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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
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of a global or at least Tethys-wide climatic event is
therefore highly ambiguous. The described facies changes
at Aşağiyaylabel probably mirror different coupling effects
and, only minimally, the Tethyan-wide climate changes
during the Carnian Pluvial Episode.
Keywords Facies change  Carnian Pluvial Episode 
Late Triassic  Tethys realm  Taurus Mountains  Turkey

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; Rüffer and Zamparelli 1997; Flügel 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
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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 Italy) (Roghi 2004). The ‘‘mid-Carnian
Event’’ is the nominal equivalent of the so-called ‘‘Reingraben turning point’’ of Schlager and Schöllnberger (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 Aşağiyaylabel starts with
shallow-water limestones of the Kartoz Formation, with
thick-shelled bivalves and corals. This phase ends with a
corroded and iron oxide-stained dissolution surface,
pointing to subaerial exposure. The Kartoz Formation is
drowned and disconformably overlain by deeper-water,
hemipelagic, black limestones of the Kasımlar 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 Aşağiyaylabel to be an
intra-shelf platform environment grading upwards into
deeper zones influenced by pelagic conditions.
The main topic at Aşağiyaylabel was originally to
determine the environmental conditions and the original
paleodepth of the Carnian ammonite mass-occurrence.
However, a delayed carbonate productivity crisis at
Aşağiyaylabel 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. 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 Aşağiyaylabel, i.e.,
close to or at the top of the Austriacum Zone. The main
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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).

Geography and geological setting
The Aşağiyaylabel section is located in southwest Turkey,
about 90 km northeast of Antalya and approximately
70 km southeast of Isparta (Fig. 2). Aşağiyaylabel is
accessible from the two major cities of the region, Eğirdir
and Beyşehir, located 50 km and 40 km away, respectively. The locality adjoins the small village Aşağiyaylabel
(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°330 0500 and E 31°180 1400 . The former name of
Aşağiyaylabel was Kartoz, after which the Kartoz Formation was named (Dumont 1976; Gindl 2000). Geologically,
the area is located on the Anamas Dağ carbonate platform
or Anamas-Akseki Autochthonous. The Anamas Dağ 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; 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 Dağ
carbonate platform has been extensively investigated by
Özgül 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 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 paleolatitude
at the western end of the ‘‘Cimmerian terranes’’ or ‘‘Cimmerian blocks’’ (Şengör 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. 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 Şengör and
Yılmaz 1981) was widened between the African continent
and the Cimmerian terranes, which consisted of Turkey,
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Fig. 1 a Paleogeographic
position of the Taurus and
Anatolian terranes during the
Upper Triassic (after Stampfli
et al. 2002) with marked
position of Aşağiyaylabel, 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
Aşağiyaylabel

Fig. 2 Geography and geology
of the investigated area with
indicated position of the section
Aşağiyaylabel in the Taurus
Mountains (Anatolia, Turkey).
Tectonic map modified after
Gallet et al. (2007)

Iran, Afghanistan, Tibet, and Malaysia (Golonka 2004). In
the north of these Cimmerian terranes, the İzmir-Ankara
Ocean (northern branch of the Neotethys, sensu Şengör and

Yılmaz 1981) and the ‘‘old’’ Paleotethys were still open to
the east (Tekin et al. 2002; Golonka 2004; Tekin and
Göncüoğlu 2007; Göncüoğlu et al. 2010).
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The Triassic sequence of Aşağiyaylabel 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 Kasımlar Formation (latest Early Carnian to Late
Carnian). The Kartoz Formation consists of shallowwater platform carbonates with thick-shelled bivalves
(megalodonts) and corals. In contrast, the overlying
Kasımlar 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. 3). The
section is 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.
Fig. 3 Log of the section
Aşağiyaylabel 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 Kasımlar 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 Flügel (2004)
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Fig. 4 Detailed views of the section at Aşağiyaylabel. Kartoz c
Formation: a As -1 to As 0, bioclastic bafflestones with abundant
in situ corals (thick whitish structure); Kasımlar Formation: b As 3 to
As 5, bioclastic floatstones with abundant ammonites (Orthoceltites)
and halobiid shells accompanied by rare gastropods. c 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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Stratigraphic log and biostratigraphy

Materials and methods

The section at Aşağiyaylabel 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. 3, 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 Kasımlar
Formation cannot be excluded.
The overlying Kasımlar Formation (2.4–25 m; As 2 to
As 19; Figs. 3, 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. 4b) and very rare Sirenites sp.
represented by floatstones of latest Early Carnian age
(Julian 2/II). 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. 4c). The overlying wellbedded (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/IIb).
The bioturbated matrix (Figs. 3, 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. 3).
Between 19.5 m and 21.1 m, thin layers of silty sandstone
and arkoses are present (As 17/18, As 18; Fig. 4g).
Ammonites (Pleurotropites, Spirogmoceras) from As 16
and 17 date the basal part as earliest Late Carnian. At
approximately 21.3 m (Fig. 4h), the marlstone member is
replaced by the shale member, a thicker sequence of mmthick, 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.

A detailed stratigraphic section of the Early to Late Carnian interval was measured and described. Fifty-four thinsections, 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
Aşağiyaylabel) 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).

123
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For a detailed facies description see Table 1.
Kartoz Formation
Coral-bafflestone (Fig. 3: 0.0–2.4 m; As -1 to As 1). This
facies is characterized by a dense abundance of in situ
corals (Fig. 5a) within the first 70 cm, trapped by a cortoid
grainstone matrix (Fig. 5b). In addition to in situ corals,
thick-shelled in situ bivalves and coquinas with convexdown 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. 3, 4a, 5a, b; Table 1).
Kasımlar Formation
The Kasımlar Formation is composed of the following
lithological members and units:
–
–
–

Carbonate member (units A, B, and C),
Marlstone member, and
Shale member

Carbonate member: unit A
The Kasımlar Formation starts with bioclastic pelagic
wackestones (Fig. 3: 2.4–4.0 m; As 2 to As 9), which were
deposited in a deep shelf margin or mid-ramp position
(Flügel 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),

Kasımlar Fm.
Carb. member (Unit A)
Sample: As 6
Age: Early Carnian
Kasımlar Fm.
Carb. member (Unit A)
Sample: As 7
Age: Early Carnian
Kasımlar Fm.
Carb. member (Unit A)
Sample: As 9
Age: Early Carnian
Biogenic: ammonites (to 90 %), halobiid bivalves cover the
ammonite coquina, sponges, gastropods;

Biogenic: thin-shelled bivalves, gastropods (Omphaloptychalike), ammonites, echinoderms;
Abiogenic: plasticlasts;
Biogenic: thin-shelled bivalves, ammonites, crionoid-ossicles;
Abiogenic: plasticlasts;

3.4–3.7

3.7–4.1

Biogenic: thin- and thick-shelled bivalves, ammonites,
echinoderms;
Abiogenic: plasticlasts;

3.0–3.1

3.1–3.4

Biogenic: various amounts of thin-shelled bivalves,
ammonites, gastropods (Omphaloptycha-like), echinoderms
(crinoid-ossicles), bioturbation;
Abiogenic: authigenic pyrite;

2.7–3.0

Biogenic: radiolarians, uniserial lagenid foraminifera,
thin- (halobiid) and thick-shelled bivalves, gastropods
(Omphaloptycha-like), ammonites partly filled with micritic
sediment; fragments of echinoderms, rare ostracods;
Abiogenic: plasticlasts;

2.4–2.7

Kasımlar Fm.
Carb. member (Unit A)
Sample: As 4
Age: Early Carnian
Kasımlar Fm.
Carb. member (Unit A)
Sample: As 5
Age: Early Carnian

Biogenic: in situ corals, bivalves (e.g., megalodonts),
crinoids, ammonites;
Abiogenic: lithoclasts;

0–2.4

Kartoz Fm.
Carb. member
Sample: As -1, As 0, As 1
Age: Early Carnian
Kasımlar Fm.
Carb. member (Unit A)
Sample: As 2
Age: Early Carnian

Biogenic and abiogenic content

Level (m)

Lithostratigraphic unit

Table 1 Detailed facies description of investigated thin-sections

Coral-bafflestone;
RMF 12 (SMF 7, FZ 5)
Depositional area (Flügel 2004):
Open platform
Bioclastic, pelagic wackesteone/gastropod-/bivalve-floatstone
within an autochthonous micritic peloidal matrix;
SMF 8
Depositional area (Flügel 2004):
Deep shelf margin
Bioclastic, pelagic wackestone/ammonite-floatstone;
SMF 8
Depositional area (Flügel 2004):
Deep shelf margin
Bioclastic pelagic wackestone/floatstone with pelsparitic
matrix;
SMF 8
Depositional area (Flügel 2004):
Deep shelf margin
Ammonite or Orthoceltites packstone;
SMF 12
Depositional area (Flügel 2004):
Slope to basinal environment
Bioclastic pelagic wackestone/floatstone;
SMF 8
Depositional area (Flügel 2004):
Deep shelf margin
Bioclastic pelagic wackestone, with fine-grained peloidal
matrix;
RMF 1–3
Depositional area (Flügel 2004):
Deep shelf margin

Microfacies zone

3

3, 5g

3, 5f

3, 4b, 5e

3, 4b, 5d

3, 5c

3, 4a, 5a–b

See
Fig.

Facies (2012) 58:279–296
285

123

123
Biogenic: thin- and thick-shelled bivalves, echinoderm
fragments, miliolid foraminifera, sponges, bryozoans;

Biogenic: rare, thin- and thick-shelled bivalves, fragments of
echinoderms, peloids, radiolarians, foraminifera, sponge
spicule;
Abiogenic: pyrite crystals of authigenic origin;

12.3–12.5

12.7–13.0

13.9–14.2

at 14.9

at 18.6

at 18.6

Kasımlar Fm.
Carb. member (Unit C)
Sample: As 10
Age: Early Carnian (Julian 2)

Kasımlar Fm.
Carb. member (Unit C)
Sample: As 13
Age: Early Carnian (Julian 2)

Kasımlar Fm.
Carb. member (Unit C)
Sample: As 15/As 46
Age: Early Carnian (Julian 2)

Kasımlar Fm.
Marlstone member
Sample: As 16
Age: Late Carnian (Tuvalian 1)

Kasımlar Fm.
Marlstone member
Sample: As 17a
Age: Late Carnian (Tuvalian 1)

Kasımlar Fm.
Marlstone member
Sample: As 17b
Age: Late Carnian (Tuvalian 1)

Biogenic: bivalves encrusted by fibrous cement, foraminifera,
radiolarians;

Biogenic: rare fossil debris;

Biogenic: halobiid bivalves, sponge spicules, radiolarians,
peloids, planktic crinoids (Osteocrinus sp.);

Biogenic: filaments, peloids, small sized calcitized
radiolarians;

Biogenic: reef building organisms (primarily chaetetids, rare
corals), foraminifera, gastropods, bivalves, ammonites;
Abiogenic: Cipit boulders, breccias composed of components
from different environments: platform or shallow-water
facies (patch reef blocks), deeper ramp facies, and pelagic
basin facies;

4.1–12.1

Kasımlar Fm.
Carb. member (Unit B)
Sample: As 9?x to As 9?8 m
Age: Early Carnian (Julian 2)

Biogenic and abiogenic content

Level (m)

Lithostratigraphic unit

Table 1 continued

Debris flow deposits, containing up to meter-sized patch reef
blocks, Cipit boulders, small ammonite coquina,
and filaments;
RMF –
Depositional area (Flügel 2004):
Slope
Pelagic packstone, with less bioclastic input than As 9;
texture consists of small peloids (possibly fecal pellets);
RMF 1–3 (FZ1)
Depositional area (Flügel 2004):
Basinal environment
Pelagic peloidal filament-packstone with bioclasts, similar to
As 10;
RMF 1–3
Depositional area (Flügel 2004):
Basinal environment
Pelagic wackestone (matrix: peloidal pack- to grainstone)
with intercalations of fine-grained allodapic layers;
RMF 4
Depositional area (Flügel 2004):
Outer ramp – basinal environment
Mudstone and strongly bioturbated bioclastic wackestone
with pelsparitic matrix;
RMF 2–3
Depositional area (Flügel 2004):
Outer ramp – basinal environment
Bioclastic wackestone; Background sedimentation to As 17b,
containing rare fossil debris;
RMF 5
Depositional area (Flügel 2004):
Basinal environment
Bioclastic wackestone, bivalve shell bed within a micritic
peloidal matrix;
RMF 5
Depositional area (Flügel 2004):
Basinal environment

Microfacies zone

3, 7d

3, 7c

3, 4f, 7b

3, 4e, 7a

3, 4d, 6h

3, 6g

3, 4c, 5h, 6a–f

See
Fig.
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Biogenic: thin-shelled bivalves, foraminifera, ammonites,
echinoderms, bioturbation;

Coarse-grained, siliciclastic grainstone (arcosic), cemented by
a carbonate matrix;
RMF ––
Depositional area (Flügel 2004):
Event bed deposited within a basinal environment
Strongly compacted, bioturbated peloidal packstone;
RMF 2
Depositional area (Flügel 2004):
Outer ramp to basin
Siliciclastic breccias and ‘‘floating’’ blocks (up to 40 cm
in diameter);
RMF 15
Depositional area (Flügel 2004):
Mid Ramp
Argillaceous burrowed peloidal packstone;
RMF 2–3
Depositional area (Flügel 2004):
Outer ramp to basin

Microfacies zone

3, 4g, 7h

3, 4g, 7g

3, 7f

3, 7e1-2

See
Fig.

RMF 1: Calcisiltite and mudstone with peloids, very fine skeletal debris, sponge spicules, sometimes finely laminated. RMF 2: Argillaceous burrowed mudstone and wackestone; rare agglutinated
foraminifera, ostracods, echinoderms. RMF 3: Burrowed bioclastic wackestone and packestone with diverse, common to abundant fossils (bivalves, brachiopods, echinoderms) and peloids. Skeletal
grains not worn; whole fossil preservation common. RMF 4: Peloidal wackestone and packstone. RMF 5: Pelagic mudstone with planktonic microfossils and open-marine nektonic fossils (e.g.,
ammonites). SMF 7: Organic boundstone, platform-margin ‘‘reef’’. SMF 8: Whole fossil wackestone/floatstone. SMF 12: Limestone with shell concentration.—FZ 2: Deep shelf. FZ 5: Platformmargin reefs. FZ1, FZ3, FZ 4 are missing at Aşağiyaylabel
The nomenclature of ramp- and standard microfacies types (RMF/SMF) as well as facies zones (FZ) is adopted from Dunham (1962), Flügel (1972), and Wilson (1975). Carbonate classification
follows the nomenclature of Dunham (1962) and Folk (1959, 1962). Eight microfacies types (Figs. 5, 6, 7) were detected. For the detailed position of the different facies, see Figs. 3 and 4

21.4–21.7

Biogenic: thick-shelled bivalves;
Abiogenic: cavities filled with debris and bordered with
oncolithic crusts;

21.3–21.4

Kasımlar Fm.
Shale member
Sample: As 19
Age: Late Carnian (Tuvalian 1)

Biogenic: abundant thin-shelled bivalves, radiolarians,
echinoid fragments, sponges;

20.8–20.9

Kasımlar Fm.
Marlstone member
Sample: As 18
Age: Late Carnian (Tuvalian 1)
Kasımlar Fm.
Shale member
Sample: As 18/19
Age: Late Carnian (Tuvalian 1)

Biogenic: fragments of echinoids, bryozoans;
Abiogenic: resedimented lithoclasts, poorly rounded
plagioclase, some quartz, rare glauconite grains;

19.6–19.7

Kasımlar Fm.
Marlstone member
Sample: As 17/18
Age: Late Carnian (Tuvalian 1)

Biogenic and abiogenic content

Level (m)

Lithostratigraphic unit

Table 1 continued
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Fig. 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. Kasımlar 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 parallelarranged, 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

the thick-shelled bivalves (megalodontids), and the large, lowspired 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 thinshelled bivalves and radiolaria) alternating with coarsergrained 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 (Flügel 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 (AlHashimi and Hemingway 1973) (Figs. 3, 4b, 5c–g; Table 1).
Carbonate member: unit B
Mass flow deposits with Cipit-boulders (Fig. 3: 4.0–12.1 m;
As 9?x to As 9?8 m).
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. 3, 4c, 5h, 6a–f; Table 1).
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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 (thickshelled 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’’ (Flügel 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, Flügel
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. 3, 4d–e, 6g–h, 7a; Table 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. 3, 4f, 7b–f; Table 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. 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. 3, 4g–h, 7g–h; Table 1).

Facies interpretation
The deepening sequence at Aşağiyaylabel:
from the Kartoz Formation to the Kasımlar Formation

Carbonate member: unit C

Kartoz Formation

Pelagic wackestone/packstone with bioclasts (Fig. 3:
12.1–14.2 m; As 10 to As 15).

The Kartoz Formation is represented by sediments of an
open platform, mainly composed of well-sorted cortoid
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grainstones with rare bioclasts (As -1, As 0, and As 1;
Fig. 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. 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 Kasımlar
Formation is characterized by a sharp change in lithology
and facies, probably reflecting a hiatus.
Kasımlar Formation
Carbonate member The Kasımlar 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. 5c–g)
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 finegrained 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. 5e) indicate their lithification
within another facies and subsequent transport to the final
depositional area. The breccia-like bioclastic floatstones
(As 2 to As 9; Fig. 5c–g) may be interpreted as distal
equivalents of the following 8 m of rudstones with intraand extraclast breccias (Fig. 3). The genesis of these mass
flow breccias seems to be similar to that of the Cipit
boulders (Fig. 5h) first described by Richthofen (1860); see
also Fürsich 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. 6a) are positioned next to components of
pelagic facies (Fig. 6b) as well as next to shallow-water

123

Facies (2012) 58:279–296
Fig. 6 Thin-section photographs of different facies components of c
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 thinsections in text. All scale bars 1 mm

material (Fig. 6c) and components composed of reefbuilding organisms (Fig. 6d). Different generations of
chaetetids and well-preserved internal sedimentation are
visible (Fig. 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. 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 deeperwater autochthonous succession of bedded limestones,
indicating a basinal environment within the next two
meters (As 10, As 46top; Fig. 6g), 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. 7a). Productive carbonate platform relicts
are indicated by a characteristic, well-preserved (not corroded and/or fragmented) biogenic content (shallow-waterand reef-building-organisms: Dasycladacea, chaetetids,
calcareous sponges, gastropods) and layers of shallowwater-derived material. There are no indications that the
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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. 6g–h)
consists of small pellets, most probably derived from halobiid bivalves. The recognized global major appearance of
osteocrinoids within Ladinian to Carnian strata (KristanTollmann 1970) agrees with occurrences of Osteorcinus
within sample As 13 of Aşağiyaylabel. 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’’ (Flügel 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. 7b–g); Fig. 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. 3) and some halobiid coquinas (Halobia, As 18 to As
19; Fig. 3, 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. 3, 7b, f). Thin-section As 17 represents a bioclastic
wackestone with thick-shelled bivalves (Fig. 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. 7e).
Shale member This member consists of shales with rare,
thin carbonate interbeds. One sample of these (As 19;
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Fig. 7 Thin-section photographs of facies As 15 to As 19. Kasımlar c
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. c As 17a, bivalve wacke- and floatstone
containing rare biogenic components such as thin-shelled bivalves
(halobiids), foraminifera, and radiolaria. d As 17b, bivalve wackeand floatstone with abundant bivalve shells (encrusted by fibrous
cementation) floating within a micritic peloidal matrix with foraminifera and radiolaria. e1 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. e2 As 17/18, same sample as e1, 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 thinsections in text. All scale bars 1 mm

Fig. 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. 4g, 7g); 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 Kasımlar
Basin. Nonetheless, as no such contemporaneous facies
exists in the basin, we interpret this breccia to represent
reworked material from the Kartoz Formation.

Discussion
Aşağiyaylabel and the Carnian Pluvial Episode
As noted by Hallam (1996) and Hornung (2008), the CPE
was marked by a major facies change from a carbonatedominated 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
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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
(Aşağiyaylabel) the sedimentation remains carbonatedominated 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 Kasımlar
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-Özdemir
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
Italy) does an interval of green shales and radiolarites
(lacking carbonate deposits) correspond in time to the
turnover at Aşağiyaylabel. 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. 2007a, 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 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 Aşağiyaylabel.
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;

123

Facies (2012) 58:279–296

Fig. 1a) and the Lagonegro Basin (about 8–9° N, Fig. 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 Aşağiyaylabel 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.

Conclusions
The studied outcrop at Aşağiyaylabel 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-favorable 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 Aşağiyaylabel 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. Aşağiyaylabel shares this late turnover to siliciclastic sedimentation with the Lagonegro Basin (Southern
Apennines), both of which are ascribed to equatorial
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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 timeshift of the major sedimentary change (approx. 2 my) at
Aşağiyaylabel. 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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de Karacahisar (Province d’Isparta, Turquie). Dissertation,
University of South Paris, p 213
Dumont JF, Kerey E (1975) Kırkavak Fayı [The Kırkavak Fault]. Tür
Jeol Kurumu Bül 18:59–62
Dunham RJ (1962) Classification of carbonate rocks according to their
depositional texture. In: Ham WE (ed) Classification of carbonate
rocks—a symposium. Am Assoc Petrol Geol Mem 1:108–121
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Monod O (1977) Recherches géologiques dans le Taurus Occidental
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Tekin UK, Göncüoğlu C, Turhan N (2002) First evidence of Late
Carnian radiolarians from the Izmir–Ankara suture complex,
central Sakarya, Turkey: implications for the opening age of the
Izmir–Ankara branch of Neo-Tethys. Geobios 35:127–135
Tollmann A (1976) Analyse des klassischen nordalpinen Mesozoikums: Stratigraphie, Fauna und Fazies der Nördlichen Kalkalpen.
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