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Abstract: This study aims to review the geology of the Andiz Peninsula and compare the pre-Neogene Andiz succession with the middle
part of the Karaburun Peninsula to discuss the nature of the Paleozoic-Mesozoic boundary in the Karaburun Peninsula. The pre-Neogene
units of the Andiz Peninsula are represented by the Paleozoic Dikendagi, Triassic Giivercinlik, and Jurassic Nohutalan Formations. In
this study, the Triassic carbonate rocks in the Andiz Peninsula are paleontologically defined for the first time. The Megalodont-bearing
Giivercinlik Formation contains a late Norian-Rhaetian characteristic foraminiferal assemblage consisting of Aulotortus gr. sinuosus,
A. tenuis, A. friedli, A. impressus, and Triasina hantkeni. The Thaumatoporella-bearing Nohutalan Formation conformably overlies
the Giivercinlik Formation and yields a typical Liassic fossil assemblage of Orbitopsella praecursor, Siphovalvulina gibralterensis,
S. colomi, Meandrovoluta asiagoensis, and Palaeodasycladus mediterraneus. In the Andiz Peninsula, the Mesozoic Gilivercinlik and
Nohutalan Formations tectonically overlie the Paleozoic Dikendagi Formation along a displacement contact.

In the middle Karaburun Peninsula, the Triassic Gerence Formation lies directly on the Dikendagi Formation along a displacement
contact. Lateral continuation of this displacement contact is discovered between the Triassic Gerence and Camibogazi Formations at
the top and Paleozoic Dikendagi Formation at the bottom. Further north, the same displacement contact extends into the Paleozoic
sequence where the Carboniferous Alandere Formation tectonically overlies the Dikendagi Formation. These observations suggest that
the succession in the Karaburun Peninsula ranging from Bashkirian to Cretaceous, is a tectonic slice or a package of slices over the
Dikendag1 Formation.
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1. Introduction

Andiz and Karaburun Peninsulas are located in the western
part of Izmir (western Turkey) and form the southwest
continuation of the Bornova Flysch Zone (Okay and
Titysiiz, 1999; Okay, 2008), which is bounded by Sakarya
Continent of Pontide Belt in the north and metamorphic
Cycladic units and Menderes Massif of Tauride- Anatolide
Platform in the south (Figure 1). The Karaburun Peninsula
with its thick succession, ranging from Paleozoic to
Quaternary, and complex geology, besides its critical
tectonic setting and geographic position, hasbeen subjected
to numerous local and regional studies (Kalafatgioglu,
1961; Brinkmann et al., 1967; Giimiis, 1971; Brinkmann
et al,, 1972; Erdogan et al., 1990; Robertson and Pickett,
2000; Isintek and Altiner, 2001; Isintek, 2002; Rosselet and
Stampfli, 2003; Okuyucu et al., 2005, Cakmakoglu and
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Bilgin, 2006; Léven et al., 2017). The Andiz Peninsula is
situated on the eastern part of the Karaburun Peninsula
and the western side of the Ozbek Peninsula, extending
northward into the Izmir Bay. Although they are so close to
the Karaburun Peninsula, geological characteristics of the
Ozbek and Andiz Peninsulas have relatively been ignored,
and hence some critical geological data have been missed.
Hydrogeological conditions of the area were documented
by Tarcan (1989), and recently detailed geological aspects
and its potential of being a geological heritage have been
discussed by Cakmakoglu and Bilgin (2006) and Stimer et
al. (2020).

Even though the presence of Triassic units in the Ozbek
Peninsula has been mentioned by Cakmakoglu and Bilgin
(2006), the Triassic rocks exposing out in the Andiz part of
the Ozbek Peninsula have never been mapped previously.

This work is licensed under a Creative Commons Attribution 4.0 International License.
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Figure 1. a) Location of the Karaburun, Ozbek, and Andiz Peninsulas b) Location of the study area and its place on the paleotectonic
map of Turkey (Okay and Tiiysiiz, 1999; Okay, 2008), b) Location map of the Karaburun Peninsula, c) the location of the Karaburun
and Andiz Peninsulas on the detailed tectonic map of the Aegean Region (Okay, 2001), d) Geological map of the Andiz Peninsula

(Cakmakoglu and Bilgin, 2006).

Besides, the Paleozoic Dikendag1 Formation was mapped
by Cakmakoglu and Bilgin (2006) in the Andiz Peninsula,
without referring to its stratigraphic and tectonic setting.
The age and stratigraphic setting of the Dikendag:
Formation (Cakmakoglu and Bilgin, 2006) have been
subjected to various studies and different views have
been propounded (Erdogan et al., 1990; Robertson and
Pickett, 2000; Isintek and Altiner, 2001; Isintek, 2002;
Rosselet and Stampfli, 2003; Cakmakoglu and Bilgin,
2006). Erdogan et al. (1990)) suggested that the formation

is Triassic in age and laterally and vertically passes into
the younger stratigraphic levels of the other Triassic units.
Some other authors, on the other hand, suggested the
Silurian-Carboniferous age for the Dikendag1 Formation
(Robertson and Pickett, 2000; Rosselet and Stampfli, 2003;
Cakmakoglu and Bilgin, 2006). Cakmakoglu and Bilgin
(2006) concluded that the Triassic Gerence Formation
unconformably overlies the Dikendagi Formation, whereas
Robertson and Pickett (2000) claimed that unconformity
turned into a shear zone.
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In this study, based on new geological mapping, a
description of new foraminiferal taxa, and stratigraphic
observations in the Andiz Peninsula, some changes in the
geology of pre-Neogene units of the Karaburun Peninsula
are suggested.

2. Methods

In this study, Andiz Peninsula (Figure 1) was mapped
on a 1/25000 scale and sampled for petrographic and
micropaleontological investigations. The study area is
positioned on standard 1/25,000-scale topographic maps
of Turkey, plate no: Urla L17 a3. A total of 28 samples
were petrographically and paleontologically examined.
Thin sections were prepared in Dokuz Eylil University,
Engineering  Faculty, Department of Geological
Engineering, Thin Section and Gemology Laboratory.
Carbonate rocks and sandstones were classified based
on Folk (1959) and Dunham (1962). Microscopic
determinations were made, and photomicrographs were
taken in Olympos X50 and Olympos X20 microscopes. The

foraminiferal nomenclature and descriptions, used here,
are based on Ellis and Messina (1940) and supplements,
Loeblich and Tappan (1988) and Boudagher-Fadel (2008).

3. Geological setting

In the Andiz Peninsula, from bottom to top, the Silurian-
Carboniferous Dikendagi, Norian-Rhaetian Giivercinlik,
Liassic Nohutalan Formations, the Neogene sedimentary
rocks and Quaternary Alluvium deposits are distinguished
(Figure 2). In this study, pre-Neogene units are focused on
detail without mentioning Neogene and Quaternary units.

3.1. Dikendag1 Formation

The Dikendagi Formation was first defined in the
Karaburun Peninsula by Cakmakoglu and Bilgin
(2006). The unit exposes in a small area in the eastern
part of the Andiz Peninsula, and in the northern part
along narrow and steep slopes (Figure 2). Similar to the
Karaburun Peninsula, in the study area, the unit is made
up of green-pale green, thick, medium- or thin-bedded,
in places, strongly sheared turbiditic lithic sandstones,
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Figure 2. Revised geological map of the Andiz Peninsula.
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mudstones, and mud shales. Thin- to coarse-grained
texture in sandstones is dominated by thin- to medium-
size sands and black chert fragments are found in grain
assemblage. The lower boundary is blanketed in the Andiz
Peninsula. Upward, the Norian-Rhaetian Giivercinlik
and Liassic Nohutalan Formations cover the formation
(Figures 3, 4). Along the contact, no depositional layer like
regolith or basal conglomerate, is observed, indicating a
stratigraphic unconformity. Instead, it is characterized by
a horizontal cataclastic zone cutting the bedding planes
of the underlying Dikendag1 and overlying Giivercinlik
and Nohutalan Formations that indicate a tectonic
characteristic. However, there is no kinematic analysis

Giivercinlik Formation
(late Norian-Rhaetian)
Tgv

Giilbahge
bay

<

Z— Displacement contact

X

Nohutalan Formation
(Liassic)

carried out along this contact to clarify the nature and
direction of tectonic transportation. Thus, it is avoided
here to attribute this contact a particular name as normal
fault or thrust fault but the “displacement contact” term is
preferred.

3.2. Giivercinlik Formation

Although the Givercinlik Formation (Giumis, 1971;
Brinkmann et al, 1972; Erdogan et al., 1990; Igintek,
2002) was previously mapped in the Ozbek Peninsula
(Cakmakoglu and Bilgin, 2006) it is first documented in
this study that formation crops out in the Andiz Peninsula
as well (Figure 2). The Giivercinlik Formation with gray-
pale gray, thick-bedded, or massif limestones exposes

SE

Dikendag1 Formation
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Figure 3. X-X geological cross-section view of the Andiz Peninsula (vertical scale is exaggerated).
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Figure 4. Field view of the boundary between the Dikendag1 and Giivercinlik Formations on the northern coast of the Andiz Peninsula.
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in the north and middle parts of the peninsula. Wavy
stromatolite laminates are commonly interlayer with
limestone beds. Limestones and dolomitic limestones
dominate the formation with, in places, dolomites. Thick-
bedded and massif limestones include large Megalodont
fossils representing subtidal conditions (Fliigel 2004;
Reolit et al., 2016). Dolomitic limestones with stromatolite
laminae deposited in the intertidal zone and probably were
dolomitized in the diagenetic phase. The Late Triassic
Giivercinlik Formation tectonically overlies the Dikendag1
Formation, at the base, along a displacement contact and
passes upward conformably into the Liassic Nohutalan
Formation. Limestones are dominated by bioclastic/
intraclastic wackestones, bioclastic packstones, intraclastic

grainstones, and carbonate mudstones. Bioclast association
is dominated by bivalvia, gastropod, dasyclad algae, and
benthic foraminifers. The Giivercinlik Formation, in the
Andiz Peninsula, is represented by a benthic foraminiferal
association of Endotriadella sp., Trochammina sp.,
Aulotortus gr. sinuosus, Aulotortus cf. communis, A. tenuis,
A. friedli, A. cf. impressus, Aulotortus sp., and Triasina
hantkeni (Figure 5). The presence of Triasina hantkeni in
this association indicates that Giivercinlik Formation is
late Norian-Rhaetian in age.

3.3. Nohutalan Formation

The Nohutalan Formation crops out in a very narrow
area in the northeastern part of the Andiz Peninsula and
is made up of gray-dark gray, medium to thick-bedded

Figure 5. Foraminiferal content of the Giivercinlik Formation in the Andiz Peninsula. 1: Aulotortus friedli, 2, 4, 6: A. impressus, 3:
A. cf. communis, 5, 7, 9: A. gr. sinuosus, 8: Aulotortus sp., 10: Triasina hantkeni, 11-13: Glomospira sp., 14, 15: Trochammina sp., 16:

Endotriadella sp.
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competent limestones. Limestones are represented by
Thaumatoporella  parvovesiculifera-bearing  carbonate
mudstones, bioclastic/intraclastic wackestones, peloidal/
bioclastic/intraclastic packstones and grainstones. Bioclast
association is dominated by foraminifers and dasyclad
algae with rare bivalvia and gastropods. Thaumatoporella-
bearing boundstones with fenestral porosity are common
in the formation. The Nohutalan Formation in the Andiz
Peninsula contains a fossil association of Endotriadella sp.,
Lituosepta sp., Orbitopsella praecursor, Pseudocyclammina
sp.,  Riyadella  sp.,  Siphovalvulina  gibralterensis,
Siphovalvulina colomi, Duotaxis metula, Mesoendothyra
sp., Meandrovoluta asiagoensis, and Palaeodasycladus
mediterraneus indicating Liassic age (Haig et al., 2007;
Velic, 2007; Boudagher-Fadel, 2008) (Figure 6).

4. Discussion on the pre-Neogene sequences of the
Andiz Peninsula and the middle part of Karaburun
Peninsula

In the previous studies, it was commonly suggested that
the Triassic Gerence Formation overlies the Carboniferous
Alandere Formation along a stratigraphic contact
(Brinkmann et al., 1972; Erdogan et al., 1990; Isintek and
Altiner, 2001; Rosselet and Stampfli, 2003; Cakmakoglu
and Bilgin, 2006). However, there are some different
suggestions on the nature of the contact between the
Dikendag: Formation at the bottom and the Alandere and
Gerence Formations at the top. In the NW Karaburun
Peninsula, Giimiis (1971) and Erdogan et al. (1990), based
on the Triassic parts in the formation, claimed that the
Dikendag1 Formation (Karareis Formation of Erdogan
et.al,, 1990) are Triassic in age and laterally and vertically
passes into the Gerence Formation. However, it was not
mentioned in those studies that to the south of Ildir
village, around Narlica, Domuz¢ukuru, and Germeyan-
Lalekéy localities where the Gerence Formation overlays
the Dikendag1 Formation (Figures 7, 8). Besides these
localities, observations in the Andiz Peninsula presented
in this study, contradict the suggestion put forwarded by
Giimiils (1971) and Erdogan et al. (1990). Cakmakogulu
and Bilgin (2006) suggested an alternative definition for the
upper boundary of the Dikendagi Formation. The authors
mapped the Dikendag1 Formation in the Domuz¢ukuru
location and suggested that the Gerence Formation
unconformably overlies the Dikendagi and Alandere
Formations. Cakmakoglu and Bilgin (2006) defined a
muddy conglomerate layer at the base of the Gerence
Formation (along the lower levels of the Boynuzcuk
Member) and considered it a basal conglomerate layer
evidencing that unconformity. However, the muddy
conglomerate beds in the Domuz¢ukuru locality occur
below the Gerence Formation in this locality and all
over the Karaburun Peninsula they interlayer with the

Dikendag1 Formation. Moreover, they are not laterally
continuous and mappable all along the contact, and their
sedimentary characteristics indicate that they are debris
flow deposits rather than basal conglomerates.

In this study, based on the observation in Alandere
and Domuzgukuru locations and new data from the
Andiz Peninsula an alternative model is suggested for
the contact between the Dikendagi Formation and the
overlying Carboniferous-Jurassic succession. Although
the Dikendag1 Formation crops widely out around the
Karaburun Peninsula, its contacts are rarely observed,
which caused a wide range of geological interpretations
on the stratigraphic and tectonic setting of the unit. The
most open exposures of the unit exist around the Ildir
village (Figure 7). In this area, different stratigraphic levels
of the Carboniferous Alandere Formation and the middle
Anisian Gerence Formation directly overlie the Dikendag1
Formation along a sharp boundary. Contact cuts the
geological elements of all three units. On the other hand,
around Narlica and Domuzgukuru localities to the south
of Ildir, different levels of the Gerence Formation overlie
the Dikendag1 Formation (Figures 7-9), and southward
around Lalekdy locality near Germeyan village Dikendag1
Formation exposes in a tectonic window opened on the
contact between the Gerence and Camibogazi Formations
(Figures 7, 9). These contact relationships indicate that the
different levels of the Carboniferous-Triassic Karaburun
sequence tectonically overlie the Dikendag1 Formation
along a displacement contact as defined in Andiz
Peninsula. Kilometers far from the Ildir-Germeyan area,
in the Andiz Peninsula, much younger Giivercinlik and
Nohutalan formations overlie the Dikendagi Formation
along a similar tectonic contact that suggests the
displacement contact. Between the Silurian-Carboniferous
Dikendag1 Formation and the overlying Carboniferous-
Jurassic Karaburun succession is a laterally continuous
tectonic surface all along the Karaburun Peninsula and
the Karaburun succession is a tectonic slice or a package
of slice lying on the Silurian-Carboniferous Dikendag1
Formation.

6. Conclusions

In this study, the Andiz Peninsula was mapped and
based on the new field observations and foraminifera
micropaleontology, geological relationships in the
Silurian-Jurassic succession are redefined.

The latest Triassic (late Norian-Rhaetian) Glvercinlik
Formation in the Andiz Peninsula is first paleontologically
defined here.

In the Andiz Peninsula, the latest Triassic Giivercinlik
and Liassic Nohutalan Formations tectonically overlie
the Silurian-Carboniferous Dikendag1 Formation along a
displacement surface.
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Figure 6. Foraminiferal and algal content of the Nohutalan Formation in the Andiz Peninsula. 1, 2: Orbitopsella praecursor, 3, 9:
Paleomayncina termieri, 4: Lituosepta sp., 5 8, 12: Siphovalvulina gibralterensis, 10, 11: S. colomi, 13, 17: Meandrovoluta asiagoensis,
14, 18: Palaeodasycladus mediterraneous, 15: Duotaxis metula, 16: Riyadella sp., 19: Pseudocyclammina sp., 20: Mesoendothyra sp., 21:
Reophax sp., 22: Thaumatoporella parvovesiculifera.
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The displacement contact, in which the Carboniferous-
Early Cretaceous Karaburun succession lays tectonically
on the Dikendag Formation, is a laterally continuous
surface in the middle part of the Karaburun Peninsula.
Thus, it might be suggested to be investigated from this
point of view all around the Karaburun Peninsula.

References

Boudagher-Fadel MK (2008). Evolution and geological significance
of larger benthic foraminifera. Developments in Paleontology
and Stratigraphy 21: 1-544.

Brinkmann R, Rendel B, Trick P (1967). Izmir yéresinde pelajik
Triyas. Ege Universitesi Fen Fakiiltesi flmi Raporlar Serisi 37:
1-3.

Brinkmann R, Fliigel E, Jacobshagen V, Lechner H, Rendel B et al.
(1972). Trias, Jura und Unter kreide der halbinsel Karaburun
(W. Anatolien). Geologie et Palacontologie 6: 139-150.

Cakmakoglu A, Bilgin R (2006). Karaburun Yarimadasrnin Neojen
Oncesi Stratigrafisi. Maden Tetkik Arama (MTA) Dergisi 132:
33-62 (in Turkish).

Di Bari D, Rettori R (1996). Morfological features of Triasina hantkeni
Majzon, 1954 (Foraminiferida, Aulotortidae) and remarks on
the test wall structure. Revue de Micropaléontologie 39 (4):
305-313.

Dunham RJ (1962). Classification of carbonate rocks according to
depositional texture: In clasification of carbonate rocks. In:
Ham WE (Editor). Memoir American Association Petrolium
Geologists 1: 108-121.

Ellis BE Messina AA (1940 and supplements). Catalogue of the
Foraminifera, American Museum of Natural History Special
Publication.

518

Acknowledgements

The author thanks to Imge Yaren Diindar who carried out
sample preparation and some office works as a part of her
BSc thesis. Erhan Akay is thanked for his help in writing,
reviewing, and editing of the manuscript.

Erdogan B, Altiner D, Giingdr T, Ozer S (1990). Stratigraphy
of Karaburun Peninsula. Bulletin of Mineral Research
Expoloration (MTA Dergisi) 111: 1-20.

Folk RL (1959). Practical petrographic classification of limestone.
Bulletin American Association of Petrolium Geologists 43:
1-38.

Fliigel E (2004). Microfacies of carbonate rocks. Springer-Verlag,
Berlin Heidelberg p. 976.

Giimiis H (1971). Karaburun Yarimadasrnin orta kisminin jeolojisi.
Ege Universitesi Fen Fakiiltesi Ilmi Raporlar Serisi 100: 1-16
(in Turkish).

Haig DW, Eujay McC, Barber L, Backhause ] (2007). Triassic-Lower
Jurassic foraminiferal indices for Bahaman- type carbonate-
bank limestones, Cablac Mountain, East Timor. Journal of
Foraminiferal Research 37 (3): 248-264.

Isintek 1 (2002). Foraminiferal and algal biostratigraphy and petrology
of the Triassic to Early Cretaceous carbonate assemblages in
the Karaburun Peninsula (Western Turkey). PhD, Dokuz Eyliil
University, Graduate School of Natural and Applied Sciences,
Applied Geology, Izmir.

Isintek I, Altiner D (2001). Foraminiferal content and stratigraphic
position of marine Carboniferous exposures in the Ildir
region of the Karaburun Peninsula (Western Turkey).
International Conference on Paleozoic Benthic Foraminifera.
In: PaleoForams 2001; Ankara, Turkey. Abstracts p. 22.



ISINTEK / Turkish J Earth Sci

Kalafatcioglu A (1961). Karaburun Yarimadasrnin jeolojisi. Maden
Tetkik ve Arama Dergisi 56: 40-49 (in Turkish).

Loeblich AR, Tappan H (1988). Foraminiferal Genera and Their
Classification. Van Nostrand Reinhold. Newyork, United
States of America.

Lowen K, Meinhold G, Giingdr T, Berndt J (2017). Palaeotethys-
related sediments of the Karaburun Peninsula, western Turkey:
constraints on provenance and stratigraphy from detrital
zircon geochronology. International Journal of Earth Science
(Geologische Rundschau) 106: 2771-2796. https://doi.
org/10.1007/s00531-017-1458-9

Marcoux J, Baud A, Ricou L, Gaetani N, Krystyn L et al. (1993). Late
Norian (215 to 212 Ma), Atlas Tethys palacoenvironmental
maps. In: Dercourt ], Ricou L, Vrielynick R (Editors), Gauthier-
Villars, Paris.

Okay AI (2001). Stratigraphic and metamorphic inversions in the
central Menderes Massif: a new structural model. International
Journal of Earth Science 89: 709-727.

Okay AI (2008). Geology of Turkey: A synopsis, Anschnitt 21: 19-42.

Okay Al, Tiysiiz O (1999). Tethyan sutures of northern Turkey.
The Mediterranean Basins: Tertiary extension within the
Alpine orogen. In: Durand B, Jolivet L, Horvath F, Séranne M
(Editors), Geological Society of London, Special Publication
156: 475-515.

Okuyucu C, Djenchuraeva AV, Neyevin AV, Saydam GD, Cakirsoy
OB et al. (2005). Kirgizistan ve Tiirkiye Paleozoyik istiflerinin
biyostratigrafik korelasyonu. Maden Tetkik ve Arama Genel
Midiirliigii Rapor No: 10746 135pp. (in Turkish with an
abstract in English).

Reolit ], Reolit M, Braga JC (2016). Megalodontid accumulations
from the Upper Triassic of the Alpujarride Complex (Internal
Zones of Betic Cordillera, SE Spain). In: Tomas S, Christ N,
Mutti M, (Editors), Abstract Book, Dolomieu Conference on
Carbonate Platforms and Dolomite p.130.

Robertson AHE, Pickett EA (2000). Paleozoic-Early Tertiary Tethyan
Evolution of mélanges, rift and passive margin units in the
Karaburun Peninsula (western Turkey) and Chios (Greece). In:
Bozkurt E, Winchester JA, Piper JDA (Editors), Tectonics and
Magmatism in Turkey and the Surrounding Area. Geological
Society of London, Special Publications 173: 43-82.

Rosselet F, Stampfli G (2003). The Paleozoic siliclastic sequences
in Karaburun, a remnant of the Paleotethys fore-arc basin in
Western Turkey. Geophys Research Abstracts 5: 09770.

Siimer O, Akbulut M, Inaner H (2020). New geosite candidates from
Urla (Izmir, Western Anatolia, Turkey): a list of geological
assets nested with antique and modern cultural heritage.
Turkish Journal of Earth Sciences 29: 1017-1032.

Tarcan G (1989) Urla-Igmeler (izmir) ve gevresinin jeolojik-
hidrojeolojik incelenmesi, yeralt: sularinin jeokimyasal
yorumlanmasi. MSc, Dokuz Eyliil Universitesi, Fen Bilimleri
Enstitiisii Izmir (in Turkish).

Salaj ], Trifonova E, Gneorgman D (1988). A biostratigraphic
zonation based on benthic Foraminifera in the Triassic deposits
of the Carpatho-Balkans. Revue de Paleobiology Geneve 1. Sp
6¢. 2: 153-159.

Velic T (2007). Stratigraphy and Palaeobiogeography of Mesozoic
Benthic Foraminifera of the Karst Dinarides (SE Europe).
Geologia Croatica 60 (1): 1-113.

519


https://web.itu.edu.tr/~okay/makalelerim/91_geology_of_turkey_anschnitt_2008.pdf
https://web.itu.edu.tr/~okay/makalelerim/54_%20tethyan_sutures_GSL_Sp_1999.pdf
https://web.itu.edu.tr/~okay/makalelerim/54_%20tethyan_sutures_GSL_Sp_1999.pdf
https://web.itu.edu.tr/~okay/makalelerim/54_%20tethyan_sutures_GSL_Sp_1999.pdf
https://web.itu.edu.tr/~okay/makalelerim/54_%20tethyan_sutures_GSL_Sp_1999.pdf
https://web.itu.edu.tr/~okay/makalelerim/54_%20tethyan_sutures_GSL_Sp_1999.pdf

