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Abstract: The Central Anatolian Ophiolites (CAO) comprise a number of little studied 
Upper Cretaceous ophiolitic bodies that originally represented part of the northern branch 
of the Neotethyan ocean. The ~iqekda~ Ophiolite (CO) is an dismembered example of this 
ophiolite group that still retains a partially preserved magmatic pseudostratigraphy. The 
following units (bottom to top) can be recognized: (1) layered gabbro; (2) isotropic gabbro: 
(3) plagiogranite; (4) dolerite dyke complex; (5) basaltic volcanic sequence; and (6) a 
Turonian-Santonian epi-ophiolitic sedimentary cover. The magmatic rock units (gabbro, 
dolerite and basalt) form part of a dominant comagmatic series of differentiated tholeiites, 
together with a minor group of primitive unfractionated basalts. The basaltic volcanics 
mainly consist of pillow lavas with a subordinate amount of massive lavas and rare basaltic 
breccias. Petrographic data from the least altered pillow lavas indicate that they were 
originally olivine-poor, plagioclase-clinopyroxene phyric tholeiites. Immobile trace 
element data from the basalt lavas and dolerite dykes show a strong subduction-related 
chemical signature. Relative to N-mid-ocean ridge basalt the ~iqekda~ basaltic rocks 
(allowing for the effects of alteration) have typical suprasubduction zone features with 
similarities to the Izu-Bonin Arc, i.e. enriched in most large-ion lithophile elements, 
depleted in high field strength elements and exhibiting depleted light rare earth element 
patterns. The geochemical characteristics are similar to other eastern Mediterranean 
Neotethyan SSZ-type ophiolites and suggest that the CO oceanic crust was generated by 
partial melting of already depleted oceanic lithosphere within the northern branch of the 
Neotethyan ocean. The ~iqekda~ body, along with the other fragmented CAO, is thus 
representative of the Late Cretaceous development of new oceanic lithosphere within an 
older oceanic realm. 

Turkey occupies a critical segment in the 
Alpine-Himalayan orogenic system where rem- 
nants of both the Palaeotethyan and Neoteth- 
yan ocean basins crop out along broadly linear 
tectonic belts. Turkey is divided into three main 
east-west trending belts of separate ocean 
basins ($engOr & Yllmaz 1981): (1) a northern 
belt representing remnants of an Intra-Pontide 
ocean; (2) a median belt representing alloch- 
thonous units derived from the Vardar - Izmir -  
Ankara-Erz incan (VIAE) ocean [although 
G6rtir et al. (1984) also consider a separate 
derivation for the Inner Tauride Belt]; and (3) 
a southern belt, variably called the Peri-Arabic 
Belt or southern Neotethyan ocean ($eng6r & 
Yllmaz 1981) (Fig. 1, inset a). 

Most of the ophiolites occurring in these belts 
have been studied to varying degrees, although 
the isolated outcrops of allochthonous ophiolitic 
rocks (termed the Central Anatol ian Ophiolites; 

CAO) found in the Central Anatolian Crystal- 
line Complex (CACC) have received little 
attention until now. The CACC represents the 
northern passive margin of the Mesozoic 
Tauride-Anatol ide Platform that faced the 
V I A E  ocean (G6nciJo~lu 1986; G6nctio~lu et 
al. 1991) (Fig. 1). The CAO are significant in 
that they were initially generated within the 
V I A E  ocean and emplaced southwards onto 
the CACC (Yahnxz & G6nciio~lu 1998). The 
majority of these ophiolites are tectonically 
dismembered, although stratigraphic recon- 
struction reveals that they originally repre- 
sented a complete ophiolitic sequence (Yahmz 
& G6nciio~lu 1998) (Fig. 1, inset b). 

In terms of the pseudostratigraphic relation- 
ship of the magmatic units and their chemical 
designation, the CAO exhibit a suprasubduction 
zone (SSZ) character within the V I A E  segment 
of the Neotethys (Yahnlz 1996; Yahnlz & 
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Fig. 1. Generalized geological map of the Central Anatolian Crystalline Complex and the location of the 
~iqekda~ Ophiolite. (a) Neotethyan suture map of Turkey and the location of the Central Anatolian Crystalline 
Complex (CACC); IPSC, Intra-Pontide Suture Zone; IAESZ, lzmir-Ankara-Erzincan Suture Zone; SEASZ, 
Southeast Anatolian Suture Zone. (b) Simplified columnar section of the Ciqekda~ Ophiolite: 1, Central 
Anatolian Metamorphics; 2, metamorphic ophiolite-bearing olistostrome; 3, thrust boundary; 4, layered gabbro; 
5, isotropic gabbro; 6, plagiogranites; 7, dyke complex; 8, massive and pillow lavas; 9, epiophiolitic sediments and 
lavas; 10, granitoids; 11, Lower Tertiary cover sediments. 

G6nctio~lu 1998; Yahmz et al. 1996; Floyd et al. picture for the geodynamic evolution of the 
1998a). northern branch of the Neotethys. 

Objectives 

The ~iqekda~ Ophiolite (CO) is one of the most 
complete and best exposed of the CAO bodies. 
Although it has not been studied in detail, little 
geochemical data being available, its general 
character invites comparison with other better 
known CAO, such as the Sankaraman Ophio- 
lite (SO). New and extensive geochemical data 
on the least altered volcanic rocks of the CO are 
presented here. The purpose of this study is to 
describe the compositional features of the vol- 
canic rocks of the CO as a basis for determining 
their original tectonic setting and a comparison 
with other better known SSZ-type Central 
Anatolian ophiolites. A further aim is to discuss 
the genesis and the palaeotectonic setting of the 
CO within the VIAE ocean to provide a fuller 

Distribution of rock types and 
stratigraphy 

The CO tectonically overlies the CACC base- 
ment along a moderately steep northward dip- 
ping thrust just to the south of the ~iqekda~ 
Massif. Previous field studies in the ~iqekda~ 
area were mainly carried out by Ketin (1959), 
Erdo~an et al. (1996) and Ydmaz-$ahin & 
Boztu~ (1997). Typical ophiolitic sequences are 
exposed around Akqakent, in the core of a 
roughly north-south trending antiform in the 
~iqekda~ region (Fig. 2). Well-preserved and 
unfaulted successions are rare, although the 
section along the Ak~akent-Kilimli road exhi- 
bits much of the original structure. 

The CO pseudostratigraphy consists (from 
top to bottom) of mainly pink pelagic cherty 
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Fig. 2. (a) Simplified geological map of the ~igekda ~ Ophiolite and surrounding area. 1, Central Anatolian 
Metamorphics; 2, layered and isotropic gabbros; 3, dyke complex; 4, lavas and epi-ophiolitic sediments; 5, 
granitoids; 6, Eocene cover units; 7, Neogene continental clastics; 8, locations of geological cross-sections (S-l, 
~6kelik section; S-2, Mezar~edi~i section). (b) Generalized geological cross-section from the Mezargedi~i Pass; 
1, spherulitic pillow lava; 2, pillow lava; 3, pillow breccia; 4, massive lava; 5, lavas interlayered with sediments; 6, 
pelagic sediments; 7, feldspathoidal granitoids; 8, sample locations (numbers correspond to samples listed in 
Table 1). (c) Generalized geological cross-section from ~6kelik village; 1, Tertiary cover; 2, pillow lavas and 
volcaniclastics; 3, pelagic sediments; 4, Group III dykes; 5, Group II dykes; 6, Group I dykes; 7, sample locations 
(numbers correspond to samples listed in Table 1). 



206 K. YALINIZ E T A L .  

limestone and pillow intercalations of 
Turonian-Santonian age (Erdo~an et al. 1996), 
pillowed and massive basalts with basaltic 
breccias, sheeted dyke complex, isotropic to 
layered gabbros and rare associated plagio- 
granites (Fig. 1, inset b). The lavas, which ex- 
hibit typical pillow structures, are best 
developed at the top of the volcanic sequence 
where volcanoclastic intercalations are also 
present. Massive basaltic flows, ranging in thick- 
ness from c. 1 to 3 m, are also present. The 
volcanic-volcanosedimentary successions are 
known as the ~6kelik Volcanics (Erdo~an et al. 
1996), which outcrop on the flanks of the 
antiformal structure. The areas immediately to 
the northeast of Korkorlu village and southwest 
of ~6kelik village on the western flank, and the 
Mezargedi~i area on the eastern flank of the 
antiformal structure provide well-exposed sec- 
tions through the basaltic extrusives. Due to the 
rarity of volcanic rock exposures in the vicinity 
of ~iqekda~, these locations are particularly 
important and were chosen for detailed sam- 
pling (Fig. 2a and b). The sheeted dyke complex 
is poorly exposed relative to the gabbros but 
locally contains plagiogranite dykes. The gab- 
broic sequence is mainly composed of isotropic 
gabbros and subordinate layered gabbros. The 
ultramafic part of the ophiolite sequence is not 
observed in the ~iqekda~ area. 

The ophiolitic succession is intruded by early 
monzogranitic, and later syenitic, intrusions. To 
the east and northeast of Korkorlu village, 
gabbroic and basaltic rocks are found as roof 
pendants within the granitoids. Dykes of felds- 
pathoidal syenites are the last products of the 
Late Cretaceous coUision-type felsic magma- 
tism and cross-cut the volcanic carapace. The 
earliesffossiliferouscoversedimentsinthe~iqekda~ 
region are Lutetian in age (Ketin 1959). 

Petrography 
The basaltic rocks of the CO are weakly to 
strongly phyric, with plagioclase and subordi- 
nate clinopyroxene as phenocryst phases set in a 
variably quenched matrix of serrated plagio- 
clase microlites, variolitic fans of crystallites 
and an opaque matrix. In the ~6kelik area, 
basalts intercalated with the sediments higher 
in the ophiolite sequence are distinguished from 
the lower flows by the presence of sparse 
'olivine' phenocrysts, which are usually pseudo- 
morphosed by orange-red calcite and hematite 
in these pervasively altered rocks. 

Basaltic samples are all hydrothermally 
altered to varying degrees. In many sections, 
the effects of alteration are so intense that 

primary mineral phases and magmatic textures 
are strongly overprinted by secondary minerals. 
As well as the matrix, secondary minerals are 
also abundant in vesicles, veins and pillow 
interstices, and include albite, chlorite, epidote, 
quartz, calcite, actinolite and iron oxides. Fresh 
clinopyroxene phenocrysts are the only relict 
igneous phase, although they occasionally show 
marginal alteration to actinolite. Actinolitic 
amphibole crystals are also identified as needles 
in the groundmass. Throughout the ~iqekda~ 
basaltic lavas, plagioclase laths and phenocrysts 
are mostly pseudomorphosed by albite. Chlorite 
commonly occurs in the groundmass of these 
lavas and also as massive, radiating fibrous 
aggregates in filling vesicles and veinlets. Epi- 
dote is found in vesicles at the margins of lava 
flows, along the walls of fractures and in vein- 
lets. Where it occurs as a vesicle infill, it forms 
fan-shaped crystal aggregates often reaching 
2-3 cm in diameter, commonly surrounded by 
subhedral quartz crystals which line the vesicles. 
Quartz is generally deposited together with 
epidote and forms a vesicle infill. Calcite is 
much less abundant than chlorite, epidote and 
quartz in the ~iqekda~ lavas, but similarly 
occurs in rock spaces rather than replacing 
previous minerals. Pillow breccias show similar 
petrography and textures. 

The dykes display an equigranular texture, 
are medium to fine grained, and are character- 
ized by ophitic, subophitic and intergranular 
textures. They are mostly aphyric to sparsely 
plagioclase-phyric dolerites. Although the pri- 
mary igneous mineralogy of the dykes consists 
of clinopyroxene, calcic plagioclase and opaque 
minerals, most of these are replaced by a green- 
schist facies assemblage made up of actinolite, 
chlorite, epidote, plagioclase, quartz, sphene 
and secondary Fe-Ti oxides and hydroxides. 
Rare core relicts of clinopyroxene are also 
locally identified at the base of the sheeted 
dyke complex. Most dykes retain their primary 
igneous textures but there are some that are 
more severely altered to equigranular textured 
quartz- and epidote-rich epidosites. These are 
often green coloured compared to the more 
normal grey dykes that are usually characterized 
by dominantly albite-actinolite-chlorite assem- 
blages. 

Sampling and analytical methods 
Sixty-three samples were collected from basaltic 
lavas and dykes, many selected from the Mezar- 
~edi~i and ~6kelik traverses (see location and 
relative sampling positions in Fig. 2). Mafic 
samples were taken from the crystalline 
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Table 2. Additional chemical data on ~ifekda~, basaltic rocks 

Sample C-58 C-68 C-79 C-23 
Rock type Massive lava Massive lava Pillow lava Sheeted dyke 

Incompatible elements (ppm) 
Os 3.08 2.67 
Hf 0.73 0.83 
Sc 38.77 38.33 
Ta 0.03 0.04 
Th 0.06 0.11 
U 0.11 0.20 

Rare earth elements (ppm) 

0.97 0.13 
0.73 1.08 

46.67 42.40 
0.04 0.05 
0.07 0.07 
0.12 0.15 

La 1.59 1.47 1.18 1.43 
Ce 3.63 3.94 3.39 4.30 
Pr 0.65 0.67 0.57 0.76 
Nd 3.64 3.73 3.17 4.39 
Sm 1.27 1.34 1.13 1.63 
Eu 0.50 0.56 0.45 0.60 
Gd 1.83 1.97 1.64 2.42 
Tb 0.34 0.37 0.31 0.45 
Dy 2.22 2.41 2.05 2.96 
Ho 0.49 0.54 0.45 0.65 
Er 1.46 1.60 1.32 1.87 
Trn 0.25 0.26 0.22 0.32 
Yb 1.50 1.61 1.35 1.92 
Lu 0.24 0.26 0.22 0.31 

interiors of pillows, pillow breccias, massive 
lavas and dykes, and selected in order to mini- 
mize the effect of vesiculation, alteration and 
weathering. All samples were analysed for 
major and selected trace elements, and a subset 
of four samples for rare earth element (REE),  
and Hf, Ta, Th and U (Tables 1 and 2). Analysis 
for major oxides and most trace elements were 
determined on an ARL 8420 X-ray fluorescence 
spectrometer (Department of Ear th  Sciences, 
University of Keele, UK) calibrated against 
both international and internal Keele standards 
of appropriate composition, whereas the REE 
etc. were determined by instrumental neutron 
activation analysis (Activation Laboratories 
Ltd, Canada). Details of methods, accuracy and 
precision are given in Floyd & Castillo (1992). 

Chemical  discrimination 

As outlined above, all the basaltic lavas and 
dykes in the CO have undergone greenschist 
facies alteration and metamorphism. Thus, for 
chemical discrimination of the volcanics, only 
elements that are immobile during alteration 
should be used. There is general agreement 
that the high field strength elements (HFSE: P, 
Ti, Y, Zr, Nb, Hf, Ta; Saunders et al. 1980), Th 
(Wood et al. 1979), the transition metals (Sc, V, 
Cr, Ni) and REE are essentially immobile 

during all but the most severe seafloor or hydro- 
thermal alteration (e.g. Pearce 1975; Shervais 
1982). SiO2 and most large-ion lithophile 
elements (LILE: Na, K, Cs, Rb, Ba, Sr) are 
almost certainly mobile under these alteration 
conditions (Smith & Smith 1976; Coish 1977; 
Humphris & Thompson 1978a, b). Thus, chemi- 
cal discrimination mainly relies on the HFSE 
and REE, which tend to be the least mobile in 
aqueous fluids. 

Geochemistry  

G e n e r a l  f e a t u r e s  

On the basis of their Nb/Y ratios (Winchester & 
Floyd 1977), all the mafic samples are tholeiitic 
(Nb/Y = 0.04-0.20) with generally low HFSE 
contents (Table 1). Metabasaltic lavas from the 
Mezargedi~i and ~0kelik traverses have over- 
lapping compositions in terms of incompatible 
element abundances, similar Zr/Y and Zr/Ti 
ratios, and depleted REE patterns. These fea- 
tures suggest that they represent a similar lava 
sequence, possibly related to a single chemical 
group, but now separated by tectonic dismem- 
berrnent. However, direct chemical correlation 
is not possible between the two lava sequences 
throughout, as two characteristics found in the 
~6kelik traverse are missing in the Mezargedi~i 



GEOCHEMISTRY OF THE ~I~EKDA60PHIOLITE 211 

o 
N 

- , ~  

E 
O 
C 
rn 

0 
I 

Z 

1000 - 

100 - 

1 0 -  

1 

0 . 1 -  
= 

0.01 

! Basalt lava flow (C-58) 
Basalt lava flow (C-68) 
Basalt pillow lava (C-79) 
Basaltic sheeted dyke (C-23) 

(A) 
. . . .  . . . . . . . . . . .  

CsRbBaTh NbTaLaCeSr P NdSmZr HIEu Gd YbLu 

1 0 0 -  

"O 
50 

N 

E -- 

c 
N lO 

e- 5 
O r" 
o 

I !  Basalt lava flow (C-58) 
Basalt lava flow (C-68) 
Basalt pillow lava (C-79) 
Basaltic sheeted dyke (C-23) 

, 

^ C 0 C C " " " ~ " " ' ~  ~ 

(B) 

C a '  ' N d '  ' 6 d + b '  ' ' Ce Pr Srn Eu Dy Ho Er Tm Lu 

Fig. 3. (a) N-MORB normalized multi-element diagram for ~iqekda~ basalts showing HFSE element depletion 
and LILE enrichment. (b) Chondrite-normalized REE patterns of ~iqekda~ basalts showing light REE 
depletion. Normalization factors from Sun & McDonough (1989). 

traverse. In particular, the former sequence 
contains numerous feeder dykes towards the 
base and a set of primitive lavas with low Zr 
and Y contents that are missing from the 
Mezargedi~i sequence. On the grounds that the 
lower volcanic portions of an ophiolite should 
contain a greater density of feeder dykes than 
the upper, it is suggested that the ~6kelik se- 
quence records a generally lower volcanic sec- 
tion than the Mezargedi~i sequence. 

Normalized patterns for incompatible ele- 
ments and REE (Fig. 3) illustrate a number of 
features typical of the CO. All basaltic samples 
show broadly parallel and depleted light REE 
patterns with (La/Yb)N of c. 0.6, suggesting that 
the samples plotted are probably related by 

simple fractionation. Relative to N-mid-ocean 
ridge basalt (MORB), the normalized incom- 
patible element patterns show the depleted 
HFSE and enriched LILE features of SSZ 
ophiolites, although the later variable abun- 
dances (apart from Th) are largely governed by 
alteration effects. 

Internal variation 

Samples from the lavas and dykes of the 
Mezargedi~i and (~6kelik traverses, and isolated 
locations elsewhere, show internal variation that 
is largely governed by fractional crystallization. 
Using Zr as a fractionation index, increasing 
FeO°/MgO (Fig. 4a) and decreasing Cr (Fig. 
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4b) implies mafic ffactionation, as indicated by 
the observed relict phenocryst phases. Some of 
the scatter here is the consequence of alteration, 
whereas the covariance of immobile elements 
(Fig. 4c and d) indicate that all the samples 
probably represent a single, fractionated, 
comagmatic chemical group. The very low Zr 
(< 20 ppm) and Y (c. 10 ppm) set of samples, 
however, might be a different chemical group 
from the rest, especially in view of their position 
in the ~6kelik traverse magmatic stratigraphy 
(see below). 

Chemostratigraphy 

Systematic sampling along the Mezargedi~i and 
~6kelik traverses allows some monitoring of 
chemical variability with height in the volcanic 
portion of the CO. Due to tectonic dismember- 
ment, stratigraphic height is only relative, being 
measured from the arbitrary base of the traverse 
in both cases. As seen in Fig. 5, the basal part of 
each traverse is highly variable in terms of the 
elements plotted, whereas the uppermost 

Stratigraphic 
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(metres) 
5OO 

400 • 

3 O 0  

200 

• Mezargedi~i traverse 
+ C)6kelik traverse 
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-- • 
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• I D l ~ l • 

0 50 1 0 0 0 0 . 5 1 1 . 5 0  400 8000  400 
Zr ppm TiO2wt.% V ppm Cr ppm 

Fig. 5. Chemical variation with height in the ~iqekda~ 
lavas. Height is relative and arbitrary starting at the 
base of the traverse in both the Mezargedi~i and 
~6kelik sequences. 
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portion is more 'steady state', although this 
effect may be more apparent than real (fewer 
samples were collected here). The chemical 
stratigraphy is interpreted here in terms of the 
periodic tapping of a well-fractionated magma 
chamber which, in the light of the similarity in 
composition of the two traverses, might be the 
same ponded magma body. However, this 
simple picture must be modified to allow for 
the presence of the primitive lavas with low 
HFSE contents at c. 80-110 m from the base in 
the ~6kelik traverse. It is suggested that these 
lavas represent an influx of pristine, largely 
unfractionated, melt derived from another 
source which were not involved with the main 
fractionated magma chamber. 

In general, the similarity of basaltic composi- 
tions indicate that open-system processes were 
limited throughout the section available and 
only one (or possibility two) chemical groups 
were involved. 

T e c t o n i c  d i s c r i m i n a t i o n  

A number of plots can be used to discriminate 
the provenance of the CO basalt samples (Fig. 
6). Despite some compositional overlap with the 
island arc tholeiites (IAT) and MORB desig- 
nated fields, most samples clearly fall within the 
former, especially in the TiO2 v. V diagram. It is 
also apparent that, relative to the majority of the 
samples, the very low Zr-Y ~6kelik samples 
plot outside the IAT field (Fig. 6), again 
emphasizing their different nature and origin. 

N-MORB normalized multi-element plots for 
the CO basalts (Fig. 3) show the depletion of 
HFSE (Nb, Ta, Zr, Hf, Ti, P; generally < 1) 
together with the relative LILE (K, Ba, Sr, Rb, 
Th) enrichment features characteristic of sub- 

duction-related arc magmas (e.g. Wood et al. 
1979; Wood 1980; Pearce 1982; Pearce & 
Parkinson 1993; Pearce et al. 1984). Within the 
generally mobile LILE group, Th is a relatively 
stable and reliable indicator, whose enrichment 
relative to other incompatible elements (es- 
pecially Nb-Ta) is taken to represent the sub- 
duction zone component (e.g. Wood et al. 1979; 
Pearce 1983). This feature is attributed to the 
modification of the mantle source region of the 
~iqekda~ basalts by a 'subduction component', 
i.e. metasomatism by aqueous fluids derived 
from the underlying subducting slab (e.g. 
Pearce 1982; Pearce et al. 1984; Hawkesworth et 
al. 1977, 1993; Saunders & Tarney 1984; Mc- 
Culloch & Gamble 1991). In general, the CO 
has all the features typical of suprasubduction 
oceanic crust (Pearce et al. 1984). 

Normalized REE patterns (Fig. 3) for basalts 
do not generally make good discriminants due 
to similar patterns being generated in different 
environments. For example, both MORB and 
back-arc basin basalts (BABB) are character- 
ized by patterns that display slight light REE 
depletion relative to the heavy REE and are 
generally enriched 10-20 times relative to chon- 
drite. Distinguishing between basalts formed in 
these two eruptive settings is therefore not 
possible solely on the basis of REE patterns. 
REE patterns of most IAT also display a large 
degree of overlap with MORB-type patterns, 
although the former can exhibit varying degrees 
of light REE enrichment and depletion (e.g. 
White & Patchett 1984; Brouxel et al. 1989). 
Since normal IAT may exhibit variable light 
REE patterns from extremely depleted (e.g. 
Mariana forearc; Hickey & Frey 1981; Crawford 
et al. 1986) to substantially flat (e.g. Tonga- 
Kermadec; Ewart et al. 1977: Yap Trench; 
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Fig. 7. (a) and (b) Chemical comparisons of ~iqekda~ 
and Sarlkaraman ophiolitic basalts; (e) Comparison of 
~i~ekdag and Sankaraman basalts with SSZ-type 
eastern Mediterranean ophiolites (area 1) and 
MORB-type western Mediterranean ophiolites (area 
2). Comparison data selected from the Tethyan 
ophiolite literature (e.g. Pearce et al. 1984). 
Discrimination fields after Wood (1980). 

Beccaluval & Serri 1988) to slightly enriched 
(e.g. Aleutians and Sunda; Kay 1977), it follows 
that the components added to IAT mantle 
sources generally carry minor light REE in 
addition to K, Rb, Ba, Sr, Th, U, Cs and H20. 
However, strongly REE-depleted tholeiites are 
generally interpreted as a product of immature 
island arcs (Crawford et al. 1986; Brouxel et al. 
1989). It is suggested that the REE patterns 

shown by the CO can best be matched with arc 
basalts similar to those found in immature 
island-arc sequences such as the Izu-Bonin Arc. 

Comparison with the Sarlkaraman and 
other Neotethyan ophiolites 

The CO and the Sankaraman Ophiolite (SO) 
are representative members of the CAO (G6n- 
ctio~lu et al. 1991). Both are characterized by 
the lack of ultramafic rocks in direct contact 
with the rest of the ophiolitic slab. The lowest 
section of the CO is composed of layered 
gabbros, whereas isotropic gabbros are found 
at the base of the SO (Yahmz et al. 1996). The 
SO is remarkable in displaying a high portion of 
the plagiogranite suite (Floyd et al. 1998a) and a 
late set of isolated dykes (Yahnlz et al. 1996). 
Neither of these features are as well developed 
in the CO, nor exposed to the same degree. 
Both ophiolites are overlain by a sequence of 
Lower Turonian-Campanian pelagic sediments 
and are also intruded by Upper Cretaceous- 
Lower Palaeocene granitoids (G6nctio(~lu et al. 
1991; Yahnaz et al. 1996). 

It has previously been shown that the volcanic 
section of the SO exhibits typical SSZ charac- 
teristics similar to other Neotethyan ophiolites 
(Yahmz et al. 1996), including the CO. The CO 
closely matches the variation shown by the SO 
but lacks the extensive degree of chemical evol- 
ution (Fig. 7); the lavas sampled are less 
chemically evolved. A significant difference is 
also exhibited by the latter cross-cutting dolerite 
dykes of the SO which has a MORB-like affinity 
(Yahmz et al. 1996). In general, minor differ- 
ences are apparent in their stratigraphy, 
although overall the basalts have a similar 
chemistry and formation age. 

The CAO are also part of a long chain of 
Tethyan ophiolites that extend from the western 
Mediterranean to the Far East. Petrological and 
geochemical studies have shown that there are 
important differences along the Tethyan ophio- 
litic belt. Several workers have divided the 
Tethyan ophiolites into two groups: (1) Jurassic 
ophiolites in the western and central area (Alps, 
Appennines, Carpathians, Dinarides, Hellen- 
ides) which display MORB affinities; and (2) 
Cretaceous ophiolites at the eastern Mediter- 
ranean end (Troodos, Semail, Baer-Bassit, 
Hatay) which exhibit SSZ features (e.g. Pearce 
et al. 1984). Since the chemical signature of the 
Cretaceous ~i~ekda~ lavas also indicate that 
they were generated in a SSZ, this ophiolite can 
be fitted into the regional tectonic framework, 
displaying a similar tectonic setting to other late 
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Cretaceous Neotethyan ophiolites in the eastern 
Mediterranean area (Fig. 7). 

Genesis and emplacement of SSZ-type 
Central Anatolian ophiolites 

The geodynamic evolution of the Izmir-Ankara 
branch of Neotethys has been the topic of 
copious studies (e.g. Robertson & Dixon 1984; 
Tt~ystiz et aL 1995; Okay et al. 1998). All of these 
studies are based mainly on very general ap- 
proaches and broadly consider the geological- 
geochemical aspects. Any.model explaining the 
tectonic evolution of the Izmir-Ankara branch 
of Neotethys must be consistent with the follow- 
ing local and regional constraints. Firstly, the 
stratigraphic succession in the Central Ana- 
tolian Metamorphic Complex is almost identical 
with that of the less metamorphosed Palaeo- 
zoic-Mesozoic platform margin sequences of 
the Taurides-Anatolides (G/Snctio~lu et al. 
1991). It differs from the later only by a complex 
high-temperature-low-pressure (HT-LP) meta- 
morphic overprint and the presence of collision- 
type magmatism. Secondly, the upper part of 
the metamorphic succession is represented by 
an ophiolite-bearing olistostromal complex, 
representing synorogenic flysch deposition on 
the platform margin (G6nctio~lu 1981). The 
ophiolitic knockers within this meta-olistos- 
trome display mainly MORB characteristics 
with minor ocean island basalt (OIB) and IAT 
(Floyd et al. 1998b). Thirdly, the metamorphic 
rocks are overthrust by dismembered ophiolites 
with SSZ-type geochemical characteristics akin 
to other eastern Mediterranean ophiolites 
(Yahnlz et al. 1996; Floyd et al. 1998a, b). 
Structural data clearly indicate an emplacement 
direction towards the south and southwest. The 
formation age is early Middle Turonian-Early 
Santonian, based on palaeontological data from 
the associated epi-ophiolitic sedimentary rocks 
(Yahnlz et al. 1997). The markedly high volume 
of epiclastic volcanogenic sediments in this suc- 
cession suggests the involvement of an island 
arc. Finally, the accretionary wedge complex 
(the Ankara M61ange) to the north of the 
CACC, which was formed within the converging 
Izmir-Ankara branch of Neotethys, contains 
slivers of ophiolitic rocks dominated by 
MORB, OIB, and minor IAT compositions, 
characteristic of forearc accretionary wedge 
complexes (Floyd 1993; Floyd et al. 1998b). 
Associated sediments yield Late Triassic-Early 
Cretaceous fossils. 

These data suggest: (1) the oceanic crust of 
the Izmir-Ankara branch of Neotethys has been 

partly consumed along a north dipping intra- 
oceanic subduction zone (GOnct~o~lu et al. 
1991); and (2) the SSZ-type ophiolitic bodies, 
observed both as allochthonous thrust sheets on 
the Taurides-Anatolides and as blocks in the 
m61ange complexes, were generated within the 
MORB-type old hanging-wall block of the 
Izmir 'Ankara oceanic crust and emplaced 
southwards onto the Tauride-Anatolide passive 
margin. 

However, oceanic crust formation in a SSZ 
setting can involve quite different tectonic set- 
tings, such as active island arcs, back-arc and 
forearc basins. Thus, for a better understanding 
of the evolution of the Neotethys it is critical to 
determine the specific environment of litho- 
sphere generation. The following model (Fig. 
8) considers not only the geochemical and struc- 
tural data, but also the geological relations to 
adjacent terranes. 

• The rapid convergence between Eurasia and 
Africa, due to the opening of the south Atlan- 
tic in the Early Cretaceous, resulted in a 
compressional regime in the Tethyan realm. 
This compression caused the formation of an 
intra-oceanic subduction within the Izmir- 
Ankara branch of the Neotethys, which led 
to formation of a juvenile ensimatic arc (G/Sn- 
ct~o~lu & T~ireli 1993; Tt~ys~iz et al. 1995) on 
MORB-type oceanic crust during the Ceno- 
manian (Fig. 8a). 

• The old MORB-type oceanic crust, together 
with trapped OIB-type volcanics and accre- 
tion prism material, was obducted onto the 
Tauride-Anatolide passive margin and gen- 
erated the ophiolite-bearing olistostromal 
sediments that overlie the slope sediments of 
the CACC. The emplacement of ophiolitic 
nappes resulted in crustal thickening and 
early stage syncollisional granitoids (Erler & 
G6nct~o~lu 1996). The trench rollback gener- 
ated through subduction of the forearc basin 
resulted in the extension of the overlying 
forearc region and generation of SSZ-type 
oceanic crust by the partial melting of already 
depleted MORB-type lithosphere (Fig. 8b). 

• Continuing convergence during the Cam- 
panian caused the complete subduction of 
the old oceanic slab and final collision of the 
trench with the buoyant margin of the CACC. 
This led to a switch from extension to com- 
pression in the forearc region. The new and 
hot SSZ-type oceanic crust is prevented from 
subducting and will obduct onto the CACC 
(Fig. 8c). 

• Complete obduction of SSZ-type oceanic 
crust is followed by post-collisional uplift at 
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the  C A C C  marg in  with La te  Cre taceous  post- 
collisional intrusions that  cut both  the C A C C  
and the obduc ted  SSZ-type ophiolites.  

In  conclusion,  based on the geological  and 
geochemica l  data,  it is suggested that  the frag- 
m e n t e d  Centra l  Ana to l i an  ophioli tes,  with their  
distinct SSZ geochemica l  features ,  were  gener-  
a ted above an in t ra-oceanic  subduct ion  zone 
within the converging I z m i r - A n k a r a  b ranch  of 
the Neo te thys  and emplaced  southwards  onto  
the passive marg in  of  the CACC.  
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