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Abstract: The Central Anatolian Crystalline Complex (CACC) or Kirsehir Block is part of
the metamorphosed leading edge of the Tauride-Anatolide Carbonate Platform. It
contains oceanic remnants derived from the Neotethys Ocean (Izmir-Ankara-Erzincan
branch) which separate it from the Sakarya microcontinent. Two tectonic units are
distinguished: an amphibolite facies Mesozoic ‘basement’, dominated by platform
marbles, over which is thrust a younger fragmented Upper Cretaceous ophiolite sequence.
Three metabasite horizons were sampled to reconstruct the development of the oceanic
components: (1) fragmented Upper Cretaceous (90-85 Ma) stratiform ophiolitic members
comprising gabbros, sheeted dykes, basalt lavas and pelagic sediments thrust over all other
units; (2) a tectonised admixture of basite, ultramafic and felsic blocks in an ophiolitic
mélange (Upper Cretaceous matrix) thrust over the basement metamorphic rocks; and (3)
amphibolites concordant with ‘basement’ marbles and minor pelagics of the largely
(?)Triassic Kaleboynu Formation in the lower part of the carbonate platform.

Metabasalts and metagabbros from isolated fragments of the stratiform ophiolites form
geochemically coherent groups and indicate the influence of a subduction component
during their development. It is considered that the suprasubduction zone ophiolites record
the association of a tholeiitic arc and an adjacent back-arc basin with more mid-ocean ridge
basalt (MORB)-like compositions.

Metabasite blocks within the tectonised ophiolitic mélange slice are MORB like,
together with minor ocean island basalt (OIB) and island arc basalts, and may be
tectonically related to ophiolitic units within the accretionary wedge of the Ankara
Mélange.

Concordant amphibolites of the Kaleboynu Formation are largely OIB types and reflect
an early ensialic rifting stage of the Tauride—Anatolide Carbonate Platform. Small ocean
basins also developed at this time, as recorded by the presence of MORB and associated
pelagics.

The CACC block, together with parts of the Ankara Mélange, are considered to
represent oceanic lithosphere (comprising both early spreading centre and latter subduc-
tion-influenced crust) and continental carbonate platform that were subsequently ejected
from an accretionary-subduction complex on collision with the Sakarya microcontinent.

The Neotethyan area of the eastern Mediter-
ranean records the development of a series of
narrow oceanic seaways and microcontinent
fragments that resulted from the fragmentation
of the Gondwana margin during the Mesozoic
(Robertson & Dixon 1984). Rifting of the north-
ern margin of Gondwana, and the subsequent
development and destruction of ocean floor, is
documented by diverse tectonolithological as-
sociations and accompanying basaltic volcanism
(Sengor & Yimaz 1981; Robertson & Dixon
1984; Robertson et al. 1991). The Neotethys,

initially generated during the Late Triassic,
survived in small seaways up to Late Cretaceous
time, when convergence of Africa and Eurasia
largely closed this segment via northwards sub-
duction under the Pontide active margin of
Eurasia (Livermore & Smith 1984; Yilmaz ef al.
1997).

The Turkish sector of Neotethys is character-
ized by two major east—west belts of ophiolitic
fragments (Fig. 1, inset) that mark the presence
of ancient suture zones and document the
destruction of former ocean basins (Juteau
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Fig. 1. Lithological sketch map of the CACC or Kursehir Block (largely after surveying by Gonctioglu et al. 1991;
Yalimz & Gonciioglu 1998) showing the location of the main SSZ ophiolitic fragments and the major metabasite
bodies within the metamorphic basement. Inset shows Tethyan ophiolitic belts [after Juteau (1980)] and the
location of the CACC in Turkey. The main sampling areas covered by this paper are shown by numbers and refer
to the following localities: for Stratiform SSZ ophiolites — 4, Cigekdag Ophiolite; 6, Sarikaraman Ophiolite: for
isolated ophiolitic remnants - 1, Cankir1 Basin (a, Ayvatli; b, Aliseyhli; c, Inegazili); 2, Kaman-Hirfanli Dam; 3,
Kurancali; 5, Mamasin Dam; 7, Bozkir Dam; 8, Devedami; 9, Alayhani; 11, Yalintas; 12, Karatas; 13, Geyral; 14,
Keskin; 15, Dokuzlar; 22, Aktas Dam: for metamorphosed ophiolitic mélange — 10, Asigedigi; 18, Cimeli; 19,
Kosker Yaylasy; 20, Aynidag: for the Kaleboynu Formation — 16, Sogiitlitepe; 17, Gobettepe; 21, Kervansaray

Dag; 23, Comakdag; 24, Karaveli.

1980; Sengdr & Yilmaz 1981). Each belt is
considered to represent a separate Neotethyan
ocean: (1) a northerly belt composed mainly of
ophiolitic mélange (part of the ‘Ankara Mél-
ange’) is representative of the Izmir-Ankara—
Erzincan Ocean, located between the Sakarya
microcontinent fragment and the leading edge
of the Tauride—Anatolide Platform (TAP); and
(2) a southern branch called either the Southern
Neotethys Ocean (Sengér & Yilmaz 1981) or
the Péri-Arabic Belt (Ricou 1971), which

includes well-documented bodies such as Troo-
dos, Mersin, Pozanti-Karsanti, and Hatay. The
latter ocean strand separated the main body of
the Gondwana continent from the rifted TAP to
the north and was formed in a suprasubduction
zone setting (Pearce et al. 1984) rather than at a
major ocean-spreading centre.

Isolated, allochthonous metabasite bodies of
possible ophiolitic affinity (termed the Central
Anatolian Ophiolites; Gonciioglu ef al. 1991)
are exposed in the triangular Central Anatolian
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Crystalline Complex (CACC) or Kirsehir Block
(Fig. 1), and are less well known than the
Southern Neotethyan ophiolites. They are of
particular interest to Neotethyan development
in that they are considered to have been thrust
southwards out of the Izmir—-Ankara-FErzincan
Ocean during closure (Sengor & Yilmaz 1981;
Goénciioglu er al. 1991), and preserve both
spreading ridge and suprasubduction zone gen-
erated oceanic crust.

The Central Anatolian Crystalline
Complex (CACC)

The CACC is situated north of the TAP proper
and south of the Izmir-Ankara—Erzincan Suture
(Fig. 1). A belt of glaucophanitic ophiolites
situated around the southern margin of the
CACC has been interpreted as an additional
oceanic seaway (the Inner Tauride Belt; Goriir
et al. 1984) which once separated the CACC
from the TAP. However, others considered that
the CACC originally represented the northern
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Fig. 2. Generalized stratigraphic column (not to scale)
for the CACC (Gonciioglu er al. 1991). The relative
positions of the units sampled for the geochemical
review are enclosed in envelopes: stratiform
ophiolites, metamorphosed ophiolitic mélange and
Kaleboynu Formation amphibolites.

passive margin of the TAP (Ozgill 1976) and
that the Inner Tauride ophiolites were also
derived from the Izmir-Ankara-Erzincan
Ocean to the north (Génciioglu 1986).

Apart from a cover of uppermost Cre-
taceous-Miocene volcanic and sedimentary
rocks, the CACC (Fig. 1) comprises three
fundamental lithological units (Gonciioglu et
al. 1991): (1) a mainly amphibolite facies meta-
morphic basement dominated by marble with
subordinate pelitic to psammitic schists, gneisses
and metabasites (the Central Anatolian Meta-
morphics); (2) fragmented ophiolitic remnants
of pillow lavas, dykes and gabbros with minor
ultramafic rocks and plagiogranites; and (3) two
sets of granitoid rocks. Generalized strati-
graphic relationships within the CACC are
shown in Fig. 2 (not to scale).

The abundance of marbles with a carbonate-
platform affinity in the basement suggests that it
is the metamorphosed equivalent of the TAP.
Due to recrystallization, precursor ages from
fauna in the marbles are difficult to determine,
but largely range in age from Triassic to Early
Cretaceous, although some have suggested a
Late Palacozoic age (Silurian-Devonian) for
the lower parts of the complex (e.g. Kocak &
Leake 1994; Fig. 2). The regional metamorph-
ism is generally considered to be pre-mid-
Cretaceous (Gonclioglu 1982). Two sets of
acid plutonics are recognized: an early, but
post-metamorphic, group of syncollisional
(95 £ 11 Ma) and post-collisional granites
(76-71 Ma; Rb-Sr whole rock) and a later
group of cross-cutting syenites (71-70 Ma; Rb-
Sr, K-Ar) (Ataman 1972; Gonciioglu 1986;
Gonciioglu & Tiireli 1993; Erler & Gonciioglu
1996; Gonciioglu et al. 1997). These are import-
ant markers relative to the formation age of the
ophiolitic fragments in the CACC (see below)
and demonstrate that, during collision, melting
of continental crust both preceded suprasub-
duction-type ophiolite crust formation and post-
dated its subsequent obduction.

Metabasites and ophiolites

Pertinent to this overview are two tectonically
separate magmatic groups: (1) metabasite
bodies within the basement (Central Anatolian
Metamorphics), as well as blocks from a separ-
ate ophiolitic mélange unit; and (2) massive
stratiform ophiolites, together with various iso-
lated remnants of suspected ophiolitic parent-
age.

Metabasites were sampled from the Kale-
boynu Formation (that may, in part, be Triassic
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in age) and the structurally higher ophiolitic
mélange unit (matrix of possible Late Cre-
taceous age; Fig. 2). In the Kaleboynu For-
mation, the metabasites comprise multiple,
relatively thin, concordant bodies often inti-
mately associated with minor metapelites and
highly siliceous sediments, representing pelagics
and cherts, respectively. This is typical of the
basement around Nigde (Fig. 1) which exhibits a
high proportion of contorted marble with
infolds of metabasites and metasediments. In
contrast, various metabasite, meta-ultramafic
and metafelsic rocks have been sampled from
the metamorphosed ophiolitic mélange unit,
where all three lithologies commonly occur as
boudins, together with marble blocks derived
from the Asigedigi Formation below, in a
sheared metapelitic or calc-pelite matrix. This
is a common occurrence in the northern part of
the CACC around Kirsehir, where a relatively
high proportion of metamagmatic lithologies
are present in the tectonic mélange.

The other main set of basaltic rocks in the
CACC are represented by variously fragmen-
ted ophiolites thrust/obducted over the base-
ment (Fig. 2). These are low-grade greenschist
facies, stratiform sequences of pillowed and
massive metabasalts with sheeted dykes and
associated gabbros (Yalinz er al. 1996). Plagio-
granites developed throughout the plutonic and
volcanic portions of the ophiolite are common
(Gonciioglu & Tiireli 1993; Floyd et al. 1998).
The largest ophiolites are the Sarikaraman and
Cicekdag Ophiolites (Fig. 1), which exhibit a
typical suprasubduction zone (SSZ) chemistry
(Yaliniz et al. 1996; Yalnmiz & Gonclioglu
1998). Scattered throughout the CACC are
tectonically isolated remnants of pillow lavas or
gabbros (both with dykes) that may also have
an ophiolitic parentage. Based on the faunal
content of pelagic sediments covering the vol-
canic portion of the massive stratiform ophio-
lites, formation ages are generally Middle
Turonian—Early Santonian (90-85 Ma; Yaliniz
& Gonclioglu 1998). These oceanic segments
were short lived (5-10 Ma), as deep slicing and
obduction over the metamorphic basement was
rapidly followed by the intrusion of the late
granitoids that cut the ophiolites at around c.
76-71 Ma (e.g. the Terlemez Monzogranite
intrudes the Sarikaraman Ophiolite; Floyd et al.
1998).

Objectives and comparisons

The main objectives of this paper are to: (1)
review the chemical features of the metabasites

within the CACC metamorphic basement and
the fragmented stratiform ophiolites obducted
over it; and (2) compare the basaltic composi-
tions with reference units to determine their
affinities and aid discrimination of their geotec-
tonic environment. The chemical features of
minor metafelsic and meta-ultramafic bodies in
the basement will also be briefly discussed to
decide whether they might be equivalent to
ophiolitic plagiogranites and (mantle) cumu-
lates, respectively.

In the light of current tectonic models, which
suggest that the basement metabasites were
derived from the Izmir-Ankara-Erzincan
Ocean, comparisons will be made with meta-
basalts from the Ankara ophiolitic Mélange
(Capan & Floyd 1985; Floyd 1993). In a similar
manner, those CACC obducted ophiolites with
suprasubduction features (e.g. Sartkaraman
Ophiolite; Yalimz er al. 1996) will provide a
chemical template for other isolated metabasic
units with suspected ophiolitic affinities; e.g.,
pillow lavas in the Cankiri Basin and tectoni-
cally isolated gabbro bodies with associated
dykes.

Determination of chemical affinity is rela-
tively straightforward, although direct regional
comparisons suffer from two problems: (1) that
many of the carbonate sequences (marble) in
the basement have not been dated and hence
the age of associated volcanism is unknown; and
(2) structural relationships are often complex
and the assignment of metabasites to a particu-
lar basement formation has previously been
based on apparently similar lithological associ-
ations. A broad comparison can be made with
the carbonate platform of the TAP, but this
features few volcanic rocks away from its north-
ern edge. Thus, at best, this review, offers poss-
ible correlations and discriminations based on
the data available and a model that emphasizes
the chemical differences between the basement
metabasites (possibly Late Triassic and/or
broadly Jurassic-Early Cretaceous) and the
later stratiform ophiolites, well documented as
Late Cretaceous.

In summary, the following sampled units and
groups of lithologies are chemically character-
ized and compared in this paper: (1) ophiolitic
plagiogranites and basement metafelsic blocks
(from the metamorphosed ophiolitic mélange);
(2) basement meta-ultramafic rocks (from the
Kaleboynu Formation and the metamorphosed
ophiolitic mélange); (3) basement metabasites
(from the Kaleboynu Formation and the meta-
morphosed ophiolitic mélange); and (4) strati-
form ophiolites (the Sarikaraman and Cicekdag
Ophiolites), together with tectonically isolated



NEOTETHYAN OPHIOLITES IN CENTRAL TURKEY 187

remnants thought to have an ophiolitic parent-
age or affinity.

Petrographic summary of basic
compositions

Stratiform ophiolites and tectonically
isolated remnants

The Sarikaraman and Cigekdag Ophiolites are
the best representatives of fragmented strati-
form bodies in the CACC; the former has
already been described by Yalimz et al. (1996).

The volcanic portion of the Cigekdag Ophio-
lite has many features in common with the
Sarikaraman Ophiolite, exhibiting both massive
and pillowed basalts cut by various feeder
dykes, all of which have undergone low-grade
greenschist or pumpellyite facies metamorph-
ism. The Cicekdag sheeted dyke complex
comprises aphyric and plagioclase—phyric meta-
basalts and dolerites with any minor interstitial
glass replaced by chlorite. Carbonate, chlorite,
quartz and minor epidote are common replace-
ment minerals. The lavas may be aphyric, or
exhibit a number of phenocryst assemblages,
including olivine, plagioclase, plagioclase—clino-
pyroxene, all of which may be set in a variably
quenched matrix of serrated plagioclase micro-
lites, variolitic fans of crystallites and an opaque,
originally glassy, matrix. Secondary assemblages
are typically actinolite, chlorite or chlorite—
smectite, carbonate, epidote and rarer pumpel-
lyite. Interiors of pillow lavas and massive flows
are coarser grained and generally holocrystal-
line, whereas the margins are glassy and often
develop spherulites. Pillow breccias show simi-
lar textures and petrography. No systematic
petrographic changes have yet been noted with
stratigraphic height in the lava sequence, except
that the upper basalts tend to be generally
aphyric. Feeder dykes to the lavas are domi-
nated by aphyric and plagioclase—phyric basalts
and are commonly altered with variable propor-
tions of epidote, actinolite, carbonate and
chlorite.

The isolated outcrops of metagabbro and
dykes seen at the Bozkir Dam Quarry and the
Aktag Dam and nearby Dokuzlar sites (loca-
tions 7, 22 and 15, respectively in Fig. 1) are also
of assumed ophiolitic parentage. In each case, a
variety of massive and tectonised metagabbros
are exposed, cut by both basaltic and plagiogra-
nite dykes. The gabbros have been variably
amphibolitized and range from examples
showing relict subophitic clinopyroxene and

plagioclase surrounded by amphibole, to
foliated hornblende-plagioclase amphibolites
and massive granular-textured quartz-bearing
amphibolites with rare pyroxene relicts. The
basaltic dykes are generally plagioclase—phyric
and variably altered.

Other tectonically isolated remnants include
outcrops of pillow lavas, such as those which
form a local basement to Tertiary basin-fill
sediments in the Cankir1 Basin (location 1 in
Fig. 1). The pillow lavas, which are often highly
altered by carbonate and chlorite, are repre-
sented by aphyric and plagioclase + clinopyr-
oxene—phyric metabasalts.

Basement metabasites

Although the metabasites are mainly amphibo-
lites, some larger bodies retain relict textures
and mineralogy indicating that they were orig-
inally gabbros or dolerites. While this is in-
variably true of the boudins found in the
metamorphosed ophiolitic mélange unit, it is
not seen in the concordant Kaleboynu For-
mation amphibolites. Throughout the base-
ment, metamorphism was broadly amphibolite
facies, although the variable colour of the
hornblende (pale green, brownish green and
blue-green) implies a range of conditions
within this facies (e.g. Miyashiro 1973). The
association of migmatitic sillimanite + garnet-
bearing gneisses with amphibolites in the south
of the CACC implies peak metamorphic con-
ditions of 600-700°C at 4 kbar for the lower-
most Giimiigler Formation (Kocak & Leake
1994).

Metabasite blocks from the Upper Cre-
taceous ophiolitic mélange (Fig. 2) range from
coarse-grained amphibolites with strongly pleo-
chroic hornblende (yellow to brownish green),
granular plagioclase and minor quartz, to horn-
blende—quartz schists. Some coarser varieties of
clear gabbroic parentage retain relict magmatic
clinopyroxene and exhibit a granoblastic mosaic
of sieve-textured clinopyroxene with plagio-
clase, quartz and abundant titanite. Progressive
amphibolitization produced various hornblende
schists, some with relict clinopyroxene, and
abundant sphene which appears characteristic
for this group of metabasites. Concordant Kale-
boynu Formation metabasites from the Nigde
area (Fig. 1) are dominated by fine-grained
amphibolites or hornblende schists, and are
characterized by variable secondary carbonate
and epidote, probably resulting from pen-
etration of these thin bodies by late circulating
fluids from the adjacent marbles.
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Analytical methods and alteration
effects

Representative metabasaltic lavas were col-
lected from the Cigekdag Ophiolite (Table 1)
and tectonically isolated (presumed ophiolitic)
gabbro bodies and pillow lava sequences (Table
2) for comparison with the Sarikaraman Ophio-
lite [previously described by Yalimz et al.
(1996)]. A suite of basement metabasites repre-
sented by foliated and massive amphibolites
(Table 3), together with minor metafelsic and
meta-ultramafic rocks, were collected from the
Kaleboynu Formation and ophiolitic mélange.
All were analysed for major and selected trace
elements on an ARL 8420 X-ray fluorescence
(XRF) spectrometer (Department of Earth
Sciences, University of Keele), calibrated
against both international and internal Keele
standards of appropriate composition. Details
of methods, accuracy and precision are given in
Floyd & Castillo (1992).

The metabasite samples show varying degrees
of low-grade mineralogical alteration (within
the pumpellyite to amphibolite facies) and as
such can be expected to have suffered selected
element mobility, especially involving the large-
ion lithophile (LIL) elements (e.g. Hart et al.
1974; Humphris & Thompson 1978; Thompson
1991). LIL element (e.g. K, Na, Rb, Ba, Sr)
abundances are often highly variable, together
with most major elements and ratios (e.g. FeO*/
MgO), and are unreliable as indicators of
petrogenetic relationships or tectonic discrimi-
nation. This is particularly true for the volcanic
sequence of ophiolites where mineralogical and
chemical alteration by submarine hydrothermal
processes are well known (e.g. Gass & Smewing
1973; Pearce & Cann 1973; Spooner & Fyfe
1973; Smewing & Potts 1976). However, charac-
teristic magmatic interelement relationships are
often maintained by those elements that are
considered relatively immobile during alter-
ation, such as high field strength (HFS) elements
and the rare earth elements (REE) (e.g. Pearce
& Cann 1973; Smith & Smith 1976; Floyd &
Winchester 1978). Under some circumstances,
such as the extensive carbonatization of meta-
basites, the REE and HFS elements can also be
mobilized and/or abundances diluted (e.g.
Hynes 1980; Humphris 1984; Rice-Birchall &
Floyd 1988), although this appears only to have
seriously affected the meta-ultramafic rocks
(see below).

Geochemistry of plagiogranites and
basement metafelsics

Trondjemites and rhyolites (plagiogranite suite)
of the Sarikaraman Ophiolite associated with
the gabbros and basalts, respectively, have
compositions typical of other plagiogranites
worldwide (Floyd er al. 1998). Both sets of
plagiogranites from the stratiform Sarikaraman
and Cicekdag Ophiolites have typically low and
uniform Nb values (Fig. 3). This feature distin-
guishes them from the late post-collisional
granitoids (that cut the ophiolites) which display
Zr/Nb ratios of ¢. 10. Various felsic or feldspar
porphyry dykes that cut isolated pillow lava
sequences and gabbro remnants also have simi-
lar chemical features to the plagiogranites. This
suggests that they are also part of the plagio-
granite suite and that their basic hosts represent
tectonically isolated ophiolite remnants.

On the other hand, variably foliated meta-
felsic bodies within the basement (blocks from
the metamorphosed ophiolitic mélange) have
similar Zr/Nb ratios to the late granitoids, but
tend to be less evolved (Fig. 3). Although these
metafelsic rocks generally have low HEFS
element abundances they do not appear to
belong to an earlier basement plagiogranite
suite, but have features more akin to post-
collisional, or possibly arc-related, ‘granites’
which commonly have Zr/Nb > 10 (Leat et al.
1986). It is suggested that the metafelsic rocks
are not comagmatic with the associated base-
ment metabasites but probably represent in-
dependent acid melts generated by crustal
melting within an arc, or during continent col-
lision, prior to incorporation in the ophiolitic
mélange.

Geochemistry of meta-ultramafic bodies

Large boudins within segments of highly
deformed ophiolitic mélange have many of the
features typical of ‘knockers’ (Karig 1980). High
MgO, Ni and Cr contents, together with a
serpentine-talc—carbonate mineralogy, indicate
an ultramafic parentage. However, most have
suffered variable Ca and Sr metasomatism rela-
tive to fresh ultramafic compositions (Fig. 4),
reflecting the mobility of these elements in the
surrounding carbonate-rich mélange matrix
during shearing. On the basis of their Ni and Cr
contents (Floyd et al. 1993), the meta-ultramafic
rocks comprise two separate groups, some of
which have a clear ophiolitic affinity, while
others represent cumulates associated with con-
tinental intrusive gabbro bodies. The low Ni and
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Fig. 3. Nbv. Zr and TiO; v. SiO, diagrams for various felsic rocks from the CACC: Sarikaraman and Cicekdag
ophiolitic plagiogranites [some data from Floyd et al. (1998)], metafelsics from the metamorphic basement, and
late cross-cutting granitoids. Ophiolitic plagiogranites with very low and uniform Nb values are distinguishable
from both basement metafelsics and the late granitoids. Ophiolitic plagiogranite field from Gerlach et al. (1981
and refs cited therein); data for southwest England granite field (high-level, post-collisional granites) from Exley

et al. (1983).
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Fig.4. Srv.CaO and Ni v. Cr diagrams for meta-ultramafic bodies within the metamorphic basement complex of
the CACC. Two chemical groups of meta-ultramafic rocks are probably present, some of which have
subsequently been metasomatically enriched in Sr and Ca. Generalized ultramafic field from literature.

Cr values are not a consequence of metasomatic
dilution as the Ca contents are variable through-
out this group. The presence of ophiolitic ultra-
mafics is to be expected as many of the
associated metabasite blocks have mid-ocean
ridge basalt (MORB) chemical characteristics
(see below), both of which imply an oceanic
regime. The low-Ni + Cr group, on the other
hand, has chemical affinities with typical strati-
form gabbros and might represent early gabbros
intruded in a rifted continental setting prior to
major ocean development.

Geochemistry of stratiform ophiolites

The Saritkaraman Ophiolite has previously been
shown to be a fragmented stratiform body with a
volcanic section exhibiting typical suprasubduc-
tion zone (SSZ) characteristics similar to other
Neotethyan ophiolites (Yalimz et al. 1996). The
Cicekdag Ophiolite (location 4 in Fig. 1), of
which the volcanic section also makes up the
dominant exposed portion, has similar chemical
features to the Sarikaraman Ophiolite, with
low, depleted incompatible element contents
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Fig. 5. (a) Representative multi-element patterns for Sarikaraman and Cigekdag ophiolite pillow lavas
(obducted stratiform ophiolites with suprasubduction zone features) compared with isolated remnants (gabbros
with dykes, pillow lava sequences) of suspected ophiolitic affinity. (b) Normalized multi-element comparison
between MORB and OIB in the CACC and Ankara Mélange. Sarikaraman data from Yalimz et al. (1996),
Ankara Mélange data from Floyd (1993). Normalization factors after Sun & McDonough (1989).
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Fig. 6. TiO, v. Zr diagrams comparing basaltic lavas from the Sarikaraman and Cigekdag Ophiolites of the
CACC with other Neotethyan ophiolites with suprasubduction zone features. Data: Sarikaraman (Yalimz et al.
1996); Mersin (Parlak 1996); Oman (Alabaster et al. 1982); Pindos (Valsami 1990); Troodos (Pearce 1975;
Smewing & Potts 1976).
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Fig.7. Crv.Zrand Y v. Zr diagrams comparing data for obducted stratiform ophiolites and tectonically isolated
remnants represented by pillow lava sequences and gabbros with dykes, found within and adjacent to the CACC.
The Cankirt Basin metabasalts define a similar trend to the pillow lavas of the ophiolites, but at a slightly higher
ratio approaching Zr/Y = 4. Sarikaraman data from Yaliniz ez al. (1996).

relative to MORB (Fig. 5) that reinforces their
SSZ affinities. Both of these CACC stratiform
ophiolites have features that can be directly
compared with other ophiolites from the Neo-
tethyan zone (e.g. Pindos, Mersin, Troodos,
Oman). As seen in Fig. 6, they closely match
the variation (in terms of TiO, and Zr) shown
by the Pindos Ophiolite, but lack the degree of
extensive chemical evolution shown by Mersin
(highly evolved, but restricted in composition)
or the range of Oman (to tholeiitic andesites).
Further evidence for the broad chemical over-
lap in composition between the two ophiolites is
shown in Fig. 7, where the range in composition
is largely a function of mafic + plagioclase
fractionation (decreasing Cr, with covariant
and increasing Zr and Y). Although there is a
dominant subduction-related signature similar
to island-arc basalts (IAB) rather than MORB
in terms of V v. TiO, distributions (Fig. 8),

some metabasalts from both ophiolites spill
over into the MORB field. On comparison with
island-arc-back-arc basin pairs from the wes-
tern Pacific (Woodhead et al. 1993), the more
MORB-like components of the ophiolites
appear to have back-arc characteristics with
very low V/Ti ratios (Fig. 8). As many of these
basalts are stratigraphically uppermost in the
ophiolite lava sequence, the apparent change in
chemical designation might suggest a transition
to a back-arc environment.

Differences between the ophiolites are essen-
tially restricted to the Cicekdag metabasalt
lavas and dykes, showing a more limited range
of Zr and Y contents (less fractionated), and
lacking the special group of Sarikaraman lavas
characterized by uniform Zr values (50-60 ppm
Zr) and variable Y contents (Fig. 7). However,
as the formation ages and basalt chemistries are
generally similar, they are considered to be
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Fig. 8. V v. TiO; and V/Ti v. Zr diagrams comparing data for obducted stratiform ophiolites and tectonically
isolated remnants represented by pillow lava sequences and gabbros with dykes, found within and adjacent to the
CACC. The stratiform ophiolites show a dominant subduction-related signature (IAB field), although some late
lavas and dykes (including the Cankir1 metabasalts) have a morc MORB-like affinity akin to back-arc basin
basalts. Sarikaraman data from Yaliniz er al. (1996). IAB, island-arc basalts; MORB, mid-ocean ridge basalts;
OIB, ocean island basalts; BABB, back-arc basin basalts. Ratios and fields in the V v. TiO, diagrams from
Shervais (1982); IAB and BABB ficlds in the V/Ti v. Zr diagrams compiled from Woodhead et al. (1993).

different slices of the same obducted ophiolitic
sheet.

Structurally isolated outcrops with suspected
ophiolitic affinities have been grouped litho-
logically into pillow lavas, metagabbros and
cross-cutting metabasaltic dykes, and plotted
on companion diagrams for comparison with
the stratiform ophiolites. As seen in Figs 5 and
7, the metagabbros and dykes have similar SSZ-
type features to the massive ophiolites and may
have originally been part of the same obducted
sheet. However, basaltic pillow lavas and associ-
ated dykes from the Cankiri Basin generally
form a different trend, with higher Zi/Y ratios
(c. 4) and a MORB-like affinity. These chemical
distinctions are emphasized in Fig. 8, where the
pillow lavas predominantly have MORB-like

compositions similar to those of back-arc
basins, whereas the metagabbros and dykes are
akin to IAB. These features alone are not
sufficient to relate the Cankin Basin lavas to
the stratiform ophiolites, although they mirror
the chemistry of the uppermost basalt lavas
(with high Zr contents) of the Sarikaraman
Ophiolite (Fig. 8). However, evidence of an
ophiolitic link is suggested by the composition
of cross-cutting quartz—feldspar porphyry dykes
(see above) which are similar to the Sarikara-
man and Cicekdag plagiogranites rather than
late granitoids. It is therefore possible that the
Cankir1 Basin may have been floored by ophio-
litic lavas of largely back-arc derivation. Sup-
port for this suggestion is provided by the
association of the pillow lavas with bedded
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basic volcaniclastics, the latter of which are
often a significant feature of the back-arc and
forearc environments (Garcia 1978).

Geochemistry of basement metabasites

On the basis of current geotectonic models, the
amphibolite facies metabasites are compared
with the low-grade metabasalts of the Ankara
Mélange which have been shown to be domi-
nated by alkalic basalts of ocean island basalt
(OIB) character, together with minor normal-
and enriched-type MORBs (Figs 5 and 9)
(Capan & Floyd 1985; Floyd 1993). On the
basis of stable Nb/Y ratios (Winchester &
Floyd 1977), metabasites from the metamor-
phosed ophiolitic mélange are predominantly
tholeiitic in character, whereas those from the
Kaleboynu Formation are dominantly alkalic

Ankara melange metabasalts
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basalts. This latter group can be directly com-
pared chemically with OIB from the Ankara
Mélange with similar normalized patterns (Fig.
5) and Zr/Y of c. 8 (Fig. 9). However, although a
chemical correspondence is indicated, no corre-
lation is necessarily implied between the Kar-
akaya Nappe of the Ankara Mélange (being a
Sakarya unit) and the Kaleboynu Formation (a
Tauride unit). In a similar fashion, the tholeiitic
basalts largely have MORB-like features that
mirror similar rocks in the Ankara Mélange
with both depleted and enriched compositions
(Figs 5 and 9).

One significant chemical feature to emerge
from the basement metabasites is the presence
of some clasts with an IAB chemistry exhibiting
low TiO, and high V/Ti ratios (Fig. 10). The
association of the three eruptive settings, repre-
sented by IAB-MORB-OIB, is discussed

below.
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Fig.9. Crv.Zr and Y v. Zr diagrams comparing data for MORB-type and OIB-type pillow lava blocks within

the Ankara Mélange with similar chemical groupings within the metabasites of the meta-ophiolitic mélange and
Kaleboynu Formation. A ratio of Zr/Y = 4 discriminates two chemical suites within the Kaleboynu Formation:
one MORB and the other with a similar chemistry to the Ankara Mélange Kiliglar suite (Floyd 1993), with Zr/Y

c. 8.
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Fig. 10. V v. TiO, and V/Ti v. Zr diagrams comparing data for pillow lava blocks within the Ankara Mélange
[data from Floyd (1993)] with similar chemical groupings within the metabasites of the meta-ophiolitic mélange
and Kaleboynu Formation. Note the lack of subduction-related basaltic types relative to MORB and OIB in the
Ankara Mélange. Fields in the V v. TiO, diagram from Shervais (1982); IAB from Woodhead et al. (1993); N-
MORSB from Floyd & Castillo (1992); representative OIB are alkali basalts (AB) from St Helena, from Chaffey

et al. (1989).

Interpretation of geochemical features

This section summarizes the main geochemical
characteristics of the stratiform ophiolites and
basement metabasites, and interprets the mag-
matic associations in the light of their tectonic
designations.

Stratiform ophiolites and tectonically
isolated remnants

Main features. (1) The large obducted sheets of
stratiform ophiolites (the Sarikaraman and
Cicekdag Ophiolites) have similar and over-
lapping basaltic compositions, with SSZ features
similar to Neotethyan ophiolites of the eastern
Mediterranean. (2) Both ophiolites have similar
plagiogranite suites that differ chemically from

late cross-cutting granitoids and syenitoids. (3)
Isolated remnants of gabbroic bodies with basal-
tic and felsic dykes are chemically related to the
main SSZ ophiolites. (4) Pillow lava sequences
from the Cankir1 Basin are chemically distinct
from those in the stratiform ophiolites and
display a more MORB-like affinity similar to
back-arc basin basalts. These features are also
shown by some lavas and dykes high in the
ophiolite stratigraphic sequence.

The presence of a sheeted dyke complex
indicates that the CACC stratiform ophiolites
were generated in an extensional oceanic
regime. Comparison with back-arc basin—island
arc pairs suggests that the bulk of the SSZ
ophiolite lavas have an island-arc character,
whereas the (later) MORB-like lavas are more
akin to back-arc basalts. As all the basaltic
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lavas are submarine, there is little evidence for
the development of a major (subaerial) arc
edifice, although the chemistry suggests the
ophiolites represent a transition to, or an as-
sociation with, a more back-arc-type environ-
ment just prior to obduction. The main
evidence for the existence of a back-arc, how-
ever, is furnished by the separate Cankir1 Basin
pillow lavas which are also associated with
volcaniclastic activity that might be expected in
this setting. It is likely that the SSZ ophiolites
and the Cankir1 Basin basalts represent un-
coupled or different obducted slices of oceanic
crust from a broad arc-type setting.

Faunal evidence indicates that the SSZ-type
ophiolites were generated during the Late Cre-
taceous (c. 90-85 Ma) and probably obducted
soon afterwards, prior to late granitoid intrusion
(c. 76-71 Ma). The main feature to emerge is
that the SSZ-type ophiolites rapidly developed
under the influence of a short-lived subduction
zone and were subsequently obducted within
10 Ma or less.

Basement metamagmatic bodies

Main features. (1) Deformed metafelsic bodies
in the ophiolitic mélange have enhanced HFS
element abundances and high Zr/Nb ratios dis-
similar to ophiolitic plagiogranites. (2) Boudin-
aged meta-ultramafic bodies are often Ca-Sr
metasomatized by the adjacent carbonate-rich
matrix. They appear to comprise two types with
variable MgO + Ni + Cr contents, reflecting
different origins: ultramafic rocks typically as-
sociated with ophiolite sequences and (possibly)
cumulates related to continental stratiform
gabbros. (3) Boudinaged ophiolitic mélange
amphibolites (‘knockers’) are dominated by
tholeiites with MORB-like features (both
normal and slightly enriched types), although
some minor OIB and 1AB types are also
present. (4) Kaleboynu Formation amphibo-
lites, conformable with massive platform
carbonates, are dominated by within-plate alka-
lic basalts of OIB type.

Although there is chemical correspondence
between the basaltic components of the base-
ment (ophiolitic mélange and Kaleboynu For-
mation) and units of the Ankara Mélange of
broadly the same age, the main differences are
in the proportion of MORB and OIB types, and
the presence of IAB in the former. The features
displayed by the ophiolitic mélange can be
reconciled in a subduction-accretion setting
where seamount structures, standing above the
ocean floor, will be largely scraped off and

accreted, whereas the ocean floor is more likely
to be subducted. Thus, the dominant OIB in
Cretaceous ophiolitic units of the Ankara Mél-
ange represents the scraped off and accreted
relicts of alkalic seamounts (Floyd 1993),
whereas the CACC ophiolitic mélange MORB
and IAB represents initially subducted ocean
floor, together with remnants of the adjacent
arc, respectively. The close association of these
three different basaltic components derived
from the island arc, the ocean floor and ocean
islands/seamounts are a feature of mélanges in
forearc settings (Bloomer 1983; Johnson &
Fryer 1990; Macpherson et al. 1990). Although
this scenario could well reflect the association of
metabasite clasts in the ophiolitic mélange, the
origin of the OIB in the Kaleboynu Formation is
unlikely to be seamount-derived as in the
Ankara Mélange. The conformable relationship
of many of the thin Kaleboynu Formation
amphibolites with the surrounding marbles indi-
cates that they were probably intrusive sheets
and/or basic volcaniclastic accumulations in
shallow rifted basins. Like the Ankara Mélange
OIB, the Kaleboynu Formation OIB are alkalic
basalts of within-plate character; only in the
latter case does the geological situation suggest
a different environmental setting — rifted car-
bonate platform relative to that of a seamount.
That rifting had reached the stage of small
basins floored with ocean crust in some cases is
suggested by the presence of MORB composi-
tions within the Kaleboynu Formation meta-
basites.

Overall, the chemistry of the different mag-
matic lithologies in the deformed crystalline
basement (ophiolitic mélange and Kaleboynu
Formation) suggests the admixture at different
stages of what was originally major ocean,
island-arc and rifted continent margin, environ-
ments. The oceanic setting is indicated by
MORB-type compositions typical of spreading
centres with scattered OIB-type seamounts
dominated by alkalic basalts. This type of
ocean floor is distinct from the SSZ character-
istics of the later stratiform ophiolites. On
subduction, the seamounts were fragmented
and incorporated into the forearc accretionary
prism. A few basaltic (as well as felsic) clasts
within the ophiolitic mélange were derived from
the overriding active island arc. The continental
margin is represented by the metamorphosed
TAP carbonate platform with associated within-
plate alkalic basalts (Kaleboynu Formation
OIB). The association of minor MORB in this
predominantly continental setting suggests the
development of small rifted submarine basins
partly floored by ocean crust.
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Tectonic model

On the basis of the above geochemical charac-
terization, two features are clear: (1) the strati-
form ophiolites with SSZ features are distinct
from the metabasites in the underlying base-
ment; and (2) both the ophiolitic mélange
metabasite blocks and the concordant Kale-
boynu Formation amphibolites have their corre-
sponding chemical counterparts in different
segments of the Ankara Mélange. The actual
age of the basement metabasites is still a prob-
lem. Part of the Kaleboynu Formation is prob-
ably Triassic and similar in age to the Upper
Karakaya Nappe (‘metamorphic block mél-
ange’) of the Ankara Mélange (Kogyigit 1991),
although it is recognized that they belong to
different crustal blocks — the Taurides and
Sakarya unit, respectively. On the other hand,
the basement ophiolitic mélange is probably
equivalent to the Anatolian Nappe (‘ophiolitic
mélange’) of Middle-Late Cretaceous age.

In many disrupted ophiolitic sequences, a
metabasite block-bearing mélange tectonically
underlies an ophiolite nappe with its attendant
thrust-bound metamorphic sole (Parkinson
1996; Parlak 1996), and a genetic relation can

often be demonstrated between the blocks and
the ophiolite. A similar tectonic stacking se-
quence is indicated here for the CACC (Fig. 2),
although the N-MORB-dominated ophiolitic
mélange blocks appear to be chemically unre-
lated to the SSZ-type ophiolites. In the model
below, however, a relationship between the two
magmatic groups is based on the premise that
the MORB-type blocks are representative of an
original (and older) oceanic crust on which the
later SSZ-type ophiolites developed.

The following tectonic model (illustrated in
Fig. 11) is based on the geochemical interpret-
ation of the data above and attempts to inte-
grate the CACC into a broad model for the
development of the Neotethys Ocean (e.g.
Robertson et al. 1991; Yilmaz et al. 1997). A
number of stages are envisaged:

o The northern margin of Gondwanaland rifted
in the Late Triassic with the eventual de-
velopment of small ocean basins. The associ-
ation of volcanic rocks and carbonates of
Triassic age indicate that the marginal plat-
forms were being subjected to an extensional
regime at this time. The concordant OIB-type
metabasites (mainly alkali basalts) of the
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Fig. 11. Cartoon illustrating the closure of the Izmir—-Ankara-Erzincan (I-A-E) Ocean by the collision of the
CACC with the Sakarya microcontinental block during the Late Cretaceous. The original eruptive settings of
various ophiolitic bodies (SSZ) and metabasites (MORB, OIB) now found in the CACC are exhibited.
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Kaleboynu Formation are evidence for
within-plate rifting, although the presence of
MORB indicates that continental crust at-
tenuation had been sufficient to generate
some true ocean floor during the Triassic.

e By the Early Jurassic and throughout the
Cretaceous, as the Neotethys Ocean gradu-
ally widened, a progression of microcontinen-
tal slices (Sakarya, Kirgehir-CACC), that had
been rifted off Gondwanaland, migrated
northwards towards Eurasia (Fig. 11a). Ac-
cording to Ozgiil (1976), the CACC remained
attached to the carbonate TAP, although
Gorlir et al. (1984) think that these two
blocks were separated by another seaway,
the Inner Tauride Ocean (Fig. 1la). The
CACC block lagged behind the Sakarya
Block and became separated from it by the
Izmir-Ankara-Erzincan oceanic strand. Most
of this ocean was subducted under the
southern active margin of the Sakarya micro-
continent, so that evidence for its existence is
now largely found in tectonic mélanges.
Taken together, metabasaltic blocks in seg-
ments of the Ankara Mélange and the base-
ment ophiolitic mélange record the existence
of MORB, OIB and minor IAB compositions,
typical of forearc accretionary wedges.
MORB compositions represent the subduct-
ing ocean crust, whereas the alkali basalts
were derived either from volcanic seamounts
developed on the ocean floor and/or earlier
rift-related ensialic environments. The huge
rafts of platform carbonate seen in part of the
Ankara Mélange suggest that much of the
alkalic basalt could be associated with the
original Trias rifting, although OIB pillow
lavas intimately associated with Cretaceous
pelagic limestones indicate a true seamount
construct (Floyd 1993). The minor IAB and
subduction-related metafelsic blocks were
probably derived by tectonic erosion of the
subduction zone hanging wall or intersection
of deep-arc faults.

e As the CACC block approached the Sakarya
subduction zone, the intervening ocean crust
was largely subducted, whereas the seamount
constructs and rafted carbonate platforms
were mainly accreted into the trench mél-
ange. By the mid-Cretaceous, the leading
promontories of the CACC carbonate
platform collided with the Sakarya micro-
continent. Deeply subducted material, meta-
morphosed to amphibolite facies, was then
buoyantly disgorged and obducted south-
wards over the CACC margin (Fig. 11b). The
higher grade material (amphibolite facies) is
now represented by the Central Anatolian

Metamorphics of the CACC, whereas the
lower grades (pumpellyite and greenschist
facies) are found in the Ankara Mélange.
Southward stacking of the contents of the
subduction zone took place before the empla-
cement of post-collisional granitoids at c.
95 Ma (Fig. 11b).

e Due to the irregular margin of the advancing
CACC microcontinent after initial collision,
small segments of oceanic crust remained that
had not yet been subducted. It was in these
remnants that the Late Cretaceous (90—
85 Ma) SSZ-type ophiolites would develop
(Fig. 11¢). It is speculated that, on initial
collision, subduction zone roll-back occurred,
thereby inducing extension in the remaining
ocean crust and the development of a new
subduction zone (Fig. 11c). Another possi-
bility is that asymmetric collapse of any
remaining spreading ridge in the oceanic
segment engendered a subduction zone (e.g.
Clift & Dixon 1998). Either way, an incipient
arc developed with a limited degree of back-
arc spreading — environments which are now
represented by the SSZ ophiolites and the
Cankirt Basin pillow lavas, respectively. This
phase lasted between 5 and 10 Ma.

e Further compression produced slicing and
imbrication of the SSZ oceanic lithosphere
and the eventual obduction of ophiolitic
fragments over the CACC metamorphic
basement (Fig. 11c). The whole sequence
was then intruded by late granitoids at
c. 76 Ma.

In conclusion, the CACC and the Ankara
Mélange are considered to represent variably
tectonized and subducted oceanic lithosphere
and continental carbonate platform that were
subsequently ejected from an accretionary—
subduction complex on collision with the
Sakarya microcontinent.
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