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Abstract: The Izmir-Ankara-Erzincan suture zone (IAESZ) in the Central and the Eastern 
Pontides comprises a stack of thrust sheets of mainly Late Cretaceous-Early Cenozoic age 
that are restored as: (1) a subduction-accretion complex; (2) a continental-margin magmatic 
arc, plus an associated forearc basin; (3) a back-arc basin and its mainly sedimentary fill. 
Northward thrusting affected all of the Late Cretaceous units during latest Cretaceous 
(Campanian-Maastrichtian) time. This was followed by regional southward thrusting to 
form the present thrust stack during Mid-Eocene time. Alternative tectonic models are 
considered in the light of sedimentary, igneous geochemical and structural evidence, and 
global comparisons. We infer that the Northern Neotethys was subducted northwards 
beneath the Eurasian active margin during the Late Cretaceous. Subduction was associated 
with the genesis of a magmatic arc and a related forearc basin. The subduction zone retreated 
oceanwards, associated with the opening of a back-arc basin along the Eurasian margin, 
floored by oceanic crust and overlain by mixed terrigenous and volcaniclastic deep-marine 
sediments. Ophiolite genesis in a continental margin back-arc setting is suggested by the 
presence of screens of basement-type metamorphic rocks within an ophiolite-related sheeted 
dyke complex in the Eastern Pontides. During the latest Cretaceous closure of the inferred 
back-arc basin resulted in northward emplacement of ophiolitic and related units onto the 
Eurasian margin, as well exposed in the Central Pontides. In addition, accretionary m61ange, 
volcanic arc, forearc and ophiolitic units were emplaced southwards onto the Tauride conti- 
nent, represented by the Munzur platform in the Eastern Pontides, also during latest Creta- 
ceous time. This incipient ('soft') collision was followed by widespread Paleocene-Early 
Eocene deposition of Nummulitic shelf carbonates and coarse clastic sediments on deformed 
and emplaced accretionary m61ange, arc and ophiolitic units. Final closure ('hard collision') 
of the Northern Neotethys occurred during the Mid-Eocene, resulting in large-scale south- 
ward imbrication, together with northward backthrusting in some areas. Suture tightening 
and Plio-Quaternary strike-slip ensued. 

During recent years most studies of the origin and 
emplacement of Tethyan ophiolites have focused 
on South Tethyan settings, where oceanic litho- 
sphere (e.g. Semail and Troodos ophiolites) 
was emplaced onto Gondwana and its satellite 
microcontinents (e.g. Robertson 2002; Garfunkel 
2006; Koller et al. 2006; Rassios & Moores 2006; 
Smith 2006). Many of these ophiolites formed 
in a suprasubduction-zone (SSZ) setting within a 
Southern Neotethyan oceanic basin (e.g. Parlak 
et al. 2004; Rlzao~lu et al. 2006). There have been 
few studies of ophiolites and related units that  
were formed in more northerly Neotethyan oce- 
anic basins (Northern Neotethys) and emplaced 
onto the Eurasian continental margin. The Eur- 
asian margin exhibits a long history of tectonic 

and magmatic events that can be mainly related 
to active margin processes, including subduction, 
accretion and arc volcanism ($eng6r & Ydmaz 
1981; Robertson & Dixon 1984; Dercourt et al. 
1986; Stampfli et al. 2001). 

Several workers have recognized that 
ophiolites were emplaced in the Pontides during 
Late Cretaceous-Early Cenozoic time and alter- 
native tectonic scenarios have been proposed 
(Bergougnan 1975; Ydmaz 1985; Ko~yi~it 1990; 
Tiiysiiz 1990; Okay & Sahintiirk 1997; Usta6mer 
& Robertson 1997; Ydmaz et al. 1997). However, 
information on the age, structure and geochemis- 
try of these units has remained sparse. To help 
address this deficiency we have studied the Izmir-  
Ankara-Erzincan suture zone (IAESZ) in two 
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Fig. 1. Outline geological map of Turkey showing the regional settings of the Central and Eastern Pontide areas 
studied (marked with boxes). 

specific areas of the Central and Eastern Pontides 
(Fig. 1). 

The IAESZ separates Gondwana-derived (i.e. 
Tauride-Anatolide) blocks from Eurasia (i.e. 
Pontides) and records the closure of the main 
oceanic strand of the Northern Neotethys ocean 
($eng6r & Yflmaz 1981; Robertson & Dixon 
1984; Dercourt et al. 1986; Okay et al. 2001). This 
suture zone is well exposed as a dominantly 
south-vergent thrust belt running across northern 
Anatolia (Fig. 1). In the north, Late Mesozoic 
units of the IAESZ are tectonically imbricated 
with Eurasia-related metamorphic basement 
rock, represented by the Karakaya Complex and 
related units. In the south these units structurally 
overlie continental units that were rifted from 
Gondwana, including the Munzur Platform (part 
of the Tauride-Anatolide Platform) in the East- 
ern Pontides, and the Klr~ehir Massif (probably 
a separate microcontinent) in Central Anatolia 
(Fig. 1). 

In this paper we will combine sedimentary, 
igneous, structural and palaeontological evidence 
to infer the tectonic settings of formation of 
the various units of mainly Late Cretaceous- 
Early Cenozoic age within the suture zone. More 
detailed information (e.g. detailed maps, sections 
and logs) has been given by Rice (2005). We will 
propose an interpretation involving northward 
subduction beneath the Eurasian margin during 

Late Cretaceous time, coupled with arc volcan- 
ism and the opening, then closure, of a marginal 
basin. We will also draw comparisons with 
modern and ancient marginal basins. The 
recently published time scale of the International 
Commission on Stratigraphy (Gradstein et al. 
2004) is used throughout. Existing formation 
names are retained wherever possible but new 
names are introduced in several cases. 

Central Pontides 

Seven main tectonostratigraphic units of mainly 
Late Cretaceous age are identified in a well- 
exposed area of the Central Pontides (Fig. 2), as 
summarized below in upward structural order. 
Each of these units is bounded by south-vergent 
thrusts and is unconformably overlain by 
Neogene-Recent units. 

E s k i k g y  Formation: cover o f  Pontide 

basement  

The Eskik6y Formation (new name; Fig. 3a) (c. 
150 m thick) rests with a low-angle unconformity 
on a thin unit of pisolitic bauxite that caps the 
schistose metamorphic basement of the Pontides 
(Kargl Complex; Usta6mer & Robertson 1997). 
This formation begins with thickly bedded 
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Fig. 2. Simplified geological map of the Central Pontides (see Fig. 1 for location). The locations of measured 
logs are shown (see Fig. 3a-e), also the line of section a-a' (see Fig. 4). The locations of sites sampled for 
geochemical analysis by XRF are also marked: A, Yaylagayl Formation: B, Iki~am Formation: C, Klzahrmak 
Ophiolite (see also Fig. 6 and text for discussion). 

(50 cm), grey microcrystalline pelagic limestones, 
c. 10 m thick, that contain planktonic Foramin- 
ifera (e.g. Globotruncana sp.) of Campanian age 
(Tiiysfiz et al. 1988). Sheared and isoclinally 
folded turbiditic sandstones with shaly partings, 
c. 150 m thick, include occasional poorly sorted, 
matrix-supported conglomerates (debrites). The 
sandstones exhibit flute casts and Thalassinoides 

sp. bioturbation. The conglomerates contain 
well-rounded pebbles of paraquartzite, presum- 
ably derived from the Pontide basement to the 
north. In thin section, the sandstones contain 
polycrystalline quartz, schistose lithoclasts and 
detrital white mica, indicating a metamorphic 
source. The succession passes upwards into thin- 
bedded red shale and radiolarian chert. Towards 
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the top of the formation the sediments are thrust- 
imbricated with ophiolitic m61ange (Kirazba~l 
M61ange; see below). The EskikSy Formation is 
also exposed as thin (c. 40 m) thrust slices within 
more northerly outcrops of the m61ange (e.g. near 
Ilgaz; Fig. 2). 

The pelagic lower part of the Eskik6y 
Formation is interpreted to record subsidence 
of the Eurasian margin during Campanian 
time (83.5-70.6 Ma). The terrigenous gravity- 
deposited sediments were shed from the Pontide 
basement into a subsiding deep-water basin. This 
was probably a flexurally controlled foredeep, 
associated with the northward emplacement of 
ophiolites and related units onto the Eurasian 
margin. 

Upper Cretaceous Kzzzhrmak Ophiolite 

The K1zlllrmak Ophiolite (Ttiystiz 1990), c. 
3.5 km thick, occurs at several different struc- 
tural levels within the thrust stack (Figs 2 and 4). 
Outcrops of deformed ophiolitic rocks, 2-5 km 
thick, are found near Bayat and Eldivan, and 
also along the banks of the Klzlhrmak River, at 
Pelitcik, near Kargl (Fig. 2). The ophiolitic com- 
plex includes serpentinized harzburgite, cumulate 
pyroxenite, dunite, isotropic and layered gabbro, 
and deformed greenschist-facies metabasaltic pil- 
low lava (Fig. 3b). A Campanian-Maastrichtian 
age (83.5-65.5 Ma) for the ophiolite is indicated 
by the presence of Globotruncana linneiana 
(d'Orbigny) within pelagic limestones inter- 
bedded with basaltic pillow lavas (Tfiysiiz 1990) 
that are well exposed along the Klzlhrmak river 
valley, north of Kamil (A~ikbfikfi-Yukan Zeytin 
section). Basalt from this locality was collected 
for analysis (see below). 

The Klzlhrmak Ophiolite is interpreted as 
an incomplete section of oceanic lithosphere of 
Late Cretaceous age. Supporting geochemical 
evidence is presented later in the paper. 

Upper Cretaceous ikifam Formation." 
marginal basin sediments 

A very thick sedimentary unit, the iki~am For- 
mation (new name; > 3000 m thick), is found 
within the middle to upper structural levels of 
the imbricate thrust stack (Fig. 4). A Late 
Cretaceous (Campanian-Maastrichtian) age is 
indicated by the presence of several species 
of Globotruncana (i. Ongen, pers. comm.). 
The lower part (e. 2 km) of the formation com- 
prises thinly bedded (beds < 4 cm), buff-coloured 
micritic, to muddy limestones with thin grey 
pelitic schist partings and tuff (Fig. 3c). Higher 

levels of the succession comprise coarser-grained 
quartzo-feldspathic sandstones, volcaniclastic 
sandstones and sericitic shales. There are also 
interbeds of turbiditic calcarenites that contain 
volcanic grains and feldspars of probable mag- 
matic origin (Fig. 5). Grains of undeformed 
quartz, polycrystalline quartz (i.e. quartzite) and 
schistose lithoclasts are also present. In the north 
the succession includes occasional igneous sills, 
massive lava flows and rare pillow lavas, as seen 
near Tosya (see below for chemical analysis). 
The lavas contain large (<  2 cm) phenocrysts of 
biotite, analcite and salite (alkali pyroxene), sug- 
gesting a markedly alkaline composition. In the 
south the iki~am Formation interdigitates with 
andesitic lavas and coarse andesitic volcaniclastic 
conglomerates and sandstones, correlated with 
the Yaylaqayl Formation, an Upper Cretaceous 
inferred volcanic arc unit, also exposed near 
Tosya (see below; Fig. 2). The more basic 
extrusive rocks within the lkigam Formation 
were collected for chemical analysis (see below). 
However, extrusive rocks in the south are chemi- 
cally too evolved to allow geochemical discrimi- 
nant analysis, although their tectonic setting of 
eruption can be inferred from an interfingering 
relationship with the Yaylagay~ Formation 
inferred arc unit. The ikigam Formation is 
unconformably overlain by sediments of Late 
Eocene or or younger age, which were deposited 
after the inferred suturing of the Northern 
Neotethys. 

The Upper Cretaceous lki~am Formation 
represents a volcanically active deep-water 
slope setting, with an increasing abundance of 
texturally immature volcanic and terrigenous 
sediments upwards. The turbiditic sandstones 
range from terrigenous, to volcaniclastic and cal- 
careous in composition. The Pontide metamor- 
phic basement to the north is the obvious source 
for the terrigenous material. The polycrystalline 
quartz is interpreted as metachert derived 
from pre-Jurassic accretionary complexes in the 
Pontides (UstaSmer & Robertson 1997). Deposi- 
tion was accompanied by sparse alkaline- 
peralkaline volcanism in the north that could be 
extension related. In addition, the basaltic- 
andesitic composition of the interfingering volca- 
nic rocks and coarse sediments in the south 
suggests that this material was derived from 
an adjacent magmatic arc unit. Overall, the 
iki~am Formation is interpreted as the emplaced 
sedimentary-volcanic fill of a deep-water back- 
arc basin that formed between the Pontide conti- 
nental margin to the north and an active volcanic 
arc to the south. 
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Fig. 4. Cross-section showing the main structural and stratigraphic relations in the Central Pontides. 
(See Fig. 2 for line of section). It should be noted that some variation is present along strike (see Fig. 2). 

Upper Cretaceous Yaylaqayt Formation: 

volcanic arc unit 

Two major thrust slices of volcanic and volca- 
niclastic rocks, each up to c. 4 km thick, occur 
at two different structural levels (Figs 2-4). The 
presence of several species of Globotruncana 

Fig. 5. Photomicrograph of Upper Cretaceous 
sandstone from the Iki~am Formation. The presence 
of terrigenous material (white mica, quartzite), glassy 
basic lava and chert should be noted. 

within interbedded sediments indicates a Late 
Cretaceous (Campanian-Maastrichtian) age for 
this unit (Tiiysiiz et al. 1995). 

The Yayla~;ayl Formation (Yolda~ 1982) 
begins with basaltic pillow lavas and pelagic 
interpillow sediments and passes gradually 
upwards into a very thick succession (up to 
3500m in apparent thickness) of  andesitic 
lava and coarse matrix-supported volcaniclastic 
conglomerates (Fig. 3d). Both the clasts and 
the matrix of these conglomerates are of inter- 
mediate composition, based on petrographic evi- 
dence. Felsic volcanic rocks, intrusive rocks and 
altered tuff are present in lesser amounts. Strati- 
graphically higher levels are dominated by 
volcaniclastic sandstones and shales that grade 
into pale grey thinly bedded shaly and micritic 
limestones. At higher levels of the thrust stack 
volcaniclastic and metavolcanic schists, also at- 
tributed to the Yayla~ayl Formation, exhibit 
well-developed metamorphic fabrics and a green- 
schist-facies mineral assemblage (i.e. epidote, 
talc, quartz, albite). The highest stratigraphic 
levels of the formation are transitional to pelagic 
limestones with Globotruncana in the iskilip area, 
whereas further west near (~anklrl (Fig. 2) the 
formation is unconformably overlain by a 
shallow-marine sedimentary cover (Yaprakh 
Formation; see below). 
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Within the Yaylagayl Formation, the volcanic 
rocks become generally more evolved strati- 
graphically upwards, from basaltic, to andesitic, 
then felsic (e.g. rhyodacite). Pelagic sediments 
are present between pillow lavas low in the 
succession but above this texturally immature 
volcaniclastic sediments predominate. 

The formation is interpreted to record a frag- 
ment of a volcanic arc, which developed away 
from a supply of terrigenous sediment. A gradual 
passage from volcanic rocks to volcaniclastic 
sediments records a waning of volcanism, or a 
switch in the locus of volcanism to a more distal 
location. The arc edifice was eroded following 
cessation of volcanism. The pelagic limestones at 
the top of the Campanian-Maastrichtian succes- 
sion indicate a reduced supply of volcaniclastic 
material, possibly caused by cessation of arc 
magmatism, tectonic subsidence, or a eustatic 
relative sea-level rise. 

Upper Cretaceous Yaprakh Formation." arc 
apron-forearc basin 

A sedimentary cover unit up to 500 m thick, 
known as the Yaprakh Formation (Birgili 
et al. 1975), unconformably overlies the arc- 
related Yayla~ay~ Formation, as exposed near 
~ankm (Figs 2 and 3e). A Late Cretaceous 
(Campanian-Maastrichtian; 83.5-65.5 Ma) age 
is indicated by the presence of planktonic 
foraminifera, including Globotruncana linneiana 
(d'Orbigny) (l. Ongen, pers. com.). The forma- 
tion begins with a thin basal conglomerate (r 
3 m), followed by grey volcaniclastic shales. 
The shale passes upwards into thick-bedded, 
coarse-grained calcarenites, volcanogenic shales, 
thick-bedded volcaniclastic sandstones and con- 
glomerates, with minor grey fissile shaly partings. 
These sediments contain poorly sorted grains 
of mafic- and intermediate-composition volcanic 
rocks, quartz, feldspar, glauconite and abundant 
calcareous shell fragments. The detrital grains 
within individual samples range from sub- 
angular to well rounded and show evidence of 
textural inversion (i.e. well-rounded but poorly 
sorted grains). Large bivalves (<  10 cm; prob- 
ably rudists) are locally present. Individual 
beds, up to 1.5 m thick, are commonly massive 
or graded and contain subrounded pebbles and 
boulders of feldspar-phyric andesite (up to 40 cm 
in diameter). 

The unconformable base of the succession 
and the thin basal conglomerate together indicate 
that at least some erosion of the underlying volca- 
nic arc unit has occurred, probably in a subaerial 
setting. This was followed by re-submergence 

and fine-grained deposition. The upward change 
from homogeneous grey shales to texturally 
immature lithologies suggests a relatively proxi- 
mal source for the volcaniclastic and carbonate 
material. The large bivalves, well-rounded grains 
and the presence of glauconite suggest a shallow- 
marine setting. However, the existence of textural 
inversion confirms that some redeposition has 
occurred. The clastic sediments probably formed 
from sheet-like density flows within broad 
(c. 30 m) submarine channels. By contrast, the 
nature of the fine-grained shaly partings suggests 
low-energy background accumulation in a rela- 
tively deep-water setting. Measurements of cross- 
laminations and pebble imbrication yielded 
(dip-corrected) palaeocurrent directions towards 
the NE (Fig. 3e). 

The Upper Cretaceous Yaprakh Formation 
is interpreted as part of the northern edge of a 
forearc basin that is mainly buried beneath the 
younger (~ankm Basin to the south (Kaymak91 
2000). Contemporaneous volcanogenic material 
(e.g. air-fall tuff) is absent. This unit probably 
records reworking of arc-derived material after 
arc volcanism had ended (at least locally), but 
prior to final tectonic emplacement. The shallow- 
water carbonate, including large bivalves, was 
derived from carbonate build-ups on, or around, 
arc edifices that were partially eroded after volca- 
nism ended. Terrigenous sediment (e.g. metamor- 
phic quartz) is notably absent, in common with 
the underlying arc unit. 

Upper Cretaceous Kirazba~;z Mklange: 
ophiolitic mdlange 

An ophiolitic m61ange unit, the Kirazbasl 
M61ange (Tfiysfiz 1990), is widely distributed 
throughout several structural levels of the suture 
zone (Figs 2 and 4). In the north the m61ange tec- 
tonically overlies the Upper Cretaceous Eskik6y 
Formation, interpreted above as a foredeep suc- 
cession. The m61ange is overlain unconformably 
by Eocene Nummulitic limestones and fluvio- 
deltaic sandstones; these belong to the Kadlklzl 
Formation, which postdates suturing. The 
m61ange exhibits a block-against-block fabric 
without any matrix of sedimentary origin. 

The most common lithologies of the 
m61ange are serpentinized ultramafic rocks, 
basalt-metabasalt, dolerite, red radiolarian 
chert, pelagic-hemipelagic limestone, shale, 
volcaniclastic-terrigenous sandstone and neritic 
limestone. The size of the blocks ranges from 
centimetres to hundreds of metres. There are 
also dismembered thrust sheets up to several 
kilometres long. Locally, a red-brown matrix is 
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present, which is poorly sorted and contains frag- 
ments of all of the above lithologies; this matrix is 
interpreted as of tectonic origin. 

The extrusive and sedimentary blocks in the 
m61ange occur as two main lithological associa- 
tions: (1) basalt-chert; (2) basalt-volcaniclastic 
sediment-neritic carbonate. Calcareous micro- 
fossils from several of the blocks yielded ages 
ranging from Albian to Maastrichtian based 
on microfossils including Pseudosiderolites vidali 
Douville and Rotalipora sp. (1. Ongen, pers. 
comm.). The formation of the m61ange is 
assumed to be approximately coeval with the 
youngest known age of the blocks in the m61ange 
(i.e. Late Maastrichtian). In addition, the ex- 
posed m61ange predates unconformably overly- 
ing Eocene sediments (Kadlkxzl Formation; see 
below). 

The m61ange is interpreted as an accretionary 
prism related to northward subduction of 
the Northern Neotethys. The pelagic sediments 
(radiolarites and rare pelagic carbonates), now 
present as blocks, were originally deposited on 
oceanic crust and were later accreted into the 
m61ange. Accordingly, the age of the underlying 
oceanic crust was at least Albian-Late Maas- 
trichtian (112-65.5 Ma). The blocks and slices 
of the basalt-chert lithological association and 
also serpentinite were accreted from Neotethyan 
oceanic lithosphere, whereas the blocks and slices 
of the basalt-volcaniclastic sediment-neritic car- 
bonate association are interpreted as fragments 
of emplaced oceanic seamounts (Rojay et al. 
2001). The dominance of oceanic material and 
the lack of a terrigenous matrix suggests that the 
accretionary wedge developed some distance 
from the Pontide continental margin to the north. 

Middle Eocene Kadtktzt Formation: 

post-suture sediments 

The oldest rocks above the Neotethyan IAESZ 
are represented by the KadlklZl Formation of 
Mid-Eocene age. This formation overlies the 
Kirazba~l M61ange with an irregular uncon- 
formity, as exposed north of Tosya (Fig. 2). The 
succession begins with Nummulitic limestones 
grading into calcarenites and shales, and then 
passes upwards into sandstones and lenticular 
conglomerates, which increase in abundance 
towards the top of the formation. 

The sandstones are poorly sorted, terrigenous 
litharenites with well-rounded clasts, indicating 
reworking in a fluvial or shoreface environment. 
In addition, the presence of plant-derived mate- 
rial within these sediments suggests the proximity 
of fluvial input. The presence of coarse-grained 
Nummulitic calcarenites further indicates that 
this formation was deposited in a shelf-type 

setting. The conglomerates exhibit a lenticular 
geometry and an imbricated clast-supported 
texture, dominated by metamorphic lithoclasts, 
which suggests deposition in channels mainly fed 
from the Pontide continental margin to the north. 

The overall regressive nature of the succession 
suggests a transition from a shallow carbonate- 
depositing shelf (<  200 m: lower shoreface) to a 
proximal subaqueous delta that was constructed 
directly on the Kirazba~l M61ange during 
Mid-Eocene time. 

Unlike the Upper Cretaceous units described 
above, the Kad~km Formation is relatively 
undeformed. It lacks a penetrative cleavage and 
does not exhibit north-vergent deformational 
fabrics, as seen in the underlying units. This sug- 
gests that the emplacement of these underlying 
units took place prior to the Mid-Eocene. 

Geochemistry of Central Pontide basaltic 
rocks and peridotites 

Analytical methods 

Samples of relatively unaltered basaltic rocks 
were collected from the Kazfllrmak Ophiolite, the 
Kirazba~l M61ange, the Yaylaqayl volcanic arc 
unit and from the ikiqam, inferred back-arc unit 
and were analysed for major and trace elements 
by X-ray fluorescence (XRF) at the School of 
GeoSciences, University of Edinburgh, using the 
method of Fitton et al. (1998). 

In addition, chrome spinel grains from serpen- 
tinized harzburgites taken from both the m61ange 
(several samples) and the Kmhrmak Ophiolite 
(one sample) were analysed using a Cameca 
SX100 electron microprobe at the School of 
GeoSciences, University of Edinburgh, using 
the method of Reed (1975). A focused beam of 
20 nA was used. The instrument was fitted with 
five wavelength-dispersive spectrometers and 
operated with a gun potential of 20 kV. Probe 
current was measured using a Faraday cup. 
The analytical standards were a selection 
of Specpure metals, simple synthetic oxide 
crystals and simple silicates. Fe 3 + concentrations 
were calculated stoichiometrically following the 
method of Droop (1987). 

Results o f  basalt chemical analysis 

The extrusive rocks are andesite, andesite-basalt, 
sub-alkali basalt and alkali basalt, as shown in 
Figure 6a. The compositions of the ophiolitic 
and volcanic arc basalts are also illustrated using 
normal-mid-oceanic ridge basalt (N-MORB)- 
normalized 'spidergrams' (Fig. 6b) (Pearce et al. 
1984). Selected analyses are shown in Table 1. 
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Fig. 6. Chemistry of Central Pontide basaltic rocks. (a) Zr/Ti v. Nb/Y diagram showing the range of lithologies 
present; (b) MORB-normalized trace-element patterns of basaltic rocks from the Central Pontides. (i), 
Yayla?ayl Formation (volcanic arc); (ii), Iki?am Formation (marginal basin sediments); (iii), Klzd]rmak 
Ophiolite (SSZ-type oceanic crust). Normalizing values: St, 120 ppm; KzO, 0.15%; Rb, 2.0 ppm; Ba, 20 ppm; 
Nb, 3.5 ppm; La, 3 ppm; Ce, 10 ppm; Nd, 8 ppm; P205, 0.12% ; Zr, 90 ppm; TiO2, 1.5%; Y, 30 ppm; Sc, 40 ppm; 
Cr, 250 ppm (Pearce 1982). (See Fig. 2 for sampling locations.) 

Most of the basalts of the Yayla?ayl Forma- 
tion, inferred arc unit are enriched in large ion 
lithophile elements (LILE; e.g. Sr, K, Rb, Ba) 
relative to the less mobile high field strength 
elements (HFSE; e.g. Ti, P, Zr, Nb). This enrich- 
ment is accompanied by a marked negative 
Nb anomaly in most samples (Fig. 6b, i). These 
features are characteristic of a mantle source that 
was chemically affected by subduction fluids 
(e.g. Pearce & Cann 1973; Pearce et al. 1984). 
The extrusive rocks of the Yayla?ay~ Formation 
are chemically similar to those of modern 
subduction-related volcanic arcs (e.g. Mariana, 
SW Pacific; Pearce 1982). The LILE enrichment 
is attributed to the effects of fluids derived 
from the downgoing slab as it underwent P T -  
controlled phase changes and associated dehy- 
dration reactions (Anderson et al. 1978; Saunders 
et al. 1980). 

By contrast, the samples o f  the Iki?am 
Formation, from the more northerly part of the 

inferred back-arc unit, do not exhibit any identifi- 
able subduction-influenced geochemical signa- 
ture and are compatible with a within-plate 
setting (e.g. rift-related or seamount; Pearce 
1982; Fig. 6b, ii). 

MORB-normalized plots of basaltic rocks 
from the Klzdlrmak Ophiolite (Fig. 6b, iii) are 
slightly enriched relative to MORB, and show a 
slight negative Nb anomaly. The low Cr values 
suggest a fractionation effect. Chemically similar 
basalts are known from many Tethyan ophiolites 
(e.g. Pearce et aL 1984; Robertson 2002; Parlak 
et al. 2004). Basalts exhibiting similar MORB- 
normalized plots have been dredged from 
modern back-arc basins (e.g. Weaver et al. 1979; 
Taylor et al. 1992). 

The basaltic rocks from the Kirazba~l 
M61ange exhibit trace-element signatures that 
suggest a range of mid-oceanic ridge to within- 
plate-type settings not influenced by subduction 
(Rice 2005). 
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Results o f  chrome spinel analysis 

The harzburgitic composition of the ophiolitic 
peridotites from the Klzlhrmak Ophiolite and 
from the m61ange beneath implies the presence 
of highly depleted mantle, possibly resulting from 
hydrous melting related to a subduction zone 
(Pearce et al. 1984). In this context, the ratios of 
Cr-number (Cr • 100/(Cr + A1)) and Mg-number 
(Mg • 100/(Mg+Fe 2+) in spinels allow peridot- 
ites that formed in a MOR-type setting to be 
distinguished from those formed in an SSZ-type 
setting (Dick & Bullen 1984). The main constitu- 
ents of spinel (Mg,Fe 2+) (Cr,A1,Fe3+)204 behave 
differently during partial melting or crystalliza- 
tion, with Cr and Mg partitioning into solid 
phases, and A1 into the melt. 

The results of 273 analyses of 127 spinel grains 
from three samples of harzburgite from the 
Central Pontides (Table 2) were plotted on a Cr- 
number v. Mg-number diagram (Fig. 7a). In gen- 
eral, the observed high Mg-number values of the 
ophiolitic samples relative to abyssal peridotites 
could reflect low-temperature re-equilibration 
with olivine (Dick & Bullen 1984). 

The grains analysed from the single sample 
from the Klzdlrmak Ophiolite (OCP1) exhibit 
Cr-number values within the range for abyssal 
peridotites and are consistent with either MOR- 
type or a back-arc marginal basin setting. 

The two samples of serpentinized harzburgite 
from the m61ange (Fig. 7; MCP1, MCP2) plot in 
the higher Cr-number group, implying a higher 
degree of partial melting of the mantle source. 
The high Cr-number values are similar to those 
for SSZ boninite-type settings, including the 
Upper Pillow Lavas of the Troodos ophiolite 
(Dick & Bullen 1984). The most likely origin is 
that these harzburgites originated in a forearc 
setting and were later incorporated into the 
accretionary m61ange beneath. 

Eastern Pontides 

Six tectonostratigraphic units of Late 
Cretaceous-Early Cenozoic age were identified 
in the well-exposed area of the IAESZ in the 
Eastern Pontides (Fig. 8). As for the Central 
Pontides, these units will be described from north 
to south in generally downward structural order. 
The Munzur Mountains (Tauride) platform unit 
in the far south, described last, is located at the 
lowest structural level (Figs 8 and 9). 

Erzincan, mainly at a high structural level (Figs 1 
and 8). Smaller ophiolitic exposures also occur 
at a much lower structural level, near the Munzur 
platform (Fig. 8). The base of the Refahiye 
Complex is a north-dipping thrust (Fig. 9); its 
upper boundary is an unconformity with overly- 
ing Eocene sediments (Sipik6r Formation) or 
younger units. The complex, with an estimated 
apparent thickness of c. 8 km, is composed of 
>75% (by volume) serpentinized harzburgite, 
c. 20% diabase dykes and < 5% trondhjemite 
(plagiogranite) dykes. The diabase includes 
thrust slices of sheeted dykes up to 1000 m thick. 
The boundaries of the individual thrust sheets of 
sheeted dykes are commonly zones of sheared 
serpentinite, up to c. 30 m thick. There are also 
isolated dykes, individually <2  m thick, within 
serpentinized harzburgite (Fig. 10a). 

An important observation is that the sheeted 
dykes include numerous elongate screens, each 
up to c. 50 m thick, that are composed of highly 
strained metamorphic rocks. These screens 
locally dominate the dyke section in the SW of the 
complex (Fig 11) and include epidote-actinolite 
schist, metabasite, metaserpentinite and massive 
marble. The individual screens are intruded 
by swarms of diabase dykes, together with 
rare plagiogranite dykes and late-stage aplite 
dykelets, up to 30 cm wide (Fig. 11). Undisturbed 
primary igneous contacts are preserved between 
many of the dykes and the host rocks. 

The exposure of the Refahiye ophiolitic 
complex in the north is interpreted as a dismem- 
bered section of oceanic lithosphere, of which the 
upper, extrusive levels are not now preserved. 
The metamorphic host rocks within the Refahiye 
Complex are lithologically comparable with the 
Late Palaeozoic-Early Mesozoic metamorphic 
basement of the Pontides (e.g. Domuzda~ Unit; 
Topuz et al. 2004), and are seen as fragments of 
country rocks that were rifted from the Pontide 
basement and incorporated into the ophiolite 
complex. An alternative origin as fragments of 
an older dyke-rich metamorphic basement, as 
known from some parts of the Pontides (eg. 
Artvin region; T. Usta6mer, pers comm.), is 
unlikely in view of the close association of the 
metamorphic rock screens with the nearby 100% 
sheeted dyke sections of the Refahiye Complex. 
An important implication of the dyke-rich 
metamorphic rock screens is that the Refahiye 
ophiolitic complex formed in a rifted continental 
margin, rather than an oceanic setting. 

Upper Cretaceous Refahiye Complex: 
Neotethyan oceanic crust 

An ophiolitic unit termed the Refahiye Complex 
(Yflmaz 1985) crops out north and NW of 

Upper Cretaceous Karada~ Formation." 
oceanic arc 

This volcanic and volcaniclastic unit crops out 
at two structural levels, located west and SE of 
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Fig. 8. Simplified geological map of the Eastern Pontides (see Fig. 1 for location). Line of section b-b' 
(see Fig. 9). The locations of sites sampled for geochemical analysis by XRF are marked: A, Karada~ 
Formation; B, Refahiye Complex (see Fig. 12). The Aylkayas~ Formation is too thin and localized to show here 
(see Fig. 10). 

Erzincan (Figs 8 and 9). The lower contact is a 
north-dipping thrust, whereas the upper bound- 
ary is an unconformity overlain by sediments 
of Early Eocene age or younger. The formation 
takes the form of large wedge-shaped thrust 
slices, individually up to 20 km long and c. 3 km 
thick. The total outcrop in the Erzincan area 
is estimated as c. 250 km 2. The presence of 
microfossils, including Globotruncana, within 
thin limestones interbedded with volcanic rocks 

indicates a Late Cretaceous (Campanian- 
Maastrichtian) age (K. Ta~h & N. inan, pers. 
comm.). 

The Karada~ Formation comprises a thick 
(c. 3 km), disrupted succession of hornblende- 
and plagioclase-phyric basaltic to andesitic lavas, 
interbedded with coarse-grained volcaniclastic 
conglomerates (Fig. 10b). In addition, volca- 
niclastic sandstones, shales and tuffs are present 
in lesser amounts. Higher-level thrust sheets are 
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Fig. 9. Cross-section showing the main structural and stratigraphic relations in the Eastern Pontides. (See Fig. 8 
for the line of section.) 

mainly schistose and include metabasic and 
meta-andesitic flows (>70% by volume), indi- 
vidually 2-3 m thick, interbedded with volca- 
niclastic, tuffaceous and calcareous schists. 
Rare hemipelagic Globotruncana-bearing lime- 
stones are also present. The mineral assemblage 
quartz + epidote + plagioclase + chlorite + calcite 
is indicative of greenschist-facies metamorphism. 

The Karada~ Formation is interpreted as part 
of a Late Cetaceous volcanic arc, dominated by 
andesitic volcanic rocks and volcaniclastic sedi- 
ments, with an open-marine pelagic microfauna 
and little or no terrigenous input. 

Upper Cretaceous-Palaeogene Siitpznar 
Formation." forearc basin 

This coarsening-upward sedimentary unit, c. 
1500 m thick, crops out in the mid-levels of 
the thrust stack (Figs 8 and 9), mainly east of 
Erzincan. The stratigraphic base is not exposed. 
North-dipping thrust faults imbricate the forma- 
tion with other units. Planktonic Foraminifera 
(e.g. Globotruncana) in the lower part of the 
succession indicate a Late Cretaceous age, 
whereas benthic Foraminifera (e.g. Alveolina) 
in the higher part of the formation are indicative 

of an Early Eocene age (K. Tash & N. 
inan, pers. comm.). The Sfitpmar Formation 
(Fig. 10c) passes conformably, and probably 
diachronously, into facies similar to the Sipik6r 
Formation in some areas (see below). 

The lower c. 800 m of the succession com- 
prises thin- to medium-bedded (10cm- l .5m)  
quartz- and feldspar-bearing calcareous sand- 
stones. Individual beds are typically amal- 
gamated and exhibit planar and convolute 
lamination, with partings of mud, shale and marl. 
In places, the succession is dominated by thinly 
bedded, fine-grained, dark volcaniclastic shale, 
or by more thickly bedded, pale calcarenites 
with rare andesitic lava flows and volcaniclastic 
debris-flow conglomerates. The upper c. 600 m of 
the succession exhibits an increase in the abun- 
dance and thickness of volcaniclastic sandstones 
and conglomerates. 

The lower part of the Siitpmar Formation 
formed in a deep-marine setting, marked by low- 
energy background deposition of volcaniclastic 
mud and pelagic carbonate. Subordinate interca- 
lations of coarser-grained clastic sediments were 
deposited from turbidity currents. The volcani- 
clastic lithologies higher in the succession are 
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Eastern Pontides 

W Doleritic dykes and 
intermediate-composition Doleritic sheeted dykes 

Marble lozenges hornblende-phyric dykes 
in sheared schist \ Plagiogranite dykelets Aplite dykes 

\ and serpentinized curing microgabbro, 
\ cumulate pyroxenite dolerite and pegmatite 

Dolerite dykes _ , ~ , ~ . ~ . . . ~ ,  ~.% ~ ~ 

b 
Schist and gneiss ~ Serpentinized peridotite 

0 20 m I ' ~  Dolerite ~ Plagiogranite 
I I 

Marble ~.~ Thrust contact 

I ' ~  Hornblende-phyric dyke ~ Igneous contact 

Fig. 11. Screens of marble, schist and gneiss intruded by doleritic dykes within the Refahiye ophiolitic complex. 
(See text for explanation.) 

very similar to those of the Karada~, inferred arc 
unit, suggesting that these were intergradational. 
Volcanogenic material is mainly detrital and 
coeval lava flows rarely occur. The coarse 
carbonate sediment was redeposited from a shelf- 
depth setting, rich in Nummulites sp. Increasing 
amounts of coarse, reworked ophiolitic and 
metamorphic material appear towards the top 
of the formation, grading into the Sipik6r For- 
mation (see below). An increase in depositional 
energy and source proximity is confirmed by 
reduced textural maturity upwards. Overall, the 
Siitpmar Formation is interpreted as a Late 
Cretaceous-Early Cenozoic regressive forearc 
basin, in which detritus was being supplied from 
an uplifted m61ange, a volcanic arc, an ophiolite 
and continental basement units. By this time 
only very minor arc-related volcanism persisted, 
at least in this area. 

Palaeogene SipikSr Formation: 
post-emplacement sediments 

In the area studied this varied sedimentary 
unit rests unconformably on all of the Upper 
Cretaceous units (including ophiolitic rocks) with 
the sole exception of the inferred forearc basin 
unit (Siitpmar Formation), with which it is inter- 
gradational and partly coeval (see above). The 
Sipik6r Formation is widely exposed around 
Erzincan, especially to the north of the city (Fig. 

8). In the south, the formation unconformably 
overlies the Munzur Limestone Formation and 
to the north it unconformably overlies the 
Pontide metamorphic basement (Topuz et al. 
2004; Figs 8 and 9). The Sipik6r Formation, up to 
500 m thick, is dated as Paleocene-Eocene based 
on planktonic and benthic Foraminifera (e.g. 
Nummulites) (K. Ta~h & N. Inan, pers. comm.), 
in agreement with previous workers (Okay & 
~ahintiirk 1997; Topuz et al. 2004). 

In the area studied, the Sipik6r Formation 
(Fig. 10) comprises lenticular polymict conglom- 
erates with well-rounded clasts, together with 
poorly bedded to massive, fine- to coarse-grained 
sandstones. These lithologies interdigitate with 
very fine-grained, dark grey, hard, massive fora- 
miniferal limestones, forming lenses up to c. 50 m 
thick. The clastic content is varied and includes 
metamorphic lithoclasts. In places, medium- to 
thick-bedded oncoidal and Nummulites-bearing 
bioclastic limestones are present, together with 
rudist bivalves, microbial carbonate and large 
sponges. The limestones are interbedded with 
massive, poorly sorted, lenticular sandstones, 
conglomerates and thin (c. 2 m) layers of anhy- 
drite. There also local interbeds of red siltstones 
that contain thin (c. 5 cm) layers of caliche 
(palaeosols). 

The Sipik6r Formation accumulated in varied 
shallow-marine, lagoonal, deltaic to fluvial 
settings and was sourced from a wide variety 
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of lithologies in the area, including ophiolitic, 
arc-related and terrigenous (continental) units. 

The Sipik6r Formation in the area studied 
lacks north-vergent tectonic structures, as seen 
in all of the structurally underlying units. The 
formation in this area is interpreted as a trans- 
gressive cover, deposited after north-vergent 
deformation and emplacement of the underlying 
Upper Cretaceous units. The timing of north- 
vergent deformation in this area is, therefore, 
constrained to predate the Sipik6r Formation 
(i.e. pre- or syn-Paleocene-Eocene). 

Elsewhere (e.g. 90km westwards), similar 
coarse clastic sediments of Paleocene age 
(Ta~demir Formation) are unconformably over- 
lain by Paleocene-Eocene Nummulitic lime- 
stones. This unit is structurally overlain by a 
thrust sheet of limestone (i.e. ~imendafg Nappe) 
that was presumably emplaced northwards in 
this area. Similar clastic sediments structurally 
underlie another thrust sheet to the east of the 
study area (Imalida~ Nappe; Okay & Sahintiirk 
1997). Also, further east again in the Artvin area, 
Mid-Eocene, coarse non-marine clastic sedi- 
ments are structurally overlain by Upper Creta- 
ceous and older units. It is, therefore, probable 
that additional northward thrusting took place 
during Mid-Eocene time, approximately con- 
temporaneously with the development of the 
south-vergent thrust wedge as a whole. 

Karayaprak MOlange: ophiolitic mdlange 

This ophiolitic m61ange unit occurs at several 
different levels within the thrust stack, forming 
discrete slices up to 4 km thick (Figs 8 and 9). In 
the south, near Kemah (Fig. 8), the m61ange tec- 
tonically overlies the basinal latest Cretaceous 
Aylkayasl Formation above the Munzur carbon- 
ate platform. The m61ange is unconformably 
overlain by Paleocene-Eocene clastic sediments 
of the Sipik6r Formation (Fig. 10d) that postdate 
Mid-Eocene suturing, as seen in small exposures 
to the north and south of Erzincan (Figs 8 and 9). 

The m61ange is a tectonized mixture of blocks 
and slices that individually are up to c. 2 km in 
size. The blocks exhibit three main lithological 
associations: (1) altered basaltic pillow lavas 
commonly interbedded with red radiolarian 
chert, pelagic limestone and mudstone (i.e. 
basalt-pelagic sediment association); (2) very 
large blocks (>  1 km) of pale grey massive crys- 
talline limestone commonly associated with 
basalt (i.e. basalt-neritic limestone association); 
(3) blocks of serpentinite, gabbro and diabase 
(i.e. ophiolitic association). Less common litholo- 
gies include volcaniclastic shale, volcaniclastic 

sandstone and rare amphibolite. Fissile, sheared 
serpentinite also occurs along shear zones and as 
a matrix to mafic and ultramafic blocks in some 
areas. 

Pelagic carbonate blocks in the m61ange 
yielded planktonic foraminifera and calpionel- 
lids (e.g. Globotruncana linneiana (d'Orbigny), 
Archaeoglobigerina sp., Calpionella alpina 
(Lorenz), Calpionella elliptica (Cadish)) of Early 
Cretaceous (Berriasian) age (K. Ta~li & N. inan, 
pers. comm.). 

The basalt-pelagic sediment association is 
interpreted as accreted abyssal sediments that 
originally accumulated on oceanic crust. By 
contrast, the basalt-neritic limestone association 
is indicative of deposition above the carbonate 
compensation depth (CCD), probably on sea- 
mounts that were later detached from the ocean 
floor and accreted into the m61ange. In addition, 
relatively rare deformed blocks of volcaniclastic 
and polymict sediments possibly represent 
accreted trench-fill sediments. The absence of 
terrigenous sediments suggests that the accretion- 
ary wedge developed away from a supply of 
continentally derived sediment. 

Upper Cretaceous Aytkayasl Formation." 
foredeep unit 

At the base of the thrust stack in the south 
(Fig. 9), Triassic-Cretaceous shallow-water lime- 
stones of the Tauride Munzur platform (Munzur 
Dafg~ Unit) are overlain, with a sharp, but 
conformable, contact by a relatively thin (tens to 
several hundred metres thick) unit of pelagic 
carbonates, known as the Aylkayasl Formation 
(C)zgiil & Tur~ucu 1984). Small exposures in the 
south (too small to show on the regional map) 
reveal that this unit unconformably overlies the 
northern margin of the Munzur Dafgl Unit. A 
Late Cretaceous (Campanian-Maastrichtian) 
age for the Aylkayasa Formation is indicated 
by the presence of Late Cretaceous planktonic 
foraminifera (e.g. Globotruncana sp.) (K. Ta~h & 
N. inan, pers. comm.). The upper stratigraphic 
boundary of this formation has been cut out by 
south-vergent thrusting of Early Cenozoic age. 

The Aylkayasl Formation includes buff-grey, 
thin-bedded pelagic limestones, interbedded with 
redeposited oolitic and bioclastic calcarenites 
(Fig. 10e). The limestones include scattered 
lithoclasts of basic igneous rocks. The succession 
passes upwards into poorly sorted, coarse, 
clast-supported, lenticular graded conglomerates 
and breccias, containing angular to sub-rounded 
clasts of neritic limestone, red mudstone 
and chert within a matrix of calcarenite. 
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Conglomerate beds exhibit scoured erosive bases 
and appear to be channelized. 

The sharp stratigraphic base of the formation 
implies an abrupt change from a shallow-water 
carbonate platform to a deeper marine setting 
during Campanian-Maastrichtian time. The 
foundering of the carbonate platform is inter- 
preted as the result of flexural loading of the 
Munzur carbonate platform, ahead of southward 
emplacing Neotethyan units, including mdlange 
and ophiolite (Ozer et al. 2004). This subsidence 
was accompanied by an increased input of coarse 
detrital sediments as high-energy gravity flows 
derived from both the advancing Neotethyan 
units (e.g. basic igneous and ultramafic material) 
and the collapsing Munzur carbonate platform 
(e.g. redeposited carbonate material). 

Geochemistry of the Eastern Pontide basalts 
and peridotites 

As for the Central Pontides, samples of relatively 
unaltered basaltic rocks were collected from the 
ophiolitic, arc-type and m~lange units in the East- 
ern Pontides. The Karada~ arc-related basalts 
plot in the andesite-basalt field on the Zr/Ti 
v. Nb/Y plot (Fig. 12a). On MORB-normalized 
plots (Fig. 12b, i) these basalts show enrichments 
in the more incompatible LILE relative to HFSE, 
and a distinct negative Nb anomaly in several 
samples. The patterns are comparable with those 
of modern magmatic arc basalts (Pearce 1982). 
Several samples show strong depletion of immo- 
bile elements (Nd, P, Zr, Ti, Y; see Table 3) 
suggestive of high-degree melting (Saunders & 
Tarney 1984). 

When plotted on a MORB-normalized dia- 
gram (Fig. 12b, ii) the dykes from the Refahiye 
ophiolitic complex range from near-MORB with 
slight Nb depletion, to more depleted patterns 
with a distinct negative Nb anomaly. 

The compositions of spinels from six 
samples of serpentinized harzburgite in the East- 
ern Pontides were plotted on a Cr-number v. 
Mg-number diagram (Fig. 7b). Multiple analyses 
were made of the cores and the rims of 12 or 
more individual spinel grains in each sample 
(Table 2). One sample of peridotite from the 
m61ange (MEP1), as for the m61ange from the 
Central Pontides (see above), exhibits a high Cr- 
number typical of Alpine-type peridotites. Of five 
samples from the intact Refahiye Ophiolitic 
Complex, four (OEP1, OEP2, OEP4 and OEP5) 
fall within or close to the field of abyssal spinel 
peridotites; one other sample from the ophiolite 
(OEP3) exhibits a much higher Cr-number. 
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Fig. 12. Whole-rock geochemistry of basaltic rocks 
from the Eastern Pontides: (a) Zr/Ti v. Nb/Y 
diagram; (b) MORB-normalized trace-element 
patterns of basaltic rocks from the Eastern Pontides: 
(i) volcanic arc (Karada~ Formation); (ii) dolerite 
dykes from the ophiolitic Refahiye Complex. 
Normalizing values: Sr, 120 ppm; K20, 0.15%; Rb, 
2.0 ppm; Ba, 20 ppm; Nb, 3.5 ppm; La, 3 ppm; Ce, 
10 ppm; Nd, 8 ppm; P205, 0.12%; Zr, 90 ppm; TiO2, 
1.5%; Y, 30 ppm; Sc, 40 ppm; Cr, 250 ppm (Pearce 
1982). (See Fig. 8 for sample locations.) 

Samples OEP1, OEP3 and OEP5 were col- 
lected from a 3 km long transect of a single peri- 
dotite thrust sheet. Multiple grains were analysed 
from samples from this unit. Each sample clearly 
falls within one of the two petrogenetic types 
(i.e. Alpine-type or abyssal peridotite). A marked 
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compositional variation is thus present within 
this one thrust sheet. Such variation is consistent 
with variable depletion and enrichment trends 
found in chromites within peridotites dredged 
from back-arc basins (e.g. Dietrich et al. 1978; 
Saunders & Tarney 1984; Barker et al. 2003). 

Structural vergence of units 

The structural vergence recorded within indi- 
vidual units is critical to an understanding of the 
emplacement history of both the Central and the 
Eastern Pontides. All of the Upper Cretaceous 
units within the IAESZ in both of these areas pre- 
serve shear fabrics, folds and faults exhibiting a 
relatively early top-to-the-north kinematic sense 
of movement. Selected, representative outcrops 
are illustrated in Figure 13a-d. For example, in 
both regions the serpentinized harzburgites show 
a strong sigmoidal shear fabric indicating top-to- 
the-north movement. 

In the Eastern Pontides, near Akbudak 
(Fig. 8), the tectonic contacts between litholo- 
gical units are locally southward dipping but with 
top-to-the-north shear fabrics (e.g. small sigmoi- 
dal shear-pods) (Fig. 13a). The Upper Maas- 
trichtian, inferred forearc succession (Sfitpmar 
Formation) exhibits north-vergent asymmetrical 
folds (Fig. 13b) within large north-dipping thrust 
slices. 

In the Central Pontides, at Akkaya (Fig. 2), 
similar structural relationships are seen. For 
example, the Kirazbasl ophiolitic m61ange 
exhibits a strong top-to-the-north shear fabric 
(Fig. 13c). Downward-facing asymmetrical folds 
with north-dipping axes are also locally pre- 
served, also suggesting top-to-the-north ver- 
gence, as seen near Ilgaz, at Yuvasaray (Figs 2 
and 13d). Following north-vergent displacement, 
units in both the Central and the Eastern 
Pontides were regionally deformed associated 
with the development of south-vergent thrusts, 
folds and shear zones. The initial vergence was, 
therefore, northwards, followed by southward 
vergence. 

The transgressive Sipik6r Formation of 
Paleocene-Eocene age is the oldest unit in the 
Eastern Pontides to lack evidence of north- 
vergent deformation in the area studied. We, 
therefore, see the north-vergent deformation as a 
mainly Late Cretaceous event in the area studied 
although, as noted earlier, there is evidence from 
adjacent areas of further north-verging displace- 
ment in the Mid-Eocene. In general, the south- 
vergent thrusts are capped by clastic units of Late 
Eocene age (~ankm Basin; Central Pontides), 
which are interpreted to post-date final suturing 
of the Northern Neotethys. These Eocene and 

younger sediments were further deformed by 
further south-vergent thrusting of pre-Plio- 
Quaternary age, which is seen as the result of 
post-collisional suture tightening. 

Comparison of the Central and Eastern 
Pontides 

It is important to decide whether the Central 
and Eastern Pontide units of the IASZ exhibit a 
similar tectonic evolution. 

Two large slices of inferred Upper Cretaceous 
volcanic arc units are present in both areas 
(Fig. 14a and b), associated with emplaced 
accretionary complexes and dismembered ophio- 
lites. However, the Upper Cretaceous mixed 
terrigenous-volcaniclastic-volcanic unit (Iki~am 
Formation), interpreted as a back-arc marginal 
basin, is exposed only in the Central Pontides. 
On the other hand, a thick succession of inferred 
forearc basin sediments (Sfitpmar Formation) 
is widely exposed only in the Eastern Pontides, 
probably because its Upper Cretaceous coun- 
terpart in the Central Pontides (Yaprakh 
Formation) has been largely concealed by the 
post-suturing ~ankm Basin. Ophiolitic units 
crop out far more extensively in the Eastern 
Pontides (Refahiye unit) than the Central 
Pontides (Kmllrmak units). Ophiolitic volcanic 
rocks are well represented in the Central Pontides 
but not exposed in the Eastern Pontides. 

Each of the above Upper Cretaceous units 
occupies a distinct structural position within the 
suture zone (Fig. 14a and b). The ophiolitic units 
in both the Central and Eastern Pontides occur 
towards the top of the thrust stack. As an excep- 
tion, relatively small exposures of ophiolitic rocks 
are present in the southern part of the Eastern 
Pontide area; these could represent large tectonic 
blocks within accretionary m61ange. In both 
areas two thrust slices of inferred volcanic arc 
rocks occur towards the middle of the thrust 
stack. The upper of these two slices is more 
deformed in both areas. Metamorphic minerals 
and textures are better developed in the upper 
slice, suggesting a slightly higher metamorphic 
grade, although a greenschist-facies mineral 
assemblage is present in both of the inferred 
arc units. In addition, the ophiolitic m61ange is 
distributed throughout the thrust stack in both 
areas. In the Central Pontides, thrust slices of the 
thick, Upper Cretaceous, inferred marginal basin 
unit 0ki~am Formation) mainly occur towards 
the top of the structural pile. The Upper Creta- 
ceous forearc-type sediments (Yaprakh Forma- 
tion) that locally unconformably overlie the 
inferred arc unit (Yaylagayl Formation) occur at 
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Fig. 13. Selected exposures from the Eastern Pontides (a, b) and the Central Pontides (c, d) showing the 
northward kinematic vergence within Upper Cretaceous-Lower Cenozoic units. (See text for explanation.) 

a low level in the thrust stack (Fig 14a). The thick 
Upper Cretaceous inferred forearc basin succes- 
sion in the Eastern Pontides (Sfitplnar Forma- 
tion) is also located at a low to mid-level in the 
thrust stack, where it is tectonically imbricated as 
two slices of the volcanic arc unit. 

Basalts from the volcanic arc units in both 
areas (Karada(~ and Yaylagayl Formations) fall 
into the fields of island-arc and calc-alkali 
basalts, as summarized in Figure 15. A single 
sample from the Central Pontides (Yaylaqay~ 
Formation) plots just within the field of 
within-plate type basalts. The ophiolitic basaltic 
dykes from the Eastern Pontides (Refahiye Com- 
plex) lie within the fields of ocean-floor basalts 
and island-arc basalts. The basaltic rocks 

analysed from the K~zlhrmak ophiolite in the 
Central Pontides are ocean-floor basalts or 
island-arc basalts. Basalts from the m61ange (not 
shown) exhibit MORB and WPB geochemical 
signatures in both areas (Rice 2005). 

In summary, the above comparisons indicate 
that there are sufficient similarities between the 
Late Cretaceous-Early Cenozoic tectonostratig- 
raphy of the Central and the Eastern Pontides to 
suggest that both originated in a similar overall 
tectonic setting, c. 600 km apart along strike 
from each other. The two areas can thus be taken 
together when considering possible tectonic 
models (see below). Little useful information is 
available from the intervening areas, which are 
generally less well exposed. 
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Fig. 14. Interpretative cross-sections of tectonostratigraphic units within (a) Central Pontides, and (b) Eastern 
Pontides. (See text for explanation.) 

Comparison with adjacent areas of the 
Eurasian margin 

The evolution of the Eurasian continental 
margin can be documented from the relatively 
autochthonous Pontide basement to the north. 
In the Eastern Pontides, Cretaceous-Eocene 

calc-alkaline volcanic rocks of the Eastern 
Pontide arc (up to 4 km thick) are exposed 
c. 50 km north of the suture zone, extending east- 
wards. These volcanic rocks are traditionally 
interpreted as part of a continental margin-type 
magmatic arc related to northward subduction of 
the Northern Neotethys ($en~or & Yllmaz 1981; 
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Akmo 1984; Robertson & Dixon 1984; Okay & 
~ahintiirk 1997; Ydmaz et al. 1997). Subduction- 
related volcanism in the Eastern Pontides arc 
began in the Turonian (Taner& Zaninetti 1978), 
or at the Late Coniacian-Santonian boundary 
(Ydmaz et  al. 2003) according to different views. 
The arc-related volcanic rocks are overlain by 
Campanian pelagic limestones (Akmo 1984), 
which in turn are overlain by Eocene volcanic 
rocks including high-K andesites (Bekta~ et  al. 
1999). It was recently suggested that the Eastern 
Pontide arc might instead relate to southward 
subduction of oceanic crust within the Black Sea 
region to the north, based on geochemical evi- 
dence (Bektas et  al. 1999). Southward subduction 
of Western Black Sea lithosphere has also been 
proposed based on the interpretation of seismic 
data (Hossack 2004). However, this interpreta- 
tion is yet to be supported by independent struc- 
tural or stratigraphical field evidence. Also, it 
is not clear whether the Eocene volcanic rocks 
relate to a subduction-related setting or a syn- to 
post-collisional tectonic setting. 

Another relevant unit, located much further 
west, is the Galatean Volcanic Province in the 
Central Pontides. The lower part of this unit, 
known as the Sara~k6y Volcanic Suite, is located 
c. 80 km SW of the area studied. This suite of 
lavas was radiometrically dated at 76.4_+ 2.4 Ma 
(Late Campanian), and inferred to represent 
an extensional back-arc setting (Kogyi~it et  al. 

2003). By contrast, most of the overlying 
Galatean Volcanic Province represents post- 
collisional magmatism of Oligocene-Miocene 
age. The Saraqk6y Volcanic Suite is geochemi- 
cally similar to the Campanian-Maastrichtian 
Yaylaqay~ Formation and might represent a 
more southwesterly extension of this inferred vol- 
canic arc unit. By contrast, a back-arc marginal 
basin, interpreted by us as a Late Cretaceous 
marginal basin, restores to a more northerly 
position behind the Yaylaqayl volcanic arc unit. 

In addition, kilometres-thick sedimentary 
basins of latest Cretaceous to Mid-Eocene age, 
for example in the Haymana-Polath region, near 
Ankara (e.g. Koqyi~it 1991) are widely inter- 
preted as forearc basins related to northward 
subduction of the Northern Neotethys that per- 
sisted until Mid-Eocene time (G6rfir et al. 1984). 
However, there is little regional evidence of 
steady-state subduction after latest Cretaceous 
time when regional northward thrusting took 
place; for example, an Early Cenozoic accretion- 
ary prism is not known to exist. It is, therefore, 
likely that the Haymana-Polath basin and other 
parts of the Central Anatolian basin complex 
developed in a regional setting of incipient colli- 
sion ('soft collision') in the latest Cretaceous 
(Campanian-Maastrichtian), followed by final 
collision ('hard collision') during Mid-Eocene 
time (Clark & Robertson 2002). 
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Comparisons with modern settings 

Useful insights into the tectonic development of 
the Pontides can also be gained from compari- 
sons with a range of modern and ancient con- 
vergent margin settings, including accretionary 
prisms, arcs and back-arc basins. 

The Pontide m61anges are comparable with 
many examples of accretionary m61ang~, includ- 
ing those associated with ophiolite err.placement 
(e.g. Late Cretaceous Oman m61~nge; Searle 
& Cox 1999; Robertson 2002, 2006), and those 
formed in active continental margin settings 
(e.g. Franciscan Complex, USA; Cloos 1982). 
The Pontide inferred arc and back-arc units are 
generally similar to other examples including the 
Dras-Kohistan arc (Robertson & Degnan 1994; 
Clift et al. 2002) and the associated Shyok back- 
arc basin in the Himalayas (Robertson & Collins 
2002), although these units appear to have 
formed in a more oceanic setting, far from the 
Eurasian margin. 

Useful comparisons can also be made with 
both ancient (e.g. Western USA; Eastern Medi- 
terranean; Southern Andes) and extant back-arc 
basins (e.g. Japan Sea; South Atlantic Bransfield 
Strait). 

Several Eastern Mediterranean examples 
are directly relevant. The Late Palaeozoic-Early 
Mesozoic Kiire marginal basin in the Central 
Pontides opened by rifting of the Eurasian conti- 
nental margin in response to inferred northward 
subduction during Late Palaeozoic-Early Meso- 
zoic time (Usta6mer & Robertson 1994, 1997), 
and later collapsed prior to Late Jurassic time 
related to southward underthrusting. Opposing 
subduction also features in our preferred tectonic 
model for the areas studied (see below). The 
ophiolitic extrusive rocks of the Kiire Basin are of 
near-MORB composition, with a small negative 
Nb anomaly (Usta6mer & Robertson 1999). 
Further west, in northern Greece, a Guevgueli 
ophiolite formed within a rifted continental 
unit (Serbo-Macedonian zone) during Mid-Late 
Jurassic time (B6bien et al. 1987). This ophiolite 
retains primary intrusive contacts with metamor- 
phic rocks, comparable with the screens of coun- 
try rock within the Eastern Pontide ophiolitic 
dykes. The ophiolitic extrusive rocks are mainly 
of MORB-type but locally show a minor subduc- 
tion influence. The back-arc ophiolite was bor- 
dered on its oceanic side by a rifted continental 
fragment, capped by a Jurassic magmatic arc 
(Brown & Robertson 2003). These comparisons 
indicate that subduction-related processes were 
active along the Eurasian margin prior to Late 
Mesozoic time. 

Within the circum-Pacific region, the Jurassic 
Josephine marginal basin rifted along a pre- 
existing accretionary margin during Mid-Late 
Jurassic time. The back-arc basin was bordered 
on its oceanward side by an active arc (Chetco 
arc). The back-arc crust was overlain by mainly 
terrigenous but locally volcaniclastic sediments 
(Galice unit). This marginal basin closed, 
oceanwards, beneath the arc, resulting in the 
emplacement of oceanic lithosphere (Josephine 
Ophiolite) onto the continental margin (Harper 
1984). A similar model is favoured for the 
Pontide areas studied. 

Another comparable ancient continental 
margin back-arc basin setting is the Rocas 
Verdes marie complex (Sarmiento and Tortuga 
ophiolites) in southern Chile (Dalziel et al. 1974; 
Rabinowitz & La Breque 1979; Weaver et al. 
1979; Dalziel 1986; Dilek & Flower 2004). This 
comprises discontinuous exposures of gabbros, 
sheeted dykes and pillow basalts (>  3 km thick), 
interpreted as deformed, uplifted (but relatively 
autochthonous) marginal basin crust. The pres- 
ence of pillow basalts overlain by tufts, volca- 
niclastic sediments and cherts suggests proximity 
to an active volcanic arc. The Andean ophiolites 
formed between Palaeozoic basement to the 
east and an Early Cretaceous andesitic arc to 
the west (Patagonian Batholith). The ophiolitic 
rocks locally intrude metamorphic basement, 
supporting an intra-continental origin (Dalziel 
et al. 1974). Deformational structures within 
the Andean ophiolites indicate eastward dis- 
placement, towards the continental interior. N- 
MORB-normalized trace-element patterns from 
the ophiolitic basalts (Sarmiento and Tortuga) 
show a general enrichment in LILE relative to 
HFSE and a negative Nb anomaly, suggestive of 
a subduction influence. In contrast to the Pontide 
examples, the Southern Andean marginal basin 
formed well within the continental borderland 
and a large continental fragment was rifted. 

A comparable modern-day intracontinental 
marginal basin is the Bransfield Strait, South 
Atlantic. This is inferred to have formed in a 
suprasubduction-zone setting, with the develop- 
ment of a back-arc spreading centre related to 
trench rollback (e.g. Keller & Fisk 1992). The arc 
rocks are exposed on the South Shetland Islands, 
where the oldest extrusive rocks are mostly 
low-K, high-alumina basalts, basaltic andesites 
and low-silica andesites of Aptian age. Cogenetic 
gabbros, tonalites and granodiorites are also 
exposed. Samples dredged from the centre of the 
Bransfield Strait are geochemically variable and 
plot in the combined field of ocean-floor, island- 
arc and calc-alkaline basalts (Keller & Fisk 
1992). The Upper Cretaceous ophiolites of the 
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Central and Eastern Pontides are likely to have 
formed in a similar setting to the Bransfield 
Strait. 

In general, oceanic subduction zones may 
either retreat (roll-back) towards the ocean 
associated with an extensional stress field in the 
upper plate (Mariana-type subduction; Uyeda 
& Kanamori 1979; Uyeda 1982), or instead 
advance towards the hinterland, resulting in com- 
pression. Intra-oceanic trench retreat can accom- 
modate the opening of back-arc basins (e.g. 
Mariana and Lau basins). 'Retreating accretion- 
ary orogens' characterize the Western Pacific 
region; e.g. Mariana (Karig 1971), Sea of Japan 
(Uyeda 1982), Scotia Sea (Saunders & Tarney 
1984) and the Bransfield Strait (Keller & Fisk 
1992). A change from a retreating orogen to an 
advancing one can be triggered by local, regional, 
or global factors, including: (1) changes in the 
forces acting on the subducting lithosphere as 
its angle of descent changes (Royden 1993); (2) 
changes in regional-scale relative plate motions 
(Dalziel et al. 1974; Smith 2006); (3) lateral 
mantle flow (Flower 2003); (4) arrival of a large 
bathymetric feature (e.g. seamount) at the trench 
(Cadet et al. 1987). In the Pontides, a switch from 
a 'retreating orogen' to an 'advancing orogen' 
was triggered by the arrival of the Tauride conti- 
nental margin (e.g. Munzur Platform) at the 
subduction trench, as discussed below. 

Alternative tectonic models 

We now consider alternative tectonic interpreta- 
tions for the Late Mesozoic-Early Cenozoic 
development of the Central and Eastern Pontides 
in the light of the modern and ancient 
comparisons. 

Prev ious  m o d e l s  

In a simple tectonic model, envisaged by Seng6r 
& Yllmaz (1981; Fig. 16a) a single north-dipping 
subduction zone consumed MOR-type Northern 
Neotethyan oceanic lithosphere. This subduction 
generated the Eastern Pontide arc and eventually 
resulted in southward ophiolite emplacement 
onto the Tauride-Anatolide platform related to 
trench-margin collision. This model does not, 
however, explain the emplacement of Neot- 
ethyan ophiolitic units northwards onto the Eur- 
asian margin. Also, the available geochemical 
evidence suggests that the Pontide ophiolites 
formed in a Late Cretaceous SSZ setting rather 
than at a mid-ocean ridge. Furthermore, the pres- 
ence of screens of dyke-intruded metamorphic 
basement rock within the Eastern Pontide 

ophiolite suggest that this unit formed by rifting 
of the Eurasian continental margin. 

A second model (Fig. 16b) envisages two 
subduction zones, one developing beneath the 
Pontide margin and another within the ocean to 
the south (Tiiysfiz 1990); however, the polarity 
and timing of this intra-oceanic subduction were 
not clearly specified. 

A third model postulates a subduction polar- 
ity reversal (Okay & Sahintfirk 1997): ophiolites 
were first emplaced northwards onto the Pontide 
basement as a result of trench-margin collision 
during Cenomanian-Turonian (c. 93 Ma; Fig. 
16c, i); subduction then flipped to consume 
remaining oceanic crust beneath the Eurasian 
margin, creating the Eastern Pontide magmatic 
arc during the Palaeogene (Fig. 16c, ii). The main 
problems here are that (1) Eastern Pontide arc 
volcanism began as early as the Turonian (Taner 
& Zaninetti 1978), or Coniacian (Yllmaz et al. 
1997), rather than Palaeocene as would be 
expected in this interpretation; (2) the model does 
not explain the southward emplacement over 
the collapsed Munzur Da~l carbonate platform 
during the latest Cretaceous; and (3) the model 
assumes that the Eocene volcanic rocks of the 
Eastern Pontides relate to normal subduction 
when they may instead have erupted in a syn- or 
post-collisional setting. 

In a fourth alternative (Fig. 16d), Neotethyan 
oceanic crust was subducted northwards related 
to opening of a marginal basin along the Eur- 
asian margin; this basin later collapsed and 
ophiolites were emplaced northwards onto the 
Pontide margin (Usta6mer & Robertson 1997). 
However, the timing and processes involved were 
not clearly specified. 

P r o p o s e d  n e w  m o d e l  

The interpretation that best fits our new informa- 
tion is shown in Figure 17. Northward subduc- 
tion is seen as initiating within the Northern 
Neotethys adjacent to the Eurasian margin 
during the Late Cretaceous (Cenomanian- 
Turonian?). This led to the construction of a Late 
Cretaceous (Santonian?-Campanian) marginal 
volcanic arc (Fig. 17a) and an accretionary prism 
made up of mainly Cretaceous-aged fragments of 
oceanic crust, deep-sea sediments and seamounts. 
In addition, tectonic erosion of the forearc could 
explain the presence of SSZ-type harzburgite 
blocks and slices in the m61ange (e.g. Beccaluva 
et al. 2004). 

It is possible that the subduction zone trended 
at an oblique angle to the Eurasian margin. As a 
result, the belt of arc volcanism was located well 
inboard to the east within the Eastern Pontides 
(Artvin region), but then intersected with and 
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Fig. 16. Published tectonic models for the Late Cretaceous-Early Cenozoic tectonic assembly of the suture zone 
in the Pontides, generally: (a) single northward-dipping subduction zone (~eng6r & Yllmaz 1981); (b) two 
northward-dipping subduction zones (polarity of oceanic arc not specified; Tfiysiiz 1990); (e) southward-dipping 
subduction, followed by reversal of subduction direction (Okay & Sahintfirk 1997); (d) single northward- 
dipping subduction zone with the genesis and emplacement of a marginal basin (timing not specified; Usta6mer 
& Robertson 1997). (See text for discussion.) 

straddled the continental margin further west in 
the Eastern and Central Pontide areas studied. 
Further west the arc was possibly located some 
distance out into the Northern Neotethys, which 
would explain the apparent absence of Late 
Cretaceous arc volcanic rocks on the Eurasian 
margin in the Western Pontides. 

A back-arc basin (mainly Campanian) rifted 
along the south Eurasian margin within the 
Pontide continental basement (Fig. 17b), explain- 
ing the inclusions of metamorphic rocks within 

the Refahiye ophiolite in the Eastern Pontides. 
As the back-arc basin opened (Fig. 17c) the 
active arc migrated oceanwards, switching off 
the Eastern Pontide arc prior to the Campanian. 
Subduction of the Northern Neotethys 
continued in latest Cretaceous time (Campanian-  
Maastrichtian) until the trench began to collide 
with the leading edge of the Tauride continent, 
represented in the Eastern Pontides by the north- 
facing Munzur platform. The resulting collision 
drove the southward emplacement of the 
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Fig. 17. Proposed new tectonic model for the development of the suture zone in the Pontides. (See text for 
explanation.) 

Neotethyan accretionary mdlange, arc and ophi- 
olitic units onto the Munzur carbonate platform, 
which by then had collapsed (Fig. 17d). 

The Late Cretaceous oceanic crust within 
the back-arc marginal basin was then sub- 
ducted southwards until the convergence zone 
collided with the Eurasian margin, still during 

Campanian-Maastr ichtian time, as best docu- 
mented in the Central Pontides. This explains the 
initial northward emplacement of ophiolites and 
related units onto the Pontide basement prior to 
the Paleocene in the areas studied. It is interesting 
to note that seismic tomographic studies reveal a 
high-velocity slab (i.e. a high-Q body) dipping 
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southwards beneath the region (Koulakov et al. 
2002), which could relate to a south-dipping 
subduction zone. 

Because allochthonous oceanic units were 
emplaced onto both the Eurasian and Tauride 
margins during the Campanian-Maastrichtian 
(e.g. Eastern Pontides) it is likely that the North- 
ern Neotethys was in the process of closing com- 
pletely by this time ('soft collision'). However, 
during the Paleocene-Early Eocene some oceanic 
crust persisted between the Taurides and 
Pontides, especially within embayments, and this 
was presumably subducted northwards. 

During the Mid-Eocene the Tauride margin 
underwent attempted subduction beneath the 
Eurasian margin. During the collision that 
ensued ('hard collision') the entire thrust stack 
was re-imbricated and thrust southwards 
(Fig. 17e). The northward thrusting in some area 
can be seen as a related phase of backthrusting. 
Further south-vergent folding and thrusting, 
documented within Oligocene and Miocene 
sedimentary basins, are seen as a response to 
post-collisional suture tightening. 

The main difficulty we see with the above 
tectonic model is that much of the tectonic 
development took place during Campanian- 
Maastrichtian time; a period of c. 18 Ma that 
at present cannot be adequately resolved. Thus, 
tectonic processes that appear to be broadly con- 
temporaneous may in reality have been discrete, 
sequential events (e.g. back-arc opening and 
closure). 

Conclusions 

The Izmir-Ankara-Erzincan suture zone in the 
Central and Eastern Pontide regions exposes 
Upper Cretaceous units that record the develop- 
ment of an accretionary complex, a volcanic arc, 
a forearc basin and a rifted back-arc basin. 

The following Late Cretaceous-Early 
Cenozoic stages of tectonic development are 
inferred. 

Late Cretaceous ( Cenomanian-Coniacian; c. 
99.6-85.8Ma). Neotethyan oceanic crust was 
subducted northwards beneath the Eurasian 
continental margin, represented by the Pontide 
metamorphic basement, leading to the initiation 
of the Eastern Pontide arc. A frontal accretionary 
prism developed composed of fragments of pela- 
gic sediments, basalt and seamounts (e.g. basalt- 
limestone-chert). Serpentinite was possibly 
derived from the overriding forearc. Subduction- 
accretion persisted until Campanian- 
Maastrichtian time, but there is no evidence of 
Palaeogene accretion. 

Santonian-Campanian (85. 5-70 Ma). A volcanic 
arc was constructed bordering the Eurasian 
continental margin in the Central and Eastern 
Pontides. Subduction zone 'rollback' triggered 
back-arc rifting, giving rise to subduction- 
influenced volcanism and minor extension- 
related alkaline magrnatism in the north (Central 
Pontides). Metamorphic basement was incorpo- 
rated into an extension-related dyke complex 
(Eastern Pontides). A back-arc marginal basin 
opened, floored by oceanic lithosphere and 
overlain by redeposited terrigenous, volcanic- 
lastic and pelagic sediments. The activity of the 
Eastern Pontide arc ceased prior to the 
Campanian, whereas arc volcanism continued 
in a more outboard location. Deep-water pelagic 
and volcaniclastic sediments accumulated in 
associated fore-arc basins to the south. 

Campanian-Maastrichtian (85.8~55. 5 Ma). The 
Tauride continent (e.g. Munzur carbonate 
platform) collided with the subduction trench. 
With continued convergence the leading edge 
of the Tauride continent entered the trench, and 
the accretionary complex, the arc and its related 
forearc basin were thrust southwards over the 
collapsed platform margin. In response, the 
forearc basin rapidly shallowed and filled. Fur- 
ther north, the inferred back-arc marginal basin 
was subducted (underthrust) southwards, result- 
ing in the marginal basin ophiolite and its deep- 
sea sedimentary and volcanogenic cover being 
thrust northwards onto the Eurasian margin dur- 
ing Campanian-Maastrichtian time (e.g. Central 
Pontides), initiating a 'soft collision'. 

Paleocene-Mid-Eocene (65. 5-48.6 Ma). Shallow- 
marine to non-marine clastic and carbonate sedi- 
ments accumulated on deformed and emplaced 
units. There is little evidence of convergence in 
the areas studied during this time. However, it is 
assumed that some Northern Neotethyan oce- 
anic lithosphere persisted during this time and 
was subducted until a regional 'hard collision' 
took place. 

Mid-Late Eocene (c. 48.6-37.4 Ma). In response 
to the attempted northward subduction of the 
Tauride continental margin beneath the Eurasian 
margin the entire Northern Neotethyan thrust 
stack was re-imbricated and thrust southwards. 
Northward backthrusting also affected some 
areas. 

Late Eocene-Late Miocene (37.4-5.33 Ma). The 
suture zone was largely emergent during the Oli- 
gocene, and then transgressed by shallow-water 
carbonates in some areas during the Miocene. 
Further compression and southward thrusting 
relates to post-collisional suture tightening. 
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Plio-Quaternary. Segments of the suture zone 
experienced left-lateral displacement (by up to 
80 km) along the North Anatolian Fault Zone in 
both the Central and the Eastern Pontides, and 
this must be taken into account in any tectonic 
reconstruction. 
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