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Abstract

This field trip will provide insights in the geometry of a Late Jurassic deep-water radiolaritic trench-like
basin, which formation started in the Oxfordian. The Oxfordian phase (first cycle) of the marine basin
evolution is characterized by a coarsening-upward trend in deposition, reflecting a compressional
regime. In the mass transport deposits only redeposited Late Triassic to Middle Jurassic clasts occur.
In the Kimmeridgian (second cycle) grey-greenish radiolarite deposition in a starved environment
dominated. In the Tithonian (third cycle) restarted sediment recycling. The general sedimentation
trend is a fining-upward cycle indicating an extensional regime. At the beginning of this third cycle, the
mass-transport deposits contain (predominantly) Late Triassic to rare Jurassic clasts. Higher up in the
succession, the deposits are firstly made of a mixture of older clasts and Tithonian reef debris.
Upsection the clast spectra consist of shallow-water carbonates originated from a newly formed
carbonate platform. In the Late Tithonian until the Jurassic/Cretaceous boundary occur mass transport
deposits and turbidites made predominantly of shallow-water material from this carbonate platform,
in parts also mixed with older components derived from the Late Permian - earliest Early Triassic Alpine
Haselgebirge. In general, the sedimentation in the Tauglboden basin is characterized by fine-grained
siliceous organic-rich sedimentary rocks with intercalation of various mass transport deposits (slumps,
debris flows, olistostromes and slide blocks). In the proximal basin, the thickness of the Oxfordian part
of the basin fill is nearly 700 m, whereas in the central basin the compacted thickness reaches nearly
150 m. In the most distal part of the basin deposited only few tens of meters of radiolarites. In the
Tithonian to earliest Berriasian deposited in the more proximal parts roughly 300-400 m, and in the
central to distal part of the basin an up to 800 m thick compacted sedimentary sequence. The triggering
factors of the gravitational mass transport movements are earthquakes and volcanism, both can be
studied in well preserved outcrops. In addition, the Jurassic geodynamic evolution of the Northern
Calcareous Alps will be discussed.
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1 Introduction

During this field trip in the central Northern Calcareous Alps (Fig. 1), as part of the Eastern Alps and
one of the geologically most classical areas of the world, we will visit locations documenting the entire
Late Jurassic (Oxfordian-Tithonian) to earliest Cretaceous (Early Berriasian) depositional history in
basinal sequences.

- Juvavic units (provenance of the Meliata — N
and Hallstatt Melange P “ maijor disintegration lines during

mm Tirolic units and equivalents with Meliata, 7’ Miocene lateral extrusion A
Hallstatt, Tauglboden and Rofan Mélange

[ Bavaric units and equivalents

g Lower Austroalpine and Central Alpine Austrealpine
Mesozoic units and equivalents mega-unit

Palaeozoic units, weakly metamorphosed
[T Crystalline basement
[T 1] Penninic and Helvetic zones

Okm,

-
Rechnitz
window

Niedere
Tauern

Siivretta "3t ) 7z } Tauern window
PECHE
&0 e
e Otztal .
/ = — ; "
e A T
Pla b

Styrian
Basin

7

Sto uit h<e/rn Al p’s

Fig. 1: Tectonic sketch map of the Eastern Alps. The field trip area is indicated by an asterisk (compare
Fig. 2). After TOLLMANN (1977) and FRISCH & GAWLICK (2003). GPU Graz Palaeozoic Unit; GU Gurktal Unit;
GWZ Greywacke Zone; RFZ Rhenodanubian Flysch Zone.

Until today a lively debate is ongoing on the Middle to Early Cretaceous geodynamic history and the
Triassic-Jurassic arrangement of the different facies belts in the Northern Calcareous Alps. It is out of
our scope to give a historical overview about the different views and interpretations during the history
of investigations. Crucial for the understanding of the Mesozoic geodynamic history of the Northern
Calcareous Alps is a restoration of the palaeogeography before the Neogene lateral tectonic extrusion
of the Eastern Alps (RATSCHBACHER et al., 1991; LINZER et al., 1995; PUEYO et al., 2007).

Classical nappe concept and historical alternatives

The classic tectonic subdivision of the Northern Calcareous Alps (compare Fig. 1) (in its fundamentals
established by HAUG, 1906; later modifications by, e.g., HAHN, 1913; KOBER, 1923; SPENGLER, 1951;
PLOCHINGER, 1980; TOLLMANN, 1976a, b, 1985; compare LINZER et al., 1995) was established in the
Berchtesgaden Alps and in the Salzkammergut area and defined three nappe groups. These are, from
bottom to top: Bavaric, Tirolic, and Juvavic nappe group. This concept is still widely accepted (see
below). Later, a subdivision into three tectonic units (“Stockwerke” sensu LEBLING et al., 1935) was
proposed: the Tirolic unit (“Tirolische Einheit” sensu HAHN, 1913) at the base, overlain by the Lower
Juvavic unit (“Tiefjuvavische Einheit”: Hallstatt nappes), and the Upper Juvavic unit (“Hochjuvavische
Einheit”: Berchtesgaden and Dachstein nappes). Subsequently, in the salt-mine of Hallein MEDWENITSCH

260



XXI International Congress of the Carpathian Balkan Geological Association (CBGA 2018)
Berichte der Geologischen Bundesanstalt, v. 126, p. 259 — 288

(1962) subdivided the Lower Juvavic nappe into a Lower (“Untere Hallstatter Decke”: Zlambach nappe
- grey Hallstatt facies rocks) and an Upper Hallstatt nappe (“Obere Hallstatter Decke”: Sandling nappe
- variously coloured Hallstatt Limestone nappe). In this concept fragmentary blocks of Lower Juvavic
Hallstatt Limestones and/or the Alpine Haselgebirge Mélange (TOLLMANN, 1976b) framed the Upper
Juvavic nappes (TOLLMANN, 1985 for details and figures).

In an alternative concept, the evaporitic (Alpine) Haselgebirge (Permian salt-mudstone succession;
Haselgebirge Mélange according to SPOTL et al., 1998) acted as a ductile deformation layer. The
gravitational tectonic of the Juvavic units should have started in the Oxfordian (e.g., TOLLMANN, 1981,
1987; MANDL, 1982, LEIN, 1985, 1987a) or Late Tithonian (PLOCHINGER, 1974, 1976, 1984), leading to
Late Jurassic to Early Cretaceous sliding of the Alpine Haselgebirge and Hallstatt Limestone successions
towards the north.

According to these models (TOLLMANN, 1987; LEIN, 1987b), sliding began in a phase of enhanced
radiolarite sedimentation as troughs with deep-marine radiolaritic sedimentation arranged along the
median longitudinal axis of the Northern Calcareous Alps (DIERSCHE, 1980). Slump folds are
characteristic features in these sediments (e.g., GARRISON & FISCHER, 1969; SCHLAGER & SCHLAGER, 1973;
DIERSCHE, 1980; TOLLMANN, 1987). An overall Oxfordian onset of radiolarite sedimentation was
estimated, based on ammonite stratigraphy (DIERSCHE, 1980). Hence, the radiolarite basins were filled
by deep-water cherty limestones to radiolarites with intercalated breccias and turbidites. The
formation of the generally asymmetric radiolarite basins was attributed to extensional tectonics (e.g.,
SCHLAGER & SCHLAGER, 1973; DIERSCHE, 1980; VECSEI 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 et al., 2008).

Current concept
In the current concept we follow:

1. The tectonic subdivision of the Eastern Alps of TOLLMANN (1977) with some modern modifications
(FRISCH & GAwLIcK, 2003, compare SCHMID et al., 2004) (Fig. 1). A new definition for the nappe
groups in the Northern Calcareous Alps, based on new results for the traditional used nappe
groups: Bavaric nappes, Tirolic nappes, and Juvavic nappes, is at moment in preparation and
discussion (MANDL et al., 2017). In this new concept the Juvavic nappe system is seen as to be
formed in Middle-Late Jurassic times with subsequent transport during the Early Cretaceous. The
Tirolic nappe system should be formed in the frame of the still enigmatic Mid-Cretaceous
(“eoalpine”) tectonic revolution by thrust over the Bavaric unit, and the Bavaric nappe system
should be formed post-gosauic by thrust over the Penninic and European units. In general, this
proposal follows the concept of FRISCH & GAwWLICK (2003): Formation of the Juvavic and Tirolic nappe
system with tectonic shortening and nappe thrusting in Middle-Late Jurassic times. From the
ancient Juvavic nappe stack mainly erosional products are preserved (Hallstatt Mélange), only in
view cases exist remnants of the Juvavic nappes. During the Mid-Cretaceous tectonic period the
Jurassic Tirolic nappe system carrying the Hallstatt Mélange and the (at that time still preserved)
overlying Juvavic nappe stack with the ophiolite nappes and mélanges on top thrust over on the
newly formed Bavaric nappe system. Post-gosauic the entire nappe system of the Calcareous Alps
thrust over the Penninic and Europe derived units.

2. The palaeogeographic reconstruction for the Triassic (valid also for the Early/Middle Jurassic) of
KRYSTYN & LEIN in HAAS et al. (1995) with some modifications.
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3. The Jurassic geodynamic history of the Austroalpine domain mirrors its palaeogeographic position
between two oceanic domains: A) To the west (northwest) the newly formed Penninic Ocean as
part of the Alpine Atlantic, where continental extension started in the Hettangian and the first
oceanic crust formed in the late Early Jurassic (Toarcian). B) To the east (southeast) the Neo-Tethys
Ocean, in which closure started around the Early/Middle Jurassic boundary. Ophiolite obduction
started in the Middle Jurassic (Bajocian).

The Juvavic nappe stack of the Northern Calcareous Alps represent the in Jurassic times accreted
wedge of the former outer Triassic shelf area (FRISCH & GAwLIcK, 2003), i.e. the Hallstatt zone (LEIN,
1987a) and the reef rim. In the central Northern Calcareous Alps remnants of the eroded nappe
complex are preserved in the Middle to Late Jurassic radiolaritic trench-like basin fills. These basins
were formed in sequence in front of the propagating thrust belt or on top of them and were later
overthrust. In these radiolaritic basins occur redeposits of the Meliata facies zone, the Hallstatt facies
zone (grey and various coloured Hallstatt zone), and from the reefal belt of the Triassic carbonate
platforms. Some blocks or units show transported metamorphism (GAwLICK et al., 1994; GAWLICK &
HOPFER, 1999; MISSONI & GAWLICK, 2011a; compare FRANK & SCHLAGER, 2006).

In the Bajocian/Bathonian the sedimentary evolution in the southern (palaeogeographically
southeastern) part of the Tirolic realm as well as in the Hallstatt realm differed from that in the
northern (palaeogeographically northwestern) part. Deep-water trench-like basins formed in front of
advancing nappes in the course of ophiolite obduction. 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 Meliata and Hallstatt Zone (= Meliata and Hallstatt Mélange). The thickness of the
Bathonian to Oxfordian basin fills may reach up to 2.000 metres. The nappe stack carrying the Hallstatt
Mélange is defined as Upper Tirolic nappe (group) (Fig. 2).

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 eroded and supplied the Tauglboden Basin to its north with mass transport deposits and slides in
Oxfordian times. The nappe carrying the Tauglboden Mélange is defined as Lower Tirolic nappe (Fig. 2).

2 Late Jurassic to earliest Cretaceous stratigraphy and formations

For definition and detailed description of the Jurassic formations (Fig. 2) see GAWLICK et al. (2009). The
formations, which will be visited during this field trip, were deposited in the Tauglboden Basin (e.g.
SCHLAGER & SCHLAGER, 1969, 1973).

The Tauglboden Basin formed in Early Oxfordian times as a trench-like basin in front of the Trattberg
Rise representing the frontal part of the advancing upper Tirolic nappe (Fig. 2). In the Late Oxfordian
ongoing compression moved to the north by forming the Brunnwinkl Rise. From this time onwards the
Tauglboden Basin became an isolated basin between two topographic highs on which shallow-water
carbonate platforms started to be established from the Early Kimmeridgian onwards (Plassen
Carbonate Platform). During the Kimmeridgian, the sediment supply from the platforms into the
Tauglboden Basin was rather low. The situation changed with the extensional collapse of the Trattberg
Rise from the Early Tithonian onwards, which gave way for the Plassen Carbonate Platform in the south
to shed resediments into the Tauglboden Basin to the north. Latest Jurassic (Late Tithonian) to earliest
Cretaceous (Middle/Late Berriasian) deposition in the Tauglboden Basin was controlled by the
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carbonate platform evolution in a tectonically active regime. The tectonic is interpreted by MISSONI &
GAWLICK (2011b) as expression of mountain uplift and unroofing (extensional collapse). In the field trip
area this extension is expressed in the collapse of the Trattberg Rise, and the formation of steep
escarpments and new relief which supplied the Tauglboden Basin again with resediments. Sediment
supply from theses escarpments increased significantly and cut during the Tithonian more and more
into the Kimmeridgian - Early Tithonian Plassen Carbonate Platform. Contemporaneously the
evaporitic Haselgebirge Mélange became transported northward, and reached in the Late Tithonian
the position of the collapsed Trattberg Rise. In this palaeogeographic position, the evaporitic mélange
became reworked and occur as clasts in the coarse-grained breccias, whose components derive mainly
from the Plassen Carbonate Platform. During the latest Tithonian to Middle Berriasian Plassen
Carbonate Platform underwent backstepping as expressed in the fining-upward trend in the
Tauglboden Basin. The final drowning of the Plassen Carbonate Platform in the Late Berriasian gave
way for an increasing siliciclastic influx from the south. This siliciclastic influx was mainly controlled by
sea-level changes and decreased tectonic activity during the Early Cretaceous. Successively the
Tauglboden Basin (now the Tauglboden-Rossfeld Basin or Rossfeld Basin) became filled. Deposition
ended in the Middle Aptian (for more details see this volume: KRISCHE et al., 2018).

Ruhpolding Formation: The Middle to Late Jurassic (Late) Bajocian to Early Tithonian Ruhpolding
Formation (TRAUTH, 1950; for complete history and definition see GAwLIcK et al., 2009), but with a
diachronous onset and a diachronous end. This formation included black, green and red radiolarites to
cherty limestones and silicified marls/shales in typical microfacies: radiolarian wacke- to packstones.
Other organisms beside radiolarians are very rare, e.g. spicula, crinoids (Saccocoma), filaments, or in
cases Bositra shells (DIERSCHE, 1980).

Tauglboden Formation: The Late Jurassic (Early Oxfordian to Early Tithonian) Tauglboden Formation
(SCHLAGER, 1956; for complete history and definition see GAwLick et al., 2009) is defined as
radiolarite/cherty marl/cherty limestone succession with intercalated turbidites and mass transport
deposits. The Tauglboden Formation can be subdivided into three parts of deposition: A) the lower
(Early to ?early Late Oxfordian) part of the sequence is characterized by intense redeposition with a
coarsening-upward trend. B) The Late Oxfordian to Kimmeridgian is characterized by a condensed
radiolaritic-calcareous sequence. C) The Early Tithonian part of the succession is characterized again
by intense redeposition of older material. This part changes gradually into the Oberalm Formation +
Barmstein Limestone.

The components in the mass-flow deposits are: Hauptdolomit, lagoonal Dachstein Limestone, Késsen
Formation, several limestones of the Adnet Group, Kendlbach and Scheibelberg Formations, Klaus
Formation, radiolarites, distal Strubberg Formation and derive from the Trattberg Rise to the south
(Fig. 2).
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Fig. 2: A) Middle Jurassic to Early Cretaceous stratigraphy of the central Northern Calcareous Alps with
an overview of common formation names, simplified after MissonI & GAwLICk (2011a). Middle Jurassic
to earliest Cretaceous formation names, which will be visited during the field trip, are written in bold
letters. B) After the Middle Jurassic imbrication of the Middle Triassic to Early Jurassic outer shelf region,
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 with thin sequences of radiolarites, the sedimentation in the proximal
Tauglboden Basin was characterized by an up to 700 m thick Early-Middle Oxfordian succession,
consisting of radiolarites, slump deposits and different types of mass transport deposits and slides. The
Trattberg Rise separated the upper Tirolic nappe from the lower Tirolic nappe.

Oberalm Formation + Barmstein Limestone: In the open-marine Middle/Late Tithonian to Middle
Berriasian Oberalm Formation (LIPOLD, 1854; for complete history and definition see GAWLICK et al.,
2009; redefined in its uppermost parts by KRISCHE et al., 2013) occur intercalated coarse-grained
resediments (mass-transport deposits and turbidites) from the Plassen Carbonate Platform, named
Barmstein Limestones (GUMBEL, 1861). The overall depositional trend of the Oberalm Formation +
Barmstein Limestone is fining upward (MISSONI & GAwLIcK, 2011a, b). In the latest Tithonian a special
type of Barmstein Limestones deposited. In the reworked material from the Plassen Carbonate
Platform appear components of the evaporitic Haselgebirge Mélange. This type of mass transport
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deposit addressed PLOCHINGER (1974) as “Tonflatschenbreccia” with its type area in the Leube quarry
(for more details see this volume: KRISCHE et al., 2018).

In the upper Oberalm Formation a microfacies and lithological change can be observed between the
late Early Berriasian and the Middle Berriasian. Deposition of the variegated, purple to reddish,
siliceous to marly limestones with turbidites of roughly Middle Berriasian age (Gutratberg Member of
the Oberalm Formation: KRISCHE et al., 2013) is the basinal expression of a stepwise demise of the
Plassen Carbonate Platform due to the increasing siliciclastic and organic input. Carbonate production
of the Plassen Carbonate Platform decreased significantly since the late Early Berriasian and resulted
in its final drowning in the Late Berriasian (GAWLICK & SCHLAGINTWEIT, 2006).

3 The Field Trip

Figure 3 shows the localities that will be visited during this field trip. In the Taugl valley (Tauglboden)
we will study the Oxfordian to Early Tithonian Tauglboden Formation (type-locality), which overlies the
Early and Middle Jurassic condensed red nodular limestones of the Adnet and Klaus Formations. In the
Moértlbach valley, the Gaissau section offer the Callovian-Oxfordian Ruhpolding Formation (radiolarite)
overlain by the Tauglboden Formation. Along the road from Gaissau to Krispl we will see the Late
Tithonian part of the Oberalm Formation + Barmstein Limestone. Along the Barmsteine cliffs we will
visit the type-locality of the Barmstein Limestone.

Fig. 3: Satellite image of the central Northern Calcareous Alps, showing the localities of which will be
visited during this field trip (red stars).
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3.1 Taugl valley (Tauglboden): Tauglboden Formation

In respect to facies, thickness and component content of the mass transport deposits the type area of
the Tauglboden Formation in the inner parts of the Osterhorn Block (Fig. 3) represents a central
position in the Tauglboden Basin. Proximal parts of the basin are not preserved in the type area, but
can be seen in the Knerzenalm area (e.g., MANDL, 1982; WEGERER et al., 2001; GAWLICK et al., 2007)
southeast of Bad Ischl, and in the Unken valley (GARRISON & FISCHER, 1969; VECSEI et al., 1989).

In the Taugl valley, geographically situated in the central to southern Osterhorn Mountains (Fig. 3), a
complete late Early Jurassic to Late Jurassic sedimentary sequence is preserved. This area was
investigated since the second half of the 19*" century (SuEss & Moisiscovics, 1868) (Fig. 4). As almost
everywhere in the Northern Calcareous Alps, the carbonate successions, especially the Jurassic ones,
were fairly well dated by means of ammonites (summarized in B6HM, 1992). In contrast, the age of the
radiolaritic sediments remained generally enigmatic until Recent. In the second half of the 20" century
the radiolarites were attributed to the Oxfordian or reaching the Kimmeridgian (DIERSCHE, 1980;
TOLLMANN, 1985). Recent radiolarian dating constrained the biostratigraphic ages of the radiolarite
sequences in numerous areas within the Northern Calcareous Alps (for a review see GAWLICK et al.,
2009).

The general sedimentological features and the thickness of the Tauglboden Formation in the type area
investigated SCHLAGER & SCHLAGER (1969, 1973) in detail (Fig. 5), and later DIERSCHE (1980) in a more
regional context. The age of the succession was attributed to the (Late) Oxfordian to Kimmeridgian on
basis of the investigations of SCHLAGER & SCHLAGER (1969) and HUCKRIEDE (1971). HUCKRIEDE (1971) dated
the silicified sedimentary rocks below the first red radiolarite bed by means of aptychi as early
Oxfordian (Fig. 6). This aptychi-bearing layer yielded also a moderate preserved radiolarian fauna (see
below). This radiolarian fauna cannot precise the age of this layer. SCHLAGER & SCHLAGER (1969)
mentioned the occurrence of a Kimmeridgian ammonite in the Tauglboden Formation, which limited
the age of radiolarite deposition in the Northern Calcareous Alps to the Oxfordian (-Kimmeridgian).

Detailed component analyses and direct biostratigraphic dating of the radiolaritic matrix sediments of
various mass transport deposits were carried out since the end of the last century. Modern data
resulted in a modified view of the situation of the Tauglboden Basin type-locality.

The radiolarian dating of this paper is based on BAUMGARTNER et al. (1995) and Suzuki & GAWLICK
(2003a), under implementation of the extended age ranges of some species (e.g., SUzUKi et al., 2001;
O'DOGHERTY et al., 2006, 2009; Suzukl & GAWLICK, 2009; AUER et al., 2009; GORICAN et al., 2012).
Nevertheless, we still use here for the presented radiolarian faunas the nomenclature of Suzuki &
GAWLICK (2003b, 2009) (compare O’'DOGHERTY et al., 2017).
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Fig. 4: A) Photo of the central Osterhorn Unit with the Taugl valley. View from the west. B) Original
drawing of the central Osterhorn Mountains from SUEsS & Moisiscovics (1868). The authors figured out
the main characteristics and ages of the Late Triassic to Late Jurassic sedimentary succession. Legend
according to SUESS & Moisiscovics (1868) (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.

267



XXI International Congress of the Carpathian Balkan Geological Association (CBGA 2018)
Berichte der Geologischen Bundesanstalt, v. 126, p. 259 — 288

"ldealized section” of the Tauglboden Formation in the type area
(compiled after unpublished data of M. & W. SCHLAGER)
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Fig. 5: “Standardized profile” of the Tauglboden Formation (left) in the type area (idealized type section
- see SCHLAGER & SCHLAGER, 1973 for details), unpublished profile of M. SCHLAGER & W. SCHLAGER, the
central Osterhorn Mountains in the Salzburg Calcareous Alps. Redrawn and printed with permission of
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W. SCHLAGER (Amsterdam) in GAWLICK (2000), GAWLICK & FRISCH (2003) and GAWLICK et al. (2012). Ages
of different parts of the section according to HUCKRIEDE (1971), GAWLICK et al. (1999), GAWLICK & FRISCH
(2003), and new data. Detail section (right) modified from GAwLIck et al. (1999). Map inset: Area of the
Urban/Taugl creek exposing excellent sections of the succession around the boundary Klaus
Formation/radiolarite (Tauglboden Formation). The drawn detailed section in Figure 6 is from west of
the Urban valley (A). An equivalent section is seen east of the Urban creek (B). Redrawn and added
after HUCKRIEDE (1971).

Base of the Tauglboden Formation: Urban valley section

The contact between the Early to Middle Jurassic red nodular limestones and the overlying radiolarite
sequence is exposed in the junction of the Urban valley with the Taugl valley. The section starts with
red nodular limestones, whose age is Late Bathonian to Early Callovian according to HUCKRIEDE (1971)
and BOHM (1992). On top of these red limestones, a condensed layer with feldspar and other volcanic
material contains rhyncholiths of (early) Oxfordian age (HUCKRIEDE, 1971). Moderate preserved
radiolarians from this layer cannot precise the biostratigraphic age, because of the lack of an Oxfordian
marker species. Following species could be determined: Archaeodictymitra sp., Eucyrtidiellum cf.
unumaense (Yao), Gongylothorax favosus DUMITRICA, Gongylothorax aff. favosus DUMITRICA,
Lithocampium sp. A, Lithocampium sp., Loopus sp., Stichocapsa naradaniensis MATSUOKA, Tricolocapsa
conexa MATSUOKA, Preazhamoidellum cf. parvipora (TAN), Tricolocapsa aff. fusiformis Yao, Tricolocapsa
sp. A sensu OzVOLDOVA, Tricolocapsa sp., Unuma sp., Williriedellum crystallinum DUMITRICA,
Williriedellum marcucciae CORTESE, Williriedellum sp. B, Zhamoidellum ovum DUMITRICA, and
Zhamoidellum sp. (sample TB-Grenzfuge).

The microfacies of the Oxfordian part (HUCKRIEDE, 1971) of the red nodular limestone correspond to
that of the overlying red radiolarite: Radiolarian wacke- to packstones predominates. Therefore, this
part of the section belongs already to the radiolarite succession.

From the red radiolarite, roughly 50 cm above the boundary layer, following species from a poor
preserved radiolarian fauna could be determined: Emiluvia sp., Archaeodictyomitra sp., Eucyrtidiellum
cf. unumaense (Yao), Hsuum cf. maxwelli PESSAGNO, Protunuma cf. japonicus MATSUOKA & Yao, Triversus
sp., Williriedellum sp. B, Zhamoidellum ovum DUMITRICA, Zhamoidellum sp. (sample TB3).

The radiolarian fauna is similar to those from red radiolarite in the Fludergraben valley. In the
Fludergraben valley a roughly two metres thick red radiolarite overlie red nodular limestones of the
Klaus Formation (Callovian/Oxfordian boundary according to MANDL, 1982).

Inthe Tauglboden area the basal radiolarite is well-bedded, of red colour and has at maximum 2 metres
thickness. Both, lithology and colour of the radiolarites change gradually upsection. Moreover, the
colour of the radiolarites turns from red over grey to finally dark-grey. Only the grey radiolarites are
fine laminated, others are massive. The intercalated clay layers between the radiolarite beds increase
upsection (Fig. 7). The carbonate content rises as well, whereby the first turbiditic resediments occur
after the red to grey colour shift, indicating a change in the basin geometry.
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Fig. 6: A) Boundary section Klaus Formation to basal Tauglboden Formation (red radiolarite) redrawn
and added after HUCKRIEDE (1971). B) Exposure east of the Urban creek. C) Exposure west of the Urban
creek.

Fig. 7: Reddish-grey massive and laminated Early Oxfordian radiolarite layers with clay intercalations,
located in the Taugl valley. Width of the photo: 80 cm.
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Radiolarites and mass transport deposits along the Tauglboden road

About five metres above the contact of the red nodular limestone with the radiolarite succession,
coarse-grained mass transport deposits are intercalated in the radiolarite sequence. Up to 20 cm thick
breccia layers overlie the radiolarite beds practically without basal erosion; obviously the breccia layers
seem to be channels deposits (Fig. 8). The structure is fostered by early dewatering of the underlying
radiolaritic sediments. Below the breccia layers exist a layers of green-grey volcanic ash, today altered
to an illite-bentonite (REITER, 2009). These ashes are locally preserved and acted as slide-plane (Fig. 8).

The components in the slide-flow deposit derive exclusively from the lagoonal Dachstein facies zone.
Components of the Early Rhaetian K6ssen 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 rare (details in GAWLICK et al., 2012).

Forest road Kesselstrasse

A highly diverse outcrop situation will be visible on the walk along the forest road Kesselstrasse. In
small valleys aside and along the forest road good outcrops with insights into the early evolution of
the Tauglboden Basin exist. The age of the succession along the road is still Early to Middle Oxfordian
as proven by radiolarians. Dark-grey to black laminated radiolarites with changing clay and carbonate
content, slump deposits and mass flows are typical sedimentary features of the succession (Fig. 9). The
slump deposits consist partly of cherty sediments without older components, large blocks of older
components incorporated in the argillaceous matrix, and debris flows. Generally, the older clasts are
the same as in the basal breccia layers (slide flows) along the Tauglboden road. Jurassic clasts are rarer
and Triassic clasts older in age appear. The erosion cut deeper into the Norian lagoonal Dachstein
Limestone as expressed in the component spectrum. Higher up in the succession the amount of mass
transport deposits increased together with the component size. In the curve before the waterfall dark-
grey laminated calcareous radiolarites underlie a thick mass transport deposit. According to the poorly
preserved radiolarian fauna with Eucyrtidiellum unumaense (YAO) and Praezhamoidellum buekkense
Kozur (sample TB8) the age of this part of the succession is still Early-Middle Oxfordian. Thus, the entire
ca. 150 m thick sequence below this mass flow (Fig. 5) is Early to Middle Oxfordian in age. Above this
mass transport deposits follow a roughly 4 metre thick succession of well-bedded grey laminated
calcareous radiolarites free of mass transport deposits or turbidites, which are again overlain by mass
transport deposits (Fig. 9D). Above these mass transport deposits are up to 15 cm thick layers of
volcanic ashes, intercalated between laminated calcareous radiolarites and slide flows (Figs. 9E and F).

Two volcanic ash layers (meta-bentonites) contain both a moderate preserved radiolarian fauna of
Early Tithonian age (for details see GAWLICK et al., 1999). In the lower volcanic ash layer following
radiolarians were determined: Sphaerostylus lanceola (PARONA), Eucyrtidiellum pyramis (AITA),
Archaeospongoprunum patricki Jup, Archaeodictyomitra apiarium (RUST), Archaeodictyomitra
minoensis (MIZUTANI), Tricolocapsa funatoensis (AITA), Zhamoidellum ovum DUMITRICA, Parvicingula
boesii (PARONA). In the upper volcanic ash layer following radiolarians were determined:
Archaeospongoprunum imlayi PESSAGNO, Eucyrtidiellum pyramis (AITA), Pseudoeucyrtis reticularis
MATSUOKA & YAO, Cinguloturris cylindra KEMKIN & RUDENKO, Parvicingula mashitaensis MIZUTANI,
Mirifusus mediodilatatus (RUST), Ristola altissima (RUST), Spongocapsula perampla (RUST),
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Zhamoidellum ovum DUMITRICA, Parvicingula dhimenaensis BAUMGARTNER, Podobursa triancantha
(FiIscHLI), Podocapsa amphitreptera FOREMAN, Tricolocapsa funatoensis (AITA).

Fig. 8: Up to 20 cm thick breccia layers (slide flows) intercalated in the Early Oxfordian radiolarite
sequence. Breccias cut slightly into the basal series (erosional contact), but more often they overlie the
radiolarite sequence concordantly in a parallel manner. B and C) Details from the succession in A).
Below the breccia, a green layer of volcanic ashes is preserved. These fine-grained ashes acted as slide
horizon for the slide flows. D) Angular to subrounded (rare) components of the Early Oxfordian breccias
along the Tauglboden road.
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Fig. 9: Outcrops along the forest road Kesselstrasse. A, B, C) Early-Middle Oxfordian Tauglboden
Formation. A) Well bedded and laminated marly radiolarites overlain by a slide flow with large boulders
of Late Triassic lagoonal Dachstein Limestone. B) Channelized debris-flow. €) Mud-flow deposit.
Subrounded clasts of the Early Rhaetian Késsen Formation, and Norian to Rhaetian lagoonal Dachstein
Limestone. The matrix consists of marly clays without radiolarians. D) Kimmeridgian condensed
radiolarite succession overlain by Early Tithonian debris-flow deposits. E) Lower volcanic ash layer of
Early Tithonian age overlain by a slide flow. F) Higher volcanic ash layer of Early Tithonian age overlain
by a slide flow.

This means, that the time span Latest Oxfordian to Kimmeridgian is characterized by a starved
sequence. The volume of material shed into the basin decreased rapidly in the Late Oxfordian. The
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Kimmeridgian is characterized by radiolarite sedimentation without deposition of resediments. In the
Early Tithonian a new depositional cycle with mobilisation and redeposition of large volumes of rocks
started, together with slump deposits mud and debris-flows. Whereas the older components in
different chaotic deposits are similar to the Early to Middle Oxfordian sequence the content of Jurassic
clasts is very low. Reworked Norian to Rhaetian clasts dominates the component spectrum.
Radiolarites in this part of the succession are scarce, with silicified marls and silicified limestones being
the matrix sediment. The preservation of the radiolarians in the matrix is generally very poor.

Waterfall

By reaching the waterfall we will see a several tens of metres thick sequence of dark-grey well bedded
silicified marls and silicified limestones (Fig. 10). Slump deposits, mud flows, and debris flows are
intercalated. The series is also characterized by intercalations of semi-consolidated volcanic ash layers.

Continuing the forest road along the waterfall Kesselstrasse, we reach the Late Tithonian sequence.
The forest road provides several outcrops of different fine- und coarse-grained turbidites and mass
transport deposits intercalated in grey silicified limestones. The components in these resediments
consist of a mixture of older carbonate clasts (Norian to Rhaetian lagoonal and reefal Dachstein
Limestone and Kdssen Formation), as in the series below, and some shallow-water clasts from the
Plassen Carbonate Platform to the south. The change from siliceous to calcareous sedimentation
cannot be exactly dated, because of bad preservation stages of the organisms. The overlying silicified
limestones with intercalated slope sediments (Barmstein Limestone) are of Late Tithonian to Early
Berriasian age, palaeontological proven by radiolarians and calpionellids (e.g., STEIGER, 1981, 1992) as
well as by shallow-water organisms (GAWLICK et al., 2005, 2009 for latest reviews).
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Fig. 10: Early Tithonian Tauglboden Formation of the waterfall Kesselstrasse section. A) Early Tithonian
sedimentary succession with slump deposits, mud flows, and debris flows in a matrix of laminated
silicified marls to limestones. B) Enlargement of A). Above a series of amalgamated debris flows a series
of thin bedded and laminated calcareous radiolarites were deposited topped by a volcanic ash layer,
followed by a slide flow. C) Slump deposit overlain by fine grained silicified carbonate turbidites. D) Mud
flow deposit reworked in a slump deposit. E) Amalgamated series of silicified marls with breccia layers,
overlain by parallel bedded laminated silicified limestones with marl intercalations. Intercalated breccia
layers with erosive base. F) Enlargement of D) Late Triassic pebbles dominate the component spectrum.
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3.2 Gaissau, Mortlbach valley: Ruhpolding and Tauglboden Formations

Another Jurassic section, but in a more northernward position as the Taugl valley section, is the section
Mortlbach valley in the Osterhorn Block north of the village Gaissau, on the road to Gaissau/Krispl
(parking place) (Figs. 3, 11). Following Jurassic strata developed above the Kdssen Basin: the section
starts with grey silicified limestones of Sinemurian to Early Pliensbachian age, whose sequence does
not exceed a thickness of 5 metres. These grey limestones are overlain by reworked red nodular
limestones forming a series of mass-flow deposits. This interval is rich in red marls making up the matrix
of the different mass flows. The age of this interval is Late Pliensbachian to Toarcian. The lower Middle
Jurassic (Aalenian) is preserved as very thin layer of Bositra-rich marly limestones (B6hm, 1992). On
top of these Aalenian sedimentary rocks, a ferro-manganese horizon reflects a long lasting depositional
gap (Bajocian to Bathonian). Directly above the ferro-manganese horizon deposited 2 cm thick red
marls and a 3 cm thick layer of grey volcanic ash. According to X-ray diffraction this volcanic ash was
transformed during shallow-burial diagenesis to a smectite-bentonite (following FISHER & SCHMINCKE,
1984). Above the bentonite deposited dm-bedded black radiolarites of ?Late Bathonian - Early
Callovian age (Fig. 11), proven by following radiolarian faunas:

Sample GU 19/2001: Archaeodictyomitra rigida PESSAGNO, Cinguloturris latiannulata (GRILL & KOZUR),
Eucyrtidiellum semifactum NAGAI & MIZUTANI, Eucyrtidiellum unumaense ssp. (YAO), Eucyrtidiellum
unumaense unumaense (YAO), Gongylothorax aff. favosus DUMITRICA, Hsuum cf. hisuikyoense ISOZAKI &
MATSUDA, Parahsuum longiconicum SASHIDA, Parvicingula cf. dhimenaensis BAUMGARTNER,
Praezhamoidellum yaoi KOzUR, Protunuma cf. quadriperforatus O’DOGHERTY & GORICAN, Protunuma cf.
lanosus OzvOLDOVA, Theocapsomma medvednicensis GORICAN, Theocapsomma sp. Tricolocapsa sp. A
sensu OzVOLDOVA, Tricolocapsa sp., Unuma cf. gorda HULL, Unuma sp., Williriedellum sp. Eucyrtidiellum
semifactum, Hsuum cf. hisuikyoense and Gongylothorax aff. favosus are typical forms of the UA zone
7 according to BAUMGARTNER et al. (1995). Protunuma cf. quadriperforatus occur according to
BAUMGARTNER et al. (1995) in the UA 5-6, but appear in the radiolarite sections of Northern Calcareous
Alps also in younger levels and may reach the UA 8. Cinguloturris latiannulata should be a precursor
form of Cinguloturris carpathica with the first FAD in the UA 7. Zhamoidellum ovum could not be
detected in this sample. The age for this sample is therefore ?Late Bathonian to earliest Callovian.

Sample GU 20/2001: Archaeodictyomitra sp., Gongylothorax aff. favosus DUMITRICA, Parvicingula sp.
Pseudodictyomitrella sp. Tricolocapsa conexa MATSUOKA, Tricolocapsa aff. fusiformis YAo, Tricolocapsa
cf. parvipora TAN, Tricolocapsa spp., Williriedellum cf. dierschei Suzuki & GAwLick, Williriedellum sp.
This radiolarian association shows an age-range of Late Bathonian to Early Oxfordian. Tricolocapsa aff.
fusiformis appear also in the section Fludergraben above the Callovian/Oxfordian boundary.

Sample M6rtl1//2001: Archaeodictyomitra cf. amabilis AITA, Dictyomitrella cf. kamoensis MizUTANI &
KiDO, Eucyrtidiellum semifactum NAGAI & MIZUTANI, Eucyrtidiellum unumaense ssp. (YAO), Eucyrtidiellum
unumaense unumaense (YAO), Gongylothorax aff. favosus DUMITRICA, Hsuum cf. brevicostatum
(OzvoLbova), Hsuum sp., Parahsuum sp., Protunuma lanosus OzVOLDOVA, Protunuma cf.
quadriperforatus O’DOGHERTY & GORICAN, Stichocapsa convexa YAO, Tricolocapsa cf. conexa MATSUOKA,
Tricolocapsa tetragona MATSUOKA, Tricolocapsa cf. plicarum YAo, Tricolocapsa sp., Unuma sp.,
Williriedellum dierschei Suzukl & GAwLIck, Williriedellum marcucciae CORTESE, Williriedellum sp.
Gongylothorax aff. favosus, Archaeodictyomitra cf. amabilis, Dictyomitrella cf. kamoensis and
Eucyrtidiellum semifactum point to UA 7. In the Northern Calcareous Alps this radiolarian association
is typical for the Early Callovian; but a Late Bathonian age cannot be excluded.
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Sample GU14A/2001 from the transition black to red radiolarite: Amphipyndax sp.,
Archaeodictyomitra mitra DUMITRICA, Archaeodictyomitra sp., Droltus galerus Suzuki, Droltus sp.,
Eucyrtidiellum nodosum WAKITA, Eucyrtidiellum unumaense ssp. (YAO), Eucyrtidiellum unumaense
unumaense (YAO), Eucyrtidiellum unumaense dentatum BAUMGARTNER, Eucyrtidiellum unumaense
pustulatum BAUMGARTNER, Gongylothorax aff. favosus DUMITRICA, Hiscocapsa acuta HULL, Hsuum
brevicostatum (OzvoLDOVA), Loopus cf. nudus (SCHAAF), Loopus sp., Praezhamoidellum buekkense
Kozur, Pseudodictyomitra sp., Stichomitra sp. D sensu KIESSLING, Tetracapsa sp. A, Tricolocapsa
undulata (HEITZER), Tricolocapsa sp. A sensu OzVOLDOVA, Tricolocapsa sp., Triversus spp., Williriedellum
carpathicum DUMITRICA, Williriedellum dierschei SUzukl & GAwLICK, Williriedellum marcucciae CORTESE,
Williriedellum sp., Zhamoidellum exquisita HuLL, Zhamoidellum kozuri (HULL), Zhamoidellum sp. The
appearance of Williriedellum carpathicum indicates an age for the sample as Late Callovian to
Early/Middle Oxfordian (Williriedellum carpathicum subzone of the Zhamoidellum zone; according to
Suzukl & GAWLICK, 2003a, updated in GAWLICK et al., 2009).

The thickness of the ?Late Bathonian to Middle Callovian black radiolarite is about 1 metre. Upsection
graded the colour of the radiolarite to red. Between the black and the red radiolarite again a several
cm-thick smectite-bentonite is proven (REITER, 2009).

The age of the less than 20 metres thick red radiolarite is Late Callovian to Oxfordian, most probably
earliest Oxfordian according to in cases rich and well preserved radiolarian associations:

Sample GU1/2001: Archaeodictyomitra patricki KOCHER, Archaeodictyomitra sp., Cinguloturris cf.
carpatica DUMITRICA, Gongylothorax sp., Hiscocapsa sp., Parvicingula sp., Protunuma cf. multicostatus
(HEITZER), Stichomitra annibill KOCHER, Stichomitra sp. D sensu KIESSLING, Williriedellum cf. crystallinum
DUMITRICA, Williriedellum sp., Zhamoidellum ovum DUMITRICA. The age range of this sample is according
to the radiolarian association Callovian to Kimmeridgian. On base of the fact that the underlying
sample gives a Late Callovian to younger age, the lower age limit of this sample is Late Callovian.

Sample GU 3/2001: Acanthocircus cf. suboblongus (YAO), Actinomma cf. siciliensis KITO & DE WEVER,
Archaeospongoprunum  imlayi  PESSAGNO, Archaeospongoprunum cf. tricostatum  STEIGER,
Archaeospongoprunum spp., Emiluvia chica FOREMAN, Emiluvia sp., Tritrabs cf. casmaliaensis
(PESSAGNO), Archaeodictyomitra minoensis (MIZUTANI), Archaeodictyomitra cf. minoensis (MIZUTANI),
Archaeodictyomitra rigida PESSAGNO, Archaeodictyomitra vulgaris PESSAGNO, Archaeodictyomitra sp. B
sensu WEGERER et al., Archaeodictyomitra spp., Cinguloturris carpatica DUMITRICA, Cyrtocapsa sp.,
Droltus sp., Eucyrtidiellum ptyctum (RIEDEL & SANFILIPPO), Gongylothorax favosus DUMITRICA,
Gongylothorax aff. favosus DUMITRICA, Hiscocapsa acuta HULL, Hiscocapsa sp., Hsuum brevicostatum
(OzvoLbova), Lithocampium sp., Loopus doliolum DUMITRICA, Parahsuum carpathicum W10z & DE WEVER,
Parahsuum longiconicum SASHIDA, Parvicingula dhimenaensis BAUMGARTNER, Parvicingula spp.,
Podobursa sp., Pseudodictyomitra sp. D sensu MATSUOKA & YAO, Stichomitra annibill KOCHER,
Stichomitra sp., Syringocapsa sp., Tetracapsa sp. A, Tricolocampe sp. B, Tricolocapsa cf. leiostraca
(FOREMAN), Tricolocapsa undulata (HEITZER), Tricolocapsium sp. A, Triversus hexagonatus (HEITZER),
Triversus spp., Williriedellum carpathicum DUMITRICA, Wrangellium aff. hsui (PESSAGNO), Wrangellium
cf. hsui (Pessagno), Wrangellium okamurai (MizUTANI), Wrangellium sp., Zhamoidellum ovum
DUMITRICA. Gongylothorax favosus and Gongylothorax aff. favosus give UA 8 according to BAUMGARTNER
et al. (1995). Williriedellum carpathicum has an FAD in the Late Callovian. Therefore the age of this
sample is most probably Late Callovian to Early Oxfordian.
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Sample GU 5/2001: Tritrabs sp., Archaeodictyomitra minoensis (MIZUTANI), Archaeodictyomitra rigida
PESSAGNO, Gongylothorax favosus DUMITRICA, Stichocapsa sp., Stichomitra tuscanica (CHIARI, CORTESE &
MARcuccl), Syringocapsa sp., Zhamoidellum sp. The stratigraphic age is limited by the appearance of
Gongylothorax favosus.

Sample GU 6/2001: Acanthocircus cf. suboblongus (YAO), Acanthocircus cf. trizonalis (RUST),
Acanthocircus sp., Angulobracchia sp. A, Archaeospongoprunum cf. imlayi PESSAGNO,
Archaeospongoprunum spp., Paronaella broennimanni PESSAGNO, Paronaella cf. mulleri PESSAGNO,
Emiluvia cf. chica FOREMAN, Emiluvia premyogii BAUMGARTNER, Emiluvia sp., Spongostaurus sp.,
Triactoma sp., Tritrabs cf. exotica (PESSAGNO), Tritrabs sp., Acotripus sp., Archaeodictyomitra minoensis
(MizuTaNI),  Archaeodictyomitra  mitra  DUMITRICA,  Archaeodictyomitra  rigida  PESSAGNO,
Archaeodictyomitra sixi YANG, Archaeodictyomitra cf. sixi YANG, Archaeodictyomitra spp., Cinguloturris
carpatica DUMITRICA, Cinguloturris sp., Dictyomitrella sp., Droltus galerus SuUzUKI, Droltus sp.,
Eucyrtidiellum ptyctum (RIEDEL & SANFILIPPO), Eucyrtidiellum unumaense (YAO), Eucyrtidiellum sp.,
Gongylothorax favosus DUMITRICA, Hiscocapsa acuta HULL, Hiscocapsa spp., Hsuum brevicostatum
(OzvoLbovA), Hsuum cf. cuestaense PESSAGNO, Lithocampium sp. A, Lithocampium sp., Loopus cf. nudus
(ScHAAF), Parahsuum carpathicum WDz & DE WEVER, Parahsuum sp. S sensu MATSUOKA, Parahsuum sp.,
Parvicingula dhimenaensis BAUMGARTNER, Parvicingula spinata (VINASSA), Parvicingula spp., Parvifavus
sp. A, Podobursa sp., Protunuma multicostatus (HEITZER), Pseudodictyomitra cf. primitiva MATSUOKA &
YAO, Pseudodictyomitra sp. D sensu MATSUOKA & YAO, Pseudodictyomitra sp. N sensu Suzukl et al.,
Solenotryma ichikawai MATSUOKA & YAO, Spongocapsula sp., Stichomitra annibill KOCHER, Stichomitra
sp., Syringocapsa levis (HORI), Syringocapsa sp. A sensu SUZUKI et al., Syringocapsa sp., Tetracapsa sp.
A, Tetracapsa spp., Thanarla aff. pulchra (SQUINABOL), Tricolocapsa cf. parvipora Tan, Tricolocapsa
undulata (HEITZER), Tricolocapsium sp. A, Tricolocapsium sp., Triversus hexagonatus (HEITZER), Triversus
sp., Williriedellum carpathicum DUMITRICA, Williriedellum crystallinum DUMITRICA, Wrangellium hsui
(PESSAGNO), Wrangellium aff. hsui (PESSAGNO), Wrangellium cf. okamurai (MizuTANI), Zhamoidellum
ovum DUMITRICA, Zhamoidellum ventricosum DUMITRICA, Zhamoidellum sp. From this rich and well
preserved radiolarian association Eucyrtidiellum unumaense, Gongylothorax favosus, Zhamoidellum
ventricosum, and Williriedellum carpathicum give an Late Callovian to Early Oxfordian age for this
sample. Loopus cf. nudus and Thanarla aff. pulchra point to a younger age.

Sample GU 8/2001: Archaeospongoprunum sp. Tritrabs cf. exotica PESSAGNO, Tritrabs sp.,
Archaeodictyomitra mitra DUMITRICA, Archaeodictyomitra sp., Gongylothorax favosus DUMITRICA,
Gongylothorax aff. favosus DUMITRICA, Gongylothorax sp., Hiscocapsa cf. hexagona (HORI), Hiscocapsa
sp., Loopus doliolum DUMITRICA, Protunuma japonicus MATSUOKA & YAO, Pseudodictyomitra primitiva
MATSUOKA & YAO, Stichomitra tairai AITA, Stichomitra sp., Stylocapsa cf. oblongula KOCHER, Tricolocapsa
cf. ruesti TAN, Tricolocapsa sp., Triversus sp., Williriedellum crystallinum DUMITRICA, Wrangellium
rudabanyaense (GRILL & KOzUR), Zhamoidellum ovum DUMITRICA, Zhamoidellum sp. Gongylothorax
favosus, Gongylothorax aff. favosus, and Stylocapsa oblongula give UA 8 according to BAUMGARTNER et
al. (1995).

Sample GU 1/2002: Acanthocircus cf. suboblongus minor BAUMGARTNER, Archaeospongoprunum cf.
elegans Wu, Archaeospongoprunum sp., Plegmosphaera ? sp., Spongotripus sp., Tritrabs cf. ewingi
(PESSAGNO), Tritrabs exotica (PESSAGNO), Tritrabs sp., Archaeodictyomitra rigida PESSAGNO,
Archaeodictyomitra sp. B sensu WEGERER et al., Archaeodictyomitra sp., Cinguloturris carpatica
DUMITRICA, Eucyrtidiellum unumaense (YAO), Eucyrtidiellum unumaense pustulatum BAUMGARTNER,
Gongylothorax favosus Dumitrica, Gongylothorax aff. favosus DUMITRICA, Gongylothorax sp., Hsuum
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brevicostatum (OzvOLDOVA), Hsuum maxwelli PESSAGNO, Pseudodictyomitra primitiva MATSUOKA & YAO,
Pseudodictyomitrella spinosa GRILL & KOzUR, Pseudodictyomitrella sp., Stichocapsa inflata (BLOME),
Stichomitra annibill KOCHER, Tricolocampe sp., Triversus hexagonatus (HEITZER), Triversus sp. The co-
appearance of Zhamoidellum ventricosum, Eucyrtidiellum unumaense, Gongylothorax favosus,
Gongylothorax aff. favosus and Zhamoidellum ventricosum point to UA 8.

In total, all radiolarian associations from the red radiolarite have an age range of Late Callovian to Early
Oxfordian. A more exact biostratigraphic dating with radiolarian associations is yet not possible. Only
the appearance of a few species give a hint for a slightly younger age, but age range and systematic
order of these species is unproven at moment.

Rarely intercalated red clay layers, located in the middle part of the red radiolarite succession, consist
also of smectite-bentonites (REITER, 2009). Still in the Early to Middle Oxfordian the red radiolarite
passed into dark-grey radiolarites and cherty limestones. The radiolarite of this part in the section is
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 with
components consisting predominately of Late Triassic lagoonal Dachstein Limestone, whilst Early to
Middle Jurassic clasts occur seldom. This component spectrum is identical to that of the Taugl valley
resediments in the south.

To summarize, the age of the radiolarian-rich background sediment is Early to Middle Oxfordian
according to the type-locality, even direct radiolarian biostratigraphic ages are not exact enough at
moment (see above). In contrast to the thick succession in the Taugl valley, the thickness of the
northern Tauglboden Basin succession does not exceed a few tens of metres (details in DIERSCHE 1980)
with a maximal thickness of the intercalated mass flows of only 10-20 centimetres.

Radiolarian samples from the transitional part of the massive red radiolarite to laminated red-grey to
grey calcareous radiolarites of the basal Tauglboden Formation yielded only moderate preserved
radiolarian faunas. The radiolarian associations from this part of the succession gave a similar age as
those from the red radiolarite below. A similar result was reached by the radiolarian associations from
the Oxfordian boundary layer in the Urban valley (see above) and from the Fludergraben valley in the
Salzkammergut region (Suzuki et al., 2004), where first a red radiolarite and in turn the Tauglboden
Formation overlie the Klaus Formation, dated in its upper parts by ammonites as deposited around the
Callovian/Oxfordian boundary (MANDL, 1982).

Sample GU 9/2001: Archaeodictyomitra sixi YANG, Eucyrtidiellum unumaense unumaense (YAO),
Gongylothorax sp., Parvifavus sp. A, Stichocapsa sp., Zhamoidellum cf. ventricosum DUMITRICA. This
radiolarian association cannot be dated more precisely as UA 8 by the co-occurrence of Eucyrtidiellum
unumaense unumaense and Zhamoidellum cf. ventricosum.

Sample GU 10/2001: Eucyrtidiellum cf. unumaense (YAO), Eucyrtidiellum unumaense pustulatum
BAUMGARTNER, Gongylothorax favosus DUMITRICA, Gongylothorax marmoris KIESSLING, Hiscocapsa acuta
HuLL, Tricolocapsa matsuokai SASHIDA, Williriedellum sp., Zhamoidellum ovum DUMITRICA, This
radiolarian association cannot be dated more precisely as UA 8 by the co-occurrence of Eucyrtidiellum
cf. unumaense, Eucyrtidiellum unumaense pustulatum and Gongylothorax favosus.
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Fig. 11: Stratigraphy and facies of the Early to early Late Jurassic section along the road to the village
Krispl in the Mértlbach valley (compare GAwLICK et al., 2012). Right section with photographs after
B6HMm (1992), modified and completed for the Callovian-Oxfordian part. Left section from DIERSCHE
(1980).
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Sample GU 11/2001: Archaeospongoprunum sp., Sphaerostylus lanceola (PARONA), Acotripus cf.
sphaericus OzvOLDOVA, Archaeodictyomitra amabilis AITA, Archaeodictyomitra sixi YANG,
Archaeodictyomitra sp., Droltus galerus Suzuki, Eucyrtidiellum ptyctum (RIEDEL & SANFILIPPO),
Gongylothorax favosus DUMITRICA, Hiscocapsa acuta HULL, Napora pyramidalis BAUMGARTNER,
Parahsuum sp., Parvicingula dhimenaensis BAUMGARTNER, Tetracapsa sp. A, Tetracapsa sp.,
Tricolocapsa undulata (HEITZER), Tricolocapsa sp. A sensu OzvoLDOVA, Williriedellum dierschei Suzuki &
GAWLICK, Zhamoidellum ovum DUMITRICA. The occurrence of Archaeodictyomitra amabilis together with
Zhamoidellum ovum points normally to the Early Callovian. Therefore the age range of
Archaeodictyomitra amabilis has to be shifted at least to the Late Callovian - Early Oxfordian.

Sample GU 12/2001: Archaeodictyomitra cf. mitra DUMITRICA, Archaeodictyomitra cf. sixi YANG,
Archaeodictyomitra sp., Eucyrtidiellum unumaense ssp. (YAO), Eucyrtidiellum unumaense unumaense
(YA0), Gongylothorax aff. favosus DUMITRICA, Gongylothorax oblongus YAO, Hsuum sp., Quarticella cf.
ovalis TAKEMURA, Stichocapsa convexa YAO, Stylocapsa oblongula KOCHER, Theocapsomma sp.,
Tricolocapsa cf. conexa MATSUOKA, Tricolocapsa cf. plicarum YAoO, Tricolocapsa sp., Unuma sp.,
Williriedellum dierschei Suzuki & GAWLICK. The biostratigraphic age of this radiolarian association is not
very precise: UA 7 to 8. Important is the occurrence of Gongylothorax oblongus assigned by
BAUMGARTNER et al. for the UA 4. A similar form was described by HuLL (1997) as Gongylothorax aff.
oblongus from North America in the time interval Late Oxfordian to Kimmeridgian. The stratigraphic
range of Gongylothorax oblongus has to be extended at least to the Late Callovian - Early Oxfordian.

Sample GU 13/2001: Tritrabs sp., Eucyrtidiellum unumaense (YAO), Eucyrtidiellum sp., Stichocapsa cf.
japonica YAO, Stichomitra takanoensis AITA, Syringocapsa sp., Tricolocapsa cf. plicarum YAQ,
Tricolocapsa sp., Triversus sp., Zhamoidellum ovum DUMITRICA. According to the co-occurrence of
Stichomitra takanoensis and Zhamoidellum ovum this sample would be normally assigned to the UA 7
(Late Bathonian to Early Callovian). The position of the sample is in the Tauglboden Formation and
above a lot of younger samples than UA 7. The age range of Stichomitra takanoensis has at least to be
prolonged to the Late Callovian - Early Oxfordian.

3.3 Krispl: Oberalm Formation

Along the road to Krispl (Fig. 3) a Late Tithonian part of the Oberalm Formation can be studied (Fig. 12).
Dm-bedded radiolarian wacke- to packstones intercalated by fine-grained resediments with shallow-
water debris and greenish marl layers are the typical sedimentary rocks. lllite dominates the clay
fraction from the greenish marls (VORTISCH, GAWLICK, unpublished data). In the calcareous turbidites
two shedding directions are visible: some calcareous turbidites were shed from southern directions
(Plassen Carbonate Platform s. str.), others came from the north (Wolfgangsee Carbonate Platform).
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Fig. 12: Road cut with the Oberalm Formation along the road to Krispl. A) Outcrop situation before the
fixation of metal nets. B) Dm-bedded limestone beds with intercalated green marls.
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3.4 Mt. Barmsteine: Barmstein Limestone

Type-Locality: Resediments of the Plassen Carbonate Platform s. str. (Late Tithonian to Early Berriasian)
intercalated in Calpionella Limestone.

Fig. 13: The Barmstein Limestone type-locality west of the township Hallein. A) Mt. Grosser Barmstein,
view from the south. B) Coarse-grained Barmstein Limestone with chert nodules.

Detailed description of the type locality in GAwLICK et al. (2005). The cliffs of the Barmstein Limestones
on the type locality (Fig. 13) consist of a roughly 160 m thick latest Tithonian to earliest Cretaceous
succession - according to the final definition of the Jurassic/Cretaceous boundary based on the FAD of
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the spherical variety of Calpionella alpina (Alpina subzone). In June 2016, the Berriasian Working Group
voted by a large majority (76%) to adopt the Crassicollaria/Calpionella turnover as the primary marker
for the base of the Berriasian (WIMBLEDON, 2017). But, the basal part of the succession has to be
attributed to the highest part of the Tithonian (STEIGER, 1981, 1992; GAWLICK et al., 2005).

At the cliffs of the Barmstein Limestones, repeated shedding of mass transport deposits (olistostromes,
debris and slide flows, and turbidites) resulted in a varying component spectrum, slightly varying
dipping and variable grain size. In some Barmstein layers in the type area dominate (in cases slightly
older) clasts of the inner lagoon of the Plassen Carbonate Platform, in other layers dominate reef-near
clasts. In some channels older casts (e.g., dolomite, filament limestone, lagoonal limestones,
Saccocoma limestone, radiolarite) can be found, which indicate deeper erosion in the provenance
area. The component spectrum indicates an eroded sedimentary succession similar as found in the
older Tauglboden Formation. Only the occurrence of Middle Triassic components in the Barmstein
Limestones differs from the spectrum in the Tauglboden Formation. We suppose to see in these
Triassic clasts erosion of deeper stratigraphic levels of the collapsed Trattberg Rise controlled by the
formation of Late Tithonian escarpments.

In some flows appear clasts deriving from an evaporitic succession (STEIGER, 1981; PLOCHINGER, 1974):
pseudomorphs after gypsum, siltstones, and recrystallized dolomites with high porosity (most
probably earliest Middle Triassic). A direct proof for the provenance from the Alpine Haselgebirge as
in the “Tonflatschenbreccia” of the Leube quarry (PLOCHINGER 1974, 1976) is not available for the
Barmsteine type locality. A derivation from the Reichenhall Formation cannot be excluded. Together
with the other Triassic-Jurassic components in the Barmstein layers, the Reichenhall Formation would
complete the reworked Triassic succession from the Trattberg Rise (e.g., sedimentary sequence of the
Berchtesgaden unit with Mt. Untersberg as frontal part). In addition, turbiditic grainstone layers occur
intercalated in the Calpionella Limestone (Oberalm Formation). For the genesis of the Barmstein
Limestones, tectonic control mechanisms as well as possible sequence stratigraphic cyclicity is
discussed (GAwLIcK et al., 2005, 2009). No Triassic Hallstatt Limestone clasts were found at the type
locality.
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