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1. INTRODUCTION
The Northern Calcareous Alps have a complex Mesozoic–
Cenozoic tectono-stratigraphic history and experienced seve ral 
mountain building processes. The first phase is the Middle–
Late Jurassic ophiolite obduction in the frame of the formation 
of the Neotethyan Belt (MISSONI & GAWLICK, 2011a, b), 
which is followed by “Mid-Cretaceous” orogenesis (TOLL-
MANN, 1985; JANÁK et al., 2004; SCHMID et al., 2004). 
After that the true Alpine mountain building process occurred 
(HANDY et al., 2010 and references therein), with collision of 
the Austroalpine unit as the northern part of the wider Adria 
plate (GAWLICK & MISSONI, 2019) with Europe (FAUPL 
& WAGREICH, 2000), and the subsequent lateral tectonic 
extrusion since Miocene times (RATSCHBACHER et al., 
1991). Therefore, the Northern Calcareous Alps presently 
consist of several nappes that were differentiated into, and in 
some cases rotated blocks, by Cenozoic faults and fault zones 
(LINZER et al., 1995; FRISCH & GAWLICK, 2003; PUEYO 
et al., 2007). During these polyphase mountain-building 
processes the original facies belts of the Triassic–Middle 
Jurassic passive continental margin configuration were 
completely destroyed in parts. The outer shelf area (Hallstatt 
shelf) can only be reconstructed by the analysis of reworked 
material in various mélanges (e.g., Hallstatt Mélange, defined 
by FRISCH & GAWLICK (2003); Haselgebirge Mélange 
defined by SPÖTL et al. (1998)), and by a comparison with 
other mountain chains in the Western Tethyan Realm (e.g., 
Western Carpathians, Southern Alps, Dinarides, Albanides, 
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Abstract
The Lower Jurassic sedimentary sequence deposited on the outer shelf (Hallstat shelf) of 
the Neo-Tethys passive margin occurs mainly as blocks in different mélanges, or in rare 
cases, far-travelled nappes formed in the frame of the Middle–Late Jurassic mountain build-
ing process related to ophiolite obduction. Datable Lower Jurassic blocks are very rare in 
the Western Tethyan Realm, and are studied in detail for their age and sedimentological 
characteristics in order to reconstruct the Jurassic distal parts of the Neo-Tethyan passive 
continental margin. One of these exotic blocks, belonging to the marly siliceous limestones 
of the Dürrnberg Formation, was discovered in the Haselgebirge Mélange of the Weitenau 
Area (Northern Calcareous Alps, Austria). The block yielded a well-preserved radiolarian 
fauna, which is assigned here to the uppermost Lower Pliensbachian Gigi fustis–Lantus 
sixi Radiolarian Zone. The occurrence of this Lower Jurassic block beside other exotic 
blocks in the Upper Jurassic Haselgebirge Mélange proves the allochthony of the Hasel-
gebirge Mélange in the Weitenau area.

Hellenides and units in the Pannonian Realm; GAWLICK & 
MISSONI, 2019 and references therein). While the Triassic 
sedimentological history of the different Hallstatt facies belts 
is fairly well understood (LEIN, 1987; KRYSTYN, 2008) the 
Early–Middle Jurassic depositional history is, except for some 
details, mostly enigmatic (GAWLICK et al., 2009 and refe-
rences therein), due to the lack of datable blocks in different 
mélanges around the Neotethyan belt. In fact, datable Lower 
Jurassic successions that derive from the outer (distal) shelf 
are at the moment only known from such mélanges in the 
Northern Calcareous Alps (Hallstat Mélange and Haselgebirge 
Mélange).

The Eastern Alps, including the Northern Calcareous 
Alps, were palaeogeographically situated in a relatively central 
position (GAWLICK & MISSONI, 2019) of the west-northwest 
striking passive continental margin spanning from the 
Hellenides to the Western Carpathians. To unravel the Early 
Jurassic outer (Hallstatt) shelf history of the Northern 
Calcareous Alps, it is important to study all the available 
blocks in these differentiated areas in terms of age, facies and 
depositional environment, to achieve a convincing Early 
Jurassic outer shelf reconstruction and depositional history for 
the whole Western Tethyan Realm. Radiolarians, besides the 
rare ammonoids, are usually the only available biostratigraphic 
tool to determine the age of these exotic blocks, and they have 
been widely applied in past tectono-stratigraphic studies and 
palaeogeographic reconstructions of the Northern Calcareous 
Alps (e.g., GAWLICK et al., 2007; AUER et al., 2009; 
GAWLICK et al., 2009).
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Although well-preserved Early Jurassic radiolarian 
assem  blages are rare, they are prerequisite for extensive and 
detailed taxonomic studies, which are the basis for precise age 
determinations. The best-preserved Early Jurassic assemblages 
in the Western Tethyan Realm, and globally, were studied from 
Pliensbachian limestones in Turkey (PESSAGNO & POISSON, 
1981; DE WEVER, 1981a, b, 1982a, b) and from Sinemurian–
Pliensbachian limestones in Austria (O’DOGHERTY & 
GAWLICK, 2008; CIFER et al., 2020, 2022; CIFER & GORI-
ČAN, 2023a, b). Other studies from the Western Tethyan 
Realm are from Italy (BERTINELLI & MARCUCCI, 2011), 
Slovenia (GORIČAN et al., 2003), Austria (KOZUR & 
MOSTLER, 1990; GAWLICK et al., 2001), Greece (CHIARI 
et al., 2013), Cyprus (BRAGIN et al., 2022), and Turkey 
(TEKIN, 2002; TEKIN et al., 2020). Radiolarians generally 
radiate extremely fast and are globally abundant, but there are 
still major differences between the radiolarian assemblages of 
different provinces (the Western Tethyan Realm, Panthalassa, 
the Boreal and the Austral Realm). Many age-diagnostic 
species, important for the Lower Jurassic global radiolarian 
zonation (CARTER et al., 2010) are either not abundant or are 
completely missing in the Western Tethyan Realm (GORIČAN 
et al., 2013). Therefore, each well-preserved Early Jurassic 
radiolarian assemblage from the Western Tethyan Realm 
provides new important data on radiolarian taxonomy and 
biostratigraphy, further enhancing the use of radiolarians as 
an age diagnostic and palaeobiogeographical tool.

In this study we present the radiolarian inventory and a 
precise age assignment of a well-preserved radiolarian fauna 
collected from an exotic block in the Weitenau area in the 
central Northern Calcareous Alps (Austria), with the aim of 
providing new information on the age and distribution of Early 
Jurassic radiolarian species of the Western Tethyan Realm, 
and to define the palaeogeographic provenance and the 
tectono-stratigraphic evolution of the radiolarian bearing 
block, which was incorporated in the Haselgebirge Mélange.

2. GEOLOGICAL OVERVIEW
The Weitenau area lies in the central part of the Northern 
Calcareous Alps (Figs. 1A, B) and belongs the Tirolic mega-unit. 
It consists predominantly of uppermost Jurassic to Lower 
Cretaceous sedimentary rocks of the Oberalm, Schrambach 
and Rossfeld formations (PLÖCHINGER, 1987, 1990), with 
several windows made of the Upper Jurassic Haselgebirge 
Mélange, which is, according to SPÖTL et al. (1998), a mixture 
of Upper Permian–lowermost Triassic gypsum matrix (Hasel-
gebirge Formation of Grubach Moosege; SCHORN & 
NEUBAUER, 2011; KRISCHE et al., 2013a) and various exotic 
components of Permian to Jurassic age (KIRCHNER, 1980; 
VON EYNATTEN & GAUPP, 1999; VON EYNATTEN et al., 
1996; NEUBAUER et al., 2007; SCHORN et al., 2013). These 
components are limestone blocks and volcanics, occa sionally 
with blue amphiboles indicating high-pressure/low temperature 
metamorphism (KIRCHNER, 1980). Limestone blocks from 
the Weitenau area have not been previously studied unlike the 
limestone blocks in the Berchtesgaden or Hallein-Bad 
Dürrnberg salt mines (GAWLICK et al., 2009; MISSONI & 
GAWLICK, 2011a). The Haselgebirge Mélange in the Weitenau 

area is part of the widespread occurring Haselgebirge Mélange 
in the central Northern Calcareous Alps (TOLLMANN, 1985), 
forming the important salt and gypsum deposits, which have 
been variously exploited for more than 3000 years.

The emplacement history of the Haselgebirge Mélange in 
the sense of SPÖTL et al. (1998) is rather complicated and 
poly phase. After formation of the different Hallstatt mélanges 
in Bathonian to Oxfordian times (see GAWLICK & MISSONI, 
2019 and references therein), the Haselgebirge Mélange was 
emplaced above the Hallstatt mélanges and sealed by the latest 
Oxfordian to Kimmeridgian deep- to shallow-water limestones 
of the Plassen Carbonate Platform (GAWLICK & SCHLA-
GINT WEIT, 2006; GAWLICK et al., 2009, 2012; MISSONI 
& GAWLICK, 2011a, b). This is in line with the component 
spectrum in the various Hallstatt mélanges of the Northern 
Calcareous Alps, in which clasts of the latest Permian to 
earliest Triassic Haselgebirge Formation are missing. The first 
reworked clasts of the Haselgebirge Formation appear in the 
latest Oxfordian to Kimmeridgian Sillenkopf Formation 
(MISSONI et al., 2001). Later, during Tithonian times, the 
Haselgebirge Mélange was remobilized and transported 
further to the north to the Oberalm Formation (PLÖCHINGER, 
1974, 1976, 1979; TOLLMANN, 1985; BUJTOR et al., 2013). 
At the contact between the gypsum (Haselgebirge Mélange) 
and the uppermost Jurassic to Lower Cretaceous sedimentary 
sequence (Oberalm, Schrambach and Rossfeld formations), 
Upper Kimmeridgian–Lower Tithonian Saccocoma Lime sto-
nes are preserved. They limit the time of early emplacement 
of the Haselgebirge Mélange, before its reworking into the 
Oberalm Formation, to be above the Callovian–Oxfordian 
Hallstatt Mélange (Fig. 2; KRISCHE et al., 2013a). The Sacco
coma Limestones were originally deposited above the Hasel-
gebirge Mélange and seal its first emplacement around the 
Oxfordian–Kimmeridgian boundary. This early emplacement 
age of the Alpine Haselgebirge Mélange (SPÖTL et al., 1998) 
is in line with data obtained in the Salzkammergut (Rötelstein 
– STEIGER & WURM, 1980; Altausee – GAWLICK et al., 
2012; Hallstatt – GAWLICK & SCHLAGINTWEIT, 2006; 
Krahstein – SCHLAGINTWEIT et al., 2003) or in the 
Salzburg-Berchtesgaden Calcareous Alps (Berchtesgaden and 
Bad Dürrnberg – MISSONI & GAWLICK, 2011b).

In the Late Triassic, the Weitenau area was part of the 
huge Hauptdolomite-Dachstein Carbonate Platform and 
situated in the transitional facies zone between the restricted 
area (Hauptdolomite) and the open lagoon (lagoonal Dachstein 
Limestone). In the Late Norian to Rhaetian, the Kössen Basin 
as a deepened lagoon was formed due to siliciclastic input with 
its maximal extent in the Late Norian. In the Early Rhaetian, 
reefs established at the southern rim of the Kössen Basin and 
prograded rapidly northwards during the Rhaetian. South of 
the Rhaetian reefs, the lagoonal Dachstein Limestones were 
formed. Only the relatively small Eiberg Basin (GOLEBIOWSKI, 
1991) remained as a deeper area. The biotic crisis at the 
Triassic–Jurassic boundary (SEPKOSKI, 1996; PÁLFY, 2008), 
combined with a sea-level fall (HUBBARD & BOUTLER, 
2000; GUEX et al., 2004), stopped the shallow-water carbonate 
production in the Northern Calcareous Alps and led to the 
demise of the Hauptdolomite-Dachstein Carbonate Platform 
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(GAWLICK et al., 1999; HILLEBRANDT & KRYSTYN, 
2009). Deposition during Hettangian–Pliensbachian times 
followed the palaeotopography of the uppermost Triassic. On 
morphological highs, red nodular limestones of the Hettangian 
to Aalenian Adnet Group were deposited whereas in the 
basins, (i.e. the Eiberg Basin) grey siliceous limestones 

accumulated (BÖHM, 1992). The only exception is a small-
scale basin at the northern edge of today’s Tennengebirge-
Hagengebirge Block (Fig. 1B), where locally condensed grey 
siliceous limestones (GAWLICK et al., 2009; GAWLICK & 
MISSONI, 2013) with a characteristic litho- and microfacies 
were deposited (GAWLICK et al., 2009). After a long-lasting 

Figure 1. A) A tectonic sketch map of the Eastern Alps and study area (marked by the red box; Fig. 1B) in the central Northern Calcareous Alps (after 
TOLLMANN, 1977; FRISCH & GAWLICK, 2003, modified). GPU Graz Palaeozoic unit; GU Gurktal unit; GWZ Greywacke Zone; RFZ Rhenodanubian Flysch 
Zone. B) The recent block configuration of the Upper Jurassic Tirolic knappes in the central Northern Calcareous Alps with major faults during Miocene 
lateral tectonic extrusion (simplified and modified after FRISCH & GAWLICK, 2003). The studied locality of Weitenau (Hochreith unit according to KRISCHE 
et al., 2013a) northeast of Golling is marked by a red star.



G
eo

lo
gi

a 
C

ro
at

ic
a

4 Geologia Croatica 78/1

gap in the Bajocian, deposition of the extremely condensed red 
nodular limestones of the Klaus Formation began (GAWLICK 
et al., 2009 for a summary and references) in the area of the 
southern Osterhorn Block and the Tennengebirge-Hagenge-
birge Block (Figs. 1B, 2). These Bositra- and Protoglobigerina 
limestones (Klaus Formation) are overlain by Callovian to 
Oxfordian radiolarites, which later also form the matrix in the 
newly formed trench-like basins in front of the propagating 
thrust belt (Hallstatt Mélanges; GAWLICK & MISSONI, 2019 
for an overview and references) that were triggered by ophiolite 
obduction.

The Alpine Haselgebirge Formation, was deposited around 
the Permian–Triassic boundary in the area below the future 
Hallstatt shelf (TOLLMANN, 1985). Later, after the partial 
detachment of the siliciclastic Lower Triassic sequence and the 
uppermost Lower Triassic to Middle Jurassic open-shelf 
sequence, it acts as a basal thrust plane for the obducting ophio-
lites. During this process, blocks of the underlying sequence 
were scraped off and incorporated into the Haselge birge 
Mélange, similar to other mélanges elsewhere (SCHMID et 
al., 2008; FESTA et al., 2016). These exotic blocks of the 
Haselgebirge Mélange also belong to the Lower Jurassic 

Figure 2. Jurassic to Early Cretaceous stratigraphic table of the Northern Calcareous Alps with the main tectonic Middle–Late Jurassic events and 
lithostratigraphic names of the Jurassic–Early Cretaceous of the Northern Calcareous Alps (modified after GAWLICK & MISSONI, 2019). The Early–Mid-
dle Jurassic depositional environment follows the Late Triassic topographic inventory of the Hauptdolomite-Dachstein Carbonate Platform formed of 
the passive continental margin of the Neo-Tethys Ocean to the south, according to the present-day position of the Northern Calcareous Alps. In the 
frame of obduction of Neo-Tethys derived ophiolites a northward propagating thrust belt formed since Middle Jurassic times. The obducting ophiolites 
were scraped off the Late Permian evaporites and blocks from the continental margin to the outer shelf (Position 1) and transported this Haselgebirge 
Mélange (SPÖTL et al., 1998) to the North until the Late Oxfordian (Position 2; for a detailed explanation see MISSONI & GAWLICK, 2011a, b). During the 
Tithonian, in the frame of mountain uplift and unroofing, the Haselgebirge Mélange was remobilized and transported further to the North (Position 3; 
PLÖCHINGER, 1976) and then sealed by the Lower Cretaceous Rossfeld Basin fill (KRISCHE et al., 2014; KRISCHE & GAWLICK, 2015). Tectonic motions, re-
lated to the lateral tectonic extrusion (RATSCHBACHER et al., 1991; LINZER et al., 1995; PUEYO et al., 2007), led to remobilization of the Alpine Haselge-
birge Mélange and also formed  the Hochreith unit, which contains the Alpine Haselgebirge Mélange in the Weitenau area (KRISCHE et al., 2013a). HsM 
– Haselgebirge Mélange.
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marly-siliceous Dürrnberg Formation and to the Toarcian–
Aalenian Birkenfeld Formation (GAWLICK et al., 2009; 
MISSONI & GAWLICK, 2011a, b). During this process, the 
Alpine Haselgebirge Mélange experienced a low-grade ther-
mal overprint during Oxfordian and Early Kimmeridgian 
times (SPÖTL et al., 1998). Later, in the frame of the latest 
Jurassic mountain uplift and unroofing (Fig. 2), parts of the 
Alpine Haselgebirge Mélange glided northwards and were in-
cor porated in the Tithonian Oberalm Formation (PLÖCHINGER 
1974, 1976; KRISCHE et al., 2018) and sealed by the Lower 
Cretaceous sedimentary succession (Schrambach and Rossfeld 
formations; KRISCHE et al., 2013b, 2014). This tectono-
stratigraphic evolution is also documented in the area east–
northeast of Golling (Fig. 1B; PLÖCHINGER, 1979). The 
Lower Jurassic marly siliceous limestone block, east of the 
Berggasthof Hochreith (Fig. 3) described here, is one of these 
exotic blocks transported to the actual position by the early 
emplacement of the Alpine Haselgebirge Mélange, similar to 
the known Lower Jurassic blocks from the outer shelf in the 
Berchtesgaden salt mine (GAWLICK et al., 2009). The block 
can be attributed to the Dürrnberg Formation, representing a 
deeper shelf facies (GAWLICK et al., 2009), which can only 
be reconstructed today from various blocks that are incor-
porated in different mélanges (i.e. Haselgebirge Mélange, 
Hallstatt Mélange).

3. RADIOLARIAN BIOSTRATIGRAPHY
The microfacies of this studied Lower Jurassic block is that of 
a slightly bioturbated marly siliceous radiolarian-spicule 
wacke- to packstone with some broken crinoids, similar to the 
Pliensbachian microfacies figured in O’DOGHERTY & 
GAWLICK (2008; Fig. 4). For radiolarian studies, three sam-
ples were processed in acetic acid (8–10 %) for five days. The 
residue was washed and sieved through a 63 µm mesh. Radio-
larians were picked and observed under a stereomicroscope 
and photographed with a Leica scanning electron microscope. 
Of all the processed samples, only one (OK-W368), yielded a 
well-preserved radiolarian assemblage.

Altogether 53 species belonging to 30 genera were iden-
tified (Table 1), and are illustrated in Pls. 1–4. Of these, 14 
species are in open nomenclature and six are described with 
either affinis or confer. We use the generic names revised by 
O’DOGHERTY et al. (2009). The species level taxonomy is 
according to GORIČAN et al. (2006) and more recent 
taxonomic studies (CIFER et al., 2020; TEKIN et al., 2020; 
CIFER & GORIČAN, 2023a, b). For age determination, the 
global radiolarian zonation by CARTER et al. (2010) was used. 
The studied radiolarian assemblage from sample OK-W368 is 
assigned to the uppermost Lower Pliensbachian Gigi fustis–
Lantus sixi Radiolarian Zone (UA 12–18 of CARTER et al., 
2010), based on the first appearance of Archaeohagiastrum 

Figure 3. A simplified geological map of the Western Weitenau region, with the indicated sample locality of the Haselgebirge Mélange with the Lower 
Jurassic radiolarian-bearing block of the Dürrnberg Formation, after KRISCHE et al. (2013a). Lammer Basin: Middle to Upper Jurassic, indicated with 
white; Hochreith Unit and the East and Central Weitenau: Early Cretaceous to Quaternary, indicated with white.
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longipes BAUMGARTNER and the last appearance of Napora 
reiferensis (PESSAGNO, WHALEN & YEH). Other impor-
tant age diagnostic taxa that support a Pliensbachian age for 
the studied fauna are Bagotum maudense PESSAGNO & 
WHALEN (stratigraphic range from the Lower Pliensbachian 
Canutus tipper–Katroma clara Zone to the Lower Toarcian 
Napora relica–Eucyrtidiellum disparile Zone), Helvetocapsa 
cf. plicata plicata (MATSUOKA) (Lower Pliensbachian 
Zartus mostleri–Pseudoristola megaglobosa Zone to Lower 
Toarcian Napora relica–Eucyrtidiellum disparile Zone), 
Lantus praeobesus CARTER (Lower Pliensbachian Canutus 
tipper–Katroma clara Zone to Upper Pliensbachian 
Eucyrtidiellum nagaiae–Praeparvicingula tlellensis Zone); 
Naropa vi HORI, WHALEN & DUMITRICA (Lower Pliens-
bachian Gigi fustits–Lantus sixi Zone to Upper Pliensbachian 
Eucyrtidiellum nagaiae–Praeparvicingula tlellensis Zone); 
Parahsuum mostleri (YEH) (Lower Pliensbachian Zartus 
mostleri–Pseudoristola megaglobosa Zone to Lower Toarcian 
Napora relica–Eucyrtidiellum disparile Zone) and Paronaella 
variabilis CARTER (Lower Pliensbachian Gigi-fustis–Lantus 
sixi Zone to Aalenian Higumastra transversa–Napora 
nipponica Zone). The ranges of Naropa vi and Parahsuum 
mostleri were later extended downwards to the Canutus 
tipper–Katroma clara Radiolarian Zone (CIFER et al., 2022).

This fauna is similar in age to the well-known and 
extremely well-preserved radiolarian assemblage from sample 
1662D from the Gümüʂlü allochthonous unit in Turkey (e.g., 
DE WEVER, 1981a, b, 1982a, b; PESSAGNO & POISSON, 
1981; GORIČAN et al., 2006) and the radiolarian fauna from 
sample BMW21 from the Teltschengraben in the Northern 
Calcareous Alps, Austria (O’DOGHERTY & GAWLICK, 
2008). Several species were identified in the studied sample 
from Weitenau that were previously only identified from 
sample 1662D (Turkey) and BMW21 (Teltschengraben). These 
are Paronaella tripla DE WEVER, Orbiculiformella radiata 
DE WEVER and Paronaella hirsuta (DE WEVER). Two of 
these species, Orbiculiformella radiata DE WEVER and 
Paronaella hirsuta (DE WEVER), were identified exclusively 
at these three localities, only Paronaella tripla DE WEVER 
was identified at one additional locality, in Haida Gwaii, 
British Columbia (CARTER et al., 1988). Other age diagnostic 
species that are common but not exclusive to the studied 
sample from Weitenau and the afore mentioned samples from 
Teltschegraben and Turkey, are Parahsuum mostleri (YEH), 
Zhamoidellum sutnal (O’DOGHERTY & GAWLICK), 
Homoeoparonaella lowryensis WHALEN & CARTER, 
Archaeohagiastrum longipes BAUMGARTNER.

Figure 4. Microfacies of sample OK-W368 is a slightly bioturbated marly siliceous radiolarian-spicule wacke- to packstone, belonging to the Dürrnberg 
Formation. The scale bar is 200 µm.
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4. PALAEOGEOGRAPHIC PROVENANCE  
AND IMPORTANCE OF THE LOWER JURASSIC 
OUTER SHELF SEDIMENTARY SEQUENCE  
OF THE WEITENAU AREA
The wider area around the present position of the analysed 
exotic block incorporated into the Haselgebirge Mélange is 
characterized throughout the whole Early to early-Middle 
Jurassic by the deposition of red condensed nodular limestones 
(BÖHM, 1992; GAWLICK et al., 1999). In contrast, the 
provenance area of the studied block is characterized by 
predominantly grey siliceous limestones and in parts marly 
limestones and marls that were deposited on either the outer 
shelf (Fig. 2; Dürrnberg Formation – GAWLICK et al., 2001), 
or deep-water basins in the Tirolic unit (GOLEBIOWSKI, 
1990, 1991), formed in the latest Triassic lagoonal areas in the 
former central shelf position (Fig. 2). The colouring is darker 
and the clay content is significantly higher in rocks of the outer 
(Hallstatt) shelf than in the brighter, spicula-rich siliceous 
limestones in the central to proximal shelf areas (Fig. 2; 
BÖHM, 1992; GAWLICK et al., 2009). In addition, the 
thickness of the Lower Jurassic sequence deposited in the 
outer shelf seems significantly higher in comparison with the 
age equivalent siliceous limestones in the proximal and central 
shelf areas of the Tirolic unit. This difference can be easily 
recognized by the sequences preserved in the various known 
rocks of the Dürrnberg and Birkenfeld Formation, with 
thicknesses of up to 30 m, deposited in a very short time 
interval (GAWLICK et al., 2001, 2009; O´DOGHERTY & 
GAWLICK, 2008; MISSONI & GAWLICK, 2011b). It can be 
estimated that the thickness of the Dürrnberg Formation 
reaches up to 200 m in some cases. Furthermore, the 
microfacies characteristics of the Dürrnberg Formation differ 
significantly from age equivalent grey siliceous limestones 
deposited in the former central shelf area (GAWLICK et al., 
2009). Nevertheless, the clay content in the outer shelf 
sedimentary sequence decreased during the Rhaetian 
(Zlambach Formation; KRYSTYN, 2008) to the Sinemurian–
Pliensbachian (Dürrnberg Formation; GAWLICK et al., 2001). 
This decrease in clay content can be easily explained by the 
ongoing extension in the area of the later Alpine Atlantic 
where, during the evolving graben structure from Middle to 
Late Hettangian times, a clay-rich sedimentary succession was 
deposited (Bündner schists; TOLLMANN, 1977 and 
references therein). In the Toarcian to Aalenian Birkenfeld 
Formation, the clay content increased again and led to the 
deposition of siliceous marls on the outer (Hallstatt; Fig. 2) 
shelf area. The increasing clay content on the outer shelf is 
interpreted as the result of the onset of ophiolite obduction 
(MISSONI & GAWLICK, 2011a, b).

A similar general sedimentological evolution is known 
from various blocks in the Hallstatt Mélange of Serbia 
(GAWLICK et al., 2017, 2018). Lithological differences 
between the outer shelf sedimentation from the Northern 
Calcareous Alps and Dinarides are the much lower clay 
content in the grey siliceous and spicula-rich limestones and 
the limited thickness in the latter, while the microfacies are 
similar in both. However, a comprehensive biostratigraphic 
proof, e.g., with ammonoids or radiolarians, has not yet been 

Table 1. Identified radiolarian taxa in sample OK-W368. The stratigraphic 
range is indicated for species with known ranges expressed in Unitary As-
sociations (UA; after CARTER et al., 2010).  indicates, which species have 
their stratigraphic ranges, published in CARTER et al. (2010), extended 
based on later studies (CIFER et al., 2020, 2022; CIFER & GORIČAN, 2023a, b). 
The studied assemblage is assigned to the Gigi fustis – Lantus sixi Radiolar-
ian Zone (UA 12–18).

Radiolarian taxa UA

Acaeniotylopsis? sp.

Archaeocenosphaera ruesti PESSAGNO & YANG

Archaeodictyomitra sp.

Archaeohagiastrum longipes BAUMGARTNER 14–41

Bagotum erraticum PESSAGNO & WHALEN

Bagotum maudense PESSAGNO & WHALEN 02–26

Beatricea? sp.

Canoptum anulatum PESSAGNO & POISSON 06–28

Canoptum columbiaense WHALEN & CARTER 01–20

Charlottea sp.

Crucella jadeae CARTER & DUMITRICA

Crucella squama (KOZLOVA)

Crucella sp.

Doliocapsa sp. 1 sensu CIFER et al. (2020)

Doliocapsa sp. C sensu CIFER & GORIČAN (2023a)

Droltus hecatensis PESSAGNO & WHALEN

Dumitricaella aff. trispinosa DUMITRICA

Farcus cf. asperoensis PESSAGNO, WHALEN & YEH

Farcus kozuri YEH

Hagiastrum macrum gr. DE WEVER

Hagiastrum sp.

Helvetocapsa cf. plicata plicata (MATSUOKA) 08–27

Homoeoparonaella lowryensis WHALEN & CARTER 03–20

Katroma sp.

Lantus praeobesus CARTER 02–20
Loupanus pliensbachicus CIFER

Loupanus cf. sp. A sensu CIFER & GORIČAN (2023b)

Loupanus sp. C sensu CIFER & GORIČAN (2023b)

Mendacastrum? sp. A sensu CIFER & GORIČAN (2023b)

Napora reiferensis (PESSAGNO, WHALEN & YEH) 09–17

Naropa vi HORI, WHALEN & DUMITRICA 12–19
Orbiculiformella radiata DE WEVER

Orbiculiformella sp.

Pantanellium carlense WHALEN & CARTER

Pantanellium inornatum PESSAGNO & POISSON 03–22

Parahsuum mostleri (YEH) 06–27
Parahsuum simplum YAO 01–36

Paronaella aff. bona (YEH)

Paronaella grahamensis CARTER 03–34
Paronaella hirsuta (DE WEVER)

Paronaella notabilis WHALEN & CARTER

Paronaella snowshoensis (YEH)

Paronaella tripla DE WEVER

Paronaella variabilis CARTER 17–34

Paronaella sp. A sensu CIFER & GORIČAN (2023b)

Praeconocaryomma bajaensis WHALEN 06–38
Praeconocaryomma pravimamma PESSAGNO & POISSON

Praeconocaryomma whiteavesi CARTER 08–23
Tozerium filzmoosense CIFER

Tripocyclia? tortuosa DUMITRICA, GORIČAN & WHALEN

Zhamoidellum sutnal (O’DOGHERTY & GAWLICK)

Zhamoidellum yehae DUMITRICA

Zhamoidellum sp.
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achieved, due to the lack of ammonoids and the generally 
predominant recrystallization of radiolarians. The age can 
only be estimated by the underlying conodont bearing latest 
Triassic limestones and the overlying Middle Jurassic radio-
larites. In the Inner Western Carpathians similar successions 
are not known.

Although the deposition of open-marine sedimentary 
rocks in the outer shelf region of the western to north-western 
passive continental margin of the Neo-Tethys continued 
without a break from Late Triassic to early Middle Jurassic 
times, the detailed evolution is only poorly known due to the 
destruction of the whole outer shelf area during the Middle–
Late Jurassic ophiolite obduction (GAWLICK et al., 2008; 
SCHMID et al., 2008; GAWLICK & MISSONI, 2019), with 
the formation of various ophiolitic and sedimentary mélanges 
throughout the whole of the Western Tethyan Realm. The 
analysis of the exotic block in the Haselgebirge Mélange of the 
Weitenau area fills therefore an important gap in the knowledge 
of the evolution of the outer (Hallstatt) shelf. The radiolarian 
bearing block is a missing part of the Lower Jurassic outer 
shelf sedimentary sequence and fits perfectly with the known 
blocks in the Hallstatt Mélange in the area of Hallein-Bad 
Dürrnberg (GAWLICK et al., 2001) or the Haselgebirge 
Mélange in the Berchtesgaden salt mine (MISSONI & 
GAWLICK, 2011b). Furthermore, the existence of this block 
in the Haselgebirge Mélange shows the allochthony of the 
Alpine Haselgebirge as a far-travelled mélange complex.

5. CONCLUSIONS
The studied fauna is assigned to the Lower Pliensbachian Gigi 
fustis–Lantus sixi Radiolarian Zone (UA 12–18) of CARTER 
et al. (2010). Altogether, the fauna comprises 53 species 
belonging to 30 genera. In terms of age and composition the 
studied assemblage is closest to the faunas from sample 
BMW21 (Teltschengraben, Austria) and sample 1662D (the 
Gümüʂlü allochthonous unit, Turkey) as it contains several 
taxa that were previously only found in these two samples.

The well-preserved Early Jurassic radiolarian assemblage 
fills an important gap in the knowledge about the Early Jurassic 
depositional history of the outer shelf of the Neo-Tethys 
passive continental margin. The facies and age of the block, 
together with the rich and well-preserved radiolarian fauna, 
contrast significantly from the Lower Jurassic sedimentary 
sequence known from the wider area between the Tennenge-
birge Mts. to the south and the Osterhorn unit to the north. 
They prove the allochthonous nature of this block, transported 
in the Haselgebirge Mélange to its present-day position. The 
position of the block also indicates a polyphase transport of 
the Haselgebirge Mélange during Jurassic times from the outer 
shelf to the central shelf area; that is the former lagoon of the 
Upper Triassic Hauptdolomite-Dachstein Carbonate Platform.

ACKNOWLEDGMENT
Financial support for this work was provided by the Slovenian 
Research Agency, research core funding no. P1-0008 and 
Young Researcher grant program (no. 39186), by the CEEPUS 
Grant CIII-RO-0038, and in the frame of the IGCP-710 projects 
“Western Tethys meets Eastern Tethys”. The samples were 

processed in the frame of the UZAG-Programme of the 
Montanuniversität Leoben, Austria. We thank dr. Špela 
GORIČAN (Ivan Rakovec Institute of Palaeontology, Research 
Centre of the Slovenian Academy of Sciences and Arts) for 
valuable advice and comments on the manuscript. We also 
thank Nevenka DJERIĆ, an anonymous reviewer and the 
handling editor Duje KUKOČ for important comments and 
remarks on our study.

REFFERENCES
AUER, M., GAWLICK, H.-J., SUZUKI, H. & SCHLAGINTWEIT, F. (2009): 

Spatial and temporal development of the siliceous basin and shallow-wa-
ter carbonate sedimentation in Oxfordian Northern Calcareous Alps.– Fa-
cies, 55, 63–87. https://doi.org/10.1007/s10347-008-0155-3

BERTINELLI, A. & MARCUCCI, M. (2011): Middle and Late Hettangian ra-
diolarians from Mt. Camicia succession (Gran Sasso, Central Apennines 
– Italy).– Riv. Ital. Paleontol. S., 117, 399–421. https://doi.org/10.13130/ 
2039-4942/5983

BÖHM, F. (1992): Mikrofazies und Ablagerungsmilieu des Lias und Dogger 
der Nordöstlichen Kalkalpen.– Erlanger Geologische Abhandlungen, 121, 
55–217.

BRAGIN, N., LEDNEVA, G., BRAGINA, L., TSIOLAKIS, E., SYMEOU, V. 
& PAPADIMITRIOU, N. (2022): The radiolarian age and petrographic 
composition of a block of the Lower Jurassic volcaniclastic breccia and 
chert of the Mamonia Complex, SW Cyprus.– Geol. Croat., 75/1, 115–128. 
https://doi.org/10.4154/gc.2022.07

BUJTOR, L., KRISCHE, O. & GAWLICK, H.-J. (2013): Late Berriasian am-
monite assemblage and biostratigraphy of the Leube quarry near Salzburg 
(Northern Calcareous Alps, Austria).– N. Jb. Geol. Pal. Abh., 267, 273–
295. http://doi.org/10.1127/0077-7749/2013/0309

CARTER, E.S., CAMERON, B.E.B. & SMITH, P.L. (1988): Lower and Mid-
dle Jurassic radiolarian biostratigraphy and systematic paleontology, Queen 
Charlotte Islands, British Columbia.– Geol. Surv. Can., Bull., 386, 1–109.

CARTER, E.S., GORIČAN, Š., GUEX, J., O´DOGHERTY, L., DE WEVER, 
P., DUMITRICA, P., HORI, R.S., MATSUOKA, A. & WHALEN, P.A. 
(2010): Global radiolarian zonation for the Pliensbachian, Toarcian and 
Aalenian.– Palaeogeogr. Palaeocl. Palaeoec., 297, 401–419. https://doi.
org/10.1016/j.palaeo.2010.08.024

CHIARI, M., BAUMGARTNER, P.O., BERNOULLI, D., BORTOLLI, V., 
MARCUCCI, M., PHOTIADES, A. & PRINCIPI, G. (2013): Late Tri-
assic, Early and Middle Jurassic Radiolaria from ferromanganese-chert 
‘nodules’ (Angelokastron, Argolis, Greece): evidence for prolonged radi-
olarite sedimentation in the Maliac-Vardar Ocean.– Facies, 59, 391–424. 
https://doi.org/10.1007/s10347-012-0314-4

CIFER, T. & GORIČAN, Š. (2023a): Late Sinemurian and Early Pliensbachian 
Radiolaria from Mount Rettenstein (Northern Calcareous Alps, Austria). 
Part 1. Nassellaria.– Rev. Micropaleontol., 79, 100717. https://doi.
org/10.1016/j.revmic.2023.100717

CIFER, T. & GORIČAN, Š. (2023b): Late Sinemurian and Early Pliensbachian 
Radiolaria from Mount Rettenstein (Northern Calcareous Alps, Austria). 
Part 2. Entactinaria and Spumellaria.– Rev. Micropaleontol., 81, 100752. 
https://doi.org/10.1016/j.revmic.2023.100752

CIFER, T., GORIČAN, Š., GAWLICK, H.-J. & AUER, M. (2020): Pliensbachi-
an, Early Jurassic radiolarians from Mount Rettenstein in the Nort hern 
Calcareous Alps, Austria.– Acta Palaeontol. Pol., 65/1, 167–207. https://
doi.org/10.4202/app.00618.2019

CIFER, T., GORIČAN, Š., AUER, M., DEMÉNY, A., FRAGUAS, Á., GAW-
LICK, H.-J. & RIECHELMANN, S. (2022): Integrated stratigraphy (ra-
diolarians, calcareous nannofossils, carbon and strontium isotopes) of the 
Sinemurian–Pliensbachian transition at Mt. Rettenstein, Northern Calca-
reous Alps, Austria.– Global Planet. Change, 212, 103811. https://doi.
org/10.1016/j.gloplacha.2022.103811

DE WEVER, P. (1981a): Hagiastridae, Patulibracchiidae et Spongodiscidae 
(radiolaires polycystines) du Lias de Turquie.– Rev. Micropaleontol., 24, 
27–50.

https://doi.org/10.1007/s10347-008-0155-3
https://doi.org/10.13130/2039-4942/5983
https://doi.org/10.13130/2039-4942/5983
https://doi.org/10.4154/gc.2022.07
http://doi.org/10.1127/0077-7749/2013/0309
https://doi.org/10.1016/j.palaeo.2010.08.024
https://doi.org/10.1016/j.palaeo.2010.08.024
https://doi.org/10.1007/s10347-012-0314-4
https://doi.org/10.1016/j.revmic.2023.100717
https://doi.org/10.1016/j.revmic.2023.100717
https://doi.org/10.1016/j.revmic.2023.100752
https://doi.org/10.4202/app.00618.2019
https://doi.org/10.4202/app.00618.2019
https://doi.org/10.1016/j.gloplacha.2022.103811
https://doi.org/10.1016/j.gloplacha.2022.103811


G
eologia C

roatica
9Cifer et al.: Early Jurassic radiolarians from the Weitenau area (Northern Calcareous Alps, Austria) and their implications for palaeogeography

DE WEVER, P. (1981b): Parasaturnalidae, Pantanellidae et Sponguridae (radi-
olaires polycystynes) du Lias de Turquie.– Rev. Micropaleontol., 24, 138–
156.

DE WEVER, P. (1982a): Nassellaria (radiolaires polycystines) du Lias de Tur-
quie.– Rev. Micropaleontol., 24, 189–232.

DE WEVER, P. (1982b): Radiolaires du Trias et du Lias de la Tethys (Systéma-
tique, Stratigraphie).– Société Géologique du Nord, Publication, 7, 1–599.

FAUPL, P. & WAGREICH, M. (2000): Late Jurassic to Eocene palaeogeo-
graphy and geodynamic evolution of the Eastern Alps.– Mitt. Osterr. Ge-
ol. G., 92, 79–194.

FESTA, A., PINI, G.A., DILEK, Y., OGATA, K. & ALONSO, J.L. (2016): Ori-
gin and significance of olistostromes in the evolution of orogenic belts: A 
global synthesis. Gondwana Res., 39, 180–203. https://doi.org/10.1016/j.
gr.2016.08.002

FRISCH, W. & GAWLICK, H.-J. (2003): The nappe structure of the central 
Northern Calcareous Alps and its disintegration during Miocene tectonic 
extrusion – a contribution to understanding the orogenic evolution of the 
Eastern Alps.– Int. J. Earth. Sci., 92, 712–727. https://doi.org/10.1007/
S00531-003-0357-4

GAWLICK, H.-J. & MISSONI, S. (2013): Field Trip B2: Triassic to Early Cre-
taceous geodynamic history of the central Northern Calcareous Alps 
(Northwestern Tethyan realm).– Berichte der Geologischen Bundesan-
stalt, 99, 216–270, Wien.

GAWLICK, H.-J. & MISSONI, S. (2019): Middle-Late Jurassic sedimentary 
mélange formation related to ophiolite obduction in the Alpine-Carpathi-
an-Dinaridic Mountain Range.– Gondwana Res., 74, 144–172. http://doi.
org/10.1016/j.gr.2019.03.003

GAWLICK, H.-J. & SCHLAGINTWEIT, F. (2006): Berriasian drowning of the 
Plassen carbonate platform at the type-locality and its bearing on the ear-
ly Eoalpine orogenic dynamics in the Northern Calcareous Alps (Aus-
tria).– Int. J. Earth. Sci., 95, 451–462. http://doi.org/10.1007/s00531-005-
0048-4

GAWLICK, H.-J., FRISCH, W., VECSEI, A., STEIGER, T. & BÖHM, F. 
(1999): The change from rifting to thrusting in the Northern Calcareous 
Alps as recorded in Jurassic sediments.– Geol. Rdschau., 87, 644–657.

GAWLICK, H.-J., SUZUKI, H. & MISSONI, S. (2001): Nachweis von unterli-
assischen Beckensedimenten in Hallstätter Fazies (Dürrnberg-Formation) 
im Bereich der Hallein – Berchtesgadener Hallstätter Zone und des 
Lammer Beckens (Hettangium – Sinemurium).– Mitteilungen der Gesell-
schaft der Geologie- und Bergbaustudenten in Österreich, 45, 39–55.

GAWLICK, H.-J., SCHLAGINTWEIT, F. & SUZUKI, H. (2007): The Late 
Jurassic to Early Cretaceous sedimentary succession of the Höherstein-
Sandling area (Salzkammergut, Austria) – implications for the reconstruc-
tion of the block puzzle in the central Northern Calcareous Alps, the struc-
ture and evolution of the radiolaritic flysch basins and of the Plassen 
carbonate platform.– Neues Jahrb. Geol. P.-A., 243/1, 1–70. http://doi.
org/10.1127/0077-7749/2007/0243-0001

GAWLICK, H.-J., FRISCH, W., HOXHA, L., DUMITRICA, P., KRYSTYN, 
L., LEIN, R., MISSONI, S. & SCHLAGINTWEIT, F. (2008): Mirdita 
Zone ophiolites and associated sediments in Albania reveal Neotethys 
Ocean origin.– Int. J. Earth Sci., 97, 865–881. http://doi.org/10.1007/
s00531-007-0193-z

GAWLICK, H.-J., MISSONI, S., SCHLAGINTWEIT, F., SUZUKI, H., 
FRISCH, W., KRYSTYN, L., BLAU, J. & LEIN, R. (2009): Jurassic Tec-
tonostratigraphy of the Austroalpine Domain.– Journal of Alpine Geol-
ogy, 50, 1–152.

GAWLICK, H.-J., MISSONI, S., SCHLAGINTWEIT, F. & SUZUKI, H. (2012): 
Jurassic active continental margin deep-water basin and carbonate plat-
form formation in the north-western Tethyan realm (Austria, Germany).– 
Journal of Alpine Geology, 54, 189–292.

GAWLICK, H.-J., MISSONI, S., SUDAR, M.N., GORICAN, S., LEIN, R., 
STANZEL, A.I. & JOVANOVIC, D. (2017): Open-marine Hallstatt Lime-
stones reworked in the Jurassic Zlatar Mélange (SW Serbia): a contribu-
tion to understanding the orogenic evolution of the Inner Dinarides.– Fa-
cies, 63, 29. http://doi.org/10.1007/s10347-017-0507-y

GAWLICK, H.-J., MISSONI, S., SUDAR, M.N., SUZUKI, H., MERES, S., 
LEIN, R. & JOVANOVIC, D. (2018): The Jurassic Hallstatt Mélange of 

the Inner Dinarides (SW Serbia): implications for Triassic-Jurassic geo-
dynamic and palaeogeographic reconstructions of the Western Tethyan 
Realm.– Neues Jahrb. Geol. P.-A., 288/1, 1–47. http://doi.org/10.1127/njg-
pa/2018/0721

GOLEBIOWSKI, R. (1990): The Alpine Kössen Formation, a Key for Euro-
pean Topmost Triassic Correlations. A Sequence- and Ecostratigraphic 
Contribution to the Norian-Rhaetian Discussion.– Albertiana, 8, 25–35.

GOLEBIOWSKI, R. (1991): Becken und Riffe der alpinen Obertrias – Litho-
stratigraphie und Biofazies der Kössener Formation.– In: NAGEL, D. & 
RABEDER, G. (eds.): Exkursionen im Jungpaläozoikum und Mesozoi-
kums Österreichs. Österreichische Paläontologische Gesellschaft, Wien, 
79–119.

GORIČAN, Š., ŠMUC, A. & BAUMGARTNER, P.O. (2003): Toarcian Radi-
olaria from Mt. Mangart (Slovenian-Italian border) and their paleoecolo-
gical implications.– Mar. Micropaleontol., 49, 275–301. http://doi.
org/10.1016/S0377-8398(03)00034-3

GORIČAN, Š., CARTER, E.S., DUMITRICA, P., WHALEN, P.A., HORI, 
R.S., DE WEVER, P., O’DOGHERTY, L., MATSUOKA, A. & GUEX, 
J. (2006): Catalogue and systematics of Pliensbachian, Toarcian and Aa-
lenian radiolarian genera and species.– ZRC Publishing, Scientific Re-
search Centre of the Slovenian Academy of Sciences and Arts, Ljubljana, 
446 pp.

GORIČAN, Š., CARTER, E.S., GUEX, J., O’DOGHERTY, L., DE WEVER, 
P., DUMITRICA, P., HORI, R.S., MATSUOKA, A. & WHALEN, P.A. 
(2013): Evolutionary patterns and paleobiogeography of Pliensbachian and 
Toarcian (Early Jurassic) Radiolaria.– Palaeogeogr. Palaeocl. Palaeoec., 
386, 620–636. http://doi.org/10.1016/j.palaeo.2013.06.028

GUEX, J., BARTOLINI, A., ATUDOREL, V. & TAYLOR, D. (2004): High 
resolution ammonite and carbon isotope stratigraphy across the Triassic–
Jurassic boundary at New York canyon (Nevada).– Earth Planet. Sc. Lett., 
225, 29–41. http://doi.org/10.1016/j.epsl.2004.06.006

HANDY, M.R., SCHMID, S.M., BOUSQUET, R., KISSLING, E. & BERNOU-
LLI, D. (2010): Reconciling plate-tectonic reconstructions of Alpine 
Tethys with the geological-geophysical record of spreading and subducti-
on in the Alps.– Earth-Sci. Rev., 102, 121–158. http://doi.org/10.1016/ j.ear-
scirev.2010.06.002

HILLEBRANDT, A.v. & KRYSTYN, L. (2009): On the oldest Jurassic ammo-
nites of Europe (Northern Calcareous Alps, Austria) and their global si-
gnificance.– Neues Jahrb. Geol. P.-A., 253, 163–195. http://doi.org/ 
10.1127/0077-7749/2009/0253-0163

HUBBARD, R.N.B.L. & BOUTLER, M.C. (2000): Phytogeography and pa-
laeoecology in Western Europe and Eastern Greenland near the Triassic–
Jurassic boundary.– Palaios, 15, 120–131.

JANÁK, M., FROITZHEIM, N., LUPTÁK, B., VRABEC, M. & KROGH 
RAVNA, E.J. (2004): First evidence for ultrahigh-pressure metamor-
phism of eclogites in Pohorje, Slovenia: Tracing deep continental subdu-
ction in the Eastern Alps.– Tectonics, 23/5, TC5014. http://doi.org/ 
10.1029/2004TC001641

KIRCHNER, E.CH. (1980): Natriumabphibole und Natriumpyroxene als Mi-
neralneubildungen in Sedimenten und basichen Vulkaniten aus dem Per-
moskyth der Nörlichen Kalkalpen.– Verhandlungen der Geologischen 
Bundesanstalt, 1980/3, 249–279.

KOZUR, H. & MOSTLER, H. (1990): Saturnaliacea Deflandre and some other 
stratigraphically important Radiolaria from the Hettangian of Lenggries/
Isar (Bavaria, Northern Calcareous Alps).– Geologisch Paläontologische 
Mitteilungen Innsbruck, 17, 179–248.

KRISCHE, O. & GAWLICK, H.-J. (2015): Age and significance of Lower Cre-
taceous mass flows: Ischler Breccia revisited (Rossfeld Formation, North-
ern Calcareous Alps, Austria).– Austrian J. Earth Sc., 108, 128–150. http://
doi.org/10.17738/ajes.2015.0017

KRISCHE, O., SUZUKI, H. & GAWLICK H.-J. (2013a): Mikrofazies und Ra-
diolarienfauna der Saccocoma-Kalke in der westlichen Weitenau (Hochre-
ith Einheit) [Nördliche Kalkalpen, Salzburg]: Neue Daten zur Platznahme 
der Alpinen Haselgebirge Mélange.– Jahrbuch der Geologischen Bunde-
sanstalt, 153/1–4, 75–96.

KRISCHE, O., BUJTOR, L. & GAWLICK H.-J. (2013b): Calpionellid and am-
monite biostratigraphy of uppermost Jurassic to Lower Cretaceous sedi-

https://doi.org/10.1016/j.gr.2016.08.002
https://doi.org/10.1016/j.gr.2016.08.002
https://doi.org/10.1007/S00531-003-0357-4
https://doi.org/10.1007/S00531-003-0357-4
http://doi.org/10.1016/j.gr.2019.03.003
http://doi.org/10.1016/j.gr.2019.03.003
http://doi.org/10.1007/s00531-005-0048-4
http://doi.org/10.1007/s00531-005-0048-4
http://doi.org/10.1127/0077-7749/2007/0243-0001
http://doi.org/10.1127/0077-7749/2007/0243-0001
http://doi.org/10.1007/s00531-007-0193-z
http://doi.org/10.1007/s00531-007-0193-z
http://doi.org/10.1007/s10347-017-0507-y
http://doi.org/10.1127/njgpa/2018/0721
http://doi.org/10.1127/njgpa/2018/0721
http://doi.org/10.1016/S0377-8398(03)00034-3
http://doi.org/10.1016/S0377-8398(03)00034-3
http://doi.org/10.1016/j.palaeo.2013.06.028
http://doi.org/10.1016/j.epsl.2004.06.006
http://doi.org/10.1016/j.earscirev.2010.06.002
http://doi.org/10.1016/j.earscirev.2010.06.002
http://doi.org/10.1127/0077-7749/2009/0253-0163
http://doi.org/10.1127/0077-7749/2009/0253-0163
http://doi.org/10.1029/2004TC001641
http://doi.org/10.1029/2004TC001641
http://doi.org/10.17738/ajes.2015.0017
http://doi.org/10.17738/ajes.2015.0017


G
eo

lo
gi

a 
C

ro
at

ic
a

10 Geologia Croatica 78/1

mentary rocks from the Leube quarry (Northern Calcareous Alps, 
Salzburg, Austria).– Austrian J. Earth Sc., 106/1, 26–45.

KRISCHE, O., GORIČAN, Š. & GAWLICK, H.-J. (2014): Erosion of a Jurassic 
ophiolitic nappe-stack as indicated by exotic components in the Lower 
Cretaceous Rossfeld Formation of the central Northern Calcareous Alps 
(Austria).– Geol. Carpath., 65, 3–24. http://doi.org/10.2478/geo-
ca-2014-0001

KRISCHE, O., GRABOWSKI, J., BUJTOR, L. & GAWLICK, H.-J. (2018): 
Latest Jurassic to Early Cretaceous evolution in the central Northern Cal-
carous Alps.– Berichte der Geologischen Bundesanstalt, 126, 223–258.

KRYSTYN, L. (2008): The Hallstatt pelagics – Norian and Rhaetian Fossillager-
staetten of Hallstatt.– Berichte der Geologischen Bundesanstalt, Wien, 
86, 81–98.

LEIN, R. (1987): Evolution of the Northern Calcareous Alps during Triassic 
times.– In: FLÜGEL, H.W. & FAUPL, P. (eds.): Geodynamics of the East-
ern Alps. Deuticke, Wien, 85–102.

LINZER, H.-G., RATSCHBACHER, L. & FRISCH, W. (1995): Transpressio-
nal collision structures in the upper crust: the fold-thrust belt of the 
Northern Calcareous Alps.– Tectonophysics, 242/1–2, 41–61. http://doi.
org/10.1016/0040-1951(94)00152-Y

MISSONI, S. & GAWLICK, H.-J. (2011a): Evidence for Jurassic subduction 
from the Northern Calcareous Alps (Berchtesgaden; Austroalpine, Ger-
many).– Int. J. Earth Sci., 100, 1605–1631. http://doi.org/10.1007/s00531-
010-0552-z

MISSONI, S. & GAWLICK, H.-J. (2011b): Jurassic mountain building and Me-
sozoic-Cenozoic geodynamic evolution of the Northern Calcareous Alps 
as proven in the Berchtesgaden Alps (Germany).– Facies, 57/1, 137–186. 
http://doi.org/10.1007/s10347-010-0225-1

MISSONI, S., SCHLAGINTWEIT, F., SUZUKI, H. & GAWLICK, H.-J. (2001): 
Die oberjurassische Karbonatplattformentwicklung im Bereich der Ber-
chtesgadener Kalkalpen (Deutschland) – eine Rekonstruktion auf der Ba-
sis von Untersuchungen polymikter Brekzienkörper in pelagischen Kie-
selsedimenten (Sillenkopf-Formation).– Zbl. Geol. Paläont., 2000/1/2, 
117–143.

NEUBAUER, F., FRIEDL, G., GENSER, J., HANDLER, R., MADER, D. & 
SCHNEIDER, D. (2007): Origin and tectonic evolution of Eastern Alps 
deduced from dating of detrital white mica: a review.– Austrian J. Earth 
Sc., 100, 8–23.

O’DOGHERTY, L. & GAWLICK, H.-J. (2008): Pliensbachian radiolarians in 
Teltschengraben (Northern Calcareous Alps, Austria): a keystone in 
reconstructing the Early Jurassic evolution of the Tethys.– Stratigraphy, 
5, 63–81. http://doi.org/10.29041/strat.05.1.05

O'DOGHERTY, L., GORIČAN, Š. & DE WEVER, P. (2009): Catalogue of Me-
sozoic radiolarian genera: part 2, Jurassic-Cretaceous.– Geodiversitas, 31, 
271–356. http://doi.org/10.5252/g2009n2a4

PÁLFY, J. (2008): Triassic-Jurassic boundary.– In: MCCANN, T. (Ed.): The 
Geology of Central Europe. Volume 2: Mesozoic and Cenozoic, Geologi-
cal Society, London, 826–827.

PESSAGNO, E.A. JR. & POISSON, A. (1981): Lower Jurassic Radiolaria from 
the Gümüslü allochton of southwestern Turkey (Taurides occidentales).– 
Bulletin of the Mineral Research and Exploration Institute of Turkey, 92, 
47–69.

PLÖCHINGER, B. (1974): Gravitativ transportiertes Permisches Haselgebirge 
in den Oberalmer Schichten (Tithonium, Salzburg).– Verhandlungen der 
Geologischen Bundesanstalt, 1974/1, 71–88.

PLÖCHINGER, B. (1976): Die Oberalmer Schichten und die Platznahme der 
Hallstätter Masse in der Zone Hallein-Berchtesgaden.– Neues Jahrb. Ge-
ol. P.-A., 151/3, 304–324.

PLÖCHINGER, B. (1979): Argumente für die intramalmische Eingleitung von 
Hallstätter Schollen bei Golling (Salzburg).– Verhandlungen der Geolo-
gischen Bundesanstalt, 1979/2, 181–194.

PLÖCHINGER, B. (1987): Geologische Karte der Republik Österreich 
1:50.000, Blatt 94 Hallein.– Geologische Bundesanstalt Wien.

PLÖCHINGER, B. (1990): Geologische Karte der Republik Österreich 
1:50.000, Erläuterungen zu Blatt 94 Hallein.– Geologische Bundesanstalt 
Wien, 1–76.

PUEYO, E.L., MAURITSCH, H.J., GAWLICK, H.-J., SCHOLGER, R. & 
FRISCH, W. (2007): New evidence for block and thrust sheet rotations in 
the central northern Calcareous Alps deduced from two pervasive remag-
netization events.– Tectonics, 26/5, TC5011. http://doi.org/10.1029/ 
2006TC001965

RATSCHBACHER, L., FRISCH, W., LINZER, H.-G. & OLIVIER, M. (1991): 
Lateral extrusion in the eastern Alps, Part 2: Structural analysis.– Tecto-
nics, 10/2, 257–1991. http://doi.org/10.1029/90TC02623

SCHLAGINTWEIT, F., GAWLICK, H.-J., EBLI, O., RÜNSTLER, H. & SU-
ZUKI, H. (2003): Die Plassen-Formation (Kimmeridgium) des Krahstein 
(Steirisches Salzkammergut, Österreich) und deren Unterlagerung: neue 
Daten zur Fazies, Biostratigraphie und Sedimentologie.– Gmundner Geo -
-Studien, 2, 87–96.

SCHMID, S.M., FÜGENSCHUH, B., KISSLING, E. & SCHUSTER, R. (2004): 
Tectonic map and overall architecture of the Alpine orogen.– Eclogae Ge-
ol. Helv., 97, 93–117. http://doi.org/10.1007/s00015-004-1113-x

SCHMID, S.M., BERNOULLI, D., FÜGENSCHUH, B., MATENCO, L., 
SCHEFER, S., SCHUSTER, R., TISCHLER, M. & USTASZEWSKI, K. 
(2008): The Alpine-Carpathian-Dinaride-orogenic system: correlation 
and evolution of tectonic units.– Swiss J. Geosci., 101, 139–183.

SCHORN, A. & NEUBAUER, F. (2011): Emplacement of an evaporitic mélan-
ge nappe in central Northern Calcareous Alps: evidence from the Moo-
segg klippe (Austria).– Austrian J. Earth Sc., 104/2, 22–46.

SCHORN, A., NEUBAUER, F., GENSER, J. & BERNROIDER, M. (2013): 
The Haselgebirge evaporitic mélange in central Northern Calcareous Alps 
(Austria): Part of the Permian to Lower Triassic rift of the Meliata oce-
an?– Tectonophysics, 583, 28–48. http://doi.org/10.1016/j.tecto.2012. 
10.016

SEPKOSKI, J.J., Jr. (1996): Patterns of Phanerozoic extinction: a perspective 
from global databases.– In: WALLISER, O.H. (Ed.): Global events and 
Event Stratigraphy in the Phanerozoic, 35–51. Springer, Berlin Heidelberg.

SPÖTL, CH., LONGSTAFFE, F.J., RAMSEYER, K., KUNKS, M.J. & 
WIESHEU, R. (1998): Fluid-rock reactions in an evaporitic mélange, Per-
mian Haselgebirge, Austrian Alps.– Sedimentology, 45, 1019–1044. http://
doi.org/10.1046/j.1365-3091.1998.00188.x

STEIGER, T. & WURM, D. (1980): Faziesmuster oberjurassischer Plattform-
Karbonate (Plassen-Kalke, Nördliche Kalkaplen, Steirisches Salzkam-
mergut, Österreich).– Facies, 2, 241–284.

TEKIN, U.K. (2002): Lower Jurassic (Hettangian–Sinemurian) radiolarians 
from the Antalya Nappes, Central Taurids, Southern Turkey.– Micropal-
eontology, 48, 177–205. http://doi.org/10.1661/0026-2803(2002)048[0177: 
LJHSRF]2.0.CO;2

TEKIN, U.K., KRYSTYN, L., OKUYUCU, C., BEDI, Y. & SAYIT, K. (2020): 
Late Triassic to Early Jurassic radiolarian, conodont and ammonite as-
semblages from the Tavuscayiri block, Mersin Mélange, southern Turkey: 
Time constraints for the T/J boundary and sedimentary evolution of the 
southern margin of the northern Neotethys.– Geodiversitas, 42/27, 493–
537. http://doi.org/10.5252/geodiversitas2020v42a27

TOLLMANN, A. (1977): Geologie von Österreich, Band 1. Deuticke, 766 pp, 
Wien.

TOLLMANN, A. (1985): Geologie von Österreich, Band 2: Außerzentralalpi-
ner Anteil. Deuticke, 1–710, Wien.

VON EYNATTEN, H. & GAUPP, R. (1999): Provenance of Cretaceous syn-
orogenic sandstones in the Eastern Alps: constraints from framework 
 petrography, heavy mineral analysis and mineral chemistry.– Sediment. 
Geol., 124/1–4, 81–111. http://doi.org/10.1016/S0037-0738(98)00122-5

VON EYNATTEN, H., GAUPP, R. & WIJBRANS, J.R. (1996): 40Ar/39Ar la-
ser-probe dating of detrital white micas from Cretaceous sedimentary 
rocks of the Eastern Alps: Evidence for Variscan high-pressure metamorp-
hism and implications for Alpine orogeny.– Geology, 24/8, 691–694. http://
doi.org/10.1130/0091-7613(1996)024<0691:AALPDO>2.3.CO;2

http://doi.org/10.2478/geoca-2014-0001
http://doi.org/10.2478/geoca-2014-0001
http://doi.org/10.1016/0040-1951(94)00152-Y
http://doi.org/10.1016/0040-1951(94)00152-Y
http://doi.org/10.1007/s00531-010-0552-z
http://doi.org/10.1007/s00531-010-0552-z
http://doi.org/10.1007/s10347-010-0225-1
http://doi.org/10.29041/strat.05.1.05
http://doi.org/10.5252/g2009n2a4
http://doi.org/10.1029/2006TC001965
http://doi.org/10.1029/2006TC001965
http://doi.org/10.1029/90TC02623
http://doi.org/10.1007/s00015-004-1113-x
http://doi.org/10.1016/j.tecto.2012.10.016
http://doi.org/10.1016/j.tecto.2012.10.016
http://doi.org/10.1046/j.1365-3091.1998.00188.x
http://doi.org/10.1046/j.1365-3091.1998.00188.x
http://doi.org/10.1661/0026-2803(2002)048%5b0177:LJHSRF%5d2.0.CO;2
http://doi.org/10.1661/0026-2803(2002)048%5b0177:LJHSRF%5d2.0.CO;2
http://doi.org/10.5252/geodiversitas2020v42a27
http://doi.org/10.1016/S0037-0738(98)00122-5
http://doi.org/10.1130/0091-7613(1996)024%3c0691:AALPDO%3e2.3.CO;2
http://doi.org/10.1130/0091-7613(1996)024%3c0691:AALPDO%3e2.3.CO;2


G
eologia C

roatica
11Cifer et al.: Early Jurassic radiolarians from the Weitenau area (Northern Calcareous Alps, Austria) and their implications for palaeogeography

Plate 1. Sample OK-W368. Scale bar is 100 µm. a – 4, 21, 22; b – 1, 3, 7, 11, 13–16, 18–20; c – 2, 5, 6, 8–10, 12, 17. 1 – Hagiastrum sp., OK-W368-1.001; 2 – Ar-
chaeohagiastrum longipes BAUMGARTNER, OK-W368-1.002; 3 – Hagiastrum macrum gr. DE WEVER, OK-W368-1.003; 4 – Crucella squama (KOZLOVA), OK-
-W368-2.010; 5 – Crucella jadeae CARTER & DUMITRICA, OK-W368-1.014; 6 – Homoeoparonaella lowryensis WHALEN & CARTER, OK-W368-1.013; 7 – Pa-
ronaella variabilis CARTER, OK-W368-1.015; 8, 10, 15 – Paronaella sp. A sensu CIFER & GORIČAN (2023b), OK-W368-1.016, OK-W368-1.019, OK-W368-2.009; 
9 – Paronaella aff. bona (YEH), OK-W368-1.017; 11 – Paronaella notabilis WHALEN & CARTER, OK-W368-1.006; 12 – Paronaella tripla DE WEVER, OK-
-W368-1.008; 13, 14, 18 – Paronaella grahamensis CARTER, OK-W368-2.002, OK-W368-2.008, OK-W368-2.103; 16 – Paronaella hirsuta (DE WEVER), OK-
-W368-1.004; 17 – Paronaella snowshoensis (YEH), OK-W368-2.101; 19 – Orbiculliformella sp., OK-W368-2.032; 20 – Orbiculiformella radiata DE WEVER, 
OK-W368-1.007; 21 – Crucella sp., OK-W368-2.104; 22 – Mendacastrum? sp. A sensu CIFER & GORIČAN (2023b), OK-W368-2.017.
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Plate 2. Sample OK-W368. Scale bar is 100 µm. a – 17, 18; b – 1–16, 19–29. 1-6 – Pantanellium inornatum PESSAGNO & POISSON, OK-W368-1.073, OK-
-W368-1.079, OK-W368-1.088, OK-W368-1.109, OK-W368-1.119, OK-W368-2.014; 7 – Pantanellium carlense WHALEN & CARTER, OK-W368-2.026; 8, 9 – Aca-
eniotylopsis? sp., OK-W368-1.098, OK-W368-1.123; 10 – Loupanus pliensbachicus CIFER, OK-W368-1.084; 11 – Loupanus sp. C sensu CIFER & GORIČAN 
(2023b), OK-W368-2.018; 12, 15, 16 – Beatricea? sp., OK-W368-1.112, OK-W368-2.023, OK-W368-2.080; 13, 14 – Loupanus cf. sp. A sensu CIFER & GORIČAN 
(2023b), OK-W368-1.128, OK-W368-2.015; 17 – Tozerium filzmoosense CIFER, OK-W368-2.086; 18 – Tripocyclia? tortuosa DUMITRICA, GORIČAN & WHALEN, 
OK-W368-2.089; 19 – Charlottea sp., OK-W368-2.097; 20-22 – Archaeocenosphaera ruesti PESSAGNO & YANG, OK-W368-1.053, OK-W368-1.103, OK-
-W368-1.115; 23, 24, 27, 29 – Praeconocaryomma whiteavesi CARTER, OK-W368-1.062, OK-W368-1.063, OK-W368-1.111, OK-W368-2.061; 25, 28 – Praeco-
nocaryomma bajaensis WHALEN, OK-W368-1.064, OK-W368-2.049; 26 – Praeconocaryomma parvimamma PESSAGNO & POISSON, OK-W368-1.101.
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Plate 3. Sample OK-W368. Scale bar is 100 µm. 1-5, 8 – Parahsuum simplum YAO, OK-W368-1.023, OK-W368-1.038, OK-W368-2.035, OK-W368-1.114, OK-
-W368-2.037, OK-W368-1.028; 6, 7 – Parahsuum mostleri (YEH), OK-W368-2.044, OK-W368-1.124; 9-12 – Droltus hecatensis PESSAGNO & WHALEN, OK-
-W368-1.039, OK-W368-1.045, OK-W368-1.125, OK-W368-2.033; 13 – Archaeodictyomitra sp., OK-W368-1.107; 14 – Canoptum anulatum PESSAGNO & PO-
ISSON, OK-W368-1.026; 15-17 – Canoptum columbiaense WHALEN & CARTER, OK-W368-1.029, OK-W368-1.030, OK-W368-2.036; 18-20 – Lantus 
praeobesus CARTER, OK-W368-1.033, OK-W368-1.035, OK-W368-1.099; 21-23 – Bagotum erraticum PESSAGNO & WHALEN, OK-W368-1.126, OK-W368-2.069, 
OK-W368-2.075; 24-26 – Bagotum maudense PESSAGNO & WHALEN, OK-W368-2.070, OK-W368-1.024, OK-W368-2.081.
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Plate 4. Sample OK-W368. Scale bar is 100 µm. a – 1, 3, 5–16; b – 4; c – 2. 1 – Zhamoidellum sp., OK-W368-1.066; 2, 3 – Zhamoidellum yehae DUMITRICA, 
OK-W368-1.052, OK-W368-1.085; 4 – Zhamoidellum sutnal (O'DOGHERTY & GAWLICK), OK-W368-1.068; 5 – Helvetocapsa cf. plicata plicata (MATSUOKA), 
OK-W368-2.068; 6, 7 – Katroma sp., OK-W368-1.108, OK-W368-2.038; 8 – Doliocapsa sp. 1 sensu CIFER et al. (2020), OK-W368-2.055; 9 – Doliocapsa sp. C 
sensu CIFER & GORIČAN (2023a), OK-W368-1.040; 10, 11 – Farcus kozuri YEH, OK-W368-1.076, OK-W368-1.070; 12 – Naropa vi HORI, WHALEN & DUMITRICA, 
OK-W368-2.028; 13 – Farcus cf. asperoensis PESSAGNO, WHALEN & YEH, OK-W368-1.087; 14 – Dumitricaella aff. trispinosa DUMITRICA, OK-W368-2.030. 
This specimen has bigger V and l spines than the type material. These spines are equal in size to the apical horn; 15 – Napora reiferensis (PESSAGNO, 
WHALEN & YEH), OK-W368-2.108.


