauglboden Basin to its north with mass-flow
deposits and slides. The nappe carrying the Tauglboden
Mélange is defined as lower Tirolic nappe. On the other
hand, the Rofan Basin was carried by lowermost Tirolic
nappe. It formed later than the Tauglboden Basin and
received the material from the Hauptdolomit facies zone.

2. TheField Trip

In the Alpine-Carpathian domain the sedimentation pattern
diachronously changed from carbonate to siliceous
deposition in the Middle Jurassic (ScHLAGER &
ScHOLLNBERGER 1974). Also the tectonic regime changed.
A characteristic new feature was the formation of trench-
like radiolaritic basinswith up to 2.000 metres of sediment
infill (GawLick 1996) in their south-eastern, oceanward
parts. This region was characterized by rapid subsidence
due to tectonic load. In contrast, the northwestern,
continentward edges of the Alpine-Carpathian domain
were characterized by uplift and condensed sedimentation
or erosion. The derivation of the resedimented components
differs. In the southeastern basin group the material was
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Fig 7: Oxfordian to Kimmeridgian tectonic and sedimentary evolution of the southern Northern Calcareous Alps and
nappe subdivision. A) After the Middle Jurassic imbrication of the Middle Triassic to Early Jurassic Hallstatt facies belt,
a new nappe front was formed in the lagoonal Dachstein Limestone facies zone (= Trattberg Rise). North of this nappe
front a new deep-water basin was formed (= Tauglboden Basin). In contrast to the more northern regions (Rofan Basin
area), where thin radiol arite sequences were deposited, the sedimentation in the Tauglboden Basin was characterized by
an up to 800 m thick succession, consisting of radiolarites, slump deposits and different types of mass flows and slides.
The Trattberg Rise separated the upper Tirolic nappe from the lower Tirolic nappe. B) Due to further tectonic shortening
in the younger Middle or Late Oxfordian, a new nappe front established further north (= Brunnwinkl Rise). This
uplifted nappe front domain supplied the newly created Rofan Basin to its north with eroded material (mass flows and
slides). The lower Tirolic nappe was subdivided in a lowermost and a lower Tirolic nappe. In the Late Oxfordian first
shallow-water carbonates were deposited, initially only in the area of the Trattberg Rise and later, from the Oxfordian/
Kimmeridgian boundary onwards, also in the area of the Brunnwinkl Rise (compare Fig. 78). The Plassen Carbonate
Platform started sealing the older nappe structures. C) In the Early Kimmeridgian the Plassen Carbonate Platform
rapidly prograded over the adjacent basins. The Plassen Carbonate Platform s. str. prograded unidirectionally towards
south: The Trattberg Rise was uplifted and shielded the Tauglboden Basin to its north. In contrast the Wolfgangsee
Platform prograded both in southern and northern directions (Fig. 78).
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shed either from the Triassic to Early Jurassic distal,
hemipelagic to pelagic continental margin (Hallstatt and
Meliata Zones) or from the Zlambach facies and the Dach-
stein reef rim zone. In contrast in the northwestern basin
group, the material derived from the Triassic to Middle
Jurassic lagoonal area (Dachstein and Hauptdolomit facies
zones) (Fig. 6).

Each reconstruction of the Jurassic tectonic movements
depends on detailed studies on the components and the
stratigraphy of the siliceous matrix sediments. The
following different carbonate-clastic, radiolaritic sequences
with characteristic Middle to Late Jurassic sedimentation
inthe Northern Cal careousAlps can be distinguished (from
south to north, except the Sillenkopf Basin which
represents a remnant radiolaritic basin between the
Léarchberg and the Plassen Carbonate Platform):

A. Florianikogel Basin with the Florianikogel Forma-
tion (Fig. 5): Its ?Bajocian to Callovian sediments contain
material from the Hallstatt Limestone and Meliata facies
zones (ManbL & Obrelgicova 1991, 1993, Kozur &

MosTLER 1992, GawLick et al. 2009a) (Fig. 4, Fig. 6) and
alsoinclude volcanogenic greywacke layerswith erosional
products derived from the Neotethys oceanic crust (Neu-
BAUER €t al. 2007). This basin fill is similar to the Meliata
Formation in the sense of Kozur & Mock (1985) in the
Western Carpathians (Kozur & Mock 1997, Mock et al.
1998).

B. Sandlingalm Basin group with the Sandlingalm For-
mation (Fig. 5): These ?Bajocian/Bathonian to Late
Oxfordian basins contain only material from the Hallstatt
Limestone facies zone and limestones of the Meliata Zone
(Potschen Formation without shallow-water material; Fig.
4).

C. Lammer Basin with the Strubberg Formation (Fig.
5, Fig. 7): ThisEarly Callovian to Middle Oxfordian basin
contains mainly material from the Zlambach facies zone
and the Dachstein Limestonereefs (GawLick 1996, GawLick
& FriscH 2003, Missoni & Gawtick 2011a) (Fig. 5).

D. Tauglboden Basin with the Tauglboden Formation
(Fig. 5, Fig. 7): In this Early Oxfordian to Tithonian basin

Fig. 8: Satellite image of the central Northern Calcareous Alps (Salzkammergut area, Salzburg and Berchtesgaden
Calcareous Alps), showing the localities which will be visited during this field trip (red stars). In the Mount Sandling
areawe will study the Sandlingalm Basin fill, the proximal Tauglboden Basin fill and the overlying resediments of the
Plassen Carbonate Platform s. str. South of St. Wolfgang on the southeastern end of the Wolfgangsee (1ake) we will have
alook at the northern part of the Plassen Carbonate Platform and its drowning sequence. Near the village Adnet we will
study the succession of the northern Tauglboden Basin and in the Tauglboden areathe basin fill of the central Tauglboden
Basin. In the Lammer valley and south of Berchtesgaden we will see the Lammer Basin fill and the Sillenkopf Basin fill

(optional).
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(Huckriepe 1971, GawLick et a. 2009a), the first phase of
resedimentation started in the Early Oxfordian (GawLick
et al. 2007a) with material derived from thelagoonal Dach-
stein Limestone facies zone and ended around the Middle/
Late Oxfordian boundary. After a period of tectonic
quiescence and low sediment supply in latest Oxfordian to
Early Tithonian, the second phase of intense
resedimentation had its climax in Late Tithonian, when
an overall extensional regime prevailed (Missonl &
Gawtick 2011a, b). The change from older, Triassic to
Middle Jurassic clasts in the first phase to predominantly
Late Jurassic reefal sediment clasts in the second phaseis
characteristic (Steicer 1981, Gawtick et al. 2005).

E. Rofan Basin with the Rofan Breccia (Fig. 5, Fig. 7):
Resedimentation started in the Late Oxfordian (GawLick
et al. 2009a) with material derived from the Hauptdol omit
facies zone (Fig. 5, Fig. 6; WAcHTER 1987) and prevailed
until the Oxfordian/Kimmeridgian boundary or Early
Kimmeridgian. By that time the sedimentation changed
to mostly carbonate detritus, derived from a Late Jurassic
carbonate platform to the south (Wolfgangsee Carbonate
Platform - GawLick et al. 2007b, 2009a).

F. Sillenkopf Basin (Fig. 5, Fig. 7): The Kimmeridgian
to ?Tithonian Sillenkopf Basin represents another type of
basin. Its Sillenkopf Formation basin fill contains
components of mixed palacogeographic origin (Missoni et
al. 2001a). The spectra of clasts in the Sillenkopf Forma-
tion provethefollowing provenance areas: A) The accreted
Hallstatt unitsand an overlying L ate Jurassic shallow-water
carbonate platform, B) a deeply eroded hinterland further
south (probably a part of the crystalline basement of the
Northern Calcareous Alps), and C) an ophiolite nappe pile
probably carrying an island arc (Missoni & KUHLEMANN
2001), similar to the obducted ophiolites which acted as
source for radiolaritic-ophiolitic mélangesin the Dinaridic/
Albanide realm.

The radiolarite basins A to E were formed in sequence,
propagating from southeast to northwest (= from the
Meliata to the Hauptdolomit facies zone) in the time span
from the Bajocian to the Oxfordian/Kimmeridgian
boundary. Basins A and C were accreted and overthrusted,
basin B only partly. Basins D, E, F, and partly B existed in
Kimmeridgian to early Early Tithonian times as remnant
basins in between newly formed shallow-water carbonate
platform areas of the Plassen Carbonate Platform sensu
lato, the evolution of which commenced in the Late
Oxfordian (Auer et al. 2009).

Themain aim of thisfield trip through the central Northern
CalcareousAlps (Fig. 8) isthe study of thefollowing deep-
water basin fills with their underlying and overlying
sedimentary successions:

+ Sandlingalm Basin fill,

* Lammer Basin fill,

* Tauglboden Basin fill,

* Sillenkopf Basin fill (optional).

The onset and drowning/demise of carbonate platforms
(Plassen Carbonate Platform sensu lato) on top of the nappe
stack and their progradation over the radiolarite basins
and the remaining starved deep-water basins between the
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platforms is the second main topic of this field trip. We

will have alook at the following parts and phenomena of

the Plassen Carbonate Platform sensu lato:

* The Wolfgangsee Carbonate Platform asthe northernmost
representative of the Plassen Carbonate Platform sensu
lato,

- thefore-slope shedding of the Plassen Carbonate Platform
sensu stricto (central platform),

* resediments from the L&rchberg Carbonate Platform
(southern platform, optional).

On somedaysof thefield trip, wewill crossdifferent basin
fills and parts of the Plassen Carbonate Platform,
respectively. To avoid confusion, the stop discriptionswere
sorted according to the different topics and not in strict
chronological order according to the way of walking or
driving. This particularly appliesfor our hiking trip in the
central Salzkammergut area, where two basin fills, the
Hasel gebirge M élange and the overlying sedimentary rocks
of the Plassen Carbonate Platform, will be visited.

Radiolarian biostratigraphy

Radiolarian dating is essential to unravel the stratigraphic
and chronological evolution of the individual basin fills.
Only thisallowsto show thein sequence formation of these
different deep-water trench-like basins. Obviously all
reworked clasts and slides occur in a radiolaritic/
argillaceous matrix. The chaotic basin fills themselves
overly a sequence of radiolarites. Thus radiolarians occur
across the complete succession of interest whilst thereisa
lack of other microfossils alowing age dating. This makes
radiolarian biostratigraphy extremely useful and important
for the analysis of the Jurassic basin evolution. A short
summary of the currently used radiolarian stratigraphy of
the Northern Calcareous Alps is given in the following
(details in GawLick et a. 2009a).

The age and genesis of the Jurassic radiolarites in the
Tethyan realm was described in detail, e.g., by BoseLLini
& WINTERER (1975), JENKYNS & WINTERER (1982),
BAuMGARTNER (1987) and BernouLLl & JENKYNS (2009).
Radiolarian zonations for Jurassic Tethyan radiolarites of
BAUMGARTNER (1984, 1987), BAUMGARTNER et al. (19953,
b), and De WEeveRr et a. (2001) were the base for the first
radiolarian zonation of the Austroalpine domain and the
Northern Cal careousAlps, respectively (Suzuki & Gawtick
2003). Since the year 2003 many new studies on the
stratigraphic ranges resulted in the revised radiolarian
zonation (e.g., BEccaro 2004, 2006).

The radiolarian zonation for the Jurassic of the Northern
CalcareousAlps consists of the eight zones (Fig. 9, compare
SteiGER 1992, Suzukl & GawLick 2003), i.e., Trexus
dodgensis zone (Hettangian to Sinemurian), Hsuum
exiguum zone (Toarcian to Aalenian), Eucyrtidiellum
unumaense zone (Bajocian to Bathonian), Zhamoidellum
ovum zone (Callovian to Oxfordian), Podocapsa
amphitreptera zone (Kimmeridgian), Cinguloturris
cylindra zone (Early Tithonian), Triactoma blakei zone
(“Middle" Tithonian), and Syringocapsa lucifer zone (Late
Tithonian). The uppermost two zones were documented
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Fig. 9: Modified zonation for the radiolarians of the Northern Calcareous Alps according to Suzuki & GawLick (2003),
Steicer (1992) and Gawtick et a. (2009a). The shift of the upper limit of the Williriedellum dierschei subzone/the
lower limit of the Eucyrtidiellum unumaense - Podocapsa amphitreptera interval zone at least up to the boundary
Middle/Late Oxfordian or even higher is according to Auer et al. (2009). For comparison see the radiolarian zonations

of Beccaro (2004, 2006) and BAUMGARTNER et al. (1995a).

in detail by Sreicer (1992). In this paper, the Triactoma
blakei zone (Middle Tithonian) corresponds to the
Coallicyrtidium rubetum zone and the Syringocapsa |ucifer
zone corresponds to the Mirifusus dianae globusus zone.
The Trexus dodgensis zone is subdivided into three
subzones: Gorgansium alpinum subzone (Hettangian),
Bagotum sp. A subzone (Hettangian/Sinemurian boundary)

and Bagotum erraticum subzone (Sinemurian).

The Hsuum exiguum zone is further subdivided into two
subzones: Eucyrtidiellum cf. disparile subzone (Early
Toarcian) and Hexasaturnalis hexagonus subzone (Late
Toarcium to Aalenium).

The Zhamoidellum ovum zone is subdivided into four
subzones or interval zones: Protunuma lanosus subzone
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(Early to Middle Callovian), Williriedellum carpathicum
subzone (Late Callovian), Williriedellumdierschei subzone
(Early to Middle Oxfordian), and Eucyrtidiellum
unumaense-Podocapsa amphitreptera interval zone (Late
Oxfordian).

Thusin total, the Jurassic of the Northern CalcareousAlps
can be subdivided into fourteen radiolarian zones. For this
field trip isthe time span Bathonian to Tithonian of special
interest.

Fig. 11: Map withthefield trip
stopsin the area Fludergraben
- Mt. Sandling - H6herstein
plateau/K nerzenalm area. The
Arabic numbers define the
stops in the depositional area
of the Sandlingalm Basin with
the overlying sediments of the
Plassen Carbonate Platform.
The Roman numbers describe
the stops in the depositional
area of the Tauglboden Basin
(see chapter 2.3).
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Fig. 10: Field trip area in the
central Salzkammergut area. For
details of our hiking trip in the
area of Mt. Sandling and the
Hoherstein plateau see Fig. 11.

2.1. Sandlingalm Basin: material from the Hallstatt
Limestone facies zone

Thisbasin fill contains blocks up to kilometre-size, which
derived exclusively from the Hallstatt Limestonefaciesand
the Meliata facies zones (including cherty Pétschen Lime-
stone without reefal detritus) in a radiolaritic matrix. The
sedimentary succession of the Sandlingalm Basin (Figs.
13) is composed of various slide masses in a Callovian-
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Fig. 12: View from the east
on parts of the field trip
area. For definition of the
upper and lower Tirolic
nappes see Fig. 7 and
FriscH & GawLick (2003).

Oxfordian radiolaritic matrix. Resedimentation of Hall-
statt blocks in this basin started in the Early Callovian
and ended around the Oxfordian/Kimmeridgian boundary
with the emplacement of the Haselgebirge Mélange
(Missoni & Gawtick 2011a) and the subsequent
sedimentation of grey siliceous deep-water limestones
started (compare GawLick et al. 2010 for thefield trip area).
These limestones belong to the basinal sequence aside the
early Plassen Carbonate Platform sensu lato and were
deposited on top of slide masses sealing the chaotic basin
fill (compare Figs. 97-100).

We will study in detail the type-area of this basin in the
central Salzkammergut area north of the township Altaus-
see (GawLick et al. 2007g; Fig. 10). For detailssee Fig. 11,
Fig. 12.

Sop 1in Fig. 11: Fludergrabenalm
Early to Middle Jurassic red nodular limestones

Inthelowermost part of the Sandlingalm Basin succession,
red nodular limestones are preserved. They form the
stratigraphic substratum of the younger radiolaritic basin
fill. These red nodular limestones belong to the Early and
Middle Jurassic Adnet and Klaus Formations. In the
uppermost part of the succession Bositra Limestones occur
(Fig. 14). These are in parts siliceous and are rich in
radiolarians. In the uppermost part of the Fludergraben-
am succession fine-grained turbiditic layers occur. They
contain components deriving from the Hallstatt Limestone
faciesbelt asdocumented by the microfacies characteristics.
These components yielded small, broken remnants of
conodonts. Radiolarians from these radiolaria-rich
wackestones belong to the Protunuma lanosus subzone of
the Zhamoidellum ovum Zone (Early to Middle Callovian)
(Suzuki & Gawtick 2003). Most probably the age of the
topmost part of this succession is Early Callovian.

Characteristic for the Early Callovian radiolarite succession
of the Sandlingalm Basin is the occurrence of reworked

material from the Hallstatt Limestone facies zone. Thefast
deepening of the depositional areais indicated by the ra-
pid facies change from red nodular limestones to
radiolarites. The lowermost radiolarites are red. Upsection
they change quickly over violet-pinkish and dark grey to
black colours and massive appearance. These dark
radiolarites crop out along the way to stop 2.

Sop 2in Fig. 11: Radiolaritequarry west of the Fluder-
grabenalm
Late Middle Jurassic (Callovian) radiolarites

Few tens of metres upsection, well preserved dark-grey to
black radiolarites with several slump deposits of violet-
pinkish radiolarites can be studied in the radiol arite quarry
west of the Fludergrabenalm, near to the southern Fluder-
graben valley (Fig. 15). Whereas the dark radiolarites
represent a more or less parallel bedded, only slightly
deformed sequence, the violet-pinkish radiolarites show
typical slump structures and represent sediment slides. Well
preserved radiolariafrom both sequences proof anidentical
gross age of both types of radiolarites (Early to Middle
Callovian: GawLick et al. 2010). Also the microfacies
characteristics of both radiolarite types are similar:
radiolarian wackestones to packstones. There are
differencesin the preservation of the original sedimentary
structures though: in the dark radiolarites fine lamination
isoften preserved; in contrast the viol et-pinkish radiol arites
aremassive and in parts bioturbated. Turbidite layers occur
only in the dark radiolarites in the form of channelized,
up to 5 centimetres thick layers. The components in these
turbidites can beidentified asvarious Hall statt Limestones
derived from the Hallstatt Limestone facies zone (Fig. 6,
22). Also Rhaetian to Early Jurassic components from the
same provenance area oCccur.

Thisoutcrop provestherapid deepening of the depositional
area and the creation of relief. Radiolarite deposition
occurred both in the deeper basin areas and on the flanks
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Fig. 13: Schematic lithostratigraphic column of the Sandlingalm Basin fill (Sandlingalm Formation) in the type region
(Mount Sandling) with reference to the respective localities visited during thisfield trip (based on GawLick et al. 20074,
2010). For the geographic locations of the stops see Fig. 11.

209



GawLick et al.: Jurassic active continental margin deep-water basin and carbonate platform formation...Tethyan realm

of the basin. Due to continuing tectonic movements, the
flanks of the basin obviously became unstable and the
cherty sediments slid (?crept) downslope forming typical
slump deposits. Contemporaneously, exotic material was
shed into the basin, indicating that older sequences were
eroded and transported northwards. Thisis proven by the
occurrence of the Early to Middle Jurassic red nodular
limestones underlying the radiolarites. Such red nodular
limestones were originally deposited on morphological
highs of the Late Triassic palaeotopography (Fig. 5) in the
shallow-water lagoonal or reefal Dachstein Limestone
facies belts. In the Hallstatt Limestone facies belt, grey
cherty limestones and marls are characteristic depositsin
the Early to Middle Jurassic. They occur reworked as
components in the turbidites and microbreccias.

Sop. 3in Fig. 11: Southern Fludergraben valley
Late Middle Jurassic (Callovian) mass-flow depositsin a

radiolaritic matrix

Upsection of the radiolarite sequence of the quarry, in the
adjacent valley several mass-flow depositsareintercal ated
in cherty marls, cherty limestones and radiolarites (Fig.
17, Fig. 23). In some cases erosive basal contacts are vi-
sible. Moreover carbonate turbidites intercalations occur
within a marly sequence (Fig. 18).

The components are of different size and range between
several centimetresto sometensof centimetres; sometimes
up to several metres sized slides occur (Figs. 19-21). All
componentsderivefrom the Hallstatt Limestonefacieszone
transitional to the Meliata facies zone (Figs. 6, 19, 22,
24). By conodont and ammonite dating (ManpbL 1982,
WEGERER €t al. 2001, GawLick et al. 2010) a reworked
sequence from the Ladinian/Carnian to the Toarcian was
proven in the southern Fludergraben valley succession. In
other outcrops nearby, also Anisian components were dated
by means of conodonts (GawLick et a. 2007a) (Fig. 22).

Fig. 14: Microfacies of the condensed red limestones (Klaus Formation) below thered cherty limestoneswith intercal ated
fine-grained turbidites. The components of the turbidites derive from the Hallstatt Limestone facies zone.

1. Bositra Limestone with some crinoids and rare foraminifera. Sample D 617. Width of photo: 1.4 cm. 2. Magnification
of 1. Strong recrystallization of the Bositra shellsis visible; nearly all crinoids are broken. Width of photo: 0.5 cm. 3.
Microbreccia consisting of Hallstatt Limestone components, intercalated in radiolarian wackestones. The radiolarian
wackestones occur as laminated layers originating from low-density and low-velocity turbidites. The contact to the
turbiditic microbrecciaiserosive. Sample Blaa 1. Width of photo: 1.4 cm. 4. Sample Blaa 1, other view of the microbreccia.
Caused by the size of the components, they cannot be assigned to a distinct member of the Hallstatt Limestone Forma-
tion. Clearly to determine are components of the Early Norian Massiger Hellkalk and the Middle Norian Hangendrot-
kalk. Late Norian to Early Rhaetian Hangendgraukalk components are probable. Width of photo: 1.4 cm.
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Fig. 15: Radiolarite quarry west of the Fludergrabenalm.
Slumps of reddish radiolarites occur in laminated, dark-
grey to black bedded radiolarites. In addition, there are
some fine-grained turbidite intercalations with material
derived from the Hallstatt Limestone facies zone.

Besidethe different Hall statt Limestone and Lower Jurassic
clasts, pelagic Potschen Limestone components (grey
cherty limestones) of Middle Norian age (KrysTyn oral.
comm.) occur. These clasts derive from the Meliata facies
zone according to Missont & GawLick (2011&). The mixture
of material from two different facies zones of the distal
continental margin isonly visible here in the lower part of
the Sandlingalm Basin fill. Higher in the section,
exclusively material from the Hallstatt Limestone facies
zone prevails. This clearly shows that a nappe stack
consisting of imbricated Meliata and Hallstatt nappes was
eroded during that time.

Fig. 17: Fludergraben south: different mass-flow deposits
intercalated in dark-grey pelagic sediments consisting of
radiolarites, cherty limestones and argillaceous marls. The
components in these mass-flow deposits derive from the
Hallstatt Limestone facies zone.

The age of the matrix was dated Early Callovian by means
of radiolarians (GawLick et al. 2007a). Lithologically, these
background sediments consist of radiolarites, cherty
limestones and argillaceous material. Several turbidite
layers are intercalated in the fine-grained deep-water
sedimentary rocks. They are made up of crinoids- and

in channels. The lower part of the succession with these
mass-low deposits is partly sheared with the components
being broken and tectonized (Fig. 21).

The lower part of the basin fill with the described
component spectrumin its massflowsisabout 200 m thick.
Upwards in the section, the quantity of the Early Jurassic

filament- (Bositra shells) rich reddish limestonesand occur  componentsin the different mass-flow deposits decreases.

Fig. 16: Microfacies of the radiolarites and the turbiditic intercalations in the radiolarite quarry west of the Fluder-
grabenalm; forest road to the Knerzenalm. Page 212.

1. Greyish-reddish radiolarite; radiolaria wackestone to packstone. Most radiolarians are well preserved. Sample EW
241. Width of photo: 1.4 cm. 2. Microbrecciawith different components derived from the Hall statt Zone. M ost components
can be determined as Lower Jurassic (Durrnberg and Birkenfeld Formations); the grey biomicrites are Hallstatt Limes-
tone components (Massiger Hellkalk or Hangendgraukalk); Crinoids are common. Sample D 594. Width of photo: 1.4
cm. 3. Sample D 594, different view. Beside crinoids and completely chertified components, some Triassic grey Hall-
statt Limestones and, in the centre of the photo, a spicula-rich packstone of the Durrnberg Formation are visible. Width
of photo: 0.5 cm. 4. Sample D 594, other view. Note the component of the Birkenfeld Formation in the centre. Width of
photo: 0.5 cm. 5. Laminated grey radiolariawackestone, in parts completely chertified. Most radiolariaare recrystallized.
Only few radiolaria are well preserved and are filled with fine-grained sediment. Sample D 595. Width of photo: 1.4
cm. 6. Contact radiolarite-microbreccia. The mostly angular clasts of the microbreccia are pressed into the underlying
radiolaria wackestone. Sample D 595. Width of photo: 0.5 cm. 7. Crinoids and grey biomicrites are the dominating
components of this turbiditic microbreccia, intercalated in radiolaria wackestones. Sample D 595. Width of photo: 0.5
cm. 8. Several fine-grained turbiditic layers intercalated in radiolaria wackestones. Most components are grey Hallstatt
Limestones beside several Early Jurassic components (Durrnberg and Birkenfeld Formations). Characteristic for the
late Middle Jurassic matrix is also the occurrence of filaments. Sample D 596. Width of photo: 1.4 cm.

211



GawLick et al.: Jurassic active continental margin deep-water basin and carbonate platform formation...Tethyan realm

212



Fig. 18: Fludergraben south: severa carbonate turbidite
layersin amarly sequence. Typically, bioturbation isweak
to not existent in this kind of fine-laminated succession.

Fig. 19: Disorganized gravelly mud with different grey
and reddish subangular Hallstatt Limestone clasts of mainly
Late Triassic age. Middle Triassic clasts are rare. Fluder-
graben south.
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The age of the matrix of this part of the sequence is dated
by means of radiolarians as Late Callovian (Williriedellum
carpathicum subzone of the Zhamoidellum ovum zone)
(WEeGEeRER et a. 2001, GawLick et al. 2007a, 2010). The
higher part of the basin succession is characterized by ab-
undant mass-flow deposits and up to hundreds of metres
sized slides consisting of Late Triassic Hallstatt Lime-
stones.

Sops4 and 5in Fig. 11: Outcrops along the path
Late Middle Jurassic (Callovian) mass-flow depositsin a
radiolaritic matrix

On the way from Pitzingmoos to the Hintere Sandlingalm
(west of Mt. Sandling), after awet areawe will see several
mass-flow deposits consisting of Hallstatt Limestone clasts
(Fig. 25). The components vary in size, with blocks larger
than 10 cm often occurring. The composition of the various
mass-flow depositsdiffer slightly. Sometimesred Hall statt
Limestone components dominate, whilst in general a
predominance of grey Hallstatt Limestoneismore common.
All components are of Late Triassic age (Carnian to Early
Rhaetian), dated by means of conodonts (GawLick et al.

Fig. 20a and b: Different massive and matrix free mass-
flow depositswhich consist of red and grey Hallstatt Lime-
stone clasts of Middle to Late Triassic age. Fludergraben
south.
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Fig. 21aand b: Deformed and slightly broken exotic clasts
in acherty argillaceous matrix. Fludergraben south. Width
of photo A: 1 m. Width of photo B: 60 cm.

2010). These mass-flow deposits underlie up to km?-sized
dlides(e.g., Mt. Raschberg to thewest). Severa didesmany
hundreds of metreslarge occur in thisstratigraphic position
al around Mt. Sandling (compare Points/Stops 11 in Fig.
11: Mt. Pétschenstein, Mt. Rehkogel, Mt. Kritkogel beside
others).

The stops 6 and 7 are described in the chapter 2.5
(stop 1: Mt. Sandling - Late Jurassic Plassen Carbonate
Platform).

Sops8,9and 10in Fig. 11: Northern and eastern side
of Mount Sandling

Early Late Jurassic (Oxfordian) mass-flow deposits in a
radiolaritic matrix

North of Mt. Sandling on the way from the Hintere

Fig. 22: Derivation of the clasts in the lowermost part of
the Sandlingalm Basin fill. Components from the Hall-
statt Limestone facies zone and the Meliata facies zone
are mixed in the occurring mass flows. Compare Fig. 4,
Fig. 6.
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Sandlingalm to the Sandlingalm, there are several mass-
flow depositsintercalated in aradiolaritic matrix. The age
of the radiolarites is dated by means of radiolarians as
Oxfordian, probably reaching up to the Late Oxfordian
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(Gawick et a. 2007a). The Hallstatt Limestone clasts are
exclusively of late Middle to Late Triassic age as proven
by conodonts (GawLick et al. 2007a). These mass-flow
deposits represent the topmost part of the basin fill and

Fig. 23: Microfacies of the radiolaritic matrix between polymictic mass-flow deposits in the southern Fludergraben

(valley).

1. Filament- and radiolaria-rich limestone turbidite intercal ated within cherty limestones and radiol arites. The microfacies
characteristics describe the limestones as transitional between the Klaus Formation and the Vils Limestone. Sample D
597. Width of photo: 1.4 cm. 2. Magnification of 1. Width of photo: 0.5 cm. 3. Laminated cherty limestone consisting
of radiolaria wackestone to packstone. Sample D 598. Width of photo: 1.4 cm. 4. Grey cherty marl with recrystallized
radiolaria and filaments. The black minerals are pyrite. Sample D 599. Width of photo: 1.4 cm. 5. Poorly sorted
crinoidal grainstone from a channel fill intercalated in cherty sediments. This turbidite represents a layer of Vils
Limestone, deposited in adistal basin position. Sample D 599. Width of photo: 1.4 cm. 6. Magnification of 5. Width of

photo: 0.5 cm.
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Fig. 24: Microfacies of clasts in the mass-flow deposit in the southern Fludergraben valley. These clasts occur in the
polymictic microbreccias intercalated in Early Callovian radiolaritic matrix rocks. Page 216.

1. Several angular clasts of the spicula- and radiolaria-rich Dirrnberg Formation. Sample D 601. Width of photo: 1.4
cm. 2. Microbreccia which consists mainly of Early Jurassic clasts; most clasts are angular. The matrix is cherty marl.
Sample D 602. Width of photo: 1.4 cm. 3. Sample D 602: other view, other component. Spicula-rich packstone of the
higher part of the DlUrrnberg Formation. Width of photo: 0.5 cm. 4. Sample D 602: other view, other component.
Spicula-rich wackestone with some filaments und small benthic foraminifera. Lower part of the Birkenfeld Formation.
Width of photo: 0.5 cm. 5. Several radiolaria- and filament-rich clasts of the Birkenfeld Formation. The matrix isrich
in crinoids. Sample D 610. Width of photo: 1.4 cm. 6. Magnification from 5. Beside filaments some fine-grained
remnants of crinoids are common as well as recrystallized radiolaria. Width of photo: 0.5 cm. 7. Polymictic mass-flow
deposit consisting of different filament-rich Hallstatt Limestone clasts of Late Triassic age. All clasts are angular.
Sample D 615. Width of photo: 1.4 cm. 8. Sample D 615, other view. Poorly sorted part of the mass-flow deposit. The
matrix consists of fine-grained Hallstatt Limestone components and crinoids. Width of photo: 1.4 cm.

were deposited on top of the up to km?-sized slides.

In contrast to the Late Callovian radiolarites below this
mega-slidelevel, the matrix age of these mass-flow deposits
is Oxfordian. Therefore the emplacement of the km?-sized
slides can be roughly dated as Callovian/Oxfordian
boundary to Early Oxfordian.

The topmost mass-flow deposits of the basin fill below the
Haselgebirge Mélange (Point 10 in Fig. 11) contain not
only Late Triassic Hallstatt Limestone clasts but also
Middle Triassic (Late Anisian) clasts, dated by means of
conodonts (GawLick et al. 2007a). Thisprovesthat erosion
cut deeper and deeper into the original Hallstatt Lime-
stone succession. Whereasthe massflowsin the lower part
of the basinfill contain alot of Jurassic clasts, these clasts
decrease in quantity upsection. In the middle part of the
basin fill, mass flows with exclusively Late Triassic Hall-
statt Limestone components were deposited. In the upper
part of the basin fill, Middle Triassic clasts occurred, with
the topmost mass flows containing the oldest clasts.

The Alpine Haselgebirge Mélange is situated directly on
top of this part of the basin fill. It was thrusted over this
basin fill around the Oxfordian/Kimmeridgian boundary.
Here in the Mt. Sandling area, the time of emplacement is
proven by age dating of the underlying and overlying
sedimentary rocks (Gawtick et al. 2010). The same
conclusions concerning the timing were drawn at other
locations, too: around Mt. Plassen (west of the township
Hallstatt) (WecereRr et al. 2001, Suzuki & GawLick 2009),
in the area of the salt mine Bad Durrnberg (Missoni &
GawLick 20114a), and in the Berchtesgaden area (Missoni
et al. 2001b). The salt mine Altaussee, the biggest salt
mine in the Northern Calcareous Alps, is situated directly
below the Kimmeridgian to Tithonian succession of Mt.
Sandling.

Salzburg and Berchtesgaden Calcareous Alps

In the Salzburg Calcareous Alps we will also cross several
localities within the Sandlingalm Basin fill, e.g., in the
area of Hallein - Bad Durrnberg south of Salzburg. In this
area only the middle and the upper part of the basin fill

Fig. 25a and b: Different mass-flow deposits consisting of
red and grey Hallstatt Limestone clasts exclusively of Late
Ladinian to Early Rhaetian age. Younger clastsare missing
here in contrast to the component spectrum in the lower
part of the Sandlingalm Basin succession. These mass-
flow deposits are matrix-free. Width of photo A: 80 cm.
Width of photo B: 30 cm.

are exposed. The matrix israrely visible in the grassland
area. Due to mining activities for more than 2500 yearsin
the Bad Durrnberg area, the anthropogenic overprint in
this area is much higher than in the area around Mount
Sandling. Therefore, and since the main focus is not the
study of the Middle and Late Triassic sedimentary
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Fig. 26: Microfacies of the polymictic mass-flow deposits north of Mount Sandling, which consist exclusively of Late
Triassic Hallstatt Limestone components. Page 218.

1. Polymictic mass-flow deposit with different components of the Late Triassic Hallstatt Limestone Formation. Sample
D 211. Width of photo: 1.4 cm. 2. Sample D 211, other view. This mass-flow deposit is practically free of matrix. Width
of photo: 1.4 cm. 3. Polymictic mass-flow deposit which consists of different Late Triassic clasts of the Hallstatt Lime-
stone Formation. In contrast to the other mass flow, dark-grey matrix fills the space between the components. Sample D
213. Width of photo: 1.4 cm. 4. Sample D 213, other view. Crinoids occur in the dark-grey cherty marls as part of the
matrix between the different Late Triassic Hallstatt Limestone clasts. Width of photo: 1.4 cm. 5. Sample D 213, other
view. In addition to crinoids, partly also some recrystallized radiolaria occur in the matrix. Width of photo: 0.5 cm. 6.
Sample D 213, other view. Typical for the matrix is the existence of fine-grained components. Width of photo: 0.5 cm.
7. Polymictic mass-flow deposit which consists of different Late Triassic clasts of the Hallstatt Limestone Formation.
Sample D 214. Width of photo: 1.4 cm. 8. Sample D 214, other view. The matrix between the components is strongly
recrystallized and partly completely dissolved. Later the empty room was filled by clayey material. This feature is
typical for different carbonate rocks in contact with the evaporites of the Alpine Haselgebirge. In this region the upper
part of the Sandlingalm Formation was originally topped by today dissolved or eroded Alpine Haselgebirge Mélange.

successions of the Hallstatt Limestone, during this field
trip we will neither visit the Sandlingalm Basin fill in the
Salzburg Calcareous Alps nor that of the Berchtesgaden
Calcareous Alps, where the Sandlingalm Basin fill is
widespread preserved as well (for details Missoni &
GawLick 20114).

2.2. Lammer Basin: material from the Zlambach
facies and Dachstein reef zones

The type area Lammer Basin is located in the Salzburg
Calcareous Alps between the Osterhorn Mountains (incl.
the Trattberg Rise) in the north and the Tennengebirge in
the south (Fig. 28). The Lammer Basin formed as an
elongate trough in the former area of the Late Triassic
lagoonal carbonate platform (today the lower Tirolic nappe
of the Northern Calcareous Alps - Fig. 7). It contains a
more than 1.5 km thick series of deep-water radiolarites,
cherty limestones, cherty shales and marls, intercalated
with breccias, mega-olistoliths and slides (Strubberg For-
mation). Redeposition started sometime in the Late
Callovian to around the Call ovian/Oxfordian boundary and
therefore later than in the Sandlingalm Basin.

The components in the mass-flow deposits and blocks
derive mainly from the Zlambach and Dachstein reef facies

zones. In general, the sedimentary record of the Lammer
Basin fill in the Salzburg and Berchtesgaden Alps
documents ashift of depocentreswithin the basin (Missoni
& GawLick 2011a): in an early stage of sedimentation the
original depocentre of the basin wasfilled by slide blocks
which derived from the accreted proximal Zlambach facies
zone. The northern depocentre, after a shift of the basin
axis, received material from the reefal part of the Late
Triassic carbonate platform. This is shown in two
independent sedimentary successions, in which both the
component size of the matrix- to grain-supported mass-
flow depositsand the olistoliths show ageneral coarsening-
upward trend. The older, southern depocentreisvisiblein
the type-area of this basin, the Lammer valley in the Salz-
burg Calcareous Alps. The shift of the basin axis to the
north isdocumented in the Berchtesgaden Cal careousAlps
west of the Lammer valley. Up to kilometre sized Dach-
stein reef blocks terminated the carbonate-clastic,
radiolaritic basin fill and can beinterpreted as napperelics.
The Lammer Basin succession started in the Early
Callovian with cherty limestones, radiolarites and
marlstones. Upsection thin turbidites and, later, different
types of internally chaotic debris-flow deposits with vari-
able matrix portion are intercalated. The overlying,
typically radiolarian-rich parts contain disorganized
deposits with various clasts from the proximal Hallstatt

Fig. 27: Microfacies of mass-flow components northwest of Mount Rehkogel. Beside the dominating Late Triassic
Hallstatt Limestone clasts, rare clasts of late Middle to Late Anisian Schreyeralm Limestone occur. Page 220.

1. Different filament-rich grey Hallstatt Limestone clasts with typical microfacies characteristics of the Late Norian
Hangendgraukalk. Sample D 627. Width of photo: 1.4 cm. 2. Different Late Triassic Hallstatt Limestone clasts (mostly
components of the Roter Bankkalk and the Massiger Hellkalk). Sample D 628. Width of photo: 1.4 cm. 3. Sample D
628, other view. Sparitic calcite cement filling the space between the red Hallstatt Limestone clasts (Roter Bankkalk)
This indicates rock-fall transport. Also components of the Massiger Hellkalk are identifiable. Width of photo: 1.4 cm.
4. Different filament-rich reddish Hallstatt Limestone clasts (mostly Roter Bankkalk and Hangendrotkalk). Most clasts
are angular. The matrix between the components is marly and contains recrystallized radiolaria. Sample D 629. Width
of photo: 1.4 cm. 5. Different Hallstatt Limestone clasts. The matrix between the components consists of fine-grained
clasts of the same origin. Sample D 630. Width of photo: 1.4 cm. 6. Various strongly recrystallized and pervasively
broken Hallstatt Limestone clasts mostly of Early Carnian age; partly with remnants of a dark-grey clay-rich matrix.
Sample D 631. Width of photo: 1.4 cm. 7. Filament-rich Late Anisian Schreyeralm Limestone. Sample EW 4. Width of
photo: 1.4 cm. 8. Sample EW 4, other component. Beside the filaments some benthic foraminifera and recrystallized
radiolaria occur. This microfacies characteristic is typical for the lower part of the Late Anisian Schreyeralm Limestone
directly on top of the Steinalm Formation, soon after the drowning event. Width of photo: 0.5 cm.
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Fig. 28: A) View from the west showing the type area of the Lammer Basin fill. B) Geological interpretation of the
landscape picture. The basin fill consists of allochthonous material of different age and facies provenance, which
generally derives from the outer shelf area transitional to the Neotethys Ocean. This view point is optional.
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Fig. 29: Geological map of the western Lammer basin fill and field trip stops (after Gawrick 1996, 2000b).

Zone (Potschen Formation of the Zlambach facies zone;
Carnian to Norian). Even higher in the section, mass-flow
deposits with small resedimented clasts of Late Triassic
condensed cephalopod limestones (Hallstatt Limestone)
occasionally occur together with large slides of similarly
aged Potschen Formation. A younger generation of mass-
flow deposits aso contains Pdtschen Formation material
but shows a wider component spectrum ranging in age
from the Anisian to the Early Jurassic. The middle part of
the Strubberg Formation is characterized by large
resedimented blocks and slide sheets of the siliciclastic
Werfen Formation (Early Triassic). These are overlain by
2-3 km sized slides of the Pétschen Formation, again
composed of various dolomites and limestones (Carnian
to Early Jurassic). Mass-flow deposits on top of theselarge
slides contain clasts and hectometre-sized blocks of the
Hallstatt cephalopod limestones (Carnian to Norian) and
small clasts of Middle Triassic radiolarites and cherty
limestones (Meliatafacies zone). These mass-flow deposits
were transported in a piggy-back manner. The piggy-back
transportation of Hallstatt Limestone and Meliata facies
zone components in slide masses derived from the
Zlambach facies area show that Callovian to Oxfordian
resedimentation was a multiple process. These slides are
overlain by mass-flow deposits (~Middle Oxfordian) with
clasts from the Potschen Formation (Carnian to Norian).
The upper part of the Strubberg Formation (?Middle to

Late Oxfordian) is characterized by mass flows and slides
with Hallstatt Limestone (Carnian to Norian) clasts. In
other mass-flow deposits, components from the Dachstein
reefal limestone facies occur. The sequence is terminated
by large slides of thereefal Dachstein limestone facies zone
(Early Triassic to Early Jurassic). Contemporaneous with
the emplacement of the latter, slides with high-pressure
metamorphic rocks from the Hallstatt Limestone facies
zone appeared (GawLick & Hoprer 1999, compare FRANK
& ScHLAGer 2006). Sediment redeposition ended in the
Lammer Basin in the ?Late Oxfordian, contemporaneous
with theformation of the Trattberg Rise and the Tauglboden
Basin to the north. On top of the youngest generation of
dlides, resediments from the Plassen Carbonate Platform
(Kimmeridgian to Tithonian) sealed the thick, mass-flow
and slide dominated Lammer Basin succession.

Wewill study the Lammer Basin fill in the Lammer valley
type area of the southern Salzburg CalcareousAlpsandin
the southeastern Berchtesgaden Cal careousAlps (optional ).

2.2.1. Lammer Basin in the Salzburg Calcareous Alps

The type area of the Lammer Basin fill is situated in the
Lammer valley, Salzburg Calcareous Alps, between the
townships Golling in the west and Abtenau in the east
(Fig. 29, Fig. 30). We will visit locations in the central
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Fig. 30: Simplified column of the
Lammer Basin fill in the southern
Salzburg Calcareous Alps. The
sedimentary succession shows a
general coarsening-upward trend.
For the uppermost part of the basin
fill, the kilometre-sized blocks, the
possibility of athrust emplacement
must be taken into account. The
total thickness of the basin fill is
almost 2000 m (after GawLick
1996, 2000b).

Lammer valley (Fig. 29) along the northern edge of the
Tennengebirge Mountain that expose the basal part of the
basin fill. We will study, how the Lammer Basin evolved
in the former open lagoon area of the Late Triassic Haupt-
dolomit/Dachstein Limestone carbonate platform (compare
Fig. 7, Fig. 95) and examine the whole Late Triassic to
early Late Jurassic sedimentary succession.

Stops 1 and 2: Forest road to the Schénalm area and
Mt. Rauhes Sommereck

Late Middle Jurassic to early Late Jurassic olistostromes
and slides

Journal of Alpine Geology, 54: 189-291, Wien 2012

Along the forest road from Oberscheffau to the Schtnalm
area (Fig. 29) several outcrops will be studied. The field
trip starts with an outcrop of dolomitized Middle Triassic
basinal sediments (dated by means of conodonts). These
belong to alarge slide deriving from the Dachstein Lime-
stone reef rim zone. Beside the waterfall, several metres
along the forest road, cherty dolomites of Early Norian
age occur, also dated by means of conodonts. These cherty
dolomites (P6tschen Dolomite) derive from the Zlambach
facies zone (compare Fig. 95). Several tens of metres furt-
her on, dark-grey radiolarian-rich cherty marls of
Oxfordian age occur. These cherty deep-water marls
represent the matrix of the large slide blocks.

In the second curve of the forest road the first Late
Cdlovian to Early Oxfordian olistostromes are met. The
matrix of these olistostromes is represented by dark-grey
to black cherty marls and cherty limestones. The
components of the olistostromes derive exclusively from
the Zlambach facies zone and are al of Late Triassic age
(Stop 1a - for the reconstructed sequence see Fig. 33).
Similar outcrops are found along the forest road a little
higher up (Stop 1b). Here, several olistostromes are
intercalated in dark-grey cherty limestones, radiolarites
and argillaceous marls. Component analysis of these
olistostromes in the lower Lammer Basin succession
allowed the reconstruction of amore or less complete Late
Carnian to Rhaetian Pétschen sequence. The olistostrome
matrix consists of dark grey to black, partly radiolarian-
rich cherty marls. The radiolarians are completely
recrystallized.

Near the Schénalm area, at the base of Mt. Rauhes
Sommereck (Stop 2), several olistostromes intercalated in
a dark-grey argillaceous and radiolaritic matrix of
Oxfordian age can be observed. The component spectrum
is similar to Stops 1a and 1b - the reconstructed source

Fig. 31: Polymictic breccia along the forest road from the
village Oberscheffau to the Schonalm area. The breccia
consists exclusively of components deriving from the
Zlambach facieszone. Different grey deep-water limestones
predominate. Moreover there are dolomitic limestone and
some cherty dolomite clasts. Conodont dating of the
components allowed the reconstruction of a Late Triassic
sedimentary succession (Fig. 34; detailsin GawLick 1996,
2000b).
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Fig. 32: Polymictic breccia at the base of the early Late
Jurassic sedimentary succession of Mt. Rauhes Sommer-
eck. Only Late Triassic components can be recognized.
These derive exclusively from the Zlambach facies zone
(Fig. 34; detailsin GawLick 1996, 2000b). Size of the pho-
to: 75 cm.

region sedimentary succession differsonly marginally (Fig.
34). These olistostromes are situated higher within the
preserved sequence. As expected, erosion in the hinterland
cut deeper into the original succession - a complete Late
Ladinian to Early Jurassic sedimentary succession can be
reconstructed from the components. Interestingly in these
mass-flow deposits also some Early Jurassic clastsand dark
grey marls of Rhaetian age occur. The matrix is made up
of dark grey to black, partly radiolarian-rich cherty marls.
Theradiolarians of thislevel are completely recrystallized
and thus cannot yield depositional ages for these lower
olistostromes.

Sop 3: Mt. Rauhes Sommereck
Oxfordian mass-flow deposits and slides

From the Schénalm area (800 m a.s.l.) we have apanoramic
view on the whole Late Triassic to early Late Jurassic
sedimentary succession. The northern Tennengebirge
consists exclusively of Late Triassic lagoonal Dachstein
Limestonein Lofer facies, dipping northward. The Schon-

Fig. 33: Microfacies of the different carbonate clasts in the olistostromes along the forest road to the Schénalm at the
base of Mt. Rauhes Sommereck. The clasts derive from the Zlambach facies belt (compare Fig. 95) and are predominantly
of Late Triassic age.

1. Two radiolarian- and filament-bearing wackestone clasts of Norian age (Pbtschen Limestone) practically without
matrix. Sample BS 11. Width of photo: 1.4 cm. 2. Slightly sheared clasts. Recrystallized dolomite clasts (Pdtschen
Dolomite) beside Pdtschen Limestone clasts. Sample BS 11-2. Width of photo: 1.4 cm. 3. Smaller clasts and dark grey
clay matrix between a Potschen Limestone clast and a recrystallized Potschen Dolomite clast. Sample 30-89. Width of
photo: 1.4 cm. 4. Filament and radiolarian bearing marly limestone clast of probably Early Jurassic age. Sample BRS 1.
Width of photo: 1.4 cm. 224
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Fig. 34: Correlation of the reconstructed original sedimentary sequences which occur as resedimented components in
the early Late Jurassic deep-water cherty sediments of the Lammer Basin fill in the section Rauhes Sommereck. The
components derive from virtually identical original sedimentary successions of the Zlambach facies zone (compare Fig.
95). Dating of the components mainly based on conodonts, partly on ammonites, holothurians, foraminifera, and others

(detailsin GawLick 1996).

am areaitself, today with glacier morphology, represents
apast level of the old Lammer River valley. The Lammer
River cut into the softer parts of the Late Triassic
succession, the Kdssen Formation on top of the Norian
lagoonal Dachstein Limestone and below the Rhaetian
lagoonal Dachstein Limestone. Thisis best visible in the
southern part of Mt. Sattlberg.

By climbing Mt. Rauhes Sommereck we will study several
olistostromes intercalated in the dark grey cherty matrix
of Oxfordian age. Along the section both the component
sizes and the thicknesses of the individual mass-flows
increase. At the same time the matrix becomes more and
more marly and is partly enriched in manganese. Near the
top of Mt. Rauhes Sommereck (890 m a.s.l.) aseveral tens

of metres large slide is incorporated in an olistostrome
(Hock & ScHLAGER 1964). This huge slide consists of
Middle Norian Potschen Limestone with some reef debris
(GawLick 2000b).

The contact to the basal part of the Late Triassic to Middle
Jurassic seriesis poorly exposed in the area of Mt. Rauhes
Sommereck.

Sops4-6: Forest road on the west side of Mt. Sattlberg
Callovian to Oxfordian deep-water sequence with
olistostromes and slides

On the way to the best preserved section of the area, the
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occurrence in steep morphology. These cherty limestones
range in age from Late Hettangian to Pliensbachian. They
are overlain by red nodular limestones forming mass-flow
deposits and slumps. The time span of these mass
movements is dated by means of ammonites as Late
Pliensbachian to Early Toarcian. Upsection follow mass-
flow deposits of grey nodular limestone of Toarcian age.
TheMiddle Jurassicis characterized by extreme condensed
red nodular Bositra Limestones (Klaus Formation),
followed by a black radiolarite of Callovian age. This
contact is not visible along the forest road but only higher
in the mountains. Along the forest road the first outcrops
are within black radiolarites to cherty limestones of Early
Callovian age (Gawtick & Suzuki 1999) (Fig. 37).
Upsection follow black, manganese-rich marls, cherty
marls and limestones and radiolarites (Stop 4).

In the middl e part of the section there are marly sequences,
partly with graded turbiditic beds. Higher in the section,
the first breccia layers (Late Callovian) occur (Stop 5).
The componentsin these breccialayers derive exclusively
from the Zlambach facies zone. Upsection follows a more
than 10 metres thick horizon rich in manganese, which
shows a high organic carbon content (up to 5%) also. On
top of these manganese deposits the first thicker
olistostromes occur. In this higher part of the section a
coarsening-upward sequence can clearly be recognized.
The highest part of the succession is characterized by the
deposition of black cherty marls, black cherty limestones
and on top black radiolarites. This series is of Middle to
?Late Oxfordian age (GawLick & Suzuki 1999). On top of
the black radiolarites rests a huge, square kilometre sized
dlide deriving from the Triassic Dachstein reef rim belt.

Fig. 35: A and B) Polymictic breccia near the top of Mt. Here, the sedimentary contact of a late Middle Triassic

Rauhes Sommereck. Only Late Triassic components,
exclusively deriving from the Zlambach facies zone, can
be recognized (Fig. 34; details in GawLick 1996, 2000b).
Size of the photo A: 60 cm. Size of the photo A: 100 cm.

section Sattlberg west, we will cross the Schonalm area.
Near the southern Schénalm area we meet Rhaetian
lagoonal Dachstein Limestone, overlain by a condensed
Early to Middle Jurassic sedimentary sequence. The grey
cherty limestones deposited directly on top of the Dach-
stein Limestone will not be visited because of their

cherty limestone (Langobardian), resting on the Oxfordian
radiolarite can be observed. These slides from the reef rim
constitute the youngest part of the Lammer Basin fill (Fig.
30).

Moreto thewest, on top of Mt. Lammeregg, different mass-
flow deposits occur. They consist of components of Late
Triassic Hallstatt Limestones and Middle Triassic
radiolarites. These components originate from the Meliata
facies zone and are the result of the earliest stages of
resedimentation. These mass flows were deposited during
early basin formation in the Zlambach facies zone. Later

Fig. 36: Microfacies of the different carbonate clasts in the olistostromes near the top of the sequence of Mt. Rauhes
Sommereck. The clasts derive from the Zlambach facies belt (compare Fig. 95). Late Triassic clasts dominate the clast
spectrum, complemented by rare Early Jurassic clasts. Page 227.

1. Different filament- and radiolarian-bearing wackestone clasts (Late Triassic Pétschen Limestone) beside dolomite
clasts (Potschen dolomite) and incorporated black material from the underlying sequence. Several clasts show transported
tectonics. Sample BRS 10. Width of photo: 1.4 cm. 2. Poorly sorted breccia. PGtschen Limestone and Ptschen dolomite
components. Black cherty clays occur as matrix. Sample BRS 10-2. Width of photo: 1.4 cm. 3. Filament-rich Pétschen
Limestone clast of Middle Norian age beside marl clasts (Rhaetian Zlambach Formation) and recrystallized limestone
clasts. Sample BRS 10-3. Width of photo: 1.4 cm. 4. Radiolarian-rich matrix between the different clasts. Sample BRS
10-4. Width of photo: 0.5 cm. 5. Early Jurassic limestone clasts with crinoids, recrystallized radiolarians and spicula.
Sample BRS 6. Width of photo: 1.4 cm. 6. Magnification of 5. Width of photo: 0.5 cm. 7. Bioturbated Potschen
Limestone clast with recrystallized radiolarians, few filaments and an ammonite remnant. Sample BRS 5. Width of
photo: 1.4 cm. 8. Polymictic brecciawith cal cite cement between the components (Ptschen Limestone). Sample BRS 2.
Width of photo: 1.4 cm.
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they were transported in a piggy-back manner to their fi-
nal, secondary position within the Lammer Basin
succession. There, they were seal ed by mass-flow deposits
of the Lammer Basin fill, similar to the mass-flow deposits

we have visited in the Mt. Rauhes Sommereck section.
Since these mass flows arein too far distance to the actual
excursion route, they will most probably not be visited
during the field trip.

Fig. 37: Detailed section along the forest road at the
location Sattlberg west. The lower part of the succession
consists of black radiolarites to cherty limestones
(stratigraphy after GawLick & Suzuki 1999). The contact
to the Early Jurassic sequence is not preserved along the
forest road (after GawLick & FriscH 2003).

228



Journal of Alpine Geology, 54: 189-291, Wien 2012

229



GawLick et al.: Jurassic active continental margin deep-water basin and carbonate platform formation...Tethyan realm

Fig. 38: Manganese horizon along the forest road to
Kuchlbach in the strike of the section Sattlberg west.
According to radiolarian dating, the black manganese
horizon was deposited around the Callovian/Oxfordian
boundary (GawLick & Suzuki 1999).

2.2.2. Lammer Basin in the Berchtesgaden Calcareous
Alps (optional)

The Lammer Basin strikes from the Salzburg Calcareous
Alpsin the east to the Berchtesgaden Calcareous Alps to
the west. The basin fill in the southwestern Berchtesgaden
Calcareous Alps differs slightly from the type area (see
explanation above). The visit of this area depends on both
the available time and the weather conditions.

Fig. 39: Polymictic breccia from the olistostromes of the
upper part of the section Sattlberg west. A complete Middle
Triassic to Early Jurassic sequence can be reconstructed
from the components. (Fig. 41; details in GawLick 1996,
2000b). Size of the photo A: 50 cm.

Sop 1: Blichsenkopf area
Oxfordian mass-flow deposits and slides (Callovian: GawLick et al. 2003, Missoni 2003) directly

overliesthered nodular limestones (Adnet Formation) with

The Buchsenkopf area (Fig. 44) comprisesacomplete Late
Triassic to Late Jurassic sequence. The oldest sedimentary
rock in the area is the Rhaetian lagoonal Dachstein Lime-
stone which is overlain by Early Jurassic red nodular
limestones (Braun 1998). Middle Jurassic red nodular

adepositional gap in between. Resedimentation in the area
started around the Callovian/Oxfordian boundary but more
likely in the Early Oxfordian. Several polymictic
olistostromes occur intercalated in black radiolarites to
cherty limestones and, more seldom, argillaceous marls.

Bositra Limestones are missi ng. The black radiolarite Tensof metressized dides make up thetop of the preserved

Fig. 40: Microfacies of the different carbonate clasts in the olistostromes of the upper part of the section Sattlberg west.
The clasts derive from the Zlambach facies belt (compare Fig. 4, Fig. 6). Late Triassic clasts are dominating. Page 229.
1. Beside several dolomite clasts (Pdtschen Dolomite), radiolarian- and filament-rich wacke- to packstones are the
dominant components (Potschen Limestone). Seldom clasts with reef debris occur (Pedata Limestone). Sample 1/89.
Width of photo: 1.4 cm. 2. Contact between the cherty marls of the matrix and a finer-grained turbiditic polymictic
breccia intercalation. The elongated clasts are imbricated. Beside the dolomite and limestone clasts some crinoids
occur. Sample 14/89. Width of photo: 1.4 cm. 3. Dark grey filament and radiol arian-bearing wackestone clasts (Potschen
Formation), coarse-grained and fine-grained dolomite clasts (Pétschen Dolomite). The matrix between the components
consists of dark siliceous clay. Sample BS 3. Width of photo: 1.4 cm. 4. Sample BS 3, other view. Grainstone clast with
shallow-water components, indicating the reef-near depositional setting of the reworked Triassic sequence. Width of
photo: 0.5 cm. 5. Norian filament limestones. Sample BS 8. Width of photo: 1.4 cm. 6. Clast with reef-builders, clasts
with filaments and a large clast of reworked black Jurassic radiolarite. Sample BS 9. Width of photo: 1.4 cm. 7. Large
grainstone clasts with brachiopods, crinoids and some foraminifera (= Pedata Limestone). Sample O 7. Width of photo:
1.4 cm. 8. Breccialayer with acomponent spectrum dominated by different dolomite clasts (Potschen Dolomite) beside
Pedata Limestone clasts and filament-bearing Potschen Limestone clasts. All these dolomites are deeper-water sediments
with conodonts. Sample BS 16. Width of photo: 1.4 cm.
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Fig. 41: Correlation of the reconstructed original sedimentary sequences which occur as resedimented components in
the early Late Jurassic deep-water cherty sediments of the Lammer Basin fill of the section Sattlberg west. In all cases,
the components derive from a more or less identical original sedimentary succession of the Zlambach facies zone
(compare Fig. 95. Only the uppermost olistostrome of the section contains material from two provenance areas (Stop 5
in Fig. 11 - two olistostromes 5a and 5b). In addition to the Zlambach facies zone clasts, this olistostrome comprises
true Hallstatt Limestone and rare Late Triassic reef rim belt components.

Dating of the components is mainly based on conodonts, less frequent on ammonites, holothurians, foraminifera, and
others (details in GawLick 1996).
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Fig. 42: Polymictic breccia on top of Mt. Lammeregg,
consisting of different Late Triassic Hallstatt Limestones
and Middle Triassic radiolarites from the Meliata facies
zone (Fig. 4, Fig. 6; details in GawLick 1993, 1996). The
components derive from the Meliata facies zone. Scale:
end of the hammer = 3 cm.

Fig. 43: Palacogeographic provenance
of the clasts in the Lammer Basin fill
(compare Fig. 4, Fig. 6). The
palaeogeographic origin of clasts and
slides older than Middle Anisian
cannot be determined as the facies
differentiation as consequence of the
opening of the Neotethys Ocean started
no earlier than Late Anisian. For details
see text.

Buchsenkopf area sequence (Fig. 45).

The components of the different mass-flow deposits derive
exclusively from the reef slope to reef area of the Late
Triassic Dachstein Limestone carbonate platform (Fig. 46,
Fig. 47). The material is not of mixed palacogeographic
origin, as know from the Lammer valley type area to the
east. The material in the olistostromes and of the large
slides, however, is comparable with the youngest slide
generation of Lammer Basin fill in the Lammer valley.

In contrast to the Lammer valley type areato the east, the
components in the Buichsenkopf area derive from the reef
rim facies zone of the Late Triassic carbonate platform. In
the Lammer valley these components occur only in the
topmost part of the basin fill. In the Biichsenkopf area we
face a more northern, younger part of the Lammer Basin
fill deposited in the framework of a successive northward
shift of the basin axis.
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Fig. 44: Photo and geological map
of the Blchsenkopf area in the
southern Berchtesgaden Cal-
careous Alps (based on DierscHE
1978, after Gawrick et al. 2003
and Missoni 2003).
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Fig. 45: Generalized sedimentary succession of the
Bichsenkopf area. The contact between the Early to Middle
Jurassic red nodular limestones is not exposed. The black
radiolarites below the first mass-flow deposits are dated
as Callovian by meansof radiolarians. Thefirst resediments
occurred in the Oxfordian according to GawLick et al.
(2003) and Missoni (2003). The thickness of the whole
preserved succession does not exceed 150 metres. The
section is not to scale.

Sop 2: Panoramic view on the basin fill
Oxfordian mass-flow deposits and slides

Upsection, on top of the Blchsenkopf sequence, larger
slides of several hundred metres thickness (Fig. 48) occur.
Fig. 48 showsthewholeLate Triassicto early Late Jurassic
sedimentary succession. The base of the succession is
represented by Rhaetian lagoonal Dachstein Limestone. It
is overlain by red nodular limestones of Early to Middle
Jurassic age. Upsection follows a some hundred metres
thick succession of radiolaritic sediments with
intercalations of mass-flow deposits (= Blichsenkopf
series). The sequenceistopped by aseveral hundred metres

Fig. 46: Polymictic mass flow in the eastern Buichsenkopf
area. The grey componentsderive exclusively fromthe Late
Triassic reef rim. The components were dated by means of
conodonts, foraminiferaand algae. Size of the photo around
100 cm.

thick slidefrom the Dachstein reef slope area (Mt. Jenner).
The panoramic view along the way showsdark grey cherty
limestones and cherty marls to radiolaritic sediments
deposited on top of red nodular limestones. Upsection
follow the first mass-flow deposits. The succession is
topped by a more than 1000 m thick and several km? large
dlide of Dachstein reef limestones (Mt. Hohes Brett - Fig.
49).

The radiolarians from the cherty limestones and
radiolarites directly below the contact yielded a Callovian
to Early/Middle Oxfordian age (Missoni 2003). The upper
part of the sequence might have been eroded during the
emplacement of the huge slide (compare Missoni &
GawLick 20114).

The matrix of these huge slides consists of dark grey to
black cherty marls, cherty limestones and radiolarites,
dated by means of radiolarians as Oxfordian (Missoni
2003). Inthe Berchtesgaden Cal careousAlpsthe deposition
of the radiolarites of the Lammer Basin fill started in the
Callovian and ended in the Oxfordian (Missoni 2003,
Missoni et al. 2005, Missoni & GawLick 20114), similar as
in the type region to the east.

On the way to the next outcrop (Sillenkopf Basin: chapter

Fig. 47: Microfacies of the matrix, the brecciacomponents and slides of the mass-flow depositsin the Biichsenkopf area
(after GawLick et al. 2003 and Missoni 2003). Page 235.

1. Laminated cherty sediments (Callovian to early Oxfordian). Size in width 1.4 cm. Sample Ber 33/2. 2. Magnification
from 1. The radiolarians occur as calcite pseudomorphs. Size in width 0.5 cm. Sample Ber 33/2. 3. Mass-flow deposits
with components of the Gosausee limestone (Late Triassic), non-erosively overlying cherty sediments of the Strubberg
Formation,. Size in width 1.4 cm. Sample Bl 14cl. 4. Matrix supported mass-flow deposits with well-sorted allodapic
limestones of the Gosausee limestone. Size in width 1.4 cm. Sample Bl 14c-e. 5. Synsedimentary parauthochthonous
cherty marl slide underlying the mass-flow deposits. Size in width 0.5 cm. Sample Bii 37c. 6. Mass-flow deposits with
biomicritic and biosparitic clasts of the Gosausee limestone. Centre: Manganese-rich sediment of the Strubberg Forma-
tion. Large component on the right: spicula-rich biomicrite of the Dirrnberg Formation (Liassic). Size in width 1.4 cm.
Sample Bl 22. 7. Flamestructures at the base of the mass-flow deposits (Biichsenkopf west), matrix supported. Sizein
width 1.4 cm. Sample B 37d. 8. Matrix supported mass-flow deposits. Right: Late Triassic reefal limestone (Norian to
?Rhaetian). Size in width 1.4 cm. Sample B 38e.
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Fig. 48: Late Triassic to early Late Jurassic sedimentary
seguence in the southern Berchtesgaden Calcareous Alps
topped by a huge slide of Dachstein reef slope origin. See
text for explanations. After Missoni & GawLick (2011a).
View from the west (Bulichsenkopf area).

2.4.) we cross an important Miocene strike-slip fault
(Decker et a. 1994). The sequences preserved south of
this strike slip fault belong also to the lagoonal Dachstein
Limestone facies zone. Késsen beds are missing in this
areathough. That means, we are now palaeogeographically
farer to the south, in the southernmost part of the main
depositional area of the Lammer Basin.

The Early and Middle Jurassic sequence above the Norian
to Rhaetian lagoonal Dachstein Limestone is similar to
the successions we have earlier seen below the Lammer
Basin fill and what we will see as substratum of the
Tauglboden Basin fill (chapter 2.3). In contrast, the late
Middle Jurassic to Late Jurassic sequenceis either missing
or of different composition. Probably it was sheared off by
Late Oxfordian to Early Kimmeridgian thrusting processes
(compare Fig. 97).

2.3. Tauglboden Basin and Trattberg Rise: material
from the lagoonal Dachstein Limestone facies zone

The Tauglboden Basin is the best preserved Late Jurassic
basin in the central Northern Calcareous Alps. However,
it is not possible to get a comprehensive insight into the
basin built by means of one north-south transect. Younger
tectonic motions, e.g. around the Early/Late Cretaceous
boundary - strike-slip movements (e.g., WAGREICH &
Decker 2001), Oligocenethrusting (e.g., FriscH & GawLick
2003) and Miocene to recent strike-slip movements (e.g.,
RaTscHBACHER et al. 1991) accompanied by block rotations
(Puevo et a. 2007) strongly modified and obscured the
original basin geometry.

We will visit the proximal, southernmost part of this basin
in the central Salzkammergut area (north of the township
Altaussee) and the central and northern part of the basin
in the Salzburg Calcareous Alps. The thickness of the
Oxfordian sedimentary succession reaches up to 800 min
the southern part of the basin (Knerzenalm area), about

Fig. 49: View from Mt. Jenner to the west on a huge slide
block (Dachstein reef limestone) resting on thelate Middle
to early Late Jurassic cherty matrix. See text for
explanations. After Missont & Gawtick (20114).

200 metresinthe central (Tauglboden area), and only some
tens of metres in the northern part of the basin.

The Trattberg Rise in the inner Northern Calcareous Alps

separated the Lammer Basin (= upper Tirolic nappe group;

compare Fig. 28) in the south from the Tauglboden Basin
in the north (= lower Tirolic nappe group) (FriscH &

Gawtick 2003) (Fig. 7). The Tauglboden Formation is

composed of Oxfordian to Early Tithonian cherty matrix

sediments with intercal ated polymictic breccias and mass-
flow deposits derived from the Trattberg Rise to the south

(GARRISON & FiscHER 1969, SCHLAGER & ScHLAGER 1973,

DierscHE 1980), i.e., the lagoonal Dachstein Limestone

facies zone.

Concerning this basin, the differentiation of several

sedimentary cyclesis of great importance:

1. The first cycle of deposition was characterized by
redeposition of older clasts exhibiting a coarsening
upward trend. This cycle is restricted to the Oxfordian.

2. The second cycle of deposition was characterized by the
deposition of a condensed radiolarite succession. This
cycleoccurred in thetime span latest Oxfordian to Early
Tithonian.

3. Thethird cycle was again characterized by redeposition.
It shows an overall fining-upward trend: in afirst stage,
redeposition of older claststook place. L ater, the deposits
were typically made up of a mixture of older clasts and
contemporaneously formed reef debris. In the latest
stage, the redeposits exclusively consisted of shallow-
water carbonates of the Plassen Carbonate Platform.

2.3.1. Proximal Tauglboden Basin - Salzkammer gut area

In the central Salzkammergut area northwest of the
township Altaussee and southeast of the township Bad Ischi
(Fig. 8, Fig. 10, Fig. 11) the proximal part of the
Tauglboden Basin is well preserved. In this area, the
Tauglboden Basin succession reaches thicknesses of about
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Fig. 50: Schematic illustration of the Tauglboden Basin fill (Tauglboden Formation, Oberalm Formation + Barmstein
Limestone) in the region north of the Hoherstein plateau and position of the localities visited during this field trip. For
the geographic position of the stops see Fig. 11 (map).
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Fig. 51: Sedimentary contact between the red limestones
of the Klaus Formation (Callovian/Oxfordian boundary)
and the bedded red radiolarite; eastern Fludergraben

(valley).

800 metres (Fig. 50). The complete section we will visit
south of Mt. Hoherstein (Fig. 11).

The sedimentary record in the newly formed Tauglboden
Basin started sometime in the period Callovian/Oxfordian
boundary to Early Oxfordian. The deposition of red
radiolarites on top of red nodular limestones (Klaus For-
mation - Fig. 5) indicated the beginning of rapid
subsidence. After the deposition of the red radiolarite first
slump deposits occurred, consisting of radiol arite and mass-
flow deposits with reworked older material. The colour of
the radiolarite changed from red to dark-grey. These dark-
grey radiolarites, later also cherty limestones and cherty
marls, contain upsection thick mass-flow deposits and 100
m? large slides. Thereisageneral coarsening-upward trend
of the sequence. The age of the whole sequence was dated
roughly as Early to Middle Oxfordian by means of
radiolaria (GawLick et al. 2007a). In the time span from
the latest Oxfordian to earliest Tithonian the Tauglboden
Basin was characterized by starved sedimentation. Only
few metres of dark-grey cherty limestones to radiolarites
were deposited during that time. In Early Tithonian time
resedimentation started again, initially with mass-flow
deposits containing older material (mainly Late Triassic
clasts) and slump deposits. Gradually, progressively more
reef debris of the Plassen Carbonate Platform was shed
into the Tauglboden Basin. After a period of mixed
sedimentation with older clasts, finally the different

shallow-water clasts deriving from the Plassen Carbonate
Platform s. str. (Oberalm Formation + Barmstein Lime-
stone) took completely over. In the area of the Hoherstein
Plateau the thickness of this coarse-grained reef debriswith
deep-water calpionellid-bearing limestone intercal ations

Fig. 52: Detailed lithological section of the succession
above the sedimentary contact between the red nodular
limestones of the Klaus Formation (Callovian/Oxfordian
boundary according to ManpL 1982) and the thin-bedded
red radiolarite (Fludergraben Member). The latter are
overlain by dark grey laminated radiolarites with the first
turbiditic intercalations; eastern Fludergraben (valley).
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Fig. 53: Lower part of the succession: thin-bedded grey to
violet radiolarites intercalated by carbonate turbidites.
These relatively fine-grained carbonate turbidites contain
mainly older clasts (Late Triassic to Middle Jurassic). For
components compare Fig. 55.

exceeds 500 metres. Here, only the Late Tithonian part of
this succession is preserved. However, obviously thiskind
of deposition continued into the Berriasian, as proven in
many other sections in the central Northern Calcareous
Alps.

Journal of Alpine Geology, 54: 189-291, Wien 2012

Fig. 54: Lower part of the succession: thin-bedded grey
radiolarites with an intercalated mass flow showing an
erosive basal contact. The components in this mass-flow
deposit are exactly the same asin the turbidites (Fig. 53).
For components compare Fig. 55.

ManpL (1982) and GawLick et al. (2007a). Former regio-
nal investigations concentrated mainly on the age
determination and facies characteristics of the different
carbonate slide blocks and the carbonate successions. The
radiolarite successions were only dated by means of

ammonites occurring in the underlying sedimentary rocks.
They weregenerally attributed to the Oxfordian (e.g., ToLL-

A detailed description of the investigation history of this
area, including the different interpretations, is given by

Fig. 55: Microfacies of the Klaus Formation from the base of the succession in the Fludergraben valley, the overlying
radiolarites (Tauglboden Formation) and the intercalated turbidites with shallow-water debris of the same age; Early
Oxfordian (Fludergraben Member) (after GawLick et a. 2010). Page 240.

1. Topmost bed of the Klaus-Formation: Bositra Limestone with some crinoids. Sample D 1051. Width of photo: 1.4
cm. 2. Magnification of 1. Beside Bositra shells and crinoids some reworked hardground clasts occur. Width of photo:
0.5 cm. 3. Red radiolarite overlying the Klaus Formation. The basal part of the radiolarite is dark-grey to black and
contains well preserved radiolaria. Upsection, the radiolarite is red, massive and without lamination. Sample D 1052.
Width of photo: 1.4 cm. 4. Magnification of 3. The most radiolarians of the red radiolarite are recrystallized; only few
radiolarians are well preserved. Width of photo: 0.5 cm. 5. Slightly bioturbated cherty limestone to radiolarite around 6
metres above the top of the Klaus Formation. Radiolaria wackestone with mostly calcitized radiolarians. Sample D
1029. Width of photo: 1.4 cm. 6. Magnification of 5. Radiolaria wacke- to packstone. Some radiolaria are filled with
fine-grained sediment and show good preservation. Width of photo: 0.5 cm. 7. Calcareous turbidite intercalated in the
grey cherty limestonesto radiolarites. Beside clasts of the Early and Middle Jurassic Adnet and Klaus Formations, there
are clasts from a contemporaneous shallow-water area, a precursor of the Plassen Carbonate Platform. Sample D 1053.
Width of photo: 1.4 cm. 8. Sample D 1053, other view. Crinoids, foraminifera and micrite clasts from the precursor of
the Plassen Carbonate Platform occur together with small Bositra Limestone components and older radiolarites (Strub-
berg Formation). Width of photo: 0.5 cm.
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MANN 1976a, DierscHe 1980). Here, in the description of
the different stops only the most important references are
mentioned.

Sop | in Fig. 11: base of the basin fill, Mt. Brunnkogel
- Fludergraben

Early Oxfordian base of the radiolaritic basin fill and its
Triassic to Middle Jurassic (Callovian) underlying
sedimentary sequence

The Late Triassic to late Middle Jurassic sedimentary
seguence below the Tauglboden Basin fill can be described
asfollows:. Inthe Late Triassic Norian to Rhaetian lagoonal
Dachstein Limestone was deposited. In the visited section
only the Rhaetian lagoonal Dachstein Limestone is
preserved, characterized by thick-bedded grey limestones
with different shallow-water organisms, e.g. mega-
lodontidae. In the topmost part of the Dachstein Limes-
tone several corals are preserved, indicating an opening
of the depositional area. Around the Triassic/Jurassic
boundary shallow-water carbonate production stopped. On
top of the Dachstein Limestone red nodular and crinoid-
rich limestoneswere sedimented (Adnet Formation). They
represent a drowning sequence most probably of Late
Hettangian age, as proven in several sections in the
Northern CalcareousAlps (e.g., Bohm 1992, 2003). Inthis
section, red nodular limestone deposition prevailed, with
several stratigraphic gaps (Fig. 5), until thelatest Callovian
to the Callovian/Oxfordian boundary, as proven by
ammonites (ManpL 1982).

Theradiolarite section startsalmost instantaneously above  rjg 564, b: Polymictic mass-flow deposits of the middle

the red nodular limestones (Fig. 51). The red radiolarite
iswell-bedded and the beds are massive, partly completely
chertified. The microfacies show radiolarian wackestones
to packstones. After two to three metres (Fig. 52), the
colour of the red radiolarite changes from reddish to grey
and upsection grey cherty limestones and cherty shales
prevail. Several slumps of reddish radiolarite are
intercalated in this lower grey radiolarite part of the
section; the grey radiolarites and the reddish radiolarites
slumps are all of the same age and contain the same
radiolarian fauna (GawLick et al. 2010). Upsection, the
first fine-grained carbonate turbidites and thin-bedded
coarse-grained mass-flow deposits occur (Fig. 52, Fig. 53,
Fig. 54). The components in these resediments are mostly

part of the Tauglboden Formation. In this level of the
formation, red nodular limestones of the upper part of the
Early Jurassic Adnet Group (for ammonite dating see
ManpL 1982) occur often beside early Early Jurassic grey
cherty limestone clasts and Late Triassic lagoonal Dach-
stein Limestone clasts (Fig. 57). More upsection Jurassic
red limestones and Jurassic clasts generally disappear and
the component spectrum exclusively consists of Late
Triassic clasts of lagoonal Dachstein Limestone.

older (Late Triassic to Middle Jurassic clasts of thelagoonal
Dachstein Limestone facies zone), but occasionally there
are also equal-aged carbonate clasts from a (Early

Fig. 57: Microfacies of the different components of the mass-flow deposits along the road to the Knerzenalm, just before
the entrance to the Knerzenalm area. After Gawlick et al. (2010). Page 242.

1. Component of the Enzesfeld Formation next to a wackestone component. Sample D 3-1. Width of photo: 0.5 cm. 2.
Component of the Scheibel berg Formation (or the Kendlbach Formation) beside aMiddle Jurassic radiolaritic component
of the Ruhpol ding Radiolarite Group. Sample D 3-2. Width of photo: 0.5 cm. 3. Rhaetian Dachstein Limestone component
and red condensed limestone of the Adnet Formation. Sample D 3-4. Width of photo: 1.4 cm. 4. Different Early and
Middle Jurassic clasts beside a Rhaetian Dachstein Limestone component. Sample D 3-5. Width of photo: 1.4 cm. 5.
Small and angular components derived from the late Early Jurassic succession (crinoid-rich higher Adnet Formation)
and the Rhaetian Dachstein Limestone. Sample D 4-1. Width of photo: 1.4 cm. 6. In this mass-flow deposit crinoid-rich
clasts of the higher Adnet Formation are dominating. Sample D 4-2. Width of photo: 1.4 cm. 7. Beside the predominating
Rhaetian Dachstein Limestone clastsalate Middle Jurassic radiol arite clast occurs, which shows microfacies characteristic
as seen in the distal Strubberg Formation. Sample D 5-1. Width of photo: 1.4 cm. 8. Clast of Rhaetian Dachstein
Limestone. Sample D 5-3. Width of photo: 0.5 cm.
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Fig. 58: View towards east on the Trattberg anticline. Tauglboden Formation onlaps on the northern limb of this
anticline along an unconformity (after Missont & Gawtick 20113).

Oxfordian) precursor of the Plassen Carbonate Platform.
At the base of most of the turbidites and mass flows, thin
layers of volcanic ashes are preserved. According to
radiolarian dating, the whole successionisEarly to Middle
Oxfordian in age, with an Early Oxfordian age most pro-
bable (GawLick et a. 2007a, 2010).

Upsection, the deep-water sediments become more and
more marly or calcareous; in some cases cal careous
radiolarites occur. The occurrence of slump deposits
increases. There are several mass-flow deposits which
consist of older material deriving from the lagoonal Dach-
stein Limestone facies zone. Also several huge slides of
hectometre-size are incorporated in the sedimentary
succession.

Middleto upper part of thebasin fill, Knerzenalm area
- stopsll toVin Fig. 11

Early to Middle Oxfordian mass-flow deposits in a
radiolaritic/argillaceous matrix

Ontheway to the Knerzenalm areawe crossthe fault which

separates the Sandlingalm Basin fill in the south from the
Tauglboden Basin fill in the north. The age of thisfault is
unknown, but it must be younger than late Early Cretaceous
as proven by the existence of Early Cretaceous sediments
to the northwest, which overlie the Tauglboden Basin fill.
Along the way there are several outcrops of radiolarites:
first violet to grey massive radiolarites, which belong to
the Sandlingalm Basin, and later, north of the fault, thin-
bedded and laminated radiolarites to cherty limestones,
which belong to the Tauglboden Basin fill.

Sop I1: Forest road to the Knerzenalm

Along theforest road to the Knerzenalm area, shortly after
the fault, several mass-flow deposits intercalated in dark-
grey laminated radiolarites occur (Fig. 56). These mass-
flow deposits contain acomponent spectrum of acomplete
original sedimentary sequence from the Late Triassic to
the Middle Jurassic. Beside Rhaetian shallow-water
carbonates (Dachstein Limestone), Early Jurassic grey
cherty limestones (e.g., Scheibelberg Formation; late
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Fig. 59: Contact of a debris-flow deposit with the
underlying radiolarites. The component spectrum consists
mainly of lagoonal Dachstein Limestone. Jurassic clasts
are very seldom.

Hettangian to late Pliensbachian: Gawtick et al. 20073,
2010), late Early Jurassic red nodular limestones (Adnet
Formation; late Pliensbachian to Toarcian: ManpL 1982)
and, rather seldom, late Middle Jurassic radiolarite
components can be observed. Along the forest road a
general coarsening-upward trend can be observed in the
succession. Thebiggest blocksoccur directly at the entrance
area to the Knerzenalm, where many large-scaled slides
(up to several hundred metres) exclusively consisting of
Rhaetian lagoonal Dachstein Limestone are incorporated
into the radiolaritic matrix.

Slightly before the entrance to the Knerzenalm area there
isagood view point giving insight into the situation to the
east to southeast. The anticline of the Trattberg Rise can
be nicely seen (Fig. 58). The Trattberg Rise region acted
asderivation areafor the mass-flow deposits. The northern,
vertical limb of the anticline consistsexclusively of Norian
lagoonal Dachstein Limestone. All younger sedimentary
rocks (latest Triassic to Middle Jurassic) are eroded and
occur today only reworked as clasts and slides in the
Tauglboden Basin to the north, asvisiblein the Knerzenalm
area. Towards south, the gap in the stratigraphic column
becomes successively smaler and inthe Mount L oser region
a more or less complete Late Triassic to Late Jurassic
seguence is preserved.

Sopslll, IV and V in Fig. 11: Knerzenalm area

The outcropsin the forest of the Knerzenalm area give an
insight of the size of the different slides, which consist
mainly of Rhaetian lagoonal Dachstein Limestone.
Sometimes the radiolaritic matrix between the different
slidesisvisible.

At ajunction of some forest roads (Stop |11 in Fig. 11), the
basal erosive contact of a debris flow on top of laminated
cherty limestones to radiolarites can be observed. The
components are mainly lagoonal Dachstein Limestone
whilst Early Jurassic clasts are rare. Several clasts are

Fig. 60: Old quarry in the uppermost part of the Tauglboden
basin fill. See text for explanation.

rounded.

Along the way to Pitzingmoos (Fig. 11), the upper part of
Early to Middle Oxfordian part of the Tauglboden Basin
fill isvisible in an old quarry (Stop IV in Fig. 11) (Fig.
60). Dark-grey to black radiolarites, cherty limestones and
cherty marls are intercalated by carbonate turbidites and
fine-grained breccialayers. The component spectrum (Fig.
61) is similar to that in the Knerzenalm area. In addition,
several carbonate clasts from a nearby shallow-water area
occur, documenting the onset of the Plassen Carbonate
Platform. Auer et al. (2009) dated the first onset of the
Plassen Carbonate Platform as Late Oxfordian by analysis
of reefal debris-flows intercalated in radiolarites; the
sequence in this outcrop could represent a more basinal
equivalent of similar age.

Some tens of metres upsection (we will not climb) the
contact to the Late Tithonian grey cherty limestones with
intercalated thick mass flows of reef debris can be seen.
The latest Oxfordian to Early Tithonian sequence is
strongly condensed in the Tauglboden Basin. This basin
starvation is visible also in the central Tauglboden Basin
in the southern Salzburg Calcareous Alps. The outcrop
situation there is much better than in the Knerzenalm area.
Along the forest road to Pitzingmoos (Fig. 11), different
mass-flow depositsintercalationsin laminated radiolarites
to cherty limestones can be sporadically observed (Stop V
in Fig. 11). Although the general outcrop situation is rat-
her poor, the main features are visible. The component
spectrum in the different mass-flow deposits is identical
to those of the earlier visited mass-flow deposits in the
Knerzenalm area.

Stop VI in Fig. 11: Tectonic contact between the
Sandlingalm Basin and the Tauglboden Basin (optional)

In the westernmost part of the Fludergraben, the tectonic
contact between the black massive radiolarites of the
Sandlingalm Basin and the laminated dark-grey
radiolarites to cherty limestones of the Tauglboden Basin
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is exposed. In the furrow, this contact is very sharp and
exhibits some evidence for astrike-slip nature of the fault.
The mass-flow deposits and slides south of this contact
consist exclusively of different Hallstatt Limestone
components, whereas the mass flows north of the fault are
predominantly made up of lagoonal Dachstein Limestone
clasts. Thus not only the different litho- und microfacies
of the radiolarites but also the different mass-flows in the
series prove this steep, tectonic contact between the both
basins fills as a prominent structure.

Radiolarian dating of both types of radiolarites yielded
more or lessthe same age for both successions (GawLick et
al. 2007a),. Thisis understandable, as we face the middle
part of both the Sandlingalm Basin fill and the Tauglboden
Basin fill. The radiolarian assemblages of the time span
Late Callovian to Middle Oxfordian do not provide an age
resol ution, which would be necessary for abiostratigraphic
differentiation of these two individual successions of the
western Fludergraben valley. Clearly visible are the diffe-
rent lithofacies of the radiolarites on both sides of the
tectonic contact though.

2.3.2. Central Tauglboden Basin - Salzbur g Calcareous
Alps; Tauglboden valley

The central part of the Tauglboden Basin is preserved in
its type area, the Tauglboden valley in the Salzburg
CalcareousAlps (Fig. 7, Fig. 8). In the Tauglboden valley,
geographically situated in the central to southern Oster-
horn Mountains (Fig. 7), a complete late Early Jurassic to
Late Jurassic sedimentary sequenceispreserved. Thisarea
was intensively investigated since the second half of the
19" century (Suess & Mousiscovics 1868) (Fig. 62). As
amost everywhere in the Northern Calcareous Alps, the
carbonate successions, especially the Jurassic ones, were
fairly well dated by means of anmonites already since that
time (summarized in Bonm 1992). In contrast, the age of
the cherty sediments remained generally enigmatic until
recently. In the second half of the 20" century the

radiolarites were attributed to the Oxfordian, maybe
reaching the Kimmeridgian (DierscHe 1980, ToLLMANN
1985). Detailed radiolarian dating since the end of the last
century (Gawrick & Suzuki 1999) constrained the
biostratigraphic ages of the radiolarite sequences in
numerous areas of the Northern Cal careousAlps (for |atest
review see GawLick et a. 2009a).

The sedimentology of the Tauglboden sequence and
especially the sedimentological features of the different
mass movements and brecciaintercalationsin thetype area
were investigated in detail by Max and Wolfgang Schla-
ger (summarized in ScHLAGER & ScHLAGER 1969, 1973),
and in a more regional context by DierscHE (1980). The
age of the succession was attributed to the (Late) Oxfordian
and Kimmeridgian on the basis of the investigations of
SCHLAGER & ScHLAGER (1969) and Huckriepe (1971).
Huckriepe (1971) dated the underlying sediments of the
radiolarite by means of aptychi as early Oxfordian. ScHLA-
GER & ScHLAGER (1969) mentioned the finding of a
Kimmeridgian anmonite. Therefore, as el sewhere, the age
of radiolarite deposition in the Northern Calcareous Alps
was attributed to the Oxfordian (-Kimmeridgian).
Detailed component analyses and direct datings of the
radiolaritic matrix sediments of various mass-flow deposits
were carried out since the end of the last century (for latest
review see GawLick et a. 2009). The new data resulted in
amodified view of the situation of the Tauglboden Basin
type-locality.

Sop 1: Base of the basin fill, Urban valley

Where the Urban valley approaches the Taugl valley, the
contact between the Early to Middle Jurassic red nodular
limestones and the overlying radiolarite sequence is
exposed. The age of the red nodular limestones is Late
Bathonian to Early Callovian according to HuckRrIEDE
(1971) and Bonm (1992). On top of the red nodular
limestone, a condensed layer contains rhyncholiths of
Oxfordian age (Huckriebe 1971). On the basis of that,

Fig. 61: Microfacies of components of the coarse-grained turbidites intercalated in cherty sediments. Sample from the
old quarry in the area of the western Knerzenalm area (Stop IV in Fig. 11). After Gawtick et a. (2010). Page 245.

1. Different, mostly angular clasts of lagoonal Dachstein Limestone and some micritic clasts of the Kdssen Formation.
Between the components a dark-grey radiolarian-rich cherty matrix occurs, most radiolarians are recrystallized. Sample
D 6-1. Width of photo: 1.4 cm. 2. Most of the components are K &ssen Formation wackestones containing fine-grained
biodetritus. Clasts of the Rhaetian lagoonal Dachstein Limestone are rare. Sample D 6-2. Width of photo: 1.4 cm. 3. A
radiolarian-rich matrix fills the space between the components (Rhaetian lagoonal Dachstein Limestone and clasts of
the Kdssen Formation). The radiolarians are recrystallized and partly deformed. Sample D 6-3. Width of photo: 0.5 cm.
4. Polymictic breccia with a cherty matrix. The relatively small components mostly consist of Kdssen Formation,.
Sample D 6-4. Width of photo: 1.4 cm. 5. Polymictic breccia with relatively small components in a cherty matrix.
Beside components of the Kdssen Formation, components of the Rhaetian lagoonal Dachstein Limestone are common.
The radiolarians are partly well preserved and filled with clay. Sample D 6-5. Width of photo: 1.4 cm. 6. Polymictic
breccia with crinoid-rich Dachstein Limestone components (uppermost part of photo) and radiolarite components. The
radiolarite components derive from the underlying radiolarite sequence. They were incorporated in the debris flow
before their complete lithification. Sample D 7-3. Width of photo: 1.4 cm. 7. In addition to the dominating Late Triassic
claststhere are rare Early Jurassic clasts. The spicula-rich clasts derive from the Kendlbach or Scheibelberg Formation.
The red foraminifera-rich wacke- to packstones derive from the Adnet Formation. Sample D 9-3. Width of photo: 1.4
cm. 8. Bioturbated dark-grey cherty limestone of the matrix. The radiolarians are partly well preserved and filled with
clay. Sample D 12-1. Width of photo: 1.4 cm.
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Fig. 62: Original drawing of the central Osterhorn Mountains from Suess & Mousiscovics (1868). The schematic NW-
SE cross-section by and large also applies to the situation of the Tauglboden valley. These authors worked out the main
characteristics and the ages of the Late Triassic to Late Jurassic sedimentary succession (see translation of the original

legend below).

Legend according to these authors (translated): a - Norian limestones; b - Rhaetian sequence (Késsen Formation and
Dachstein Limestone); ¢ - Lower Jurassic and Adnet Limestone (= grey cherty limestones and red nodular limestones);
d - bioturbated cherty limestones and marls (“ Fleckenmergel“); e - Brown Jurassic (Middle Jurassic); f - White Jurassic
(Upper Jurassic). In today”s terms, d and e correspond to the Oxfordian to Early Tithonian Tauglboden Formation, f to
the late Early Tithonian to Berriasian Oberalm Formation + Barmstein Limestone.

radiolarite deposition commenced in this section more or
less contemporaneously or slightly later than in the Fluder-
graben valley in the Salzkammergut area. The radiolarian
fauna from the overlying red radiolarite is identical with
those found in the Fludergraben valley samples.

The microfacies of the upper part of the red nodular
limestone correspond to that of the overlying red
radiolarite: Radiolarian wacke- to packstones predominate.
Therefore this part of the section, where Huckrieoe (1971)
found the rhyncholiths of Oxfordian age, belongs already
to theradiolarite succession. Theradiolarian faunaof these
cherty limestones is identical with the radiolarian fauna
of the overlying radiolarite. The latter is well-bedded, of
red colour and at maximum 2 metres thick. Radiolarians
from these red radiolarites yielded an Early to Middle
Oxfordian age (Gawtick 2000a). The radiolarian
associations are similar to the radiolarian associations of
the grey laminated radiolarites higher in the section. Both
the lithology and the colour of the radiolarites change
gradually. The radiolarites turn from red over reddish grey
and medium grey to finally dark-grey colours. The grey
radiolarites are fine laminated. The clay content increases
upsection and several few centimetresthick clay layersare
intercalated between the radiolarite beds (Fig. 65). The
carbonate content increases aswell. Similar to the Fluder-
graben section in the Salzkammergut area, the first
resediments occur after the colour change. The overall
component spectrum of these fine-grained turbidites is
identical to the one described in the Fludergraben section.

Sop 2: Tauglboden road in the Taug! valley
Early Oxfordian mass-flow intercalations in radiolarites

About five metres above the contact between the red
nodular limestone and the radiolarite succession, the first
coarse-grained mass-flow deposits are intercalated in the
radiolarite sequence. The up to 20 cm thick breccialayers
overlie the radiolarite beds practically without basal
erosion; obviously the breccia layers show the
characteristics of channels deposits (Fig. 66A). Below the
breccia layers a layer of green volcanic ash is locally
preserved (Fig. 66B).

The components in the mass-flow deposit derive
exclusively from the lagoonal Dachstein facies zone.
Components of the Early Rhaetian Kdssen Formation are
rare whilst components of Rhaetian lagoonal Dachstein
Limestone strongly predominate. Early to Middle Jurassic
clasts occur in rock-forming quantities, too. Early Jurassic
grey cherty limestones (Scheibelberg Formation), chert
nodules and red nodular limestones (Adnet Formation)
dominate. In contrast, Middle Jurassic Bositra Limestone
components are seldom (Fig. 67, Fig. 68).

Sop 3: Outcropsalong the forest road K esselstrasse
Oxfordian mass-flow deposits and radiolarites,
Kimmeridgian radiolarites

A strongly variable outcrop situation is met on the walk
along theforest road Kesselstrasse. Inasmall valley beside
the forest road and along the forest road there are some
good outcrops giving an insight into the early phase of the
Tauglboden Basin evolution. The age of the succession
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Fig. 63: “Standard profile* of the
Tauglboden Formation in the type
area (idealized type section - see
ScHLAGER & ScHLAGER 1973 for
details), the central Osterhorn
Mountains in the Salzburg
Calcareous Alps. Unpublished data
of M. & W. ScHLAGER. Redrawn and
printed with permission of W.
ScHLAGER (Amsterdam) in GawLick
(2000a) and GawLick & FriscH
(2003). Ages of the different parts
of the section according to
Huckriebe (1971), Gawtick et al.
(1999h), GawLick & FriscH (2003),
and unpublished data.
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Fig. 64: Areaof the Urban creek/Taugl creek in the central
Salzburg Calcareous Alps, exposing excellent sections of
the succession around the boundary Klaus Formation/
radiolarite (Tauglboden Formation) in the. The drawn
detailed section is from west of the Urban valley (A). An
equivalent section is seen east of the Urban creek (B).
Redrawn after Huckrieoe (1971)

along theroad is still Early to Middle Oxfordian as proven
by radiolarians. Dark grey to black laminated radiolarites
with changing clay content, slump deposits and massflows
arethetypical sedimentary features of the succession (Fig.

Fig. 65: Reddish-grey massive and laminated Early
Oxfordian radiolarite layerswith clay intercalations. Taug|
valley. Width of the photo: 50 cm.
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68). The slump deposits consist partly of cherty sediments
without older components, large blocks of older
components incorporated in the argillaceous matrix, and
debrisflows. Generally, the older clasts are the same asin
the basal breccialayers along the Taugl road, but Jurassic
clasts are both smaller in number and older in age. The
erosion cut into the Norian lagoonal Dachstein Limestone.

Sop 4: Forest road to the waterfall K esselstrasse and
water fall
Tithonian mass-flow deposits in an argillaceous matrix

In the curve before the waterfall, a only few metres thick
succession of dark grey to black radiolarites to cherty
limestones free of mass flows intercal ations occurs on top
of the amalgamated sequence. The radiolarites from this
amal gamated series below yielded still an Early to Middle
Oxfordian age. Thus the whole around 200 metre thick
sequence is Early to Middle Oxfordian in age.

Above this radiolarite succession again athick radiolarite
sequence with slumps and mass flows occur a ong the way.
Here, several metresabovethismassflow freeradiolarites,
some layers of volcanic ashes (metabentonites - GawLick
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Fig. 66: A) Up to 20 cm thick breccia layers intercalated
inthe Early Oxfordian radiolarite sequence. In some cases
the breccias cut slightly into the basal series (erosional
contact), but more often they overlie the radiolarite
seguence concordantly in aparallel manner. B) Detail from
A. Below the breccialayersagreen layer of volcanic ashes
is preserved. These fine-grained ashes might have acted
as slide horizon for the mass flows.

et al. 1999h) of ten centimetres thickness are intercalated
inthe sequence. Radiolariansfrom these vol canic ash layers
yielded an Early Tithonian age (Gawtick et al. 1999b).
This means, that the time span Latest Oxfordian to Early
Tithonian is characterized by a starved sequence. The
volume of material shed into the basin decreased rapidly
in the Late Oxfordian. In comparison, the Kimmeridgian
was characterized by radiolarite deposition.

Fig. 67: Angular to subrounded (rare) components of the
Early to Middle Oxfordian mass-flow deposit Taugl road.
See text for explanation.

Later, in the Early Tithonian, a new depositional cycle
with mobilisation and redeposition of large volumes of
rocks started. The series again is characterized by slump
deposits, mud and debris flows. Whereas the older
components in the different chaotic deposits were still the
same as in the Early to Middle Oxfordian sequence, the
content of Jurassic clasts was very low. Reworked Norian
to Rhaetian clasts are dominating the component spectrum.
Radiolarites in this part of the succession are scarce, with
cherty marlsand cherty limestones being the typical matrix
sediment. The preservation quality of the radiolarians in
these matrix rocks is generally very bad.

By reaching the waterfall we will see a severa tens of
metres thick sequence of dark-grey well bedded cherty
marls and cherty limestones, intercalated by several slump
deposits, mud flows and debris flows. The series is also
characterized by the intercalation of semi-consolidated
volcanic ash layers.

Stop 5: Forest road above the waterfall K esselstrasse
Resediments from the Plassen Carbonate Platform

Following the forest road we reach the Late Tithonian
sequence. Theforest road provides several outcrops where
different fine- und coarse-grained turbidites areintercal ated
in cherty limestones. The components in these turbidites
consist of a mixture of older carbonate clasts (Norian to
Rhaetian lagoonal Dachstein Limestone and Kdssen For-
mation), like in the series below, and some
contemporaneous shallow-water clasts from the Plassen
Carbonate Platform to the south. The change from siliceous
to calcareous sedimentation cannot be exactly dated,
because the radiolarians in the matrix sediments are
recrystallized and shallow-water organisms in the mass
flows are scarce. The overlying cherty limestones with
intercalated slope sediments (Barmstein Limestone: see
chapter 2.4) are of Late Tithonian to Early Berriasian age,
palaeontol ogically proven by radiolariansand calpionellids
(e.g., Steicer 1981, 1992) as well as shallow-water
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Fig. 68: Microfacies of different clasts in the mass-flow deposits along the Tauglboden road in the Taugl valley (lower
Tauglboden Formation, Early Oxfordian). After GawLick & FriscH (2003). Page 251.

1. Components from a 60 cm thick mass-flow deposit in the middle part of the section Kesselstrasse. As components
occur late Triassic lagoonal Dachstein limestone (@), Early and Middle Jurassic clasts of the Adnet (b) and Klaus
Formations (c) and wackestones from the Kdssen Formation (d) (sample TB 6/1998). Width of photo: 1.4 cm. 2.
Components from a 60 cm thick mass-flow deposit in the middle part of the section Kessel strasse. As components occur
micritic lagoona Dachstein limestone (a) and filament rich cherty sediments (b) of the higher parts of the Strubberg
Formation (sample TB 6a/1998). Width of photo: 0.5 cm. 3. Components from a 60 cm thick mass-flow deposit in the
middle part of the section Kesselstrasse with a filamentrich clast of Middle Jurassic Bositra limestone (a) (sample TBG
2/1998). Width of photo: 0.5 cm. 4. Components from a 30 cm thick mass-flow deposit in the middle part of the section
Kesselstreet. Right side: clast of cherty marl of the distal Strubberg Formation (@) (sample TB 8/1998). Width of photo:
0.5 cm. 5. Components from a 30 cm thick mass-flow deposit in the middle part of the section K essel strasse. Components:
lagoonal Dachstein l[imestone (a), cherty sediments of distal Strubberg Formation (b), Liassic wackestones (c) (sample
TBG 3/1998). Width of photo: 0.5 cm. 6. Components from a 30 cm thick mass-flow deposit in the middle part of the
section Kesselstrasse. Components: Kdssen beds (a, micrites), Dachstein limestone (b), ?Hauptdolomit or loferitic
Dachstein limestone (¢) (sample TB 8/1998). Width of photo: 1.4 cm.

7. Components from a 40 cm thick mass-flow deposit from the base of the Tauglboden Formation (Urbangraben).
Components: Lagoonal Dachstein Limestone (a), Adnet limestone (b), Kdssen beds (c) and radiolarite (d) (sample TBG
3/1997-3). Width of photo: 0.5 cm. 8. Components from a40 cm thick mass-flow deposit from the base of the Tauglboden
Formation (Urbangraben). Components: radiolarite (a), Kossen beds (b) and encrusted crinoids (c) in the matrix (sample
TBG 3/1997-1). Width of photo: 0.5 cm.

organisms (GawLick et a. 2005, 2009a for latest reviews).
In the area of the Osterhorn Block, the overlying series of
cherty limestones with intercalated mass flows (Late
Tithonian to earliest Cretaceous Oberalm Formation +
Barmstein Limestone; Fig. 5) reaches around 800 metres
in thickness (Fig. 74). The Late Tithonian to Berriasian
sedimentary succession lies flat above the Tauglboden
Basin fill, sealing the older tectonic structures (Fig. 74).

2.3.3. Northern Tauglboden Basin - Salzbur g Calcareous
Alps

In the northern part of the Tauglboden Basin (Fig. 7B),
thethickness of radiolarite deposits does not exceed several
tens of metres. Radiolarite deposition followed after a

Fig. 69: Early to Middle Oxfordian mud flow with large
boulders of Late Triassic lagoonal Dachstein Limestone
on top of well-bedded grey laminated radiolarites. Kessel-
strasse forest road, Taugl valley.

stratigraphic gap on top of red nodular limestones. The
basal black massive radiolarites are Callovian in age. A
thin-bedded series of red radiolarite of ?Callovian to Early
Oxfordian age follows above the black radiolarites,. Inthis
area, these red radiolarites reach thicknesses of 12-15
metres. Upsection, the colour of the massive radiolarite
changes from reddish to greyish. The grey coloured
radiolarite is fine laminated. First very fine-grained
carbonate turbidites are intercal ated in the succession. The
age of these red radiolarites is still Early to Middle
Oxfordian. Higher up, some coarser grained turbidites are
intercalated. The component spectrum is identical with
the one observed in the central Tauglboden area to the
south (see description above). After some tens of metres,
the first calcareous resediments from the Plassen Carbo-

Fig. 70: Components in the Early to Middle Oxfordian
mud flow: Subrounded clasts of the Early Rhaetian Kdssen
Formation and Norian-Rhaetian lagoonal Dachstein
Limestone. The matrix consists of marly clays without
radiolarians.
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Fig. 71: Early Tithonian sedimentary succession with
slump deposits, mud flows and debris flows in amatrix of
cherty marlsand cherty limestones. Waterfall Kesselstrasse,
Taugl valley.
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Fig. 74: Late Tithonian flat lying sedimentary succession
of cherty limestones (Oberalm Formation) with
intercalations of up to ten metres thick carbonate mass-
flow deposits (Barmstein Limestone) consisting of

reworked shallow-water material from the Plassen Carbo-
nate Platform. This up to 800 m thick succession overlies
the radiolaritic Tauglboden Basin fill (compare Fig. 62).

nate Platform occur, overall reaching several hundred
metres thickness in this area.

The evolution of the northernmost part of the Tauglboden
Basin was influenced by the establishment of a new nappe
front in Late Oxfordian time - the Brunnwinkl Rise (Fig.
7) (GawLick et al. 2007b for details). This uplift gave rise
to several mass movements affecting the northernmost part
of the Tauglboden Basin in a later stadium of the basin
evolution. Inthe Early to Middle Oxfordian, however, only
athin radiolarite succession was deposited (KUGLER et al.
2003). Contemporaneous to the large-scale mass
movements into the southern and central Tauglboden
Basin, pure radiolarite sedimentation without any turbidites
or mass flows prevailed in the northernmost area.

Fig. 72: Amalgamated series of cherty marls with breccia
layers, overlain by parallel bedded laminated cherty
limestones with marl intercalations. Intercalated breccia
layers with erosive base. Waterfall Kesselstrasse, Taugl
valley.

Fig. 73: Microfacies of the different Late Tithonian calcareous turbidites and coarse-grained mass-flow depositsin the
transitional part from the Tauglboden Formation to the Oberalm Formation. Page 254.

1. Graded carbonate turbidite intercalated in cherty limestones with recrystallized radiolarians. Crinoids, micrite clasts
and clasts with micritic envelopes characterize the onset of the northern Plassen Carbonate Platform. Older clasts
(mainly Late Triassic lagoonal Dachstein Limestone and Early Jurassic clasts) are rare. Sample B 367. Width of photo:
1.4 cm. 2. Sample B 367, other view. In the lower, coarser-grained part of the turbidite a similar component spectrum
is visible. Reef organism and other determable organisms of the Plassen Carbonate Platform are missing. Width of
photo: 1.4 cm. 3. Basal part of a carbonate turbidite above agrey radiolarian-rich cherty limestone. The cherty limestone
clast, rich in spicules derive from an Early Jurassic basinal limestone, the shallow-water carbonate clasts are Rhaetian
lagoonal Dachstein Limestone clasts. Sample B 371. Width of photo: 1.4 cm. 4. Coarse-grained carbonate turbidite
with several Late Triassic lagoonal Dachstein Limestone clasts and an oncolith from the Plassen Carbonate Platform.
Sample B 371-1. Width of photo: 1.4 cm. 5. Isolated lagoonal Dachstein Limestone clast (Rhaetian) in a radiolarian-
rich biomicite. Sample B 376. Width of photo: 1.4 cm. 6. Coarse-grained carbonate turbidite with several Late Triassic
lagoonal Dachstein Limestone clasts, e.g. with Triasina. The radiolarian- and spicules-rich cherty limestone clast is of
Early Jurassic age. Sample B 371-3. Width of photo: 1.4 cm. 7. Finer-grained carbonate turbidite in amatrix of radiolarian
packstone. Incrusted shells and micrite clasts are the dominant component. Sample B 373-2. Width of photo: 0.5 cm. 8.
Coarse-grained carbonate tuirbidite with several black pebble clasts, micrite clasts and Dachstein Limestone clasts.
Sample B 374. Width of photo: 1.4 cm.
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Fig. 75: Stratigraphy and facies of the Early to early Late Jurassic section along the road to the village Krispl in the
M ortlbach valley. Right section with photographs after Bonm (1992), modified and completed for the Callovian-Oxfordian
part. Left section from DierscHE (1980).

Stop 1: Parking place on theroad to Krispl/Mértlbach  this sequence does not exceed 5 metres. These grey cherty

valley limestonesare overlain by reworked red nodular limestones
Early to Late Jurassic sedimentary sequence, northern  forming a series of mass-flow deposits. This interval is
Tauglboden Basin rich in red marls making up the matrix of the different

mass flows. The age of thisinterval is Late Pliensbachian
The section starts with grey cherty limestones of to Toarcian. The lower Middle Jurassic (Aalenian) is
Sinemurian to Early Pliensbachian age. The thickness of  preserved in the form of a very thin layer of Bositra-rich
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marly limestones. On top of these Aalenian sedimentary
rocks, a ferro-manganese horizon reflects a long lasting
depositional gap (Bajocian to Bathonian). Above, a black
massive radiolarite of Callovian age was deposited. The
thickness of the black radiolarite is about 1 metre. It
changes colour upsection into a reddish radiolarite. The
age of the more than 15 metres thick red radiolarite is
Late Callovian to Oxfordian, most probably earliest
Oxfordian according to radiolarian associations. Still in
the Early to Middle Oxfordian the red radiolarite passed
into dark-grey radiolarites and cherty limestones. The
radiolarites of this part of the section are laminated and
contain the first fine-grained turbidites. The clasts are too
small to be determined regarding their stratigraphic
affiliation. Upsection the turbidites become coarse-grained.
The components mainly consist of Late Triassic lagoonal
Dachstein Limestone, whilst Early to Middle Jurassic clasts
occur only seldom. This component spectrum is identical
to that of the Tauglboden valley resediments in the south.
So isthe age of the radiolarian rich background sediment:
Early to Middle Oxfordian. In contrast to the thick
succession in the Tauglboden valley, the thickness of the
northern Tauglboden Basin succession does not exceed a
few tens of metres (detailsin DierscHE 1980) with a maxi-
mal thickness of the intercalated mass flows of only 10-20
centimetres.

The components in the different turbiditic layers
exclusively derive from the lagoonal Dachstein Limestone
facies zone. The component spectrum isidentical with the
one known from the Taugl valley to the south.

2.4. Sillenkopf Basin: exotic material and resediments
from the Plassen Carbonate Platform (optional)

The Sillenkopf Basin was palaeogeographically situated
between the Plassen Carbonate Platform s. str. to the north
and the Lérchberg Carbonate Platform to the south (Fig.
7, Fig. 78). The isolated Sillenkopf Formation outcrops
are located in the southern Berchtesgaden Alps and
southern Salzburg Calcareous Alps. The underlying

radiolaritic sequences either belong to the Sandlingalm or
the Lammer Basin fill. The Sillenkopf Basin contains
turbidites and mass-flow depositswith various Late Triassic
(probably also Middle Triassic) to Late Jurassic lithocl asts
as well as siliciclastic-crystalline components (Missoni et
al. 2001a). Important is the occurrence of first detritus of
ophiolitic rocks evidenced by detrital chromian spinels
(Missoni & Gawtick 20114&). Therefore, this component
spectrum is significantly different from that of the
Tauglboden Basin. The Late Jurassic shallow-water litho-
and bioclasts, e.g., the foraminifer Labyrinthina mirabilis
WEeynscHENK or the dasycladalean alga Salpingoporella
pygmaea (GumseL), derive from the Larchberg Carbonate
Platform located south of the Sillenkopf Basin. The age of
the Sillenkopf Formation is Kimmeridgian to ?Tithonian
as dated by radiolarians and resedimented larger benthic
foraminifera and calcareous algae (Missoni et al. 2001a).
The Sillenkopf Formation type-locality isMts. Sillenkopfe
south of Berchtesgaden (Stop 1).

As outstanding characteristic of the Lérchberg Carbonate
Platform, in contrast to the Plassen Carbonate Platform s.
str., an overall terrigenous input can be stated. This and
the occurrence of brackish-water influence in the latest
platform stadium, pointing to afinal emersion, are assumed
asreasonsfor thediscreteinventory of dasycladalean algae
including 10 taxa not known from the Plassen Carbonate
Platform s. str. (ScHLAacINTwWEIT 2011b). A characteristic
larger benthic foraminifer of the final series exhibiting
increasing terrigeneous influx is represented by
Anchispirocyclinalusitanica (Eccer). Thisforaminifer was
already recognized by Hann (1910) who described and
illustrated the foraminifer as “Hydrocorallinen
(?)stockchen, meaning a stromatoporoid sponge. These
strata are referred to as Lofer Beds, originally believed to
represent basal, transgressive clastics sediments. In
contrast, nowadaysthis succession isinterpreted as deposit
of afinal coarsening- and shallowing-upward phase that
finally led to platform emersion. The facies evolution of
the Larchberg Carbonate Platform, however, is still not
known in all details. This is mainly a result of the
preservation of only afew, isolated small remnants of the

Fig. 76: Microfacies of the different cherty sediments and some coarse-grained turbiditic intercal ations from the northern
part of the Tauglboden Basin. Samples are from the section parking place on the road to Krispl/Maortlbach valley and
from the valley in the northwest (compare Fig. 75). Page 257.

1. Microfacies of the not laminated black radiolarite (Callovian). Radiolarian wacke- to packstone. Most radiolarians
arerecrystallized and occur as quartz. Sample GAl Schwarz. Width of photo: 0.5 cm. 2. Microfacies of the not laminated
red radiolarite (Oxfordian). Radiolarian wacke- to packstone. Most radiolarians are recrystallized and occur as quartz.
Few radiolarians are well preserved. Sample GAI rot. Width of photo: 0.5 cm. 3. Microfacies of the grey-red/violet
radiolarite from the transition of the red radiolarite to the grey cherty limestones and radiolarites with intercal ated fine-
grained turbidites. Sample MOB rot. Width of photo: 0.5 cm. 4. Microfacies of the grey laminated radiolarite to cherty
limestone (base of Tauglboden Formation: Oxfordian). In the limestone layer (lower part of the photograph) the
radiolarians are recrystallized to calcite. The radiolarians in the upper part of the photograph occur as quartz. Sample
Gu 13a grau. Width of photo: 1.4 cm. 5. Coarse-grained turbidite from the higher part of the succession. Beside some
radiolarians, crinoids and spicules different micrite clasts occur. Sample C 205-1. Width of photo: 0.5 cm. 6. Sample C
205-1, other view. Larger clast of a Rhaetian lagoonal Dachstein Limestone beside crinoids and micrite clasts. Width of
photo: 0.5 cm. 7. Graded turbidite. Crinoids and micrite clasts are common. Sample C 205-2. Width of photo: 1.4 cm.
8. Fine-grainend graded carbonate turbidite. Most components cannot be identified any more. Sample C 203-3. Width
of photo: 0.5 cm.
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Larchberg Platform. For illustrations of the microfacies
types of the Larchberg Carbonate Platform see DArRGA &
ScHLAGINTWEIT (1991), Dya (1992) and SANDERs et al.
(2007).

Sop 1: Mts. Sillenkdpfe
Kimmeridgian radiolarite and mass-flow deposits of mixed
pal aeogeographic derivation

Mts. Sillenkopfein the southern Berchtesgaden Cal careous
represent the type-locality of the Sillenkopf Formation and
give an insight into the sedimentary succession of the
Sillenkopf Basin. Other sections with generally coarser
grained breccias and mass-flow deposits are located more
to the south, i.e., nearer to the source area of the exotic
clasts. Fig. 77 summarizes the characteristic features of
these breccias from the nearby area and not only from the
type-locality.

The section Sillenkopfe starts with laminated and well
bedded Kimmeridgian radiolarites above clays of the Hasel-
gebirge Mélange. Upsection the first coarse-grained
turbidite intercalations quickly occur in the radiolarites.
The whole succession shows a coarsening-upwards trend
with several mass-flow deposits near the top of the
mountain (details in Missoni et al. 2001a, Missonl &
GawLick 20114).

2.5. Plassen Carbonate Platform

In the Late Jurassic (since Late Oxfordian: Auer et al.
2009), three independent shallow-water carbonate
platforms, which belong to the Plassen Carbonate Platform
sensu lato (ScHLAGINTWEIT & GawLick 2007), were formed

on rising nappe fronts (details in GawLick et al. 2009a)

(compare Fig. 78):

a) the Trattberg Rise (Plassen Carbonate Platform sensu
stricto) (ScHLAGINTWEIT €t al. 2005),

b) the Brunnwinkl Rise (Wolfgangsee Carbonate Platform)
(GawLick et al. 2007b), and

¢) an asyet unnamed rise on top of the Hallstatt imbricates
to the south (L&rchberg Carbonate Platform) (Gawtick
et al. 2009a). This resulted in a complex basin-and-rise
topography with different types of sedimentsin shallow-
water and deep-water areas (GawLICK & SCHLAGINTWEIT
2006).

Around the Early/Late Tithonian boundary the original
topography of the Trattberg Rise with the Plassen Carbo-
nate Platform s. str. on top was modified by north-directed
normal faulting (compare Fig. 100). The platform became
an area of erosion, and a new steep reef rim facing the
Tauglboden Basin was formed (GawLick & SCHLAGINTWEIT
2009) (compare Fig. 7). From the Late Tithonian onwards,
the breakdown of therisesled to shedding of huge amounts
of carbonate debris (Barmstein Limestone) and mud into
the basins situated to the north (Fig. 78). These Barmstein
Limestone redeposits consist of proximal reef debris with
allochthonous components (PLocHINGER 1976, STEIGER
1981, GawLick et al. 2005). They occur as mass flows and
turbiditic layersintercalated in abasinal succession (Ober-
alm Formation). The Barmstein Limestone contains not
only components from the adjacent, contemporaneous
Plassen Carbonate Platform but also older, reworked ma-
terial from the Kimmeridgian to Early Tithonian Plassen
Carbonate Platform s. str. (ScHLAGINTWEIT & GawLick 2007).
Wewill visit several sedimentary successionswhich belong
to the Plassen Carbonate Platform in the Salzburg
Calcareous Alps and in the Salzkammergut area.

Fig. 77: Characteristic microfacies of different componentsin the mass-flow deposits of the Sillenkopf Formation in the
southern Berchtesgaden Calcareous Alps (Upper Tirolic units, Steinernes Meer). Page 259.

1. Radiolarian wackestone to packstone erosively overlain by a calciturbidite (packstone); most components of these
allodapic layers consist of micrite. Sample Ber 105/12, Gotzen(tal)-Alm, Steinernes Meer (Tirolic units, Berchtesgaden
Calcareous Alps). Width of photo: 1.4 cm. 2. Graded calciturbidite with several older clasts of the Pdtschen Formation
beside clasts from the Lérchberg Carbonate Platform. Sample Ber 31/4b, Sillenkdpfe (Tirolic units, Berchtesgaden
CalcareousAlps). Width of photo: 1.4 cm. 3. Well-sorted cal citurbidite (packstone). Beside the dominating components
of the Larchberg Carbonate Platform, clasts of the Pétschen Formation and evaporitic clasts, most probably of the
Permian Alpine Haselgebirge, occur. Sample Ber 105/1b, Gotzen(tal) Alm, Steinernes Meer (Berchtesgaden Calcareous
Alps). Width of photo: 1.4 cm. 4. Breccialayer with afine-laminated clast in which float several subangular extraclasts.
There are fine-grained siliciclastic clasts and some gypsum clasts most probably from the Permian Alpine Hasel gebirge.
Sample Ber 105/14b, Gotzen(tal)-Alm, Steinernes Meer (Tirolic units, Berchtesgaden Cal careous Alps). Width of pho-
to: 1.4 cm. 5. Mass-flow deposit with densely packed litho- and bioclasts, e.g., silicified oncoids and stromatoporoids
beside encrusted clasts, most probably derived from the Permian Alpine Haselgebirge. Sample Ber 60/15, Abwarts-
graben section, Steinernes Meer (Tirolic units, Berchtesgaden Calcareous Alps). Width of photo: 1.4 cm. 6. Mass-flow
deposit with Labyrinthina mirabilis WevnscHenk (L), Salpingoporella annulata Carozzi (S) and Pinnatiporidium aff.
untersbergensis ScHLAGINTWEIT & Dracastan (P) from the Larchberg Carbonate Platform. Beside these organisms,
clasts of Potschen Dolomite and encrusted evaporites (?Alpine Hasel gebirge clasts) occur. Sample Ber 60/10, Abwérts-
graben section, Steinernes Meer (Tirolic units, Berchtesgaden Calcareous Alps). Width of photo: 0.5 cm. 7. Benthic
foraminifer Labyrinthina mirabilis WeynscHenk with unrolled adult part. Sample A 847, Mount Gerhardstein west of
Lofer (Tirolic units, Salzburg Calcareous Alps). Width of photo: 0.5 cm. 8. Benthic foraminifer Kilianina? rahonensis
Foury & VINCENT in a mixture of mostly undeterminable clasts of exotic character. Sample Ber 105/6c, Gotzen(tal)-
Alm, Steinernes Meer (Tirolic units, Berchtesgaden Calcareous Alps). Width of photo: 0.5 cm.

For more microfacies details see, e.g., Missoni et al. (2001a) and GawLick & FriscH (2003).
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Fig. 78: General evolution and occurrences of the Late Jurassic platform carbonates and their resediments in the central
Northern CalcareousAlps (after GawLick et al. 2009a). A. Occurrences of the platform sedimentsin the central Northern
Calcareous Alps (map base: FriscH & GawLick 2003). B. Kimmeridgian to Tithonian general evolution of the Plassen
Carbonate Platform s. I. In the Late Tithonian the northern platform (Wolfgangsee Carbonate Platform) drowned, the

central platform became dissected (Plassen Carbonate Platform s. str.) and the southern platform (L é&rchberg Carbonate
Platform) was uplifted.
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Fig. 79: Microfacies of the transgressive-regressive cycles of subtidal and peritidal carbonates (Late Kimmeridgian to
Earliest Tithonian) of the southeastern part of Mount Plassen. The order of the shown examples (a-j; without scal€) does
not necessarily correlate with the appearance in the lithologic column. See text for explanation.

Fig. 80: Microfacies and facies interpretation of the Plassen Carbonate Platform s. str. (Early Kimmeridgian to earliest
Tithonian) of Mount Plassen. From ScHLAcINTwEIT et al. (2003), added. Page 262.

1. Packstone/Wackestone with debris of echinoids, protoglobigerinids (A) and resedimented Protopeneroplis striata
WEeynscHeNk 1950 (B). Slope facies. Sample Pl 4a-2001, scale bar = 1 mm. 2. Packstone with remains of echinoids and
Crescentiella morronensis (Crescenti). Slope facies. Sample A-37, scale bar = 0.5 mm. 3. Packstone with Crescentiella
morronensis (CrescenTi) (C), echinoid debris, bryozoa (B) and resedimented fragment of Labyrinthina mirabilis
WEynNscHENK (L). Slopefacies. Sample Pl 6-2001, scale bar = 1 mm. 4. Rudstone with remains of frame-builders and the
benthic foraminifera Labyrinthina mirabilis WeynscHenk. Platform margin facies. Sample A-41-2, scale bar = 2 mm. 5.
Grainstone with Labyrinthina mirabilis WeynscHenk (“ Labyrinthina-Limestone*). Platform margin facies. Sample Pl
9-2001, scale bar = 1 mm. 6. Bioclastic biosparite with debris of corals, lituolid foraminifera and verticil fragments of
Clypeinajurassica Favre. Back-reef facies. Sample Pl 10-2001, scale bar = 1 mm. 7. Bioclastic packstone with gastropods
(e.g. nerineids), “Rivulariaceans’ (R) and Labyrinthina mirabilis WevnscHenk (L). Backreef facies. Sample Q 99/2,
Hohe Wasserstollen, scale bar = 2 mm. 8. Algal-Bindstone with “bacinellid* crust and Thaumatoporella parvovesiculifera
(RaiNerr). Tidal Flat facies. Sample Pl 63-b-2001, scale bar = 0.5 mm.
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First of all, the three platforms are distinguished by their

(i) stratigraphy,

(i) general geodynamic and facies evolution,

(iii) partly the occurring microfacies types, and

(iv) the palaeogeographic position and their resediments

in the adjacent basins.

The known stratigraphic range of the Wolfgangsee Car-
bonate Platform is Kimmeridgian (or slightly older?) to
early Late Tithonian, of the Plassen Carbonate Platform s.
str. latest Oxfordian to Early Berriasian and of the
Lé&rchberg Carbonate Platform Kimmeridgian (or slightly
older) to Tithonian/Early Berriasian. Concerning the
overall platform evolution, all three platformsevolved after
ashallowing-upward phase terminating an extended period
of regional deep-water sedimentation. The nuclel of these
platforms is not preserved due to younger erosional
processes. The onset of all platform areasisinterpreted to
have taken place on top of rising nappe fronts, e.g., the
Brunnwinkl Rise - Wolfgangsee Carbonate Platform and
Trattberg Rise - Plassen Carbonate Platform s. str. During
their evolution the platforms prograded towards the basins
and started to fill them: this resulted in the preserved
sedimentary successions of the platform exhibiting a
shallowing-upward evolution. The Wolfgangsee Carbonate
platform was drowned in the Late Tithonian (GawLick &
ScHLAGINTWEIT 2010), the Plassen Carbonate Platform s.
str. inthe Early/L ate Berriasian (GawLIck & SCHLAGINTWEIT
2006). In contrast, the Larchberg Carbonate Platform
emerged most likely during the Berriasian. All these details
are not discussed at this point as they are well beyond the
scope of this compilation.

In the following, the sedimentological evolution of the
Plassen Carbonate Platform on the base of the type-locality
succession of Mount Plassen is summarized. Representing
the most complete sequence from the installation of the
shallow-water platform until its drowning (ScHLAGINTWEIT
et al. 2003, 2005, GawLick & ScHLAGINTWEIT 2006), the
more or less accidental selection of Mount Plassen as the
type-locality more than 150 years ago (Hauer 1850) was
in retrospective an excellent choice.

The shallow-water carbonates form the upper part of
shallowing-upward sequence. They developed from the
deep-water radiolarite succession via a transitional
sequence of cherty sediments and protoglobigerinid-
bearing limestones Thistransitional sediments outcrop only
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on the southeastern side of Mount Plassen. Close to Mount
Plassen, the radiolarites were dated approximately to the
Oxfordian/Kimmeridgian boundary (WeGeRER €t a. 2003).
The deeper slope facies shows a mixture of pelagic (e.g.,
protoglobigerinds) and neritic bioclasts. The upper slope
deposits contain bryozoans, echinoderms, “tubiphyts (=
Crescentiella morronensis) and scattered larger benthic
foraminifera such as Labyrinthina mirabilis WEeyNSscHENK.
The platform margin facies is characterized either by
bioclastic limestones with corals, sponges
(“stromatoporoids*) and calcareous algae (e.g.,
Nipponophycus ramosus, Salpingoporella pygmaea), or
grainstones with abundant larger benthic foraminifera
(* Labyrinthina shoals*). The back-“reefal” facies consists
of various bioclastic grain-, pack- to rudstones with
foraminifera, calcareous algae (Dasycladales and
“Porostromata*) as well as debris of reef-building
organisms. Rather quickly, these are followed by oncoidal
packstones with abundant porostromate algae, gastropods
and wackestones in a repeated manner (transgressive-re-
gressive cycles). Mudstones with idiomorphic dolomites,
intraformational breccias, fenestral fabrics and fine-
peloidal packstoneswith anomuran coprolitesindicate very
shallow-water conditions with presumably short-term
emersions (sub- to supratidal tidal flats) (Fig. 79). These
arerepeated successions (T-R-cycles) of open marinefacies
passing into Tidal Flats that are commonly capped by
emergence horizons with dessication structures,
intraformational black pebble breccias and pisolithic
limestone facies (Fig. 79i-j). Microfacies include (partly
oncoidal) mudstones with ostracods, anomuran coprolites
(Favreina lahngangkogelensis ScHLAGINTWEIT, GAwLICcK &
Len, Fig. 79h, Agantaxia? biserialis KrRiSTAN-TOLLMANN:
for both taxa Mt. Plassen is the type-locality), laminated
peloidal grainstones (Fig. 79g) and fenestral limestones
(grainstones, mud-/wackestones with vadose silt).
I diomorphic dolomiteswith indications of early diagenetic
origin occur as matrix (mudstones) and in components
(oncoids) selective (Fig. 79e-f). The subtidal closed
lagoonal faciesis represented by wackestones with larger
benthic foraminifera, e.g., Kilianina? rahonensis Foury
& VIncenT, and dasycladal ean agae, e.g., Salpingoporella
annulata Carozzi (Fig. 79c-d). The back-reefal to open-
lagoonal parts of the cyclesare composed of sparitic, partly
oncoidal limestones (grainstones, rudstones) with
gastropods (e.g. nerineids), Carpathocancer ? plassenensis

Fig. 81: Microfacies and facies interpretation of the Plassen Carbonate Platform s. str. (latest Kimmeridgian to Early/
Middle Tithonian) of Mount Plassen. From ScHLacINTwEIT €t al. (2003). Page 264.

1. Mudstone with irregularly distributed dolomite rhombs. Tidal flat facies. Sample Q 70, Hohe Wasserstollen, scale bar
=1 mm. 2. ,Rivulariacean”-biosparite containing Rivularia piae (FroLLo) (bottom left) and Hedstroemia cf. klausi
Dracastan (central top). Open lagoonal facies. Sample Pl 73d-2001, scale bar = 1 mm. 3. Intraformational erosion
surface. Tidal Flat (? channel deposit). Sample Pl 66-2001, scale bar = 1 mm. 4. Microconglomerate (,, mud-pebble
conglomerate"), consisting of dark coloured mud pebbles which have been reworked (semiconsolidated plasticlasts).
Tidal flat facies (? channel deposit). Sample Pl 7-2000, scale bar = 1 mm. 5. Peloidal packstone with birdseyes. Tida
flat facies. Sample Pl 75-2001, scale bar = 1 mm. 6. Wacke- to packstone with birdseyes and geopetal internal sediment
(vadose silt) and ,, caught” air bubbles. Note the thallus fragment of Clypeina jurassica Favre in the centre. Tidal flat
facies. Sample Pl 3-2000), scale bar = 1 mm. 7. Packstone with abundant thallus fragments of the dasycladale
Campbelliella striata (Carozzi). Open lagoonal facies. Sample PI 42-2001, scale bar = 1 mm. 8. Grain- to packstone
with Clypeina jurassica Favre. Open lagoonal facies. Sample Pl 43-2001, scale bar = 0.5 mm.
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Fig. 82: Microfacies and facies interpretation of the Plassen Carbonate Platform s. str. (Middle/Late Tithonian-Early
Berriasian) of Mount Plassen. From ScHLAGINTWEIT €t al. (2003). Page 265.

1. Foraminiferal packstone with several specimens of Pseudocyclammina gr. sphaeroidalis HotTinger. Open lagoonal
facies. Sample Pl 38-2001, scale bar = 1 mm. 2. Foraminiferal packstone with textulariids and miliolids. Open lagoonal
facies. Sample Pl 29-2001, scale bar = 1 mm. 3. Gastropod-biomicrite (lumachelle). Closed lagoonal facies. Sample Pl
21-2001, scale bar = 2 mm. 4. Dasycladal e-wackestone with Clypeina parasolkani Farinaccl & Raboicic, Salpingoporella
annulata Carozzi and Rajkaella cf. bartheli (Bernier). Closed lagoonal facies. Sample Pl 28d-2001, scale bar = 1 mm.
5. Wackestone with dasycladales Salpingoporella annulata Carozzi (S) and Otternstella lemmensis (Bernier) (O).
Closed lagoonal facies. Sample Pl 17-2001, scale bar = 0.5 mm. 6. Peloidal packstone with Pseudocyclammina
sphaeroidalis HotTinger (circle). Closed lagoonal facies. Sample Pl 53-2001, scale bar = 2 mm. 7. Bioclastic packstone
with remains of frame-builders encrusted by Lithocodium aggregatum ELLioTT. Reef-debris facies. Sample Pl 58-2001,
scale bar = 2 mm. 8. Packstone with debris of echinoids exhibiting syntaxial rim cements, bryozoa and Crescentiella
morronensis (CrescenT!). Slope facies. Sample Pl 54-2001, scale bar = 0.5 mm.

(ScHLAGINTWEIT & GawLick) (problematic tube), a diverse
association of “rivulariacean” algae, dasycladales such as
Clypeina jurassica Favre, Salpingoporella annulata
Carozzi, Salpingoporella gr. pygmaea (GumeeL) and
benthic foraminifera (e.g., trocholinids) (Fig. 79a-b). For
a detailed micropalaeontoloigcal inventory see
ScHLAGINTWEIT €t al. (2005). These lithologies and open
lagoonal limestones make up the complete southern part
of Mount Plassen.

The transition to the Late Tithonian closed lagoon is
marked by grain- to packstones with abundant debris of
the dasycladale Campbelliella striata (Carozzi). The
former are represented mainly by algal-foraminiferan,
partly oncoidal wackestones, gastropod floatstones or
stromatoporoid wackestones. The closed lagoonal deposits
build up large areas of Mount Plassen (ScHLAGINTWEIT et
al. 2005: Fig. 3). Thisindicates that increasing subsidence
in the Late Tithonian was counterbalanced by enhanced
carbonate production. Near the summit of Mount Plassen,
these lithologies are followed again by back-reefal facies
with porostromate algae and debris of reef-builders, e.g.,
ellipsactinids. In contrast to the Late Kimmeridgian to
earliest Tithonian back-"reef* facies, these Late Tithonian
ones are often poorly washed out packstones, indicating
sedimentation under less agitated (sheltered) conditions.
In older part of the succession, we find the foraminifer
Protopeneroplis striata WeNscHENK, Whereas the younger
part contains Protopeneroplis ultragranul ata (GorBATCHIK).
As larger relief-building constructions of in-situ reef-
building organisms were not observed, the term “reef* is
here used for coral- and stromatoporoid-rich microfacies-
types preferentially in a platform marginal setting. The
fining-upward succession as observed in the section from
the summit towards northwest, indicates deepening
(margin > upper > lower slope deposits) and drowning of
the platform. These depositsare overlain by Late Berriasian
calpionellid wacke- to packstones documenting the onlap
of hemipelagic facies onto the platform carbonates
(GawLick & ScHLAGINTWEIT 2006: oblonga zone).
Theisolated occurrences of the Plassen Carbonate Platform
s. str. can lithostratigraphically be correlated with this
general faciesevolution observed at the type-locality Mount
Plassen. The successions at all other occurrences are less
complete. Preserved are either only theinitial shallowing-
upward sequence together with the platform margin

deposits or, more rarely, the sediments of the back-reefal
to open lagoonal facies as seen, e.g., at Mount Krahstein
(GawLick et al. 2004).

2.5.1. Salzkammergut area

In the Salzkammergut area several Late Jurassic to earliest
Cretaceous shallow-water carbonate platform remains of
the Plassen Carbonate Platform are preserved. The most
prominent occurrence is Mt. Plassen west of the village
Hallstatt. We will not visit Mt. Plassen as it is at high
altitude and hard to reach with the relevant sections in
quite far distance to each other. Most of the Plassen Car-
bonate Platform s. str. occurrences are remote in steep Al-
pine terrain though. Therefore it is more suitable to visit
the northern representative of the Late Jurassic carbonate
platform assembl age, the Wolfgangsee Carbonate Platform
(Stop 4), instead, including its drowning sequence . In
addition we will study resediments of the Plassen Carbo-
nate Platform in the basinal sequences, which provide an
excellent insight into the inventory of platform-building
shallow-water organisms and the microfacies types of the
Plassen Carbonate Platform.

Sop 1: Mt. Sandling (Stops 6 and 7 in Fig. 11)
Kimmeridgian to Tithonian deep-water sequence and
reworked reef material

On top of the Sandlingalm Formation (Hallstatt Mélange
s. str.) and after the emplacement of the Haselgebirge
Mélange the evolution of the Plassen Carbonate Platform
s. |. started. The nucleus areas of these platforms on the
Late Jurassic topographic highs are not observable due to
younger erosion. Only the prograding sequences abovethe
earlier basinal areas are preserved. These successions span
more or less the complete Kimmeridgian to Early
Berriasian.

The Mt. Sandling section starts with Kimmeridgian deep-
water cherty limestones, rich in Saccocoma and dated by
means of radiolarians (GawLick et al. 2010). In some areas
a polymictic breccia occurs between the Haselgebirge
Mélange and the overlying Kimmeridgian deep-water
limestones (Gawick et al. 2010, Missoni & GawLick
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Fig. 83: View of Mt. Sandling from the west. The thin bedded lower part of the succession represents Kimmeridgian to
?Early Tithonian Saccocoma Limestone. It is topped by massive mass-flow deposits (Barmstein Limestone) consisting
of amalgamated shallow-water material including reef limestones. The salt deposit of the Alpine Haselgebirge Mélange
is situated below the Saccocoma Limestone and above the Hallstatt Mélange (e.g., location of the viewpoint). In this
picture, the contact of the Kimmeridgian to Tithonian succession to the underlying mélange is covered by young rock
fall.

2011a). Whereas (today completely chertified) crinoid-rich
turbiditic layers occur in the basal part of the sequence,
the content of radiolarians decreases upsection. The
thickness of this basinal, radiolarian-dated Kimmeridgian
to Tithonian sequence (Saccocoma Limestone) is around
200 metres (GawLick et al. 2010). In this Saccocoma Lime-
stone shallow-water clasts occur only in the form of very
fine-grained debris. Higher in the section, the coarse-
grained Tithonian mass-flow deposits consist exclusively
of material of the Plassen Carbonate Platform s. str.

The floral and faunal content of Tithonian sequence of
Mt. Sandling isdescribed in detail in GawLick et al. (20073,
2010) and is summarized here in a brief manner. The
Barmstein Limestone of Mount Sandling can be compared
with other occurrences, e.g., the type-locality Mounts
Barmsteine near Hallein in the Salzburg Calcareous Alps

(GawLick et al. 2005). They are characterized by closely-
packed lithoclasts exclusively originating from the Plassen
Carbonate Platform. They refer to different facies zones,
e.g., open and closed lagoon, back-“reefal”, “reefa” and
fore-“reefal”. Therefore, the biogenic content isrepresented
by mixed assemblages from different depositional settings
of various water depth and hydrodynamic levels. From the
Barmstein Limestone altogether 27 taxa of dasycladalean
algae are reported (ScHLacINTWEIT 2011b). The most
common include Clypeina jurassica Favre and
Salpingoporella annulata Carozzi. Within the Barmstein
Limestone of Mount Sandling also comparable large-sized
dasycladaleans such as Petrascula guembeli BErNIER OF
Slliporella neocomiensis (Rapoicic) are common. Among
the benthic foraminifera, protopeneroplids, Pseudo-
cyclammina lituus Yokovyama or trocholinids, e.g.,
Andersenolina elongata (LeuroLD) are the most common

Fig. 84: Microfacies of the Late Tithonian mass flows of Mount Sandling (from GawLick et al. 2010). Page 268.

1. Massflow with bioclasts of coralsand poorly rounded lithoclasts of diverse microfacies (packstones, partly bioclastic,
wackestones). Sample D 171. Width of photo: 1.4 cm. 2. Larger clast of the external platform margin; Boundstone with
massive crusts and intergrowth of diverseincertae sedis such as Iberopora bodeuri Granier & BertHou and Crescentiella
morronensis (CrescenTi). Sample D 176. Width of photo: 0.4 cm. 3. Mass flow with different clasts and bioclasts; on the
left an oblique section of ademosponge (Sestrostomella? sp.). Sample D 176. Width of photo: 1.4 cm. 4. Mass flow with
different clasts such as packstones or wackestones of the closed lagoon (A). Sample D 185. Width of photo: 1.4 cm. 5.
Semi-lithified clast of a well washed-out packstone with components surrounded by a thin rim of first generation
cement; the remaining pore space consists of microsparite. Note the direct contact of individual components protruding
into the surrounding sediment. Sample D 190. Width of photo: 0.46 cm. 6. Large clast of an oncoidal floatstone. The
irregular ovoid oncoids are characterized by comparable dense micritic laminae; lamination is only poorly developed.
Sample D 179. Width of photo: 1.4 cm. 7. Oncoidal packstone showing bimodal grain-size distribution. Besides oncoids,
benthic foraminifera and remains of lithocodid-bacinellid fabrics occur. Sample D 194. Width of photo: 1.4 cm. 8.
Larger clast of a dasycladalean wackestone of the closed lagoonal facies of the Plassen Carbonate Platform. Sample D
207. Width of photo: 0.38 cm.
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Fig. 85: Micropalaeontology of the Mount Sandling southwestern slope (1, 3, 10) and summit (2, 4-9, 11). From
GawLick et a. (2010). Page 269.

1. Sphinctozooid sponge Thalamopora lusitanica TERMIER & TermIER. Sample D 760. Scale bar: 1.0 mm. 2. Benthic
foraminifer Coscinophragma aff. cribrosa (Reuss). Sample D 176. Scalebar: 1.0 mm. 3. Incertae sedis Labes atramentosa
ELiasova (= Tubiphytes-chimney sensu ScHmip 1996) encrusting an unknown organism (probably a sponge). Sample D
794. Scale bar: 0.5 mm. 4. Benthic foraminifer Pseudocyclammina lituus (Y okovama). Sample D 185. Scale bar: 1.0
mm. 5. Benthic foraminifer Andersenolina elongata (LeuroLp). Sample D 190. Scale bar: 0.5 cm. 6. Several serpulid
tubes; the specimen in the middl e exhibits a pronounced scul pture (keel). Probe D 179. Scale bar: 1.0 mm. 7. Dasycladale
Clypeina jurassica Favre. Sample D 194. Scale bar: 1.0 mm. 8. Dasycladale Petrascula piai BAcHmayer. Sample D 207.
Scale bar: 5.0 mm. 9. Dasycladale Selliporella neocomiensis (Rapoiei£). Sample D 200. Scale bar: 1.0 mm. 10. Unknown
Dasycladale with massive cal cification and numerouslaterals (w = 32). Sample D 765. Scalebar: 1.0 mm. 11. Dasycladale
Cylindroporella/Otternstella. Sample D 179. Scale bar: 0.5 mm.

ones. Macroscopically, the Barmstein Limestone of Mt.
Sandling isa so well-known for its widespread occurrence
of “stromatoporoids”, e.g., genera Milleporidium or
Actinostromaria (FENNINGER 1969).

Sop 2: Mt. Loser (optional)
Callovian to Tithonian deep-water sequence with reworked
shallow-water material (Late Tithonian)

TheMiddleto Late Jurassic sedimentary succession of Mt.
Loser starts with dark-grey bioturbated cherty limestones
of Callovian to Oxfordian age as dated by means of
radiolarians (unpublished data). The radiolarian fauna is
well preserved and contains the typical assemblages as
known from similar sequences in the Salzkammergut
region (e.g., Suzuki & GawLick 2003). The microfacies of
this several tens of metresthick successionisaradiolarian
wacke- to packstone. Upsection the succession becomes
more and more radiolaritic and is topped by a 2 metres
thick level of reddish-greyish radiolarite. In some areas,
up to 1 metre thick mass-flow deposits occur intercal ated
intheseradiolarites. Abovethisinterval, the seriesbecomes
rapidly more calcareousand light grey in colour. Thislight-
grey cherty limestone succession is rich in Saccocoma
(Saccocoma Limestone: Kimmeridgian to Tithonian) (Fig.
86-1). In the Tithonian the sedimentation rapidly became
coarser grained with intercal ations of calcareousturbidites
made up of shallow-water debris from a near-by shallow-
water carbonate platform area (Plassen Carbonate Platform
s. str.). Soon after the change from pure deep-water
limestones to the turbiditic mass-flow deposits consisting
of reef-debris, older components of the Plassen Carbonate
Platform s. str. and the underlying sequence (radiolarites,
Saccocoma Limestone) occurred. The Kimmeridgian age
of the Saccocoma Limestone components was determined
with the help of ammonites (LukeneDer et al. 2003).

Themassflowsand calciturbidites (Barmstein Limestone)
are intercalated in Late Tithonian calpionellid limestones
(Oberalm Formation). They contain shallow water bioclasts
from the Plassen Carbonate Platform, e.g., skeletons of
stromatoporoids (Fig. 86-6), dasycladalean algae such as
Clypeina jurassica Favre, Salpingoporella annulata
Carozzi, Neoteutloporella socialis PraTurLoN (Fig. 86-8)
or Salpingoporella pygmaea (GumeeL) (Fig. 86-4), benthic
foraminiferasuch as Pseudocyclamminalituus (Y okovama)
(Fig. 86-7), remains of “bacinellid* crusts and incertae

sedis Crescentiella morronensis (CrescenTi) (Fig. 86-8).

Sop 3: Mt. Hoherstein (optional)
Tithonian cherty limestones with intercalated mass-flow
deposits

The succession of the youngest part of the Tauglboden and
Oberalm Formations including the intercalated Barm-
stein Limestoneiswell exposed at Mt. Hoherstein (“ Héher-
stein Plateau”) (Gawrick et al. 2007a, 2010). At the
northwestern and southeastern base of the succession,
micritic limestones on top of cherty sediments were dated
as L ateTithonian by means of calpionellids(Crassicollaria
Zone). In the cherty sediments, polymictic breccias layers
predominated by lagoonal Dachstein Limestone
components, e.g., Triasina packstones, occur. After aphase
of condensed sedimentation in the Tauglboden Basin in
Kimmeridgian to Early Tithonian times, resedimentation
processes revived around the Early/Late Tithonian
boundary. This change is described in detail in chapter
2.3.2 (central Tauglboden Basin). In contrast to the central
Tauglboden Basin with its dark-grey cherty limestone to
radiolarite with intercal ated slump deposits and massflows
succession, contemporaneous deposition in the more pro-
ximal part of the Tauglboden Basin was characterized by
more calcareous sediments with occurrences of big Late
Triassic lagoonal Dachstein Limestone blocks in the
Tithonian matrix. In the central Tauglboden Basin, the
transition from the dark-grey cherty limestoneto radiolarite
deposition, and finally to the calcareous sedimentation
(Oberalm Formation + Barmstein Limestone) was gradu-
al. The content of shallow-water debris from the Plassen
Carbonate Platform s. str. increased slowly. In the Hoher-
stein Plateau section, the change from radiolaritic to
calcareous sedimentation with coarse-grained reef debris
was abrupt (GawLick et al. 2007a). Thisdocuments clearly
amore proximal basin position of the Knerzenalm - Hoher-
stein Plateau area in comparison with the Tauglboden
valley (centra basin).

The main part of Mt. Hoherstein consists of more than
300 metres thick resediments of the Plassen Carbonate
Platform. These Barmstein Limestone deposits are either
calciturbidites or mass flows. The former are represented
by well-washed out packstones to comparably well sorted
grainstones with incorporated small slope lithoclasts of
the Plassen Carbonate Platform and a variety of individu-
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Fig. 86: Microfacies of the Late Jurassic succession of Mount Loser (Saccocoma limestones, Barmstein Limestone).
Page 271.

1. Wackestone with debris of Saccocoma. Sample A 3413. Width of photo: 0.5 mm. 2. Calciturbidite with crinoids and
aptychi cutting erosively into basinal sediments. Sample A 3226. Width of photo: 1.4 mm. 3. Comparably well sorted
calciturbidite (packstone) with echinoid remains and debris of shallow-water organisms. Sample A 3230. Width of
photo: 0.5 mm. 4. Detail from a calciturbidite with dasycladalean algae Salpingoporella pygmaea (GumseL) (S) and
Clypeinajurassica Favre (C). Sample A 3418. Width of photo 0.25 mm. 5. Coarse-grained, poorly sorted calciturbidit)
with shallow-water litho- and bioclasts of the Plassen Carbonate Platform: *bacinellid* onocoid (b), Clypeina jurassica
Favre (C), Pseudocyclammina lituus (Y okovama) (P), Salpingoporella annulata Carozzi (S). Sample A 3420-2. Width
of photo: 1.4 mm. 6. Same as for 5. Note the stromatoporoid skeleton (Actinostromaria-Actinostromina group, A).
Sample A 3420-2. Width of photo: 1.4 mm. 7. Common benthic foraminifer of the Barmstein Limestone:
Pseudocyclammina lituus (Y okoyama). Sample A 3420-p. Width of photo 0.5 mm. 8. Detail from Barmstein Limestone:
peloidal packstone with small benthic foraminifer and characteristic debris of the Dasycladal e Neoteutloporella socialis
PraTurRLON (N) (see ScHLacINTwEIT 2011D); at the bottom, an oblique transverse section of Crescentiella morronensis
(CrescenTl). Sample A 3424-2. Width of photo: 0.5 mm.

al bioclasts, e.g., the benthic foraminifera Protopeneroplis
ultragranulata (GorsaTtcHik), Pseudocyclammina lituus
Yokovama, Trocholina cf. involuta MATSUROVA,
Andersenolina alpina (LeuroLb) or Mohlerina basiliensis
(MoHLER). Dasycladales are present with Clypeina
jurassica Favre, Selliporella neocomiensis (Raboicic) and
Salpingoporella pygmaea (GumseL). Most of these single
bioclasts display micritic coatings.

Sop 4: Mt. Burgl
Kimmeridgian to Tithonian sequence (reef, fore-reef,
drowning)

Mt. Burgl (or Burgelstein) is geographically situated in
the Salzkammergut area at the southeastern end of lake
Wolfgangsee, close to the township Strobl. It represents
an east-west extending, isolated forested mountain with a
rounded summit (altitude: 745 m. a.s.l.) within a flat
landscape. With an east-west extension of about 1.4 km
and a maximum north-south stretch of 0.55 km, the Mt.
Birgl Upper Jurassic covers an areaof approximately 0.45
km2. The Late Jurassic shallow-water carbonates belong
to the so-called Wolfgangsee Carbonate Platform (GawLick
et al. 2007b). Other, near-by occurrences of this platform
include Mounts Drei Brider, Mount Falkenstein, and
Mount Lugberg, all located within an approximately 15
km wide, NW-SE stretching zone along the northern side
of Lake Wolfgangsee (LEiscHNER 1961, PLOCHINGER 1964,
1973, FENNINGER & HolLzer 1972). Mount Birgl provides
the only complete section from the Early Kimmeridgian
onset of the platform evolution to the drowning in the Late
Tithonian and istherefore best suited to study the evolution
of thisplatform (GawLick & ScHLacinTweIT 2010). All other
occurrences provide only information on the earlier
platform evolution, whilst the younger parts of the
succession are eroded (KUcLERr et al. 2003, GawLick et al.
2007b). The Late Jurassic shallow-water evolution started
with basal ooid-bearing resediments followed by slope
sediments often with intercal ated breccias; platform margin
depositswith corals and stromatoporoids form the topmost
parts. At Mount Drei Brider and Mount Lugberg, the
benthic foraminifera Labyrinthina mirabilis WEeyNscHENK
and*“ Kilianina“ rahonensis Foury & VINCENT were detected

in the basal resediments. These taxa are referred mainly
to the Kimmeridgian (e.g., BassouLLET 1997). Taking these
resultsinto consideration, a Kimmeridgian platform onset
isassumed for the Mount Birgl succession. An older, Late
Oxfordian agefor the basal resediments cannot be excluded
though. The thickness of the whole Late Jurassic shallow-
water succession is approximately 200-300 m.

The drowning sequence, exposed at the northwestern side
of Mt. Brgl, abruptly follows platform margin (reefal,
fore-reefal) deposits, which show no evidence for
emergence/subaerial exposure. The rapid lithological
change from shallow-marine carbonates to hemipelagic
deeper slope sedimentsistermed adrowning unconformity
in the sense of ScHLAGeR (1989). In the platform top to
upper slope area, the drowning phaseis partly characterized
by a microfacies change: reefal rudstones of a platform-
near facies belt are substituted by echinoderm dominated
grainstones together with recrystallized bioclasts of
shallow-marine biota. Theinvestigated drowning sequence
starts with a 20 metre thick series of coarse-grained mass
flows, in the upper part with intercalated fine-grained
calarenites. Both lithologies are made up of reefal materi-
al. The sequence after the drowning unconformity was
dated by means of calpionellids. The section on top of the
drowning unconformity startswith thin bedded biomicritic,
partly cherty limestones with some intercalated fine-
grained allodapic limestones. Occasionally also some
greenish marly intercalations occur. Slump deposits exist
especialy in the middle part of the section. The first
analyzed sample following the drowning disconformity
contains calpionellids of the Late Tithonian intermedia
Subzone. The uppermost part of the exposed section
consistsof thin bedded, very fine-grained cherty limestones
with marly intercalations. Allodapic layers are only thin
and very fine-grained. The first sample on the base of this
part of the section (E 825) shows the co-occurrence of
Crassicollaria intermedia (Duranp-DeLca) and
Calpionella alpina Lorenz together with several other
Species.

The drowning event of the Wolfgangsee Carbonate
Platform in the northern part of the Northern Calcareous
Alps, the onset of N-directed Barmstein Limestone-type
resedimentation from the central Plassen Carbonate
Platform s. str. into the enlarged Tauglboden Basin, the
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Fig. 87: Microfacies of the Late Tithonian succession of the Hoherstein Plateau (Oberalm Formation + Barmstein
Limestone). Page 273.

1. Capionellid wacke-/packstone, in the centre Crassicollaria intermedia (Duranp-DeLGA) (white circle). Sample A-
3181. Width of photo: 0.25 cm. 2. Clast of Late Triassic Dachstein Limestone; bioclastic packstone with numerous
specimens of the benthic foraminifer Triasina hantkeni Maszon. Sample D 105. Width of photo: 1.4 cm. 3. Calciturbidite
(packstone) with benthic foraminifer Pseudocyclammina lituus (Y okovama). Sample A-3179. Width of photo: 0.5 cm.
4. Calciturbidite (packstone) with benthic foraminifera, e.g., textulariids, Nautiloculina oolithica MoHLER (N),
Andersenolina alpina (LeupoLb) (small rectangle, detail see Fig.40/7), Mohlerina basiliensis (MoHLER), remains of
echinoids and calcareous algae, e.g., Clypeina jurassica Favre (C) and Selliporella neocomiensis (Rapoicic) (large
rectangle, detail see Fig. 40, Fig. 12). Sample D 58. Width of photo: 1.4 cm. 5. Mass flow with clasts from the Plassen
Carbonate Platform; on the right alarge clast of the platform margin facies with diverse microencrusters. Sample D 67.
Width of photo: 1.4 cm. 6. Mass flow with clasts of the Plassen Carbonate Platform, mostly belonging to the closed
lagoon; aside alarge stromatoporoid bioclast (Actinostromaria cf. shimizui Y aBe & Sucivama). Sample D 100. Width of
photo: 1.4 cm. 7. Clast of the closed lagoonal facies (wackestone with Dasycladales) of the Plassen Carbonate Platt-
form; on the left stromatoporoid Milleporidium sp. Sample D 45. Width of photo: 1.4 cm. 8. Closed lagoonal facies of
the Plassen Carbonate Platform; wackestone with numerous fragments of dasycladalean algae. Sample D 68. Width of
photo: 0.5 cm.

creation of a new reef-rim facing the Tauglboden Basin to
the north, and the enhanced subsidence with a prominent
facies change in the sedimentary succession of the Plassen
Carbonate Platform s. str. are more or less time-equivalent
events (GawLick & ScHLAGINTWEIT 2009). Thiscoincidence
is due to a general new sedimentological cycle caused by
tectonics, which started around the Early/Late Tithonian
boundary or in the Late Tithonian.

2.5.2. Salzburg Calcareous Alps

In the Salzburg Calcareous Alps the basinal area between
the Wolfgangsee Platform to the north and the Plassen
Platform s. str. to the south is preserved (Fig. 78). We will
visit several outcrops of this basinal sequence. We have
visited the transitional part from the underlying radiolarite
sediments into the limestone sequence in the Taugl valley
(compare chapter 2.3.2). Thelimestone sequenceisof Late
Tithonian to earliest Cretaceous age. It consists of deep-
water cherty limestones (Calpionella Limestone; Oberalm
Formation) with upward decreasing radiolarian content.
Intercalated mass flows consist of resediments of the
Plassen Carbonate Platform s. str. (Barmstein Limestone).
Beside shallow-water clasts of the contemporaneous L ate
Tithonian Plassen Carbonate Platform more seldom older
(Kimmeridgian to Early Tithonian) clasts from the Plassen
Carbonate Platform occur inthe Barmstein Limestone al so.
In addition, clasts from different facies belts of the
Tithonian platform were shed as the result of of high-ang-
le normal faults propagating into the interior platform
areas, asdemonstrated by ScHLAGINTWEIT & GawLick (2007).
In that manner, characteristic microfacies types, e.g., with
specific algal palaesocoenoses, that occur in the Barmstein
Limestone, can directly be compared with the Late
Tithonian succession of the Plassen Carbonate platform
of Mount Plassen. The monotypic Campbelliella
limestones that characterize the transition from the open
to the closed lagoonal depositional area (~ Early to Late
Tithonian boundary), however, were obviously not eroded
and reworked in the Barmstein Limestone (see Fig. 81/7).

Sop 1: Road cut west of the village Krispl
Late Tithonian cherty limestones and carbonate turbidites
(Oberalm Formation): “Maiolica’

The sedimentary succession at the road cut west of the
villageKrispl consistsof a L ate Tithonian series of micritic
deep-water calpionellid-limestones with intercalated
coarse-grained turbiditic layers. This series, defined as
Oberalm Formation + Barmstein Limestone represents the
Late Tithonian to Berriasian part of the Tauglboden Basin
fill and reaches a thickness of around 800 metres in the
Osterhorn Mountains (Fig. 74). The deep-water micrites
are rich in radiolarians (investigated in detail by Steicer
1992) and calpionellids. The intercalated carbonate
turbidites consist of relatively fine-grained shallow-water
debriswhich derived from the Plassen Carbonate Platform
s. str. in the south. The shallow-water components and
organisms are identical to those in the mass-flow deposits
of the Barmstein Limestone (see Stop 2). This outcrop
providesthe possibility to study different sedimentological
features of carbonate turbidites in carbonatic basinal
sediments. Theintercal ated greenish clay material consists
exclusively of illite in contrast to the volcanic ashes
prevailing in the Early Tithonian sequence. These clay
occurrences represent the residual sediment of evaporitic
Late Permian Alpine Haselgebirge. Reworked Alpine
Haselgebirge occurs as components only in the Late
Tithonian sequence of the Oberalm Formation + Barmst-
ein Limestone (e.g., PLocHINGER 1974, 1976, GawLick et
al. 2005). The Alpine Hasel gebirge was emplaced around
the Oxfordian/Kimmeridgian boundary in the Sandlingalm
Basin (see chapter 2.1) and was sedled by the carbonate
sediments of the Plassen Carbonate Platform.

Recently this process of resedimentation was interpreted
as expression of mountain uplift in the south and the
activation of low- and high-angle normal faults (Missoni
& GawLick 20114a). These normal faults cut into the older
carbonate platform sequences and the underlying evaporites
of the Alpine Haselgebirge Mélange. Material from the
whole Plassen Carbonate Platform succession and from
the evaporitic mélange were mobilized and transported
together in the Tauglboden Basin (Fig. 89).
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Fig. 88: Facies evolution of the Wolfgangsee Carbonate Platform of Mount Birgl. From GawLick & ScHLAGINTWEIT
(2010). Page 275.

1. Massflow with Late Triassic extraclasts (T) and Late Jurassic shallow-water clasts and stromatoporoid Actinostromina
grossa (Germovsek) (A). Sample E 577. Scale bar 2 mm. 2. Mass flows with extraclasts (? Liassic Klaus Limestone,
arrow) and Late Jurassic shallow-water limestones. Sample E 578. Scale bar 2 mm. 3. Well washed-out packstone with
remains of crinoids (C) and microencruster Crescentiella morronensis (Crescenti) (CM). Sample E 581. Scale bar 2
mm. 4. Packstone with dasycladalean algae Salpingoporella pygmaea (GumeeL) (right) and a larger unknown taxon
(left). Sample E 596. Scale bar 2 mm. 5. Bioclastic packstone with debris of corals. Sample E 608. Scale bar 2 mm. 6.
Boundstone with “stromatoporoid“ sponges, sclerosponges (Neuropora, N), microencruster Crescentiella morronensis
(CrescenT) (C) and Radiomura cautica SenowBARI-DARYAN & ScHAFER (R); sample UK 141. Scale bar 2 mm. 7. Boundstone
with microencruster (e.g. Crescentiella, C) and sclerosponges (e.g., Neuropora, N). Sample E 619. Scale bar 2 mm. 8.

Packstone with radiolarians, calpionellids, sponge spicules, textulariid foraminifera. Sample E 828. Scale bar 1 mm.

Stop 2: Road cut north of the village Adnet, locality
Adnet Riedel

Tithonian cherty limestones and mass flows (Barmstein
Limestone)

This outcrop is near the old quarry “Adneter Riedel”, the
type-locality of the Oberalm Formation (compare ScHLA-

Fig. 89a, b: Special type of Barmstein Limestone with up
to metre-sized components of the Permian Alpine Hasel-
gebirgeand large blocks of the Plassen Carbonate Platform,
intercalated in thin bedded cherty limestones (Oberalm
Formation) with Calpionellids. L eube quarry south of Salz-
burg. See text for explanation.

Ger 1969). The outcrop provides a series of well-bedded
grey deep-water limestones (bed-thickness mostly between
5-10 cm), sometimes with chert layers and nodules (Fig.
90). These deep-water limestones are rich in radiolarians
(e.g., Steicer 1992) and calpionellids.

Thetype-locality of the Barmstein layers (Upper Tithonian—
Lower Berriasian), which are intercalated in the Oberalm
Formation, is situated northwest of Hallein in the Salz-
burg Calcareous Alps. The type-locality are the “Kleiner
Barmstein* and the “ Grosser Barmstein“ around the Ger-
man-Austrian boundary defined by GumeeL (1861) as

Fig. 90: Outcrop photo of the Oberalm Formation +
Barmstein Limestone on the road cut Adnet Riedel. See
text for explanation. The lower part of the succession
consists of well bedded grey deep-water limestones with
intercalated fine-grained turbiditic carbonate layers. The
up to 5 m thick massive bed in the higher part of the
succession represents a Barmstein Limestone layer.
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Fig. 91: Microfacies characteristics of the Oberalm Formation (from GawLick et al. 2009a).

1. Radiolaria-rich packstone with fine-grained biodetritus, cal pionellids and pel oids beside some spicula. Most radiolaria
and spiculaare recrystallized to calcite. Sample D 451, Mount Tressenstein north of the town Bad Aussee (Tirolic units,
Salzkammergut area). Width of photo: 1.4 cm. 2. Magnification of 1. Typical for the Oberalm Formation isthe occurrence
of calpionellids beside radiolarians. Width of photo: 0.25 cm. 3. Very fine-grained bioturbated radiolaria wacke- to
packstone. All radiolarians are recrystallized. Sample E 52, Mount Ewige Wand northeast of the municipal Bad Gois-
ern (Tirolic units, Salzkammergut area). Width of photo: 1.4 cm. 4. Magnification of 3. The mostly recrystallized
radiolarians occur in a very fine-grained matrix of biodetritus. Width of photo: 0.5 cm.

Fig. 92: Microfacies characteristics of the Barmstein Limestone. In this plate a series of characteristic features of the
Barmstein Limestone is figured. The examples mainly stem from the type-locality of the Barmstein Limestone (Mt.
Barmstein west of the township Hallein 5 kilometres to the west of the locality Adnet Riedel). Page 278.

1-2. Packstone (component in a mass-flow deposit) with remains of stromatoporoids and reworked clasts of the slope,
platform margin and closed lagoonal facies. Samples B 75 and B 82, Mounts Barmsteine west of the town Hallein
(Tirolic units, Salzburg Calcareous Alps). Width of photo: 1.4 cm. 3. Fine-grained calciturbidite (packstone) with
debrisof echinoids. Sample E 193-1, Mount Jochwand north of the municipal Bad Goisern (Tirolic units, Salzkammergut
area). Width of photo: 1.4 cm. 4. Medium-grained calciturbidite (packstone). Sample E 797, Mount Ewige Wand
northeast of the municipal Bad Goisern (Tirolic units, Salzkammergut area). Width of photo: 1.4 cm. 5. Packstone
(mass-flow deposit) with clasts of the Plassen Carbonate Platform from different facies realms (lagoonal areas to reefal
areas with slope facies components dominating). Sample E 219-2, Mount Jochwand northwest of the municipal Bad
Goisern (Tirolic units, Salzkammergut area). Width of photo: 1.4 cm. 6. Detail of a mass flow with attaching clasts of
high- and low-energetic facies of the Plassen Carbonate Platform. Sample B 84, Mounts Barmsteine west of the town
Hallein (Tirolic units, Salzburg Calcareous Alps). Width of photo: 0.5 cm. 7. Benthic foraminifer Pseudocyclammina
lituus (Yokovama). Sample E 797, Mount Ewige Wand northeast of the municipal Bad Goisern (Tirolic units, Salz-
kammergut ared). Width of photo: 0.25 cm. 8. Large dasycladale Selliporella neocomiensis (Rapoicic). Sample B 125,
Mounts Barmsteine west of the town Hallein (Salzburg Calcareous Alps). Width of photo: 0.5 cm. For details on
microfacies see, e.g., FENNINGER & HoLzer (1972), Steicer (1981, 1992), GawLick et a. (2005, 2007b).
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Barmstein limestone or Barmstein coral limestone. The
type section was described in detail by Steicer (1981, 1992)
and GawLick et al. (2005). Other important Barmstein
Limestone occurrences are for example Mount Hoherstein
(see GawLick et al. 2007), Mount Sandling, Mount
Jochwand, Mount Ewige Wand, and Mount Zwerchwand
(see GawLick et al. 2010). Beside contemporaneous
shallow-water material from the newly formed reef rim at
the border between the Plassen Carbonate Platform s. str.
and the Tauglboden Basin, also older components from
the Kimmeridgian to Early Tithonian carbonate platform
occurred as clasts in the Barmstein Limestone (e.g.,
ScHLAGINTWEIT & GawLick 2007). The dark-grey clay
pebbles in the Barmstein Limestone derive from the Late
Permian Alpine Haselgebirge Mélange as proven by
PLOCHINGER (1976, 1984).

3. Summary

The Hettangian to Aalenian period was controlled by

the following factors:

A) the end-Triassic morphology and biotic crisis,

B) crustal extension in the Penninic realm and in the
adjacent Austroal pine domains, resulting in the break-
up of the South Penninic Ocean as part of the Alpine
Atlantic in the Toarcian, and

C) the onset of inneroceanic thrusting around the
Pliensbachian/Toarcian boundary in the Neotethys
Ocean.

TheBajocian to Tithonian period wasmainly controlled

by these circumstances:

A) the Toarcian/Aaenian morphology after the break-up
of the Alpine Atlantic Ocean (South Penninic (Piemont)
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Ocean),

B) the onset of inneroceanic subduction in the Neotethys
realm and the formation of a propagating thrust belt,
starting in the outer shelf area (Meliata and Hallstatt
Zones) in the Bajocian and propagating towards the
Tirolic realm in Oxfordian time,

C) the newly formed carbonate platform on top the nappe
stack since the Late Oxfordian,

D) the gravitational collapse of this carbonate platform
around the Early/L ate Tithonian boundary due to uplift
in the south and normal faulting in the north.

The Middle to Late Jurassic orogeny resulted in the
destruction of the Neotethys-ward Middle Triassic to Early
Jurassic passive continental margin (the Triassic south-
eastern margin of Europe; Fig. 6) which had experienced
crustal extension since Late Permian time. In late Early to
Middle Jurassic times the geodynamic regime became
convergent and inneroceanic subduction in the Neotethys
Ocean commenced. As a consequence, the continental
margin become tilted, progressively imbricated with the
distal shelf areaof the Meliataand Hallstatt Salzberg facies
zonesinvolved in stacking first, and obducted by ophialites.
Trench-like basins formed in front of advancing nappes.

As expression of this evolution in the Pliensbachian,
sedimentation in the Hallstatt Zone changed from
condensed cherty limestonesto far more rapidly deposited
massive dark-grey, clay-rich siliceous marls and cherty
limestones (O'DoGHeRTY & GawLick 2008). The thickness
of the sediments increased accordingly. In Late Toarcian
to Aalenian times a thick siliceous marly-sedimentary
succession was deposited. This changeisinterpreted asan
effect of tilting and faulting of the distal passive margin
dueto the onset of thrusting in the Neotethys oceanic realm.
Late Early to early Late Jurassic inneroceanic subduction
is proven by metamorphic solesin the Dinarides (176-157

Fig. 93: Reconstruction of the Toarcian/Aalenian to Callovian geodynamic evolution. Absolute ages after GRADSTEIN et
al. (2004). See text for further explanation. NW-SE directions refer to Triassic-Jurassic palaeogeographic coordinates.
Onset of inneroceanic southeastward subduction in Neotethys Ocean (GawLick et al. 2008; for discussion see: KARAMATA
2006). Late Early to early Late Jurassic inneroceanic subduction is proven by metamorphic soles in the Dinarides (176-
157 Ma: KArRaMATA 2006), Albanides (174-162 Ma: Dimo-LaHITTE et a. 2001), and Hellenides (181-172 Ma: Ropbick et
al. 1979, Seray & Robpbick 1980). Occurrences of supra-subduction volcanics in the ophiolite belt of Albaniareflect an
inneroceanic subduction stage (SHAaLLo & DiLek 2003, KoLLEr et al. 2006). Contemporaneously, the first ophiolithic
mélanges were formed (Bagic et a. 2002). Slight south-eastward tilt of distal continental margin, formation of half-
grabens in the Hallstatt Zone and horst-and-graben structure in Dachstein Limestone facies zone since the Late
Pliensbachian (Adnet Scheck event: BernouLLI & JENKYNs 1974, Borm et al. 1995) belong to this event. In the Hallstatt
Zone the normal faults cut into the Rhaetian ZIambach marls which probably acted as source area for the clay content
in the Birkenfeld Formation beside eroded ophiolites. After Missoni & Gawtick (20114).
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Fig. 94: Reconstruction of the Early Callovian geodynamic evolution. Absolute ages after GrRapsTeIN €t al. (2004). See
text for further explanation. NW-SE directionsrefer to Triassi c-Jurassi ¢ pal aeogeographic coordinates. The Florianikogel
Basin (?Bajocian-Callovian; FB) constitutes the oldest radiolaritic trench-like basin in the most oceanward position. In
the Early Callovian continentward propagation of thrusting led to the formation of the Sandlingalm Basin (SaB) in the
Hallstatt Zone and to the formation of the Lammer Basin (LB) in the lagoonal Dachstein Limestone facies zone. In this
early stage of the Lammer Basin only local material was shed from nearby source regions. Continentward a flexural
bulge formed which was characterized by red nodular limestone deposition. This bulge with condensed sedimentation
prevailed until the Callovian/Oxfordian boundary (e.g., Huckriepe 1971, ManbL 1982) in the area of the later Tauglboden

Basin. After Missont & GawLick (2011a).

Ma: KaramaTta 2006), the Albanides (174-162 Ma: Dimo-
LaniTTE €t al. 2001), and the Hellenides (181-172 Ma:
Roppbick et al. 1979, Spray & Robbick 1980). As an
expression of this change, in the Dachstein Limestone
facies zone a forebulge horst-and-graben morphology
evolved in Late Pliensbachian to Toarcian times.
Thrusting in the Neotethys Ocean passive margin domain
started in Bgjocian time, creating the Meliata and distal
Hallstatt nappes by imbrication of the outermost part of
the former passive continental margin (Fig. 93). The
Florianikogel Basin (Meliata Mélange) is the most
oceanward preserved relic of aMiddle Jurassic trench-like
radiolarite basin in the Northern Calcareous Alps (Fig.
94). In the next stage of thrusting the Sandlingalm Basin
group established. This comprised material mainly from
the Hallstatt Salzberg facies zone. Parts of these older two
basinfillsbecameremobilised in the later stages of orogeny
and can be found as resediments in the younger basin
successions.

Further continuous shortening established the proximal
Hallstatt nappes (Fig. 95). Farer to the northwest in front
of these nappes, new basinsformedintheareaof theformer
Dachstein Limestone lagoon in the Callovian and existed
until the Oxfordian (Lammer Basin). Continentwards a
flexural buldge with red nodular limestone deposition
established and prevailed in the area of the later Tauglboden
Basin until the Callovian/Oxfordian boundary. Initially the
Lammer Basin received local material from the adjacent
nappefront. Later, inthe Middle/Late Callovian to Middle
Oxfordian, the Zlambach facies zone became imbricated
and uplifted. After that, predominantly eroded material
from this fazies domain was shed into the Lammer Basin.
Further tectonic shortening caused ongoing obduction of
ophialites, as proven in the Dinarides (ScHmip et a. 2008)
or the Albanides (Gawrick et al. 2008), and partial
detachment and NW-directed transport of the ol der, south-
eastern basin groups. Around the Callovian/Oxfordian
boundary a northwestward shift of the Lammer Basin axis

Fig. 95: Reconstruction of the Middle to Late Callovian geodynamic evolution. Absolute ages after GrRapsTeIN €t al.
(2004). See text for further explanation. NW-SE directions refer to Triassic-Jurassic palaeogeographic coordinates.
Further tectonic shortening led to the formation of nappe fronts in the Zlambach facies zone. These nappe fronts shed
material into the Lammer Basin in Middle Callovian to Middle Oxfordian times. FB: Florianikogel Basin. SaB:
Sandlingalm Basin. LB: Lammer Basin. After Missont & GawLick (2011a).
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Fig. 96: Reconstruction of the Early to Middle Oxfordian geodynamic evolution. Absolute ages after GRADSTEIN et al.
(2004). Seetext for further explanation. NW-SE directions refer to Triassic-Jurassic pal aeogeographic coordinates. Due
to further tectonic shortening and ongoing obduction of ophiolites (Dinarides: ScHmip et al. 2008, Albanides: GawLick
et al. 2008), the southern basin groups were sheared off and transported towards northwest. Contemporaneously, the
basin axisin the Lammer Basin propagated northwestward, too, and the newly formed nappe front in the Dachstein reef
rim zone shed its eroded material into this basin. The next nappe front formed in the transitional area of the lagoonal
Dachstein Limestone facies zone to the Hauptdolomit facies zone. Eroded material from the uplifted hangingwall
(Trattberg Rise) was shed into the newly formed Tauglboden Basin. SaB: Sandlingalm Basin. LB: Lammer Basin. After
Missoni & GawLick (20114).

can be correlated with the formation of a new nappe front
in the Dachstein Limestone reef zone, from which materi-
al was shed into this basin. Farther to the southeast, the
evaporitic Haselgebirge Mélange (SpoTL 1989, SpoTL et al.
1998) was formed (Fig. 97). It contains Late Jurassic
authigenic feldspars (154-145 Ma: SpotL et al. 1996, 1998),
which are interpreted as being related to fluid circulation
and mélange formation. The Hasel gebirge Mélange carries
metamorphosed Hallstatt Limestone, Potschen Limestone,
and Dachstein reefal limestone blocks as well as volcanic
rocks, partly with sodic amphiboles (KircHNER 198043, b),
and oceanic basalts, which were metamorphosed under HP/
LT conditions (VozArovA et al. 1999) (compare GawLick

& Hoprer 1999, FRANK & ScHLAGER 2006).

In the Early Oxfordian, thrust propagation established the
upper Tirolic nappe front northwest of the Lammer Basin
(Fig. 96) in the area of the Triassic Hauptdolomit lagoon,
with the Trattberg Rise asits topographic expression. This
rise was an area of intense erosion and the source region
for breccias and mass flows in Early to Late Oxfordian
times. Continued tectonic shortening led to thrusting over
the southeastern margin of the Tauglboden Basin. In
?Middle/Late Oxfordian times, tectonic shortening again
propagated northwestwards and the Brunnwinkl Rise was
formed (Fig. 96, Fig. 97). This was the northwestern
tectonic front of the Jurassic Northern Calcareous Alps

Fig. 97: Reconstruction of the Latest Oxfordian geodynamic evolution. Absolute ages after GRaDsTEIN €t al. (2004). See
text for further explanation. NW-SE directionsrefer to Triassi c-Jurassi ¢ palacogeographic coordinates. Ongoing obduction
of the ophiolites, salt flow and tectonically uplifted metamorphosed slices of the Hallstatt Zone resulted in the formation
of achaotic mélange. Northwestward thrusting led to emplacement of a Sandlingalm Basin sheet on top of the Lammer
Basin and upramping of the Trattberg Rise (TR) onto the south-eastern rim of the Tauglboden Basin. At the northwestern
edge, the Brunnwinkl Rise (BR) formed as a new nappe front, with the Rofan Basin (RF) as trench-like basin in front.
The evaporitic Alpine Haselgebirge squeezed out in front of the arriving ophiolite nappes and was emplaced on top of
the Sandlingalm Formation until the Early Kimmeridgian. SaB: Sandlingalm Basin. LB: Lammer Basin. After Missoni
& Gawtick (20114).
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Fig. 98: Reconstruction of the Early Kimmeridgian geodynamic evolution. Absolute ages after GrabsteiN €t al. (2004).
Seetext for further explanation. NW-SE directions refer to Triassic-Jurassic palaeogeographic coordinates. Around the
Oxfordian/Kimmeridgian boundary, the formation of shallow-water carbonates on top of the imbricated structures
including the obducted ophiolites started. These platforms are summarized as Plassen Carbonate Platform sensu lato
with the Wolfgangsee Carbonate Platform (WCP) in the northwest, the Plassen Carbonate Platform sensu stricto (PCP
s. str.), and the Larchberg Carbonate Platform (LCP) in the southeast. Radiolaritic basins remained as starved basinsin
between the individual platforms. Delivery of exotic material persisted only into the Sillenkopf Basin (SB). After
Missont & GawLick (20114).

nappe stack, with the Rofan Basin in its foreland.

In Late Oxfordian time, ongoing ophiolite obduction, salt
flow and tectonic uplift of metamorphosed slices of the
Hallstatt zone resulted in the creation of achaotic mélange.
The evaporitic Hasel gebirge M élange squeezed out in front
of the arriving ophiolite nappes and took position on top
of the Sandlingalm Formation around the Oxfordian/
Kimmeridgian boundary (Fig. 97). In contrast, in the
northwestern part of the preserved nappe stack north of
the Hallstatt imbricates, a period of relative tectonic
guiescence began. At that time the Plassen Carbonate
Platform sensu lato started its progradation (Figs. 97, 98).
Also the Kimmeridgian to Early Tithonian cherty
limestones on top of the mélanges are part of the evolution

of the Plassen Carbonate Platform sensu lato with the
Wolfgangsee Carbonate Platform in the northwest, the
Plassen Carbonate Platform sensu stricto in central
position, and the Larchberg Carbonate Platform in the
southeast. Radiolaritic basins remained as starved basins
in between the individual platforms (Fig. 98). At that time
only the Sillenkopf Basin received Late Jurassic shallow-
water debris, together with exotic clasts. Originating from
a southern source area, the latter were transported into the
Sillenkopf Basin through channels.

The Kimmeridgian to Early Tithonian time interval was
characterized by platform progradation over the adjacent
basins. Whereas into the Sillenkopf Basin material was
supplied from the platforms on both sides, the Tauglboden

Fig. 99: Reconstruction of the Late Kimmeridgian to Early Tithonian geodynamic evolution. Absolute ages after GRaD-
sTeiN et al. (2004). See text for further explanation. NW-SE directions refer to Triassic-Jurassic palacogeographic
coordinates. Thistimeinterval was characterized by platform progradation towards the adjacent basins. Whereas platforms
on both sides supplied material into the Sillenkopf Basin, the Tauglboden Basin was shielded to the south by the
uplifted Trattberg Rise. In the stacked wedge slight uplift started. WCP: Wolfgangsee Carbonate Platform. TB: Tauglboden
Basin. PCPs. str.: Plassen Carbonate Platform sensu stricto. SiB: Sillenkopf Basin. LCP: Larchberg Carbonate Platform.
After Missoni & GawLick (2011a).
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Fig. 100: Reconstruction of the Late Tithonian geodynamic evolution. Absolute ages after GRapsTEIN €t al. (2004). See
text for further explanation. NW-SE directions refer to Triassic-Jurassic palaeogeographic coordinates. Uplift of the
metamorphic dome in the eastern part led to the formation of high- and low-angle normal faults and likely also to
strike-slip faults. This led to northwestward transport of several mélange slices and uplift and erosion of parts of the
Larchberg Carbonate Platform (LCP). At the northwestern edge, the Trattberg Rise broke down and the Plassen Carbo-
nate Platform sensu stricto (PCP s. str.) built a new reef rim to the north and shed an enormous amount of carbonate
material from there (Oberalm Limestone with intercalated Barmstein Limestone = mass flows consisting mainly of
reefal material). Contemporaneously the Wolfgangsee Carbonate Platform (WCP) drowned (GawLIcK & SCHLAGINTWEIT

2010). After Missont & GawLick (2011a).

Basin was shielded by the uplifted Trattberg Rise in its
south (Fig. 99). In theimbricated wedge slight uplift started
(Fig. 99).

In the late Early Tithonian, the uplift of the Juvavic nappe
pileto the southeast led to northwestward gliding of several
mélange blocks along low-angle planes, including the far-
travelled , Sandlingalm* Hallstatt Mélange onto the
“Lammer” Hallstatt Mélange (Figs. 100). Concomitantly,
the Plassen Carbonate Platform sensu stricto on top of the
former Trattberg Rise extensionally collapsed and the
Wolfgangsee Carbonate Platform further northwest
drowned. The already deeply eroded ramp anticline of the
former Trattberg Rise became sealed by hemipelagic
sediments with intercalated reef-slope sediments from a
newly formed reef rim. In contrast, the southeastern nappe
stack with the Larchberg Carbonate Platform became
uplifted around the Jurassic/Cretaceous boundary (Fig.
100). The second metamorphic cycle around 145-135 Ma
can most probably be correlated with the increasing heat-
flow due to the uplift of the stacked Juvavic (Fig. 100)
units in the southeasternmost part of the Northern
Calcareous Alps.

Theincrease of clastic material supply caused the drowning
of the Plassen Carbonate Platform sensu stricto in Middle
to Late Berriasian time and the establishment of a
sedimentary succession with increasing siliciclastic input.
The Vaanginian to Barremian evolution is documented
by an increasing supply of siliciclastic and ophiolitic-
related detritusinto the former Tauglboden/Oberalm Basin
area (Rossfeld Molasse - GawLick et a. 2008). Ongoing
uplift of the Juvavic nappe stack in the Early Cretaceous
was accompanied by continued erosion and further
northwestward gliding of several mélange blocks aong
low-angle faults in the Valanginian. In the Valanginian

and in the Late Barremian, mass-flow deposits with mixed
exotic and local material occurred, best explained by re-
gressive cycles at this time (Grapstein et a. 2004). The
Rossfeld foreland basin fill and equivalents to the south
representsthe final stage of the mountain building process
along the Neotethys suture (Fig. 3). Around the Barremian/
Aptian boundary or in the Early Aptian these basinsbecame
filled (FucHs 1968, PLoCHINGER 1968, FAUPL & TOLLMANN
1979). This is marked by a facies change to fresh-water
conditions with local remnants of coal and amber
(PLoCHINGER 1968).
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