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ABSTRACT

The Pinarbg ophiolite is located in Central Anatolia and emplaced onto the Tauride platform in Late Cretaceous. It comprises remnants of lower part of
oceanic lithosphere, namely mantle tectonites tectonically underlain by high-grade metamorphic sole rocks and ultramafic to mafic cumulates. Number of isc
lated microgabbro-diabase and pyroxenite dikes cut the mantle tectonites at different structural levels. The mantle tectonites are dominated by harzburgite ¢
dunite, whereas the cumulates consist of wehrlite, clinopyroxenite, olivine gabbro, troctolite and gabbronorite. The metamorphic sole rocks igithe Pinarba
ophiolite crop out as thin slices beneath the sheared serpentinites and display inverted metamorphic gradient from amphibolite to greenschist facies. The rc
types in the metamorphic sole are calcschists, epidote + plagioclase + amphibole schists, plagioclase + amphibole schists, amphibole schists, plagioclase
phibolites, amphibolites. The isolated microgabbro-diabase dikes are tholeiitic in character (Nb/Y = 0.03-0.07). The REE patterns, multi-element and tectonc
magmatic discrimination diagrams suggest that the isolated dikes formed in a subduction-related environment. The metamorphic sole rocks exhibit two di
tinct geochemical features. The first group is alkaline (Nb/Y = 1.5-2.6), whereas the second group is tholeiitic (Nb/Y = 0.05-0.22) in nature. The REE pat:
terns, multi-element and tectonomagmatic discrimination diagrams suggest that the protholith of the first group is similar to within-plate alkali basalts, where
as the second group is more akin to island arc tholeiitic basalts. All the evidences suggest that thedpimatite and the isolated dikes formed in a supra-
subduction zone tectonic setting. The alkaline amphibolites were formed as a result of metamorphism of the seamount type basaltic rocks in intraoceanic st
duction zone whereas the tholeiitic amphibolites were formed as result of intraoceanic thrusting in a supra-subduction zone (SSZ) basin during the closure
the Inner Tauride Ocean in Late Cretaceous.

INTRODUCTION The ophiolite-related metamorphic rocks in the eastern
Mediterranean region have been extensively used to better
In the Anatolia (Turkey) several east-west trending ophi- understand P-T-t history and nature of the material accreted
olitic bodies separated by carbonate platforms, metamorphido the base of the mantle tectonites during intraoceanic sub-
massifs and sedimentary basins crop out. These ophioliteduction/thrusting of oceanic lithosphere (Lanphere et al.,
are remnants of the Neotethyan oceanic domain which1975; Spray and Roddick, 1980; Lanphere, 1981; Spray,
opened in Late Triassic and closed in Late Cretaceous bei984; Gnos and Peters, 1993; Onen and Hall, 1993; Hacker,
tween the Eurasian and Afro-Arabian plat§sngér and 1994; Parlak et al., 1995; Dilek et al., 1999). The protolith
Yilmaz, 1981; Robertson and Dixon, 1984; Dilek and of the metamorphic rocks show wide range of magma types,
Moores, 1990). The ophiolites of the eastern Mediterranearsuggesting WPB, MORB and IAT geodynamic environ-
region in southern Turkey are located along two lineamentsments (Onen and Hall, 1993; Parlak et al., 1995; Floyd et
namely the “Bitlis-Zagros suture zone” and the “Tauride al., 2000; Celik and Delaloye, 2003). The isolated dikes are
belt”. The Bitlis-Zagros suture zone includes complete andcompositionally similar to island arc basalts and basaltic an-
undeformed oceanic lithospheric remnants of southerndesites (Lytwyn and Casey, 1995; Parlak and Delaloye,
branch of Neotethys such as Troodos in Cyprus, Kizildag 1996; Dilek et al., 1999; Parlak, 2000; Celik and Delaloye,
Turkey and Baer-Bassit in Syria (Fig. 1). By contrasts, the2003). Conventional K-Ar anéPAr-3°Ar age dating have
Tauride belt is characterized by dismembered ophiolitic been extensively used on the metamorphic soles and isolat-
units rooted to the north of Tauride platfor§efgor and  ed diabase dikes from the Upper Cretaceous ophiolites in
Yilmaz, 1981; Dilek and Moores, 1990). These ophiolites Turkey in order to constrain the age of intraoceanic thrust-
are, from west to east, the Lycian, Belyir-Hoyran, Aliho- ing and magmatism within the Neo-Tethyan oceanic basins
ca, Mersin, Pozanti-Karsantl and Pinarlaphiolites (Fig. before obduction onto continental margins (Thuizat et al.,
1) (Juteau, 1980). The Tauride belt ophiolites are associated978; 1981; Dilek and Thy, 1992; Parlak et al., 1995; Parlak
with metamorphic soles and ophiolitic mélanges. Both ophi-and Delaloye, 1996; 1999; Dilek et al., 1999; Celik et al.,
olites and metamorphic soles are intruded by microgabbroic2004). The age of the intraoceanic thrusting has been con-
to diabasic dikes at all structural levels. Available petro- strained between 95 and 90 Ma whereas the age of mafic
graphical and geochemical data on ophiolitic extrusives/in-dike emplacement between 91 and 87 Ma. The age of in-
trusives suggest that the Neotethyan ophiolites in the eastertraoceanic thrusting and mafic dike emplacement through-
Mediterranean region formed in a SSZ-type environmentout the entire Tauride belt occured in a less than 2-3 my
(Pearce et al., 1984; Parlak et al., 1996; 2000; 2002; 2004time span (Parlak and Delaloye, 1999; Dilek et al., 1999).
Yaliniz et al., 1996; 2000a, 2000b; Floyd et al., 2000; The Pinarbg ophiolite, located in the eastern Taurides,
Robertson, 2002; Saccani and Photiades, 2004). is represented by ophiolitic mélange tectonically overlying
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Fig. 1 - Distribution of the Neotethyan ophiolites in the eastern Mediterranean region (after Robertson, 2002).

the Tauride platform carbonates, well-preserved metamor-es mafic volcanics, calciturbidites, radiolarite and chert
phic sole rocks and ophiolitic unit. The ophiolitic units were bearing micritic limestone and cherty limestorgerel,
intruded by microgabbro to diabase dikes (Figs. 2, 3). De-1997a; 1997b. The Domuzdag nappe, having a tectonic con-
tailed study on the geological, geochronological and geo-tact with the Giilbahar nappe at the bottom and ophiolitic
chemical features of the rock units in the Pingrbphiolite mélange at the top, comprises platform type carbonates (Fig.
are lacking. The aim of this paper is (1) to present major and®) deposited between Middle Triassic to Late Cretaceous
trace (including rare earths) element chemistry of the meta{Senel et al., 2002).
morphic sole and isolated dike rocks; (2) to investigate pos- The upper thrust sheet is represented, in ascending order,
sible protoliths of the accreted material to the base of mantldoy an ophiolitic mélange, a metamorphic sole and an ophio-
tectonites during intraoceanic thrusting; (3) to give new iso-lite sequence (Figs. 2, 3). The Upper Campanian-Maas-
topic age dating (K-Ar) of the metamorphic sole; and (4) to trichtian, unmetamorphosed ophiolitic mélange includes a
outline the geodynamic setting of the Pinarlmphiolite wide range of igneous, metamorphic and sedimentary
during evolution of the Neotethyan oceanic area within theblocks enclosed in serpentinitic to pelitic matrix (Erkan et
eastern Mediterranean tectonic frame. al., 1978). The igneous rocks in the mélange include serpen-
tinized harzburgitic to dunitic tectonites, gabbroic cumu-
lates, diabase dikes and volcanics. The metamorphic rocks
in the mélange are represented by amphibolites. The sedi-
mentary rocks are dominated by volcanogenic sandstone, ra-
The Pinarbg ophiolite exposed in the eastern Tauride diolarite and shale. The ophiolitic mélange, tectonically
belt, crops out in an area of approximately 506 k&% km overlain by metamorphic sole rocks near Blyukgurlegen in
in length and 20 km in width) in the southern part of central the central part of the study area, is in turn thrust onto the al-
Anatolia (Turkey). An imbricated stack of allochthonous lochthonous units of the Tauride platform to the south (Fig.
thrust sheets lies tectonically on the eastern Tauride au2). The metamorphic sole is tectonically sandwiched be-
tochthonous units (Blumenthal, 1947; Tekeli et al., 1983; tween overlying harzburgitic tectonites and underlying ophi-
Polat and Casey, 1995). The allochthonous units can be dielitic mélange at Buytkgurlegen (Figs. 2, 3). Its thickness
vided into two, namely platform type carbonate-dominated varies between 250 and 300 meters. The metamorphic sole
lower thrust sheet and ophiolite related upper thrust sheet. displays inverted metamorphic zonation, grading from am-
The Tauride autochthon in the eastern Tauride belt is repphibolite facies directly beneath the highly sheared harzbur-
resented by Geyikdag unit of Ozgiil (1976). This tectonos-gitic tectonite to greenschist facies near the mélange con-
tratigraphic unit comprises rock assemblages ranging in ageact. The whole metamorphic sole is characterized by well
from Cambrian to Eocene. The lower allochthonous units indeveloped foliation at both mesoscopic and microscopic
the study area include, from bottom to top, Gilbahar andscales within the amphibolite and greenschist facies rocks
Domuzdagnappes respectively (Figs. 2, 3). The Gilbahar (Fig. 4a, b). The foliation patterns vary between 330/50NE
nappe rests tectonically on the Tauride autochthon in theand 045/35SE. The Pinagbaphiolite crops out mainly in
southern part of the study area (Fig. 2) and ranges in agéhe northern part of the study area and is represented by
from Middle Triassic to Late Cretaceous. This unit compris- lower parts of an oceanic lithosphere. Except sheeted dikes

GEOLOGICAL SETTING
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Fig. 2 - Geological map of the Pinagbaphiolite and tectonostratigraphic units in the eastern Tauride belt.
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and volcanics, it comprises harzburgitic to dunitic tec-
tonites, ultramafic and mafic cumulates. Swarms of mafic g
dikes cut the mantle tectonites at all structural levels (Figs.

2, 3). Although dike emplacement within the metamorphic 4 .

sole rocks of the Tauride belt ophiolite were reported in — H: COVER SEDIMENTS

number of studies (Parlak et al., 1995; Parlak and Delaloye ¢ j G : MAFIC CUMULATES

1996; Polat and Casey, 1995; Celik and Delaloye, 2003; L =

Dilek et al., 1999) the dikes are not observed in the meta- R kz Cabbrymm e

morphic sole rocks of the Pinagbaphiolite. e 5 il
The oldest unit unconformably covering the Pinarba - 4 : Pegmatitic dyke

ophiolite represented by Paleocene conglomerate, pebbl
sandstone, sandstone and limestone, deposited in an en
ronment transitional between alluvial fan and lagoon (Erkan
et al., 1978) (Fig. 2). This indicates that the emplacement
age of the Pinarlaophiolite pre-dated the Paleocene.

F: ULTRAMAFIC CUMULATES

1 : Vehrlite
2 : Pyroxenite

E : TECTONITES

1 : Dunite
2 : Chromite
PETROGRAPHY 3 : Gabbro-diabase dike
4 : Pyroxenite dike
The Pinarbagl ophiolite is represented by mantle tec- 5 : Harzburgite
tonites, ultramafic to mafic cumulates. The mantle tectonites

. . . . D : METAMORPHIC SOLE
are intruded by the microgabbro-diabase and pyroxenite

dikes. The mantle tectonites are represented by harzburgite Amphibolite
and dunites. The harzburgite shows granular texture anc C: MELANGE
contains subhedral to unhedral olivine (75-80%) with a
grain size between 0.7 and 1.7 mm, orthopyroxene (20- 1 : Limestone )
25%) with a grain size between 0.4 and 2.5 mm and ifsoe;gif)’];f‘;f:cfa*""
chromite (< 1%) with a grain size up to 0.7 mm. The dunitic 4 : Amphibolite
layers in the Pinarlaophiolite, showing high amount of 5 : Gabbro

6 ; Yolkanic rocks

chromite, are represented by euhedral to unhedral olivine
(95%) with a grain size between 0.8 and 1.7 mm and euhe
dral to subhedral chromite (5%) with a grain size between
0.5and 1.2 mm.

The cumulate rocks are wehrlite, clinopyroxenite, trocto-
lite, olivine gabbro and gabbro. The wehrlite has adcumu-
late texture and comprises clinopyroxene (55-60%) with a WV
grain size between 0.4 and 2.7 mm, and totally serpentinizet 7!-5’7{["

.;_-I'Il ||I

B : TAURIDE ALLOCHTHONOUS
UNITS

A : TAURIDE AUTOCHTHONOUS
UNITS

LT T

-v

olivine (40-45%). The clinopyroxenite has adcumulate tex-
ture and consists of clinopyroxene (> 90%) with a grain size
O.f 0.6 to 4.5 mm and ortho'p)_/roxe'ne (> 10%) with a Qra'n Fig. 3 - Synthetic log of the Pinagbaphiolite and related tectonostrati-
size of 1.5 to 3.5 mm, containing clinopyroxene exsolutions. graphic units.
The troctolite exhibits mesocumulate texture and is made uf
of subhedral to unhedral plagioclase (65-70%) with a grain
size of 0.5 to 1.8 mm and of euhedral to subhedral serpengabro-diabase dikes exhibit 20 cm to 2 m thickness and
tinized olivine (30-35%) with a grain size of 0.3 to 1 mm. have subophitic texture (Fig. 4e, f). They comprise plagio-
The olivine gabbro displays an orthocumulate texture and isclase (60-65%) with a grain size of 0.3 to 1 mm and
represented by subhedral serpentinized olivine (10-15%)linopyroxene (35-40%) filling the gaps between plagio-
with a grain size of 0.3 to 1.3 mm, subhedral to unhedralclases (Fig. 4f). The clinopyroxenes are partly transformed
clinopyroxene (25-30%) with a grain size of 0.3 to 1 mm, to amphibole.
subhedral to unhedral plagioclase (60-65%) with a grain The metamorphic sole rocks of the Pinarbaphiolite
size of 0.6 to 1.3 mm and opaque minerals. The gabbro hasomprise five mineralogical associations. These are (1) am-
a mesocumulate texture and is characterized by subhedral fohibolite, (2) plagioclase-bearing amphibolite, (3) plagio-
unhedral plagioclase (70-75%) with a grain size of 0.3 to 1.5clase + amphibole schist, (4) epidote + plagioclase + amphi-
mm, subhedral clinopyroxene (20-25%) with a grain size of bole schist and, (5) calcschist. The amphibolite displais gra-
0.3-1.2 mm and unhedral orthopyroxene (5-10%) with anoblastic texture and is exclusively characterized by green
grain size of 0.5-1.3 mm. hornblende (0.3- 1.5 mm). The plagioclase amphibolite
The dikes in the Pinarbaophiolite are quite common rocks show a granoblastic texture represented by euhedral to
and characterized by microgabbro-diabase and pyroxenitesubhedral brown hornblende (75%) with a grain size of 0.2
The dikes have a sharp contact with host rocks and there i® 1.2 mm, subhedral plagioclase (25%) with a grain size of
no chilled margins (Fig. 4). The pyroxenite dikes have a0.2 to 1.2 mm, epidote and opaque minerals. The plagio-
thickness ranging from 10 to 50 cm and show granular tex-clase + amphibole schist displays nematoblastic texture and
ture (Fig. 4c, d). They are made up of unhedral orthopyrox-exhibits well developed foliation due to the preferred orien-
ene (30-35%) with a grain size of 5.8 mm, unhedral clinopy-tation of hornblende (0.4 to 1.3 mm in size) and plagioclase
roxene (65-70%) with a grain size of 0.3 to 4.5 mm and sub-0.2 to 0.4 mm in size). The epidote + plagioclase + amphi-
hedral to euhedral chromite (~ 1%) (Fig. 4d). The micro- bole schist shows nematoblastic texture characterized by
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epidote (15-20%) with grain size of 0.3 mm, plagioclase mined from a LiBQfusion by ICP-MS by using 5 grams of
(20-25%) with grain size of 0.3 to 0.6 mm and green to sample pulp. The results of the analyses are presented in Ta-
brown hornblende (55-60%) with a grain size of 0.2 to bles 1 to 3. Two amphibole separates (P217G and P225A)
1mm. The calcschist comprises alternations of calcite,from the metamorphic sole were used for K-Ar isotopic age
guartz and amphibole mineral assemblages. dating in Geochronology and Isotopic Geochemistry Lab of
the Acme Analytical Laboratories Ltd in Canada. The K
concentration was performed by ICP and the argon analysis
ANALYTICAL METHOD was performed using the isotope dilution procedure on no-
bel gas mass spectrometry. The data is presented in Table 4.
A total of 30 samples from the metamorphic sole rocks
(14) and isolated mafic dikes (16) were analysed for major

and trace (including rare earths) elements in Acme Analyti- GEOCHEMISTRY
cal Laboratories Ltd in Canada. Major element contents
were determined from a LiB@usion by ICP-ES by using 5 The major, trace and rare earth element contents of the

grams of sample pulp. Trace element contents were detemetamorphic sole rocks and isolated dikes are presented in

Fig. 4 - Field and petrographic views of the metamorphic sole (a and b), pyroxenite (c and d) and diabase (e and f) dikes intiopfiatiéeba
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Tables 1 to 3. While most amphibolites have low LOI (< with the exception of one sample 1.8 ppm), Nb (0.8 to 2
2%), others contain LOI ranging up to 7.2% and isolatedppm), Y (23.3 to 34.3 ppm with the exception of one sample
dikes have variable LOI ranging from 1.9 to 6.2%, suggest-3.6 ppm), Th (0.1 to 0.5 ppm), Hf (1.4 to 2.6 ppm), JJiO
ing that the wide variation in LOI is a crude measure of the(0.13 to 1.54 wt.%), J©_ (0.02 to 0.13 wt.%) are very simi-
degree of alteration and reflects the contribution by sec-lar to the tholeiitic amphibolites of the Pinagbaphiolite.
ondary hydrated and carbonate phases (Tables 1 and 2). ARatios of some selected incompatible elements also suggest
teration can be expected to have caused selected elemetitat the isolated dikes and tholeiitic amphibolites may have
mobility, especially involving the large-ion-lithophile (LIL) been originated from a same magma source, differently
elements (Hart et al., 1974; Humphris and Thompson, 1978from the alkaline amphibolites (Tables 1 and 2).
Thompson, 1991). Characteristic magmatic inter-element The rock classification diagram of Pearce (1996) based
relationships are often maintained by those elements that aren Zr/Ti versus Nb/Y shows that the metamorphic sole
considered relatively immobile during alteration, such asrocks and isolated dikes are exclusively basaltic in composi-
high field strength (HFS) elements and the rare earth eletion, except one trachyandesitic sample in alkaline amphibo-
ments (REE) (Pearce and Cann, 1973; Smith and Smithlites (Fig. 6).
1976; Floyd and Winchester, 1978). The interpretation of The Fig. 7 illustrates the diversity in the amphibolites in
magmatic relationships and sources is thus dependent oterms of variable Ti/V and Zr/Y ratios. For example, the al-
these elements. Under some circumstances, such as the ekaline amphibolites are characterized by high Ti/V (47.96 to
tensive carbonatization of metabasites, even the REE an89.92) and Zr/Y (5.97 to 14.03) ratios whereas the tholeiitic
HFS elements can be mobilized or their abundance dilutecamphibolites present low Ti/V (20.97 to 34.34) and Zr/Y ra-
(Hynes, 1980), although no carbonate-bearing samples wergos (1.23 to 2.61). The isolated dikes display similar geo-
included in this study. chemical behaviour as the tholeiitic amphibolites in terms of
Based on stable trace element distributions, two geo-Ti/V (18.36 to 25.15, except one sample with 7.42) and Zr/Y
chemically distinguishable igneous suites have been recogf2.06 to 2.47, except one sample with 0.5) ratios (Fig. 7).
nized within the metamorphic sole rocks of the Pinarba The Fig. 8a presents two ratios (Ce/Y vs Zr/Nb) of pairs
ophiolite (Fig. 5). The Nb/Y versus Ti/Y diagram of Pearce of elements of different degrees of incompatibility. On this
(1982) clearly shows that the amphibolites are characterizegblot, the extension of melting increases from upper left to
by both tholeiitic and alkaline protoliths, displaying similar- lower right. Thus the protolith of the alkaline amphibolites
ities to the other metamorphic soles beneath the Taurides thought to have been formed as a result of smaller degrees
ophiolites (Parlak et al., 1995; Celik and Delaloye, 2003; of melting whereas the protolith of the tholeiitic amphibo-
Lytwyn and Casey, 1995) (Fig. 5). The alkaline amphibo- lites show higher degrees of melting. The isolated dike sam-
lites comprise high amount of Zr (111 to 501 ppm), Nb ples also show higher degrees of melting as tholeiitic am-
(32.7 to 95.8 ppm), Y (18.6 to 44.2 ppm), Th (1.3 to 9.9 phibolites (Fig. 8a). Ce/Sm versus Sm/Yb ratios are plotted
ppm), Hf (3.6 to 9.8 ppm), TigY2.15 to 4.21%) and B, in Fig. 8b together with OIB and MORB compositions. The
(0.23 to 0.9%) relative to the tholeiitic amphibolites (Zr: high Sm/Yb and Ce/Sm ratios of the alkaline amphibolites
34.2 to 75.5 ppm, Nb: 1.4 to 6.8 ppm, Y: 17.7 to 30.7 ppm,suggest that they were derived from melting of OIB-like en-
Th: 0.1 to 0.4 ppm, Hf: 1 to 2.1 ppm, Ti®.68 to 1.33%, riched mantle source whereas the low Sm/Yb and Ce/Sm ra-
P,0.:0.08 to 0.17%) (Table 1). tios of the tholeiitic amphibolites and isolated dikes suggest
The isolated dikes cutting the mantle tectonites arederivation from a more depleted MORB-like mantle source
tholeiitic in nature as dikes in the other Tauride ophiolites (Fig. 8b).
(Parlak et al., 1995; Parlak and Delaloye, 1996; Lytwyn and The chondrite hormalized REE patterns of the metamor-
Casey, 1995; Celik and Delaloye, 2003) (Fig. 5), and thephic sole rocks and isolated dikes are presented in Fig. 9.
concentrations of elements such as Zr (48.3 to 84.8 ppnThe isolated dikes have slightly LREE-depleted to flat, un-
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Fig. 5- Ti/Y versus Nb/Y diagram for the metamorphic soles and isolated

dikes of the Pinargaophiolite (after Pearce, 1982). Field of metamorphic  Fig. 6- Rock classification diagram for the metamorphic soles and isolated
soles and mafic dikes from the Tauride ophiolites are from Parlak et al. dikes from the Pinarlgaophiolite (after Pearce, 1996). Data for the meta-
(1995), Lytwyn and Casey (1995), Dilek et al. (1999), Parlak (2000) Celik morphic soles and mafic dikes from the Tauride ophiolites are the same as
and Delaloye (2003). in Fig. 5.
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Fig. 7 - Characterization of metamorphic sole rocks and isolated diabase 0 © Allcaline amphibolite
dikes in terms of variable Ti/V (a) and Zr/Y (b) ratios. 0 ) A ) é N 1'2 ’ 16

differentiated patterns (l&rb=1.05 to 0.73) and display Ce/Sm
similar REE patterns to isolated dike in the Tauride belt Fig. 8- Source characteristics and degree of partial melting based on (a)
ophiolites (Parlak et al., 1995; Lytwyn and Casey, 1995; Ce/Y versus Zr/Nb and (b) Ce/Sm versus Sm/Yb diagrams for the meta-
Parlak and Delaloye, 1996; Celik and Delaloye, 2003). morphic soles and isolated dikes in the Pingrbahiolite. Data for the
These mainly flat-lying REE patterns are typically found in metamorphic_ soles and mafic dikes from the Tauride ophiolites are the
island arc tholeiitic series, namely in Papua New Guinea,SaMe asinFig. 5.
Solomon Island, Macquarie Island (Jakes and Gill, 1970),
and suprasubduction zone type ophiolites in Turkey (Parlak
1996; Parlak et al., 2000; 2004; Parlak and Robertson, 2004Rb, Ba, Th, K) elements, (b) positive Sr and Pb anomalies,
Yaliniz et al., 1996; 2000a; 2000b). The metamorphic sole(c) negative Nb and P anomalies and (d) flat patterns of
rocks display two distinct REE patterns (Fig. 9b). The alka- HFS elements relative to N-MORB (Fig. 10a). Th within the
line amphibolites exhibit LREE enriched patterns,(lvd, LIL element group is a relatively stable and reliable indica-
= 10.78 to 17.42) whereas the tholeiitic ones exhibit flat tor, whose enrichment relative to other incompatible ele-
REE patterns (LgYb, = 0.75 to 2.27). The alkaline amphi- ments is taken to represent the subduction zone component
bolites display similarity to LREE-enriched patterns of (Wood et al., 1979; Pearce, 1983). Moreover, the negative
ocean island basalts (Sun and McDonough, 1989) whereablb anomaly may indicate a subduction-related tectonic set-
the tholeiitic amphibolites are more akin to flat-lying REE ting for the isolated dikes (Arculus and Powel, 1986; Yo-
patterns of basaltic rocks formed in a subduction related setgodzinski et al., 1993; Wallin and Metcalf, 1998). The alka-
tings. These two REE patterns are common in other metaline amphibolites can be directly compared chemically with
morphic soles beneath the Tauride belt ophiolites, which areocean island basalt (OIB) and show similar multi-element
interpreted as basaltic volcanics formed in mid-ocean ridgepatterns to the amphibolites from the base of the Tauride
(MORB), within plate (WPB) and island arc (IAT) settings belt ophiolites (Sun and McDonough, 1989; Parlak et al.,
and were metamorphosed during intraoceanic subduction ir1995; Lytwyn and Casey, 1995; Celik and Delaloye, 2003)
Neotethyan oceanic basin (Parlak et al., 1995; Lytwyn and(Fig. 10b). The tholeiitic amphibolites exhibit many similar-
Casey, 1995; Dilek et al., 1999; Celik and Delaloye, 2003). ities to the isolated mafic dikes in terms of LIL element (i.e.
The N-MORB normalized multi-element diagrams for Rb, Ba, Th, K) enrichment, Nb depletion, flat patterns of
the isolated dikes, alkaline and tholeiitic amphibolites are HFS elements relative to MORB (Fig. 10c). All the evi-
presented in Fig. 10. Some features stand out for the isolatedence suggests that the protolith of the tholeiitic amphibo-
dikes in the Pinarlaophiolite: (a) enrichment in LIL (i.e. lites were formed in a subduction related setting.
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from Sun and McDonough, 1989). Data for the metamorphic soles and Z 10-—5
mafic dikes from the Tauride ophiolites are the same as in Fig. 5. % pt
= B
-

The Fig. 11a presents Nb/Th ratio versus Y for the isolat-
ed dikes in the Pinarbaophiolite as well as the dikes in
other Tauride ophiolites. It is clear that Nb/Th ratio records 0.1
the development of the negative Nb anomaly as seen in the
multi-element diagram (Fig. 10a). This suggest that the iso-Fig. 10 - N-MORB normalized spider diagram for the isolated diabase
lated dikes of the Pmarg]aophiolite formed in a subduction dikes (&), alkglipe amphibqli_tes (b) and tholeiitic amphibolites (c) of the
related environment (except one sample), consistent WitI,Plnarbgl ophiolite (normalizing values are from Sun and McDonough,

. . . L . 1989). Data for the metamorphic soles and mafic dikes from the Tauride
other mafic dikes of the Tauride ophiolites (Fig. 11a). The ;pigites are the same as in Fig. 5.

Th/Yb versus Ta/Yb ratio-ratio plot is designed to discrimi-
nate between depleted mantle (MORB) and enriched mantl
(intraplate) sources (Pearce, 1982). Addition of a subductiorbranches of oceanic basins separated by continental frag-
chemical component by slab-derived fluids/melts results inments and platform carbonates. These are northern Neo-
an increase in Th/YDb in the mantle source as shown by thdethys, southern Neo-Tethys and Inner Tauride ocgem-(
arrow in Fig. 11b. On this plot the metamorphic sole rocks gor and Yilmaz, 1981; Robertson and Dixon, 1984; Gorur et
of the Pinarbasi ophiolite exhibit two different magma al., 1984; Dilek et al., 1999). The Pinagbaphiolite is lo-
sources. The first one is characterized by enriched mantle€ated within the Tauride belt in southern Turkey. Although
source/intraplate basalts and the second one is representédere have been number of studies on the origin of the Tau-
by depleted mantle source modified by addition of subduc-ride ophiolites, their root zone is still debatable. Goncilioglu
tion component (Fig. 11b). In terms of the chemical dis- et al. (1996-1997) suggested that the Tauride ophiolites
crimination of tectonic environment, the differences and formed in suprasubduction zone tectonic setting in the north-
similarities between the alkaline, and tholeiitic amphibolites ern branch of Neotethys and were thrust onto theekir-
and mafic dikes are exhibited in Fig. 12. Zr/Y versus Zr dia- Nigde metamorphic massifs, then onto the Bolkardag/
gram of Pearce and Norry (1979) and Nb-Zr-Y triangular Aladag carbonate platforms, in the Late Cretaceous (Fig.
diagram of Meschede (1986) show that the tholeiitic amphi-13). According to some models, all the Upper Cretaceous
bolites and mafic dikes plot in suprasubduction zone tecton-Tauride ophiolites are interpreted as remnants of a single
ic setting whereas the alkaline amphibolites plot in the with- vast ophiolite thrust sheet generated within Neotethys, to the
in plate environment (Fig. 12a, b). north of Tauride carbonate platform, the Inner Tauride
Ocean of Gorlr et al. (1984) (Ozgul, 1976; 1984; Monod,
1977;Sengdr and Yilmaz, 1981; Lytwyn and Casey, 1995;
DISCUSSION Polat and Casey, 1995; Polat et al., 1996; Dilek and Whit-
ney, 1997; Collins and Robertson, 1998; Dilek et al., 1999;
The Upper Cretaceous Neotethyan paleogeography of théarlak and Robertson, 2004). They concluded that the Tau-
eastern Mediterranean region suggests three differentide ophiolites formed above a N-dipping intra-oceanic sub-
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Fig. 11- (a) Nb/Th versus Y diagram (after Jenner et al. 1991), showing
the typically arc-like signature of the isolated diabase dikes. (b) Ta/Yb ver-
sus Th/Yb diagram (after Pearce, 1982) for the metamorphic sole rocks anc
isolated dikes of the Pinarpeaophiolite. Data for the metamorphic soles
and mafic dikes from the Tauride ophiolites are the same as in Fig. 5.

duction zone (SSZ-type) between the Anatolides to the nortt
and Tauride carbonate platform to the south (Fig. 13). There
are number of lines of evidences, supporting that the ophio-
lites emplaced over the Tauride carbonate platform were de Zr/4 Y
rived from an oceanic basin Iocate_d between the TaurideFig. 12 - Tectonomagmatic discrimination diagrams for the metamorphic
platform to the south and the Anat.O“deS t(.) t.he north. T.hesesole rocks and isolated diabase dikes of the Pigiadpdhiolite. (a) after

are as follows: the Central Anatolian ophiolites may differ pearce (1979) and (b) after Meschede (1986).

lithologically and chemically from those emplaced onto the

Tauride platform. There are a number of isolated dismem-

bered ophiolites, structurally above the g¢hiir and Nigde  Elitok, 2001; Celik and Delaloye, 2003). Dilek and Whitney
metamorphic massifs (Yaliniz and Gonciioglu, 1998; Floyd(1997) and Okay (1989) mentioned the presence of HP/LT
et al., 2000). The overall stratigraphy is as follow: the ophio- metamorphics locally along the northern edge of the Bolka-
lite begins with ultramafic rocks overlain by layered and rdagplatform and in Tasanli (Kiitahya) region, suggesting
isotropic gabbros, followed by plagiogranite, then dolerite that the leading edge of the Tauride platform was subducted
dykes, pillow basalts and acidic extrusives. An epiophiolitic and exhumed. Robertson (2002) suggests that if the
sediment of middle Turonian-early Santonian age is givenKirsehir/Nigde metamorphics was belonging to the Tauride
by Yaliniz (1996). Both ophiolites and overlying sediments platform, a large amount of continental crust would have to
were then intruded by postcollisional quartz monzonite dat-be subducted. There is a very scarce evidence of regional
ed at 81-67 Ma (Yaliniz et al., 1999). Geochemical data in-HP/LT metamorphism within the Kgehir/Nigde metamor-
dicate that the basalts and dolerites of the volcanic sequencehic units. The geological setting and the geochemical fea-
are of IAT type, whereas the subsequent dolerite dikes havéures of the Tauride ophiolites suggest the existence of an
compositions more akin to N-MORB (Yaliniz et al., 1996). oceanic basin from Late Triassic to Late Cretaceous located
The Tauride ophiolites display more intact ophiolite stratig- between Tauride platform to the south and the Anatolides to
raphy. A thick pile of residual mantle section dominated the north (Fig. 13).

mainly by harzburgite are tectonically underlain by dy-  The Neotethyan ophiolites in the eastern Mediterranean
namothermal metamorphic soles exhibiting inverted meta-region are of supra-subduction zone type (Pearce et al.,
morphic gradient from amphibolite to greenschist facies, 1984; Robertson, 1998; 2002). The opening of the South At-
well-preserved ultramafic and mafic cumulates with a thick- lantic in the Early Cretaceous resulted in a very rapid con-
ness over 3 km, isotropic gabbros, basaltic pillow lavas andvergence between Eurasia and Africa (119-95 Ma) in the
associated sediments. Isolated dolerite/diabase dikes intrudFethyan region (Dewey, 1988). This convergence regime
ed the Tauride ophiolites and their structurally underlying originated the inception of the intraoceanic subduction in
metamorphic soles. Both the basaltic rocks in the volcanicthe Neotethyan ocean basins. During this intraoceanic sub-
sequence and the isolated diabase dikes intruding ophioliteguction the oceanic crust, formed between the Late Triassic
are of IAT type (Parlak and Delaloye, 1996; Parlak, 2000; and the Early Cretaceous, was metamorphosed and accreted
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to the base of the overriding oceanic lithosphere, forming Table 4 - K-Ar isotopic age results of the amphibolites from
the metamorphic soles beneath the Neotethyan ophioliteithe metamorphic sole rocks.

between Yugoslavia and Oman. As subduction proceded.

the supra-subduction zone type ophiolites were formed

above the north dipping subduction zones in different sample AT, TG %K % 40Ar Age (Ma)
oceanic basins of the Mediterranean region and followed byr217c 2.07 0.49 10.90 1073 + 30
emplacement of nappes of ophiolites, metamorphic solesf22A 172 043 1140 1022 + 29

and ophiolitic mélanges, onto platforms. K-Ar isotopic age

determinations on two amphibole separates from the meta

morphic sole rocks at the base of the Pingrbahiolite

yielded ages ranging from 102.2+2.9 to 107.3+3 Ma (Tabledifferent part of the Neotethyan oceanic domains such as
4). These ages are older than those of Mersin (Parlak anthe Mersin ophiolite mélange (Parlak et al., 1995; Parlak
Delaloye, 1999; Dilek et al., 1999), Aladag (Dilek et al., and Robertson, 2004) and the North Anatolian ophiolitic
1999), Lycian, Antalya and Beghir (Celik et al., 2004) mélange (Rojay et al., 2001). These rocks are Late Juras-
ophiolites determined b$PAr/3°Ar technique. These older sic-Early Cretaceous in age and suggest the presence of a
ages determined by the K-Ar method may suggest the efseamount which has been thought to be metamorphosed in
fects of excess Ar in the samples (Table 4) and should bemphibolite facies during intraoceanic subduction. The
treated by caution. We believe that if the samples had datedAT type basaltic rocks are expected to be sited in the up-
by “°Ar/3°Ar method the effects of excess Ar would be elim- per part of the overriding ophiolite pseudostratigraphy.
inated and yielded more reliable ages. On the other handThese lavas could be interpreted as the protoliths for
the present results overlap the time interval of the comprestholeiitic amphibolites that formed during the intraoceanic
sional regime between Eurasian and African plates (Deweythrusting in the supra-subduction basin, during the closure
1988). of the Inner Tauride ocean in the Late Cretaceous. The age

All the geochemical evidence suggests that theof IAT type volcanics were reported as early-middle Tur-
Pinarbai ophiolite was formed above a north-dipping sub- onian to early Santonian by Yaliniz et al. (2000b). The iso-
duction zone between the Taurides to the south and Analated dikes of the Pinarfgaophiolite are not observed in-
tolides to the north, similar to other ophiolites in the Tau- truding the metamorphic sole rocks. They are only seen in
ride belt. During the intraoceanic subduction or thrusting, mantle tectonites. These dikes exhibit a subduction-related
the SSZ-type volcanic rocks detached from the front of theinfluence and can be interpreted as the product of the earli-
over-riding Pinarba ophiolite and the seamount type alka- est stages of oceanic arc volcanism.
line volcanic rocks from the top of the subducting plate en-
tered into the subduction zone and metamorphosed up to
amphibolite facies. These rocks were then accreted to the CONCLUSIONS
base of the Pinarbaophiolite during obduction onto the
Tauride platform. The geochemistry of the metamorphic  The field, geochemical and geochronological data ob-
sole rocks show that two types of protoliths were involved tained in this study suggest following conclusions:
during subduction/accretion. The first one includes alkaline (1) The Pinarba ophiolite comprises three tectonic units
amphibolites showing within plate basalts (WPB) geo- represented, in ascending order, by the ophiolitic mélange,
chemical affinity whereas the second one consists ofthe metamorphic soles and the ophiolite unit. They exhibit
tholeiitic amphibolites with island arc tholeiite (IAT) affin- similar geological, petrographical and geochemical features
ity. The within plate alkali basalts were reported from the to ophiolites in the other parts of the Tauride belt. Therefore
the Pinarbg ophiolite is believed to have been originated
within the Inner Tauride ocean above a north-dipping sub-
duction zone (SSZ-type) and obducted onto the Tauride
platform in the Late Cretaceous.

(2) The isolated dikes intruding the mantle tectonites ex-
hibit tholeiitic affinity. The major, trace and REE geochem-
istry of the dikes show that they formed in a subduction-re-
lated environment and indicate their derivation from an is-
land arc tholeiite (IAT).

(3) The metamorphic sole rocks beneath the Pigarba
ophiolite crop out as thin slices beneath the sheared serpen-
tinites and display inverted metamorphic gradient from am-
phibolite to greenschist facies. The rock types in the meta-
morphic soles are calcschists, epidote + plagioclase + am-
phibole schists, plagioclase + amphibole schists, amphibole
schists, plagioclase amphibolites, amphibolites.

(4) The metamorphic sole rocks exhibit two distinct geo-
Fig. 13- Simplified paleogeographic sketch map of the eastern Mediter- chemical features. The first group is alkaline (Nb/Y = 1.5-
ranean during Late Cretaceous (from Robertson, 2002). Key to letters: A-2.6), whereas the second group is tholeiitic (Nb/Y = 0.05-
Anta]ya, AES- Ankara-Erzingan sutu_re zone, AM- Ankara Mélapge, AP- 0‘22) in nature. The REE patterns, multi-element and
Apulia, BS- Black Sea marginal basin, C- Cyprus, CO- Carpatian ocean,iatonomagmatic discrimination diagrams suggest that the
IAS- Izmir-Ankara suture zone, ITO- Inner Tauride ocean, K- . . Bt . . .
Kirgehir/Nigde metamorphic massif, M- Menderes metamorphic massif, P- prOtho“th of the first group 1s Slmlla!’ to within _plate, alkali
Pelagonian, PO- Pindos Ocean, R/SM- Rhodope/Serbo-Macedonian, scbasalts, whereas the second group is more akin to island arc
Sakarya metamorphic massif, V- Vardar. tholeiitic basalts.

Latest Cretaceous
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(5) The alkaline amphibolites were formed as a result ofFloyd P.A., Gonctioglu M.C., Winchester J.A. and Yaliniz M.K.,
metamorphism of the seamount type basaltic rocks in intrao- 2000. Geochemical character and tectonic environment of
ceanic subduction zone, whereas the tholeiitic amphibolites Neotethyan ophiolitic fragments and metabasites in the Central

were formed as result of intraoceanic thrusting in a supra- Anatolian crystalline complex, Turkey. In: E. Bozkurt, J.A.
subduction zone (SSZ) basin g P Winchester and J.D.A. Piper (Eds.), Tectonics and magmatism

in Turkey and the surrounding area. Geol. Soc. London Spec.

Publ., 173: 183-202.

Gnos E. and Peters T., 1993. K-Ar ages of the metamorphic sole of
Aknowledgements the Semail ophiolite: implications for cooling history. Contrib.
Mineral. Petrol., 113: 325-332.
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