
introduction

The representatives of the southern Neotethyan (sensu
Sengör and Yilmaz, 1981) oceanic lithosphere are observed
today as a distinct belt of ophiolites and ophiolitic mélanges
that can be followed from the Troodos Mountains in Cyprus
via SE Anatolia to Zagros Mountains and Oman in the East
(Figs. 1 and 2). They were formed during the closure of the
Southern Neotethys Ocean at the end of Mesozoic and Early
Tertiary (e.g., Robertson, 2002; 2004; Robertson et al.,
2007; Göncüoglu et al., 2015). Ongoing compression along
the suture during the Tertiary resulted in a thick pile of
nappes that include oceanic assemblages together with vari-
ably metamorphosed units belonging to the conjugate conti-
nental margins of this ocean (e.g., Göncüoglu et al., 1997).

Within this belt, the mélange complexes are geographi-
cally distributed to the north and south of an E-W trending
zone of metamorphic massifs (e.g., Göncüoglu and Turhan,
1984) including the Pütürge and Bitlis metamorphic massifs
(Fig. 2) in Turkey. From these, the mélanges to the north of
the metamorphic zone are collectively named as the Yük-
sekova Complex (Perincek, 1979). Available data on the
geochemistry of the volcanic rocks within the Yüksekova
Complex suggests on the whole a “supra-subduction-type”
oceanic crust generation (e.g., Parlak et al., 2004; 2009).
However, the tectonic setting of the volcanic rocks within
the supra-subduction zone is not well constrained. More-
over, very few data on their formation ages are available.

In this study we present new petrographic, whole-rock
petrochemical and Sr-Nd-Pb isotopic data for the Yükseko-
va Complex basaltic rocks within the Malatya and Elazığ-
Palu segment from the northern belt of Southern Neotethys.
Our aim is to better-understand their petrogenesis, evaluate
the nature of their source region and to assess their geody-
namic setting. 

GeoLoGicaL framework

In SE Anatolia, between the Mediterranean Sea in the
west and the Iran-Iraq border in the east, disrupted bodies of
oceanic lithosphere origin were already recognised in the
earliest tectonic models (e.g., Sengör and Yilmaz, 1981).
They form a nappe-stack, several km-thick, between the
Malatya-Keban Metamorphics of the Tauride-Anatolide ter-
rane in the north and the Bitlis-Pütürge Metamorphics of the
Arabian Plate in the South. Within this suture belt, distinct
bodies with ophiolitic stratigraphy were separately de-
scribed and named as Göksun, Berit, Ispendere, Kömürhan
and Guleman Ophiolites (e.g., Bingöl, 1984). The mélange
complexes around Hakkari, on the other hand, were initially
included in the ”Yüksekova Complex”, by Perincek (1979).
By definition, the Yüksekova Complex represents an accre-
tional complex and comprises allochthonous bodies derived
from an intra-oceanic arc that developed within the Late
Mesozoic southern Neotethys oceanic branch. Around
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ABSTRACT

The remnants of the Southern Neotethys are represented by ophiolitic bodies and subduction/accretion complexes along the Southeast Anatolian-Zagros
suture belt in the Eastern Mediterranean. Around Malatya and Elazığ areas (SE Turkey), they are found within imbricated slices of a mélange complex, known
as the Yüksekova Complex. The studied basaltic rocks are common members of this mélange complex, and show distinctive features of sources with tholeiitic
to tholeiitic-transitional character. Petrography, whole-rock trace element and isotopic data reveal two different compositional groups. Group I is transitional
between island arc tholeiites and normal mid-ocean ridge basalt, and Group II includes back-arc (BABB), enriched mid-ocean ridge (E-MORB), and ocean is-
land basalt type (OIB) compositions. According to the known Late Cretaceous stratigraphic ages, the studied basaltic rocks have (87Sr/86Sr)i = 0.703666-
0.706394, (143Nd/144Nd)i = 0.512734-0.512927, 208Pb/204Pb = 38.3216-39.3400, 207Pb/204Pb = 15.5018-15.6262 and 206Pb/204Pb = 18.5655-19.3209. In addition,
εNdi values vary between +3.99 and +8.01 with two-stage TDM values ranging from 0.25 to 0.59 Ga. In the Sr versus Nd isotope correlation diagram, most
samples plot along the mantle array line. In the correlation diagrams of 206Pb/204Pb versus 208Pb/206Pb and 207Pb/206Pb, the rock samples also plot nearly on the
Northern Hemisphere Reference Line, similar to Atlantic and Pacific Ocean ridge basalts. As a whole, the isotopic data reveal that the studied rocks were de-
rived from a depleted mantle source. 

When plotted in the conventional tectonic discrimination diagrams based on immobile trace elements, the samples can be related to an arc environment
(Group I basalts), and back arc basin (Group II basalts) developed by generation and maturation of the rifted arc in later stages. This interpretation is support-
ed by ages obtained from pillow lava-radiolarian chert associations indicating that the arc stage was realized during the late Cenomanian-early Turonian, fol-
lowed by Coniacian-early Maastrichtian spreading in a back arc basin within the closing southern branch of Neotethys.
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Elazığ, the same name has been used by several authors
(e.g., Naz, 1979; Perincek and Özkaya, 1981; Bingöl, 1984;
Perincek and Kozlu, 1984; Sungurlu et al., 1985; Turan and
Bingöl, 1991) for the mélange complexes. However, there
are others (e.g., Bingöl, 1982; Özkan, 1983; Aktas and
Robertson, 1984; 1990; Hempton, 1984; Bingöl and Be-
yarslan, 1996) who have used a number of different names
for the same mélange unit. 

The Yüksekova Complex is made of an assemblage of
slide-blocks (Fig. 3), with different sizes and lithologies.
The blocks consist of red-green limestones, shales,
greywackes, tuffs, agglomerates, basalts, diabases, gabbros
and serpentinites. They are enclosed in a sedimentary matrix

comprising shales, coarse-grained sandstones, pebbly-mud-
stones and pebbly-sandstones. The size of the basalt blocks
within the mélange varies in size from a few meters to sev-
eral hundreds of square meters. The most common blocks
are pillow lavas with intra-pillow radiolarian cherts and
mudstones. The pillow lavas are variably altered and cut by
diabase dykes. They include calcite- and zeolite-filled vesi-
cles at the rim of the pillows.

Individual chert and/or micritic limestone sequences
within the volcanic-volcanoclastic units are up to 3-m thick,
brick to red-violet in colour and may comprise dm-thick ra-
diolarian cherts alternating with micritic limestones and
green-red mudstones. The intra-pillow cherts and radiolarian

Fig. 1 - Distribution of the ophiolites and
mélange complexes in the Eastern Mediter-
ranean and location of the study area (after
Göncüoglu, 2014).

Fig. 2 - Geological map showing the distribution of the main oceanic and continental units in the area between cities of Malatya and Elazığ in SE Turkey
(after MTA, 2002).
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cherts between pillow-lava horizons have been studied in
detail by Tekin et al. (2015). Two distinct ages are recog-
nized as late Cenomanian-early Turonian and early Conia-
cian-early Maastrichtian based on the characteristic radiolar-
ian assemblages (Fig. 4). The older ages are restricted to the
Group I basalts that will be described in the following chap-
ters, whereas the younger ones are only found in cherts as-
sociated with Group II basalts. 

The Yüksekova Complex is intruded by granitic rocks,
known as the Baskil Magmatics (for a recent evaluation see
Rizaoglu et al., 2009). The name was originally used for the
granitic rocks intruding the Yüksekova Complex together
with the structurally overlying low-grade metamorphic Pale-
ozoic-Mesozoic successions of the Malatya-Keban unit of the
Tauride-Anatolide terrane (Yazgan, 1984). The radiometric
ages obtained from the Baskil Magmatics range between 85-
82 Ma (Karaoglan et al., 2013) which put an upper age limit
for the mélange formation. The oldest sedimentary cover dis-
conformably overlying the Yüksekova Complex is the Hazar
Group of late Maastrichtian age, which provides another con-
straint for the maximum age of the mélange formation.

anaLyticaL methods

A total of 212 samples were collected from the area be-
tween Malatya and Elazıg cities in SE Turkey (Fig. 5). An
optical microscope study was carried out to determine tex-
tural-mineralogical features of the collected samples, and to
select the freshest samples for geochemical analyses, in or-
der to overcome the most severe seafloor/hydrothermal al-
teration effects. Among samples examined under the polar-

izing microscope, a total of 175 samples from pillow basalt
(115 samples), massive basalt (52 samples), and sub-vol-
canic rocks (8 samples) were chosen and analysed for
whole-rock major, trace and rare earth elements (REE) at
ACME Analytical Laboratory (Vancouver, Canada). Sam-
ples were crushed into small chips using a jaw crusher and
then pulverized using a mild-steel mill. Major and trace ele-
ment compositions were determined by inductively coupled
plasma atomic emission spectroscopy (ICP-AES) from pulp
after 0.2 g of rock powder was fused with 1.5 g LiBO4 and
then dissolved in 100 mL of 5% HNO3. The REE contents
were analyzed by inductively coupled plasma mass spec-
trometry (ICP-MS) after 0.25 g of rock powder samples
were fused and then dissolved by acid digestion steps. The
detection limits range from 0.01 to 0.1 wt% for major ox-
ides, 0.1 to 10 ppm for trace elements, and 0.01 to 0.5 ppm
for the REE. 

The Sr and Nd isotope geochemical measurements were
performed by TRITON Thermal Ionization Mass Spectrom-
eter (Thermo-Fisher) at the Radiogenic Isotope Laboratory
in METU Central Laboratories (Ankara, Turkey), following
the procedure described in Köksal and Göncüoglu (2008).
Uncertainties are in 2 sigma level. The Pb isotopes were
measured by multi-collector inductively coupled plasma
mass spectrometry (MC-ICP-MS) at Pacific Centre for Iso-
topic and Geochemical Research (PCIGR), Department of
Earth and Ocean Sciences the Earth and Oceanic Sciences,
University of British Columbia (Vancouver, Canada). The
reference values are from Weiss et al. (2005; 2006). The
NBS 981 standard and normalization values are 36.7219 for
208Pb/204Pb, 15.4963 for 207Pb/204Pb and 16.9405 for
206Pb/204Pb.
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Fig. 3 - a) General view of the Yüksekova Complex with blocks of serpentinites, pillow-lavas, diabase dykes and radiolarian cherts at Kinederiç ramp on the
Elazığ-Sivrice highway, b) Blocks of pillow lavas to the NW of Maden town, c) Blocks with pillow-lavas, dykes, mudstones N of Caybağı village, d) Close-
up view of pillow lavas and radiolarian cherts in depositional contact in Yaygın village (SW of Malatya). C- radiolarian cherts; D- dykes; M- red-violet mud-
stones; P- pillow-lavas; S- serpentinites. 
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Fig. 4 - Age ranges of the radiolarian cherts
and micritic limestones associated with the
Group I and Group II basalts from the Yük-
sekova Complex in the Malatya and Elazığ
areas (simplified after Tekin et al., 2015).

Fig. 5 - Distribution of basaltic rock samples taken from the Yüksekova Complex between cities of Malatya and Elazığ in SE Turkey. 
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resuLts

Petrography

The majority of Late Cretaceous massive and pillow basic
volcanic and sub-volcanic rocks outcropping around Malatya
and Elazıg regions (Fig. 6) have similar mineralogical and

textural features. In detail, however, two distinct groups can
be identified on the basis of their phenocryst assemblage.
Group I samples are mainly pyroxene- and plagioclase-
phyric, while Group II samples contain pyroxene and plagio-
clase together with olivine. Generally, both Group I and II
rocks show variable degrees of sea-floor/hydrothermal 
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Fig. 6 - Microphotographs of the basaltic rock samples from the Yüksekova Complex. a) glomeroporphyric basalt sample with clinopyroxene and plagioclase
phenocrysts (Caybağı, CB-21; Group I); b) clinopyroxene-phyric basalt (pillow lava) sample with doleritic texture (Sivrice, SIV-5b; Group I); c) massive
basalt sample showing chloritization (North of Hazar Lake; SC-1; Group I), d) amigdaloidal basalt sample with fluidal texture (Palu, PA-3, Group II), e) vari-
olitic texture in clinopyroxene-phyric basalt sample (Pütürge, PT-3; Group II), f) partly serpentinized olivine phenocrysts in olivine-phyric basalt sample
(Maden, MD-13; Group II), (crossed nicols; pl- plagioclase, cpx- clinopyroxene, ol- olivine, cc- calcite, chl- chlorite).
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alteration with formation of sericite, epidote, chlorite and
carbonates.

Group I and II rocks are basalts showing microlitic, mi-
crolitic porphyric, hyalo-microlitic, hyalo-microlitic por-
phyric, amigdaloidal, variolitic, glomeroporphyric textures.
Some volcanic and sub-volcanic rock samples from both
groups show intersertal, intergranular and rarely sub-ophitic
textures (Fig. 6). 

Group I and II samples contain mainly plagioclase and
lesser amounts of ortho- and clinopyroxenes and horn-
blende. However, olivine (both as phenocrysts and in the
groundmass) is only observed in Group II samples. In both
Group I and II, the rocks locally include clusters of opaque
minerals (up to 30-35%). Plagioclase is frequently altered,
as evidenced by its optically measured composition, vari-
able between An5 to An32. In Group II rocks, the olivine
show variable degree of serpentinization. Relatively fresh
pyroxenes and olivines are only observed as relict phases. In
both groups, pyroxenes are generally subhedral, sometimes
completely altered to actinolite and/or iron oxide by uraliti-
zation. Hornblende is variably replaced by chlorite. 

whole-rock geochemistry

Major oxide and trace element analyses of the basaltic
rocks are presented in Appendix in the journal web page
(http://www.ofioliti.it/index.php/ofioliti/article/view/435).
In terms of some major oxide and trace element content, the
examined rocks generally show a limited compositional
range, excepting the samples affected by hydrothermal alter-
ation and/or ocean floor metamorphism. These variations
are also consistent with the degree of alteration of the stud-
ied rocks. Evidence for alteration effect on the studied rocks
also comes from variable loss on ignition (LOI) values rang-
ing between 1.40-14.80 wt% for Group I and 3-11.5 wt%
for Group II rocks (see Appendix), which is corroborated by
the presence of a considerable amount of water- and/or car-
bon dioxide-bearing minerals such as chlorite, serpentine,
and calcite observed in thin section. Group I rocks have
34.4-52.0 wt% SiO2 and 0.46-1.54 wt% TiO2. Group II
rocks have 39.2-51.9 wt% SiO2 and 0.58-2.16 wt% TiO2. In
both Group I and II rocks, the highly variable concentrations
of some major oxides such as Na2O (0.02-7.46 wt%), K2O
(0.01-6.16 wt %), CaO (1.99-25.20 wt%) and MgO (1.68-
11.58 wt%) indicate that many rocks have undergone
seafloor alteration (e.g., Frey and Weis, 1995; Gillis, 1995).
Besides, the large ion lithophile elements (LILEs) are rela-
tively mobile during underwater volcanic eruptions and
post-magmatic alteration (Humphris and Thompston, 1978).
However, trace elements such as Zr, Y, Nb, Ni, Ti, V, Cr
and rare-earth elements are usually considered to be immo-
bile and appear to remain largely unaffected by hydrother-
mal alteration and/or ocean floor metamorphism (e.g., Win-
chester and Floyd, 1976; Wood, 1980; Rollinson, 1993).
Geochemical and tectonic discrimination of the studied
rocks was therefore realized by using the immobile trace el-
ements mentioned above.

Petrochemically, the studied basaltic rocks display two
distinct groups which are compatible with their discrimina-
tion based upon their ages and petrography. Collectively,
based on chemical nomenclature plot by using the Nb/Y vs.
Zr/TiO2*0.0001 immobile element diagram of Winchester
and Floyd (1977) revised by Pearce (1996), all basaltic
rock samples from the Yüksekova Complex plot in basalt
field (Fig. 7a). Besides, all the samples are characterized by

relatively low Nb/Y ratios (0.02-0.18 for Group I and 0.05-
1.08 for Group II), plotting in the field of subalkaline
basalt. The geochemical affinities of the studied basaltic
rocks were determined by using Zr vs. Y and La vs. Yb im-
mobile element binary plots of Ross and Bédard (2009).
Overall, Group I samples show mainly tholeiitic and Group
II samples exhibit dominantly tholeiitic-transitional charac-
ter (Fig. 7b and c). 

In major and trace element variation plots vs. Zr (Fig. 8),
CaO, MgO, Cr and Ni indicate negative correlations where-
as TiO2, Hf and Y exhibit a positive correlation for both
Group I and II (Fig. 8). These variations may be explained
by fractionation of mafic phases (pyroxene ± olivine) in the
evolution of the studied rocks. Besides, Zr versus Th and Nb
plots (Fig. 8) discriminate two group of rocks.
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Fig. 7 - a) Chemical nomenclature based on the Nb/Y vs. Zr/TiO2*0.0001
immobile element diagram of Winchester and Floyd (1977) revised by
Pearce (1996), b) Y vs. Zr and c) Yb vs. La geochemical affinity plots of
Barrett and MacLean (1999) revised by Ross and Bédard (2009) for the
basaltic rocks from the Yüksekova Complex. For symbols see Fig. 5.
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N-MORB normalized incompatible element diagrams
(Fig. 9a and c) show variable enrichments and depletions in
LILE (e.g., K, Rb, Ba and Sr). However, N-MORB normal-
ized immobile HFSE (e.g., Nb, Hf, Zr, Y) reveal more dis-
tinctive variation with more depleted patterns for Group I,
compared to those of Group II (Fig. 9a and c). Almost all the
rock samples are enriched in Th but Nb shows both positive
and negative anomalies. Ti and Y remain almost at the level
of the N-MORB but Ti show no significant enrichment com-
pared to Y for the studied rocks. Generally, Group I rocks
show significant negative Nb anomalies but Group II rocks
show positive Nb anomalies. Besides, N-MORB normalized
patterns of Group II shows relative enrichment in Nb com-
pared to those of Group I (Fig. 9c). Overall, N-MORB nor-
malized HFSE patterns of the rocks show two types of pat-
terns, indicating that Group I is comparable with island arc
tholeiite (IAT) whereas Group II includes E-MORB-like
compositions (Fig. 9a and c).

Chondrite-normalized REE variations of the studied
rocks reveal two distinctive types of patterns (Fig. 9b and
d). Group I rocks show LREE-depleted to nearly flat pat-
terns with LaN/LuN = 0.38-1.71, LaN/YbN = 0.41-1.74 and
EuN/Eu* = 1.03-1.50. Group II rocks exhibit flat to enriched
LREE, with LaN/LuN = 0.76-7.10, LaN/YbN = 0.79-6.94 and
EuN/Eu* = 1.02-1.47. The absence of negative Eu anomalies
in the studied rocks suggests no significant fractionation of
plagioclase. However, positive Eu anomalies in some sam-
ples can be explained by plagioclase accumulation and/or
Eu mobility due to hydrothermal alteration. Furthermore, in
terms of LREE enrichment relative to HREE, Group I rocks
are characterized by depleted to nearly flat LREE between
N- and E-MORB with LaN/SmN = 0.39-1.38 whereas Group
II rocks have slightly depleted to enriched LREE between
E-MORB and OIB compositions with LaN/SmN = 0.84-3.87
(Fig. 9b and d; see Appendix).
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Fig. 8 - Selected major and trace element vs. Zr variation diagrams for the basaltic rocks from the Yüksekova Complex.

04Ural 57 COLORE_Layout 1  26/06/15  10:02  Pagina 63



sr-nd-Pb isotope compositions

Sr-, Nd- and Pb-isotope data of the studied basaltic rocks
are presented in Table 1. While the measured Sr-isotope da-
ta in the studied rocks are slightly variable ranging from
0.703748 to 0.708227, Nd- and Pb-isotopic data show a
narrow range. The initial isotopic compositions were calcu-
lated to 94 Ma for Group I and 84 Ma for Group II samples
based on the stratigraphic and radiolarian ages (see Fig. 4).
(87Sr/86Sr)i values range from 0.703781 to 0.705403 for
Group I rocks, and from 0.703666 to 0.706394 for Group II
rocks. εNdi values of the studied rocks are between +4.47
and +8.01 for Group I; between +3.99 and +6.51 for Group
II rocks. 208Pb/204Pb values are between 38.3216 and
38.8495 (Group I), 38.6790 and 39.3400 (Group II);
207Pb/204Pb values are between 15.5018 and 15.6262 (Group
I), 15.5611 and 15.6174 (Group II), 206Pb/204Pb values are
between 18.5655 and 19.1357 (Group I), 18.8204 and
19.3209 (Group II). In addition, two-stage TDM values are
between 0.25 and 0.56 Ga for Group I, 0.37 and 0.59 Ga for
Group II rocks.

discussion 

source characteristics

The trace element patterns of the studied rocks (massive/
pillow basaltic and sub-volcanic rock samples) within
Group I are subparallel. Besides, HFSE in the rocks are sim-
ilar to MORB or a little more enriched than MORB (see Fig.
9a and c). Therefore, Group I rocks have a transitional char-
acter between IAT and N-MORB. Group II rocks have

BABB, OIB and E-MORB like compositions. Group I and
BABB type basalts of Group II, show nearly horizontal pat-
terns, excepting for Nb, suggesting that the rocks evolved
from a melt or melts similar to N-MORB. E-MORB and
OIB-type basalts of Group II, however, may have been de-
rived from more enriched sources. Although subduction-re-
lated signatures dominate in back-arc basins, E-MORB and
OIB-like basaltic rocks may also occur in back-arc basins
(Saunders and Tarney 1984; Aldanmaz et al., 2008). Be-
sides, changes in fractionation of HREE may reflect mantle
source having suffered different degrees of partial melting
(Beccaluva and Serri, 1988). 

In the chondrite-normalized REE diagrams of the studied
basaltic rocks, there are two distinctive patterns with low
and moderate enrichments for Group I and Group II, respec-
tively (see Fig. 9b and d). However, differences in level of
enrichment within the same group may be related to re-
melting of a depleted source or to the distance from the axis
of the arc, during the rifting. Besides, the Nd and Pb iso-
topic compositions of the two rock groups (see Table 1)
show a similar range of variation, suggesting similar mantle
sources. The data points to a depleted mantle source where
εNdi values of both groups are positive, although some de-
viations from DM values towards more enriched composi-
tions are also observed. 

In the Nd versus Sr isotope correlation diagram (Fig.
10a), most samples plot along the mantle array line. Shift-
ing towards higher initial 87Sr/86Sr ratios most likely re-
flects addition of more radiogenic Sr from seawater and/or
during post-magmatic alteration. Furthermore, in the Nd vs
Pb isotope correlation diagram (Fig. 10b), the two rock
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Fig. 9 - N-type MORB normalized multi-element and chondrite-normalized REE patterns for Group I (a, b) and Group II (c, d) basaltic rocks from the Yük-
sekova Complex. Compositions of island arc tholeiite (IAT), ocean island basalt (OIB), enriched-mid ocean ridge basalt (E-MORB) and normal-mid ocean
ridge basalt (N-MORB) were also plotted for comparison. Normalization values and compositions used for comparison are from Pearce (1983) and Sun and
Mc Donough (1989).
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groups fall close and/or within MORB fields, corroborating
the hypothesis of a depleted mantle source, with no signifi-
cant role for a crustal contribution. A slight change in
source is possible for the Group II rocks that were devel-
oped in back arc setting. Depleted asthenospheric mantle is
likely metasomatized by the fluids/melts derived from the
subducted slab. In the correlation diagrams of 206Pb/204Pb
versus 208Pb/204Pb (Fig. 10c), the rock samples plot on the
Northern Hemisphere Reference Line, similar to Atlantic
and Pacific MORBs, which implies derivation from a de-
pleted mantle source and the possible involvement of a
HIMU component. 

The effects of fractional crystallization and/or degree of
source enrichment on the evolution of the studied rocks are
suggested by selected major and trace element variations
(e.g., Fig. 8). In the variation diagrams, some immobile ma-
jor and trace element variations display positive or negative
correlations with increasing Zr contents, reflecting the role
of fractional crystallization processes during the evolution
of the studied rocks. Furthermore, (87Sr/86Sr)i versus Rb/Sr,
Th and Sr, and (143Nd/144Nd)i versus Nd and Sm/Nd plots
(Fig. 11) show almost horizontal trends, indicating no signa-
tures for significant continental crust contamination or mix-
ing. Note that assimilation by crustal material within the
magma chamber or enroute to the surface would hardly lead
to the coupled enrichment in highly incompatible mobile
LILE (e.g., Rb) on one hand and the negative Nb-Ta-Ti
anomalies on the other hand (e.g., Pearce and Peate, 1995).

tectonic discrimination and geodynamic implications

The geologic-tectonic evolution of the studied basaltic
rocks can be reconstructed by using tectono-magmatic dis-
crimination diagrams (e.g., Rollinson, 1993). Numerous bi-
variate, ternary and multidimensional tectonic discrimina-
tion plots are available for ultrabasic and basic volcanic
rocks (e.g., Pearce and Cann, 1971; 1973; Pearce and Norry,
1979; Wood, 1980; Shervais, 1982; Meschede, 1986; Floyd
et al., 1991; Saunders and Tarney, 1991; Woodhead et al.,
1993; Pearce, 2008; Agrawal et al., 2008; Verma, 2010;
Verma and Agrawal, 2011; Verma et al., 2012).

In Zr vs. Zr/Y (Pearce and Norry, 1979), Zr vs. V/Ti
(Woodhead et al., 1993), V vs. Ti/1000 (Shervais, 1982)
and Y vs. La/Nb (Floyd et al., 1991) immobile element tec-
tonic discrimination diagrams, the basaltic rock samples
from the Yüksekova Complex generally plot in the N-
MORB, BABB and IAB fields (Fig.12a and b). According
to Pearce et al. (1994), the axis of spreading close to the
arc-trench system is characterized by transition between N-
MORB and IAT affinity for Group I rocks, whereas the
dominant BABB-type character with some E-MORB and
OIB-like character of Group II rocks reflects the back-arc
environment as seen in Fig. 12a, b and d. According to
Pearce (2008), back-arc basin basalts (BABB) may lie
within the MORB-OIB array if the inflowing mantle is not
influenced by the subduction component; with increasing
arc proximity compositions are displaced from the MORB-
OIB array. On the binary diagram of Ce/Nb-Th/Nb, sam-
ples of Group I distribute between IAT and N-MORB,
however, samples of Group II show a distribution between
fore-arc and back-arc (Ural et al., 2014). 

Therefore, it may be suggested that subduction compo-
nent contribution for the studied rocks, decreases from the
Group I towards Group II. Some Group II samples are in
close proximity to OIB, revealing a more enriched source.
In the multidimensional tectonic discrimination diagrams
(not shown here), the studied rocks plot in the transition
among IAB and MORB or field of MORB in diagram of
DF1-DF2 of Agrawal et al. (2008). These diagrams attest
rifting of an arc environment, and subsequent back arc
basin development by maturation of the rifted arc. By this,
we interpret the Yüksekova basalts within the SE Anatolian
suture belt as remnants of a Late Cretaceous arc-back arc
system. 

This interpretation diverges from the previous sugges-
tions, where the pillow basalts around Elazığ area were vari-
ably considered as representatives of an Andean-type island
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Fig. 10 - a) (87Sr/86Sr)i vs. (143Nd/144Nd)i, b) and c) (206Pb/204Pb) vs.
(143Nd/144Nd) and (208Pb/204Pb) isotope correlation diagrams for the basaltic
rocks from the Yüksekova Complex. (BSE- Bulk Silicate Earth; DM- De-
pleted Mantle; EMI, EMII- Enriched mantle; HIMU- High µ; PREMA-
Prevalent Mantle; MORB- mid-ocean ridge basalt [Mantle reservoirs de-
fined by Zindler and Hart (1986) are taken from Rollinson (1993) and Fau-
re (2001); Lau basin (Tian et al., 2008); Japan Sea BABB (Nohda et al.,
1992), East Scotia Ridge BAB (Leat et al., 2000).
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arc (Herece et al., 1992), an association of island-arc mag-
matics, tholeiitic (“ensimatic” in Beyarslan and Bingöl,
2000) island arc rocks developed during the mature stage of
supra-subduction spreading (Parlak et al., 2004; 2009; Riza-
oglu et al., 2006; Robertson et al., 2007) and intra-arc rocks
(e.g., Bölücek et al., 2004). 

When shown on a simplified cartoon (Fig. 13) within
the Southern Branch of Neotethys surrounded by the
Malatya-Keban units of the Tauride-Anatolide Terrane in
the north and the Bitlis-Pütürge Metamorphics represent-
ing the north Arabian margin in the South, the intra-ocean-
ic subduction first gave way to the formation of the Yük-
sekova island arc (Group I rocks) during the late Ceno-
manian-early Turonian (Fig. 13a). Actually, the earliest
product of the intra-oceanic subduction should have creat-
ed a new SSZ-type oceanic lithosphere, represented by the
Kizildag-type fore-arc assemblages (e.g., Dilek and Thy,

2009). Yet, the fore-arc assemblages have probably em-
placed earlier onto the Arabian platform-margin or dis-
membered and accreted into the subduction-accretion
prism, as there are no boninites detected in the Malatya-
Elazığ-Van segment of the SE Anatolian Suture belt to the
north of the Bitlis-Pütürge Massifs. Roll-back of the old
and cooled oceanic lithosphere (Fig. 13b) resulted in ex-
tension in the arc and back-arc area during the early Co-
niacian and early Maastrichtian. The subduction-modified
mantle rocks above the subduction are invaded by melts
formed by adiabatic decompression of depleted astenos-
pheric mantle. This resulted in a change in the composition
of the Group II rocks to E-MORB with still recognisable
subduction affect. These enriched melts intruded the ex-
tending former crust in intra- and back-arc settings during
the Maastrichtian (Fig. 13c) and formed the new back-arc
lithosphere. The data we obtained from the study areas do
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Fig. 11 - (87Sr/86Sr)i vs. Rb/Sr, Th and Sr, and (143Nd/144Nd)i vs. Nd and Sm/Nd correlation diagrams for the basaltic rocks from the Yüksekova Complex. FC-
Fractional crystallization; AFC- Assimilation - fractional crystallization; SH- Source heterogeneities. 
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not allow to evaluate in detail the evolution of the South-
ern Neotethys during the post-Maastrichtian stage. Howev-
er, regional geological interpretations (e.g., Bingöl and Be-
yarslan, 1996; Rizaoglu et al., 2006; Robertson et al.,
2013), suggest that the northward subduction continued in
the north of the studied areas to create the Baskil magmat-
ic arc that intrude the Tauride-Anatolide platform margin,
represented by the Malatya-Keban Metamorphics. From
late Maastrichtian onwards all the units formed within the
Southern Neotethys must have started to imbricate togeth-
er with flysch-type sediments (e.g., the Hazar Group in the
Elazığ area, Fig. 2) formed in small basins (e.g., Aktas and
Robertson, 1984; Hempton, 1985; Yilmaz et al., 1993).
The Tertiary evolution of the SE Anatolian suture belt is
dominated by compressional and transtensional events
(e.g., Yigitbas and Yilmaz, 1996; Robertson et al., 2013)
that are out of the scope of this study. 

concLusions

In this paper we have studied the basalts in primary con-
tact with oceanic sediments (radiolarites and radiolarian
cherts) within blocks and/or gravity slices in the mélange at
the central part of the belt between Malatya and Elazığ ar-
eas. Whole-rock geochemical data, Sr-Nd-Pb isotope com-
position and paleontological data provided for the first time
reliable data on the tectono-magmatic settings as well as
formation times of two distinct events characterized by
Group I and Group II basalts (see Figs. 7 and 8). Tectono-
magmatic discrimination diagrams point out rifting of an arc
environment, and back arc basin development by maturation
of the rifted arc. Moreover, radiolarians obtained from the
cherts in primary association with Group I and Group II
basalts yielded late Cenomanian-early Turonian, and Conia-
cian-early Maastrichtian ages, respectively (Tekin et al.,
2015). On this basis, we propose a scenario for the Late
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Fig. 12 - Tectonic discrimination diagrams for the basaltic rocks (SiO2 < %52) from the Yüksekova Complex. a) Zr vs. Zr/Y (Pearce and Norry, 1979; revised
from Floyd et al., 1991); b) Zr vs. V/Ti (Woodhead et al., 1993); c) La/Nb vs. Y (Floyd et al., 1991); d) V vs. Ti/1000 (Shervais, 1982) plots. 
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Cretaceous evolution of the Southern Branch of Neotethys.
As suggested by several authors (Sengör and Yilmaz, 1981;
Yazgan, 1984; Göncüoglu and Turhan, 1984; Parlak et al.,
2009; Robertson et al., 2013), the scenario involves the in-
tra-oceanic subduction of the southern Neotethyan lithos-

phere (see Fig. 13) towards north. From late Albian on-
wards, Kizildag-type fore-arc and arc volcanism started to
form all along the subduction zone. The basalts from the
Yüksekova Complex representing an arc and back arc com-
plex were formed subsequently during middle and Late
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Fig. 13 - Suggested geodynamic evolution of the Southern Neotethys during the Late Cretaceous (see text for explanations).
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Cretaceous (see Fig. 13). Hence, a complete system of fore-
arc, arc and back-arc volcanism was formed within the clos-
ing Southern Neotethys. The youngest ages obtained for the
back-arc basalts is late Maastrichtian, as recently reported
from the Van area at the Iranian border (Colakoglu et al.,
2012; 2014) as well as from a number of back-arc volcanics
from southern Iran along the Zagros belt (e.g., Moghadam et
al., 2013). Remarkably, Maastrichtian is also the time when
the subduction/accretion prism material and the mélange
complexes started to be emplaced towards south onto the
northern continental margin of the Arabian microplate all
along the Bitlis-Zagros Suture Belt. 
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