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ABSTRACT

The present thesis combines 5 peer reviewed articles and one submitted article, published in
the course of a project funded by the Austrian Science Fund (P 22109-B17). The project
focused on palaeozoologic, lithologic, cyclo- and magnetostratigraphic investigations of
Upper Triassic (Carnian) sediments deposited within the Taurus Platform-Units of south-
western Turkey. The main aim of this thesis was to trace the genesis and history of the 234
million-years-old Kasimlarceltites ammonoid mass occurrence, which is a marker-zone
(Kasimlarceltites acme zone) represented by several limestone-layers within the Carnian
Kasimlar Formation, developed during the early drowning phase of a shallow water platform.
The acme zone shows an extension of at least least 5 km? in the surroundings of

Asagiyaylabel and represents an important archive for a Late Triassic ecosystem.

The Asagiyaylabel sequence within the Taurus Mountains of Turkey constitutes an Upper
Triassic key section concerning environmental changes during late Early- to early Late
Carnian time. One main finding within this section, which represents a deepening sequence
from platform carbonates over pelagic- and marly limestones into shales, was the occurrence
of the Julian / Tuvalian substage boundary (= Lower- / Upper Carnian boundary) within the
Kasimlar Formation. A further important result, based on sedimentological and
palaeontological analyses, is a much later onset of the so called Carnian Pluvial Episode
(CPE), which has previously been associated with dramatic climate changes throughout the
Tethys region. Although the sediments of the Asagiyaylabel sequence were deposited during
the time when the CPE took place, they represent an unexpected, pure carbonate
depositional system (chapter Il). The onset of the CPE within the western Tethys occurred
about 2 million years earlier (= one ammonoid zone) what hints to a diachrony of this event
throughout the Tethys, which may occurred earlier at higher palaeolatitudes and later in

equatorial areas.

The detected Julian / Tuvalian boundary strata are recognisable by a positive shift in MS-
and radiometry values and are traceable along an area of at least 5 km®. The MS- and
radiometry-data at Agagiyaylabel are the first data from Lower- to Upper Carnian sediments
and reliably reflect lithological changes (chapter 1ll). They display an amplified terrigenous
input into the marine sediment system, triggered by climatic changes. The boundary from the
Kartoz- to the Kasimlar Formation, which represents a change from shallow-water to deeper-

water carbonates, shows another, smaller positive shift in the MS-data.
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The Asagdiyaylabel sequence is of high taxonomic and biostratigraphic value, as the
possibility for investigating a continuous Lower- to Upper Carnian ammonoid record is quite
rare. This substantiates the significance of Upper Triassic faunas within the Taurus
Mountains and facilitates the correlation with faunal assemblages from other regions in the
Tethyan Realm (chapter IV). Concerning biostratigraphic investigations, the sediments of the
studied Kasimlar Formation are interpreted as Julian 2 to Tuvalian 1, what represents a
detailed proof of the Julian / Tuvalian boundary in this section. Among the stratigraphic
significance of those ammonoid faunas, which were deposited during the CPE, some so far
unknown Lower Carnian (Julian 2) ammonoid species respectively one new genus from the
Kasimlar Formation were described. The newly described genus and species
Kasimlarceltites krystyni gen. et sp. nov. represents the main faunal element and is found
abundantly (Kasimlarceltites mass occurrence). Additional new forms within the Lower
Carnian Carbonate member (Units A-B) of the Kasimlar Formation, are Klipsteinia

disciformis sp. nov. and Anasirenites crassicrenulatus sp. nov.

A novel three-dimensional reconstruction method, which combines classical orientation
analysis with modern 3D-visualisation techniques, was developed for investigating the spatial
shell orientation of the Kasimlarceltites mass occurrence (chapter V). Dip, dip-direction, and
aperture direction of the longitudinal axis of the ammonoids and gastropods as well as dip
and azimuth of an imaginary sagittal-plane through each ammonoid were used to determine
a statistical NNW/SSE shell orientation from more than 3,000 segmented ammonoids and
200 segmented gastropods. Upon these numbers an estimation of nearly 775 million
ammonoids and 50 million gastropods was extrapolated from the segmented and counted
individuals for an extension of at least 5 km? of the investigated Kasimlarceltites limestone
bed.

Within chapter VI the newly described method was interpreted in combination with
taphonomical and sedimentological results, investigated from samples of additional sections
where the Kasimlarceltites acme zone was represented (Asagiyaylabel: AS 1V, Karapinar: KA
I, I & IV). Furthermore, 2-dimensional orientation measurements from the same localities
were constituted within chapter VII. Both methods, 3D- as well as 2D-analyses, show similar
results and enable the reconstruction of the history of the mass occurrence and the
interpretation of its underlying transport mechanisms. The taphonomic comparisons point to
a two-phased genetic history of this mass occurrence which may have started with the
formation of the deposit due to episodic anoxic conditions and/or tectonically induced
methane degassing. As no traces of bioerosion or encrustation were found and furthermore a

significant alignment of the ammonoids was tested, a basinward transport in a diluted
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sediment, most probably triggered by debris flows, turbidity currents or gravity flows, is
assumed. This transport finally led to the secondary deposition as concentration-Lagerstatte
sensu Seilacher. The ammonoid shells therefore reflect an allochthonous community, formed
by biogenic and sedimentological concentration mechanisms.

Finally, the present thesis contributes to the understanding of the environmental conditions
during the Carnian Pluvial Episode within the Tethyan realm. Different classical methods
were used in combination with modern as well as with newly established methods. Results
were interpreted within a comprehensive context, for contributing to a more detailed insight
into the environmental conditions which occurred during the Early to Late Carnian time.
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ZUSAMMENFASSUNG

Die folgende Dissertation beinhaltet 5 wissenschaftliche Publikationen und ein eingereichtes
Manuskript, welche im Zuge eines vom Osterreichischen Forschungsfond (FWF) geforderten
Projektes erstellt wurden. Ziel des Projektes (P 22109-B17) war die paldozoologische,
paldobiogeo-, litho-, zyklo- und magnetostratigraphische Untersuchung obertriassischer
(karnischer) Sedimente im zentralen Taurus Gebirge der sutdwestlichen Tirkei. Der
Hauptfokus der Dissertation lag dabei in der Entschlisselung der Entstehungsgeschichte
eines karnischen Ammonoideen-Massenvorkommens (Kasimlarceltites Schichten bzw.
Kasimlarceltites acme zone), welches vor ca. 234 Millionen Jahren innerhalb einiger weniger
Kalkgesteinsschichten abgelagert wurde. Die Kasimlarceltites acme zone reprasentiert, mit
einer Ausdehnung von mehr als 5 km? einen Leithorizont innerhalb der Umgebung von
Asagiyaylabel, dessen Untersuchung Einblicke in ein spattriassisches Okosystem liefern

kann.

Der Aufschluss Asagiyaylabel, im Taurus Gebirges sldlich der Stadt Isparta gelegen, stellt
eine Schlissel-Sequenz in Bezug auf Umweltveranderungen am Ubergang vom friihen zum
spaten Karn (Obertrias) dar. Seine Abfolge reicht von Plattformkarbonaten tber pelagische
und mergelige Kalke bis hin zu Schiefersedimenten. Die Bedeutung dieses Aufschlusses
wird durch den Nachweis der Julium / Tuvalium Unterstufengrenze (= Unter- / Oberkarn
Grenze) innerhalb der Kasimlar Formation deutlich. Ein wichtiges Ergebnis, gestitzt durch
sedimentologische und paldontologische Untersuchungen (Kapitel II), ist das Ausbleiben
bzw. deutlich spatere Einsetzen der “Carnian Pluvial Episode (CPE)” im
Untersuchungsgebiet, welche bislang als zeitgleiche dramatische Klimaveranderung
innerhalb der Tethys betrachtet wurde. Im Gegensatz dazu zeigen die Analysen der
Sedimentschichten in Asagiyaylabel innerhalb der CPE ein unerwartetes rein karbonatisches
Ablagerungssystem. Die ,CPE" setzt somit in der westlichen Tethys um eine Ammonoideen-
Zone (das entspricht ca. 2 Millionen Jahre) spéater ein, und findet daher innerhalb der Tethys

zeitversetzt statt, deutlich frither in h6heren Breiten, und spater in aquatorialen Breiten.

Die Julium / Tuvalium Grenze konnte mithilfe von geophysikalischen Methoden wie
Magnetische Suszeptibilitat (MS) und Gamma-ray {iber eine Distanz von mindestens 5 km?
korreliert werden, wobei es sich um die ersten geophysikalischen Untersuchungen an unter-
/ oberkarnischen Sedimenten handelt (Kapitel 111). Ein deutlicher Anstieg der radiometrischen
Daten sowie der MS-Werte geht mit dem lithologischen Wechsel an der Julium / Tuvalium

Grenze einher und spiegelt somit eine direkte Funktion des verstarkten terrigenen Eintrages
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in das marine Sedimentsystem wider, welcher hdéchstwahrscheinlich durch Klima-
schwankungen ausgeldst wurde. So konnte beispielsweise ein zuséatzlicher leichter Anstieg
der MS-Werte am Ubergang von den Flachwasser Karbonaten der Kartoz Formation zu den

tiefermarineren Karbonaten an der Basis der Kasimlar Formation festgestellt werden.

Neben den Ergebnissen der erwéhnten Fazies Untersuchungen und der geophysikalischen
Messungen geben die Schichten in Asagiyaylabel erstmals die Moglichkeit eine
Ammonoideen-Fauna uber die Unter- / Oberkarn Grenze zu untersuchen (Kapitel 1V), was
die Bedeutung obertriassischer Faunen innerhalb des Taurus Gebirges heraushebt, und die
Korrelation mit Faunen anderer Regionen des tethyalen Raumes erleichtert. Aufgrund der
biostratigraphischen Relevanz bestimmter, innerhalb dieser Arbeit beschriebener,
Ammonoideen Arten konnte das Alter der untersuchten Abschnitte der Kasimlar Formation
als Julium 2 bis Tuvalium 1 eingestuft werden, was eine exakte Festlegung der Julium /
Tuvalium Grenze im Profil erméglicht. Neben den stratigraphischen Erkenntnissen wurden
aulRerdem einige, bislang unbekannte unterkarnische (Julium 2) Ammmonoideen Arten, bzw.
eine Ammonoideen Gattung aus der Kasimlar Formation beschrieben. Kasimlarceltites
krystyni gen. et sp. nov. reprasentiert aufgrund seines Massenvorkommens das am
haufigsten auftretende Faunenelement der Lokalitat Asagiyaylabel. Kasimlarceltites krystyni
gen. et sp. nov. stellt aber nicht das einzige neu beschriebene Faunenelement dar. Auch
Klipsteinia disciformis sp. nov. und Anasirenites crassicrenulatus sp. nov. konnten innerhalb
des unterkarnischen karbonatischen Schichtgliedes (Einheit A-B) der Kasimlar Formation

entdeckt und neu beschrieben werden.

Um die Entstehung des bereits erwdhnten Kasimlarceltites-Massenvorkommens besser
verstehen zu konnen, wurde die r&umliche Orientierung der Schalenreste innerhalb der
Kalkbanke untersucht. Zu diesem Zweck wurde eine neue Methodik zur dreidimensionalen
Rekonstruktion interner Strukturen fossiler Massenvorkommen sowie zur Auswertung der
Orientierung einzelner Schalenreste im Sediment entwickelt (Kapitel V). Fallwinkel,
Fallrichtung und Ausrichtung der Apertur der Langsachse sowie Fallwinkel und Azimut einer
imaginaren sagittalen Flache durch jeden Ammoniten wurden zur raumlichen Orientierung
eingemessen, wobei eine statistische NNW/SSO Orientierung der Schalenreste von mehr als
3.000 segmentierten Ammonoideen und 200 segmentierten Gastropoden ausgewertet
werden konnte. Hochgerechnet auf eine Ausdehnung von 5 km? wiirde das eine Anzahl von

fast 775 Millionen Ammonoideen und 50 Millionen Gastropoden ergeben.

18



Die Ergebnisse der Orientierungsmessungen wurden in Kapitel VI in Zusammenhang mit
taphonomischen und sedimentologischen Ergebnissen von Proben weiterer Lokalitdten der
Kasimlarceltites acme zone (Asagiyaylabel: AS IV, Karapinar: KA I, Il & IV) interpretiert.
Zusatzliche zweidimensionale Orientierungsmessungen derselben Lokalitaten werden
innerhalb  des Kapitels VIl beschrieben. Beide Methoden (3D- und 2D-
Orientierungsanalysen) zeigen &hnliche Ergebnisse, welche eine Rekonstruktion der
Entstehung des Massenvorkommens sowie eine Interpretation dessen
Transportmechanismen ermdglichen. Die taphonomischen Untersuchungen lassen auf eine
zweiphasige Entstehungsgeschichte dieses Massenvorkommen schlieen: Eine priméare
Ablagerung aufgrund episodischer anoxischer Bedingungen oder tektonisch induzierter
Freisetzung von Methangas, scheint am wahrscheinlichsten. Aufgrund des Fehlens von
Bioerosion beziehungsweise Inkrustation kann ein langes Freiliegen der Schalenreste
ausgeschlossen werden. Die signifikante Einregelung der Schalenreste lasst auf einen
Weitertransport durch flieRenden Sedimenttransport, beispielsweise durch Schuttstréme,
Tribestréme oder Gravitationsstrome in Richtung Becken schlieBen. Der sekundare
Transport fuhrte schlussendlich zu einer Konzentrationslagerstatte sensu Seilacher. Das
Kasimlarceltites Massenvorkommen stellt daher eine allochthone Ablagerung, basierend auf

sedimentologischen Konzentrationsmechanismen dar.

Diese Dissertation tragt zum Verstandnis der Umgebungsverhéltnisse innerhalb der frihen
bis spaten karnischen Zeit und deren klimatischen Ereignisse bei, welche durch die ,Carnian
Pluvial Episode” innerhalb der Tethys ausgeltst wurden. Verschiedene klassische Methoden
sind im Zusammenhang mit modernen sowie neu entwickelten Methoden zur Anwendung
gekommen. Die Ergebnisse wurden in einem ubergeordneten Zusammenhang betrachtet
und interpretiert, um detailliertere Einsichten in die Umweltbedingungen der friihen bis

spaten karnischen Zeit zu erhalten.
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CHAPTERI,

INTRODUCTION

The centrepiece of the following thesis is represented by the Kasimlarceltites mass
occurrence, which is enclosed in the lower part of the Kasimlar Formation within the
surroundings of the localities Asagiyaylabel and Karapinar (at least 5 km?), located within the
Taurus Mountains of southwest Turkey, about 90 km northeast of Antalya. This mass
occurrence is of special interest as it was deposited during a time at which Tethyan-wide a
climatic crisis occurred. The triggers for this crisis, the Carnian Crisis, are still under
discussion and a series of unsolved questions already exists. New insights to the
palaeoecological conditions and the ancient environment were expected by the
biostratigraphic, taxonomic and taphonomic investigations of the Kasimlarceltites mass
occurrence, which is part of a most complete stratigraphic sequence from a Lower Carnian
carbonate platform (Kartoz Fm.), over marls-bearing limestones (Kasimlar Fm., Lower

member), up to shaley sediments of the Upper Carnian (Kasimlar Fm., Upper member).

The results of this thesis were achieved in the course of an FWF-Project (P22109-B17)
leaded and initiated by Alexander Lukeneder in 2009. His initial idea for investigating the
Kasimlarceltites mass occurrence arose from the fact that a larger amount of samples from
this mass occurrence already existed within the collection of the Natural History Museum
Vienna and the University of Vienna. This material was taken from the main section AS |
during previous field trips and excursions organised by Leopold Krystyn in collaboration with
Alexander Lukeneder, Mathias Harzhauser, Andreas Gindl, Franz Topka and Philipp

Strauss.

The idea was to investigate the taphonomic conditions of the Kasimlarceltites mass
occurrence by applying modern 3D-visualisation techniques in combination with well-known
classical geological methods for getting new insights into the ancient palaeoenvironment and
into the scenario which happened when this mass occurrence was deposited and the

Carnian Crisis occurred.

As main scientific collaborator within this project, my responsibility was to investigate the
already known succession Asagiyaylabel | (AS I) as well as to search for surrounding
localities, AS II-IV and Karapinar I-1ll (KA I-lll), for a better understanding of the lateral
extension of this mass occurrence — within a first step by means of facies analysis,

ammonoid taxonomy, and geophysical measurements. For further taphonomic orientation
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analyses, it was needed to develop an adaptive 3D-visualisation technique for investigating

the Kasimlarceltites mass occurrence.

1.1. Introduction to the study area

The investigated beds represent Lower- to Upper Carnian sediments deposited in the region
around Asagiyaylabel (former Kartoz region), located within the Taurus Mountains of Anatolia
(Turkey).

The sediments which crop out in the Taurus Mountains of Turkey generally were formed
between the Late Paleozoic (Permian) and the Mesozoic, when the continents Gondwana
and Laurasia were combined to the supercontinent Pangea. The Taurus Mountains, together
with the Anatolian Mountains, once represented the ancient northern margin of Gondwana.
Different from the mostly metamorphosed sediments of the Anatolids are those of the Taurid
Mountains, which are usually unmetamorphosed (Robertson et al. 2013) though affected by

a slight thermal overprint too.

During the Triassic, several oceanic basins were opened, when continental fragments split
off from Gondwana and drifted northward towards Eurasia, thereby building the Cimmerian
Terranes (Fig. 1.1; Muttoni et al. 2009; Robertson et al. 2013). Due to this northward drift, the
Palaeotethys Ocean (north to the Cimmerian Terranes) underwent subduction and was
closed, while the Neotethys (south to the Cimmerian Terranes) was formed at the eastern
margin of Gondwana (Sengor 1979; Dercourt et al. 1993; Van der Voo 1993; Besse et al.
1998; Metcalfe 2006; Muttoni et al. 2004; Ruban et al. 2007; Muttoni et al. 2009). During
Carnian time, the Anatolian System (Taurus Mountains, Turkey) has been a part of the
Cimmerian Terranes. Not only Turkey, but also todays Iran, Afghanistan, Tibet and Malaysia,
were part of these microplates. At this time, the Palaeotethys, north of the Cimmerian
Terranes, was still open to the east (Muttoni et al. 2009; Fig. 1.1). The shelf areas of the
western part of these terranes have been the depositional environment of the sediments
found at the investigated sections Asagiyaylabel and Karapinar within the Taurus Mountains

of Turkey.

The Triassic sediments found within the investigated region around Asagiyaylabel are part of
the Anamas-Akseki Autochthonous, and represent a major element within the Taurus
Platform Units between the Antalya Suture in the south and the Izmir-Ankara Suture in the
north (south of the Isparta Angle; Robertson 1993; Senel 1997; Andrew and Robertson 2002;
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Robertson et al. 2003). They form the highest summits but also the deepest valleys and play
an important role by the formation of the landscape morphology within this region (Dumont
1976). These transgressive sediments of the Kartoz- and Kasimlar Formation are deposited
discordant above diverse Palaeozoic rocks (Dumont 1976).

North-
America

Africa

South-
America

Fig. 1.1. Palaeogeographic mation of the Cimmerian Terranes during the Permian and
Triassic. As = Asagiyaylabel in Turkey, IR = Iran, A = Afghanistan, KK = Karakorma in
northern Pakistan, QT = Qiangtang in North-Tibet. Reconstruction slightly modified
after Muttoni et al. 2009

The Triassic sediments deposited below the Kasimlar Formation are characterized by huge
differences in thickness, becoming thicker from southwest to northeast. Beside the Kartoz-
series within the region around Asagiyaylabel and Karapinar, there are two more areas
yielding sediments stratigraphically older than the Kasimlar Formation: The Kasimlar region
with the Bahceevleri- and the Haciilyas Formation, as well as the Dipoyraz Dag with the
Muslu-, the Kara Gol- and the Dipoyraz Formation. While the sediments of the Kasimlar
region show a thickness of only 100 to 200 m, their time equivalents in the Dipoyraz Dag
(with an altitude between 2000 to 3000 m) reach more than 1000 m (Dumont 1976). Within
the region around Asagiyaylabel and Karapinar, the Kartoz Formation forms characteristic
hills and summits with a thickness of about 150 m, deposited unconformably above the
Carboniferous Gok-Dag-series (Dumont 1976). The Kartoz Formation is called after the old
name Kartoz (=Asagi-Kartoz) for the little village Agagiyaylabel where the sediments of this

formation were described for the first time.

25



Dumont (1976) was one of the first who investigated Upper Triassic sediments in the
southern Taurus region, with a focus on the Kartoz Formation. Further investigations about
the geology of southwestern Turkey were done by Ozgil and Arpat (1973), Dumont and
Kerey (1975), Monod (1977), Poisson (1977), Gutnic et al. (1979), Robertson (1993, 2000),
Senel (1997) and Robertson et al. (2003). Gindl (2000) had a more detailed look to the
Kasimlar Formation, especially to the Kasimlarceltites mass occurrence, which he originally
named the Orthoceltites mass occurrence. Although Gindl recognised within his master
thesis (Gindl 2000) that the ammonoid species, which dominates the mass occurrence within
the Kasimlar Formation, must represent a new species, he did not realise that it also
represents a new genus. Within the taxonomic part of this study (Lukeneder and Lukeneder
2014, Chapter IV) the species Orthoceltites n. sp.1 of Gindl (2000) is now classified as

“Kasimlarceltites krystyni” gen. et sp. nov.

1.2. The Carnian Pluvial Episode (CPE)

Hallam (1996) as well as Hallam and Wignal (1997) noted, that there are four intra-Triassic
extinction events of global relevance between the end-Permian and the Jurassic / Triassic
extinction event, one of them the “mid-Carnian event”. Beside the “mid-Carnian event”’, they
described the Smithian / Spathian-, the Carnian / Norian- and the Norian / Rhaetian
boundary events (Hornung 2008). Already Hornung (2008) mentioned that the Triassic
period became one of the most studied time slices regarding the documentation and

interpretation of biotic crisis (Hornung 2008; Hallam 1996; Erwin et al. 2002).

The “mid-Carnian event” took place during the time slice at which the sediments in the
surrounding of Asagiyaylabel and Karapinar were deposited. Therefore the investigated
sections are of global significance. The “mid-Carnian event” (Hallam 1996) has reached
publicity in form of a series of different names, for example, the “Carnian Crisis” (Hornung
2008), the “Reingraben turning point” (Schlager and Schdélinberger 1974), the “Carnian
Pluvial Event” (Simms and Ruffel 1989) or the “Carnian Pluvial Episode” (Lukeneder et al.
2012).

This event is represented by a nearly synchronous carbonate platform demise within the
Tethyan realm in late Early Carnian time (Julian 1/lic; Hornung and Brandner 2005; Hornung
et al. 2005). Nevertheless, this thesis shows that this synchronity is not true for every locality.
Within the surroundings of Asagiyaylabel, the demise starts at the end of the Julian Il, exactly

at the Julian / Tuvalian boundary (Chapter 1), and is therefore synchronous to the demise in
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the Lagonegro Basin (southern Apennines, Italy), where it is represented by a succession of
green shales and radiolarites (Rigo et al. 2007). This time shift of the climatic turnover at
Asagiyaylabel is an important result of this thesis.

The trigger mechanisms for the CPE are not definitely solved. Enhanced humidification
(Simms and Ruffell 1989; Hornung et al. 2007a, b), global warming and monsoonal phases
are proposed reasons for the climatic turnover. The rifting of Pangea might be a possible
reason for the global warming and as a follow-up result for the humidification of the climate.
Dal Corso et al. (2012) set the humidification in context with the eruption of the flood basalt
province of Wrangellia.

1.3. Methodology

Within this thesis, selected outcrops around the key section of Asagiyaylabel (AS I) were
investigated by different kind of methods. Beside classical facies- and biostratigraphic
analyses (chapter Il & 1V), a range of new approaches, for example geophysical
measurements (chapter 1ll) or modern visualisation techniques (chapter V-VI), were used to
deduce taphonomic information (chapter VI-VII) about the environment in which the upper
Lower- to lower Upper Carnian sediments of Asagiyaylabel and surroundings were

deposited.

1.3.1. Facies analyses

Within chapter Il of this thesis a detailed facies analysis and palaeodepth reconstruction was
achieved by sedimentological and palaeontological analyses for which the SMF Types of
Fligel were used, and therefrom the ancient environment around Asagiyaylabel interpreted.
The classification of sediments concerning their microfacies is used since the forties of the
19™ Century (Fliigel 1978). One of the first microfacies analysis was done by Pia (1933) and
by Sander (1936). Flugel (1972) summarized microfacies criteria and defined Standard
Microfacies Types (SMF Types), which were expanded and more strictly defined by Wilson
(1975) and are already used within today’s research studies as classical standard analysis
method for interpreting the ancient environment from the sediments which have been
deposited. 24 SMF Types were defined by Wilson (1975) on the basis of grain types and
frequency, matrix types, depositional fabrics, fossils and depositional texture types, for using

them as supplementary criteria for interpreting the major facies belts zones of an idealised
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rimmed carbonate shelf (Fligel 2004). Although this method is quite old, it is one of the
basic, well-used standard methods for interpreting sedimentary deposits for their depositional
environment. Modern techniques like for example geophysical measurements or 3D-
visualisation techniques are in most cases interpretable only in combination with basic

analyses like facies interpretation or biostratigraphic classification.

1.3.2. Geophysical measurements (Susceptibility & Gamma ray)

At least since Robinson (1990), geophysical measurements (e.g. Susceptibility- or gamma
ray logging) are standard methods used in geology for detecting properties of magnetic rocks
as there exists a close correlation between magnetic susceptibility (MS)- resp. gamma ray
signatures and the marine environment (Ellwood et al. 2000; Zhang et al. 2000; Racki et al.
2002; Da Silva and Boulvain 2006; Babek et al. 2010). Magnetic susceptibility is measured
for detecting the induced magnetisation which arises at minerals when brought into a low-
strength magnetic field (Kodama 2012). Erosion and weathering are the main factors
affecting the MS-signature, which are in most cases caused by climatic (Crick et al. 2001,
2002) or sea level changes, whether triggered by regression or transgression (Crick et al.
1997; Ellwood et al. 1999). The gamma ray method measures natural radioactivity, arising
from a rock sample. While lower levels are generally measured at sedimentary rocks, higher
radiations arise from igneous rocks like granite, but also from shales and phosphate rocks
(Tzortzis et al. 2003).

Susceptibility- and gamma ray measurements are in most cases done with highly sensitive
laboratory machines for detecting specific properties of magnetic rocks (e.g. Hladil et al.
2006). Within chapter Ill, MS- as well as the radiometry measurements were conducted
directly in the field, with hand held instruments (GF Instruments: a low-level SM-30 MS
meter and a scintillation gamma radiometer, bearing a 51 x 51 mm Nal detector), which do
not support such high sensitive measurements as provided by the laboratory devices.
Furthermore the radiometry measurements were done without conducting spectral results
like potassium (K), uranium (U) or thorium (Th), as such detailed information are not
supported by hand held instruments. Within this study, the MS- and radiometry
measurements thus were not used for interpreting detailed numerical results, but for
interpreting the trend-line of the data measured. MS- and radiometry data from hand held
instruments are easy to sample and can represent stable trend lines which might support
results achieved from different methods. These methods can be applied as an additional

correlation tool, which may prove or question hypothesis taken by different methods as
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for example facies-, biostratigraphic- or isotopic analyses. The MS- and radiometry data
determined from the sections at Agagiyaylabel (sections | & IV) and Karapinar (sections |-l
& 1V) well confirm the results achieved through biostratigraphy and facies analysis (chapter I
& 1V). The lithological boundary between the shallow-water carbonates of the Kartoz
Formation and the deeper-water carbonates of the Kasimlar Formation, as well as the
lithological change from the carbonate to the shale member of the Kasimlar Fm. (Lower- /
Upper Carnian boundary) are well represented by the MS- trend-line but also detectable by
the gamma ray data (chapter Il1).

1.3.3. Triassic Ammonoid biostratigraphy

After the end-Permian mass extinction, two ammonoid families, the otoceratids and the
xenodiscids survived, from which the most wide-spread ammonoids during the Triassic, the
ceratitids, evolved (Lucas 2010). During the time slice between the Permian / Triassic- and
the End Triassic extinction event, the ammonoids underwent enormous radiation and crises,
what lead to highly diverse, short living, and widespread species, which reflect perfect

requirements for using them as biostratigraphic tools (Balini et al. 2010).

Three orders, 80 families, 700 genera and about 5,000 species of Triassic ammonoids can
be divided into two large morphogroups, the “trachyostraca” and the “leiostraca”. Most
ammonoid families belong to the “trachyostraca”, which is a group of highly ornamented and
short-ranging forms used for defining biostratigraphic stages, substages and zones. The
“leiostraca” otherwise show smooth shells and relatively long-ranging forms (Balini et al.
2010).

Due to the high radiation, ammonoids form, beside conodonts, the main Triassic
biostratigraphic markers since the first chronostratigraphic timescale ever has been
published by Mojsisovics, Waagen and Diener 1895 (Mojsisovics et al. 1895). Tozer (1984)
established a review on global Triassic standards compiled from successions of the Alps and
Canada (Hornung 2008). Although the Triassic timescale was revised and re-organised
several times during the last two centuries, most of the originally defined stages, substages
(Mojsisovics et al. 1895) and zones are still used today. For example the Cordevolian
substage (= Trachyceras aon zone), the Julian substage (= Trachyceras aonoides zone) and
the Tuvalian substage (= Tropites subbullatus zone; Balini et al. 2010). Currently two of the 7
stages and all the 15 substages are still based on ammonoid biostratigraphy (Balini et al.

2010), with them also the Carnian substages, which were established by Mojsisovics (1874)
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and Mojsisovics et al. (1895). Within the alpine-mediterranean Early Carnian, Krystyn (1978)
proposed a revised ammonoid zonation and substage division in which the Cordevolian is
eliminated and therefore a single Julian substage established (Krystyn 1978; Hornung 2008;
Lucas 2010).

Although ammonoids still provide the base for many substages as well as for two stages of
the chronostratigraphic Triassic timescale, they became more and more replaced mostly by
conodont stratigraphy, which shows the advantage that their occurrence is not as limited as
the occurrence of macrofossils. For example, the four stages Induan, Olenekian, Anisian and
Rhaetian are already defined by conodont data (Balini et al. 2010). However, the ammonoid
biostratigraphy has the advantage of two centuries of research and therefore relies on data
from a relatively stable taxonomy, in contrast to the comparably young and therefore more

unstable conodont taxonomy (Lucas 2010).

Within this thesis, ammonoids were used for biostratigraphic correlation of the sediments
deposited at Asagiyaylabel and surroundings. Within section AS | one genus
(Kasimlarceltites gen. nov.) and three species (Kasimlarceltites krystyni, Klipsteinia
disciformis and Anasirenites crassicrenulatus) were newly introduced. The Lower- to Upper
Carnian boundary was proven by the occurrence of Anasirenites crassicrenulatus
immediately below and Spirogmoceras cf. shastense above the boundary between the
Carbonate- and the Marlstone member. The section AS | therefore represents one of the rare
opportunities for investigating the Lower- to Upper Carnian ammonoid faunal change
(Chapter V).

1.3.4. 3D-visualisation (computed tomography vs. serial grinding)

Since Sollas (1903) used the method of serial grinding for visualising fossil bones of
Therapsida and Lysorophia (Camp and Hanna 1937), 3D-visualisation was applied for a wide
range of palaeontological studies (e.g., VanderHoof 1931; Simpson 1933; Koslowski 1932;
Stensié 1927; Fourie 1974; Conroy and Vannier 1984; Ketcham and Carlson 2001;
Marschallinger 2001; Marschallinger et al. 2011; Dockner 2006; Sutton 2008; Garwood et al.
2010; Briguglio et al. 2011; Kruta et al. 2011; Lukeneder 2012). Although in recent years,
computed tomography has replaced the method of serial grinding in most studies, there are
still samples were computed tomography does not work, for example when the density
contrast of the fossils and the embedding sediment is too low. In such cases one has to

access to the well-tried method of serial grinding. This is what the study in chapter V shows
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well. As the density contrast of the ammonoids is nearly the same as for the limestone beds
where they have been deposited (2.6-2.8 g/cm®), computed tomography turned out to be
unsuccessful. Therefore the method of serial grinding was used to digitise the ammonoids
from a 150 x 45 x 140 mm? reference block which was taken from the Kasimlarceltites mass
occurrence (bed AS 6) of the section Asagiyaylabel I. 70 slices with a distance of 2 mm were
grinded, scanned and therefrom the ammonoids virtually segmented. By using the software
package Amira, the ammonoids could be segmented relatively fast and easily from the 2D-
slices, using sophisticated segmentation algorithms. The combination of this relatively new
approach with already established taphonomic, but also geological orientation methods,
made it possible to get insights into the genesis of the Kasimlarceltites mass occurrence, and
with them to detect some information about the depositional environment during the Carnian

time.

1.3.5. Orientation measurements and taphonomic analyses

One of the main questions within this thesis was to decipher the genesis of the
Kasimlarceltites mass occurrence, and its relation with the Carnian Crisis. The study within
chapter V=VII focuses on the taphonomic results of the Kasimlarceltites mass occurrences,

found within the area around Asagiyaylabel and Karapinar.

Nearly every kind of trace on an arbitrary fossil can be an evidence for a special process
which affected this fossil between its death and its burial, and might therefore be a hint to its
depositional environment (Martin 1999). This can be a broken shell which gleans back to an
attack by a crayfish, encrustation on some kind of shells or hardground which refer to a long
exposure time, or the similar alignment of fossils (e.g. turritellid gastropods, belemnites or
ammonoids) which indicate some currents or transport mechanisms influencing the fossils
before final deposition (Martin 1999). Many taphonomic processes are thinkable for tracing

back a fossils’ history.

Therefore the orientations of the ammonoids within the Kasimlarceltites mass occurrence
have been of special interest for reconstructing their post mortem transport history. In
contrast to most studies which focus on the orientation of the fossils from the surfaces of
shell beds, the main question of this study was to determine the internal orientation of the
ammonoids within the sediment layer. Therefore the method which is used by geologists for
defining the orientation of geological lineations and planes, was adapted for the ammonoids

and gastropods deposited at AS | bed 6 (Chapter V).
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If imagine a sagittal plane through the ammonoids resp. a lineation through the ammonoids
or the gastropods, the orientation of these lineations and planes can be analysed in the same
way as geological lineations and planes, by using stereographic plots. Stereographic plots
are used for the graphical analysis of three dimensional directional data in a two-dimensional
way. The spatial orientation of lineations or planes can be described by dip (= angle of fall)
and dip direction of the lineation resp. dip and azimuth of the plane. One of the main
advantages for using stereographic plots is that only one point shows the three-dimensional
orientation of one lineation resp. plane. Therefore a high quantity of data can be plotted
within one diagram. The results of nearly 3,000 segmented and measured ammonoids and
more than 200 gastropods show a SSE/NNW resp. NNW/SSE alignment of the shells,
hinting to a post mortem transport. The method which was developed for the Kasimlarceltites
mass occurrence can furthermore be easily adapted for the orientation analyses of other

fossil mass occurrences.

A series of studies are published to bring a structure within this wide field of traces which can
be interpreted in different ways for investigating the original environment respectively the
processes which led to their deposition. The research group around Seilacher for example
developed a fossil-Lagerstatten concept which divided fossil-Lagerstatten into conservation
and concentration deposits (Seilacher 1990). Kidwell et al. (1986), on the other hand,
established a descriptive nomenclature, including terms like taxonomic composition,
bioclastic packing, geometry and internal structure for identifying the genesis of fossil shell
concentrations (Martin 1999). Fursich (1995) included the descriptive parameters “biofabric”,

“‘geometry” and “complexity” for describing shell concentrations.

For interpreting the Kasimlarceltites mass occurrence, Kidwell’'s approach in combination
with Seilacher’s classification was used, with a special focus on the orientation of the
ammonoids. Although there are no traces of burrows or encrustation, what means that the
exposure time must have been very short, the orientation of the ammonoid-shells might hint
to an allochthonous, transported shell concentration. A fast burial must have led to a primary
deposition, most probably caused by short anoxic events (Chapter VI). Reworking and
transport by gravity or turbidity flows led in a second step to the present concentration-
Lagerstatte type sensu Seilacher (1990) indicating the investigated shell orientation toward
SSE/NNW resp. NNW/SSE.
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Abstract

This paper presents a detailed facies analysis and paleo-depth reconstruction of a latest
Early Carnian platform drowning-sequence from the Anatolian terrane (Turkey, Taurus
Mountains). A total of eight sedimentary microfacies zones were recorded. An open platform
margin passes through a deeper shelf margin setting into a basinal environment influenced
by more open-marine conditions. The analysis demonstrates an unexpected, pure carbonate
depositional system through the so-called Carnian Pluvial Episode (CPE), which has
previously been associated with dramatic climate changes throughout the Tethys region.
One main finding, based on sedimentological and paleontological analyses, is a much later
drowning of the carbonate platforms in Turkey than in other places. The termination of the
Kartoz platform postdates the onset of the CPE in the western Tethys by one ammonite
zone, corresponding to about 2 million years. The distinctly earlier demise of (north)western
Tethyan carbonate platforms and reefs points to a diachrony of this event throughout the
Tethys. The decline of carbonate productivity clearly occurs earlier at higher paleolatitudes
and later in equatorial areas. Interpreting the CPE as the result of a global or at least Tethys-
wide climatic event is therefore highly ambiguous. The described facies changes at
Asagiyaylabel probably mirror different coupling effects and, only minimally, the Tethyan-

wide climate changes during the Carnian Pluvial Episode.
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2.1. Introduction

In Europe, the platform and reef demise during the Early Carnian is known as the Carnian
Crisis or the Carnian Pluvial Episode (Simms and Ruffell 1989). According to Kozur and
Bachmann (2010), this was a longer and multi-phased process rather than a single event.
We therefore prefer the original term Carnian Pluvial Episode (CPE) (Simms and Ruffell
1989) instead of “Middle Carnian Pluvial Event” (Hornung and Brandner 2005), which
corresponds to the MCWI (= Middle Carnian Wet Intermezzo) of Kozur and Bachmann
(2010). This episode is characterized by abundant siliciclastics transported by large rivers
from the Baltic Craton towards the northwestern branch of the Tethys. This resulted in a
collapse of the reef and carbonate platform systems and an accumulation of siliciclastic
material in basinal areas and on the shelves (Tollmann 1976; Aigner and Bachmann 1992;
Hornung and Brandner 2005). This involved an almost complete breakdown of reef
ecosystems, combined with an abrupt decline of carbonate production (e.g., Riedel 1991,
Ruffer and Zamparelli 1997; Fligel and Senowbari-Daryan 2001; Keim et al. 2001). The
sudden increase in siliciclastic input (Reingraben Event) explains the breakdown of the
carbonate factory (Hornung and Brandner 2005). The “mid-Carnian Event” (after Hallam
1996; Hallam and Wignall 1997) is one of the five main extinction events in the Triassic with
global relevance. Palynological investigations by Hochuli and Frank (2000) date the
siliciclastic interval of the Cluozza Member (Eastern Swiss Alps) as Lower Carnian (Julian)
and indicate humid conditions caused by a major transgressive phase. Gianolla et al. (1998)
correlated the flooding event of the first Carnian sequence with the Ladinian/Carnian
boundary (Gianolla et al. 1998; Hochuli and Frank 2000). These humid environmental
conditions during the latest Julian and earliest Tuvalian were documented by palynological
investigations in the Carnian of the Cave del Predil area (Julian Alps, NE ltaly) (Roghi 2004).
The “mid-Carnian Event” is the nominal equivalent of the so-called “Reingraben turning
point” of Schlager and Schoéllnberger (1974), reflected in biofacies, lithofacies, and in
evolutionary events mirrored in all facies belts of the entire NW Tethyan continental margin
(Hornung and Brandner 2005).

The studied sequence at Asagiyaylabel starts with shallow-water limestones of the Kartoz

Formation, with thick-shelled bivalves and corals. This phase ends with a corroded and iron
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oxide-stained dissolution surface, pointing to subaerial exposure. The Kartoz Formation is
drowned and disconformably overlain by deeper-water, hemipelagic, black limestones of the
Kasimlar Formation with a thin level of ammonite floatstones (Orthoceltites beds) at the
base. This is followed by a thick slump breccia containing up to meter-sized patch reef blocks
together with comparably small ammonite coquinas and filament limestone components. The
Early to Late Carnian boundary is marked by a change to grey limy marlstones, with rare
ammonite- and pelagic-bivalve-bearing layers passing upwards into a thick pile of sterile dark
shale with thin silty and rare siliciclastic interbeds. Microfacies analysis shows the Carnian
depositional system at Asagiyaylabel to be an intra-shelf platform environment grading

upwards into deeper zones influenced by pelagic conditions.
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Fig. 2.1. a, Paleogeographic position of the Taurus and Anatolian terranes during the Upper
Triassic (after Stampfli et al. 2002) with marked position of Asagiyaylabel, the Lagonegro
Basin, and the Austroalpine region. The paleolatitude is based on Moix et al. (2008), but
contrasts with Muttoni et al. (2004). b, Late Triassic time-scale accompanied by depositional
areas of the western Tethys and the lithological sequence from Asagiyaylabel.
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The main topic at Asagiyaylabel was originally to determine the environmental conditions and
the original paleodepth of the Carnian ammonite mass-occurrence. However, a delayed
carbonate productivity crisis at Asagiyaylabel versus in western Tethys sections casts doubt

on the Carnian event hypothesis and sparked the present facies study.

The CPE is dated to the upper Trachyceras aonoides and the entire Austrotrachyceras
austriacum ammonite zones (Fig. 2.1b) with a duration of ca. 3.5 m.y. according to Gradstein
et al. (2004) and Ogg et al. (2008) (based on the involved ammonite zones). This is distinctly
longer than the 1 m.y. duration assumed by Hornung et al. (2007a, b). Platform drowning and
change to argillaceous sedimentation, however, occurred much later in Asagiyaylabel, i.e.,
close to or at the top of the Austriacum Zone. The main cause of the CPE is still under
discussion (Kozur 1989; Simms and Ruffell 1989; Simms et al. 1995; Keim et al. 2001,
Hornung and Brandner 2005; Rigo et al. 2007). Global warming, combined with enhanced
humidification during the Early Carnian, probably triggered a climate change during that time
interval (Hornung et al. 2006, 2007a, b; Hornung 2008).

2.2. Geography and geological setting

The Agagiyaylabel section is located in southwest Turkey, about 90 km northeast of Antalya
and approximately 70 km southeast of Isparta (Fig. 2.2). Asagiyaylabel is accessible from the
two major cities of the region, EQirdir and Beysehir, located 50 km and 40 km away,
respectively. The locality adjoins the small village Asagiyaylabel (1,000 m above sea-level)
on the northern slope of an east to west trending ridge between 1,050 m and 1,100 m at N
37.551389° and E 31.304444°. The former name of Asagiyaylabel was Kartoz, after which
the Kartoz Formation was named (Dumont 1976; Gindl 2000). Geologically, the area is
located on the Anamas Dag carbonate platform or Anamas-Akseki Autochthonous. The
Anamas Dag is part of the so-called Taurus-Platform-Units between the Antalya Suture in the
south and the lzmir-Ankara Suture in the north, south of the Isparta Angle (Robertson 1993;
Senel 1997; Andrew and Robertson 2002; Robertson et al. 2003). The Anamas-Akseki
Autochthonous (= Karacahisar-Autochthonous) includes Middle to Late Triassic limestones,
marlstones and shales of up to 500 m thickness (Gindl 2000). The geology of southwestern
Turkey and the Anamas Dag carbonate platform has been extensively investigated by Ozgil
and Arpat (1973), Dumont and Kerey (1975), Monod (1977), Poisson (1977), Gutnic et al.
(1979), Robertson (1993, 2000), Senel (1997), and Robertson et al. (2003).
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Fig. 2.2. Geography and geology of the investigated area with indicated position of the section
Asagiyaylabel in the Taurus Mountains (Anatolia, Turkey). Tectonic map modified after Gallet et al.
(2007).

The paleogeographic domain of the Anatolian System (Taurus Mountains, Turkey) was
characterized during Triassic times by microplates located in the middle of the western
Tethys Ocean. The investigated sequence was deposited in an intra-shelf basin of equatorial
paleolatitudes at the western end of the “Cimmerian terranes” or “Cimmerian blocks”
(Sengor et al. 1984; Dercourt et al. 1993, 2000; Gindl 2000; Scotese et al. 1989; Scotese
1998, 2001; Stampfli and Borel 2002; Stampfli et al. 2002) (Fig. 2.1a). This area was located
between the “old” Paleotethys in the north and the Neotethys in the south during the Late
Triassic (Carnian, 228-216.5 Ma; Gindl 2000; Gradstein et al. 2004). While the Paleotethys
Ocean underwent subduction along the southern margin of Eurasia, the young Neotethys
Ocean (southern branch of Neotethys, sensu Sengdr and Yilmaz 1981) was widened
between the African continent and the Cimmerian terranes, which consisted of Turkey, Iran,
Afghanistan, Tibet, and Malaysia (Golonka 2004). In the north of these Cimmerian terranes,
the Izmir-Ankara Ocean (northern branch of the Neotethys, sensu Sengér and Yilmaz 1981)
and the “old” Paleotethys were still open to the east (Tekin et al. 2002; Golonka 2004; Tekin
and Goncloglu 2007; Goncuoglu et al. 2010).

The Triassic sequence of Asagiyaylabel starts with an angular unconformity above
Carboniferous rocks (Dumont 1976; Gindl 2000). The main formations are the Middle to Late
Triassic Kartoz Formation (Early Carnian) and the Kasimlar Formation (latest Early Carnian
to Late Carnian). The Kartoz Formation consists of shallow water platform carbonates with
thick-shelled bivalves (megalodonts) and corals. In contrast, the overlying Kasimlar
Formation starts disconformly (e.g., hiatus) with an 8-m-thick pile of deeper-water

limestones; this passes via another 12 m of marlstones into shales (Fig. 2.3). The section is
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dated based on conodonts, ammonites, and halobiids; their detailed age assignment follows

Krystyn et al. (2002) and Gallet et al. (2007). The strata dip approx. 45° towards northeast.
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Fig. 2.3. Log of the section Asagiyaylabel with indicated stratigraphy, sample positions (As 1-As 19) and
speculative depositional sections (not to scale) from the Kartoz Formation (Early Carnian 1) and the
Kasimlar Formation (Early Carnian 2-Late Carnian; e.g., Julian—Tuvalian). Please note that the scale
changes at 4 m. Indicated depositional areas of the facies types As 1 to As 23.3 m correspond to log and
stratigraphy to the right. Topography and suggested position of facies types modified after Fligel (2004).
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2.3. Stratigraphic log and biostratigraphy

The section at Asagiyaylabel comprises about 50 m of essentially calcareous beds passing
into marlstones (in part marly limestones) and shaly beds with considerable siliciclastic input
at the top. The lowermost part (0-2.4 m; As -1, As 0, As 1; Figs. 2.3, 2.4a) is represented by
the Kartoz Formation, a Late Triassic (earliest Carnian, Julian 2) light-grey, shallow-water
carbonate succession. It comprises corals and thick-shelled bivalves. Neoprotrachyceras sp.,
found in the upper part of bed As 1, dates the upper part of the Formation as Julian 2 (A.
austriacum Zone). The top of As 1 ends with a corroded and iron-oxide-stained dissolution
surface; a hiatus between the top of As 1 and the overlying Kasimlar Formation cannot be

excluded.

The overlying Kasimlar Formation (2.4-25 m; As 2 to As 19; Figs. 2.3, 2.4b-h) can be
divided into three “members”: a carbonate member, a marlstone member, and a shale
member. The carbonate member starts with dark-grey to black, thin-bedded limestones
containing ammonite-rich beds with a nearly monospecific assemblage of Orthoceltites (As 2
to As 9; Fig. 2.4b) and very rare Sirenites sp. represented by floatstones of latest Early
Carnian age (Julian 2/11). Towards the top thick slump breccias follow; they contain up to
meter-sized patch-reef blocks together with small ammonite coquinas and filament-limestone
components (4.1-12.1 m; Fig. 2.4c). The overlying well-bedded (cm—dm thick) peloidal
filament-wackestone (12.1-14.2 m; As 10 to As 15, respectively As 46) with Early Carnian
conodonts (Gladigondolella tethydis and Metapolygnathus) and an ammonite fauna
dominated by the genera Neoprotrachyceras and Anasirenites are of latest Early Carnian
age (Anasirenites level of Julian 2/1Ib). The bioturbated matrix (Figs. 2.3, 2.4d) contains
juvenile halobiid bivalves, sponge spicules, radiolaria, peloids, and planktic crinoids (=
Osteocrinus sp.). The argillaceous part of the section starts with the following marlstone
member. It consists of bioturbated, mostly peloidal filament-packstones, with thin halobiid
pavements, gastropods, and ammonites in specific layers (As 47; As 16; As 17; Fig. 2.3).
Between 19.5 m and 21.1 m, thin layers of silty sandstone and arkoses are present (As
17/18, As 18; Fig. 2.4g). Ammonites (Pleurotropites, Spirogmoceras) from As 16 and 17 date
the basal part as earliest Late Carnian. At approximately 21.3 m (Fig. 2.4h), the marlstone
member is replaced by the shale member, a thicker sequence of mm-thick, laminated black
shales that are rare in biogenic components except for some thin halobiid layers.

Overall, the studied succession represents the latest Early Carnian (Julian 2) to earliest Late

Carnian (Tuvalian 1) time interval with an exactly dated Early to Late Carnian boundary.
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2.4. Materials and methods

A detailed stratigraphic section of the Early to Late Carnian interval was measured and
described. Fifty-four thin-sections, collected in 2007 and 2010, of 17 layers were made and
used for petrographic studies. The corresponding bed numbers are indicated by the
abbreviation As (for Asagiyaylabel) and the associated bed number (e.g., As 1 = sample from
bed 1). Facies were analyzed using a dissecting microscope (Zeiss Discovery V20) with
attached digital camera (AxioCam MRc5). Detailed petrographic analyses were done using a
petrographic polarization microscope from Leica (Leica DDM4500P) and a digital camera
(Leica DFC4420). Sectioning and photographing were done at the Natural History Museum

Vienna and the University of Vienna (Department of Petrography).

2.5. Facies description

For a detailed facies description see Table 2.1.

Kartoz Formation

Coral-bafflestone (Fig. 2.3: 0.0-2.4 m; As -1 to As 1). This facies is characterized by a dense
abundance of in situ corals (Fig. 2.5a) within the first 70 cm, trapped by a cortoid grainstone
matrix (Fig. 2.5b). In addition to in situ corals, thick-shelled in situ bivalves and coquinas with
convex down oriented bivalves are common. Weathering-resistant structures (top of calcite-
filled corals) are present at the top of the layers. This section represents an open platform.
(Figs. 2.3, 2.4a, 2.5a, b; Table 2.1).

Kasimlar Formation

The Kasimlar Formation is composed of the following lithological members and units:

— Carbonate member (units A, B, and C),

— Marlstone member, and

— Shale member

48



Carbonate member: unit A

The Kasimlar Formation starts with bioclastic pelagic wackestones (Fig. 2.3: 2.4-4.0 m; As 2
to As 9), which were deposited in a deep shelf margin or mid-ramp position (Flugel 2004).
The faunal spectrum mirrors two different source areas of the bioclastic input: thin-shelled
bivalves (halobiids), which are most common, represent the autochthonous component
(deeper shelf margin), whereas the original habitat of the benthic foraminifera (lagenids), the
thick-shelled bivalves (megalodontids), and the large, low-spired gastropods was situated on
a fore slope or on a shallowmarine ramp. Tilted geopetal fills of gastropods and ammonites
(Orthoceltites sp.), together with clasts of eroded semilithified sedimentary layers
(“plasticlasts”), prove episodic erosion, downward transport, and re-sedimentation.
Bioturbation has mostly obliterated the original arrangement of autochthonous fine-grained
sediments (together with thin-shelled bivalves and radiolaria) alternating with coarser grained
tempestitic layers. When the original layering is preserved, bedding planes are strongly
affected by stylolites (As 4). Common authigenic pyrite (often as well-developed crystals) in
different levels of the section (As 4) is probably of synsedimentary origin. However, the high
abundance of halobiid bivalves and the dark-colored sediment could point to temporary
dysaerobic conditions of the bottom waters and/or the pore-fluids of the unconsolidated
sediments (Fligel 2004; McRoberts 2000, 2010). Reddish brown dolomitic spots (As 4) are
interpreted as diagenetic overprint during a later emersion phase under arid or semi-arid
conditions (Al-Hashimi and Hemingway 1973) (Figs. 2.3, 2.4b, 2.5¢c—g; Table 2.1).

Carbonate member: unit B
Mass flow deposits with Cipit-boulders (Fig. 2.3: 4.0-12.1m; As 9+x to As9+8m).

These probably tectonically induced gravity-flow deposits demonstrate an important turning
point in the basin forming process, which started with down-faulting and block-tilting,

accompanied by a steepening of the adjacent slope (Figs. 2.3, 2.4c, 2.5h, 2.6a—f; Table 2.1).
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Carbonate member: unit C
Pelagic wackestone/packstone with bioclasts (Fig. 2.3: 12.1-14.2 m; As 10 to As 15).

This part of the section is characterized by a remarkable increase of the proportion of
allodapic sediments (As 15). Tempestitic layers with platform-derived material (thick-shelled
foraminifera together with rare dasycladacean algae and sponges) alternate with pure
mudstones of the background sedimentation, which contain abundant authigenic euhedral
pyrite crystals. The “clotted fabric” of the fine-grained “groundmass” (Fligel 1982, p. 119)
hints that this matrix was probably originated via decomposition of former peloidal grain-
/packstones. The texture of the sediment, which alternates with the allodapic layers, has
been strongly affected by pressure solution. Small-sized radiolaria starting at the base of the
section (As 10) prove a basinal environment (FZ1, Fligel 1982: tab. 43). The radiolaria are
mostly calcified (mould preservation); the original mineralogy and porous wall structure is
preserved only in areas that underwent early diagenetic silicification. The presence of thick-

shelled bivalves indicates temporary shallowing (Figs. 2.3, 2.4d—e, 2.6g-h, 2.7a; Table 2.1).

Marlstone member
Marlstones with calcareous intercalations (14.2—21.3 m; As 16 to As 18).

The lower segment of this section features a shallowing upward tendency. The sequence
starts with partly bioturbated bioclastic wackestones and pelsparitic packstones, followed by
shales with a 1.1-m-thick intercalation of carbonates (As 17; bioclastic wackestone) with
thick-shelled bivalves. A small (10 cm) arkosic sandstone layer (As 17/18) with echinoid and
bryozoan fragments is present at the top of the sequence. Crystals of authigenic pyrite are

common in different layers of the succession (Figs. 2.3, 2.4f, 2.7b—f; Table 2.1).

Shale member
Shales with limestone intercalations (21.3—-25? m; As 19).

In the sequence at the top, which is exposed above the marlstone member, shales (Fig.
2.4g-h) with episodic intercalations of thin-bedded carbonates dominate. Samples of two of
these intercalated carbonate layers (As 18, As 19) are composed of strongly bioturbated
peloidal packstone with thin-shelled bivalves, rare radiolaria, and echinoid fragments (Figs.
2.3, 2.4g-h, 2.7g-h; Table 2.1).
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As 1819

Fig. 2.4. Detailed views of the section at Asag@iyaylabel. Kartoz Formation: a, As -1 to As 0, bioclastic bafflestones with
abundant in situ corals (thick whitish structure); Kasimlar Formation: b, As 3 to As 5, bioclastic floatstones with
abundant ammonites (Orthoceltites) and halobiid shells accompanied by rare gastropods. ¢, As 9+3 m, thick-bedded
debris flow deposits with intra- and extraclast breccias, comprising Cipit boulders, up to meter-sized patch reef blocks,
small ammonite coquinas and filament components. d, As 13, wavy bedded peloidal filament-packstones, with
bioturbated matrix, intercalated by residual sediments containing halobiid bivalves, sponge spicules, radiolaria, and
planktic crinoids. e, As 14 to As 15, transition from Julian limestones (As 14) to Tuvalian (As 15) peloidal pack- to
grainstones at the top with sponge spicules, crinoids, and thin-shelled bivalves (halobiids). f, As 16, fine bioclastic
wackestones with strongly bioturbated matrix comprising abundant ammonites (e.g., Neoprotrachyceras). g, As 18/19,
slip breccia, siliciclastic breccias and “floating” blocks (up to 40 cm in diameter). h, As 23.3 m, hundreds of meters
composed of shales with intercalated siltstones. Detailed description of beds and facies in text. All scale bars 10 cm.
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Fig. 2.5. Thin-section photographs of facies As -1 to As 9+x. Kartoz Formation: a, As -1, bioclastic bafflestone with
abundant in situ corals trapped by cortoid grainstone matrix. Calcitic in situ coral (thick whitish structure). b, As 1,
bioclastic grainstone with abundant grains encrusted by cyanobacteria together with common megalodontid bivalves
and echinoderm fragments. Kasimlar Formation: c, As 2top, bioturbated gastropod-bivalve floatstone with micritic
peloidal matrix containing thin-shelled halobiid bivalves. d, As 4, ammonite-gastropod floatstone with micritic peloidal
matrix containing abundant thin-shelled halobiid bivalves. e, As 5, bioclastic floatstone with abundant ammonites
(Orthoceltites) and halobiid shells accompanied by rare gastropods. Ammonites and gastropods filled with coarse sparry
calcite floating in micritic matrix. f, As 6, ammonite or Orthocletites packstone; densely packed and parallel arranged,
well-preserved ammonite (Orthoceltites sp.) shells forming a coquina. g, As 7, bioclastic floatstone with thin-shelled
bivalves (halobiids), gastropods (Omphaloptycha-like), abundant ammonites (Orthoceltites) filled with coarse sparry
calcite, and numerous echinoderm fragments. h, As 9+x, characteristic sponge-accentuated Cipit facies, rare in corals.
All scale bars 1 mm.
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Fig. 2.6. Thin-section photographs of different facies components of debris flow deposits (carbonate member unit B)
and pelagic packstones of the carbonate member unit C. a, As 9+1 m, component containing material from the deeper
ramp. b, As 9+1.5 m, component representing pelagic facies. c, As 9+3 m, component composed of material derived
from shallow water. d, As 9+8 m, component containing reef-building organisms (e.g., chaetetid sponge). e. As 9+zD,
component containing different generations of chaetetids and well-preserved internal sedimentation. f, As 9+5.5 m,
component representing sedimentation structures indicating plastic deformation of semi-lithified sediment: an excellent
example for absorption from the bedrock. g, As 10, pelagic packstone with bioclasts, matrix consisting of small peloids
(perhaps fecal pellets of halobiid bivalves) with filaments (halobiids), sponge spicules, and radiolaria. h, As 13, pelagic
packstone with bioclasts, bioturbated matrix with bioturbation containing halobiid bivalves, sponge spicules, radiolaria,
peloids, planktic crinoids (=Osteocrinus sp.?). Detailed description of thin-sections in text. All scale bars 1 mm.
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€ Fig. 2.7. Thin-section photographs of facies As 15 to As 19. Kasimlar Formation: a, As 15, pelagic peloidal pack- to
grainstone with biogenic components of dasycladacean green algae, sponge spicules, crinoids, thin- and thick-shelled bivalves
(halobiids), miliolid foraminifera, and bryozoans. b, As 16, strongly bioturbated, fine bioclastic wackestone with biogenic
components such as thin- and thick-shelled bivalves, fragments of echinoids, peloids, radiolaria, foraminifera, and sponge
spicules. ¢, As 17a, bivalve wacke- and floatstone containing rare biogenic components such as thin-shelled bivalves
(halobiids), foraminifera, and radiolaria. d, As 17b, bivalve wacke- and floatstone with abundant bivalve shells (encrusted by
fibrous cementation) floating within a micritic peloidal matrix with foraminifera and radiolaria. e;, As 17/18, arkose composed of
poorly rounded components, mostly re-sedimented lithoclasts containing biogenic components such as fragments of echinoids
and bryozoans, plagioclase, quartz grains, and rare glauconite, cemented by a carbonate matrix. e;, As 17/18, same sample as
e;, shown under a petrographic polarization microscope. f, As 18, strongly compacted, bioturbated peloidal packstone with
abundant thin-shelled bivalves (halobiids), radiolaria, echinoid fragments, and sponge spicules, with signs of bioturbation,
stylolithic structures, and large pyrite crystals (1-3 mm) coated by calcite cement. g, Slip breccia, (= same horizon as As 18/19)
containing different reworked components and framboidal pyrites. h, As 19, argillaceous, bioturbated peloidal packstone with
abundant thin-shelled bivalves (halobiids), rare ammonites, radiolaria, echinoid-fragments, and sponge spicules, with signs of
bioturbation, stylolithic structures, and abundant large pyrite crystals (1-3 mm) coated by calcite cement. Detailed description of
thin-sections in text. All scale bars 1 mm.

55



JUSWUOJIAUB [eulseq 0] 8do|S
700Z [9bN[d) eare feuonisodaq
¢T dNS

‘spodouiseb ‘sabuods “euinbod piouowwe ayl 18A09

uelwe) Ae3 aby
9 sy ‘g[dwes
(V uun) Jequisw "qren

igzee ‘auo1syoed sa11920yLIO JO plouocwwy saAjeAlq pligorey ‘(9% 06 01) Ssplouowwe JIuaboIq V'e-T'e ‘W Jejwisey
uibrew Jjays daaq
:(¥00Z [9bn|3) eale reuonisodaqg ueluie) Aje3 aby
952 8 4NS ‘sisejonse|d DUSboIqe G sy ‘|dwes
‘ar'e ‘Xuyew onuedsjad ‘swispoulyod (¥ 1un) 1eqwisw "qre)d
‘ez YUM 2U0IsIeo|} / auoisayoem dlbejad onsejoolg  ‘splouowiwe ‘SaA[eAI] Pa|IayS-21yl pue -ulyy oiuaboiq T'€—0¢€ ‘w4 Jejwisey
uibrew Jjays daaq
:(¥00Z |9bn|3) eare reuonisodag ‘a11Ad o1uabiyine Juaboiqe uelure)d Ae3 :aby
pPs'e 8 4dINS ‘uonregniolq ‘(s8|21SSO-pIOULID) SWISPOUIYDD ¥ sy B[dwes
‘ay'e ‘au0ls1eo)) ‘(a11-eyafidojeydw Q) spodouiseb ‘spiouowiwe (V uun) Jeqwaw "gqred
‘2 plouowwe / suolsaxoem dibejad ‘onsejoolg ‘SaA[eAIq Pa[|ays-UIy] JO SJunowe SNoLeA JIUSbO0Iq 0€-12 ‘w4 Jejwisey
uibuew jjays deaq ‘sisejonse|d :diusaboiqe
:(¥00¢ 12bn[d) eare reuonisodag Spooe.1Sso
8 4INS alel ‘swiapoulyds Jo syuswbel) quawipas d1LIoIW uelwe) Aje3 aby
XXuyew epiojad onuoIW snouoylyosoine yum pajiy Aped sprouowwe ‘(ax1-eyafidoreydw Q) Z Sy B|dwes
ue ulyum auolsieo|l anfealg/podonseb  spodoiiseb ‘sanjenlq pajjays-X21yl pue (pigofey) -uiyl (V nun) Jaqwisw ‘qred
26z '‘se / auolsaxoem aibejad ‘onsejoolg ‘elajlulwelo) pluabe| [elldsiuN ‘suele|olpel ToIUaboIq 12V ‘w4 Jejwisey
wuopeld uado ueluie) Ae3 aby
g-esg :(¥00Z 19bN|d) ease feuonisodsg ‘sysejooyy| :dlusboige T SV ‘0 SV 'T- SV 9|dwes
ey’ (542 4ANS) 2T 4N ‘Splouowiwe ‘spioutio lsquisw "glen
‘ee ‘auolisajeqg-elio) ‘(sluopojebaw "6°3) sanfeAlq ‘s[elod nyis ul :o1uaboiq 20 ‘w4 zouey|
‘614 9as 9U0Z-S319B]0IDIN 1ua1u092 Jluabolge pue oluaborg (W) |aAa7] 1un aiydesbiensoyl

"suonoas-uly) parebnsaaul jo uondiossp saloe) pajelaq "T'Z alqel

56



JUBWUOJIAUB [eulseq — dwiel 18INQ
(Y00 [9Pn|4) eare reuomsodaq
¥ 4N

(z ueyne) ueiwie) Ae3 aby

elZ ‘sl1ake| aidepoje GT Sy 9jdwres
‘ov'e paurelb-aul) Jo suoneealaiul yum (suoisurelb  ‘sueozoAiq ‘sabuods “elsjiuiwelo) pljoljiw ‘syjuswbel) (D uun) Jequisw "qred
‘e 01 -yoed |eplojad :xujew) auolsayoem dibejad  WISPOUIYID ‘SBAJRAI] Pa||ays-32Iyl pue -uiyl o1uabolq  g'v1—-6'CST ‘Wi Jejwisey]
JUSWIUOIIAUS [euiseq
“(¥00¢ 19bn[d) eare [euonisodad (¢ uennr) ueiuse) Ape3 BBy
uo'e e-T 4N (("ds €T Sy o|dwes
‘Pre ‘0T SV 01 Jejiwis ‘syse|ooiq SNuLID03ISQ) splould aipueld ‘spiojad ‘sueLie|joipel (D 1un) Jequisw “qred
‘ee yum auoisyoed-juawe|l jepiojad oibejad ‘sg|naids abuods ‘saajeAlq pligojey DIUBBOIq Q' €T—/2CT ‘w4 Jejwisey|
JUBWIUOJIAUS [euiseq
:(¥00Z 13bN|4) eaJe [euonisodsQ
(1Z4) €-T 4Ny (¢ uelnr) ueiured Ajre3 BbY
o'z ((s10]1ed [eosey Ajqissod) 0T sV B|dures
‘2 spiojad |lews Jo SISISU0D aInixal ‘6 Sy ueyl ‘suele|oipel (D nun) Jequisw "gred
indui anse|ooIq sS8| yum ‘aucisyoed aibead pazniofed pazis |rews ‘spiojad ‘sjuawejly ouabolq  §'ZI-£°2T W Jejuisey
‘saloe) uiseq aibejad pue ‘saloe)
adojs dwel Jadasp ‘(sx00|q Jaa1 yored) saioe) Jarem-mo|eys
(7002 [9bN[3) eare reuonisodag 1o wuoye|d SJUsWUOIIAUS Jualaylp Wody sjusuodwod
-e9z - 4N Jo pasoduwod se1a2aiq ‘siapjnoq udi) Diuaboiqe (z uelne) uelured Ajre3 aby
‘ysez ‘{sjuswelly pue ‘euinbod piouowwe ‘splouowiwe ‘sanfenlq Wg8+6 SY 01 X+6 SY 9jdwes
‘op'g [rews ‘siapinog udio ‘syo0jq joal yadred pazis ‘spodoaiseb ‘elajiuiwrelo) ‘(s[elod alel ‘spinsiaeyd (g nun) Jequisw “gred
‘ez -1918wW 0] dn Bulurejuod ‘susodap moy sligaq Ajrewnd) swsiuebio Buiping j9as Dwabolq TZI-T'V ‘wH Jejuisey
uibrew jjays deaq uelwe) Aje3 aby
(#7002 [9bn[d) ea1e feuonisodag ‘sisejonse|d :diusaboiqe / SY :9|dwes
Bgz 8 4INS ‘swuapoulyods ‘splouowiwe ‘(ax1-eyofidoreydw ) (v uun) Jaquisw "qred
‘ee ‘au01s1eO0|] / BUOISaIeM dlbejad onsejoolg spodoJiseb ‘sanenlq pajiays-uiy; :o1usaboiq LSS W Jejuisey
‘614 99s aU0Z-S310BJ0IDIN jus1u09 dluaboliqge pue oluabolrg (W) |aAa7] Hun alydesbiesisoyii

‘panuipuod ‘T°¢ a|qeL

57



uiseq — dwel 18InO
"(¥00Z [obN[3) eare [euonisodaq

(T ueleany) uelue) are aby

¢ 4Ny 8T sy Bjduwres

‘auoisyoed ‘sabuods ‘sjuawbel) pioulyoa Jaquiaw auols|iey

e'se [epiojad pareqginiolq ‘pajoedwod AIBuons  ‘suele|olpel ‘SBAeAI] Pa||Bys-ulyl lJuepunge DIuabolgd  6°02—8°02 ‘w4 Jejwisey]
JUBWUOIIAUS
[euiseq e ulyum pansodap paq uang

:(¥00Z 12bn|3) eare reuonisodaq (T uelean]) ueluie) aye :aby

- 4N ‘surelb anuoone|b asels ‘zuenb awos ‘asejoolibeld gT//T SY 9|dwes

¢layg XUrew areuoqted e Ag pajuswal ‘(d1sodle) papuno. Ajood ‘sisejooyl| paluawipasal Diusboiqe laqwiaw suois|eN

‘e auojsurelb onseoldl|Is ‘paurelb-asieo) ‘sue0zoAlq ‘sploulyda Jo sjuswbely o1Usbolq  /'6T-9°6T ‘w4 Jejwisey|
JUSWUOJIAUD [euiseq

(#7002 [9bn[4) ea1e feuonisodag (T ueleany) ueluie) aye :aby

G 4N q/.T Sy ‘sjdwres

ps2 Xuyew epiojad anuoIw ‘Suele|olpel ‘elajiuiwielo) Jaquiaw auoisje

‘e'Z B UIYIM paq ||BYS dA[eAI] ‘Bu0]SaxoeM JIiSe|dolg ‘uswad snolqy Ag palsnioua saAjeAlq oiuaboiq 9'8T 1e ‘w4 Jejwisey]
JUBWIUOJIAUS [euiseq
(¥00¢ |abn|d) eate [euonisodad

G dINY (T uelreanl) uelured aye '8bY

‘sugap e/ T sy s[dures

[ISS0} 8Jes Bulurejuod ‘q/T SY 01 UoNBIUBWIPAS laquiaw suois|e

2,°2'se punouboeg ‘auoisaxoem dnse|oolg {sLIgap |ISso} aJel DiuaboIq 9'8T 1e ‘w4 Jejwisey]
uswuolIAUS eulseq — dwel J18InQ

(#7002 [9bN[3) ea1e feuonisodag ‘uiblio aluabiyine o sjeisAio allAd ouaboiqe (T ueleany]) uelue) aye ‘aby

a2 e—zZ 4INY ‘g|naids abuods ‘eisjiuiwelo) oT SV 9jdwes

‘Wwe Xurew onueds|ad yum auolsaxoem ‘suelre|olpel ‘spiojad ‘swispoulyds Jo suswbely laqwiaw suols|e

‘e anse|oolg pareqiniolg Ajbuois pue suoispnip ‘SaA[eAI] Pa|[aYS-X2IYl pue -uIy) ‘atel o1uabolq 6T e ‘w4 Jejwisey

‘614 9as 9U0Z-S319B]0IDIN Jua1u092 Jluabolige pue oluaborg (w) |aAa7] 1un aiydesbiensoyl

‘panuipuod ‘T°¢ a|qeL

58



"°Z pue gz 'sbi4 9as ‘saloe} Juaiayip ayi jo uonisod pajrelsp ay) 104 "palodalap alam (£°Z ‘9z ‘G’z "sbi4) sadAl saioejoloiw 1ybig (Z96T
‘6G6T) Mlo-4 pue (Z96T) weyun JO SINFRJOUSLIOU U} SMO||0} UOHBIYISSEID reuodsed *(G26T) UOS|IM pue ‘(z26T) 196n1d (296T) weyung wouj paidope si (z4) sauoz saioey se [|am se (4INS/HINY)
sadA) saloejoiolw prepuels pue -dwes Jo ainjepuswou ayl ‘|agejAediBesy re Buissiw are ‘'t 74 ‘€74 ‘TZ4 'sjoal ulbrew-wlope|ld ‘G 74 ‘Jdys deaq ‘gz 74 "uonenuUadUOod [|IBYS YlIM SuoISawiIT
‘2T 4INS '9U01S]e0}}/aU0ISaYIeM |ISSO) 3JOYM ‘8 4INS ".Joad,, uibiew-wiope|d ‘auoispunog aiuehlQ ‘2 4INS “(sanuowwe *68) S|ISSO} J1UOPBU auLew-uado pue S|ISS0J0IdIW Juopue|d Yyum auoispnu
olbe|ad ‘G 4NY duoisyored pue au0IsaIeM [EpIojdd ‘v dINY "UOWWO uoeAlasald [ISso) sjoym ‘uiom Jou surelb [e19|axS “spiojad pue (swispoulyos ‘spodoiyorlig ‘SaAeAlq) S|ISSo) juepunage
0] UOWWOD ‘9SIBAIP UYlm auoisaxoed pue auolsasoem OSe|oolq pamoling ‘€ 4N "SWISpoUIYds ‘SpodelIso ‘elajiuiwelo) pareunn|bbe arel ‘BuolsayoemM pue auoispnw pamoling snoade||ibly
‘2 4INY pareulwre| Ajpuly sawnawos ‘sajnalds abuods ‘sugap [e1eeys aul A1aa ‘spiojad yum auoispnul pue ajisioe) ‘T 4INY Suonodas-ulyl parebnsanul jo uonduosap saloey) pajrelaq ‘T°Z @|gel

uiseq o) dwel JainQ

(T uelean]) ueluie) aye :aby

usre (#7002 13bN|3) eare feuonisodaq 6T SV ‘o|dwes

‘Bz €—2 4dINY ‘uolreqiniolg ‘swJiapoulyos ‘spiouowwe JIaqWIBN 9eys

‘e'e ‘ouoisyoed [epiojad pamoling snoade|ibiy ‘eJajluiwelo] ‘SaAfeAld pajlays-ulyl duabolq L T2 T2 "WwH Jejwisey|
dwey pIA

(¥00¢ [9bn|d) eare feuonisodag (T uelrean]) uelure) ae BBy

612 ST dNd -S1SNJD DIYN|OdUO YuM paiaplog 6T/8T SY ‘9[dWes

‘Byg ‘(Js1dWelp ul wo O pue sigap yum paj|iy saniAed djuaboige Jaqwaw aeys

‘e’z 01dn) s)o0|q Buneoj), pue selndsiq o1se|d101|IS !SAAeAI] PaJIayS-X2IY) To1uabolq ' TZ—-€'1¢ ‘w4 Jejwisey|

‘614 9as 9U0Z-S319B]0IDIN 1ua1u09 dluabolge pue oluaborg (W) |aAa7] 1un aiydesbiensoyl

‘panuipuod ‘T°¢ a|qeL

59



2.6. Facies interpretation

The deepening sequence at Asagiyaylabel: from the Kartoz Formation to the Kasimlar

Formation

Kartoz Formation

The Kartoz Formation is represented by sediments of an open platform, mainly composed of
well-sorted cortoid grainstones with rare bioclasts (As -1, As 0, and As 1; Fig. 2.5a, b). A 2.4-
m thick layer of a coral bafflestone is intercalated near the top of this sequence. Microscopic
vertical fissures extending a few meters below the top of the Kartoz Fm. are partly filled with
vadose silt, pointing to at least one episodic period of emersion (Fig. 2.4a). Remaining open
spaces were filled in a second phase (see below). The transgressive pulse of the coral
carpet layer probably reflects small-scale sea-level fluctuations. A hardground at the top of
the Kartoz Formation indicates a period of non-sedimentation during which pelagic sediment
sealed the open karst fissures. This points to a rapid drowning of the shallow-water platform.
The boundary between the Kartoz Formation and the overlying Kasimlar Formation is

characterized by a sharp change in lithology and facies, probably reflecting a hiatus.

Kasimlar Formation

Carbonate member

The Kasimlar Formation starts at 2.4 m with black, 1.5-m-thick limestones marked by
densely packed ammonites (Orthoceltites) within a micritic matrix. The faunal spectrum (As
2,4,5, 6 and 7; Fig. 2.5¢c—q) suggests two different source areas of the bioclastic input: thin-
shelled bivalves (halobiids), which are the most abundant faunal element, are
autochthonous, whereas the original habitat of the thick-shelled bivalves and large, low-
spired gastropods was situated on a fore slope or on a shallow-marine ramp. Tilted geopetal
fills of gastropods, together with clasts of eroded semi-lithified sedimentary layers
(“plasticlasts”), indicate episodic erosion, downward transport, and re-sedimentation.
Generally, the assumed original arrangement of autochthonous fine grained sediments
alternating with coarser-grained tempestitic layers is obliterated by bioturbation. Where the
original bedding is preserved, tops of the beds are strongly affected by pressure solution (As
4). The gastropods are similar to Omphaloptycha (Andrzej Kaim, pers. comm.). The tilted

geopetal fills of the ammonite and gastropod shells within As 5 (Fig. 2.5e) indicate their
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lithification within another facies and subsequent transport to the final depositional area. The
breccia-like bioclastic floatstones (As 2 to As 9; Fig. 2.5c—g) may be interpreted as distal
equivalents of the following 8 m of rudstones with intra and extraclast breccias (Fig. 2.3). The
genesis of these mass flow breccias seems to be similar to that of the Cipit boulders (Fig.
2.5h) first described by Richthofen (1860); see also Fursich and Wendt (1977). Cipit boulders
are meter- to tens-of-meters sized isolated blocks embedded in calciturbiditic, volcaniclastic,
marly, or argillaceous basinal sediments (Richthofen 1860). The debris flow components of a
deeper ramp (Fig. 2.6a) are positioned next to components of pelagic facies (Fig. 2.6b) as
well as next to shallow-water material (Fig. 2.6c) and components composed of reefbuilding
organisms (Fig. 2.6d). Different generations of chaetetids and well-preserved internal
sedimentation are visible (Fig. 2.6e). Similar breccias have been described by Keim and
Brandner (2001) and interpreted as indicating extensional synsedimentary tectonics, which
leads to scarps, block-tilting, graben structures, and finally to breccia deposition. Sediments
and biogenic components of platform margins have thereby been embedded within basinal
sediments as gravity displaced carbonate boulders (Brandner et al. 1991). Sedimentary
structures (Fig. 2.6f) indicate a still plastic or semi-lithified sediment, which underwent further
plastic deformation; this sediment originated by the absorption of material from the bedrock
during the gravity displacement of the Cipit-like boulders. The tectonically induced gravity-
flow deposits are evidence of an important turning point in the basin-forming process, which
started with down-faulting, local synsedimentary tectonics, and block-tilting, probably
accompanied by a steepening of the adjacent slope. This most likely involved a different
geometry of the basin margin as well as another carbonate productivity zone shortly after
deposition of the Cipit-like breccias. Through seismic activity, tilting, and down-faulting, a

formation of highs in the current basin may be assumed.

This phase ended abruptly and gave way to a deeper-water autochthonous succession of
bedded limestones, indicating a basinal environment within the next two meters (As 10, As
46top; Fig. 2.69), rich in radiolaria and sponge spicules. This part of the section, however, is
characterized by a clear increase in allodapic sediments (As 15, As 31, Fig. 2.7a). Productive
carbonate platform relicts are indicated by a characteristic, well-preserved (not corroded
and/or fragmented) biogenic content (shallow-water and reef-building-organisms:
Dasycladacea, chaetetids, calcareous sponges, gastropods) and layers of shallow-water-
derived material. There are no indications that the shallow-water material represents
reworked Kartoz Platform material, nor is there evidence for a strong subaerial alteration. We
therefore interpret this material as having been transported from a contemporaneous

marginal area into the basin. The fine-grained texture (As 10 and As 13; Fig. 2.6g—h)

61



consists of small pellets, most probably derived from halobiid bivalves. The recognized global
major appearance of osteocrinoids within Ladinian to Carnian strata (Kristan-Tollmann 1970)
agrees with occurrences of Osteorcinus within sample As 13 of Asagiyaylabel. At the top of
As 46, a layer of thin-shelled pelagic bivalves was detected. The same facies is represented
within As 47. Although thin-shelled pelagic bivalves characterize this facies, many other
calcitic biogenes (e.g., echinoderms, thick-shelled foraminifera together with rare
dasycladacean algae and sponges) are also present. The parallel arrangement of the
bivalves indicates current control. Tempestitic layers with platform-derived material alternate
with pure mudstones of the background sedimentation (As 15); these mudstones contain
abundant euhedral pyrite crystals of authigenic origin. The “clotted fabric” of the fine-grained
“groundmass” (Flugel 1982, p. 119) hints that the observed matrix probably originated via
decomposition of former peloidal grain-/packstone. The texture of the sediment, which
alternates with the allodapic layers, is strongly affected by pressure solution. The radiolaria

skeletons are mostly calcified. Thick-shelled bivalves indicate a temporary shallowing.

Marlstone member

The Upper Carnian (Tuvalian 1) is represented by calcareous marls to subordinate
marlstones alternating between sediments poor in fossils, except for distinct layers rich in
halobiid shells and ammonites (As 47 to As 18/19; Fig. 2.7b—g; Fig. 2.7a—h). The lower part
of this interval shows a shallowing-upward tendency. The sequence starts with partly
bioturbated bioclastic wackestones and pelsparitic packstones, followed by calcareous marls.
The macro-invertebrate fauna of the Tuvalian 1 unit is sparse, except for one Pleurotropites
layer (As 17; Fig. 2.3) and some halobiid coquinas (Halobia, As 18 to As 19; Fig. 2.3, 2.7f, h).
Such coquinas occur in deep-water, oxygen-deficient settings as well as in “pelagic” or
“filamentous” limestones, which represent fully oxygenated marine settings (e.g., Hallstatt
facies; McRoberts et al. 2008; McRoberts 2000, 2010). Crystals of authigenic pyrite are
common in several layers of the succession (As 16, As 18; Fig. 2.3, 2.7b, f). Thin-section As
17 represents a bioclastic wackestone with thick-shelled bivalves (Fig. 2.7c—d). A small (10
cm) arkosic sandstone layer with echinoid and bryozoan fragments occurs near the top of the
sequence (As 17/18; Fig. 2.7e).
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Shale member

This member consists of shales with rare, thin carbonate interbeds. One sample of these (As
19; Fig. 2.7h) is composed of strongly bioturbated peloidal packstone with thin-shelled
bivalves, rare radiolarians, and echinoid fragments. Apart from the mentioned sandstone
layer, another coarse-grained bed occurs at approximately 21 m (As 18/19; Figs. 2.4q, 2.79);
it is composed of an intraformational slump breccia. Subangular boulders are embedded in a
brownish-yellow, fine-grained limestone matrix whose color originates from oxidation of
pyrite. The light colored angular breccia components are apparently derived from a shallow-
water margin of the Kasimlar Basin. Nonetheless, as no such contemporaneous facies exists
in the basin, we interpret this breccia to represent reworked material from the Kartoz

Formation.
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2.7. Discussion

Asagiyaylabel and the Carnian Pluvial Episode

As noted by Hallam (1996) and Hornung (2008), the CPE was marked by a major facies
change from a carbonate-dominated to an argillaceous-dominated sedimentary regime. This
phase was also characterized by a major decrease in marine and epicontinental faunas, as
seen in many marine invertebrate groups and terrestrial elements such as tetrapods (Hallam
1996; Hornung 2008). The most affected faunas were shallow-water inhabitants (reef
builders) of the Tethyan-wide reefs and platforms. This Tethys-wide demise of reef systems
and carbonate platforms is dated to the late Julian 1 (Hornung and Brandner 2005; Hornung
et al. 2006, 2007a, b). Multistratigraphic studies concluded that this demise was synchronous
throughout the Tethys area within the Metapolygnathus carnicus conodont range zone and
the late T. aonoides ammonite zone (Hornung 2008). In contrast to the western Tethys,
where the turnover occurred within the Early Carnian, in the Taurus Mountains
(Asagiyaylabel) the sedimentation remains carbonate dominated and becomes terrigenous
only at the base of the Late Carnian; this corresponds to the boundary between the
limestone and the marlstone member of the Kasimlar Formation. These two members are
therefore, despite their facial identity, younger than the Early Carnian Alpine Reingraben
Shales (Hornung and Brandner 2005) or Halobia Shales of northern Turkey (Yurttas-Ozdemir
1973) and the Rama Fm. of the Indian Himalaya, respectively (Hornung et al. 2006, 2007a,
b). Only in the Lagonegro Basin in the southern Apennines (southern ltaly) does an interval
of green shales and radiolarites (lacking carbonate deposits) correspond in time to the
turnover at Asagiyaylabel. It is interpreted there as a shallowing of the carbonate

compensation depth and again as a result of the CPE (Rigo et al. 2007).

The mechanism triggering the CPE is still under debate. Generally accepted is that global
warming (caused by the rifting of Pangea) enhanced humidification, triggering climate
change during the Early Carnian (Hornung et al. 2006, 2007a, b; Hornung 2008). Strong
humidification by enhanced monsoonal phases led to increased freshwater runoff and
enhanced nutrification of the Tethyan Ocean (Simms and Ruffell 1989; Hornung et al. 20073,
b), destroying reefs and platforms and reducing nektonic biodiversity. Within the studied
section, an outstanding feature is the abrupt facies change but increased carbonate
productivity during the Early Carnian (Julian 2). As we have no evidence for terrestrial input
during this time interval, the poor nutrient availability probably led to an increased carbonate

accumulation rate (Hallock and Schlager 1986). Such a negative correlation between nutrient
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supply and carbonate productivity suggests poor paleocirculation (De Boer et al. 2006). An
important result of the present study is the distinctly time-delayed facies change from a
carbonate to an argillaceous sedimentation in Agagiyaylabel. While most sequences of the
western Tethys show a turnover within the Early Carnian, the succession in Turkey and the
deposits of the Lagonegro Basin are clearly at the Julian—-Tuvalian boundary, at least 2 Ma
later. Interestingly, this turnover coincides with an extinction event affecting many pelagic
taxa of ammonites and conodonts (Krystyn 1983, 1991; Rigo et al. 2007; Hornung et al.
2007a, b). According to Stampfli et al. (2002) and Moix et al. (2008), the paleolatitude of
Turkey (about 7° N; Fig. 2.1a) and the Lagonegro Basin (about 8-9° N, Fig. 2.1a) was closer
to the equator than the South- and Austroalpine segments (about 17° N) of the northern
Tethys or the Himalaya (at least 30° S). Muttoni et al. (2004) provide an analogous
reconstruction, although with a 10° northward shift. We therefore assume that higher
latitudes could play an important role by causing an earlier sedimentary turnover. Facies
changes at Asagiyaylabel mirror a coupling effect of lower paleogeographic latitudes (Krystyn
1983, 1991; Rigo et al. 2007; Hornung et al. 2007a, b) accompanied by Tethyan-wide climate
changes during the CPE.
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2.8. Conclusions

The studied outcrop at Asadiyaylabel represents a late Triassic drowning succession
marked, like most Tethyan Carnian sequences, by a facies change from carbonates
(carbonate platform, patch reefs, hemipelagic limestones) to argillaceous sediments
(marlstones, shales). The base of the succession is characterized by a sudden drowning of a
carbonate platform followed directly by deeper-water limestones. Synsedimentary tectonics
probably triggered the drowning of the Kartoz platform, which led to downfaulting and tilting
of the platform and to a new basin geometry along a deeper ramp setting. The fine-grained
autochthonous microfacies of the deeper-water limestones suggests a low-energy bottom
environment with episodic, current-induced input of coarser-grained tempestitic layers, now
obliterated by bioturbation. The pelagic filament (halobiid bivalve) facies is mixed with
allochthonous biogenic material (e.g., thick-shelled bivalves, gastropods; also plasticlasts)
from the fore-slope or shallow-marine ramp. This points to different source areas of the
bioclasts. Synsedimentary unrest is recorded by punctuated redeposition of shallow-water
material of reefal and interior ramp origin in the form of breccias and detrital interbeds. These
components help to reconstruct the original zonation and differentiation within the ramp; they
indicate continuation of reef-favourable conditions until the end of the Early Carnian, when
another major sedimentary change led to siliciclastic-dominated sedimentation. The change
at the beginning of the Late Carnian to marly and later on to shaly sedimentation is

interpreted to reflect climate change due to more humid conditions.

We consider the main litho-change from carbonates to siliciclastic sediments, which at
Asagiyaylabel took place at least 2 Ma later than along the northwestern Tethyan margin, as
a similar but diachronous expression of the common late Early Carnian carbonate and reef
demise episode. Asagiyaylabel shares this late turnover to siliciclastic sedimentation with the
Lagonegro Basin (Southern Apennines), both of which are ascribed to equatorial Triassic
paleolatitudes (approximately 9° N). This leads us to conclude that humidity-driven
siliciclastic sedimentation of the so-called Carnian Pluvial Episode probably started earlier at
higher paleolatitudes (Alps approximately 17-25° N, Himalaya 30° S) than in equator-near
successions. Additional investigations are needed to clarify the time-shift of the major
sedimentary change (approx. 2 my) at Asagiyaylabel. Here, the sedimentary changes are
apparently linked more to different coupling effects and a subsequent climate change than to

a single climatic event.
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Abstract

A Julian/Tuvalian (= Lower/Upper Carnian) substage boundary within the Kasimlar
Formation, recently detected at Asagiyaylabel (Taurus Mountains, Turkey) by facies
analyses and biostratigraphic ammonoid investigations, was additionally detected by
magnetic susceptibility (MS) and radiometry data. The Asagiyaylabel sequence, a key
section concerning environmental changes during Early to Late Carnian time, represents a
deepening sequence from platform carbonates to pelagic limestones and marls. The
Julian/Tuvalian boundary strata can be correlated over wide areas due to a positive shift in
MS values from 11-105 x 10°® Sl (range AS I, KA IV) at the Lower Carnian sediments to 62—
458 x 10° S| (range AS I, KA 1V) at the Upper Carnian sediments as well as in radiometry
values from 21.35-83.27 nGy h™ (range AS I, KA IV) at the Lower Carnian sediments to
38.43-130.24 nGy h™ (range AS I, KA IV) at the Upper Carnian sediments. A second,
smaller positive shift in MS occurs at the transition from shallow-water carbonates of the
Kartoz Formation (211 to 71 x 10° SI; range AS I-KA 1) into deeper-water carbonates from
the base of the Kasimlar Formation (3—108 x 10°® SI; range AS I-KA I1). This study presents
the first MS and radiometry data from Lower to Upper Carnian sediments. They reliably
reflect lithological changes and display a direct function of enhanced terrigenous input into

marine sediment systems, most probably caused by variations in climatic conditions.
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3.1. Introduction

The section AS | at Asagiyaylabel (Taurus Mountains, Turkey), located within the Taurus
Platform Units, comprises an Early to Late Carnian platform deepening sequence. It yields
an ammonoid mass occurrence (‘Kasimlarceltites acme zone’), deposited during the Early
Carnian time (Upper Triassic), which is described from the whole Tethyan realm as an
episode which saw the demise of reef and carbonate platforms (Tollmann 1976; Simms and
Ruffell 1989; Riedel 1991; Aigner and Bachmann 1992; Hallam 1996; Hallam and Wignall
1997; Ruffer and Zamparelli 1997; Flugel and Senowbari-Daryan 2001; Keim et al. 2001;
Hornung and Brandner 2005; Kozur and Bachmann 2010; Lukeneder et al. 2012).

The sudden deepening at AS | was apparently triggered by synsedimentary tectonics, which
led to a new basin geometry along a deeper ramp setting, due to down-faulting and tilting of
the platform (Lukeneder et al. 2012). Accordingly, the depositional environment at the
northern Tethyan passive margin changed from a mid ramp over an outer ramp into a basinal
position. Shallow-water carbonates from the Kartoz Formation were replaced by deeper-
water limestones and marlstones of the Kasimlar Formation. A low-energy, bottom
environment was interpreted based on the autochthonous fine-grained deeper-water
limestones. Allochthonous biogenic material, for example, thick-shelled bivalves, gastropods
and plasticlasts within the pelagic limestones, indicate episodic input of thin (several
millimetres-thick) coarse-grained sediment layers from different source areas (proved by the
microfacies; see Table 3.1) of the foreslope or shallow marine ramp (Lukeneder et al. 2012).
The general deepening of the carbonate ramp at AS | is demonstrated by both the ammonoid
biostratigraphy (Lukeneder and Lukeneder 2014) and the facies analysis (Lukeneder et al.
2012).

The Julian/Tuvalian boundary (= Lower/Upper Carnian boundary) is also clearly observable
at AS |, as demonstrated by detailed facies analyses and ammonoid-biostratigraphic
investigations (Lukeneder et al. 2012, Lukeneder and Lukeneder 2014). Correlatable
sections in the vicinity of AS | represent similar sediment sequences, with somewhat different
thickness. Due to the similarities in lithological units (e.g. shallow-water limestones,
ammonoid beds, Julian/Tuvalian boundary) the distinct sections can be well correlated.
These interpretations, based on facies and biostratigraphy, are strengthened by the magnetic

susceptibility (MS) and radiometry values as exemplified in the present paper.
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MS is explained as the induced magnetization which arises at minerals within a certain rock
sample, brought into a low-strength magnetic field (Kodama 2012). It is one of numerous
methods for detecting the properties of magnetic rocks. Such features are important in
certain environments (Jovane et al. 2013). Since Robinson (1990), MS has become a
standard technique for logging sediment cores. A number of additional authors have
described a close relationship between the MS signature and the facies of marine
environments (Devleeschouwer 1999; Ellwood et al. 2000; Zhang et al. 2000; Racki et al.
2002; Da Silva and Boulvain 2006; Babek et al. 2010; Lukeneder et al. 2010). This
relationship is the result of erosion and weathering, caused by sea-level changes
(regression/transgression; Crick et al. 1997; Ellwood et al. 1999) or by climatic changes
(Crick et al. 2001, 2002). Whilst most studies concentrate on climate-driven
cyclostratigraphic aspects (magnetosusceptibility event and cyclostratigraphy (MSEC); e.g.
Crick et al. 1997; Ellwood et al. 2001, 2013a, 2013b; Whalen and Day 2010), regional
events, caused by tempestites or storm events, can be also important for correlation and
interpretation at a local scale. Furthermore, many studies measure MS by detailed rock

sampling and subsequent highly sensitive laboratory measurements (e.g. Hladil et al. 2006).

In contrast to such highly sensitive measurements, the present study represents an
‘averaging’ method (Hladil et al. 2006) of MS and radiometry measurements. It compares the
MS and radiometry data of the Upper Triassic section AS | from Asagiyaylabel from the
Taurus Mountains of Turkey (Anatolia) with four time-equivalent sections near Asagiyaylabel
(AS IV) and Karapinar (KA I-ll & IV). The MS and radiometry values or peaks depict
mineralogical and sedimentological variations. These variations can be directly used for
straightforward correlations of time-equivalent sequences on a regional scale. MS and
radiometry results should be interpreted with caution as trend-data. Nonetheless, the
characteristic peaks at the Julian/Tuvalian boundary as well as at the lithological boundary
between the shallow-water carbonates (Kartoz Formation) and deeper-water carbonates
(Kasimlar Formation) help to localize these particular sequences at surrounding localities.
These peaks form the basis of the detailed facies and biostratigraphic investigations

undertaken in this study.
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3.2. Geography and Geology

Asagiyaylabel and its surrounding sections are located in southern Turkey (Anatolia) about
90 km NE of Antalya and about 70 km SE of Isparta (Fig. 3.1a, b). The main section (AS 1)
crops out at the northern slope of an east—west-trending ridge, adjacent to the small village
of Asagiyaylabel (1050-1100 m above sea level, N 37.551389° E 31.304444°). The second
section (AS 1V) is quite close, 0.5 km NW of AS | (N 37.55479° E 31.30048°; Fig. 3.1c). The
village Karapinar (Fig. 3.1b) is about 2.8 km N-NW of Asagiyaylabel, with its three sections
KA | (N 37.57692° E 31.29125°), KA Il (N 37.57629° E 31.29205°) and KA IV (N 37.57629° E
31.29205°; Fig. 3.1d). Geologically, both localities — Asagiyaylabel and Karapinar — belong to
the Taurus Platform Units, located within the Anamas Dag, south of the Izmir-Ankara Suture
and north of the Antalya Suture (Robertson 1993; Senel 1997; Andrew and Robertson 2002;
Robertson et al. 2003; Lukeneder et al. 2012). The Anamas Dag, or Anamas-Akseki
Autochthonous, bears a Middle to Upper Triassic sequence of limestones, marlstones and
shales that is up to 200 m thick (Gindl 2000). This sequence has already been investigated
by Ozgil and Arpat (1973), Dumont and Kerey (1975), Monod (1977), Poisson (1977),
Gutnic et al. (1979), Robertson (1993, 2000), Senel (1997), and Robertson et al. (2003).
During the Late Triassic, the Anatolian System and therefore the investigated sequences
were part of microplates known as ‘Cimmerian terranes’ within the western Tethyan Ocean,
located between the northern Palaeotethys and the southern Neotethys (Sengor et al. 1984,
Scotese et al. 1989; Dercourt et al. 1993, 2000; Scotese 1998, 2001; Gindl 2000; Stampfli
and Borel 2002; Stampfli et al. 2002; Gradstein et al. 2004). The subsequent subduction of
the Palaeotethys under South Eurasia led to an extension of the Neotethys between Africa
and the Cimmerian terranes. The sediments of today’s Turkey were deposited on the

western parts of the Cimmerian terranes.
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Karapinar

Fig. 3.1. a-b, Geography of the sections at (c) Asagiyaylabel (AS I, AS IV) and (d)
Karapinar (KA I-Il & IV) in the Taurus Mountains (Anatolia, Turkey).
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3.3. The facies changes at Asagiyaylabel (AS | and AS IV) and
Karapinar (KA I-1l & 1V)

3.3.1. Asagiyaylabel | (AS I)

The main section at Asagiyaylabel (AS I) consists of the Kartoz Formation and the Kasimlar
Formation, embracing the Lower and Upper Carnian. The Kartoz Formation is only
marginally represented by the lowermost 1.7 m of the log; this reflects a shallow palaeowater
environment (massive limestone-bearing in situ reefs, megalodont bivalves, gastropods,
sponges). The Kasimlar Formation, in turn, is represented by at least 33 m, bearing the
Carbonate member (Julian 2), the Marlstone member and the Shale member (Tuvalian 1,
Lukeneder et al. 2012, Lukeneder and Lukeneder 2014; Fig. 3.2). Based on its different
facies description, the Carbonate member is subdivided into Carbonate member A (well-
bedded dark-grey limestones vyielding Kasimlarceltites krystyni in masses), B (Cipit-like
boulders = mixed carbonate blocks embedded within reworked material) and C (well-bedded
dark-grey limestones bearing millimetre-thick spherical bioturbations). The overlying
Marlstone member consists of ochre, marly limestones which fade at the top into tectonically
laminated shales (Fig. 3.2). The whole 33 m of the Kasimlar log represents a maximum time
interval of 1.89-5.5 Ma (Ogg 2012; Lukeneder and Lukeneder 2014). This big difference in
absolute values reflects an extreme divergence of two different chronostratigraphic models
used for the absolute durations of the Upper Triassic (Ogg 2012). Whilst one model suggests
a longer duration of Tuvalian time, the other suggests a longer Rhaetian duration. The
deposits of the section AS | show an inclination of c. 50° towards NE. The whole facies
description of AS | (Lukeneder et al. 2012) is summarized in Table 3.1.

3.3.2. Asagiyaylabel IV (AS IV)

The sequence starts with 14.5 m of massive shallow-water limestone (equivalent to the
Kartoz Formation at AS 1), yielding coral debris, sponges and bivalves (articulated and
disarticulated). This is followed by 4 m of dark-grey, bedded ammonoid limestones
(equivalent to Unit A at AS I; Fig. 3.2), bearing abundant K. krystyni. Event beds, which bear
masses of K. krystyni, alternate with beds exhibiting only rare specimens of K. krystyni. The
bedded limestones are overlain by 5.2 m of reworked material (equivalent to Unit B of AS |
with Cipit boulders) and are sealed by a calcite layer; this may indicate tectonic faulting of
undefined dimension. This is tectonically overlain by 3 m of carbonate reef-limestones
yielding crinoid debris, and is topped by 0.5 m of coral limestone bearing coral debris,

sponges and articulated bivalves (Figs 3.2-3.4, Table 3.1).
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3.3.3. Karapinar | (KA)

The section Karapinar | (KA 1) has one of the shortest but most characteristic sequences,
represented by only 0.5 m of shallow water limestones followed by a 5.5 m-thick bedded
Kasimlarceltites-limestone sequence (Fig. 3.2). The shallow-water limestone and deeper-
water limestone layers are tectonically overturned. The lithological transition from the
shallow-water carbonates of the Kartoz Formation into the ammonoid beds (K. krystyni mass
occurrence) of the lowermost Kasimlar Formation is the main feature within the transitional

part in all known sections (Figs 3.2-3.4, Table 3.1).

3.3.4. Karapinar Il (KA1I)

KA Il, situated close to KA | (100 m SE), yields a very similar sediment sequence. The main
difference is the extent of the ammonoid beds with their mass occurrence of K. krystyni.
Shallow-water carbonates (which are equivalent to the Kartoz Formation of AS I) are
replaced after 2 m by 17 m of black ammonoid beds (K. krystyni mass occurrence),
equivalent to the Kasimlarceltites beds at the lowermost part of the Kasimlar Formation at AS
I. This section seems to be more complete at the lower part of the Kasimlar Formation,
causing an increased thickness of the ammonoid beds in comparison with AS I, AS IV and
KA I. The top is formed by 2 m of dolomitized limestone. The shallow-water limestone and
deeper-water limestone layers are characterized by a tectonically inverse stratification (Figs
3.2-3.4, Table 3.1).

3.3.5. Karapinar IV (KA IV)

The section KA 1V, about 100 m to the north of KA I, represents the shortest, but probably
the most important, sequence. It comprises the Lower Carnian (Julian) to Upper Carnian
(Tuvalian) facies change with its typical boundary strata, ranging from marly limestones into
marlstones. The section is equivalent to the corresponding part at the main section at
Asagiyaylabel (AS 1), where the Carbonate member (Unit C, Julian 2) is followed by the
Tuvalian Marlstone member above. The abrupt change from the 1 m-thick dark-grey
carbonate sequence to ochre marlstones is obvious and is a clear marker level in that area
(Fig. 3.2). Two metres of marlstones are directly visible, but an unknown thickness of

marlstones is covered by erosional sediments (Figs 3.2, 3.4, Table 3.1).
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Fig. 3.3. Detailed views of the shallow-water carbonates from the Kartoz Formation of the sections of
Asagiyaylabel (AS I, AS IV) and Karapinar (KA |, KA 1l). a-b, Platform carbonates with in situ corals from
sections (a) AS | and (b) AS IV. c—f, Shallow-water reef-debris limestones from (c) KA I, (d) KA II, (e) AS |
and (f) AS IV. g, Transition from shallow-water carbonates from the Kartoz Formation into well-bedded
Kasimlarceltites beds at the base of the Kasimlar Formation (Carbonate member) at ASI.



' Y
Julian 2

Fig. 3.4. Detailed views of the deeper-water carbonates (Units A, B, C) and the calcareous marls to marlstones
of the Marlstone member from the Kasimlar Formation of the Asagiyaylabel (AS I, AS 1V) and Karapinar (KA I-II
& V) sections. a-d, Well-bedded Kasimlarceltites beds at the base of the Kasimlar Formation (Carbonate
member, Unit A) at the sections (a) AS I, (b) AS IV, (c) KA | and (d) KA II. e—f, Julian/Tuvalian boundary
(Lower/Upper Carnian boundary) at the carbonate/marl transitional intervals at the sections (e) AS | and (f) KA
IV within the Kasimlar Formations at the top of Unit C, below the Marlstone member. g, Characteristic marls of
the Marlstone member (AS 1) within the Kasimlar Formation bearing the abundant Tuvalian ammonoid
Paratropites cf. hoetzendorfii. h, Layer with accumulation of the bivalve Halobia and pyrite cubes within the
Marlstone member from AS I. i, Sandstone layer of the Marlstone member, AS I. j, Breccia layer with shallow-
water components within the Marlstone member, AS .
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3.4. Methodology

Magnetic Susceptibility (MS) was measured directly in the field with a hand-held, highly
sensitive (1 X 107, measured in Sl units; results are indicated throughout as ‘value X 10°
SI’), low-level SM-30 MS meter (GF Instruments) bearing a 50-mm pick-up coil. Bed-by-bed
measurements were conducted at distinct beds (e.g. Carbonate member Units A and C).
This approach was replaced by a measuring interval between 5 and 50 cm where distinct
beds were missing (e.g. Carbonate member Unit C and Marlstone member); 186
measurements of MS were performed in sediments of the Kartoz and Kasimlar Formations at
AS |; 171 at AS IV; 85 at KA I; 156 at KA II; and 38 at KA IV. Each single bed was measured
at least three times and the average calculated. To prevent measurement errors due to the
sensitivity of the hand-held instruments (uneven terrain and therefore variable distance
between coil and rock surface), a fresh smooth surface was prepared for each single point

measured.

The radiometry was also conducted directly in the field using a hand-held scintillation gamma
radiometer (GF Instruments), bearing a 51 X 51 mm (6 in® Nal (Tl) detector. Measurements
were taken with an acquisition time of 1 s and a sampling interval between 5 and 50 cm
through the whole log. We applied this method as an additional correlation tool and therefore
concentrated on the dose rate (nGy h™) without testing the spectral results (K, U or Th): such
detailed information is not supported by the instruments used. The resulting values were
transposed to curves (using Microsoft Excel) and correlated with the log (Fig. 3.2).
Furthermore we tested the correlation between the MS and radiometry signal for each
sequence. The measurements were carried out during several field trips from October 2010
to October 2012 by the Natural History Museum Vienna (NHMV). In contrast to most studies,
which focus on cyclostratigraphic results and therefore use highly sensitive laboratory
measurements along with high resolution measuring intervals, this study focused only on the
MS and radiometry trends in order to correlate different logs of a regional area. Accordingly,
data were measured directly in the field at the main locality (AS I) as well as at additional
surrounding sites (AS IV, KA I-Il & IV) with a maximum measuring interval of 50 cm.
Samples did not receive any special preceding preparation; 152 radiometry measurements
were performed in sediments of the Kartoz and Kasimlar Formations at AS [; 155 at AS IV,
81 at KA I; 132 at KA |I; and 33 at KA IV. Data were subsequently compared with facies
analyses and biostratigraphic data of AS | (Lukeneder et al. 2012; Lukeneder and Lukeneder

2014) as well as with sections from nearby localities (AS IV, KA |-l & IV).
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3.5. Results of MS & radiometry measurements

3.5.1. General trends in MS in comparison with the CaCO; content

A general increase in the MS values from shallow-water platform limestones over bedded
limestones up to the marlstones is evident within all five sections and logs at Asagiyaylabel
and Karapinar (Fig. 3.2, Table 3.2). The most drastic difference can be recognized within
both logs from AS | and KA 1V in the median values between the bedded limestones (58 x
10° Sl and 56 x 10° S| for AS | and KA 1V, respectively) and the marlstones (171 x 10° S|
and 142 x 10° Sl for AS | and KA 1V, respectively). This corresponds to the Julian/Tuvalian
boundary (i.e. Lower/Upper Carnian boundary). At this boundary the CaCO; content at AS |
decreases from about 70% at the Julian Carbonate member to 60% and lower at the
Tuvalian Marlstone member. The same trend is present at KA IV: the CaCO; content
decreases from 55% at the Julian Carbonate member to 30% from the Tuvalian Marlstone
member onward. Although their MS range overlaps (11 to 105 x 10° Sl v. 62 to 458 x 10°®
SI), a general increasing trend is clearly recognizable (Table 3.2). The trends and positive

shift in the MS curves can be precisely detected within the logs of AS and KA (Fig. 3.2).

Shallow-water carbonates: Kartoz Formation

The shallow-water carbonates of the Kartoz Formation are generally related to diamagnetic
substances (Dearing 1999) and therefore show, as expected, negative MS values. The
shallow-water platform carbonates, which partly bear in situ corals (Figs 3.2 & 3.3a—d), show
very similar MS values as well as similar CaCO; contents (92.9-95.8%). Hence a
differentiation based on MS signals or CaCOj; content is not possible in these shallow-water
carbonates from the Kartoz Formation. Nevertheless, the lowest MS values are clearly much
lower within carbonate deposits having in situ corals (minimum -11 x 10° SI) than within
deposits of shallow-water limestones without in situ corals (minimum -3 x 10° SI).
Furthermore a generally higher trend of MS values is observable at the shallow-water
limestones without in situ corals (-11 to 49 x 10° Sl v. -3 to 71 x 10°® SI).
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Kasimlarceltites limestones: Kasimlar Formation (Carbonate member Unit A)

Well-bedded Kasimlarceltites limestones occur in almost every log, except for KA IV due to
its different stratigraphic position (Figs 3.2 & 3.4a-d). The MS values of these black
ammonoid beds range between 3 and 93 x 10° Sl at AS IV, between 33 and 108 x 10° S| at
AS |, between 16 and 74 x 10° SI at KA 1, and between 4 and 72 x 10° Sl at KA Il. Their
values are generally slightly higher than those of the shallow-water limestone deposits (-11 to
71 x 10° SI; Table 3.2). While their median values are not always higher than the median
values of the shallow-water limestones, their maxima are higher by far within all sections
(108 x 10°v. 36 x 10° Sl at AS |; 93 x 10° v. 71 x 10° Sl at AS IV; 74 x 10® v. 31 x 10° S|
at KA I; 72 x 10° v. 11 x 10° Sl at KA II; Fig. 3.2, Table 3.2). The carbonate content in all
sections (average 90.6%) is significantly lower than in the shallow-water carbonates (94.1%).
This decrease corresponds well to the increase in terrigenous material.

Cipit-like boulders: Kasimlar Formation (Carbonate member Unit B)

An interval with Cipit-like boulders (these being metre- to tens-of-metre-sized isolated blocks
embedded in different kinds of sediments; see Richthofen (1860) and Lukeneder et al.
(2012)) was detected in the Carbonate member (Unit B, Kasimlar Formation) within both
sections of Asagiyaylabel (AS | and AS IV; Fig. 3.2). Cipit-like boulders represent a mixture
of allochthonous material from different source areas (e.g. shallow-water environments and
deeper deposits), making it impossible to distinguish such sediments from the sediments of
the shallow-water limestone sequence (Kartoz Formation) using MS data. Although the MS
values show a broad overlap with those of the bedded limestones, the maxima and medians
are much lower (maximum 62 x 10° Sl at AS |; median 35 x 10° Sl at AS | resp. 12 x 10° S|
at AS IV) than in the well-bedded limestones (maximum 108 x 10 Sl at AS I; median 61 x
10 Sl at AS | resp. 24 x 10® S| at AS 1V). Additionally, Cipit beds appear with considerably
lower values than the marly limestones (equivalent to the Marlstone member; 1 to 62 x 10®
Slv. 62 to 458 x 10°° SI). Nevertheless, the average CaCO; content at the Cipit-like boulders
at AS | (87.9%) is slightly lower than at the shallow-water limestones (average 94.1%) and
the Kasimlarceltites beds (average 90.6%; Fig. 3.2, Table 3.2).
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Well-bedded limestones with spherical precipitations: Kasimlar Formation (Carbonate

member Unit C)

Dark-grey to black, well-bedded limestones of the Carbonate member Unit C comprising
spherical millimetre- to centimetre-sized precipitations (without Kasimlarceltites) occur only at
the sequences AS | and KA IV (Fig. 3.4e, f). Unit C is located directly below the
Julian/Tuvalian boundary. The MS values, with a median value of 58 x 10° SI (at AS I) resp.
of 56 x 10° SI (at KA 1V), are almost identical to those of the bedded limestones bearing
Kasimlarceltites in Unit A of AS | (median: 61 x 10° SI). Nevertheless, the average CaCOs
contents are, in contrast to those at the Kasimlarceltites limestones (Unit A), significantly
lower: 80.5% at AS | and 86.4% at KA IV (v. 94.1% at AS I|; Fig. 3.2, Table 3.2).

Marly limestones: Kasimlar Formation (Marlstone member)

As described above, the MS values of the calcareous marls and marlstones (Marlstone
member at AS | and KA 1V; Figs 3.2 & 3.4g, Table 3.2) are significantly higher than those
from the carbonates of the Kartoz Formation and the underlying Carbonate member of the
Kasimlar Formation. The MS data show higher maxima (458 x 10° Sl at AS | resp. 217 x 10°
® Sl at KA IV), and also higher median values (171 x 10° Sl at AS | resp. 142 x 10 S| at KA
IV). This increase starts exactly at the Julian/Tuvalian boundary (Fig. 3.2, Table 3.2). A drop
in carbonate content (average 26.77% at KA IV and 30.6% at AS ) goes hand in hand with

this major positive shift in MS values.

Sandstone layer, breccia layer, pyrite layer: Kasimlar Formation (Marlstone member)

Due to the higher content of paramagnetic minerals such as pyrite (FeS,) within the pyrite
layer or glauconite ((K, NA) (Fe**, Al, Mg) ((Si, Al), O1) (OH),) within the sandstone layer,
described by Lukeneder et al. (2012), some peaks are probably related to lithologically
identified pyrite concentrations (200 x 10 SI) or sandstone layers (136 x 10° SI; Figs 3.2 &
3.4h—i, Table 3.2). The distinct sandstone layer, breccia layer and pyrite layer are detected
exclusively within the Marlstone member at the AS | section (Fig. 3.2). We therefore assume
that the range of peaks in the MS curve at the Marlstone member can be assigned to such
characteristic event beds or layers and are indicative for marginal breccias, glauconite or
pyrite layers, which are hardly detectable without geophysical measurements (Figs 3.2 &
3.4h-)).
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MS measurements at Asagiyaylabel and Karapinar generally reflect the influence of a
terrigenous input. Higher susceptibility values argue for an increased entry of terrigenous
material, additionally reflected by a decrease in the carbonate content.

Facies AS | AS IV KAl KA1l KA IV AS - KA

Shallow-water limestones  Range -11-2 11-49 - - - -11-49

with in situ corals Median -5 35 - - -

Shallow-water limestones ~ :2n9e -3-36 -7l 6-31 0-11 ) 371
Median 9 26 22 7 -

- Range 12-62 1-42 - - - 1-62

Cipit-like boulders Median 35 12 ) } )

Well bedded limestones Range  33-108 3-93 16-74 4-72 - 3-108

with Kasimlarceltites Median 61 24 43 36 -

Well bedded limestones Range 11-96 - - - 40-105 11-105

with spherical Median 58 - - - 56

percipitations

Calcareous marls to Range 94-458 - - - 62-217 62-458

marlstones Median 171 - - - 142

Top Julian 2 - 96 - - - 84

Bottom Tuvalian 1 - 119 - - - 83

Sandstone layer - 136 - - - -

Breccia layer - 120 R - R -

Pyrite layer - 200 - - - -

Table 3.2. Magnetic susceptibility values (k) of the sections from Asagiyaylabel (AS I, AS IV) and
Karapinar (KA I, KA 1, KA 1V), measured in S| units: values need to be multiplied by 10°.
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3.5.2. The radiometry measurements

The radiometry variation of a studied section reflects the presence of detrital clays, feldspars,
heavy minerals and other minerals arriving by riverine, aeolian or other inputs (Serra et al.
1980; Serra 1984; Rider 1990). Higher radiometry may reflect higher clay content.
Measurements of radiometry response (nGy h™) are a powerful tool for interpreting

lithological changes within an outcrop (Lukeneder et al. 2010).

The radiometry values confirm the increasing trend and positive shift already described by
the MS values at the Julian/Tuvalian boundary at AS | and KA IV (Fig. 3.2, Table 3.3).
Shallow-water limestones (Kartoz Formation) and well-bedded ammonoid limestones
(Kasimlar Formation, Carbonate member, Unit A) are not well distinguishable by the
radiometry data (Fig. 3.2, Table 3.3). A significant increase is recognizable again at the
Lower/Upper Carnian boundary beds (Julian 2/Tuvalian 1) at AS | and KA IV. The positive
shift in radiometry values marks the change from well-bedded carbonates of the Carbonate
member (Unit C) to the calcareous marls and marlstones of the Marlstone member, both
within the Kasimlar Formation (Fig. 3.2).

Kartoz Formation and Kasimlar Formation with Carbonate member (Unit A-C)

The whole sequences of the Kartoz Formation (shallow-water limestones partly with in situ
corals) and the Carbonate member of the Kasimlar Formation (well-bedded ammonoid
limestones Unit A, Cipit interval Unit B, well-bedded limestones Unit C) are hardly
distinguishable from each other by means of their radiometry values (Figs 3.2 & 3.3g, Table
3.3). Their general radiometry ranges are very similar, except for the maximum values of the
layers comprising in situ corals at AS | (40.57 nGy h™) and AS IV (51.24 nGy h™). These
radiometry values are slightly lower than the maxima of the shallow-water limestones (59.78
nGy h™* at AS I, 55.51 nGy h™ at AS IV, 83.27 nGy h™ at KA I, and 57.65 nGy h™* at KA ).
They are also lower than the maximum at the interval (Unit B) with Cipit-like boulders (66.19
nGy h* at AS | and AS IV) and the maxima at the bedded limestones with spherical
precipitation (Unit C) (74.73 nGy h™* at AS | and 83.27 nGy h™ at KA IV).
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Calcareous marls and marlstones: Kasimlar Formation (Marlstone member)

The radiometry values of the calcareous marls and marlstones are generally higher than in
all underlying sediment deposits (e.g. Kartoz Formation and Carbonate member of the
Kasimlar Formation; Fig. 3.4g, Table 3.3). The positive shift in radiometry values is most
distinct at section KA IV (Fig. 3.2), where the values of the Carbonate member range
between 34.16 and 83.27 nGy h™* (median 51.24 nGy h™). The values of the calcareous
marls and marlstones lie between 83.27 and 130.24 nGy h* (median 106.75 nGy h™).
Although the difference is not as significant at section AS I, and ranges overlap (21.35-74.73
nGy h™ in limestones of Unit C compared to 38.43-100.35 nGy h™ in calcareous marls and
marlstones), an increase of the radiometry values is clearly recognizable. This is especially
evident when comparing the median radiometry values, which is lower (44.84 nGy h™) in the
carbonate parts than in the more marly parts of section AS | (66.19 nGy h™).

Sandstone layer, breccia layer, pyrite layer: Kasimlar Formation (Marlstone member)

Sandstone layer, breccia layer, pyrite layer: Kasimlar Formation (Marlstone member). The
MS peaks from the Marlstone member within the AS | section, already mentioned within the
MS-result chapter above, are just as recognizable within the radiometry values. These are
related to thin event layers, for example, sandstone layers (55.51 nGy h™ at AS [; Fig. 3.4i),
breccia layers (79 nGy h™ at AS I; with shallow-water components; Fig. 3.4j, Table 3.3) or
pyrite layers (68.32 nGy h™; with pyrite and goethite). These peaks, however, are less
significant than the MS values.
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3.5.3. Radiometry and MS data correlation: time-series analysis

For comparing the MS and radiometry curves (Fig. 3.5), we only used data from beds at
which both measurements were available. The time alignment of both signals (MS and
radiometry) was tested by using cross correlation of two time series with the correlation
coefficient r (Davis 1986; Hammer and Harper 2006). Cross correlation is used for optimal
alignment of two series (Hammer et al. 2008). To do this, one time series is kept in a fixed
position, whilst the second time series is slid past, and for each position, the correlation
coefficient (r) computed (Fig. 3.5, black line). The correlation coefficient (r; black line) is then
plotted as a function of alignment position (Hammer and Harper 2006). The horizontal axis
(x) represents the displacement of the radiometry data with respect to the MS data, whilst the
vertical axis (y) shows the correlation of both time series for a given displacement. Therefore,
the position with the highest correlation coefficient indicates optimal adjustment. Significance
is shown by plotting the p-values (Fig. 3.5; grey line). Correlation coefficients (r; black line),
which show higher values than the corresponding p-values (grey line), indicate a significant
correlation. For a more detailed description of time-series analyses see Hammer and Harper
(2006) and Hammer et al. (2008).

The results (Fig. 3.5) clearly reveal that both curves of the section AS | and KA IV correlate
significantly. A significant peak positive correlation occurs at AS | in the region of two
samples delay of the MS signal with respect to the radiometry signal (see Fig. 3.5). This is in
contrast to the sections AS IV and KA I-ll, where no significant correlation between the two
signals was observed. Moreover, certain sequences of AS | do not show positive correlations
between the MS and radiometry signals. Examples are the Kasimlarceltites beds, or from the
top of the Marlstone member onward, where the homogeneous marlstone beds start to
alternate with sandstone, breccia and pyrite layers; this might affect the MS signal more

significantly than the radiometry signal.
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Correlation (r) of radioactivity- and MS data

Correlation (r) of radioactivity- and MS data
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Fig. 3.5. Cross correlation of magnetic susceptibility values v. radiometry values from the sequence AS |
and KA IV. Black line represents the correlation coefficient r, whilst the grey line represents the significance
in p-values. SWC, Shallow water carbonates; KCB, Kasimlarceltites beds.



3.6. MS and radiometry data used for the correlation of time-equivalent

sequences

The investigated MS and radiometry data from the area around Asagiyaylabel and Karapinar
are the first to have been measured from Lower to Upper Carnian carbonate sequences. At
section AS |, the Julian/Tuvalian boundary could be fixed by ammonoid biostratigraphy

(Lukeneder and Lukeneder 2014) and facies analyses (Lukeneder et al. 2012).

In the present study, the characteristic lithological change exactly at the Julian/Tuvalian
boundary from well-bedded limestones (Unit C) into calcareous marls and marlstones (i.e.
Marlstone member at AS | and KA V) is demonstrated by a distinct MS increase from 58 x
10° Sl at AS | resp. 56 x 10° Sl at KA IV to 171 x 10° Sl at AS | resp. 142 x 10° Sl at KA IV.
A similar increase in radiometry values is observed from 44.84 nGy h* at AS | resp. 51.24
nGy h at KA IV to 66.19 nGy h™ at AS | resp. 106.75 nGy h™ at KA IV (Figs 3.2 & 3.5,
Tables 3.2 & 3.3). MS and radiometry signals from section AS | were then compared with
those from additional sections at Asagiyaylabel (AS IV) and Karapinar (KA I-Il & IV). The
intention was to localize a specific part of the sequence at these sections, namely that part
which possibly also bears an equivalent of the Julian/Tuvalian boundary. The opportunity to
detect such important and characteristic biostratigraphic and lithological boundaries by
geophysical measurements (e.g. MS and radiometry) is an additional, preliminary tool for
correlation in the field. The measurements can be supported by subsequent measurements
in laboratories (e.g. Kappabridge, Karl-Franzens-University, Graz), and ultimately proved by
palaeontological and geological investigations. The MS studies, conducted here with hand-
held instruments, can also easily be used to find characteristic features in sequences as
sequence-boundaries, marked by lithological changes, even at sections where no

macrofossil markers are detected in the field.

Sections AS IV and KA Il lack this characteristic boundary. Section KA 1V, however, which
shows a similar lithological change from well-bedded calcareous limestones to marly
limestones, shows an MS (up to 217 x 10 SI) and radiometry peak (up to 130.24 nGy h™)
comparable to that found at the Julian/Tuvalian boundary at AS | (Fig. 3.5, Tables 3.2 & 3.3).

Radiometry and MS values studied by a time series analysis show that in both cases (at
sections AS | and KA V) the curves are mostly significantly positively correlated (Fig. 3.5).
Accordingly, the primary signal seems to be preserved (except for some parts discussed

below).
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Both signals show an abrupt increase at the Julian/Tuvalian boundary, which can be
interpreted as an increased influx of detrital minerals into the system. The preceding demise
of the carbonate platform and the decrease of the CaCO; content from the Julian to the
Tuvalian sediments clearly reflect this siliciclastic entry. This entry probably affected fluviatile
systems due to the more humid conditions, which are described in several studies dealing
with the carbonate platform demise during Carnian time (Lukeneder et al. 2012). The
possible trigger mechanisms for this extraordinary ecological incision are still under
discussion and therefore the subject of a series of studies. One potential reason is an uplift of
extended areas (e.g. the Fennoscandian High of the Cimmerian orogeny), which could have
been a trigger for a monsoonal climate (Hornung and Brandner 2005; Preto et al. 2010). The
resulting new landmasses could have been the source areas for the increased terrigenous
input into the northwestern part of the Tethyan Sea. This influx might have led to the well-
known carbonate platform demise within the Tethyan realm (Tollmann 1976; Aigner and
Bachmann 1992; Hornung and Brandner 2005; Preto et al. 2010). Another plausible scenario
is magmatic or volcanic activities (e.g. the volcanic series of the Wrangellia terrane or
Eastern Mediterranean alkaline volcanics), which could have influenced oceanic circulation,
resulting in global climate change (Hornung et al. 2007; Preto et al. 2010). Robinson (1973)
and Parrish (1993) suggest that the wet climate during Carnian time might have been the
peak of the monsoonal character that already existed during the transition from the Permian
to the Triassic, and therefore can be traced back to the maximum aggregation of the
landmasses at that time (Preto et al. 2010). The result was a hot and dry climate within the
continent interior, alternating wet and dry seasons at the coast of eastern Laurasia and
Gondwana (Parrish and Peterson 1988; Dubiel et al. 1991; Mutti and Weissert 1995), and a
generally wet climate at higher latitudes (Robinson 1973; Preto et al. 2010). Furthermore, a
sea-level drop, followed by submarine clathrate destabilization and methane degassing
(Hornung 2008), are also part of a large compendium of discussed scenarios along with
dramatic sea-level rise (Arche and Lopez-Gomez 2014), sediments representing anoxic
events beneath siliciclastic sediments (Jerz 1966; Schuler 1968; Hagemeister 1988) and

rapid variations in seawater chemistry.

Although the radiometry and MS signals generally correlate positively in both sequences (AS
I and KA 1V) at which the Julian/Tuvalian boundary was detected, certain intervals of AS | do
not support this general correlation trend. This for instance is the case of the well-bedded

limestones bearing K. krystyni, the top of the Marlstone member, as well as the whole Shale
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member of AS |, which might be caused, to some extent, by diagenetic overprint. The
stylolitic structures (Table 3.1) observed within these beds would support this hypothesis.
Nonetheless, the MS signals between these Kasimlarceltites beds of the different localities
are rather similar (61 x 10° Sl at AS I; 24 x 10° Sl at AS IV; 43 x 10° Sl at KA |; 36 x 10° SI
at KA 1), perhaps reflecting a similar diagenetic history of those beds.

These characteristic MS and radiometric peaks at the Julian/Tuvalian boundary can be used
as additional stratigraphic correlation tools. Moreover, the other lithological parts (below and
above) at AS | also show values similar to those of the surrounding sequences. Although the
primary signals might be diagenetically overprinted (because the MS and radiometry signals
do not show significant correlation), some comparisons between similar lithologies are
possible and are therefore discussed: Whilst at both AS | and KA Il the carbonate platform
sediments are represented by only 1.8-m-thick and 2.3-m-thick coral-limestones,
respectively, the carbonate platform sediments at section AS IV is 14.5 m thick (Fig. 3.2). KA
IV lacks the carbonate platform sediments, due to its higher stratigraphic position
(Julian/Tuvalian boundary). The corresponding MS values of the shallow-water limestone
deposits (AS I, AS IV, KA |, KA Il; Fig. 3.2) are very low to negative (-11 to 71 x 10° SI), as
already estimated and expected for the diamagnetic mineral calcite (Algeo et al. 2007a).
Ellwood and Ledbetter (1977) have already mentioned that MS values are inversely
proportional to the CaCO; content of unconsolidated marine sediments. This fits well with the
picture and data shown from Asagiyaylabel and Karapinar: low MS values, from -11 to 71 x
10°® SI, occur in shallow-water carbonates (Kartoz Formation), higher values, from 3 to 108 x
10°® SI, are found in well-bedded limestones (Carbonate member, Kasimlar Formation), and
much higher values, from 62 to 458 x 10 SI, occur in calcareous marls and marlstones (e.g.

Tuvalian Marlstone member, Kasimlar Formation).

Algeo et al. (2007b) have described atypical positive instead of negative correlations
between MS values and carbonate beds from the Permo- Triassic Guryul Ravine section in
Kashmir (India). This Indian section should appear as diamagnetic due to its high calcite
content (Algeo et al. 2007b). Algeo et al. (2007b) explained this positive correlation with the
theory that the carbonate fossil concentrations might be produced by winnowing, yielding
incorporated paramagnetic heavy minerals which potentially cause the higher MS signal
(Ellwood et al. 2000; Algeo et al. 2007b). The Indian example shows that MS values should
always be used cautiously and interpreted solely in combination with facies analyses and

different available proxies.
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In contrast to the shallow-water carbonates with almost pure limestones, the overlying dark-
grey, well-bedded limestones, which bear masses of K. krystyni, occur in nearly every
section (Unit A at AS |, AS IV, KA I, KA II). Nonetheless, they differ in thickness: whereas at
the main section (AS 1) the shell beds are condensed and reduced to only 1 m, AS IV bears
c.4m,KAIl.4m,and KA Il c. 17 m. The MS values increase slightly with the onset of the
Kasimlarceltites limestones, observable at all sections (AS I, AS IV, KA |, KA Il) where such
beds are detectable. This positive trend indicates the beginning of the demise due to the
onset of the siliciclastic runoff. The allochthonous intervals with Cipit-like boulders in Unit B
(Carbonate member, Kasimlar Formation) of the sections AS | and AS IV reflect lower MS
values due to the shallower carbonate source areas (shallow platform).

The sudden demise of the carbonate platform at the main section AS I, represented by the
shift from shallow-water limestones bearing in situ corals over shallow-water limestones to
bedded limestones and calcareous marls and marlstones, is interpreted as being caused by
an increased input of siliciclastic material from the hinterland, triggered by more humid
conditions (Lukeneder et al. 2012). Due to similar deposits and the similar MS and
radiometry trend of the correlated sequences (AS IV, KA I, KA Il), the local deepening can be
interpreted at least as a regional event that affected a recent area of at least 2.8 km diameter

(Asagiyaylabel to Karapinar).

As mentioned above, we used the MS and radiometry results with caution and interpreted
them solely as a trend. This is because we measured them directly in the field without highly
sensitive laboratory methods and without special preceding sample preparation.
Nonetheless, specific trends and shifts in MS and radiometry values can be detected and are
used in combination with other analyses (e.g. geochemistry, facies changes, biostratigraphy).
This interdisciplinary approach was particularly successful with regard to the characteristic
peaks at the Julian/Tuvalian boundary. Additional distinct peaks along the MS curve,
detected within the Marlstone member (AS 1), are significant and are well correlated to a
single sandstone layer, as well as to a distinct pyrite layer. Although pyrite is a paramagnetic
mineral and generally shows low positive susceptibility values, the above-mentioned pyrite
layer appears with values of 200 x 10° SI. Therefore it is remarkable that such high
susceptibility values can be associated with pyrite. Nonetheless, other minerals exhibit
stronger paramagnetism than pyrite, such as biotites or certain iron silicates (Dunlop and
Ozdemir 1997). Moreover, this could hint at partly oxidized pyrite which is probably
associated with some magnetite or maghemite, and might be caused by the formation of

magnetite or goethite (Lazaroff 1997). Such high values therefore indicate the occurrence of
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a range of distinct and thin event layers as sandstone and pyrite layers (e.g. AS |, top of
marlstone beds). These are lithologically hardly observable in the field but easily detectable
by geophysical measurements (e.g. hand-held MS). This shows that MS data and radiometry
measurements, along with a trendline and shift interpretation undertaken by comparing and
proving already-analysed lithological parameters, are valid methods for a better
understanding of stratigraphic and palaeontological datasets. Geophysical measurements,
although performed in the field by hand-held instruments, can hint at characteristic parts or
layers within sections that are different and yet can be correlated. They can serve as a
preliminary tool for subsequent stratigraphic investigations. MS and radiometry data are thus
significant proxies for the amount of siliciclastic input, which in turn might reflect some

climatic conditions.
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3.7. Conclusions

This study presents the first magnetic susceptibility (MS) and radiometry signature of Lower
to Upper Carnian sediments. The results from the MS and radiometry logs of the sections are
therefore only comparable among themselves (AS I, AS IV and KA |-l & IV). The
investigated section comprises the important Julian/Tuvalian substage boundary
(=Lower/Upper Carnian boundary) within the Kasimlar Formation, recently detected at
Asagiyaylabel (Taurus Mountains, Turkey). The data are interpreted solely as a trend.
Nonetheless, an indicative shift of the MS values (11 to 105 x 10° Sl up to 62 to 458 x 10®
Sl) and an increase of the radiometry values (21.35-83.27 nGy h™ up to 38.43-130.24 nGy
h™) perfectly reflect the Julian/Tuvalian (Lower/Upper Carnian) boundary at the sections AS |
and KA IV (Fig. 3.2, Tables 3.2 & 3.3). The Julian/Tuvalian boundary is of special interest
due to its key position at the beginning of the Carnian Crisis within this area. The boundary is
characterized by the change from a carbonate system into a marl-dominated system,
triggered by severe climate change during Lower to Upper Carnian time. The Julian/Tuvalian
boundary was already indicated by biostratigraphic investigations and facies analyses
(Lukeneder et al. 2012; Lukeneder and Lukeneder 2014), strengthened herein by the MS
and radiometry data from several sections. A second, smaller positive shift in MS and
radiometry values is observed at Asadiyaylabel and Karapinar at the transition from shallow-
water carbonates of the Kartoz Formation to deeper-water carbonates from the base of the
Kasimlar Formation at its ammonoid beds (AS I, AS IV, KA |, KA 1). The latter shift is typical
for a transition from pure carbonates to more marly limestones. This seems to have been
caused by an increasing amount of siliciclastic material, which accumulated within the
northwestern Tethyan shelves and basins due to the onset of increased river runoff, probably
triggered by humid conditions. The situation is prolonged and more pronounced at the
Julian/Tuvalian boundary when the Carnian Crisis (=Carnian Pluvial Event) started at the
western end of the Cimmerian Terranes, as postulated by numerous studies (e.g. Tollmann
1976; Simms and Ruffell 1989; Aigner and Bachmann 1992; Hornung and Brandner 2005;
Kozur and Bachmann 2010; Lukeneder et al. 2012). This more humid climate phase, with
increased terrigenous and siliciclastic input, occurs somewhat later in the Taurus Mountains

than in other sections of various European areas (Lukeneder et al. 2012).

This study shows that MS and radiometry data, used with caution and in combination with
facies analyses and biostratigraphic investigations, constitute a robust tool to detect
lithological changes by quantitative trendlines. Additionally, very thin and distinct layers in the

otherwise-uniform marls can be detected by the MS measurements. Such event beds are
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formed by brief but high input of siliciclastic material such as breccia, pyrite accumulation and
sandstones. This trendline method, performed by hand-held MS and radiometry instruments,
is straightforward, fast, inexpensive and nondestructive. We therefore suggest applying these
geophysical methods as additional tools for comparing geological sections and logs. These
geophysical approaches (using MS and radiometry devices) are more sensitive than
biostratigraphic methods or facies analyses, making them useful tools to detect possible
sequences for which more detailed biostratigraphic investigations should be conducted. They
are also suitable for comparing logs at which proper biostratigraphic markers are not
preserved. More exact data call for the additional use of laboratory equipment (e.g.
Kappabridge, Karl-Franzens-University, Graz). This approach supports common facies
analyses and palaeontological studies with quantitative data, enhancing the interpretation of

past environmental conditions.
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Abstract

We describe a new ammonoid fauna from the Taurus Mountains of southern Turkey. The
Carnian ammonoid fauna from Asagiyaylabel is presented for the first time. Ammonoids were
obtained from limestone to marl beds of an approximately 35-m-thick section, which presents
the rare opportunity to investigate ammonoid faunas across the Lower — Upper Carnian
boundary. Intense sampling near the village of Asagiyaylabel led to the recognition of a new
Lower Carnian (Julian 2) to Upper Carnian (Tuvalian 1) ammonoid fauna from the Kasimlar
Formation. The genus Kasimlarceltites gen. nov. is reported for the first time from the Taurus
Mountains, which represents the main faunal element and occurs as huge mass occurrence
(n » 1 million). Kasimlarceltites krystyni gen. et sp. nov., Klipsteinia disciformis sp. nov. and
Anasirenites crassicrenulatus sp. nov. occur within the Lower Carnian Carbonate member
(Units A-B) of the Kasimlar Formation from the Taurus Platform Units. Ammonoids described
from the marls of the Tuvalian Marlstone member were deposited during a major, Tethyan-
wide climate crisis — the so-called Carnian crisis — characterized by a demise of carbonate
platforms. Based on the biostratigraphic relevance of certain ammonoid taxa described
herein, the age of the analysed parts of the Kasimlar Formation is Julian 2 to Tuvalian 1. The
discovery of the new ammonoid assemblages from Asagiyaylabel substantiates the
significance of Upper Triassic faunas within the Taurus Mountains and facilitates the
correlation with faunal assemblages from other regions in the Tethyan Realm. The
ammonoid fauna and facies indicate a general deepening from open-platform margins, over
deeper shelf settings down to an open marine-influenced basinal environment. The tentative

habitat for Kasimlarceltites gen. nov. is a shallow platform environment to upper mid-ramp.
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4.1. Introduction

Upper Triassic sediments, especially from the Carnian stage, form a major element within the
Taurus Mountains. The area around Asagiyaylabel has already been investigated by

Ozgiil and Arpat (1973), Dumont and Kerey (1975), Monod (1977), Poisson (1977), Gutnic et
al. (1979), Robertson (1993, 2000), Senel (1997), Gindl (2000), Robertson et al. (2003) and
Lukeneder et al. (2012).

The Carnian section at Asagiyaylabel displays a lithological change from pure carbonatic to
more siliciclastic sedimentation (Lukeneder et al. 2012). The facies change occurs exactly at
the Lower — Upper Carnian boundary (e.g. Julian — Tuvalian boundary) and represents the
beginning of the so-called Carnian pluvial episode at the section at Asagiyaylabel. Facies
interpretations change from open-platform margin conditions, through deeper shelf margin
conditions, to finally open marine-influenced basinal conditions (Lukeneder et al. 2012).

The Carnian pluvial episode (Simms and Ruffell 1989; Breda et al. 2009; Lukeneder et al.

2012) occurs at least Tethyan-wide with a huge platform and reef demise.

Due to more humid conditions, an enormous siliciclastic run-off from the Baltic craton was
accumulated at the north-western branch of the Tethys (Tollmann 1976; Aigner and
Bachmann 1992; Hornung and Brandner 2005). This led to a collapse of the reef ecosystems
and carbonate platforms (Hornung and Brandner 2005). During this time, the sediments
around Asagiyaylabel were deposited within an intrashelf area on the western end of the
Cimmerian System (Gindl 2000; Stampfli and Borel 2002; Lukeneder et al. 2012).
Sedimentological and palaeontological investigations show a delayed carbonate factory
breakdown during the Carnian pluvial episode for the carbonate platforms in Turkey
(Lukeneder et al. 2012). The fact that the Carnian pluvial episode started one ammonoid
zone (= about two my) earlier along the north-western Tethyan margin, in contrast to

Asagiyaylabel, indicates a diachrony within the Tethys (Lukeneder et al. 2012).

The section at Asagiyaylabel is therefore a key section for detailed investigations of an
ammonoid fauna that has been affected by this major environmental change. The worldwide
distribution of pelagic ammonoids during the Triassic makes them suitable as a
biostratigraphical and palaeogeographical tool (Krystyn 1973). The zonation of stages and
substages assumed by Mojsisovics (1869, 1870, 1873-1902, 1879, 1882, 1893, 1896)
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resulted in a detailed, ammonoid-based Triassic biostratigraphy. This was accepted and is
still used by the scientific ammonoid community (Diener 1906, 1917, 1921, 1923; Spath
1934; Krystyn 1973; Tozer 1981, 1984; Lucas 2010). Detailed work on comparable Upper
Triassic ammonoid faunas from the Tethyan Realm has been performed by Krystyn and
Schlager (1971), Tozer (1971, 1981, 1984, 1994), Krystyn (1973, 1978, 1980, 1982),
Tatzreiter (1980, 1982), Balini and Jenks (2007), and Balini et al. (2007).

The Global Boundary Stratotype Section and Point for the base of the Carnian stage, and
therefore for the Julian substage, has recently been defined by the lowest occurrence of
Daxatina canadensis (Mietto et al. 2007a, b; Balini et al. 2010). The further ammonoid
zonation of the Carnian stage is based on a major faunal change at the Julian — Tuvalian
boundary. Whilst the Julian substage is dominated by the Trachyceratinae (especially
Trachyceras and Austrotrachyceras) and Sirenitinae (e.g. Sirenites), the base of the Tuvalian
is marked by a crisis related to these groups. In the Tuvalian, Trachyceratinae are
represented solely by their final descendant Trachysagenites. In contrast to the decline of the
Trachyceratinae, mainly the Tropitidae (e.g. Tropites, Paratropites) and to a lesser extent the
Arpaditinae underwent a radiation from the base of the Tuvalian onward and are therefore
characteristic faunal elements of the Tuvalian substage (Balini et al. 2010). The Carnian
ammonoid zonation of Krystyn (1978), which is mostly used by south European workers, is
divided into five zones and nine additional subzones. This zonation is well correlated with the
British Columbian zonation, reviewed by Tozer (1994), which yields six biozones. It is based,
amongst others, on the worldwide occurrence of Tropites dilleri (Balini et al. 2010). Whilst the
Tuvalian 1 is represented in both ammonoid zonations by the Tropites dilleri Zone, the
Tuvalian 2 is represented by the Tethyan Tropites subbullatus Zone as well as by Tozer's

Tropites welleri Zone, which shows a slightly longer dimension (Balini et al. 2010).

Generally the sediments of the Late Triassic are dominated by diverse Tethyan ammonoid
assemblages, which can simply be distinguished from the less diverse, endemic Boreal
ammonoid assemblage. Sirenitinae, Ussuritidae, Arcestidae and Gymnitidae are the
representatives of the Boreal ammonoids, which show an order of magnitude poorer record

than the Tethyan assemblage (Dagys 1988; Balini et al. 2010).

More detailed investigations of the ammonoid fauna from Asagiyaylabel will help to decipher
the biostratigraphical background around the Julian — Tuvalian boundary within the Taurus
Mountains of southern Turkey. Lower Carnian faunal elements, exclusively detected at
Asagiyaylabel and characterized by Kasimlarceltites krystyni gen. et sp. nov., Klipsteinia

disciformis sp. nov. and Anasirenites crassicrenulatus sp. nov., show a type of isolated but
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still connective palaeoceanographic position of the intrashelf area on the western end of the
Cimmerian System. The main aim of the present work is, besides describing new faunal
elements, a review of the Late Triassic ammonoid fauna. This is accompanied by a global
stratigraphic and palaeogeographic comparison.

4.2. Geological Setting

The outcrop at Asagiyaylabel is situated at steep limestone walls (50 degrees towards NE)
within the Taurus Mountains of southern Turkey (Anatolia), about 90 km north—north-east
from Antalya, between the lakes Egirdir and Beysehir (Fig. 4.1). The section crops out near
the little village Asagiyaylabel (WGS84 coordinates N 37.551389°, E 31.304444°), at
approximately 1050-1100 m above sea level. Tectonically, the area around the locality is
part of the Taurus Platform Units (Dumont and Kerey 1975; Dumont 1976; Lukeneder et al.
2012). Within the latter units, the outcrop is located on the Anamas Dag or Anamas
Autochthon (Dumont 1976; Gallet et al. 2007; Lukeneder et al. 2012). The deposits of this
section belong to two formations, the stratigraphically older Kartoz Formation (lowermost
Carnian) and the younger Kasimlar Formation (Carbonate, Marlstone and Shale members;
Lukeneder et al. 2012), which reaches from Lower to Upper Carnian age (Julian 2 — Tuvalian
1). The fossil fauna reported within this work derives from the Kasimlar Formation with Lower

Carnian to Upper Carnian sediments (Julian 2 — Tuvalian 1; Fig. 4.2).
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4.3. Materials and Methods

All specimens described within this study were extensively collected from the Kasimlar
Formation at the section Asagiyaylabel (Taurus Mountains, Turkey). The material was
collected (1995-2012) by the authors, by Mathias Harzhauser and Franz Topka (Natural
History Museum Vienna), and on earlier field excursions (1980-1997) by Leopold Krystyn,
Andreas Gindl and Philip Strauss (excursions organized by the University of Vienna). Two
sections are compiled on to one log as AS, and material from the earlier field excursions by
Leopold Krystyn was correlated with the new log. Therefore, new numbers are combined
with old ones, for example, AS 47 + 2.5 m = AS 16 (Fig. 4.2). Unfortunately, the exact bed
location of some ammonoid examples could not be identified. Such examples are indicated

as dashed vertical lines on Figure 4.2 (e.g. between beds AS 19 and AS 46).

The ammonoids are well preserved, mostly with secondary calcite shells. Only few
specimens of the genera Kasimlarceltites gen. nov., Klipsteinia, Anasirenites and
Megaphyllites show suture lines. A total of 479 ammonoid specimens, two nautiloid
specimens and four coleoid specimens have been collected and, whenever possible,
determined to species level. The ammonoid assemblages consist of 12 ammonoid genera
(Kasimlarceltites gen. nov., Spirogmoceras, Sandlingites, Klipsteinia, Neoprotrachyceras,
Sirenites, Anasirenites, Paratropites, Trachysagenites, Proarcestes, Megaphyllites and
Simonyceras) containing 13 species and a single coleoid genus Atractites. The nautiloid
specimen could not be determined at generic level. Conch parameters from specimens
presented herein and compared taxa from literature, given in the remarks below, are shown
in Tables 4.1-3 as well as in Lukeneder and Lukeneder (2013). Measurements were taken
by using a vernier micrometer. For measuring smaller specimens or details (e.g. suture
lines), SEM pictures were used and details measured with a digital scale. Thin sections were
made to investigate different ammonoid growth stages, septa and body chamber length.
Suture lines were also investigated using SEM (JEOL JSM-6400). Photographed specimens
were coated with ammonium chloride. Additional facies investigations were conducted under
a dissecting microscope (Zeiss Discovery V20) with attached digital camera (AxioCam
MRc5). Sectioning and photographing were performed at the Natural History Museum in

Vienna.
The collected material is stored within the systematic type collection of the Geological

Palaeontological Department of the Natural History Museum, Vienna (NHMW), and the

compared type material at the collection of the Geological Survey of Austria, Vienna (GBA).
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4.3.1. Statistical methods

In addition to conventional methods, we conducted principal component analyses (PCAS),
bivariate plots and coefficients of determination with respect to the conch parameters. This
visualizes the diagnosis of the conch parameters of Kasimlarceltites gen. nov. It also tests for
similarities or differences between Kasimlarceltites gen. nov. and related genera, as well as
between Kl. disciformis sp. nov. and related species. The measured conch parameters D, H,
W, U and ah (Fig. 4.3) are the controlling variables of the PCAs. Bivariate diagrams and
coefficients of determination were carried out with the software package SPSS (IBM Corp.
2012). For the principal components analyses, the software package PAST (Hammer et al.
2001) was used.

4.3.2. Abbreviations

ah, aperture height; D, maximum diameter; d, diameter exclusive of last whorl; H, whorl
height; H/D, proportional height; H/U, degree of involution; H/W, whorl compression; mOF,
measured original figure; NCA, Northern Calcareous Alps; r?, coefficient of determination;
rOP, reported from original paper; SA, Southern Alps; sd, siphuncle diameter; sm, self-
measured; st, shell thickness; swt, siphuncle wall thickness; U, umbilical width; U/D,
proportional umbilical width; W, whorl breadth; W/D, proportional whorl breadth; WER, whorl
expansion rate = [D/(D - ah)]?, adapted after formula WER = [dm/(dm - ah)]* of Korn (2000)
for subdivision in ammonoid coiling (Klug 2001; Monnet et al. 2012). WER standard: I, low <
1.60; m, moderate 1.61-2.0; mh, moderately high 2.01-2.40; h, high 2.41-2.80; and vh, very
high > 2.80 (Korn 2000).

body chamber

A B

Fig. 4.3. Explanation of dimensions and conch parameters used. A, Kasimlarceltites krystyni gen. et sp. nov. (see also
Fig. 4.51-J; 2012z0133/0262). B, schematic ammonoid sketch with indicated conch parameters. Abbreviations: ah,
aperture height; bc, body chamber; D, diameter; d, diameter exclusive of last whorl; H, whorl height; ph, phragmocone;
U, umbilical width; W, whorl breadth. Scale bar represents 1 cm.
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4.4. Systematic Palaeontology

This published work and the nomenclatural acts it contains, have been registered in
Zoobank: http://zoobank.org/urn: Isid:zoobank.org:pub:A5D0B92D-913D-4A80-819A-7D03
C3EF5248

Order CERATITIDA Hyatt, 1884
Suborder CERATITINA Hyatt, 1884
Superfamily CERATITACEAE Mojsisovics, 1879
Family CELTITIDAE Mojsisovics, 1893
Genus KASIMLARCELTITES gen. nov.
Figures 4.3A, 4.4A-P, 4. 5A—-AH

2000 Orthoceltites n. sp. 1 Gindl, p. 36-52, pl. 1, figs 1-4.
2012 Orthoceltites Lukeneder et al., p. 280, 282, 284, 285, 289-290, fig. 5.

LSID. urn:lsid:zoobank.org:act: E74134E3-B84B-420C-8F15D3E213327FB0

Derivation of name. After the Upper Triassic Kasimlar Formation in Anatolia, Turkey.

Type species. Kasimlarceltites krystyni gen. et sp. nov. from the Upper Triassic Kasimlar
Formation in Asagiyaylabel (Anatolia, Turkey).

Type locality. Kasimlar Formation at Asagiyaylabel, Carbonate member Unit A, beds AS 4
and AS 6 (Fig. 4.2), N 37.551389°, E 31.304444°, Upper Triassic (Lower Carnian, Julian 2).

Diagnosis. Evolute, medium-sized (up to 33 mm, Table 4.1). Kasimlarceltites gen. nov.
occurs with four recognizable, distinct and different ontogenetic stages of shell
ornamentation. The ontogeny starts with smooth ammonitellae (Fig. 4.4A-C), followed by
widely spaced and distinctly ribbed juvenile morphologies. Strong ribs cross flanks, but
weaken on venter, occasionally cross venter or disappear (Fig. 4.4D—F). Fine to weak, striate
ribbing evolves at the mid-aged to preadult phase (Fig. 4.4G-H), finally ending with strongly
ribbed adult shell morphologies (Fig. 4.5AC-AD). Whorl sections strongly depressed in
juveniles (Fig. 4.4N), becoming increasingly compressed towards adult stages (Fig. 4.40—P)
with narrow, rounded venter. A clear positive correlation of the conch parameters H, W, U

and ah with respect to D is evident, with coefficients of determination (r?) being 0.93, 0.90,
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0.94 and 0.88, respectively (Fig. 4.6A-D). With increasing diameters, the conch parameters
H, W, U and ah as well as the ratio H/W increase gradually (quadratic, Fig. 4.6A, C; cubic,
Fig. 4.6B, D-E). The increasing ratio of H/W with D (Fig. 4.6E-F) confirms the already
described change from a more depressed (juvenile) to compressed (adult) conch
morphology (Fig. 4.6F); the ratio H/W has been tested at different ontogenetic stages of
three specimens of Kasimlarceltites gen. nov. (for more details see Discussion). The
goniatitic to weakly ceratitic suture, with smooth lobes and a ventral saddle, is shallow in
juveniles and more prominent in adults (Fig. 4.41-J).

Composition of genus. Monospecific.

Remarks. Kasimlarceltites gen. nov., incorrectly assigned to the genus Orthoceltites by
Lukeneder et al. (2012), differs from other similar Upper Triassic (Carnian) ammonoids by
the combination of its ontogenetic change in the ribbing and by numerous morphological
conch parameters. The following discussion of the relationships between similar genera is
based on the examination of data from the literature as well as of material from different
Carnian type localities such as Glamoca (Bosnia and Herzegovina), St. Cassian (northern

Italy), as well as from the Feuerkogel and Roéthelstein (Austria).

A principal component analysis (PCA, Fig. 4.7A) as well as bivariate plots with respect to D
(Fig. 4.7B-G), for testing similarites of conch parameters, was conducted for
Kasimlarceltites gen. nov. and its related genera. The first two axes of the PCA explain a
total of 99.20 per cent of the variance (PC1 explains 97.82 per cent; PC2 explains 1.38 per
cent), which clearly separate the genus Cycloceltites, as well as most specimens of the
species Dinarites avisianus and Lecanites vogdesi, from Kasimlarceltites gen. nov. (Fig.
4.7A). The related genus Cycloceltites Mojsisovics, 1893 appears in the Carnian and Norian
with the type species Cycloceltites arduini differing from Kasimlarceltites gen. nov. by strong,
radially flared ribbing throughout the shell and by its general conch morphology (Fig. 4.7A).
This difference is also present in the more evolute Carnian genus Coeloceltites Spath, 1951
with its type Coeloceltites rectangularis (Hauer, 1860), which plots randomly to

Kasimlarceltites gen. nov. (Fig. 4.7A).

In contrast to this, the genus Orthoceltites Spath, 1951, and most species of the genera
Celtites Mojsisovics, 1882 and Lecanites Mojsisovics, 1882 plot close to Kasimlarceltites
gen. nov., possessing similar conch parameters. The conch parameters of ‘Goniatites’ buchi

(Klipstein 1843), representing the type species of Orthoceltites, as well as the parameters of
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O. belcheri (Tozer 1994) and O. klipsteinianus (= ‘Ammonites’ klipsteinianus; Laube 1870),
are characteristic for the genus Orthoceltites. Nonetheless, Kasimlarceltites gen. nov.
exhibits weaker or no ribbing throughout, compared with the genus Orthoceltites.
Orthoceltites buchii and O. klipsteinianus additionally show a different suture line (pointed
ventral lobes), and O. belcheri shows wrinkled lobes and saddles (Tozer 1994).

The Late Anisian genus Aplococeras, defined by Hyatt (1900) based on the type species
‘Dinarites’ avisianus Mojsisovics, 1882, is morphologically closely related to Kasimlarceltites
gen. nov. However, nearly all specimens of Dinarites plot clearly separated from
Kasimlarceltites gen. nov., except for one example which plots randomly. ‘Dinarites’
avisianus differs by almost every conch parameter from Kasimlarceltites gen. nov., including
a higher H (10-14 mm), W (7.5-10 mm) and ah (8.57-11.51 mm; Fig. 4.7B-D), but similar
values of U (12.5-16.5 mm; Fig. 4.7E) and H/W (1.33-1.4; Fig. 4.7F). Aplococeras transiens
Manfrin et al., 2005 (figs 5, 10-18), seems to be very close to Kasimlarceltites gen. nov.
Nevertheless, Aplococeras shows an almost flat venter, and the main ribbing is stronger
throughout; moreover, Aplococeras has been described so far only from Anisian beds
(Assereto 1969; Manfrin et al. 2005).

Further analytical measurements were taken on numerous species of the genus Celtites,
including C. conifer, C. edithae (Mojsisovics 1893), C. laevior (Diener 1917) and C. neumayri
(Mojsisovics 1893; Fig. 4.7A). Species such as C. conifer, C. laevior and C. edithae, which
plot close to Kasimlarceltites gen. nov. (Fig. 4.7A), show high similarities with
Kasimlarceltites gen. nov. in the conch parameters H, ah and U (Fig. 4.7B, D—E). Only within
the conch parameter W, C. edithae plot randomly (6.0 mm) compared with Kasimlarceltites
gen. nov., with W of 0.43-6.8 (mean 3.6 mm; Fig. 4.7C). In contrast to all other species of
Celtites, Celtites neumayri plots randomly to Kasimlarceltites gen. nov. (Fig. 4.7A), due to the
higher values of the whorl breadth (Fig. 4.7C). The major difference between the genus
Celtites and Kasimlarceltites gen. nov. appears to be the more evolute coiling of Celtites,
indicated by mean U/D values of 0.52 vs 0.40 (Table 4.1 and Lukeneder and Lukeneder
2013). Celtites laevior and C. conifer show a similar suture, but differ from Kasimlarceltites

gen. nov. in strong, tuberculate ribbing throughout the shell.

Assereto (1969), Balini et al. (2000) and Manfrin et al. (2005) described different species of
the Ladinian to Lower Carnian genus Lecanites Mojsisovics, 1882, closely related to
Kasimlarceltites gen. nov. The smooth shell, with weak sigmoidal ribs (Mojsisovics 1882;
Arkell et al. 1957), is quite similar. In contrast to the specimens of L. vogdesi, which generally

plot separated, respectively, randomly from Kasimlarceltites gen. nov., L. glaucus and L.
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misanii plot close and are therefore quite similar in their conch morphology (Fig. 4.7A).
However, both species (L. glaucus and L. misanii) show a higher ratio of H/W (2.0 and 1.69;
Fig. 4.7F), what represents a more compressed conch than Kasimlarceltites gen. nov. (mean
1.19; Fig. 4.7F). The notable differences in L. vogdesi compared with Kasimlarceltites gen.
nov. are due to a higher W (mean 9.34 mm vs mean 3.6 mm; Fig. 4.7C) and with mostly
wider diameters (mean 32.84 mm vs mean 13.2 mm; Fig. 4.7G). The type species of
Lecanites, ‘Ammonites’ (Ceratites) glaucus Miinster, 1834, differs from Kasimlarceltites gen.
nov. by lacking the distinct ribbing, a feature characteristic for juvenile stages in

Kasimlarceltites gen. nov.

Although some genera mentioned above generally show certain similar conch parameters
(Fig. 4.7A), most of them differ at least in one parameter from Kasimlarceltites gen. nov. (Fig.
4.7B-G), but also by stronger ribbing throughout ontogeny and by more evolute whorls.
Based on shell morphology and suture line, we follow Arkell et al. (1957) and include

Kasimlarceltites gen. nov. into the family Celtitidae Mojsisovics, 1893.

Stratigraphic distribution and age. The co-occurrence of Kasimlarceltites gen. nov.
together with Klipsteinia (beds AS 4, AS 6 and AS 7) and Sirenites (bed AS 6) suggests at
least Julian age. Due to the presence of Neoprotrachyceras sp. within bed AS 2, and
therefore below the occurrence of Kasimlarceltites gen. nov., the stratigraphic distribution of

Kasimlarceltites gen. nov. can be defined as not older than Julian 2/1b.
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Fig. 4.4. Ontogenetic stages, morphology and suture of Kasimlarceltites krystyni gen. et sp. nov. A-G, early whorls, scale bars
represent 100 um. A, lateral view of the ammonitella, paratype, 2012z0133/0266. B, ventral view of the ammonitella,
2012z0133/0267. C, lateral view of the ammonitella, 2012z0133/0268. D, juvenile stage of specimen, paratype,
2012z0133/0269. E, detailed photograph of juvenile whorls, 2012z0133/0270. F, ventral view of juvenile stage, paratype,
2012z0133/0271. G, detailed photograph of inner whorls, 2012z0133/0272. H, detailed photograph of the striae, paratype,
2012z0133/0273; scale bar represents 1000 um (1 mm). I-K, scale bars represent 100 Im. |, suture, paratype, 2012z0133/0274.
J. drawing of the suture line from specimen 2012z0133/0274. K, detailed photograph of the siphuncle, 2012z0133/0275. L-P,
scale bars represent 1000 um (1 mm). L. median thin section, paratype, 2012z0133/0276. M, thin section of the body chamber,
paratype, 2012z0133/0277 with emphasis (arrow) on the siphuncle. N, transversal thin section of a juvenile specimen, paratype,
2012z0133/0278, note corresponding H/W values for compression/depression. O. transversal thin section of an intermediate
stage, paratype, 2012z0133/0279, with indicated H/W values. P, adult stage, paratype, 2012z0133/0280, with indicated H/W
values. A—K, figured specimens and paratypes from bed AS 6. L-P, paratypes from bed AS 4. Abbreviations: a, ammonitella;
bc, body chamber; II, lateral lobe; Is, lateral saddle; s, siphuncle; ul, umbilical lobe; vl, ventral lobe; vis, ventrolateral saddle; vs,

ventral saddle. >
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Kasimlarceltites krystyni sp. nov.
Figures 4.3A, 4.4A-P, 4. 5A-AH

2000 Orthoceltites n. sp. 1 Gindl, p. 36-52, pl. 1, figs 1-4.
2012 Orthoceltites sp. Lukeneder et al., pp. 280, 282, 284,
285, 289-290, fig. 5.

LSID. urn:lsid:zoobank.org:act: 820A9EAF-9564-4A0A-877E0418E039B317.

Derivation of name. Named after Leopold Krystyn (Vienna, Austria) in honour of his

inspiring work on Triassic ammonoids.

Holotype. Natural History Museum, Vienna, NHMW2012z0133/0014 (Fig. 4.5AE-AF).

Paratypes. Sixteen paratypes have been defined: NHMW2012z0133/0266 (Fig. 4.4A),
NHMW-2012z0133/0269 (Fig. 4.4D), NHMW-2012z0133/0271 (Fig. 4.4F), NHMW-
2012z0133/0273-0274 (Fig. 4.4H-1), NHMW-2012z0133/0276—-0277 (Fig. 4.4L—M), NHMW-
2012z0133/278-280 (Fig. 4.4N-P), NHMW-2012z0133/0001 (Fig. 4.5A-B), NHMW-
2012z0133/0002 (Fig. 4.5C-D), NHMW-2012z0133/0003 (Fig. 4.5E-F), NHMW-
2012z0133/0004 (Fig. 4.5G-H), NHMW-2012z0133/0005 (Fig. 4.5K-L), NHMW-
2012z0133/0013 (Fig. 4.5AC-AD).

Type locality and horizon. Asagiyaylabel, Anatolia, Turkey, Kasimlar Formation, Carbonate
member Unit A, bed AS 6 (holotype NHMW-2012z0133/0014) and paratypes (NHMW-
2012z0133/0266, 0269, 0271, 0273-0274, 0001-0005, 0013), bed AS 4 (paratypes NHMW-
2012z0133/0276-0280; Fig. 4.2) (WGS84: N 37.551389°, E 31.304444°), Upper Triassic

(Lower Carnian, Julian 2).

Material. About 280 specimens from the Carbonate member, Units A-B (NHMW-
2012z0133/0001-0280).

Measurements. See Table 4.1 and Lukeneder and Lukeneder (2013).
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Diagnosis. Evolute shell, up to 33 mm D (Fig. 4.7G), with mesolongidome body chamber.
Four different ontogenetic stages of shell morphology are characterized by different ribbing
(smooth ammonitellae at the early stage of juvenile shells, followed by strongly ribbed
juvenile morphologies, evolving a fine-ribbed mid-aged to preadult phase and finally a
strongly ribbed adult stage), different whorl shape (from depressed to compressed, see Fig.
4.6E-F) and different umbilical wall (from shallow arched to steep; Fig. 4.4N—P). The lack of
an adventive lobe classifies the initially goniatitic suture as ceratitic (Gindl 2000). Lobe size

and saddle size generally decrease in ventral direction.

Description. Kasimlarceltites krystyni gen. et sp. nov. generally shows an evolute shell with
U/D = 0.23-0.50 (Table 4.1). The parameters H and U show a positive quadratic correlation
with D (r’= 0.93, 0.94), whilst W, ah and H/W show positive cubic correlations with D (r? =
0.90, 0.88, 0.70; Fig. 4.6A—E). Whorl shape changes from highly depressed to compressed
in ontogeny (Figs 4.4N-P, 4.6E-F). Juvenile whorl sections are depressed, with H/W 0.35—
0.60 (paratype, Figs 4.4N, 4.6F), whereas preadult stages show H/W values of 0.58-0.91
(paratype, Figs 4.40, 4.6F), and adult whorl stages are compressed (paratype, Fig. 4.4P),
with maxima of H/W 2.15 (Fig. 4.6E—F). The meso- to longidome body chamber comprises
almost the entire whorl (270-360 degrees; paratype, Fig. 4.4L). Ribbing differs in the various
growth stages (Fig. 4.4A—-H). Juveniles have a shallow, arched umbilical wall, whereas adults

have a steep umbilical wall (paratype, Fig. 4.4N—P).

Juvenile, smooth shells (e.g. ammonitellae) have a maximum D of 0.6 mm (paratype, Fig.
4.4A,; see also Fig. 4.4B-C). Whorl shape is globular to depressed; tube-like whorl sections
with H/W 0.75 are present (Fig. 4.6F). At a D of 0.7 mm, the H is 0.3 mm and W 0.4 mm (Fig.
4.4A). A smooth embryonic protoconch at the juvenile stage (ammonitella until first whorl) is
followed by strong ribbing. One whorl bears 16 prominent, very well and widely spaced
strong ribs (paratype, Fig. 4.4D; see also Fig. 4.4E). Ribbing appears sharp, distinct and
prominent on flanks. Single ribs start at upper umbilical edge and cross the flanks. Ribs are
weaker (hardly visible) on venter (paratype, Fig. 4.4F). Strongly ribbed stage ends at a D of
approximately 2—4 mm. The juvenile phase with strong ribbing is replaced by two to four
whorls exhibiting fine, slightly sigmoidal ribbing (crossing the venter in a proverse adoral
bow; paratype, Fig. 4.4H) to almost smooth whorls at the end of the juvenile stage up to the
mid-aged (preadult) stage (holotype, Fig. 4.5AE—-AF; see also Figs 4.4G, 4.55-W). Ribbing,
somewhat variable in strength, ranges from very fine ribs over striae (narrow-spaced striae;
paratypes, Figs 4.4H, 4.5K-L) to stronger ribs (holotype Fig. 4.5AE-AF). A final strong

ribbing near the aperture is visible only in large adult specimens (paratype, Fig. 4.5AC-AD;
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see also Fig. 4.5W-2). This rib type starts at the mid-flank, crossing the venter in a proverse

adoral bow (paratype, Fig. 4.5AC—-AD).

Width and depth of lobes and saddles generally decrease in ventral direction (Fig. 4.41-J).
The umbilical lobe is five times wider than the ventral lobe. A wide and deep umbilical lobe
and a subsequent smooth and rounded lateral saddle are followed by a deep and narrow
lateral lobe and again by a wide smooth and rounded ventrolateral saddle. The ventrolateral
saddle is again followed by a shallow and narrow ventral lobe, ending in a smooth and
rounded, but flattened ventral saddle (paratype, Fig. 4.41-J). The lack of an adventive lobe
classifies the initially pseudo-goniatitic suture as a primitive, ceratitic suture (Gindl 2000).

Siphuncle structures of K. krystyni gen. et sp. nov. (Fig. 4.4L—M) are preserved in numerous
(n = 6) thin sections from AS 4c (Fig. 4.4L). Siphuncle walls appear as black rings within the
transparent, secondary calcite filling of the phragmocone. The shell is also replaced by
secondary calcite crystals (Fig. 4.4L—P). The siphuncle is described from thin section AS 4c
(paratype, Fig. 4.4M). At an H of 4 mm, a W of 3 mm and a st of 0.01 mm, the sd is 0.21 mm.
Swt in that specimen is 0.010 mm. A second specimen on the same thin section shows
values of H5 mm, W 3 mm, st 0.09, sd 0.22 mm and swt 0.013 mm. Additionally, siphuncle

structures on one specimen (Fig. 4.4K) could be measured after taking SEM photographs.

Remarks. The herein described K. krystyni gen. et sp. nov. differs from all other known
members of the family Celtitidae Mojsisovics, 1893 by its distinctive morphological conch
parameters (Fig. 4.7A-G).

Stratigraphic range. Upper Triassic, Lower Carnian, Julian 2.

Regions. Asagiyaylabel, Taurus Mountains, Turkey.

Fig. 4.5. Fauna of Asagiyaylabel, Kasimlar Fm., Carbonate member Unit A, Austrotrachyceras austriacum Zone (Julian 2), bed
AS 6. A-Z. and AA-AH. ontogenetic stages of Kasimlarceltites krystyni gen. et sp. nov., Al-AJ. Sirenites senticosus. A. lateral
view, paratype, 2012z0133/0001. B. ventral view, paratype, 2012z0133/0001. C. lateral view, paratype, 2012z0133/0002. D.
ventral view, paratype, 2012z0133/0002. E. lateral view, paratype, 2012z0133/0003. F. ventral view, paratype,
2012z0133/0003. G. lateral view, paratype, 2012z0133/0004. H. ventral view, paratype, 2012z0133/0004. |. lateral view,
2012z0133/0262. J. ventral view, 2012z0133/0262. K. lateral view, paratype, 2012z0133/0005. L. ventral view, paratype,
2012z0133/0005. M. lateral view, 2012z0133/0006. N. ventral view, 2012z0133/0006. O. lateral view, 2012z0133/0007. P.
ventral view, 2012z0133/0007. Q. lateral view, 2012z0133/0008. R. ventral view, 2012z0133/0008. S. lateral view,
2012z0133/0009. T. ventral view, 2012z0133/0009. U. lateral view, 2012z0133/0010. V. ventral view, 2012z0133/0010. W.
lateral view, 2012z0133/0011. X. ventral view, 2012z0133/0011. Y. lateral view, 2012z0133/0012. Z. ventral view,
2012z0133/0012. AA. lateral view, 2012z0133/0264. AB. ventral view, 2012z0133/0264. AC. lateral view, paratype,
2012z0133/0013. AD. ventral view, paratype, 2012z0133/0013. AE. lateral view, holotype, 2012z0133/0014, note
corresponding H/W value. AF. ventral view, holotype, 2012z0133/0014. AG. lateral view, 2012z0133/0015. AH. ventral view,
2012z0133/0015. Al. lateral view, 2012z0133/0281. AJ. ventral view, 2012z0133/0281. Scale bars represent 1 cm. >
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Type /Inv. Nr. Fig. D H W U ah | H/W H/D H/U u/D W/D WER
in mm

Kasimlarceltites krystyni gen. et sp. nov.
HT / NHMW-
2012z0133/0014,  4.5AB- 554 g4 g8 165 75 132 027 055 050 021 970
data source: sm AF (m)
PT / NHMW-
2012z0133/0266, 4.000
data source: sm 4.4A 0.6 0.3 - 0.2 0.3 - 045 191 0.23 - (vh)
PT / NHMW- 1.999
201220133/0269, 4.4D 25 0.9 - 1.0 0.7 - 0.36 0.95 0.38 - (m)
data source: sm
PT / NHMW- 1.747
201220133/0278, 4.4N 2.4 0.8 1.4 1.0 0.6 053 032 080 040 0.60 (m)
data source: sm
PT / NHMW- 1.828
201220133/0279, 4.40 9.0 3.2 3.6 3.4 24 089 035 092 0.38 0.40 (m)
data source: sm
PT / NHMW- 2046
2012z0133/0280, 4.4P 21.7 8.4 6.7 6.7 65 135 039 125 0.31 0.29 (ﬁ]h)
data source: sm
PT / NHMW-
201220133/,0013’ 4.5AC- 31.4 8.3 5.9 133 78 141 026 062 042 0.19 L.770
data source: sm AD (m)
PT / NHMW-
201220133/,0001’ 45A-B 5.0 1.6 2.0 2.0 1.9 0.8 0.32 0.8 0.40 0.40 2.601
data source: sm (h)
PT / NHMW- 1.860
2012z0133/0002, 45C-D 75 2.3 3.0 3.4 2 077 031 0.68 045 0.40 '(m)
data source: sm
PT / NHMW- 2163
2012z0133/0003, 45E-F 10.0 3.0 3.0 4.0 3.2 100 030 075 040 0.30 (mh)
data source: sm
PT / NHMW- 2 364
2012z0133/0004, 45G-H 12.3 3.9 3.4 4.9 43 115 032 080 0.40 0.28 (‘mh)
data source: sm
PT / NHMW- 2.041
201220133/0005, 4.5K-L 16 5.6 4.1 6.1 48 137 035 092 0.38 0.26 (mh)

data source: sm

Table 4.1. Measurements of the holotype and 11 paratypes of Kasimlarceltites krystyni gen. et sp. nov. from Asagiyaylabel
(Taurus Mountains, Turkey). ah, aperture height; D, maximum diameter; H, whorl height; H/D, proportional height; H/U, degree of
involution; H/W, whorl compression; sm, self-measured; U, umbilical width; U/D, proportional umbilical width; W, whorl breadth;
W/D, proportional whorl breadth; WER, whorl expansion rate; WER standard: m, moderate 1.61-2.0; mh, moderately high 2.01—

2.40; h, high 2.41-2.80 and vh, very high > 2.80.
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Fig. 4.6. Bivariate diagrams of conch parameters of Kasimlarceltites krystyni gen. et sp. nov. with indicated coefficient of
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Fig. 4.7. Statistical analyses for testing the differences between conch parameters of Kasimlarceltites gen. nov. and its
related genera. A, principal component analysis, comparing Kasimlarceltites gen. nov. and related genera; included
variables: D, H, W, U and ah. B—F, bivariate diagrams showing differences and similarities of conch parameters (H, W, ah,
U and H/W) related to D of Kasimlarceltites gen. nov. compared with related genera. G, range of D related to each genus.
Grey-shaded ellipses mark the area at which the values of Kasimlarceltites gen. nov. plot.
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Superfamily CLYDONITACEAE Mojsisovics, 1879
Family TRACHYCERATIDAE Haug, 1894
Subfamily PROTRACHYCERATINAE Tozer, 1971
Genus SPIROGMOCERAS Silberling, 1956

1956 Spirogmoceras Silberling, p. 1147.

1981 Spirogmoceras Tozer, p. 95.

2002 Spirogmoceras Sepkoski, p. 131.

2012 Spirogmoceras Lukeneder et al., p. 284.

Type species. Trachyceras (Protrachyceras) shastense Smith, 1904, from the Tropites
subbullatus Zone of Shasta County, California, Brock Mountain, on the trail from Squaw
Creek to Pitt River, 6 miles north-east of the Bully Hill Mine (Smith 1904).

Remarks. Silberling (1956) established the genus Spirogmoceras for the type species
Protrachyceras shastense (Smith, 1904). He defined Spirogmoceras as differing from
Protrachyceras Mojsisovics, 1893 by: (1) more involute and more compressed shells
bearing, in contrast to Protrachyceras, more numerous tubercles; (2) distinct longitudinal
ridges forming the major ornamentation; and (3) a poorly developed ventral furrow, with less
prominent spiral tubercles, bordering the ventral furrow, and more complex ammonitic septa
(Silberling 1956).

Stratigraphic range. Upper Triassic, Upper Carnian, Tropites dilleri Zone (Tuvalian 1).
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Spirogmoceras cf. shastense (Smith, 1904)
Figure 4.8A

cf. *1904 Trachyceras (Protrachyceras) shastense Smith, p. 391, pl. 46,
fig. 9-9a, pl. 48, figs 3—4.
2012 Spirogmoceras Lukeneder et al., p. 284.

Material from Agagiyaylabel. Eight specimens from the Marlstone member, from sequence
AS 16 — AS 16 + 10 m (Fig. 4.2): NHMW-2012z0133/0467-0474.

Measurements. See Lukeneder and Lukeneder (2013).

Description. The pictured specimen (Fig. 4.8A) of Spirogmoceras cf. shastense, which is
only partly preserved, bears dichotomous falcoid ribs. The shell shows a fine sculpture
comprising 8-10, spirally arranged, well-defined rows of longitudinal ridges (Fig. 4.8A), which
form the dominant ornamentation. Spirogmoceras additionally shows complex septa (Smith

1927), a feature not observable in the material from Asagiyaylabel.

Discussion. Poorly preserved fragments of the flanks, without any remains of the venter or
the umbilicus, have been collected. No suture line could be observed. Nevertheless, the
specimens show characteristic spiral sculptures as described for Sp. shastense, but due to
taxonomic uncertainties of this species, we decided to assign the material in open
nomenclature. It closely resembles Sp. shastense from the Lower Carnian of north-western
Nevada figured by Silberling (1961). Further similarities are evident with specimens
described and figured by Tozer (1967, 1994) from the Upper Carnian of Canada. As noted by
Silberling (1956, 1961), numerous forms such as Trachyceras (Protrachyceras) lecontei
Hyatt and Smith, 1905, Trachyceras (Protrachyceras) beckeri Smith, 1927, Trachyceras
(Protrachyceras) californicum Smith, 1927, Trachyceras (Protrachyceras) lindgreni Smith,
1927, and Trachyceras (Protrachyceras) madisonense Smith, 1927 should be placed in one
species designated as Sp. Shastense (Smith, 1904). This opinion was shared by Tozer
(1994) and is followed herein.

Stratigraphic range. Upper Triassic, Upper Carnian, Tropites dilleri Zone (Tuvalian 1).
Regions. British Columbia (Tozer 1994); Shasta County, California (Smith 1904, 1927,

Silberling 1956); Sonora, Mexico (Lucas and Estep 1999); north-west Nevada (Silberling
1961); Asagiyaylabel, Taurus Mountains, Turkey.
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Fig. 4.8. Fauna of Asagiyaylabel, Kasimlar Fm. A-D, Marlstone member, Tropites dilleri Zone (Tuvalian 1). E-L,
Carbonate member Unit A, M-Z, Carbonate member Unit C, Austrotrachyceras austriacum Zone (Julian 2). A,
Spirogmoceras cf. shastense, 2012z0133/0467, from bed AS 16 + 5.5 m. B-D, Sandlingites cf. pilari. B. lateral view,
2012z0133/0335, from bed AS 47 + 2.5 m. C. lateral view, with enlarged ventrolateral part, 2012z0133/0336, from bed
AS 47 + 2.5 m. D, lateral view, 2012z0133/0475, from sequence AS 16 — AS 16 + 12.8 m. E-L, Klipsteinia disciformis
sp. nov, from bed AS 6. E, lateral view, paratype, 2012z0133/0291, with detailed picture of ribbing and arrow to
corresponding suture. F, ventral view, paratype, 2012z0133/0291. G. lateral view, paratype, 2012z0133/0292. H, ventral
view, paratype, 2012z0133/0292. |, lateral view, holotype, 2012z0133/0290. J, ventral view, holotype, 2012z0133/0290.
K, lateral view, paratype, 2012z0133/0293. L, ventral view, paratype, 2012z0133/0293. M-N, Neoprotrachyceras attila,
2012z0133/0331, from sequence AS 32 — AS 46. M, lateral view. N, ventral view. O—Z, Neoprotrachyceras baconicum,
from sequence AS 32-AS 46. O,. lateral view, 2012z0133/0314. P, ventral view, 2012z0133/0314. Q, lateral view,
2012z0133/0316. R, ventral view, 2012z0133/0316. S, lateral view, 2012z0133/0315. T, ventral view, 2012z0133/0315.
U, lateral view, 2012z0133/0319. V, ventral view, 2012z0133/0319. W, lateral view, 2012z0133/0317. X, ventral view,
2012z0133/0317. Y, lateral view, 2012z0133/0320. Z, ventral view, 2012z0133/0320. Scale bar represents 1 cm.
Abbreviations: Il, lateral lobe; Is, lateral saddle; ul, umbilical lobe; vis, ventrolateral saddle
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Family SANDLINGITIDAE Tozer, 1971
Genus SANDLINGITES Mojsisovics, 1893

1893 Sandlingites Mojsisovics, p. 706.
1981 Sandlingites Tozer, p. 97.
2002 Sandlingites Sepkoski, p. 131.

Type species. Ammonites oribasus Dittmar, 1866 (p. 384, pl. 18, figs 8-10), from the

‘Vorderer Sandling’ near Goisern, Austria.

Remarks. Mojsisovics (1893) described three different ontogenetic stages: Whilst the inner
whorls show a typical Tirolites-like smooth venter, an abrupt change to a Protrachyceras-like
stage takes place. The body chamber shows the final sculpture stage, on which no further
spines or tubercles are present. The increasing H shows smooth falcoid, branching ribs. The
initially narrow median furrow vanishes, and lateral ribs cross the venter. Sandlingites shows
a goniatitic to ceratitic suture. Entirely rounded saddles and entirely, or at most, slightly

lobulate lobes are present (Mojsisovics 1893).

Stratigraphic range. Upper Triassic, Upper Carnian — Norian stage. According to Krystyn

(1973) and Tatzreiter (1980), the genus Sandlingites is characteristic for the Upper Carnian.

Sandlingites cf. pilari Diener, 1917
Figure 4.8B-D

cf.*1917 Sandlingites Pilari Diener, p. 379, pl. 3, figs 4-6.

Material from Asagiyaylabel. Fifteen specimens from the Marlstone member, from beds AS
16 — AS 16 + 12.8 m (Fig. 4.2): NHMW-2012z0133/0335-0349, NHMW-2012z0133/0475.

Measurements. See Lukeneder and Lukeneder (2013).

Description. All specimens from Asagiyaylabel are poorly preserved and laterally
compressed, obscuring the venter. A ventral furrow is present and detected on the figured
specimen (Fig. 4.8C). Shell involute, with wide umbilicus and rounded umbilical walls. Ribs
coarse and straight on inner whorls. At a D of about 9 mm, ribs start to bifurcate near mid-

flanks. At a D of about 28 mm, ribs become finer and exhibit falcoid curvation. At this stage,
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sculpture occurs with at least 14 spirally arranged tubercle lines (Fig. 4.8B—-D). Ribs generally
start at the umbilicus. They are stronger near the umbilicus, starting from prominent
elongated, clavate ridges, especially in juvenile forms. Most ribs bifurcate, intercalated by

ribs starting from umbilical wall or on mid-flank.

Discussion. We compared our material from Asagiyaylabel with the type material of
Sandlingites pilari Diener, 1917 from Carnian deposits of Bosnia. The specimen from Diener
(1917, pl. 3, fig. 4a,b) is designated herein as lectotype and Diener’'s (1917, pl. 3, fig. 5)
specimen as paratype. The species Sa. pilari Diener, 1917 was assigned by Krystyn (1973)
and Breda et al. (2009) as Shastites pilari (Diener, 1917). The genus Shastites was primarily
described by Hyatt and Smith (1905) as subgenus of Clionites Mojsisovics 1893. Tozer
(1994) described ‘Sandlingites’ pilari as ‘...probably related species to Shastites compressus,
differing in having more falcoid ribbing’. There is no official taxonomic redesignation of Sa.
pilari to Sh. pilari in the literature. Hence, we assigned our material, by the comparison of
Diener's material 1917, to Sa. cf. pilari Diener, 1917. Distinct, very fine, spirally arranged
tubercle lines are visible in Diener’'s material: these are not mentioned in Diener’s description
and cannot be seen on his plates. Nonetheless, tuberculation on spiral lines occurs at the
same diameters as in the material from Asagiyaylabel. Therefore, we classify the specimens
from Asagiyaylabel as Sa. cf. pilari. ‘Sandlingites’ reyeri (Mojsisovics, 1893) from the
‘Vorderer Sandling’ (=Millibrunnkogel, Upper Austria), which is in juvenile stages quite similar
to Sa. pilari Diener, 1917, does not show tuberculation on flanks and is younger in age
(Norian). Besides other species of Sandlingites, Tatzreiter (1980) included S. reyeri into the
genus Leislingites. Sandlingites tuckeri (Diener, 1923) differs from Sa. cf. pilari from
Asagiyaylabel by having only marginal and external tubercle rows, in contrast to numerous

very fine tubercle rows as described for Sa. pilari.

Stratigraphic range. Upper Triassic, Upper Carnian, Tropites dilleri Zone (Tuvalian 1) —

Tropites subbullatus Zone (Tuvalian 2).

Regions. Glamoc¢a, Bosnia and Herzegovina (Diener 1917), Asagiyaylabel, Taurus

Mountains, Turkey.

139



Family ARPADITIDAE Hyatt, 1900
Genus KLIPSTEINIA Mojsisovics, 1882

1882 Kilipsteinia Mojsisovics, p. 47.
1981 Klipsteinia Tozer, p. 96.
2002 Klipsteinia Sepkoski, p. 130.

Type species. Ammonites (Ceratites) achelous Muinster, 1834, from marly beds at the
Stuores Wiesen near St. Cassian. Whilst the genus Klipsteinia was defined by Mojsisovics

(1882), its type species ‘Ammonites achelous’ was subsequently selected by Diener (1915).

Remarks. ‘Ammonites’ achelous resembles Dinarites eduardi, but at about 12 mm D, the
initially flat furrow at the venter becomes deeper. At approximately 20—24 mm, ribs become
more prominent and end in nodes, which border the ventral furrow (Mojsisovics 1882).
Similar to Dinarites and Tirolites, Klipsteinia shows a primitive suture line with only one lateral
lobe. As shown by the relationship of D. eduardi with ‘A.” achelous, Klipsteinia evolves a
deepening of the median furrow on venter, bordered by accompanying spines and nodes or
sometimes by granulated keels (e.g. Klipsteinia nataliae Mojsisovics, 1882). The lateral

tubercles can be present or absent (Arkell et al. 1957).

Stratigraphic range. Upper Triassic, Lower Carnian (Krystyn 1978, Tozer 1981, Urlichs
1994).

Klipsteinia disciformis sp. nov.
Figure 4.8E-L

LSID. urn:lsid:zoobank.org:act: 96310FF2-1D3C-4DE2-B202FE8SFE0974A0E.

Derivation of name. From the Latin term discus and disciformis for discus shaped.
Holotype. NHMW-2012z0133/0290 (Fig. 4.81-J).

Paratypes. Three paratypes have been defined: NHMW2012z0133/0293 (Fig. 4.8K-L),
NHMW-2012z0133/0291 (Fig. 4.8E—F) and NHMW-2012z0133/0292 (Fig. 4.8G—H).
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Type locality and horizon. Asagiyaylabel (WGS84: N 37.551389°, E 31.304444°), Anatolia,
Turkey, from the Carbonate member Unit A, bed AS 6, of the Kasimlar Formation, Upper
Triassic (Lower Carnian, Julian 2) (Fig. 4.2).

Material. Nineteen specimens (NHMW-2012z0133/0290—-0308).

Measurements. See Table 4.2.

Description. The description is based on the holotype (Fig. 4.81-J). Shell exhibits discoidal
whorls, slightly rounded flanks, a steep umbilical wall and an involute coiling, opening in
adults. The rounded venter bears a distinct, sharp, but smooth furrow. The venter is more
rounded in juveniles, with almost straight mid-part in adults (Fig. 4.8E—L). Flanks are straight,
but bend at the upper third with subrounded shape to venter. At a D of around 10 mm, a
sculpture element with sigmoidal incisions, accompanied by the ‘overlapping’ segments in
between the latter, occurs. This ‘segmented’ part appears step-like in lateral view (Fig. 4.8E).
The generally smooth shell, upon more detailed examination, bears a weak, dense,
sigmoidally curved ribbing. Ribs start at a steep umbilical wall, pass the flanks sigmoidally
and cross the venter (hardly visible), from a D of 20 mm, in a proverse bow towards the
aperture. Ribs can end at the distinct ventral furrow. Rib interspace at the umbilicus is about
0.7 mm, and rib interspace increases at the venter to 2.2 mm. At a D of about 12 mm, ribs
are distinctly developed and then become weaker and broader with increasing D. The ventral
furrow is most prominent at a D of 12 mm. No swellings of ribs at the shoulder. The suture is
characterized by smooth lobes and saddles. A wide and rounded ventrolateral saddle is
followed by a narrow and deep lateral lobe and again by a wide and rounded lateral saddle
and a smooth deep and rounded umbilical lobe (Fig. 4.8E).

Discussion. Klipsteinia disciformis sp. nov. and related species of Klipsteinia were
compared by performing a PCA and different bivariate plots on conch parameters (Fig. 4.9A—
G). The respective data sources from specimens are indicated in Table 4.2 and Lukeneder
and Lukeneder (2013). The first two axes of the PCA explain a total of 96.16 per cent of the
variance (PC1 85.87 per cent; PC2 10.29 per cent). They clearly separate Klipsteinia boetus
(Munster, 1834), Klipsteinia irregularis (Munster, 1841) and Kl. nataliae Mojsisovics, 1882
from KI. disciformis sp. nov. (Fig. 4.9A). The species Klipsteinia achelous (Munster, 1834)
and Kilipsteinia hirschi (Laube, 1870) plot closer to Kl. disciformis sp. nov., resembling KI.
disciformis sp. nov. in H, U and ah, but having higher W (4.88 and 5.0 vs mean 4.5 mm) and
therefore a lower ratio of H/W (1.16 and 1.12 vs mean 1.77; Fig. 4.9B—F). Hence, these

141



species show a more depressed whorl section (lower H/W values; Fig. 4.9F). Klipsteinia
karreri Mojsisovics, 1882 plots similar to Kl. disciformis sp. nov. within the PCA due to its
similar parameters H, U and ah (Fig. 4.9B, D—E). However, Kl. karreri clearly differs from KI.
disciformis sp. nov. in a higher W with 6.5 vs mean 4.5 (Fig. 4.9C), and therefore, like the
other species of Klipsteinia, in a lower ratio of H/W (1.23 vs 1.77; Fig. 4.9F), due to a more
depressed conch morphology. Kl. disciformis sp. nov., therefore, has a more compressed
whorl section (Fig. 4.9F) than the measured species of Klipsteinia, for example the type
material from Munster (1834, 1841; Lukeneder and Lukeneder 2013). The generally narrow
and discoidal (more compressed) character of Kl. disciformis sp. nov. slightly resembles Ki.
nataliae (Fig. 4.9F; Lukeneder and Lukeneder 2013), but differs in a much weaker and
smoother ventral furrow. Kl. nataliae furthermore exhibits stronger ribbing and granulated
external ridges, which run parallel to the deep, ventral furrow. Specimens of Kl. disciformis
with D< 20 mm closely resemble Kl. achelous (Minster, 1834). Finally, Kl. achelous has a

more rectangular whorl section.

In contrast to all other species, in which lateral lobes are serrate (trifid), the lobes and
saddles in KI. disciformis sp. nov. are smooth (Fig. 4.8E). Kl. disciformis sp. nov. additionally
differs from Kl. achelous, KIl. boetus, KI. hirschi and KI. karreri in lacking nodular swellings or
external nodes. KI. irregularis further differs from Kl. disciformis sp. nov. in a smooth venter
(no furrow) at the inner whorls, as well as in bearing a furrow on the last whorl, bordered by a
keel on each side. WER in Kl. disciformis sp. nov. measures 2-2.5 (mh-h) and is smaller
than the very high values in KI. achelous (3.1) and Kl. hirschi (2.9; Fig. 4.9G; Table 4.2;
Lukeneder and Lukeneder 2013; see Discussion).

Stratigraphic range. Upper Triassic, Lower Carnian, Austrotrachyceras austriacum Zone
(Julian 2).

Regions. Asagiyaylabel, Taurus Mountains, Turkey.
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Type /Inv. Nr. Fig. D H w U ah H/W H/D H/U UMD W/D WER
in mm

Klipsteinia disciformis sp. nov.

HT (NHMW- 1.999

201220133/0290), 481-3 205 90 50 50 6.0 1.80 044 180 0.24 0.24 (m)

data source: sm

PT (NHMW- 4.8K— 2.531

201220133/0293), L 14.0 5.5 3.0 40 5.2 1.83 039 138 029 0.21 )

data source: sm

PT (NHMW- 4.8E— 2.386

201220133/0291), = 19.0 8.0 4.8 5.0 6.7 1.67 042 160 0.26 0.25 (mh)

data source: sm

PT (NHMW- _

201220133/0202), 5 181 860 44 40 590 195 048 215 022 024 2(n212)1

data source: sm

Table 4.2. Measurements of the holotype and three paratypes of Klipsteinia disciformis sp. nov. from Asagiyaylabel (Taurus
Mountains, Turkey). ah, aperture height; D, maximum diameter; H, whorl height; H/D, proportional height; H/U, degree of
involution; H/W, whorl compression; sm, self-measured; U, umbilical width; U/D, proportional umbilical width; W, whorl breadth;
W/D, proportional whorl breadth; WER, whorl expansion rate; WER standard: m, moderate 1.61-2.0; mh, moderately high 2.01—
2.40; h, high 2.41-2.80.
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Fig.4.9. Statistical analyses for the variability in different shell parameters of Klipsteinia disciformis sp. nov. and its
related species. A, principal component analysis; included variables: D, H, W, U and ah. B-G, bivariate plots showing
differences and similarities in shell parameters and ratios (H, W, U, ah, H/W and WER) related to D, respectively, to
W/D. Grey-shaded ellipses mark the area at which the values of Kasimlarceltites gen. nov. plot.

144




Suborder TRACHYCERATINA Krystyn, 1978
Superfamily TRACHYCERATACEAE Haug, 1894
Family TRACHYCERATITIDAE Haug, 1894
Subfamily TRACHYCERATINAE Haug, 1894
Genus NEOPROTRACHYCERAS Krystyn, 1978

1978 Neoprotrachyceras Krystyn, p. 69.

1981 Neoprotrachyceras Tozer, p. 95.

2002 Neoprotrachyceras Sepkoski, p. 130.

2012 Neoprotrachyceras Lukeneder et al., p. 282, 284.

Type species. Trachyceras attila Mojsisovics, 1870, from Veszprém, Bakony Mountains,

Hungary.

Remarks. The genus Neoprotrachyceras is characterized by a Trachyceras-like form
(involute to moderately evolute coiling) bearing nodular ribs. The venter is externally
interrupted by a furrow. In contrast to Trachyceras, lateral nodes might be absent in
Neoprotrachyceras. Whilst in Neoprotrachyceras the ventral furrow is bordered on each side
by a row of single nodes (with a trend to reduplication at the adult stage), Trachyceras shows

a row of double-pointed nodes on both sides of the venter (Krystyn 1978).

Stratigraphic range. Upper Triassic, Lower Carnian — Upper Carnian, Julian 2 — Tuvalian 1.

Neoprotrachyceras attila (Mojsisovics, 1893)
Figure 4.8M—N

*1870 Trachyceras Attila Mojsisovics, p. 105-106, pl. 5, figs 2—4.
1893 Trachyceras (Protrachyceras) attila E. v. Mojsisovics; Mojsisovics, p. 633—-634, pl.

169, figs 6-9, pl. 170, figs 1-2.

Material from Asagiyaylabel. One specimen from the Carbonate member Unit C, from
sequence AS 32 — 46 (Fig. 4.2): NHMW2012z0133/0331.

Measurements. See Lukeneder and Lukeneder (2013).
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Description. Whorls are generally involute, with a narrow umbilicus. The venter bears a
broad and deep furrow, which is bordered by two coarse, spirally arranged external tubercle
rows. Ribs are slightly curved on flanks, but appear with a sharp adapical bow (proverse
towards aperture) at the upper third of the flanks (Fig. 4.8M). Up to a D of approximately 15—
19 mm, ribs are coarse and strong. Branching is irregular, and bifurcation occurs at the
umbilical shoulder, on tubercles or from lateral tubercles at mid-flank, occurring mainly at the
fourth tubercle row from umbilicus. Ribs start to become more distinct and finer and seem to
be more crowded from a D of 19 mm. The specimen in Figure 4.8M exhibits a different
arrangement of the spiral tubercle lines on both flanks. The furrow on one shell side is
bordered by three external tubercle lines (lateral view Fig. 4.8M and right side on Fig. 4.8N),
whereas at the corresponding opposite side, the external flank is bordered by only a single
external tubercle line (Fig. 4.8N). All other spiral tubercle lines, towards the umbilicus (from
the marginal, mid-flank), are equally arranged. Overall, 12 spiral tubercle lines are visible on
the right side, but only ten on the left side: two umbilical — lateral tubercle lines, six lateral

tubercle lines, one marginal tubercle line and one external line (left), respectively, three lines
(right).

Discussion. The specimens from Asagiyaylabel resemble mostly the type material from the
Bakony Mountains from Hungary described by Mojsisovics (1870) as Neoprotrachyceras
attila. A comparable specimen was also figured by Diener (1925) as Trachyceras
(Protrachyceras) attila (Mojsisovics, 1870) from the Carnian of Feuerkogel (Styria).
Neoprotrachyceras attila from Asagiyaylabel differs from Neoprotrachyceras thous (Dittmar,
1866) in having more distinct spiral tubercle rows, numbering 12 versus 3—4 in N. thous of
Dittmars’ material (Réthelstein, Styria). This difference, marked by an almost tuberculate
ribbing style in N. thous, is also visible on specimens from Mojsisovics' (1893, pl. 168, figs 2—
11) material from the Réthelstein, near Bad Aussee (Styria). Neoprotrachyceras attila from
Asagiyaylabel (Fig. 4.8M-N) furthermore resembles Neoprotrachyceras baconicum
(Mojsisovics, 1870), with the contrast that the latter has only 8-9 rows of tubercle spirals and
differs in a broader umbilicus (Mojsisovics 1893). The external furrow is less prominent in N.
attila. Differences in whorl proportions from our specimen (Fig. 4.8M-N) were measured and
compared with material from N. attila (Mojsisovics, 1893) and N. baconicum (Mojsisovics,
1870; see measurements and remarks for N. baconicum). The respective data sources from
specimens are indicated in Lukeneder and Lukeneder (2013). N. attila from Asagiyaylabel
(Fig. 4.8M-N) shows nearly similar whorl proportions to N. baconicum, but with the difference
that N. attila shows lower values of U/D (<0.2) compared with N. baconicum with U/D values
20.2, what reflects the more narrow umbilicus of N. attila (see Lukeneder and Lukeneder
2013).
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Stratigraphic range. Upper Triassic, Lower Carnian (Julian 2).

Regions. Bakony Mountains, Hungary (Mojsisovics 1870; Diener 1925); Feuerkogel, NCA,
Austria (Mojsisovics 1873-1902; Krystyn 1978; Kittl 1903; Geyer 1915); Asagiyaylabel,
Taurus Mountains, Turkey.

Neoprotrachyceras baconicum (Mojsisovics, 1870)
Figure 4.80-Z

1869 Ammonites (Trachyceras) sp.; Mojsisovics, p. 93.
*1870 Trachyceras Baconicum Mojsisovics, p. 1086, pl. 5, fig. 5.
2000 Neoprotrachyceras cf. thous (DITTMAR), 1866; Gindl, p. 54-56, pl. 2, fig. 1a—c.

Material from Asagiyaylabel. Eleven specimens from the Carbonate member Unit C, from
sequence AS 32 - AS 46; Fig. 4.2): NHMW-2012z0133/0314-0317, NHMW-
2012z0133/0319-0325.

Measurements. See Lukeneder and Lukeneder (2013).

Description. Medium-sized (up to D 38.5 mm), moderately involute shells with open
umbilicus, steep umbilical wall and strong ornamentation. Sculpture consists of strong,
straight ribs in juveniles to weakly sigmoidal curved ribs in adults. Juvenile specimens (Fig.
4.80-P, S—T, W-X) bear a rounded venter with a shallow median furrow. The almost smooth
median area at the venter is bordered by the typical Neoprotrachyceras-like single and
distinct external tubercle rows. In juveniles, that is, smaller specimens up to 15 mm (Fig.
4.80-P, W-X), whorls are more compressed with H/W values of 0.86 and 0.96. In the
figured 20-mm specimen (Fig. 4.8S-T), the H is more depressed, with an H/W value of 1.38.
In adult specimens (Fig. 4.8U-V, Y-2Z), whorl shape is, at diameters of approximately 40 mm,
more depressed, with H/W values of 1.52-1.68 (see Lukeneder and Lukeneder 2013).
Juvenile specimens (Fig. 4.80-P, S—-T and W-X) exhibit strong, bifurcate ribbing. Ribs start
at a strong umbilical tubercle. Umbilical wall smooth. Ribs are almost radial, up to the round
mid-flank, where they bifurcate at a big lateral tubercle, in slightly proverse direction. Ribs
end at pointed tubercles on each side of the smooth ventral area. On the single main ribs,
between the umbilical and the larger lateral tubercles (Fig. 4.80-P, S-T), two to three

weaker spiral tubercle lines are visible. The prominent lateral spiral tubercle line is again
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followed by two closely running marginal spiral lines, followed by the external tubercles. Ribs
can also bifurcate on umbilical tubercles, and one branches a second time at the lateral
shoulder (Fig. 4.8S-T). The same specimen already has eight spiral tubercle lines. Ribbing is
broader in adults than in juveniles, up to 2-3 mm thick. The maximum thickness of the ribs
occurs on a proverse spatulate end, between external and last lateral ridge-like tubercles.
Eight rows of tubercles run up to the end of the body chamber, becoming more longitudinal,
ridge-like, on adult forms (Fig. 4.8U-V, Y-Z). Umbilical tubercles and external tubercles are
spine-like. The external furrow is deep and prominently edged. In most cases, spines are
present as tubercles because they have been broken during preparation. Fine striae, or
growth lines, occur on body chambers of adult specimens (Fig. 4.8U-V, Y=Z). The finer lines
run subparallel to the ribbing, but cross the venter in an adapical bow. Lines are visible only

on the outer surface of shell, not on internal moulds (Fig. 4.8Y-2).

Discussion. Neoprotrachyceras baconicum closely resembles N. attila. Both species are
furthermore quite similar to Neoprotrachyceras archelaus (Laube, 1868), with the difference
that they show a much denser ribbing as well as finer ribs and nodes in contrast to N.
archelaus (Mojsisovics 1870). Alongside the broader umbilicus of N. baconicum, and the
different number of tubercle spirals, already mentioned, the external furrow is more
prominent in N. baconicum observed from Asagiyaylabel (Fig. 4.8R, Z) compared with N.
attila (Mojsisovics 1870, 1893). The finer and denser ribbing, compared with N. archelaus, as
well as the broader umbilicus and the more prominent furrow, and the fewer count of tubercle
lines compared with N. attila, clearly identifies most specimens from Asagiyaylabel as N.

baconicum.

Stratigraphic range. Upper Triassic, Lower Carnian — Upper Carnian (Julian 2—Tuvalian 1).

Regions. NCA, Austria (Mojsisovics 1873-1902; Kittl 1903; Geyer 1915; Krystyn 1978);
Bakony Mountains, Hungary (Mojsisovics 1870); Asagiyaylabel, Taurus Mountains, Turkey.
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Subfamily SIRENITINAE Tozer, 1971
Genus SIRENITES Mojsisovics, 1893

1893 Sirenites Mojsisovics, p. 725.
1981 Sirenites Tozer, p. 96.

2002 Sirenites Sepkoski, p. 131.

2012 Sirenites Lukeneder et al., p. 284.

Type species. Ammonites senticosus Dittmar, 1866, p. 375, pl. 17, figs 8-9, from red
limestones of the Feuerkogel, Réthelstein, near Bad Aussee, Styria, Austria. Subsequent
designation by Hyatt and Smith (1905, p. 198).

Remarks. Mojsisovics (1893) introduced the name Sirenites for Trachyceras-like species
bearing sigmoidal external ribs, closely prelocating the external nodes. Whereas both genera
(Sirenites and Trachyceras) show a tendency to reduplicate their external tubercles, the ribs
of Trachyceras still branch longitudinally, whilst the ribs of Sirenites exhibit a radial
bifurcation (Mojsisovics 1893). Sirenites represents a compressed form with a distinct furrow
on venter and flattened convex whorl flanks, bearing two rows of lateral tubercles (Arkell et
al. 1957). Its sigmoidal, sharply adorally projecting ribs bifurcate on a tubercle near the
ventrolateral edge. Two rows of tubercles on flanks and tubercles on the umbilical edge are
arranged in spiral lines (Arkell et al. 1957). Sirenites is described with ceratitic (Diener 1925)

as well as with ammonitic suture (Arkell et al. 1957).

Stratigraphic range. Upper Triassic, Carnian.
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Sirenites senticosus (Dittmar, 1866)
Figures 4.5A1-AJ, 4.10A-B

1866 Ammonites senticosus Dittmar, p. 375, pl. 17, figs 8-9.

1893 Sirenites senticosus (A. v. Dittmar); Mojsisovics, p. 727-728, pl. 161, figs 8—-12, 14-15.

1893 Sirenites cf. ind. ex aff. S. senticosi; Mojsisovics, p. 731, pl. 161, fig. 17.

1905 Ammonites senticosus Dittmar; Hyatt and Smith, p. 198.

1923 Sirenites senticosi Mojs.; Diener, p. 246, 248, 250.

1925 Sirenites senticosus Dittm.; Diener, p. 95, pl. 18, figs 6a—b.

1927 Ammonites senticosus Dittmar; Smith, p. 81.

1957 S. (S.) senticosus (Dittmar); Arkell et al., p. L158, fig. 190, 9a—b
(refigured type specimen of Mojsisovics 1893, pl. 161, fig. 8).

1976 Sirenites senticosus (Dittmar); Hahn, p. 155-169.

1978 Sirenites senticosus (Dittmar, 1866); Krystyn, p. 70, pl. 4, fig. 3.

1982 Sirenites (Sirenites) senticosus (v. Dittmar); Hahn, p. 1049.

1982 Sirenites senticosus (Dittmar, 1866); Tatzreiter, p. 139.

1994 Sirenites senticosus (Dittmar); Tozer, p. 170.

2000 Sirenites n. sp. 1; Gindl, p. 53-54, pl. 1, figs 7a—-8b.

2000 Sirenites multicostatus Mojsisovics, 1893; Gindl, p. 56-57, pl. 2, fig. 2a—c.

2009 Sirenites senticosus (Dittmar); Breda et al., p. 82.

2012 Sirenites sp.; Lukeneder et al., p. 284.

Holotype. Ammonites senticosus Dittmar, 1866 (p. 375, pl. 8-9; GBA-1893/001/0646) from
the Trachyceras austriacum beds at the Feuerkogel at Réthelstein, near Bad Aussee, Styria,

Austria.

Material from Asagiyaylabel. One specimen from the Carbonate member Unit A, bed AS 6:
NHMW-2012z0133/0281, and four specimens from Unit C, from sequence AS 32 — AS 46
(Fig. 4.2): NHMW-2012z0133/0282, NHMW-2012z0133/0284-0285 and NHMW-
2012z0133/0289.

Measurements. See Lukeneder and Lukeneder (2013).
Description. Both figured specimens (Figs 4.5AI-AJ, 4.10A-B) show a medium-sized,

strongly ornamented shell and a half involute, compressed whorl section with H/W values of
1.57 (Fig. 4.10A-B; Lukeneder and Lukeneder 2013) and 1.85 (Fig. 4.5AI-AJ; Lukeneder
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and Lukeneder 2013). The wide umbilicus bears a steep umbilical wall. H increases rapidly,
with a high WER between 2.65 (NHMWz0133/0285; Lukeneder and Lukeneder 2013) and
2.70 (Figs 4.5AI1-AJ, 4.10A-B; Lukeneder and Lukeneder 2013). All specimens show typical
Sirenites-like single ribs as well as bifurcating ribs. Ribs are broad (2-3 mm; Fig. 4.10A-B)
and bifurcate on the umbilical edge or laterally. Ribs show tuberculation with four tubercle
rows, including umbilical and external flank tubercles. Single ribs cross the steep umbilical
wall; they start from strong umbilical tubercles and sigmoidally cross the straight flanks,
ending at tubercles on the external flank. These tubercles give rise to falcoid, pointed,
adapically directed (80—90 degrees) short ribs. The latter ribs end at a distinct and prominent
tubercle row, which consists mainly of spines, string-like arranged. Two of these ‘spine rows’
border a deep, sharp and smooth ventral furrow. Outer shell may bear fine striae on the body

chamber, running parallel to the sigmoidal ribs. No suture line visible.

Discussion. Specimens resemble the type ‘Ammonites’ senticosus Dittmar, 1866. Whilst
specimens from Asagiyaylabel show similar values of H/W (1.57-1.85), they show a slightly
higher WER (mean 2.683) than the holotype of Dittmar (1866; 2.535; Lukeneder and
Lukeneder 2013). Specimens figured as S. senticosus by Mojsisovics (1893) seem almost
identical in sculpture and shape. The typical shape is shown by Diener (1925), when he
refigured the specimen of Mojsisovics (1893). Both authors figured the type specimen, even
though they show prominent differences, probably due to the illustration of the opposite side
of the type specimen by Mojsisovics (1893), Diener (1925) and Arkell et al. (1957).

Stratigraphic range. Upper Triassic, Lower Carnian, Trachyceras aonoides Zone (Julian 1)

— Austrotrachyceras austriacum Zone (Julian 2).

Regions. NCA, Austria (Dittmar 1866; Mojsisovics 1893; Krystyn 1978; Tatzreiter 1982);
Cortina Area, SA (Breda et al. 2009); Mersin Melange and Asagiyaylabel, Taurus Mountains,
Turkey (Kozur et al. 2009; Moix et al. 2011); California (Smith 1896); Guanling Area, south
west China (Xiaofeng et al. 2008); northern Thailand (Hahn 1976, 1982). Bihati, Timor
(Diener 1923).
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< Fig. 4.10. Fauna of Asagiyaylabel, Kasimlar Fm., A-F, and O, Carbonate member Unit C, Austrotrachyceras austriacum
Zone (Julian 2), G-N, Marlstone member, Tropites dilleri Zone (Tuvalian 1). A-B, Sirenites senticosus, from sequence AS 32—
AS 46 (2012z0133/0289). A, lateral view. B, ventral view. C-F, Anasirenites crassicrenulatus sp. nov, from sequence AS 32 —
AS 46. C, lateral view, paratype, 2012z0133/0309. D, ventral view, paratype, 2012z0133/0309. E. lateral view, holotype,
2012z0133/0310, with arrow to corresponding suture line. F, ventral view, holotype, 2012z0133/0310. G-H, Paratropites cf.
hoetzendorfii. G, adult, lateral view, 2012z0133/0352, from bed AS 16 + 5 m. H, juvenile, ventral view, 2012z0133/0368, with
enlarged ventral part, from bed AS 16 + 13 m. I-J, Trachysagenites cf. beckei 2012z0133/0350, from sequence AS 16 + 11.5m
—AS 16 + 13 m. |, lateral view. J, ventral view. K-N, Proarcestes sp. K, lateral view, 2012z0133/0443, from bed AS 16 + 5m. L,
lateral view, 2012z0133/0444, from bed AS 32. M=N, 2012z0133/0445, from bed AS 16 + 13 m. M, lateral view. N, ventral view.
O, lateral view of Megaphyllites jarbas, 2012z0133/0479, from sequence AS 19 — AS 46, white star marks the position of last
septum. All scale bars represent 1 cm. Abbreviations: Il, lateral lobe; Is, lateral saddle; us, umbilical saddle; vll, ventrolateral
lobe; vls, ventrolateral saddle.

Genus ANASIRENITES Mojsisovics, 1893

1893 Anasirenites Mojsisovics, p. 773.
1981 Anasirenites Tozer, p. 96.

2002 Anasirenites Sepkoski, p. 128.

2012 Anasirenites Lukeneder et al., p. 284.

Type species. Sirenites (Anasirenites) ekkehardi Mojsisovics, 1893 (p. 773, pl. 159, fig. 5),
from the Carnian stage of the ‘Vorderer Sandling’ near Goisern, Austria. Subsequent

designation by Diener (1915).

Remarks. The ventral furrow with the pair of continuous keels at the external side, which
developed from the external nodes of the protrachyceratid ancestors, is the main
characteristic of the genus Anasirenites. Mojsisovics (1893) defined Anasirenites as a
subgenus of the genus Sirenites, characterized by its smooth external keel (Mojsisovics
1893). Arkell et al. (1957) followed the idea of a subgenus Sirenites (Anasirenites). Tozer
(1971, 1981) increased the hierarchic level of the former subgenera to the level of genus in

his general reviews of Triassic ammonoids (Tozer 1971, 1981).

Stratigraphic range. Upper Triassic, Carnian to Norian.
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Anasirenites crassicrenulatus sp. nov.
Figure 4.10C-F

2000 Anasirenites sp. Gindl, p. 57-58, pl. 2, fig. 3a—c.
2000 Anasirenites cf. tripunctatus (Mojsisovics, 1893); Gindl, p. 58-59.
2012 Anasirenites Lukeneder et al., p. 284.

LSID. urn:lsid:zoobank.org:act: 2F53CAE1-4D81-4E9B-A28EO0B10AD9ES8SFB.

Derivation of name. From the Latin terms ‘crassi’, which means ‘dense’, and ‘crena’, which

means ‘serration’; characterized by the presence of two densely granulated external keels.

Holotype. NHMW-2012z0133/0310 (Fig. 4.10E-F). Steinkern with partial shell preservation.
Paratype. One paratype: NHMW-2012z0133/0309 (Fig. 4.10C-D).

Type locality and horizon. Asagiyaylabel (WGS 84: N 37.551389°, E 31.304444°), Anatolia,
Turkey, from the Carbonate member Unit C, from sequence AS 32 — AS 46 (Fig. 4.2), which

belongs to the Upper Carnian Austrotrachyceras austriacum Zone (Julian 2).

Material from Asagiyaylabel. Four specimens from the Carbonate member Unit C (from
sequence AS 32 — AS 46): NHMW2012z0133/0309-0312.

Measurements. See Table 4.3.

Diagnosis. Involute, small-sized and depressed shell, bearing a steep and narrow, but
smooth and rounded umbilical edge. Anasirenites crassicrenulatus sp. nov. is characterized
by strong and multituberculate (3—4 tubercles) ribbing at the inner whorls. A. crassicrenulatus
sp. nov. bears a weak ribbing on adult whorls and on body chamber, a more pointed
ventrolateral tubercle line as well as granulated keels, which become more and more smooth

until the end of the last whorl.

Description. Small- to medium-sized (up to 30.7 mm), involute forms with narrow umbilicus.
Whorls are depressed with high whorls having H/W values of 1.56 (paratype, Fig. 4.10C-D)
to 2.1 (holotype, Fig. 4.10E-F). Whorl expansion rate is high with a WER of 2.5 in the
holotype (Fig. 4.10E-F; Table 4.3) and a WER of 2.6 in the paratype (Fig. 4.10C-D). The

following description is of the holotype (Fig. 4.10E—F). Umbilicus is narrow, and the umbilical
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edge is smooth, steep, but rounded. Flanks are straight, rounded only on their upper half to
venter. Ribbing starts on the umbilical edge. Ribbing on inner whorls, up to a D of 10 mm, is
strong and radially directed with single ribs or sometimes with bifurcating ribs from umbilicus.
The latter ribs are tuberculate with four tubercles per rib. Strong ribbing and prominent
tuberculation disappear after that phase. From H = 4 mm, ribs tend to start proversly and
bifurcate on mid-flank. The branches end at small, pointed tubercles on the ventrolateral
edge, resembling a ‘pearl necklace’. This spiral line of tubercles is followed by a smooth,
furrow-like area, edged on the venter by one of the external granulated keels. The
granulation of the keels appears to be due to the fading of most ventral ribbing, rising from
the lower ventrolateral tubercle line. A ventral median deep smooth furrow is bordered by
those granulated external keels. At the phragmocone, keels seem to be smooth on
steinkerns, but clearly strongly granulated in the case of shell preservation (Fig. 4.10E—F).
Keels become smooth until the end of the last whorl. From H 8 mm onward, ribs become
weaker and falcoid, branching on mid-flank and ending at tiny, but elongated proversly
directed crests. Two to three very shallow, but present, tubercle rows are spirally arranged
throughout the shell, accompanied by fine, striate spiral lines. The suture line appears
ceratitic (trifid). The body chamber has a length of three-quarters of the last whorl

(mesodome).

Discussion. Anasirenites crassicrenulatus sp. nov. and the above-described Sirenites
senticosus (Dittmar, 1866) show similarities in juvenile ribbing, in tuberculation and in the
arrangement of external tubercles and furrows. Mojsisovics (1893) already noted the close
relation of the subgenus Anasirenites Mojsisovics, 1893 and certain species of Sirenites
Mojsisovics, 1893, now confirmed by the comparison of faunal elements from Asagiyaylabel.
The species Anasirenites (Mojsisovics 1893) is clearly characterized by smooth external
keels. These typical keels are also detected in A. crassicrenulatus sp. nov. and are therefore
the reasons for attributing this species to Anasirenites. Anyhow, the keels of A.
crassicrenulatus sp. nov. are not generally constantly smooth, but, and this is the important
fact, become smooth at the end of the last whorl. This is similar to Mojsisovic's description of
Anasirenites marthae as well as of Anasirenites tripunctatus. Both forms bear tiny nodes at
their keels and show the typical smoothness of the characteristic keels not before the end of
the last whorl. Although A. crassicrenulatus sp. nov. resembles A. tripunctatus Mojsisovics,
1893, A. briseis Mojsisovics, 1893, Anasirenites friederici Mojsisovics, 1893 and A. marthae
Mojsisovics, 1893 from Carnian faunas (Austrotrachyceras austriacum Zone) from the

Feuerkogel (Styria, Austria; Mojsisovics 1893), they differ in sculpture.
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A. crassicrenulatus sp. nov. exhibits very strong and multituberculated (3—4 tubercles) ribbing
in inner whorls, but in contrast much weaker ribbing on adult whorls and on the body
chamber than in all other species within Anasirenites. The weaker ribbing, the more pointed
ventrolateral tubercle line and the more granulated keels, except for the end of the last whorl,
are the motivation for establishing the new species A. crassicrenulatus sp. nov.

Stratigraphic range. Upper Carnian, Austrotrachyceras austriacum Zone (Julian 2).

Regions. Asagiyaylabel, Taurus Mountains, Turkey.

Type/Inv. Nr. Fig. D H W U ah HW H/D HU UD W/D WER

Anasirenites crassicrenulatus sp. nov.

HT / NHMW- 2522
2012z0133/0310, 410E-F 270 115 55 55 100 209 043 209 0.20 0.20 kh)
data source: sm

PT / NHMW-

2012z0133/0309, 2.611
Data source: sm 4.10C-D 30.7 11.4 7.3 - 117 1.56 0.37 - - 0.24 ()

Table 4.3. Measurements of the holotype and the paratype of Anasirenites crassicrenulatus sp. nov. from Asagdiyaylabel (Taurus
Mountains, Turkey). ah, aperture height; D, maximum diameter; H, whorl height; H/D, proportional height; H/U, degree of
involution; H/W, whorl compression; sm, self-measured; U, umbilical width; U/D, proportional umbilical width; W, whorl breadth;
W/D, proportional whorl breadth; WER, whorl expansion rate; WER standard: h, high 2.41-2.80.
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Superfamily TROPITACEAE Mojsisovics, 1875
Family TROPITIDAE Mojsisovics, 1875
Genus PARATROPITES Mojsisovics, 1893

1893 Paratropites Mojsisovics, p. 234.

1927 Paratropites Smith, p. 43.

1981 Paratropites Tozer, p. 98.

1994 Paratropites Tozer, p. 215.

2002 Paratropites Sepkoski, p. 131.

2012 Pleurotropites Lukeneder et al., p. 284, 292.

Type species. Ammonites saturnus Dittmar, 1866 (p. 367, pl. 16, figs 1-8) from the
yellowish-grey limestones, together with Tropites subbullatus, of the ‘Vorderer Sandling’ near

Goisern, Austria. Subsequent designation by Diener (1915).

Remarks. Slowly growing, quite involute and discoid shells, which enclose a narrow
umbilicus. The distinct umbilical margin is adorned with umbilical tubercles, what excludes
the genus Pleurotropites, which lacks in umbilical tubercles (Tozer 1994). Ribs project
beyond the umbilical margin and end as angular, forward-facing nodes within the external
furrows. The narrow furrows border a thick external keel (Dittmar 1866; Mojsisovics 1893), in
contrast to the genus Discotropites (Hyatt and Smith, 1905), which lacks these furrows,

bordering the keel (Arkell et al. 1957). Additionally, the ribs do not show that conspicuous
sigmoidal character observed in Discotropites (Diener 1917) and its spiral ornamentation,
which might be represented only by weak striae (Krystyn 1982). Tubercles give rise to
rounded, distinct, sinuous ribs, separated by narrow intercostal ‘furrows’. Ribs are simple or
branched; intercalary ribs may occur on flanks. Whilst juvenile stages mostly show
dichotomous ribbing, adult stages dominantly bear tripartite ribbing. At the body chamber,
additional quadripartite ribs are developed. Mojsisovics (1893) reported a ratio of 1:3 of

umbilical nodes versus external ribs.

Stratigraphic range. Upper Triassic, Upper Carnian, Tropites dilleri Zone (Tuvalian 1) —

Tropites subbullatus Zone (Tuvalian 2).

Regions. NCA, Austria (Mojsisovics 1893; Tozer 1971; Krystyn 1973); north-east British
Columbia (Tozer 1994); Asagiyaylabel, Taurus Mountains, Turkey.
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Paratropites cf. hoetzendorfii Diener, 1917
Figure 4.10G-H

cf. *1917 Paratropites Hoetzendorfii Diener, p. 369, pl. 1, figs 1-4.
2012 Pleurotropites Lukeneder et al., p. 284, 292.

Material from Asagiyaylabel. Sixty-five specimens from sequence AS 16-AS 16+ 13 m of
the Marlstone Member (Fig. 4.2): NHMW-2012z0133/0351-0368, NHMW-2012z0133/0371-
0393, NHMW-2012z0133/0396-0399, NHMW-2012z0133/0402—-0403, NHMW -
2012z0133/0405, NHMW-2012z0133/0407-0408, NHMW2012z0133/0410-0417, NHMW-
2012z0133/0420-0424, NHMW?2012z0133/0426-0427.

Measurements. See Lukeneder and Lukeneder (2013).

Description. The existing material, especially the juvenile examples, are poorly preserved
and are laterally compacted. The whorl shape can be studied only in few, undeformed
specimens. In specimen NHMW-2012z0133/0352 (Fig. 4.10G), whorl thickness decreases
from the umbilical edge towards the venter. The juvenile specimen (Fig. 4.10H) shows a
more evolute shell morphology, in contrast to the involute whorls in adults (Fig. 4.10G;
Lukeneder and Lukeneder 2013). Ribbing in juveniles appears from the umbilical edge as
thick main ribs, bifurcating at the mid-flank (Fig. 4.10H). The latter specimen shows badly
preserved suture lines, resembling those in specimens shown by Diener (1917) for his type
material from Bosnia and Herzegovina. The strong and smooth external keel is bordered by
two furrows (Fig. 4.10H), at which the dense, flat, but rounded ribs are interrupted. From a D
of approximately 20 mm onward, typical Paratropites ribbing occurs. Ribs, distinct on inner
whorls, bifurcate at the umbilicus and/or on mid-flank. Bifurcation is irregular, and the point of
bifurcation is shifted towards the umbilicus in adult stages. Ribs are generally slightly
proverse and straight, bending adapically, near the ventrolateral shoulder, with a slightly
sigmoidal character. Umbilical tubercles are present, whilst spiral lines are absent, as

characteristic for Paratropites.

Discussion. Diener (1917) described similarities between medium-sized forms of P.
hoetzendorfii Diener, 1917 and Pleurotropites anakreontis Mojsisovics, 1893. Note that the
specimen shown by Mojsisovics (1893) as P. anakreontis from the Upper Carnian (Tuvalian)
from the Raschberg (Upper Austria) bears a prominent ventral keel, but lacks ventral furrows.

Therefore, the presence of the typical furrows, which border the keel, the bifurcate ribbing, as
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well as the absence of spiral lines within material from Asagiyaylabel, proves the close
relationship with P. hoetzendorfii. Due to the strong deformation of our material, we operate
with an open nomenclature in Paratropites cf. hoetzendorfii. Morphological details such as
the strong keel bordered by two furrows and the characteristic bifurcation of ribbing are
detected. Umbilical tubercles are present, but there is no evidence for spiral lines. Adult
specimens from Asagiyaylabel are similar to those described by Diener (1917) from Bosnia
and Herzegovina. Specimens show the typical characteristics of P. hoetzendorfii with dense,
straight ribbing on flanks, exhibiting a strong adapical bow on outer flanks. In particular, the
maximum thickness of the shell at the umbilical margin described by Diener (1917) for his

type material can be observed in the material from Asagiyaylabel.

Stratigraphic range. Upper Triassic, Upper Carnian, Tropites dilleri Zone (Tuvalian 1) —

Tropites subbullatus Zone (Tuvalian 2).

Regions. Glamog&a, Bosnia and Herzegovina (Diener 1917, Cori¢ 1999); Asagiyaylabel,

Taurus Mountains, Turkey.
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Family HALORITIDAE Mojsisovics, 1893
Subfamily SAGENITINAE Spath, 1951
Genus TRACHYSAGENITES Mojsisovics, 1893

1893 Trachysagenites Mojsisovics, p. 156.
1981 Trachysagenites Tozer, p. 96.
2002 Trachysagenites Sepkoski, p. 132.

Type species. Ammonites erinaceus Dittmar, 1866 (p. 380, pl. 17, figs 15-17), from the
yellowish-grey limestone of the ‘Vorderer Sandling’, Carnian, Upper Triassic. Subsequent
designation by Hyatt and Smith (1905).

Remarks. Strongly involute, subglobose whorls, broader than high, bearing a long body
chamber (Mojsisovics 1893; Hyatt and Smith 1905). Flanks and venter are rounded. The
narrow umbilicus shows a rounded but steep umbilical margin (Mojsisovics 1893; Hyatt and
Smith 1905). Radial dichotomous ribs, almost straight on flanks, cross the venter. Ribs bear
rows of regularly arranged blunt spines. Based on those spines, Mojsisovics (1893, p. 179)

defined the subgenus Trachysagenites for the group Sagenites spinosi.

Stratigraphic range. Upper Triassic, Upper Carnian, Tropites dilleri Zone (Tuvalian 1) —

Tropites welleri (equals Tropites subbullatus Zone, Tuvalian 2).

Regions. NCA, Austria (Mojsisovics 1893); Glamoc¢a, Bosnia and Herzegovina (Diener
1917); Shasta County, California (Hyatt and Smith 1905; Smith 1927; Spath 1951); Canada
(Tozer 1994); Toeboe Lopo, Timor (Spath 1951); Himalaya, India and Nepal (Diener 1908;
Krystyn 1982); Asagiyaylabel, Taurus Mountains, Turkey.
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Trachysagenites cf. beckei Diener, 1921
Figure 4.101-J

cf.*1921 Trachysagenites Beckei Diener, p. 501 (37), pl. 5, fig. 1a—b.

Material from Asagiyaylabel. One specimen from the Marlstone member, from sequence
AS 16 + 11.5m — AS 16 + 13 m (Fig. 4.2), NHMW-2012z0133/0350.

Measurements. See Lukeneder and Lukeneder (2013).

Description. The observed specimen (Fig. 4.101-J) shows a large D, up to 100 mm (see
Lukeneder and Lukeneder 2013). Regular arrangement of blunt spines in rows (or broken
base) on subglobose inner whorls with rounded venter. No ventral furrow. Adult stage and
body chamber are deformed. The ribbing is more distinct on body chamber, with 8-10
tubercles or spine rows. Rib spacing and strength vary on body chamber, up to 10 mm apart.
Stronger ribs are intercalated by finer ribs, also bearing tubercles. The first tubercle row
occurs on umbilical edge. The steep umbilical whorl is crossed by fine ribs that end in the

latter umbilical tubercles.

Discussion. Diener's (1917) figured Trachysagenites glamocensis Diener, 1917 (NHMW-
1998z0056/0025 and 0027, syntypes) from Carnian beds of Bosnia and Herzegovina also
shows similarities in juvenile to mid-aged whorls. The involute coiling of the specimen T. cf.
beckei additionally resembles Trachysagenites herbichi Mojsisovics, 1893 and figured
Carnian specimens of ‘Sagenites’ herbichi Mojsisovics, 1893 by Hyatt and Smith (1905) from
Shasta County (California, North America). Similarities are also observable with figured
specimens of Sag. (Trachysagenites) herbichi Mojsisovics, 1893 by Smith (1904), from the
same locality (Tuvalian 2, Upper Carnian). Due to the poor preservation, we choose an open
taxonomy with T. cf. beckei Diener, 1921. The figured Trachysagenites cf. beckei (Fig. 4.101-
J) from the Kasimlar Fm. of Asagiyaylabel is similar, especially the adult size and sculpture,
to the Upper Carnian (Tuvalian) T. beckei Diener, 1921 from the Feuerkogel (Styria, Austria).
The holotype (NHMW-1926/0002/0688) of Diener (1921) exhibits a fine, spiral striation. Only
few shown in Diener (1921). Due to preparation, most of the spines were broken, yielding the
typical verrucous sculpture. Rows of tubercles are crowded at the shoulder and on the
venter, with up to 10 rows in 30 mm width. The same can be observed in the specimen from
Asagiyaylabel (Fig. 4.101-J), with 10 rows within 20 mm width. Number of ventrolateral

tubercle rows is apparently constant in ontogeny. The holotype shows a typical weakening of
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sculpture at the steinkerns, where shell is removed. The venter seems to be less rounded

and straighter in the adult stage of the holotype.

Stratigraphic range. Upper Triassic, Upper Carnian, T. dilleri Zone (Tuvalian 1) — Tropites

subbullatus Zone (Tuvalian 2).

Regions. NCA, Austria (Diener 1921); Glamoca, Bosnia and Herzegovina (Diener 1917);

Asagiyaylabel, Taurus Mountains, Turkey.

Superfamily ARCESTACEAE Mojsisovics, 1875
Family ARCESTIDAE Mojsisovics, 1875
Genus PROARCESTES Mojsisovics, 1893

1893 Proarcestes Mojsisovics, p. 785.
1981 Proarcestes Tozer, p. 95.
2002 Proarcestes Sepkoski, p. 131.

Type species. Arcestes bramantei Mojsisovics, 1869 (p. 18), from limestone beds of
Hallstatt, near Bad Aussee, Austria. Subsequent designation by Mojsisovics (1893).

Remarks. Ribs and constrictions on phragmocone appear similar to that on body chamber
(Arkell et al. 1957). Mojsisovics (1893) defined the genus Proarcestes for a group of
Arcestidae in which the body chamber shows structural elements similar to those in the

phragmocone.

Stratigraphic range. Middle Triassic — Upper Triassic, Anisian — Carnian (Arkell et al. 1957).
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Proarcestes sp.
Figure 4.10K-N

Material from Asagiyaylabel. One specimen from the Carbonate member Unit C, bed AS
32: NHMW-2012z0133/0444, as well as 23 specimens from the Marlstone member, from
beds AS 16 — AS 16 + 13.5 m (Fig. 4.2): NHMW-2012z0133/0443, 0445-0466.

Measurements. See Lukeneder and Lukeneder (2013).

Description. The preservation of the specimens from Asagiyaylabel (Fig. 4.10K-N) is
generally too bad (deformed and crushed) for a classification at species level. Specimens are
smooth and subglobular, with very involute shells. Constrictions occur on the body chamber
(Fig. 4.10K—M), and in one specimen (Fig. 4.10K), the adult aperture shows an aberrant

form. We therefore use open homenclature for this material.

Stratigraphic range. Middle Triassic — Upper Triassic (Anisian — Carnian; Arkell et al. 1957).
At Asagiyaylabel, Proarcestes sp. was found at the Carbonate member Unit C, Lower
Carnian (Julian 2), as well as at the Marlstone member, which belongs to the Upper Carnian

Tropites dilleri Zone (Tuvalian 1).

Superfamily MEGAPHYLLITACEAE Mojsisovics, 1882
Family MEGAPHYLLITIDAE Mojsisovics, 1896
Genus MEGAPHYLLITES Mojsisovics, 1879

1879 Megaphyllites Mojsisovics, p. 135.
1981 Megaphyllites Tozer, p. 92.

1994 Megaphyllites Tozer, p. 91.

2002 Megaphyllites Sepkoski, p. 130.

Type species. Ceratites jarbas Minster, 1841 (p. 135, pl. 15, fig. 25), from the beds of St.

Cassian, South Tyrol.
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Remarks. Small-sized, discoidal, compressed, involute and smooth shell. Generally without
any sculpture, except for weak sigmoidal growth lines and regular constrictions on body
chamber (Minster 1841; Hauer 1846; Arkell et al. 1957; Tozer 1994). The genus
Megaphyllites shows a specific ceratitic suture. Lobes are rather similar to that of
Monophyllites, but do not show that phylloid tops of the main lateral branches, as well as do
not have an alternating occurrence of bigger versus smaller lateral branches and of serrated
lobes (Fig. 4.100). Saddles are nearly circular. Lobes are separated into three to four sharp
and acute beaks. The external lobus is divided by a median depression, as known from
Palaeozoic forms. Lateral lobes of Triassic forms are divided into two ‘lobes’ (Mojsisovics
1882).

Stratigraphic range. Middle Triassic — Upper Triassic, Anisian — Rhaetian stage (Diener
1916), Ladinian — Carnian (Arkell et al. 1957).

Megaphyllites jarbas (Munster, 1841)
Figure 4.100

*1841 Ceratites jarbas Mlnster, p.135, pl. 15, fig. 25 a—c.
1843 Ammonites umbilicatus; Klipstein, p. 117, pl. 6, fig. 5.
1846 Ammonites Jarbas Minster; Hauer, p. 26, pl. 1, fig. 15.
1847 Ammonites Jarbas sp. Miunster; Hauer, p. 15.
1849 Ammonites Jarbas Minst.; Hauer, p. 16, 26.
1846-1849 Ammonites Jarbas Minst.; Quenstedt, p. 240, pl. 18, fig. 12.
1855 Ammonites Jarbas sp. Munst.; Hauer, p. 26.
1864 Ammonites Jarbas Munst sp.; Laube, p. 412.
1870 Phylloceras Jarbas Munster sp.; Laube, p. 85, pl. 41, fig. 12.
1873 Pinacoceras cf. jarbas Munster; Mojsisovics, p. 47, pl. 19, figs 9, 10, 16.
1880 Megaphyllites Jarbas v. Mstr. sp.; Branco, p. 62 pl. 10, fig. 5.
1882 Megaphyllites Jarbas Miinst.; Bittner, p. 318.
1882 Megaphyllites Jarbas (Graf Munster); Mojsisovics, p. 193, pl. 53, figs 7a—b, 8.
1896 Megaphyllites Jarbas; Mojsisovics, p. 94.
1906 Megaphyllites Jarbas Mstr. sp.; Arthaber, pl. 44, fig. 3a—c.
1906 Megaphyllites Jarbas,Mlnst.; Diener, p. 39, pl. 5, fig. 1.
1907 Megaphyllites Jarbas Munst.; Frech, p. 19, pl. 4, fig. 1a—d.
1907 Megaphyllites Jarbas Mnstr.; Renz, p. 79.
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1908 Megaphyllites jarbas Minst.; Diener, p. 39, pl. 5, fig. 1.

1908 Megaphyllites jarbas Mstr.; Kittl, p. 53.

1909 Megaphyllites jarbas Minster; Renz, p. 263, 265, 270, 272, pl. 10, fig. 2.
1910 Megaphyllites jarbas Minster; Renz, p. 521, 523, pl. 22, fig. 5.

1911 Megaphyllites jarbas Minster; Renz, p. 3, 5, 15, 66-67, 95.

1915 Megaphyllites Jarbas Mstr. sp.; Arthaber, p. 163.

1915 Megaphyllites Jarbas Gf. Muenster; Arthaber, p. 199.

1916 Megaphyllites Jarbas Munst.; Diener, p. 465.

1925 Megaphyllites Jarbas Mstr.; Diener, p. 75, pl. 17, fig. 2.

1927 Megaphyllites Jarbas Muenstr; Arthaber, p. 113.

1927 Megaphyllites Jarbas Muenst.; Kutassy, p. 137, pl. 2, fig. 11.

1932 Megaphyllites jarbas Muenstr. 1841; Kutassy, p. 587.

1966 Megaphyllites jarbas Minster; Masutomi and Hamada, p. 82, pl. 41, fig. 2a—h.
1957 Megaphyllites jarbas (Munster); Arkell et al., p. L179, fig. 210, 4a—c (refig. holotype).
1973 Megaphyllites jarbas; Kollarova-Andrusovova and Kochanova, p. 102.

1973 Megaphyllites jarbas Miinster; Yurttas Ozdemir, p. 64—65, 79-80, pl. 5, figs 3—6.
1994 Ammonites jarbas Minster; Tozer, p. 91.

1994 Megaphyllites jarbas (Munster); Urlichs, p. 36.

2004 Megaphyllites jarbas (Minster); Urlichs, p. 1, 18, 20-21, 24, 29, fig. 9.

2007 Megaphyllites jarbas; Hornung et al., p. 271, 279, fig. 6e.

2009 Megaphyllites jarbas (Minster 1841); Kozur et al., p. 26.

2011 Megaphyllites jarbas (Minster); Moix et al., p. 70.

Type material. Holotype from Munster (1841), from Carnian beds of St. Cassian, South
Tyrol, northern ltaly.

Material from Asagiyaylabel. One specimen from the Carbonate member Unit C, from
sequence AS 19 — AS 46 (Fig. 4.2): NHMW2012z0133/0479 (Fig. 4.100).

Measurements. See Lukeneder and Lukeneder (2013).

Description. The specimen from Asagdiyaylabel (Fig. 4.100) is small (D 33 mm; Lukeneder
and Lukeneder 2013), discoidal, with slightly flattened flanks and a rounded venter. Whorls
are compressed and very involute, bearing a narrow and deep umbilicus with rounded
umbilical walls. The shell is smooth, bearing growth striae only where shell is preserved.

Where shell is removed, parts of the clearly phylloceratid, nearly circular ventrolateral and
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lateral saddles are visible, as typical for that form (see Arkell et al. 1957). The last suture line
is visible and reveals that the body chamber embraces the last half whorl. Furthermore, one
very shallow, poorly visible constriction occurs on the body chamber.

Discussion. Generally, specimens of this species lack strong sculpture, except for weak
sigmoidal growth lines and regular constrictions on the body chamber (Munster 1841; Hauer
1846; Diener 1925; Arkell et al. 1957; Tozer 1994). The discoid and completely involute shell,
the narrow, deep umbilicus as well as details of the ventrolateral suture (Arkell et al. 1957)
are most similar to those forms shown in the articles provided in the synonymy list. The
described specimen resembles specimens shown by Mojsisovics (1893) from the Carnian
beds of the Rdéthelstein (Styria, Austria) and the Raschberg (Upper Austria, Austria). Very
similar examples of M. jarbas (Munster, 1841) are given and figured in the early literature
from Carnian faunas of Epidaurus (Greece) by Frech (1907), from Carnian beds of St.
Cassian (South Tyrol, northern ltaly) by Diener (1925) and Urlichs (2004) and from Carnian
beds of Tepekdy (north-west Turkey) by Yurttag-Ozdemir (1973).

Stratigraphic range. Middle Triassic — Upper Triassic, Ladinian — Carnian (up to Tropites

subbullatus Zone, Tuvalian 2).

Regions. NCA, Austria (Hauer 1847; Mojsisovics 1873, 1882; Bittner 1882; Wohrmann
1893; Arthaber 1906; Frech 1907); southern Germany (W6hrmann 1893; Hornung et al.
2007); Bosnia and Herzegovina (Bittner 1880; Mojsisovics 1882; Hoernes 1903; Kittl 1903);
St. Cassian, South Tyrol (Minster 1841; Klipstein 1843; Laube 1870; Neumayr and Uhlig
1880-1881; Mojsisovics 1882; Wéhrmann 1893; Frech 1907; Urlichs 1994); Greece (Frech
and Renz 1906; Frech 1907; Renz 1907, 1909, 1910, 1911, 1922; Diener 1925);
Dobrudscha, south-east Romania to north-east Bulgaria (Anastasiu 1897; Kittl 1908; Diener
1925); Himalaya (Diener 1915, 1925); Western Pontian Mountains, Mersin and
Asagiyaylabel, Taurus Mountains, Turkey (Arthaber 1914, 1915; Yurttag-Ozdemir 1973;
Kozur et al. 2009).
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Order PHYLLOCERATITIDA Zittel, 1884
Suborder PHYLLOCERATINA Arkell, 1950
Superfamily USSURITACEAE Hyatt, 1900

Family USSURITIDAE Hyatt, 1900
Subfamily MONOPHYLLITINAE Smith, 1913
Genus SIMONYCERAS Wiedmann, 1970

1970 Simonyceras Wiedmann, p. 970.
1981 Simonyceras Tozer, p. 99.
2002 Simonyceras Sepkoski, p. 132.

Type species. Ammonites simonyi Hauer, 1847 (p. 14, pl. 9, figs 4-6), from the red

limestones of Bad Aussee, Austria.

Remarks. Medium- to large-sized, evolute shells with subrounded whorl section.
Simonyceras exhibits a distinct biconcave striation, passing the round venter without
interruption. Wiedmann (1970) established the new genus Simonyceras based on the
coexistence of sculptural characteristics of the real Monophyllites and the suture
characteristics of Eopsiloceras (Spath, 1930). Arkell et al. (1957) included the genus
Monophyllites into the family Ussuritidae Hyatt, 1900, which is a synonym of the family
Monophyllitidae Smith, 1913. See Wiedmann (1970) and Rakus (1993) for a more detailed

discussion on the genus Simonyceras Wiedmann, 1970.

Stratigraphic range. Upper Triassic, Lower Carnian.

Simonyceras simonyi (Hauer, 1847)
Figure 11A

*1847 Ammonites simonyi Hauer, p. 270, pl. 9, figs 4-6.

1873 Lytoceras simonyi Hauer; Mojsisovics, p. 32, pl.17, fig. 1-6, pl. 18, fig. 1.

1902 Monophyllites simonyi (Fr. v. Hauer); Mojsisovics, p.316.

1934 Monophyllites simonyi (Hauer); Spath, p.291, textfig. 101.

1970 Simonyceras simonyi (Hauer); Wiedmann, p. 970, pl. 2, figs 1, 2, pl. 3, text-fig. 4b, 30B

(cum syn.).
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Material from Asagiyaylabel. One specimen from a reworked rock sample of the Carbonate
member Unit B (Fig. 2): NHMW-2012z0133/0477.

Measurements. See Lukeneder and Lukeneder (2013).

Description. Only a large part of the body chamber (length 165 mm; Lukeneder and
Lukeneder 2013) was found at Asagiyaylabel (Fig. 11A). Although only partly preserved, the
sculpture is unique and characterizes Simonyceras simonyi (Hauer, 1847) unequivocally.
The specimen bears the typical, distinct sigmoidal biconcave ribbing of Si. simonyi
(Wiedmann 1970). A strong, adapical bow of ribbing is present on the rounded venter. Rib

thickness and rib interspace are equal.

Discussion. The typical, distinctly sigmoidal biconcave sculpture of the specimen from
Asagiyaylabel (Fig. 11A) is unique and closely resembles the specimens figured by Rakus
(1993) as Si. simonyi (Hauer, 1847). Rakus reinvestigated the figured material of Mojsisovics
(1873). The specimens figured by Rakus (1993) are the originals of Mojsisovics (1873, GBA
1873/5/48) along with one additional specimen (GBA 1993/3/1) from the same locality from
the Lower Carnian of the Feuerkogel (Styria, Austria). The specimen from Asagiyaylabel is

similar in ribbing to Si. simonyi figured by Wiedmann (1970).

Stratigraphic range. Upper Triassic, Lower Carnian.

Regions. NCA, Austria (Hauer 1847; Dittmar 1866; Mojsisovics 1873—1902; Neumayr 1879;
Wahner 1882-1898; Arthaber 1906; Kutassy 1932; Spath 1934); St. Cassian, SA (Quenstedt
1846-1849); Western Carpathians (Kollarova-Andrusovova and Kochanova 1973); Romania
(Shevyrev 1990); Greece (Renz 1909, 1910, 1911; Kutassy 1932); Lombardy (Allasinaz
1968); Asagiyaylabel, Taurus Mountains, Turkey; Himalaya and Timor (Diener 1908, 1909;
Welter 1915; Arthaber 1927; Wiedmann 1970; Kutassy 1932).

168



Fig. 4.11. Fauna of Asagiyaylabel, Kasimlar Fm.; A, Carbonate member Unit B, from a reworked rock sample; B-D,
Carbonate member Unit C. Austrotrachyceras austriacum Zone (Julian 2), bed AS 40; E-G, Marlstone member,
Tropites dilleri Zone (Tuvalian 1), bed AS 47 + 2.5 m and AS 16 + 10 m. A, Simonyceras simonyi, 2012z0133/0477. B—
D, nautiloid cephalopod, 2012z0133/0478. B, lateral view. C, ventral view. D, septal view. E-G, Atractites sp. E,
2012z0133/0439. F, 2012z0133/0440. G, 2012z0133/0441. All scale bars represent 1 cm.
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4.5. Biostratigraphy

The Kasimlar Formation of Asagiyaylabel (Taurus Mountains, Turkey) consists of two
ammonoid assemblages, representing the Lower Carnian Austrotrachyceras austriacum
Zone (Carbonate member Unit A; Julian 2) and the Upper Carnian Tropites dilleri Zone

(Marlstone member; Figs 4.2, 4.12).
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Fig. 4.12. Chronostratigraphic scale with indicated range and general geographic occurrences of recognized species
(black arrows) and genera (grey bars) found at Asagiyaylabel. Localities that bear species with open nomenclature are
indicated with cf. in brackets. Numerical code: 1, Kasimlarceltites krystyni gen. et sp. nov. 2, Spirogmoceras shastense
and Spirogmoceras sp. 3, Sandlingites pilari and Sandlingites sp. 4, Klipsteinia disciformis sp. nov. and Klipsteinia sp. 5,
Neoprotrachyceras attila and Neoprotrachyceras sp. 6, Neoprotrachyceras baconicum and Neoprotrachyceras sp. 7,
Sirenites senticosus and Sirenites sp. 8, Anasirenites crassicrenulatus sp. nov. and Anasirenites sp. 9, Paratropites
hoetzendorfii and Paratropites sp. 10, Trachysagenites beckei and Trachysagenites sp. 11, Proarcestes sp. at AS and
Proarcestes sp. 12, Megaphyllites jarbas and Megaphyllites sp. 13, Simonyceras simonyi and Simonyceras sp.
Abbreviations: AS, Asagiyaylabel; Fr. rego., Frankites regoledanus; Guem. jand., Guembelites jandianus; NCA,
Northern Calcareous Alps; Pr. lon., Protrachyceras longobardicum; Pr. neu., Protrachyceras neumayri; SA, Southern
Alps; WC, Western Carpathians.
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Carbonate member Unit A.

It should be noted that the specimen of Neoprotrachyceras sp., wrongly assigned previously
to bed AS 1 (top) at the top of the Kartoz Formation (Lukeneder et al. 2012), actually derived
from the bottom of bed AS 2, and therefore from the bottom of the Carbonate member of the
Kasimlar Formation (Fig. 4.2). Nevertheless, the Carbonate member Unit A of the Kasimlar
Formation has therefore to be dated, due to this occurrence of Neoprotrachyceras sp., as
Julian 2 (Austrotrachyceras austriacum Zone; Fig. 4.12), but not older than Julian 2/Ib. The
occurrence of K. krystyni sp. nov. together with KIl. disciformis sp. nov. and Sirenites
senticosus within the layers of the Carbonate member Unit A strengthens the

biostratigraphical assignment of Julian age (Fig. 4.12).

Carbonate member Unit B.

The species found within the reworked material from the Carbonate member Unit B (K.
krystyni gen. et sp. nov., Kl. disciformis sp. nov., Simonyceras simonyi) all together represent
Julian age (Fig. 4.12). Due to the deposition above the Carbonate member Unit A, which
indicates at least Julian 2/Ib, the sediments of the Carbonate member Unit B can be dated as
not older than Julian 2/Ib (Figs 4.2, 4.12).

Carbonate member Unit C.

Significant ammonoids found within Carbonate member Unit C are N. attila, N. baconicum, S.
senticosus, A. crassicrenulatus sp. nov., Proarcestes sp. and M. jarbas (Fig. 4.2). Whilst M.
jarbas and Proarcestes sp. are known within a long time interval, S. senticosus in contrast is
limited to Julian age (Fig. 4.12). The occurrence of N. attila and N. baconicum would reflect
at least Julian 2/Ib. The co-occurrence of S. senticosus and Neoprotrachyceras therefore
dates Unit C as Julian 2. Moreover, A. crassicrenulatus sp. nov. at the top of the Carbonate
member (Unit C) allows a more detailed classification of Unit C to Julian 2 /Il (Figs 4.2, 4.12).
This classification (latest Early Carnian) has already been investigated from conodonts
(Gladigondolella tethydis and Metapolygnathus sp.) and stratigraphically important

ammonoids (Neoprotrachyceras sp. and Anasirenites sp.) by Lukeneder et al. (2012).
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Marlstone member.

The second and stratigraphically younger assemblage from the Kasimlar Formation of
Asagiyaylabel was detected within the Marlstone member (Fig. 4.2). All ammonoid species
found within the Marlstone member suggests a late Carnian age (Tuvalian). Whilst Sa. pilari,
P. hoetzendorfii and Trachysagenites beckei are characteristic elements for Tuvalian 1 — 2,
Sp. shastense would indicate Tuvalian 1 (Fig. 4.12). Due to the fact that Sp. cf. shastense
was found within the same beds as the species characteristic for Tuvalian 1-2 (Fig. 4.2), the
sediment can be placed as Tuvalian 1. The stratigraphic age of the Marlstone member is
therefore dated as Tuvalian 1, Tropites dilleri Zone (Fig. 4.2). Previously, Lukeneder et al.
(2012) dated the Marlstone member, based on the occurrence of the ammonoid genera
Pleurotropites sp. and Spirogmoceras sp. as earliest Late Carnian (Tuvalian). It has to be
noted that Lukeneder et al. (2012) misinterpreted P. cf. hoetzendorfii as Pleurotropites sp.
Although there are still biostratigraphical inconsistencies (i.e. condensation, possible hiatus)
at the top of the Kartoz Formation, the Lower Carnian — Upper Carnian (Julian — Tuvalian)
boundary can be identified precisely at Asagiyaylabel, between the Carbonate and the

Marlstone members (Figs 4.2, 4.12).

4.6. Taphonomy of the ammonoid fauna

The ammonoid fauna of Asagiyaylabel is variable in the quantity of taxonomic groups, and
the quality of preservation through the section. Kasimlarceltites krystyni gen. et sp. nov.
forms a mass occurrence (>>1 million specimens; Fig. 4.2) within the Carbonate member Unit
A, as well as being present within reworked ‘Cipit-like’ boulders of Unit B (i.e. bed 18). The
qguantity of K. krystyni gen. et sp. nov. has been extrapolated from an 150 x 45 x 140 mm
block of bed AS 6 and calculated from the known distribution of the mass occurrence at
Asagiyaylabel within a 112-m® bed. 2D and 3D reconstructions were made from this

reference block, which yielded more than 3000 ammonoids.

Even within Unit A, different beds show different kinds of preservation of K. krystyni gen. et
sp. nov. Layers with ‘normal’ sedimentation, in which K. krystyni gen. et sp. nov. occurs on
and off, alternate with ‘event beds’ (e.g. AS 6) in which K. krystyni gen. et sp. nov. occurs in
masses and seems to be transported and orientated by currents (turbidity or water currents).
The genesis of this mass occurrence as well as a detailed description and interpretation is

beyond the field of this article, but is the topic of future publications in preparation.
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In most beds within Unit A, K. krystyni gen. et sp. nov. occurs together with rare KI.
disciformis sp. nov. (AS 4, AS 6 and AS 7) and Sirenites senticosus (AS 6). All ammonoids
show shell preservation, in which shell is secondary replaced by calcite.

Within the reworked material of Carbonate member Unit B, K. krystyni gen. et sp. nov and K.
disciformis sp. nov. occur within reworked blocks (i.e. ‘Cipit’ blocks). The ammonoid material
(KI. disciformis sp. nov., S. senticosus) seems to be redeposited from shallower areas down
to deeper environments on the ramp, along with shallow-water organisms (e.g. gastropods,
sponges). Due to the erosive process and weathering over thousands of years at the
surface, ammonoids can be easily removed from the mother rock. Nevertheless, the
ammonoids are generally well preserved (e.g. body chamber, siphuncle structure) with shell
preservation, not compacted, not fragmented, without borings, but replaced by secondary
calcite. A large specimen of Si. simonyi, found in Unit B, is preserved only as fragment of the

body chamber.

Ammonoids from the Carbonate member Unit C (KI. disciformis sp. nov., N. attila, N.
baconicum, S. senticosus and A. crassicrenulatus sp. nov.) stem from bedded limestones
and are well preserved, mostly with shell preservation, but replaced by secondary calcite and

without any compaction.

Ammonoid specimens from the Marlstone member (Sp. cf. shastense, Sa. cf. pilari, P. cf.
hoetzendorfii, Trachysagenites cf. beckei and Proarcestes sp.) are generally compacted,
sometimes with shell preservation (i.e. secondary calcite). Due to compaction, specimens

are often fragmented.
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4.7. Discussion

4.7.1. Faunal composition, stratigraphy and facies change within the section at
Asagiyaylabel

The section at Asadiyaylabel, located within the Taurus Mountains (southern Turkey),
consists of the older Kartoz Formation (lowermost Carnian) and the younger Kasimlar
Formation (Lower Carnian, Julian 2 — Upper Carnian, Tuvalian 1), Lukeneder et al. (2012,
figs 1-3). New data led to a revised log concerning the different thicknesses of the members
(Fig. 4.2), redefined after Lukeneder et al. (2012).

Kartoz Formation

The lowermost 1.7 m of the log contains only rare ammonoids (n= 1). Only one specimen of
Neoprotrachyceras sp. was wrongly assigned to bed AS 1 (at the top of the Kartoz
Formation) by Lukeneder et al. (2012), but actually belongs to bed AS 2 (at the bottom of the
Kasimlar Formation; Fig. 4.2). The rare ammonoid occurrence in the Kartoz Formation is due
to the shallow palaeowater depth, indicated by in situ reefs, megalodont bivalves, gastropods
and sponges (Lukeneder et al. 2012).

Kasimlar Formation

The lower 28 m bears two ammonoid assemblages. The stratigraphically older one belongs
to the Austrotrachyceras austriacum Zone (Julian 2; Fig. 4.2), whereas the younger is
characteristic for the Tropites dilleri Zone (Tuvalian 1). The Kasimlar Formation (1.7 m up to
about 35 m) has been subdivided by Lukeneder et al. (2012) into the Carbonate member
comprising Units A, B and C (1.7-15.35 m), into the Marlstone member (15.4-31.7 m) and
into the Shale member (31.8 m up to about 35 m; Fig. 4.2). The Lower — Upper Carnian
boundary (i.e. Julian — Tuvalian boundary) is marked by a lithological change between the

Carbonate member (Unit C) and the Marlstone member (Lukeneder et al. 2012).

The lowermost part of the Carbonate member (1.7-3.6 m; Fig. 4.2) is characterized by well-
bedded dark limestones. They bear a microfacies of bioclastic pelagic wackestones,
deposited within a deep shelf margin or mid-ramp position (Lukeneder et al. 2012). The

ammonoid assemblage of the lowermost Unit A (Fig. 4.2) is extremely monotonous. The
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ceratitid ammonoid K. krystyni gen. et sp. nov. occurs as mass occurrence within Unit A, bed
AS 4-7, and therefore dominates ( > 99 per cent) the cephalopod assemblage (Carbonate
member Unit A). Rare specimens of KI. disciformis sp. nov., Sirenites senticosus and
Sirenites sp. co-occur. The abundance of the genus Kasmilarceltites gen. nov. reflects its
accumulations in mass occurrences within single layers (beds AS 4-AS 7; Fig. 4.2). These
event beds alternate between ‘normal’ sedimentation, bearing sporadically deposited
ammonoids, and almost monospecific layers crowded with Kasimlarceltites gen. nov. The
entire sequence reflects a tectonic deepening, hence a manifestation of deeper water
sedimentation, leading to the deposition of ammonoid beds over shallow-water reefal
limestone, which clearly lack cephalopods.

Carbonate member Unit B (3.6—11.6 m; Fig. 4.2) consists of mass flow deposits — ‘Cipit’-like
blocks (Lukeneder et al. 2012) — which contain almost the same ammonoid fauna as
described in Unit A with K. krystyni gen. et. sp. nov., Kl. disciformis sp. nov. and one, most
probably drifted, specimen of Si. simonyi (Fig. 4.11A). Due to the faunal similarities between
Carbonate member Units A and B, the transported blocks of Unit B are interpreted as being
derived from an isochronously deposited site as proximal mid-ramp, comprising corals,
sponges and gastropods (Lukeneder et al. 2012). The Turkish specimen of Si. simonyi
described herein is most probably drifted based on its fragmentation and rareness (n= 1),

hence interpreted as an allochthonous element.

Carbonate member Unit C (11.7-15.2 m; Fig. 4.2) appears again with dark grey, well-bedded
limestone layers. Ammonoids here include KI. disciformis sp. nov., N. attila, N. baconicum,
Neoprotrachyceras sp., S. senticosus, Sirenites sp., Austrotrachyceras crassicrenulatus sp.
nov., and Megaphyllites jarbas, accompanied by a single nautiloid cephalopod (Fig. 4.11B—
D). The occurrence of Neoprotrachyceras and S. senticosus dates the whole Carbonate
member to the Austrotrachyeras austriacum Zone (Julian 2; Krystyn 1978; Lukeneder et al.
2012). The occurrence of A. crassicrenulatus sp. nov. within Unit C allows a more detailed
classification into the upper part of the A. austriacum Zone (Julian 2/II; Krystyn 1978;
Lukeneder et al. 2012). Unit C bears the first occurrence of Proarcestes at Asagiyaylabel. It
inhabited greater depths between 180 and 450 m, as assumed by Hewitt (1996) and

Westermann (1996), calculated on shell strength data (e.g. septa and shell).

The composition of the whole Carbonate member (Units A—C) is dominated to 88 per cent by
the newly established K. krystyni gen. et sp. nov. (Fig. 4.13). This is followed by KI.
disciformis sp. nov. (6 per cent), N. baconicum (3 per cent), Sirenites senticosus (2 per cent)

and A. crassicrenulatus sp. nov. (1 per cent). The residual species (N. attila, M. jarbas, and
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Si. simonyi) show a maximum of 1 per cent, each occurring with only one specimen (Fig.
4.13).

The Marlstone member (15.3-31.7 m; Fig. 4.2) of the Kasimlar Formation at Asagiyaylabel
consists of calcareous marls and marlstones (Lukeneder et al. 2012). The ammonoid fauna
is dominated by P. cf. hoetzendorfii, which constitutes 58 per cent of the whole ammonoid
fauna, within this assemblage (Fig. 4.13). Further ammonoids, which belong to this
assemblage, are Proarcestes sp. (21 per cent), Sa. cf. pilari (13 per cent), Sp. cf. shastense
(7 per cent), T. cf. beckei (1 per cent) as well as coleoids represented by some specimens of
Atractites sp. (Figs 4.11E-G, 4.13). The entire cephalopod assemblage and the occurrence
of Sp. cf. shastense indicate a Tuvalian age (Tuvalian 1, Tropites dilleri Zone) for the
Marlstone member. The Julian — Tuvalian boundary is marked by a lithological change and
by the occurrence of A. crassicrenulatus sp. nov. immediately below (Carbonate member
Unit C) and Sp. cf. shastense above that boundary (Marlstone member; Lukeneder et al.
2012). The deep-water inhabitant Proarcestes occurs throughout the Marlstone member and
reflects the general drowning trend from the Carbonate member Unit C onward, as also

shown by facies analyses (Lukeneder et al. 2012).

B 1. Paratropites cf. hoetzendorfii (58 %)
O 2. Proarcestes sp. (21 %) B 4. Spirogmoceras cf. shastense (7 %)

O 3. Sandlingites cf. pilari (13 %) O 5. Trachysagenites cf. beckei (1 %)

B |. Kasimlarceltites krystyni gen. et sp. nov. (88 %)
0 2. Klipsteinia disciformis sp. nov. (6 %) W 6. Neoprotrachyceras attila (0 %)

O 3. Neoprotrachyceras baconicum (3 %) B 7. Megaphyliites jarbas (0 %) Fig. 4.13. Ammonoid composition from the
Carbonate and the Marlstone members of the
Kasimlar Formation at Asagiyaylabel, represented
by two pie charts. A, Marlstone member, Tropites
dilleri Zone (Tuvalian 1). B, Carbonate member,
Austrotrachyceras austriacum Zone (Julian 2).

B 4. Sirenites senticosus (2 %) B 8. Simonyceras simonyi (0 %)

O 5. Anasirenites crassicrenulatus sp. nov. (1 %)
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4.7.2. The ammonoid fauna from Asagiyaylabel in the Tethyan Realm

The ammonoid fauna from Asagiyaylabel embraces a time interval around the Lower —
Upper Carnian boundary within the Upper Triassic. The locality offers one of the few
opportunities to investigate ammonoid faunas across the Lower — Upper Carnian boundary.
Hence, the section at Asagiyaylabel represents a key section for a detailed investigation of
an ammonoid fauna affected by an environmental turnover. It is one of the few sections in
the world that bears a record of lower Upper Carnian to upper Lower Carnian ammonoids
(Marco Balini, pers. comm. 2013), a further reason which makes this section highly
important. Most of the figured and reported sections are composite stratigraphic sections
(Breda et al. 2009). Although there are some records of Julian as well as of Tuvalian
ammonoids, for example, at the Heiligenkreuz Formation (Dolomites, SA; Keim et al. 2006;
Breda et al. 2009), the majority of Lower — Upper Carnian sections are dated by conodonts
(e.g. Lagonegro Basin, Rigo et al. 2007). Furthermore, the famous type localities within the
Northern Calcareous Alps generally bear well preserved ammonoids, but are usually strongly
condensed.

The Carnian is characterized within the Tethys by an intense facies replacement (e.g.
carbonate platform and reef demise), the so-called Carnian pluvial episode or Carnian crisis
(Simms and Ruffell 1989; Breda et al. 2009; Lukeneder et al. 2012). At Asagiyaylabel, this
crisis occurred, with a delay of about one ammonoid zone, exactly at the Lower — Upper
Carnian substage boundary, time equivalent to the Julian — Tuvalian zone boundary. The
mentioned facies alteration is reflected by a turnover from an open-platform margin, to a
deeper shelf margin setting, to open, marine-influenced basinal conditions (Lukeneder et al.
2012). New Carnian ammonoids detected at Asagiyaylabel are K. krystyni gen. et. sp. nov.,
KI. disciformis sp. nov., and A. crassicrenulatus sp. nov. The new taxa appear at an isolated,
but generally connective palaeoceanographic position on the western end of the Cimmerian

System.

The almost worldwide distribution of Triassic pelagic to hemipelagic ammonoids during that
time makes these cephalopods suitable for biostratigraphic correlations within the Tethyan
Realm. Ammonoids are therefore a valuable tool to test palaeoceanographic hypotheses and
intercontinental biostratigraphic correlations. The zonation of stages and substages assumed
by Mojsisovics (1869, 1870, 1873—-1902, 1879, 1882, 1896), Diener (1906, 1917, 1921,
1923), Spath (1934) and Tozer (1967, 1971, 1981, 1984, 1994) is still in use, even though
adapted to modern taxonomy (Krystyn 1973, 1978; Mietto et al. 2008; Balini et al. 2010;
Lucas 2010). Detailed work on comparable Upper Triassic ammonoid faunas from the

Tethyan Realm was, for example, conducted by Krystyn and Schlager (1971), Tozer (1971,
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1981, 1984, 1994), Krystyn (1973, 1978, 1980, 1982), Tatzreiter (1980, 1982), Balini and
Jenks (2007) and Balini et al. (2007).

4.7.3. Implications for the marine Upper Triassic Mediterranean—-Himalayan—-Andean
Realm

The general Tethyan-wide drastic change within the ammonoid fauna from Lower — Upper
Carnian (Julian 2 to Tuvalian 1) is clearly reflected at Asagiyaylabel. The Julian — Tuvalian
boundary, and therefore the Lower — Upper Carnian boundary, is located between the
Carbonate and Marlstone members at Asagiyaylabel (Figs 4.2, 4.12). The locality yields two
distinct ammonoid assemblages, the Lower Carnian assemblage from the Austrotrachyceras
austriacum Zone (Julian 2) and the Upper Carnian assemblage from the Tropites dilleri Zone
(Tuvalian 1; Fig. 4.12). The stratigraphy and palaeogeography of each species from
Asagiyaylabel are given in Figure 4.12 and Table 4.4.

The Tethyan-wide crisis within the Trachyceratinae affected genera such as Trachyceras,
Austrotrachyceras and Neoprotrachyceras. Trachysagenites cf. beckei is the last
representative at the Marlstone member (Tuvalian) of Asagiyaylabel. During the Lower
Carnian (Julian), Trachyceratinae generally flourished within the whole Tethys, as also
observable at Asagiyaylabel (Carbonate member, Julian 2). Characteristic faunal elements of
the Carbonate member at Asagiyaylabel are Sirenites senticosus and A. crassicrenulatus sp.
nov., Tethyan-wide known only from the Lower Carnian. The initiation of P. cf. hoetzendorfii
at the Marlstone member (Tuvalian) clearly reflects the radiation of Tropitidae within the

whole Tethyan area (Balini et al. 2010) from the Tuvalian onward.

The ammonoid fauna from Asagiyaylabel mirrors the connective palaeoceanographic
position of the intrashelf area on the western end of the Cimmerian System. Spirogmoceras,

Sandlingites, Klipsteinia, Neoprotrachyceras, Sirenites, Anasirenites, Paratropites,
Trachysagenites, Proarcestes, Megaphyllites and Simonyceras appear with worldwide
distribution or at least Tethyan-wide (Fig. 4.12; Table 4.4). These genera are characteristic
cephalopods for the Carnian of Tethyan and Andean realms (Balini et al. 2010; Lucas 2010).

Typical and frequent ammonoids for the Upper Triassic Mediterranean—Himalayan—Andean
Realm are Sandlingites, Klipsteinia, Neoprotrachyceras, Sirenites, Anasirenites, Paratropites,
Trachysagenites and Simonyceras. The ammonoid assemblage of Asagiyaylabel resembles

Lower Carnian assemblages of Austria (NCA) and Germany (e.g. Rappoltstein), based on
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the co-occurrence of Megaphyllites jarbas, Neoprotrachyceras, Sirenites and Anasirenites.
Clear analogies, strengthening the concept of a Mediterranean—Himalayan—-Andean Realm,
are detected by comparison and correlation with European, Asian and American faunas.
Well-known and comparable sections are in the southern Alps (near St. Cassian, Stuores
Wiesen in South Tyrol, northern Italy; Miinster 1841; Klipstein 1843; Laube 1870; Neumayr
and Uhlig 1880-1881; Mojsisovics 1882; Wéhrmann 1893; Frech 1907; Urlichs 1994), in the
Bakony Mountains (Veszprém, Hungary; Mojsisovics 1870, 1893), in the Dinarides
(Glamoca, Dragolac, Bosnia and Herzegovina; Bittner 1880; Mojsisovics 1882; Hoernes
1903; Kittl 1903; Diener 1917), and in India (Himalaya) and Timor (Diener 1915, 1921).
Spirogmoceras cf. shastense appears to be a North America—Andean faunal element,
typically found in Canada (British Columbia; Tozer 1994) and in the USA (Shasta County,
California; Smith 1904, 1927; Hyatt and Smith 1905; Silberling 1956; Tozer 1994).

Further conclusions on the palaeogeography or on migration paths, based on the ammonoid

fauna from Asagiyaylabel, would be highly speculative, and more material from Triassic

cephalopod faunas from the Taurus Mountains is needed.
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Lower Carnian Upper Carnian

Genus/ species name Ladinian Julian 1 Julian 2 Tuvalian 1 Tuvalian 2
Kasimlarceltites krystyni
AS
gen. et sp. nov.
Klipsteinia disciformis sp. AS
nov.
Neoprotrachyceras attila NCA, AS
Neopr_otrachyceras NCA, AS NCA
baconicum
NCA, SA,
Sirenites senticosus NCA, California MM, SW-
China, AS
Anasirenites
; AS
crassicrenulatus sp. nov.
NCA, SA, NCA, Bavaria,
Greece, B & H, Dobrudscha,
Megaphyllites jarbas DOH?;J;ZCZ& Dobrudscha, Greece, MM NCA
Y WPM (Turkey), (Turkey), AS
Himalaya Himalaya
. . . NCA, SA, WC,
Simonyceras simonyi Romania, Greece AS
Spirogmoceras AS (cf.),
Canada, USA, Nevada
shastense X
Mexico
Sandlingites pilari AS (cf.) B&H
Paratropites
hoetzendorfii AS (cf) B&H
Trachysagenites beckei AS (cf.) NCA

Table 4.4. Compendium of stratigraphic and palaeogeographic occurrences of all species found at Asagiyaylabel. AS,
Asagiyaylabel; B & H, Bosnia and Herzegovina; MM, Mersin Melange; NCA, Northern Calcareous Alps; SA, Southern Alps;
WC, Western Carpathians; WPM, Western Pontian Mountains. Localities that yield species with open nomenclature are
indicated with cf. in brackets.
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4.8. Conclusions

The macrofauna of the Kasimlar Formation at the Asagiyaylabel section (Taurus Mountains,
Turkey) is mainly represented by ammonoids. A total of 479 ammonoid specimens, two
nautiloid specimens and four coleoid specimens were collected and investigated. Material
from former excursions and collection type material was correlated with the more recent
material (bed-by-bed sampling). The biostratigraphic ammonoid zonation is based on the
presence of single ammonoids, assemblage data and composition of the corresponding

ammonoid fauna.

The locality offers one of the few opportunities to investigate ammonoid faunas across the
Lower — Upper Carnian boundary. Hence, the deposits at Asagiyaylabel represent a key
section for a detailed investigation of an ammonoid fauna affected by an environmental
turnover. It is one of the few sections in the world that bears a record of upper Lower Carnian

to lower Upper Carnian ammonoids.

The Lower Carnian (Austrotrachyceras austriacum Zone) and the Upper Carnian (Tropites
dilleri Zone) were confirmed by the ammonoid biostratigraphy. The assemblages consist of
12 ammonoid genera with Kasimlarceltites gen. nov., Spirogmoceras, Sandlingites,
Klipsteinia, Neoprotrachyceras, Sirenites, Anasirenites, Paratropites, Trachysagenites,
Proarcestes, Megaphyllites and Simonyceras bearing 13 species, accompanied by a single

coleoid genus with Atractites.

The cephalopod fauna drastically changed from the Lower to Upper Carnian (Julian 2 to
Tuvalian 1) at Asagiyaylabel, a change also reflected throughout the Tethyan Realm. The
stratigraphically older assemblage, which is dominated by K. krystyni gen. et sp. nov. (88 per
cent), belongs to the Carbonate member (Units A—C) and is dated as Lower Carnian (Julian
2; A. austriacum Zone). The occurrence of A. crassicrenulatus sp. nov. at the top of the
Carbonate member (Unit C) allows a more detailed classification of Unit C to Julian 2/11.

The second and younger assemblage, which is dominated by P. cf. hoetzendorfii (58 per
cent), belongs to the overlying Marlstone member. The co-occurrence of P. cf. hoetzendorfii
and Sp. cf. shastense within this member is indicative of Upper Carnian (Tuvalian 1, T. dilleri
Zone). The occurrence of Paratropites confirms a Tuvalian age because the family Tropitidae
flourished from the Tuvalian (Upper Carnian) onward, and Paratropites is not detected from

the Lower Carnian.
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Ammonoid assemblages clearly indicate a Mediterranean—Tethyan—Andean affinity, as
reported from numerous comparable Upper Triassic (Carnian) localities in East Central
Europe (Austria, Germany, Hungary, lItaly), Eastern Europe (Bosnia and Herzegovina,
Bulgaria, Rumania), Asia (India, Timor, Turkey), Central America (Mexico) as well as North
America (Canada, USA).

The ammonoid fauna and facies are correlatable, both indicating a general deepening from
open-platform margins, over deeper shelf settings down to an open marine influenced

basinal environment reflecting water depths between 180 and 450 m.

The main faunal differences between Asagiyaylabel and all other known Carnian ammonoid
faunas are the newly described K. krystyni gen. et. sp. nov., Kl. disciformis sp. nov. and A.
crassicrenulatus sp. nov. Biometric data on shell parameters and ratios (D, H, W, ah,

U, H/W, W/D and WER), and comparison of PCAs, support the taxonomic conclusions on the

newly established genus and species.

The ammonoid data collection is the first step in producing a detailed biostratigraphic
scheme for the Asagiyaylabel key section, part of the Cimmerian System between the
European, African and Asian continents. The main focus of further studies will be to define
the mechanisms behind the genesis of ammonoid mass occurrences of K. krystyni gen. et
sp. nov. Forthcoming analyses will include palaeomagnetic, isotope and geochemical

analyses.
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Abstract

The internal orientation of fossil mass occurrences can be exploited as useful source of
information about their primary depositional conditions. A series of studies, using different
kinds of fossils, especially those with elongated shape (e.g., elongated gastropods), deal with
their orientation and the subsequent reconstruction of the depositional conditions (e.g.,
paleocurrents and transport mechanisms). However, disk-shaped fossils like planispiral
cephalopods or gastropods were used, up to now, with caution for interpreting paleocurrents.
Moreover, most studies just deal with the topmost surface of such mass occurrences, due to
the easier accessibility. Within this study, a new method for three-dimensional reconstruction
of the internal structure of a fossil mass occurrence and the subsequent calculation of its
spatial shell orientation is established. A 234 million-years-old (Carnian, Triassic)
monospecific mass occurrence of the ammonoid Kasimlarceltites krystyni from the Taurus
Mountains in Turkey, embedded in limestone, is used for this pilot study. Therefore, a 150 x
45 x 140 mm?® block of the ammonoid bearing limestone bed has been grinded to 70 slices,
with a distance of 2 mm between each slice. By using a semi-automatic region growing
algorithm of the 3D-visualization software Amira, ammonoids of a part of this mass
occurrence were segmented and a 3D-model reconstructed. Landmarks, trigonometric and
vector-based calculations were used to compute the diameters and the spatial orientation of
each ammonoid. The spatial shell orientation was characterized by dip and dip-direction and
aperture direction of the longitudinal axis, as well as by dip and azimuth of an imaginary
sagittal-plane through each ammonoid. The exact spatial shell orientation was determined for

a sample of 675 ammonoids, and their statistical orientation analyzed (i.e., NW/SE). The
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study combines classical orientation analysis with modern 3D-visualization techniques, and
establishes a novel spatial orientation analyzing method, which can be adapted to any kind
of abundant solid matter.

Computed reconstruction of spatial ammonoid-shell orientation

10mm T : 5
e orientation analyses

digitization landmark positioning

]
coordinate export (ASCII)

grinding visualization
scanning interpolation calculation of orientation parameters
L

rock-sample fossil segmentation surface rendering statistical analyses

Graphical Abstract. Steps for computed reconstruction of spatial ammonoid-shell orientation.

Keywords: Spatial shell orientation, Destructive 3D-visualization, Amira 3D-software,

Triassic ammonoids, Mass occurrences, Stereographic analyses.

5.1. Introduction

5.1.1. Mass occurrences and their internal orientation as key to paleoenvironments

Abundant marine fossils, especially with elongated shapes (e.g., belemnites), are useful
indicators to draw conclusions about influencing factors (e.g., sea floor paleocurrents and
transport mechanisms) of paleoenvironments. Since Hall (1843) regarded the orientation of
brachiopod valves as current induced, a series of studies have been conducted concerning
fossil orientation measurements (Potter and Pettijohn 1977). Orthocone cephalopods (e.g.,
nautiloids like Orthoceras; Wendt et al. 1984; Wendt 1995), gastropods (e.g., Seilacher 1959,
1960; Wendt 1995; Cataldo et al. 2013), bivalves (Kelling and Moshrif 1977), foraminifers
(King 1948), tentaculite shells (Hladil et al. 1996), trilobites (Seilacher 1959, 1960) and
vertebrate bones (e.g. Vasilkova et al. 2012) have been used so far in field-based spatial
orientation studies (Fliigel 2004). Kidwell et al. (1986) analyzed two-dimensional geometries
of skeletal accumulations with focus on their preferred orientation. However, the indication of

current patterns is not only restricted to fossils with elongated basic shape and their nature to
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be reoriented by any kind of current. Planispirally coiled (disk-shaped) forms like gastropods,
but also cephalopods such as ammonoids can also provide such depositional information
(e.g., Futterer 1982; Wendt 1995; Lukeneder 2005; Olivero 2007; Seilacher 1971; Wani
2006, 2007).

The main aim of this study is to present a novel method for analyzing spatial orientation,
which can be adapted to all kinds of abundant solid matter such as fossils and particles or to
geological features such as faults, folds or rock core analyses.

4... orientation analyses
digitization R

; T landmark positioning

orinding visualization '
rock-sample » { > [imcrpolzllion | — coordinate export (ASCII)
| scanning L ]
i surface rendering calculation of orientation parameters|
fossil segmentation %
statistical analyses

Fig. 5.1. Steps used for digitization and visualization of the ammonoids as well as for subsequent calculation and

evaluation of their spatial shell-orientation.

5.1.2. Serial-grinding as possible alternative to computed tomography

The application of 3D-visualization on different kinds of objects and in different scientific
fields has increased enormously. Since Sollas (1903) introduced the method of serial
sectioning within his work on Therapsida and Lysorophia (Camp and Hanna 1937), 3D-
visualization has been adapted for a wide field of paleontological studies (e.g., VanderHoof
1931; Simpson 1933; Koslowski 1932; Stensid 1927; Fourie 1974; Conroy and Vannier 1984;
Ketcham and Carlson 2001; Marschallinger 2001, 2011; Dockner 2006; Sutton 2008;
Garwood et al. 2010; Briguglio et al. 2011; Kruta et al. 2011; Lukeneder 2012). The most
obvious method used for digitization today is computed tomography (CT) with all its
derivatives (e.g., macro-CT, p-CT, nano-CT, etc.). However, CT is not always successful,
particularly when the density contrast of the involved materials is too low. This is exactly the
case for the herein presented ammonoid mass occurrence, caused by the almost equal
density of the ammonoid shells (i.e., secondary calcite shells, 2.6-2.8 g/cm®) and the
embedding source rock (limestone, 2.8 g/cm®). Therefore, we applied the classic method of
serial-grinding, despite its invasive and (partially or entirely) destructive character. If samples

are large enough to sacrifice fractions of it, serial grinding represents a good alternative in
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cases when digital recording methods fail, because in addition to a good resolution, color

information (not available in CT-scans) can be obtained as well.

In our approach, we focus on the three-dimensional reconstructions of the ammonoids from
the entire bed, instead of focusing on the fossil orientation on the surface of a sedimentary
horizon. This and the spatial analysis of their orientation within a stereographic projection plot
are the main innovations of this study compared to other conventional fossil-orientation-
studies. An overview over the entire approach, from fossil collection to orientation analyses,

can be gleaned from Fig. 5.1.

5.2. Paleontological material

The directional data are derived from a monospecific (>99%) ammonoid mass occurrence of
Kasimlarceltites krystyni (Lukeneder and Lukeneder, in press). The mass occurrence is
situated within the Taurus Mountains of Turkey, at the Kasimlar Formation of the section
Asagiyaylabel, about 90 km northeast of Antalya and 70 km southeast of Isparta (WGS 84, N
37.551389° E 31.304444°; Fig. 5.2A). It is part of a limestone bed (Fig. 5.2 A and B),
deposited during the Late Triassic (234 mya) within an intrashelf-basin at the western end of
the “Cimmerian terranes” (western Tethys Ocean; Sengor et al. 1984; Dercourt et al. 1993,
2000; Gindl 2000; Scotese et al. 1989; Scotese 1998, 2001; Stampfli and Borel 2002;
Stampfli et al. 2002; Lukeneder et al. 2012). The deposition of this mass occurrence during
an important time-slice makes them suitable for investigations related to conclusions about
its paleoenvironment. The reference material of this limestone bed has been collected during
a field trip in 2007. The resulting raw-data-slices as well as the extant material are stored at
the Natural History Museum of Vienna (NHMW-2012/0133/0480-550).
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5.3. Methods

5.3.1. Serial grinding and digitization

A 150 x 45 x 140 mm?® block was cut from the ammonoid-bearing limestone bed of
Asagiyaylabel, and for stabilization, set into concrete (Fig. 5.2B). For designation and the
subsequent exact digital stacking of the resulting slices, two cores of 4.4 mm diameter were
drilled on the lower right and the upper left edge of the block and a 1mm iron rod inserted. By
using a stone saw, the block was grinded longitudinally (from slice 1A to 1C; Fig. 5.2B) into
70 slices with a spacing of 2mm (Fig. 5.2C). All slices were scanned using the commercial
scanning system Epson Perfection 4990 Photo. They were digitized with a resolution of 1200
dpi, and stored as 8 bit gray-scale TIFF image (Fig. 5.2C and D).
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Fig. 5.2. Explanation of the grinding and digitizing method of the ammonoid mass occurrence from
Asagiyaylabel. A, Geographic location of the limestone bed. B, The recovered limestone bed and the 150 x
45 x 140 mm?® limestone sample, which was geographically adjusted and set into concrete. C, Grinding,
polishing and scanning of the slices. D, Three examples of the 70 scanned slices, with a distance of 2 mm.
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5.3.2. 3D-visualization

For the visualization of the ammonoids, two different methods of computer facilities have
been tested. Manual digitization with Corel-DRAW X4 and Gocad (Mayrhofer and Lukeneder
2011; Lukeneder and Lukeneder 2011; see Supplementary Fig. 1) has been declined after
testing a more appropriate method, the semi-automatic region growing algorithm of the 3D-

visualization software Amira.

Amira

The software package Amira is a 3D-Software for Life Sciences & Biomedical Data. 3D-
volume objects can be segmented relatively fast and easily from 2D-slices using

sophisticated segmentation algorithms.

1. Alignment of slices — For uploading the slices into Amira, consistent physical dimensions
of the pictures are needed for registration. Therefore, a template was created to standardize
the pixel size and scope of all slices, after correcting the alignment of their designation-cores,
using the software Corel DRAW. Each slice was aligned to the subsequent and copied onto
a black rectangular template (Fig. 5.3A), which guarantees constant physical dimensions.
The stack of scanned slices with consistent pixel size (0.254) and dimensions (1377 x 669
pixels) were loaded into Amira, and placed at the correct distance of grinding (2 mm) by

using the bounding box tool.

2. Ammonoid segmentation — While ammonoids cannot successfully be distinguished from
their surrounding matrix in CT- applications, they show different gray values (Fig. 5.3A) in the
photographed slices. Therefore, the semi-automatic region growing algorithm of Amira
allowed a quite fast segmentation. This algorithm is based on a particular threshold gray-
value, defined by the user. After setting a seed point at a suitable spot, the neighboring pixels
respectively voxels will be added to an entity called label-field as long as they correspond to
the defined parameters, i.e., gray-value range (Weber and Bookstein 2011). To prevent the
region growing algorithm from escaping into unwanted areas (where gray values of the
matrix are too similar), limits had to be set manually at some locations (therefore we call the
method “semi-automatic” instead of “automatic”). The number of these interventions was

kept as minimal as possible to proceed with the segmentation. For detailed information about
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different segmentation techniques see Malcom and Jones (2001), Spinsby et al. (2008) as
well as Weber and Bookstein (2011).

3. Surface rendering — The 2 mm space between the segmented ammonoid slices
(segmented label-fields; Fig. 5.3B) was interpolated (interpolated label-fields; Fig. 5.3C).
Subsequently, 3D ammonoid surfaces (triangulated isosurfaces) were rendered from the
interpolated label-fields (Fig. 5.3D). Each ammonoid could be assigned to its own

triangulated isosurface and color (Fig. 5.3D and E).

10mm

10mm

10mm

10mm

Fig. 5.3. Steps of the segmentation-procedure applied to the ammonoids from the scanned slices via Amira. A, Indicated
segmentation of ammonoids via semi-automatic region growing technique. B, Lablefields and C, interpolated lablefields of
the segmented ammonoids. D, Rendered ammonoid surfaces from interpolated lablefields. E, Positions of the landmarks,
set on every ammonoid-surface. F, Landmark positions shown at a virtual ammonoid model, designed by 7 Reasons.
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5.3.3. Orientation measurements

The basic data for computing orientation values of the ammonoids were also produced in

Amira using landmarks set at each segmented ammonoid (Fig. 5.3E and F).

Landmark positioning

The first landmark (A) was set at the aperture (end of body chamber) of the ammonoid (Fig.
5.3E). The body chamber is the final part of the shell that protects the soft parts of the
ammonoid (see reconstruction in Fig. 5.3F). The second landmark (B) was set opposite of
the aperture in a way to obtain the longest distance (longitudinal axis, Fig. 5.4A—C). In cases
where the aperture could not be identified, mostly due to bad preservation, points A and B
were never the less set but carry less information, i.e., they indicate length but correspond
only randomly to the position of the aperture. Data from those latter ammonoids were
excluded from analyses at which the aperture direction would be important. The third
landmark, needed for defining the orientation of an imaginary sagittal-plane through the
ammonoid (Fig. 5.4D-F), was set at the venter (external position) of the ammonoid, lateral
and between points A and B (Fig. 5.3E and F). The Cartesian coordinates were exported as
ASCIlI-file and imported to Microsoft Excel to calculate the spatial orientation of each

ammonoid specimen.

LA B A B
B ... dip of the linear A:B Y ... dip-direction & ... aperture-direction

g ... dip of the plane @ ... strike of the plane

@ ... azimuth of the plane

Fig. 5.4. Explanation of the orientation parameters used for subsequent investigation of the spatial orientation of each
ammonoid. A, Maximum diameter and dip of the linear A:B. B, Dip-direction. C, Aperture direction. D, Dip of the plane (A—
B-C). E, Strike of the plane. F, Azimuth of the plane.
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Table 5.1. Formulae used for calculating orientation parameters of each ammonoid.

Parameter Calculation Calc. no. Figures

Computing diameter and dip of the linear A:B (B):
Diameter _ 2 2 2 5.4A,
(distance A:B) = square root [(Ax—By)" + (Ay= By)"+ (A, = B,)] 1 SF2!
Dip A:B (B) =sin™ [abs (Ay— B,) / distance A:B] 180 / 2 5.4A, SF2
Calculation of dip direction (y) and Aperture direction (5):
Inner product (0,0,1) =A,-B, 3

= (A, — B,) / square root [(A,— B,)* + (A, — B,)* +
Absolute value (A — B, o vy 4

+(A,-B)]
-1 2
=cos [(A,—B,) / square root [(Ay— B,)" +
p + (Ay—B,)?+ (A,— B,))] 180 / T 5 5.4B, SF2
Dip direction (y) =IfA>By2>p; ifA<By,>360-p 6 SF3
S = if A, < B, > aperture direction (d) = dip

Aperture direction (d) direction (y) = if A, > B, > =180 +y 7 5.4C
Computing coordinates of point S (Sy, Sy, S,),
needed for subsequent calculation of the dip of the plane (g):
Vector AB = (X1, Y1, 20); X1 = A —B yi=A,—B; 2, =A, - B, 8 SF2
Plane =X X+y1y+2,2=%x,C+y;, Cy+2, C, 9 SF2
Straight line xy,2) = (A Ay, A,) + A (Xq, Y1, Z1) 10 SF2
Straight line inserted in =X (A +AX) Yy (Ay+Ay) +z (A, + N zy) =

_ 4 11 SF2
plane =%, C+y.C,+2,C,

AN (X% +y:° +2:°) =% (Ck—A) +

+ Y1 (Cy_ Ay) +2z (Cz_ Az)
Solving the equation X2 = Cx=Ai Y2 = Cy= Ay 2, =C = A,
based on A 2 2 2 12 SF2

N= (X X+ Y1 Yo+ 20 Z5) [ (X" + y1© + 2,7)

A= [(Ax_ Bx) (Cx_ Ax) + (Ay_ By) (Cy_ Ay) + (AZ_ BZ)

(Cz_ Az)] / [(Ax_ Bx)2 + (Ay_ By)2 + (Az_ Bz)z]
I , Sx=Act AN (A—By)

Initiation of A into the S, =A, +A (A -B,) 13 SE2

linear equation Si=A +A (A B.)

Computing coordinates of points D (Dy, Dy, D;), E (Ex, Ey, E;) and T (T, Ty,
subsequent calculation of the dip of the plane (g):

T,) needed for

Dx = Ac+ (-1 A) I (A, — B)] (Ax— By) 14 SF2
Dy =0 SF2
D, = A, +[(-1A) /(A — By)] (A, — B,) 15 SF2
Ex =Cy+[(-1C,) / Cy— S)] (Cx— S¥) 16 SF2
E, =0 SF2
E, =C,+[(-1C,))/C,—S))] (C.—S)) 17 SF2

1. SF = Supplementary Figure, see Appendix p. 346—347
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Table 5.1. Continued.

Parameter Calculation Calc. no. Figures
Computing distances needed for subsequent calculation
of the dip of the plane (g):
T =S, 18 5.4D, SF2
Ty =0 19 5.4D, SF2
T, =S, 20 5.4D, SF2
Distance D:E = square root [(Dy— EX)2 +(D,— Ez)z] 21 5.4D, SF2
Distance D:T = square root [(Dy— Tx)2 + (D,— Tz)z] 22
Distance E:T = square root [(Ex— Tx)2 + (E,— Tz)z] 23
Distance S:T =Sy
Distance S:D = square root [(D:T)* + (S:T)* 24
Distance S:E = square root [(E:T)* + (S:T)? 25
Height R:S e, . .
(triangle D,E.S) =(S:D) (S:E) / (D:E) 26
Dip of the plane (g) =sin™ [(S:T) / (height R:S)] 27
Calculation of the Strike (¢) of the plane:
= cos™ [(D,— E,) / square root [(Dy— E,)? + )8
P +(Dy—E,)’+ (D,—E,)?)] 180 / T
Strike (o) =ifDy>Ex 2> p;ifDy<E,>360-p 29 5.4E, SF3
Computing coordinates of points R (R,, Ry, R;), needed for subsequent calculation the Azimuth
(w):
= (X1, Y1, 1),
Vector DE X1 = Dy~ Ex 30 SF2
Y1 = Dy - Eyy
Z, = DZ - EZ
Plane =X Xty y+z;2=X Tty Ty+2, T, 31
Straight line (X, ¥, ) = (Dy, Dy, D) + A (X1, Y1, Z1) 32
Straight line inserted in | =X, (Dx + A X)) +y1 (Dy+* Ay1) + 2, (D, + A zy) =
- 33
plane =X Tx+nTy+2:T,
A (a” + y1® +2,%) = x4(Tx— D)) + ya(Ty— D) +
+ Z; (Tz_ DZ)
H H X2=Tx_Dx;y2:Ty_Dy;ZZ:TZ_DZ
Solving the equation A= (1% + V1Yot 2125) | (X12 + ylz + le) 34
based on A
N=[(Ax—By (Cx—A) + (Ay—By) (g:y - Ay + )
+ (Az - Bz) (Cz - Az)] / [(Dx_ Ex) + (Dy_ Ey) +
+ (Dz_ Ez)z]
L . Ry =Dy + A (Dx— Ey)
et ™ | R =D+ A (D) s
R,=D,+ A (D,—-E,)
If Ex < Dy, E, > D,, T, > R, = Strike — 90°
If Ex< Dy, E, > D,, T, <R, = Strike + 90°
If Ex > Dy, E; > D;, Ty < Ry = Strike + 90°
Azimuth (&) If E, > D,, E, >D,, T, >R, 2 Strike — 90 36 5 AF

If E, < Dy, E, < D,, Ty > R, & Strike + 90°
If E, < Dy, E, < D,, Ty < Ry 2 Strike — 90°
If E, > Dy, E, < D,, Ty < Ry, = Strike — 90°
If Ex > Dy, E, < D,, Ty > R, > Strike — 90°

208




Spatial orientation parameters computed from landmark coordinates

Trigonometric and vector-based calculations were used to compute the orientation of the
diameter (linear between points A and B = a; Fig. 5.4A-C) as well as of an imaginary
sagittal-plane through each ammonoid (triangles in blue, Fig. 5.4D-F). Therefore the
following parameters, comparable to geological features (e.g., Wallbrecher 1978, 1979,
1986; Adler et al. 1982), were calculated from the segmented ammonoids using Microsoft
Excel, (Fig. 5.4A—F and Table 5.1):

(1) Orientation of the linear:
e o - maximum diameter (Fig. 5.4A).
e [(3—dip of the linear A:B (Fig. 5.4A).
e y—dip direction (Fig. 5.4B).
e O — aperture direction (Fig. 5.4C).

(2) Orientation of the imaginary sagittal-plane:
e ¢ —dip of the plane (Fig. 5.4D).
o ¢ — strike (Fig. 5.4E).
e W — azimuth (Fig. 5.4F).
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The associated equations to each parameter can be gleaned from the corresponding
calculation number (Calc.no.) of Table 5.1. The orientations of the ammonoids were
calculated in relation to the grinding sections, thus the z-axis (Fig. 5.2B). The plane spanned
by the x- and the z- axes indicates the ground plane. The direction of the positive y-axis
represents the height from the ground plane (Fig. 5.2B). For calculating the orientation of the
ammonoids as they were deposited in the field, it is necessary to know the deviation of the z-
axis from true north, and to add this geographic angle to the calculated geographic
parameters (i.e., dip direction, azimuth respectively strike). As dip and azimuth values of the
whole bed are 50/075 we add 75° to the calculated aperture direction, dip direction as well as
to the calculated azimuth (Fig. 5.2B).

(1) Orientation of the linear A:B (a)

Maximum diameter of each ammonoid (a)

Definition: The maximum diameter (a) of each ammonoid is represented by the
spatial distance between the points A and B (Table 5.1, Calc.no.1l; Fig. 5.4A).
Associated variables are shown within Supplementary Fig. 2.

Dip of the linear (B)

Definition: The dip (B), or also called the “angle of fall” from the linear (a) represents
the angle between the diameter (linear of the landmarks A:B) and the ground plane,
spanned by the x- and z-axes (Table 5.1, Calc.no. 2; Fig. 5.4A, Supplementary Fig.
2).

Dip direction (y)

Definition: The dip direction is the geographic orientation towards that the linear A:B is
inclined. It is represented by the angle between north (positive z-axis -75°; see Fig.
5.2B), and the projected linear A:B vectored to A or B respectively, on the ground
plane (spanned by the x- and the z-axes). If point B shows a lower y-value (Fig.

5.4B), the linear A:B is inclined to B and therefore the vector A":B" is directed to point
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B". If point A shows a lower y-value, the linear A:B is inclined to A and the vector
A":B’ is directed to point A" (Table 5.1, Calc. nos. 3-6; Supplementary Figs. 2 and
5.3).

Aperture direction (6)

Definition: The aperture direction is defined as the geographic orientation in which the
aperture of the ammonoid is directed (Fig. 5.4C). It is represented by the angle
between north (z-axis -75°; Fig. 5.2B), and the projected linear A:B vectored always
to A on the ground plane (Table 5.1, Calc.no.7; Fig. 5.4C).

(2) Orientation of the imaginary sagittal-plane (A—B—C) through the ammonoid

As already described by Wallbrecher (1986), the orientation of a plane can be defined
exactly by two angles. The dip represents the degree of inclination of the plane from
the horizontal earth surface. The second angle needed is the azimuth, which is the
angular deviation of this declination (dip) from the north (Fig. 5.4D and F).

Dip of the plane A—B—C (¢)

Definition: The dip of the plane, represented by the inclination of the plane from the
earth surface, can be defined more precisely as the linear representing the steepest
possible angle between the plane (A—B—C) and the ground-plane (spanned by the x-
and z-axes) (Fig. 5.4D). To investigate this linear, the intersection line at which the
extended plane (A—-B—C to A—-C-D-E; see Fig. 5.4D—-F) crosses the ground plane,
was constructed and calculated (linear D:E; Fig. 5.4D). The height (R:S) of the
triangle S:D, S:E and D:E, perpendicular to the linear D:E represents the steepest
possible linear. Its inclination to the ground floor represents the sought dip of the

plane (g; Table 5.1; Calc.nos. 8-27; Fig. 5.4D, Supplementary Fig. 2).
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Strike ().

Definition: The “strike” represents the geographic angular deviation from north (z -75°;
Fig. 5.2B) of the linear at which the extended plane A-B-C intersects with the
ground-plane (D:E; Table 5.1, Calc.no. 29; Fig. 5.4E; Supplementary Figs. 2 and 3).

Azimuth (w).

Definition: The azimuth is the geographical direction in which the dip of the plane is
inclined. It is the angle between north (z-axis -75°) and the projected linear of the
steepest possible linear of the plane (R:S) to the ground plane (Fig. 5.4F). The
azimuth represents the strike +/- 90° (Table 5.1, Calc. nos. 30-36; Fig. 5.4F,
Supplementary Fig. 2).



5.4. Spatial orientation as key to the paleoenvironment

The geographic orientations (cardinal directions) of the ammonoids were analyzed in rose
diagrams. The Schmidt net analyses (stereographic projections) were used for combined
analyses of geographic orientation and inclination of the ammonoids. These statistical
analyses have become standard methods for analyzing spatial orientation of geological
features in geoscience and are therefore not explained in detail. Detailed information about
these methods can be found in a series of geological literature (e.g., Wallbrecher 1986; Adler
et al. 1982), but also in Mardia and Jupp (2000) which focuses on directional statistics. All
analyses and their concluding assumptions were based on the results obtained by the

statistical software Fabric8.

5.4.1. Geographical alignment of the aperture

To investigate the statistical aperture orientation (i.e., direction in the coordinate system),
only data from ammonoids with known apertural position (n = 193) were analyzed. By plotting
the aperture direction within a rose diagram a bimodal distribution with 66% preferred
orientation, bearing a dominant mean SSE vector (155°), was found (Fig. 5.5A). With a class-
size of 20°, the maximum volume lies within the 160-180° class and represents 18.2%.
However, there are two more dominating classes (320-340° and 340-360°) exactly opposite
the most dominant class (160-180°), each represented by a volume of 14.9%. Due to this
dubious result (almost precise NNW-SSE orientation of the apertures, showing a low
skewness (-0.37), but a relatively high kurtosis (-42.52; Fig. 5.5A)), we had to exclude a
possible error. For identifying, quantifying and correcting the possible error source, the
following test series was carried out (Fig. 5.5B).
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Fig. 5.5. Results of analyzed spatial shell orientation. A, Rose diagram showing nearly exact NNW/SSE aperture
orientation of all ammonoids at which the aperture could be identified. B, Example of the test series for calculating the
error between estimated and true aperture direction. C, Analysis of test series. D, Rose diagram showing revised
orientation of the aperture direction, only from ammonoids intersected at least 6 times (NW/SE). E, Results of dip and
dip direction of the linear (A:B) analyzed within a Schmidt net plot. F-G, Results of dip and azimuth of the planes (A—B—
C) respectively ammonoids analyzed within a Schmidt net plot. F, Plot of great circles. G, Plot of plane—poles. H,
Comparison of the orientation of disks due to gravity respectively gravity plus current action, modified after Potter and

Pettijohn (1977).
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Test series

The aperture of a hypothetical ammonoid, with indicated true aperture direction (blue arrow)
was orientated to 21 different directions (0—360°) with periodic displacements of 17° (Fig.
5.5B). This series of differently orientated ammonoids was copied 12 times and each of them
assigned to an artificial ammonoid diameter (1 mm, 3.5 mm, 6 mm, 8.5 mm, 11 mm, 13.5
mm, 16 mm, 18.5 mm, 21 mm, 23.5 mm, 26 mm and 28.5 mm). The resulting sample of 252
ammonoid specimens featuring different diameters and orientations were intersected every 2
mm (Fig. 5.5B).

This setting simulates our grinding approach that in fact eliminates the whole material of the
fossilized block while only preserving one snapshot at 2 mm each. Thus, the position of
landmarks A—C can, within limits, be wrongly assessed. To learn more about this effect, we
studied the possible error between the true- and the estimated aperture-direction (red/ blue
arrows; Fig. 5.5B). A simple bivariate plot shows that the error (maximum = 127°) decreases
with increasing diameter, respectively with increasing number of intersection lines (Fig.
5.5C). The non-linear distribution suggests a reasonable cut-off point at 25° (red pointed
lines), which means that each ammonoid should be intersected at least six times (Fig. 5.5C).
Hence, for analyzing parameters of the linears (A:B), we used only those ammonoids which
were intersected at least six times. For analyzing the orientation of the plane (A—B-C), three
intersections were enough because it is reconstructed from three points and therefore the

error is significantly lower.

It has to be noted, that the orientation of the intersected 2D ammonoids describes the worst
case, a position at which the aperture can hardly be identified. If the ammonoid would be
intersected sagittally (perpendicular to the tested direction of intersection) the error would

become much lower.

5.4.2. Revised aperture direction

The geographic distribution of the aperture direction shows a higher variation (kurtosis =
-15.79) by using only ammonoids intersected at least six times (n = 44). The distribution is
unchanged bimodal with an almost similar vector mean at 150°. The maximum class volume
(16.1% at 160—180°) still plots closely to the south (Fig. 5.5D). The preferred orientation
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declines to 49% and changes from NNW-SSE to NW-SE. Furthermore, the opposite
dominant class-volume is constricted to the class 320-340°, bearing 13.7%, what results in
the already mentioned shift from NNW-SSE to NW-SE. Although the skewness changed
slightly (-0.47 vs. -0.37), the kurtosis changed from -42.52 to -15.79, due to the higher
variation (Fig. 5.5A, D).

5.4.3. Dip and dip direction of the linear A:B

Dip and dip direction of the linear (A:B) were analyzed in combination, by using a Schmidt
net plot (Fig. 5.5E). Data from all reconstructed ammonoids intersected at least six times (n =
74) were included. Identification of the aperture direction is, in this case, of no importance.
Each data point represents one dip in combination with its dip direction. Most points are
plotted at the outer edge of the circle, which indicates a relatively slight dip. Points close to
the center would reflect a steep dip. The geographic distribution can be gleaned from this
plot in the same way as from rose diagrams. Points near the top (N) indicated a northern
direction, etc. The plot shows a preferred orientation of 57.3% of the linears (length of vector
sum; 100% = parallel orientation), which are slightly inclined (12°) toward SE (153°). The true
center of gravity (comparable to the mean within the linear statistics) plots with a significance
of 0.05 within the cone of confidence (8.6°; Fig. 5.5E green circle) around the center of
gravity (153/12).

5.4.4. Dip and azimuth of the plane A-B-C

Dip and azimuth of the plane (A—-B-C) were analyzed in the same way as dip and dip
direction of the linear (A:B), with the difference that the data were taken from ammonoids
intersected at least three times (n = 363). The identification of the aperture direction is of no
importance here as well. Fig. 5.5F shows a stereographic projection of great circles. Each
great circle represents the geographic orientation (dip and azimuth) of one plane
(respectively ammonoid). Like for the data points of the linears, great circles plotting close to
the center indicate a steep inclination, whilst great circles near the periphery indicate a slight
inclination. The data plot (Fig. 5.5F) therefore shows that 59.4% (preferred orientation, length
of vector sum) are slightly inclined (12°) toward SE (159°). Another possibility for analyzing
planes within a stereographic graph is by plotting their plane—poles (orthogonal axis through
the center of gravity of the triangles; Fig. 5.5G). In the case of analyzing the poles, data

points indicate the projection of the orthogonal axis of the planes. Points plotting close to the
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center indicate only a slight inclination of the planes respectively of the ammonoids. The
geographic distribution can be interpreted in the same way as from the plots of the linears.
While the planes are inclined toward SE (see great circles, Fig. 5.5F), their plane poles plot
toward NW due to the fact that the plane poles are orthogonal to the planes (Fig. 5.5G). The
preferred orientation of the plane—poles (vector sum = 59.4%) plot near to, but not in the
center (white cross), toward NW. The true center of gravity of the planes (comparable to the
true mean within the linear statistics) plots with a significance of 0.05 within the cone of
confidence (3.71) around the center of gravity (159/12; Fig. 5.5G). This indicates a slight
inclination of the planes (respectively ammonoids) toward SE (Fig. 5.5F and G). Potter and
Pettijohn (1977), for comparison, described the orientation of disks for gravity as well as for
gravity plus current actions by the use of stereographic projections (Fig. 5.5H). The
imbrication of such disks would result in a shift of the center of gravity from the center of the
Schmidt net plot in the down-current direction, as a result of tangential transport (Sander
1930; Potter and Pettijohn 1977). By comparing these conclusions to the slightly NW shifted
maximum concentration of the plane poles herein, the latter can be interpreted as a smooth
but significant movement of the ammonoids, or respectively as a current direction, oriented
toward NW (Fig. 5.6).

WJM

sea floor paleocurrent

«— 100-200 m

Fig. 5.6. Reconstructed current- and environmental conditions of the primary ammonoid-deposition on the sea floor.
Ammonoid-grids were modeled by Michael Klein (7 Reasons Media Corporation).

217



5.5. Discussion

As mentioned in Section 5.1.2, the investigation of fossil orientation from bedding planes for
estimating ancient paleocurrents has been conducted in numerous studies (e.g., Hall 1843;
King 1948; Kidwell et al. 1986). However, the majority of these studies deal with elongated
fossils (e.g., belemnites, cephalopods with orthoconic shells and gastropods, etc.), excluding
planispirally coiled (flat to disk-shaped) morphologies (e.g., shells of ectocochleate
cephalopods such as ammonoids). Brenner (1976), and more recently Wani (2006), claimed
that the body chambers of empty ammonoid shells can be used as current indicators,
orientated with their aperture downstream. Futterer (1982) reported that planispiral gastropod
shells (e.g., Planorbina sp.) manifested their stable position with the aperture downstream.
Lukeneder (2005) interpreted planispiral and elongated ammonoids, orientated on the sea
floor of an Early Cretaceous section in Upper Austria, as bottom current induced. Moreover,
Wendt (1995) compared the orientation of goniatitic (planispiral-coiled) cephalopods and
orthoconic cephalopods (elongated shells). He reported that the orientations of goniatites
(disk-shaped shells) in some cases appear nearly randomly. Therefore, he suggested
caution for interpreting paleocurrents from the aperture direction of coiled cephalopods.
However, none of these studies interpreted planispiral-coiled cephalopods with respect to the
orientation of their disk-like morphologies. As shown in this study, the orientation of these
forms can simply be interpreted like the orientation of disks, compared to Sander's approach
(1930) (Fig. 5.5H) on the alignment-behavior of disk-like particles (Potter and Pettijohn,
1977).

Additionally, conventional studies of fossil-orientation-measurements, predominantly deal
with the two-dimensional geographic orientation of a certain axis of the fossil, analyzed within
rose diagrams. Azimuth directions of fossils have been measured for tentaculite shells of
Bohemia (Hladil et al., 1996), or for nerineoid shell beds (Cataldo et al. 2013), though
disregarding stereographic plots for a combined interpretation of dip and azimuth. Numerous
studies on sedimentology dealt with the imbrication of pebbles as proxies for determination of
paleocurrents (e.g., Sengupta 1966; Trendell et al. 2013; Karatson et al. 2002). White (1952)
investigated the flow direction of a depositing stream from the Houghton conglomerate with
respect to the initial imbrication of pebbles. Even more than a decade earlier, Krumbein
(1940) used imbricated pebbles to determine the transport direction of California flood
gravels. More recent studies automated the analysis of imbrication and flow direction by
using Laser-Scan data (Millane et al. 2006). We applied Sander's (1930) approach of the
orientation of disk-like particles to the disk-shaped ammonoids (i.e., Kasimlarceltites). Both

results, the orientation of the aperture, as well as the orientation of the estimated sagittal-
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plane through the ammonoids (dip and azimuth), indicate a movement of the ammonoids or
respectively a current direction toward NW (Fig. 5.6). It shows that the combined
interpretation of dip and azimuth of disk-shaped fossils represents a significant approach for
interpreting sea floor paleocurrents.

Hitherto, the investigation of fossil-orientation was only used for the topmost surface of fossil
mass occurrences, deposited directly on the sea floor. Due to the fast development of virtual
methods (e.g., macro-CT, p-CT, nano-CT, etc.) it became possible, to investigate the interior
orientation of such fossil mass occurrences in three-dimensional detail. Although, a series of
paleontological studies deal with 3D-visualization of fossil-elements, no mass occurrence has
previously been reconstructed three dimensionally for investigating their interior orientation.
This study illustrates an interdisciplinary approach of virtual reconstruction, analyses and
interpretation of the interior orientation of an ammonoid mass occurrence. The method
established herein produces clear and consistent results using planispirally coiled ammonoid
shells — fossils, that so far would have been used only with caution for depositional
interpretations. This method can be applied to any kind of fossil mass occurrence, or even
other abundant organic elements and particles, to examine their orientation and depositional

conditions to conclude on their paleoenvironment, particularly on paleocurrents.
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5.6. Conclusions

In our study, we introduce a new method, which combines digital fossil-segmentation,
subsequent 3D-reconstruction and calculation of spatial ammonoid-orientation, performed on
a Triassic ammonoid mass occurrence, deposited within a limestone layer, at Asagiyaylabel
(Taurus Mountains, Southern Turkey). Since computed tomography could not be used for
digitization because of insufficient density contrast, the classic method of serial grinding was
applied. A block, 150 x 45 x 140 mm?®, of the limestone layer was ground and 70 slices with a
distance of 2 mm were scanned in longitudinal direction (from 1A to 1C; Fig. 5.2B). The
semi-automatic region growing tool of Amira was applied for segmentation and 3D-
reconstruction of the ammonoids. Six orientation parameters, already known from geological
features, were calculated from these ammonoids. The use of the Cartesian coordinates of
three different landmarks, placed on three particular points of each ammonoid, made it
possible to calculate the orientation parameters and therefore the spatial orientation of 675
segmented ammonoids from a 26 mm part of the whole block. The analyses, via rose
diagrams and Schmidt net plots, show a general NW/SE orientation of the aperture direction
of the ammonoids, as well as a slightly SE inclination of the whole ammonoids, indicating a
slight but significant sediment movement or even possible a current direction toward NW.

Using this method in an ongoing study, the orientation of all ammonoids from the whole block
will be investigated. The statistical orientation of all ammonoids from the mass occurrence,
combined with additional 2D-reconstructions and facies-analyses of the limestone-layer,
should lead to more detailed conclusions about the depositional conditions of the ammonoid
mass occurrence. The newly established method can be used as template for measuring
spatial orientations on all kinds of fossil mass occurrences or other geological objects. A new
animation clip (see Supplementary material) explains all steps, from segmentation, over
surface-reconstruction to landmark-positioning, within the software package Amira, hence

helping to apply this method to comparable material and scientific fields. Video1?

2. See supplementary material p. 221.
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Abstract

The deposits of the Carnian Kasimlar Formation within the Taurus Platform Units of south-
western Turkey represent an important archive of a Late Triassic ecosystem. New
palaeontological information was obtained by analysing the Kasimlarceltites mass
occurrence, located within the Kasimlar Formation and named after the Lower Carnian
(Julian) ammonoid genus Kasimlarceltites. This is the dominant taxon (> 94%) within the
mass occurrence: nearly 775 million ammonoids and 50 million gastropods were
extrapolated for the whole extension (at least 5 km?) of the Kasimlarceltites beds. This
calculation is one of the main findings within this study, as it is the first time that such a fossil
mass occurrence was quantified. Additionally, orientation measurements of the planispiral
ammonoids and the helical gastropods enabled reconstructing the history of the mass
occurrence and interpreting the underlying transport mechanisms. Further taphonomic
aspects (e.g. biofabric, preservation, bioerosion or genetic classification) as well as
comparisons with samples of the same acme zone from different localities near
Asagiyaylabel (AS IV, KA |, Il & IV) point to a two-phased genetic history. Accordingly, local
mass mortality within the Kasimlarceltites fauna due to oxygen fluctuations or methane
degassing may have initially led to a primary accumulation. These deposits were then
reworked and redeposited basinward by gravity flows to create the present-day secondary

allochthonous concentrations.
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6.1. Introduction

The interpretation of depositional conditions of ammonoid mass occurrences based on
combined taphonomic and palaeoecological information has become an increasingly hot
topic during the last few decades (e.g. Seilacher 1960, 1968, 1971, 1990; Maeda and
Seilacher 1996; Keupp 1997; Maeda 1999; Lukeneder 2003, 2004, 2005; Fernandez-L6pez
2007; Olivero 2007; Wani 2007; Reyment 2008; TomasSovych and Schlégl 2008; Maeda and
Shigeta 2009; Lukeneder and Mayrhofer 2014). The mass occurrence investigated here
consists to 94-99% of the single species Kasimlarceltites krystyni, which is presently known
only from the area around Asagiyaylabel. The Kasimlarceltites mass occurrence was
deposited during Carnian time (Late Triassic) within an intra-shelf basin of the western
Cimmerian terranes. The Carnian is best known for a Tethyan-wide carbonate platform
demise (Carnian Crisis = Carnian Pluvial Event; Simms and Ruffell 1989; Lukeneder et al.
2012). The deposition of these ammonoids at an equatorial position (for Turkey about 9°
according to Stampfli et al. 2002 and Moix et al. 2008) makes them suitable for taphonomic
investigations on the genesis of this huge shell deposit, but also yields new insights into the
Carnian Crisis at equatorial regions. We therefore investigated and analysed parameters
related to the orientation of the ammonoid shells. We adopted a new study-approach on such
planispirally coiled ammonoids, already tested by Lukeneder et al. (2014).

The study was performed to test the number and orientation of the ammonoids within the
known extension of the Kasimlarceltites mass occurrence, and therefore represents a
quantification of an ammonoid mass occurrence done for the first time. The quantitative data
were interpreted in combination with qualitative information about the depositional conditions
from different slices and thin-sections taken from various parts of the mass occurrence. The
main aim of this study was to solve the following research questions: Are these ammonoids
orientated in the same way as already tested within the smaller reference block (done by
Lukeneder et al. 2014), and what does this result mean for the depositional conditions? Does
the orientation of the ammonoids fit with the taphonomic interpretation of this shell bed? How
might the life habitat of Kasimlarceltites and the environmental conditions, which occurred

throughout the deposition of this mass occurrence, looked like?
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The answers to these questions shed light into the genesis of this mass occurrence and
consequently into the environmental conditions which occurred throughout its deposition
during the time of the Carnian Crisis.

6.2. Geographical and geological setting

The outcrop with the investigated bed AS 6 is situated near the village Asagiyaylabel
(Anatolia; N 37.551389° and E 31.304444°) in the western Taurus Mountains of Turkey (Fig.
6.1A-B). The sedimentary record at Asagiyaylabel belongs to the top of the Kartoz and the
base of the Kasimlar Formation and is therefore of late Early Carnian (Julian 2) to early Late
Carnian age (Tuvalian 1). The Kasimlar Formation at Asagiyaylabel represents one of the
rare complete successions with a Lower to Upper Carnian ammonoid fauna (see Lukeneder
and Lukeneder 2014).
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Fig. 6.1. A, Map of Turkey indicating the outcrop position of Asagiyaylabel.
B, Detailed map of the area around Asagiyaylabel and Karapinar.
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The ammonoid coquinas (mass occurrence), on which this study focuses, belong to the
Carbonate member (Unit A), near the bottom of the Kasimlar Formation. The Kasimlarceltites
shell beds are composed of at least eight layers (1.8 m at AS I) to a maximum of 113 layers
(16.5 m at KA Il), with an extension over an area of at least 5 km?. Single beds are 2—40 cm
thick. Detailed investigations were conducted in bed AS 6 of the section AS |, and compared
with further samples from the Kasimlarceltites acme zone of the sections AS 1V, KA | and KA
Il (Fig. 6.2). The layers of section AS IV are preserved in an overturned position. This is
proven by geopetal fills, exhibiting their calcitic crystallisation (i.e. filling of voids, sediment
free) at the “bottom” of the ammonoids, as well as by the inverse gradation of the sediment.
In addition, in the field, at section AS IV and sections KA | and KA Il, the Kasimlarceltites
beds were found above the rudstone layers and below the shallow-water limestones in a
stratigraphically overturned position. For a better comparison of the four localities, the

stratigraphic overturn was corrected in the figured logs (Fig. 6.2).
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Fig. 6.2. Logs of Asagiyaylabel (AS I, AS IV) and Karapinar (KA I, KA II)
with indicated position of the Kasimlarceltites acme zone (blue area).
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6.3. Material and methods

The number and orientation of the ammonoids was tested based on a 150 x 45 x 140 mm
reference block taken at the locality AS | from bed AS 6 (Fig. 6.3A). The block was cut from
the limestone bed, ground and scanned at 2 mm intervals to produce 70 slices (Fig. 6.3A—C).
From there the ammonoids were virtually segmented and a 3D-surface rendered (Fig. 6.4A—
E). The destructive method of grinding (Lukeneder et al. 2014; Naglik et al. 2015a, 2015b;
Tajika et al. 2015) was used because the non-destructive method of computed tomography
did not work due to similar density of the ammonoids (i.e. secondary calcite shells, about

2.6-2.8 g/cm®) and the host rock (limestone matrix, about 2.8 g/cm®).

o
SR

Fig. 6.3. Steps from bed to ammonoid segmentation. A, Ammonoid bed taken from
the field (AS I, bed 6) with indicated position of the reference block. B, Segmented
reference block (150 x 45 x 140 mm). C, Scanned slices of the reference block.
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The 3D-visualisation-method described by Lukeneder et al. (2014) was used to analyse a
possible spatial orientation of the ammonoids within the shell bed AS 6. The whole
ammonoids, but also the gastropods (Fig. 6.4F-G), from the reference block were virtually
segmented (Fig. 6.4A-G), counted and, if possible, their orientation analysed. By using
landmark data (each segmented ammonoid was equipped with three and each segmented
gastropod with two specified landmarks; Fig. 6.4E, G) the statistical orientation of each
ammonoid and gastropod was investigated. Orientation parameters (maximum diameter, dip,
dip direction and aperture direction of the lineation A:B through the gastropods and
ammonoids, as well as dip and azimuth of an imaginary sagittal-plane A-B-C through the
ammonoids), already known from geological orientation measurements, were calculated (Fig.
6.5A).

Following Lukeneder et al. (2014) we used only those ammonoids for orientation analyses
that were reconstructed from at least six slices when analysing the lineation A:B. At least
three slices were required when analysing the imaginary sagittal-plane (Fig. 6.5A). We
furthermore adapted the method described by Lukeneder et al. (2014) for the segmented
gastropods. Here, the orientation of the lineation A:B was analysed for 20 gastropods
(intersected at least twice). For a detailed description of the method used see Lukeneder et
al. (2014).

A1-3253

. e
A AS1C32 10 mm

Fig. 6.4. Ammonoid segmentation pictures (made with Amira). Virtual reconstruction and land-mark-setting of the
ammonoids and gastropods from the reference block. A-B, 3,253 segmented ammonoids (blue and green ammonoids).
Blue ammonoids (n = 675) already investigated in Lukeneder et al. (2014). A, View from top. B, Side view. C-D, Frontal
view of segmented ammonoids. E, Landmark positions (A—C), placed on every ammonoid surface and shown at a virtual
ammonoid model designed by 7Reasons. F, Segmented gastropods from the whole reference block. G, Segmented
gastropod with indicated landmarks (A-B) that were placed on every segmented gastropod.
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6.3.1. Statistical methods for analysing the orientation

The spatial orientation of the segmented ammonoids and gastropods was statistically
analysed with the software package Fabric8, usually used for the graphical display and
analysis of tectonic data. The orientations of the aperture directions, as well as of the strike
data were analysed within rose diagrams (Fig. 6.5B). Dip and dip direction of the lineations
(A:B) as well as dip and azimuth of the planes (A-B-C) were analysed by plotting them
stereographically (Fig. 6.5C—F). The orientation of 675 specimens of these ammonoids have
already been published by Lukeneder et al. (2014).

6.3.2. Rose diagrams

Rose diagrams (Figs 6.5B, 6.6A, E) are circular histograms used for graphical analyses of
pure directional data in a two-dimensional way, without dip, dip direction, or strike. Raw data
of directions were classified according to defined intervals. These intervals are drawn as
sectors into a circle with a radius defined such that the most frequent percentage of the raw
data directions plots at the circumference. Charting the percentages of the intervals into the
diagram yields a graphical interpretation (Figs 6.5B, 6.6A, E). The software Fabric8 enabled
statistical analyses of the directional data, complementing the graphical method. For more

details about rose diagrams see Wallbrecher (1986).

6.3.3. Stereographic plots

Stereographic plots (Figs 6.5C—F, 6.6B-D, F) were used to analyse spatial directional data in
a three-dimensional way. Pure directions were analysed in combination with their angle of
dip (e.g. dip + dip direction of a lineation, resp. dip + azimuth of a plane). The stereographic
projection (Fig. 6.5D, F) represents the equatorial plane of the so-called “sphere diagram”
(Fig. 6.5C, E). When placing a projected lineation “L” (Fig. 6.5C) within this sphere diagram,
the intersection-point of the elongation of this lineation “L” with the lower hemisphere
represents the sphere projection point “S”. When projecting a lineation from point “S” to the
zenith of this sphere diagram, the intersection point “I” at the equatorial plane represents the

data point “I” of the lineation “L” at the stereographic plot (Fig. 6.5C-D). The same procedure
can be performed with single planes. When projecting a plane within this sphere diagram
(Fig. 6.5E), the intersection point “I” of the sphere projection point “S” of an imaginary

1]

orthogonal lineation from the plane “p” towards the sphere represents the data-point “I” of the

plane “p” on the stereographic plot (Fig. 6.5E—F). The stereographic projection plane bears a

net of curves of constant latitudes and longitudes (Mardia and Jupp 2000). A more detailed
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description of stereographic plots and sphere diagrams is given by Wallbrecher (1978, 1979,
1986). Compared to other statistical methods of analysing directional data, the advantage of
stereographic plots is the spatial approach. The possibility of representing planes and
lineations in the stereographic plot with a single point allows dealing with large data-sets
(Adler et al. 1982; Wallbrecher 1986). The strike and azimuth of single points nevertheless
can be precisely quantified. Complex statistical analyses are replaced by investigating
maxima and fields of similar population density (Adler et al. 1982). The stereographic plot is
mostly used for tectonic, but also for sedimentological analyses. For example, Potter and
Pettijohn (1977) used stereographic plots to analyse disk-shaped particles in respect to
current versus gravity transport. Within our study, Potter and Pettijohn’s method is adapted
for orientation analyses of planispiral cephalopods. Azimuth and azimuth direction of the
ammonoids should be analysed in the same way as the disk-shaped patrticles described by
Potter and Pettijohn (1977).

zenith

zenith

A:B:C ... imaginary sagittal plane

sphere diagram sphere diagram
B D E
N N N
14.5%
14.9%12.7%
14.9% 10.9%
9.1%
7.3%
5.5%
270° 0.0% 90°
n=193 180° 155° = vector mean
rose diagram stereographic projection plane stereographic projection plane

Fig. 6.5. A, Explanation of the orientation parameters used for subsequent investigation of the spatial orientation of each
ammonoid. B, Example of a rose diagram. C, Sphere diagram with an intended lineation “L” and its projection point “I” at the
stereographic projection plane. D, Stereographic projection plane of the sphere diagram (C) at which the projection point “I”
of the lineation “L” plots. E, Sphere diagram with intended plane “p” and its projection point “I” at the stereographic
projection plane. F, Stereographic projection plane of the stereographic plot (E) with indicated projection point “I” from the

“n

intended plane “p”.
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6.4. Results

As described by Kidwell et al. (1986), shell concentrations can be classified using a
descriptive nomenclature (taxonomic composition, biofabric, geometry and internal structure)
as well as a genetic classification (lithological-, biological- or diagenetic genesis; see Martin
1999). To analyse the Kasimlarceltites mass occurrence from Asagiyaylabel, we used
Kidwell’s approaches. We also applied terminological terms of Seilacher (1990) to estimate
the ancient environment of the depositional area and the mechanisms that led to the genesis

of these fossil ammonoid concentrations.

6.4.1. Geometry and internal structure

Following Kidwell et al. (1986) the mass occurrence has to be interpreted as a “bed” instead
of clump, pod, lens or wedge. The lateral distribution of the Kasimlarceltites layers differs at
each section between 20 m and 50 m: more than 30 m at AS | and 50 m at AS Il and AS IV,
as well as over 20 m at KA | and KA IIl and 50 m at KA Il. Due to the known distribution, we
assume that it represents a more or less consistent three-dimensional structure over an area
of about 5 km? (Fig. 6.1). The whole acme zone, which consists of several beds (e.g. bed AS
6), is 1.8 m (at AS 1) to 16.5 m thick (at KA II; Lukeneder and Mayrhofer 2014), and
alternates between beds full of ammonoids and beds yielding only scattered ammonoid shell
remains (Fig. 6.2). The accumulation beds generally show the same thickness and shell
density along the whole extension. The internal structure of the Kasimlarceltites mass
occurrence is not uniform, but shows an upward fining trend in bioclasts. The lower part of
the mass occurrence at bed AS 6 consists of almost entire ammonoid shells, whereas the
topmost third of the bed shows partly fragmented ammonoid shells which are topped by
densely packed halobiid bivalve shell remains, and therefore represent a graded sediment

structure.

6.4.2. Lithology and microfacies of the host sediment

The background sediment of bed AS 6 represents a bioclastic pelagic wackestone (Fig.
6.7A), deposited within a deep shelf or mid-ramp (sensu Fligel 2004). The thin-shelled
halobiid bivalves, deposited in masses at the top of the bed, generally occur in deep-water,
oxygen-deficient settings or in “pelagic” or “filamentous” limestones, which represent fully
oxygenated marine settings (McRoberts et al. 2008; McRoberts 2000, 2010; Lukeneder et al.
2012). Lagenid Foraminifera, Omphaloptycha-like gastropods and some thick-shelled
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bivalves, which also occur in bed AS 6 and within under- and overlying beds, represent
allochthonous biogens, transported from the fore slope or shallow-marine ramp (Lukeneder
et al. 2012). Geopetal fills show different directions, pointing to a phase of reworking
following pre-lithification of the ammonoids (Fig. 6.7A-B). Compared to bed 6 of section AS |,
the background sediment at the localities AS IV and KA | is more grain-supported, hence
representing a bioclastic packstone (Fig. 6.7B—E). This is in contrast to wackestone, which
occurs both at section AS | (Fig. 6.7A) and section KA |l (Fig. 6.7F). Anyhow, due to the high
density of allochthonous biogens, at both localities, the fabric of the accumulation layers

represent floatstones.

6.4.3. Taxonomic composition

Ninety-four to 99% of the shells found within the mass occurrence of bed AS 6 at the section
Asagiyaylabel | (AS |) are identified as the ammonoid species Kasimlarceltites krystyni. The
rest consists of the ammonoids Sirenites senticosus and Klipsteinia disciformis along with
Omphaloptycha-like gastropods (Fig. 6.8A—B). Furthermore, the ammonoid coquina is
covered by halobiid bivalves (for taxonomic details see Lukeneder and Lukeneder 2014).
The fact that nearly 99% of the shells belong to K. krystyni and the rare additional ammonoid
and gastropod species document a paucispecific assemblage (Kidwell et al. 1986). The
macrofauna of the ammonoid mass occurrence of the sections AS IV, KA | and KA Il shows
nearly the same composition as found at AS I. Besides the dominance of Kasimlarceltites,
some Omphaloptycha-like gastropods and thin-shelled halobiid bivalves, fragments of corals
and sponges are also present. AS IV additionally contains siliceous sponge spicules (Fig.
6.7B). Different from AS I, AS IV and KA II, Kasimlarceltites krystyni is less dominant in

section KA I, where it represents only 50% of the ammonoid specimens (Fig. 6.7E).

6.4.4. Number of ammonoids and gastropods

An extrapolation of the counted ammonoids (3,253) and gastropods (211) from the reference
block (section AS |, bed AS 6) for the whole extension of the Kasimlarceltites bed detected to
date (AS I, AS IV, KA I, KA ll; 5 km2) gives nearly 775 million ammonoids and 50 million

gastropods. These values were extrapolated using the following calculation:

no. of specimens of one group from the reference block )
x = - square footage of whole extenion
square footage of the reference block
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6.4.5. 3D-arrangement of ammonoid shells

The orientation of the ammonoids was analysed to determine their distribution (random or
uniform). For this purpose we analysed the significant orientation of the aperture as well as
the orientation of an imaginary lineation and plane through each ammonoid of the reference
block from bed AS 6 of section AS | (Fig. 6.5A).

Aperture orientation (Fig. 6.6A) shows a bimodal NNW/SSE distribution with a preferred
orientation of 47%. Although the vector mean of 156° is SSE directed, the maximum class
volume (15.1%) is located within the interval 320°-340° and is therefore NNW directed.
Analysing the dip in combination with the dip direction of the imaginary lineation (Fig. 6.5A,
C-D) within a stereographic plot (Fig. 6.6B) revealed a preferred (46.8%) SE orientation of
the lineations (100% would indicate a perfect parallel orientation). The lineations (Fig. 6.6B)
show a slight inclination of 18° toward SE (= 144°).

Analysing ammonoid orientation with respect to the dip and azimuth of the imaginary sagittal-
plane through each ammonoid (Fig. 6.5A, E-F), we found that 66.2% (preferred orientation)
are inclined with 14° toward 155° (SSE; Fig. 6.6C-D). The true center of gravity (cone of
confidence; green circle), comparable within the mean of the linear statistic, plots with a
significance of 0.05 at 155°/14° (Fig. 6.6D).

6.4.6. 3D-arrangement of gastropod shells

Analysing the aperture direction of the gastropods within a rose diagram (Fig. 6.6E) showed
a bimodal SSE/NNW distribution with a preferred orientation of 88%. The maximum class
volume (30.5%) lies at the interval 140°-160°, at which the vector mean plots SSE-directed
at 156°. Dip and dip direction of the lineations (A:B) of the gastropods furthermore show a
preferred SSE orientation (72.4%), with an inclination of 24° toward 153° (Fig. 6.6F).
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Fig. 6.6. Results of analysed spatial shell orientation. A, Rose diagram, indicating a bimodal SSE/NNW
aperture orientation of the tested ammonoids with indicated aperture. B, Dip and dip direction of the
lineation (A:B) of the ammonoids), plotted on a stereographic projection plane. C-D, Dip and azimuth of
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D, Plot of plane poles. E, Rose diagram, indicating a bimodal SSE/NNW aperture orientation of the
tested gastropods with indicated aperture. F, Dip and dip direction of the lineation (A:B) of the
gastropods, plotted on a stereographic projection plane.




6.4.7. Shell morphology

The genus Kasimlarceltites is morphologically (i.e. serpenticone, highly evolute; see
Lukeneder and Lukeneder 2014) similar with, and in this case taxonomically closely related
to other celtitid ammonoids such as Aplococeras, Lecanites and Celtites. The
Kasimlarceltites shell morphology shows a trend from spherical (embryonic stage) via
strongly depressed (juvenile phase) to compressed forms (adult to pre-adult stages; Fig.
6.8C). This is also reflected in WER (whorl expansion rate) and W/D (whorl width/diameter)
measurements (Lukeneder and Lukeneder 2014). Whilst most WER values (Korn 2000) of K.
krystyni range between moderate (1.61-2.0) and moderately high (2.01-2.4), some of them
show even high WER values (e.g., 2.6).

6.4.8. Size, shape and sorting

The size of the virtually segmented planispiral ammonoids (Fig. 6.4) from the block of bed AS
6 ranges from 1.5-27.7 mm. This is quite similar to the size variation of the physically
segmented specimens of Kasimlarceltites krystyni from bed AS 6 at section AS I, where
ammonoid size is 0.6-33.0 mm (Lukeneder and Lukeneder 2014). Within block AS 6,
ammonoids are abundant, but rare gastropods were also found (Fig. 6.8A). The virtually
segmented gastropods are helical and their size ranges from 2.8-11.3 mm (Fig. 6.8A). The
size of Kasimlarceltites at AS IV ranges from 4.4-25.9 mm, at KA | from 1.6-20.2 mm and at
KA Il from 3.0-26.8 mm. Not only at section AS | bed 6, but also at the other localities, small
ammonoid shells (ammonitellae, juveniles or microconchs) are mixed with large shells (adult

forms or macroconchs; Fig. 6.7A-F).

6.4.9. Biofabric

The biofabric differs between beds (Fig. 6.7A—F). In some places it is matrix-supported (Fig.
6.7A, F), which yields scattered ammonoid shell remains. In others it is shell-supported (Figs
6.7B-E, 6.8D), which represents an ammonoid concentration. Interfacial contact zones and
areas between the ammonoid shells range from single point-contacts (Fig. 6.8Da, yellow
circle) to concave/convex contacts (Fig. 6.8Db, Ec, yellow circles). At all the investigated
sections where the Kasimlarceltites acme zone was found (AS I, AS IV, KA | and KA II), the
sediment alternates between beds bearing Kasimlarceltites in masses (shell-supported

structure, as seen at section AS | within bed AS 6; Fig. 6.9A—H), and beds containing only
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rare ammonoids with a scattered distribution (matrix-supported). Even the shell-supported
beds, however, still contain parts, for example at KA 1l (Fig. 6.7F) or at AS | (Fig. 6.7A) that

are matrix-supported.

6.4.10. Sedimentary infilling

Most ammonoid body chambers are filled with matrix accompanied by shell fragments (Figs
6.8F-Gh, 6.9A). Phragmocones are typically filled by sparry calcite (Fig. 6.8Ga), except for
fragmented ones, which also contain matrix (Fig. 6.8Fa). Most geopetal structures show a
similar arrangement in bed AS 6 (Fig. 6.8H-L, indicated by the base line of the sparry calcite
and white arrows normal to them). Nonetheless, a number of ammonoid shells have inverse
geopetal fills (Fig. 6.8Ha—la, yellow circles), and some intraclasts yield shells with inclined
geopetal structures (Fig. 6.8La). Inverse geopetal structures are recognisable by sparry
calcite at the bottom, in contrast to “normal” calcitic tops, and therefore point to reworking of
the ammonoid shells after initial deposition (Fig. 6.8H-L). Ammonoids in AS IV, KA | and KA
Il show the same patterns. Most body chambers are filled by background sediment, and
phragmocones are crystallised by sparry calcite (Fig. 6.7B—F). Especially within sections AS
IV and KA | (Fig. 6.7B—E) the calcite filling of the phragmocones preserves the fine structures
of the shells, the chambers or of the siphonal tubes (Fig. 6.7C, yellow circles) and enables
them to be measured. The geopetal structures within the mass occurrence at sections AS 1V,
KA | and KA 1l reflect almost the same depositional conditions as in AS | (Fig. 6.8H-L). The
inverse geopetal structures in AS IV (Fig. 6.7C) confirm the overturned nature of the whole

succession.

6.4.11. Encrustation, abrasion and bioerosion

Lukeneder and Mayrhofer (2014) found no traces of encrustation, abrasion or bioerosion in
the Kasimlarceltites mass occurrence (Fig. 6.8A-L). This indicates a relatively short
exposure time on the sea floor. Precipitation of framboidal pyrite took place after burial. This
pyrite growth is visible in Figure 6.8l (small yellow circles) and 6.9B—F (small yellow circles).
Additionally, Figure 6.9F shows pressure solution in the form of stylolithic dissolution seams
on many ammonoid shells; such shells, however, are recorded only in some areas of the
reference block (AS 6). Framboidal pyrite is common at sections AS 1V, KA | and KA Il too,
where it commonly occur within the background sediment and within the sediment-filled body

chambers of the ammonoids (Fig. 6.7B—F).
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6.4.12. Mode of preservation and fragmentation

Within the thin- and polished sections, but also within the 3D-reconstructions, most
ammonoids within the lowermost two-thirds of bed AS 6 are well preserved; the topmost third
of the layer, in contrast, yields mainly crushed shells and shell fragments (Fig. 6.9H). Most of
the ammonoids exhibit the body chamber and lack marks of bioerosion and infestation (e.g.,
borings). Unfortunately, the ammonoids were hardly separable from the limestone matrix
and, specifically, the body chambers could not be saved during physical extraction from the
embedding limestone. The same holds true for the gastropods, for which only virtual
segmentation could be performed. Nonetheless, due to the great abundance, enough
specimens could be extracted for the taxonomic investigation (Lukeneder et al. 2014). In
almost all ammonoids the shell is preserved as recrystallised calcite. Most phragmocones
are filled with this secondary calcite too (Fig. 6.8Eb, Ga), whereas body chambers are filled
with sediment (Fig. 6.8Ea, Gh). Chamber walls and a series of siphuncle tubes are well
preserved (Figs 6.7C, 6.8G).

6.4.13. Genetic classification

Comparing the Kasimlarceltites mass occurrence with the three possible end-members of the
ternary diagram of genetic types of skeletal accumulations (Kidwell et al. 1986), a
sedimentological genesis is most plausible (Fig. 6.10). A mixture between a sedimentological
end-member (type 2) and a mixed concentration (type 5; Kidwell et al. 1986) is assumed due
to the stylolithic structures (e.g., Fig. 6.9F) and the ammonoid shell alteration from primary

aragonite into secondary calcite.
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Fig. 6.7. Thin-sections of the Kasimlarceltites beds from different localities of the Kasimlarceltites acme zone. A, AS |, bed 6
— bioclastic pelagic floatstone. B-C, AS IV bed C — bioclastic packstone resp. floatstone with well-preserved sponge
spicules (B, yellow circle); note the geopetal fills, which indicates an inverse position of this layer/section, and the fine-
developed calcitic preservation of the phragmocones with their single chambers (B) as well as the siphonal tubes (C, yellow
circle). C, NHMW 2014/0091/0008. D-E, KA | - NHMW 2014/0092/0003 — bioclastic packstone resp. floatstone; in addition
to the dominant Kasimlarceltites (D), additional ammonoid genera (E) are well preserved at the mass occurrence of KA I. F,
KA II = NHMW2014/0092/0004 - pelagic bioclastic wackestone, small ammonoid shells (ammonitellae, juveniles or
microconchs = yellow circles) are mixed with large shells (adult forms or macroconchs. All scale bars: 1 mm.
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Fig. 6.8. A-B, Gastropods within the reference block from section AS | bed AS 6, at slice AS 1C 32 (A) and section AS IV
bed C (B). C, Transversal thin-sections of three different ontogenetic phases of Kasimlarceltites krystyni with indicated H/W
values (juvenile, mid-age, and adult phase; 2012z0133/0278-0290). D-E, Detailed pictures from the polished slice of bed
AS 6/12 representing different textures. D, Grain- and shell-supported texture within some parts of AS 6/12, yellow circles
point to stylolithic point contact (a) and stylolithic concave-convex contact (b), respectively. E, Matrix-supported part of
AS6/12 with some concave-convex-contact (yellow circle). F, Fragmented ammonoid shells from the topmost part of slice
AS 1C 21. G, Ammonoid shells with secondary calcite filling at the phragmocones, and matrix filling the body chamber at
slice AS 1C 27. H-I, Geopetal fills of ammonoid shells, two specimens (yellow circles) show inverse positions and therefore
indicate redeposition after lithification. |, Pyrite crystals resp. framboids (precipitation; small yellow circles). H, AS 1C 21. |,
AS 1C 44. J-K, Synsedimentary dike fissure, filled with laminated sediment; most geopetal structures show similar
orientation. J, Slice AS 1C 14. K, Slice AS 1C 11. L, Slice AS 1C 46 — erosional surface at the bottom; intraclast yielding
ammonoids with inverse geopetal fills. White lineations indicate orientation of geopetal fills. Scale bars: A-F, 1Imm, G-, 10
mm.
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Fig. 6.9. Different slices of the reference block of bed AS 6. A, Ammonoid shell containing another ammonoid shell
fragment within its body-chamber (slice AS 1C 37). B—G, Pyrite crystals resp. framboids (precipitation; B-E; AS 1C 47,
AS 1C 56, AS 1 C 51, AS 1C 33), dissolution patterns such as stylolithic structures (F; AS 1C 39), and an erosional
base (D, AS 1C 51; G, AS 1C 46). H, AS 1C 56 — lowermost two-thirds of the slice shows mostly complete ammonoids,
whereas the topmost third is dominated by mostly fragmented ammonoid shells. H-I, Intraclast yielding ammonoid

shells. I, AS 1C 54. All scale bars: 10 mm.



6.5. Discussion

Within this study a quantification of the specimens forming a fossil mass occurrence was
done for the first time, which is furthermore one of the most important findings within this
study. Besides this quantitative finding, taphonomical and sedimentological interpretations
shed light into the genesis of this mass occurrence. Different hypotheses for the origin of
such shell concentrations have been proposed in the last decades, from “primary biogenic
concentrations” (Firsich and Oschmann 1993), over “catastrophic mass mortality
accumulations” and “post-spawning mortality accumulations” (Doyle and MacDonald 1993) to
“‘winnowed, condensed or resedimented accumulations” (Doyle and MacDonald 1993;
Fursich and Oschmann 1993).

In studying the genesis of such mass occurrences, Fursich and Oschmann (1993) defined
nine types of skeletal concentrations: “fair-weather wave concentrations”, “storm wave
concentrations”, “proximal tempestites”, “distal tempestites”, “current concentrations”,
“primary biogenic concentrations”, “winnowed concentrations”, “transgressive lags” and
“‘condensed concentrations”. Those authors furthermore described how the genesis can be

identified based on taphonomic studies.

Due to the lack of cross-bedding within the Kasimlarceltites mass occurrence, lack of
abrasion and only minimal shell breakage, a genesis of the ammonoid mass occurrences by
“fair weather waves” or generally by “current actions” seems highly unlikely. The above
mentioned features in combination with the well-sorted components (Kasimlarceltites shells —
Kasimlarceltites shell fragments — halobiid bivalves) along with minimal bioerosion or
encrustation at the Kasimlarceltites beds does not indicate a genesis by “primary biogenic

concentrations”, “transgressive lags” as well as “condensed” or "winnowed concentrations”.
The up to 70% well preserved Kasimlarceltites shells do not hint to “winnowed
concentrations” or “transgressive lags”. “Winnowed concentrations” do not play a role as the
fine material is not removed and the shell pavements are much thicker than 1 cm (Firsich
and Oschmann 1993). A mixture of different age fossils or the alteration of intensively
burrowed beds, which also would be a hint to “winnowed concentrations” (Brett and Baird
1986; Fluigel 2004), are furthermore not observed at the Kasimlarceltites shell beds.
Additionally, the amount of encrustation, trace fossils or partly dissolved shells is too low
(Flugel 2004). The paucispecific character of the Kasimlarceltites mass occurrence
additionally excludes it from being “current®, or “condensed concentrations”. Following

Fursich and Oschmann (1993), the paucispecific character points to a genesis of the shell
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accumulation beds by “storm waves” or “tempestites”. Additional hints in the same direction
are the good preservation of the ammonoids (scarce shell fragmentation, little to no
bioerosion, abrasion or encrustation), the close packing, as well as the sharp erosional base
of the bed.

The fabric of the Kasimlarceltites beds at sections AS | and KA Il represents a bioclastic
pelagic floatstone which Fursich and Oschmann (1993) interpret as deposited by low-energy
transport. The more grain-supported bioclastic packstone beds at sections AS IV and KA |

are, after Fursich and Oschmann (1993), short-term higher energy transport deposits.

6.5.1. Transport mechanisms deduced from spatial fossil orientation

Although most results between the segmented ammonoids from the entire block (n =2 3,000)
and those done on fewer ammonoids (n = 675; Lukeneder et al. 2014) are quite similar (e.g.
bimodal NNW/SSE orientation, slightly different vector mean of 156° instead of 150°, Fig.
6.6A), the preferred orientation (47%) tested within this study is slightly lower. Furthermore,
the maximal class volume plots with 15.1% (vs. 16.1%) at 320°-340° and therefore exactly
opposite to the maximum class volume tested within the smaller ammonoid sample of

Lukeneder et al. 2014 (tested aperture directions in Lukeneder et al. 2014: n = 44).

In contrast to these differences, similar results as in the earlier study were obtained for the
dip and dip direction of the lineations A:B (18°/144°, 46.8% preferred orientation; Fig. 6.6B)
and for the dip and azimuth of the planes A-B-C and their plane poles (14°/155°, 66.2%
preferred orientation; Fig. 6.6C—D). Lukeneder et al. (2014) reported 12°/153° as dip and dip
direction of the lineation with a preferred orientation of 57.3% (n = 74); tested dip and
azimuth of the plane was 12°/159° with 59.4% preferred orientation (n = 363).

These differences show that a certain sample size is required for stable results. The large
difference in the maximum class volume of the gastropods can be explained by the fact that
the tested gastropods (only those intersected at least twice) had a much smaller sample size
(n = 20) which apparently did not reach the sample size required for significant results.
Interestingly, the general bimodal orientation is the same (SSE/NNW) as for the ammonoids,
but the maximum class volume plots at the 140°-160° class (Fig. 6.6E—F), i.e. exactly
opposite to the maximum class volume of the ammonoids (320°-340°). Accordingly, a
different (aperture) orientation behavior of gastropods and ammonoids can be assumed.

Despite the small sample size (20 gastropods), we believe the results to be reliable.
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Interestingly, the aperture direction of the ammonoids in Lukeneder et al. (2014; n = 44) is

the same as that tested for the gastropods (n = 20) within the present study.

In summary, all tested apertures show a general bimodal SSE/NNW resp. NNW/SSE
orientation. The different orientations of geopetal fills within the ammonoid mass occurrence
and the presence of intraclasts containing ammonoids and inverse geopetal structures (Figs
6.8L, 6.9H-1) hint to a reworking of the fossils after primary deposition. At the same time, the
absence of encrustation, abrasion or bioerosion argues against a lengthy exposure time of
the shells on the seafloor. A possible explanation for the readjustment of the geopetal
structures is quick burial, reworking shortly after lithification, and transport with the still
unconsolidated surrounding sediment to final deposition. The general SSE imbrication of the
ammonoids within the stereographic analyses also hints to a slight but significant sediment
movement or current direction toward NNW (see Lukeneder et al. 2014). As the carbonate
platform of the Dipoyraz Dag is located E of Asagiyaylabel, and the Kartoz Fm. generally
shows a N-S striking orientation, a westerly transport would have been more logical. As the
wider Isparta Angle area (an area around Isparta bearing a prominent tectonic feature, the
Isparta Angle; Altuncu et al. 2007) shows a strong post-sedimentary tectonic compressional
overprint (Robertson 2000), local rotations could have contributed to the present NNW
orientation. Anyhow, an additional possibility might be represented by currents which ran
parallel to the slope resp. the platform edge.

Already Krumbein (1939), Potter and Pettijohn (1977), Rust (1972) and, more recently,
Millane et al. (2006) argued that pebble orientation in alluvial sediments might indicate the
flow direction. Nagle (1967) and Brenchley and Newall (1970) reported that freely moving
conical shells generally are orientated parallel to unidirectional currents (apex up-current).
Potter and Pettijohn (1977) analysed the orientation of disks by gravity and by gravity-plus-
current action. They concluded that a shifted maximum concentration within a stereographic
plot points to down-current transport of these disks (see also Lukeneder et al. 2014). The
orientation data of the planispiral cephalopod shells thus substantiate the supposed

transport.

Although we found no internal size sorting of the ammonoid-shells itself, we discovered that
the sediment within the accumulation beds is graded from well preserved ammonoid shells at
the bottom of the bed (lower two-thirds of the bed), over fragmented ammonoid shells at the
upper third of the bed, to thin-shelled halobiids which cover the beds. This represents a size
grading of the components within the Kasimlarceltites beds. This kind of grading, in

combination with the fact that the Kasimlarceltites acme zone exists of several shell beds
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resp. event beds, intercalated with the autochthonous background sediment, hints to a
genesis by gravity flows (Fligel 2014). The gravity flows were most probably triggered by
earth quakes, as we already know that during this time the Isparta Angle area was
tectonically active. As the accumulation beds show more or less the same thickness and
packing density along the whole extension, the same history of development can be
assumed. In contrast to this, different thicknesses of the whole acme zone, which ranges
between 1.8 m at AS | and 16.5 m at KA I, would argue for different conditions concerning

its preservation.

6.5.2. Genetic classification of the Kasimlarceltites mass occurrence

According to Kidwell et al. (1986), fossil concentrations are generally not solely formed as
biogenic concentrations, sedimentological concentrations or diagenetic concentrations. They
are typically a mixture of two or perhaps of all three concentration types (Fig. 6.10). In the
Kasimlarceltites mass occurrence, the sedimentological genesis dominates. A late diagenetic
influence is evident from pressure solution remnants along stylolithic structures. Classifying
the Kasimlarceltites mass occurrence in the ternary diagrams of Kidwell et al. (1986) yields
type 2, influenced by type 5 (Fig. 6.10). This would mean deposition between a beach or an
inner shelf environment (Fig. 6.10; Kidwell et al. 1986). Concerning the studied microfacies,
the inner shelf environment would be more probable. Sedimentological concentrations refer
to ancient hydraulic processes (i.e. hardpart concentration), whereas diagenetic
concentrations refer to physical and chemical processes (e.g. compaction, selective pressure
solution, destruction of hard parts in adjacent beds; Johnson 1960). This also points to
primary hydraulic processes in combination with subordinate physical and/or chemical

processes (stylolites) for the genesis of the Kasimlarceltites mass occurrence.
The most plausible scenario for the genesis of the shell-supported Kasimlarceltites krystyni

mass occurrence is short-term high-energy events such as gravity flows (proximal

tempestites or maybe turbidites).
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6.5.3. The Kasimlarceltites mass accumulation as a fossil-Lagerstatte

Seilacher (1990) classified fossil-Lagerstatten into two major groups: conservation and
concentration deposits. Since fossils within the concentration type are preserved in high
guantity, one might tend to interpret the Kasimlarceltites case as a concentration-Lagerstatte,
possibly in form of a condensation deposit (Seilacher 1990). The ammonoids, however, are
preserved not only in high quantity, but also in good quality. Besides adult apertures, delicate
shell structures such as ribs and growth lines, chamber- and suture details, and even the
siphuncle tubes are well preserved. The presence of all shell size classes from juvenile to
adult specimens is also remarkable. A possible explanation for the genesis of the primary
accumulation deposit is oxygen fluctuations (Hemleben 1976; Wendt 1976, 1995; Seilacher
1990) with short-term anoxic conditions in the water column, which should have led to mass
mortality of the ammonoids. The pyrite concentration and dark colour of the limestone beds
argue for recurrent short-term anaerobic conditions. As the ammonoids are nektonic
organisms and therefore they should have been able to escape anoxic bottom water
conditions, the anoxic conditions are interpreted to have been extended throughout the water
column, at least for short time. Enhanced tectonism and volcanism, which led to an increase
in temperature and with them to an increase in nutrient supply, are plausible reasons for
widespread anoxic conditions (Arthur and Sageman 1994; Leckie et al. 2002; Meyer and
Kump 2008). Another potential explanation is methane degassing triggered by tectonic
instabilities. This is planed to be tested by stable isotopes within future research. Either
scenario would have led to recurrent ammonoid mass mortality by intensified ecological
changes during the Carnian Pluvial Episode. We therefore interpret that the primary mass
accumulation was most probably triggered by oxygen fluctuations. Minimal encrustation or
bioerosion indicate lack of bottom dwellers and/or rapid burial. Reworking and transport by
gravity or turbidity flows led in a second step to the present concentration-Lagerstatte type
sensu Seilacher (1990).
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Fig. 6.10. Ternary diagram, adapted from Kidwell et al. (1986), of genetic types of skeletal accumulations, with indicated
“genetic” position of the Kasimlarceltites mass occurrence.

6.5.4. Ecology and primary habitat of Kasimlarceltites

As the Kasimlarceltites krystyni mass accumulations subsequently experienced transport and
therefore are allochthonous, the habitat and mode of life of Kasimlarceltites cannot be
deduced from surrounding sediments. Since K. krystyni is currently known only from
Asagiyaylabel, any interpretations of its mode of life can only be made based on related taxa

whose habitat has already been established within an autochthonous context.

Numerous studies deal with the relationship between ammonoid shell morphology and
habitat (e.g., Ziegler 1963, 1967; Kauffmann 1977; Donovan 1985; Batt 1989, 1993; Jacobs
et al. 1994; Westermann 1996; Neige et al. 1997; Navarro et al. 2005). For example, conch
parameters such as shell morphology or siphuncle strength can be indicators for specific
primary habitat conditions (e.g. depth, temperature; Westermann 1996; Klug 2002;
Ritterbush and Bottjer 2012; Ritterbush et al. 2014).
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Therefore the reconstructed modes of life of the genera Aplococeras, Lecanites and Celtites
(celtitid ammonoids; i.e. serpenticone, highly evolute, “primitive” ceratitid suture) can yield an
approximation for the mode of life and habitat of Kasimlarceltites. The above-mentioned
genera have been interpreted by Assereto (1969) from the Latemar or Marmolada carbonate
platforms (Dolomites, Italy) as shallow “platform faunal associations”. Vérés (2002) in
contrast described Aplococeras as related to peri-platform environments. According to
Assereto (1969), celtitids are rare to absent in deeper basinal environments. The facies
dependency was interpreted to be controlled by ecological factors (Brack and Rieber 1993,
1996). These assumptions on a facies or depth gradient dependency of celtitids, hence also
of K. krystyni, would fit well the interpretation of the Carbonate member Unit A at
Asagiyaylabel. The base of the Carbonate member is, based on its microfacies (e.g.
bioclastic wackestones resp. floatstones) and faunal components (e.g. transported
ammonoids, sponges, gastropods), interpreted as deposited within a shelf or deeper ramp
(Lukeneder et al. 2012). For information on facies dependency of Mesozoic ammonoids see
Westermann (1996) and Lukeneder (2015). Manfrin et al. (2005) also found celtitid
ammonoids in adjacent basinal series surrounding the Latemar platform but reported a
faunal mixing with benthic gastropods, and therefore interpreted these findings as clearly
transported via storm processes. This fits well with the Kasimlarceltites mass occurrence at
Asagiyaylabel. The use of celtitid-dominated ammonoid assemblages as primary habitat
indicators for platform or shallow ramp environments is arguable but needs confirmation

through additional shallow-water ammonoid studies.

The hypothesis that similar shell morphologies can be related to similar habitats or life-styles
prompted us to use the habitat knowledge of forms closely resembling the serpenticone
morphotype of Kasimlarceltites (e.g. Paraceltites, Psilorceras and Celtites) to help determine
the habitat and life-style of Kasimlarceltites. The interpreted habitats of the mentioned genera
— Paraceltites (Permian; Spinosa et al. 1975), Psiloceras (Jurassic; Westermann 1996), and
Celtites (Triassic; Rieber 1973, 1975) — are summarised in Westermann (1996) and
evaluated in Lukeneder (2015). Spinosa et al. (1975), for example, proposed a “tropical

platform limestone depositional area” for the Permian genus Paraceltites.

A planktonic life-style was assumed for costate, celtitid morphotypes (Rieber 1973, 1975;
Westermann 1996). As postulated by Korn and Klug (2007), ontogenetic changes in
morphology reflect, at least in early ammonoid taxa, a change in the mode of life.
Nevertheless, the quality of the swimming capability in ammonoids is somewhat speculative
and requires more data. Within K. krystyni the early ontogenetic changes from spherical to
compressed shell morphologies probably represent a change from a planktonic to a nektonic

or active swimming form.
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6.6. Conclusions

Comparing the palaeontology, taphonomy, sedimentology and palaeoecology of bed AS 6

(section AS ) with shell beds of the Kasimlarceltites acme zone from surrounding sections

(AS IV, KA I-ll) yields the following conclusions about the genesis of the Kasimlarceltites

krystyni mass occurrence within the Taurus Mountains of Turkey:
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More than 3,000 ammonoids and 200 gastropods were counted within the 150 x 45 x 140 mm
reference block. This yielded an extrapolated number of nearly 775 million ammonoids and 50
million gastropods within the known extension of the Kasimlarceltites mass occurrence of 5

km?.

The ammonoid concentrations are paucispecific; 94-99% of the fossils belong to the
ammonoid species Kasimlarceltites krystyni in co-occurrence with rare Sirenites senticosus
and Anasirenites crassicrenulatus. Anyhow, section KA | shows, in contrast to sections AS I,

AS IV and KA Il, a lower dominance (about 50%) of the genus Kasimlarceltites.

Orientation measurements performed on the ammonoids prove, as already indicated by
Lukeneder et al. (2014), that they were transported toward NNW.

Sedimentological structures and orientation measurements of the shell-supported beds of the
Kasimlarceltites mass occurrence support their interpretation as event beds caused by gravity
flows (e.g. debris flows, turbidites or tempestites). Interbedded matrix-supported sediments
contain Kasimlarceltites only as scattered elements. Distinct taphonomic features such as

preferred alignment and tilted geopetal fills corroborate this interpretation.

Supposing a life habitat for Kasimlarceltites similar to that of the morphologically and/or
taxonomically related genera Aplococeras, Lecanites and Celtites (celtitid ammonoids; i.e.
serpenticone, highly evolute), K. krystyni may have lived in a shallow platform environment or
a peri-platform environment. A tropical carbonate platform environment can also be inferred
when considering the morphological similarities of K. krystyni with other serpenticone
morphotypes such as the Permian Paraceltites, the Triassic Celtites and the Jurassic

Psiloceras.

If K. krystyni changed its mode of life from planktonic to nektonic, it might also have changed

its habitat during ontogeny.



By testing taphonomic, sedimentological, lithological as well as palaeoecological features, we
conclude that the present ammonoid mass concentrations at Asagiyaylabel were initially
formed by short anoxic events and secondarily transported by gravity flows (e.g. debris flows,
turbidites or tempestites) to their present position. Their primary life habitat might have been
a shallow platform environment (Assereto 1969), a peri-platform environment (V6ros 2002)
or a tropical carbonate environment (Spinosa et al. 1975). The postulated approximately 9°
palaeolatitude for the area around Asadiyaylabel (Lukeneder et al. 2012) also suggests a

tropical carbonate-rich environment for Kasimlarceltites.

The Kasimlarceltites mass occurrence was deposited during the Carnian Crisis = Carnian
Pluvial Episode, which is known for an at least Tethyan-wide carbonate platform demise
caused by changing climate conditions. A warmer and more humid climate paired with
hydrodynamic (storms) or seismic events (e.g. earthquakes) may also be seen as a trigger of
the ammonoid event beds (through gravity flows such as turbidites, debris flows or
tempestites). We underline the dependency between such events and ammonoid mass

accumulations.
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Abstract

Ammonoid mass occurrences of Late Triassic age were investigated in sections from
Asagiyaylabel and Yukariyaylabel, which are located in the Taurus Platform-Units of eastern
Turkey. The cephalopod beds are almost monospecific, with >99.9 % of individuals from the
ceratitic genus Kasimlarceltites, which comprises more than hundreds of millions of
ammonoid specimens. The ontogenetic composition of the event fauna varies from bed to
bed, suggesting that these redeposited shell-rich sediments had different source areas. The
geographical extent of the mass occurrence can be traced over large areas up to 10 km?.
Each of the Early Carnian (Julian 2) ammonoid mass occurrences signifies a single storm
(e.g. storm-wave action) or tectonic event (e.g. earthquake) that caused gravity flows and
turbidity currents. Three types of ammonoid accumulation deposits are distinguished by their
genesis: 1) matrix-supported floatstones, produced by low density debris flows, 2) mixed
floatstones and packstones formed by high density debris flows, and 3) densely ammonoid
shell-supported packstones which result from turbidity currents. Two-dimensional
calculations on the mass occurrences, based on sectioning, reveal aligned ammonoid shells,
implying transport in a diluted sediment. The ammonoid shells are predominantely
redeposited, preserved as mixed autochthonous/ parautochthonous/ allochthonous
communities based on biogenic and sedimentological concentration mechanisms (= in-situ or
post-mortem deposited). This taphonomic evaluation of the Kasimlarceltites beds thus
reveals new insights into the environment of deposition of the Carnian section, namely that it

had a proximal position along a carbonate platform edge that was influenced by a nearby
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shallow water regime. The Kasimlarceltites-abundance zone is a marker-zone in the study
area, developed during the drowning of a shallow water platform, which can be traceable
over long distances.

Keywords: Kasimlarceltites, ammonoid mass occurrence, taphonomy, Triassic, Taurus

Mountains, Turkey.

7.1. Introduction

Upper Triassic sediments, especially of the Carnian age, form the major element within the
Taurus Mountains. The area around Asagiyaylabel has already been investigated by Ozgull
and Arpat (1973), Dumont and Kerey (1975), Monod (1977), Poisson (1977), Gutnic et al.
(1979), Robertson (1993, 2000), Senel (1997), Gindl (2000), Robertson et al. (2003),
Lukeneder et al. (2012) and Lukeneder and Lukeneder (2014).

The Carnian section at Asagiyaylabel displays a lithological change from pure carbonatic to
more siliciclastic sedimentation (Lukeneder et al. 2012). The facies change occurs exactly at
the Lower—Upper Carnian boundary (= Julian—Tuvalian boundary), and represents the
beginning of the so-called Carnian Pluvial Event in the section at Asagiyaylabel. Facies
interpretations change from open platform margin conditions, through deeper shelf margin

conditions, to finally open marine-influenced basinal conditions (Lukeneder et al. 2012).

During the Carnian time, the sediments around the area of Asagdiyaylabel were deposited
within an intrashelf area on the western end of the Cimmerian System (Gindl 2000; Stampfli
and Borel 2002; Lukeneder et al. 2012). Sedimentological and paleontological investigations

show a delayed carbonate factory collapse during that time.

Lower Carnian faunal elements, exclusively detected at Asagiyaylabel and characterized as
Kasimlarceltites krystyni, Klipsteinia disciformis and Anasirenites crassicrenulatus
(Lukeneder and Lukeneder 2014) indicate a rather isolated but still connective
paleoceanographic position of the intrashelf area on the western end of the Cimmerian

System.
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The present study examines deposits representing an acme zone, registered within the
Upper Triassic (Carnian) Kartoz and Kaslimlar formations, which crop out at Asagiyaylabel (=
Kartoz) and Yukariyaylabel (= Karapinar). This acme zone is characterized by several beds
yielding ammonoid mass occurrences of the Carnian ammonoid-genus Kasimlarceltites. The
aim of the present work is to detail the distribution and taphonomy of the Kasimlarceltites
mass occurrence at the lowermost part of the Kasimlar Formation within the Julian 2. Results
on taphonomy and environmental processes, obtained by the two dimensional analyses of
sections, thin sections, as well as by conclusions from outcrop logs and block data, are
presented. This leads to a more detailed picture of the sedimentological dynamics, hence to
a better understanding of the taphonomy and sedimentology of such Upper Triassic shell
beds (e.g. ammonoids). Dynamic processes for specific mass flow deposits (e.g. debris
flows, grain flows or turbidity currents; Middleton and Hampton 1973, 1976; Fligel 1978,
2004; Lowe 1982; Brown and Loucks 1993; Stow and Mayall 2000; Mulder and Alexander
2001; Kawakami and Kawamura 2002; Potter et al. 2005; Nichols 2009; SEPM 2014), also
termed gravity flows or density currents, will be discussed in respect to resedimentation of
sediments and biogenic components. The determination of specific mechanisms in terms of
the genesis concerning event bed deposition, storm deposition, shell accumulation and the
consequences for the facies and bioclastic fabric were reported and discussed in Aigner
(1982a, 1985), Einsele and Seilacher (1982), Kreisa and Bambach (1982), Brett and Baird
(1986), Kidwell (1986, 1991a,b, 1993a,b), Kidwell et al. (1986), Tucker and Wright (1990),
Brett and Seilacher (1991), Chuanmao et al. (1993), Einsele et al. (1991a,b), Seilacher and
Aigner (1991), Soja et al. (1996), Hips (1998), Firsich and Pandey (1999), Martin (1999),
Storms (2001), Lukeneder (2003a,b; 2004a,b), Fernandez-Lépez (2007), Montiel-Boehringer
et al. (2011), and Pérez-Lopéz and Pérez-Valera (2012).

The result is a detailed succession of abundance or accumulation layers (i.e. distinct layers
with ammonoid mass occurrences) within an acme zone in the Upper Triassic of the
Asagiyaylabel section. Such ‘ammonoid-beds’ are the result of bio-events, which are often
manifested by the abundance or mass occurrence of ammonoids (Lukeneder 2001, 2003b).
The presented paper is a first step and the initial point for the lateral correlation of such
ammonoid mass occurrences and establishment of ammonoid abundance zones within the
Taurus Mountains. Trigger mechanisms and potential scenarios, causing the accumulation of

such ammonoid shell beds, are discussed.
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7.2. Geographical setting

The Asagiyaylabel (AS) sections (i.e. AS I-AS 1V) are located in southwest Turkey, about 90
km northeast of Antalya and approximately 70 km southeast of Isparta (Figs. 7.1-7.3).
Asagiyaylabel is accessible from the two major cities of the region, Egirdir and Beysehir,
located 50 km and 40 km away, respectively. The locality adjoins the small village
Asagiyaylabel (1000 m above sea level) on the northern slope of an east-west trending ridge,
between 1050 m to 1100 m at N 37.551389° and E 31.304444°. The former name of
Asagiyaylabel was Kartoz, after which the Kartoz Formation was named (Dumont 1976;
Gindl 2000; Lukeneder et al. 2012; Lukeneder and Lukeneder 2014). A particular
depositional situation is marked by the small, Triassic (Late Carnian — Julian 2) blocks
containing ammonoid mass occurrences, which are included within a Cenozoic conglomerate
fan (Deynoux et al. 2005), mainly formed by Triassic sediments from the nearby area at AS
Il (Figs. 7.1, 7.3). The Yukariyaylabel (= Karapinar, KA) sections (i.e. KA |-KA Ill) are
located 5 km to the north of the Asagiyaylabel (AS) sections (Figs. 7.1, 7.2, 7.4) near a small
road through the village. The village is situated at 1328 m to 1340 m above sea level with N
37.5769° and E 31.2912°.

Karapinar-Yukariyaylabel

Ankara PONTUS

TURKEY
-.Kun)ﬂ
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—_— 1
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L
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Fig. 7.1. Locality map of the investigated area showing the outcrops of Upper Triassic
sediments around the area of Asagiyaylabel (= Kartoz) and Yukariyaylabel (= Karapinar)
within the Anamas Dag carbonate platform in the Taurus Mountains (southwest Turkey).
Investigated sections are indicated as AS |, I, lll and IV and KA |, Il and IlI.
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7.3. Geological setting

Geologically the area is located on the Anamas Dag carbonate platform or Anamas-Akseki
Autochthonous. The Anamas Dag is part of the so-called Taurus-Platform-Units between the
Antalya Suture in the South and the Izmir-Ankara Suture in the North, south of the Isparta
Angle (Robertson 1993; Senel 1997; Andrews and Robertson 2002; Robertson et al. 2003).
The Anamas-Akseki Autochthonous (= Karacahisar-Autochthonous) includes Middle to
Upper Triassic limestones, marlstones and shales of up to 500 m thickness (Gindl 2000).
The geology of southwestern Turkey and the Anamas Dag carbonate platform has been
extensively investigated by Ozgul and Arpat (1973), Dumont and Kerey (1975), Monod
(1977), Poisson (1977), Gutnic et al. (1979), Robertson (1993, 2000), Senel (1997), and
Robertson et al. (2003).

The deposits of this area belong to two formations, the stratigraphically older Kartoz
Formation (earliest Carnian), and the younger Kasimlar Formation (Carbonate, Marlstone
and Shale member; Lukeneder et al. 2012), which reaches from Early to Late Carnian age
(Julian 2 — Tuvalian 1). The fossil fauna (Lukeneder and Lukeneder 2014) reported within
this work derives from the Kasimlar Formation with Lower Carnian to Upper Carnian
sediments (Julian 2 — Tuvalian 1; Fig. 7.2).

The paleogeographic domain of the Anatolian System (Taurus Mts, Turkey) was
characterized during Triassic times by microplates located in the middle of the western
Tethys Ocean. The investigated succession was deposited in an intra-shelf basin of
equatorial paleolatitude at the western end of the ‘Cimmerian terranes’ or ‘Cimmerian blocks’
(Sengor et al. 1984; Scotese et al. 1989; Dercourt et al. 1993, 2000; Scotese 1998, 2001,
Gindl 2000; Stampfli and Borel 2002; Stampfli et al. 2002; Lukeneder et al. 2012; Lukeneder
and Lukeneder 2014). This area was located between the ‘old’ Paleotethys in the North and
the Neotethys in the South during the Late Triassic (Carnian, 228-216 Ma — Gindl 2000;
Gradstein et al. 2012). While the Paleotethys Ocean underwent subduction along the
southern margin of Eurasia, the young Neotethys Ocean (southern branch of Neotethys,
sensu Sengdr and Yiimaz 1981) was widened between the African continent and the
Cimmerian terranes, which consisted of Turkey, Iran, Afghanistan, Tibet, and Malaysia
(Golonka 2004). In the North of these Cimmerian terranes the Izmir-Ankara Ocean (northern
branch of the Neotethys, sensu Sengdor and Yilmaz 1981) and the ‘old’ Paleotethys were still
open to the East (Tekin et al. 2002; Golonka 2004; Tekin and Gdnciioglu 2007; Gonclioglu et
al. 2010).
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Fig. 7.2. Lithology and biostratigraphy (left) of the section investigated at Asagiyaylabel and Yukariyaylabel with indicated
occurrences and ranges of the Kasilmarceltites acme zone.
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7.4. Lithology and facies

The Triassic succession of Asaglyaylabel starts with an angular unconformity above
Carboniferous rocks (Dumont 1976; Gindl 2000). The main formations are the Middle to
Upper Triassic Kartoz Formation (Late Carnian) and the Kasimlar Formation (uppermost
Lower Carnian to Upper Carnian). The Kartoz Formation consists of shallow-water platform
carbonates with thick-shelled bivalves (megalodonts) and corals. In contrast, the overlying
Kasimlar Formation starts disconformably (i.e. hiatus) with an 8-m-thick pile of deeper-water
limestones; this precedes 12 m marlstone-part into shales (Fig. 7.2). The section is dated
based on conodonts, ammonoids, and halobiids (Lukeneder et al. 2012; Lukeneder and
Lukeneder 2014). A detailed age assignment follows Krystyn et al. (2002) and Gallet et al.
(2007). The strata dip approximmately 50° towards the Northeast.

The studied successions at Asaglyaylabel (= Kartoz) and Yukariyaylabel (= Karapinar) start
with shallow-water limestones of the Kartoz Formation, with thick-shelled bivalves and corals
(Lukeneder et al. 2012; Lukeneder and Lukeneder 2014; Fig. 7.2). This phase ends with a
corroded and iron oxide-stained dissolution surface (without any traces of boring), pointing
probably to subaerial exposure or sedimentological omission. The Kartoz Formation
represents a drowned carbonate platform and is disconformably overlain by deeper-water,
hemipelagic, black limestones of the Kasimlar Formation, which includes, at its base (i.e.
1.8-16.0 m) levels of thin ammonoid floatstone- and packstone layers (Kasimlarceltites beds
= acme range zone — Fig. 7.2). This lower part is followed by a thick slump breccia (e.g.
preserved at AS | and AS IV), containing up to meter-sized patch reef blocks (interpreted as
Cipit-boulders by Lukeneder et al. 2012) together with comparably small ammonoid coquinas
and filament limestone components. The Lower to Upper Carnian boundary is marked by a
change to grey limy marlstones, with rare ammonoid- and pelagic-bivalve-bearing layers,
passing upwards into a thick pile of sterile dark shale with thin silty and rare siliciclastic
interbeds. Microfacies analyses identify the Carnian depositional system around
Asagiyaylabel and Yukariyaylabel as an intrashelf platform environment grading upwards

into deeper zones, influenced by pelagic conditions (Lukeneder et al. 2012).

All sections where the ammonoid mass occurrence of Kasimlarceltites exists start with
shallow water carbonates of the Kartoz Formation (Figs. 7.2, 7.3). Coral-bafflestones,
megalodontid limestones and shallow water breccias predominate. This facies is
characterized by a dense abundance of in-situ corals and megalodontid shells (Lukeneder et

al. 2012), trapped by a cortoid grainstone matrix representing an open platform environment.
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Directly above an unconformity, the younger Kasimlar Formation is divided into the
Carbonate member (units A, B, and C), the Marlstone member, and the Shale member. The
lowermost Carbonate member appears at the base with the Kasimlarceltites beds (acme
zone). The Kasimlarceltites beds are bioclastic pelagic wackestones, which were deposited
in a deep shelf margin or mid ramp position (Lukeneder et al. 2012; see Flugel 1978, 2004
for facies types). The faunal spectrum mirrors two different source areas of the bioclastic
input: thin-shelled bivalves (halobiids), which are most common, represent the
autochthonous component (deeper shelf margin), whereas the original habitat of the benthic
foraminifera (lagenids), the thick-shelled bivalves (megalodontiids), and the large, low-spired
gastropods was situated on a fore slope or on a shallow marine ramp. Tilted geopetal fills of
gastropods and ammonoids (e.g. Kasimlarceltites), together with clasts of eroded
semilithified sedimentary layers (‘plasticlasts’), prove episodic erosion, downward transport,
and resedimentation. Bioturbation has mostly obliterated the original arrangement of
autochthonous fine grained sediments (together with thin-shelled bivalves and radiolaria)
alternating with coarser-grained ‘tempestitic’ or ‘turbiditic’ layers. When the original layering is
preserved, bedding planes are strongly affected by stylolites. Common authigenic pyrite
(mostly well-developed as cubic crystals) in different levels of the section is probably of
synsedimentary origin. As indicated by the high abundance of halobiid bivalves and the dark-
coloured sediment, it could point to temporary dysaerobic conditions of the bottom waters
and/ or the pore-fluids of the unconsolidated sediments (Fligel 1978, 2004; McRoberts
2010).
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Fig. 7.3. Localities and detailed views on the Kasimlarceltites layers within shallow water carbonates from the Kasimlar
Formation of the sections around Asagiyaylabel (AS I, AS IlI, AS Ill, AS IV). A, The locality Asagdiyaylabel 1 (AS I); B,
Detail of the Kasimlarceltites acme zone at AS |, base of the Kasimlar Formation; C, The locality Asagdiyaylabel 2 (AS
I); D, Detail of the Kasimlarceltites acme zone at AS Il; E, The locality Asagiyaylabel 3 (AS 1) within Cenozoic (middle
Miocene) conglomerates of the Kdpriigay Formation; F, Detail of the conglomerates comprising Triassic blocks with
Kasimlarceltites accumulations; G, The locality Asagiyaylabel 4 (AS IV); H, Detail of the Kasimlarceltites acme zone at
AS IV, base of the Kasimlar Formation.




Fig. 7.4. Localities and detailed views of the Kasimlarceltites layers within shallow water carbonates from the Kasimlar
Formation of the sections around Karapinar (KA I, KA Il, KA 1ll). A, The locality Karapinar 1 (KA I); B, Detail of the
Kasimlarceltites acme zone at KA |, base of the Kasimlar Formation; C, The locality Karapinar 2 (KA 11); D, Detail of the
Kasimlarceltites acme zone at KA 1, middle part of the Kasimlar Formation; E, The locality Karapinar 3 (KA 1ll); F, Detail
of the Kasimlarceltites acme zone at KA lll, base of the Kasimlar Formation.
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7.5. Material and fossil assemblage

The fossil material was collected by the authors (1995-2011), by Mathias Harzhauser and
Franz Topka (both Natural History Museum Vienna), and on earlier field excursions (1980—
1997) by Leopold Krystyn, Andreas Gindl and Philip Strauss (excursion organized by the
University of Vienna). All specimens described within this study have been extensively
collected from the Kasimlar Formation at the sections Asagiyaylabel and Yukariyaylabel,
which consists of a Lower Carnian (Austrotrachyceras austriacum Zone) ammonoid fauna
(Lukeneder and Lukeneder 2014). The ammonoid fauna contains ammonoids of all

ontogenetic stages.

The ammonoids are well preserved, phragmocones are mostly filled with secondary calcite
and the shell is neomorphically replaced by secondary calcite. Due to the fact that draught
filling (= draft filling; Seilacher 1968; Maeda and Seilacher 1996; Olivero 2007) is absent,
which led to a preserved primary phosphatic siphuncle, a fast deposition and sedimentation
after death can be assumed. Only a few specimens of the genera Kasimlarceltites,
Klipsteinia, Anasirenites and Megaphyllites show suture lines. A total of 479 ammonoid
specimens, two nautiloid specimens and four coleoid specimens have been collected
(Lukeneder and Lukeneder 2014). The ammonoid assemblages consist of 12 ammonoid
genera with Kasimlarceltites, Spirogmoceras, Sandlingites, Klipsteinia, Neoprotrachyceras,
Sirenites, Anasirenites, Paratropites, Trachysagenites, Proarcestes, Megaphyllites,
Joannites, Simonyceras, containing 13 species, a single coleoid genus (Atractites), and a

single nautiloid species.

The ammonoids are clearly dominated by the genus Kasimlarceltites with more than 100
million specimens (counting method: see Mayrhofer and Lukeneder, in prep.), due to the fact
that it is the main faunal element of the mass occurrences, followed by Sirenites with 56

specimens.

The matrix contains mainly juvenile to adult halobiid bivalves (i.e. Halobia rugosa),
megalodontid shells, gastropods (i.e. Omphaloptycha type), chaetitids, corals, calcareous
sponges, sponge spicules, foraminifera, radiolaria, dasycladaceaes, cyanobacteria, peloids,
and planktic crinoids (e.g. Osteocrinus). Lower Carnian conodonts are present with

Gladigondolella and Metapolygnathus.
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Detailed stratigraphic sections of the Lower to Upper Carnian interval were measured and
described from Asagiyaylabel (= Kartoz, AS) and Yukariyaylabel (= Karapinar, KA). 325 thin-
sections of 200 layers, collected in 2007 and 2012, were made and used for petrographic
studies. Additional sectioning and polishing was performed on block samples in longitudinal,
horizontal and tangential (90°) directions for reconstructions of the orientation and alignment
of the ammonoids (see Potter and Pettijohn 1977; Futterer 1982; Olivero 2007) within the
mass occurrence. The corresponding bed numbers are indicated by the abbreviation AS (for
Asagiyaylabel) and KA (for Yukariyaylabel = Karapinar), by the corresponding succession
number (as there are several successions at each locality AS I-AS IV resp. KA I-KA III) and
the corresponding bed number (e.g. AS I/1= sample from Asagiyaylabel, succession I, bed
1). Additional facies investigations were conducted under a dissecting microscope (Zeiss
Discovery V20) with attached digital camera (AxioCam MRc5). Sectioning and photographing
were done at the Natural History Museum in Vienna (NHMV = NHMW).

Detailed petrographic analyses were done using a petrographic polarization microscope from
Leica (Leica DDM4500P) and a digital camera (Leica DFC4420). Sectioning and
photographing were done at the Natural History Museum Vienna and at the University of

Vienna (Department of Petrography).

The material is stored within the collection of the Geological-Paleontological Department of
the NHMV. The inventory numbers of blocks are: for AS | NHMW 2012/0133/0551-0561, for
NHMW AS 1l 2014/0094/0001, for AS Il NHMW 2014/0095/0001, for AS IV NHMW
2014/0091/0001-0007, for KA | NHMW 2014/0092/0001-0003, for KA 1I NHMW
2014/0093/0001-0004, and for KA Il 2014/0096/0001.
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7.6. Biostratigraphy

The sections at Asagiyaylabel (AS 1-AS V) and the biochrono-stratigraphically equivalent
sections at Karapinar (KA I-KA 1V) comprise about 50 m of essentially calcareous beds
passing into marlstones (in part marly limestones) and shaly beds with considerable
siliciclastic input at the top. The lowermost part is represented by the Kartoz Formation, an
Upper Triassic (earliest Carnian; Fig. 7.2) light-grey, shallow-water carbonate succession. It
comprises corals and thick-shelled bivalves. Neoprotrachyceras sp., found in the lower part
of bed AS 1/2, dates at least the top of the Kartoz Formation as Julian 2 (Austrotrachyceras
austriacum Zone). A hiatus between this top and the overlying Kasimlar Formation cannot be

excluded for all sections.

The overlying Kasimlar Formation can be divided into three ‘members’: a carbonate member,
a marlstone member, and a shale member (Lukeneder et al. 2012). The carbonate member
starts with dark-grey to black, thin-bedded limestones containing ammonoid-rich beds with a
nearly monospecific assemblage of Kasimlarceltites and very rare Sirenites, represented by
floatstones of latest Early Carnian age (Julian 2/1l; Fig. 7.2). Towards the top thick slump
breccias follow; they contain up to meter-sized patch-reef blocks together with small
ammonoid coquinas and filament-limestone components. The overlying well-bedded (cm—dm
thick) peloidal filament-wackestone with Lower Carnian conodonts (e.g. Gladigondolella
tethydis and Metapolygnathus) and an ammonoid fauna dominated by the genera
Neoprotrachyceras and Anasirenites are of latest Early Carnian age (Anasirenites level of
Julian 2/1Ib). The bioturbated matrix contains juvenile halobiid bivalves, sponge spicules,
radiolaria, peloids, and planktic crinoids (= Osteocrinus sp.). The interval with the comprising
Kasimlarceltites acme zone (lowermost Carbonate member) represents the latest Early
Carnian (Julian 2 — Lukeneder and Lukeneder 2014; Fig. 7.2).
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7.7. The Kasimlarceltites mass occurrence

The Kasimlarceltites mass-occurrence resp. acme zone is quite common in the area around
Asagiyaylabel and Karapinar. For a detailed data set of the Asagiyaylabel area (AS la, AS
Ib, AS Il, AS Ill) and the Karapinar area (KA I, KA II, KA 1ll) on lithology, microfacies,
geochemistry, geophysics, fossil content and environment see Table 7.1. The standard
Microfacies zones (i.e. SMF zones) are in accordance with Flugel (1978, 2004; see also
Carrillat and Martini 2009) and Lukeneder et al. (2012).

7.7.1. The Asagiyaylabel (Kartoz) area

Locality: Asagiyaylabel la, AS la (Figs. 7.1, 7.2, 7.3A-B; Table 7.1)
Lithology: Dark grey to black limestone

Interpretation: Debris flow, event bed

Locality: Asagiyaylabel Ib, AS Ib (Figs. 7.1, 7.2, 7.3A; Table 7.1)
Lithology: Dark grey to black limestone

Interpretation: Debris flow

Locality: Asagiyaylabel Il, AS Il (Figs. 7.1, 7.2, 7.3C-D; Table 7.1)
Lithology: Dark grey to black limestone

Interpretation: Debris flow, event bed

Locality: Asagiyaylabel IlI, AS Il (Figs. 7.1, 7.3E—F; Table 7.1)
Lithology: Dark grey to black limestone

Interpretation: Primary debris flow, secondary fan-delta conglomerates

Locality: Asagiyaylabel 1V, AS IV (Figs. 7.1, 7.2, .3G-H; Table 7.1)
Lithology: Dark grey to black limestone

Interpretation: Turbidite, event bed
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7.7.2. The Karapinar (Yukariyalabel) area

Locality: Karapinar I, KA | (Figs. 7.1, 7.2, 7.4A-B; Table 7.1)
Lithology: Dark grey to black limestone

Interpretation: Debris flow, event bed

Locality: Karapinar Il, KA 1l (Figs. 7.1, 7.2, 7.4C-D; Table 7.1)
Lithology: Dark grey to black limestone

Interpretation: Debris flow, event bed

Locality: Karapinar Ill, KA Il (Figs. 7.1, 7.2, 7.4E-F; Table 7.1)
Lithology: Dark grey to black limestones

Interpretation: Debris flow, event bed.
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Kasimlarceltites abundance zones at different localities in the Asagiyaylabel and Karapinar area

Parameters
AS la AS Ib AS I AS Il AS IV KAl KA Il KA Il
GEOGRAPHY, GEOLOGY AND STRATIGRAPHY
Asagiyaylabel Asagiyaylabel Asagiyaylabel Asagiyaylabel | Asagiyaylabel Karapinar Karapinar Karapinar
Locality N 37.551389° N 37.551389° N 37.546389° N 37.536944° N 37.55479° N 37.57692° N 37.57629° N 37.57611°
E 31.304444° E 31.304444° E 31.306389° E 31.292222° E 31.30048° E 31.29125° E 31.29205° E 31.28910°
Dipping (°/°) 50/075 single blocks 70/340 70/075 20/010 50/280
single blocks
Thickness of ~18 ~8.0 single blocks | " Genozoic ~4.0 ~6.0 ~165 ~5.0
acme (m) (Miocene)
conglomerates
ammonite ammonite ammonite ammonite ammonite layers ammonite ammonite
Lateral distribution boulders boulders boulder field, layers layers layers
(m) Iayg\:z:igéeﬁ:ed detected over detected over 500 m detected over detectei]over 20 detected over detected
30m 50 m 50 m 50 m over 20 m
Biostratigraphy early Carnian, Julian 2, Austrotrachyceras austriacum Zone
_ 15 Ma N
Age (Ma) =234 (boulder =234) =234
Kasimlar Formation, Kasimlar Formation, Cenozoic Kasimlar Formation. Carbonate member
Lithological unit Carbonate member, Carbonate member, Koprucay Un’it A ’
Unit A Unit B Formation
SEDIMENTOLOGY
bicolastic A
Sediment ) . rudstones with ) ) . . am_mon0|d— bioclastic . )
e bioclastic pack- - bioclastic pack- to floatstone, bioclastic bivalve- - bioclastic
classification of to floatstone intra- and rudstone ackstone bioclastic pack- (radiolarian) floatstone
accumulation bed extraclast P P floatstone
h to floatstone
breccias
Standard
microfacies types, SMF 12 SMF 6 SMF 12/6 SMF 12/6 SMF 12 SMF 12 SMF 12 SMF 12
SMF zone
vertical = horizontal
Sediment . no orientation orientation/ no no orientation ) . . weakly slightly
. neptunian h . - ) orientation of bioclasts h !
structure/ fabrics dikes of bioclasts orientation of bioclasts oblique oblique
orientation
Base of bed erosional wavy Cipit boulders boulder straight styliolitic base straight
Top of bed erosional wavy Cipit boulders boulder straight
. . - distinct to
Bioturbation yes, frequent yes, distinct present frequently frequent present
cssitoaton | Doglaste |y biociastic | {iCC S eiio | petodalpack | JR0EE
packstone boulder floatstones N § to floatstone, p
below the (AS 3) packstone (AS 7) fine sand silt (KAIl ZBb) floatstone,
accumulation bed (AST7) (KA19) silt (KA 111)
Sediment bioclastic bioclastic bioclastic peloidal pack- to cloidal pack- peloidal
classification floatstone to floatstone to floatstone, silt to p P pack- to
boulder floatstones - to floatstone,
above the packstone packstone AS (9) fine sand silt (KA 11) floatstone,
accumulation bed (AS 7) (AS 19) (KA 111) silt (KA 1II)
GEOCHEMISTRY AND GEOPHYSICS
Grey scale (0-255) 130.5 98.5 124 113 105.5 93 96.5 112
CaCOs (%) 91.8 89.8 90.6 88.9 91.4 91.7 90.9 89.7
Colour dark grey to black
TOC (%) 0.132 0.203 - - - - - -
S (%) 0.03 0.11 - - - - - -
) frequent, framboidal
Pyrite
and cubes
Gamma ray (cps) 27 15 21 26 28 135 19 23
Suscecptibility
(sl 10—5) 55 52 49 57 20 66 43 47
5"3C (%o) 2.10 1.70 - - 1.94 2.09 2.07 -
5"°0 (%0) -8.80 -8.80 - - -6.65 -7.16 717 -

Table 7.1. Parameters of the Kasimlarceltites Abundance Zone and measured blocks at different localities in the Asagiyaylabel and Karapinar
area. Data are measured within this study for the first time.
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shallow water fragments in body

secondary calcite in

Parameters Kasimlarceltites abundance zones at different localities in the Asagiyaylabel and Karapinar area
AS la AS Ib AS I AS Il AS IV KA KA KA I

TAPHONOMY

matrix in b_od_y matrix in body matrix in body chamber, frequent matrix in body pham_ber,

chamber within o . . . frequent pelloids, silts,

nUMerous chamber, matrix in body chamber, pelloids, silts to very fine sand, secondary
) eloids i i secondary calcite in phragmocone
Shell inil specimens p frequent pelloids to silts, Yy phrag

calcite in phragmocone

100 phragmocone . . .
chamber, secondary calcite in juvenile ammonites
phragmocone
inhomogenous
and
heterogenous present to
. . o absent,
Shell orientation within bed, . absent, N .
; . absent, oblique ; oblique, present, weakly oblique
alignment present in horizontal to .
; nesting
parts of layer, oblique
horizontal to
oblique
dense, partly .
Fabric/ packing disorientated, dense loosely to dense dense only at depse in the
) dense base of layer mid of layer
partly aligned
Sorting of shells present absent good absent bad absent
slightly slightly oblique, dislocated slightly
; . ] : dislocated > h
Geopetal divergent; dislocated against each other, in body chambers divergent, in against each against each dislocated
structures in top of body 9 ' Y top of body gains other, in body against
other, in body
chambers chambers chambers each other
chambers
Biodegradation no soft parts or aptychi, septal necks visible in thin sections
Incrustation absent
Bioerosion absent
strong
no abrasion, strong transport, redeposition, mixed shallow water retcrizn?)z%ir;n st:ggg ILZ?t?gI?rt’
but frequent faunas (patch reefs), deeper ramp facies and P ! P ! strong transport, redeposition,
Transport ] h - coquina on frequent : .
breakage due pelagic basin elements, no abrasion, but frequent top of breakage in rare breakage in ammonites
to transport breakage in ammonites laminated silt ammonites
layers
) ) stylolites and stylolites and stylolites,
Dissolution of pressure pressure seems pressure . .
absent rare stylolites pressure stylolites
shell seems frequent seems
seems
frequent frequent
Diagentical
deformation and on top of beds present absent to strong absent to present rare rare
. strong strong
compaction
primary: outer
mid—outer ramp to slope;
Depositional area ramp, slope to outer ramp to slope secondary: mid—outer ramp, slope to basin
basin conglomerate
field
Interpretation debris flow, debris flow turbidity, debris flow, event bed
event bed event bed,
FAUNAL ASSEMBLAGE
Genus Kasimlarceltites
Quantity > 95% = 40-90% = 50-90% > 50-90% > 95% 50 % > 95% > 95%
Ratio in fauna > 95% 40-90% 50-90% > 50-90% > 95% 50% > 95% > 95%
Acme zone (m) 18 =8.0 boulders blocks and =40 =6.0 =165 =50
boulders
Accumulation ASla 18 blocks and
layers ASla4, 6 AS b 18 boulders boulders AS IV 8 KA '1/10 (12) KAl 2,11, 16 KAl 8
0.1-0.15, in the
Event bed =0.1 =80 boulders blocksand | i e part0.05,|  0.03-0.05 0.03-0.05 0.05-0.1
thickness (m) boulders :
shell coquina
Ontogenetical

juvenile & adult

macro-fauna

sponges

(chaetitids), corals, echinoids, crinoids

rare bivalves

stages ammonitellae, juvenile & adult juvenile & adult ammonitellae, juvenile & adult
S'Zemir:i‘%zicm) 05-3.3 0.01-3.3 0.01-3.3 0.001-3.3 0.001-2 0.001-2.2 0.001-2.5 0.001-2.2
Shell material secondary calcite
ammonites (Sirenites sp.), gastropods (omphaloptychids) bivalves 50% Sirenites sp.,
Accompanying (halobiids),

bivalves, rare
gastropods, rare
sponges

bivalves, rare gastropods

Accompanying
micro-fauna

ostracods, foraminifera, radiolarian, conodonts

radiolarian-bloom

Table. 7.1. continued.
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7.8. The Kasimlarceltites mass occurrence as an abundance zone

An abundance zone or acme zone is a stratum or body in which the abundance of a
particular taxon or specified group of taxa is significantly greater than is usual in the adjacent
parts of the section (Salvador 1994; Murphy and Salvador 1999). Its boundaries are made of
biohorizons and the name is given by the abundant taxon or taxa (Lukeneder 2003b).
Biohorizons are, for example, characterized by a sharp and significant biostratigraphic
change within the fossil assemblage and/ or the change of frequency of its members (see
Salvador 1994; Steininger and Piller 1999). The latter authors recommended the term
biohorizon to be used instead of the terms ‘surface’, ‘level’, ‘marker’ and ‘datum planes’.
Such biohorizons are of great importance for lateral correlation over wide distances. Densely
fossiliferous layers were also termed as ‘shell beds’, ‘coquinas’, ‘concentration-Lagerstatten’,
‘lumachelles’, ‘bioclastic limestones’ and ‘bioclastic beds’ (Brett and Seilacher 1991; Kidwell
1991a,b; Martin 1999).

Patterns which lead to beds with a notable abundance of ammonoid shells have been called
‘inter-regional mass occurrences’ or ‘stray occurrences’ (Kemper et al. 1981). Such

abundance zones are of exceptional value for intra-regional correlation in the Triassic.

An Upper Triassic monotonous ammonoid assemblage representing a thickness of at least
one single bed up to a few meters, were reported and taxonomically described by Lukeneder
et al. (2012 — ‘ammonite floatstones with Orthoceltites’, Orthoceltites = old synonym of

Kasimlarceltites) and Lukeneder and Lukeneder (2014 — ‘Kasimlarceltites mass occurrence’).

At the investigated Asagiyaylabel (AS I[-IV) and Kasimlar (KA I-lll) sections the
Kasimlarceltites ammonoid abundance zone (characterized by abundance or mass
occurrence of ammonoids) could be detected for the first time. The names of the separated

beds were given following the dominating genus Kasimlarceltites.

The Kasimlarceltites acme zone starts at every section from Asagiyaylabel and Karapinar
directly above the shallow water carbonates of the Kartoz Formation (Fig. 7.2). At AS la and
AS 1V, the Kasimlarceltites acme zone is capped by an interval of debris flow deposits
comprising Cipit boulders (Lukeneder et al. 2012). At the Karapinar sections, the upper edge
of the sections is not visible, hence ending within the Kasimlarceltites beds. The acme zone
appears with deviant ranges or thickness in distinct localities (Fig. 7.2; Table 7.1). It occurs at
the sections AS la with 1.8 m, at AS Ib with 8.0 m, at AS Il in single blocks, at AS Il within

Cenozoic conglomerates (Deynoux et al. 2005) as reworked blocks, and at AS IV with 4.0 m.
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The acme zone sections at Karapinar appear at KA | with 6.0 m, at KA 1l with 16.5 m and at
KA 11l with 5.0 m. The most undisturbed and entire section occurs at KA Il. Other sections
(e.g. AS la, AS IV, KA I, KA lll) are characterized by tectonics or seem to be affected by

more or less strong shearing mechanisms.

7.9. Biostratinomy and taphonomy

The biostratinomy is defined as the sum of environmental factors that affect organic remains
between death and the final burial or embedding (Miller 1963; Brett and Baird 1986; Martin
1999). Biostratinomy is thus a very important part of work in taphonomy, the study of the
entire post mortem history of organic remains resulting in fossil material (Fernandez-Lépez

and Fernandez-Jalvo 2002; Fernandez-Lopez 2007).

The taphonomic investigations of fossil cephalopod assemblages provide insight, not only
into the autecology of these organisms, but also into their paleoenvironment and
paleocommunity structure (Brett and Baird 1986; Allison and Briggs 1991; Brett and
Seilacher 1991; Bottjer et al. 1995).

Sediments of the lower Upper Triassic (Carnian) of the Kasimlar Formation appear in the
lower part with well preserved and mostly entire (> 95%) ammonoid specimens (Fig. 7.5).
The distinct ammonoid shell concentration beds within single logs and different localities (i.e.
Asagiyaylabel and Karapinar) differ in lateral distribution, thickness, sedimentological
features, packing of shells, diversity of organisms, alignment and taphonomic processes
(Figs. 7.6, 7.7, 7.9, 7.10; Tables 7.1, 7.2, 7.3; see also Firsich and Pandey 1999).

The ammonoids are tiny with a maximum diameter of 33 mm. They show an involute more
spheroidal shape and are accumulated in the beds AS la — beds 4, 6; AS IV —bed 8; KA | —
beds 10, 12; KA Il — beds 2, 11, 122; KA Il — bed 8. Less than 5% of those accumulated
ammonoids are preserved only with fragmentation. Small accumulated ammonoids of all
ontogenetic stages (i.e. Kasimlarceltites) as well as shell fragments in body chambers of
adjacent large ammonoids can be found within the above mentioned beds, which might hint
at the effect of agglomeration and comminution by dense sediment flows with a laminar
internal flow. Both, straight shells (e.g. Atractites) and also planispiral coiled shells (e.g.

Kasimlarceltites, Sirenites, Neoprotrachyceras) are present within the Kasimlarceltites acme
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zone. Erosional features, as described by Fernandez-Lépez (2007) and encrustation of
ammonoids are absent. Whilst in some thin and distinct layers ammonoids are accumulated
in masses with an almost horizontal alignment (Figs. 7.8—7.10), ammonoids are less
abundant in the limestone beds between the ammonoid mass occurrence beds (Figs. 7.5,
7.6,7.9).

In  accumulated mixed assemblages (i.e. autochthonous, parautochthonous and
allochthonous; Martin 1999), detected at the Asagiyaylabel outcrops AS la (Lukeneder et al.
2012), AS 1I-1V and the Karapinar KA I-lll sections, females (= macroconchs) and

corresponding males (= microconchs) are found together. In most cases even ammonitellae,
juvenile and adult stages are detected in the same layers. Some ammonoid specimens show
different sediment-infillings within the body chamber (coarser material) compared to the
surrounding finer limestone chamber (‘normal’ sedimentation = ambient sediment). All of
these facts might point to post-mortem, biostratinomic mixing of ecologically age-separated
populations as discussed by Olériz (2000) and Olériz and Villasefior (2010). Due to the long
body chamber (i.e. mesodome—longidome) in Kasimlarceltites, geopetal structures (i.e.
sparry calcite on top) are also observable in numerous body chambers (see Olivero 2007; cf.
Seilacher 1968), hence body chambers were not entirely filled. Geopetal structures are
generally aligned in almost identical directions. No serious mixture and dislocation of
geopetal alignments occurs (Figs. 7.7, 7.9). Furthermore, the mixed assemblages comprise a
considerable amount of bivalves, gastropods, sponges and corals from shallower

environments from a nearby platform or upper ramp (Lukeneder et al. 2012).
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Fig. 7.5. A, Surface of an accumulation layer of Kasimlarceltites, uncoated, NHMW
2012/0133/0558; B, Same specimen coated with ammonium chloride, NHMW
2012/0133/0558; C, Top-to-bottom thin section of the same layer with densely packed
ammonoid shells, NHMW 2012/0133/0559; D, Polished slice of an ammonoid accumulation
layer at section AS IV — block 1 slice C (89 mm, frontal view), NHMW 2014/0091/0001; E,
Ammonoid accumulation surface from section AS IV, NHMW 2012/0133/0558; F,
Kasimlarceltites krystyni, lateral view, holotype, NHMW 2012/0133/0014. Kasimlar Formation,
Carbonate member Unit A, Austrotrachyceras austriacum Zone (Julian 2). Each scale bar
represents 1 cm.

AS slices 2A fissure 3B 4
e
10m
1A 2D} block 2 §2B=—=—=3A} block 3 j3C
—
26; SE
— s NV
1Df block 1 j1B W) 3D
fissure e . A 10 cm
¢ NE SW »

Fig. 7.6. Terminology and orientation of frontal and orthogonal sections measured from
the locality Asagiyaylabel I, with indicated present-days cardinal directions for blocks AS
I, ASIl, AS lll and AS IV.
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Fig. 7.7. Thin-section photographs of accumulation layers and facies from the Kasimlar Formation at Asagiyaylabel =

and Karapinar. A-H, Note the well preserved shell geometry indicating very early cementation (i.e. early selective lithification):
A, Bioclastic floatstone with the abundant ammonoid Kasimlarceltites and halobiids, accompanied by rare gastropods. The
ammonoids and gastropods are filled with coarse sparry calcite floating in micritic matrix, base of Kasimlarceltites Formation, AS
| — bed 6, NHMW 2012/0133/0560; B—C, Very irregular packing = “injection” of heterometric bioclasts (B), and the same but with
larger heterometric range (C); B, Bioclastic floatstone-packstone, characteristic sponge-accentuated Cipit facies dominated by
Kasimlarceltites and sponges, accompanied by Sirenites, gastropods and corals, Kasimlar Formation, AS | — bed18, NHMW
2012/0133/0561; C, Bioclastic floatstone-packstone, sponge-accentuated Cipit facies dominated by Kasimlarceltites and
sponges, accompanied by gastropods and corals, peloidal matrix, Kasimlar Formation, AS Il, NHMW 2014/0094/0001; D,
Allochthonous block with mixed packstone (left) and floatstone (right) areas, dominated by Kasimlarceltites and sponges,
accompanied by Sirenites, gastropods and corals; found within the Cenozoic (middle Miocene) conglomerates, Kdprucay
Formation, AS Ill, NHMW 2014/0095/0001; shelter effects favouring very dense packing; E, Bioclastic packstones with the
abundant ammonoid Kasimlarceltites above laminated, peloidal packstone layers, base of Kasimlar Formation AS IV — bed 8,
NHMW 2014/0091/0008; sheltering by fragmented body chamber infilled by a very fine comminute matrix; F, Bioclastic
packstones with the abundant ammonoids Kasimlarceltites and Sirenites, peloidal matrix, base of Kasimlar Formation, KA 1,
NHMW 2014/0092/0003; comminute, bioclastic matrix and reworked ammonoids; G, Bioclastic wackestone with a redeposited,
floated Kasimlarceltites shell (note dislocated geopetal structure, different infilling and colour) at the base, matrix contains
radiolarian, ammonitellae and juvenile ammonoids, middle Kasimlar Formation, KA 1, NHMW 2014/0093/0004; very fine matrix
with diagenetic patches; H, Bioclastic wackestone with floated Kasimlarceltites shells in the middle, and peloidal packstone at
the base, peloidal matrix contains radiolarian, ammonitellae and juvenile ammonoids, base of Kasimlar Formation, KA Il
NHMW 2014/0096/0001; geopetals indicate ammonoid reworking. Thin-sections are orientated in upright position. Each scale
bars represent 1 mm.
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7.9.1. Ammonoid shell alignment

Angles and orientation of shells and body chambers (both in respect to the horizontal block
surface) from 20 blocks with 34 polished slices from 4 different sites (i.e. AS la,b, AS IV, KA
I, KA II) were measured in addition with maximal visible diameters on the slices and thin
sections. Additional measurements were made on visible geopetal structures. 2,367
ammonoid specimens were analysed on slices and sections. Ammonoid shell directions and
alignment were not measured in chaotic, transported ‘Cipit’ boulders from debris flow
deposits at AS Ib — bed 18 and within Triassic boulders and blocks incorporated in Cenozoic
gravels (Deynoux et al. 2005) of AS lll, because they do not mirror the primary mechanism of
orientation and transport of ammonoid shells, due to their repeated transport and

reorientation.

The most reliable data were obtained from AS | where blocks could be taken orientated (Fig.
7.6). The front section of the AS I blocks (as taken in the field) is orientated with a direction
from NE to SW (NE is left on the block, orientated toward the valley). On a horizontal line,
marking the base and surface of the layers and blocks, 0° is located at the right (SW), 90° at
the top, 180° at the left (NE) and 270° at the base (Figs. 7.9, 7.10). In addition, where
possible, slices at 90° (= orthogonal) to the frontal view were performed to get ideas on the
three dimensional orientation of the ammonoids in the blocks. To gain the true dip direction
(Nichols 2009) of the ammonoid shell ‘plane’ the calculation needs two different apparent dip
measurements (i.e. ammonoid shell axes; Fig. 7.11). This implies a direction (i.e. only AS |
blocks) of the later slices rotated by 90° to a direction of NW (front) to SE (back).

A clear orientation and alignment (Potter and Pettijohn 1977) can be detected in the

accumulation layers.
The predominant orientation of shell axes (only AS la with cardinal direction) versus the layer

base/ surface of blocks in frontal and orthogonal slices was analysed at Asagiyaylabel (Figs.
7.6,7.10, 7.11, Tables 7.2, 7.3).
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Frontal

AS la, AS IV
Orthogonal
AS la, AS IV

Within accumulation layers from the Karapinar area the orientation of shell axes (not in
cardinal direction) appears in frontal and orthogonal slices (Fig. 7.10, Tables 7.2, 7.3). Layers
in KA | can be separated in two parts (accumulation = event layer and above with normal

sedimentation), KA Il (geopetal axe in body chambers varies in angle section).

Frontal

KA I, KAl
Orthogonal
KA I, KAl

The internal fabric of the accumulation layers (i.e. ammonoid shells) ranges from densely
packed, ammonoid shell supported packstones (e.g. AS IV — bed 8; KA | — bed 10) to
ammonoid-floatstones (AS la — beds 4, 6; Figs. 7.7). The event layers are heterogeneous,
with cases of shell imbrication in parts (see imbrication in turbidite Bouma interval Ta, Bouma
et al. 1982; Eberli 1991) and cases of loosely packed or floating specimens in different parts.
Even in single blocks, the density diverges from the base, mid part and top of beds (Fig. 7.9).
The matrix infills the body chambers and the space between shells. The imbricated shells
show a horizontal or at least low-angle deposition. Vertical or perpendicular ammonoid
specimens are extremely rare in accumulation layers of Asagiyaylabel and Karapinar. An
alignment of the biogenic particles (i.e. ammonoid shells) was observed in the majority of the
accumulation layers (AS | — beds 4, 6; most beds at KA I, KA Il). Although the alignment
within most accumulation layers (AS | — beds 4, 6; most beds at KA |, KA II) took place within
the sediment, in blocks 1 and 2 (corresponding to the same layer) in AS IV and KA Il (e.g.
blocks 1, 2) the aligned ammonoids are accumulated in a shell coquina on the top of

laminated, peloidal ‘silts’.
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The body chambers are filled with the same matrix, which is formed by peloids from a
shallower environment, representing the primary depositional area. The shells are densely
packed, well sorted and in contact with numerous other shells. The densely packed
accumulation layer marks an ammonoid packstone. Siphonal structures are preserved,
hindering sediment to fill the phragmocones (see Olivero 2007), hence rapidly buried after
death exhibiting the final, hollow ‘particles’ embedded in the peloidal layers. The matrix
above and below this event layer differs distinctly as it consists of fine mud with only rare and
smaller ammonoid specimens, deposited under ‘normal’ conditions. An additional block from
AS IV (i.e. block 3) marks a ‘normal’ calm deposition at, or near the habitat of the
ammonoids, appearing with rare, entire ammonoid shells with almost undisturbed and
horizontal alignment (Fig. 7.9, Table 7.1). The shell axis in block AS IV — block 3 shows a
clear picture with dominant intervals at 160-180°/340-360° with 75.0% and even more
expressed in the interval 160-200°/340—020° with 97.2%.

The acme zone of the genus Kasimlarceltites ranges due to tectonics from 1.8 m at AS la to
16.5 m at KA Il, and is intercalated by accumulation event beds (Figs. 7.2, 7.3, 7.4, 7.7). On
the basis of the geological time scale of Gradstein et al. (2012) a stratigraphical range from
one third to one half of the Austrotrachyceras austriacum Zone can be assumed, which
approximately equals a duration of 200 ky (at AS I, AS IV) - 500 ky (at KA II) for the
Kasimlarceltites abundance zones. This time span is calculated without consideration of any
hiatus or time-averaging, which might occur. The overall quantity of more than 100 million
ammonoid specimens is estimated by the data gained from numerous localities from
Asaglyaylabel and Karapinar (e.g. layer thickness, number of mass occurrence layers and
specimens etc.) and the geographical distribution (over 10 km?) of the Kasimlarceltites
abundance zone. Single blocks from both localities (Asagiyaylabel and Karapinar) with 15 x
15 x 8 cm contain up to 3500 specimens (Mayrhofer and Lukeneder in prep.).

The calculated mean angle of all combined sections and specimen axes (n 1696) in frontal
view is almost horizontal with 172°/352° (Fig. 7.10) indicating a shallow orientation (low
angle) of ammonoid shells throughout the various localities (Tables 7.1, 7.2, 7.3). Within the
polyspecific KA Il — block 4 an increased angle with 164°/344° was observed, as well as an
increased number of steeper orientations in body chambers. In contrast the mean angle of
shell axes in KA Il — block 3 is shallow (low angle — almost planar) with 178°/358°. The
measured angle is influenced by the ontogenetic stage and the morphological differences in
whorl height. Adult specimens show an angle of 2° whereas juveniles appear with 3° owing

to the different whorl expansion rates.
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The same situation can be observed in the combined orthogonal data (Fig. 7.10, Table 7.3).
The mean angle of all specimen axes (n 1696) in orthogonal view is 177°/357° (172°/352°
frontal), depicting a very shallow orientation of ammonoid shells throughout the various
localities. Anyhow, an increased angle of 15°/195° in KA Il — block 4, where Kasimlarceltites
occurs together with some specimens of Sirenites, was detected. As already observed in
frontal view, the orthogonal data strengthen the contrasting picture with an almost horizontal,
very shallow mean angle of shell axes in KA Il — block 3 by 179°/359° (Fig. 7.10, Table 7.3).
The lower accumulation layer in KA | — block 1a (Fig. 7.10) shows mean angles of 004°/184°
whereas the ‘normal’ sedimentation part above (KA | — block 1n; Fig. 7.10) appears with an

increased angle of 018°/198°.

d=33mm . d=24mm

adult mid-aged

\ ammonoids  geopetal ’
. shells geopetal axes

Fig. 7.8. A, Primary angles in shell axes (i.e. 2-3°) caused by the
ontogenetic variation of whorl breadth in mid-aged and adult
Kasimlarceltites (adult = holotype, NHMW 2012/0133/0014); B, Shell
axes (black pies, white arrow) and geopetal axes (grey pies, black
arrow) of Kasimlarceltites and Sirenites within a sample KA Il — block
4 (sections D-E—F).
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Fig. 7.9. Ammonoid shell alignment in Carnian blocks from Asagiyaylabel and Karapinar, with indicated accumulation layers
and measurements. A, AS | — block 1, slice B (orthogonal view), NHMW 2012/0133/0554; B, AS IV — block 1, slice C (89
mm, frontal view), NHMW 2014/0091/0003; C, KA | — block 1, slice A (frontal view), NHMW 2014/0092/0001; D, KA Il —
block 4, slice AB,C (0 degree, frontal view), NHMW 2014/0093/0003. Primary angles in shell axes indicated by arrows,
arrowheads directed to the body chamber (= maximum whorl breadth). Sketches (below sections) of the corresponding shell
axes (black arrows) of each ammonoid specimen within the event layer (grey shading). Scale bar represents 1 cm.

7.9.2. Size groups in Kasimlarceltites

In general the ceratitid genus Kasimlarceltites Lukeneder and Lukeneder (2014) is a small
sized, 1.0 to 3.3 cm, almost smooth ammonoid. The abundance of different ontogenetic
stages within the occurring size classes (Fig. 7.10, Tables 7.2, 7.3) varies from locality to
locality, even from layer to layer in the same locality. Densely spaced sutures at the
phragmocone/ body chamber boundary of some specimens mark the adult stage in
numerous ammonoids. For more detailed description see Lukeneder and Lukeneder (2014,
fig. 7.4-7.5). At different localites minimum and maximum range size values of
Kasimlarceltites differs markedly (Fig. 7.10, Tables 7.2, 7.3). Size ranges and dominant
diameters (in mm) are given for all accumulation layers, in frontal and orthogonal direction for

comparison of potential spatial alignments (Fig. 7.10, Tables 7.2, 7.3).
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Asagiyaylabel

Frontal (Fig. 7.10, Table 7.2)

AS la, AS IV

Orthogonal (Fig. 7.10, Table 7.3)
AS la, AS IV

Karapinar

Frontal (Fig. 7.10, Table 7.2)

KA I, KAl

Orthogonal (Fig. 7.10, Table 7.3)
KA I, KAl

The overall impression fixed by the data (i.e. angles and diameters) of all specimens
measured (n 1696) in frontal views shows a unimodal positively skewed distribution of size
classes. For better comparison of distribution, curve shapes and visualization of size classes,
distribution curves were set to 100% (Fig. 7.10). A clear dominance of small forms from 2.1—
12.5 mm is evident (Fig. 7.10). The maximum size class appears at 4.2-6.2 mm. Maximal
size classes from 25.2-29.3 mm are rare to absent in most localities. From the taxonomical
work by Lukeneder and Lukeneder (2014) on prepared specimens from the same localities, a
maximal diameter of Kasimlarceltites is known with 33 mm. The difference in maximal
diameters of about 37 mm shows the uncertainty and imprecision in numerical
measurements in slices and sections, since the majority of excavated ammonoids from the

sections miss the aperture area and therefore fail to reflect the maximum size.

Specimens from AS la — block 4, AS la — block 3 and KA | — block 1 show their maximum
size in frontal view with unimodal curves (positively skewed) at 2.1-10.4 mm. Somewhat
shifted curves, increasing in mean size, are present in KA Il — block 2 (bimodal) and KA Il —
block 3 with positively skewed, unimodal curves around a maximum of 4.2-14.6 mm.
Exceptional, broad distribution curves occur in AS IV — block 3 with 2.1-23.0 mm and KA | —
block 1 with 2.1-20.9 mm.
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Analogously, the picture of all specimens measured (n 675) in orthogonal views show a
unimodal positively skewed distribution of size classes. The abundance peak also lies within
the class 4.2-6.2 mm as seen in the frontal view (Fig. 7.10). A clear dominance of small
forms from 2.1-10.4 mm is established (Fig. 7.10). The maximum size class appears at 4.2—

6.2 mm. Maximal size classes from 25.2—-27.2 mm are rare to absent in some localities.

Specimens from AS la — blocks 1, 2, 3 and KA II — block 2 show the maximum size in frontal
view with unimodal curves (positively skewed) at 2.1-10.4 mm. Somewhat shifted curves,
increasing in mean size, with a slightly bimodal mode are present in AS IV — block 3 and KA |
— block 1la (accumulation layer) with positively skewed curves around a maximum of 4.2—
14.6 mm. Exceptional, broad distribution curves occur in KA Il — block 3 with a wide range of
2.1-18.8 mm.

Variation in diameters and size classes, as reported above for angles, is also present within
single layers, as seen in KA | — block 1 (a — accumulation, n — normal). The lower
accumulation layer (KA | — block l1a; Fig. 7.10, Tables 7.2, 7.3) shows an abundance of the
mean size class 4.2-12.6 mm, whereas the normal sedimentation part above (KA | — block
1n) appears with a decreased diameter class of 0.0-6.2 mm. Both distribution curves are
positively skewed but KA | — block 1a shows weak bimodal distribution. Hence the latter
ammonoid assemblage comprises juvenile and adult specimens. While juvenile specimens
are compressed in shape, adult specimens are much more depressed. This might be
interpreted as mating community, environmental forcing or transport mechanism (e.g. current

or drift selection of different size or morphology classes).
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Fig. 7.10. Compilation of size classes, shell axes and body chamber orientations from Kasimlarceltites in frontal and orthogonal
view of all measured blocks of Asagiyaylabel (AS I, AS II, AS lll, AS IV) and Karapinar (KA |, KA 1), Kasimlar Formation,
Kasimlarceltites acme zone, Lower Carnian, Upper Triassic. See text for description and details.
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7.10. Discussion

7.10.1. The Kasimlarceltites mass occurrence as an abundance zone

The trigger mechanisms and possible processes, which cause the abundance and
accumulation of ammonoids and the formation of such widespread ammonoid mass
occurrences or ‘event’ layers, are discussed. Current induced alignment, winnowing and
earth quakes or storm events (Aigner 1985; Brett and Baird 1986; Seilacher and Aigner
1991; Hips 1998; Radley and Barker 1998; Storms 2001; Pérez-Lopéz and Pérez-Valera
2012) are discussed as trigger factors for such gravity forced ‘event beds’. The described
examples are thus autocyclic (Einsele et al. 1991b), formed by nonperiodic mass flows and/
or turbidites endemic to the tectonic setting (Bouma et al. 1982; Cook et al. 1982; Howell and
Normark 1982; Tucker and Wright 1990; Potter et al. 2005; Hornung 2008). Final deposition
took place on tectonically unstable slope areas, shown by the presence of frequent

neptunian dykes (see Fliigel 2004; Crne et al. 2007) within the Kasimlarceltites acme zone.

In the majority of such fossil accumulation beds, several reasons amplify the primary signal
(Kidwell 1986; Kidwell et al. 1986). Pérez-Lopéz and Pérez-Valera (2012) presented a
tripartite model for storm influenced beds and near platform carbonate environments with the
pot/gutter casts, the tempestite beds and the storm winnowed deposits. According to Aigner
(1985) storm processes can be distinguished in three distinct physical categories with
barometric effects, wind effects, and wave effects. The causes and features of such rapidly
deposited ‘event’ sediments are extensively reviewed by Einsele and Seilacher (1982) and
Einsele et al. (1991a), and the depositional environment of sandy turbidites and other mass

flows deposits are summarized by Einsele (1991).

As noted by Aigner (1985), storm-generated tempestites show a clear gradation with fine
sediments that is extremely subtle or lacking in distal tempestite fronts (difficult to separate
from distal turbidites), which is not seen in the Carnian layers at Asagiyaylabel and
Karapinar. Specifically, he noted that proximal storm-event layers contain more mixed
faunas, with allochthonous specimens, in contrast to distal layers, where autochthonous and
parautochthonous assemblages predominate, having been reworked in-situ (see also
Golebiowski 1991).

Progressing gravity, debris flows show typical transition to turbidity currents, due to changes

in different transportation phases when variable degrees of debris dilution occur. Therefore

the transportation of debris might indicate net reworking (pers. comm. Olériz 2014).

298



The dynamic history and the influence of sediment transport to that area during the Carnian
can also be traced by the frequent Cipit boulders (directly above the Kasimlarceltites acme
zone), derived from the shallow-platform edge and transported by gravity down across the
slope, as well as by the frequently silty, turbidite layers in the Kasimlar shales in the

Tuvalian.

Geochemical and geophysical data (Lukeneder et al. in prep.) will confirm or contradict the
idea of drastic changes in ecological factors (e.g. anoxic events, methane eruptions, for toxic
events see also Noe-Nygaard et al. 1987) during the sedimentation of the Kasimlarceltites
acme zone. Such ecological factors can act as trigger mechanisms for potentially
catastrophic ammonoid mass mortality of the ammonoid deposits from Turkey. Such traces
are not observed in the redeposited layers (episodic deposits in Brett and Baird 1986) and in
the ‘normal’, background sedimentation beds (= ‘host’ beds) where Kasimlarceltites rarely
occurs. In contrast to this, Adamikova et al. (1983) discussed mass natality as a possible
trigger for a lower Barremian (Cretaceous) mass occurrence of ammonoids (Adamikova et
al. 1983).

The presence of ammonoid abundance zones (‘ammonoid-beds’; characterized by
abundance or mass-occurrence of ammonoids) seems to be related to sea-level rises or falls
(Kidwell 1988, 1991a,b, 1993a,b; Martin 1999; Lukeneder 2001, 2003b). Most probably
ammonoid mass occurrences reflect transgressive phases (see also Hoedemaeker 1994;
Aguirre-Urreta and Rawson 1998, 1999). Anyhow, Fernandez-Lépez et al. (2002) argued
that ammonoid mass occurrences deposited within shallow water environments reflect
regressive phases, whilst ammonoid mass occurrences deposited within deeper water
environments reflect transgressive trends (Fernandez-Lépez et al. 2002). The observation of
different preservational features (e.g. sedimentary infilling, encrustation, abrasion,
bioerosion, reorientation and dispersal) might hint to the right interpretation (a shallow or

deeperwater environment — Fernandez-Lopez et al. 2002).
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7.10.2. Biostratinomy and taphonomy

The nearly entire (> 95 %) well preserved ammonoid specimens of the lower Upper Triassic
(Carnian) of the Kasimlar Formation, suggest no-to-moderate, non-destructive transport
mechanisms and therefore favour a more autochthonous to parautochthonous nature of the
specimens. Judging from internal structures of the limestone beds and the alignment of the
fossil content (Potter and Pettijohn 1977), water saturated gravity flows (= liquified flows —
Mulder and Alexander 2001; SEPM 2014) are induced at a medial position between a
proximal (near-source) and a distal depositional development (see Aigner 1985). Hence,
moderate transportation of at least some intraclasts, plasticlasts and bioclasts such as
gastropods and in parts ammonoids, is presumed.

The fragmentation (e.g. broken body chamber) of less than 5 % of the ammonoids provides
evidence for no, gentle or very weak post mortem transport, without breakage on the sea
floor through current effects, and/or consequences of predation (Lukeneder 2004a,b).
Anyway, the tiny shells (max. 33 mm) of Kasimlarceltites were probably resistant against
breakage by impact of shells with other bioclasts transported by the currents. Ruptures
reflecting post mortem histories, caused by current-induced transport before embedding, are
absent. It may also reflect the enhanced stability of ammonoid shells with smaller size, more
‘spheroidal’ shape and suggests that involute morphologies are more resistant to damage
compared to other ammonoid shell morphologies (e.g. broken body chamber of
Simonyceras; specimen figured on Fig. 7.11A in Lukeneder and Lukeneder 2014).
Furthermore, buccal masses with preserved beak apparatus (e.g. aptychi like jaws) are
completely missing in the Turkish material, hinting at more parautochthonous than

autochthonous depositional conditions.

Accumulated small ammonoids (i.e. Kasimlarceltites) of all ontogenetic stages (e.g.
ammonitellae, juveniles to adults) and shell fragments in body chambers of adjacent large
ammonoids, in combination with cephalopod alignment in several single layers (e.g. AS la —
beds 4, 6; AS IV — bed 8; KA | — beds 10, 12; KA Il — beds 2, 11, 122; KA Ill — bed 8) also
suggest transport-effects on deposition (e.g. mass flow, bottom currents, winnowing — Potter
and Pettijohn 1977; Fligel 2004; Potter et al. 2005; Fernandez-Lépez 2007; Nichols 2009).
The accumulation of the shells which show almost horizontal alignment (Figs. 7.8, 7.9, 7.10)
in thin and distinct layers, is probably due to episodes of reworking and current-induced
removal of sediment (i.e. winnowing). Horizontally aligned specimens were most probably

secondarily re-orientated and aligned during a first gravity flow sedimentation phase.
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The absence of any erosional feature (i.e. mechanical- or bio-erosion; see Fernandez-Lopez
2007) or encrustation on any side of the ammonoids suggest calm environments with
relatively fast burial processes. The shell transport took place during single events or phases
of slow gravity sediment flows, as is reflected by the occurrence in several separated
ammonoid layers up to 10 cm in thickness (Figs. 7.3, 7.4, 7.5, 7.7).

The ‘normal’ occurrence range, with rare specimens of Kasimlarceltites, clearly shows the
inhabitation of that paleogeographical area during the Carnian (Late Triassic) over a hundred
thousand years (Lukeneder and Lukeneder 2014; for numerical age see Gradstein et al.
2012). In contrast, accumulation in masses occurs only within single event beds, caused by
huge storms or tectonically induced earthquakes (= seismic activity in Einsele 1991; see

slope failures in Potter et al. 2005).

Mixed assemblages are defined in Lukeneder (2004a,b) as comprising allochthonous
elements (e.g. gastropods, sponges, corals) transported from the shallower shelf to upper
slope and autochthonous benthic and parautochthonous pelagic elements (e.g. ceratitid
ammonoid Kasimlarceltites) from deeper marine environments. See also the discussions by
Oloériz and Villasefior (2010) on post-mortem and possible biostratinomic mixing of
ecologically age-separated populations. Assuming an analogous situation for the
Asaglyaylabel sections as for the Karapinar sections, this would mean that the presence of
undamaged macroconchs accompanied by intact microconchs within the same bed points to
a similar derivation of the ammonoids from the same source, in this case the pelagic fauna of
the water column above, without assuming any depth. This points to a huge problem in the
understanding of ammonoids life and habitats. The question, if ammonoids in general, and
Kasimlarceltites or Sirenites from Turkey in detail, were planktonic drifters, nektic swimmers
or nektobenthic swimmers is beyond the field of the study here. Nonetheless, the answer to
this question would make a serious difference to the study of biostratinomic features in
chambered cephalopods, both fossil (e.g. ammonoids, nautiloids) and recent (e.g. Nautilus,

Spirula).

The post mortem history, hence the subsequently complicated drifting mechanisms (i.e.
waterlogging and sinking versus surfacing and floating; see Seilacher 1968; Olivero 2007) in
ammonoid shells depends mostly on the water depth and hydrostatic pressure (Maeda and
Seilacher 1996) when the animal dies. This interpretation is contrasted to the occurrence of
some specimens showing different sediment infillings of the body chambers as compared to

the surrounding and embedding finer limestone. Reasons for these differences in sediment
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infilling reflect the difference in sediment and shell transportation history. Specimens filled
with coarser material (i.e. shallower water relicts) are redeposited from shallower areas.
Shells are preserved without fragmentation (i.e. body chamber present), mostly with almost
similar alignment and rare infilling of phragmocones by sediment (see Olivero 2007).
Observed geopetal structures, aligned in almost identical directions, within the accumulated
ammonoids give evidence for a fast burial history of almost the entire contingent of
ammonoids. Ammonoid specimens shown by Olivero (2007) from the Santonian—Lower
Campanian mass flow deposits of Antarctica also exhibit preserved siphuncle tubes
preventing the infill of phragmocones with sediment.

The cephalopods of the Asagiyaylabel and Karapinar sections thus constitute a mixed
autochthonous/parautochthonous/allochthonous (Martin 1999) fauna. This effect is enhanced
by the fact that gravity currents, submarine mass-flows (mud supported and water saturated)
may already contain a mixed shelf and slope assemblage by picking up bioclasts from
different bathymetric zones along their way (Einsele and Seilacher 1991). The Carnian mixed
assemblages comprise a considerable amount of bivalves, gastropods, sponges and corals
from shallower environments from a nearby located platform or upper ramp (Lukeneder et al.
2012; see Eberli 1991). The term ‘mixed’ assemblage is used in the sense of Kidwell and
Bosence (1991). The latter authors described a mixed assemblage as the addition of shells
of one assemblage to the members of another assemblage. For classification and reviews on
taphonomic processes of marine shelly faunas see also Norris (1986), Kidwell et al. (1986),
Brett and Seilacher (1991), Kidwell (1991a,b), Kidwell and Bosence (1991), and Speyer and
Brett (1991).
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7.10.3. Ammonoid shell alignment

The ammonoid shell orientation (i.e. rose diagrams of shell axes, body chamber orientation;
Figs. 7.9, 7.10, 7.11) within the accumulation layers was measured to gain information on the
prevailing conditions and mechanisms (e.g. bottom water currents, debris flows, turbidites,
storms etc.; Goldring 1991) at the time of deposition (Early Carnian, Austrotrachyceras

austriacum Zone).

A more detailed picture of the three-dimensional alignment of specimens from AS I-block 1
(i.e. 150x45%x140 mm block, 70 slices with 2 mm distance) is presented in Lukeneder et al.
(2014). Lukeneder et al. (2014) show that the internal, dominant orientation of specimens in
fossil mass occurrences can be exploited as a useful source of information about the flow
type and direction determining the precise conditions for their transportation and
accumulation. A series of studies, using different kind of fossils, especially those with
elongated shape (e.g. elongated gastropods), deal with their orientation and the subsequent
reconstruction of the depositional conditions (e.g. paleocurrents, transport mechanisms).
However, disk-shaped fossils like planispiral cephalopods or gastropods were used, up to
now, with caution for interpreting paleocurrents. Moreover, most studies just deal with the
topmost surface of such mass occurrences, due to its easier accessibility. Within Lukeneder
et al. (2014) the exact spatial shell orientation was determined for a sample of 675
ammonoids, and the statistical orientation analysed with a NW/SE-orientation. The study of
Lukeneder et al. (2014) from the Asagiyaylabel mass occurrence combines classical
orientation analysis with modern 3D-visualization techniques, and establishes a novel spatial
orientation analysing method, which can be adapted to any kind of abundant identifiable
object. Such a spatial alignment with imbrication in a gravity flow was detected by Hladil et al.
(1996) for Lower Devonian tentaculite shells from the Czech Republic. There, the analysed
fossils show a similar oblique orientation (i.e. upward and downward) due to gravity transport
(Hladil et al. 1996), caused by a rapid consolidation of the host sediment. It should be noted
that the natural, post mortem orientation angle of a particular ammonoid shell (i.e.
Kasimlarceltites) after sinking onto the sea floor, is almost horizontal with approximately 2-3°
(Fig. 7.8), depending on the ontogenetic stage. This phenomenon is caused by the maximal
whorl breath at the body chamber near the aperture. The horizontal shell orientation
dominates over oblique alignment in layers formed during undisturbed background

sedimentation.
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The Triassic assemblages differ significantly from a Middle Devonian example of nautiloid
mass occurrences (= concentrates in Soja et al. 1996), which was interpreted as being a
combination of mass spawning and mass mortality events (biological process; see
Lukeneder, in print) with storm-related accumulations (physical process). In contrast to the
Triassic accumulation layers from Turkey, the densely packed Devonian cephalopod mass
occurrence (i.e. nautiloid grainstone) shows no orientation, alignment or imbrication of the
shells (Soja et al. 1996). Goniatites beds from Upper Devonian of Poland (Niechwedowicz
and Trammer 2007) were described as post mortem shell accumulation, not transported very
far, deposited within the habitat realm and interpreted as the result of condensation, which
has often been noted for cephalopod limestones. Niechwedowicz and Trammer (2007)

interpreted the shell alignment due to wave or current transport in shallower environments.

At least some of the abundant ammonoid specimens seem to have been redeposited from
shallower shelf regions into a slope environment. Similar occurrences were reported from low
density gravity flows (e.g. slump deposits and turbidites) from Lower Triassic redeposited
ammonoid accumulations of East Russia (Maeda and Shigeta 2009). The authors note
sporadically intercalated ammonoid beds (with nearly horizontal alignment of ammonoid
shells) within otherwise ‘normal’ mudstone sedimentation. Maeda and Shigeta (2009)
identified an allochthonous source (i.e. primary shelf edge biotope) for ammonoids deposited
and transported in such fossiliferous, turbidite layers. Taxonomical related findings of celtitids
were presented by Manfrin et al. (2005) from adjacent basinal series, surrounding the Middle
Triassic Latermar Platform (N ltaly). The faunas from these ammonoid layers were
interpreted by Manfrin et al. (2005) as storm deposits, due to the mixture of pelagic and
platform derived fossils and the partly perpendicular (= non-equilibrium in Manfrin et al. 2005)
alignment of ammonoids within the coquinas. It is evident that such layers consist of
transported, mixed faunal elements (i.e. pelagic ammonoids and benthic gastropods —
Manfrin et al. 2005), deposited by distinct and short events. This is almost identical to the
assemblages found at Asagiyaylabel, but with the remarkable difference of chaotic shell-

alignment, enhanced shell-fracturing and variation of sedimentological features.

Mass flow transport is evident from the orientation of shells within the layers (Middleton and
Hampton 1973, 1976; Brown and Loucks 1993; Potter et al. 2005; Nichols 2009), not only at
the top of beds as is the case when water current causes mass occurrence or turbidite
accumulation. A somehow mixed or transitional mechanism of debris flow (i.e. laminar flow)
and turbidity current (i.e. turbulent flow) deposition is assumed for floatstones of AS la and
AS II. A low density, less concentrated and water saturated debris flow (= liquefied debris

flow) with transitional features into a turbidite transport (pers. comm. Michael Wagreich 2013;
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see Lowe 1982; Einsele 1991; Hladil et al. 1996; Mulder and Alexander 2001; Olivero 2007)
is highly presumable. A horizontal or at least low-angle deposition of imbricated shells is
caused by low-density transports (Hladil et al. 1996). A positive enhancement of an existing
inclination can be forced by slipping or sliding processes of the not consolidated sediment
layers, down the slope or ramp.

The mostly erosive base of the accumulation layers, furthermore undulated with fragmented
ammonoid shells, reflects sudden and punctual reworking phases at the base of the
sediment flow to some extent (see Sepkoski et al. 1991).

The majority of the accumulation layers (AS | — beds 4, 6; most beds at KA I, KA 1) were
formed by water saturated debris flow deposition which caused the alignment of the
biological particles (i.e. ammonoid shells) within the sediment. A contrasting exception can
be observed in section AS IV (e.g. bed 8; Figs. 7.10, 7.11, Tables 7.1, 7.2, 7.3) and KA Il
within the blocks 1 and 4. In blocks 1 and 2 (corresponding to the same layer) in AS IV and
KA Il (e.g. blocks 1, 2) a clear short-term turbidite transport took place. Ammonoid shells
seem to float on the peloidal-silt level, most probably due to hydrodynamic sorting. Hence,
low density, empty ammonoid shells (1.1-1.2 g/cm® — Maeda 1999; Maeda and Shigeta
2009), subsequently filled by calcite, remain suspended in the water column during or shortly

after the transport event.

All of the distinct ammonoid event layers represent only episodic (i.e. formed during days to
weeks), punctual thin horizons (see Brandner et al. 2012) which interrupt the ‘normal’
background sedimentation phase, consisting of limestone beds with only rare occurrences of
ammonoids (e.g. Kasimlarceltites, Klipsteinia, Sirenites). Brett and Baird (1986) distinguished
two kind of deposition, characterized by the mode of sedimentation rate with the long-lasting
background deposition (1-10 cm/10% yr) and the punctual episodic sedimentation (1-50
cm/1072 yr).

The almost horizontal alignment of the shells from the ammonoid-rich horizons reflects the
normal long-term sedimentation and no-to-weak transport of shells before embedding. The
observed angle is similar to angles detected when single specimens are lain on a horizontal
ground (Fig. 7.8). Contrastingly, the increased angle in the polyspecific KA Il — block 4 with
164°/344° (frontal data) resp. 15°/195° (orthogonal data) is interpreted as caused by a more
turbulent transport and the mixture with specimens of the bigger Sirenites (strong ribs and

spines), on which Kasimlarceltites (almost smooth) specimens often ‘lean’. The increased
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obliqueness in axes is also caused by the increased number of steeper orientations in body
chambers with a mean direction of 111° in KA Il — block 4 (Fig. 7.10).

The increased angle seems to reflect bioturbation and secondary dislocation of the small
objects (i.e. 0.5-8.0 mm). Such small sized skeletal objects are easily orientated by common
depositional processes (e.g. bottom currents, turbidites, storms, mass flows) but not obliged
to be aligned related to their shell axes, owing to the almost globular morphology of small
objects.

A more indistinct and imprecise picture is seen when interpreting the body chamber
orientation in both, frontal and orthogonal two-dimensional slices (Fig. 7.10, Tables 7.2, 7.3).
As the body chamber length in Kasimlarceltites varies from three-fourths to an entire whorl
(i.e. mesodome to longidome; see Westermann 1996), measurements and data can only
show the direction of the biggest part of the outer whorl, not assuming to show the definite,
final apertural direction. This problem should be solved with 3D sectioning and reconstruction
(Lukeneder et al. 2014). Hence the data show unimodal (only one direction of body
chambers) to bimodal (two opposite directions) distribution roses (Fig. 7.10). As shown
above, the data on axes orientations, hence the transport induced directions and alignments

are more reliable within our two-dimensional based work.

7.10.4.Size groups in Kasimlarceltites

The intraspecific variation of size classes and the difference within layers and localities is the
expression of either different sources (i.e. environments, depth range) of the transported
sediment (i.e. including ammonoids shells), or the result of sexual (i.e. females =
macroconchs — M, males = microconchs — m) or ontogenetic (i.e. ammonitellae, juveniles

and adults) separation of ammonoids habitats during life.

The difference in abundance and resulting distribution curves from frontal and orthogonal
size classes in several blocks of different localities, once again strengthens the concept of an
alignment of ammonoid shells after intense and detectable transport. This important issue
can be noticed in KA Il — block 2 with frontal values of 8.4-10.4 mm versus smaller
orthogonal values between 4.2-6.2 mm, KA | — block 1 smaller frontal values (4.2—6.2 mm)
versus orthogonal values (8.4-10.4 mm), and AS IV — block 3 with a frontal wide range (6.3—
18.8 mm) versus a narrow orthogonal range of 6.3—-8.3 mm and a second peak at 25.2-27.2
mm. Frontal and orthogonal size class distribution is almost identical in AS la — blocks 1, 2, 3
(Fig. 7.10).
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7.11. Conclusions

The Upper Triassic macrofauna of Asagiyaylabel and Karapinar (Taurus Mountains, Turkey)
is represented especially by ammonoids (i.e. ceratitids) and bivalves (i.e. halobiids). The
whole section yielded over 2,300 ammonoids, extracted and prepared as well as embedded
in blocks and sections. The fauna can be assigned to the Lower Carnian Austrotrachyceras
austriacum Zone (Lukeneder and Lukeneder 2014) and contains ammonoids of all
ontogenetic stages, from ammonitallae to adults (for more detail see Lukeneder and
Lukeneder 2014).

The invertebrate fauna (e.g. ammonoids, bivalves, gastropods, sponges, corals) is
accumulated in isolated and distinct single-event layers. The cephalopod shells are aligned
and concentrated in particular levels and some show, to some extent, current-induced
orientation. Alignment of shells into diverse orientations suggests mass flow currents or other

turbulent bottom-water currents.

The ammonoid fauna at Asagiyaylabel and Karapinar were deposited together with
sediments formed by gravity induced flows and turbidites under the influence of winnowing
and bottom currents. The sediments were partly reworked and transported in suspension for
some distance, from shallower areas at the platform edge to the upper slope onto the deeper
parts of the slope and basin. The sediments were initially deposited on the platform shelf
close to the slope edge (shelf break area), which is also near the final embedding place of
the ammonoid remains. In this area, unstable marine sediment accumulations create the
prerequisite conditions for remobilization by gravity flows and/or turbidity currents (Einsele
1991; Potter et al. 2005). Those flows and currents then built up the floatstones and
packstones comprising the ammonoid mass occurrences. The final deposition of the
floatstones to packstones from Asagiyaylabel and Karapinar took place on tectonically
unstable slope areas during conditions of relatively high sedimentation rates. Successions

with abundant or accumulated ammonoid-layers are widespread over a 15 km? area.

Debris flows and turbidity current, or a combination of both, were triggered either by storm
wave activity or by forcing other physical events such as earthquakes, tsunamis and less
probably sediment overloading, which led to the formation of event beds and ammonoid
accumulation layers on the upper slope to basin of the Carnian (Austrotrachyceras
austriacum Zone) from the Taurus Mountains. The ammonoid accumulation layers (and
therefore the lower part of the Kasimlar Formation) are almost monospecific, dominated by

the ceratitid genus Kasimlarceltites with up to 99.9 %. The thickness of the Kasimlarceltites
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acme zone ranges from 1.8 m at Asagiyaylabel (section AS I) and 16.5 m at Karapinar Il
(section KA Il). The position, and hence the exact geographical cardinal direction of the

source area, is unknown.

The orientation measurements (e.g. angles of axes and body chambers) of the ammonoids
also point to origination by water-saturated, liquefied debris flows, resulting in biogenic
floatstones or packstones (i.e. matrix supported and ammonoid shell supported; see Fligel
1978, 2004). The two-fold picture clearly points to various transport mechanisms, hence a
change of source areas or transport history during the Julian—Tuvalian in Carnian times (Late
Triassic). An increasing water depth, either due to a sea level rise or a tectonic drop of the
carbonate platform is also evident for that Anatolian area, clearly detectable in the
sedimentological and paleontological record. Subsequently, current systems changed during
that time of paleo-oceanographic modification and restructuring, resulting in unstable

conditions and thus redeposited accumulation layers.

The Kasimlarceltites event layers are intercalated with ‘normal’ sedimentation beds, which
are represented by wackestones with only rare, floating Kasimlarceltites specimens. Small
ammonoids (i.e. juvenile Kasimlarceltites) and shell fragments in the body chambers of
somewhat larger ammonoids also support the assumed effect of agglomeration and
comminution by dense sediment flows with a laminar internal flow. The accumulation of
ammonoid layers indicates either on-site deposition at short, favourable ‘timeintervals’, or
reworked accumulation-layers after gravity flow transport (slow debris flow). Most ammonoid
specimens are not fragmented and do not show bioerosion (i.e. boring, encrustation). This
suggests a short transport history of the sediment masses and rapid incorporated shells (e.qg.
ammonoids, bivalves, gastropods) as well as relatively fast burial. Moreover, because most
body chambers of the ammonoid specimens are filled with debris, they were already dead at
the time when they were transported. These are thus true, redeposited accumulations, and
their initial accumulation in shallow water must have also been characterized by fairly rapid
burial, to avoid postmortem bioerosion. The presence of ammonoids bearing intraclasts (i.e.
different colour due to different source areas), of sponges associated with corals and
gastropods, of slightly dislocated shell angles in ammonoids, of dislocated geopetal
structures (i.e. in ammonoid shells) and in cases of a cover of broken ammonoid shells and
bivalve coquinas (Kidwell 1991a,b) signify a turbulent transport and redeposition of

sediments and fossils.
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The assemblages within the described accumulation layers depict an indefinite mixture of
autochthonous (= indigenous in Kidwell 1991b), parauthochthonous, and allochthonous (=
exotic in Kidwell 1991b) sedimentological and biogenic elements. Concentrations of
ammonoid shells are mainly based on primary biogenic (sensu Kidwell et al. 1986) and
sedimentological concentration mechanisms (see Kidwell et al. 1986; Meldahl 1993). The
combination of both (biogenic and sedimentological skeletal concentrations) suggest inner
shelf and inner ramp environments (Kidwell et al. 1986).

The enormous quantity of ammonoid shells in these thin beds also suggests a possible
gregarious life style of the ceratitid Kasimlarceltites, at least during times of mating and
spawning (see also Soja et al. 1996; Lukeneder, in print). Buccal masses with preserved
beak apparatus (e.g. aptychi like jaws) are completely missing in the Turkish material.
Isolation took place, either through transport, due to different behaviour within the water
column, or through current-induced grain differentiation during accumulation. The latter
scenario leads to different, and unknown, places of deposition for these two cephalopod

elements of the same animal.

A highly variable sea floor morphology is induced by the lithological and sedimentological
deviations within the adjacent sections. Bottom physiography produced different

accumulation models and ammonoid shell bed types.

This leads consequently to the question of the time during which Kasimlarceltites dominated
the fauna in this Late Triassic (i.e. Carnian — Julian 2) area. A stratigraphical range
(Gradstein et al. 2012) from one third to one half of the Austrotrachyceras austriacum Zone
(approximately 200 ky at AS | and AS IV — 500 ky at KA II) is calculated for the
Kasimlarceltites acme zone, not considering any hiati or time averaging, which might have
occurred. A possible geographical differentiation into habitats from sexual dimorphic pairs
(i.e. females, males and juveniles), and hence the original water depths inhabited by different
size and morphogroups, bears the potential to change the picture of the formation
mechanisms and habitats in ceratitid ammonoids and to produce such mass occurrences or
event beds in particular. The obtained information encourages future research focused on

the preservation history and processes causing ammonoid accumulations.

309



Fig. 7.11. Calculation scheme for true dip direction in ammonoid shells from Asagdiyaylabel (AS
I, AS | — blocks 1, 2, 3, 4). True dip direction of the ammonoid shell ‘plane’ needs two different
(frontal and orthogonal) apparent dip measurements of ammonoid shell axes. For more details
on this method and three dimensional calculations see Lukeneder et al. (2014).
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CHAPTER VIII,

SYNOPSIS — STRATIGRAPHIC AND PALAEOENVIRONMENTAL CONCLUSIONS ABOUT
THE CARNIAN SEDIMENTS AROUND ASAGIYAYLABEL AND KARAPINAR (TAURUS
MOUNTAINS, TURKEY) IN A TETHYAN WIDE CONTEXT

In this thesis, selected Carnian sections (Asagiyaylabel |-V, Karapinar I1-1V) from the area of
Asagiyaylabel (Taurus Mountains, Turkey) were investigated by means of facies analysis
(Chapter II), geophysical measurements (Chapter Ill), faunistic composition (Chapter V), as
well as by means of orientational and taphonomical fossil analyses (Chapter V-VII). The
overall goal was to interpret the environmental setting of this area during the Carnian time in

comparison with time-equivalent deposits of the western Tethyan realm.

Lower- to Upper Carnian sediments, deposited within the Tethyan realm, represent a window
to a time at which a major climatic crisis occurred. This crisis, which is generally known as
the Carnian Crisis, is reflected by a sedimentary change from carbonate- to argillaceous-
dominated deposits, in combination with a major decrease in marine and epicontinental
faunas (Hallam 1996, Hornung 2008). Although the most effected group were marine
shallow-water inhabitants, the effect could be also detected in terrestrial groups as for
example tetrapods (Hallam 1996). The reason for this climatic crisis is still under discussion.
Therefore a series of different names were chosen by different authors for one and the same
“‘event” respectively “episode”. Schlager and Schoéllnberger (1974) originally introduced the
“Reingraben turning point”’, whereas Simms and Ruffell (1989) created the term “Carnian
Pluvial Episode (CPE). Hornung and Brandner (2005) named it the “Middle Carnian Pluvial
Event”, whilst Kozur and Bachmann (2010) described it as the “Middle Carnian Wet
Intermezzo”. Due to the fact that most studies point to a longer multi-phased process, instead

to a single event, the term “Carnian Pluvial Episode” was preferred within this thesis.

The real mechanisms behind this Early Carnian climatic turnover are still under discussion.
An enhanced humidification due to global warming (induced by the rifting of Pangea),
combined with increased freshwater runoff, was originally supposed (Simms and Ruffell
1989; Hornung et al. 2007a, b). Later on, Dal Corso et al. (2012) linked this event with the
eruption of the Wrangellia flood basalt province. The humidification was most probably

triggered by monsoonal phases and furthermore led to a nutrification of shelf-areas in the
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Tethyan Ocean (Hornung et al. 2006, 2007a, b; Hornung 2008). A further result of the
multistratigraphic studies argued that this climatic turnover occurred synchronously
throughout the whole Tethys within Early Carnian time (Hornung 2008).

8.1. A delayed climatic facies change in the Taurus Mountains of Turkey

A timely comparable facies change from a carbonate platform through marly dominated
limestones to shaley sediments has been investigated around the area of Asagiyaylabel
(Chapter 1), about 70 km southeast of the town Isparta. Whilst the Kartoz Formation
represents a shallow water carbonate platform, the Kasimlar Formation starts at its base
(Carbonate member unit A) with well bedded dark limestone-layers (pelagic wackestones).
Although the carbonate platform, which is restricted to the Kartoz Formation, was replaced
by deeper water limestones at the base of the Kasimlar Formation, the sedimentation
remains carbonatic throughout the late Early Carnian time (Carbonate member unit A—C) and
starts to become terrigenous only from the base of the Marlstone member (= Upper Carnian)
onward. As the boundary between the Carbonate- and the Marlstone member corresponds
to the Julian / Tuvalian resp. the Lower- / Upper Carnian boundary, the interpreted climatic
turnover in the area of Asagiyaylabel took place about 2 Ma later than in the western Tethys.

Other classical Early Carnian Tethyan terrigenous sequences, such as the Alpine
Reingraben Shales (Hornung and Brandner 2005), the Halobia Shales of northern Turkey
(Yurttas-Ozdemir 1973) or the Rama Formation of the Indian Himalaya (Hornung et al. 2006,
2007 a, b) are all together older than the Kasimlar Formation of Asagiyaylabel. Only in the
Lagonegro Basin (southern Apennines, Italy), a succession of green shales and radiolarites,
represents a time equivalent turnover to that of the Taurus Mountains (Rigo et al. 2007). In
contrast to Rigo et al. (2007), who set the later turnover in the Lagonegro Basin in context
with a shallowing of the carbonate compensation depth, we conclude that the higher
palaeolatitudes of the Taurus Mountains (about 7° N) and the Lagonegro Basin (8-9° N)
might have been the reason for a diachronic turnover to the South- and Austroalpine (17° N)
and to the Himalaya (about 30 °S). Nevertheless, it might have been a combination of

different factors, why the turnover occurred 2 Ma later in equatorial palaeolatitudes.
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8.2. Facies change supported by geophysical measurements

(MS- and radiometry data)

The described lithological change from the Carbonate- to the Marlstone member is
additionally supported by the first geophysical measurements (Magnetic Susceptibility- and
radiometry data) taken from Lower- to Upper Carnian carbonate sequences (Chapter IlI).
They reflect a distinct MS- and radiometry increase at the Lower- to Upper Carnian boundary
at the sections AS |. A comparable increase in MS- and radiometric data could be
investigated at the section Karapinar IV, at which the boundary from well bedded dark grey
limestones to marlstones could be observed as well (Chapter Ill). But not only the Julian /
Tuvalian boundary could be found again within the surroundings of Asagiyaylabel. Equivalent
shallow water limestones (Kartoz Fm., AS |) and well bedded Kasimlarceltites beds
(Kasimlar Fm., Carbonate member Unit A, AS ) could be detected at the surrounding
sequences AS IV and KA I-Il. These sediments are not only equivalent concerning their
lithology resp. facies, but also concerning their geophysical values. Within all sections, the
values start with low MS rates at the shallow-water carbonates (-11-71 x 10° SI; Kartoz
Fm.), become higher at the well bedded Kasimlarceltites limestones (3-108 x 10° SI;
Carbonate member, Kasimlar Fm.) and show their highest values at the calcareous marls
and marlstones (62—458 x 10°® SI; Marlstone member, Kasimlar Fm.). This fits well to the
additionally investigated decrease of the CaCoz; content from the Carbonate to the Marlstone
member (Chapter III).

The abrupt increase of the MS- but also of the radiometry measurements (Chapter Ill) at the
Julian / Tuvalian boundary perfectly reflect the already estimated increased influx of detrital
materials resp. siliciclastic minerals into the system, due to the enhanced river run-off,
triggered by the rising humidification (Tollmann 1976; Aigner and Bachmann 1992; Hornung
and Brandner 2005). The MS- values of the carbonate platforms or shallow-water limestones
are very low to negative. This is what is expected for such sediments high in diamagnetic
minerals as for example calcite (Algeo et al. 2007a, b). The trend of such geophysical hand
held instruments can be used for stratigraphic correlation, were no macrofossils are found,
as it is the case for the section Karapinar 1V. Geophysical measurements can therefore be
used, with caution, as additional preliminary tool for correlation of characteristic features in

the field, as for example sequence boundaries or marker horizons.

327



8.3. The Lower-to Upper Carnian ammonoid fauna at Asagiyaylabel

The climatic turnover at Agagiyaylabel coincides with an extinction event at the Julian /
Tuvalian boundary, which effected a series of pelagic ammonoid and conodont taxa (Krystyn
1983, 1991; Rigo et al. 2007; Hornung et al. 2007 a, b). The stratigraphic correlation of the
sediments at Asagiyaylabel was done by ammonoid biostratigraphy. The characteristic
faunal change, which is Tethyan wide detected at the Julian (Lower Carnian) / Tuvalian
(Upper Carnian) boundary could additionally be proven at the section AS |. While the
Carbonate member represents ammonoids corresponding to the Austrotrachyceras
austriacum Zone, and therefore represents Julian 2, the Marlstone member mostly yields
ammonoids representing the Tropites dilleri Zone which corresponds with Tuvalian I. Some
characteristic Lower Carnian taxa found within the Carbonate member are two species of
Neoprotrachyceras (N. attila and N. baconimum) as well as Sirenites senticosus.
Neoprotrachyceras belongs to the Trachyceratinae, which flourished Tethyan wide during the
Early Carnian but were mostly replaced within the Late Carnian by the Tropitidae. The
Tropitidae are represented within the Marlstone member by the species Paratropites
hoetzendorfii. Furthermore, the occurrence of Spirogmoceras cf. shastense indicate a
Tuvalian 1 age for the Marlstone member. Consequently the Julian / Tuvalian boundary is
biostratigraphically proven by the occurrence of Anasirenites crassicrenulatus immediately

below and Sp. cf. shastense above the boundary.

Section AS | represents one of the rare opportunities for the investigation of the Lower- to
Upper Carnian ammonoid fauna. Tethyan wide, most sections are dated by conodont
biostratigraphy (e.g. Lagonegro Basin, Rigo et al. 2007). Those rare sections, which
comprises Julian to Tuvalian ammonoid faunas are composite stratigraphic sections (Breda
et al. 2009) or condensed horizons, as for example the well preserved ammonoids of the

type localities within the Northern Calcareous Alps.

The deep-water inhabitant Proarcestes sp., which is found at Asagiyaylabel | from the
Marlstone member onward, proves the general drowning of this section, which was already
shown by the facies analysis (Chapter Il) and the geophysical data (Chapter IIlI). The newly
described species from the Lower Carnian beds, Kasimlarceltites krystyni, Klipsteinia
disciformis and Anasirenites crassicrenulatus reflect an isolated, but generally connective
palaeoceanographic position of this area on the western end of the Cimmerian system. A
comparison of the ammonoid fauna from Asagiyaylabel with European, Asian and American
faunas reflects a Mediterranean-Himalayan-Andean ammonoid assemblage, with the
exception of Spirogmoceras cf. shastense, which shows a North American-Andean faunal
affinity.
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8.4. The Kasimlarceltites mass occurrence used as proxy for the

environmental conditions during Early Carnian Time

The occurrence of the newly described genus and species Kasimlarceltites krystyni in a huge
mass occurrence (Carbonate member unit A), which is widespread over an area of at least 5
km? makes it suitable for taphonomic investigations, which allow new insights into the
environmental conditions at a time when the Carnian Pluvial Episode took place. The
accumulation beds reflect only short event-layers within the Kasimlarceltites acme zone, as
they alternate with limestone beds yielding isolated Kasimlarceltites remains. The scattered
occurrence of Kasimlarceltites krystyni over 16.5 metres of rocks, shows that during several
hundred thousand years K. krystyni must have lived within this area and therefore formed an

autochthonous element within the background sediment (Chapter VII).

Calculating a number of ammonoids and gastropods for an estimated extension of at least 5
km? of the mass occurrence within the area around Asagiyaylabel, nearly 775 million
ammonoids and more than 50 million gastropods were extrapolated (Chapter VI). Comparing
the mass occurrence with the nine types of skeletal concentrations defined by Firsich and
Oschmann (1993), a genesis by “storm waves” or “tempestites” would be assumed.
According to Kidwell (1986) the Kasimlarceltites mass occurrence might have been
deposited within a beach or an inner shelf environment, whereat an inner shelf environment

would be more probable (Chapter VI).

Two-dimensional orientation measurements (Chapter VII) taken from different reference
blocks from the Kasimlarceltites acme zone of the sections AS -1V and KA |-Ill, as well as
three-dimensional orientation analyses conducted from a reference block (150 x 45 x 140
mm) of section AS | bed 6 (Chapter V-VI) prove a general alignment of the ammonoids
which hint to an at least slight transport, most probably caused by gravity flows resp. turbidity

currents.

Whilst planispiral fossils (e.g. cephalopods) were so far only used with caution for orientation
analyses (most studies uses only elongated fossils) and furthermore fossil orientations are
conducted only by two-dimensional geographic orientation methods, the studies done within
this thesis use “disk shaped” planispiral coiled ammonoid shells (Chapter V-VII) as well as
additional three-dimensional orientation measurements (Chapter V-VI) for yielding more

detailed information about the fossils orientation.
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The orientation of more than 3.000 ammonoids and 200 gastropods, virtually segmented
from the reference block of bed AS 1/6 (Chapter V=VI), show a SSE/NNW resp. NNW/SSE
alignment of the ammonoids (Chapter V-VI). The alignment of the ammonoids as well as the
orientation of the geopetal structures observed at some ammonoid shells (Chapter VI) in
combination with the intraclasts, which also bear ammonoids with geopetal structures, hint to
a re-transport of the ammonoid shells after their primary deposition. The allochthonous
character of this mass occurrence is furthermore indicated by the absence of any bioerosion
or encrustation. We therefore assume that the ammonoids were primary accumulated due to
short anoxic conditions or maybe due to tectonical methane-degassing periods and buried
quickly. In a second step they were reworked, and again transported in combination with the
unconsolidated surrounding material of their primary deposition. Regarding the fossil-
Lagerstatten concept of Seilacher (1990), we interpret, that parts of the primary
Kasimlarceltites mass accumulation deposits have been, in a second step, reworked and
transported downslope to the basin where they now form a concentration-Lagerstatte sensu

Seilacher.

Anyhow, the fact that less than 5% of the ammonoid shells are fragmented would much more
lead to an autochthonous occurrence. This contradiction was explained by the relatively
small (maximum diameter = 31mm) and therefore relatively robust shells and furthermore by
a relatively slight and short transport. The missing buccal masses resp. preserved beak
apparatus much more hint to an at least par- or allochthonous, but not to an autochthonous
deposition. As most ammonoids within the accumulation layers are imbricated toward SSE
within the stereographic analyses, we assume a slight but significant sediment movement

toward NNW most probably triggered by gravity flows.

330



8.5. Summary

This thesis combines different kind of classical palaeontological methods (facies analysis,
taxonomic and taphonomic investigations) in combination with modern techniques
(geophysical methods, virtual segmentation methods and three-dimensional orientation
analyses) carried out at an interval of sediments of the Taurus Mountains in Turkey with

important information on the Lower- to Upper Carnian boundary.

The taxonomical investigation of the ammonoid fauna led to the description of one new
genus and three new species from the Lower Carnian beds at Asagiyaylabel. It further
allowed the exact recognition of the Lower- to Upper Carnian boundary and the proof of a
distinct ammonoid turnover at this boundary. The facies analysis in combination with the
geophysical measurements demonstrates that the characteristic climatic turnover of the so
called “Carnian Pluvial Event” is Tethyan-wide not time-correlative as previously assumed,
but may vary within a time interval of 2 Ma. Although this enigma is not finally solved, it is an
important fact that should be followed up within future studies dealing with this topic. This
thesis furthermore shows that geophysical measurements, conducted from hand held
instruments, just used with caution as trend data, can be used as preliminary tool for
detecting sequence boundaries or marker horizons in the field and therefor can be used for
correlating single logs. Last but not least, the newly established method of three-dimensional
orientation analyses tested at the Kasimlarceltites mass occurrence, can easily be adapted
for different kind of fossil mass occurrences in which the fossil orientation is of special

interest.

Using facies analysis (Chapter Il), geophysical measurements (Chapter IlIl), faunistic
composition (Chapter V), as well as orientational and taphonomical fossil analyses (Chapter
V=VII) in combination, the environmental setting of the area around Asagiyaylabel during the

Lower- to Upper Carnian time could be interpreted as follows:

The sediments generally reflect a late Triassic drowning succession with a facies change
from carbonates (Lower Carnian) to argillaceous sediments (Upper Carnian). A sudden
drowning of the Kartoz Formation (due to synsedimentary tectonics) during the Lower
Carnian, led to a new basin geometry with a low energy bottom environment at which the
deeper water limestones were deposited. Periodical anoxic conditions, probably in
combination with tectonically induced methane degassing, led to the primary accumulation of

Kasimlarceltites. In that aftermath, episodically deposition of the Kasimlarceltites event beds

331



(Kasimlarceltites mass occurrence) took place. The original habitat of Kasimlarceltites
krystyni was interpreted as a shallow tropical peri-platform carbonate environment (Chapter
VI).

Due to unstable conditions, the event beds of the Kasimlarceltites mass occurrence were
formed most probably by gravity flows from the surrounding carbonate platforms. Reef-
favourable conditions seems to have occurred until the end of the Early Carnian. At the base
of the Late Carnian the actual major sedimentary change from a carbonatic to siliciclastic-
dominated sedimentation, known as the Carnian Pluvial Episode occurred. This change is
most probably due to the already postulated humidification of the climate during the Early

Late Carnian time.
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APPENDICES

Appendix | - Supplementary Tables for Chapter IV

Measurements of the holotypes, paratypes and related genera from Asagiyaylabel (Taurus

Mountains, Turkey):

Type/Inv. Nr. Fig. D H W U ah H/W  H/D H/U u/D W/D
inmm

Kasimlarceltites krystyni gen. et sp. nov. and related genera

NHMW-

2012z0133/0268, 4.4C 0.6 0.3 - 01 0.2 - 0.42 193 0.22 -
data source: sm

NHMW-

201220133/0006, 4.5M-N 18.5 5.8 4.5 7.4 50 127 0.31 0.78 0.4 0.24

data source: sm

NHMW-
2012z0133/0007,
data source: sm

450-P 185 5.9 4.6 73 50 128 032 081 040 0.25

NHMW-
2012z0133/0008, 45Q-R 191 6.1 4.9 8.8 43 125 032 069 046 0.25
data source: sm

NHMW-
2012z0133/0009,
data source: sm

455-T 204 6.4 5.0 92 54 128 032 070 045 0.25

NHMW-
2012z0133/0010, 45U-V  20.2 6.2 45 9.0 51 138 030 0.68 045 0.22
data source: sm

NHMW-
2012z0133/0011, 4 5W-X 29.9 9.5 54 142 6.3 174 0.32 0.67 0.48 0.18
data source: sm

Dinarites avisianus
in Mojsisovics 1882
(p. 13, pl. 27, fig. 17),
data source: rOP

- 40 14 10 16,5 115 140 035 085 041 0.25

D. avisianus

in Mojsisovics 1882
(p. 13, pl. 27, fig. 19),
data source: rOP

- 29 10 7.5 125 857 133 034 080 043 0.26

HT of Aploceras

transiens in

Manfrin et al. 2005 - 24.6 7.24 5.7 10.6 - 1.27 029 0.69 043 0.23
(fig. 5, 10-11),

data source: mOF
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Type /Inv. Nr.

Fig.

w

in mm

ah

H/W

H/D

H/U

u/D

W/D

Kasimlarceltites krystyni gen. et sp. nov. and related genera

A. laczkoi in
Manfrin et al. 2005
(fig. 5, 1-2),
data source: mOF

HT of Celtites
neumayri
Mojsisovics 1893
(p. 348, pl. 200,
figs. 5a-b),

data source: rOP

HT of C. edithae
Mojsisovics 1893
(p. 349, pl. 200,
fig. 7),

data source: rOP

HT of C. epolensis
Mojsisovics 1882

(p. 149, pl.38, fig. 13),
data source: rOP

HT of C. laevior
Diener 1917 (p.
390, pl. 3, fig. 9),
data source: sm

HT of C. ottiliae
Diener 1921

(p. 512, pl. 8, figs.
8a-b),

data source: sm

HT of C.
laevissimus
Diener 1921

(p. 512, pl. 8, figs.
7a-b),

data source: sm

HT of C. conifer
Diener 1917, (p.
390-391,

pl. 3, fig. 10),
data source: sm

HT of O. belcheri
Tozer 1994,

(p. 125, pl. 103,
figs 1a—b),

data source: mOF

Type of “Goniatites”
buchi Klipstein
1843

(p. 137, pl. 8, figs
1la—c),

data source: mOF

21.4 7.6

27 7

16 5

26 6

14.0 4.0

12.5 3.5

11.0 3.0

9.0 2.0

13.8 3.9

17.9 6.47

54

3.5

3.0

3.0

3.5

5.6

4.8

9.1

15

15

7.0

6.0

55

45

59

9.1

54

3.96

3.9

29

54

5.5

1.42

0.78

0.83

1.14

1.17

1.00

0.57

0.70

1.35

0.36

0.26

0.31

0.23

0.29

0.28

0.27

0.22

0.28

0.36

0.83

0.47

0.63

0.40

0.57

0.58

0.55

0.44

0.66

0.71

0.43

0.56

0.50

0.58

0.5

0.48

0.50

0.50

0.43

0.51

0.25

0.33

0.38

0.25

0.24

0.27

0.39

0.4

0.27
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Type /Inv. Nr.

D H w

in mm

ah

H/W

H/D

H/U

u/D

W/D

Kasimlarceltites krystyni gen. et sp. nov. and related genera

Type of “Ammonites”
klipsteinianus Laube

1870 (p. 83, p. 37, fig. 8),

data source: rOP

Type of

Lecanites glaucus
Mojsisovics 1882

(p. 200, pl. 30, fig. 4),
data source: rOP

L. vogdesi in
Assereto 1969

(p. 2, fig. 2),
data source: mOF

L. vogdesi in
Assereto1969

(p. 1, figs 6a—c),
data source: mOF

L. vogdesi in
Assereto 1969

(p. 2, figs 7a—c),
data source: mOF

L. vogdesi in
Assereto 1969

(p. 2, figs 10a—c),
data source: mOF

L. misanii in

Manfrin et al. 2005
(p. 484, fig. 5, 21-22),
data source: mOF

Type of Coeloceltites
rectangularis

(Hauer, 1860, p. 351),
data source: rOP

Type of
Cycloceltites arduini
(Mojsisovics 1893, p.
360, pl. 122, fig. 6),
data source: rOP

11 4 4

12 4 2

50.9 13.9 -

36.8 11.6

28.0

10.1 8.1

33.8

10.8 9.5

17.9 6.1 3.6

27.7 7.3 7.8

31 8 5.0

10.4

4.5

26.1

14.4

12.9

13.4

7.6

15.3

19

3.3

12.9

8.4

9.4

10.6

4.6

7.3

7.5

1.00

2.00

112

1.25

1.13

1.69

0.94

1.60

0.36

0.33

0.27

0.32

0.36

0.32

0.34

0.26

0.26

0.89

0.80

0.53

0.80

0.79

0.80

0.80

0.48

0.42

0.41

0.42

0.51

0.39

0.46

0.40

0.43

0.55

0.61

0.36

0.17

0.28

0.29

0.28

0.20

0.28

0.16
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Type/Inv. Nr. Fig.

w U ah
inmm

H/W

H/D

H/U

ub W/D

Spirogmoceras cf. shastense and type material of Sp. shastense

NHMW-

2012z0133/0467 4.8A
HT of Sp. lecontei

(Hyatt & Smith 1905), -
data source: rOP

HT of

Sp. californicum
(Smith 1927),
data source: rOP

NHMW-
201220133/9335, 4.8B
data source: sm
NHMW-
2012z0133/0338,
data source: sm

NHMW-
201220133/9475, 4.8D
data source: sm

LT of

Sa. pilari Diener

1917, NHMW- -
1998z0056/0007,

data source: rOP

PT of Sa. pilari

Diener 1917

NHMW- -
1998z0056/0019,

data source: sm

46

141

170

16.0

13.3

30.0

22.3

24

83

90

121

6.41

5.2

12.0

9.4

41 14 60

63 26 -

20 53 4.5

80 110 121

76 8.0 9.4

2.02

1.43

2.60

1.50

1.24

0.52

0.59

0.53

0.40

0.39

0.40

0.42

5.93

3.46

1.07

0.98

1.09

1.18

0.10

0.15

0.38

0.40

0.37

0.36

0.29

0.37

0.15

0.27

0.34
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Type/Inv. Nr. Fig. D H

W U
inmm

ah

H/W

H/D

H/U

u/D

W/D

WER

Klipsteinia disciformis sp. nov. and related species

‘Ammonites” hirschi

in Laube (1870, pl.41,
fig. 9),

data source: rOP, mOF
(ah)

“Ceratites” achelous

in Minster (1841, p.
134, pl. 15, figs. 23a—c),
data source: mOF

12.87 5.67

“Ceratites” boetus
in Minster (1841, p. 129,
pl. 14, figs 14a—d),
data source: mOF

12.8 3.04

,Ceratites” irregularis

in Munster (1841, p. 135,
pl. 15, fig. 26a—c),

data source: mOF

15.0 4.13

KI. karreri in Mojsisovics
(1882, pl.25, fig. 27),
data source: rOP, mOF
(ah)

Kl. nataliae in

Mojsisovics (1882, pl.

25, fig. 17), - 26 10
data source: rOP, sm

(ah)

4.88 3.78

3.74 6.85

4.03 7.37

6.5 5

5.30

5.58

4.64

4.62

6.96

9.5

112

1.16

0.81

1.02

1.23

2.0

0.43

0.44

0.24

0.28

0.40

0.38

1.6

1.50

0.44

0.56

1.60

1.25

0.27

0.29

0.54

0.49

0.25

0.31

0.38

0.38

0.29

0.27

0.33

0.19

2.850
(vh)

3.117
(vh)

2.461
(h)

2.088
(mh)

2.352
(mh)

2.495
(h)

Neoprotrachyceras attila and type material

NHMW-
2012z0133/0331, 4.8M-N 52.2 27.5
data source: sm

Mojs. measured

syntype (1870, pl. 5,

fig. 2), - 58 26
data source: rOP

“Protr. (Trach.)” attila

Mojs. (1893, p. 634,

pl. 170, figs. 2a—b),

data source: rOP, - 63 32
mOF (ah)

145 105

19 105

235

1.90

1.68

0.53

0.45

0.51

2.62

2.60

3.05

0.20

0.17

0.17

0.28

0.30

2.544
(h)
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Type/Inv. Nr.

Fig.

w

inmm

ah

H/W

H/D

H/U

u/D

W/D

WER

Neoprotrachyceras baconicum and type material

NHMW-
2012z0133/0317,
data source: sm

NHMW-
2012z0133/0314,
data source: sm

NHMW-
2012z0133/0315,
data source: sm

NHMW-
2012z0133/0316,
data source: sm

NHMW-
2012z0133/0319,
data source: sm

NHMW-
2012z0133/0320,
data source: sm

“Trachyceras”
baconicum (Mojs.
1870), pl. 5, fig. 5,
data source: rOP,
mOF (ah)

“Protr. Trach.”
baconicum in

(Mojs. 1893, p. 635,

pl. 170, fig. 7),
data source: rOP,
mOF (ah)

4.8W-X

4.80-P

4.85-T

4.8Q-R

4.8U-V

4.8Y-Z

141

145

20.0

30.3

38

38.5

90

54

54

6.0

11.0

13.9

16.43

16.8

45

24

5.6

7.0

8.0

9.7

12

10

25

14

6.5

4.0

4.0

8.4

12.5

12.8

20

14

54

9.0

11

12.97

13.1

35.0

19.95

0.96

0.86

1.38

1.43

1.52

1.68

1.80

1.71

0.38

0.41

0.55

0.46

0.43

0.44

0.50

0.44

0.83

1.50

2.75

1.65

131

131

2.25

1.71

0.46

0.28

0.20

0.28

0.33

0.33

0.22

0.26

0.40

0.48

0.40

0.32

0.28

0.26

0.28

0.26

2.539
(h)

3.306
(vh)

2.465
(h)

2.305
(mh)

2.297
(mh)

2.678
(h)

2.515
(h)
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Type/Inv. Nr. Fig.

ah

H/W

H/D

H/U

u/D

W/D

WER

Sirenites senticosus and type material

NHMW-
2012z0133/0281,
data source: sm

4.5A1-AJ

NHMW-
2012z0133/0289,
data source: sm

4.10A-B

NHMW-
2012z0133/0285,
data source: sm

NHMW-
2012z0133/0284,
data source: sm

HT from Dittmar
(1866, p. 375,

pl. 17, figs 9-10),
data source: rOP

Sirenites
senticosus in
Mojs. (1893, p.
727, pl. 161, fig.
12), data source:
roOP

23

22.76

29.0

26

26

9.21

12.5

12.0

12.1

12

5.87

7.5

6.5

7.25

6.32

6.94

10.0

6.65

8.9

11.2

9.67

1.85

1.57

1.67

1.85

1.67

1.71

0.39

0.40

0.43

0.47

0.46

1.42

1.33

1.25

1.82

2.00

0.27

0.30

0.34

0.26

0.23

0.22

0.26

0.26

0.28

0.27

2.699
(h)

2.697
(h)

2.654
(h)

2.535
(h)

Anasirenites crassicrenulatus and related species

HT of Anasirenites
tripunctatus
Mojsisovics, 1893

(p. 777, pl. 161, fig. 1; -

GBA 1893/001/0706),
data source: rOP, mOF
(ah)

HT of Anasirenites briseis
Mojsisovics, 1893
(p. 776, pl. 160, fig. 15;

GBA 1893/001/0705), -

data source: rOP, mOF
(ah)

HT of Anasirenites
friederici Mojsisovics, 1893
(p. 777, pl. 161, fig. 2;
GBA 1893/001/0708),

data source: rOP, mOF
(ah)

HT of Anasirenites
marthae Mojsisovics,

1893 (p. 777, pl. 161,

fig. 3; GBA —
1893/001/0707),

data source: rOP,

mOF (ah)

43

30

43

40

21

16

21

17

11

7.5

11

12

3.5

12

4.5

10.0

16.0

11.0

191

2.13

1.91

1.42

0.49

0.53

0.49

0.43

2.33

4.57

2.33

1.42

0.21

0.12

0.21

0.30

0.26

0.25

0.26

0.30

1.247
o

2.250
(mh)

2.536
(h)

1.902
(m)
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Type / Inv. Nr. Fig. D H

W
in mm

ah

H/W

H/D

H/U

u/D

W/D

WER

Paratropites cf. hoetzendorfii and type material of P. hoetzendorfii

NHMW-
201220133/0352, 4';36 73 37
data source: sm

NHMW-

201220133/9368, 4.10H 2082 1533
data source: sm juv
Syntype of Diener’s

P. hoetzendorfii 1917

(p. 369, pl. 1, fig. 1;
NHMW-1998z0056/0021;
ad),

data source: rOP, sm (ah)

95 54

Syntype of Diener’s P.

hoetzendorfii, 1917

(p. 369, pl. 1, fig. 2a—c; - 430 24.3
NHMW-1998z0056/0026;

juv); data source: sm

7.5

30

21.48

7.15

32.7

151

2.04

1.80

1.13

0.51

0.51

0.57

0.57

6.17

9.00

3.40

0.08

0.09

0.17

0.25

0.32

0.50

2.325
(mh)

2.380
(mh)

Trachysagenites cf. beckei and type material of T. beckei

Inner whorl of
NHMW-
2012z0133/0350,
data source: sm

4.101-J 65 33

HT of Trachysagenites
beckei Diener 1921

(p. 501, pl. 5, figs 1a-b),
NHMW-192620002/0688)
data source: rOP, sm (ah)

150 79

Syntype of
Trachysagenites
glamocensis Diener, 1917,
(p. 362, pl. 2, fig. 1;
NHMW-1998z0056/0025),
data source:

rOP, sm (W, ah)

81 46

24

63

32

29

13

66

36

1.38

1.25

1.44

0.51

0.53

0.57

3.67

2.72

3.54

0.14

0.19

0.16

0.37

0.42

0.40

3.189
(vh)

3.240
(vh)

Proarcestes sp.

NHMW-
2012z0133/0443, 4.10K 52 27
data source: sm

NHMW-
2012z0133/0445, 4.10M-N 50 26
data source: sm

26

26

2.9

2.0

14

11

1.04

1.00

0.52

0.52

9.31

13.0

0.06

0.04

0.50

0.52

1.873
(m)

1.664
(m)
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Type/Inv. Nr. Fig. D H

inmm

ah

H/W  H/D H/U ub W/D WER

Megaphyllites jarbas and type material

NHMW-
2012z0133/0479,
data source: sm

4.100 33.0 16.5

HT of ,Ceratites jarbas”
(Minster 1841), p. 135,

pl. 15, fig. 25 -
data source: mOF

18.5 9.9

9.5

0.5

1.9

10.0

8.0

2.059

1.74 050 33.00 0.02 0.29
(mh)

3.104

- 0.54 (vh)

521 0.10

Simonyceras simonyi and type material

NHMW-
2012z0133/0477
max. length: 165
mm,

data source: sm

4.11A - 80.0

Syntype of Mojsisovics

(1873, pl. 17, fig. 1;

GBA 1873/5/48), - 248 111
data source: rOP

82.0

55

82

72.5

1.997

0.33 0.22
(m)

202 045 1.35

Abbreviations: ah, aperture height; D, maximum diameter; H, whorl height; H/D, proportional height; H/U, degree of involution;
H/W, whorl compression; sm, self-measured; U, umbilical width; U/D, proportional umbilical width; W, whorl breadth; W/D,
proportional whorl breadth; WER, whorl expansion rate; WER standard: m, moderate 1.61-2.0; mh, moderately high 2.01-2.40; h,

high 2.41-2.80 and vh, very high > 2.80.

345



Appendix Il - Supplementary Figures (SF) for Chapter V

Suppl. Fig. 1. Steps for segmentation of the ammonoids from the scanned slices via Gocad. A, Polylines drawn via
CorelDRAW. B, Polylines uploaded into Gocad, with created surface of one ammonoid. C-D, Reconstructed ammonoid
surfaces from polylines with and without polylines.

<

i..abs(Ay - Cy)
j..abs(Az-Cp)
a..A:B e..abs(Ay-By) k..abs(Bx-Cy)
b..B:C  f..abs(Ay-By) I...abs(By - Cy)
(P (. ] g...abs(A, - By) m...abs(B,-C,) t ..
d..C:S  h..abs(Ax-Cy) n..abs(Cy-Sy) u...

= O T O

7}

Suppl. Fig. 2. Description of variables used for calculations of ammonoid orientations.
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...abs(Dyg - Ty)
...abs(Dy - T,)
... abs(Cx - Sy)
... abs(Ex - Tx)
...abs(Ez - T,)

abs(Dy - Ey)
abs(D, - E,)



Ay > By resp. Dy > Eg Ay <Byresp. Dy <Ey

dip direction

360 - p
Aresp. D
-7 =Z

Suppl. Fig. 3. Graphical explanation for calculating dip direction respectively azimuth from p.
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