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STRATIGRAPHY AND TECTONIC EVOLUTION OF THE NORTHERN
MARGIN OF THE MENDERES MASSIF

B.ERDOGAN®, T.GUNGOR"*

Four main tectonic belts are outlined 1in the Western Anatolia.
These are the Sakarya Continent, Karaburun Belt, Izmir Ankara Zone

and the Menderes Massif.

The Sakarya Continent consists of the Triassic Karakaya complex
overlain unconformably by a Jurassic-Cretaceous carbonate succession.
The Izmir-Ankara Zone is represented by an ophiolitic melange near
Akhisar and the Bornova melange around Izmir. From the matrix of the
Akhisar melange Lower Cretaceous age have been obtained but it is
considered that 1ts age goes as back as to the Upper Triassic. The
matrix of the Bornova melange yields ages of Maastrichtian and Danian.
The ophiolitic melange of Akhisar region and the Bornova melange of
the Izmir area, merge into each other and were formed by a continious

process in the Izmir-Ankara Zone.

The Karaburun Belt is underlain by a continious Mesozoic Succession.
The oldest unit of this belt is the Carboniferous Alandere formation
of shallow marine limestones. It is overlain by a very thick detrital
Triassic unit consisting of mudstones, sandstones, black cherts and
mafic volcanic lenses. The Lower Triassic detrital unit is more than
2 km thick and overlain gradationally by a continious platformal
Carbonates of the Upper Triassic to Upper Cretacecus age. On top of
the Karaburun succession a flysch unit of Maastrichtian age was

deposited.
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The Menderes Massif in the Western Anatolia consists of region
metamorphosed rocks. In the Sel¢uk-Bayindir region, the lowermost al}!
1s composed  of micaschists, named as the Bayindir formation U;It
Bayindir schists are overlain gradationally by marbles called a; 3
Kayaalti formation. The Kayaalti formation 1s dominantly character Fhe
by marbles and schist intercalations 1n 1ts lower sectiuns, wherLLUd
the upper: parts of the unit ‘are represented by emery-bearing massaS|
marbles. The marbles and schists intercalation have y1elded a poori:o

re é ; ’
preservated coral fossil of Triassic or Jurassic age. In the uppe
. rmost

parts of the massive marbles, rudist fragments are found. Thus, th
V . ’ e

age of the Kayaalt:i formation 1s probably Late Triassic to Lat
: 2
retacecus. On top of the Kayaalti marbles, there 1s a conformabl
e

m1 /
caschist unit with mafic metavolcanic and metatuff lenses. This unit
whic . g:
ch 1s called the Selguk formation, contains blocks of emery—bearing
marbl
es and metaserpentinites. On top of Menderes metamorphics rests

along a thrust fault, the nonmetamorphic Bornova melange

In the Akhisar region, the stratigraphy starts again with thick

m
lcaschists of the Bayindir formation. In upper parts of the Bayind
ir
sch i
sts, there 1s a thin lense of mafic metavolcanics and metaserpentini

tes whi ; ;

ch were probably formed by submarine volcanic eruptians. The Bayindir
schists grade upward .

into marbles of Kayaalt:

formation, the lower

pa Y s of Late Iria 1 e. The
rts of \'llllCh. ield fossil ssic and Jurassic ag

u ermos ar of h K yaal atlo

pper t p L tnhe a t1 for tion contains rudist fragments

and farth i i i
er up in the section, pelagic limestones with planktonic

¢ )
oraminifera are found. They yield an age of Late Campanian. The pelagic

limestones are overlain The Haskd orm 1 tones,
by k y f ation composed of sands

mud nd lens o limes e T the
stones a es f estones, he OphiOlltiC melange of
_ .
Izmir Ankara Zone, overlies different units of Menderes meta OIph1CS

along a low-angle thrust fault.

Stratigraphy of Menderes metatorphics shows similarity to that

of the Karaburun Belt. The micaschists and the mafic volcanics of the
B . .

ayindir formation might be equivalent of Lower Triassic detrital and
In both,

and i i
the Menderes sections, the detrital units are overlain conformably

mafic volcanic rocks of the Karaburun Belt. the Karaburun

and gradationally by a thick platform-type carbonate successions. In

b .
oth of the belts, also, the Campanian-Maastrichtian sections are in
pelagic facies and they pass upward 1nto 'flysch—type detrital
assemblages.

The resemblance of the
e Karaburun and Menderes platforms guﬁ%‘i\ates' o
iBAI0BrKN "O¢

Yneiak
To the north of this 1ntarc]§:p p{]atform,

the Izmir-Ankara Zone was probably opened in the Late Triassic. Durin
. u

Maastrichtian the Karaburun Belt was separated from Menderes platf 2

T . i o L A | orm

that they were once connected.
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After Danian, the fsmir-Ankara Zone started

~ gybordinate opening.
e closing the Sakarya

and 1n the final period of th

fv-lgse rap1dly,
Menderes Massif and the melange unit were

1nent collided  with

st over 1ts northern edge.

stern Anatolia four main structural belts are defined

are the Sakarya Continent located in the northw

d the Karaburun Belt in the middle, and Menderes

1& the we
1). These
r-Ankara Zone an
in the east.

est the

ﬁhg Sakarya Continent 1S underlain by the Lower Triassic Karakaya

jlex, which 1s composed of detrital rocks and mafic volcanics, which

s-blocks of Permian limestones. This blocky unit 1s unconformably

in by a carbonate succession of Jurassic to Upper Cretaceous age.

tectonic melanges of

‘The Izmir-Ankara Zone is represented by

itic rocks and flysch-type sediments.
One segment extends southward seperating the

Near Manisa, this zone

ts into two segments.

run belt from Menderes Massif, and the second segment passes to

north of Karaburun Peninsula and runs in the east-west direction

A
The Karaburun tectonic belt 1is surrounded from all sides with the

of the Izmir-Ankara Zone. In this belt a
cession of the Mesozolc age Crops

very-thick and

tinuous platformal carbonate suc
presence of fossil-rich

1990;

and along the whole stratigraphic section,

enable to date the whole succession (Erdogan, Erdogan et

4 1991).

‘To the east and southeast of the izmir—-Ankara Zone, the Menderes

f underlies an extensive area 1in the Western Anatolia, and 1t 1s
esented by regionally metamorphosed micaschist and marbles (Doray
«» 1975; Gaglayan, et al., 1980 : Dirr, 1975 ; Dirr, et al., 1978).
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Figure 1

Tectonic belts of the Western Anatolia and study areas in

the Menderes Massif. 1- Selguk-Bayindir area, 2- Akhisar ar
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. ln the tollowing sections first, the stratigraphy of the Karaburun

Belt and the {zmir - Ankara Zone will be summarized. Second, the
stratigraphy of the northern edge of the Menderes Massif will be
"Fesented in two areas (Fig. 1). The Selguk-Bayindir areas is located
in the south, and the Akhisar area in the north cof the Western Anatolia.
In the final part of the paper, stratigraphic correlation between the
Karaburun and the Menderes platforms will be discussed and the tectonic

'"rn]_ution of the region will be evaluated.
' STRATIGRAPHY OF THE KARABURUN BELT

In the Karaburun Peninsula, more than 4 km thick sedimentary rock
succession with an age range of the Lower Carboniferous up to the
'_':Ha.nstrichtian crops out (Fig. 2). In the tectonic and stratigraphic
thesis of the Western Anatolia, the stratigraphy of Karaburun
insula has a pronounced 1importance, because the equivalent units

metamorphic and poor in fossils in the nearby Menderes platform.

The oldest unit of the Karaburun succession is the Lower-Middle
‘Carboniferous Alandere formation (Fig. 2), which is represented by
Tﬁmailliferous neritic limestones. Upper Carboniferous and Permian
;'-lllc'r_'i.nns are missing and the Lower Triassic units directly overlay the
‘Alandere formation (Frdogan et al., 1991). The Lower Triassic units are
luded in the Denizgiren group composed of the Gerence and Karareis
ormations. The Gerence formation is limestone-rich and the Karareis
etrital-rich units that grade each other laterally and yield ages
from the Scyhtian to the Upper Anisian (Erdogan et al., 1991). The
areis formation is more than 2 km thick and composed dominantly
of graywackes and mudstones with subordinate amount of black cherts,
lagic limestones and blocks of older limestones. In the upper part
the Karareis formation mafic volcanic interlayers are found. Above
‘the Lower Triassic Units, along a gradational boundary, there 1s thick
N€ritic carbonate succession. This platform-type carbonates form a
;ﬁ.tratigraphlcally uninterrupted section from the Ladinian to the
%&Strlchtlan. In the uppermost part of the succession, bauxite lenses

are found, that are overlain, by rudist-bearing limestones. In the

fnua Mewloyiag. A.MN.O.



-274- -2,75~-

vﬁnpgrmost part of the Karaburun Section, pelagic limestones overlain

1%& the flysch-type detrital sediments of the Maastrichrian age are

-\;;;esent (Fig. 2).

STRATIGRAPHY OF THE IZMIR-ANKARA ZONE

The Izmir-Ankara Zone is characterized by tectonic melanges in the

%m\ .
g _

Western Anatolia, which are separated into two units based on dominant

ithology, internal structures and upper and lower age limits of their

matrix (Fig. 1) (Erdogan, 1991).

The Bornova melange 1is composed of a matrix of £lyschoidal

imentary rocks and mafic volcanics with an age range of Maastrichtian

. Danian (Erdogan, 1991). Incorporated into the matrix as blocks of

~to 20 km in length, are neritic limestones which represent broken

ts of the Karaburun succession. The Bornova melange is strongly

ed and the internal sedimentary boundaries of its matrix are

mpletely destroyed by brittle deformation. The Bornova melange, crops

between Manisa and Seferihisar (Fig. 1).

In the north, near Akhisar area (Fig. 1) there is an ophiolitic

ge composed of ophiolite, radiolarite and pelagic limestone slices.

the Akhisar ophiolitic melange unit, slices of oceanic crustal

al are predominant and the lower age limit of the pelagic matrix

this melange is relatively older namely Aptian to Albian. Both

ange units merge gradually into each other and were pushed over the

eres metamorphics along low-angle thrust faults (Fig. 3,5).

ATIGRAPHY OF THE MENDERES MASSIF

KARAREIS FM.

In the Selguk-Bayindir area, micaschists of more than 2km in thickness

‘ed here as the Bayindir formation, constitute the lower part of

the Karaburun belt

Figure 2 : Generalized stratigraphic section of Stratigraphy (Fig. 3,4). The Bayindir formation is composed mainly

(Erdogan et al. 1991). Thickness of the units are also showns hﬂhtlte—muscov1ce—quartz schists, rare marble lenses and subordinate
OLs mafic metavolcanic interlayers. The micaschists are overlain
a gradational boundary by a thick marble unit called the Kayaalti

‘fMation. These two formations grade also laterally into each other

WYneiakn BiBAIoBrkn "Oedc pa MewAoyiag. A.MN.O.
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as their map pattern suggests (Fig. 3). In the lower levels of the
marbles, a poorly—preservatgd coral fossil of Upper Tr1a531c—Jﬁra351c
age is found. The Kayaalti formation contains emery lenses 1n the upper
parts, above which,massive limestones with rudist fragments crop out,
Thus,

Cretacesus. The underlying Bayindir schists 1s presumably Lower-Middle

the age of this unit 1is probably Upper Triassic to Upper

Triassic in age.

The Selguk the formation

gradational boundary and 1s composed of micaschists, mafic metavolcanics

formation overlays Kayaalti along a

and blocks of metaserpentinite and marble (Fig. 4). It is the uppermost

unit of the Menderes metamorphics in this area and its age 1s probably

Maastrichtian and youpger.

_The Second area studied is the Akhisar region (Fig. 1, 5, 6), where
the Menderes metamorphics start again with thick micaschists of the

Bayindir formation. In the upper part of this unit, lenses of mafic

metavolcanics and metaserpentinites with ophicalcite layers are found.
These mafic lenses are confined to certain stratigraphic horizons and
in all scales they passes through metatuff zones into underlaying "and
overlaying schists and laminated marble-schist intercalations. They
are certainly formed by submarine volcanism in the bésin of Bayindir

formation.

Overlain the micaschists with gradational contact, marbles and

crystallized limestones of the Kayaalti formation crops out, that

carries fossils through 1ts whole thickness. In the gradational zone
contain Aulotortus sS1nosus,

In the lower half of

with Bayindir formation the limestones

characterizing Upper Triassic (Norian-Rhetian).

the unit, Taumatoporella parvovesiculifera and Paleodacycladus
mediterraneus are found indicating Liassic, and in the middle part
Clypeina Jurassica and Protopeneroplis striata are determined that
prove Dogger and Upper Malm-Lower Cretaceous ages respectively. The
uppermost part of Kayaalti formation contains limestones with rudist
fragments, that gradually passes upward 1nto the pelagic limestones.
With the following list of fossiils Upper Santoulan-Campanian  has been
proved. These are Pseudosiderolites vidali, Pseudosiderolites

WneiakA BiBAI0ORKN "Oedq
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Figure 5 : Symplified geological map and cross section of the Akhisar

area.
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dordoniensis, Globotroncana arca, Globotruncana linnea and Marginotrun-
cana coronata. The Kayaalti formation, therefore, 1s Upper Triassic
to Uppermost Cretaceous in the Akhisar area.
C
c (%]
Sl D Rk The pelagic limestones pass upward gradually into a detrital unit
™ QL oL . .
Age g '% E Lithology REMARKS composed dominantly of sandstones, conglomerates with minor amount
W E i of limestones. This unit 1is called the Haskdy formation, and its age
X T 11 .
S 1s probably Maastrichtian.
o :I;;;:;EF?:_
2 Q EF=————-"- VYellow-red slates, Quartz sandstones,
% —_— ~— — ] Cconglomerates BOUNDARY RELATIONS OF THE TECTONIC BELTS
Maastrich.?| £ [Coodoi .
— — — — ] /Globotruncana arca, Rosita fornicata
e Marginotruncana coronata The boundary between the Sakarya continent and the Izmir-Ankara
11| “*Pelagic limestones Zone has not been studied in detail, but in various plate tectonic
. . ing 1i _
Campantan I I [ I ¥ Rudist bearing limestones models of the region it was considered as a sture zone and shown as
Santonian 1T 1 nortward dipping thrust faults. (Sengor and Yilmaz, 1981; Okay, 1984).
A WAYAV/
a 7 7 7 Dolomites
Dogger-Malm| § “ // /’ /’ The boundary between the Karaburun belt and the Izmir-Ankara Zone
= \ LI [ I I i was studied by the first author (Erdogan, 1990) and it was shown that,
el
R ; Red slates. laminated dolomites, the Karaburun platform was broken and slid into the Izmir-Ankara Zone
% Pfj 000900090 1  ,nglomerates intervals as blocks of up to nappe size. This occured during the sedimentation
f;/ J—IAL{ II so that the contacts are irregular and block-boundaries, olistostromal
N Pink-gray marbles
Upper Triassic § arey . . materials and soft-sediment injections are common characteristics of
Liassic I l l lﬂ Taumatoporella parvovesiculifera |
] l l Paleodacycladus mediterraneous e zone.
e e
ST== - 55‘\ Mafic metaveclcanics, The contact between the Izmir-Ankara Zone and the Menderes Massif
G = metaserpentinites ) ) ]
— can be observed both in the Selguk and Akhisar areas (Fig. 3,5). The
_ T nonmetamotphic, brittly deformed and strongly sheared tectonic melanges
—
>
. p T T " et oo et of Izmir-Ankara Zone, overlay directly, along low-angle thrust faults,
Triassic? | € § k—_’;T:Z::ffzj méigigslieﬁsg:ar Z-micaschists, high-grade metamorphic rocks of the massif. The thrust surfaces overlay
E‘ ~ _:r————ﬁg; ] ‘different units of the Menderes metamorphics (Fig. 3,4) and this low-
;;;zz:::::; angle fault zones are not conformable with the fold axis and structural
e ; trends of the underlaying units. It 1s concluded therefore that, the
i . i i i i f the Menderes metamorphics )
Figure 6 : Generalized stratigraphic section o deformation and metamorphism of the Menderes metamorphics occured before

in the Akhisar area. and 1ndependently with the thrusting.
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Early-Middle Triss Maric metavolcanics

STRATIGRAPHIC CORRELATION BETWEEN THE MENDERES AND KARABURUN
PLATFORMS AND 'TECTONIC EVOLUTION OF THE REGION

IaZ:izmie-Ankara Zone

..-.‘ .ﬂp AtAkhisar
.‘ﬁbf’fqh?.'f I:izmir

Lo

The stratigraphy of Karaburun Belt and the Menderes Massif c¢ap
,bre closely correlated (Fig. 2,4,6). The lower Triassic detrital-rich
Karareis formation with mafic volcanic' lenses 1is correlatable with
the Pavindir schists. The Bayindir schists similarly contain mafic
volcanic lenses 1n 1ts upper parts. These very thick detrital units, =
are overlain along a gradationally boundary by uninterrupted platformal MP:Mepdenes Rlattorme
carbonate successions. These neritic limestone sections yield ages
ranging from the Upper Triassic to Upper Cretaceous in both of the
belts (Fi1g. 2,6). The bauxite lenses of the Karaburun succession are
correlatable with emery lenses in the Menderes sections. In both belts,
neritic carbonates are overlain, through a pelagic limestone zone,
by detrital units of the Maastrichtian and younger age.

However, the tectonic setting of the Selguk formation presents KK:Karaburun Belt
a problem this unit could be the metamorphosed equivalent of the Izmir- BH:Bornova Basin
Ankara Zone. It 1s also possible that it was formed along the
continuation of a separate trough located to the south of the Menderes

Massif, called 1n the literature as the Alakaya basin (Ozkaya, 1991).

The tectonic evolution of the Western Anatolia from the Triassic
to the Middle Eocene is shown in Figure 7. It 1s considered that the
B¥:Bornova Melange
Karaburun and Menderes belts were connected to each other and to the
north of this intact platform, the lzmir-Ankara Ocean was formed, which
produced the oceanic slices of the Akhisar ophiolitic melange
(Fig. 7.a,b). During Maastrichtian, the Karaburun belt was separated
from the main Menderes platform and the Bornova basin with flysch
deposits was formed (Fig. 7c). After Danian, this ocean and its branch
closed rapidly and during this short interval the Menderes platform SK:Sakarya Continent
was metamorphosed (Fig. 7d). At the final phase of the ocean closing, My Menderes Massif
the Sakarya continent and the Menderes Massif collided and the melanges
of lzmir-Ankara Ocean were thrust over already mctamorphosed Menderes

platform (Fig. 7e).

¥neiakr BifhioBrikn "Ok¢ étonic evolution of the Western Anatolia from the Triassic

to the Middle Eocene.
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Stratigraphy of "the sguthern margin of the massif has been describe
by Dirr et al. (1978). They separated a core complex of paragneisses
and an envelope of micaschists and marbles. The age of the micaschists
1s considered to be Paleozoic and even Lower Triassic and the marble
envelope to be Upper Triassic and Uppermost Cretaceous. On top of
marbles, along a transitional zone of red marbles, a flysch-type
sequences have been described. The resemblance of their stratigraphic
column with that of the northern margin is pronounced. This indicates
that the Menderes platform was a site of uninterrupted carbonate

buildup during the entire Mesozoic era.

Dirr et al. (1978) have considered that the paleogeographic position
of the Lycien Nappes was along the northern margin of the Menderes,
and they thrust southward overriding and metamorphosing the Massif

due to the tectonic loading.

The following geological data from study area, however, are not

in agreement with this wiew.

1. The Akhisar region, which would have been buried more deeply
by thrust packs and metamorphosed most intensivly, if the Lycien Nappes
were originated from the northern margin, are among the very rare areas
in the Massif with lowest-grade metamophism and preserved fossilliferous

units.

2. In the study areas, unmetamorphosed but tectonically sheared
melanges of the Izmir-Ankara Zone, directly overlay high-grade
metamorphic units of Menderes Massif indicating that the thrusting

was after the regional metamorphism and unrelated with it.

3. The second lowest thrust slice of the Lycien Nappes starts with
red clastics of the Triassic Karaova formation and passes upward into

platform carbonates (Brinkmann, 1967; Dirr, 1975).

The equivalent unit 1in the Akhisar region is micaschists and mafic

volcanics of Bayindir formation, and in Karaburun Belt it is Karareis

Wneoiakr BiBAI0BNkn "O¢
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formation with pelagic facies. To the north of the Karaburun Belt and
Akhisar area, it could have passed 1nto more pelagic facies of the
{zmir-Ankara Ocean. Therefore it is unlikely that one of lowest thrust
slices of the Lycien Nappes with the continental red clastics of Karaova
formation could be paleogeographically placed to the northern margin

of the Menderes- platform.

It is most probable that the paleogeographic position of the Lycien
Nappes were 1in the south margin and located somewhere between the

‘Menderes platform and Beydaglari autocthone, as recently suggested

by Ozkaya (1991). The Menderes Massif was probably metamorphosed due

to the both tectonic load of the Lycien Nappes that thrust nortward

|inng the southern margin, and regionally compression that was caused

by a subduction in the northern margin along a zone with the Sakarya

Continent.
- REFERENCES
.

Akdeniz, N., (1985), Akhisar-Golmarmara-Gordes-Sindirgi Arasinin Jeolo-
jisi; istanbul Univ., Fen Bilimleri Enstitisii, Jeoloji Mihendis-

ligi Anabilim Dali Doktora Tezi, 254 s., (Unpublished thesis).

:BBlay,-A., Akat, U., Akdeniz, N., Akcadren, A., Caglayan, A., Giiney, E.,
Korkmazer, B., Oztirk, E.M. ve Sav, H., (1975), Menderes Masifi'-
nin Giiney Siniri Boyunca Bazi Onemli Sorunlar ve Bunlarin Muhte-
mel Coziimleri; Cumhuriyet'in 50. Yili Yerbilimleri Kongresi

Tebligleri, MTA Enst., 11-20, Ankara.

?ifinkmann, R., (1967), Die Siidflanbe des Menderes-Massivs bei Milas,

Bodrum und Oren; Scient. Rep.Fac.Sci.Ege Univ., 43, 12Zp. Izmir,

Turkey.

‘Caglayan, A., Oztirk, E.M., Oztiirk, Z., Sav, H. ve Akat, U., (1980),
I Menderes Masifi Giineyine Ait Bulgular ve Yapisal Yorum; Jeoloji

Miihendisligi Dergisi, 10, 9-17, Ankara.

.;ﬁrr, St., 1975, Uber Alter und geotektonische Stellung des Menderes-

Kristallins/SW-Anatolian und seine Aequivalente in der mittleren

3

o rewA&ﬁ&ggAm_(ygbiliations-—Schrift; Marburg/Lahn, 107 p.



-286-

Dirr, St., Altherr, R., Keller, J., Okrusch, M. and Seidel, E., 1978

The = Median Aegean Crystalline Belt: Stratigraphy, Structure,

Metamorptism, Magmatism; in Alps, Apennines Hellenides, Closs,

H., Roeder, D., Schmidt, X ed., Inter-Union Commission

Geodynamics Scient. Rep. 38., Stuttgart, 455-477.

on

Erdogan, B., (1990), Tectonic Relations Between Izmir-Ankara Zone and

Karaburun Belt; Mineral Res. Expl. Bull. Turkey, 110, 1-15

Erdogan, B, (1990), Stratigraphy and Tectonic Evalution of Izmir-Ankara

Zone Between Izmir-Seferihisar; Assoc. Turkish Petroleum Geol,
Bull., v. 2/1, 1-20.

Erdogan, B., Altiner, D., Gingér, T. ve Ozer, S.’ (1990), Stratigraphy
of Karaburun Peninsula; Mineral Res. Expl. Bull. Turkey, 111,1-20

Okay, A.I., (1984), Kuzeybati Anadolu'da Yeralan Metamorfik Kusaklar;
Ketin Simpozyumu, 83-92, Ankara.

Ozkaya, I., (1991), Evolution of a Tertiary Volcanogenic Trough in SW
Turkey-The Alakaya Basins of the Lycien Belt; Geologishe
Rundschau, 80/3, 657-668.

Sengdr, A.M.C. and Yilmaz, Y., (1981), Tethyan evolution of Turkey: A

Plate Tectonic Approach: Tectonophysics, 75, 181-241.

WnoiakA BiBAI0BNAKN "OedppacTtog” - TuAua MNewloyiag. A.MN.O.





