
Zeitschrift: Eclogae Geologicae Helvetiae

Herausgeber: Schweizerische Geologische Gesellschaft

Band: 67 (1974)

Heft: 1

Artikel: The extension of the Lycian Nappes (SW Turkey) into the Southeastern
Aegean Islands

Autor: Bernoulli, Daniel / Graciansky, Pierre Charles de / Monod, Olivier

Kapitel: 2: Stratigraphy of the lower tectonic units

DOI: https://doi.org/10.5169/seals-164280

Nutzungsbedingungen
Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich für deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veröffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanälen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation
L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En règle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
qu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use
The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 16.01.2026

ETH-Bibliothek Zürich, E-Periodica, https://www.e-periodica.ch

https://doi.org/10.5169/seals-164280
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en


46 D. Bernoulli, P. Ch. de Graciansky and O. Monod

+ -» + + -i- +
+ -t-^+ + +¦ +

+ ^**-*- + + + <

*¦ + + +

* .&+ * -» + + +-

* + + +

t +¦ «?* + ¦f- +
*»?- + + +

*c3 tttttt t( rr
^WyyT^KS^yOi ++•+ + -»-^ + + f- + + + A^^t;

'-Kr'^ÖS^' 4- + + +*+*-+ <^> 4# + + + *- * +&?*l£l
iwiï&T'* + ***+*+¦+ + * £L +? + ++¦ Kzêz&i
âr*<* <£^ *** + ???¦?+ 4-f^P*T + + +•¦»- 'd/eZmlleì
çjy IJv\n + + + f i- f <- +j%S&%%*+ + + *£X!s}eifX&
Karabörtlen *- + * + * + - + $pll||a/^C$5«||§^

+ +
+ *- +

+ +
«••? + ¦»

«• + + ¦»

* + + +

+ +

+

¦ll'i'lH
Köycegiz

«. Uli,1
Uç op

Akopr

<a

*ç%

»

P Fethiye

10 15 20 25km

I I Alluvial

li i ' i I Pliocene and Quaternary

Ej3 Péridotites

1 Metamorphics

i^K Diabases

[Un Wildflysch

ß22j Allocfithonous Mesozoic 1st

ÎTriassic dolomites

t->%?$ Karadag series

1=1 Autochthonous

Fig.2. Geologie map of the region between Fethiye and Karabörtlen by P. Ch. de Graciansky.

2. Stratigraphy of the lower tectonic units

2.1 Southwestern Turkey

In southwestern Turkey, the complex nappe pile of the Lycian Nappes is underlain
by a probably autochthonous, originally more external sequence which comprises
Middle Jurassic to Eocene limestones (Bey Daglari, A. Poisson, personal
communication) which in turn are disconformably overlain by Lower Miocene limestones
and Lower to Middle Miocene elastics. Older sediments and the basement of this

sequence are not known. The westernmost outcrops of this sequence occur in a



GEOLOGICAL MAP OF THE REGION
AROUND BODRUM

Mugli

Gòkburun v? K*rt«fii

;:'* '-t

^Gotköyü •il tir

ZI ai:gì: AN S HA

Zeytinh Br

Z Z - ZZlr Be« Burun

à- / / Lx\
w^% ^_v<*S^

ta Torba Li man ; -,

AjOYIKI mzzniZ5 inza.ï i i

B IÄJ^"<. I PEe^^^^z-mmr-f^:^ I I TTJX^P=
;1SHSi rrrtëS&S

^^fTBitez
Agacj

n i

BODRUM 1^1^ Kl SLA PAG
n„. «S
7/?A"r ^.M':/

¦Vi

a jbt.uinbct 1

p^r^r c¦x

AEGEAN SEA fTr
K:

[rada I I

47

Bitez Arcaci Goktcpc

Coupe A

Coupe B
Bodrum Goknpc Çirkan
Castle

Kisla Dag Kizdagaç

Ovuklu Tcpc As.Gólkoyu

:^t< c*> V T~TT J
Fig. 3. Geologie map of the region of Bodrum by O. Monod. 1 Alluvial deposits. 2 Scree. 3 Trachyan-
desites and tuffs, Miocene. 4 Exotic blocks in Karabörtlen Formation (Ages of the blocks vary from
Upper Triassic to Upper Cretaceous). 5 Karabörtlen Formation (Bodrum Shales): black shales with
exotic blocks, post-Cenomanian, probably Upper Cretaceous to lowermost Tertiary. 6.-7. Cai

Daf Limestone, yellow silty limestones (7.): Upper Liassic to Cenomanian. 5 Gereme Formation,
Upper Triassic to Middle Liassic.
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number of tectonic windows situated to the north of the small town of Göcek (PI. I

and Fig. 2). Here the sequence comprises from bottom to top (Fig. 4, Brunn et al.
1970; Graciansky et al. 1970; Graciansky 1972):
1. 200 meters of thick-bedded, mainly skeletal limestones of shallow-marine origin.

At the base they contain rudists and larger foraminifera of Cenomanian age.

2. 80 to 90 meters of mainly pelagic limestones with planktonic foraminifera ranging
from Upper Campanian to Lower Eocene. The limestones are relatively thick-
bedded in the Upper Cretaceous and lowermost Paleocene. In the Paleocene

to Lower Eocene fragments of larger foraminifera (Discocyclina, Nummulites) are
found.
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Fig. 4. Stratigraphie sequence of the "Autochthonous" at Göcek.

3. 50 meters of bioclastic limestones with larger foraminifera of Middle to possibly
Late Eocene age. The upper part of this formation contains intercalations of coral
and Lithothamnium limestone with a Late Lutetian or Early Priabonian fauna.
At the top of the Eocene sequence the limestones are encrusted with Microcodium
(Richard 1967a), and at its upper surface, pockets filled with lateritic material
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indicate prolonged emersion during most of Late Eocene and Oligocene times

(Ayrton et al. 1966).

4. 15-20 meters of uppermost Oligocene or lowermost Miocene to Lower Burdigalian
shallow marine limestones that, aside reworked Eocene fossils, contain calcareous
algae, bryozoa and corals and higher up some planktonic foraminifera. In the
Göcek windows, rich associations of larger foraminifera at the base indicate a

marine transgression prograding from south to north during the latest Oligocene
to the Early Aquitanian (Graciansky et al. 1970).

5. 200-300 meters of sandy limestones, marls and conglomerates. The lower 50 meters
consist of a regular alternation of cross-bedded sandstones and marls that contain
Lower Miocene faunas and, more specifically, Upper Burdigalian planktonic
foraminifera (Graciansky et al. 1970). The conglomerates are derived from the
underlying Eocene and Miocene sequences and from the Lycian Nappes. The

upper part of the sequence is composed of marls and argillaceous or calcareous
sandstones with locally preserved small-scale current-laminations. The stratification

of this part of the formation is highly disturbed; there are numerous large-
scale slump complexes and olistostromes that contain large olistoliths of graded
nummulite limestones of Middle to Late Eocene age emplaced during sedimentation

of the formation.
A similar lithological succession which belongs to the same paleogeographic and

tectonic unit (region of Kas, Pisoni 1967; Poisson 1967) is found in the southern
Bey Daglari; however, thicknesses are somewhat greater (Brunn et al. 1970). The
Microcodium limestone and the lateritic horizon are missing and the skeletal limestones
of the Middle Eocene are overlain with a regional unconformity by the Lower
Miocene elastics.

The main characteristics of the autochthonous sequence, underlying the Lycian
nappe pile in southwestern Turkey, may be summarized as follows: The Middle
Jurassic to Middle/Upper Eocene sequence is mainly composed of shallow water
limestones with one major intercalation of pelagic, though not deep-water limestones
from Upper Campanian to Lower Eocene. Part of the Upper Eocene and nearly all
the Oligocene are missing and beginning first in the uppermost Oligocene to Lower
Miocene the sea transgressed from the south, leading to the deposition of limestones
and terrigenous elastics derived from the underlying sequence and the Intermediate
Complex. On the eastern flanc of the Bey Daglari, however, flysch deposits of Paleo-

cene-Early Eocene age are intercalated in the sequence. They are closely associated
with the emplacement of the Antalya Nappes and are not present in western Lycia
(Brunn et al. 1970).

2.2 Aegean Islands

Stratigraphie sequences which are most probably external and in a lower tectonic
position to the Intermediate Complex of the Lycian Nappes are found in some of the
small islands between Astypalia, Crete and Karpathos. Some of the sequences (island
of Chamili) are very similar to those described from the Gavrovo Zone of continental
Greece, whereas others show close affinity to the sequence observed on Astypalia,
the tectonic position of which could not be established with certainty until now.



50 D. Bernoulli, P. Ch. de Graciansky and O. Monod

Chamili: On Chamili, a strongly faulted anticline is observed with a more complete
sequence in the WSW. In the core of the anticline, skeletal limestones with rudists in

growth position are present. Finer-grained skeletal lime grainstones contain rudist
fragments and larger foraminifera including Orbitoides media (d'Archiac), Omphalo-
cyclus macroporus (Lamarck) and Siderolites calcitrapoides Lamarck (det. L. Hot-
tinger). These forms indicate a Maastrichtian age. At places, the rudist limestones
are heavily brecciated and it appears that dolomitization is following zones of breccia-
tion and thus is, at least in part, of late diagenetic origin. The rudist limestones are
overlain by some hundred meters of dolomites with occasional intercalations of rudist
limestones. The dolomites are mostly fine-grained and at places they are finely
laminated recalling stromatolitic laminations.

At one single place, the Cretaceous sequence of Chamili is overlain with a sharp
discontinuity, accentuated by later stylolitization, by a small relict of Tertiary
limestone. This rock is composed of skeletons of Melobesieae and closely packed, pressure-
solved skeletal fragments, mainly larger foraminifera. L. Hottinger determined the
following forms: Nummulites sp., Assilina sp., Operculina gr. parva DouvillÉ, Para-
rotalia sp., Discocyclina sp. and Gypsina sp. This association indicates an Early to
Middle Eocene age.

Saforà: The main island of the small group of Saforà (Mégalo Sofrano) is built up
by a faulted sequence of Cretaceous limestones and some flysch sediments of probably
Early Tertiary age. The oldest limestones, occurring in a fault block in the southern

part of the island and along a fault in the central part, are light grey lime wackestones
of Aptian to Albian age, with small primitive Hedbergella and some dasyclad algae
(Munieria baconica Hantken and Actinoporella sp., det. E. Flügel). On the eastern
shore, there are skeletal lime wacke- to packstones with rudists (cf. Desio 1931,

p. 323-324) and a faunal/floral association of Senonian age including large specimens
of Thaumatoporella sp., Cuneolina sp., Dicyclina sp. and Accordiella conica Farinacci.
These rudist limestones are overlain by well-bedded lime wackestones containing
planktonic foraminifera and obviously redeposited shallow water fossils. The association

includes double-keeled Globotruncana of the G. linnet group (det. H. Luter-
bacher) and some larger foraminifera (Pseudosiderolites vida/i (DouvillÉ), Navarella
joaquini Ciry and Rat, Gavelinella sp., det. L. Hottinger), indicating a Late
Senonian age. In the Maastrichtian, skeletal limestones with rudist and inoceram
fragments and larger foraminifera (Orbitoides sp., Siderolites calcitrapoides Lamarck,
det. L. Hottinger) occur. They are overlain by partly laminated dolostones with
guttulinids, miliolids and thin-shelled ostracods. This facies corresponds closely to
the so-called "Liburnian" facies of the uppermost Cretaceous, it is widespread in the
Gavrovo Zone of the Hellenids and in the Dalmatian Zone of Yugoslavia (cf. Fleury
1970).

The flysch is separated from the limestones by high angle-faults. It consists of
graded lithic sandstones with interbedded shales and has not yielded any fossils,
however, a Early Tertiary age is most likely. As a whole the sequence could be

compared with sequences described by Dercourt (1964) from internal parts of the
Gavrovo Zone in the eastern Peloponnesus; however, in detail several rock types are
identical with specimens from Astypalia (see below).
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Di Adelphi: The larger (southeastern) of the two islands is composed of vertical rudist
limestone and an overturned syncline in the Tertiary flysch. The island is not easily
accessible, but a few relevant observations could be made. The Cretaceous limestone
has been largely recrystallized but the rudist shells are still recognizable. The uppermost

part of this sequence could not be observed and the contact towards the flysch
syncline appears to be somewhat tectonized, however, the basal part of the flysch is

well exposed in the southwestern part of the island. The flysch consists of an alternation

of thick-bedded Nummulite breccias and shales that are followed by an alternation

of shales and dirty sandstones. The core of the syncline is made up by coarse
conglomerates with sub-ordinate intercalations of sandstones. In the Nummulite
breccias the following fossils, indicating an Early to Middle Eocene age, have been

found: Nummulites sp., Operculina sp., Asterocyclina sp., Discocyclina sp. (det.
L. Hottinger). The conglomerate contains chiefly limestone pebbles that match very
well with the facies of the Intermediate Complex. They include pelleted and skeletal lime
grainstones with indeterminable dasyclad and codiacean algae that could be derived
from the Gereme Limestone, lime wackestones with pelagic lamellibranchs and cal-
citized radiolaria of possible Upper Liassic to Middle Jurassic age and other lithologies
rich in radiolaria (cf. Cai Dag Limestone). In the arenites, quartz, plagioclase, biotite,
glauconite and lithic fragments of diabase, radiolarite and limestone have been found.

The smaller, northwestern island of Di Adelphi is composed of strongly tectonized
limestones. The following association, determined by L. Hottinger, indicates a
Paleocene age: Archaeolithothamnium sp., Miscellanea sp., Alveolinaprimaeva Rei-
chel. This age is in good agreement with the Early to Middle Eocene age of the base

of the flysch on the larger island of Di Adelphi.
The sequences of the islands described above compare very well with the sequence

of an external zone of the Greek Hellenides, characterized by regular subsidence and
mainly by carbonate platform deposits throughout the Cretaceous. The island of
Chamili shows a development similar to the external Gavrovo Zone in western Greece,
whereas the sequence of Saforà could be compared to the internal Gavrovo Zone in
the Peloponnesus where pelagic intercalations also occur (Dercourt 1964). Finally,
the lithologie types of the sequence of Di Adelphi are comparable to the sedimentary
sequence of the nearby island of Astypalia (cf. Desio 1931 ; N. Creutzburg, personal
communication, 1969).

In Astypalia, the Upper Cretaceous-Tertiary carbonate platform sequence is

followed by flysch that apparently starts in the Middle to Upper Eocene. According
to S. Dürr (personal communication, 1970), the series of Astypalia is comparable to
the one of Amorgos, that in turn is considered by Dürr to be an equivalent of the
Parnasse Zone; however, a more external position of Astypalia and Di Adelphi as

similarly postulated for the Olympus window by some authors (Aubouin in God-
friaux 1964; Bernoulli and Laubscher 1972), cannot be excluded on paleogeo-
graphic grounds.

3. The Mesozoic sequences of the Lycian Nappes

In southwestern Turkey the Intermediate Complex includes several stratigraphie
sequences that have been imbricated tectonically below the Peridotite Nappe and that
often are characterized by a chaotic style of deformation.
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