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Introduction

Tethyan evolution

Turkey is sited at the collisional boundary be-
tween Gondwana in the south and Laurasia in
the north and its geological history records the
suturing of a succession of continental frag-
ments. The Tethyan ocean, which existed be-
tween Laurasia and Gondwana, was not a single
continuous oceanic plate, but rather comprised
variable-sized continental fragments through-
out its history (Fig. 1). These rifted from the
Gondwana margin and, as the rifts widened,
created oceans (mainly described as Proto-
tethys, Palaeotethys and Neotethys in the litera-
ture), then subsequently collided with Laurasia
so that these oceans sequentially closed. The
present tectonic regime follows closure of the
Neotethyan ocean. Although Prototethys has
traditionally been regarded as a Late Protero-
zoic and/or Early Palaeozoic ocean, Palaeo-
tethys as a Palaeozoic ocean and Neotethys as a
Mesozoic-Early Tertiary ocean, the views ex-
pressed in this volume show that there is no
common agreement. Many alternative models
have been proposed for their evolution and they
may, indeed, have overlapped in time. The
models proposed below differ in subduction
polarity, timing of ocean basin opening and
closure, and in the location of suture zones.
Figure 1 is a simplified tectonic map showing
the location of the main Tethyan sutures and
neighbouring major continental blocks in
Turkey and its surrounding area.

The first section on Tethyan evolution opens
with a broad review of Tethyan ocean develop-
ment by Stampfli. Following definitions of the
main Tethyan oceans and a brief literature
review, Stampfli presents palaeocontinental
reconstructions for key stages in the evolution
of Prototethys, Palaeotethys, Neotethys, the
Variscan, Eocimmerian and marginal oceans
during the Palacozoic and Mesozoic. His
models also cover the Alpine Tethys, the
Central Atlantic and the Vardar, North Atlan-
tic and Valais oceans. After describing the
Tethys sutures in the eastern Mediterranean
area and presenting a tectonic map showing the
present location of these sutures, Stampfli con-
cludes that the Cretaceous-aged coloured mél-
anges in Turkey and Iran, now located within
the Eurasian margin to the north of the Neo-
tethys active margin, are separated from the
Neotethyan suture: this would imply that the
fzmir-Ankara—Erzincan Suture in Turkey (Fig.

1) is not the Neotethyan suture. In this scheme
the Izmir-Ankara—Erzincan Suture represents
a Jurassic back-arc oceanic basin opened along
the complex pre-existing Karakaya-Palaeo-
tethyan suture zone following the northward
subduction of Neotethys since the Late Trias-
sic.

Okay describes the E-W trending latest
Triassic Cimmeride orogen in northern Turkey
(box 2 in Fig. 2). He proposes that the Cimmer-
ide deformation and metamorphism were
caused by collision and partial accretion of an
Early-Middle Triassic oceanic plateau (Niliifer
unit) to the active southern continental margin
of Laurasia, with the Karakaya Complex
interpreted as a Palaeotethyan subduction—
accretion—collision complex. The age of the
Cimmeride deformation in the Sakarya Zone
(Fig. 1) is palaeontologically constrained be-
tween the latest Norian and Hettangian (215-
200 Ma), compatible with “°Ar—*’Ar phengite
cooling ages of 214-192 Ma from eclogites and
blueschists in the Niliifer unit. Thick overlying
Upper Triassic arkosic sandstone sequences
containing extensive olistostromes of Permian
and Carboniferous limestone (Hodul Unit), are
interpreted to have formed during collision in
foredeep basins in front of south-verging Hercy-
nian continental thrust sheets of the Laurasian
margin. Okay views the Izmir—-Ankara-Erzin-
can Suture (Fig. 1) as representing both the
Palaeotethyan and Neotethyan sutures and
concludes that the Neotethys opened as a sep-
arate ocean during the Early Triassic.

Robertson & Pickett discuss Palacozoic-
Early Tertiary tectonic evolution of part of the
Tethyan ocean, based on evidence from the
Karaburun Peninsula (western Turkey) and
nearby Chios Island (Greece) (Fig. 1; box 3 in
Fig. 2), located near to the northern margin of
the Anatolide-Tauride Platform (Taurides).
Here, an exceptionally intact and unmetamor-
phosed tectono-sedimentary sequence forms a
microcosm of the tectonic history of both
Palacotethys and Neotethys. A kilometre-thick
mélange containing mainly Silurian—Carbon-
iferous exotic blocks within a highly sheared
matrix of turbidites, pelagic carbonates and
channellized conglomerates is interpreted as an
Upper Carboniferous—-Lower Permian subduc-
tion/accretion complex that developed near the
southern margin of Palaeotethys during the
collision of a passive margin with a trench.
Unconformably overlying Lower Triassic
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INTRODUCTION ix

basinal successions record Early Triassic rifting
of a northerly Neotethyan ocean. Subsequently,
during Middle~Late Triassic time, the rift basin
overstepped a subsiding shallow-water (Kara-
burun) platform bordering the northern Neo-
tethys. Uplift associated with Cimmerian
emplacement of the Karakaya Complex further
north is recorded by a brief hiatus followed by
deposition of deltaic sediments during latest
Triassic—Early Jurassic time. During Cam-
panian—-Maastrichtian times, after prolonged
passive margin subsidence the Karaburun car-
bonate platform underwent flexural uplift and
erosion recording initial closure of the north-
erly Neotethys. The platform then collapsed
into a foredeep during Maastrichtian-Danian
times. During final stages of continental col-
lision in the Early Tertiary, the mélange and
the unconformably overlying rift and platform
units were deformed and locally interleaved.
Robertson & Pickett conclude by interpreting
the Karaburun-Chios Mesozoic platform as
part of the southern margin of a Neotethyan
ocean basin bordering the Anatolide-Tauride

Platform and the Menderes Massif to the
south.

Altiner et al. describe the Late Permian
palaeogeography and tectonic evolution of
Turkey by analysing characteristics of the Late
Permian carbonate platform and foraminiferal
biofacies belts (box 4 in Fig. 2). The platform is
reconstructed by assembling the Upper Per-
mian outcrops from different, but juxtaposed,
Triassic and Cretaceous—Tertiary tectonic units.
Upper Permian marine carbonates occur in
contrasting southern and northern biofacies
belts. The Southern Biofacies Belt includes
low-energy inner platform deposits of the Ana-
tolide-Tauride Platform and the Arabian Plat-
form (Fig. 1), while the highly deformed and
fragmented Northern Biofacies Belt includes
the Upper Permian of the Karakaya Orogen
and outer platform and platform margin depos-
its of the Anatolide-Tauride Platform. Upper
Permian blocks in the Karakaya Orogen dis-
play similar palaeontological and biofacies
characteristics to the outer platform or plat-
form margin deposits of the Taurides; they
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Fig. 2. Location map showing areas described in the papers in this volume. 2, Okay; 3, Robertson & Pickett; 4,
Altiner et al.; 5, Robertson; 6, Gonctioglu et al.; 7, Farinacci ez al.; 8, A. Yilmaz et al.; 9, Floyd et al.; 10, Yalimz et
al.; 11, Parlak et al.; 12, Kazmin et al.; 13, Goriir et al.; 14, Karabiyikoglu et al.; 15, Kaymakel et al.; 16, Burchfiel et
al;17,Y. Yilmaz et al.; 18, Bozkurt; 19, Kogyigit et al.; 20, Tatar er al.; 21, Boztug; 22, Arger et al.; 23, Yurtmen et
al. Geographical location of the paper by Stampfli is not shown since it covers a broad review of Tethyan

evolution.



X INTRODUCTION

represent the northernmost extent of this car-
bonate platform. The absence of transgressive
Upper Permian deposits resting unconformably
on pre-Permian basement of the Sakarya Con-
tinent strongly suggests that the carbonate plat-
form was facing a trough or basin to the north.
This would have separated the Late Permian
carbonate platform in the south from the base-
ment of the future Sakarya Continent in the
north. Altiner et al. therefore reject a Gondwa-
nan origin for the Sakarya Continent.

Robertson focuses on the Mesozoic-Tertiary
tectonic evolution of the Tethyan ocean (Neo-
tethyan), based on geological and geophysical
information from southern Turkey and offshore
areas of the easternmost Mediterranean (box 5
in Fig. 2). This region is dominated by the
rifting, spreading and closure of several Neo-
tethyan oceanic basins, including the inner
Tauride basin formerly located north of the
present Tauride Mountains. This opened in the
Early Triassic (see also Robertson & Pickett,
this volume) and, following closure in latest
Cretaceous-Early Tertiary times, gave rise to
the regionally extensive Lycian and Beysehir—
Hoyran-Hadim nappes. Further south, the
Tauride Mountains originated as continental
fragments which rifted from Gondwana in Late
Permian-Early Triassic time to form the north-
ern margin of a separate southern Neotethyan
oceanic basin. Middle-Late Triassic spreading
in this basin was followed, during Jurassic-Early
Cretaceous time, by construction of Tauride-
fringing carbonate platforms. By the late Early
Cretaceous, regional convergence of the Afri-
can and Eurasian Plates induced closure of both
the northern and southern Neotethyan oceanic
basins, activating north-dipping subduction
zones. Southward ‘roll-back’ of pre-existing
cold and dense oceanic lithosphere initiated
genesis of supra-subduction type ophiolites,
which were initially obducted on to the northern
margin of the Tauride carbonate platforms in
latest Cretaceous time. Thrusting to their
present, more southerly positions in the Late
Eocene (in the east) to Late Miocene (in the
west) resulted from final suturing of the north-
ern Neotethyan ocean.

The southern Neotethyan ocean was tectoni-
cally disrupted in latest Cretaceous time with
emplacement of ophiolites and mélange onto
the Arabian Platform in the east (e.g. Kogali
ophiolite) and thrusting and strike-slip dis-
placement of continental margin and ophiolite
units in the west (Antalya Complex). Prolonged
and episodic closure history in SE Turkey
culminated in renewed arc volcanism, extensive
subduction-accretion (Maden Complex) and

thrusting to form the Southeast Anatolian
Suture in the Eocene (Fig. 1); younger mélange
occurrences (Misis-Andirn Mountains) suggest
that subduction locally persisted until the Late
Oligocene—Early Miocene. Further west (north
of the Mediterranean Sea) an oceanic seaway
between the eastern and western Anatolide—
Tauride platforms (Isparta Angle) closed in the
Late Palaeocene-Early Eocene, while further
south, the southernmost oceanic basin pre-
served within an embayment of the North
Africa/Arabian margin only began to experi-
ence collision-related deformation during Plio-
Quaternary times. In southern Turkey, border-
ing the Mediterranean Sea, the emplaced Neo-
tethyan units are unconformably overlain by
Miocene (to Pliocene) basins which resulted
from regional southward-directed crustal load-
ing as convergence of Africa and Eurasia con-
tinued. They may also have been influenced by
the initiation of a north-dipping subduction
zone located south of Cyprus because the
Antalya and Adana-Cilicia basins represent
areas of crustal extension behind this zone
since the Late Miocene. During Plio-Quatern-
ary times continuing regional convergence was
accommodated by left-lateral strike-slip faulting
along the South Anatolian Transform Fault
which delineated the southern margin of the
Anatolian Plate during westward ‘tectonic
escape’. Robertson concludes that whereas SE
Turkey today records a post-collisional setting,
the easternmost Mediterranean records only
incipient collision: this makes it ideal for the
study of diachronous collisional processes.
Gonciioglu et al. describe the stratigraphy
and tectonic relationships of south-verging
structural units across the root-zone of the
Alpine Izmir—Ankara-Erzincan Suture around
the central Sakarya area of NW Turkey (Fig. 1;
box 6 in Fig. 2). In the northern unit (Central
Sakarya Terrane), a Triassic rift basin assem-
blage which unconformably overlies a base-
ment comprising a Variscan ensimatic arc
complex and a fore-arc—trench complex, is
itself unconformably overlain by a Liassic—
Upper Cretaceous platform sequence. The
middle tectonic unit (Central Sakarya Ophio-
litic Complex) comprises a partly subducted
Late Cretaceous accretionary complex. The
southern tectonic unit includes a basement of
Variscan metamorphic rocks formed in a back-
arc setting, overlain by a Triassic-Lower Cre-
taceous succession interpreted as the passive
continental margin of the Anatolide-Tauride
Platform. Basinal deepening allowed depo-
sition of a thick synorogenic flysch sequence
subsequently influenced by high pressure/low
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temperature metamorphism. Gonciioglu et al.’s
evolutionary model contrasts with the others in
this volume (e.g. Stampfli) in both the palaeo-
geographic distribution of the main plates
during the pre-Alpine and Alpine period and in
the proposed subduction polarity of the oceanic
material.

Farinacci et al. reconstruct the basinal setting
of the Tethyan Jurassic radiolarite deposits from
the Barla Dag area (western Taurides) (box 7 in
Fig. 2). The main Kimmeridgian radiolarite
sedimentation occurred within or just below
the wave base in a storm-influenced carbonate
ramp environment and followed uplift coeval
with an FEarly Bajocian-Kimmeridgian dis-
continuity known as the ‘main gap’, a hiatus
that lasted about 25 Ma. Pre-existing carbonate
platforms were converted into ramps by block
faulting which produced widespread Late
Pliensbachian submergence. Change in the
depositional bathymetry of some radiolarites
suggests replacement of a deep basin by ramps.
Farinacci et al. conclude that extensive shallow
seas and a relatively narrow deep oceanic realm
separated the Eurasian and African Plates in the
western Tethys.

A. Yilmaz et al. describe and correlate Upper
Cretaceous—Tertiary units of the Eastern
Pontides (NE Turkey) and Transcaucasus
(Georgia) (Fig. 1) which belong to the same
geological belt and represent the former active
margin of the Eurasian Plate (box 8 in Fig. 2).
The Eastern Pontides, interpreted as the prod-
uct of interference between a spreading ridge
and the subduction zone during Late Jurassic—
Cretaceous time, is divided into three structural
units. From north to south, these are (1) the
Southern Black Sea coast-Adjara Trialeti unit,
(2) the Artvin-Bolnisi unit and (3) the imbri-
cated Bayburt-Karabakh unit. They represent,
respectively, a juvenile Santonian—Campanian
back-arc, a south-facing arc formed mainly
during Liassic-Campanian time, and a Malm-
Campanian fore-arc basin of an active conti-
nental margin. To the south, these tectonic units
are bordered by the Ankara-Erzincan-Lesser
Caucasus suture, comprising ophiolites, mél-
anges and an ensimatic arc association produced
during final closure of the Neotethyan ocean. By
contrast, Jurassic-Farly Cretaceous rift-related
sediments indicate that the western part of the
Eastern Pontides was a passive continental
margin. This progressive change from east to
west along the Eastern Pontides is explained by
the progressive interaction between a spreading
ridge and subduction zone, which ceased before
the Maastrichtian. During the Middle Eocene
renewed rifting resulted in the formation of new

basins, some of which closed during Oligocene—
Early Miocene times whereas others, such as the
Black and Caspian Seas, survive as relict basins.

Neotethyan ophiolites

When combined with other geological data,
geochemical studies, particularly those using
immobile elements from basic extrusive igneous
rocks, are useful for identifying tectonic settings
of units within orogenic belts by comparison of
their compositions with rocks from modern
tectonic settings. Turkey is characterized by
two major E-W trending ophiolite belts
(ancient suture zones) that record closure and
destruction of the Neotethyan oceans: these
comprise the northern Neotethys (the Izmir-
Ankara-Frzincan Suture) located between the
Sakarya Continent in the north and the Anato-
lide-Tauride Platform in the south, and the
southern Neotethys (Southeast Anatolian
Suture) that formerly separated Gondwana
(Arabian Platform) in the south from the
Anatolide-Tauride Platform in the north (Fig.
1).

In two successive papers Floyd et al. and
Yalmz er al. describe the petrogenesis and
tectonic evolution of little-known Central Ana-
tolian ophiolites and related rocks (boxes 9 and
10 in Fig. 2, respectively). These are found as
allochthonous slices tectonically emplaced onto
the Kirsehir Massif (Fig. 1) that represents the
passive margin of the Tauride-Anatolide Plat-
form. In both papers the ophiolitic rocks are
considered to be remnants of suprasubduction
zone oceanic crust formed by intra-oceanic
subduction within the Izmir—Ankara—Erzincan
ocean during the early Late Cretaceous. In the
former paper, the metabasic rock associations
are interpreted mainly as remnants of a tholeii-
tic arc and an adjacent back-arc basin with
MORB-like compositions. The latter study
details the petrology and tectonic setting of a
dismembered example of the same ophiolitic
assemblage which occurs as a huge tectonic
slice in the northern Kirsehir Massif. For this
the authors propose a two-stage emplacement
model involving earlier obduction of MORB/
OIB-type volcanic rocks and accretionary prism
assemblages of the Izmir-Ankara-Erzincan
oceanic plate on to the passive margin of the
Anatolide-Tauride Platform, followed by the
formation of a new, fore-arc type oceanic crust.
The latter was emplaced southwards during the
Late Cretaceous on to the Kirgehir Massif.

The Pozanti-Karsanti Ophiolite, one of the
largest Late Cretaceous ophiolites in this region,
crops out in the eastern Tauride belt of southern
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Turkey and is described by Parlak et al. (box 11
in Fig. 2). It covers an area of approximately
1300 km® between the sinistral Ecemis Fault
Zone to the west and the sinistral East Ana-
tolian Fault Zone to the east. The whole-rock
and mineral chemistry of gabbro-norites from
the ophiolite indicate production in a supra-
subduction zone tectonic setting related to
north-dipping subduction of the northern Neo-
tethyan ocean by the beginning of the Late
Cretaceous. Intra-oceanic subduction induced
formation of the metamorphic sole and the
generation of dyke swarms. Parlak et al. con-
clude that the ophiolite continued to accrete
mélange and was finally obducted over the
Anatolide-Tauride Platform during the Late
Cretaceous or Early Palacocene.

Post-Tethyan basin evolution

Following Late Cretaceous-Tertiary closure of
the Neotethys ocean by collision of dispersed
pieces of Gondwana with Eurasia, several post-
orogenic Neogene basins of various sizes were
developed. The third group of papers presents
detailed description of basin-fill and basin-
bounding structures and provides important
evidence about the tectono-sedimentary and
palaeoceanographic evolution of these basins.

Kazmin er al. report that the Black Sea
comprises western and eastern sub-basins (Fig.
1; box 12 in Fig. 2), which mainly opened in the
Eocene. Two depocentres in the western Black
Sea are interpreted as products of early back-arc
extension which formed in Barremian—Albian
time north of the Pontide arc. By contrast, the
central and eastern part of the basin opened as
an inter-arc basin induced by the rifting of the
Late Cretaceous arc. Following compression in
the Eastern Pontides, the eastern Black Sea
basin opened mainly in the Middle Eocene.
Simultaneous opening of the central-eastern
part of the Western Black Sea Basin and the
Eastern Black Sea Basin (Fig. 1) is attributed to
southward drift of the Pontides and clockwise
rotation of the Andrusov Rise.

Goriir et al. discuss Paratethyan evolution
(box 13 in Fig. 2). Neogene basins of varying
sizes formed after the Late Cretaceous to
Tertiary collision of Gondwana with Eurasia.
Paratethys, defined as an E-W trending land-
locked basin extending from the Rhone Valley
in the west to the Aral Sea in the east, forms one
of them. Its isolation from marine realms such as
the Mediterranean Sea caused drastic changes
in palaeo-oceanographic conditions. From the
distribution of these changes Paratethys is sub-
divided into three parts: Western, Central and

Eastern. The Eastern Paratethys (EP) covers
areas of the Black, Caspian and Aral Seas.
Goriir et al. detail the tectono-sedimentary and
palaeo-oceanographic history of the EP be-
tween the Tarkhanian (Middle Miocene) and
Cimmerian (Pliocene) and describe the Neo-
gene marginal succession in the southern Black
Sea coast and the Marmara regions of Turkey,
supported by palacogeographic maps. In the
Tarkhian, the southern margin of the EP was a
carbonate platform which emerged during the
Late Tarkhian to Early Chokrakian. Isolation of
the basin during the Karaganian was followed
by marine conditions which prevailed until the
Early Konkian when the EP was connected to
the Indo-Pacific Ocean. Ensuing brackish con-
ditions were followed by the widespread Early
Sarmatian transgression, after which the EP was
again isolated during Middle-Late Sarmatian.
During the Pontian the EP was connected to the
Marmara and NE Aegean regions but the link
with the Mediterranean via the Marmara region
did not form until the Late Akchaglylian. In this
respect, the model by Gortir et al. contradicts
previous claims that the Marmara region
formed a link between the Mediterranean and
the Paratethys during most of the Middle
Miocene.

In the Manavgat Basin, on the eastern flank of
the ‘Isparta Angle’ in the western Taurides (box
14 in Fig. 2) Karabyikoglu et al. show that
Miocene basin fill unconformably overlies
Mesozoic rocks which had been imbricated and
overthrust by the Antalya Nappes and Alanya
Massif metamorphic rocks during the Eocene.
Irregularly  distributed  Burdigalian-Lower
Langhian coarse clastic rocks (fluvial/alluvial
fan and fan delta complexes) prograded into a
shelf area filling the pre-existing topography.
They are overlain by transgressive Langhian
reefal shelf carbonates that onlap fan delta
sediments and record a sharp rise in relative
sea-level together with a decrease in sediment
supply. Syn-sedimentary block faulting resulted
in fragmentation and sudden deepening of the
carbonate shelf during which Upper Langhian
to Serravalian breccias, debris flows and
hemipelagic sediments characterized by slumps
and rock falls/slides were deposited. From the
Tortonian until the Messinian, sedimentation
was largely controlled by progressive uplift of
the hinterland as shown by the rapid passage
from high density currents and debris flows to
turbulent coarse-grained fan deltas. These sedi-
ments were later folded during end-Miocene N-
S compression, and unconformably overlain by
undeformed Pliocene fluvial conglomerates.
Three distinct episodes in the evolution of the
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Manavgat Basin are distinguished as an Early
Miocene fan-delta deposition, followed by Late
Burdigalian to Langhian reef limestones and
finaily thick turbidites. Karabiyikoglu et al
conclude by suggesting that the Manavgat
Basin and the northern part of the Adana Basin
display similar evolution and might have been
connected.

Kaymake ef al. report that the Cankin Basin
(Central Anatolia; box 15 in Fig. 2), located
where the Sakarya Continent became attached
to the Pontides and the Kirgehir Massif collided
and sutured along the fzmir-Ankara-Erzincan
Suture (Fig. 1), experienced post-Middle Mio-
cene (c. 9.7 Ma) deformation during extrusion-
related transcurrent motions along the North
Anatolian and East Anatolian fault zones. The
main structures moulding the Q-shaped Cankirt
Basin, which contains more than 4 km of Upper
Cretaceous to Plio-Quaternary sediments, are
thrust faults defining its western and northern
rims and a belt of NNE-striking folds marking
its eastern margin. In the south, the basin fill
onlaps on to the Kirsehir Massif. Other major
structures affecting the basin are the dextral
Kizilirmak and Sungurlu fault zones (KFZ and
SFZ, respectively), which are splays of the
North Anatolian Fault Zone. In making a
kinematic and structural analysis of these struc-
tures by applying palaeostress inversion studies
usingfaultslipdatafromfoursub-areas,Kaymakgi
et al. recognize four deformational phases and
construct the palaeostress configuration for
each. The first two (pre-Late Palacocene and

xiii

Late Palaeocene to Aquitanian) phases were
characterized by thrusting and folding during
the final northward subduction of Neotethys
beneath the Pontides along a roughly E-W
trending trench. The authors suggest that
oblique transpression occurred and propose
that subduction had a dextral strike-slip com-
ponent. The Q-shape of the basin is attributed to
a 30° and 50° clockwise rotation along the
western and eastern margins respectively
during Eocene to Oligocene times, which re-
sulted when collision of a promontory of the
Kirsehir Massif indented the Sakarya Continent
(Fig. 1). The third phase was a Burdigalian to
pre-Tortonian (20.5 Ma to 9.7 Ma) extensional
deformation, driven by gravitational collapse of
the orogen following collision and further con-
vergence of the Sakarya Continent and the
Kirsehir Massif. During this phase, compression
was replaced by extension and multidirectional
normal faults were formed. In the final phase,
linked to regional strike-slip deformation be-
tween the post-Middle Miocene (Tortonian, 9.7
Ma) and the present, most pre-existing struc-
tures were reactivated along inherited planes of
weakness. The western margin, dominated by a
pre-existing thrust fault belt, was reactivated
into a zone of sinistral transpression as the
conjugate of the KFZ and SFZ.

Neotectonics

As the 1999 earthquakes remind us, Turkey is
located on the seismically active ‘Mediterranean
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EAFZ- East Anatolian Fault Zone
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NAFZ- North Anatolian Fault Zone
SAS- Southeast Anatolian Suture

Fig. 3. Simplifed neotectonic map of Turkey showing its major structures. Heavy lines with half arrows are
strike-slip faults with arrows showing the relative movement sense. The heavy line with filled triangles shows a
major fold and thrust belt (Southeast Anatolian Suture): small triangles indicate direction of vergence. The
heavy line with open triangles indicates an active subduction zone, its polarity indicated by the tip of small
triangles. Bold filled arrows indicate relative movement direction of African, Arabian and Eurasian Plates; open

arrows, relative motion of Anatolian Plate.
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Earthquake Belt’. The Turkish section is out-
lined by three major structures (Fig. 3). The first
of these is the Hellenic-Cyprus Trench, a con-
vergent plate boundary between the African
Plate in the south and the Anatolian Plate in
the north. The African Plate is descending down
the trench towards the NNE beneath the Ana-
tolian Plate. The other two major structures are
the dextral North Anatolian and sinistral East
Anatolian fault zones (Fig. 3). Along these
intracontinental strike-slip fault zones, the Ana-
tolian Plate is being extruded towards the WSW
between the converging Eurasian and Arabian
Plates. The western half of the Anatolian Plate
is dominated by N-S directed extension and
consequent E-W, NE- and NW-trending horst
and graben structures.

Western Anatolia is a part of the Aegean
extensional system, embracing a large area that
also includes much of Greece, Macedonia,
Bulgaria and Albania. The origin and age of
extension in the Aegean have long been
debated and the papers contained in the Neo-
tectonics section provide new evidence that
contributes to a better understanding of this
complex area. Following a broad review of
extensional tectonics (Burchfiel et al and Y.
Yilmaz et al.), more geographically focused
studies are described by Bozkurt, Kogyigit ef al.
and Tatar et al.

Evidence from the southern Balkan Penin-
sula and the northern part of the Aegean ex-
tensional system is presented by Burchfiel er al.,
who review Middle Miocene to Recent tectonic
evolution of Bulgaria and northern Greece (box
16 in Fig. 2). They suggest that Late Eocene to
Early Miocene arc-normal extension continued
contemporaneously with convergence in
Greece, FYR Macedonia, Bulgaria and Turkey
and was induced by crustal weakening due to
magmatic and radiogenic heating of thickened
crust following final closure of the Vardar-
Izmir—Ankara Zone (Fig. 1) by northward sub-
duction.

In Early or Middle to early Late Miocene
time (26-21 Ma), major regional lithospheric
extension occurred along NW-trending struc-
tures oblique to an older magmatic arc. A
second phase of NE-directed extension pro-
duced low-angle detachment faults and was
accompanied by a short period of coeval com-
pression. Extension then migrated northward
into SW Bulgaria at ¢. 16 Ma. Burchfiel et al
interpret this extension in terms of roll-back of
the Hellenic Trench, which is also expressed by
southward migration of the Hellenic volcanic
arc. They speculate that this may also have
occurred in FYR Macedonia and eastern

Albania. N-S extension along E-W striking
faults in central Bulgaria began at ¢. 9 Ma and
extended westward, with decreasing magnitude,
into SW Bulgaria and FYR Macedonia in the
Quaternary, cutting across older NW-trending
grabens. This continued extension is ascribed
either to trench roll-back along the southern
part of the Hellenic subduction system or to
local anticlockwise rotation of NW Anatolia
relative to part of FEurasia, including NW
Greece and Albania (western Hellenides). In
the Late Pliocene a widespread major erosion
surface referred to as the ‘sub-Quaternary sur-
face’ developed and is marked by an angular
unconformity or disconformity between Upper
Pliocene and Lower Quaternary strata. The
presence of this surface high in the mountains
(e.g. Rhodopian Mountains) demonstrates sig-
nificant Quaternary displacements along normal
faults associated with N-S§ extension. During the
Late Pliocene (c. 3-4 Ma), deformation in SW
Bulgaria and northern Greece was expressed by
continued NE-SW to N-S§ extension and associ-
ated NE- to E-W striking dextral strike-slip
faults; these functioned as transfer faults be-
tween areas of extension. This deformation is
thought to have resulted from propagation of
the dextral North Anatolian Fault Zone into the
northern Aegean and formation of parallel
faults to the north. In addition to these two
different tectonic regimes, a third phase of E-
W extension related to continued trench roll-
back along the northern part of the Hellenic
subduction system prevailed in western FYR
Macedonia and eastern Albania. This, in turn,
suggests that there were three areas with diffuse
boundaries characterized by different styles of
extensional tectonism in the southern Balkan
region during the last 4 Ma: (1) N-S extension in
central Bulgaria; (2) coupled strike-slip and
NE-SW extension in SW Bulgaria, northern
Greece and central FYR Macedonia; and (3)
E-W extension in western FYR Macedonia and
eastern Albania.

Based on evidence from seismicity and GPS
studies, Burchfiel et al. propose that the active
deformation in northern Greece, SW Bulgaria
and FYR Macedonia is Late Quaternary N-S
extension, and that dextral strike-slip movement
on the North Anatolian Fault Zone must have
begun at about 4 Ma. Finally they conclude that
mountainous topography in the southern
Balkan region results from Miocene to Recent
extension with different causes involving a com-
plex interplay between the Hellenic Trench,
westward escape of Anatolia, and N-S exten-
sion and rotation of Anatolia (Fig. 3).

Y. Yilmaz et al. use new data to explain the
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timing and mechanism of the western Anatolian
graben system, and distinguish five major stages
in the tectonic evolution of western Anatolia
(box 17 in Fig. 2). The first stage is the Late
Cretaceous-pre-Miocene pre-graben stage.
Late Cretaceous to pre-Middle Eocene collision
between the Sakarya Continent and Anatolide—
Tauride Platform along the Izmir—Ankara—
Erzincan Suture was followed by compression.
This produced N- and S-directed thrusting
which continued until the Late Eocene—Oligo-
cene in the Pontides and the Late Miocene in
the Taurides. Eocene crustal thickening and
synchronous HT/M-HP metamorphism (main
Menderes metamorphism) in the Menderes
Massif (Fig. 1) was associated with widespread
upper mantle and crustal melting. By the Early
Miocene uplift and exhumation of the Menderes
Massif had already occurred along low-angle
thrusts, back thrusts and the associated normal
faults recognized extensively in the massif.

In the second stage during the Early Miocene,
N-S trending grabens were initially formed in
an E-W extensional regime. The graben-bound-
ing faults, which are strike-slip faults with con-
siderable dip-slip movement, form conjugate
pairs possibly developed during a N-S com-
pression which is also indicated by development
of gentle E-W trending folds and local reversed
faults in the Lower Miocene successions. The
Kale-Tavas Basin, initiated during the Chattian
(Late Oligocene), earlier than the other N-S
grabens, and previously regarded as a molasse
basin with respect to the Menderes Massif, is
interpreted here as a piggyback basin situated
above the southerly transported Lycian Nappes.
The authors also note the lack of stratigraphic
contact between the Kale-Tavas Basin and the
Menderes Massif and suggest that this part of
the Menderes Massif remained buried beneath
the Lycian Nappes throughout the Late Oligo-
cene.

N-S extension in western Anatolia began
during the Late Miocene (third stage, early N-
S extension). During this stage, major N- and S-
facing breakaway faults (low-angle detachment
faults) were formed to bound the southern and
northern flanks of the Bozdag horst in the
central Menderes Massif. Along these detach-
ments the footwall high-grade metamorphic
rocks and Miocene pre-tectonic granites of the
Menderes Massif were progressively deformed,
uplifted and juxtaposed against Upper Miocene
continental red beds on the hanging wall. The
faults remained active during the Late Mio-
cene, later than previously considered (Early
Miocene). Further away from the Bozdag
horst, in the hanging wall of the detachment

faults, Upper Miocene sediment deposition was
controlled by developing N-S trending cross-
grabens. The graben-bounding cross-faults rep-
resent reactivated faults that controlled Early
Miocene E-W extension. They also suggest
that E-W trending normal faults and associated
grabens, which initially began to develop
during the Late Miocene, were linked to the
extrusion of 9-6 Ma alkaline basaltic lavas. N-
S extension ceased at the end of the Late
Miocene and uplift produced a major erosion
surface marked by an angular unconformity or
disconformity above Upper Miocene-Lower
Pliocene strata (fourth stage). The presence of
this erosion surface high in the mountains
demonstrates that N-S extension was rejuve-
nated (fifth stage, a later stage of N-S exten-
sion) and that significant Plio-Quaternary
displacements occurred along these normal
faults. Late Miocene structures were cut and
displaced during this phase. This second, Plio-
Quaternary, phase of N-S extension produced
the existing E-W trending grabens in western
Anatolia. The Lower-Middle Miocene fluvial-
lacustrine sediments have no genetic relation-
ships to these grabens, as recently suggested. Y.
Yilmaz et al. conclude that the timing of west-
ward escape of Anatolia along its boundary
faults was synchronous with, and may be re-
sponsible for, rejuvenation of N-S extension
and development of the neotectonic ex-
tensional regime in western Anatolia.

This paper also distinguishes two magmatic
episodes: (1) an Oligocene~Early Miocene high-
K calc-alkaline hybrid magmatism that is late/
post collisional with respect to Tethyan con-
vergence; (2) Late Miocene-Pliocene alkaline
continental rift-related volcanism. The non-
volcanic period (14-10 Ma) between these two
phases corresponds to the time of transition
from N-S compression to N-S extension in
Western Anatolia. This period has been evalu-
ated as late orogenic extension following exces-
sive crustal thickening.

In two successive papers Bozkurt and Kogyi-
git et al. describe new structural and strati-
graphic evidence for episodic two-stage graben
formation in two case studies from the Biyiik
Menderes Graben in western Anatolia and the
Aksehir—Afyon Graben in west Central Ana-
tolia, respectively (boxes 18 and 19 in Fig. 2,
respectively). The basin fill in both grabens
consists of two major sequences: deformed
Miocene fluvio-lacustrine sediments overlain
unconformably by undeformed, nearly horizon-
tal Plio-Quaternary sediments. The older infill is
folded and thrust faulted in the Aksehir-Afyon
Graben while it is back-tilted northward and
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locally folded in the Biiyiik Menderes Graben.
Both grabens exhibit evidence for two-stage
extension where an initial phase of extension
related to orogenic collapse of the overthick-
ened crust, which followed Late Palacogene
collision across the Neotethyan ocean, was
superseded by later and steeper normal faults
during the Pliocene. The deformation of older
basin fill is attributed to a short phase of com-
pression resulting from a probable variation in
kinematics of the Eurasian and African Plates in
the Late Miocene, a time which also corre-
sponds to a major break in sedimentation and
magmatism, and a regional folding event, across
many western Anatolian basins. Bozkurt further
suggests that the Miocene sediments were
deposited on the hanging wall of the normal
fault(s) and that the metamorphic rocks of the
Menderes Massif in the footwall were
deformed, mylonitized and progressively
exhumed. The second, neotectonic phase of
extension, was triggered by the initiation of
strike-slip movement along the North Anatolian
and East Anatolian fault zones during the Plio-
cene and is attributed to the westward tectonic
escape of the Anatolian Plate along these struc-
tures. The fault controlling the early phase of
extension in the Biiylik Menderes Graben may
have been reactivated during the second phase.
Kogyigit et al. conclude that the Aksehir Fault is
an oblique-slip normal fault forming part of the
current extensional regime of west Central
Anatolia and the Isparta Angle region; this
contrasts with previous interpretations which
interpreted it as a reverse fault belonging to a
compressional neotectonic regime. Bozkurt
further suggests that the basal Miocene red
clastic rocks cannot be regarded as passive
graben fill. Because the initiation of movement
on younger faults bounding the present graben
floor is constrained to ¢. 1 Ma, the age of the
Biiylik Menderes Graben is Pliocene, younger
than previously considered (Early-Middle Mio-
cene). He concludes that western Anatolia is an
example of a region that experienced two modes
of extension: ‘core-complex mode’ and ‘wide-
rift mode’, reflecting significant changes in the
tectonic setting of western Anatolia which can
be attributed to orogenic collapse followed by
tectonic escape.

The eastern and central parts of the Anato-
lian Plate are dominated by active, intraconti-
nental dextral and sinistral strike-slip faults.
Tatar et al. report a palaesomagnetic study from
the Erciyes sector of the sinistral Ecemis (or
Central Anatolian) Fault Zone and comment on
neotectonic deformation in the SE part of the
Anatolian Plate (box 20 in Fig. 2). They also

summarize palaeomagnetic evidence for neo-
tectonic deformation across a broad zone
extending for at least 300 km between the
sinistral East Anatolian and dextral North
Anatolian fault zones. Their palacomagnetic
study of young (1-2 Ma) lava flows across the
Ecemis Fault Zone identifies block rotations in
this part of Anatolia of ¢. 10° counterclockwise
during the last 1 million years. Between the East
Anatolian Fault Zone in the south and the
North Anatolian Fault Zone in the north, the
degree of counterclockwise rotation during the
tectonic escape within the last 2-3 Ma
diminishes from c¢. 25° in the east to ¢. 10° in
the SW. This reflects a transition from highly
strained to less strained crust as the width of the
Anatolian Plate confined between the Arabian—
Eurasian pincer broadens to the west.

Igneous activity

Although volcanism in Turkey is currently
quiescent, there is abundant evidence that
magmatism has been associated with all stages
in its tectonic evolution. Studies of both intru-
sive and extrusive rocks, their geochemistry and
the relationship between deformation and their
age of emplacement therefore provide vital
additional information about the progressive
tectonic evolution of the area.

Boztug describes the mineralogy and whole-
rock major and trace element geochemistry of
intrusive associations in the Kyrsehir Massif
(Fig. 1; box 21 in Fig. 2). He evaluates the
geodynamic significance of these data in the
context of the Late Cretaceous synchronicity of
these collision-related granitoids with meta-
morphism in the massif. The intrusive associ-
ations record differences in geological setting
and are classified into three groups: (1) syn-
collisional, S-type peraluminous two-mica
leucogranites; (2) post-collisional, I-type meta-
luminous hybrid monzonites; and (3) post-
collisional and within-plate, A-type alkaline
rocks including monzonites and syenites.
Boztug suggests that metamorphism and
magmatism were synchronous during Late
Cretaceous Anatolide-Tauride Platform and
Pontide collision along the Izmir-Ankara—
Erzincan Suture Zone (Fig. 1). The metamorph-
ism inverted the passive margin of the Ana-
tolian Plate during collision, accounting for a
decrease in metamorphic grade from north to
south. Subsequent magmatism along the Ana-
tolian passive margin is manifested by success-
ive episodes of syn-collisional peraluminous,
post-collisional calc-atkaline hybrid and post-
collisional within-plate alkaline pulses.
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Arger et al. present evidence for two episodes
of basaltic magmatism in southeastern Turkey
(box 22 in Fig. 2) at c. 19-15 Ma and c. 2.3~
0.6 Ma based on K-Ar dating. Each episode
produced olivine—titanaugite basalts in both the
Anatolian Plate and the Arabian Plate which
are difficult to classify using any conventional
model. Because Miocene magmatism predated
the onset of the modern strike-slip regime in
eastern Turkey, but the Plio-Quaternary mag-
matism did not, there is no obvious tectonic
explanation for the timing or chemistry of this
volcanicity. The authors therefore propose that
both episodes, together with associated crustal
thickening and uplift, resulted from inflow of
plastic lower crust from adjoining regions. Thus,
although this region has remained in a plate
boundary zone for tens of millions of years,
volcanism has no direct relationship to local
plate motions. They suggest that both episodes
of volcanism are the result of loading effects
induced by glacial sea-level variations which
caused net flow of lower crust from beneath the
offshore shelf to the land; this could have been
contemporary with Early-Middle Miocene
moderate glaciation of Antarctica and more
intense lowland glaciation of the northern hemi-
sphere which began around 2.5 Ma.

Finally, in a study of some of the most recent
volcanic rocks in the area, and rocks which can
be most closely associated with the present
tectonic regime, Yurtmen ef al. describe petro-
graphical and geochemical characteristics of
Plio-Quaternary volcanicity represented by
small scoria cones and associated basanite and
alkali-olivine basalt lavas north of Iskenderun
Gulf (Southern Turkey) (Fig. 1; box 23 in Fig.
2). These volcanic rocks lie along the active
sinistral NE-SW trending Karatas-Osmaniye
Fault Zone (KOFZ) which forms part of the
modern Anatolide—African plate boundary and
the southern Neotethys suture. The main ex-
posures are concentrated at the intersection of
these two structures. The chemistry of the alka-
line lavas resembles ocean island basalts (OIB)
and intra-continental plate basalts, with a mag-
matic source in the asthenosphere similar to
OIB. This source has HIMU character and is
regarded as a mixture of depleted mantle with a
plume component; it is classified as one of the
mantle end-members for young extension-
related alkaline basalts. Based on the similarity
of geochemical characteristics of the Iskenderun
Gulf volcanics with OIB, Yurtmen ef al. empha-
size the importance of extension-related alkali
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basalts and subduction-related basalts although
a tectonic interpretation is precluded by absence
of local extension, subduction or mantle plume
activity in this region.

The thematic set of papers in this volume have been
selected from papers presented at the Third Inter-
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Middle East Technical University (METU), Ankara
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and Technical Research Council of Turkey
(TUBITAK), the American Association of Petroleum
Geologists (AAPG) and a range of industrial spon-
sors, including the Turkish Petroleum Corporation
(TPAO), BP Exploration, Etibank, Perenko, Rio Tur
Madencilik A.$. (Rio Tinto), Perenko, Cominco and
Arco. The editors would like to thank all reviewers,
the Organizing Committee, the staff and students at
METU who helped to ensure that the conference ran
smoothly. Facilities supplied by the departments of
Geological Engineering at METU, Earth Sciences at
Keele University and Earth Sciences at Liverpool
University during preparation of this volume are
gratefully acknowledged. Thanks are due to Dr R. E.
Holdsworth (Series Editor) for his continuous encour-
agement, help and comments during the preparation
of this volume and to the Geological Society Publish-
ing House, particularly to Joanna Cooke for her edi-
torial work and Angharad Hills for her continuous
help at every stage of this volume.
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Abstract: Diachronous subsidence patterns of Tethyan margins since the Early Palacozoic
provide constraints for paleocontinental reconstructions and the opening of disappeared
oceans. Palaeotethys opening can be placed from Ordovician to Silurian times and
corresponds to the detachment of a ribbon-like Hun Superterrane along the Gondwanan
margin. Neotethys opening took place from Late Carboniferous to late Early Permian from
Australia to the eastern Mediterranean area. This opening corresponds to the drifting of the
Cimmerian superterrane and the final closing of Palaeotethys in Middle Triassic times.
Northward subduction of Palaeotethys triggered the opening of back-arc oceans along the
Eurasian margin from Austria to the Pamirs. The fate of these Permo-Triassic marginal
basins is quite different from areas to area. Some closed during the Eocimmerian collisional
event (Karakaya, Agh-Darband), others (Meliata) stayed open and their delayed subduc-
tion induced the opening of younger back-arc oceans (Vardar, Black Sea). The subduction
of the Neotethys mid-ocean ridge was certainly responsible for a major change in the
Jurassic plate tectonics. The Central Atlantic ocean opened in Early Jurassic time and
extended eastwards into the Alpine Tethys in an attempt to link up with the Eurasian back-
arc oceans. When these marginal basins started to close the Atlantic system had to find
another way, and started to open southwards and northwards, slowly replacing the Tethyan

ocean by mountain belts.

There is still some confusion about what
Tethys existed at what time (e.g. $engor 1985).
A consensus exists, however, regarding the
presence of a mainly Palaeozoic ocean north of
the Cimmerian continent(s): the Palaeotethys,
a younger Late Palaeozoic—-Mesozoic ocean
located south of this continent — the Neotethys
- and finally a Middle Jurassic ocean — the
Alpine Tethys (Favre & Stampfli 1992; Stampfli
& Marchant 1997) an extension of the Central
Atlantic, which broke through the Pangea
supercontinent. These three oceanic realms
form the Tethyan domain s./. extending from
Morocco to the Far East (Sengér & Hsi
1984).

The subsidence history of these oceans to
support this group’s proposed paleocontinental
reconstructions is discussed here. These recon-
structions have been done in the frame of the
IGCP 369 project and the EUROPROBE-
PANCARDI project to serve as a basis for
discussion. Through the ongoing process of
data collection these reconstructions have
evolved and will, it is hoped, evolve further to
give a larger consensus about their validity.

These reconstructions are presently displayed
on the website in Lausanne (www.sst.unil.ch),
focusing mainly on the western Tethyan realm
and the Alpine domain. The arguments which
led to the present state of these reconstruction
are found in Stampfli er al. (1998 a, b, 2000) and

Stampfli & Mosar (1999). Regarding the Alpine
domain s.str., the reader is referred to Stampfli
(1993) and Stampfli & Marchant (1997), which
discuss the opening of the Piemont and Valais
Oceans. The Late Variscan evolution of the
western Tethyan realm is discussed in Stampfli
(1996), a review paper with a large reference list
about the southern Variscan domains.

Some definitions

The first geodynamically correct definition of
the main Tethyan oceans, based on extensive
field work in the Middle East, was given by
Stocklin (1974). He recognized a Late Palaeo-
zoic?-Triassic oceanic realm cutting through the
epi-Baikalian (Pan-African-Gondwanan) Plat-
form and separating the Iranian Plate from
Arabia — which he called Neotethys — and
another older oceanic realm separating the
Iranian epi-Baikalian (Panafrican) domain
from the Variscan Turan domain to the north -
which he called Palaeotethys.

Following this proposal, an investigation of
the eastern Alborz Range was begun (Stampfli
1978), effectively defining it as a potential
southern margin of Stocklin’s (1974) Palaeo-
tethys ocean. The opening of this Palaeozoic
ocean was placed in Silurian time. At the
same time, the ophiolites of Mashhad were

From: BozKURT, E., WINCHESTER, J. A. & PirERr, J. D. A. (eds) Tectonics and Magmatism in Turkey and the
Surrounding Area. Geological Society, London, Special Publications, 173, 1-23. 1-86239-064-9/00/$15.00

© The Geological Society of London 2000.
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recognized as most likely pertaining to the
Palacotethys suture [see the review of Ruttner
(1993) concerning these ophiolites].

The drifting of the Irano~Afghan Block from
Gondwana to Laurasia was then clearly recog-
nized and constrained by the evolution of the
microflora of the Iranian Block from a Gondwa-
nan affinity in Carboniferous time (Coquel et al.
1977; Chateauneuf & Stampfli 1979) to a Eur-
asian affinity in Late Triassic time (Corsin &
Stampfli 1977). The Eocimmerian Orogeny was
also defined in Iran at that time, as a result of the
closing Palaeotethys and Middle Triassic col-
lision of the Iranian Block with the Eurasian
Turan Block (Stampfli 1978).

This concept was later extended further west
(Turkey) and east (Tibet, Far East) by Sengor
(1979, 1984); who defined the Cimmerian Block
as a ribbon-like microcontinent separating Neo-
tethys from Palaeotethys (Sengor & Hsii 1984),
he also defined, at the same time, the Cimmer-
ian deformation as non-Hercynian or post-
Hercynian. $engor’s definition of Palaeo- and
Neotethys (e.g. Sengdr 1989) is similar to Stock-
lin’s (1974), with a major deviation which
became clearer with time — Sengor viewed the
opening of the Neotethys as the spreading of a
back-arc ocean. This proposal implied that the
Gondwana margin was an active margin in
Permo-Carboniferous times and that margin
would then belong to the Variscan domain s.l.
[the Podataksasi zone of Sengor (1990, 1991)].
This assumption was based on an erroneous
interpretion of the uplift and erosion of the
Neotethys rift shoulders of northern India,
Oman, Iran and Turkey as proof of Variscan
deformation within the epi-Baikalian (Pan-Afri-
can) domain (e.g. Oman ~ Michard 1982; Sengor
1990: India — Fuchs 1982; Bagati 1990: Turkey —
Demirtagl 1984). The geometry of this Permian
unconformity, its age compared to the rifting
period, the geochemistry of associated basalts,
the sedimentary record and the geodynamic
context, imply a synrift thermal uplift and not a
contemporaneous orogenic event, as clearly
demonstrated in all these areas by thorough
field work done in the last ten years (e.g. Mann
& Hanna 1990; Pillevuit 1993; Vannay 1993;
Garzanti et al. 1994, 1996; Pillevuit et al. 1997).
Similarly, Ricou (1974) and Braud (1987) never
spoke of Variscan deformation or metamorph-
ism concerning the Sanandaj-Sirjan Zone (the
Iranian part of the Podataksasi Zone); they
regarded the metamorphic rocks of this region
as a retrogressed epi-Baikalian basement [this is
also indicated on the 1: 1 000 000 map of Iran
(Huber & Eftekhar-Nezhad 1978)]. Lower
Permian limestones and volcanics rest on this

Precambrian basement; they can be regarded as
syn- to post-rift deposits of the northern margin
of Neotethys. The development of greenschist
facies metamorphic conditions in these areas
may be related to the Permian Neotethyan
rifting phase, or to younger intrusive events
(Berberian & Berberian 1981) when these
regions became part of the northern Neotethyan
active margin.

Stocklin’s (1974) original definition of Palaeo-
tethys is therefore correct; it separates the
Variscan domain from the epi-Baikalian (Pan-
African) domain and its closure in Triassic times
produced the Eocimmerian tectonic event
which is always found south of the Variscan
domain. The complete Triassic closure of
Palaeotethys on an Iranian transect was proven
later on by paleomagnetic studies (e.g. Schmidt
& Soffel 1984; Lemaire 1997, Soffel & Forster
1984), confirming the conclusions reached pre-
viously based on floral and microfloral distri-
bution (e.g. Corsin & Stampfli 1977).

As proposed by Sengor (1979), the Cimmer-
ian orogenesis was of collage type and never
produced a large mountain belt. This can be
explained by the presence of intra-oceanic arcs,
back-arc marginal seas and oceanic plateaus,
located between the Cimmerian and Eurasian
Plates (see below), which strongly reduced the
effects of crustal thickening. In many cases the
Palaeotethys suture zone was used for the open-
ing of Jurassic marginal oceans during the
subduction of the Neotethys (e.g. Caspian Sea,
Izmir-Ankara Suture), complicating somewhat
the image one can reconstruct of the former
geometry of the Palaeotethyan margins.

The reconstructions

Presented here are a set of maps, together with
subsidence curves, for key times in the Palaeo-
zoic and Mesozoic. The plate reconstructions
were computed by the GMAP (Geographic
Mapping and Palaeoreconstruction Package)
program developed by Torsvik & Smethurst
(1994). These maps are based mainly on a
review of the following articles and books:

e palacomagnetics — Embleton (1984), Klitgord
& Schouten (1986), Rowley & Lottes (1988),
Van der Voo (1993) and Powell & Li (1994);

e palacoreconstructions — Zonenshain et al.
(1985), Ziegler (1988b), Hutchison (1989),
Ziegler (1990), Zonenshain et al. (1990),
Baillie er al. (1994), Khain (1994a), Niocaill
& Smethurst (1994), Sengoér & Natal’in
(1996), Stampfli (1996) and Torsvik & Eide
(1998).
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Most of the references concerning the palaeo-
zoic evolution of the Alpine s./. region have
been taken from recent compilations, e.g.:

e Societa-Geologica-Italiana (1979);

o IGCP project 5 — Fliigel et al. (1987) and Sassi
& Zanferrari (1989);

e IGCP project 276 — Baud et al. (1991b) and
Carmignani & Sassi (1992);

e von Raumer & Neubauer (1993);

o IGCP project 369 (started in September 1994)
— see web site www.sst.unil.ch or
www.geomin.unibo.it/orgv/igep/igep.him,

e PANCARDI project (a Europrobe project
started in 1994) — see web site
www.geofys.uu.se/eprobe/.

A Pangaea A fit is used since the Late Carbon-
iferous (Stampfli 1996). The Pangaea B concept
(Irving 1977) could be applied for the Early
Carboniferous period, it would then slowly
grades into a Pangaea A position towards the
end of the Carboniferous. A Triassic Pangaea B,
proposed by some palacomagnetic studies
(Muttoni ez al. 1996; Lemaire 1997; Torq 1997),
is certainly not supported by geological evi-
dence, mainly regarding the 3000 km dextral
strike-slip motion during the Triassic sup-
posedly passing through Morocco. The feature
generally used to transform the Pangaea B in A
is the Tizi-n-Test Fault Zone of the High Atlas,
but this has proven not to be a dextral but a
sinistral Tertiary shear zone, and only of local
importance (Jenny 1983). Also, the lasting
marine sedimentation and calc-alkaline volcan-
ism in southern Europe until the Late Carbon-
iferous-Early Permian [see the review of field
data in Stampfli (1996)] favour a Pangaea A
model, because the Pangaea B model would
imply a total closure of Palaeotethys up to the
Caucasus before the Permian, but Late Carbon-
iferous granites (De Bono 1998), or sedimentary
sequences, of Greece (e.g. Phyllite—quartzite
Group: Krahl ef al. 1983, 1986; Krahl 1992) are
not affected by Variscan metamorphism.

Prototethys

This as yet little known oceanic realm bordering
Gondwana on its North African to Australian
side in Late Proterozoic and/or Early Palaeo-
zoic time will not formally be defined here. It
could be characterized by the deposition of the
‘Sinian’ sedimentary cycle in many areas located
in the vicinity of this ocean, as shown in Fig. 1
(Morocco, Arabia, Iran, India, China). Most of
these areas are also affected by Pan-African
deformation, followed by the deposition of a

new cycle of sedimentation usually starting in
Cambrian times. Was the Prototethys a mainly
Late Proterozoic ocean or a mainly Cambrian
ocean? This is still an open question. This
group’s reconstructions suggest that Baltica—
Siberia could have drifted away from Gond-
wana, opening the Prototethys in Early Palaco-
zoic time, a model also proposed by Torsvik &
Eide (1998).

The Early Palacozoic subsidence curves from
Iran and India (Fig. 2; curves 2 and 3), possibly
associated to the Prototethys thermal subsi-
dence, could also be interpreted as resulting
from the formation of a flexural foreland basin
in view of the accelerating subsidence. This,
together with other arguments presently in
review, led this group to propose the accretion
of an arc to the Prototethyan margin in Ordo-
vician times. Followed here the idea of Sengor
& Natal’in (1996) concerning the development
at that time of a large intra-oceanic arc complex
south of Siberia, the Kipchak Arc now forming
the Kazakhstan Plate. This arc was extended to
the south of Baltica and included in it were all
the Alpine basement elements which comprise
Ordovician granites, sometimes associated with
remnants of oceanic crust or even eclogites of
that age (von Raumer er al. 1993, 1998). The
Rheic ocean is then viewed as the back-arc
ocean located between Baltica and this Panal-
pine Arc. The Mauretanian ocean would open
at the same time, possibly also as a back-arc
basin due to the drifting away of Avalonia from
the west coast of Africa. In view of its obduction
onto the Baltica passive margin, the Iapetus
ocean is represented here as a suprasubduction
zone ocean opening at the expense of an older
ocean.

Palaeotethys

The gentle docking of the ‘Pan-Alpine’ Ordo-
vician arc was immediately followed by the
southward subduction of the fast-spreading
Rheic ocean. After subduction of its mid-ocean
ridge, slab roll-back affected the remnant Rheic
ocean and triggered the opening of Palaeotethys
(Fig. 3). The ribbon-like continent being drifted
away from Gondwana is therefore a composite
terrane that this group term the Hun Super-
terrane [it contains most of the areas devastated
by Attilal; see Stampfli (1996) and von Raumer
et al. (1998)]. This Hun Terrane includes all the
fragments accreted to Europe during the Var-
iscan cycle and it extended eastwards to the
Karakum (Turan) and Tarim areas, and possibly
to the north China Block.
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GONDWANA

Fig, 1. Early Ordovician reconstruction, 490 Ma. The drifting of Baltica (including Ta, Taymir) and Siberia took
place either from the south American side of Gondwana or the Indian side of Gondwana. Palacomagnetic data
do not provide enough constraints to decide on this. An intra-oceanic arc extends from Siberia to the south of
Baltica [Ki, Kipchak Arc of Sengor and Natal’in (1996); and the Hun Cordillera terranes). The opening of the
associated back-arc oceans resulted in the seafloor spreading of the Rheic and Khanti-Mansi Oceans at the
expense of Prototethys. The drifting of Avalonia (E-Av, W-Av) off the coast of western Africa probably opened
the Rheic-Mauretanian Ocean at the same time. In Early Palacozoic Gondwana is bordered by the following
blocks. Hun Cordillera terranes: Eatly Palaeozoic active margin of the Hun composite terrane from west to east:
OM, Ossa—Morena; Ch, Channel terrane; Sx, Saxo—Thuringian; Is, Istanbul; Po, Pontides; Li, Ligerian; Md,
Moldanubian; MS, Moravo-Silesicum; He, Helvetic; sA, south Alpine; Pe, Penninic; AA, Austro-Alpine; Cr,
Carpathian; Tn, north Tarim. Hun Gondwana terranes: blocks forming the northern margin of Palaeotethys,
from west to east: Ib, Iberic; Ar, Armorica; Mo, Moesia; Ct, Cantabria; Aq, Aquitaine; Al, Alboran; Ia, intra-
Alpine (Adria, Carnic, Austro-Carpathian); DH, Dinaric-Hellenic; Kr, Karakum-Turan; Pa, Pamirs; Ts, south
Tarim; Qa, Qantang. The Cimmerian terrane: blocks forming the southern margin of Palaeotethys that were
detached during the Late Permian opening of Neotethys, from west to east: Ap, Apulia s.str.; HT, Hellenides—
western Taurides externides; Me, Menderes-Taurus; Ss, Sanandaj-Sirjan; Al, Alborz; Lt, Lut—Central Iran; Af,
central Afghanistan; sT, south Tibet; SM, Sibu Masu. Anamian blocks: defining the future northern and southern
branch of Paleotethys: nT, north Tibet; IC, Indochina and Borneo; sC, south China. Numbers 1-4 refer to the
position of the subsidence curves of Fig. 2.
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Fig. 2. Geohistory of the northern and southern margins of the Neotethys (southern margin of Palaeotethys)
since the Cambrian. The stratigraphic data were collected for: curve 3 near the Neotethyan margin shoulder of
northwest India, ¢. 100 km south of the Indus Suture Line in High Lahul (Vannay 1993); for curve 2 from the
southeastern border of the Caspian Sea (Eastern Alborz Belt) near the Palaeotethyan margin shoulder in the

Iranian Cimmerian Block (Stampfli 1978); and for curve

1 in the Central Taurus in Turkey, between the

Palaeotethyan suture and the East Mediterranean oceanic realms (Demirtash 1984, 1989) (see palaeogeographic

position in Figs 1 and 3-5). The data for the Canning Ba;
Gradstein & Ogg (1996).

Subsidence patterns of selected areas along
the Palaeotethyan margins show that the ther-
mal subsidence of this ocean was diachronous,
starting in the Early Ordovician from the east
(Australia-India) to Early Silurian in the west
(Turkey). From faunal (e.g. Robardet et al
1994) and palaecomagnetic data, it appears that

sin are from AGSO (1995) and the timescale is from

Avalonia (east and west, including the Brabant
Terrane) drifted away from Gondwana before
the Hun Terranes. In contrast, the Armorican
Terrane remained close to Gondwana until the
Ordovician (Perroud er al 1984), when it
accelerated its journey to collide with Laurussia
in the Devonian. Therefore, Armorica s./
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Fig. 3. Early Silurian reconstruction, 435 Ma. Baltica and Avalonia have been accreted to Laurentia—Barentsia
(Ba) and the Pan-Alpine Arc accreted to Gondwana. The opening of Palaeotethys separated the Hun

Superterrane from Gondwana. This opening took place in a context of diachronous back-arc spreading and slab
roll-back of the Rheic Ocean. See Fig. 1 for the legend of the terranes. 1-4, Position of the subsidence curves of

Fig. 2.

(Brioveria) is included in the Hun Superterrane
and is placed north of North Africa based on
palaeomagnetic data (see Torsvik & Eide 1998),
which show a separation of Armorica from
Gondwana not before Early Silurian.
Therefore, the Hun Superterrane is spread
over a relatively large palaeolatitudinal area
(from 60° south to the equator); large changes
of facies are expected between Armorica and
terranes now found in the Alps (e.g. Carnic and
Austroalpine domain). For terranes located
within the tropical zone (Alps, Spain, southern
France) it can be shown that they present a very

similar stratigraphic evolution to that of the
Gondwana margin in Iran (Alborz) or Turkey
(Taurus) from the Siturian to the Carboniferous;
they are interpreted as representing the north-
ern Palacotethyan margin (Stampfli 1996).
During the Carboniferous, terranes derived
from the Hun Superterrane developed pelagic
sedimentation followed by flysch deposits
before being accreted to the Avalonia-Baltica
margin. On the contrary, carbonate platform
sedimentation continued along the Gondwana
margin until the Namurian-Moscovian in North
Africa (Lys 1986; Vachard et al 1991), with
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pelagic sedimentation persisting until Permian
time in the Sicanian basin located north of Sicily
(Catalano et al. 1988, 1992; Kozur 1990). East of
a Palaco-Apulian promontory [southern
Greece, Turkey, Iran; see Vai (1991)], the car-
bonate platform lasted until Early-Middle
Triassic. This shows a diachronous closure of
Palaeotethys from Moscovian to Early Triassic
time from Morocco to Greece, along what was
certainly a very oblique convergence zone.

The Variscan and Eocimmerian event
and the marginal oceans

In Europe, the “Variscides collisional processes’
are generally regarded as extending from the
Early Devonian to the Late Carboniferous, and
the ‘Tethyan cycle’ (opening of the Alpine
Tethys—Central Atlantic system) as not starting
before mid-Triassic times. An apparent lack of
major tectonic events during the Permian and
Triassic southwestern Europe, or in the Appala-
chian domain, documents the welding of Gond-
wana with Laurasia to form the Permian
Pangaea. But the Variscan domain extends
over the whole Alpine area and even further in
the Dinarides and Hellenides, northern Turkey
and the Caucasus. It also extends in time, with
deformations becoming younger, possibly grad-
ing into Eocimmerian (Triassic) deformations
southwards and eastwards. As shown in Fig. 4,
in the Late Carboniferous, the Palaeotethyan
domain was not fully closed in southeast Europe
and even persisted till the Early Triassic in the
Hellenides [phyllite—quartzite Group; Krahl et
al. (1983, 1986), Krahl (1992) and Stampfi et al.
(2000)], and Middle Triassic times further East
(e.g. Alborz Chain in Iran) (Fig. 5).

Stampfli e al. (1991) and Stampfli (1996)
discussed this diachronous closure of the large
Palacotethys ocean, insisting on the likely de-
velopment of back-arc oceans or basins within
the Permo-Triassic Eurasian margin. From the
Palaco-Apulian promontory eastwards it is
quite clear that an Eocimmerian domain of
deformation is found just south of a relatively
undeformed Variscan domain, which is repre-
sented by a Late Carboniferous~Early Permian
arc and clastic sedimentation of Verrucano type,
mainly affected by extension. In contrast, the
Cimmerian deformations are accompanied by
Triassic flysch, mélanges and volcanics (Stampfli
et al. 1995, 19984) and even collisional-type
intrusive events (Reischmann 1998), marking
the closing of either Palaeotethys or the mar-
ginal oceans.

As shown by the plate reconstructions (Fig.

4), the Permian margin of southeast Europe is of
a transform type and little subduction took
place along that margin at that time. However,
the slab roll-back of Palaeotethys rapidly
induced ‘back-arc’ rifting along the whole
margin after Late Permian times. East of the
palaeo-Apulian promontory, this back-arc rift-
ing graded into seafloor spreading of the
Maliak-Meliata marginal ocean (Kozur 1991).
The western end of the Meliata Rift (Southern
Alps-Ivrea) aborted in Late Permian, whilst its
eastern part (Maliak-Meliata-Dobrogea)
spread [e.g. Early Triassic mid-ocean ridge
basalt (MORB) pillow lava of N-Dobrogea;
Niculitel formation: Cioflica er al. (1980),
Seghedi et al. (1990) and Nicolae & Seghedi
(1996)]. This Early Triassic seafloor spreading is
accompanied by a marked thermal subsidence
along the Pelagonian northern margin (Fig. 7,
curve 6). At Meliata, the oceanic series are not
older than mid-Triassic (Kozur 1991), but these
oceanic remnants represent the accretion—
obduction of the Meliata Ridge during its
subduction, implying an older age for the onset
of seafloor spreading.

In the Dinaro-Hellenide domain (Fig. 6), the
Late Carboniferous arc (Pelagonia) collided
directly with the Gondwanan margin (Stampfli
et al. 1995, 19984a; Vavassis et al. 1997). On the
contrary, the Karakaya domain in northern
Turkey (Sengdr et al. 1980; Okay & Mostler
1994) is a complex Cimmerian deformation
zone representing first the closure of Palaeo-
tethys between an oceanic plateau (Niliifer
Formation) and the Gondwana margin, then
the closing of the Karakaya Back-arc and its
northward thrusting on the Variscan Sakarya
margin of Eurasia (see Okay 2000). Therefore,
the Karakaya and Kiire back-arc sequences
(Ustaémer & Robertson 1994, 1997, 1999) are
not remnants of the Palaeotethys s.str. (see
Kozur 1997b) but they represent a Mariana-
type marginal ocean developing south of the
Sakarya margin. During the Cimmerian col-
lision event, the Late Permian—Early Triassic
Karakaya-Kiire back-arc ocean subducted
southwards (Sengor et al. 1980; Tiystiz 1990;
Pickett & Robertson 1996), but the former
subduction of Palaeotethys was to the north,
under Eurasia, as clearly demonstrated in Iran
(Stampfli 1978; Ruttner 1993), Afghanistan

(Boulin 1988) and in the Pontides (see
Ustadmer & Robertson 1999).
Late Permian-Middle Triassic back-arc

basins are also known eastwards in the Cau-
casus (Nikishin et al. 2000), northeast Iran [e.g.
the Agh-Darband sequence; Baud & Stampfli
(1989) and Baud et al. (1991a)}, northern
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Fig. 4. Carboniferous-Permian boundary reconstruction, 290 Ma. As the Palaeotethys mid-ocean ridge is
moving eastward, slab roll-back of the western Palaeotethys induces the collapse of the Variscan Orogen in
southern Europe. This led eventually to the opening of back-arc rifts in the active Eurasian margin (see Fig. 5).
See Fig. 1 for legend. Kz (Kazakhstan) is derived from the Kipchak Arc. 1-4, Position of the subsidence curves of

Fig. 2.

Afghanistan (Boulin 1988) and in the Pamirs
(Khain 1994a, b; Leven 1995). Due to the
collision of the Cimmerian blocks with the
Eurasian margin (e.g. Stampfli er al. 1991; Alavi
et al. 1997; Fig. 6), these back-arc basins dis-
appeared during the Late Triassic. Along the
Cimmerian orogen, development of a carbon-
ate platform resumed in the Norian or Liassic,
marking the end of this orogenic cycle. The
Upper Late Triassic—Liassic deposits usually
start with continental clastics derived from the
Cimmerian elevations — they are found on both

sides of the suture in Turkey — where they rest
unconformably on older sequences [Karakaya
or Sakarya basement in the Pontides — Kogyigit
(1987) and Altiner et al. (1991): Triassic or
Palacozoic strata in the Taurus — Monod &
Akay (1984)]. In Iran they are represented by
the Shemshak Formation which also extends
northwards on the Turan Plate (Stampfli 1978).

For the opening and oceanization of the
Meliata Rift, the main geodynamic factor used
is the thermal subsidence, which affected the
whole Austro-Alpine domain and other internal
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Fig. 5. Permian-Triassic boundary reconstruction, 248 Ma. The slab roll-back of the whole Palaeotethys
induced the opening of back-arc oceans in the active Eurasian margin [Meliata, Karakaya (Ka) and Agh-
Darband (Ag)] and the strong slab-pull force is opening the Neotethys Ocean. This opening is separating the
Cimmerian Superterrane from Gondwana. See Fig. 1 for legend. 1-4, Position of the subsidence curves of Fig. 2.

parts of the Alps since the Permian—Triassic
boundary, implying a rifting phase just before
that time (Fig. 7). This subsidence induced the
deposition of a more or less complete Triassic
sequence, usually conformable on an Upper
Permian clastic sequence, presenting a large
diversity of facies and thicknesses locally ap-
proaching 3-4 km (e.g. Bernoulli 1981; Haas et
al. 1995). This diversity is also linked to the
counter-effect of the Eocimmerian deformation
which induced local inversion or flexure of pre-
existing basins, mainly in the southern margin of
Meliata, and in the aborted part of the rift (e.g.

subsidence curves 7 and 8 in Fig. 7). This Middle
Triassic tectonic pulse is well established in the
Dolomites where it is also accompanied by the
emplacement of diapirs (Castellarin et al. 1996).

Without the presence of the Maliak-Meliata
Ocean it would be difficult to explain the
development of such a large-scale carbonate
platform and marginal sequences before the
opening of the Atlantic-Alpine Tethys system
in the Early-Middle Jurassic. As can be seen
from figure 7, this opening had no effect on all
these peri-Apulian regions.
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Fig. 6. Carnian reconstruction of the western Tethyan area. AL, Alborz; Ap, Apulia s.str.; Bd, Bey Daglari; Cn,
Carnic Alps; Do, Dobrogea; eP, east Pontides; GR, autochthonous of Greece; Is, Istanbul; La, Lagonegro; LT,
Lut-Tabas; Mn, Menderes, Taurus; Mo, Moesia; Rh, Rhodope; Si, Sicannian Basin; Sk, Sakarya; SS, Sanandaj—
Sirjan; Tu, Tuscan Nappes. * Magmatic arc activity north of Neotethys and post-collisional volcanism south of
Meliata. The Palaeotethys Suture is represented by a dashed line. 5-9, Position of the subsidence curves of

Fig. 7.

Neotethys

Although the geodynamic evolution of the
Neotethys Ocean is now relatively well con-
strained, mainly through the recent findings of
well-dated Wordian MORB in Oman (Pillevuit
1993; Pillevuit et al. 1997), its relationship with
the East Mediterranean Basin is more debat-
able. The Neotethys separated the Cimmerian
microcontinent(s) from Gondwana between the
latest Palaeozoic and the earliest Tertiary, fol-
lowing a diachronous opening from east to west
(Figs 2 and 5). Depending on the authors, the
East Mediterranean—Ionian Sea basin is re-
garded as opening in the Late Palaeozoic (Vai
1994) or as late as the Cretaceous (e.g. Dercourt
et al. 1985, 1993). Most people would regard this
ocean as opening in Late Triassic or Early
Jurassic (e.g. Robertson & Woodcock 1980;
Garfunkel & Derin 1984; Sengor et al. 1984;
Finetti 1985) and therefore possibly being
related to the Alpine Tethys—Atlantic opening.
However, as shown in Fig. 7, the Alpine Tethys
opening has no tectonic or thermal effect on
areas located around the Ionian Sea, although a
Jurassic extensional phase is clearly recognized
along the Levant Transform margin (Garfunkel
1998; Stampfli et al. 2000).

A new interpretation showing that the East
Mediterranean domain corresponded to an
oceanic basin since the Late Palaeozoic has
been proposed by Stampfli (1989). Sub-
sequently, new plate tectonic reconstructions
considering this basin as part of the Neotethyan
oceanic system have been developed (Stampfli
et al. 1991, 2000; Stampfli & Pillevuit 1993)
(Figs 5 and 6). This is supported by: (1) geo-
physical characteristics of the Ionian Sea and
East Mediterranean Basin (isostatic equilib-
rium, seismic velocities, elastic thickness),
excluding an age of the seafloor younger than
Early Jurassic; (2) subsidence patterns of areas
such as the Sinai margin, the Tunisian Jeffara
Rift, and Sicily and Apulia s.str. (Stampfli et al.
2000) (Fig. 7), confirming a Late Permian onset
of thermal subsidence for the East Mediter-
ranean and Ionian Sea basins and the absence
of younger thermal events; (3) Triassic MORB
found in Cyprus in the Mamonia complex
(Malpas et al. 1993), certainly derived from the
East Mediterranean sea-floor, although a more
exotic nature of these basalts (from the Neo-
tethys) cannot be excluded; and (4) Upper
Permian Hallstatt-type pelagic limestone, simi-
lar to those found in Oman where they some-
times rest directly on MORB (Pillevuit 1993,
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Niko et al. 1996), have also been reported from a Late Permian direct deep-water connection
the Sosio Complex (Kozur 1995) in Sicily. This  of the East Mediterranean Basin with the
Late Permian pelagic macrofauna presents affi- Neotethys.

nities with both Oman and Timor, and implies
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The Alpine Tethys, the Central Atlantic
and the Vardar

Field work in the Canary Islands and in Mor-
occo (Favre et al. 1991; Favre & Stampfli 1992;
Steiner et al. 1998) has allowed the onset of
seafloor spreading to be dated as Toarcian in
the northern part of the central Atlantic. Similar
subsidence patterns between this region and the
Lombardian Basin (Figs 9 and 11) led to the
proposal of a direct connection between these
two areas (Fig. 8). The Lombardian Basin
aborted (Bertotti et al. 1993) as it could not link
up with the Meliata Ocean whose already cold
oceanic lithosphere was rheologically unbreak-
able relative to surrounding continental areas.
Therefore, the Alpine Tethys rift opened along
the Meliata northern margin separating the
future  Austro-Carpathian domain from
Europe. Thermal subsidence and spreading
started in Aalenian time in the west (Fig. 9)
[the Briangonnais margin of Stampfli & March-
ant (1997) and Stampfli et al (1998b)] and
Bajocian time eastward [the Austro-Alpine
margin of Froitzheim & Manatschal (1996) and
Bill et al. (1997)]. The Alpine Tethys was linked
to the Eurasian back-arc basins located further
east through the Moesian—-Dobrogean Trans-
form.

A transform ocean linked up the central
Atlantic and the Alpine Tethys delayed seafloor

Sinemurian

spreading and thermal subsidence in this
Maghrebide Ocean is well exemplified by the
subsidence curve from the Rif area (Favre &
Stampfli 1992; Favre 1995) (Fig. 9).

The rotation of Africa relative to Europe
after the Late Triassic induced the subduction
of the Meliata Ocean under the young Neo-
tethys oceanic crust. This intra-oceanic subduc-
tion gave birth to the Vardar Ocean, which had
totally replaced the Meliata Ocean by the end of
the Jurassic. The Vardar Ocean obducted south-
ward onto the Pelagonian margin in the Late
Jurassic (Fig. 7), then subducted northward
under Moesia, finally opening the Black Sea in
the Late Cretaceous, and it represents the third
generation of back-arc opening in that region.

The North Atlantic and the Valais
Ocean

Since the Early Cretaceous (Fig. 10), there has
been no possibility for the Atlantic mid-ocean
ridge to link up eastwards with another ocean.
A last attempt was made through the opening
of the Valais and Biscay Oceans, but by the
end of the Santonian the break-up between
North America and Greenland had taken place
and then, in Campanian time, the Biscay
Ocean aborted (Ziegler 19884, b). Closing of
the Valais Ocean took place during the opening

Fig. 8. Sinemurian reconstruction of the western Tethyan area. AA, Austro-Alpine; CA, Inner Carpathian;
1zAnSi, Izmir—Ankara Ocean; MO, Moesia; Va, Vardar. *, Magmatic arc activity. Palacogeography modified
after Ziegler 1988a. 9-21, Position of the subsidence curves of Figs 7,9 and 11.



TETHYAN OCEANS 13

| Triassic

sl alL!lc NoHHSPTOAE:BECOKTI_I\I'!?_HB Ap

Jurassic

Cretaceous

Al ICeTCS C

250 230 210 190 170 150 130 110 90 70 Ma
b o 0
__\ S .
\":\-_ il 5 X k. 1
=0 \ PreaLPes MEDIANES
: --I Do— '*3--\\
B ~. 2
- . ~o.
.. ‘= \\_ e 4 /./"/‘j
= N o—g”
R N
| = =4 ————— Arbostora 3
| 5 E
J 5 §
= \ & LomBaRD Basin E
- - Y n‘ =,
= & Q
i ¥
= . 5 g
E é‘ ~—————— Generoso :E
= 3 2
= = £
=N \ 2 g
| = 0 g
<B \ 2. g
= > - RIF MARGIN 3
£ N 2
: B A 05
U ‘t oE A - ————8—— 5 & o o
-'--..,ur / o
e &
- -]
7} T
wn EL' &
S 5 e it = 0
\ _ = )
M 2 %
'\q z =] 0.5
\ e = ARGANA S
— N
e \"‘\‘Q_‘t gl s 1
¥ i ey —8——— o
al
—‘\'_.__.E--.
1.5
8| Al'LIC No RHS P To ABBCOKT VB HBI Ap Al CeTCS C

Fig. 9. Subsidence pattern of the Central Atlantic, Alpine Tethys system. Curve 10 (Préalpes Médianes Basin) is
from Mosar et al. (1996); curves 11 (Lombard Basin) are modified from Greber et al. (1997); curve 12 (Rif) is
from Favre (1995); and curves 13 have been calculated from the data of Ambroggi (1961), Adams ez al. (1980)
and Du Dresnay (1988). The timescale is from Gradstein & Ogg (1996).

of the Gulf of Biscay and subduction of the
Alpine Tethys certainly started at the same
time (Stampfli & Marchant 1997; Stampfli er al.
1998b).

Therefore, spreading of the Valais Ocean was
short lived (Fig. 11). Its closure during the
opening of the Biscay Ocean was only partial
(there was no collision of the Brianconnais
Peninsula with the Helvetic margin in the Late
Cretaceous), but this event marks the onset of

the inversion phase of pre-existing fault-
bounded basins in many areas in Europe
(Ziegler 1990).

Figures 10 and 11 show how different parts of
southwest Europe or Iberia have been affected
by these diverse rifting phases: the interpret-
ation of these curves, however, requires a
good knowledge of their initial position, some
areas being mainly thermally influenced
whereas others are more affected by faulting
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Fig. 10 Santonian reconstruction of the western Tethyan area. 10-21, Position of the subsidence curves of Fig.

11.

and extension of the upper crust. Generally
speaking, all the areas shown on these figures
have been affected by the opening of the North
Atlantic and Valais Ocean system in Late
Jurassic times.

Discussion — Tethys sutures in Turkey

Figure 12 shows a simplified tectonic map of the
Aegean—Mediterranean area with the major
sutures indicated as broad lines. The present
back-stop of the East Mediterranean subduction
zone (e.g. Cyprus, Crete) is regarded as the
western extension of the Neotethys suture as
found along the peri-Arabian ophiolitic zone
(Ricou 1971) in Syria (e.g. Delaune-Mayere
1984), southern Turkey (e.g. Michard er al
1984), Iraq and Iran (e.g. Ricou 1974; Braud
1987), and Oman (e.g. Bernoulli & Weissert
1987; Robertson & Searle 1990; Pillevuit et al.
1997). This obvious connection actually implies
that the Neotethys ocean does continue into the
East Mediterranean Basin, as discussed above,
and provides a direct link between the pelagic
Permian deposits from Sicily and their equiva-
lent in Oman.

Actually, the Neotethys suture is composite
and it contains the remnants of the southern
passive margin of Neotethys (Hawasina Basin in
Oman), as well as remnants of Cretaceous

ophiolites (Semail Nappe in Oman) which
obducted onto that margin. These peri-Arabian
ophiolites correspond to the obduction of a
younger intra-oceanic Cretaceous offspring of
Neotethys (the Semail Ocean). Therefore, the
northern margin of that Semail Ocean is the
former northern active margin of Neotethys.
Around the Arabic promontory (e.g. Maden
Complex; Aktas & Robertson 1984) and in
Cyprus (Robertson & Xenophontos 1993), this
younger ocean closed during the Palaeogene. In
Oman this ocean is not yet closed (Sea of
Oman) and is still subducting under the
Makran active margin.

As the East Mediterranean subduction zone
(Aegean active margin) is certainly not older
than Miocene, it does not represent the western
continuation of the Neotethys active margin. In
our structural scheme, a possible extension of
this Late Cretaceous—Palacogene active margin
westward under the Lycian Nappes, linking up
the Antalya Suture with the Axios Vardar Zone,
is proposed. This connection is necessary to
provide a western limit to the Greater Apulian
Block (Apulia; autochthonous and para-autoch-
thonous units of the Dinarides and Hellenides,
Bey Daglan Block). This limit corresponds to
the former transform that separated Neotethys
from Meliata (Figs 6 and 8).

In this scheme, the Izmir—Ankara Suture
represents a Jurassic back-arc ocean related to
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the northward subduction of Neotethys since
Late Triassic, this back-arc basin opened within
the complex Karakaya—Palacotethys Suture
Zone. It followed the collapse of the Eocimmer-
ian Orogen and reseparated the Cimmerian
Tauric-Menderes Block from Eurasia. This
suture, characterized by its ‘coloured mélanges’
(Gansser 1960), can be followed up to the
Iranian border. In Turkey, closure of the
Izmir-Ankara Ocean postdates the Late Cre-
taceous ophiolite obduction found on its
southern passive margin (Gutnic et al. 1979;
Okay et al. 1996; Demirel & Kozlu 1998; Collins
& Robertson 1998). Development of a new
accretionary wedge along its northern margin is
placed in the Middle Campanian and the final
closure in the Eocene (e.g. Norman 1984;
Kogyigit 1991). Similar coloured mélanges are
also found in Iran where they grade into Palaeo-
gene flysch, followed by the main Eocene un-
conformity; they separate the Sanandaj-Sirjan
Block from the central and north Iranian blocks
(Stocklin 1968, 1974, 1977, 1981). Therefore, the
Cretaceous coloured mélanges in Turkey and
Iran are clearly disconnected from the Neoteth-
yan suture, and are located within the Eurasian
margin to the north of the Neotethys active

margin. In that sense, the Izmir-Ankara Suture
is not the Neotethys suture.

The intra-Pontides (Okay et al. 1996),
Meliata—Balkan Suture is of Cretaceous age
and corresponds to the collision of a Vardarian
arc with the Rhodope-Moesian Plate inducing
the folding and northward thrusting of the
Balkanide units (Georgiev et al. 1997; Tari et al.
1997). The Axios—Vardar Suture is the final
Late Cretaceous—Palaeocene suture of the
Vardar. The latter obducted onto the Pela-
gonian margin in Late Jurassic times — the front
of this obduction is shown in Fig. 12. The Axios—
Vardar Palaeogene Suture was somehow con-
nected to the Izmir—-Ankara Suture of similar
age, although, the two domains were separated
by the former Meliata-Neotethys transform.

In Fig. 12, the transported Palacotethys
suture in the Dinaro-Hellenides Zone is shown
by a dashed line following the Budva-Pindos
Zone under which it is hidden (De Bono 1998).
The Palaeotethys Suture Zone in Turkey is
possibly found in Chios and the Karaburun
Peninsula (Kozur 1997a); further east it would
be located in the vicinity of the [zmir—Ankara
Suture Zone. Following Late Triassic or Jurassic
opening of the latter, Palaeotethyan elements
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could have been dispersed on both sides of the
Izmir-Ankara Rift. So far, most Palaeotethyan
elements have been described from the north-
ern side of that suture.

Conclusions

Palaeocontinental reconstructions show that a
large oceanic space (Palaeotethys) remained
open south of the Variscides until Late Palaeo-
zoic time. The Devonian—mid-Carboniferous
collisional processes in Europe were related to
accretion of the Hun Superterrane to Avalonia—
Baltica. This terrane presents strong affinities
with the Palaeotethyan passive margin
sequences found, for example, in northern Iran
(Alborz). The latter is regarded as representing
the southern margin of this ocean, the Hun
Superterrane the northern margin. This north-
ern margin was separated from Gondwana in
Ordovician-Silurian times. After the accretion
of the Hun Superterrane to Europe, between
the Late Devonian and Early Carboniferous,
subduction jumped south into the Palaeotethys.
Northward subduction of the Palaeotethys is
responsible for Upper Carboniferous calc-alka-
line intrusions and volcanism found everywhere
in the Variscan Alpine domain. Closure of the
Palaeotethys was achieved after the Namurian
north of Africa but was diachronous going east-
wards. East of a Palaco-Apulian promontory,
subduction continued into the Permian and
generated the opening of the Maliak—Meliata
and Karakaya-Kiire marginal Oceans.

Concomitant Late Permian opening of the
marginal Meliata Ocean (within the Eurasian
margin) and Neotethys (within the northern
Gondwana margin) accelerated the closure of
the Palaeotethys in the Dinaro-Hellenide
region. Late Permian—-Lower Triassic mélanges
found in Greece point to a final closure of this
Palaeozoic ocean at that time (Eocimmerian
event). In Turkey, the collision of the Cimmer-
ian terranes with the Eurasian margin was more
complex due to the presence of large oceanic
plateaux and Mariana-type back-arc basins be-
tween the two domains.

The Late Triassic-Early Jurassic intra-ocea-
nic subduction of the Meliata Ocean generated
the Vardar marginal Ocean, obducted in Late
Jurassic onto the Dinaro-Hellenic area. Its
subsequent northeast directed subduction gen-
erated the collision of an intra-oceanic arc with
the Austro—Carpathian and Balkanide areas in
late Early Cretaceous times.

Figure 12 is a first attempt at showing the
present-day location of the sutures of the above

described oceans in the eastern Mediterranean
area. It clearly shows that the Neotethys suture
s.str. is located to the south of Turkey. The
Izmir-Ankara Suture is not the Neotethys
suture, it is the suture of a marginal ocean
located within the Neotethyan active margin.

In a southeast transect of Europe, it can be
seen how the Variscan Orogen evolved into
Early and Late Cimmerian deformations. The
rather clear situation found in the Appalachians
cannot be extrapolated much further than wes-
tern Iberia, where Laurentia and Gondwana
collided in the Carboniferous—Early Permian.
In the rest of Europe, this collision never
happened as such. There was a collision be-
tween the Eurasian active margin and terranes
derived from Gondwana. One has to wait for
the anticlockwise rotation of Africa in the Cre-
taceous to see a collision between Europe and
Africa, giving birth to the Alpine Orogen.

I would like to acknowledge helpful input from G.
Borel, C. Steiner and A. De Bono for the subsidence
curves for the Alpine and Hellenide regions, and Jon
Mosar for the elaboration of the palaeoreconstruc-
tions. This is a contribution to the FNRS project 2000-
53646.98 ‘Geodynamics of Tethyan margins’. A. H. F.
Robertson and A. 1. Okay reviewed this manuscript, I
thank them for their constructive remarks and for
sharing their knowledge of the Mediterranean area
with me.
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Was the Late Triassic orogeny in Turkey caused by the collision

of an oceanic plateau?
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Abstract: A belt of Late Triassic deformation and metamorphism (Cimmeride Orogeny)
extends east-west for 1100 km in northern Turkey. It is proposed that this was caused by
the collision and partial accretion of an Early-Middle Triassic oceanic plateau with the
southern continental margin of Laurasia. The upper part of this oceanic plateau is
recognized as a thick Lower-Middle Triassic metabas1te—marble—phylhte complex, named
the Niliifer Umt WhICh covers an area of 120 000 km” with an estimated volume of mafic
rocks of 2 x 10° km’. The mafic sequence, which has thin stratigraphic intercalations of
hemipelagic limestone and shale, shows consistent within-plate geochemical signatures.
The Niliifer Unit has undergone a high-pressure greenschist facies metamorphism, but also
includes tectonic slices of eclogite and blueschist with latest Triassic isotopic ages, produced
during the attempted subduction of the plateau. The short period for the orogeny (< 15 Ma;
Norian-Hettangian) is further evidence for the oceanic plateau origin of the Cimmeride
Orogeny. The accretion of the Niliifer Plateau produced strong uplift and compressional
deformation in the hanging wall. A large and thick clastic wedge, fed from the granitic
basement of the Laurasia, represented by a thick Upper Triassic arkosic sandstone

sequence in northwest Turkey, engulfed the subduction zone and the Niliifer Plateau.

An east-west trending belt of latest Triassic
deformation and regional metamorphism
extends for over 1100 km in northern Turkey.
The Early Mesozoic deformation (but not the
regional metamorphism) was known previously
(Sengor 1979; Bergougnan & Fourquin 1982)
and was referred to as the Cimmeride defor-
mation (§engor et al. 1984). The Cimmeride
deformation was ascribed to the closure of the
Palaeotethys ocean following the collision of a
Cimmerian continental sliver with the southern
margin of Laurasia (§engor 1979; Sengor et al.
1984). Here, an alternative explanation, involv-
ing the collision and partial accretion of an
oceanic plateau to the southern margin of
Laurasia, is proposed for the origin of the latest
Triassic deformation and metamorphism in
northern Turkey.

A tectonic map of Turkey and the surround-
ing region is shown in Fig. 1. During the Palaco-
zoic and Mesozoic, the various continental
blocks that make up present-day Turkey were
situated on the continental margins of the
Tethys Ocean. The Pontides, which comprise
the Strandja, Istanbul and Sakarya Zones, show
Laurasian stratigraphic affinities, while the Ana-
tolide-Tauride Block and the Kirgehir Massif
are tectonically and stratigraphically related to
Gondwana (Sengor & Yilmaz 1981; Okay et al.
1996; Okay & Tiiysiiz 2000). The Istanbul Zone
is a continental fragment, which was translated
south from the Odessa Shelf with the Cretaceous

opening of the oceanic West Black Sea Basin
(Fig. 1; Okay er al. 1994). Its stratigraphy is
similar to that of the Scythian and Moesian
platforms, with a fully developed Palacozoic
sedimentary sequence unconformably overlain
by Triassic and younger sedimentary rocks
(Haas 1968; Dean et al. 1997; Goriir et al. 1997).
In the Istanbul Zone, a weak latest Triassic
deformation is marked by an unconformity be-
tween the Norian siliciclastic turbidites and the
overlying Upper Cretaceous carbonates. The
Strandja Zone consists of a Late Hercynian
metamorphic and granitic basement unconform-
ably overlain by Lower Triassic-Middle Jurassic
sedimentary rocks (Chatalov 1988; Okay et al.
1996). The Anatolide-Tauride Block and the
Kirgehir Massif are also devoid of Triassic
metamorphism, and of any significant Triassic
deformation. Several well studied Lower Meso-
zoic stratigraphic sections in the Taurides,
including those in the Bornova Flysch Zone
(Erdogan et al. 1990) and in the central Taurides
(Gutnic et al. 1979; Ozgiil 1997), show a continu-
ous transition between Triassic and Jurassic with
no evidence of an intervening deformation
phase. The pre-Jurassic thrusting, described by
Monod & Akay (1984) from a small locality in
the central Taurides, is as yet of unknown
significance. Late Triassic deformation and
regional metamorphism in Turkey are predomi-
nantly found in the Sakarya Zone, which will
form the main subject of this paper.

From: BozxurTt, E., WINCHESTER, J. A. & PieeR, J. D. A. (eds) Tectonics and Magmatism in Turkey and the
Surrounding Area. Geological Society, London, Special Publications, 173, 25-41. 1-86239-064-9/00/$15.00
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The Sakarya Zone — a Hercynian unit
with Palaeotethyan assemblages

The Sakarya Zone is an clongate continental
fragment, 1500 km long and c. 90 km wide,
which extends from the Biga Peninsula in the
west to the Lesser Caucasus in the east (Figs 1
and 2). The Izmir-Ankara Suture forms its
southern contact with the Anatolide-Tauride
Block. The Sakarya Zone and the Anatolide—
Tauride Block exhibit different Palaeozoic and
Mesozoic stratigraphies and were amalgamated
into a single continental unit during the latest
Cretaceous—Palaecocene continental collision
(Sengor & Yilmaz 1981; Okay & Tiiysiiz 1999).
The Sakarya Zone is in contact with the Istanbul
Zone in the northwest along the Intra-Pontide
Suture of Early Eocene age (Okay et al. 1994),
while in the northeast it is bounded by the
oceanic East Black Sea Basin (Fig. 1).

A distinctive stratigraphic feature of the
Sakarya Zone is a regional earliest Jurassic
unconformity. Strongly deformed sedimentary,
metamorphic and magmatic rocks of Devonian—
Late Triassic age are unconformably overlain by
the Lower-Middle Jurassic conglomerates and
sandstones. The pre-Jurassic rocks, which are
intermittently exposed along the 1500 km
length of the Sakarya Zone (Figs 2 and 3), can
be grouped into two categories: Hercynian
continental units and Palaeotethyan subduc-
tion—accretion—collision complexes. As dis-
cussed below, there is still some controversy on
the tectonic setting and correlation of the pre-
Jurassic subduction-accretion complexes in the
Sakarya Zone.

Tectonic interpretation of the
pre-Jurassic subduction-accretion
complexes

Bingdl et al. (1975) defined the Karakaya For-
mation from the Biga Peninsula in northwest
Turkey as a heterogeneous, slightly metamor-
phosed Triassic unit of feldspathic sandstone,
quartzite, conglomerate, siltstone, basalt, mud-
stone and radiolarian chert. They pointed out
its wide extent throughout the Pontides, from
the Biga Peninsula to the Ankara region, and
interpreted the depositional environment of
the Karakaya Formation as an Early Triassic
intracontinental basin (Bingol er al. 1975). A
completely new and revolutionary interpret-
ation of the Karakaya Complex as a Carbon-
iferous-Triassic subduction—accretion complex
was proposed by Tekeli (1981). Sengor et al.
(1984) followed this tectonic interpretation, but

separated the pre-Jurassic subduction-accre-
tion complexes in the central Pontides from the
Karakaya Complex, ascribing the former to the
subduction of the Palaeotethys and the latter
to that of a small Permian—Triassic back-arc
basin of the Palaeotethys. This led to an arti-
ficial subdivision of the Cimmeride Orogen
into the Karakaya Orogen in northwest Turkey
and the Palaeotethyan Orogen in the central
Pontides. The discovery of Carboniferous and
Permian radiolarian cherts (Kozur & Kaya
1994; Kozur 1997, Okay & Mostler 1994),
Triassic eclogites (Okay & Monié 1997) and
blueschists (Monod et al. 1996) in the Karakaya
Complex, as well as more precise characteriz-
ation of its deformational and stratigraphic
features (Okay et al. 1991, 1996; Pickett &
Robertson 1996), confirmed Tekeli’s (1981) in-
terpretation of the Karakaya Complex as a
subduction—accretion complex, formed through
the subduction of an ocean as old as Carbon-
iferous. The pre-Jurassic subduction-accretion
complexes in the central Pontides are litho-
logically and temporally similar to those further
west and east in the Sakarya Zone. Further-
more, there is no continental unit that separates
the pre-Jurassic subduction—accretion com-
plexes of the central Pontides from those
further west or east. The Istanbul Zone, which
was claimed to separate the pre-Jurassic sub-
duction—accretion complexes (Ustadmer &
Robertson 1993), is now known to have
reached its present position in the Cretaceous
or even later (Okay et al. 1994). Therefore, in
this paper, all the pre-Jurassic subduction—
accretion complexes in the Sakarya Zone are
regarded as having formed during the subduc-
tion of the Palaeotethys and are collectively
referred to as the Karakaya Complex, as initi-
ally intended by Tekeli (1981).

Palaeotethyan subduction-accretion—
collision complexes in the Sakarya Zone

Outcrops of the Palaeotethyan subduction—
accretion—collision complexes occur throughout
the Sakarya Zone beneath the Jurassic and
younger cover rocks (Tekeli 1981; Figs 2 and
3). They comprise two main tectonostrati-
graphic units (Fig. 4). At the base there is a
thick sequence of metabasite, marble and
phyllite of Triassic age, which is overlain by
strongly deformed, but generally unmetamor-
phosed, clastic and mafic volcanic sequences of
Late Palaeozoic-Triassic age. The clastic and
mafic volcanic sequences can be further sub-
divided into those which formed during the
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subduction—accretion of the Palaeotethys and
those which formed during the collision of the
oceanic plateau.

The Niliifer Unit — a Triassic oceanic
plateau?

At the base of the Karakaya Complex there is a
strongly deformed metabasite-marble-phyllite
unit of Triassic age, over 7 km in structural
thickness. In the western part of the Sakarya
Zone, between the Biga Peninsula and Bursa,
this assemblage was mapped as the Nilifer Unit

(Okay et al. 1991, 1996; Leven & Okay 1996;
Pickett & Robertson 1996). In northwest
Turkey, the Niliifer Unit is found wherever the
base of the Triassic and older clastic and
volcanic rocks are exposed (Fig. 2), suggesting
that it forms a continuous layer at depth.
Further east, the Niliffer Unit is described
under different names east of Bursa (Geng &
Yilmaz 1995), north of Eskisehir (Monod et al.
1996; Monod & Okay 1999), around Ankara
(Kogyigit 1987, 1991; Akyiirek et al. 1988), in the
central Pontides (Tiiysiiz 1990; Ustadmer &
Robertson 1994), in the Tokat (Yilmaz et al.
1997) and in the Agvanis massifs (Okay 1984)
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(Figs 2 and 3). In all these localities the Niliifer
Unit forms the lowermost stratigraphic unit,
suggesting stratal continuity at depth. The cor-
relation of this metabasite-marble—phyllite unit
across 1100 km in the Sakarya Zone is based on
the present author’s geological work in north-
west Turkey (Okay et al. 1991, 1996; Leven &
Okay 1996), north of Eskisehir (Monod et al.
1996; Monod & Okay 1999), in the Agvanis
(Okay 1984) and in the Pulur massifs (Okay
1996; Okay & Sahintiirk 1997), as well as on
field reconnaissance in the Ankara region, in the
central Pontides and in the Tokat Massif.

The Nilifer Unit consists dominantly of
metabasites, representing metamorphosed fine-
grained mafic tuffs with rare pyroclastic flows
and pillow lavas. These mafic rocks, which
constitute about c. 80% of the sequence, are
intercalated with carbonate layers, 0.5-200 m
thick. The fine lamination, devoid of bioturba-
tion, observed in many carbonate horizons, as
well as the thin to medium bedding, suggests a
pelagic environment of deposition. In the meta-
basites there are also phyllite horizons, up to
several tens of metres thick. Apart from these
rock types, the Niliifer Unit also comprises
minor (< 2%) metacherts, lenses of ultramafic
rock and gabbro < 1 km long. Coarse-grained,
continent-derived sediments, such as sandstones
or conglomerates, are conspicuously absent in
the Niliifer Unit. In some regions, such as north-
east of Kazdag, the metabasites are overlain by
phyllites and intercalated marbles, several hun-
dred metres thick.

The uppermost part of the mafic volcanic
sequence north of Bergama has been dated by
conodonts in the intercalated limestones as
Middle Triassic (Anisian-Ladinian boundary;
Kaya & Mostler 1992), while conodonts from
the lower parts of the Niliifer Unit in the type
section south of Bursa indicate an Early Triassic
age (Kozur, pers. comm.). Thus, the mafic vol-
canic rocks of the Niliifer Unit appear to have
been generated in a relatively short period
between 245 and 240 Ma. The trace element
geochemistry of the mafic volcanic rocks of the
Niliifer Unit, from various regions in northwest
Turkey, was studied by Pickett (1994), who
showed that they are non-alkalic and non-
orogenic in character and exhibit remarkably
consistent geochemical characteristics. On
basalt discrimination diagrams and multi-
element plots they indicate a within-plate set-
ting, which is supported by the analysis of relict
igneous clinopyroxenes from the metabasites
(Pickett 1994; Pickett & Robertson 1996). Trias-
sic metabasites from the Ankara region (Capan
& Floyd 1985; Floyd 1993) and those from the

Kargi Massif in the central Pontides (Dogan
1990) also exhibit trace element contents and
ratios typical of within-plate oceanic island
basalts.

The Niliifer Unit is strongly deformed and in
many areas shows the features of a broken
formation. The early deformation is character-
ized by layer-parallel stretching, which resulted
in the boudinage of the carbonate horizons. The
stretching was followed by folding and shearing
at high angles to the layering. Foliation is well
marked in the mafic tuffs and phyllites, while the
coarse-grained pyroclastic flows retain most of
the igneous texture. Structural thicknesses
> 7 km, as measured south of Bursa, are due to
internal thrusting, as well as folding, although,
because of the absence of marker horizons in
the Niliifer Unit, these internal thrusts are diffi-
cult to map. An exception occurs north of
Eskisehir, where a tectonic slice of the Niliifer
Unit, 4 km thick and 25 km long, differentiated
because of its blueschist facies metamorphism,
tectonically underlies another slice of the Nilii-
fer Unit showing only greenschist facies meta-
morphism (Monod & Okay 1999).

The Niliiffer Unit commonly shows high-
pressure greenschist facies metamorphism with
the common mineral paragenesis of albite +
chlorite + actinolite/barroisite + epidote in the
metabasites. Rare, iron-rich metacherts in the
Niliifer Unit contain a sodic amphibole + quartz
+ epidote assemblage (Okay ef al. 1996). Blues-
chist and eclogite facies rocks occur as exotic
tectonic blocks and slices within the greenschist
facies sequence. A small eclogite lens of garnet
+ glaucophane + omphacite + epidote + phen-
gite occurs east of Bandirma on the southern
coast of the Marmara Sea (Fig. 2; Okay &
Monié 1997). A larger slice of the Niliifer Unit,
showing blueschist to eclogite facies meta-
morphism, is found north of Eskisehir (Monod
et al. 1996; Monod & Okay 1999). Ar-Ar dating
of phengites from both regions of high-pressure
rocks, separated by 230 km, has given similar
latest Triassic-earliest Jurassic ages [208-
201 Ma in Bandirma and 214-192 Ma in Eski-
sehir; Monod et al. (1996) and Okay & Monié
(1997)]. The greenschist facies metamorphism
in the Niliifer Unit postdates the high pressure—
low temperature (HP-LT) metamorphism, and
hence must also be of latest Triassic age. The
regional metamorphism is further constrained
stratigraphically as Late Triassic by the Middle
Triassic depositional age of the Niliifer Unit and
the unconformable cover of the Liassic sand-
stones.

The Niliifer Unit is overlain tectonically by
two distinctive rock types. In many regions
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strongly deformed, but generally unmetamor-
phosed, Triassic clastic rocks of the Karakaya
Complex lie over the Niliifer Unit. These con-
tacts have either been interpreted as tectonic
(Okay er al. 1991, 1996) or as stratigraphic
(Akylirek & Soysal 1983). In many localities,
such as east of Bandirma and south of Bursa, the
contacts are sheared and folded, although the
consistent superposition of the Upper Triassic
clastic rocks over the Niliifer Unit suggests a
sheared stratigraphic contact between the two
units. In parts of northwest Turkey, such as in
the Bilecik region, north of Karacabey, around
Boziiyiik (Fig. 2), the Niliifer Unit is tectonically
overlain by Palaeozoic granites (Yilmaz 1981;
Geng & Yilmaz 1995).

The tectonic base of the Niliifer Unit is ex-
posed in two Miocene core complexes in the
Kazdag and Uludag Ranges (Fig. 2). In both
regions, Miocene and younger normal faults
form the contact between the metabasites of
the Niliifer Unit and the underlying gneisses,
amphibolites and marbles with Carboniferous
zircon ages (Okay et al. 1996).

As discussed above, the scattered outcrops of
the Niliifer Unit are most probably connected at
depth, and the Niliifer Unit forms a blanket
cover beneath Triassic and younger strata
throughout most of the Sakarya Zone (Figs 2
and 3), and thus has an areal distribution of
c. 120 000 km?. Taking a minimum vertical
thickness for the Niliifer Unit as 2 km and
considering that 80% of the sequence is made
up of mafic magmatic rocks, the volume of
basalt produced during the Early-Middle Trias-
sic is estimated as 2 x 10° km>. This is a large
igneous province comparable in volume with
the Columbia River basalts, the North Atlantic
volcanic province, or the Deccan traps (Coffin
& Eldholm 1994).

The Niliifer Unit has been interpreted either
as an ensimatic intra-arc to forearc sequence
(Okay 1984; Okay et al. 1991, 1996), or as an
oceanic seamount (Pickett & Robertson 1996).
The thick and laterally extensive volcaniclastic
sequences intercalated with sedimentary rocks,
which form the bulk of the Niliifer Unit, are
characteristic of the sedimentary basins flanking
active island arcs (e.g. Dickinson & Seely 1979).
However, the geochemistry of the Nilifer Unit
does not indicate an arc affinity. On the other
hand, a seamount origin for the Niliifer Unit is
unlikely as the seamounts have a maximum
diameter of c. 35 km (e.g. Dominguez er al.
1998), while the Niliifer Unit is more than 30
times this size. A third hypothesis for the origin
of the Niliifer Unit, suggested here, is that it
represents the upper parts of a Triassic oceanic

plateau, which was accreted to the Laurasian
active continental margin during the Late Trias-
sic.

Oceanic plateaux cover large areas of the
present day oceanic basins (e.g. Ontong Java is
1.86 x 10° km?, more than twice the size of
Turkey), and are characterized by mafic crustal
thicknesses > 10 km (Saunders er al. 1996;
Gladczenko et al. 1997, Kerr et al 1998).
Because of their great crustal thicknesses and
buoyancy, oceanic plateaux are less readily
subducted than normal oceanic crust and are
potentially preserved in the geological record
(Burke et al. 1978; Ben-Avraham et al. 1981).
Former oceanic plateaux have been described
from Japan (e.g. Kimura e al. 1994), western
North America (e.g. Ben-Avraham ef al. 1981;
Richards et al. 1991) and the Caribbean region
(e.g. Kerr et al. 1998). During the subduction of
the oceanic plateaus, it is usually the upper
mafic volcanic layers that are detached from
their plutonic substratum and accreted to the
active continental margin (e.g. Tejada et al
1996).

Evidence favouring an oceanic plateau origin
of the Niliifer Unit are as follows: (1) exclusive
mafic magmatism associated with the absence of
a known stratigraphic basement and lack of
continent-derived detritus in the Niliifer Unit
suggest formation in an oceanic environment
away from the continents; (2) intercalation of
mafic rocks with hemipelagic limestone and
shale is unusual for oceanic ridge magmatism,
although it is to be expected in an off-axis intra-
oceanic volcanism; (3) the areal distribution of
the Nilifer Unit and the volume of mafic
magma produced is comparable with oceanic
plateaux; (4) the geochemistry of the mafic
rocks in the Nilifer Unit show a consistent
within-plate signature; (5) the presence of mafic
eclogites and blueschists in the Nilifer Unit
implies association with an oceanic subduction
zone.

The size of the Triassic oceanic plateau can be
estimated from the outcrop distribution of the
Niliifer Unit. In the west outcrops of the Niliifer
Unit end abruptly in the Biga Peninsula; neither
the equivalents of the Niliifer Unit nor the Late
Triassic deformation have been described from
the mainland Greece. The easternmost exten-
sive outcrop of the Niltifer Unit is in the Agvanis
Massif (Okay 1984); further east the Hercynian
basement units are predominant, although small
slivers of Nilifer Unit have been described from
the Pulur Massif (Fig. 3; Okay 1996). Between
these two limits is an east-west length of
¢. 1100 km for the Niliifer oceanic plateau. A
minimum north-south length of ¢. 90 km for the
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Niliifer Plateau is indicated by the present-day
width of the Sakarya Zone.

Subduction-related Palaeotethyan clastic
and magmatic rocks

Subduction-related  clastic and  volcanic
sequences include those accreted to the con-
tinental margin prior to the collision of the
oceanic plateau, while the sequences deposited
during the Late Triassic collision are designated
as collision related. Differentiation of subduc-
tion- and collision-related Palaeotethyan
sequences are often problematic, as subduc-
tion-related sequences are also involved in the
collision. Nevertheless, such a distinction can be
made in northwest Turkey, based on the age and
lithology of the rocks. The subduction-related
sequences are Late Palaeozoic-Triassic in age
and are dominantly pelagic, while the collisional
sequences are Late Triassic in age and also
comprise shallow-marine series. The subduc-
tion-related sequences in northwest Turkey are
the Orhanlar Greywacke and the Cal Unit, and
in the central Pontides the Kiire Complex. In
addition to these formations there is a suite of
Middle Jurassic granitoids in the northern part
of the central Pontides, which may be related to
the final phases of subduction of the Palaeo-
tethys (Yilmaz & Boztug 1986).

The Orhanlar Greywacke. The Orhanlar Grey-
wacke consists of homogeneous, grey siltstones
and sandstones with a rich clay matrix (Brink-
mann 1971; Okay et al. 1991, 1996). The grey-
wackes are composed of very poorly sorted
angular quartz, plagioclase, opaque, lydite,
radiolarian chert, basalt and phyllite clasts in an
argillaceous matrix. The Orhanlar Greywacke
has undergone strong layer-parallel extension
which has destroyed most of the bedding. In the
type area north of Balya, the Orhanlar Grey-
wacke contains small (< 1 m) olistoliths of dark
Lower Carboniferous (Visean and Serpuk-
hovian) limestone and is overlain by un-
deformed Liassic sandstones and siltstones
(Leven & Okay 1996). South of Bursa, the
Orhanlar Greywacke lies with a sheared strati-
graphic contact over the Niliifer Unit. It could
represent trench fill clastics recycling material
from the accretionary complex as well as from
the arc.

The Cal Unit. Most of the Cal Unit consists of
debris and grain flows with Upper Permian
limestone and mafic clasts in a volcanic or
volcano-clastic matrix (Okay et al. 1991, 1996;

Leven & Okay 1996). There are also mafic
pyroclastic flows, calciturbidites, pelagic lime-
stones and radiolarian cherts in the sequence.
Calciturbidites are made up of transported
Upper Permian limestone grains. The radio-
larian cherts, initially dated as Early Permian
(Sakmarian—Artinskian) (Okay & Mostler
1994), are now redetermined as Late Permian
(Dorashamian) (Kozur 1997). Associated with
these rock types there are Anisian limestones,
several hundred of metres thick. Like the other
Karakaya units, the Cal Unit has been strongly
deformed, largely destroying stratal continuity.
It may represent an oceanic seamount, which
was accreted to the Laurasian margin during the
Middle Triassic (Leven & Okay 1996).

The Kiire Complex. The Kiire Complex, which
crops out in the northern part of the central
Pontides, consists mainly of dark shales inter-
calated with siltstones and fine-grained sand-
stones of pre-Middle Jurassic age. It includes
tectonic slices of mafic pillow lava, gabbro and
serpentinite (Ustadmer & Robertson 1994;
Aydn et al. 1995), and represents a Franciscan—
type subduction-accretion complex.

Kastamonu granitoids. These medium-sized
plutons, <20 km across, intrude the Upper
Palaeozoic-Upper Triassic subduction—accre-
tion complexes in the northern part of the
central Pontides (Fig. 3), and are unconform-
ably overlain by undated conglomerates and
Upper Jurassic (Oxfordian) shallow-marine
limestones (Yilmaz & Boztug 1986). They
range from granodiorite to quartz-monzonite
and show calc-alkaline geochemical features
(Boztug et al. 1984). Yimaz & Boztug (1986)
related the formation of the granitoids to the
northward subduction of the Palaeotethys.

Palaeotethyan clastic rocks formed
during the collision of the oceanic
plateau

The Hodul Unit

The Hodul Unit comprises collision-related
clastic sequences in the western part of the
Sakarya Zone, extending from the Biga Penin-
sula eastwards to the region north of Eskisehir
(Okay er al. 1991, 1996). They form an easily
recognizable unit with thick sequences of white
arkosic sandstones, and extensive olistostromes
with Permian and Carboniferous limestone
blocks. The sequence is strongly deformed with
anastomosing shear zones which have destroyed
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stratal continuity over distances as short as a few
hundred metres. The clastic sequence ranges
from coarse-grained and thickly bedded arkosic
sandstones with pebbles of granite to distal
turbidites with thinly bedded arkosic sandstones
with shale intercalations (Okay et al. 1991). At
several places in northwest Turkey the sequence
is dated through macrofossils as Norian (Okay
et al. 1991, 1996; Leven & Okay 1996). In
regions near the Izmir-Ankara Suture, the
arkosic sandstones pass up to greywackes and
siltstones with exotic olistoliths of mafic vol-
canic rock and limestone (Okay et al. 1991,
1996; Fig. 2). The size of the limestone blocks
in the Norian olistostromes ranges up to 1 km.
A detailed palacontological study of the
foraminifera in the limestone blocks has shown
the presence of almost all stages from Middle
Carboniferous (Bashkirian) to uppermost
Permian (Dorashamian) (Leven & Okay 1996).
There are also rare blocks of pelagic limestone
and radiolarite, which are dated by conodonts as
Middle Carboniferous (Bashkirian) (Okay &
Mostler 1994). The total thickness of the Hodul
sequence is > 2 km: a more precise estimate is
not possible because of the strong tectonism.

The arkosic nature of the clastic rocks, as
well as granitic pebbles in the sandstones,
indicate a granitic source area for the Hodul
Unit. In only one locality in the Sakarya Zone,
in the area west of Ivrindi, the arkosic sand-
stones of the Hodul Unit can be observed to
lie transgressively over the Palacozoic Camlik
Granodiorite (Fig. 2). In other regions, e.g.
east of Bandirma, the Hodul Unit lies with a
shear zone contact over the Niliifer Unit. The
Hodul Unit is overlain unconformably by un-
deformed shallow-water Liassic sandstones
and siltstones.

Hercynian continental units in the
Sakarya Zone

The Hercynian continental units of the Sakarya
Zone consist of three different rock assem-
blages: Carboniferous high-grade metamorphic
rocks, Palaeozoic granites and a latest Carbon-
iferous molasse sequence.

Carboniferous high-grade metamorphic
rocks

These consist mainly of gneiss, migmatite,
amphibolite and marble with rare meta-ultra-
mafic rocks. They crop out mainly in the cores of
two Tertiary core complexes in the Kazdag and

Uludag Ranges (Fig. 2), and also in a Tertiary
thrust slice in the Pulur Massif in the eastern
Pontides (Fig. 3). The metamorphic grade is
amphibolite to granulite facies with cordierite +
sillimanite + garnet + biotite subassemblages in
the Kazdag and Pulur regions (Okay 1996; Okay
et al. 1996). The high-grade metamorphism is of
Late Carboniferous age. Gneisses from the
Kazdag region, dated by the single-zircon step-
wise Pb-evaporation technique, have yielded an
age of 308 + 16 Ma (Moscovian; Okay et al.
1996), while those from the Pulur region gave
Sm-Nd and Rb-Sr ages between 303 and
322 Ma (Moscovian-Bashkirian; Topuz et al.
1997).

In both the Kazdag and Uludag regions, the
Carboniferous high-grade metamorphic rocks
are tectonically overlain by the Palacotethyan
subduction-accretion complexes, while in the
Pulur Massif the metamorphic rocks are uncon-
formably overlain by Lower—-Middle Jurassic
limestones (Okay & Sahintiirk 1997).

Palaeozoic granodiorites

These granitoid rocks form several isolated
bodies, up to 30 km across, in the Sakarya
Zone (Figs 3 and 4). They are generally horn-
blende-biotite granodiorites and are locally
strongly deformed (Yilmaz 1976, 1981; Servais
1982; Bergougnan 1987; Okay et al. 1991). The
few available isotopic ages range from
Devonian to Permian. The Camlik Granodior-
ite in the Biga Peninsula has yielded a zircon age
of 399 + 13 Ma (Devonian) using a single-
zircon stepwise evaporation technique (Okay et
al. 1996); the Sogiit Granodiorite gave a K-Ar
biotite age of 272 + 3 Ma (Early Permian;
Cogulu & Krummenacher 1967) and a total Pb
age of 290 Ma (latest Carboniferous; Cogulu et
al. 1965); the Giimiishane Granodiorite in the
eastern Pontides has yielded a well-defined Rb—
Sr isochron age of 360 + 2 Ma (earliest
Carboniferous; Bergougnan 1987).

Most of the Palaeozoic granodiorites are
unconformably overlain by Lower Jurassic
continental to shallow-marine clastic rocks.
Only the Cambk Granodiorite in the Biga
Peninsula also has an unconformable cover of
Upper Triassic (Norian) arkosic sandstones
(Okay et al. 1991, 1996; Fig. 2). Some of the
granodiorites, like the Boziiyilkk and Sogiit
bodies, have narrow contact aureoles, although
the country rock into which these plutons
initially intruded are very poorly preserved. In
the few localities, where the Palaeozoic grano-
diorites are in contact with the Palaeotethyan
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subduction—accretion complexes (Fig. 2), the
granodiorites are seen to be thrust over the
Niliifer Unit. A mylonite belt > 1000 m thick
separates the Sogut Granodiorite from the
underlying Triassic metabasite—phyllite—-marble
unit (Yilmaz 1981).

Latest Carboniferous molasse

This coherent shallow-marine to continental
sequence crops out only in the eastern Pontides
(Ketin 1951). The lower part of the sequence,
> 1100 m in thickness, consists of an inter-
calation of pebbly sandstone, quartzite, shale
with thin coal horizons and shallow-marine
limestone with fusulinids; this is conformably
overlain by continental arkosic red sandstones,
> 1000 m in thickness. Sandstones throughout
the sequence contain clasts of acidic plutonic
and volcanic rocks. Fusulinids from the lime-
stones indicate a latest Carboniferous age (Late
Kasimovian—Early Gzelian) for the lower part
of the sequence: the overlying continental series
may possibly extend into the Early Permian
(Okay & Leven 1996; Okay & Sahintiirk 1997).
Although the base of the Upper Carboniferous
sequence is not exposed, it probably uncon-
formably overlies the nearby Carboniferous
granites and high-grade metamorphic rocks in
the Pulur and Giimiishane regions (Fig. 3).
Similar Upper Carboniferous sequences over-
lying metamorphic and granitic rocks are ex-
posed in the Lesser Caucasus (Khain 1975), and
can be compared with the Rotliegende For-
mation of Hercynian Europe.

Timing of the Cimmeride Orogeny in
the Sakarya Zone

The age of the Cimmeride deformation in the
Sakarya Zone can be constrained between the
age of the youngest deformed strata of the
Karakaya Complex and the oldest unconform-
ably overlying undeformed beds. The age of the
deformed olistostromes in the Hodul Unit in
northwest Turkey is established at several
localities as Norian. This is based on macro-
fauna, such as Halobia suessi (Mojsisovics),
Pinacoceras  postparma  (Mojsisovics) and
Pseudocardioceras acutum (Mojsisovics) from
the Balya region (Leven & Okay 1996), and
Halobia styriaca (Mojsisovics) from north of
Bursa (Erk 1942). A more precise Middle-Late
Norian age has been obtained from the Hodul
Unit south of Ivrindi, based on the forms
Zugmayerella sp., Anadontophora cf. griesbachi

(Bittner), Amonotis(?) sp. and Gonionautilus
securis (Dittmar) (Leven & Okay 1996).

The age of the oldest unconformably over-
lying undeformed series in northwest Turkey
(Bayirkdy Formation) is firmly established as
Sinemurian, based on ammonites, brachiopods
and foraminifera (Alkaya 1982; Altiner ez al.
1991). The Sinemurian sequence extends
upwards semi-continuously to the Late Cre-
taceous, with no significant deformation until
the Senonian. This brackets the age of the
Cimmeride Orogeny between the latest Norian
and Hettangian (215-200 Ma). Only in the
central Pontides, where the undeformed se-
quence overlying the subduction—accretion
units is of Middle Jurassic age, is the Cimmeride
deformation probably slightly later (Tiysiiz
1993).

Ar-Ar dating of phengites from the eclogite
in the Nilifer Unit east of Bandirma gave a
narrow metamorphic age between 208 and
201 Ma (Okay & Monié 1997). A similar iso-
topic age range was obtained (214-192 Ma)
from phengites from the blueschists north of
Eskigehir (Monod et al. 1996). The eclogite was
metamorphosed at a temperature of c. 480°C,
which is close to the closure temperature for Ar
in phengite [generally taken to be in the 350-
400°C range (Okay & Monié 1997)]. Therefore,
these isotopic ages, which correspond to the
Late Norian—Early Liassic (Hettangian) (Grad-
stein et al. 1994), reflect an early stage of cooling
and are compatible with the palacontological
ages of the deformation.

The Cimmeride Orogeny in northern Turkey
is remarkable for its relatively brief deformation
and metamorphism, and in this respect contrasts
strongly with orogenies like the Alpide or the
Himalayan, which have life spans > 50 Ma.

The duration of the Palaeotethyan
subduction and the age of the
subducting oceanic crust

The duration of subduction is best given by the
age range of the magmatic arc and the forearc
sequence: in the Sakarya Zone neither are
recognized. In their absence, the Late Triassic
age of the high pressure metamorphism pro-
vides a minimum duration for the subduction.
The age range of the subducting oceanic crust
can be deduced from the age of the pelagic
sediments in the accretionary complexes.
Middle Carboniferous (Bashkirian) and Upper
Permian radiolaria are described from chert
blocks in the Karakaya Complex (Kozur &
Kaya 1994; Okay & Mostler 1994; Kozur 1997),
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suggesting subduction of an oceanic crust at
least as old as Middle Carboniferous. This is
compatible with palaecogeographic reconstruc-
tions which indicate the continued presence of a
large oceanic area north of Gondwana in the
Carboniferous and Permian (e.g. Smith et al.
1981; Stampfli 1996).

Origin of the Carboniferous and
Permian limestone blocks in the Upper
Triassic olistostromes

Voluminous olistostromes with Carboniferous
and Permian neritic limestone blocks occur in
the upper parts of the Upper Triassic arkosic
clastic sequences in northwest Turkey (Okay et
al. 1991, 1996; Leven & Okay 1996). The origin
of these exotic blocks, e.g. whether they were
initially deposited on the southern or northern
margin of the Palaeotethys and how they were
incorporated into the Hodul Unit, cannot be
satisfactorily answered because of apparently
conflicting evidence. Data which argue for a
southerly origin of the Carboniferous and Per-
mian limestone blocks are as follows. (1) The
Triassic olistostromes form a belt, 15-25 km
wide and 280 km long, immediately northwest
of the Izmir-Ankara Suture (Fig. 2). The den-
sity and the size of the exotic limestone blocks
decrease northward and westward away from
the Izmir-Ankara Suture. These observations
suggest that the blocks in the olistostromes were
derived from a carbonate platform that lay in
the present southeast, e.g. in the direction of the
Anatolide-Tauride Block. (2) There is a general
westward increase in the age of the limestone
blocks from Midian-Dzhulfian immediately
adjacent to the Izmir—Ankara Suture to Mur-
gabian-Midian further northwest (Leven &
Okay 1996). Assuming that the top of the car-
bonate platform was eroding first, this again
argues for a southward derivation of the blocks.
(3) No marine Permian deposits are known
along the Laurasian margin in the western
Palaeotethys. In Bulgaria, the Permian is repre-
sented by terrigenous clastic and volcanic rocks
(e.g. Yanev 1992), and, in the Istanbul Zone,
Permian deposits are largely absent and the
Early Triassic and possibly latest Permian con-
sist of red beds and basic lavas. In contrast,
Permian and Carboniferous deposits in the
Anatolide-Tauride Block are generally marine
carbonates (e.g. Monod 1977; Argyriadis 1978;
Altiner 1983). On the other hand, Permian
fusulinid assemblages from the exotic limestone
blocks in the Hodul Unit are faunistically differ-
ent to those in the Anatolide-Tauride Block,

and are similar to the fusulinid assemblages
found in the northern margin of the eastern
Palaeotethys in Afghanistan, the Pamirs and
China (Leven & Okay 1996).

Assuming that the exotic Permo-Carbonifer-
ous limestone blocks in the Hodul Unit were
deposited in the northern outer shelf of the
Anatolide-Tauride Block, then a narrow sliver
of this outer shelf must have rifted, possibly
during the Early Triassic mafic magmatism,
from the bulk of the Anatolide-Tauride Block.
This Cimmerian continental sliver must have
been translated northward and must have
eventually been incorporated into the Upper
Triassic olistostromes (Okay et al. 1996). How-
ever, a major problem with this tectonic scen-
ario is that nowhere in the Sakarya Zone is there
evidence for a Gondwanan continental base-
ment, which must have underlain the Permo-
Carboniferous limestones.

A model for the Cimmeride orogeny in
Turkey

A Dbasic tenet of the model presented here is that
the Cimmeride deformation in Turkey is caused
by the collision and partial accretion of an
oceanic plateau with the Laurasian active con-
tinental margin during the Late Triassic. Accre-
tion of an oceanic plateau to the Laurasian
margin would imply a northward dipping sub-
duction zone during the Late Triassic, as sug-
gested by Robertson & Dixon (1984), Ricou
(1994) and Stampfli et al. (1991) and others.
The evidence in favour for the oceanic plateau
origin of the Niliifer Unit has been cited above.
The alternative model for the Cimmeride defor-
mation, involving the collision of a Cimmerian
continent with the Laurasian margin (§engor
1979; Sengor et al. 1984), is difficult to maintain
as no coherent Cimmerian continent can be
defined in northern Turkey. The pre-Jurassic
rocks in the Sakarya Zone are either subduc-
tion—accretion complexes or fragments of a
Hercynian continental sequence belonging to
Laurasia. Furthermore, the comparatively short
period of deformation and metamorphism in
northern Turkey (< 15 Ma) would be incompat-
ible with a continent—continent collision but
would be explicable through the docking and
partial accretion of a oceanic plateau to the
Laurasian margin. It is also striking that neither
the Late Triassic deformation nor the presence
of the Niliifer Unit have been documented from
mainland Greece or from the Lesser Caucasus,
illustrating a causal relation between the two.
Figure 5 shows two schematic cross-sections
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Fig. 5. Schematic cross-sections illustrating the tectonic evolution of the southern margin of Laurasia during: (a)

Middle Triassic; and (b) Late Triassic.

llustrating the tectonic evolution of the Niliifer
oceanic Plateau. During the Early-Middle
Triassic, the Niliifer oceanic Plateau was gener-
ated during a voluminous intraplate mafic mag-
matism. This appears to have been part of a
large Triassic mafic magmatic pulse in the
Tethyan region. Triassic mafic tuffs, > 1000 m
in thickness, are described from the allochthons
in the Taurides (Huglu Unit; Monod 1977,
Gokdeniz 1981; Ozgiil 1997) and they are also
widespread in the Triassic sections in Greece.
The geochemistry of some Triassic mafic vol-
canic rocks in the eastern Mediterranean have a
plume signature (Dixon & Robertson 1999)
suggesting that the Triassic mafic magmatism
was plume related. It is also possible, especially
if a southerly origin is assumed for the exotic
Permo-Carboniferous limestone blocks, that
part of the outer shelf of the Anatolide-Tauride
Block was also rifted during the Early Triassic
magmatism.

In the Late Triassic, the northward movement
of the Palacotethyan plate brought the Niliifer
oceanic plateau near the Laurasian active
margin. At this time the Laurasian margin was
characterized by a Hercynian granitic and meta-
morphic basement with isolated molassic basins
of Late Carboniferous-Permian age, and a thin
cover of Triassic continental to shallow-marine
sediments, e.g. as observed in Bulgaria or in the
Istanbul Zone (e.g. Ganev 1974; Chatalov 1991).
Subduction-accretion units of the Karakaya

Complex, such as the Orhanlar Greywacke or
the Cal Unit, were probably already part of the
accretionary complex at the southern margin of
the Laurasia (Fig. 5a). The collision of the
Niliifer oceanic Plateau with the active margin
occurred during the Late Triassic (Norian), as
indicated by the age of the syncollisional clastic
sequences and the age of the HP-LT meta-
morphism. The volcanic edifice of the oceanic
plateau was detached from its plutonic sub-
stratum and formed a thick accretionary wedge
at the southern margin of Laurasia, represented
by the Niliifer Unit (Fig. 5b). The attempted
subduction of a major oceanic plateau resulted
in uplift and severe compressive deformation of
the overlying active continental margin (e.g.
Ben-Avraham et al. 1981; Cloos 1993). The arc
and forearc sequences were probably largely
eroded during the latest Triassic, and the Hercy-
nian crystalline basement was internally sliced.
A thick clastic wedge fed from the south vergent
Hercynian thrust slices engulfed the subduction
zone (Fig. 5b). This part of the model explains
the unusual position of the arkosic sandstones of
the Hodul Unit overlying the Niliifer Unit, as
well as the Carboniferous granites. The pres-
ence of Hercynian basement units both above
and below the Niliifer Unit suggests interdigita-
tion of the two during the Late Triassic.
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Conclusions

It is here proposed that the Late Triassic
Cimmeride deformation and metamorphism in
northern Turkey was caused by the collision and
accretion of an Early-Middle Triassic oceanic
plateau to the southern margin of Laurasia. The
upper volcanic edifice of the oceanic plateau is
preserved in northern Turkey as a very thick
and extensive metabasite-marble—phyllite unit.
Oceanic plateaux are common in the present-
day Pacific Ocean and former examples have
been described from Japan, western North
America and the Caribbean region. This is
apparently the first possible example of an
ancient oceanic plateau from the Tethys Ocean.

An implication of the model presented here is
that the Izmir-Ankara—Erzincan Suture repre-
sents both the Palaeco- and Neotethyan sutures.
A suture can be defined as the site of a former
ocean basin separating two continental plates
(e.g. Moores 1981). It is expressed as a major
tectonic line that forms a profound strati-
graphic, structural, metamorphic and magmatic
divide. The Araso Schuppen Zone, parts of the
Insubric Line in the Western Alps (Triimpy
1975) and the Indus-Tsangpo Fault Zone in the
Himalaya (e.g. Le Fort 1989) are examples of
major sutures. The Izmir-Ankara—Erzincan
Suture in Turkey is another example of a latest
Cretaceous-Palacocene suture across which
stratigraphic, structural and metamorphic cor-
relations are not possible (Sengér & Yilmaz
1981; Okay & Tiiysiiz 1999). However, as the
Cimmeride Orogeny in Turkey was an ac-
cretionary rather than collisional orogeny, a
Palaeotethyan suture as distinct from the Neo-
tethyan suture does not exist. The Palaeo-
tethyan suture shown on the maps (e.g. Sengor
et al. 1984) does not correspond to a mappable
tectonic line in the field, and does not form any
stratigraphic, structural, metamorphic or mag-
matic boundary. Palaeotethyan subduction—
accretion complexes, as well as the Hercynian
continental units, occur on both sides of the
supposed "Palaeotethyan’ suture line.

An important problem is the spatial and
temporal relation between the Palaeo- and
Neotethys. Accretionary complexes, consisting
mainly of basalt, radiolarian chert, pelagic shale
and serpentinite, occur widely to the south of
the Izmir-Ankara Suture (Figs 2 and 3). Dating
of radiolarian cherts from these accretionary
complexes have vyielded only Norian and
younger ages, giving the duration of the fzmir--
Ankara Neotethyan Ocean (Bragin & Tekin
1996; Bozkurt et al. 1997). The absence of
Palaeozoic pelagic sedimentary rocks in the

Neotethyan accretionary complexes reinforces
the generally accepted view that the Neotethys
opened as a separate ocean during the Triassic.
It is possible that the narrow continental
sliver with the Permo-Carboniferous limestone
carapace, which may have rifted off from the
northern margin of the Anatolide-Tauride
Block during the Early Triassic, was responsible
for the opening of the Neotethys and the closing
of the Palaeotethys during its northward drift
(Okay er al. 1996).
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Abstract: Similar Palaecozoic-Lower Tertiary units in the northern Karaburun Peninsula
(western Turkey) and the adjacent island of Chios (Greece) provide insights into the
tectonic evolution of the Tethyan Ocean near the junction between the Taurides/
Anatolides and Hellenides. The northwest Karaburun Peninsula is dominated by a highly
sheared mélange (c. > 2 km thick) with Silurian~Carboniferous blocks (up to hundreds of
metres in size) of neritic and pelagic limestone, black ribbon chert, shale, extrusives and
volcanogenic sediments. The blocks are set in a matrix of siliciclastic turbidites, pelagic
carbonates and channelized conglomerates. Northern Chios is similarly composed of
mélange (c. 3-4 km thick) with limestone blocks dated as Silurian—Carboniferous, black
ribbon chert, shale and volcanics within predominantly siliciclastic sediments, including
local conglomerates.

Both mélanges are unconformably overlain by Lower Triassic basinal successions (with
sheared basal contacts), including terrigenous clastics, pelagic carbonate, radiolarite, lava
and volcanogenic sediments, interpreted as rift successions. In both areas, successions
shallow upwards into extensive Mesozoic carbonate platform facies, similar to those widely
developed in the Taurides and Hellenides. On the Karaburun Peninsula, deposition was
punctuated by emergence and localized deltaic siliciclastic deposition in latest Triassic—
earliest Jurassic time. The Karaburun carbonate platform later emerged, eroded, then
subsided in Campanian-Maastrichtian time; it then collapsed in the Maastrichtian—earliest
Tertiary and was overlain by another mélange (Bornova Mélange), with blocks of both
local platform-derived and accreted Mesozoic oceanic lithologies, and was finally thrust
imbricated during continental collision. On Chios, a Lower Jurassic carbonate platform
succession is overthrust by an exotic Carboniferous-Lower Jurassic mixed shallow-water
carbonate and siliciclastic unit.

Most tectonic hypotheses for the mélange are problematic. They include formation as
Palaeozoic basinal ‘olistostromes’, as an ideal Late Palaeozoic subduction-accretion
complex basin, as an Early Triassic rift, or as entirely tectonic mélange. The mélange are
seen here as the end-product of a combination of Late Palaeozoic southward(?) subduc-
tion-accretion (culminating in trench-microcontinent collision?), Early Triassic rifting and
latest Cretaceous-Early Tertiary subduction/collision. Regional comparisons suggest that
initial mélange formation took place in Late Carboniferous—Early Permian time. Subse-
quent Early Triassic rifting was associated with siliciclastic, calcareous and radiolarian
deposition, and andesitic volcanism. The Triassic rift was overlain by a subsiding passive
margin adjacent to a northerly Neotethyan oceanic basin from Middle Triassic-Late
Cretaceous. This ocean closed in the Late Cretaceous—Early Tertiary, resulting in collapse
of the passive margin, subduction—accretion and further mélange formation in a foredeep.
Continental collision resulted in further deformation of the Palaeozoic mélange, thrust
imbrication of the Mesozoic platform and shearing at its base.

The Tethys orogenic belt in the eastern Mediter-
ranean is a superb natural laboratory for the
study of tectonic processes and orogenic as-
sembly, in part because of its diversity and the
fact that it is still an active collisional area. The
last decade and a half have seen immense strides
in understanding this complex region. Prior to
this, a widespread, if not universal, view was that

there was only one (early) Mesozoic Tethyan
ocean (Neotethys) in the eastern Mediterranean
region (Dercourt et al. 1986) and that tectonic
variety mainly resulted from long-distance
thrusting over the North African foreland to
the south [e.g. Ricou er al (1984) for
Turkey; Papanikolaou (1984a) for Greece].
Today, it is generally accepted that the eastern

From: Bozkurrt, E., WINCHESTER, J. A. & PirER, J. D. A. (eds) Tectonics and Magmatism in Turkey and the
Surrounding Area. Geological Society, London, Special Publications, 173, 43-82. 1-86239-064-9/00/$15.00

& The Geological Socicty of London 2000.
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Mediterranean region developed as a suite of
microcontinental fragments and intervening
small ocean basins ($engor ef al. 1984; Robert-
son & Dixon 1984; Dercourt et al. 1992), with
each area requiring study in its own right.
Formerly, a strongly argued view was that the
eastern Mediterranean Sea is underlain by the
North African foreland (Hirsch 1984), whereas
today most workers see the eastern Mediter-
ranean as an oceanic basin dating from the
Triassic (Robertson & Woodcock 1980; Garfun-
kel & Derin 1984; Garfunkel 1998; Robertson
1998), or Late Permian (Stampfli er al. 1991,
2000, Stampfli 2000). Then, the main, Palaeozoic
Tethys (Palaeotethys) was viewed as being
located to the north of Turkey in the Pontide
mountain range and beyond (Sengor et al. 1984;
Tiiysiiz 1990}, whereas today it is widely believed
to lie further south, within Anatolia (Dercourt et
al. 1992; Ustabmer & Robertson 1993, 1997).

There is currently a renewed interest in the
Late Palaeozoic-Early Mesozoic geology and
tectonics of central western Turkey, since this
area includes evidence of both Palaeozoic and
Mesozoic oceanic units. An initial problem
concerns current terminology of Tethyan
basins. Sengor et al. (1984) defines ‘Palaeo-
tethys’ as a discrete oceanic basin whose rem-
nants are located in the north, near the Eurasian
continental margin (in the Pontides). ‘Neo-
tethyan’ oceanic basins opened as back-arc
basins above a south dipping Palaecotethyan
subduction zone. By contrast, Stampfli et al.
(2000) define ‘Palaeotethys’ as an ocean basin
further south, that subducted northwards open-
ing marginal basins to the north (i.e. Vardar or
Meliata ocean). ‘Neotethys’, in turn, opened
further south by rifting of ‘Cimmerian’ frag-
ments from Gondwana. In the east (Oman,
Himalayas), this oceanic basin opened in Late
Permian time, but evidence from the eastern
Mediterranean region (e.g. Levant, southern
Turkey) favours Triassic-Early Jurassic opening
(Garfunkel 1998; Robertson 1998).

A third alternative is that ‘Palaeotethys’ re-
mained partly open and evolved into ‘Neotethys’
comparable to, for example, the modern south-
west Pacific region (Robertson & Dixon 1984).
Currently, there is a need to test alternative
Tethyan tectonic models, using well-constrained
data from critical areas. It is, therefore, a mistake
to adopt a genetic terminology inherent in any
particular tectonic model. To avoid this danger,
Palaeotethys is defined here as simply an essen-
tially Palaeozoic-Early Mesozoic ocean and
Neotethys as an essentially Mesozoic-Early
Tertiary ocean, wherever located and however
formed (Robertson et al. 1996).

Within the Turkish region, it has been argued
that Palacotethys was mainly subducted north-
wards beneath Eurasia (Ustadmer & Robertson
1993, 1997; Robinson et al. 1995). Alternatively,
Palaeotethys was subducted southwards be-
neath the then leading edge of North Africa,
represented by the Antolide-Tauride Platform
(Okay et al. 1996). Within the intervening area,
evidence of apparent Early Mesozoic southward
subduction was reported within the Permo-
Triassic Karakaya Complex (Okay et al. 1996;
Pickett & Robertson 1996), but it remains
unclear where this unit was then located relative
to North Africa or Eurasia. Recently, Okay
(2000) suggests that Triassic subduction involv-
ing the Karakaya Complex was northwards, as
proposed for the Central Pontide region (Ustad-
mer & Robertson 1993, 1997).

The focus here is on the evolution of Palaeo-
tethys and its relationship to Neotethys as
defined above. Evidence will be considered for
the evolution of Palacotethyan and Neotethyan
units located in the vicinity of the northern
margin of the Mesozoic Anatolide-Tauride
Platform, based on evidence from two critical
areas of western Turkey and Greece where,
exceptionally, unmetamorphosed units are well
exposed. In contrast, further east, the northern
margin of Anatolide-Tauride Platform is
mainly metamorphic, including blueschists
related to closure of the northerly Neotethyan
basin in Late Mesozoic-Early Tertiary time
(Okay et al. 1996) and, therefore, the nature of
any underlying Palaeotethyan units remains
largely obscure.

Within the Karaburun Peninsula (western
Turkey) and on the adjacent Greek island of
Chios (Fig. 1), unmetamorphosed and relatively
well-dated Palaeotethyan and Neotethyan units
are well exposed and accessible for study. These
two areas include important mélange units that
have, in the past, been interpreted in very
different ways, in terms of either subduction-
accretion or rift processes. (The term ‘mélange’
is used here as a purely descriptive, non-genetic
field term for a pervasively mixed unit.) In
addition, Mesozoic carbonate platform units
and a separate unit of Late Mesozoic mélange
are also present.

Presented here are new results for Palaeo-
zoic-Lower Tertiary lithologies exposed on the
Karaburun Peninsula and Chios in the light of
existing data, especially recent biostratigraphic
results. Despite their proximity, the two areas
have largely been studied separately over the
last half century, but taken together they
provide important insights into the tectonic
evolution of a critical area linking the Taurides
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Fig. 1. Regional tectonic map showing the setting of the Karaburun Peninsula (Turkey) and Chios (Greece).
Note also the location of the Palaeotethyan Karakaya Complex to the north, and the Neotethyan Izmir-Ankara—
Erzincan (Suture) Zone and the Menderes Metamorphic Massif to the south.

and Hellenides. It will be concluded that the
Karaburun—Chios mélanges represent the best
known unmetamorphosed Palaeotethyan sub-
duction-accretion complex in the eastern
Mediterranean region, overlain by a rifted
Mesozoic continental margin related to opening
of a northerly Neotethyan oceanic basin.

Regional geological setting

The island of Chios and the Karaburun Penin-
sula lie at the western end of the Mesozoic—-
Early Tertiary (ie. Neotethyan) Izmir—
Ankara-FErzincan Suture Zone (IAESZ) that
separates the metamorphic Menderes Massif to
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the south and related units further east from
Upper Palaeozoic-Lower Mesozoic units to the
north, notably the Karakaya Complex (Fig. 1).
A zone of ophiolites and ophiolitic mélanges
(forming the TAESZ) trending across northern
Turkey was formed by closure of a Mesozoic
ocean basin (‘Northern Neotethys’) during
latest Mesozoic—Early Tertiary time (Sengér &
Yilmaz 1981). To the north, the Karakaya Com-
plex is interpreted as an accretionary wedge
formed by subduction of Palaeotethyan oceanic
lithosphere (e.g. Tekeli 1981; Okay et al. 1991;
Pickett & Robertson 1996). Further south, the
Menderes Massif and related units are inter-
preted as continental fragments rifted from
North Africa (Gondwana) during Early Meso-
zoic time (Robertson ef al. 1991), or Late
Permian time (Stampfli er al. 1991; Stampfli
2000), to open a Neotethyan oceanic basin to
the south.

The sequences on Karaburun and Chios begin
with kilometres thick mélange units, including
blocks and dismembered thrust sheets of
Palacozoic age and matrix sediments. In both
areas the mélange is overlain by Lower Triassic
basinal successions, including volcanogenic
units, followed by thick Mesozoic carbonate
platform units. In addition, on Chios, the above
stratigraphy is structurally overlain by a large
thrust sheet of Upper Palacozoic-Lower Meso-
zoic (predominantly Permian) basinal to shal-
low-marine sediments.

The Karaburun Peninsula

Previous work

Classical work is summarized by Erdogan et al.
(1990) for Karaburun and Besenecker et al.
(1968) for Chios. Early workers treated both
the Karaburun and Chios units as entirely strati-
form successions (e.g. Ktenas 1925) in which, for
Karaburun (Fig. 2), Ordovician-Silurian (Holl
1966) and Devonian (S6zen 1973) corals and
brachiopods, and Carboniferous fusulinids
(Philippson 1911; Brinkmann et al. 1972) were
recognized. ‘Olistoliths’ associated with lenses
of Triassic limestone were reported in Kara-
burun by Konuk (1977).

Within what is termed here the Karaburun
Mélange (new name), Erdogan er al. (1990)
recognized the Denizgiren Group [name intro-
duced by Ktenas (1925)] which comprises two
units of inferred Early Triassic age, the Karareis
Formation {name introduced by Konuk (1977)]
and the Gerence Formation, which Konuk
(1977) regarded as laterally equivalent and

intergradational. He interpreted the ‘Karareis
Formation’ as a > 2 km thick Lower Triassic
succession of mudstones and sandstones, mafic
volcanics, black cherts and limestones, including
‘olistoliths’ of Carboniferous-Lower Triassic
limestones. Erdogan et al. (1990) reported the
presence of deformed lenses of thinly bedded
limestones and thin-shelled bivalves, associated
with Triassic foraminifera, interbedded with
green and black chert, and turbiditic sandstone.
‘Olistostromal horizons’, 5-10 m thick, set in a
sandy or muddy matrix, with subrounded to
rounded clasts yielded Silurian—Early Devonian
to Late Carboniferous ages (Erdogan, pers.
comm.). Erdogan er al’s (1990) mapping also
confirmed the presence of a laterally discon-
tinuous sheet of Middle Carboniferous lime-
stone (Ktenas 1925; Brinkmann et al 1972)
beneath a Mesozoic platform succession in the
southwest (Alandere Formation). Erdogan et al.
(1990) interpreted what is termed here the
Karaburun Mélange as a Lower Triassic rift-
related succession in an unstable ‘trench-type’
setting adjacent to a developing Triassic carbon-
ate platform.

Kozur (1995, 1997) gave an exhaustive cri-
tique of earlier work and went on to report new
radiolarian, conodont, ostracod and Mueller-
phaerid (Incertae sedis) age data that confirm
the presence of Silurian, Devonian and Carbon-
iferous units. Lower units, including black
cherts, contain Silurian—-Upper Devonian radio-
larians. A widespread and structurally higher
‘turbidite-olistostrome’ unit contains black
radiolarites of Silurian~Devonian age and lime-
stone ‘olistoliths’ with conodonts of Early
Silurian (Wenlockian) and Late Devonian age.
Silurian limestone olistoliths locally contain
‘inclusions’ of ‘keratophyric tuff’ associated
with fragmental volcaniclastics (< 100 m thick
near Ildir; Fig. 2). Kozur (1995, 1997) assumed a
Silurian age for the volcaniclastics, although
Erdogan (pers. comm.) interprets these as inclu-
sions within Lower Triassic ‘olistostromes’;
Middle Devonian is apparently absent. Kozur
(1995, 1997) confirmed a Middle Carboniferous
(Bashkirian) age for limestones in the upper
part of the mélange in the southwest (Alandere
Formation) and, elsewhere, he extracted Lower
Visean radiolarians from black chert. Kozur
(1995, 1997) supports Erdogan et al.’s (1990)
view that the Carboniferous is unconformably
overlain by Lower Triassic basinal facies. Litho-
logical contrasts and changes in vitrinite reflec-
tance reported by Kozur (1995, 1997) suggest
that Palaeozoic [conodont alteration index
(CAI 4-5)] and Triassic (CAI 1.5) units are
locally intersliced, especially in the east close to
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the overlying Mesozoic platform succession, in
contrast to the depositional interfingering in-
ferred by Erdogan et al. (1990).

Stratigraphy

Kozur’s (1995, 1997) palaeontological results
indicate that the northwestern Karaburun

Peninsula cannot be considered entirely as a
Lower Triassic stratiform succession (with sedi-
mentary olistoliths), as envisaged by Erdogan ez
al. (1990). Therefore, use of the terms Karareis
Formation and Denizgiren Group are discon-
tinued here and the term Karaburun Mélange is
introduced. However, the term Gerence For-
mation remains valid for the overlying Lower
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Triassic succession at the base of the Mesozoic
platform succession in the south, and this is
correlated with intact volcanic-sedimentary
units further north [uppermost part of the
Karareis Formation of Erdogan er al. 1990)].
Above the Karaburun Mélange, a thick, rela-
tively intact, Mesozoic (Triassic-Upper Cre-
taceous) succession has long been recognized
(Philippson 1911; Ktenas 1925; Kalafatcioglu
1961; Brinkmann et al. 1972). The Lower Trias-

sic part of the succession was divided into seven
formations by Brinkmann ez al. (1972) but these
are now best regarded as facies variants within a
single Lower Triassic unit, i.e. the Gerence
Formation (150-500 m thick). Therefore, Erdo-
gan er al.’s (1990) stratigraphy for the overlying
Mesozoic platform succession (Fig. 3) and ad-
jacent uppermost Cretaceous—Lower Tertiary
mélange (i.e. the Bornova Mélange; Fig. 4) is
retained.
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The Karaburun Mélange

The reconnaissance mapping from this study
confirms that, beneath local Neogene volcanic-
related units, the whole of the northwestern
Karaburun Peninsula beneath the Mesozoic
platform (Fig. 6a) is a mélange, with little or no
lateral or vertical stratal continuity. The
mélange is divisible into two units, based on
lithology and state of metamorphism (Fig. 4).

Lower unit. A structurally lower, undated,
schistose shale-sandstone unit of greenschist
facies metamorphic grade is exposed in the
northwestern coastal area (Fig. 2), extending
up to ¢. 5 km inland (e.g. Fig. 2, 1 and 2). This
unit, estimated as up to 500 m thick, is equiva-
lent to the Ordovician(?) sericite schist of Kozur
(1995, 1997, his Kiigiikbahge Formation). The

sediments strike nearly north-south and are
mainly inclined to the east at 40—-60°, although
dips are locally variable. Lithologies are mainly
sheared sandstone turbidites and shales, with
little chert or exotic blocks. The unit is cut by
veins and pods of metasomatic quartz up to tens
of centimetres thick, not seen in structurally
overlying units.

Upper unit. This encompasses the remainder of
the outcrop (> 1.5 km thick) beneath the Meso-
zoic platform successions. It is a mélange com-
prising two main components: (1) competent
blocks and disrupted thrust sheets of neritic
and pelagic limestone, black ribbon radiolarite
(lydite) and extrusive rocks; and (2) a sheared
matrix of shale—sandstones and rare conglomer-
ate.
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Limestone. Limestones mainly form disrupted
sheets and blocks up to 600 m long by several
hundreds of metres thick. The largest disrupted
limestone sheets commonly dip at low to moder-
ate angles (< 30°), discordant to the generally
higher angle local tectonic fabric in the mélange.
Smaller limestone blocks (metres to tens of
metres in size) are commonly steeply inclined,
concordant with the fabric of the adjacent
mélange. The limestones are commonly intern-
ally sheared and tectonically brecciated with
tension gashes and stylolites (Fig. 2.3 and 4).
The margins of some individual blocks and
sheets degenerate into angular jigsaw puzzle-
type breccias mixed with argillaceous carbonate
(Fig. 2.5). Within this marginal zone, limestone
clasts are veined and brecciated, whereas the

enclosing matrix sediment is undeformed. Else-
where (Fig. 2.6), matrix sediments at the contact
with tectonic inclusions are brecciated, veined
and sheared. Excellent examples of disrupted
blocks and sheets of limestone (up to 500 m long
by 80 m wide), together with smaller, metre size
blocks, are well exposed inland from Tekekara
Dag (e.g. Fig. 2.4, 6-8). Limestones in this area
were dated as Silurian and Devonian by Kozur
(1995), and as Carboniferous and Early Triassic
by Erdogan (1990a, ). A common facies is well-
bedded, muddy, buff weathering pelagic lime-
stone, locally pinkish and nodular (e.g. Fig. 2.6).
Some blocks are composed of red, thin-bedded
pelagic limestone, with nodules and lenticles of
black replacement chert (e.g. Fig. 2.9).

A peninsula north of Karareis Bay (Tekekara
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Fig. 6. Field photographs of Karaburun units. (a) Triassic carbonate platform (pale upper) overlying the
Karaburun Mélange (dark lower), northwest Karaburun Peninsula. (b) Redeposited Middle Carboniferous
limestone; coastal section north of Ildir. (¢) Redeposited limestones showing layer-parallel extension; coastal
section north of Ildir. (d) Phacoidal blocks of lava and sandstone in a sheared shaly matrix; coastal section north
end of Karareis Bay. (e) Channelized conglomerate with clasts including black chert; coastal section north end of
Karareis Bay. (f) Limestone breccia at top of Lias platform succession; southwest of Mordogan (Fig. 2.25). Note

angular clasts — probably a tectonic breccia.

Dag; Fig. 2), mapped as Triassic limestone by
Erdogan (19904, b), is composed of numerous
large (tens to hundreds of metres) limestone
blocks, dated as Midddle Carboniferous-Early
Permian(?) by Garrasi & Weitchat (1968), with

poorly exposed matrix sediments between in-
dividual blocks and sheets (e.g. Fig. 2.5). Dis-
rupted thrust sheets and blocks of well-bedded
pink limestone, with shaly intercalations,
contain numerous well-preserved pisoliths,
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oncolites and ooids, with sparry overgrowths.
Some oncolites are fragmented and largely
replaced by dolomite rhombs. Stylolites and
late-stage spar veins are also observed. In ad-
dition, directly north of Tekekara Dag, a dis-
rupted sheet of well-bedded calciturbidites
passes stratigraphically upwards into thinly
bedded dark grey ribbon chert, similar to units
exposed within the Lower Triassic Gerence
Formation (as redefined here; Fig. 2.10). North
of Ildir, a block of Upper Silurian limestone
includes siliceous tuff, and nearby siliceous tuffs
(at Ildir Fatih College) are reported to contain
limestone intercalations with Silurian or
Devonian ostracods (Kozur 1995).

The coastal section between the southern
end of Gerence Bay and Reisdere-Ildir and
south of Ildir (Fig. 2) includes widespread
Lower-Middle  Carboniferous  limestones,
including the Serpukhovian-Bashkirian aged
Alandere Formation (> 300 m thick) of Erdo-
gan et al. (1990). Dating by Kozur (1995, 1997)
suggests that the more basinal facies are Early
Carboniferous, (his Dosemealtt Formation),
whereas shallow-water limestones are Middle
Carboniferous (Serpukhovian and Bashkirian,
i.e. latest Visean) in age. However, no lower
boundary is exposed and the unit is only
patchily exposed in the south. Where well ex-
posed along the coast at the southern end of
Gerence Bay (Fig. 2.11), the succession is
mostly gently inclined but very tectonically dis-
rupted, locally folded, inverted and cut by
numerous faults and shear zones with spar-
filled tension gashes. In places, the limestones
are broken into tectonic blocks and breccia,
with a buff silty matrix, but with little or no
lateral stratal continuity. Even intact units show
layer-parallel extension (Fig. 6c). Associated
turbiditic sandstone and mudstone are tectoni-
cally juxtaposed with limestone and do not
form part of a single intact succession. Meso-
scale isoclinal folds locally verge northwest or
north-northwest (e.g. Fig. 2.11).

The following Lower Carboniferous litho-
facies are depositionally intercalated where
well exposed in coastal sections, but cannot be
placed in stratigraphic order because of tectonic
disruption. (1) Medium-bedded to massive, dark
grey limestones, locally very fossiliferous
(including crinoids, bivalves, brachiopods,
corals and bioclasts), interbedded with dark
grey to black, finely laminated wackestones
(Fig. 2.11 and Fig. 6b), gastropods with rare
quartzite and calcareous sandstone clasts. The
interbedded laminates contain minor black re-
placement chert and are very bituminous, giving
off a fetid odour when split. (2) Medium- to

thick-bedded massive calcarenite, with minor
replacement chert, locally channelized down
into facies (1) above. (3) Thin- and medium-
bedded calcareous sandstone and quartzose
sandstone showing sedimentary structures (e.g.
grading and micro-cross-lamination) indicative
of turbiditic deposition, and locally with small
dark chert(?) and carbonate fragments (e.g. Fig.
2.11). (4) Buff coloured mudstones (up to 0.6 m
thick; Fig. 2.11) are interbedded with the above
limestones and sandstones.

The redeposited Lower Carboniferous lime-
stones (e.g. calciturbidites; Fig. 2.11) are pack-
stone with recrystallized fragments of shells,
algae, crinoids, echinoderms, gastropods, mol-
luscs, benthic foraminifera, micritic grains,
ooids and scattered quartz grains set in a coarse
spar cement. Interbedded sandstone is com-
posed of angular to subrounded grains of
plutonic quartz, quartzite, limestone bioclasts,
crystalline limestone, folded micaschist (with
strain-slip cleavage), green chlorite, feldspathic
lava, chert, black siltstone, muscovite and
plagioclase. In contrast, non-redeposited mass-
ive limestones (e.g. near Ildir) include pack-
stone with numerous quite well-rounded
oolitically coated grains of quartz, quartzite,
rare schist, reddish recrystallized chert, micac-
eous sandstone and altered volcanics, together
with common benthic foraminifera, pisoliths,
algae and ooids.

Further southwest (c¢. 7 km southwest of Ildir,
near Reisdere; Fig. 2.12), thick-bedded to mass-
ive neritic crinoidal limestones are rather poorly
exposed beneath Neogene volcanic-related
units. The limestone is locally a breccia with a
buff muddy matrix and is cut by small fissures
filled with pink carbonate.

Black chert. The chert is ribbon radiolarite, with
beds of massive chert (< 20 cm thick), separated
by dark grey shaly partings, from which Kozur
(1995) extracted Silurian-Lower Devonian and
Lower Carboniferous radiolaria. Sandstone, or
other, interbeds were not observed within the
ribbon chert. The chert comprises densely
packed radiolarians, partly replaced and infilled
by chalcedonic quartz, set in a matrix of micro-
crystalline quartz and fine terrigenous silt with
fine quartz and sericite. In the structurally lower
parts of the mélange, the black chert is com-
monly very highly sheared and intersliced with
coarse turbiditic sandstone (e.g. Fig. 2.3). In
places, contorted chert passes laterally into
tectonic chert breccia, with angular clasts
< 0.6 m in size (e.g. Fig. 2.3), set in a sandstone
matrix. The chert is also commonly deformed
into medium-scale chevron folds (Fig. 2.13).
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From its brittle, competent style of deformation,
it is clear that the chert was fully lithified before
being tectonically incorporated into an incom-
petent matrix. The chert becomes more abun-
dant in structurally higher levels of the mélange
in the east (e.g. idecik Cesme; Fig. 2.14), where
it forms sheared, disrupted units up to several
tens of metres thick and is laterally continuous
up to several hundreds of metres.

Volcanic rocks. Volcanic rocks are observed in
two main areas. Along the coast on the northern
side of Karareis Bay (Fig. 2.3 and 13), altered
intermediate-basic extrusives are present as
subrounded elongate blocks of aphyric, or feld-
spar—phyric, massive to locally pillowed lava.
These lithologies are spatially associated with
blocks and lenticles (< 10 m in size) of chevron-
folded black and grey chert, set in a matrix of
very highly sheared shale and turbiditic sand-
stone. Further south, near Ildir (Fig. 2), Kozur
(1995) reported silicic volcaniclastic sediments
(keratophyric tuffs) associated with Silurian
limestone and interpreted the volcanics as Silur-
ian in age, although Erdogan (pers. comm.)
regards these as thrust intercalations of Triassic
volcanics.

Sandstone-shale matrix. Sandstone and shale
form the matrix of the Karaburun Mélange.
The sandstones are clearly turbidites, based on
occurrences of grading, cross-lamination, con-
volute lamination, flute casts, shale rip-up clasts,
slumping and synsedimentary deformation (e.g.
Fig. 2.3). Dips are variable but are generally
steeply inclined towards the east. Successions
are mainly the right way up, implying generally
eastward facing, but are locally inverted. Shales
are commonly highly sheared with an ‘argile
scagliosa’ (i.e. scaly clay) texture (e.g. Fig. 2.13
and Fig. 6d). Medium-grained sandstones con-
tain plutonic quartz, folded mica schist, amyg-
daloidal basalt, muscovite, plagioclase, minor
blue chlorite, black siltstone and common
grains of basic extrusive igneous rock.

Three types of matrix are observed at differ-
ent structural levels of the mélange. First, the
metamorphosed sandstone (lower unit) is very
sheared, with a schistosity picked out by musco-
vite. Large quartz grains show incipient fusion
with a fine-grained quartzose matrix. Sand-
stones in the mid part of the mélange are
strongly intersheared with black ribbon chert
and local volcanics. Some sandstones in the
higher part of the mélange, although sliced, are
more laterally continuous (up to hundreds of
metres) and include rare pelagic limestones and
calciturbidites of Early Triassic age, based on

foraminiferal occurrences (Konuk 1977; Erdo-
gan et al. 1990).

There are also occasional thicker beds
(< 3 m) of pebblestones (e.g. Fig. 2.3 and 13)
and rare channelized conglomerates, up to
several tens of metres thick and several hun-
dreds of metres long (e.g. Fig. 2.8 and 10).
Bedding in the conglomerates varies from near
vertical to subhorizontal (e.g. Fig. 2.8). Super-
ficially, these conglomerates appear to be blocks
but on closer inspection are seen to pass later-
ally and vertically into typical siliciclastic turbi-
dites. The clasts within them are mainly
subangular to angular (to locally well rounded),
composed of black chert, or siliceous siltstone,
quartzite and schist (e.g. Fig. 2.3), set in a muddy
matrix (Fig. 6e). One conglomeratic unit (Fig.
2.8) is a debris flow deposit mainly composed of
subrounded black chert clasts, up to 0.25 m in
size, set in a silty matrix. Many of the medium-
bedded, and thinner, sandstones are strongly
sheared and show classic phacoidal textures
(e.g. Fig. 2.3).

Dating of the matrix is problematic for two
reasons: (1) Kozur (1995, 1997) dates the
‘matrix’ based mainly on intercalations of lydite
(black chert) and pelagic limestone; however, in
this study, the cherts and limestones were seen
to be thrust bounded (layer-parallel shears) and,
thus, do not date the actual mélange matrix; (2)
Lower Triassic ‘matrix sediments’ identified by
Erdogan er al. (1990) may be thrust into the
mélange, as suggested by contrasting (lower)
conodont maturity indices in these sediments
(Kozur 1995, 1997).

Interpretation of the Karaburun Mélange

The Karaburun Peninsula is interpreted as a
mélange of Palaeozoic exotic blocks, mainly
limestone, radiolarian chert, extrusives and vol-
canogenic sediments set in a matrix of mainly
siliciclastic turbidites and shale. An original
succession can be inferred by comparison of
individual blocks. Silurian and Devonian lime-
stone blocks record a pelagic, basinal setting,
with input from an adjacent continental margin
made up of mainly quartzo—feldspathic rocks.
The succession included subordinate silicic-
intermediate composition volcanics and vol-
caniclastics dated as Silurian by Kozur (1995,
1997), although some of the volcanics could be
Early Triassic in age and sheared into the
mélange.

Lower-Middle Carboniferous limestones are
mainly redeposited facies and comprise calcitur-
bidites and quartzose turbidites within finely



54 A.H.F. ROBERTSON & E. A. PICKETT

laminated, deep-water, organic-rich calcareous
muds. Kozur (1995, 1997) reported radiolaria in
this Lower Carboniferous succession. The lime-
stone is strongly folded and brecciated, and does
not represent a single intact succession, but is
instead a highly disrupted thrust sheet and as-
sociated blocks within the Karaburun Mélange.
The presence of Middle Carboniferous shallow-
water carbonates (Alandere Formation), poss-
ibly locally extending to the Lower Permian
(Garrasi & Weitschat 1968), indicates input
from an adjacent carbonate platform. As depo-
sitional contacts between deep- and shallow-
water facies are rarely preserved, it is possible
that the older basinal and younger neritic car-
bonates represent blocks derived from carbon-
ate platform, slope and basinal facies. In
addition, the black cherts could have been
underlain by oceanic crust that is not preserved.

The siliciclastic matrix sediments are mainly
turbidites, probably deposited in a deep-marine
setting. Some sandstone turbidites (lithic sand-
stones and greywackes) are interbedded with
the Middle Carboniferous basinal succession
and others with Lower Triassic pelagic carbon-
ates, but most units are bound by sheared
contacts and remain undated. The lenticular
conglomerates are interpreted as remnants of
channels, probably in a deep subaqueous set-
ting. The main source of larger clasts was
lithified black chert and black siltstone, similar
to block lithologies within the mélange.

Mesozoic platform successions of the
Karaburun Mélange

The Karaburun Mélange is overlain by a suc-
cession dominated by Mesozoic platform car-
bonates, up to 3 km thick, forming the Akdag
Mountains of the central northern Karaburun
Peninsula (Philippson 1911; Brinkmann et al.
1972). The succession, as preserved in the
lowest exposed structural unit and an overlying
thrust sheet, begins with basinal pelagic carbon-
ates, siliceous and volcaniclastic sediments with
local volcanics and Mn deposits (Gerence For-
mation: 150-500 m thick), and passes up into
Middle Triassic (Anisian)-Upper Cretaceous
platform carbonates, albeit with discontinuities
(Fig. 4). Here, the Early Triassic, Late Triassic—
Early Jurassic and Late Cretaceous intervals are
focused on, which are critical to tectonic in-
terpretation of the region.

Lower Triassic basinal facies. The succession in
the Lower Triassic Gerence Formation is well
exposed in the lowest structural unit, seen along

the coast of Gerence Bay (Fig. 2). In the north-
west, Lower Triassic facies beneath the Meso-
zoic carbonate platform, including volcanics,
were placed in the uppermost part of the
‘Karareis Formation’ by Erdogan et al. (1990),
but are here included within the Gerence For-
mation.

Erdogan et al. (1990) reported that the Lower
Triassic Gerence Formation unconformably
overlies the Middle Carboniferous Alandere
Formation, 2 km northeast of Iidir (Fig. 2).
Karstic weathering and ferruginous oxidation
beneath the Lower Triassic limestone indicate
subaerial exposure. Elsewhere (east of Reis-
dere), the Alandere Formation is depositionally
overlain by thinly bedded limestones with intra-
formational breccias and chert intercalations
(Erdogan er al. 1990). Kozur (1995) reported a
contact on the east side of Gerence Bay (Fig. 2)
where karstified Upper Carboniferous lime-
stones are overlain by a basal conglomerate
with limestone pebbles in an argillaceous
matrix, overlain by dolomite, then Scythian
limestone. North of Gerence Bay, the contact
between Palaeozoic lithologies of the mélange
(e.g. black chert) and an overlying intact Lower
Triassic volcano—sedimentary succession was
observed to be strongly sheared and folded
(e.g. Fig. 2.14; Idecik Cesme). In summary, the
contact between the mélange and the overlying
Lower Triassic platform succession is inter-
preted as a sheared unconformity.

In contrast to the Karaburun Mélange be-
neath, several lines of evidence indicate that
the Gerence Formation is an intact stratigraphi-
cal unit: (1) bedding is mainly gently inclined
parallel to the overlying intact Middle Triassic
platform carbonate succession; (2) exposures
show considerable lateral stratigraphical and
structural continuity, especially in the south; (3)
the unit is less deformed by shearing than the
underlying Karaburun Mélange, except near the
contact in the north, where the succession is
strongly folded, faulted and sheared, with local
phacoids; and (4) fossil evidence indicates
upward younging (Erdogan et al. 1990).

The Karaburun Mélange is locally overlain
(e.g. Fig. 2.16), with a poorly exposed sheared
contact, by lava breccias and hyaloclastite, pass-
ing upwards (after an interval of no exposure)
into a thickening- and coarsening-upward suc-
cession of calciturbidites, then into a Middle
Triassic carbonate platform succession (Fig.
Sa). The calciturbidites contain smail sub-
rounded, partly recrystallized, fragments of
micrite, shells (including Daonella), echino-
derms and algae in a micritic matrix packed
with calcified radiolarians and scattered pelagic
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bivalve shells. Further south (Fig. 2.17) a
relatively coherent succession begins with
ribbon radiolarite, followed by plagioclase- and
pyroxene—phyric andesite, green ‘tuff’, andesitic
‘tuffaceous’ conglomerate, cherty limestone
(grey-buff with replacement chert) and red and
black radiolarite, locally manganiferous (MnO
up to 51.61%; Pickett 1994), overlain by well-
bedded, dark grey, steeply dipping, graded
calciturbidites (in beds up to 1 m thick) and
fissile shale. Alternating laminae of radiolarian-
rich limestone and shelly packstone were
observed in thin section. Folds, with north-
south axes, are locally west facing. Along the
coast of Gerence Bay (Fig. 2.18) the succession
is too tectonically disrupted to measure. Thin-
bedded limestones and calcareous shales
(< 15 m) locally pass upwards into pink, nodu-
lar, ammonite-bearing pelagic limestones, inter-
bedded with reddish calcareous shales, locally
containing lenticles of replacement chert. There
are also intercalations of medium-thick-bedded
turbiditic sandstones, including fine, medium
and locally coarse facies (limestone conglomer-
ates) with thin-bedded black chert and cherty
limestone. Elsewhere in the vicinity (Fig. 2.20)
the succession is more coherent, with thinly
bedded, nodular, concretionary, pelagic lime-
stone and buff calcareous mudstones (Ladi-
nian?), overlain by thick-bedded Middle
Triassic carbonates. A comparable succession,
including pink pelagic limestone, is seen in the
higher thrust sheet further east (Fig. 2.19).
Correlation of the above local successions
(Fig. 7) indicates the following composite suc-
cession: (1) pelagic limestones (locally of
Halistatt type) and shales, (2) ribbon radiolar-
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ites, lavas and volcanogenic sediments; and (3)
thickening- and coarsening-upward siliceous
calciturbidites (Late Anisian; Brinkmann et al.
1972). There is marked lateral facies variation,
with lavas and radiolarites being more extensive
in the northwest. The succession passes con-
formably upwards into Middle Triassic (Upper
Anisian) platform carbonates [Camibogaz1 For-
mation: Erdogan et al. (1990)]. In addition,
within the higher thrust sheet in the east (4 km
north of Balikliova; Fig. 2), Erdogan et al. (1990)
reported massive reef limestones, up to 50 m
thick, with coral, bryozoans and algae, again
passing upward into Middle Triassic limestone.

Vesicular volcanics from the upper part of the
Gerence Formation were analysed by X-ray
fluorescence (XRF) (Table la) and found to
range from andesitic to dacitic composition.
The samples are associated with red chert and
are overlain by Lower Triassic nodular dolo-
mite-mudstone and bedded limestone from the
road section north of Ildir. On mid-ocean ridge
basalt (MORB)-normalized diagrams (Fig. 8a),
the extrusives display a distinctive calc-alkaline
pattern, with large-ion lithophile (LIL) element
enrichment and high field strength (HFS)
element depletion relative to MORB. Nb is
depleted relative to Ce but is enriched with
respect to MORB; Ce is very enriched relative
to MORB and Ti is depleted. With the excep-
tion of Cr, the other HFS elements, i.e. P, Zr, Y
and Sc, are near to average MORB composition
(Pickett 1994).

Radiolarian chert horizons within the Lower
Triassic succession in the above area (Fig. 2.16)
locally contain ore-grade material and were
formerly mined for Mn (Erdogan pers. comm.).
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Fig. 7. Detailed logs of the top of the latest Triassic—Liassic transition within the platform succession. The
quartzose sandstone intercalations are dated as Rhaetic (Erdogan et al. 1990). For locations see Fig. 2.
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XREF analysis of five samples of manganiferous
chert yielded MnO concentrations of 0.89-
51.61%; samples contained low values of Fe,03
(<2.6%), ALO;3 (< 6%) and CaO (< 1.7%).
Trace element values are low with the exception
of Ba and Sr, which correlate with high MnO
values (Pickett 1994). The significance of these
results is that they indicate that volcanism was
associated with extensive hydrothermal activity
(see below).

The Middle Triassic carbonate platform unit.
The Lower Triassic Gerence Formation is
conformably overlain by the Middle Triassic
(Ladinian—Carnian) Camibogazi Formation
(500—> 1000 m thick), representing a thick,
competent unit that forms much of the moun-
tainous interior of the Karaburun Peninsula
(Brinkmann et al. 1972; Fig. 2). An exposed
transition between the two formations was re-
ported locally in the south by Erdogan et al.
(1990), e.g. along the Ildir—Barbaros road (Fig.

2.21). The Camibogazi Formation is dominated
by little deformed, massive to thick-bedded,
shallow-water platform carbonates, with algae,
benthic foraminifera, ostracods, crinoids and
gastropods. Mapping by Erdogan ez al. (1990)
shows that the succession is repeated within two
discrete thrust sheets above an exposed lower
unit (that could also be allochthonous).

The Upper Triassic—-Lower Jurassic disrupted
platform succession. The Middle Triassic
platform passes conformably upwards into
dolomitic shallow-water carbonates of Late
Triassic (Norian—Rhaetic) age (Giivercinlik
Formation), exposed in each of the three tec-
tonic units, especially in the lowermost one,
widely exposed in the south (Erdogan et al
1990; Fig. 2.22 — the Ildir—Barbaros road). The
carbonates include algal stromatolites, wacke-
stones with megalodonts (large bivalves) and
laminated dolomite. Neritic carbonates of the
Giivercinlik Formation are also intercalated

Table 1. Selected major- and trace-element analyses of extrusive rocks [from Pickert (1994)]

(a) Volcanics from the Karaburun Peninsula

06/10/92

2a
Si0, 61.14
Al,O4 14.62
F€203 6.10
MgO 0.98
CaO 5.27
Na.O 2.59
K,O 2.746
TiO, 0.786
MnO 0.085
P,05 0.165
LOI 5.68
Total 100.15
Nb 10.5
Zr 131.8
¥ 243
Sr 164.3
Rb 87.3
Th 7.3
Pb 10.8
Zn 82.2
Cu 14.9
Ni 7.4
Cr 157
Nd 29.6
Ce 61.4
La 22.9
\% 207.3
Ba 400.9
Sc 28.2

06/10/92 06/10/92
2d 2e
73.46 62.93
13.44 13.82
272 7.67
0.64 0.85
2.19 4.58
2.97 1.42
2.180 2.828
0.711 0.743
0.016 0.106
0.148 0.143
2.07 4.86
100.55 99.94
9.4 9.3
115.7 119.7
21.2 22.5
300.4 1713
67.1 94.3
55 7.6
8.9 10.2
85.0 88.5
5.2 16.1
33 6.8
12.8 15.8
234 226
55.9 50.4
226 224
196.4 2249
413.5 538.7
26.8 32.0
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(b) Voleanics from blocks in the Chios Mélange

C37

Si0; 52.58
Al,O4 14.62
FC203 8.15
MgO 9.05
CaO 6.35
Na;O 4,15
K-O 0.160
TiO, 0.659
MnO 0.161
P.Os 0.137
LOI 497
Total 100.42
Nb 7.3
Zr 729
Y 19.5
Sr 85.3
Th 24
Pb 9.9
Zn 75.2
Cu 61.7
Ni 220.2
Cr 795.6
Nd 16.9
Ce 36.1
La 17.5
v 2183
Ba 115.1
Sc 354

C40D C45C
58.70 53.58
12.74 15.43

8.83 8.26
4.70 5.51
4.33 3.30
3.34 5.02
0.297 2.478
0.650 2.698
0.135 0.098
0.136 0.491
6.47 3.62
100.33 100.48
4.3 39.4
54.7 284.2
14.7 32.5
2537 3723
0.6 65.5
4.8 1.5
78.3 78.8
41.7 58.5
16.1 31.6
60.4 29.4
85 42.4
224 93.8
13.1 49.3

313.1 195.2

185.1 751.3
46.4 19.5

Analyses obtained by XRF method of Fitton & Dunlop (1985). LOL, loss on ignition.

with laterally discontinuous terrigenous clastic
sediments of Norian—Rhaetic age, as follows
(Fig. 7).

In the south, within the lowermost tectonic
unit (east of Ildur; Fig. 2.22), local successions
include ¢. 5 m of red mudstones, fine~-medium-
grained quartzose sandstones and limestones,
with intraformational carbonate clasts. Individ-
ual clastic intervals, up to 1.4 m thick, are com-
posed of fine-medium-grained amalgamated
units. Occasional thicker intervals (up to 3 m
thick) are medium-grained, well-sorted, quart-
zose sandstone. These relatively incompetent
intercalations are sheared and folded, with
small-scale duplex structures. To the north
(west of Balikhiova; Fig. 2.23), thick-bedded
Norian limestone is overlain by several metres
of laterite, in turn overlain by sheared mud-
stone, sandstone, pebblestone and phacoids of
limestone, beneath an overriding thrust sheet of
Lower Triassic lithologies (Gerence For-
mation). A thrust plane cuts down-section
towards the north where the Upper Triassic
Giivercinlik Formation is tectonically removed.

Further south, in the same tectonic unit (near

Barbaros; Fig. 2.24), the Lias is again shallow-
water carbonate. However, the Rhaetic-Liassic
transition is marked by medium~thick-bedded
calcarenites, with subordinate limestone con-
glomerate, up to 2 m thick. Clasts are sub-
rounded to rounded and mainly composed of
limestone, with some black chert (< 2 cm in
size). The calcarenites comprise well-rounded
reworked neritic carbonate, quartz, schist and
chert, set in a micritic matrix, partly recrystal-
lized to dolomite.

In the northeast (Fig. 2.25), Erdogan et al.
(1990) mapped a lower thrust sheet in which the
succession terminates in the Norian—Rhaetic
Platform carbonates (Giivercinlik Formation).
Up-section, steeply dipping thick-bedded
Upper Triassic platform carbonates turn pink
and become increasingly brecciated (Fig. 6f).
Interstices between angular clasts are composed
of pink ferruginous oxide sediment that
becomes more abundant upwards. Several
metres of sedimentary limestone breccia
follow, with subangular clasts, then a reddish
palaeosol, 3-5 m thick with caliche followed by
¢. 2 m of cross-bedded quartzose sandstone and
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Fig. 8. MORB-normalized multi-element plots. (a)
Lower Triassic andesites from the Karaburun
Peninsula; (b) Palaeozoic(?) andesites from the hillside
of Kipouries, on Chios (Fig. 12.A); normalizing values
from Pearce (1982, 1983). See Table 1 for representative
geochemical analyses.

conglomerate. A transition between tectonic
breccia and proximal sedimentary breccia is
seen locally. The sandstones are texturally and
chemically mature lithic sandstone with suban-
gular to subrounded grains of quartz, quartzite,
radiolarian chert (variably recrystallized), to-
gether with subordinate mica schist, dark silt-
stone and aphyric basalt. The overlying lateritic
sandstones include red radiolarite and other
mainly subrounded to well-rounded grains in a
ferruginous, calcareous matrix.

This intermediate-level tectonic unit is
mapped as being directly overlain by the Lower
Triassic (Gerence Formation) of the uppermost
thrust sheet, in turn passing depositionally
upwards into the Norian-Rhaetic Giivercinlik
Formation (west of 26 in Fig. 2 and southwest of
Mordogan). The top of the Upper Triassic suc-
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cession passes depositionally upwards into
¢. 30 m of soft-weathering calcareous mudstone
and sandstone. Sandstone beds are thin—to
medium-bedded (locally well cemented), pre-
serving excellent way-up criteria (grading,
channelized base of beds). These sandstones
are composed of detrital bioclasts (e.g. algal
micrite), reworked radiolarian chert, green
(chloritic) altered lava, minor plutonic quartz
and polycrystalline quartz, interbedded with
ferruginous siltstone. The sandstone is deposi-
tionally overlain by several metres of red
laterite, interbedded with thin-bedded sand-
stone. Stratigraphically underlying sandstones
are cut by contemporaneous karstic solution
hollows (several metres in diameter), infilled
with red lateritic sediment. Above this, the
Lower Jurassic carbonate platform succession
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is initially rubbly and pinkish, and then passes
upwards into white, nearly massive, thick-
bedded carbonates.

The continuation of this Lower Jurassic suc-
cession is very well exposed along the coast
further southeast (Erdogan et al. 1990; Fig.
2.27). This succession is dominated by classic
peritidal stromatolitic carbonates (largely dolo-
mitic), with excellent bird’s-eye structure, well-
preserved megalodonts and cryptalgal lamina-
tion. Minor reddish rubbly zones indicate
periodical emergence. Towards the top of the
succession, the limestone contains megalodonts
and red stylolitic seams. A conformable Norian—
Early Jurassic transition is well exposed. The
lower part of the Lower Jurassic succession
contains prominent siliciclastic intervals.
Traced upwards, neritic carbonates become
rubbly, then pass into red laterite, sandstone,
mudstone, buff-brown coarse sandstone with
large-scale cross-bedding, conglomeratic trac-
tion deposits, FeO concretions, abundant
carbonized woody material and ferruginous
mudstone intraclasts. The conglomeratic layers
contain angular clasts of black chert and white
quartz up to 3 cm in size. The sandstones consist
mainly of highly strained, subrounded to angu-
lar quartz grains, displaying strong undulose
extinction. Rare schist and devitrified volcanic
grains are also present. The succession passes
upwards into poorly exposed sandstone and
mudstone, followed by a return to neritic car-
bonates, initially with thin (1 m thick) rubbly,
red lateritic intercalations, marking the base of
the ‘Cladocoropsis limestones’ of Brinkmann ef
al. (1972).

Jurassic—Cretaceous platform deposition. During
the Lower Jurassic-Lower Cretaceous, carbon-
ate platform deposition resumed (Nohutalan
Formation) but successions are relatively thin
(several hundred metres). As seen in a southerly
exposure (Fig. 2.26), the Liassic-Lower Cre-
taceous succession (Nohutalan Formation;
> 500 m) comprises monotonous thick-bedded
limestones, with local cherty nodules and reef
limestones in the upper part of the succession,
together with a hiatus in the Late Jurassic and
lateritic horizons in the Albian (Erdogan et al.
1990).

Late Cretaceous demise of carbonate platform.
Detailed mapping by Erdogan er al. (1990)
demonstrated the existence of an low-angle
unconformity at the base of an Upper Cre-
taceous succession in the east (Balikliova area;
Fig. 2.29). In places, the Upper Cretaceous is
mapped as resting directly on the Lower Triassic

(Gerence Formation). A comparable uncon-
formity is reported within a large block forming
part of the Bornova Mélange on the mainland
further east (Okay & Siyako 1993). Obser-
vations during this study revealed that the
Upper Cretaceous succession is very disrupted
and partly forms detached blocks within Maas-
trichtian turbidites. One outcrop of Upper Cre-
taceous neritic limestone, exposed directly west
of Balikliova old village (Fig. 2.30), shows a
transition from well-bedded Upper Cretaceous
limestone, with pinkish calcarenitic and pebbly
intercalations, to 35 m of pinkish nodular
pelagic limestones with Globotruncana, of Cam-
panian-Maastrichtian age (Balikhova For-
mation). These limestones, in turn, pass into
mudstones and medium-bedded siliciclastic tur-
bidites, dated as Maastrichtian-Danian (up to
300 m). On the mainland, further east (Savas-
tepe area), onset of pelagic carbonate depo-
sition apparently occurred earlier, suggesting
progressive collapse of the platform from east
to west (Okay & Siyako 1993).

The Bornova Mélange. In the northeastern
Karaburun Peninsula (near Kalecik; Fig. 2.31—
33 and 35), the Mesozoic Karaburun Platform
has disintegrated into blocks up to several kilo-
metres in size, mainly composed of Lower
Triassic limestone. These are set within sheared,
medium-thin-bedded, partly lithified, litho-
clastic sandstone turbidites and mudstones, lo-
cally interbedded with thin-bedded chalky
pelagic limestones, with Campanian planktonic
foraminifera and laminated chalky calciturbi-
dites. Near their edges, blocks of competent
Karaburun Platform rocks are sheared, veined
and brecciated. For example, in quarries west of
Baliklhiova (Fig. 2.19), Upper Cretaceous neritic
limestone is fragmented into blocks, tens of
metres in size, embedded in calcareous turbi-
dites. Quartzose sandstone beds, up to 0.45 m
thick, are interbedded with reddish and brown-
ish calcareous mudstone. Turbiditic sandstones
locally abut directly against disrupted Upper
Cretaceous limestone.

The mélange matrix includes numerous poly-
mict debris flows, with clasts of red radiolarite,
quartzite, pink pelagic limestone, basic extru-
sives (up to 5 m in size), serpentinite and other
ophiolite-derived rocks (e.g. Fig. 2.34). Most
clasts are < 30 m in size and commonly highly
sheared. Where unoxidized in new road cut-
tings, the mudstone matrix is black and rich in
fine plant material. The sandstones are grey and
often phacoidally deformed. Shear fabrics in the
matrix are commonly relatively gently inclined.
The sandstones comprise angular to subangular
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clasts of plutonic quartz, metamorphic quartz,
quartzite, radiolarian chert (in various states of
recrystallization), mica schist, quartzose and
micaceous siltstone, rare chloritized lava, biotite
and muscovite set in a calcite spar matrix. In the
northwest, the basal thrust of the Bornova
Mélange cuts downwards into the Karaburun
Mélange (Fig. 2.34) and blocks of black chert
and Upper Palacozoic (Lower Devonian)-
Lower Triassic limestone (Erdogan et al. 1990)
are incorporated into the mélange.

Interpretation of Mesozoic Karaburun
carbonate platform and overlying
mélange

In the southwest, the Karaburun Mélange is
unconformably overlain by a Lower Triassic
basinal succession (Gerence Formation). The
Middle Carboniferous succession, dismem-
bered as a thrust sheet (Alandere Formation)
within the mélange, was emergent and karsti-
fied before being overlain by Lower Triassic
facies. Elsewhere, the contact between the
mélange and the overlying (parautochthonous)
Lower Triassic succession is strongly sheared.
Above this, an upward passage over a short
interval (tens of metres) into pelagic lime-
stones, red radiolarian cherts and andesitic
volcanics, suggestive of rapid deepening during
the Scythian, is followed by overall shallowing
upwards. The relative abundance of volcanics
and radiolarian cherts increases northwards,
suggesting the existence of deeper water and
more distal conditions in this direction. Else-
where, reef carbonates in the easterly (higher)
thrust might represent a carbonate build-up on
a horst. Localized manganiferous cherts are
indicative of hydrothermal activity in a bathyal
environment, probably associated with submar-
ine volcanism (e.g. Robertson & Degnan
1998). A similar origin was also proposed for
Mn-rich deposits above Triassic lavas in the
Antalya Complex in southwest Turkey and for
other Neotethyan Mn-cherts (Robertson
1981).

The implied subduction-influenced character
of the volcanics must be treated with caution, as
inferred Silurian volcanics from the Chios Mél-
ange (see below) show a similar subduction
influence and might thus reflect magmatism
influenced by subduction in the Palaecozoic or
even earlier, rather than coeval with Early
Triassic subduction.

The overlying Middle Triassic (Ladinian—
Carnian) platform limestones record tectonic
subsidence (Camibogazi Formation). The

overlying Norian—Rhaetic interval (Giivercinlik
Formation) displays characteristic features of
intertidal-supratidal flats (e.g. birds-eyes, cryp-
talgal laminae) and back-reef lagoons, typical of
the fenestral, dolomitic limestones of the Alpine
Triassic ‘Loferites’ (Fischer 1964). Dolomitic
micrite layers could represent tidal-channel
levee deposits, with the dolomite probably
being penecontemporaneous. Reef carbonates
are absent in the successions studied.

The platform periodically became emergent,
leading to development of laterite, palaeosols
and karst. The local lenses of red sandstone may
represent channel fills in a fluvio—deltaic setting.
An abundance of woody plant material indi-
cates that the emergent source landmass was
densely vegetated. The high textural and chemi-
cal maturity of the sands is suggestive of
recycling of quartzose metamorphic rocks,
cherts and siltstone, presumably from the sub-
jacent Karaburun Mélange, but input was solely
from the underlying Triassic succession in one
area studied (Fig. 2.25). The fact that platform
carbonate beneath laterite and sandstone at one
locality (Fig. 2.25) is brecciated, with clasts
being reworked in an overlying conglomerate,
suggests that the emergence was related to
contemporaneous faulting. At this locality, sedi-
mentary structures are suggestive of gravity
deposition within a small tectonically controlled
basin.

Two alternative explanations for the earliest
Jurassic emergence and clastic deposition are:
(1) rejuvenated crustal extension causing block
uplift and erosion; and (2) compression (or
transpression) inverting older basement rift
faults. Similar uppermost Triassic-lowest Juras-
sic clastics occur throughout the northern
margin of the Tauride-Anatolide Platform (e.g.
Anamas Dag) and have been related to a
‘Cimmerian’ compressional event with reported
evidence of thrusting (Monod & Akay 1984).
This latest Triassic—earliest Jurassic event was
approximately coeval with deformation of the
Karakaya Complex further north and the clas-
tics of Karaburun (and Chios, see below); it
could therefore represent a far-field echo of
tectonic emplacement of the Karakaya Com-
plex.

Shallow-water platform conditions resumed
in the Early Jurassic-Early Cretaceous (Nohu-
talan Formation), with dolomites, patch reefs
and hiatuses related to relative sea-level change.
The mapped unconformity beneath the Upper
Cretaceous (Campanian-Maastrichtian) suc-
cession (Baltkliova Formation) is then inter-
preted as the result of uplift and erosion related
to transition from a passive margin to a thrust
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belt. A similar transition to a foredeep occurred,
e.g. in Oman prior to overthrusting by nappes in
the Late Cretaceous (Robertson 1987). In
Oman, the erosional unconformity locally
reached the Permian of the platform succession.
A similar deepening-upward transition from
neritic to pelagic carbonate is seen in Kara-
burun.

During the Maastrichtian—Danian, the Kara-
burun carbonate platform broke into blocks
incorporated into the Bornova Mélange. The
Bornova Mélange represents a sedimentary
mélange of Maastrichtian—Danian age, with
blocks of mainly Mesozoic Neotethyan litholo-
gies, including abundant radiolarian chert, set in
a basinal siliciclastic turbiditic matrix. The
radiolarian chert and basalt clasts are assumed
to have been accreted during subduction of
oceanic crust before being incorporated into
the Bornova Mélange. There are also exten-
sively studied blocks of Upper Silurian-Lower
Devonian limestones with coral near Kalecik
(Gusic et al. 1984). These blocks may be re-
cycled from the Palaeozoic Karaburun Mél-
ange.

Erdogan er al. (1990) mapped the Karaburun
carbonate Platform as two main, tectonically
repeated, thrust sheets above a lower unit (that
could itself be allochthonous). Large-scale cut-
ting downwards in the stratigraphy towards the
west, combined with mainly west and northwest
vergent folding, especially within the incompe-
tent Rhaetic sandstones and mudstones, suggest
that tectonic transport was towards the west
with respect to present geographical coordi-
nates. This thrusting was coeval with, or post-
dated, formation of the Bornova Mélange in
latest Cretaceous-Palacocene time. In places,
thrusting exploited lithological contrasts at the
base of the Lower Triassic coherent succession
(Gerence Formation) and also incompetent
Rhaetic clastic intercalations, in contrast to
very competent neritic limestones above and
below.

The island of Chios

The island of Chios (Fig. 9) consists of an
underlying ‘autochthonous’ unit and an over-
thrust ‘allochthonous’ unit (Herget & Roth
1968; Besenecker et al. 1968, 1971). The lower
unit is a deformed Palaeozoic thick unit, > 3—
4 km, with ‘olistoliths’ of Devonian, Silurian
and Carboniferous limestones up to hundreds
of metres in size (i.e. the Chios Mélange; Table
1). During this study, detached blocks, princi-
pally limestone, black chert and volcanics,

were identified within a matrix of siliciclastic
turbidite, occasional carbonate debris flows,
rare calciturbidites and channelized conglomer-
ates. Early workers interpreted this unit as a
Palaeozoic layer-cake succession, with Lower—
Middle Silurian, Lower Devonian and Lower
Carboniferous lithologies (Ktenas 1921, 1923a,
b; Packelmann 1939; Teller 1980; Besenecker et
al. 1968, 1971; Kauffmann 1969). The mélange is
unconformably overlain (with a locally sheared
contact) by Lower Triassic radiolarian chert,
basinal siliciclastic and volcanogenic rocks
which pass upwards into a Lower Mesozoic
carbonate platform succession. The overthrust
exotic unit in the northeast of the island consists
of Permian shallow-water carbonates, overlain
by Lower Jurassic shallow-water terrigenous
and calcareous sediments (Fig. 10). Permian
lithologies are not known elsewhere on the
island.

The Chios Mélange

This is dominated by deformed quartzose sand-
stone and shale, with blocks of limestone, vol-
canic rocks and chert set within a sheared
mainly siliciclastic matrix (Papanikolaou &
Sideris 1983). The mélange forms an eastward
dipping stack of folded sandstone and shale,
with four (named) major horizons of large
blocks of Palaeozoic limestone and volcanics
(Fig. 11), interpreted as sedimentary olistoliths
with olistostromes by Papanikolaou & Sideris
(1983). Well-preserved sedimentary way-up
structures within the clastic sequence allow the
recognition of predominantly west verging
folds, locally displaying overturned limbs.
Folded shales interbedded with the sandstone
also display asymmetry towards the west. In-
tense shearing is also commonly observed,
giving rise to classic phacoidal fabrics seen in
tectonic mélange and slice complexes.

Blocks within the mélange. Limestone blocks
(metres to kilometres in size) within the mél-
ange range in age from Silurian to Early Car-
boniferous, with a predominance of older
(i.e. Silurian-Devonian) limestone blocks in the
uppermost mélange unit (e.g. at Agrelopos)
and younger (i.e. Carboniferous) blocks in the
lowest unit (e.g. at Melanios; Papanikolaou
& Sideris 1983; Fig. 12). The uppermost mél-
ange unit is well exposed near Kipouries
(Fig. 12.A), where it contains numerous lime-
stone blocks many tens of metres across, in a
quartzitic conglomerate matrix. Further north
(near Kampia; Figs 12.B and C and Fig. 13),
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limestone up to 500 m thick forms numerous
blocks for several kilometres along-strike, to-
gether with numerous additional blocks (e.g.
volcanics), set in a sheared siliciclastic matrix
(Agrelopos Limestone and Kefala Volcanics;
Fig. 16a).

Lithologies within the limestone blocks in-
clude limestone breccia (Fig. 16e) with fine-
grained, marly matrix material, grey and pink
micrite, marly limestone and limestone con-
glomerates. One block from the Agrelopos unit
(2 km southwest of Kipouries; Fig. 12.A), con-
sists of crinoidal, coralline and oolitic fragments
with laminated micrite interstices, possibly rep-
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resenting lithified reef talus. Limestone blocks
are commonly mantled by up to 10 m of lime-
stone breccia. Laterite-filled fissures, up to 3 m
wide, cut the limestone and surrounding lime-
stone breccias, but not adjacent gquartzitic con-
glomerates. Seams and patches of fine-grained
marly material cut across laterite fissures, but
terminate against the quartzitic conglomerate.
The contact between quartzitic and limestone
conglomerate is marked by a ferruginous crust.

A large limestone block c. 1 km southwest of
Kampia (Fig. 12.C), dated as Silurian-Early
Devonian (Papanikolaou & Sideris 1983), is
locally karstified and cut by laterite-filled
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Fig. 9. Geological map of Chios modified after Besenccker er al. (1968). Note the location of the Chios Mélange
in the northwest of the island; also the occurrence of klippen of Carboniferous-Liassic shallow-water
sedimentary rocks (allochthon). Locations mentioned in the text are indicated.
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fissures (Figs 14 and 15). A laterite layer up to
10 m thick marks the base of the limestone
block and is the site of an old galena and
sphalerite mine (Papanikolaou & Sideris 1992).
Grading and load structures within interbedded
sandstones and shales beneath this limestone—
laterite block indicate that the sequence is over-
turned. Thin-bedded redeposited carbonate
horizons and smaller limestone blocks (up to
10 m across), also containing laterite fissures,
occur within conglomerates surrounding this
large limestone block. Elsewhere (e.g. near
Agrelopos), palacokarst and galena—sphalerite

mineralization is associated with large limestone
blocks.

Volcanogenic blocks, some > 50 m in size, are
present in each of the four zones of exotic blocks
and are especially well exposed in the structur-
ally higher part of the mélange, near Kipouries
(Fig. 12.A and Fig. 14). Successions within such
blocks are commonly volcaniclastics, with dark
green angular clasts up to 10 cm in size, rich in
clinopyroxene phenocrysts (up to 3 mm across)
and vesicles (0.5-6 mm across). A lithologically
similar, but a larger, volcanic block west of
Kampia (Fig. 12.C and Fig. 13) preserves a
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> 200 m thick pyroclastic succession, including observed in the lowermost mélange horizon,
volcaniclastics and a massive flow orsills. Blocks  ¢. 1 km southeast of Melanios village (Fig.
of lava breccia (‘agglomerate’) are also 12.D).
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Fig. 13. Sketch section through the upper part of the mélange (Agrelopos unit, southwest of Kampia; Fig. 12, C).
The Silurian limestones form a large block. Note that the associated sandstone and shale are inverted, suggesting
the presence of large-scale folding within the Chios Mélange.

Eleven samples from three large volcanic
blocks from the hillside near Kipouries (Fig.
12.A) were analysed by XRF and shown to be
predominantly basaltic andesite to andesitic in
composition (Table 1b; Pickett 1994). The data
from one block, when plotted on MORB-
normalized trace element plots, exhibit
‘humped’ traces, showing considerable enrich-
ment in LIL elements and a gradual slope down
to Y and Sc (Fig. 8b, samples C45A-D). By
contrast, the samples from a neighbouring block
display a sharp trough in Nb and depletion of
Zr, Ti, Y and Cr relative to MORB (samples
C40B-D). Samples from a third block also
display relatively low Nb with depletion of
several (HFS) elements relative to MORB
(samples C37-C39).

Chert. Blocks of sheared black chert up to many
metres across (Fig. 16b), without associated
terrigenous sediment, are exposed within the
Chios Mélange, mainly, in northeast Chios,
near Nagos Bay (Fig. 9.E). The chert is typically
in tectonic contact with sheared turbiditic sand-
stone and shale. Bedded chert is boudinaged,
chevron folded and highly sheared.

Terrigenous matrix. Many of the limestone,
chert and volcanic blocks are enveloped within
sheared turbiditic sandstone and shale, although
contact relations are rarely well exposed (Fig.
16d). Sedimentary structures observed in the
clastic sediment include normal grading, lami-
nation, cross-lamination, load casts, grooves,
prods, flute casts and plant fragments. Matrix

sandstone from the vicinity of large blocks of
limestone and lava in the upper mélange unit
(Agrelopos unit, southwest of Kipouries; Fig.
9.A) is very poorly sorted lithic sandstone with
mainly subrounded to, locally, well-rounded
grains of quartz, polycrystalline quartz, basic—
silicic volcanics with rare micaschist, quartzose
sandstone and siltstone, cut by a spaced fracture
cleavage but without recrystallization.
Quartzitic conglomerates appear to form a
matrix to the large limestone and volcanic
blocks in some areas (e.g. Siderounta area; Figs
9 and 17), although it is possible that some of the
conglomerate outcrops may also represent
blocks. The quartzitic conglomerates are clast
supported and comprise rounded cobbles, up to
15 cm across, composed of arkosic sandstone,
acidic volcanic rocks, grey quartzite, white vein
quartz and micaceous quartzites (Fig. 16¢). The
contacts between the limestone blocks and the
conglomeratic matrix are relatively diffuse, with
intervening zones of brecciated limestone and
calcareous conglomerate (up to several metres
wide). Polymict conglomerates containing sand-
stone, chert, limestone, green volcanic rocks and
reworked laterite are also well exposed near
Kampia (Fig. 12.B and C). Rounded cobbles of
quartzite, volcanics and chert there are identical
to those near Kipouries, and clearly appear to
form a matrix of large limestone and volcanic
blocks. The coarse quartzitic conglomerate
mélange matrix appears to be confined to
horizons with large limestone and volcanic
blocks. Between the horizons of large limestone
and volcanic blocks, the succession is
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predominantly bedded sandstone and shale with
well-preserved sedimentary structures. Chro-
mite grains were identified within these sedi-
ments (Stattegger 1984), suggesting derivation
from ultramafic ophiolitic rocks not exposed in
the area. Predominantly southward palacoflow
is indicated by flute casts near Potamia (Fig. 12),
supported by evidence of north-south groove
marks. In contrast, ripples and grooves from low
levels of the mélange near Volissos (Fig. 12)
indicate east-west (bimodal) palaecocurrents
(Pickett 1994).
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Fig. 14. (a) Logs through the upper part of mélange
(Agrelopos unit, southwest of Kampia; Fig. 12.C);
overall succession through mainly volcaniclastic unit.
(b) Detailed log through an interval of heterogeneous
blocks. See Fig. 13 for location of logs.

Interpretation of Chios units

The Chios Mélange comprises blocks of lime-
stone, extrusives, possible intrusives (sills), vol-
caniclastics and black chert set in a turbiditic
siliciclastic matrix (Papanikolaou & Sideris
1983). The dominance of Carboniferous lime-
stone blocks in the lower part of the mélange
but Silurian blocks higher in the unit, show that
the mélange cannot simply be a tectonically
disrupted stratigraphic succession. Instead,
many features typical of subduction—accretion
complexes are exhibited, including layer-paral-
lel extension competent blocks and radiolarian
cherts within a mainly pelagic turbiditic incom-
petent clastic matrix. The limestone blocks
originated in a shallow-water setting, including
coralgal reefs, whereas others are pelagic.

For the blocks near Kipouries (Fig. 12.A), the
following sequence of events is inferred. Firstly,
reef talus was lithified and subaerially exposed,
resulting in karstification, brecciation and
laterite formation. Later, this entire unit was
detached as a coherent block. Break-up of the
edges of the block led to fracturing and infilling
by marly material. The block was finally
emplaced in the mélange, together with volcanic
blocks and quartzitic conglomerate. The thick
clast-supported conglomerates with well-
rounded clasts reflect deposition in a shallow-
marine, or fluvial, setting — possibly within a
major channel - without evidence of inter-
bedded gravity deposits. The conglomerates
are, therefore, likely to have become incorpo-
rated during initial detachment and subsidence
of blocks from a parent carbonate platform. The
limestone and volcanic blocks were detached
and mixed with conglomerate during formation
of the mélange. A problem is the timing of
formation, as the matrix remains undated.

Pe-Piper & Kotopouli (1994) suggested that
the volcanics represent a relatively intact
Palaeozoic sequence that they correlated with
pre-Middle Permian extrusives on the island of
Lesbos (Hecht 1972; Katsikatsos et al. 1982),
where sparse volcanics are exposed. The rela-
tive Nb depletion in two of the blocks analysed
during this study is suggestive of a subduction
component (Fig. 8b), but whether this is con-
temporaneous is unknown. In contrast, a sample
from one block displays a typical ‘humped’
pattern of within-plate basalt (Pearce 1982,
1983). The volcanics might thus have originated
in more than one tectonic setting, a view sup-
ported by Pe-Piper & Kotopouli (1994) who
analysed a larger number of volcanic rocks
from the structural upper part of the mélange
in which they also identified both subduction
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Fig. 15. Field sketch (oblique view of hillside) of the upper mélange unit (Agrelopos unit) southwest of
Kipouries (Fig. 12.A). Note the blocks of limestone and volcanics up to several hundred metres in size, in a

matrix of mainly quartzitic conglomerate.

and within-plate components. In summary, the
Chios Mélange represents a once intact
Silurian—Carboniferous carbonate platform suc-
cession with Silurian volcanics that was accreted
as blocks within a mélange that includes
(undated) radiolarite and a terrigenous matrix,
locally with detrital chromite grains.

The Mesozoic carbonate platform of Chios

Northern Chios is dominated by Mount
Pelineon, which represents a north-south trend-
ing Triassic-Lower Jurassic carbonate platform
at its thickest extent. Successions were de-
scribed in detail by Fryssalakis (1985) and only
a brief summary is given here to allow compari-
son with Karaburun.

Clastic rocks at the base of the platform are
represented by a Scythian—Anisian basinal suc-
cession in the Mesorachi area (Figs 9 and 10).
The mélange grades upwards through sheared
dark grey-green mudstone into intraformational
conglomerate, with chert fragments within
green-grey and red cherty mudstone. This con-
glomerate is interbedded with fine-grained
sandstone and mudstone, and then passes into
massive and thick-bedded clast-supported
conglomerates containing abundant rounded
white quartz clasts (1 mm to 3 cm across).
Other clast lithologies include sandstone, black
chert, green volcanic rocks, green mudstone and

conglomerate, up to 12 cm across. The con-
glomerate is also interbedded with red and
green mudstone and medium-coarse-grained
sandstone with traces of cross-bedding. The
conglomerates are laterally discontinuous and
grade into sandstone over a few metres. A
sandstone from within conglomerate near the
base of the platform succession (at Mesorachi;
Fig. 9.F) is poorly sorted lithic sandstone com-
posed of moderately well-rounded to well-
rounded grains of metamorphic quartzite, to-
gether with subordinate veined microcrystalline
chert, micaschist, rare quartzose siltstone and
sandstone, and scattered folded muscovite laths.
The conglomerates become matrix supported
upwards and pass into medium-grained sand-
stone, then into sheared green mudstone with
grey calcarenite lenses. The calcarenite then
turns pinkish and dolomitic, with red mudstone
partings, locally nodular (Lower Anisian Hall-
statt Facies: Besenecker et al. 1968; Asserto et al.
1979; Fryssalakis 1985). This then locally passes
into intraformational conglomerate (‘Bunte
Series’), dated as Early Anisian on the basis of
conodonts (Kauffmann 1969). The conglomer-
ate is reddish and contains angular dolomite
fragments in a muddy matrix. It is overlain by
red shales and cherts with bands of silicic con-
glomerate and pale tuff which, in turn, pass into
nodular limestone containing gastropods.
Elsewhere, Triassic silicic conglomerates,
very similar to those of the Mesorachi region,
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Fig. 16. (a) Phacoidal block of limestone in a sheared shaly matrix (Agrelopos unit), Sgourou Nero area. (b)
Duplex structure is black ribbon chert (‘lydite’). (¢) Quartzose conglomerate, north of Siderounta. (d) Chacoidal
structure within sandstone and shale; road north of Volissos. (e) Limestone breccia associated with limestone
exotic; Sgourou Nero area. (f) Folded turbidites (‘wildflysch’) west of Delphini. Carboniferous-Upper Permian,

upper nappe.

are also exposed near Kipouries (Fig. 12.A).
Conglomerates  containing  fining-upwards
sequences and sharp bases are interbedded
with purple-grey sandstone. The conglomerate
is predominantly made up of clasts of opaque
white quartz (forming c. 80% of clasts) with
minor amounts of limestone, laterite and black

chert clasts. At the top of the logged section, the
conglomerate contains coarser bands. Thin-
section study reveals the presence of abundant
lithic grains, including devitrified porphyritic
andesite—dacite, glassy basalt, fine-grained sand-
stone, quartzite, mica schist and granodiorite.
The grains are surrounded by dark red to
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Fig. 17. Log of quartzose conglomerates north of
Siderounta (Fig. 9.G). Note also the clast types. These
conglomerates are interpreted as large channels
within the matrix of the Chios Mélange.

opaque ferruginous material which also appears
as seams within some of the grains.

The Anisian, mixed ‘Bunte unit’ is overlain
by massive dolomites and algal limestones of
Ladinian age, marking the establishment of a
carbonate platform, > 1000 m thick. The over-
lying Carnian interval includes clastic deposits
(Fryssalakis 1985). The earliest Jurassic is
marked by emergence and non-marine clastic
deposition. Above, the Early Jurassic interval
includes at least three emersion horizons,
characterized by intercalations of conglomerate
and sandstone, together with bauxitic horizons
(Papanikolaou & Sideris 1992). Upper Jurassic
limestones are restricted to an isolated outcrop
of Cladocoropsis limestone (Besenecker et al.
1968). Unconformably overlying Palacogene
conglomerates are seen locally in southeastern
Chios.

The upper nappe (‘Chios Allochthon’) is
made up of mixed siliciclastic—carbonate sedi-
ments of Carboniferous-Early Permian age
(Kauffmann 1969; Fig. 16f), passing up into a
Middle Permian neritic succession with fusu-
lines, algae, corals and brachiopods (Baud et al.
1991; Migiros & Sideris 1992). In turn, overlying
transgressive Lower Liassic clastics (conglomer-
ates, sandstones and siltstones), pass up into
Jurassic neritic limestones and dolomites
¢. 300 m thick. South of the Mesorachi suc-
cession, in the east, near Delphini (Fig. 9),
Triassic limestone of the lower units is tectoni-
cally overlain by highly folded lithologies of the
overlying thrust sheet. Fold geometry in the
Carboniferous ‘flysch’ and overall thrust ge-
ometry is reported to indicate compression
from the northeast-southwest (Papanikalaou &
Sideris 1983), whereas local structural measure-
ments during this study, near Nagos (Fig. 9.E)
and west of Delphini (Fig. 9.H), indicate empla-
cement from the southeast to the northwest.
The Triassic limestone near the basal contact is
very folded and appears to be locally over-
turned. Box folds in the limestone are common
and may have been caused by back-thrusting
and pop-up as the limestone was detached along
the contact with the underlying mélange.

Interpretation of the Chios Platform and
overthrust unit

The Triassic platform of Chios displays a well-
preserved basal section which indicates that
shallow-water carbonates became established
above a terrigenous clastic basement (Fryssala-
kis 1985). Although sheared, the basal clastics
appear to be a transitional unit between the
Chios Mélange below and the overlying Triassic
succession (e.g. at Mesorachi; Fig. 9.F). The
probable explanation is that clastic sediment
was eroded from the mélange during subaerial
exposure (Late Permian—basal Triassic?) and
that this was later sheared (during Early Ter-
tiary collision?) beneath the more competent
Mesozoic platform succession. After initial
marine transgression, pronounced deepening
upwards is suggested by the presence of over-
lying Lower Triassic cherts and red mudstones.
The presence of intraformational chert breccia
indicates reworking of previously lithified chert.
Also, fining-upward sequences within ter-
rigenous clastics are interpreted as coarse-
grained, relatively proximal turbidites (e.g.
near Kipouries). The clasts within the conglom-
erates and sandstones reflect both sedimentary
and volcanic sources. Common opaque white
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quartz may have originated as vein quartz.
Sedimentary structures are abundant and, at
Mesorachi (Fig. 9.F) and north of Siderounta
(Fig. 9.G), indicate southward directed flow in
present day coordinates, parallel to the trend of
the platform. However, more detailed studies
suggest an intricate local palaeogeography
(Fryssalakis 1985). Dolomites and algal lime-
stones at the base of the overlying Ladinian
carbonate platform succession indicate estab-
lishment of very shallow-maritie conditions, fol-
lowed by emergence in the latest Carnian.
During Carnian—Norian time a relatively stable
carbonate platform developed, followed by im-
portant emergence and clastic deposition in
earliest Jurassic time. Summarizing, the Trias-
sic-Early Jurassic was marked by overall sub-
sidence, punctuated by emergence that was
probably tectonically controlled. In contrast,
the upper nappe records a Carboniferous—
Lower Permian succession that shows sedimen-
tary features suggestive of deposition from
turbidity or storm-influenced currents. The
succession then shallowed up into a Middle
Permian shallow-water carbonate platform.
This is unconformably overlain by Lower Jur-
assic clastic sequences passing into a Jurassic
carbonate platform.

The lower (‘autochthonous’) and upper ‘al-
lochthonous’ units of Chios differ strongly in
their Palacozoic history. For example, the exotic
blocks in the Chios Mélange were clearly not
derived from the upper unit platform, as Per-
mian blocks are absent; Triassic is absent from
the upper unit. The Permian of the upper
nappes is comparable with the Permian of the
Karakaya Complex further north (Fig. 2). How-
ever, no lower flysch succession is known there
and the Lower Jurassic cover is pelagic (Bilecik
Limestone) rather than neritic as in the upper
nappe (Okay et al. 1991; Pickett & Robertson
1996). The upper nappe can also be compared
with the autochthonous basement of Lesbos
Island to the north, which includes Carbonifer-
ous siliciclastics and Permian neritic carbonates,
although Triassic lithologies are absent from the
upper Lesbos nappe.

Correlation of the Chios and Karaburun
units

The Karaburun and Chios Mélanges are very
similar and can be correlated (Table 1);
Silurian-Carboniferous limestone blocks are
abundant in both mélanges. Tectonically dis-
membered thrust sheets, or broken formation,
rather than isolated mélange blocks are present

in both areas. Scattered exposures of the Alan-
dere Formation, south of Ildir, may mark a
horizon of Carboniferous limestone blocks, as
observed on Chios (e.g. at Agrelopos). Both
mélange units contain similar siliciclastic sedi-
ments, black chert, black siltstone, limestone
and intermediate basic composition volcanics.
The lower schistose unit of Karaburun is not
exposed on Chios but is apparently similar to
metamorphics on the intervening island of
Oinoussai (Ktenas 1925; Fig. 9).

Taken together, the exotic blocks of Kara-
burun and Chios can be restored as Silurian,
Devonian—-Upper Carboniferous (Lower Per-
mian?) successions. Terrigenous intercalations
(e.g. Lower Carboniferous of Karaburun)
suggest derivation from a metamorphic (?Pan-
African) basement. A Silurian age for at least
some volcanism is suggested by the close spatial
association of volcanics with large Silurian
blocks in the Agrelopos unit near Kampia (Fig.
12). Also, a Silurian age is inferred in Kara-
burun, where tuffs are associated with dated
Silurian limestone (e.g. Ildir, Fig. 2; Kozur
1995, 1997). The mainly subduction-influenced
chemical signature might then signify Silurian
subduction-related volcanism that was either
contemporaneous or inherited from some even
earlier (?Pan-African) magmatic event. The
presence of within-plate-type extrusives in both
Karaburun and Chios could relate to accretion
of seamounts, removed from the chemical influ-
ence of subduction. The possible Silurian setting
was a Palaeotethyan rift, followed by establish-
ment of a subsiding carbonate margin, passing
laterally into slope (calciturbites) and basinal
(radiolarian) facies, presumably overlying
Palaeotethyan oceanic crust. The presence of
laterites and karstic weathering (e.g. some Chios
blocks) points to periodical emergence and
weathering in a warm, humid climate. In gen-
eral, the Palaeozoic units could record a Palaeo-
tethyan passive margin succession, e.g. related
to a microcontinent within the Palaeotethyan
ocean, if not the main continental margin.

The structural style of both the Chios and
Karaburun mélanges is similar; fold emergence
was mainly towards the west in both. Blocks
were possibly detached along zones of weakness
represented by the laterites. A relatively prox-
imal setting for break-up with respect to a
terrigenous source area is suggested by the
coarse siliciclastic conglomerates in the upper
part of the Chios Mélange (Agrelopos unit, near
Kipouries). The Karaburun Mélange was
strongly deformed after deposition of the Meso-
zoic platform succession, presumably in Early
Tertiary time. The platform was imbricated,
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Triassic cover rocks were sliced into the mél-
ange, and the contact between the mélange and
Mesozoic platform was strongly sheared. In-
ferred Tertiary deformation was less intense on
Chios where the Triassic platform cover on the
mélange, although sheared, is more intact. The
upper nappe was presumably emplaced in the
Early Tertiary, after loss (?erosion) of the upper
part of a Mesozoic platform succession equiva-
lent to the complete Mesozoic platform suc-
cession of Karaburun.

Both the Karaburun and Chios Mélanges are
overlain by Lower Triassic basinal successions,
including mudstones, radiolarites and volcano-
genic lithologies, whereas mainly tuffaceous
intercalations are exposed on Chios. Volcanics
are exposed in northwestern Karaburun. The
greater abundance of quartzose conglomerates,
sandstones and intraformational conglomerates
on Chios, compared to more pelagic Daonella
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limestones and Ammonitico Rosso in western
Karaburun, suggests a relatively proximal set-
ting for the former area. The Late Triassic—
Early Jurassic intervals are similar in both
areas, with platform carbonate subsidence punc-
tuated by emergence and siliciclastic deposition.
On Chios, shallow-water carbonates are pre-
served only until the Early Jurassic, but in
Karaburun they extend to the latest Cretaceous.
Both areas underwent west vergent folding and
thrusting, which is dated as post-Maastrichtian
in Karaburun.

Alternative tectonic models for Chios
and Karaburun
The origin of the Karaburun and Chios Mél-

anges is clearly complex and a number of
alternative tectonic scenarios can be considered.

4, Palaeozoic 'geosyncline'
Kozur, 1995, 1997
(Karaburun)

b. Early Triassic Rift (Karaburun)
Erdogan, 1990 ab.

C, Palaeozoic Subduction Complex
Baud et al.1991, Stampfli et al.1991
(Chios)

d. Late Carboniferous —Early Permian?
trench margin collision

KEY
@ Pelagic imestone
E MNeritic hmestone

Oceanic crust

Continental basement

@ Radiolarite
Mudstone
E Sandstone
Volcanics

Fig. 18. Some alternative tectonic interpretations of the Karaburun and Chios Mélanges: (a) as a layer-cake
succession of Ordovician(?)-Lower Permian(?) olistostromes (Kozur 1995); (b) as a highly deformed Triassic
rift unit; (c) as a Palaeotethyan (i.e. Permo-Triassic) accretionary complex; (d) as an accretionary complex
involving collision of a trench with a platform (microcontinent?) — favoured model.
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Olistostromes within a long-lived
deep-water basin (Fig. 18a)

Kozur (1995) interpreted the northwest Kara-
burun Peninsula as an intact, but deformed,
layer-cake succession of basinal siliciclastics,
extrusives and black cherts (lydites), together
with olistoliths of Silurian-Devonian age.
The blocks were periodically emplaced by grav-
ity sliding throughout this immense time
period. The relatively deformed and thermally
mature nature of the Palaeozoic lithologies
relates to ‘Caledonian’ or ‘Hercynian’ meta-
morphism in Kozur’s view, and correlates with
the metamorphic succession of the Menderes
Massif (Diirr et al. 1978, 1995; Akkok 1983;
Erdogan & Giingor 1992, 1993). More recently,
Kozur (1997) envisaged an origin of the mél-
ange as an accretionary complex related to
southward subduction of an ocean between
Gondwana and Eurasia. He recognizes subduc-
tion-related olistostromes of numerous ages
and, thus, infers persistence of subduction be-
tween Late Silurian and Early Carboniferous
(punctuated by Early Devonian ‘collision’ to
explain the apparent absence of Middle
Devonian). On the other hand, slope facies,
including debris-flow deposits, could relate to a
passive carbonate margin slope, unrelated to
subduction in this model.

There are a number of problems with the
above olistostromal origin: (1) there is little
evidence that blocks were emplaced into con-
temporaneous Palaeozoic deep-sea sediments;
e.g. the Silurian-Devonian radiolarian cherts
(basinal) are not interbedded with olistoliths
(margin derived); (2) black cherts on both
Chios and Karaburun commonly exhibit
sheared contacts with associated siliciclastic
turbidites, suggesting the cherts were first lithi-
fied and only later tectonically juxtaposed; (3)
some matrix sediments on Chios were reported
to be Triassic in age (Papanikolaou 1984b),
although this remains to be confirmed, and, in
Karaburun, matrix sandstones are locally inter-
bedded with Early Triassic deep-water lime-
stone (Erdogan, pers. comm.); (4) on Chios,
Carboniferous limestone blocks mainly occur
structurally lower in the unit than Silurian lime-
stone blocks (Papanikolaou & Sideris 1983),
ruling out a simple layer-cake-type succession
in which block lithologies were formed and
successively emplaced as olistoliths; (5) detailed
logging by the present authors shows that
successions within Palaeozoic units are more
deformed than suggested by Kozur (1995,
1997). Persistence of an unstable slope setting,

in a single tectonic regime, for > 150 Ma is
unlikely.

Rift setting (Fig. 18b)

The mélange and the overlying basinal succes-
sions, including the volcanics of Karaburun,
were interpreted as a Triassic rift sequence
(Erdogan et al. 1990). In this model, Upper
Palaeozoic limestone and chert blocks slid from
the marginal to axial zones of a rift. The general
absence of Permian blocks might suggest that
related rift-shoulder uplift and erosion took
place at this time. The siliciclastic turbidites
would represent synrift, continentally derived
turbidites, together with local channelized con-
glomerates. The Lower Triassic basinal cover
sediments would then record the upper levels of
the rift succession, explaining why no basal
conglomerate is widely exposed and why
Lower Triassic deep-sea radiolarian sediments
occur directly above this mélange.

The main problems with this model are: (1)
the thickness, estimated as 3—4 km on Chios and
>2 km on Karaburun, is high for a synrift
sequence with no exposed footwall; (2) large
(up to hundreds of metres) blocks are present at
various levels in the mélange and there is no
coherent overall stratigraphy (e.g. fining-
upwards succession); (3) a rift origin alone does
not explain the common evidence of intense
shearing, folding and thrusting of the mélange,
in contrast to the overlying Mesozoic platform
succession of both Chios and Karaburun; (4) the
contact between the mélange and the Lower
Triassic successions varies locally from a
sheared sedimentary gradation on Chios to a
shear zone, or unconformity, in Karaburun, thus
complicating an interpretation of these two as
parts of a contiguous rift-related unit. The pres-
ence of a sheared unconformity, seen on Chios
and Karaburun at the base of the Mesozoic
successions, suggests that the underlying mél-
ange is pre-Triassic in age; (5) comparable rift-
related successions of Late Permian-Middle
Triassic age, including siliciclastic turbidites,
calciturbidites, radiolarian cherts, pelagic lime-
stones and volcanics, occur widely elsewhere in
southwestern Turkey; e.g. in the Lycian Nappes
(Graciansky 1972; Collins & Robertson 1998,
2000) and the Antalya Complex (Gutnic er al
1979; Robertson 1993). However, these rift
successions are all coherent lithostratigraphical
units with, at most, only minor detached and
related debris flow units, suggesting that rifting
alone is not a viable process to form the Chios
and Karaburun Mélanges.



KARABURUN-CHIOS MELANGE 73

Subduction-accretion setting
(Fig. 18c and d)

The mélanges could be interpreted as preserved
remnants of an accretionary complex, devel-
oped in response to steady-state subduction of
Palaeotethyan oceanic crust beneath an active
continental margin, as previously suggested for
Chios by Baud et al. (1991). Stampfli et al. (1991)
interpreted the mélange as the imbricated outer
slope of a Palacotethyan accretionary complex.
Pe-Piper & Kotopouli (1994) also interpreted
the Chios Mélange sequence as an accretionary
wedge and proposed that, along with Lesbos, it
represents the southwestern extent of the Kara-
kaya Complex, in pre-Middle Permian age. The
presence of two magma types (i.e. a low-Ti type
and a high-Ti-high-Nb type) were taken to
indicate formation in a Palaeotethyan back-arc
basin which Pe-Piper & Kotopouli (1994) corre-
lated with the Karakaya Complex.

In the subduction-accretion model (Fig. 18¢c),
the radiolarian cherts would represent accreted
oceanic sediments, whereas the volcanics and
limestone blocks might represent fragments of
oceanic crust, or oceanic seamounts overlain by
carbonate platforms; the terrigenous turbidites
would be trench-fill, or trench-slope, basin sedi-
ments derived from the adjacent continental
margin.

This above subduction model is also problem-
atic. (1) There is little evidence of oceanic-
derived material within the Karaburun or
Chios Mélanges (e.g. MORB-type extrusives
and related cherts), although occurrence of
chromite grains of possible ultramafic ophiolitic
origin has been reported from the matrix of the
Chios Mélange (Stattegger 1984). (2) Typical
accretionary successions are not observed (i.e.
MORB lavas, overlain by cherts, then trench-
type turbidites). (3) The successions within
limestone blocks locally include intercalations
of siliciclastic sediments (e.g. in Lower Carbon-
iferous of Karaburun), suggesting a continental
margin rather than oceanic origin. According to
Pe-Piper & Kotopouli (1994), some of the
igneous units on Chios intrude terrigenous
sediments and contain rare quartzitic xenoliths,
again suggesting continental affinities. Recent
work supports an origin of the Karakaya Com-
plex as an accretionary mélange; however, the
extrusives present are of within-plate or MORB
type and are of Triassic age (Pickett & Robert-
son 1996), unlike the volcanics of inferred Late
Palacozoic age in the Chios Mélange.

Subduction complexes can, however, show
great structural and lithological variation in
different areas and settings. One alternative

subduction-related origin might involve deri-
vation of blocks from the landward trench
margin; i.e. from an adjacent continental
margin with a subduction décollement located
beneath the present erosion level for Chios and
Karaburun. In this case, oceanic crust was
subducted and not preserved, other than for
derived chromite grains. However, it is unlikely
that the entire kilometres thick mélange could
form in this way.

A more plausible alternative is that steady-
state subduction took place beneath a Palaeo-
tethyan continental margin, accreting radio-
larian chert from above the floor of Palacozoic
ocean crust that was subducted. This process
continued until a continental margin unit, or
microcontinent, collided with the trench, dis-
rupting the succession into blocks and broken
formation set within a matrix of contempora-
neous deep-water siliciclastic sediments (Fig.
18d). The four main mélange bands on Chios,
rich in exotic blocks, could be interpreted as
accretion of individual slices which underwent
intense layer-parallel extension (boudinage)
within a subduction-trench setting (during
underplating to the landward wall of the
trench?). A similar process was inferred in the
Central Pontides, where the leading edge of a
Permian carbonate platform broke up as it
collided with a trench (Ustadmer & Robertson
1997); other comparable Tethyan examples (e.g.
in Greece and Yugoslavia) were summarized by
Robertson (1994). A modern eastern Mediter-
ranean example of this process is the collision of
the Eratosthenes Seamount, a microcontinental
fragment capped by a carbonate platform, with
the Cyprus active margin to the north (Robert-
son 1998).

Origin as tectonic mélange

The mélange could also be interpreted as
entirely tectonic mélange, created, e.g., during
collisional tectonics. In this model, a Palaeo-
zoic-Lower Triassic layer-cake succession of
competent limestones and cherts, and incompe-
tent sandstones and shales, was later strongly
sheared to produce tectonic blocks (‘phacoids’)
of limestone, chert and volcanics in a sheared
sandstone-shale matrix. Such shearing might, in
principle, have taken place prior to, or follow-
ing, deposition of the overlying Mesozoic plat-
form succession, i.e. pre-Early Triassic or post-
latest Cretaceous. The presence of relatively
unaltered (CAI 1-1.5) pelagic sediments within
more metamorphosed Karaburun Mélange is
evidence of pervasive tectonic slicing (Kozur
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1995, 1997), as also indicated by the sheared
contacts between the mélange and the overlying
Mesozoic platform succession.

Problems with a purely tectonic origin are: (1)
how matrix sediments were introduced; (2) the
fact that some of the limestone blocks on Chios
preserve relations compatible with superficial
gravity emplacement (i.e. marginal sedimentary
breccias); (3) the very deformed state of the
mélange relative to the overlying Mesozoic plat-
form successions.

Comparison with adjacent areas

The possibility of a pre-Triassic origin for the
mélange is also suggested by comparison with
similar, but more metamorphosed, mélange
located along the northern margin of the Taur-
ide-Anatolide Platform in the Kiihtahya—
Bolkardag region, > 200 km east of the study
area. Here, Silurian—-Devonian limestones are
cut by diabase dykes and were reported to be
unconformably overlain by a mélange composed
of limestone, also volcanics and volcanogenic
rocks of intermediate-acidic composition
(Ozcan et al. 1988). Blocks include siltstone,
sandstone, black chert, recrystallized limestone,
crinoidal limestone and coralline limestone. The
mélange is unconformably overlain by Lower
Triassic red clastics, marking the base of a
Mesozoic carbonate platform succession; ophio-
litic rocks are absent. Recent biostratigraphical
studies indicate the presence of Upper Silurian—
Lower Ordovician limestones (similar to the
Kalecik Limestone of northeast Karaburun)
and Lower Permian limestones (comparable
with the Tekekara Dag Limestone of northwest
Karaburun). The mélange in the Kiihtahya—
Bolkardag region is unconformably overlain by
shallow-marine Scythian sediments at the base
of a Mesozoic Anatolide carbonate platform
succession (Kozur 1997). 1t is, therefore, poss-
ible that Palaeotethyan mélange underlies the
northern margin of the Anatolide-Tauride Plat-
form (and equivalent preserved in the Lycian
Nappes) for hundreds of kilometres along-
strike. Gonctioglu et al. (2000) report that, in
their view, in places, metamorphosed carbonate
platform units correlated with the Anatolides
(i.e. southerly origin) are underlain (with a
normal contact) by conglomerates cut by acid
and basic dykes related to a Late Palaeozoic
magmatic arc. Furthermore, comparable
Palaeotethyan-related mélange may be present
further west on the island of Evvia (Greece) and
in Attica on the mainland (Baud & Papanika-
laou 1981; Baud et al. 1991; Stampfli, pers.
comm.).

Working hypothesis: Upper Palaeozoic
subduction complex reworked by
Triassic rifting and Early Tertiary
collisional deformation

The interpretation that best fits the available
evidence is that the Chios and Karaburun
Meélange’s are the end-products of a multistage
history that involved Early Permian(?) subduc-
tion—accretion, Triassic rifting and Early Ter-
tiary collisional processes.

The subduction—accretion phase

A period of subduction within Palaeotethys
culminated in collision of a continental margin
or microcontinent with a trench, resulting in
accretion of a Silurian-Carboniferous (to
Lower Permian?) platform and marginal units
as blocks and thrust slices within a matrix of
deep-water, trench-type siliciclastic deposits.
Since the youngest confirmed blocks in the
mélange are Gzhelian (Kozur 1997), the age of
the mélange accretion could range from Late
Carboniferous to Early Permian.

Where was this accretionary prism located
within Tethys? One alternative is that it might
relate to a subduction zone dipping southwards
beneath, what later became, the Mesozoic
Anatolide-Tauride Platform. Southward sub-
duction of Palaeotethys is inherent in regional
tectonic models of, e.g. Sengér er al. (1984),
Okay et al. (1996), Pickett & Robertson (1996)
and Gonctioglu et al. (2000). Alternatively,
the mélange might relate to northward subduc-
tion beneath the southern margin of Eurasia,
as inferred from studies of the Central Pontides
(Ustadbmer & Robertson 1993, 1997, 1999;
Stampfli 2000; Stampfli ez al. 2000). The main
point is that the mélanges are associated with
the Anatolide-Tauride Platform, suggesting a
south Tethyan (Gondwanian) rather than
north Tethyan (Eurasian) affinity. During the
Late Palaeozoic, the Anatolide-Tauride block
was attached to Gondwana in most tectonic
reconstructions [e.g. see Stampfli 2000)]. Thus,
for the mélanges to relate to northward subduc-
tion—accretion beneath FEurasia, the entire
Palaeotethyan Ocean would have to be sub-
ducted, juxtaposing Eurasian and Gondwanian
units prior to Early Triassic time. One other
possibility is that the mélanges relate to
northward Palaeotethyan subduction close to
the Gondwana margin, e.g. beneath an intra-
oceanic unit {(oceanic arc or microcontinent).
However, the simplest hypothesis is that the
mélanges relate to southward subduction of
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Palaeotethys beneath the Gondwanian
margin during Late Carboniferous-Early
Permian? time. In this model, northward sub-
duction was, however, in progress beneath
Eurasia during Triassic time (Robertson et al.
1999).
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The Early Mesozoic rift phase (Fig. 19)

Where exactly was the Early Triassic Kara-
burun—Chios Rift located? The intact Triassic—
Jurassic Karaburun—Chios succession escaped
the major latest Triassic (‘Cimmerian’)
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Fig. 19. Sketch sections showing the proposed Mesozoic—Early Tertiary tectonic evolution of Karaburun and
Chios related to Triassic rifting and development of a subsiding passive margin (Jurassic-Cretaceous) emplaced
in stages related to later collisional deformation (Late Cretaccous-Early Tertiary).
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deformation that affected the Pontides (e.g. thrust sheets in Karaburun. An Upper Palaco-
Karakaya Complex), favouring a southerly zoic-Lower Mesozoic thrus