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Summary
The eastern Nordkarawanken, as a part of the UNESCO Geopark Karawanken/Karavanke,
are situated on the border between Austria and Slovenia. They mainly consist of Wetterstein
limestone and dolomite of Ladinian and lower Carnian age. Alpine Muschelkalk underlies the
Wetterstein limestone at its base. On its top, the Wetterstein limestone is terminated by the
three clastic/marly horizons (cardita strata respectively northern alpine Raibler strata) with its
interbedded carbonate sequences. The Wetterstein limestone reach a maximum thickness of
1200 - 1500 m in the two prominent mountain ranges of the Petzen and the Hochobir. Both
mountain ranges show an extensive historical mining activity for lead and zinc and a
comparable facies development within the Wetterstein limestone.
The mineralized uppermost part of the Wetterstein Limestone below the first Raibl Shale is
called Bleiberger Fazies / Bleiberger Sonderfazies. It is built up of several repeated rhythmic
sedimental sucessions. Such a rhythmic succession always consists of algal laminites,
synsedimentary lead/zinc mineralized limestones/dolomites and individual breccia layers.
This rhythmic Sonderfacies is normally very fossiliferous.
The first ammonoids of the uppermost Wetterstein limestone were discovered in early mining
history. LIPOLT (1856) mentioned ammonoids from the Fladung mining district on Hochobir
and MOJSISOVICS (1871, 1882, 1893) from the adjacent "Unterpetzen”/Podpeca (Slo) mining
area. Unfortunately they were not illustrated.
Recent field investigations in the historic Fladung mining area delivered a rich ammonoid
fauna consisting of:
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Placites urlichsi, Megaphyllites jarbas, Joannites cymbiformis, Joannites klipsteini, Sirenites
betulinus, Sirenites cf. senticosus, Trachyceras infundibiliforme, Trachyceras medusae,
Trachyceras pontius, Proarcestes gaytani, Mojsvarites agenor, Lecanites sp.,
Hypocladiscites cf. subtornatus, Trematoceras cf. dubium, Holconautilus cf. ramsaueri,
Syringoceras eugyrus, Syringoceras cf. zitteli, Syringonautilus cf. bullatus and Dictyoconites
cf. haueri.
The abundant occurrence of Trachyceras medusae, Placites urlichsi and Sirenites betulinus
as well as the occurrence of Trachyceras infundibiliforme and Trachyceras pontius suggest a
stratigraphic age of uppermost aonoides to uncertain earliest austriacum zone. Comparable
ammonoid faunas were known from the upper San Cassian strata, (Boa Staolin, Costalaresc,
BIZZARINI, 2000), which were ranged to the uppermost aonoides zone too.
A correct species identification of Placites urlichsi (see BIZZARINI, 1987) allows a direct
correlation of some parts of the upper S. Cassian Formation with the Bleiberg Special Facies
(Sonderfacies) in the upper Wetterstein Limestone. Slight morphological differences in
juvenile stages of Placites urlichsi also allow a distinction into a slightly older subtype 1 and a
younger subtype 2. The beginning of the austriacum zone can be fixed with Carnites floridus
in strata where Austrotrachyceras sp. was not found.This is based on the contemporary
occurrence of typical C. floridus, Austrotrachyceras sp. and Neoprotrachyceras thous in
Hallstatt limestone of Rappoltstein (Bavaria). The occurrence of Placites urlichsi allows a
fixing of the upper aonoides zone in strata where Trachyceras s. str. was not found or is
missing.

Zusammenfassung
Die östlichen Nordkarawanken im UNESCO Geopark Karawanken/Karavanke werden zu
einem großen Teil aus Wettersteinkalk und –dolomit des Ladins und Unterkarns aufgebaut
und bilden teilweise die Grenze zwischen Österreich und Slowenien. Liegend wird der
Wettersteinkalk von alpinem Muschelkalk unterlagert und im Hangenden von den drei
klastisch/mergeligen Horizonten (Carditaschichten, bzw. nordalpine Raibler Schichten) samt
dazwischengeschalteten Karbonatabfolgen überlagert. Die größten Mächtigkeiten erreichen
die Wettersteinkalke mit 1200 – 1500 m in den beiden markanten Gebirgsstöcken der Petzen
und des Hochobirs. Beide Gebirgsstöcke weisen eine umfangreiche historische
Bergbautätigkeit auf Blei und Zink und eine vergleichbare Faziesentwicklung des
Wettersteinkalkes auf.
Der unmittelbar unter dem ersten Raibler Schiefer liegende vererzte Anteil
Wettersteinkalkes wird als Bleiberger Fazies / Bleiberger Sonderfazies bezeichnet.
besteht aus einer rhythmischen Abfolge von Algenlaminiten, Kalken/Dolomiten
synsedimentären Blei/Zink Vererzungen und einzelnen Brekzienlagen. Diese Fazies ist
immer fossilführend.

des
Sie
mit
fast

Die im Zuge früherer Bergbautätigkeit im obersten Wettersteinkalk aufgefundenen
Ammoniten wurden bereits von LIPOLT (1856) aus dem Fladung Bergbau und von
MOJSISOVICS (1871, 1882, 1893) aus dem „weißen Kalk von Unterpetzen“/Podpeca (Slo)
erwähnt jedoch nirgends abgebildet.
Eine Neuaufsammlung im historischen Bergbaugebiet Fladung südöstlich des
Hochobirgipfels erbrachte eine reiche, bestimmbare Ammonitenfauna bestehend aus
Placites urlichsi, Megaphyllites jarbas, Joannites cymbiformis, Joannites klipsteini, Sirenites
betulinus, Sirenites cf. senticosus, Trachyceras infundibiliforme, Trachyceras medusae,
Trachyceras pontius, Proarcestes gaytani, Mojsvarites agenor, Lecanites sp.,
Hypocladiscites cf. subtornatus, Trematoceras cf. dubium, Holconautilus cf. ramsaueri,
Syringoceras eugyrus, Syringoceras cf. zitteli, Syringonautilus cf. bullatus und Dictyoconites
cf. haueri.
Das gehäufte Auftreten von Trachyceras medusae, Placites urlichsi und Sirenites betulinus
sowie das Auftreten von Trachyceras infundibiliforme und Trachyceras pontius legen eine
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zeitliche Einstufung in die oberste aonoides-Zone im Grenzbereich zur austriacum-Zone
nahe. Vergleichbare Faunen sind auch aus den oberen Cassianer Schichten, (Boa Staolin,
Costalaresc, BIZZARINI, 2000), die ebenfalls in die oberste aonoides Zone eingestuft wurden,
bekannt.
Eine korrekte Artbestimmung von Placites urlichsi (siehe BIZZARINI, 1987) erlaubt eine direkte
Korrelation einiger Teile der oberen S. Cassian Formation zu einzelnen Schichtgliedern der
Bleiberger Sonderfazies im hangendsten Wettersteinkalk. Leichte morphologische
Unterschiede in juvenilen Stadien von Placites urlichsi erlauben zudem eine Unterscheidung
in einen etwas älteren Subtyp 1 und einen jüngeren Subtyp 2. Weiterhin kann in Schichten,
in denen Austrotrachyceras sp. nicht gefunden wurde, der Beginn der austriacum-Zone mit
Carnites floridus festgelegt werden. Ausschlaggebend hierfür war eine in den Hallstätter
Kalken des Rappoltstein (Bayern) aufgefundene Ammoniten Fauna mit C. floridus,
Austrotrachyceras sp. und Neoprotrachyceras thous. Placites urlichsi hingegen erlaubt eine
zeitliche Einstufung in die obere aonoides-Zone auch in Schichten, in denen Trachyceras s.
str. nicht gefunden wurde oder fehlt.

1. Introduction
The eastern Nordkarawanken situated on the border between Austria and Slovenia mainly
consist of Wetterstein limestone and dolomite of Ladinian and lower Carnian age. The
Wetterstein limestones reach their greatest thicknesses of 1200 - 1500 m in the two
prominent mountain ranges of the Petzen and the Hochobir that show both an extensive
historical mining activity for lead and zinc and a comparable facies development of the
Wetterstein limestone.
The Wetterstein Limestone was named after the Wetterstein Mountains of the Northern
Calcareous Alps between Bavaria and Tyrol. F. HAHN (1913) described a sedimentary
sequence occurring there as the Tyrolian sequence. This sequence subsequently was known
from adjacent areas too. It found its way into geologic literature and alpine nappe theory
under the term Tirolikum (KOBER 1923, LEUCHS 1923, TOLLMANN 1964, 1970). The eastern
Karawanken in Carinthia; with its elevations of the Hochobir and the Petzen show an almost
identical sedimentary sequence. This suggests that both, the Tyrolean-Bavarian Wetterstein
formation and the Wetterstein limestone of the Karawanken, probably result from the same
depositional area and was later separated by the alpine orogen tectonics.
The Wetterstein limestone/dolomite is always present in this sequence. It extends from the
Ladinian to the Lower Carnian and represents the remains of large triadic reef platform
developments that can be subdivided into a forereef, reef and lagoon facies. It is partially
syngenetically dolomitized and due to its weathering resistance and great thickness
morphologically well visible in the field.
Alpine Muschelkalk underlies the Wetterstein limestone at its base. On its top, the
Wetterstein limestone is terminated by the three clastic/marly horizons (cardita strata
respectively northern alpine Raibler strata) with its interbedded carbonate sequences. Above
3
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the Raibl strata the Norian main dolomite with a thickness up to 600 – 700m follows. The
adjacent contemporaneous basinal facies of the Wetterstein limestone are called Partnach
strata.
From the northern Karawanken and its western continuation (Drauzug) this sequence with
three Cardita shale horizons was known for a long time because the lower first
shale/sandstone horizon always contains the ammonoids Carnites floridus and Joannites
cymbiformis.
Prior to 1900 mainly paleontologists (WULFEN 1793, HAUER 1846, ROSTHORN and CANAVAL
1853, FOETTERLE 1856, LIPOLD 1856, EMMRICH 1855, PETERS 1856, STUR 1856, PENECKE
1884, GEYER 1896, 1897, 1901a, 1901b, 1903 and TELLER 1887, 1888, 1898) dealt with the
fossil material enriched in the shale horizons and in the Wetterstein limestone. Petrographic
and economic aspects were added in the thirties of the last century. This enhanced
economic geological interest in the synsedimentary lead-zinc ores of the Wetterstein
limestone led to detailed mapping and fine stratigraphic classifications of these diverse
sediments of Carnic age in mining areas (HOLLER 1951, 1953, 1960; KOSTELKA 1960, SCHULZ
1970, ANDERLE 1951; SCHLAGER 1963; etc.).
Up to now little attention was paid to the ammonoids of the Wetterstein Limestone because
of their mostly bad preservation and rare occurrence. Therefore, only a few paleontological
works on the ammonoid faunas within the Wetterstein Limestone were published. Most of
them dealt with ammonoid faunas of the Upper Anisian-Ladinian part (ALMA 1926, REIS
1900).
Although several Wetterstein limestone ammonoid finds from the Petzen area were
published (SIEBER, 1968 from the northern side of the Petzen, MOJSISOVICS 1871, 1882,
1893, 1873-1902 from the southern side from the area Podpeca/Unterpetzen) only few
citations exist from the Obir area.
LIPOLT (1856) makes mention of the "Ovir"(Obir) light ore bearing "Hallstätter Kalk"
(=Wetterstein limestone) from the Fladung mining and listed from it Ammonites Aon,
Ammonites Joannis Austriae, Ammonites Jarbas and Ammonites Gaytani. The "Bleiberger
Schichten des Ovir" with Carnites floridus, also mentioned in LIPOLT (1856) correspond to the
first shale horizon and should not be confused with our present-day Bleiberger
Schichten/Bleiberger Sonderfacies. In recent works, only BAUER et al. (1983) mentioned a
Joannites cymbiformis from the Wetterstein limestone of the Hochobir area (Fladung Mining)
and ranged it to the Lower Carnian/Cordevolian stage.
Our new collection and subsequent revision of ammonoids from the area of Berghaus
Fladung allows a biostratigraphic classification of the exposed uppermost Wetterstein
limestone there to the aonoides zone of the Lower Carnian.
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2. Facies development of the Wetterstein limestone

The mineralized part of the Wetterstein Limestone that directly underlies the first Raibl shale,
is called Bleiberger Facies / Bleiberger Sonderfacies. It consists of a rhythmic sequence of
algal laminites, limestones/dolomites with synsedimentary lead/zinc mineralization and
individual breccia layers. HOLLER (1960) very first used the term Sonderfacies in literature in
connection with the genesis of lead/zinc deposits in carbonate host rocks. He described this
facies as intercalations and repetitions of black breccias, green to gray-green marls, and
milky-white dense dolomites that are situated at the top of the massive bedded light-colored
Wetterstein limestone. In the mining area Bleiberg, the same sequence is called "Erzkalk",
"Edle Lager", "Bleiberg Fazies" or "Bleiberger Sonderfazies".
The genesis of this sequence was thought to be triggered by cyclic sea level fluctuations.
ZEEH (1994) assumes that in the upper Lower Carnian, the existing carbonate platforms were
not permanently flooded and sporadically fell dry.
According to BECHSTAEDT (1975, 1978), ZEEH et al. (1992) and ZEEH (1994), the repeated
alternation of transgression and regression led to a special sequence of deposition which is
mirrored in this special sedimentary sequence. During maximum sea level high stands,
mainly sub and intertidal sediments were deposited, while during low stands preferentially
supratidal sediments were formed. Completely dry stands led to karst phenomena and partial
brecciation of the previously deposited layers before this cycle started again.
This special facies is traceable along the Drau/Drava River and the North Karawanken
Mountains 150 km eastward to Mežica/Slo (CERNY & HAGEMEISTER 1986, as well as HOLLER
1960). It is represented in the Obir mining districts too and was intensively mined there in the
past. MAUCHER (1954) mentions a similar depositional sequence in the Northern Calcareous
Alps within the the vicinity of historical lead/zink mines. The so-called "Sonderfazies" in
SCHNEIDER (1954) of the Northern Calcareous Alps corresponds to this sequence too. The
different thickness of the Sonderfazies mentioned in the literature most probably is attributed
to different distances from the main reef body during deposition. Minor low angle dip slip
faulting duplications or large scale slumping processes cannot be completely excluded in
some parts.
The Wetterstein limestone development of the Karawanken was well described from the
mining activities for lead and zinc (HOLLER, 1953, 1960, 1977 and BAUER, 1970). BAUER
(1970) distinguishes a reef debris facies consisting of massive limestones and dolomites and
a lagunal facies consisting of bedded limestones. He differentiated the latter into a bedded
limestone facies of the middle Wetterstein Limestone, into an algal limestone facies and into
the mineralized upper Wetterstein Limestone.
5
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The upper Wetterstein limestone occurs widespread south and east of the Hochobir peak
which led to extensive mining activity for lead and zinc there. In the Fladung - Obiralm area,
good outcrops are visible alongside the toll road to the Eisenkappler Hut. They give good
insights into the facies development of the upper Wetterstein limestone and are normally
fossiliferous in some parts too.
According to BAUER et al. (1983) these limestones are intertidal to subtidal (within or above
the tidal range) depositions. They are easy to recognize in the field by their milky-white color
("milky beds" in Bleiberg) and dolomitization. Characteristic for this facies are stromatolites
showing a fine layered structure which was caused by algae as sediment binder. Some worn
debris grains inside such algal layers indicate sedimentation conditions affected by waves.
The cavities between the worked up grains subsequently were filled by spatite. Normal and
inverse gradiations as well as geopetal structures were frequently observed. Aerial
exposition of the sediment resulted in vertical and horizontal dry cracks within the semi
lithified sediment beds, as well as in laminar window structures (spatulated cavities).
Dolomitization, which captured these strata, took place in early diagenetic phases.
From underground observations in mines, HOLLER (1960) described that in the upper
Wetterstein limestone a repeated rhythmic sedimental succession began where below a one
to two meter thick, fossil-bearing limestone layer a black breccia (EPPENSTEINER, 1965) was
developed and a milky dolomitic layer above it.
The mining areas Grafensteineralm and Oberschäffleralm on the eastern side of the
Hochobir were studied and well described by HOLLER (1977). The main mineralization (main
deposit) occurs 19 - 23 m below the 1st Raibl Shale. Above the mineralisation, four to five
times repetitive black breccias and milky dolomites occur upwards to the 1st Raibl shale.
From the Fladung mining area district such investigations from the mining period do not exist,
but the surface outcrops allow for the assumption that comparable conditions are there too.
All portals of mining galleries were laid within the milky limestone banks that were
accompanied by black breccias at some places too. Our sampled surface outcrops and fossil
sites are all located in the uppermost 20 meters of the Wetterstein limestone above the last
ore horizon. The nearly slope-parallel dipping of the layers that were strongly overgrown by
vegetation hindered an exact location of the individual fossil sites within the stratigraphic log
between the last mineralization and the first Raibl Shale horizon.
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Fig. 1: So-called "Milky Beds/milchige Bänke" with window structures. From the uppermost
Wetterstein limestone situated beside the Obir road in the Obiralm area

Fig. 2: Hand specimen showing black breccia below a fossil-bearing calcareous bed
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3. Carnian Pluvial Episode

Recently, the abrupt facies change in the marine sediments of the Middle Carnian (Julian 2.1
to Tuvial 1.1) experience a renaissance in research. The main trigger of this lithological
change and faunal turnaround at the Julian-Tuvalian boundary was the "Carnian Pluvial
Episode" (abbreviated CPE, also known as the "Middle Carnian Wet Intermezzo", the
"Reingraben Event", the "Reingraben Turnover" or the "Raibl Event") which chronologically
extends from late Julian 1 to early Tuvalian. (SCHLAGER & SCHÖLLNBERGER, 1974, SIMMS
et.al., 1989; RIGO et. al., 2007; HORNUNG et. al., 2007; KOZUR & BACHMANN, 2010; OGG,
2015).
In the marine sediments of the Tethys, the CPE marks a drastic lithological change in which
shallow marine platform carbonate series are abruptly overlain by terrigenous, fine-clastic
siliciclastics, oncoid beds, and marly series. The trigger of this facies change is thought to be
an uplift of the Fennoscandian high (NIKISHIN et al., 1996) combined with a climate change
towards increased rainfall and humidification. The onset of this climate change most probably
was caused by the breakup of the Wrangelia LIP basalts (LIP=Large Igneous Province, DAL
CORSO et al., 2020) which falls exactly in this period. The resulting increased erosion in the
terrestrial hinterland of the Tethian margins led to an influx of large amounts of clastic
weathering products into the coastal areas and to nearshore reef platforms of the Tethys
(SCHLAGER & SCHÖLLNBERGER, 1974; HALLAM, 1996; KEIM et al., 2001; HORNUNG et al.,
2007).
Contemperaneous sea level fluctuations resulting from the CPE and increased nutrient
concentrations in the coastal ocean waters led to algal blooms producing oxygen deficiency
in the upper water column, which in turn led to reef demise and later on to the complete
covering of the carbonate platforms/reef complexes with clastic sediments along the northern
Tethys margin.
In the contemporaneous, more open-marine depositional environments of the Hallstatt
limestones, the sedimentation rate at this time dropped towards zero, which was manifested
in numerous condensed horizons, subsolution surfaces and accumulations of oxide crusts
with ammonite layers. (HORNUNG et al., 2007).
This drastic climate and sedimentation change led to a paleoecological turnover, which is
well recognizable in all marine and semi-marine fossil faunae at the Julium-Tuval boundary.
Thus, the rhythmic sedimentation of the upper Wetterstein Limestone Sonderfacies, with its
reef demise, algal layers and black breccias, and the subsequently deposited first cardita
shale layers can be attributed to the onset and the early part of the CPE.
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4. Ammonite fauna of the upper Wetterstein limestone
History, origin of fauna

The ammonoids found during early mining activities in the uppermost Wetterstein limestone
were already mentioned by LIPOLT (1856) from the Fladung mining and by MOJSISOVICS
(1871, 1882, 1893) from the "white limestone of Unterpetzen/Podpeca (Slo). Unfortunely they
were never illustrated. Only TICHY (1978) provided a first illustration and description of
ammonoids from the Wetterstein limestone of the Drauzug area.
This mainly depends on the poor preservation of discovered ammonoids, which is usually
sufficient for a mention in paleontological works only. Some stratigraphic levels of the
Bleiberg Sonderfacies contain abundant ammonoids. From well-weathered parts and layers
of the latter, thanks to modern preparation technology, preparable and determinable finds
can be gained. The ammonoid fauna described below was found in such ammonite-rich parts
of the upper Wetterstein Limestone (Bleiberg Sonderfacies).
In the vicinity of the algal laminites and black breccias, cephalopods or larger gastropods
frequently occur. In the Fladung mining district these fossiliferous beds (outcrop group 1 in
Fig. 3) belong to the uppermost Wetterstein limestone. Just east of the Fladung mining
district (outcrop group 2 in Fig. 3) ammonoids and gastropods were found too, but their exact
position within the stratigraphic column between ore mineralization and the 1st Raibl Shale is
unclear due to tectonic complications.
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Fig. 3: Location of the ammonoid sites east of the Obiralm (outcrop group 1 and outcrop 2)
Site 1 (see Fig. 4) is located on the toll road to the Eisenkapplerhütte showing algal laminites,
dolomitized banks and ammonites. Just west of the picture large gastropods are also found.

Fig. 4: Outcrop 1 in the Fladung mining area
The ammonoid fauna described below exclusively originates from the former mining district
Fladung on the southern side of the Obir. All newly discovered fossiliferous strata, although
in parts tectonically disturbed and displaced, still lie in general layered context and
correspond to the so-called Bleiberg Sonderfacies of the uppermost Wetterstein limestone at
site group 1. They mark the area between the lead-zinc mineralization and the tectonically
10
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sheared off and subsequently eroded first shale horizon. The morphologically prominent,
strata-parallel wall formations at sites 1, 1a,b,c correspond to the uppermost, somewhat
more weathering-resistant strata of this facies.
All newly discovered ammonoid locations originate from the vicinity of algal laminites and
show partially current sorting of the fossils. This suggests a deposition in the tidal to subtidal
zone. The overlying first shale horizon was detected in remnants above site 1.
Our ammonoid sampling was concentrated on outcrops 1a and 1c, as they belong to
different horizons in the upper Wetterstein limestone. Outcrop 1 and 1a belong to the
uppermost part, outcrop 1b and 1c are located about 10 m lower in the bedding sequence
(see Fig. 5).
The entire ammonoid-bearing limestone part at site 1a is about 50-60 cm thick starting at its
base with a fine-banded 5-8 cm thick algal laminate layer. Above this layer, a first
accumulation of ammonoids covered by a 3-4 mm thick calcitic encrustations follows. The
middle part is interspersed with many calcite veins and spatulated cavities. The ammonites
found in this part were strongly recrystallized. Thus, preparation was difficult and gave poor
result which hindered an exact ammonoid identification on a species level. The upper part
consisted of milky-white to light-grey limestone that contain easily gainable ammonites. Small
scaled ammonite lumachelles were common in which former free pore volume between the
ammonoids was filled with sparitic calcite. Within these lumachelles limestone dissolution
relics covered with brown hematitic crusts occur. The discovered ammonoid fauna was
identical in the lower and upper fossil bearing part. On its top, the fossil bearing sequence
was terminated by banded algal laminites again. A fine clastic, calcareous cemented grayishbrownish layer occured above that contained ammonoids of the same fauna. Subsequent
overlaying strata were strongly overgrown, not traceable due to tectonical processes or fell
victim to weathering processes at the steep wall.
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Fig. 5: Positions of outcrop points 1a (1) and 1c (1b) to each other.
East of the Fladung mine ammonoids and small gastropods were found at a junction toll road
to forest road (exposure 2). The approximately 1 m thick fossil-bearing bank there consists of
in situ growing calcareous sponges and agglutinated gastropods and ammonoids (see Fig.
6).

Fig. 6: Fossil-bearing bed from outcrop 2 with calcareous sponges, small gastropods and
ammonoids.
12
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Material+Methods

Most of the discovered ammonoids were completely recrystallized and partly covered by a
several mm thick dolomite crust. Sometimes the ammonoids were preserved with calcitic
shell replacement, sometimes rarely covered by a fine limonitic crust at the boundary
between ammonoid shell and dolomitic limestone matrix. If this coating was missing, it
usually

was

not

possible

to

extract

the

ammonites

well

from

its

surrounding

limestone/dolomite matrix. Ammonite shells (or parts of them) often were not affected by
dolomitisation and were subsequently dissolved by humic acids in parts of the fossi layers
near to the surface. Species determination of such left over internal molds/steinkern
ammonoids was also hampered by the absence of suture lines.
All fossils shown below were prepared by the authors exclusively. Preparation can be done
mechanically only, took a lot of time and was possible on well-weathered pieces only. Just a
small percentage of all discovered ammonites needed no or only minor preparation. The best
results were obtained with different (coarse and fine) pneumatic engravers. On some pieces,
the matrix was planished and etched to highlight lithological structures.
Limestone pieces with unprepareable ammonoids were used for polished transversal
sections. Such polished limestone sections gave good insights into the depositional
conditions and were found to be very helpful in ammonoid identification. All collected fossils
originate from the Bleiberg Sonderfacies of the mining district Fladung and are stored in the
administration center of the UNESCO Geopark Karawanken/Karavanke in Tichoja and in the
private collection of the author (Andreas Spatzenegger, A-5113 St. Georgen). All fossils are
accessible under prior appointment).

Nautilida
Familia Syringonautilidae Mojsisovics 1902
Genus Syringoceras Hyatt 1894
Syringoceras eugyrus Mojsisovics 1873
(Fig. 7)
1902 – Nautilus eugyrus, MOJSISOVICS Taf. VI, Fig. 2, 3, 4, 6
Description: The cross-section of the whorls is nearly circular in juvenile stage showing
slightly higher than wide, slowly increasing whorls. On the body chamber, a slight flattening
of the flanks, towards a rounded subquadratic cross section takes place. The whorls start
from a perforated umbilicus and do not embrace each other very much. MOJSISOVICS (1873)
describes on S. eugyrus a very fine latticed shell sculpture, which is not visible on our
morphs. The sipho is situated laterally directly at the shell edge. This is typical for
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Syringoceras. In the genus Syringonautilus the sipho is situated more central to the middle of
the cross section. Our specimen shows simply curved septa on the flanks and a flat ventral
saddle. Dorsal occurs a small single pointed lobus which is also typical for Syringoceras.
Comments: MOJSISOVICS (1873) mentions in S. eugyrus from the austriacum zone a
vanishing of the fine, latticed shell sculpture and somewhat thicker coils. Our morphs from
the Obir seems to be completely smooth when viewed with naked eye. This is most likely
due to the somewhat poorer preservation of the shell.
Similarities of our Obir specimens to Syringoceras evolutus are present too. This species
shows almost smooth shell sculpture too but has a more involute coiling than S. eugyrus.
Occurrence: On Obir in the sites Fladung 1a and 1c. Feuerkogel, Raschberg, Rappoltstein.

Fig. 7: Syringoceras eugyrus

Syringoceras zitteli Mojsisovics 1873
Syringoceras cf. zitteli Mojsisovics
(Fig. 8)
1902 – Syringoceras zitteli, MOJSISOVICS, Suppl., Taf. VI, Fig. 3, 4.
Description: Inner coil sections rounded. During further growth a distinct flattening of the
flanks and on the venter sets in and persists on the living chamber. The umbilicus is
perforated. Inner juvenile whorls show a rounded umbilical wall. The umbilical wall of the
body chamber is steep and only slightly curved and leads to a well rounded umbilical
shoulder. The shell shows fine radial growth lines.
The lobes and the position of the sipho are not visible.
Remarks: Because our specimen is not completely preserved and was exposed to
weathering it is ranked with cf. Remains of growth lines are visible on the body chamber. A
comparable well-preserved specimen from the Hallstatt limestones of the Langmoosalm
14
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(Feuerkogel area) is available to us from a fauna with Celtites sp., Sphingites sp., Dittmarites
sp., Lobites cf. ellipticus and Monophyllites sp.
Occurrence: On Obir in locality 2. Feuerkogel, Raschberg, Rappoltstein.

Fig. 8: Syringoceras cf. zitteli

Genus Syringonautilus Mojsisovics 1902
Syringonautilus bullatus Mojsisovics 1873
Syringonautilus cf. bullatus Mojsisovics
1893 – Nautilus bullatus, MOJSISOVICS, Taf. 5, Fig. 1-3
Description: The only poorly preserved fragment shows a rapid increase in height and width
within just one turn that is typical for Syringonautilus bullatus. Flanks and venter are
completely rounded. The present fragment corresponds from its shape well to the specimens
of S. bullatus illustrated in MOJSISOVICS (1893).
Occurrence: On Obir in locality Fladung 1a

Familia: Trematoceratidae Zakharov, 1996
Genus: Trematoceras Eichwald, 1851
Trematoceras cf. dubium Hauer 1847
(Fig. 9)
1847 - Orthoceras dubium, HAUER 1847, p. 260, Taf. VII, fig. 3-8
1873 – Orthoceras dubium, MOJSISOVICS, Taf. 1, Fig. 4, 5
Description: See HAUER (1847) and MOJSISOVICS (1873).
Remarks: Very commonly found in all localities (1, 1a, 1b, 1c and locality 2) on Obir.
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Fig. 9: Trematoceras cf. dubium 6 cm long, 2 cm diameter showing middle sipho.

Familia Tainoceratidae Hyatt 1883
Subgenus Holconautilus (Pleuronautilus) Mojsisovics 1902
Holconautilus ramsaueri Hauer 1855
Holconautilus cf. ramsaueri Hauer
(Fig. 10)
1902 – Holconautilus ramsaueri, MOJSISOVICS, Suppl. Taf. V, Fig. 4.
Description: The crushed specimen is preserved in fragments only. It corresponds well to
Holconautilus ramsaueri in flank ribbing. The cross section is subquadratically rounded with
distinct ribbed flanks. The flank ribs abruptly start prominently at the umbilical edge, then run
somewhat weaker in a slightly curved line over the flank and disappear near the ventral
margin. The umbilical development, the number of turns, the position of the sipho as well as
suture development is not recognizable on our specimen. Therefore, we ranked it with cf.
Remarks: Pleuronautilus ampezzanus (LORETZ), is similar to our form. The in MOJSISOVICS
(1882, Taf. LXXXIV, Fig. 1) pictured specimen of Pl. ampezzanus from the Raibl strata of the
Tofana differs from our specimen by its distinctly more curved flank ribs.
Occurrence: At Obir in locality Fladung 1a.

Fig. 10: Holconautilus cf. ramsaueri 75 mm
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Aulacocerida

Superfamilia Aulacoceratoidea Mojsisovics, 1882
Familia Dictyoconitidae Gustomesov, 1978
Genus Dictyoconites Mojsisovics, 1902
? Dictyoconites cf. haueri, ? Dictyoconites cf. reticulatus
(Fig. 11)
Description: For the detailed species and genus descriptions and a detailed synonyma list we
refer to MOJSISOVICS 1902, pp. 182-189.
Remarks: The only half exposed fragment shows the transition from phragmocone to the
rostrum. The fine longitudinal striation is clearly visible. Present side furrows/ridges are not
visible and probably hidden in the matrix. The low growth angle of the chamber/rostrum piece
is in good accordance with Dictyoconites haueri. Dictyoconites reticulatus seems to be a
possible match too because our specimen was not completely prepared out. Therefore, we
rank it with cf.
Occurrence: At Obir in locality 1c. In Carnian Hallstatt limestones. Timor.

Fig. 11: ? Dictyoconites cf. haueri, ? Dictyoconites cf. reticulatus
Ammonoidea
Superfamilia Arcestoidea Mojsisovics 1875
Familia Arcestidae Mojsisovics 1875
Genus Proarcestes Mojsisovics 1893
Proarcestes gaytani Klipstein 1843
(Fig. 12)
1843 - Ammonites gaytani, KLIPSTEIN, Taf. V, Fig.4 a,b,c
1847 - Ammonites gaytani, HAUER, pag. 267.
1849 - Ammonites gaytani, HAUER, Taf. IV, Fig. 13. 14.
1869 - Arcestes gaytani, LAUBE, Taf. XLIII, Fig. 5.
1873 - Arcestes gaytani, MOJSISOVICS, Taf. LVIII, Fig.1-3
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Our discovered Obir morphs show the typical flattened flanks which are so characteristic for
P. gaytani. The lobes and shell constrictions also correspond well to the description in
MOJSISOVICS (1873).
Remarks: LIPOLT (1856) mentions from the Fladung mine already Ammonites gaytany.
MOJSISOVICS (1873) mentioned Arcestes gaytani from "white limestones with Trachyceras
austriacum of Unterpetzen near Schwarzenbach in Carinthia". These limestones are most
probably identical to our investigated Obir strata and situated only a few kilometers away.
Occurrence: On the Obir in localities 1, 1a, 1b, 1c and 2.

Fig. 12: Proarcestes gaytani (16 mm)

Familia Joannitidae Mojsisovics 1882
Genus Joannites Mojsisovics1879
Joannites klipsteini Mojsisovics 1873
(Fig. 13, Plate.5, Fig. 4-6)
1843 - Ammonites multilobatus, KLIPSTEIN, Taf. IX, Fig. 1.
1873 - Arcestes klipsteini, MOJSISOVICS., Taf. LXI, Fig. 2, 3, Taf. LXII, Fig 2, 3.
1869 - Arcestes cymbiformis, LAUBE, Taf. XLII. Fig. a. c, d.
Description: Joannites klipsteini shows a flat compressed shape. Inner molds/steinkerns
show 3-5 inner shell constricions that run straight across the flanks. J. cymbiformis is much
thicker in cross section and shows 3-4 inner shell constrictions that bend towards the
aperture on the flank. Specimens of J. klipsteini and J. cymbiformis with preserved shell can
be distinguished by their different cross sections only.
Remarks: J. joannisaustriae from St. Cassian differs from J. klipsteini by max. 2-3 inner shell
constrictions but is identical to J. klipsteini in shape, cross-section and lobes. Smaller morphs
found in locality 1a and 1c on Obir often show only 2-3 inner shell constrictions. Therefore,
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they could be ranked to J. joannisaustriae. Sometimes somewhat thicker specimens occur
too which resembles J. cymbiformis in measurements. Because all found larger specimens
show 4-5 inner shell constrictions we think a ranking to J. klipsteini is justified. In the Hallstatt
limestones of the Salzkammergut and the Rappoltstein (Bavaria) J. klipsteini and J.
cymbiformis occur together in condensed fossil lenses of aonoides to austriacum zone age.
J. cymbiformis tends to be somewhat more common in the austriacum zone there.
Occurrence: Tethys-wide, at Obir at sites 1, 1a, 1b, and 1c.

Fig. 13: Stone core of Joannites klipsteini (75 mm)

Joannites cymbiformis Wulfen 1793
(Fig. 14)
1868 - Arcestes cymbiformis, LAUBE, Taf. XLIII, Fig. 1
1893 - Arcestes cymbiformis, MOJSISOVICS, Taf. LXII, Fig. 1
1978 - Joannites cymbiformis- JURKOVSEK, Fig. 28
Description: Joannites cymbiformis shows a smooth shell and convex sides. Internal
molds/steinkerns show 3-4 inner shell constrictions which are bend towards the aperture on
the flank. Specimens of J. klipsteini and J. cymbiformis showing preserved shells can be
distinguished by their different cross sections only. In general J. klipsteini show much flatter
flanks and is slender.
Remarks: In the Hallstatt limestones of the Salzkammergut and the Rappoltstein (Bavaria) J.
klipsteini and J. cymbiformis occur together in the condensed fossil lenses of the aonoides
and austriacum zone there. However, J. cymbiformis as the thicker form tends to be more
common in the austriacum zone.
Occurrence: Tethys-wide, on the Obir at sites 1, 1a, 1b, 1c, and 2.
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Fig. 14: Stone core of Joannites cymbiformis (85 mm)

Superfamilia Megaphyllitoidea Mojsisovics, 1896
Familia Megaphyllitidae Mojsisovics, 1896
Genus Megaphyllites Mojsisovics, 1879
Megaphyllites jarbas Münster 1841
(Fig. 15, Plate. 5, Fig 1-3)
1841 - Ceratites jarbas, MÜNSTER, Taf. XV, Fig. 25.
1843 - Ammonites umbilicatus, KLIPSTEIN, Taf. VI, Fig. 5.
1846 - Ammonites jarbas, HAUER, Taf. I, fig. 15.
1849 - Ammonites jarbas, QUENSTEDT, Taf. 18, Fig. 12.
1869 - Phylloceras jarbas, LAUBE, Taf. XLI, fig. 12
1873 - Pinacoceras jarbas, MOJSISOVICS, Taf. XIX, Fig. 9, 10, 16
1882 - Megaphyllites jarbas, MOJSISOVICS, Taf. LIII, Fig. 7+8
Description: Strongly involute shell with rounded venter. Juvenile specimens show slightly
curved flanks. Larger specimens show slightly flattened flanks and a somewhat steeper
transition to the umbilicus. The umbilicus is always closed and is not separated from the flank
by an umbilical wall.
Suture: Distinctive suture line with large phylloid saddles and deeply incised lobes.
Remarks: The genus Megaphyllites ranges from the Ladinian to the Norian. Ladinian and
Carnian species of Megaphyllites tend to be more slender, showing greater aperture height
than late Tuvalian to Norian species of Megaphyllites. MOJSISOVICS (1873) mentions
specimens of M. jarbas in white limestone with Trachyceras austriacum from Unterpetzen
and from black shale with Carnites floridus and Halobia rugosa from Bleiberg.
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Occurrence: On Obir in localities 1, 1a, 1b, 1c, furthermore in Bleiberg, St. Cassian/Italy and
Mečica/Slo, as well as in Carnian Hallstatt limestones.

Fig. 15: Megaphyllites jarbas - diameter 20 mm

Superfamily Pinacoceratoidea Mojsisovics, 1879
Family Pinacoceratidae Mojsisovics, 1873
Placites urlichsi Bizzarinii, 1987
(Fig. 16, Fig. 17, Plate 3, Fig. 1-4 )
1987 - Placites urlichsi BIZZARINI fig.3, Tav. 1 fig. 1, 2a,b, 3a+b, 6a+b, 7,8
1952 - Carnites floridus (Wulfen), LEONARDI & POLO, 1952,T.1 fig. 26,44,45,47,48,49,55,57,
T.2, fig. 39,40,41,42,43
2000 - Placites urlichsi BIZZARINI, Taf. 3, fig. 3+4.
Description: Juvenile whorls are evolute with circular cross section and a rounded venter.
During further growth the venter becomes subtrapezoidally rounded (tricarinate) and
changes finally into a bicarinate, flattened venter. The coils increase steadily in height. The
juvenile wide open umbilicus closes and left over a narrow deep umbilicus. At this stage
Placites urlichsi resembles in form and cross-section Sageceras, but shows a completely
different suture line than the latter. The suture lines shown in BIZZARINI (1987) are well
comparable with the sutures of same sized morphs from Obir. The flanks of larger specimens
show very fine growth lines that show a prominent bend in the middle of the flank towards the
aperture.
Remarks: Our specimens from Mount Obir reach a maximum size of 25 mm and usually
have a body chamber size of about half a turn. Visible suture lines were found only in a few
specimens. On Obir, two different morphotypes of Placites urlichsi can be recognized.
Morphotype 1 comes from outcrop group 1 of the Bleiberg Sonderfacies (about 10-20 m
below the first shale horizon) from outcrops 1a, 1b and 1c, is somewhat slender and has a
strongly pointed tricarinate venter in the juvenile stage up to 15 mm in diameter. At this
stage, morphotype 1 morphs are barely distinguishable from Pompeckjites layeri or P.
philopater to the naked eye. Morphotype 2 originates from locality 2 within the Bleiberg
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Sonderfacies. This morphotype develops a thicker, more rounded subtrapezoidal venter in
the juvenile stage.
Placites urlichsi, illustrated in BIZZARINI (1987) is identical to same sized morphs from Obir.
Morphotype 2, corresponds to fig. 3a+b in BIZZARINI (1987) and morphotype 1 corresponds
to fig. 2a+b in BIZZARINI (1987). The suture line is identical too.
Considering the lower Carnian age (upper aonoides zone) of Placites urlichsi and the
exclusively on juvenile specimens based suture line, an assignment to the genus Placites
seems doubtful to us. The genus Placites is mainly restricted to the Norian stage (earliest
representatives occur in the late Tuval). Therefore, a comparison of juvenile suture lines of
Carnian Placites urlichsi with subadult suture lines of Norian Placites seems to be not very
realistic to us. Similarities are given, but they depend on the superfamily Pinacoceratoidea, to
which both genera belong.
Therefore, we think that a classification of Placites urlichsi into the genus Pompeckjites
would fit better (see SPATZENEGGER, A. & W. POLTNIG, in press).
Occurrence: Morphotype 2 on Obir exclusively in outcrop 2, but very common there.
Morphotype 1 occurs in outcrops 1a, 1b +and 1c.

Fig. 16: Placites urlichsi - subtype 1 (left specimen 12 mm, right juvenile)

Fig. 17: Different growth stages of Placites urlichsi - subtype 2 (right center 18 mm)
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Suborder Phylloceratina Arkell 1950

Superfamilia Phylloceratoidea Zittel 1884
Familie Ussuritidae Hyatt 1900
Genus: Mojsvarites Pompeckj 1895.
Mojsvarites agenor Münster 1834
(Fig. 18)
1834 - Ammonites (Cerat.) Agenor, MÜNSTER, Taf.II, Fig.9.
1841 - Ceratites Agenor, MÜNSTER, Taf. XV, Fig. 24.
1849 - Ammonites Morloti, FR. V. HAUER, Taf. II, Fig. 12-14.
1873 - Lytoceras Morloti, MOJSISOVICS, Taf. XVI, Fig. 1, 2; Taf. XIX, Fig. 11, 14, 15.
1873 - Monophyllites morloti, MOJSISOVICS, Taf.16, Fig.1, Sutur Taf.19, Fig.15
Description: The shell is moderately involute, the cross-section is moderately high suboval
rounded and does not embrace the previous whorl very much. In case of good preservation
the almost smooth shell shows fine growth lines which bend towards the aperture on the
venter. Somewhat more distinct growth lines appear at regular intervals between the fine
growth lines.
The suture line of Mojsvarites agenor shows a somewhat stronger degree of serration than
that of Monophyllites simony. Lobes and saddles are strongly incised. Only the uppermost
saddle endings are still undivided (monophyllous). Large adult specimens can reach over 10
cm in diameter.
Occurrence: The genus Mojsvarites spans the whole the Carnian, showing an abundance of
individuals in the Upper Tuval then declining sharply or being replaced by Discophyllites.
Outer alpine localities are in the Bukovina and in the Himalaya. Alpine occurrences are
located in the Hallstatt limestones of this period as well as in St. Cassian. On Obir in locality
1, as well as in the contemporaneous Wetterstein limestones of the adjacent Petzen.

Fig. 18: Mojsvarites agenor (11 mm)
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Suborder Trachyceratina Krystyn, 1978

Superfamily Trachycertoidea Haug, 1894
Family Trachyceratitidae Haug, 1894
Subfamily Sirenitinae Haug, 1894
Sirenitidae Tozer, 1971
Genus Sirenites Mojsisovics., 1893
Sirenites betulinus Dittmar 1866
(Fig. 19, Plate. 3, Fig. 4-5)
1866 - Ammonites betulinus, DITTMAR. Taf XVII, Fig. 10, 11.
1893 - Sirenites betulinus Dittmar, in MOJSISOVICS 1893, Taf. CLXII, fig. 1-8
Description: Form with wide umbilicus and strong flank sculpture consisting of flank ribs with
one node spiral on the umbilicus edge, usually two node spirals on the flank and one node
spiral on the marginal shoulder. The ventral nodes lay not exactly opposite each other from
the ventral furrow. The ventral furrow is deep. Subadult and adult shells show a greater
aperture height than juvenile specimens.
The doubling of the ventral nodes in spiral direction per incoming flank rib, which is typical for
the genus Sirenites s. str., occurs very rarely and usually only on large shells on the
discovered specimens. The number of flank ribs a turn varies between more closely ribbed
specimens and morphs with slightly wider rib spacing.
Remarks: FRECH (1903) created Sirenites subbetulinus and referred in his description to the
14 original specimens of Sirenites betulinus in Berlin. According to FRECH the latter show 5-8
node spirals (incl. umbilical, marginal and ventral nodes) while his Hungarian, monotypic
specimen shows only 4 node spirals at the same size. This lower spiral node number FRECH
used to justify his species Sirenites subbetulinus. According to MOJSISOVICS (1893) two flank
node spirals are the regular form in Sirenites betulinus. Including umbilical, marginal and
node spirals, five node spirals for S. betulinus are typical in contrast to four node spirals for
S. subbetulinus.
The shape of the nodes is equal in both species. Our specimens from Obir correspond to the
regular type of S. betulinus in MOJSISOVICS (1893).
Occurrence: on Obir in locality 1a, 1c, 2, in Carnian Hallstatt limestones of the austriacum
zone.
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Fig. 19: Sirenites betulinus (35 mm)

Sirenites cf. senticosus Dittmar 1866
(Fig. 20)
1866 - Ammonites senticosus DITTMAR, pl. 17, figs 8–9.
1893 - Sirenites senticosus, MOJSISOVICS, pl. 161, figs 8–12, 14–15.
1905 - Ammonites senticosus, HYATT and SMITH, p. 198.
1925 - Sirenites senticosus, DIENER, pl. 18, figs 6a–b.
1957 - Sirenites senticosus, ARKELL et al., fig. 190, 9a–b (type of Mojs. 1893, pl. 161, fig. 8).
1978 - Sirenites senticosus, KRYSTYN, pl. 4, fig. 3.
2014 - Sirenites senticosus, LUKENEDER & LUKENEDER, fig. AI+AJ
According to MOJSISOVICS (1893) the specimen on plate 161, Fig. 8. is the type of this
strongly varied species.
Description: The shell shows flat flanks. Whorl increases rapidly in height. The individual
whorls embrace each other about half. Rather wide umbilicus with steep, overhanging
umbilical wall. Distinct umbilical edge with slight knots at the beginning of each major rib. The
marginal edge on the flank is marked by marginal nodes/spines. Two spirals of more or less
distinct nodes occur in the middle of the flank. Outside the marginal nodes, each rib (in adult
specimens) splits and ends in two ventral nodes at the ventral furrow.
Remarks: MOJSISOVICS (1893) already points out that in juvenile specimens of Sirenites
senticosus these marginal rib splits are not present. From about 10 mm diameter on, these
splits begin to appear sporadically and then persist in further growth of the shell.
MOJSISOVICS (1893) mentions in this context a specimen from the ore-bearing Wetterstein
limestone of Podpeca/Unterpetzen with a very late appearance of such split marginal ribs. A
comparative field survey in the Podepeca area delivered a 15 mm, poorly preserved S.
senticosus with similar only sporadic rib splitting between marginal and ventral nodes. This is
nearly identical to our larger, but also poorly preserved specimen from Fladung. In the case
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of the Fladung specimen the rib splitting between the external and the ventral node is clearly
visible. Due to its poor preservation it was classified as cf.
Occurrence: In Carnian Hallstatt limestones of the Northern Alps, in ore-bearing Wetterstein
limestone of Unterpetzen. At Obir in locality 1.

Fig. 20: Sirenites cf. senticosus (48 mm)

Subfamily Trachyceratinae Haug, 1894
Trachyceras medusae Mojsisovics 1893
(Fig. 21, Plate. 1, Fig. 1-6)
1893 – Trachyceras medusae, MOJSISOVICS, Taf. CLXXXVI, Fig. 5; Taf. CXCVII, Fig. 8
1994 – Trachyceras medusae, URLICHS, Taf 4, Fig. 2
Description: Numerous specimens of varying size, partly in steinkern preservation, were
found. Larger specimens are slender, show a narrower umbilicus and slightly convex flanks.
The ribs start at the steep, slightly overhanging umbilical wall. They first bend backwards
towards the umbilical edge and then change into a sigmoidal forward bending rib. The ribs
end forward bending at the venter. The ribs start thick at the umbilical margin and split
frequently in the lower half of the flank. The sculpture consists of irregular small knots that
occur rarely on the flanks. In one specimen, the alternating rib splitting typical of Trachyceras
medusae was observed. On the ventral shoulder, two distinct, closely spaced spirals of
nodes occur. Another weak spiral node row occurs between the marginal edge and the
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ventral nodes. The ventral nodes show two tips, which is typical for the genus Trachyceras.
The furrow is narrow and distinct.
Juvenile forms, or inner cores, differ significantly in shell measurements from adult
specimens. Larger specimens show a ratio in aperture measurements twice as high as wide.
The ratio in juvenile morphs is around 1:1 in aperture measurements, showing much more
rounded flanks. The ventral furrow is not clearly developed in such juvenile morphs.
Remarks: Shell shape, shape of the ribs and rows of marginal spiral nodes are similar to
Trachyceras pontius from outcrop 2, but the latter has more and narrower ribs, that run
across the umbilical edge without thickening.
Occurrence: On Hochobir in outcrops 1, 1a and 1c; Carnian Hallstatt limestone; Cardita
strata near HaII in Tyrol; upper Aonoides zone of Boa Staulin.

Fig. 21: Trachyceras medusae (18 mm)

Trachyceras infundibiliforme Klipstein 1843
(Fig. 22, Plate. 2, Fig. 1-3)
1869 - Trachyceras infundibiliforme, Laube, Taf. XXXIX, Fig. 3
1882 – Trachyceras infundibiliforme, MOJSISOVICS, Taf. XXIV, Fig. 7, 8
1952 – Trachyceras infundibiliforme, LEONARDI P. & C. POLO, Taf. II, Fig 36-38
1994 - Trachyceras infundibiliforme, URLICHS, Taf. 3, Fig. 3-5
Description: Juvenile and subadult morphs show a well-rounded cross-section and a distinct
ventral furrow. The best preserved specimen has a diameter of 16 mm and a width of 9 mm.
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The flanks are rounded. The ribs are coarse and run straight from the umbilical margin
towards the shoulder, where they bend towards the aperture. Coarse nodes are visible on 5
spiral rows. The ribs split at the outer half of the flank. Ventral nodes are coarse and extend
in the direction of the ribs. The nodes on the marginal shoulder are enlarged where rib
splitting take place. The flank ribs run to the ventral furrow at a flat angle.
Remarks: So far, only small specimens of Trachyceras infundibiliforme were described in the
literature, which correspond well to the one shown in Fig. 22. However, larger morphs found
in locality 1c show inner whorls well matching Fig. 22, but in further growth they differ,
significantly from it by a much higher than wide aperture cross-section. Adult forms of
Trachyceras infundibiliforme differ significantly from those described so far. They are
somewhat similar to the Austrotrachyceras group from the Hallstatt limestone.
Occurrence: At Obir in outcrop 1a and 1c; From the Upper Aonoides zone of Boa Staulin and
Forcella di Giau near Cortina d'Ampezzo/Dolomites.

Fig. 22: Trachyceras infundibiliforme (length 16 mm, width 9mm)

Trachyceras pontius Laube 1868
(Fig. 23, Plate. 2, Fig. 4-5)
1868 – Trachyceras pontius LAUBE, Taf 39, Fig. 6
1882 – Trachyceras pontius MOJSISOVICS, Taf. 186, Fig. 14, Fig. 21, 22
1994 - Trachyceras pontius URLICHS, Taf. 3, Fig. 1, 2
Description: No specimen is completely preserved. The sigmoidal ribs get wider on the
middle of the flank. Towards the venter, the ribs bend strongly forward in the direction of the
aperture and develop a shingle looking rib cross-section in which the steep part of the rib
points towards the aperture. The width of the distinct rib furrows get closer in regular intervals
showing a rib bundling structure.
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Single ribs occur between bifurcate ribs. Double-pointed ventral nodes are present. A
sculpure with nodes on flanks seems to be completely absent or is not recognizable. Only on
the specimen in Fig. 23 very fine nodes can be seen in the ventrolateral region in perhaps
two or three rows.
Remarks: The forms resemble in the ribbing Trachyceras haberfellneri Mojsisovics 1893. The
ribbing also resembles Trachyceras medusae, but in Tr. pontius the ribbing is much finer and
denser and the nodes are hardly visible.
Occurrence: On Obir in outcrop 2; Boa Staulin near Cortina d; Ampezzo.

a

b

Fig. 23: Trachyceras pontius with 11 mm diameter (left lateral view, right venter view) with
double nodes on both sides of ventral furrow

Familia Cladiscitidae Zittel 1884
Genus Hypocladiscites Mojsisovics 1896
Typusart: Arcestes subtornatus Mojsisovics, 1873
Hypocladiscites cf. subtornatus
(Fig. 24)
1847 - Ammonites tornatus - HAUER, S. 276
1873 - Arcestes subtornatus MOJSISOVICS, S. 79, Taf. 30, Fig. 5, 6, Taf. 32, Fig. 8
1902 - Hypocladiscites subtornatus MOJSISOVICS, S. 283
Description: For detailed species and genus description, as well as synonyma list, we refer to
MOJSISOVICS (1873) and MOJSISOVICS (1902).
Remarks: The presented venter fragment shows distinct fine spiral lineament and can be
assigned with certainty to the family Cladiscitidae. The presented subtornate venter
curvature corresponds best to the genus Hypocladiscites. Because no suture line is visible, a
classification with cf. was made.
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Occurrence: In the Hallstatt limestone, Hypocladiscites subtornatus occurs in the entire
Carnian (Julian +Tuvalian). According to GAMSJÄGER (1982, p. 15, table 3) Hypocladiscites
subtornatus is set in the upper Julian. It is listed there as the only occuring genus of the
Cladiscitidae in that period. Own findings from the Hallstatt limestones of this period confirm
this.

Fig. 24: Hypocladiscites cf. subtornatus

Ceratitida Hyatt 1884
Danubitoidea Spath 1951
Lecanitidae Hyatt 1900
Lecanites Mojsisovics 1882
Lecanites sp. Mojsisovics
(Fig. 25)
Description: The presented specimens are poorly preserved and do not show a clearly visible
suture line. A very simple suture line of the calcitic inner core is vaguely visible on one
specimen. This would fit both Lecanites sp. and Klipsteinia sp. The ventral area is rounded
with no ventral furrow. This and the flat shape of the undet. Ammonite point to Lecanites sp.
Remarks: The stratigraphic range of Lecanites glaucus (Münster) is usually thought to be of
lower Julium (aon zone) age (URLICHS, 1994). HORNUNG et al (2007) illustrates Lecanites sp.
from the lower Rama Formation (Spiti, Himalaya). The main part of the Rama Formation is
ranged to the austriacum zone in HORNUNG et al (2007). The lower part, however, still
belongs to the upper aonoides zone.
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Occurrence: On Obir in outcrop 1a and 1c

Fig. 25: Lecanites sp., 18 mm

5. Biostratigraphic results
In this study, the biozonation shown in HORNUNG et al (2007) is used (see Fig. 26). The
ammonoid fauna, which we found, was compared with faunas of the Hallstatt limestones and
resulted to be nearly identical with them. Differences in the abundance of some genera
probably are caused by different life habitats – e.g. reef platform area habitat compared to
the pelagic, marine habitat of the Hallstatt fauna. Carnian species like Hypocladiscites
subtornatus or Monophyllites simony, which occur frequently in Hallstatt limestones, were
represented with one specimen only or are not represented at all in the collected sites in the
Wetterstein limestone. Trachyostrake ammonoids like Sirenites or Trachyceras, on the other
hand, are more common in some layers of the Wetterstein Limestone than in the Hallstatt
Limestone.
A special feature is the thickness of the Wetterstein limestone deposits compared to the
condensed limestone in Hallstatt facies of the same time period. In the Wetterstein limestone
no significant change in the ammonoid fauna over tens of meters can be detected. This
allows for a very fine stratigraphic ammonoid zonation that can help on minor, difficult to
recognize, ammonoid faunal changes in the condensed layers of the Hallstatt limestone.
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Fig. 26: Biozonation according to HORNUNG et al (2007)
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means that the entire Bleiberg special
facies and large parts of the upper
Wetterstein limestone belong to the Lower
Carnian (Julian) stage.
The

Northern

Alpine

Raibl

strata

(overlying the Wetterstein limestone) can
be well assigned chronologically based on
its fossil record. According to JURKOVŠEK
(1978), JURKOVŠEK et al. (2002), OCEPEK
(2015), KRIŽNAR & OCEPEK (2018) and
POLTNIG & OCEPEK (2021), the fauna of
Mežica east of the Petzen provided the
following ammonites in the first shale
horizon:

Carnites

floridus

Wulfen,

Joannites cymbiformis Wulfen, Arcestes gaytani Klipstein, Megaphyllites jarbas Münster,
Pleuronautilus gaudryi Mojsisovics, Enoploceras wulfeni Mojsisovics, Austrotrachyceras sp.
and Nautilus sp. Thus, the first shale can chronologically be assigned to the austriacum
zone. In calcareous layers of the second shale KOLAR- JURKOVŠEK, T. & B. JURKOVŠEK (2009)
found conodonts (Nicoraella ? budaensis) which provided evidence of a Julian age for this
horizon too. Ammonites (Neoprotrachyceras oedipus) found in the second shale point to a
Julian age - austriacum zone, subzone of Neoprotrachyceras oedipus (POLTNIG & OCEPEK
2021)- too.
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According to HORNUNG et al. (2007) the carbonate development of the Wetterstein limestone
in the area of the Wetterstein carbonate platform of the Northern Calcareous Alps ends with
Julian1/IIb (zone of Trachyceras aonoides).
However, MOJSISOVICS (1871, 1882 and 1893) mentions from the "white limestone of
Unterpetzen"/Podpeca (Slo) the occurrence of Trachyceras subaustriacum and Trachyceras
austriacum. This could indicate that the development of the Wetterstein limestone might
reach higher up locally. Unfortunately, the old locations are not exactly known and not
published illustrations make a verification difficult. However, the geological situation in
Unterpetzen/Podpeca is comparable to the conditions at Obir. In both cases ammonoids
were found below the first Raibl shale in ore-bearing light limestones. A comparative survey
carried out in the Podpeca area showed that beside Joannites cymbiformis, Megaphyllites
jarbas, Lecanites sp., Sirenites cf. senticosus and orthocones, Placites urlichsi occurs there
frequently too.
A rich and diverse ammonoid fauna is now available from the Fladung mine on Obir. Based
on this fauna a biostratigraphic age classification of these limestones can be made. From the
outcrops 1, 1a, 1b, 1c and 2 the following cephalopods were identified:
Placites urlichsi, Megaphyllites jarbas, Joannites cymbiformis, Joannites klipsteini, Sirenites
betulinus, Sirenites cf. senticosus, Trachyceras infundibiliforme, Trachyceras medusae,
Trachyceras

pontius,

Proarcestes

gaytani,

Mojsvarites

agenor,

Lecanites

sp.,

Hypocladiscites cf. subtornatus, Trematoceras cf. dubium, Holconautilus cf. ramsaueri,
Syringoceras eugyrus, Syringoceras cf. zitteli, Syringonautilus cf. bullatus and Dictyoconites
cf. haueri.
The abundant occurrence of Trachyceras medusae, Placites urlichsi and Sirenites betulinus
as well as the occurrence of Trachyceras infundibiliforme and Trachyceras pontius in
outcrops 1a, 1c and 2 suggest a chronological ranking to the uppermost aonoides zone to
lowest austriacum zone.
Comparable faunas are known from the upper Cassian strata, (Boa Staolin, Costalaresc,
BIZZARINI 2000), that were ranked to the uppermost aonoides zone too.

Discussion
From the Northern Karawanken a sequence similar to the North Tyrolean/Bavarian
development with three Cardita shale horizons (Northern Alpine Raibl strata) was known for
a long time. The first shale horizon of this sequence always contains Carnites floridus and
Joannites sp. The Bleiberg Sonderfacies, with its algal rhytmites and the black breccia
layers, of the uppermost Wetterstein limestone probably shows the very onset of the CPE
with its later sedimentation change towards the fineclastic Cardita layers.
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The ammonoid assemblage found in the Bleiberg Sonderfacies on Obir allows a correlation
with the fauna of the upper S. Cassian strata. BIZZARINI (2000) describes from the Ampezzo
Valley localities Boa Tamarin, Boa Staolin and Costalaresc similar ammonoid faunas. The
ammonoid fauna of Boa Tamarin with Trachyceras infundibiliforme, Trachyceras medusae,
Trachyceras saulus and the first occurrence of Diplosirenites was attributed to the upper
aonoides zone. In Boa Staolin the above-mentioned Trachycerates occur for the last time,
and Sirenites vestalinae and S. cortinense set in. No Trachyceratidae have been described
from Costalaresc so far. Beside Sirenites div. sp. also Sirenites betulinus was recorded from
there. BIZZARINI (2000) recognizes in his discovered ammonoid assemblages a gradual
evolution from aonoides to austriacum ammonoid fauna. In the condensed ammonoid faunae
of the Hallstatt limestone, the genus Sirenites first occurs in the upper aonoides zone too.
Beside the general similarity of the ammonoid fauna from Obir / Fladung with the faunas of
the upper S. Cassian strata of the Ampezzo Valley (Tr. medusae, Tr. infundibiliforme,
Sirenites betulinus), the occurrence of Placites urlichsi in both ammonoid faunas is
remarkable.
A field survey in the historical mining area of Podpeca (mentioned by MOJSISOVICS 1871,
1882, 1893, 1873-1902) revealed a fauna comparable to the Fladung area. Especially the
occurrence of Placites urlichsi allows a classification to the upper aonoides zone too.
A correct species identification of Placites urlichsi (see BIZZARINI 1987) allows a direct
correlation of some parts of the upper S. Cassian Formation to single stratigraphic members
of the Bleiberg Sonderfacies (uppermost Wetterstein Limestone). Slight morphological
differences in juvenile stages of Placites urlichsi also allow a distinction into a slightly older
morphotype 1 and a younger morphotype 2.
Furthermore, the beginning of the austriacum zone can be fixed with Carnites floridus in
strata where Austrotrachyceras sp. was not found. This is based on the contemporary
occurrence of typical C. floridus, Austrotrachyceras sp. and Neoprotrachyceras thous in
Hallstatt limestone of Rappoltstein (Bavaria). The occurrence of Placites urlichsi allows a
fixing of the upper aonoides zone in strata where Trachyceras s. str. was not found or is
missing.
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Table 1: Faunal distribution - outcrops 1 to 2

Fauna 1, 1a, 1b, 1c und 2

1c

1b

1a

2

Placites urlichsi
Megaphyllites jarbas
Joannites cymbiformis
Joannites klipsteini
Sirenites betulinus
Sirenites cf. senticosus
Trachyceras infundibiliforme
Trachyceras medusae
Trachyceras pontius
Proarcestes gaytani
Mojsvarites agenor
Lecanites sp.
Hypocladiscites cf. subtornatus

xx
xxx
x
xxx
xx

xx
xx
x
x

xx
xxx
x
xx
x

xxx

Holconautilus cf. ramsaueri
Syringoceras eugyrus
Syringoceras cf. zitteli
Syringonautilus cf. bullatus
Trematoceras cf. dubium
? Dictyoconites cf. haueri oder cf.
reticulatus

x

1

x
x

x
x

x
x

x
xx

x

x

x
x

x
x

x

x
x

x
xx
x

x
x

xx
xx

xx

x
xx

xx

xx

x

x = rare, xxx = frequent
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Plate 1

1a,b – Trachyceras medusae juvenile (9 mm), FP 1a; 2 - Trachyceras medusae, FP 1c
3 - Trachyceras medusae, FP 1; 4 - Trachyceras medusae, venter view, FP 1
5 - Trachyceras medusae, FP 1a; 6 - Trachyceras medusae, FP 1a

Plate 2
1 und 3 - Trachyceras infundibiliforme, Cross section with inner coils, FP 1c
2 - Trachyceras infundibiliforme in the foreground and Sirenites betulinus, FP 1c
4 - Trachyceras pontius juvenile (10 mm), FP 2
5 - Trachyceras pontius, FP 2

Plate 3
1 – Placites urlichsi juvenile with embryonic chamber, FP 2
2 und 3 - Placites urlichsi, FP 2
4 – Hand piece with small gastropods and different growth stages of Placites urlichsi, FP 2
5 - Sirenites betulinus juvenile (10 mm), FP 2; 6 - Sirenites betulinus juvenile (9 mm), FP 1c

Plate 4
1 - Various small ammonites with Sirenites betulinus, Trachyceras medusae, Placites
urlichsi, Joannites sp., FP 1c
2 - Block of stone with Trachyceras medusae, Joannites klipsteini and Trematoceras cf.
dubium, FP 1a

Plate 5
1 - Megaphyllites jarbas, FP 1c; 2 and 3 - Megaphyllites jarbas, FP 1a
4 – Joannites klipsteini , FP 1a; 5 and 6 - Joannites klipsteini , FP 1c

Plate 6
1 - Prepared block with predominantly Joannites klipsteini with Syringoceras eugyrus and
Trematoceras cf. dubium, FP 1c
2 - Small gastropods and predominantly Placites urlichsi Type 2, FP 2
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1 und 3: Trachyceras infundibiliforme, Cross section with inner coils; 2: Trachyceras infundibiliforme
in the foreground and Sirenites betulinus; 4-5: Trachyceras pontius
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1: Various small ammonites with Sirenites betulinus, Trachyceras medusae, Placites urlichsi,
Joannites sp.; 2: Block of stone with Trachyceras medusae, Joannites klipsteini and Trematoceras
cf. dubium
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1: Outcrop 1c – Prepared block with predominantly Joannites klipsteini with Syringoceras
eugyrus and Trematoceras cf. dubium. 2: Outcrop 2 – Small gastropods and predominantly
Placites urlichsi type 2
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