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Abstract: Four NE-SW trending zones are recognised in the Biga and Gelibolu peninsulas, which are
from northwest to southeast: the Gelibolu, the Ezine, the Ayvacik-Karabiga and the Sakarya zones. The
Gelibolu and the Ayvacik - Karabiga zones are made up of an Upper Cretaceous/Paleocene ophiolitic
melange called the Cetmi Ophiolitic Melange consists of spilite,. limestone, pelagic shale. turbiditic
sandstone, blueschist/eciogite and minor amounts of serpentinitc and dariolarian chert. The large No-
rian limestone and eclogite blocks are the characteristic features of the Cetmi Ophiolitic Melange.

The Ezine Zone consists of a slightly metamorphosed epicontinental Permo-Carbonifereous sedi-
mentary sequence (the Karadag Unit) that is tectonically overlain by a Permo-Triassic ophiolite (the
Denizgdren Ophiolite); both are in fault contect with high-grade metasedimentary rocks (the Camlica
Micaschists).

The Sakarya Zone, that occurs east of the Cetmi Ophiolitic Melange of the Ayvacik - Karabiga
Zone, is made up of the Triassic Karakaya Complex overlain unconformably by the Jurassic-Cretaceous
sedimentary rocks. In the west, the gneisses, amphibolites and marbles of the Kazdag Group occur tec-
tonically below the Karakaya Complex while in the east low grade metamorphic rocks intruded by a gra-
nite form the stratigraphic basement to one of the Karakaya units (the Hodul Unit). Four tectonostrati-
graphic units are distinguished in the Karakaya Complex. The Niliifer Unit made up largely of metatuffs
and metavolcanic rocks with intercalations of marble and phyllite constitutes the lowest of the Karakaya
units. The Hodul Unit consists of a thick sequence of arkosic sandstones overlain by Norian shales, silts-
tones and olistostromes with Permian limestone olistoliths. The Orhanlar Greywacke is made up of
monotonous greywackes with subordinate shale and small Lower Carbonifereous limestone olistoliths.
The Cal Unit, forming the uppermost of the Karakaya units, consists of basic volcanic and pyroclastic
flows, olistostromes with spilite and Upper Permian limestone fragments and olistoliths, volcanogenic
sandstone and minor amounts of red radiolarian chert, calc-arenite and pelagic limestone. Large Middle
Triassic limestone blocks (the Camialan Limestone) are associated with the Cal Unit.
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All the four Karakaya units are strongly deformed during the Late Triassic Karakaya orogeny and
are later unconformably overlain by the Jurassic sandstone, marn and conglomerate (the Bayirkdy For-
mation) and by a thick sequence of Late Jurassic-Early Cretaceous limestones (the Bilecik Limestone).
The Bilecik Limestone is unconformably overlain by a thin sequence of Mid-Cretaceous pelagic lime-
stones (the Vezirhan Formation).

The juxtaposition of the four zones in the Biga and Gelibolu peninsulas occurred during the Late
Paleocene/Early Eocene following the closure of the Intra-Pontide Suture along the Gelibolu Zone.
Following the deposition of a thick clastic sequence during the Middle Eocene-Early Oligocene there

was major uplift and erosion in the Middle-Late Oligocene. This was followed by an extensive calc-alka-
line magmatism of Early to Middle Miocene age.
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I. INTRODUCIION

The Biga Peninsula constitutes the western end ol the Sakarya Zone
of the Pontides in Turkey; it is located in a critical region between the
Rhodope and Serbo-Macedonian massils in Greece in the west and the
Thrace Basin in the north (Fig. 1).

The Sakarya Zone extending [rom the Biga Peninsula eastwards to-
wards Ankara and farther east is characterised by the lack of Lower Paleo-
zoic and in situ Upper Palcozoic sedimentary rocks in contrast to the Istan-
bul Zone farther north (Fig. 1), where there is a well developed Palcozoic
sequence [1, 2]. The basement of the Jurassic and younger sediments of the
Sakarya Zone is constituted by a widely exposed but poorly known Triassic
orogenic rock complex, named as the Karakaya Complex, that was first des-
cribed from the Biga Peninsula [3]. Although the Karakaya Complex is wi-
dely mentioned in recent papers, there are little data on its lithology, strati-
graphy, structure and metamorphism. One of the principal aims ol our
work in the Biga Peninsula was to deliniate, describe and understand the
Karakaya Complex. For this objective the whole of the Biga Peninsula and
the area to the east was mapped on a 1/25.000 scale during the years of
1986 to 1989 to establish the major tcclonostratigraphic units [4, 5, 6, 7.
The regional mapping unexpectedly led to the discovery of a major Late
Cretaceous ophiolitic melange trending through the centre of the Biga Pe-
ninsula and to the recognition of an obducted Permo-Triassic ophiolite
over a Permian carbonate platform [8].

Over the four ycars between 1986 and 1989 our work involved over
400 days in the field and the study ol over 2000 palcontological and petro-
graphic thin sections. Reference sections, and fossil contents determined
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during this study for the units described for the first time are given to re-
medy the vagueness pervading the early studies on the Karakaya Complex.

The earliest regional studies in the Biga Peninsula were by Kaaden [9]
and Kalafatcioglu [10] who provided reconnaiscance maps for the southeas-
tern and northwestern parts of the Biga Peninsula respectively. Aygen [11]
published a similar study for the region east of the Biga Peninsula. Later
Giimiig [12], Aslaner [13], Bingol [14] and Blanc [15] mapped small areas in
the southeastern part of the Biga Peninsula for their thesis work. The re-
gional mapping by the MTA geologists during the late 1960’s and early
1970's in the Biga Peninsula were synthesized and published by Bingol et
al. [3] who also introduced the term of the Karakaya Formation. A similar
but unpublished synthesis for the region east of the Biga Peninsula was
provided by Gozler et al. [16].

2. THE TECTONIC FRAMEWORK OF THE BIGA AND
GELIBOLU PENINSULAS

Four major NE-SW trending tectonic belts are recognised in the Geli-
bolu and Biga peninsulas, which are from northwest: the Gelibolu, the
Ezine, the Ayvacik-Karabiga, and the Sakarya zones (Figs. 1, 2). The Geli-
bolu and Ayvacik-Karabiga zones are made up of a Late Cretaceous/Paleo-
cene ophiolitic melange. The Ezine Zone is characterised by a Permo-
Triassic ophiolite obduction while the Sakarya Zone comprises the units of
the Karakaya Complex unconformably overlain by the Jurassic-Cretaceous
sedimentary rocks. The lithological, stratigraphic features and the internal
structure of these tectonic belts are described below.

3. THE GELIBOLU ZONE

A Late Cretaceous/Paleocene ophiolitic melange, called the' Cetmi
Ophiolitic Melange, constitutes the basement of the Tertiary sedimentary
rocks in the Gelibolu Peninsula and in the Thrace basin south of the Ganos
Fault (Figs. 2, 3) and represents the Intra-Pontide Suture of Sengér and
Yilmaz [17] that separates their Rhodope-Pontide Fragment from the Sa-
karya Zone. The Cetmi Ophiolitic Melange outcrops in the cores of the
faulted anticlines north of Sarkdy [18, 19], and is encountered below the
Middle Eocene limestones in the petroleum wells opened in the Gelibolu
Peninsula, around Miirefte and in the Marmara Sea (Fig. 2). The southern-
most outcrop of the Cetmi Ophiolitic Melange in the Gelibolu Zone oc-
curs at the northwestern margin of the Marmara island, where small ser-
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pentinite lenses are in steep tectonic contact with the micaschists [20]
(Fig. 2). '

The Cetmi Ophiolitic Melange in the Gelibolu Zone is made up main-
ly of serpentinite, radiolarian chert, red and grey pelagic limestone, spilite
and dolerite; the basic magmatic rocks locally show blueschist metamor-
phism [18, 19]. These various lithologies occur as tectonically juxtaposed
blocks without any obvious overall matrix. The pelagic limestones in the
Cetmi Opbhiolitic Melange north of Sarkdy yield Late Cretaceous [18] and
Mid-Paleocene (Okay 1988 pers. obs.) fcraminifera. Neritic Middle Eocene
limestones overlie the Cetmi Ophiolitic Melange north of Sarkdy with a
pronounced angular unconformity and with a few metres thick basal
conglomerate. The base of the Cetmi Ophiolitic Melange in the Gelibolu
Zone is not exposed.

With its lithology, internal structure and blueschist metamorphism, the
Cetmi Ophiolitic Melange in the Gelibolu Zone shows the characteristic
features of a sediment-starved accretionary prism.

4. THE EZINE ZONE

The Ezine Zone which is largely constituted of rocks of continental af-
finity, lies to the southeast of the Gelibolu Zone (Figs. 2, 3). The contact

NW ‘ SE
A EZINE ZONE SAKARYA  ZONE X
T 0T .
Smg:: Bay , c| ,L S ,A‘Hf Kazdagd, Egrenit Bayl
ele . -
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5 i \
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Fig. 3. Simplified interpretative cross-section across the Biga Peninsula. For the location of the cross-
section see Fig. 2. The blank areas in the section represent the Tertiary and Quaternary depo-
sits; GF, Ganos Strike-Slip Fault; CT, Camlica Thrust; OT, Ovacik Fault; AMZ, Alakegi Mylo-
nite Zone. ' :
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between these two belts is largely covered by the Late Tertiary deposits ex-
cept on the Marmara Island where a steeply northward dipping fault sepa-
rates the serpentinites of the Cetmi Ophiolitic Melange from the mica —
schists of the Marmara Island [20].

The Ezine Zone is constituted of three SW-NE trending units: the Ka-
radag Unit, the Denizgéren Ophiolite and the Camlica Micaschists (Figs. 1,
2,4).

4.1. The Karadag Unit

The slightly metamorphosed Late Paleozoic-Triassic (?) epicontinental
sedimentary sequence that outcrops between Ezine and Canakkale is na-
med as the Karadag Unit. The name of the unit comes from the Karadag
village north of Ezine. The reference section for the unit is along the road
between Geyikli and Karadag villages (Fig. 4).

At the base of the Karadag sequence there are silvery grey, brownish
green metashale, fine to medium grained, light pink metasandstone with
quartz pebbles, white metaquartzite and calcschist which outcrop around
the village of Geyikli (Fig. 4). These metaclastics pass upwards through re-
crystallised limestone - metashale intercalation to grey, black, thickly bed-
ded/massive recrystallised limestones. This conformable stratigraphic
contact between the metaclastics and carbonates can be observed in the
rock quarries north of the Goékgebayir village. The apprx. 1600 m thick re-
crystallised limestone sequence is subdivided into three sections that show
vertical and lateral transitions (Fig. 4). At the base there are 650 m thick
massive/thickly bedded, dark unfossiliferous limestones that overlie the me-
taclastics. These dark limestones are conformably overlain by 600 m thick
thin to medium bedded, dark grey, black, beige recrystallised limestones lo-
cally with fusulinids. A specimen collected from south of the Taptepe vil-
lage has yielded Neoschwagerina sp. and Stafella sp. (det. Demir Altiner),
characteristic foraminifera for the Late Permian. A similar Late Permian
fauna has been described from these limestones by Kalafat¢ioglu [10] and
Gozler et al. [16]. These fusulinid-bearing limestones are overlain by 350 m
thick white, thickly bedded/massive limestones (Fig. 4) that in upper parts
contain traces of the Late Permian alg Mizzia sp.

This thick neritic limestone sequence passes upwards through calcitur-
bidite horizons to an apprx. 350 m thick synorogenic metaclastic sequence
(Fig. 4), that is made up of slightly metamorphosed fine-grained green
shale, siltstone, calciturbidite, pelagic cherty limestone, and limestone and
basic volcanic rock olistoliths. It has undergone a greenschist facies meta-
morphism along with the rest of the Karadag sequence with the develop-



GEOLOGY AND TECTONIC EVOLUTION OF THE BIGA PENINSULA,...

199

Late Oligocone

Permo- Triessic

fu. Permion-L. Teessic (7777771 pyscn

Upper Permion corbonote 3
Upper Pormion f corbonote
Permion / torbonote .g
Permo- Corboniferous / " l' | | metociostics

[I:HIH Comtice Micoachists
z Tertiory-Quaternory tover

F Fossil lecolity
e ! 3 ? &., ) e > L ; i
7 / fi
1 /;/4 /“
W1
] T4
N g1H:
| A
i lava
Tty s
1Y %
/ i e,
// /,/ /, /’ L)& h"! i
LMI'* /*,,;’\\LL}" L-’ 5
/ IR \ 4
//[// /L, ) ”G&d o "'»
I\ N T £z ine
/! \'}’\jl / Tl ! o°
+ + + o+ " oo
4.0+ 4 4 F 4 4+ 4+
L n

so: Koreded  Unit Denizglren  Ophielite Cemiico Micoschish
'R A A T NN 5 T ¥
‘..\“.\; AR WD \\\\x\\‘ 1H { e
R IR ORI N1 HH L
i ,‘\-.,\“_.‘\\\-_\\\ AR N2 ‘P‘l=ﬂ;,’¢;’f =

Fig. 4. The geological map and cross-section of the Ezine region.




200° ARAL I. OKAY, MUZAFFER SIYAKO and KEREM A. BURKAN

ment of hornblend/actinolite + epidote + chlorite + albite + sphene para-
genesis in the metabasic rocks. However, calciturbidites sampled from
south of the village of Tastepe (Fig. 4) still retain recognisable transported
Late Permian foraminifera, Kahlerina sp. and Globivolvulina sp. (det. De-
mir Altiner), most probably derived from the underlying Late Permian car-
bonate platform. The metaclastics are tectonically overlain by the Denizgé-
ren Ophiolite.

The age of the metaclastic sequence that represents rapid clastic sedi-
mentation on a Late Permian carbonate platform in front of an advancing
ophiolite nappe, is not known. However, similar synorogenic clastics, such
as at the top of the Menderes Massif in southwest Turkey (e.g. Diirr [21],
Gutnic et al. [22]) or in the Appalachians (e.g. Bradley and Kusky [23])
represent rapid sedimentation in a narrow time interval. Thus, the age of
the synorogenic clastics at the top of the Karadag Unit is therefore belie-
ved to be uppermost Permian to early Triassic.

4.2. Denizgoren Ophiolite

The metaclastics at the top of the Karadag Unit are tectonically over-
lain by the Denizgoren ophiolite (Figs. 2, 4), that consists predominantly of
ultramafic rocks. The name of the ophiolite comes from the Denizgdren
village. The Denizgtéren Ophiolite is made up mainly of partially serpenti-
nised harzburgite (> 95 %). The harzburgite shows locally a distinct tecto-
nite fabric defined by the parallel alignment of the orthopyroxenes. A good
reference section of the Denizgoren Ophiolite is along the new Canakkale-
Izmir highway between Troy and Ezine (Fig. 4).

The Camkdy thrust that forms the tectonic boundary between the Ka-
radag Unit and the Denizgéren Ophiolite has an easterly dip of 70° - 80°
which however decreases towards the north to 20° - 30°, west of the Kii-
cikfigil Tepe (Fig. 4). In the northeast near the Armutalan village, the
synorogenic clastics of the Karadag Unit outcrop also to the east of the
Denizgoren Ophiolite (Fig. 2) and make a direct tectonic contact with the
Gamlica Micaschists. In the east the Denizgéren Ophiolite overlies tectoni-
cally the Camlica Micaschists, and thus forms a 2 - 3 km wide outcrop band
bounded on both sides by faults and extending for 25 - 30 km in a SSW-
NNE direction (Fig. 2).

’4.3. The Camlica Micaschists

The medium-grade metasedimentary rocks that outcrop over wide
areas north of Ezine and west of Karabiga are named as the Camlica Mi-
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caschists. The metamorphic rocks of the Marmara Island (Fig. 2) are also
tentatively included in the Camlica Micaschists. The name of the unit
comes from the village of Camlica northeast of Ezine. The reference sec-
tion is the road between the Derbendbagi and Camlica villages. The Camli-
ca Micaschists outcrop in two large areas separated by an extensive Mio-
cene volcanic cover (Fig. 2). As these two regions exhibit some lithological
differences they will be described separately below.

Camlica Micaschists north of Ezine. The Camlica Micaschists that out-
crop in an area of over 300 km” north and northeast of Ezine (Fig. 2) have
a very monotonous lithology. Over 80% of the Camlica Micaschists in this
region are made up of grey, brown, greenish brown, well-foliated, mica-
ceous quartz-micaschists with the common mineral assemblage of quartz
+ muscovite + carbonate + albite + chlorite = clinozoisite *garnet.
Apart from these monotonous quartz-micaschists, there are yellowish calc-
schist, white, yellow or black marble, white metaquartzite and albite-chlo-
rite schist which occur as one to ten metre thick horizons within the
quartz-micaschists. Metabasic rocks have been encountered in only one lo-
cality west of the village of Camlica; they show complex polymetamorphic
textures and consist of resorbing garnet associated with hornblend/actino- -
lite, chlorite, epidote, calcite, carbonate and albite. In one specimen blue
sodic amphiboles are preserved in the cores of the large hornblende grains.

The Camlica Micaschists represent a thick, monotonous epicontinental
clastic sequence that is now however completely recrystallised and has lost
all of its primary features. The very rare metabasic rocks indicate that the
Gamlica Micaschists have probably undergone an early high pressure - low
temperature (HP/LT) metamorphism which was later almost completely
obliterated by a greenschist facies metamorphism.

The Camlica Micaschists north of Ezine have a relatively simple inter-
nal structure. The foliation surfaces in the metamorphic rocks trend gene-
rally N-S with westerly dips of 20° to 50° (Fig. 4). Large number of meso-
scopic isoclinal folds with axial surfaces parallel to the foliation occur in the
micaschists; possibly through such folding the Camlica Micaschists in the
region have an apparent thickness of over seven kilometres.

The Camlica Micaschists tectonically underlie both the Karadag Unit
and the Denizgéren Ophiolite along the over 30 km long Ovacik Fault that
has a west to northwesterly dip of 30° to 80° (Figs. 2, 3, 4). The dip of the
Ovacik Fault increases from north to south and reaches 70° - 80° north of
Ezine; in this latter region the Ovacik Fault is probably a rejuvanated struc-
ture used by a normal fault defining the western boundary of the Bayramig
Neogene Basin (Fig. 4). A 5 - 6 m thick, strongly foliated, white protomylo-
nite occurs in the Camhca Micaschists immediately beneath the Ovacik
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Fault. A N-S trending southward dipping strong mineral lineation has also
developed in the Camlica Micaschists near the Ovacik Thrust; the lineation
dies out gradually over a distance of two kilometers away from the thrust
(Fig. 4). The lineation, that is subparallel to the trace of the Ovacik Fault,
suggests either that the Ovacik Fault has a large strike-slip component or
that the thrusting was N-S directed.

In the southwest the Camlica Micaschists are in steep tectonic contact,
marked by small serpentinite slivers, with green, brownish green foliated
metashale and metasiltstones that are tentatively assigned to the Nilifer
Unit of the Karakaya Complex (Fig. 2). These metashale and metasilts-
tones contain several serpentinite slivers; similar serpentinite slivers occur
in the northeastern part of the Camlica Micaschists (Fig. 2). The contact
relations of these serpentinite slivers indicate that the emplacement of the
serpentinite post-dates the metamorphism and the development of the fo-
liation in the Camlica Micaschists.

The Camlica Micaschists west of Karabiga. In this region the Camlica
Micaschists occupy an area of apprx. 200 km” north and west of the ophio-
litic melange of the Ayvacik-Karabiga belt (Fig. 2). A major part of the
Camlica Micaschists in this region is made up of micaceous, well-foliated,
grey, dark grey, red, brown, silvery grey quartz-micaschists and phyllites
that also include 1 to 100 m thick calcschist, metaquartzite and marble hori-
zons. Serpentinite tectonic lenses aligned parallel to the foliation and ran-
ging in size from-a few ten metres to 2 - 3 kilometres occur in the meta-
morphic sequence (Fig. 2). Apart from the serpentinite lenses, small tecto-
nic slices of the Cetmi Ophiolitic Melange are also observed in the meta-
morphic sequence. ' '

The internal structure of the Camlica Micaschists west of Karabiga is
difficult to evaluate beeause of the very poor exposure in this region. Ho-
wever, the structure in the Karabiga region does not appear to be as simple
as that north of Ezine; the strike and dip of the foliation in the metamor-
phic rocks varies over short distances although a general east-west strike is
the most common.

The Camlica Micaschists west of Karabiga are intruded by two large
granodioritic bodies of probable Late Tertiary age (Fig. 2), and are uncon-
formably overlain by the Middle Eocene and younger sedimentary and vol-
canic rocks. In the south they are in tectonic contact with the ophiolitic
melange of the Ayvacik - Karabiga belt along steeply dipping faults
(Fig.2).
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5. THE AYVACIK - KARABIGA ZONE

The Ayvacik-Karabiga Zone is constituted like the Gelibolu Zone by
the Cetmi Ophiolitic Melange but is situated between the Ezine and the
Sakarya zones. It has two large outcrop areas separated by an extensive
Miocene volcanic cover (Fig. 2).

5.1. The Cetmi Ophiolitic Melange between Kiigiikkuyu and Bayramic

The Cetmi Ophiolitic Melange that outcrops between the Kiiciikkuyu
and Bayramig lies tectonically over the high-grade metamorphic rocks of
the Kazdag Group with an intervening two kilometre thick mylonite zone
in the north called the Alakegi Mylonite Zone (Fig. 5). The Cetmi Ophioli-
tic Melange in this region also includes large tectonic slices of eclogite and
garnet-micaschist named as the Elliayak Eclogite.

5.1.1. The Alakeci Mylonite Zone

The name of the mylonate zone comes from the Alakegi village and its
reference sections are along the forest roads going south and east from the
village of Caldag (Fig. 5).

The Alakeci Mylonate Zone is constituted mainly of two lithologies,
mylonated gneiss and metaserpentinite. Sheared and mylonated gneisses
form brown, grey, yellow, friable rocks with a strong N-S trending and
northward dipping lineation (Fig. 5).

Petrographically the mylonates are made up of finely granulated, folia-
ted and partly recrystallised quartz, sericite, opaque and biotite, and of pla-
gioclase porphyroclasts that are aligned parallel to the lineation. Within the
mylonated gneisses there are black amphibolites and strongly boudinaged
marble lenses.

Metaserpentinite lenses ranging in size from 10 c¢m to 3 - 4 km occur in
the mylonated gneisses of the Alakeci Mylonite Zone (Fig. 5). The meta-
serpentinite is dark green, bluish green, generally fine-grained, massive and
hard. Petrographically it has completely lost its primary ultramafic texture
and consists mainly of antigorite with minor antophyllite, talc and diopside.
Rare, fine-grained microgabbro lenses made up of hornblend and plagio-
clase occur in the metaserpentinite.

The lower contact of the Alakegi Mylonite Zone with the Kazdag

Group, which d'ips at 30° - 40° to the northwest, is transitional over a di-
stance of a few hundred metres; in contrast its upper tectonic contact with
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the Cetmi Ophiolitic Melange is sharp. Spilite and recrystallised limestone

- of the Cetmi Ophiolitic Melange lie over the metaserpentinite and mylona-

ted gneisses of the Alakegi Mylonite Zone with dips ranging between 10°

~ and 80°. The structural thickness of the Alakeci Mylonite Zone is about
two kilometres (Fig. 5).

The Alakegi Mylonite Zone is not observed south of a steeply dipping

sinistral strike slip fault with a minimum displacement of nine kilometres

- (Fig. 5). South of this fault the Cetmi Ophiolitic Melange lies directly over

the Kazdag Group. However, as discussed later this latter tectonic contact

could be a Tertiary normal fault that would have cut out the Alakegi Mylo-
nite Zone in this region.

The Alakegi Mylonite Zone probably extended all along the northwes-
tern margin of the Kazdag Group before the intrusion of the Evciler Gra-
nodiorite. Remnants of the Alakegi Mylonite Zone occur south of Can
(Fig. 2) where they consist mainly of metaserpentinite with tectonic lenses

of sheared gneiss, metatuff, spilite, recrystallised limestone and radiolarian
chert.

5.1.2. The Cetmi Ophiolitic Melange

The Cetmi Ophiolitic Melange that outcrops over a large area west of
the Kazdag Group is made up largely of spilitised basic volcanic and pyro-
clastic rocks, Upper Triassic, Upper Jurassic-Lower Cretaceous and Upper
Cretaceous limestone blocks, shale and greywacke. Apart from these litho-
logies, that make up of over 90% of the melange, there are minor serpenti-
nite and radiolarian chert. In addition large tectonic slices of garnet-micas-
chist and eclogite occur in the Melange (Fig. 5).

The spilitised basic volcanic rocks are dark green, blackish green, gene-

- rally fine-grained with sparse amygdoils; locally as in the west of the Sakar-
kaya Hill, pillow structures are observed in the volcanic rocks. Spilites ge-
nerally do not show any foliation, and consist of albite, pink Ti-augite and
chlorite; only those around the eclogite tectonic blocks show a distinct fo-

liation and a greenschist facies mineral assemblage with actinolite and epi-
dote.

There are several types of limestone blocks in the Cetmi Ophiolitic
Melange. The most common variety is a cream coloured, fine-grained,
thinly-bedded to massive, locally cherty, Late Triassic limestone that are ge-
nerally embedded in spilitised basic volcanic rocks and range in size from a
few metres to two kilometres (Fig. 5). This limestone, named as the Sakar-
kaya Limestone, can best be observed in Sakarkaya and Besik Hills. The
Late Triassic limestone blocks vary in lithology from thinly bedded, pelagic
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micrite with radiolaria to thickly bedded/massive biorudites with abundant
Late Triassic bivalve Megaladont and represent lagoon, reef and fore-reef
facies. Involutina forms, characteristic for the Late Triassic, are frequently
found in the thinly bedded pelagic limestone blocks. Specimens collected
from various such blocks have yielded Trochammina sp.; Agathammina aus-
troalpina, Galeanella cf. panticae; Nodosaria sp., Nodosaria ordinata, Aus-
trocolomia sp.; Aulotoriis spp., Aulotortus gaschei, Aulotortus communis,
Aulotortus gr. sinousus, Spiroamphorella carpathica (det. Demir Altiner and
Murat Koyliioglu), that are characteristic for Norian. These pelagic lime-
stone blocks also contain the characteristic Late Norian bivalve Monotis
salinaria (det. Leopold Krystyn). Gdézler [24] also assigns a Middle-Late
Triassic age to the Sakarkaya Limestone. Large recrystallised limestone
blocks in the Cetmi Ophiolitic Melange near its contact with the Kazdag
Group are probably also of Triassic (Fig. 5). Similar late Triassic limestone
blocks with megalodonts associated with Triassic volcanic rocks are descri-
bed from the Haybi Complex of the Hawasina nappes in oman [25, 26] and
from the Zagros Mountains in south Iran [27, 28]. In Oman they are des-
cribed as having primary contacts with the underlying basic volcanic rocks
and are regarded as carbonate build-ups on rift volcanics [26].

Apart from these Late Triassic limestones, small, red Upper Creta-
ceous limestone blocks occur in the Cetmi Ophiolitic Melange southeast of
the Kizilyar village (Fig. 5). They form 0.2 - 1 metre large, red, silty biomi-
crite blocks of Couches-Rouges facies embedded in a greywacke-shale ma-
trix. Specimens from these blocks yield Turonian-Santonian pelagic forami-
nifera: Marginotruncata sp., M. coranata, M. marginata, M. cf. pseudolin-
neiana (det. Izver Tansel). From the same region Brinkmann et al. [29]
describe similar pelagec foraminifera of Late Turonian-Coniacian age from
a similar limestone, which however, they wrongly interpret as unconforma-
bly overlying the greywackes and spilites. A very informative section in the
Cetmi Ophiolitic Melange west of Karabiga, which is described below, indi-
cate that these Upper Cretaceous red limestone blocks originally had pro-
bable stratigraphic relation with the Norian limestones. Small neritic lime-
stone blocks of Late Jurassic-Early Cretaceous age with Pseudocyclammina
sp., Conicospirillina sp., Trocholina sp. (det. M. Baykal), reddish nodular
Hallstatt limestone blocks with ammonites and blocks of red radiolarian
chert occur in close association with the above described Upper Creta-
ceous limestones southeast of the Kizilyar.

Black, dark grey greywacke and intercalated siliceous shale are relati-
vely common in the melange; their contacts with the spilite are tectonic. A
large tectonic slice of light beige, grey, medium bedded feldspathic
sandstone and intercalated laminated shale occurs in the Cetmi Ophiolitic
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Melange forming the Gelinmezan ridge west of the Kapikaya Hill (Fig. 5),
it probably represents a ponded basin developed on the accretionary com-
plex.

Red, pink and rarely green, thinly bedded radiolarian chert form a few
ten metres large tectonic blocks in the spilites. Serpentinite is a rare rock
type in the melange and occurs as a few small (< 10 m) tectonic lenses.

The Cetmi Ophiolitic Melange north of Kiigiikkuyu has a complexly
imbricated internal structure. Although spilitised basic volcanic rocks and
greywacke are the most common lithology, they do not form an obvious
matrix for the other rock types; rather the Cetmi Ophiolitic Melange repre-
sent a rock complex cut by a dense network of steeply dipping, and gene-
rally N-S trending faults and shear zones along hich the various lithology
of the melange are juxtaposed. The very heterogeneous distribution of
strain in the Cetmi Ophiolitic Melange is related to these complex array of
shear zones which result in close association of undeformed and chaotically
deformed and foliated rocks over short distances. With its lithological and
structural features the Cetmi Ophiolitic Mclange represents an accretio-
nary complex with minor trench fan and axial channel deposits [30]; it pro-
bably also includes fragments of a Mesozoic passive continental margin.

The age of the rocks of the Cetmi Ophiolitic Melange north of Kiigiik-
kuyu range from Late Triassic to Late Cretaceous. The melange is uncon-
formably overlain by the Miocene sediments and is intruded by the Evciler
Granodiorite, most probably of Late Oligocene-Early Miocene age (Fig. 5),
thus constraining the age of the emplacement of the Cetmi Ophiolitic Me-
lange over the Kazdag Group between the latest Cretaceous and Late Oli-
gocene.

5.1.3. Elliayak Eclogite

The Elliayak Eclogite consists of garnet-micaschists and metabasic
rocks metamorphosed in the eclogite facies; it occurs as large tectonic
lenses in the Cetmi Ophiolitic Melange north-of Kiiciikkuyu (Fig. 5). The
unit was named after the Elliayak Hill north of Kiiciikkuyu which is made
up of these rocks.

The Elliayak Eclogite is made up mainly of silvery grey, micaceous, fo-
liated, coarse grained garnet-micaschists that have the mineral assemblage
of quartz + white mica + garnet + calcite. The eclogites occur as 0.2 to
20 m thick horizons between the garnet-micaschists. They form dark bluish
green, massive, hard, banded, medium to coarse grained rocks with the
common mineral assemblage of garnet + omphacite + glaucophane + epi-
dote + white mica.
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5.2. The Cetmi Ophiolitic Melange in the west of Karabiga

The ophiolitic melange that outcrops westwards from Karabiga as a 3 -
4 km wide and 35 - 40 km long belt (Fig. 2) closely resembles in its litholo-
gy and structure the Cetmi Ophiolitic Melange in the Gelibolu Zone and
that in the north of Kiiciikkkuyu, and is assigned to this unit. In the Karabi-
ga region the Cetmi Ophiolitic Melange is in tectonic contact with the
Camlica Micaschists and is intruded by a large granodiorite pluton (Fig. 2).

The Cetmi Ophiolitic Melange west of Karabiga consists, in order of
abundance, of spilite, various types of limestone, shale, sandstone, serpenti-
nite and radiolarite. Spilites represent submarine. flows and tuffs and have
largely preserved their original features only infrequently show foliation;
they display stratigraphic contacts with radiolarian cherts and red micrites
along the Kemer Stream.

Large, white, generally thickly bedded to massive Late Triassic lime-
stone blocks also occur in the Cetmi Ophiolitic Melange west of Karabiga.
Specimens from these Sakarkaya Limestone blocks have yielded a very si-
milar Late Triassic fauna to that north of the Kiigiikkuyu with Aulotortus
cl. gaschei, Dasycladacea, Trocholina sp (det. Murat Koylioglu). A very im-
portant section involving the Sakarkaya Limestone is found 1.5 km north of
the Karapiirgek Village. At the base of this Karapiircek section there is an
over 50 metre thick sequence of thickly bedded grey to white partly recrys-
tallised Sakarkaya Limestone (Fig. 6). Specimens from this neritic lime-
stone have yielded a Norian to Rhaectian fauna of Trochammina sp., Fron-
dicularia sp., Aulotortus sp., Aulotortus cf. gaschei, Trocholina sp., Nodosa-
riidae, Miliopora sp., Solenoporacea, Cayeuxia sp. (det. Murat Koylioglu
and Ismet Sezgin). These neritic Upper Triassic limestones are overlain
sharply, through a disconformity, by a 25 metre thick pelagic sequence of
red, laminated, thinly bedded limestone with calciturbidite intercalations
overlain by thinly bedded silty micrites that yield a mid-Cretaceous {Ceno-
manian-Turonian) fauna of Hedbergella sp., Hedbergella cf. delrioensis,
Praeglobotruncana sp., Heterohelix sp (det. Murat Koylioglu and Ismet Sez-
gin). The mid-Cretaceous silty micrites are in turn overlain by volcanogenic
sandstones and spilitised basic volcanic rocks (Fig. 6). Thus this small sec-
tion preserves a stratigraphic record between the Late Triassic and Late
Cretaceous with a major disconformity probably encompassing the whole of
the Jurassic, and the Early Cretaceous.

In the Cetmi Ophiolitic Melange west of Karabiga there are, apart
from the neritic Late Triassic limestones, blocks of medium to thickly bed-
ded calciturbidite, radiolarian chert with red thinly bedded pelagic lime-
stone intercalations and thinly bedded grey limestone with abundant pela-
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Fig. 6. The Karapiircek section in the Cetmi Ophiolitic Melange west of Karabiga showing the Creta-
ceous disconformity above the Norian limestones. a. thickly bedded to massive, partly recrystalli-
sed, neritic, grey Norian limestone. Sample 53C, 53D and 1223A, Trochammina sp., Frondicula-
ria sp., Aulotorius cf. gaschei, Trocholina sp., Nodosariidae, Miliolidae b. brecciated, thinly bed-
ded, red limestone, c. finely laminated thinly bedded, red micrite. d. thinly bedded, red intrami-
crite with abundant intraclasts and volcanic fragments, e. yellowish brown, thinly bedded, silty,
fossilifereous Cretaceous micrite. Sample 12221, J, Hedbergella sp., Hedbergella cf. delrioensis. {.

dark grey, volcanogenic greywacke, g. brownish green spilitised basic volcanic rock.

gic lamellibranchs; these have not yielded any ages but are probably late
Mesozoic. One small, white micritic limestone block in the spilites contains
Tintinidae? and is probably of Late Jurassic age. A very infrequent lime-
stone type is a dark grey small neritic limestone with Calcisphaera sp., pro-
bably of Permian age.
A large, internally homogeneous tectonic slice of sandstone and shale
occurs in the Cetmi Ophiolitic Melange around the village Dogandere
(Fig. 2). The slice has a minimum thickness of a few hundred metres and is
sandwiched through low angle tectonic contacts by the other lithologies of
the Cetmi Ophiolitic Melange. It consists of greenish grey, light grey, me-
dium to thickly bedded sandstones intercalated with thin, fine grained dark
shales; petrographically the sandstones consist of poorly sorted, angular
quartz, plagioclase, shale, opaque, white mica and chert grains in a siliceous
matrix. The lithological features of the Dogandere Sandstone can be obser-
ved along the roads trending west and northwest from the Doganderc vil-
lage. Dogandere Sandstone also includes small amounts (< 5%) of lime-
stone, radiolarian chert and spilite blocks as olistoliths. One such one metre
large limestone olistolith has yielded Hedbergella gr. planispira, Hedbergella
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gella gr. trochospira? (det.Demir Altiner), foraminifera characteristic for the
Apsian-Albian. Elongate tectonic slices of sheared serpentinite occur in the
Dogandere Sandstone near its contact with the Camlica Micaschists
(Fig. 2). '

The Dogandere Sandstone represents a local turbidite fan deposited
on a growing accretionary prism and forms a good ancient example of a
small ponded basin developed on the trench wall [31]. It is of post-Albian
and most probably of Paleocene age.

Two steeply dipping faults locally marked by serpentinite slivers and
trending E-W and NE-SW respectively separate the Cetmi Ophiolitic Me-
lange from the Camlica Micaschists in the north (Fig. 2): these faults are
most probably Late Tertiary structures. In a small region between these
two faults the Camlica Micaschists arc observed to lie tectonically over the
Cetmi Ophiolitic Mclange (Fig. 3).

6. THE SAKARYA ZONE

The gencral absence of the Paleozoic rocks in northwest Anatolia in™”

stark contrast to the well developed Paleozoic scquence in the Istanbul re-
gion, seems to have been first noticed by Brinkmann [32, 33] who named
this zone as the Mysisch-Galatische Scholle [32] or as the North Anatolian
Welt [33] and rcgarded the absence of the Paleozoic rocks in this region
duc to erosion at the end of the Paleozoic. Sengdr and Yilmaz [17] called
this region as the Sakarya Continent and established its boundaries as the
Intra-Pontide suture in the north and the Izmir - Ankara suturc in the
south. Both Brinkmann [32, 33] and Sengdr and Yilmaz [17] terminate the
Sakarya Continent east of Ankara by joining the northern and the southern
sutures. Okay [1, 34] extended the Sakarya Zone to include the Eastern
Pontides that displays a very similar stratigraphy and tectonic development
to that of northwestern Turkey.

Throughout the Sakarya Zone 4 ¢lear distinction can be made between
the complexly deformed, commonly metamorphosed pre-Jurassic basement
and the little deformed and not regionally metamorphosed Jurassic-Tertiary
cover. The pre-Jurassic basement of the Sakarya Zone in the castern part
of the Biga Peninsula can be subdivided into three units: the pre-Karakaya
units, the Kazdag Group and the units of the Karakaya Complex.

6.1. The Pre-Karakaya Unils

The definite pre-Karakaya units in the Biga Peninsula occur to the
north of Edremit and Havran, and comprise low-grade metasediments, cal-
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led the Kalabak Formation, and an intrusive granodiorite, the Camlik Me-
tagranodiorite (Figs. 2, 7).

6.1.1. The Kalabak Formation

The low-grade metasedimentary rocks, that constitute part of the pre-
Triassic basement, outcrop in a zone extending from Edremit and Havran
northwards towards Pazarkoy (Fig. 2). The reference section for these me-
tamorphic rocks, called the Kalabak metamorphic sequence by Krushensky
et al. [35] is along the ridge trending northward from the village of Kala-
bak, north of Havran (Fig. 7). In this section the Kalabak Formation
consists of fine-grained, yellowish grey, silvery grey, dark grey phyllite, me-
dium-grained yellowish grey quartzo-felspathic schist that shows distinct
compositional lamination, and a few metres thick infrequent marble and
green metabasite horizons, while dark to bluish grey, brown, micaceous
phyllites make up the Kalabak Formation in the north of Edremit.

Pctrographically the phyllites consist mainly of quartz, albite, muscovite
and biotite. The rare metabasic horizons contain the greenschist facies mi-
neral assemblage of actinolite + epidote + chlorite + albite.

. The Kalabak Formation is intruded in the cast by the pre-Late Triassic
Camlik and in the west by the Oligo-Miocene Eybek granodiorites (Figs. 2,
7). In the north of Edremit the Kalabak Formation is thrust over the distal
turbidites of the Hodul Unit of the Karakaya Complex and is tectonically
overlain by a klippe of spilite, shale and Permian limestone olistoliths of
the Cal Unit again of the Karakaya Complex (Fig. 8). In the northeast
south of Pazarkoy the Kalabak Formation lics tectonically over the Orhan-
lar Greywacke of the Karakaya Complex in an imbricate tectonic zone
(Figs. 2, 9). In this latter region the Kalabak Formation is unconformably
overlain by the Jurassic clastics of the Bayirkéy Formation  (Fig. 9).

6.1.2. The Camhk Metagranodiorite

The pre-Upper Triassic metagranodiorite that extends in a 4 - 5 km
wide zone northeastward from Havran is named as the Camhk metagrano- -
diorite (Fig. 2). The name of the unit comes {rom the village of Camhk in
this region (Fig. 7).

The Camlik Metagranodiorite consists essentially of quartz. plagioclase
and chlorite; it is leucocratic and is frequently cut by aplite and quartz
veins; it has a medium-grained aphyric texture that frequently shows a dis-
tinct tectonic foliation; the foliation is especially strongly developed near its
contact with the Kalabak Formation where it is parallel to the foliation in
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Hodul Unit

Late Oligocene Eybek Gronodiorite | Late Trln!ﬂtArhnlc sands tone
Jurassic Eailecik Limestone | pre-triassic Cnmhk Metogronodiorite
Jurassic Boy,rkﬁy Formation | Pre-Trisssic ":;’;/{ Katobak Formotion

Fig. 7. The geological map and cross-section of the region northeast of Havran. Modified from Giimiig
[12]. Aslaner [13] and Krushensky et al [35].



GEOLOGY AND TECTONIC EVOLUTION OF THE BIGA PENINSULA,... 213

W E
Kazdag o
‘,\G TP Nitiifer Unit Kolobak Formation Bayrkoy Fr Dilecik Lst
</ Hodul Unit ' Cal Unit Comik Mgr  Hodul Unit

I~ =3 . -

Fig. 8. E-W trending simplified sketch cross-section passing from north of Edremit showing the tectonic
relations between the Kazdag Group, the Karakaya units, the Kalabak Formation and the Cam-
lik metagranodiorite. The Hodul Unit tectonically overlying the Niliifer Unit in the west is stron-
gly tectonised in contrast to the little deformed Hodul Unit in the east.
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Bayirkoy Kalabak Formation Orhanlar
Greywacke

Fig. 9. Schematic cross-section from south of Pazarkdy showing the imbricate thrust zone between the

Kalabak Formation and the Orhanlar Greywacke and the unconformably overlying Jurassic
Bayirkdy Formation.

the phyllites, and gradually dies out towards the inner parts of the grano-
diorite. The field relations, especially the presence of contact metamorphic
rocks in the Kalabak Formation at the margin of the Camlik Metagrano-
diorite suggest that the Camlk Metagranodiorite intruded the Kalabak
Formation prior to the regional greenschist facies metamorphism that af-
fected both units. A second large outcrop of the Camlik Metagranodiorite
occurs north of the Eybek Mountain (Fig. 2).

In the vicinity of the Camhk village the Camlik Metagranodiorite is
overlain with a clear distordance by the Upper Triassic coarse arkosic
sandstones of the Hodul Unit, which include 3 - 4 cm large granodiorite
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and phyllite pebbles (Fig. 7). Krushensky et al. [35] for reasons difficult to
comprehend, denie the existence of the Camhk Metagranodiorite altoge-
ther and show it as sandstone on their maps, while Giimiig [12] and Aslaner
[13] have regarded the Camlik Metagranodiorite and the Oligo-Miocene
Eybek Granodiorite as part of the same pluton and assigned both a pre-
Late Triassic age.

The scanty evidence suggests that the pre-Permian basement of the Sa-
karya Zone was made up mainly of granitoids and low grade metasedimen-
tary rocks. The Giimiishane granite in the eastern part of the Sakarya
Zone [36], the Sogiit granite southeast of Bilecik [37], the Karacabey gra-
nodiorite north of Karacabey and the metasedimentary rocks associated
with this granitic rocks are part of this pre-Permian basement of the Saka-
rya Zone. Saner [38] also describes from south of Geyve, Lower Permian
carbonates and basal clastics that are overlying a metamorphic and granitic
basement. The isotopic age of only one of these pre-Jurassic granitoids, na-
mely the Sogut granite, is known; a single biotite K/Ar age from this grano-
diorite gives 272 + 3 Ma (Early Permian) [39] suggesting a Late Paleozoic
(Variscan ?) age for the consolidation of this basement. '

The pre-Alpine crystalline basement of the Istanbul Zone and of the
Taurides is known to be of Precambrian age; a Late Paleozoic crystalline
basement is described from the Pelagonian Zone in Greece where low-
grade metasedimentary rocks are associated with granitoids of late Carbo-
nifereous ages [40, 41]; this basement is overlain by a thick and predomi-
nantly clastic sequence of Permo-Carbonifereous age [42] which interestin-
gly includes olistoliths and turbidites in the Late Permian deposits on the
island of Salamis [43]. It is here suggested, that in terms of the pre-Triassic
history, the Sakarya Zone forms the eastern continuation of the Pelagonian

Zone in Greece.
6.2. Pre-Jurassic Granitoids

Apart from the Camlik Metagranodiorite there are two other large
pre-Jurassic granitic bodies in the Biga Peninsula southeast of Biga (Fig. 2).
These are the Yolindi Metagranodiorite and the Sarioluk Granodiorite.
However, unlike the Camlik Metagranodiorite their present relation to the
units of the Karakaya Complex are either tectonic or intrusive.

6.2.1. The Yolindi Metagranodiorite

The Yolindi Metagranodiorite occupies an area of 30 km? southeast of
Biga (Fig. 2) and consists of deformed, medium grained, homogeneous gra-
nodiorite with a gneissic texture; it is cut locally by aplite veins. Its name
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comes from the village of Yolindi located on the metagranodiorite. The
Yolindi Metagranodiorite has a equigranular, foliated texture and consists
of plagioclase, quartz, biotite and hornblende. The foliation is marked by
the parallel aligned biotite and hornblende and rotated plagioclase crystals;
however, only the quartz grains are recrystallised. Although it is clearly of
granitic origin, the Yolindi Metagranodiorite is shown on the map of Bin-
gol et al. [3] as part of the Kazdag Group.

A 750 m thick and 5 km long slice of the Kabalak Formation made up
of dark phyllite, micaschist and marble occurs in steep tectonic contact with
the Yolindi Metagranodiorite in the southwest around the village of Kazik-
i (Fig. 2). Both the Yolindi Metagranodiorite and the Kalabak Formation
are separated in the west from the Cal Unit of the Karakaya Complex, and
in the east from the Hodul Unit of the same complex by very steeply dip-
ping Tertiary strike-slip faults that formed a compressive segment leading
to the uplift of this piece of the Pre-Karakaya basement (Fig. 2).

6.2.2. The Sanoluk Granodiorite

The Sarnioluk Granodiorite is located immediately southwest of the Yo-
lindi Metagranodiorite (Fig. 2) but shows no foliation; its name comes from
the Sarioluk village located on the granodiorite. It has an equigranular, ho-
mogeneous magmatic texture. In the east it is overlain by a clear unconfor-
mity by the Jurassic BayirkGy Formation. Again a Tertiary strike-slip fault
separates the Sarioluk Granodiorite from the Hodul Unit in the north
while a probable intrusive contact with the Hodul Unit is observed in the
west (Fig. 2).

6.3. The Kazdag Group

The gneiss, amphibolite and marble that make up the core of the Kaz-
dag Mountain (the ancient Ida) are named by Bingdl et al. [3] as the Kaz-

dag Group. The Kazdag Group forms a 50 km long SW-NE trending com-
plex anticlinorium cut by. several, most probably Late Tertiary, granodio-
rites (Fig. 2). In the east the Kazdag Group is tectonically overlain by the
metatuffs (Nilifer Unit) and arkosic sandstones (Hodul Unit) of the Kara-
kaya Complex, and in the west and north by the late Cretaceous Cetmi
Ophiolitic Melange (Figs. 2, 5). The base of the Kazdag Group is not ex-
posed. :

Medium to coarse-grained, generally banded, grey, light grey gneisses
are the most common lithology in the Kazddg Group. Schuiling [44] notes a
widespread N-S trending lineation in the gneisses over the whole of the
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Kazdag Group. Petrographically the gneisses consist of quartz + plagio-
clase + biotite + hornblende =+diopside = scapolite =+ garnet + opaque
+ sphene. Bingol [14] and Gozler [24] also record staurolite, kyanite and
sillimanite in the gneisses. Marble forms 1 - 20 metre thick white, massive,
coarse-grained, locally laminated horizons in the gneiss and amphibolite.
Medium to coarse-grained, dark green amphibolites consist of plagioclase
+ horblende =+ diopside = opaque. Apart from these common rock types
there is a metaophiolite sequence of metadunite, metaharzburgite and me-
tagabbro, which give splendid outcrops at the summit of the Kazdag
(Fig. 2) [14]. This metaophiolite sequence overlies a thick marble horizon
and has undergone the same deformation and metamorphism along with
the rest of the Kazdag Group. The total structural thickness of the Kazdag
Group is over 10 km. Good reference sections for the Kazdag Group exist
in the western part along the Tilkes and Bick valleys (Fig. 5).

Amphibolite and marble intercalations are predominant in the Kazdag
Group near its eastern contact with the tectonically overlying Niliifer Unit
of the Karakaya Complex which also consists of metabasite and marble
(Fig. 11). However, the metamorphic grade is always lower in the metaba-
sites of the of the Niliifer Unit, where diopside, common in the amphibo-
lites of the Kazdag Group, is absent.

Isotopic age dating by Bingdl [45] on the Kazdag Group has given
controversial results: The K/Ar mineral ages in the gneisses arc 23 to 27
Ma, while the Rb/Sr mineral ages range from 29 Ma to 253 Ma; the iso-
chron age is 233 + 24 Ma. The young ages are reset ages caused by the
strong Oligo-Miocene magmatism. Geologically the most reasonable age
for the regional metamorphism is the late Triassic isochron age.

Geomorphological data [46] and the presence of Miocene siltstones
and shales immediately south of the Kazdag Mountain [47] that rises
sharply to over 1700 metres indicates that the uplift of the Kazdag Group
is of post-Miocene and most probably of Pliocene age. The Oligo-Miocene
mineral ages obtained from the Kazdag Group also testify that these rocks
were deeply buried during this time. The Pliocene uplift of the Kazdag
Mountain is achieved in the south by the normal faults now bounding the
northern margin of the bay of Edremit, and in the east and west by the
steeply dipping tectonic contacts that in the east separate the Kazdag
Group from the overlying metatuffs of the Karakaya Complex. This. suggest
that the Kazdag Group originally formed the lower parts of the now tecto-
nically overlying metatuff-marble unit of the Karakaya Complex and consti-
tutes a core complex [48, 49] of Pliocene age. The difficulty encountered in
some parts such as west of the Susuzdag, in placing a contact between
these two units is explicable in this model involving a major normal fault
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between these two units (Figs. 8, 11). Thus, it is here suggested that the up-
per parts of the Kazdag Group constitute the deeply buried parts of the Ni-
lifer Unit of the Karakaya Complex, while its lower parts may represent
the stratigraphic or the tectonic basement of the Karakaya Complex. This is
also suggested by the Late Triassic isochron age obtained from the Kazdag
Group [45]. Papanikolaou and Demirtagl [50] correlate the Kazdag Group
with the Rhodope Massif and the tectonically overlying Nilifer Unit with
the Circumi-Rhodope Belt in Greece.

6.4. The Karakaya Complex

This pre-Jurassic orogenic complex, that has a wide distribution in the
Sakarya Zone, is first described from the Biga Peninsula by Bing6l et
al. [3]. They described the Karakaya Formation as consisting of slightly me-
tamorphosed, spilitic basalt with exotic Upper Permian limestone blocks,
mudstone, radiolarite, feldspathic sandstone, quartzite, conglomerate and
siltstone which overlie unconformably the gneisses of the Kazdag Group.
The Karakaya Formation was ascribed an Early Triassic age based on the
presence of exotic Upper Permian limestone blocks and the Middle Trias-
sic limestones that were regarded as lying unconformable on the Karakaya
Formation. Bingdl et al. [3] also pointed out to the wide distribution of the
Karakaya Formation in the Pontides and traced it from the Biga Peninsula
- eastward to Ankara. Apart from the Biga Peninsula the Karakaya Complex
has been studied under various names in the Soma-Bergama [51, 52], Bur-
sa-Bilecik [53, 54, 55, 56, 57] and Ankara [58, 59, 60, 61, 62, 63. 64] regions
and farther east in The Sakarya Zone [65, 66, 67, 68].

In a regional synthesis of the pre-Jurassic formations of the Pontides,
Tekeli [69] and following him Sengér and Yilmaz [17], and Sengor ct al.
[70] included the widespread ophiolitic melanges and blueschists in north-
west Turkey within the pre-Liassic Karakaya Complex (cf.the map in Tekeli
[69]). This shift in the description of the Karakaya Complex from a largely
sediment dominated unit to a complex consisting "dominantly of blueschist,
greenschist and amphibolite facies rocks and a deformed ophiolitic me-
lange" [70], is caused by the mistaken allocation of the Cretaceous Alpide
blueschist and ophiolitic melanges to the Karakaya Complex. In fact, as the
original description of Bingél et al. [3] and other detailed regional studies
[e-g. 62, 64] indicate, the Karakaya Complex is dominated by clastic sedi-
mentary rocks; blueschists, except a few grains of incipient sodic amphibole
in the Niliifer Unit of the Karakaya Complex, are absent and ophiolitic me-
langes are rare. The later regional studies of Kaya et al. [56, 57] in the Bur-
sa region, on the other hand, take the other extreme view and claim that all
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the clastic sedimentary rocks of the Karakaya Complex represent an autho-
chthonous slope sequence deposited on a basement of greenschist facies
metamorphic rocks (the Niliifer Unit of the Karakaya Complex of this stu-
dy) and relate virtually all the deformation observed in the clastic sediments
to soft-sediment deformation. However, even a cursory examination reveals
a strong pre-Liassic tectonism affecting the units of the Karakaya Complex
in the Biga Peninsula. Both Bingdl et al. [3] and Kaya et al. [56, 57] regard
the sedimentary rocks of the Karakaya Complex as a single stratigraphic
unit.

Our studies in northwest Turkey have shown the Karakaya Complex
consists of several, probably coeval, pre-Jurassic tectonostratigraphic units;
In the Biga Peninsula four such major units are recognised in the Karakaya
Complex: the Niliifer Unit, the Hodul Unit, the Orhanlar Greywacke and
the Cal Unit (Fig. 10). These units are described below.

6.4.1. The Nilifer Unit

The thick sequence of metabasic rocks with subordinate amounts of
‘phyllite and marble that form the lowest tectonic unit of the Karakaya
Complex is named as the Niliifer Unit (Fig. 10). A good reference section
for the Niliifer Unit is along the forest road between Derenti and Yukari
Cavus south of Can (Fig. 11). Another easly accessible reference section
outside the field area is along the Bursa-Keles road that follows the Nilifer
valley.

The bulk of the Nilifer Unit in the Biga Peninsula is constituted by
green, dark green, fine-rained, generally foliated, monotonous greenschist
. metabasites called the Sazak Metatuffs after the village of Sazak south of
Yenice (Fig. 11). In rare cases one can observe primary bedding in the me-
tabasites; this and the presence of green, grey volcanogenic metashales in-
dicate that the sequence represents largely distal submarine tuffs. The rare
presence of relict Ti-augite in the metatuffs suggests that at least part of
the sequence has alkaline affinity. In the region south of Can the metatuffs
make up an over 3 km thick uniformly northward dipping sequence with a
few thin (< 50 m) horizons of graphitic phyllite, calcschist and marble (Fig.
11). No carbonate olistoliths are observed in the metatuffs. These thin cla-
stic horizons probably represent the locations of syn-metamorphic thrust
planes through which the metatuffs have attained a thickness of over 3 km
(Figs. 11, 13). In the same region, south of the village of Cal the metatuffs
pass laterally and structurally upwards to a sequence of grey, silvery grey,
graphitic phyllites and micaschists with infrequent marble intercalations and
rare serpentinite lenses (Figs. 11, 13). A 10 km long elongate slice of ser-



219

GEOLOGY AND TECTONIC EVOLUTION OF THE BIGA PENINSULA,...

-ojewixordde

A3y oxe *ouoisowi uejeiie)) oY) Jo ey Jo Wede ‘sossouyonyy oy, ‘H1 -SLI ul umoys si ydIym
Jiun) NpO}] o jo uondaoxo o) yim spun xojdwo)) edeyerey oyy Jo suondss awydesdueng op 91

ajous
auojspups 3Jiuaboun3ijoa

un

Inpoy

3} 1uaJsndjol

SM0|J J14sD)304Ad

$}20|q a4i)ids pup

3uoysaw ) ubIWIag ‘N

YiiM 3wW04ys$0}S$1j0

AN e A o A A

auoysaw i) dbpjad< T, R DD
e et

PRI N

o @ - @ @E

avoysyis| i |8 | A A A A
513 |p’e e S’

. T 5 A A A
48] peurTT 5 ‘wy Koyukog
1 > .
3U04S3Wi7 UD|DIWD)

LINN Iv3

ayIomAaub

$330)q 3uoysauwi}
SN0J341u0qJo]

wooe

198Y3 Y2019

3ydomAasb

dun 4NN

“wy »mx._.;um

4304 Jisoq

auojsawi| 314143y

3404 31s0q

wooz

4404 21s0q

auoysijis
ajoys

INIVMATID 4V INVHYEO

.dnoug Gopzoy

191

.

LINN H3401IN

w 005




220 ARAL 1. OKAY, MUZAFFER SIYAKO and KEREM A. BURKAN

9

o
.Knruﬁ;lk A“,

A

Derenti
u]

Fig. 11. The geologicél map of the region between Can and Yenice. For legend see Fig. 12.
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pentinite associated with metagabbro and metadiabase southwest of Biga
(Fig. 2) may represent a dismembered ophiolite in the Nilifer Unit.

In some regions, such as west of the Susuz Dag (Fig. 11), the lower
parts of the metatuff sequence, which tectonically lies over the Kazdag
Group, contains increasing amounts of white marble intercalations and as
stated above, lithologically resembles the upper parts of the Kazdag Group.

The Niliifer Unit has undergone a greenschist facies regional metamor-
phism in the Biga Peninsula with the development of actinolite/hornblende
+ albite + epidote + chlorite + leucoxene + opaque mineral assemblage
in the metabasic rocks, which are generally completely recrystallised and
show a penetrative micro-scale foliation. The micaschists and the phyllites
have the mineral assemblage of quartz + muscovite + biotite + plagioclase
+ opaque. The Niliifer Unit has undergone an intense shortening with iso-
clinal and tight folds with steeply and generally northward dipping axial
planes well displayed along the Nilifer Valley between Bursa and Keles. In
regions where the metamorphic grade is low, the deformation has imparted
a broken formation character to the Nilifer Unit.

The Nilifer Unit is well exposed outside the Biga Peninsula on the
Bursa-Keles road along the Nilafer valley. In this section it includes thick
basaltic volcanic and pyroclastic flows that retain most of the igneous tex-
ture and arc characterised by the presence of pink Ti-augite and locally
kacrsutite revealing an alkaline character. In some specimens from this re-
gion incipient blue sodic amphibole is observed replacing the kaersutite
crystalls. Recently small (< 100 m) tectonic lenses of sodic amphibole bea-
ring eclogites are reported in the metabasic rocks of the Niliiffer Unit east
of Bandirma outside the area studied (A. Ozgiil pers. comm. 19900. Howe-
ver, no sodic amphibole is observed in the more recrystallised basic volca-
nic rocks of the Nilifer Unit from the Biga Peninsula.

In the Biga Peninsula the Nilifer unit rests with a steep tectonic
contact, probably a normal fault of Late Tertiary age, on the Kazdag Group
(Fig. 11). The pre-Tertiary contacts with the other units of the Karakaya
Complex is difficult to decipher because of the effects of the late Tertiary
strike-slip faulting. However, in the region south of Cal it includes kilome-
tre size tectonic blocks of the Hodul and Cal units of the Karakaya Com-
plex (Fig. 11).

No fossils have been found in the Niliifer Unit. Thus the Triassic age
assigned to the Nilifer Unit is based on regional tectonic considerations.
The Nilifer Unit has a wide distribution in the Sakarya Zone and is descri-
bed from south of Bursa [71, 72] north of Sogiit [54, 73, 74], from the An-
kara region [62, 64], from the Tokat [65, 67] and Agvanis [68] massifs.
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Pelagic sedimentary rocks such as radiolarian cherts or pelagic lime-
stones, and intrusive magmatic rocks or dykes are absent in the Nilifer
Unit that consists essentially in its lower parts of voluminous basaltic, pyro-
clastic and volcanic rocks interbedded with neritic limestones; Clastics deri-
ved from a continental source are scarce. In terms of its stratigraphy and li-
thology the Niliifer Unit resembles the deposits of intra-arc and/or fore-arc
basins (cf. [75]) developed on oceanic or transitional crust. A better known
example of a similar intra-arc basin is the Cretaceous-Eocene sequence of
the eastern outer Pontides, which consists, like the Niliifer unit, of basic
and intermediate volcanic rock and limestone intercalations [76, 77],

6.4.2. The Hodul Unit

The Hodul Unit, which is the most widespread of the Karakaya Com-
plex units in the Biga Peninsula (Fig. 2), consists largely of Late Triassic
white, pale grey arkose and intercalated dark grey, black shale and siltstone
(Fig. 14). Tectonic blocks of spilite and rarely of recrystallised limestone
occur within these clastics. In the region between Ivrindi and Manyas, the
thick arkosic clastics pass upwards to olistostromes with Permo-Carbonife-
reous limestone olistoliths (Figs. 2, 12, 14). The Hodul Unit is also wides-
pread east of the studied region and occurs north of Bursa ([55], pers. obs.
1989).

The Hodul Unit, that occurs over very wide areas in the Biga Peninsu-
la, will be described separately in four regions that show some lithological
and stratigraphic differences (Fig. 14).

Northeast of Havran. The Havran region in the southeast of the Biga
Peninsula is the only locality in the Peninsula where the stratigraphic base
of the Hodul Unit and thus of the Karakaya Complex is clearly recognised.
In the northeast of Havran the Camhk Metagranodiorite, described above,
is unconformably overlain by a 350 m thick sequence of largely white arko-
sic sandstones (Figs. 7, 14) [12, 13]. The unconformity can be observed
clearly south of the village of Camlik. The thickly to medium bedded arko-
sic sandstones contain rare greenish siltstone intercalations with wood frag-
ments and discontinuous white conglomerate lenses. The conglomerate in-
cludes well rounded micro-granitoid, aplite, black phyllite and quartz peb-
bles that may reach up to 20 cm in diametre and which are derived from
the underlying Camlik Metagranodiorite and the Kalabak Formation. The
arkosic sandstone sequence passes upwards to a 150 - 200 m thick black
shale-siltstone sequence with infrequent arkosic sandstone intercalations
(Figs. 7, 14). In the transition zone there are fossilifereous grey siltstone
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rizons with lamellibranch, brachiopod, gastropod forms characteristic of
Norian (Fig. 14) [12, 13, 35], Dr. Leopold Krystyn 1988 pers. comm.). The
overlying 150 - 200 m thick black shale sequence is not very fossilifereous;
only Kaaden [9] describes Late Triassic lamellibranchs, such as Halobia,
Daonella and Posidonomya from this shale sequence. The shales are over-
lain sharply with a parallel unconformity, by the yellowish brown, medium
to thickly bedded, porous, calcareous sandstones of the Jurassic Bayirkoy
Formation (Fig. 14).

Gumiig [12], Aslaner [13], Krushensky et al. [35] and Altner et al. [78]
regard the contact between the dark Norian shales and the overlying calca-
reous sandstones as conformable, and Aluner et al. [78] suggest a conti-
nous deposition in the Havran region from Norian to the Late Jurassic.
However, the age of the 200 m thick calcareous sandstones overlying the
shales is not known and nc precise intermediate ages between Norian and
Oxfordian has ever been ¢ :icrmined in this region. Here, we argue for the
presence of a major disconlormity encompassing probable Rhaetian and
early Lias between the two clastic sequences; this is based firstly on the
sharp lithological change from the dark shales to porous calcareous shallow
water sandstones, and sccondly on the presence of a clear unconformity in
the Balya region 40 km to the northeast (Fig. 12) between the Norian olis-
tostromal sequence and the overlying calcareous sandstones of the Bayir-
kOy Formation lithologically very similar to those in the Havran region.

Region between Ivrindi and Manyas. In this region the Hodul Unit
forms a NNE-SSW trending, 70 km long and 5 - 6 km wide belt bounded by
the Orhanlar Greywacke in the west and by the metamorphic rocks of the
Manyas Group in the east (Figs. 2, 12). In the northern section of this belt
the basal parts of the Hodul Unit, as exposed in the area north of the vil-
lage of Karlik, consist of hundreds of metres thick white arkosic sandstones
locally with conglomerate beds with quartzite, dacite, lydite pebbles and in-
frequent grey, black siltstone/shale intercalations. It is likely that this clastic
sequence unconformably overlies a crystalline basement similar to the si-
tuation north of Havran (Fig. 13). In regions farther north this clastic se-
quence has a more distal character and consists of thinly to medium bedded
arkosic sandstones intercalated with black shales.

In the northern part of the Ivrindi-Manyas belt, the thick arkosic
sandstones pass upwards through generally only a few ten metres thick se-
quence of brown, greenish brown, micaceous greywacke, siltstone, shale,
black chert and calciturbidite with Upper Permian limestone fragments to
olistostromes; the olistostromes contain abundant Permo-Carbonifereous
limestone and rare spilite olistoliths that range in size from a few metres to
few kilometres (Figs. 12, 13, 14) and which are embedded in a dirty
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Hodul Unit

Fig. 13. Cross-sections for the geological maps in Fig. 11 (above) and Fig. 12 (below).

sandstone and siltstone matrix. This transition from the arkosic sandstones
to the olistostromes can be beautifully observed around the village of Ger-
deme southwest of Gonen (Figs. 12, 15). The limestone olistoliths are ge-
nerally white, thickly bedded to massive and frequently contain fusulinids,
alg, bivalve, gastropoda and corals which give ages ranging from the Middle
Carbonifereous to Late Permian. Apart from these neritic Permo-Carboni-
fereous limestone olistoliths which make up well over 95% of all the olisto-
liths in the Hodul Unit, there are a few spilite olistoliths and one two metre
large olistolith of intercalated red pelagic limestone and radiolarite with a
thin volcanic envelope, exposed two kilometres southwest of the village of
Igneciler (Fig. 12); conodonts from the red pelagic limestone from this
block indicate an Early Carbonifereous age (Dr. L. Krystyn pers. comm.
1990).

In the southern part of the Ivrindi-Manyas belt, in the area immediate-
ly east of Balya, the argillaceous sequence above the arkosic sandstones,
which is generally only a few ten metres thick in the north, is correlated
with a much thicker, regressive, upward coarsening clastic sequence (Figs.
12, 14), studied in detail by several geologists including Neumayr [79], Bitt-
ner [80], Bukowski [81] and more recently by Aygen [11]. In this Bahgecik
region east of Balya, there are at the base black shales and siltstones of No-
rian age with abundant Halobia neumayeri, which pass upwards to medium
bedded yellowish brown sandstones and siltstones with plant fragments,
brachiopod, lamellibranch and ammonites. Bittner [80] and Aygen [11] des-
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Fig. 15. The upper part of the Hodul Unit around the village of Gerdeme south of Manyas showing the
transition from the arkosic sandstones to the olistoliths, a. white arkosic sandstone, b. two me-
tres thick grain flow with around 10 cm large Permian limestone fragments, c. black chert, d.
brown, greenish brown, micaceous siltstones, shale and sandstone. e. Middle-Late Carbonife-
reous limestone olistolith. Sample 1568, Monotaxionoides sp., Palcotextularia sp., Tuberitina sp.,
Pachysphaerina sp., Fusulinidae, Endothyriridae (det. M. Baykal). '

cribe a Late Triassic fauna from these sandstones. The apprx. 100 m thick
sandstone-siltstone sequence is overlain by a few metres thick conglome-
rate with well rounded, poorly sorted, 1 to 10 cm large Upper Permian
limestone and quartz pebbles (Figs. 12, 14). This conglomerate is overlain
by the Permian limestone olistoliths generally of a few ten to few hundred
metres in size, which clearly belong to the same olistostromal unit described
from farther north of the belt. The Hodul Unit extending southward from
Balya consists dominantly of this olistostromal unit with hundreds of Per-
mo-Carbonifereous limestone blocks embedded in a matrix of yellowish
brown, pale grey, thinly to medium bedded sandstone and siltstone. The
olistoliths consist largely of thickly bedded to massive, white limestone, ho-
wever, locally shale interbedded or thinly to medium bedded, dark grey
limestones are also found as olistoliths. The olistoliths reach in size to over
several kilometers (Fig. 12) and in thickness of over 100 metres. In one, se-
veral metres large Upper Permian limestone olistolith east of Balya a brec-
ciated base with a sandy, silty matrix passes gradually upwards to massive
unbrecciated limestone indicating rock sliding in a shallow clastic basin.
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_ The great density and large size of the limestone olistoliths in the
Ivrindi-Manyas belt (Fig. 12) suggest that the source area was not distant.
The medium to thickly bedded sandstones and conglomerates with well
rounded and moderately to poorly sorted quartz and limestone pebbles as-
sociated with the olistoliths indicates that the Upper Permian limestone
olistoliths of the Hodul Unit were transported in shallow water conditions,
unlike the poorly sorted more typical olistostromes of the Cal Unit, and
represent the frontal parts of a relief-iiberschiebung (surface thrust) [82].
The olistoliths of the Hodul Unit have formed by processes of rock fall or
sliding in a compressive regime while those of the Cal Unit by mass or de-
bris flow processes in much deeper basinal conditions and in a tensional
tectonic regime.

The samples collected from various limestone olistoliths in the Hodul
Unit in the belt between Ivrindi and Manyas have yielded Early Carbonife-
reous, Middle-Late Carbonifercous, Late Carbonifereous-Early Permian
and Late Permian ages with the Upper Permian limestone olistoliths being
by far the most common type (90%). The Upper Permian limestones (nine
samples) have yielded a fauna especially rich in Endothyracea and Fusuli-
nacac: Glomospira sp., Pseudoglomospira sp., Tuberitina sp., Tuberitina reit-
lingerae, Lunucammina (syn. Geinitzina) sp., Pachyphloia sp., Paleotextula-
ria sp., Climacammina sp., Cribrogenerina sp., Cribrogenerina sumatrana,
Tetrataxis sp., Globivalvulina sp., Globivalvulina cf. biserialis, Lasiodiscus cf.
tenuis; Reichelina sp., Stafella sp., Codonofusiella sp., Dunbarula sp., Pseu-
dofusulina sp., Verbeekina sp.. Neoschwagerina sp.; Agathammina sp., He-
migordius sp.; Pseudovermiporella sp., Gymnacodium sp., Mizzia sp., Girva-
nella cf. media, Epimastapora (det. M. Baykal). Only one, small, medium
bedded black limestone olistolith east of Balya (1863) has yielded an Early
Carbonifereous fauna of Globivalvulina sp., Endothyra sp., Archaediscus
sp., Monotaxinoides transitorius, Girvanella sp., Calcisphacra (det. M. Bay-
kal). A limestone olistolith from west of Manyas (1968) has yielded a Mid-
dle-Late Carbonifereous fauna of Monotaxionoides sp., ? Eostafella sp., Pa-
leotextularia sp., Tuberitina sp.. Pachysphaerina sp., Fusulinidae, Endothyri-
dae, Beresellinae (det. M. Baykal). Another limestone olistolith from the
same region (1503) contains a Late Carbonifereous-Early Permian fauna of
Ammodiacella sp., Eotuberitina sp., Globivalvulina cf. bulloides, Bradyina
sp., Schubertella sp., Hemigordius sp., Permocalculus sp. (det. M. Baykal).
Aygen [11] who made a detailed paleontological study of the limestone
olistoliths around Balya mentions the frequent presence of the fusulinids
Neoschwagerina craticulifera, Verbeekina verbeeki, Sumatrina aff. pesuliensis
and Sumatrina annae, which are characteristic for the middle Late Per-
mian. Foraminifera for the upper Late Permian (Dorashamian) are not
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present in the limestone olistoliths. Erk [47] who studied the mlcropaleon-
tology of the late Permian limestone olistoliths in the Karakaya Complex in
the Gemlik region east of the studied area (Fig. 1) describe a very similar
fusulinid fauna to that of the Ivrindi- -Manyas area; here again the latest
Permian (Dorashamian) fusulinids are absent.

In the area north of Balya the olistostromal facies of the Hodul Unit is
unconformably overlain by the brown calcareous sandstones of the Jurassic
Bayirkdy Formation (Fig. 12), which can be observed clearly two kilometers
northeast of the village of Semiz.

The stratigraphy of the Hodul Unit in the Ivrindi- -Manyas belt clearly
reflects the initial deepening and later shallowing of a fore-land basin due
to elastic rebound related to the approach of a nappe of Late Permian
limestones during the Norian.

North of Edremit. A strongly tectonised sequence of thinly bedded ar-
kosic sandstone and black shale, which shows turbidite features such as gra-
ded bedding and flame structures, occurs north of Edremit (Fig. 2). This
turbiditic sequence is cut by a dense (every 5 - 10 metres) network of shear
zones, however, at several locations north of the Karadag Hamlet, the
- sandstones and shales can be observed to lie stratigraphically over fine- gral-
ned non-vesicular spilitised basic volcanic rocks with a few metres thick in-
tervening zone of thmly to medium bedded grey chert (Fig. 14); the lower
contact of the spilites is invariably tectonic suggesting that the spilite forms
the basement of the turbidite sequence rather than being basaltic flows
within the sequence. The Karakaya Hill north of Edremit, from which the
name Karakaya Complex has originated [14] consists of these fine grained
spilites that are overlain by the turbidites in the east of the Hill.

The sandstone-shale sequence north of Edremit is tectonically overlam
by the Kalabak Formation (Fig. 8).

The region between Yenice and Biga. In this large region the Hodul
Unit consists of arkosic sandstones and intercalated laminated black shales,
and frequently shows turbidite features such as graded bedding, convolute
lamination, slumping, sliding and scour, and is in places quite similar to the
Hodul Umt north of Edremit. In this thick turbidite sequence there are
proximal parts consisting of up to 2 m thick arkosic sandstone beds, and
distal parts made up of regular intercalations of a few centimetre thick
sandstone and shale beds. The turbidite sequence can best be observed
east of the Hodul Mountain, where the unit derives its name, in the south
of the Derenti Village (Fig. 11) and west of the Karadoru Village.

In the region between Yenice and Biga the Hodul Unit is strongly tec-
tonised with large number of anastamosing shear zones, as in the region of
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Edremit, and includes tectonic blocks of fine-grained green spilitised basic
volcanic rock generally of more than a few hundred metres in size. The ba-
sic volcanic rocks consist of fine-grained pale pink Ti-augite, altered and al-
bitised plagioclase, chlorite and leucoxene. These spilite blocks are belie-
ved to represent fragments of the basement of the Hodul Unit in this re-
gion. Very infrequently, dark, thickly bedded recrystallised limestone and
thinly bedded black cherts occur as intercalations in the arkosic sandstones.
The olistostromal upper part of the Hodul Unit, so well developed in the
region of Balya, is not present here, there are only very infrequent grain
flows with limestone, shale, sandstone and quartz pebbles ranging in size
from one to 40 centimetres. Limestone fragments from one such grain flow
west of Karadoru have yielded the probable Late Permian foraminifer Lu-
nucammina (syn. Geinitzina) sp. (det. Mustafa Esenler).

In the region between Yenice and Biga the deformation is distributed
very heterogeneously in the Hodul Unit and is related to the complex anas-
tamosing, generally steeply dipping shear zones that result in close juxtapo-
sition of undeformed and chaotically deformed turbidite sequences giving
locally a melange like character to the unit. Local, very low-grade meta-
morphism is also observed in the clastics in the strongly deformed areas.

As in the other areas, the Hodul Unit in this region is unconformably
overlain by the Jurassic sandstones of the Bayirkdy Formation as observed
in the vicinity of the Yaykin Village (Fig. 11).

The arkosic sandstones of the Hodul Unit in all the four regions show
common petrographic features. Quartz and altered feldspar make up the
bulk of the sandstone that invariably shows strong diagenetic alteration.
Staining techniques have revealed that most of the feldspar present is K-
feldspar. Thus the Hodul Unit represents a thick clastic Late Triassic apron
that was fed from a continental source.

In regions west of the Ivrindi-Manyas belt the Hodul Unit frequently
shows a slight metamorphism especially apparent in the fine-grained arko-
sic sandstones and foliated shales; however no recrystallisation is observed

in the spilite tectonic blocks or in the coarse, thickly-bedded arkosic
sandstones.

6.4.3. Orhanlar Greywacke

A thick monotonous clastic sequence largely made up of greywackes
outcrop over a wide region south of Orhanlar (Figs. 2, 12). This clastic se-
quence, which is readily distinguished in the field from the Hodul Unit, is
called as the Orhanlar Greywacke [83] after the village of Orhanlar north
of Balya. The Orhanlar Beds and the Diskaya Formation as used by Brink-
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mann [83] and Kaya et al. [56, 57] respectively includes both the Orhanlar
Greywacke and the Hodul Unit. The reference section of the Orhanlar
Greywacke is along the forest road between Orhanlar and Danigment vil-
lages, which follows the Ignecik valley (Fig. 12).

The bulk of the Orhanlar Greywacke (> 80%) is made up of yellowish
green, yellowish brown, highly fractured, generally strongly altered grey-
wacke that rarely shows recognisable bedding (Fig. 10). Petrographically
the greywacke consists of very poorly sorted, angular quartz, plagioclase,
opaque, lidide, radiolarian chert and volcanic and metamorphic rock frag-
ments in an argillaceous matrix. Bluish grey shale, siltstone and very infre- .
quently conglomerate occur in the greywackes. A characteristic feature of
the Orhanlar Greywacke is the presence of infrequent, thinly bedded, black
chert and white siliceous shale intercalations that form a few metres thick
horizons in the greywacke sequence. Such chert horizons are observed
north of the Darnalan and south of the Karamustafa villages. Small olisto-
liths of Lower Carbonifereous black limestone, generally 0.3 to 2 metres in
size with algs, brachipods, corals and foraminifera, are sporadically found in
the Orhanlar Greywacke. Such olistoliths are particularly abundant along
the forest road between Orhanlar and Danigsment (Fig. 12). The Early Car-
bonifereous fauna, especially rich in the Endothyracea, determined in over
ten olistolith samples are Glomispira sp.; Archaesphaera sp., ? Bisphaera
sp., Earlandia sp., Pseudoglomispira sp., Turrispiroides sp.; Tuberitina sp.,
Tuberitina cf. conili, Tuberitina reitlingerae, Stacheoides sp., Climacammina
sp., Cribrogenerina sp., Tetrataxis sp., ? Globivalvulina sp., Forschia sp., En-
dothyra sp., Endothyra bowmani, Paraendothyra sp., Bradyina sp., Archae-
discus sp., ? Brunsia sp., Howchinia sp., Monotaxinoides sp.; Paramillerella
(syn. Mediocris) sp., ? Stafella sp.; Girvanella sp. (det. M. Baykal). Outside
the studied area southwest of Bursa the Orhanlar Greywacke also contains
Upper Permian limestone olistoliths and very infrequent small (< 10 m)
serpentinite lenses.

The thickness of the Orhanlar Greywacke is difficult to estimate be-
cause of the difficulty in locating bedding, however, based on the topogra-
phy the Orhanlar Greywacke has a minimum thickness of a few hundred
metres and probably has a thickness of over 1000 metres. The Orhanlar
Greywacke is unconformably overlain by the sandstones and shales of the
Jurassic Bayirkdy Formation (Figs. 10, 12), while its base is not exposed in
the studied region. In the east the Orhanlar Greywacke is in tectonic
contact with the Hodul Unit; this tectonic contact between the two Kara-
kaya Complex units is marked by a late Tertiary fault and is largely covered
by the Jurassic and younger deposits (Fig. 12); however, it is likely that the
Orhanlar Greywacke is thrust over the Hodul Unit of the Ivrindi-Manyas
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belt (Fig. 13). In the west the Orhanlar Greywacke is tectonically overlain
by the Kalabak Formation in an imbricate tectonic zone south of Pazarkoy
(Figs. 2, 9) The Orhanlar Greywacke is intruded by a granodiorite, most
probably of late Tertiary age, which has a wide contact metamorphic aue-
reole (Fig. 12). Outside the studied area south of Bursa the Orhanlar Grey-
wacke rests with a steep tectonic contact on the Nilifer Unit.

The internal structure of the Orhanlar Greywacke is difficult to esta-
blish due to the lack of marker horizons and general poor outcrops. Howe-
ver, shear zones are frequent while folding or foliation are not observed.
The Orhanlar Greywacke is not affected by regional metamorphism.

With its monotonous greywackes, frequent shear zones and absence of
any recognisable stratigraphic basement the Orhanlar Greywacke may rep-
resent an accretionary complex dominated by trench fan and axial channel
deposits (cf. [30]).

Although the Orhanlar Greywacke shows no rcglonal metamorphism,
Radelli [84] shows most of the Orhanlar Greywacke as metdmorphlc base-
ment on his map (see Fig. 2 of [84]). Radelli [84]'s paper on Balya is cha-
racterised by a great confusion of units. He mistakenly correlates the upper
parts of the Hodul Unit (the Balya section) with the Jurassic Bayirkdy For-
mation both of which he assigns a Late Triassic age. Thus, the Late Triassic
Bayirkdy Formation is regarded as unconformably overlying a metamorphic
basement, which in reality is the Orhanlar Greywacke. The small part of
the Orhanlar Greywacke shown of his map, is regarded as of Permo-Carbo-
nifereous age, similarly he regards the Hodul Unit as of Permian age.

6.4.4. The Cal Unit

The Cal Unit consists of spilitised basic volcanic and pyroclastic rocks,
olistostromes with spilite and Upper Permian limestone olistoliths, grey-
wacke, shale and rare calciturbidite, radiolarian chert and pelagic shale
(Fig. 10).” A Middle Triassic limestone sequence called as the Camialan Li-
mestone, is closely associated with the Cal Unit (Fig. 10). A characteristic
and distinguishing feature of the Cal Unit is the presence of thousands of
fossilifereous Upper Permian limestone fragments and olistoliths ranging in
size from a few centimetres to one kilometre, in a basic volcanic or rarely
sandstone matrix. The great majority of the Upper Permian limestone olis-
toliths in the Cal Unit are less than 100 metre in size, and have a thickness
of less than a few ten metres; they are much smaller and thinner than the
Upper Permian Limestone olistoliths in the Hodul Unit. The olistostromes
of the Cal Unit are also readily distinguished from those of the Hodul Unit
by the abundant presence of spilitised basic volcanic rocks in the former.



GEOLOGY AND TECTONIC EVOLUTION OF THE BIGA PENINSULA,... 233

The Cal Unit was first described as the Cal Koy Series by Blanc [15, 85].
The name of the unit comes from the village of Cal on the Can-Yenice
highway (Fig: 11). Two easly accessible reference sections for the Cal Unit

are the highway between Derenti and Yenice, and the village road between
Asagi Karaagik and Yukan Karaagik (Fig. 11).

At the base of the Cal Unit there are medium to thickly bedded, mica-
ceous, greenish brown greywackes and intercalated shales, which in places
contain small Upper Permian limestone olistoliths (Fig. 11). This clastic se-
quence, that outcrops around the Cal Village, passes upwards and laterally
to olistostromes and spilitised basic volcanic and pyroclastic rocks that
make up around 70 % of the Cal Unit (Fig. 10). Discontinuous greywacke-
shale horizons also occur within the olistostromes and basic volcanics. Olis-
tostromes make up irregular horizons ranging from one metre to several
metres in thickness and contain abundant Upper Permian limestone and
basic volcanic rock fragments in a volcanic or more rarely sandstone matrix.
Dark green spilitic tuff, pyroclastic and lava flows occur between the olis-
tostromes. - The basic volcanic rocks often have a glomeroporphyritic tex-
ture and consists of tightly clustered augite phenocrysts in a glassy or very-
fine grained groundmass with plagioclase laths. The olistoliths are monoli-
thic and consist of white, thickly bedded to massive Upper Permian lime-
stone with corals, brachiopods, gastropods, ostracods and echinoids. Sam-
ples from a large number of olistoliths yielded a Late Permian fauna of
Ammodiscus sp., Glomospira sp.; Archaesphaera sp., Bisphaera ? sp.; Tube-
ritina sp., Pachyphloia sp., Paleotextularia sp., Cribrogenerina sp., Globival-
vulina sp.; Reichelina ? sp., Codonofusiella ? sp., Yangchienia ? sp., Schwa-
gerina sp., Neoschwagerina sp.; Pseudovermiporella sp. (det. Mustafa Esen-
ler and Ismet Sezgin).

Important but infrequent rocks in the Cal Unit are red, black, thinly
bedded pelagic limestone and shale, thin to medium bedded, red, green ra-
diolarian chert and medium bedded calciturbidite intercalations, which
form a few ten metre thick horizons between the olistostromes and spilites
(Fig. 16). Calciturbides consist completely of transported Late Permian
limestone and fossil fragments.

The Cal Unit is unconformably overlain by the basal conglomerates of
the Jurassic Bayirkéy Formation, as can be clearly observed in the Cal Vil-
lage (Fig. 17).

Out of all the Karakaya Complex units the Cal Unit is the one least af-
fected by the Triassic deformation and metamorphism. No regional meta-
morphism or schistosity are observed in the rocks of the Cal Unit. Shear
zones although present are not so common as in the Hodul Unit or in the
Orhanlar Greywacke.




234 ARAL 1. OKAY, MUZAFFER SIYAKO and KEREM A. BURKAN

Fig. 16. A field section of the Cal Unit with radiolarian chert, a. greenish brown, micaceous sandstone
and shale, b. intercalation of red radiolarian chert and shale, c. olistostrome with Late Permian
limestone and spilite fragments, d. spilitised volcanic flow.

Fig. 17. The unconformity between the Cal Unit and the Jurassic Bayirkdy Formation in the village of
Cal (cf. Fig. 8), a. spilitised fine-grained pyroclastic rocks of the Cal Unit with small (< 10 cm)
Late Permian limestone fragments, b. basal conglomerate of the Bayirkdy Formation with well
rounded 0.2 - 5 cm large spilite fragments, c. lenticular sandy limestone with thin siltstone hori-
zons and with krinoid, lamellibranch, gastropod, hydrozoa and belemnite, and spilite grains.
The clastic content decreases upwards in the section, d. well-bedded, greenish brown, reddish
siltstone and shale with Bositra (syn. Posidonia) bronni (det. L. Krystyn).,

P



GEOLOGY AND TECTONIC EVOLUTION OF THE BIGA PENINSULA,... 235

A Karakaya unit, variously named as the Désemedere Formation [59,
64], Dilarka¢ member [86] or the Ortakdy Formation [62], lithologically si-
milar to the Cal Unit, occurs in the Ankara region. It consists of spilitised
basic volcanic rock, volcanogenic siltstone, shale, olistostrome and radiola-
rian chert. The olistostromes are however scarcer and more polygenic in
the Ankara region and include recrystallised limestone, Triassic limestone,
phyllite as well as Permian limestone blocks [59, 62, 64, 86].

The abundant olistostromes, pyroclastic and lava flows in the Cal Unit
suggest an origin in a (back-arc) rift that developed to maturity indicated by
the presence of pelagic sediments probably in the upper parts of the se-
quence. The Camialan Limestone that probably constitutes the top part of
the Cal Unit represents the basin inactivity stage (cf. [87]).

6.4.4.1. The Camialan Limcslqnc

The Middle Triassic limestones that occur as up to several kilometres
large tectonic blocks in the Cal Unit in the southeast of Biga are named as
the Camialan Limestone (Fig. 2); the name of the unit comes from the Ca-
mialan village in this region. The reference section for the unit is along the
road between the villages of Hosoba and Camialan. Here, a 100 metre
thick, sequence is exposed (Fig. 18) which starts at the base by yellowish
pink marn and siltstones (Scythian ?) that pass upwards to pink, grey, thinly
bedded micritic limestones with chert lenses in the transition zone (Fig.
18). These thinly bedded limestones are overlain by a minimum 50 m thick
thickly bedded/massive grey, partly recrystallised Anisian limestones with
mollusc, alg and echinoderm fragments. Samples from these limestones
have yielded Meandrospira dinarica, Glomospirella grandis, Glomospira den-
sa, Ammobaculites, Duartaminadae, Endothyra or Endothyranella sp. (det.
Demir Altner) indicating an Anisian age. No age diagnostic fossils are
found in the structurally lower part of the sequence. Gézler et al. [16] also
describe Middle-Late Triassic fossils from another block of the Camialan
Limestone farther southeast which they interpret as unconformably over-
lying the Cal Unit (their Karakaya Complex s. 1.) and thus assign an Early
Triassic age to the Karakaya Complex.

The contacts of the Camialan Limestone blocks with the surrounding
lithologies of the Cal Unit are not well exposed. In some regions the Ca-
mialan Limestone seems to tectonically overlie the spilites and the olistos-
tromes of the Cal Unit, in other regions, such as in the type locality, Ca-
mialan Limestone blocks are embedded in the Cal Unit. Here it is tentati-
vely suggested that the Camialan Limestone represents stratigraphically the
upper parts of the Cal Unit.
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Fig. 18. Field section of the Middle Triassic Camialan limestone sequence southcast of Biga, a. grey. thi-
ckly bedded-massive, partially recrystallised Anisinian limestone, b. grey, pink, thinly bedded
limestone with chert nodules, c. yellowish red marn, siltstone and sandstone

An Anisian limestone block, lithologically and faunally similar to the
Camialan Limestone is described by Altiner and Kogyigit [88] and by Kog-
yigit [64] (the Yazilikaya Formation) from the Ankara region. The lime-
stone is stratigraphically under and overlain by basic volcanic pillow lavas
and is closely associated with the equivalent of the Cal Unit in the Ankara
region.

6.5. The Manyas Group

A thick sequence of white marble overlain by calc-schist, amphibolite
and quartz-micaschist occur in a small region in the extreme east of the stu-
died area south of Manyas (Fig. 2). This group of metamorphic rocks, cal-
led the Manyas Group, make a steep tectonic contact marked with serpen-
tinite slivers with the arkosic sandstones of the Hodul Unit (Fig. 2) and is
tectonically overlain by the blueschists of the Tavsanh Zone [34]. The me-
tamorphic rocks of the Manyas Group are also intruded by the Oligo-Mio-
cene Ilca-Samli Granodiorite. The blueschists and probably also the Ma-
nyas Group belong to the Anatolides.
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6.6. Post-Karakaya Units

Like everywhere else in the Sakarya Zone, the units of the Karakaya
Complex in the Biga Peninsula are unconformably overlain by a Jurassic
and younger sedlmentary sequence (Fig. 19) that shows no reglonal meta-
morphism or major deformation. This sedlmentary sequence is best known
from the Bursa-Bilecik region where it is studied by large number of geolo-
gist [89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 38, 99, 100]. A recent detailed pa-
leontologlcal and stratlgraphlc study by Altiner et al. [78] is also devoted to
the Jurassic-Early Cretaceous evolution of the western part of the Sakarya
Zone. In the Biga Peninsula the Mesozoic part of this sedimentary se-
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Fig. 19. The Jurassic-Cretaceous stratigraphy of the Sakarya Zone in the Biga Peninsula.
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quence is subdivided into three formations named after their counterparts
in the Bursa-Bilecik region: the Bayirkdy Formation, the Bilecik Limestone
and the Vezirhan Formation (Fig. 19).

6.6.1. The Bayirkdy Formation

In the Biga Peninsula the Bayirkdy Formation consists mainly of yello-
wish brown sandstone, siltstone, marn and conglomerate. It unconformably
overlies the Hodul, Orhanlar and Cal units of the Karakaya Complex (Fig.
17) and the Sarioluk Granodiorite. It has a very variable thickness ranging
from a few metres to 500 metres, and is overlain disconformaby the Bilecik
Limestone. '

In the Biga Peninsula the clastics overlying the Cal Unit contain Bosi-
tra (syn. Posidonia) bronni of Late Liassic age (det. L. Krystyn). In the Bur-
sa-Bilecik region the Bayirkdy Formation is assigned a Hettangian-Early
Pliensbachian (Lias) age based on the fossils from the red nodular ammoni-
tico rosso limestones intercalated within the clastics of the Bayirkdy Forma-
tion. Such ammonitico rosso horizons are absent within the Bayirkdy cla-
stics and only occur at the base of the overlying Bilecik Limestone.

6.6.2. The Bilecik Limestone

The Bilecik Limestone is a light to dark coloured medium to thickly
bedded limestone that disconformably overlies the Bayirkéy Formation; in
some areas such as east of the village of Yaykin, east of Can, the Bilecik
Limestone overlies the Karakaya Complex directly without the intervening
Bayirkdy Formation. Detailed paleontological studies by Granit and Tin-
tant [89] and Altiner et al. [78] in the Bursa-Bilecik region have shown the
presence of a disconformity between the Bayirkéy Formation and the Bile-
cik Limestone encompassing Late Pliensbachian-Bathonian (late Lias-early
Dogger). Contrary to the views of Altiner et al. [78] a similar disconformity
most probably exists in the Biga Peninsula although, as stated above, the
age of the Bayirkdy Formation has not been determined independently in
this region.

A few metres thick, nodular, light pink to cream coloured limestone in
the ammonitico rosso facies, occurs at the base of the Bilecik Limestone in
the Yenice-Havran region, while in the area north of Balya a few metres
thick, yellowish grey, pink, marly limestone with abundant pelagic lamelli-
branchs constitutes its base (Fig. 19). The base of the Bilecik Limestone is
well dated through the presence of the basal ammonitico rosso limestone.
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Blanc [15] assigns a Bathonian-Oxfordian (Late Dogger-Early Malm) age
to the ammonites collected from around the Yaykin Village north of Ye-
nice. Ammonites collected by us from the base of the Bilecik Limestone
from the vicinity of the Village of Asagi Cavus west of Kalkim indicate a
Callovian-Oxfordian age: Sowerbyceras tortisulcatum, Callephylloceras  sp.,
Partschiceras flabellatum, Perisphinctes sp., Perisphinctes gregoryceras ? (det.
Leopold Krystyn). Aslaner [13] and Krushensky et al. [35] report ammonite
faunas from the base of the Bilecik Limestone similarly characteristic for
the Dogger-Malm boundary (Callovian-Oxfordian).Point samples from the
Bilecik Limestone give a Late Jurassic fauna: Glomispira sp., ? Reophax sp.,
Mesoendothyra sp., Pseudocyclammina sp., Labyrinthina sp., Textularia sp.,
Trochommina sp., Valvulina sp., Haplophragmoides sp., Nautilocolina ? sp.,
Opthalmidium sp., Spirillina sp., Conincospirillina basiliensis sp., Protopene-
roplis striata, Trocholina sp., Bachinella irregularis, Cladocoropsis mirabilis,
Lithocodium aggregatum, Cayeuxia, Tintinidae, Dasycladacea (det. Mustafa
Esenler and M. Baykal). The upper age limit of the Bilecik Limestone in
the Biga Peninsula is not well known. In the Havran region the upper parts
of the incomplete Bilecik Limestone sequence give Kimmeridgian-Titho-
nian (uppermost Jurassic) ages [78], whilc no age diagnostic fossils are as
yet determined in the upper parts of the more complete Kalkim-Balya Bile-
cik Limestone sequence. In the Bursa-Bilecik region the age of the Bilecik
Limestone reaches into the Early Cretaceous.

In the Biga Peninsula the Bilecik Limestone has generally been eroded
from the top; only in the region between Kalkim and Balya both the basal
and top contacts of the Bilecik Limestone are exposed and in this region
the Bilecik Limestone has a thickness of approximately 800 m (Naci Goriir,
pers. comm.). The Bilecik Limestone is overlain disconformably by the pe-
lagic argillaceous limestones of the Vezirhan Formation. -

6.6.3. The Vezirhan Formation

The Vezirhan Formation consists of thinly to medium bedded, white,
pink, pelagic argillaceous limestones that overlie the Bilecik Limestone
with disconformity (Fig. 19). The Vezirhan Formation has an observed
maximum thickness of about 30 metres and has small outcrops in several
parts of the Biga Peninsula, such as south of Biga, around the Hamdibey-
Kalkim Neogene basin, on the Kalkim-Balya road and north of Balya. Sam-
ples collected from these localities contain radiolaria and Hedbergella sp.
that is characteristic for the Apsian-Maastrichtian time interval. Only one
sample collected from the vicinity of the Semiz Village around Balya
contains Banetocardiella conoidea (det. M. Baykal) characteristic for Al-
* bian-Cenomanian.
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7. THE TERTIARY DEPOSITS OF THE BIGA PENINSULA

In the Sakarya Zone in the Biga Peninsula rocks of Late Cretaceous to
early Eocene age are not known. Farther east in the Middle Sakarya region
the Vezirhan Formation of mid-Cretaceous age is succeeded by a over 1000
m thick Upper Cretaceous tuffaceous flysch sequence with olistoliths of
serpentinite and Bilecik Limestone, and argillaceous pelagic limestone in-
tercalations [90, 98]. This turbiditic flysch sequence, called the Gdlpazan
Group, shows a regressive development and passes upwards to the fluvial
sediments of Paleocene age. In the Biga Peninsula this sequence is proba-
bly eroded during the Late Paleocene.

The Tertiary deposits of the Biga and Gelibolu Peninsulas are recently
reviewed by Siyako et al. [47]. The Tertiary history of the Biga Peninsula
begins essentially with the Middle Eocene neritic limestones that are over-
lain conformably by the Upper Eocene turbidites with andesite and andesi-
tic tuff intercalations. At the end of the Oligocene there was widespread
uplift in the Biga Peninsula which led to the erosion of most of the Eo-
cene-Oligocene sequence. This major uplift and erosion phase was follo-
wed by an extensive latest Oligocene-Middle Miocene calc-alkaline magma-
tism. All the isotopically dated granitoids in the Biga Peninsula have given
latest Oligocene-Early Miocene ages: Eybek Granodiorite, 23 - 31 Ma [101,
102]; Kestanbol Syenite, 28 Ma [103]; Ilca-Samh Granodiorite, 20 - 23 Ma
[104, 105]; Nevruz-Cakiroba Granodiorite, 24 Ma [106]. The intrusion of
these granitoids were accompanied by the extrusion of large volumes ande-
site, dacite, rhyolite and acidic tuffs during the Early to Mid-Miocene (e.g.
[107]). Limnic sequences frequently with lignite occur locally within the
volcanic rocks. In the Late Miocene the volcanism ceased and fluvial to
shallow marine clastics were deposited in the Gelibolu Peninsula and in the
northern parts of the Biga Peninsula. During the Pliocene-Quaternary
there were local fluvial and limnic sedimentation and small scale alkali ba-
saltic volcanism. '

8. THE STRUCTURE OF THE BIGA PENINSULA

The large scale structures in the Biga Peninsula belong to three succes-
sive periods; a) Triassic Karakaya orogeny, b) Tertiary Alpide orogeny,
c) Late Tertiary strike-slip faulting.

8.1. Structures related to the Karakaya orogeny

Triassic structures in the Ezine and Sakarya Zones show different
structural styles. In the Ezine Zone the Triassic structures are characterised
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by shallow to medium dipping thrusts that can be traced for over long di-
stances and separate internally coherent nappes; a good example is the
Camkoy Thrust that separates the Denizgbéren Ophiolite from the under-
lying Karadag Unit. Similarly the over 35 km long Ovacik Fault is probably
also a Triassic structure reactivated during the Early Tertiary (Fig. 3).

Thrust bound flat-lying internally coherent nappe packages are rare in
the Karakaya units. The different Karakaya units are often bound by stee-
ply dipping faults that outline megablocks of several kilometres in size.

Shear zones are very frequent and strongly disrupt the internal continuity
of the strata. A representative example of such structures occurs southeast
of Can (Figs. 11, 13) where two blocks of Hodul and Cal units respectively,
each seven kilometers across occur in the metatuffs and phyllites of the Ni-
lifer Unit. The steeply dipping faults, locally marked by small serpentinite
slivers, which bound these blocks cross-cut the consistent E-W foliation in
the Nilifer Unit (Figs. 11, 13). The internal structure of the megablocks is
also highly complex with frequent shear zones; the block with the Hodul
Unit itself contains large tectonic blocks of spilite (Fig. 11). Observed on a
very large scale, the Karakaya Complex in the central part of the Biga Pe-
ninsula has a melange like structure which makes it difficult to establish the
early structural succession of the Karakaya units. However, the Kazdag
Group and the Nilifer Unit are clearly at the base of the tectonic stack.
Higher up in the stack come the Hodul Unit and the Orhanlar Greywacke,
the relationship between these two units is not clear. They occur in contact
in the studied region only in the north of Balya where a steeply diping fault
that has been reactivated during the Tertiary separates the two units. In
this region the Orhanlar Greywacke probably tectonically overlies the Ho-
dul Unit at depth (Fig. 13). The Cal Unit, the least deformed of all the Ka-
rakaya units, occurs at the top of the tectonic stack. East of the village of
Derenti the Cal Unit lies tectonically over the Hodul Unit along a shallowly
dipping probably Triassic fault (Fig. 11).

The structures in the Karakaya Complex suggest two major stages of
deformation. The first stage comprises the tectonic stacking of the Kara-
kaya units and the metamorphism and folding of the lower Karakaya units
such as the Nilifer Unit. The second stage involves the disruption of the

tectonic stack by steeply dipping anastomosing shear zones probably related
to strike-slip faulting.

8.2. Early Tertiary Alpide structures

As no Mesozoic rocks are present in the Ezine Zone, virtually nothing
is known on the Alpide history of this belt. In the Sakarya Zone the Late
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Jurassis-Early Cretaceous limestones are generally only gently folded; only
in the region south of Biga near the Cetmi Ophiolitic Melange, the Late
Jurassic-Cretaceous succession occurs locally in an overturned position.

The major Early Tertiary Alpide event in the Biga Peninsula was the
emplacement of the ophiolitic melange units on the continental rocks.
Most of the thrust contacts between the ophiolitic melanges and the conti-
nental rocks are covered by the Neogene deposits or reactivated as Late
Tertiary steeply dipping faults; the Alakeci Mylonite Zone is probably the
only example of these major Early Tertiary thrusts.

8.3. Late Tertiary Strike-Slip Faulting

In the Biga Peninsula the strike-slip faulting started as early as Early
Miocene. The small lacustrine Early Miocene basins, such as Can or Kal-
kim basins, that lie over the voluminous calc-alkaline volcanic rocks. are
controlled by the strike-slip faults. The strike-slip faulting was particularly
intensc along a NE-SW trending zone between the Kiiclikkuyu and Bandir-
ma (Fig. 2): this zone contains many strike-slip faults some with minimum
lateral off-sets of eight kilometers [47] and can be regarded as an Early
Miocene to Recent strike-slip fault zone. The region of Kazdag Group in
the southwest and the Yolindi Metagranodiorite in the northeast are com-
pressive segments within this strike-slip fault zone. The Kazdag Range
bounded in the north and south by major strike-slip faults is still under-
going fast uplift as a pressure ridge.

9. TECTONIC EVOLUTION
9.1. The Cimmeride Evolution

The lack of precise age data for many of the Karakaya units, and the
strong effects of the later Alpide compressive and recent strike-slip fault
movements make any schema on the Permo-Triassic tectonic evolution of
the Biga Peninsula highly speculative. Especially, strong lateral movements
may have occurred between the Ezine and the Sakarya zones for which
there are very little data. Thus, the proposed tectonic evolution model will
be strongly modified with new data from the Biga Peninsula and elsewhere
from the Sakarya Zone.

The presence of the Permo-Triassic ophiolite in the Ezine Zone and
the pelagic Late Paleozoic blocks in the Karakaya Complex indicate that
an oceanic basin, corresponding to the Paleo-Tethys of Sengoér et al. [70],
was in existence during the Late Paleozoic near the studied region. As no
pelagic Late Paleozoic rocks or pre-Jurassic ophiolite are known from the
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area between the Biga Peninsula and the Izmir-Ankara suture, the Paleo-
Tethyan ocean must have been located north or northwest of the Sakarya
Zone. There are two possibilities; the Paleo-Tethyan suture may lie be-
tween the Ezine and Sakarya zones following the trend of the Late Creta-
ceous Cetmi Ophiolitic Melange of the Ayvacik-Karabiga belt (Fig. 20a) or
it may be located farther northwest of the Ezine Zone [70]. We tend to
subscribe to the first hypothesis based on the absence of the Karakaya
units in the Ezine Zone, and farther northwest in the Rhodope and Serbo-
Macedonian massifs in Greece.

The scenary during the Late Permian (Murghabian) is shown in Fig.
20A. In the northwest there was a passive continental margin bordered in
the north by a carbonate platform where over 1000 metres of shallow water
carbonates were deposited during the Permo-Carbonifereous (Karadag
Unit of the Ezine Zone). In the southwest there was a magmatic arc build
on transitional crust. The Nilifer Unit and probably the upper parts of the
Kazdag Group represent the intra-arc and probably the fore-arc deposits,
while the Orhanlar Greywacke may represent accreted trench deposits cha-
racterised by abundant sediment supply similar to the Franciscan Complex
in the western United States [30]. The magmatic arc was bordered in the
southeast by an extensive shallow water carbonate platform extending to
the Taurides (Fig. 20A). In contrast to the Ezine Zone, the Permian carbo-
nates in the Sakarya Zone were thinner and were deposited on a Variscan
(?) crystalline basement.

During the latest Permian a part of the carbonate platform in the
back-arc setting began rifting (Fig. 20B). Preceeding the rifting there was
widespread uplift in the Sakarya Zone and probably also in the northern
part of the Anatolide-Tauride platform. The age of the rifting is indicated
by the absence of the latest Permian (Dorashamian) and Triassic olistoliths
in the rift deposits represented by the Cal Unit. The rifting was accompa-
nied by extensive basic volcanism and deposition of olistostromes derived
from the rift shoulders made up of Upper Permian carbonates. The rift axis
was located, within the present day geography, between the Kazdag and
Bandirma (Fig. 20B). The presence of rocks similar to the Cal Unit on the
island of Lesbos [108] and pelagic Lower Triassic rocks in the Chios and
Karaburun [109] west of Izmir suggests that the rift axis trended southward
from Kazdag and probably joined a triple rift junction in the Chios-Karabu-
run region (Fig. 20B); the eastern arm of the rift was to become the Izmir-
Ankara ocean, the western arm the Pindos ocean while the Karakaya rift
was to close at the end of the Triassic.

During the latest Permian/Early Triassic an ophiolite obduction occur-
red over the passive northwestern continental margin of the Paleo-Tethys
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Fig. 20. Paleotectonic maps showing the Permo-Triassic tectonic evolution of the Biga Penmsula and
the surrounding regions. Maps show occans (vertical and horizontal rulings, widths are not to
scale) and the predominant lithofacies on the continents (widely spaced carbonate pattern =
neritic carbonates, closely spaced carbonate pattern = pelagic carbonates. dots = clastics,
crosses = land or erosional area, v = arc volcanics. A = rift volcanics, m = regional Barro-
vian metamorphism). Thin lines with hachures are passive continental margins. heavier lines
with black triangles are subduction zones, lines with open triangles show major intra-continen-

tal thrust faults.
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(Fig. 20B). The reason for this latest Permian-Early Triassic ophiolite ob-
duction is not clear. It could be due to the partial subduction of a Late Per-
mian continental margin under a northwest dipping subduction zone as in
the case of Oman. The absence of any continental margin assemblages be-
tween the Late Permian carbonate platform (Karadag Unit) and the De-
nizgéren Ophiolite is striking, and suggests either that there were initially
present but were later cut out through a normal fault or that the ophiolite
was a far-travelled nappe as in the case of some Late Cretaceous ophiolite
bodies in the Taurides, such as the Aladag Ophiolite, that similarly rest di-
rectly on the Mesozoic platform carbonates [110, 111].

The presence of radiolarian cherts, pelagic limestones and calciturbi-
dites probably in the upper parts of the Cal Unit indicate that the Kara-
kaya rift reached a mature stage probable towards the end of the Scythian;
however, the complete absence of the ophiolite in this unit suggests that
the rift never developed oceanic crust. During the Middle Triassic rift vol-
canism died out and limestones were deposited (Camialan Limestone)
(Fig. 21A). However, evidence from the Ankara region [64] indicate that
the rift volcanism continued at least in the Ankara region during the Late
Anisian. '

During most of the Early and probably Middle Triassic the region sou-
theast of the Karakaya rift was an erosional area which in places was strip-
ped down to the crystalline basement. In the Late Triassic high-standing re-
gions with exposed basement of granitic (Camlik Metagranodiorite) and
metamorphic rocks (the Kalabak Formation), was supplying detritus to the
west (Fig. 21A). The distal parts of this thick clastic apron (the Hodul
Unit) rest of rift volcanics in the north of Edremit (Fig. 21A).

Compression leading to the closure of the Karakaya rift basin started
during the latest Triassic as a response of the continental collision between
the Ezine and the Sakarya zones following the closure of the Paleo-Tethys
(Fig. 21B). The vergence of the orogen in the Biga Peninsula was sou-
theastward as suggested by the general decrease in deformation and meta-
morphism towards that direction. The N-S directed lineations under the
Ovacik Fault in the Ezine Zone, assuming that they are related to thrus-
ting, indicate a southward vergence suggesting that the present SW-NE
tectonic grain of the central and eastern Biga Peninsula is the result of the
Late Tertiary strike slip faulting. In the region between Bursa and Orhaneli
the mesoscopic folds in the Nilifer Unit also show a southward vergence.
Thus the thrusting was antithetic to the dip of the subduction zone.

The only definite evidence for the age of the compressive movements
in the Karakaya Complex is the arrival, probable from the northwest, of
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Fig. 21. Paleotectonic maps depicting the Middle-Late Triassic tectonic evolution of the Biga Peninsula
and the surrounding regions. For explanations see Fig. 20.
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large number of Permian limestone olistoliths during the Norian into the
Hodul Unit along the 70 km long Ivrindi-Manyas belt (Fig. 2) which was
forming the peripheral foreland basin of the Karakaya orogen during this
time (Fig. 21B). The absence of Early or Middle Triassic olistoliths in the
Norian deposits indicates that the region southeast of the Karakaya rift was
largely a land area between the Late Permian and the Late Triassic as sug-
gested above. The deformation must have started earlier in the more inter-
nal northwestern parts of the Karakaya orogen. In this internal part two
distinct stages of deformation can be recognised. During the first stage the
different facies belts were telescoped by thrusting and the deeply buried
parts, such as the Nilifer Unit and the Kazdag Group, underwent regional
metamorphism (Fig. 21B). The section north of Edremit (Fig. 8) illustrates
the thrust stacking of the Karakaya units and the involvement of the basc-
ment. This stage was followed by major Triassic strike-slip faulting that dis-
rupted the initial nappe stack and created the structural style outlined in
the previous section. '

The Intra-Pontide ocean opened north of the Ezine Zone probably in
the Norian associated with strike-slip faulting after the continental colli-
sion. The pronounced disconformity above the neritic Norian limestones in
the Cetmi ophiolitic melange in the Karabiga region (Fig. 6) is probably a
reflection of this rifting event. The pelagic Late Jurassic, Mid- and Late
Cretaccous and Mid-Palcocene limestone blocks in the .Cetmi Ophiolitic
Melange indicate the persistence of the Intra-Pontide occan throughout
the Late Mesozoic.

Following the Late Triassic Karakaya orogeny there was uplift and
erosion during the latest Triassic and earliest Jurassic and the whole region
was first transgressed by the molasse type clastics during the Early Jurassic.
During the Late Jurassic to mid-Cretaceous the Biga Peninsula was part of
a wide continental shelf in the northern margin of the Neo-Tethys with
passive continental margins in the north facing the Intra-Pontide ocean and
in the south the Izmir - Ankara ocean.

The schema proposed here for the Cimmeride evolution of the north-
west Turkey is broadly in agreement with the schemas proposed by Sengor
and Yilmaz [17], Sengor et al. [70] and Seng6r [112] in involving a Permian
Paleo-Tethys with a south-dipping subduction zone, and in the opening of
the Karakaya rift as a back-arc south of the Paleo-Tethys. However, there
are some significant differences. The data from the Biga Peninsula indicate
that the Paleo-Tethys was not situated north of the Istranca Massif (the
Kirklareli Nappe of Sengér et al [70]) but probably was located between
the Sakarya and Istanbul zones. Another less likely possibility is that the
Paleo-Tethyan suture may pass between the Istranca Massif and the Istan-
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bul Zone and then follow the northern border of that zone. Another diffe-
rence from the schema of Sengor et al. [70] is that, at least in the Biga Pe-
ninsula, the Karakaya rift never developed oceanic crust.

9.2. Alpide Evolution

There are two ophiolitic melange belts in the studied region, namely
the Ayvacik-Karabiga and Gelibolu zones, each of which can be regarded
as a separate suture representing individual Mesozoic oceans. However, the
rock types, their ages and the internal structure of both of these melange
belts are quite similar, including the presence of the HP/LT metamorphic
rocks. Furthermore it is difficult to envisage two, and if one includes the Iz-
mir-Ankara ocean, three major Mesozoic oceans with important subduction
histories that would generate blueschists and eclogite, in close proximity.
Hecre it is suggested that the two ophiolitic melange belts are products of
the Mesozoic Intra-Pontide ocean [17] which separated the Sakarya and

~ Ezine zones from the Rhodope-Istranca massifs. The suture of this ocean is

represented by the Gelibolu Zone while the ophiolitic melanges of the Ay-
vacik-Karabiga Zone represent imbricated outliers that were thrust sou-
theastward from the Intra-Pontide suture.

The Intra-Pontide ocean was closed by northwest dipping subduction
between the Middle Paleocene and Middle Eocene; this is indicated by the
presence of pelagic Mid-Paleocene limestones in the Cetmi Ophiolitic Me-
lange and the transgressive cover of the Middle Eocene neritic carbonates.
During the initial late Paleocene collision between the Rhodope-Istranca
and Ezine-Sakarya zones the accretionary complex represented by the Cet-
mi Ophiolitic Melange was thrust southeastward covering the Ezine and
part of the Sakarya zones. Following further compression the Late Triassic
Paleo-Tethyan suture was reactivated as a major out of sequence thrust
and resulted in the emplacement of the Ezine Zone over the Cetmi Ophio-
litic Melange. This major crustal restacking and consequent increase in the
crustal thickness in the Biga Peninsula during the Early Eocene, was re-
sponsible for the Late Oligocene uplift and voluminous Oligo-Miocene
calc-alkaline magmatism observed in the Biga Peninsula. Major strike-slip
faulting related to the North Anatolian Fault Zone has affected the Biga
Peninsula since the Early Miocene [47].
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10. CONCLUSION

Detailed studies in the Biga Peninsula have shown that the Karakaya
Complex consists of various Permo-Triassic active margin tectonostratigra-
phic units representing accretionary complex (the Orhanlar Greywacke),
intra-arc, fore-arc (the Niliifer Unit and the upper parts of the Kazdag
Group) and rift (the Cal Unit) deposxts and a thick Late Triassic clastic
apron (the Hodul Unit). Thus, it is not correct to think of the Karakaya
Complex as a single stratigraphic unit, as has been done by most previous
workers (e.g. 3, 16, 52, 56, 62]), or to regard it as a formation or as a group.
The ophiolitic melanges in the Biga Peninsula that were considered as part
of the Karakaya Complex [3, 16, 24, 69] are shown to be of Late Creta-
ceous/Paleocene ages. This close spatial association of the Alpide and Cim-
meride orogenic rock units has led in the past to misleading conclusions on
the nature of the Karakaya Complex.

Our studies have established the western boundary of the Karakaya
Complex and thus of the Sakarya Zone in the Biga Peninsula; this explains
the difficulty in tracing the Sakarya Zone westwards to the northeastern
Greece, where units cquxva]ent to the Karakaya Complex or the major
Liassic transgression, which is a very typical feature of the Sakarya Zone,
are absent. This western boundary of the Sakarya Zone probably corre-
sponds to the Paleo- Tcthyan suture that juxtaposes a Permo-Triassic pas-
sive continental margin characterised by an ophiolite obduction, with the
active margin deposits of the Karakaya Complex.

Major Alpide thrusting related to the emplacement of the ophiolitic
melanges are recorded for the first time in this study from the Biga Penin-
sula. This Early Tertiary Alpide thrusts related to the closure of the Intra-
Pontide ocean, thickened the continental crust of the Biga Peninsula and
‘probably resulted in the Late Tertiary partial melting and in extensive Late
Oligocene-Early Miocene calc-alkaline magmatism.
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BiGA YARIMADASI'NIN JEOLOJisi VE TEKTONIK EVRIMI

Ozet: Gelibolu ve Biga Yanimadalarinda SW-NE yoniinde uzanan Tersiyer dneesi dort tektonik zon
ayirt edilmistir. Bunlar kuzeybatidan itibaren. Gelibolu, Ezine, Ayvacik-Karabiga ve Sakarya zonlandir.

Gelibolu Zonu, Geg Kretase/Paleosen yasta pelajik kiregtast, radyolarit. serpantinit. gabro. ma-
vigist gibi kayalardan meydana gelmis. yifaisim prizmasi nitelifinde bir ofiyolitli melanjdir. Cetmi Ofiyolit
Melanjt ismi verilen bu birim Gelibolu Yarimadasinin Eosen ile baglayan sedimentar istifinin temelini
olugturur.

Gelibolu Zonu’'nun giineydogusunda kitasal kokenli kayalardan olugan Ezine Zone yer ahir. Ezine
Zonu bati kesiminde yesilgist fasiyesinde metamorfizma gegirmis. Permo-Karbonifer yagta sedimenter
bir istiften ve bu istifi Triyas'ta iizerlemis olan bir ofiyolitten. doguda ise sedimenter kokenli. yiiksek de-
receli metamorfik kayalardan olusur.

Ezine Zonu'un giineydogusunda yer alan Ayvacik-Karabiga Zonu. Gelibolu Zonu gibi. Cetmi
Ofiyolit Melanji'ndan olugur. Bu melanj igerisinde yer alan eklojit ve Geg Triyas yasta kiregtag: bloklari
Ayvacik-Karabiga Zonu igin tipiktir.

Sakarya Zonu baglica Kazdag metamorfitlerinden. bu metamorfitleri tektonik olarak lizcrleyen
Karakaya Kompleksi birimlerinden ve Triyas sonrasi ¢dkellerden olugur. Biga Yarimadasi'nda Karakaya
Kompleksi benzer yasta fakat dedigik havza kogullar ve tektonik ortamlan vansitan dart tektonostrati-
grafik birimden meydana gelmigtin: Niliifer Birimi, Hodul Birimi. Orhanlar Grovaki ve Cal Bivimi.

Niliifer Birimi baghca yesil metatiifierden ve bu metatiiflerle ardalanmah mermer ve fillatlardan
meydana gelmistir. En alt Karakaya birimini olugturan Niliifer Birimi genellikle dogrudan Kazdag Gru-
bu gnayslar iizerinde tektonik bir dokanakla yer alir. Hodul Birimi beyaz arkozik kumtaslari ve bunlarin
iizerine gelen degisik boyda Permo-Karbonifer yasta kircgtag: olistolitleri iceren kirli kumtagi ve seyller-
den yapstmigtir, Bazi bolgelerde arkozik kumtaglar iginde spilit tektonik bloklar bulunur. Hodul Biri-
mi'nin iist kesiminin yast Noriyen'dir. Orhanlar Grovaki sarimst kahve., monoton grovak ve geyllerden
meydana gelmigtir; grovaklar igerisinde seyrek araseviyeler halinde siyah cortler ve ufak bloklar seklinde
Alt Karbonifer yasta siyah kiregtaglart bulunur. Cal Birimi baglica spilit. grovak, seyl ve degisik boyda
yaygin Permiyen ve spilit bioklar iceren olistostromlardan yapinustir. Ayrica Cal Birimi iginde seyrek
araseviyeler halinde radyolaryah ¢ort ve pelajik kiregtaslart bulunur.

Karakaya Kompleksi birimleri karmagik ve yofun bir deformasyon gegirmistir. Yer yer melanj tipi
yapilarin olugmasina yol acan bu deformasyondan en fazla Niliifer ve Hodul birimleri etkilenmistir. Ka-
rakaya Kompleksi birimlerinin stratigrafik temeli genellikle gézlenmez. valmzea Havran'in kuzeyinde
Hodul Birimi'ne ait arkozik kumtaglaf: diigiik dereceli bir metamorfizma gecirmis ve deforme olmug bir
granitoid iizerinde uyumsuziukla yer alir. Triyas dncesi bu granit bat sinin boyunca dusiik dereceli me-
tamorfizma gegirmis sedimenter kokenli kayalar kesmektedir.

Biga Yarimadasinda Karakaya birimleri Jura yasindaki Bayirk6y Formasyonu tarafindan uyum-
suzlukla értiiliir. Bayirkoy Formasyonu Karakaya birimlerinde gozlenen deformasyon ve mectamorfizma-
dan etkilenmemigtir. Baglica kumtagi. silttags ve marndan olusan Bayirkdy Formasyonu, genelhikle ara-
da bir ammonitico rosso seviyesi ile, Geg Jura-Erken Kretase yasta Bilecik Kiregtagi'na geger. Bilecik
Kiregtag: tizerinde ise parallel bir uyumsuzlukla ince tabakalt marnh pelajik kiregtaglarindan olugan Ust
Kretase yasta Vezirhan Formasyonu yer alir. Biga Yarimadasi'nda Ust Kretase ile Miyosen arasindaki
cokeller, Oligosen sonundaki rejyonal yiikselme sonucu, biiyiik dlgiide aginmistir. Alt Miyosen'de yaygmn
bir kalk-alkalen magmatizma bolgede egemen olmug ve buna bafh olarak bircok granodiyorit bilegimli
pluton bdlgeye yerlesmis ve genis alanlar andezit, dasit bilegimli volkanik kayalarla kaplanmigtir.



