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Abstract Northwestern Anatolia contains three main
tectonic units: (a) the Pontide Zone in the north which
consists mainly of the Istanbul-Zonguldak Unit in the
west and the Ballidag-Kiire Unit in the east; (b) the
Sakarya Zone (or Continent) in the south, which is
juxtaposed against the Pontide Zone due to the clo-
sure of Paleo-Tethys prior to Late Jurassic time; and
(c) the Armutlu-Ovacik Zone which appears to rep-
resent a tectonic mixture of both zones. These three
major tectonic zones are presently bounded by the
two branches of the North Anatolian Transform Fault.
The two tectonic contacts follow older tectonic line-
aments (the Western Pontide Fault) which formed
during the development of the Armutlu—Ovacik Zone.
Since the earliest Cretaceous, an overall extensional
regime dominated the region. A transpressional tec-
tonic regime of Coniacian/Santonian to Campanian
age caused the welding of the Istanbul-Zonguldak
Unit to the Sakarya Zone by an oblique collision. In
the Late Campanian, a transtensional tectonic regime
developed, forming a new basin within the amalga-
mated tectonic mosaic. The different tectonic regimes
in the region were caused by activity of the Western
Pontide Fault. Most of the ophiolites within the
Armutlu—Ovacik Zone belong to the Paleo-Tethyan
and/or pre-Ordovician ophiolitic core of the Istanbul-
Zonguldak Unit. The Late Cretaceous ophiolites in
the eastern parts of the Armutlu-Ovacik Zone were
transported from Neo-Tethyan ophiolites farther east
by left-lateral strike-slip faults along the Western Pon-
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tide Fault. There is insufficient evidence to indicate
the presence of an ocean (Intra-Pontide Ocean)
between the Istanbul-Zonguldak Unit and the Saka-
rya Zone during Late Cretaceous time.
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Introduction

Two tectonostratigraphically diverse entities are distin-
guished in northwestern Anatolia: (a) a northern area
termed the Rhodope-Pontide Continent, or the Pon-
tide Zone; and (b) a southern area termed the Saka-
rya Zone (or Continent). The Pontide Zone is rep-
resented mainly by the Istanbul-Zonguldak Unit in
this region (Figs. 1a,b). The area extending along the
Armutlu Peninsula through Bolu to Ovacik between
the Sakarya Zone and Istanbul-Zonguldak Unit is
called the Armutlu—Ovacik Zone (Figs. 1b,c). Accord-
ing to Sengdr and Yilmaz (1981), this Zone represents
a suture belt of a seaway, the Intra-Pontide Ocean,
which existed in Late Cretaceous time and closed by
northward-directed subduction. This interpretation is
based on the existence of the Arkotdag mélange (To-
kay 1973) and Abant complex (Yilmaz et al. 1981).
Gonciioglu and Erendil (1990) proposed instead that
the Intra-Pontide Ocean was closed by an oblique col-
lision; however, these complex units and their strati-
graphic characteristics have not been sufficiently
described, and understanding is hindered by data indi-
cating conflicting ages and environments (Elmas et al.
1997; E. Yigitbas and A. Elmas, unpublished data).

The hypothetical west/east-extending Intra-Pontide
Ocean thought to flank the Istanbul-Zonguldak Unit
to the south as a gulf of the Vardar Ocean cannot be
traced farther east (Okay et al. 1996). Furthermore,
Kaya and Kozur (1987) do not accept the presence of
the Intra-Pontide suture belt.
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Fig. 2 Stratigraphic correla-
tion of the tectonic units in
Numbers indicate the location
of the stratigraphic sections in
Fig. 3. The narrow columns
beside the stratigraphic sec-

Northwestern Anatolia.

tions show the map pattern of
the rock units in the Fig. 1c
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The purpose of this paper is to contribute to the
arguments concerning the nature of the Intra-Pontide
Ocean on the basis of our recent field data from the
Armutlu—Ovacik Zone.

The Pontide Zone

The western part of the Pontide Zone is represented
by the Istanbul-Zonguldak Unit. This tectonic sub-
unit of the Pontide Zone is bounded by the Black Sea
to the north, the Istranca massif that is hidden under
Middle-Upper Eocene clastics to the west, and the
Armutlu—Ovacik Zone to the south. Its eastern con-
tact is a thrust carrying the Istanbul-Zonguldak Unit
southward over the pre-Late Jurassic units comprising
the eastern Pontides (Ballidag-Kiire Unit; Yigitbas et
al. 1999) which consist of an ophiolite-mélange associ-
ation and related sediments. The Ballidag-Kiire Unit
represents a remnant of Paleo-Tethys.

The lower parts of the Istanbul-Zonguldak Unit
stratigraphic succession are represented by a high-
grade metamorphic assemblage exposed in the Siin-
nice massif and Almacik Mountain (Figs. 1c, 2). They
consist of three different rock units: (a) granitic-mig-
matitic rocks (Demirci metamorphic association); (b)
an ordered ophiolitic assemblage (Cele metaophiolite);
and (c) a volcanic-volcaniclastic succession (Yellice
metavolcanic association; Yigitbas et al. 1999).

The three different metamorphic associations are
collectively overlain by a thick sedimentary succession
ranging in age from Early Ordovician to Carbonifer-
ous (Packelmann 1938; Goriir et al. 1997; W.T. Dean
et al., unpublished data). The Paleozoic sequence is
overlain by Triassic continental to shallow marine
clastics and limestones (Cakraz Formation) that are
unconformably overlain by the Middle Jurassic clastics
(Himmetpasa Formation; Derman et al. 1995). These
units are commonly termed the Istanbul-Zonguldak
Unit sensu stricto.

Continental-fluvial clastics (Biirniik Formation) and
shallow marine carbonates (Inalti Formation), ranging
in age from Callovian to Berriasian (Derman 1990),
are the common cover units of the Istanbul-Zongul-
dak Unit and Ballidag-Kiire Unit (Sengér and Yilmaz
1981; Yigitbas et al. 1999). The eastern parts of the
western Pontides are unconformably covered by a
Lower to Upper Cretaceous flysch-wildflysch
sequence, the Ulus Group, which is succeeded by
pelagic limestones with chert interbeds. The Ulus
Group is conformably overlain by a pelagic volcanic-
volcaniclastic sequence known as the Yemislicay For-
mation, which is of Turonian-Campanian age (Aydin
et al. 1986; E. Yigitbas and A. Elmas, unpublished
data).

During the Late Campanian, a new tectonic regime
marked by a sedimentary transgression was initiated
in the region. Central and western parts of the western
Pontides were almost covered by the Akveren For-

mation and its equivalent units. This was followed by
accumulation of clastic deposits (Atbast Formation;
Paleocene) and flysch (Kusuri Formation; Lower
Eocene); thus, the deposition continued in many parts
of the western Pontides until the end of Early Eocene
time (Fig. 2).

The Sakarya Zone

The Sakarya Zone, situated to the south of the Istan-
bul-Zonguldak Unit, is bounded on its southside by
the Izmir-Ankara suture (Fig. 1a). The basement of
the Sakarya Zone consists of two different metamor-
phic associations (Fig. 2; Yilmaz et al. 1981). One is
Uludag Group that is composed of high-grade schists,
gneisses, amphibolites and migmatites intruded by a
granitic pluton of Carboniferous age (Yilmaz et al.
1997); these are unconformably overlain by arkoses
(Cambazkaya Formation), shallow-marine Permian
limestones (Derbent Limestone; Altinli 1973) and
shallow to deep marine Triassic carbonates and clas-
tics (Karakaya Formation; Bingol et al. 1973) which
are also imbricated with ophiolitic rocks (Tekeli 1981).
The second unit is the Yenisehir Group which is com-
posed of a metaophiolite and a metamorphosed vol-
canic-sedimentary unit. These underwent glaucophane-
bearing greenschist facies metamorphism during Late
Triassic time (Yilmaz 1977; Geng 1993).

The two metamorphic associations are collectively
overlain by a transgressive Liassic to Turonian
sequence. This sequence is composed of Liassic fluvial
deposits (Bayirkoy Formation), and shallow-marine
carbonates of Middle to Upper Jurassic age (Bilecik
Formation), Lower Cretaceous cherty limestones (So-
gukcam Formation) and radiolarian cherts and pelagic
limestones of Cenomanian-Turonian age (Vezirhan
Formation).

Shallow-marine limestones of Late Jurassic to
Turonian age grade northward to pelagic and olistos-
tromal units. A flysch sequence represented by prox-
imal and intermediate turbidites and comprising the
Golpazar1 Group conformably overlies the shallow
water deposits and ranges in age from Coniacian
through Campanian. In contrast, it overlies the pelagic
and olistostromal deposits unconformably, and yields
Campanian—Maastrichtian fossils. This contrast is an
indication of significant tectonic activity and erosion
during Coniacian-Santonian time prior to flysch sed-
imentation (Yilmaz et al. 1994). The flysch sequence
passes upward into shallow-marine sandstone and
limestones. Beginning in Middle Eocene time, shallow
marine carbonate and clastics were deposited, the
products of a new regional transgression on the Saka-
rya Zone (Yilmaz et al. 1994).



The sequence in the western part of Sakarya
Continent (in Biga peninsula)

The basement of the Biga peninsula between Edremit
Bay and the Sea of Marmara (Fig. 3) is represented
by a quartz-micaschist unit. This unit contains calc-
schist, marble, metaquartzite, albite—chlorite schist lev-
els, and serpentinite slices parallel to foliation. An
Upper Permian-Lower Triassic unit in tectonic con-
tact with this basement sequence is represented by
metashale—phyllite, quartzite and calcschist at the
base. The upper parts of the sequence consist of
recrystallized limestone-shale alternations, shallow-ma-
rine limestones, and metamorphosed flysch (Okay et
al. 1990). The entire sequence is the equivalent of the
pre-Liassic basement in other parts of the Sakarya
Zone. These rocks are overlain by an ophiolitic mél-
ange containing slices of garnet-micaschist and shal-
low-marine to pelagic limestones ranging in age from
Late Triassic to Middle Paleocene. *’Ar/*’Ar isotopic
ages were obtained from amphiboles at the base of
peridotite slices overlying the Permian carbonates at a
locality north of Ezine, and these indicate that imbri-
cation of the ocean floor began in Aptian time
(118 Ma; Okay et al. 1996). Tertiary volcanic-volcani-
clastic deposits overlie all these units (Fig. 2).

The Armutlu-Ovacik Zone

The west/east-trending Armutlu-Ovacik Zone is
~20-50 km wide, and lies between the Pontide Zone
and the Sakarya Zone (Figs. 1b, 3). The contacts with
both these zones are marked by faults.

The area between the gulfs of Gemlik and Izmit

The basement between Gemlik and Izmit gulfs
(Figs. 1, 3) consists of metagabbro-amphibolite, meta-
basite, acidic metalava, metavolcaniclastic, and meta-
sedimentary rocks which are cut by migmatitic gran-
ites (Y. Yilmaz et al., unpublished data; Yigitbas et al.
1999). They are unconformably overlain by a sequence
consisting of quartzite—quartzitic conglomerate in the
lower part and gray-black—purple colored recrystal-
lized limestone—phyllite alternations in the upper part.
These rocks are the lithological equivalent of parts of
Ordovician—Carboniferous component of the Istanbul-
Zonguldak Unit in areas farther north (Kaya 1977).
North of the Gulf of Gemlik, this sequence is uncon-
formably overlain by low-grade metamorphosed con-
glomerate and sandstone containing granite, amphibo-
lite, and marble pebbles (Fig. 3a). The unit passes
upward into a sequence composed of gray—green sand-
stones and recrystallized limestones intercalated with
black mudstone and shale (Gonciioglu and Erendil
1990). Maastrichtian shallow marine deposits and
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Lutetian volcaniclastic units rest unconformably on
the top.

The area between the Gulf of Gemlik-iznik Lake
and Sapanca Lake

The basement of this area (Figs. 1c, 3) consists of met-
alava, graphite-schist, and metaclastics interbedded
with recrystallized limestones (Gonciioglu and Erendil
1990). These are unconformably overlain by a Permo-
Triassic marble sequence (Orhangazi marble; Kaya
and Kozur 1987). A unit consisting of basic volcanic
rocks, volcaniclastics and olistostromes unconformably
rests on the marble sequence. Conodonts obtained
from lime mudstones in the upper parts of the unit
indicate a Late Triassic age (Onder and Gonciioglu
1989). The greenschist facies metamorphic unit is the
equivalent of the Triassic Karakaya Formation (Yil-
maz et al. 1994) which is widely exposed in the Saka-
rya Zone. This unit passes upward into white, recrys-
tallized, cherty limestones (Gonctioglu and Erendil
1990). Also, in the area between the Gulf of Gemlik
and Iznik Lake, these limestones unconformably lie
on the metavolcanics and metaclastics-marble of the
Karakaya Formation (Fig. 3b). The presence of gas-
tropods, pelecypods, and algae in the limestone (Kaya
1977) indicate a shallow-marine shelf environment.
The unit passes upward into a sequence composed of
low-grade metamorphic basic volcanics and cherty
pelagic lime mudstones which are interbedded with
mudstone—shale—turbiditic sandstone. The sequence
also contains serpentinite and recrystallized limestone
blocks. Kaya and Kozur (1987) obtained fossils of
Jurassic to Turonian age from the cherty levels in this
unit. All these units are unconformably overlain by
the Upper Campanian-Ypresian reefal limestone-shal-
low marine clastics and Lutetian deposits (Fig. 3b). In
addition, cataclastic ophiolitic units are observed to
the south of Sapanca Lake (Fig. 1c). Hovewer, the
relation of the ophiolitic units with the other units in
the area cannot be observed except with the Upper
Campanian—Maastrichtian Unit which overlies them.

The northern areas of Pamukova

Similar to the area between the gulfs of Gemlik and
Izmit, the basement north of Pamukova (Fig. 1c) is
composed of metaophiolite, amphibolite, as well as
metavolcanic and metaclastic rocks (Fig. 3c). These
units are cut by gneissic granitoids (Gonctioglu and
Erendil 1990; Y. Yilmaz et al., unpublished data).
They are overlain by a sequence which consists of pur-
ple-colored quartzitic sandstone at the base, followed
by phyllite, and brecciated dolomitic marbles at the
top. The entire sequence is equivalent to the Early
Ordovician—Carboniferous sequence and underlying
pre-Ordovician metamorphic basement of the Istan-
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Fig. 3 Representative strati-
graphic sections and their
locations from the different
parts of the Armutlu-Ovacik
Zone. Letters indicate the
locations of the stratigraphic
sections. See Fig. 2 for litho-
logical description. Numbers
indicate the locations of the
stratigraphic sections in Fig. 2.
The narrow columns beside
the stratigraphic sections show
the map pattern of the rock
units in the Fig. 1c
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bul-Zonguldak Unit in the north (Fig. 2) and to the
rocks in the area between the gulfs of Gemlik and
Izmit to the west (Fig. 3a). The metamorphic units are
unconformably overlain by clastic rocks that pass
upward into dolomite and recrystallized limestone
with chert interbeds (Gonctioglu and Erendil 1990).
All these units are overlain by Maastrichtian reefal
limestones and succeeding turbiditic deposits (Fig. 3c).

The area between Bolu and Eskipazar

The basement in this area is represented by green-
schist metamorphic rocks (Fig. 3d). They consist of
metabasite, slate-phyllite, calcschist, gneiss, metachert,
felsic metalava, metaophiolite, and metagranite (the
Agalar metamorphic association; E. Yigitbas and A.
Elmas, unpublished data). The sequence was intensely
affected by polyphase deformation and tectonic imbri-
cation, and metamorphic foliation and crenulation
cleavage are well developed; however, the strati-
graphic characteristics within each thrust slice are rec-
ognizable. Similar to the area between the Gulf of
Gemlik-Iznik Lake and Sapanca Lake, the origin and
type of these rocks differ from the metamorphic asso-
ciation in the Siinnice massif (Fig. 1c) where the base-
ment units of the Istanbul-Zonguldak Unit are
exposed.

This metamorphic association is overlain by a thick
marble sequence of Late Jurassic—-Early Cretaceous
age (Bakacak metamorphics), the metamorphic equiv-
alent of the Bilecik Formation in the Sakarya Zone
(E. Yigitbas and A. Elmas, unpublished data). The
marble sequence passes upward into low-grade meta-
sediments of Cretaceous age (Ulumescit Group; E.
Yigitbas and A. Elmas, unpublished data) which con-
tain a weakly developed foliation without significant
neo-mineralization. These metamorphic features
decrease upwards. The lower parts of the unit consist
of red-colored flyschoid clastics which pass rapidly
upward into pelagic deposits which consist of thin-bed-
ded chert, mafic lavas and red mudstone-limestone
with blocks which belong to Mesozoic units from the
Sakarya Zone and their metamorphic equivalents in
the Armutlu—Ovacik Zone. Ophiolite blocks become
more abundant east of Eskipazar. The features of
lower and middle parts of the Ulumescit Group indi-
cate a deepening marine depositional environment.
The upper part of the sequence is composed of plant-
bearing turbiditic sandstone—submarine channel to flu-
vial deposits.

Upper Cretaceous and older units of the Armutlu-
Ovacik Zone are generally overlain with an angular
unconformity by an Upper Campanian—Ypresian sed-
imentary sequence (Fig. 2; Golciik Group; A. Elmas
and E. Yigitbas, unpublished data). Between Bolu and
Eskipazar, this sequence begins with debris flows that
are likely slope deposits and continue upward into
Upper Campanian reefal limestone—sandstone units
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(Fig. 3d). The sequence deepens rapidly in the upper
part and passes into turbiditic flysch that contains
some blocks in its upper part where it takes on a
regressive aspect. The nanoplankton assemblage
obtained from the matrix of this unit indicates an
Upper Maastrichtian—Paleocene age (A. Elmas and E.
Yigitbas, unpublished data). The uppermost part of
the sequence is composed of plant-bearing sandstones.
The abrupt lateral and vertical transitions within Cre-
taceous—Lower Eocene rocks are ascribed to intensive
tectonism.

East of Ovacik

The basement in the eastern parts of the Armutlu—
Ovacik Zone (Figs. 1c, 3) consists of gneiss, amphibo-
lite, slate-phyllite, quartzite and brecciated Devonian
dolomite-calcschist which is intruded by granite.
Upper Jurassic limestone covers the Istanbul-Zongul-
dak Paleozoic sequence (Fig.3e) and is overlain
unconformably by a sequence which consists of inter-
bedded dark-gray lime mudstone-marl-sandstone-
shale. The sequence contains wave ripples, burrows
and cut-and-fill structures and passes upward into an
Upper Cretaceous pelagic sequence composed of
block-bearing radiolarite, chert, red lime mudstone
with manganese nodules and mafic lavas. The blocks
are derived from non-metamorphic Cretaceous ophio-
lite and units of the Istanbul-Zonguldak Unit. The
cataclastically altered units adjacent to the tectonic
lineaments are overturned toward the south—south-
west. All lithological characteristics indicate that the
unit is equivalent of Ulumescit Group to the west.
The Jurassic-Upper Cretaceous units in the Armutlu—
Ovacik Zone are underlain by units belonging to
either Istanbul-Zonguldak Unit or Sakarya Zone
(named Boyali and Ulumescit Groups, respectively;
Fig. 2). Northeast of Kursunlu, the equivalents of the
Upper Cretaceous pelagic sequence overlie Lower
Cretaceous cherty limestones (Sogukcam Limestone)
of the Sakarya Zone.

To the east of Ovacik, the units of Armutlu-Ovacik
Zone are tectonically bounded by parts of an ophiol-
itic suite (Figs. 1c, 3e). South-southwest verging thrust
faults that extend WNW to ESE are common in the
ophiolitic units. Each tectonic slice is composed of
ultrabasite, serpentinite and gabbro at the bottom, and
basic lava, pelagic limestone-mudstone, argillaceous
lime mudstone intercalated with quartzitic—volcaniclas-
tic sandstone at the top. A nanoplankton assemblage
from lime mudstone levels indicates a Late Cretaceous
age (A. Elmas and E. Yigitbas, unpublished data);
these are unconformably overlain by Lutetian clastics.
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Ilgaz area

The equivalents of the Ballidag-Kiire Unit of the east-
ern Pontide Zone are also present in the eastern part
of Armutlu—Ovacik Zone (northeast of Ilgaz; Figs. 1c,
3). This sequence, which consists of metalava, marble-
dolomite and slate-phyllite, is unconformably overlain
by Lower Cretaceous shallow marine clastics which
are equivalents of the basal part of the Boyali Group
to the east of the Armutlu—Ovacik Zone. All the units
are unconformably overlain by Upper Campanian
shallow marine deposits and volcaniclastics which are
intruded by felsic-intermediate rocks (Fig. 3f).

Discussion and evolution

Pre-Late Cretaceous evolution of the northwestern
Anatolia

In light of the foregoing data, it is clear that the pre-
Jurassic basement of the Istanbul-Zonguldak Unit and
Sakarya Zone are different from each other. The pre-
Ordovician basement of the Istanbul-Zonguldak Unit,
metamorphosed to amphibolite grade facies, is cov-
ered by an Ordovician—Carboniferous transgressive
sequence and cut by metagranites. With the Paleozoic
units of the Istanbul-Zonguldak Unit bounded by a
right-lateral strike slip fault (the Western Black Sea
Fault; Okay et al. 1994) of pre-Eocene age which jux-
taposed it against the Istranca Zone to the west, these
Paleozoic rocks do not belong to other parts of north-
western Turkey; instead, they are similar to units of
the Laurasian margin and thus represent south-facing
passive continental margin deposits (Hass 1968). The
origin and the initial tectonic positions of the major
zones of the Pontides are compatible with the Late
Paleozoic paleogeographic reconstructions that show a
large oceanic realm, Paleo-Tethys, in this region (Sen-
gor 1987; Scotese et al. 1979; Smith et al. 1981). This
ocean closed before the Malm in the Pontides (Sengor
et al. 1980; Sengor and Yilmaz 1981; Tiiysiiz 1990).

By contrast, the Sakarya Zone to the south has a
low-grade metamorphic upper Paleozoic basement,
the Ordovician—Carboniferous sequence is not present,
and there is a sequence of Triassic rocks (Karakaya
Formation; Bingol et al. 1973) which is not present in
the Istanbul-Zonguldak Unit (Sengor et al. 1984). The
Karakaya Formation consists of increasingly deeper
marine deposits and ocean-floor assemblages (Yilmaz
1981). The basin was short lived and closed during the
latest Triassic (Bingol et al. 1973).

The Armutlu—-Ovacik Zone, bounded tectonically
by the Istanbul-Zonguldak Unit and the Sakarya
Zone, appears to represent a tectonic mixture of both
zones. Each area within the Armutlu-Ovacik Zone
contains basement units and the metamorphic-cata-
clastic equivalents of the Upper Jurassic-Upper Creta-
ceous units from the other two zones. In the Armutlu—

»
»

Fig. 4a-h Paleotectonic maps depict the tectonic evolution of
northwestern Anatolia and surroundings from the Dogger to the
Eocene

Ovacik Zone the equivalents of the basement of
Istanbul-Zonguldak Unit, derived from Laurasia (Ke-
rey 1984; Sengor 1987), are present between the gulfs
of Gemlik and Izmit, north of Pamukova, and east of
Ovacik (Figs. 3a,c,e). Pieces of the Gondwanan base-
ment of Sakarya Zone are present between the Gulf
of Gemlik, Iznik lake and Sapanca lake, and around
Bolu-Eskipazar in the Armutlu-Ovactk Zone
(Fig. 3b,d).

The Upper Jurassic carbonates and clastics (Kayali
and Cihathi limestones, Kaya and Kozur 1987; Baka-
cak metamorphics, E Yigitbags and A. Elmas, unpub-
lished data) are the first cover strata common to all
the different basement rocks in the Armutlu—-Ovacik
Zone. The equivalents of the Upper Jurassic units of
the Armutlu—Ovacik Zone are known in the Pontides
as the Biirniik and Inalti formations and in the Saka-
rya Zone the Bilecik Formation. This indicates that
the Istanbul-Zonguldak Unit and the Sakarya Zone
were juxtaposed prior to Late Jurassic time (Fig. 4a)
by a closing of this part of Paleo-Tethys. With this
conclusion, the Intra-Pontide suture is regarded as a
remnant of the Paleo-Tethyan ocean floor. In the
western areas of the Istanbul-Zonguldak Unit, which
are bounded by the West Black Sea Fault on the west
(Okay et al. 1994), the Paleotethyan Ocean might
have survived later.

To the south, the Karakaya Ocean did not close in
Late Jurassic-Early Cretaceous time (Figs. 4b,c),
because the initial intra-ocean ophiolite obduction did
not occur until the end of Early Cretaceous time
(Okay et al. 1996). Likewise, Altiner and Kogyigit
(1992) suggested that the terrigeneous clastics in the
Edremit-Balya region (west of the Biga Peninsula) of
the Sakarya Zone were continuously deposited during
Triassic—Jurassic time. In addition, they proposed the
presence of a basin, a remnant probably from the Kar-
akaya orogenesis, and the presence of a transgressive
sequence developed in Middle Hettangian time that
lay above the remains of Karakaya orogen.

The Jurassic units were overlain by the Lower Cre-
taceous—Campanian sequence, known as the Ulus
Group and Yemislicay Formation in the Pontides and
the Sogukcam and Vezirhan formations in the Sakarya
Zone. The Cretaceous units are represented by the
Ulumescit and Boyali groups in the Armutlu-Ovacik
Zone.

It is known that a Neo-Tethyan suture zone lies
between the Sakarya Zone and the Menderes-Taurus
Block comprising southern Turkey (Sengor and Yil-
maz 1981; Fig. 4). On the other hand, Sengér and Yil-
maz (1981) and Yilmaz et al. (1994) suggested that
the ophiolite slices in the Intra-Pontide suture
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between the collided Sakarya Zone and Rhodope-
Pontide fragment (also including the Istanbul-Zongul-
dak Unit) represent a Late Cretaceous suture belt.
We regard them as also equivalent to the Armutlu-
Ovacik Zone; however, ophiolitic units in the Armut-
lu-Ovacik Zone are exposed only east of Ovacik,
north of Pamukova, and Almacik Mountain. The ophi-
olitic units in both Almacik and Pamukova areas were
regionally deformed under epidote/amphibolite-grade
metamorphism (Bozcu 1992; Y. Yilmaz et al., unpub-
lished data). In addition, metaophiolites are observed
together with high-grade schist, gneiss, and migmatite
of the Istanbul-Zonguldak Unit. Therefore, metaophi-
olites of Pamukova and Almacik Mountain must be
derived from either the Paleo-Tethyan or the pre-Or-
dovician metaophiolites exposed in the Sunnice massif.
However, ordered and unmetamorphosed ophiolitic
units which were observed together with Upper Creta-
ceous pelagic units are situated only in the eastern-
most part of the Armutlu-Ovacik Zone (east of Ova-
cik) and in the northwest part of Sakarya Zone (in the
western areas of Biga peninsula). The presence of
these ophiolitic units in the Armutlu—-Ovacik Zone is
recognized on the basis of blocks and slivers in Turo-
nian-Lower Campanian strata (Ulumescit and Boyali
groups) in the western areas of Ovacik.

The existence of unmetamorphosed Late Creta-
ceous ophiolitic units only in the eastern parts of the
Armutlu—Ovacik Zone, vs the deformed ophiolitic
units in the other parts of this zone belonging to the
pre-Ordovician basement of Istanbul-Zonguldak Unit,
indicate that Late Cretaceous ophiolites are foreign to
the region. They must have been transported west-
ward from the Izmir-Ankara—Erzincan Zone.

The Mesozoic sequence in the northern region of
the Sakarya Zone is represented by transgressive units
(Bilecik, Soguk¢am, Vezirhan and Golpazan
sequences). The Ulumescit and Boyali groups in the
Armutlu—Ovacik Zone are the equivalents of the pela-
gic upper parts of this sequence. The Boyali Group
which is underlain by the Istanbul-Zonguldak units
and their Upper Jurassic cover units, which is com-
posed of the equivalents of the Ulus Group and
Yemislicay Formation in the Istanbul-Zonguldak
Unit; however, the Ulumescit Group, which is under-
lain by the equivalents of the basement of Sakarya
Zone and their Upper Jurassic cover units, is com-
posed of the equivalents of the Soguk¢cam and Vezir-
han formations in the Sakarya Zone (Fig. 2).

The Late Cretaceous—Early Eocene tectonism
and its significance

Initially shallow marine in aspect, the rapid deepening
during the deposition of the Ulumescit and Boyal
groups in Coniacian-Santonian time was due to dra-
matic tectonic down-warping; thus, the Late Creta-
ceous tectonism which caused the transfer of Upper

Cretaceous ophiolitic units from east to west also
influenced sedimentation of Upper Cretaceous strata
in the Armutlu-Ovacik Zone.

The Boyali Group contains blocks derived from the
Sakarya Zone as well as blocks of non-metamor-
phosed ophiolite which become more common east of
Eskipazar. This suggests that a significant uplift of the
Sakarya Continent took place during the Turonian-
Campanian (Fig. 4d,e; E. Yigitbas and A. Elmas,
unpublished data), and ophiolite blocks were derived
from ophiolitic units within the Izmir-Ankara-Erzin-
can Zone to the east (Fig. 4e).

The Upper Campanian sedimentary sequence was
deposited without interruption on the Jurassic—Creta-
ceous sequences in southern areas of the Armutlu-
Ovacik Zone also, whereas it overlies unconformably
the older units in the northern parts of Sakarya Zone.
This rapid change between the continuous and discon-
tinuous units indicates that some parts of the region
were uplifted and eroded before flysch deposition
(probably in the Coniacian-Santonian; Yilmaz et al.
1994). Furthermore, the low greenschist metamor-
phism in the Armutlu—-Ovacik Zone developed during
Coniacian—Santonian time (pre-Late Campanian; Yil-
maz et al. 1994) prior to the deposition of the non-
metamorphosed Late Campanian sedimentary cover.
On the other hand, in the Armutlu-Ovacik Zone, the
Upper Campanian deposits covered different base-
ment units (Fig. 1¢).

These major differences in the stratigraphic rela-
tions of the Upper Campanian strata and the low
degree of metamorphism did not affect the inner parts
of the Sakarya Zone, because it was separated by a
tectonic lineament (Western Pontide Fault) from its
northern margin. These two regions were deformed
independently until Campanian time (Yilmaz et al.
1994).

The pre-Late Campanian (during the Coniacian—
Santonian time) tectonism caused the welding of
Istanbul-Zonguldak Unit and Sakarya Zone by an
oblique collision (Fig. 4e), because, the Istanbul-Zon-
guldak Unit, Sakarya Zone, and Upper Jurassic to
Lower Campanian cover units in the Armutlu—-Ovacik
Zone are oriented end-to-end rather than overlapping
each other. The map pattern of the Armutlu-Ovacik
Zone, which shows triangular or rhombohedral-shaped
fault-bounded sectors, argues that the different blocks
in the zones amalgamated with each other by strike-
slip tectonics, rather than thrusting. Gonciioglu and
Erendil (1990) suggested that the exposure of Pamu-
kova metamorphic unit (equivalent to the basement
units of the Istanbul-Zonguldak Unit) as two belts in
the western and eastern parts of the Armutlu Pen-
insula is indicative of significant strike-slip defor-
mation in the Armutlu-Pamukova area. The strike-slip
faults bordering the Istanbul-Zonguldak Unit to south
must have been left-lateral.

Moreover, the oceanic rocks in the Izmir—Ankara
Zone were subducted northward beneath the Sakarya



Zone beginning in the Turonian (Fig. 4d). Arc volcan-
ism on the Sakarya Zone was active in Turonian—
Campanian time (Yilmaz 1981). Considering the
extent of ocean in the region and the direction of sub-
duction and compression, the fault at northern side of
the Sakarya Zone must have been a left-lateral strike-
slip fault. Thus, the left-lateral strike slip fault system
that was active in the region during Late Cretaceous
time before the Late Campanian (Elmas et al. 1997)
caused the Istanbul-Zonguldak Unit to be juxtaposed
against the Sakarya Zone in the west. In addition, the
oceanic units in the eastern area were transported
from east to west due to this tectonism (Fig. 4d,e).
This caused compression and nappe formation in west-
ern parts of triangle-shaped area in the Armutlu-Ova-
cik Zone (Fig. 4e).

Calc-alkaline arc magmatism in Late Cretaceous
time is reported from middle and eastern parts of the
Pontides (Gedik et al. 1992) and Sakarya Zone (Yil-
maz 1981) north of Izmir-Ankara—Erzincan Zone
(Fig. 4d,e). Magmatic arc activity continued into the
Paleocene in some parts of the eastern Pontides (Ter-
lemez and Yilmaz 1980). The Turonian—-Campanian
arc volcanism and its deposits (Yemislicay Group)
which are observed in the east part of the Istanbul-
Zonguldak Unit coincides with the deposition of the
Boyali Group and the upper parts of the Ulumescit
Group in the Armutlu—Ovacik Zone to the south. In
the Pontide Zone, the volcanic products of the island-
arc must not have extended from the eastern areas to
the west because the Upper Cretaceous volcanic rocks
in the western areas westward from Cide are devel-
oped as a natural continuation from the underlying
Ulus Group (E. Yigitbag and A. Elmas, unpublished
data) which is a product of the Black Sea basin
formed under extensional regime (Figs. 4c,d).

The Upper Campanian—-Maastrichtian flysch (the
Golciik Group) extends from the Sakarya Zone to the
Pontide Zone as the common sedimentary cover for
all three zones. The existence of debris-flow units at
the base and the sedimentary cover and the character-
istics of the sequence as a whole (Fig. 2) indicate the
development of a new basin which was controlled by
an active tectonism. The sequence began with a trans-
gression at the base and ended with a regression fol-
lowing the development of wildflysch in its central
parts. Blocks in the Late Campanian-Maastrichtian
Golciik Group were derived from the Sakarya Zone,
and indicate that the fault at the northern margin of
the Sakarya Zone was active also during this period
(Fig. 4f). The deepening of the sequence continued
with the development of Late Maastrichtian—-Danian
wildflysch deposits which include blocks belonging to
the Istanbul-Zonguldak Unit. The shallowing of the
sequence following the development of the wildflysch
deposits indicate that the Golciik Group was
influenced by a new compressional tectonic regime,
created by reactivation of the fault on the south side
of the Istanbul-Zonguldak Unit (Fig. 4g).
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In the Armutlu-Ovacik Zone, its tectonic fragments
are commonly bounded by the strike-slip faults
formed during latest Cretaceous and Early Eocene
time (Yigitbag et al. 1995). This is seen clearly along
the section between Bolu and Mengen, where the
faults separating the Triassic metamorphic units from
the upper parts of Upper Cretaceous succession of the
Ulumescit Group are transgressively overlain by the
Lutetian sediments. The faults are hidden by a thick
Eocene and Neogene sequence, but they likely have a
large dip-slip component as well as an important
strike-slip displacement (E. Yigitbas and A. Elmas,
unpublished data).

Other evidence for left-lateral strike-slip tectonics
in the region is also seen in areas to the north.
Between Devrek and the Black Sea (Fig. 1c) the Dev-
rek-Caycuma low contains a thick Mesozoic-Tertiary
sedimentary sequence (Yemislicay, Akveren, Atbasi
and Kusuri formations). Development of the basin
started from Late Campanian-Early Maastrichtian
time and lasted until compressional tectonism at the
end of Early Eocene time. The units in the basin were
deformed and imbricated with the underlying Paleo-
zoic rocks to the northeast of the region. Thrust faults
formed during this deformation were transferred by
the left-lateral strike-slip tectonics towards the south-
west (Cide-Devrek virgation of Yigitbas and Elmas
1997; Fig. 1c). The stratigraphic features of the Turo-
nian to Eocene sequences indicate that the tectonic
activity continued intermittently from the beginning of
Late Cretaceous time (Yigitbag and Elmas 1997).

A block-bearing complex, similar to Golciik Group,
developed in the Sakarya Zone of western Anatolia.
The Bornova Complex developed adjacent to a car-
bonate platform in the Izmir-Ankara Zone
(Fig. 4f,g,h), and contains Late Triassic-Middle Maas-
trichtian carbonate blocks within a pelagic matrix of
Campanian-Danian age (Erdogan et al. 1990). This
indicates that the tectonic activity in the Bornova
flysch zone was contemporaneous with deposition of
the Golciikk Group in the Armutlu—-Ovacik Zone. The
tectonic complexes of the Izmir-Ankara Zone overlie
the Maastrichtian units of Anatolide-Tauride platform
to the south (Erdogan and Giingér 1992). The con-
tinental collision between the Sakarya Zone and the
Anatolide-Tauride platform occurred in Paleocene
time (Sengor and Yilmaz 1981). The Late Cretaceous
ophiolite and the Bornova Complex were thrust onto
the Anatolide-Tauride platform following Late Paleo-
cene time (Fig. 4h; Erdogan and Giing6r 1990). The
fault that controlled and bounded the Bornova Com-
plex on the west is interpreted to be a right-lateral
strike-slip fault. Furthermore, this fault bordered units
representing Vardar Ocean on the east and caused the
transfer of oceanic units from south to north
(Fig. 4f,g,h).

In the Biga Peninsula, it is known that initial intra-
oceanic obduction began at the end of Early Creta-
ceous time (Okay et al. 1996); thus, the ophiolites and
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the Upper Cretaceous—Paleocene units might be
related to the Karakaya Ocean which survived until
the end of Paleocene time. A further likelihood is that
the Upper Cretaceous—Paleocene units were trans-
ferred to the east by the Western Pontide Fault from
the Vardar Ocean in the west (Fig. 4f,g,h). In this
model the Vardar Ocean forms the southern margin
of the Rhodope-Pontide fragment in the Balkans (De-
wey et al. 1973) without the Sakarya Zone between
them (Figs. 4f,g,h). The Western Pontide Fault con-
trolled the development of units in the Armutlu-Ova-
cik Zone in Late Cretaceous—Early Eocene time.

A new tectonic regime started in Anatolia because
of the final collision of the Arabian and Anatolian
plate (Sengor 1979). The right-lateral North Anatolian
Fault which began to develop during the Late Mio-
cene—Early Pliocene period related to this new tec-
tonic regime (Dewey et al. 1986) further complicated
the structures of this internally chaotic zone. The
northern branch of North Anatolian Fault which bor-
ders the Istanbul-Zonguldak Unit on the south accel-
erated the transport of the units in Armutlu—Ovacik
Zone towards the west.

Conclusion

Three tectonostratigraphic entities are distinguished in
northwestern Anatolia. From north to south, these
are: (a) the Pontide Zone, composed of the Istanbul-
Zonguldak Unit in the west and the Balhdag—Kiire
Unit in the east; (b) the Armutlu-Ovacik Zone; and
(c) the Sakarya Zone. The Paleozoic-Triassic
sequences in the Istanbul-Zonguldak Unit and Saka-
rya Zone are different. The Armutlu—Ovacik Zone,
bounded tectonically by the Istanbul Zonguldak Unit
and the Sakarya Zone, appears to represent a tectonic
mixture of both flanking zones.

Upper Jurassic deposits are the first common cover
unit in the Armutlu-Ovacik Zone, Istanbul-Zongul-
dak Unit, and the Sakarya Zone; therefore, the Istan-
bul-Zonguldak Unit and the Sakarya Zone were jux-
taposed prior to Late Jurassic time during closure of
Paleotethyan—-Karakaya oceans. However, to the west
of the West Black Sea Fault which bounds the Istan-
bul-Zonguldak Unit on the west, the Karakaya Ocean
survived until later.

The left-lateral strike-slip tectonics (the Western
Pontide Fault) which were active during the Late Cre-
taceous prior to Late Campanian time (particularly
Coniacian-Santonian) further welded the Istanbul—
Zonguldak Unit and Sakarya Continent by oblique
collision. This strike-slip motion and its related com-
pression caused the last phase of metamorphism in the
Armutlu—Ovacik Zone. In addition, during Late Cre-
taceous time (pre-Late Campanian), north-dipping
subduction of Neo-Tethys (Izmir-Ankara—Erzincan
Zone) occurred south and southeast of the Sakarya
Zone. The left-lateral strike-slip fault zone which is

oblique to the direction of subduction caused the
westward transfer of Late Cretaceous ophiolite from
the Izmir-Ankara-Erzincan Zone into the eastern
parts of Armutlu—Ovacik Zone.

From Late Campanian time, strike-slip faults
caused the development of west/east-extending basins
in the region. The flyschoid deposits (Golciik Group)
were formed as a common cover unit of the three tec-
tonic zones. The characteristics of the sedimentary
sequence which ranges in age from Late Campanian
to Early Eocene indicate that left-lateral strike-slip
tectonics continued to the end of Early Eocene time.
Also, the ophiolitic units which might have been
related partially to the remnant of the Karakaya
Ocean to the northwest of the Sakarya Continent
were transported eastward by the Western Pontide
Fault by closure of the Vardar Ocean to the west.

The right-lateral North Anatolian Fault Zone,
which formed in response to the final collision of the
Arabian and Anatolian plates at the end of Miocene
time, contributed to the further transfer of the units to
the west. This fault zone followed former tectonic
lines in between the Istanbul Zone, Armutlu-Ovacik
Zone, and the Sakarya Continent.
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