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[To3nHemenoBas pacuieHEHHAsS OQUONINTOBAs TOJIIA B F0’KHOW yacTn KaxpamaHmaparia siBIseTCs 4a-
cTBhI0 Apabckoro o(h)HOIUTOBOTO MOsACA, PACTIONOKEHHOTO B F03KHOM Typunu. OQHONUTOBEIH pa3pe3 BKIIOYAET
(cHH3Y BBEpX) METaMOP(UIECKYIO NOAOMIBY (TIArHOKIa3-aM(pHOOIOBBI CIaHEI U IIarHOKIa30BbIi aMproo-
JIMT), MAHTUITHBIC TEKTOHUTHI (CEPHEHTUHU3UPOBAHHbBIH AYHUT U rapLOypruT), yJIbTpamMauToBbIC KyMYJIaThl
(mpenMy1IecTBEHHO BeOCTepHT), Madrueckne KyMyJaThl (0JIMBUHOBOE rab0po, rabOpo 1 OJIMBUHOBEIN rab0Opo-
HOPUT) U M30TpOITHOE rabopo (0JMBHHOBBII radOpoHopuT). [I0 reoXMMHYECKOMY COCTaBy BaJlOBBIE MOPOJIBI
KyMyJIaTOB MOXKHO KJIACCU(UIIMPOBATH KAK HU3KOTUTAHOBBII O(QHOIHUT M €ro NPOU3BOAHBIE, 00pa30BaBIIAECS
13 OCTPOBOJIY)KHOU TOJIENTOBOIT MarMbl. Hopmann3oBaHHble Ha XOHAPHUT quarpammsl P33, HopMani3oBaHHbIE
Ha N-MORB MHOr0o371€MeHTHBIE AUArpaMMBI X TEKTOHOMAarMaTHIeCKHe AUCKPUMUHAIIMOHHBIE THarPaMMEI T10-
Ka3bIBAIOT BAXKHYIO POJIb (PPAKIIOHHON KPUCTAIN3ANNH B 00pa30BaHUH KyMYJISITHBHBIX 1opoJ. IIpucyTcTeue
BBICOKOMArHE3UaNbHbIX ONMMBUHOB (FO-¢ 54 ¢1 ¢9), KIMHOMMPOKCEHOB (Mg# 41 4¢ 5 g7), OPTOIHMPOKCEHOB
(Mg# ) 63.87 18) ¥ BBICOKOKAIBLMEBBIX IUIATMOKIA30B (Alg| g 97 40) B MAQHUTOBBIX KyMyJaTax CBHICTEIIb-
CTByeT 00 MX 00pa3oBaHMM B OOCTaHOBKE, CBS3aHHON C CYOIyKIMOHHBIMH mporeccamu. [lomydenHsle reo-
XUMHYECKHE U NeTporpaduuecKie JaHHbIe H PE3y/IbTaThbl HOJEBBIX PAOOT MOKa3bIBAIOT, YTO U3yUYEHHBIE O(u-
OJIUTOBBIE MTOPOJIBI, BEPOSITHO, 00pA30BAIMCh B HAICYOyKIIMOHHOI 00CTaHOBKE B 10)KHOIT yacTn Heoreruca B
HO3/IHEMEJIOBYIO JIIOXY.

Haocyooykyuonnas obcmanosxa, nuskomumanosuiii opuorum, kymynam, Kaxpamanumapaw, Typyus.

WHOLE-ROCK AND MINERAL CHEMISTRY OF MAFIC CUMULATES
FROM THE LOW-Ti OPHIOLITE IN THE SOUTHERN PART OF KAHRAMANMARAS, TURKEY

M. Tanirli and T. Rizaoglu

A Late Cretaceous dismembered ophiolite unit in the south of Kahramanmaras belongs to the Peri-Ara-
bian ophiolite belt in southern Turkey. The ophiloitic rocks include, from bottom to top, metamorphic sole
(plagioclase—amphibole schist and plagioclase amphibolite), mantle tectonites (serpentinized dunite and harz-
burgite), ultramafic cumulates (mainly websterite), mafic cumulates (olivine gabbro, gabbro, and olivine gabb-
ronorite), and isotropic gabbros (olivine gabbronorite). The whole-rock geochemistry of the cumulates suggests
that they can mainly be classified as Low-Ti ophiolite and cumulate rocks derived from an island-arc tholeiitic
magma source. Chondrite-normalized REE and N-MORB-normalized multielement patterns and tectonomag-
matic discrimination diagrams show that fractional crystallization was important during the formation of the
cumulate rocks. The presence of highly magnesian olivines (Fo,q,, ¢ o), clinopyroxenes (Mg#,, 44 ¢5,)> and
orthopyroxenes (Mg#,, (5 s75) as well as highly calcic plagioclases (Ang, ¢ o7 4,) in the mafic cumulates indica-
tes a subduction-related tectonic environment. The geochemical, petrographical, and field data suggest that the
ophiolitic rocks in the studied region formed in a suprasubduction zone environment in the southern branch of
Neotethys in the Late Cretaceous.

Suprasubduction, Low-Ti ophiolite, cumulate, Kahramanmaras, Turkey

1. INTRODUCTION

Turkey is located in a critical segment along the Alpine-Himalayan orogenic system, where ophiolitic
bodies representing the remnants of the Neotethys are generally characterized in a structural descending order
by ophiolites, metamorphic soles and ophiolitic melanges as the members of the suture zones of Anatolia
(Sengdr and Yilmaz, 1981; Yilmaz et al., 1993; Robertson, 2002). These suture zones, from north to south, are
the Intra-Pontide (Sengdr and Yilmaz, 1981; Okay, 1989; Yilmaz et al., 1997; Okay and Tiiysiiz, 1999), the
Izmir-Ankara-Erzincan suture (Sengdr and Y1ilmaz, 1981), the Inner Tauride suture (Goriir et al., 1984) and the
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South-east Anatolian suture zones (Sengoér and Yilmaz, 1981; Yilmaz, 1993; Yilmaz et al., 1993; Robertson et
al., 2006; 2007). The Neotethyan ophiolites in Turkey are located mainly in E-W trending five belts. These are
namely the Tauride ophiolites, the Central Anatolian ophiolites, the Pontide ophiolites, the southeast Anatolian
ophiolites and the Peri-Arabian ophiolite belt (Fig. 1). The ophiolitic rocks to the south of Kahramanmaras is
located in the Peri-Arabian ophiolite belt (Fig. 1) and can be correlated with the Kogali ophiolite in the east and
the Kizildag (Hatay) the Troodos ophiolites in the southwest along the Bitlis-Zagros suture.

For several years, ophiolitic units have been regarded as the obducted slices of the oceanic lithosphere,
generated at the mid-ocean ridges (Gass, 1968, 1990; Coleman, 1977) or suprasubduction zones (Miyashiro,
1973, 1975; Pearce et al., 1981, 1984). The Mesozoic ophiolites in the Alpine-Himalayan belt formed in various
tectonic settings, including subduction related (Eastern Albanian and Vourinos ophiolites in Greece), MORB
(Western Albanian ophiolites), transitional from MORB to SSZ (South Albanian ophiolites, Pindos and
Asproptamos ophiolites in Greece) and intracontinental back-arc basin (Guevgueli ophiolite in NE Greece)
(Robertson, 2002 and references therein; Hoeck et al., 2002). The Late Cretaceous ophiolites in Turkey, Troo-
dos in Cyprus and Baer-Bassit in Syria were formed in a suprasubduction zone (SSZ) tectonic setting (Aktas
and Robertson, 1984; Pearce et al., 1984; Hébert and Laurent, 1990; Lytwyn and Casey, 1995; Yaliniz et al.,
1996; Collins and Robertson, 1998; Beyarslan and Bingdl, 2000; Floyd et al., 2000; Parlak et al., 1996, 2000,
2002, 2004, 2009; Al-Riyami et al., 2002; Robertson, 2002; Bagc et al., 2005, 2006; Rizaoglu et al., 2006;
Bagci et al., 2008; Bager and Parlak, 2009; Bagei, 2013).

Serri (1980) divided the ophiolites into two groups namely the low- and high-Ti ophiolites. The high-Ti
ophiolites are more akin to mid-ocean ridge basalt (MORB)-like magma, whereas the low-Ti ophiolites have a
spectrum of composition changing from mid ocean ridge basalts (MORB) to Island Arc Tholeiites (IAT) and
boninite-like magmas (Serri, 1980).

In this paper we present petrographical and geochemical (whole rock and mineral chemistry) character-
istics of the gabbroic cumulates from a poorly-known ophiolite body in SE Turkey in order to better understand
(a) geodynamic environment of formation, (b) their correlation with the well-known ophiolites and (c) their
importance within the eastern Mediterranean tectonic frame.

2. GEOLOGICAL SETTING

The basement of the geological units in the region is represented by Lower Cambrian-Upper Ordovician
Arabian autochthonous units consisting of alternation of limestone, sandstone, quartzite and shale (Fig. 2). This
basement unit is uncorfomably overlain by the Upper Triassic-Lower Cretaceous carbonates (Dubertret, 1955;
Atan, 1969; Yilmaz et al., 1984; Tekeli and Erendil, 1986; Bagci, 2013). The Arabian platform is tectonically
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Fig. 1. Distribution of the Neotethyan ophiolites in the eastern Mediterranean region (from Robertson
2002).
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overlain by a group of oceanic basin units such as Karadut complex, Kogali complex and ophiolitic units
(Y1lmaz et al., 1993) (Fig. 2). The Karadut Complex is named by Turkish oil company geologists (after Tuna,
1973) , and is mainly composed of moderately metamorphosed units such as red, green or reddish green silici-
fied limestone, siliceous shale, marl interbedded crystallized limestone, and radiolarite (Sungurlu, 1974; Yal¢in,
1979). The Kogali complex includes the Kocgali Ophiolite and the volcanic-sedimentary Kogali melange. The
ophiolitic rocks form E-W trending thrust sheets in which all of the components of a complete ophiolite se-
quence are present, although mainly separated by tectonic contacts; i.e. (from bottom to top), serpentinised
harzburgite, layered cumulates, isotropic gabbros, sheeted dykes, pillow lavas, radiolarian and metalliferous
sediments (Yildirim et al., 2012). The studied ophiolitic rocks in the region overlie the Kogali and Karadut
complexes and are unconformably overlain by the Late Maastrichtian-Paleocene sedimentary rocks. The Koga-
li complex is also composed of the alternations of limestone, sandstone, siltstone and mudstone (Sungurlu,
1974; Erdogan, 1975; Yal¢in, 1979; Bagce1, 2013) (Fig. 1). Allochthonous units in the region are emplaced onto
the Arabian platform in Late Cretaceous (Kocali and Karadut complexes), and in Miocene (Malatya metamor-
phics, Andirin Limestone, and Berit metaophiolite) (Yilmaz et al., 1987; Giil, 2000).

The ophiolitic rocks in the region start at the bottom with the metamorphic sole rocks. The metmorphic
sole rocks are metamorphosed from green schist to amphibolite facies. Then the unit passes into the mantle
tectonites, ultramafic to mafic cumulates and isotropic gabbros. The contacts between the sub-units of the ophi-
olite are tectonic. The Upper Paleocene-Miocene sedimentary units unconformably overlie the older units in the
region (Giil, 1987; Terlemez et al., 1992; Bagci, 2013). In turn, those units are covered by the Yavuzeli basalts
Tortonian in age (Yoldemir, 1987). Upper Paleocene-Holocene units cover all the previously formed units with
angular unconformity (Fig. 2).

3. PETROGRAPHY

The ophiolite related rocks in the study area are represented by metamorphic sole rocks, mantle tectoni-
tes, ultramafic cumulate rocks, mafic cumulate rocks and isotropic gabbroic rocks. The lowest unit in the region
is metamorphic sole unit and is tectonically overlain by mantle tectonites. The mantle tectonites are seen as
strongly sheared and deformed in the field (Fig. 3a). The mantle tectonites host the podiform chromite deposits.
The tectonites pass into ultramafic to mafic cumulates showing typical characteristics of cumulate textures such

Fig. 3. Field views from the different ophiolitic units. (¢) Sheared and serpentinized mantle tectonites (b)
cumulate texture from the ultramafic cumulates (¢) Cumulate texture and crossed bedding from mafic
cumulates.
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Fig. 4. Petrographic views of the rocks from the ophiolitic units:

(a) Nematoblastic texture in plagioclase-amphibole schist (b) granular and mesh texture in dunite (tectonites); (¢) poikilitic texture in
lherzolite from ultramafic cumulates; (d) poikilitic and granular texture in harzburgite from the ultramafic cumulates; (e) general view of
cumulate gabbro; (f) granular texture in cumulate olivine gabbro; (g), general view from the cumulate olivine gabbronorite; (/) granular
texture in olivine gabbronorite (isotrop gabbro). Abbreviations: o/ olivine, opx orthopyroxene, cpx clinopyroxene, plg plagioclase, hbl
hronblende
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as magmatic banding, layering, crossed bedding and grading (Fig. 3b,c). The highest level of the ophiolite in
the region is represented by isotropic gabbros.

The formation of the metamorphic sole rocks beneath the ophiolite section was described by Williams
and Smyth (1973) in Newfounland ophiolite in Canada. Later on, the existence and the development of a sole
with an inverted metamorphic zonation situated below tectonites in many other ophiolites published by different
authors (Jameison, 1979; Nicolas, 1989; Peacock and Norris, 1989; Gnos and Peters, 1993; Sandeman et al.,
1995; Parlak et al., 1995; Parlak and Delaloye, 1999).

The metamorphic sole rocks crop out in the southeastern end of the study area especially in the eastern
part of Kahramanmarag (Fig. 2). The unit is represented by plagioclase-amphibole schist and plagioclase
amphibolite. The plagioclase-amphibole schist exhibits nematoblastic, banded to poikiloblastic textures and
comprise plagioclase (15-20 vol. %), amphibole (70-75 vol. %), chlorite, epidote, titanite and magnetite
(Fig. 4a). The plagioclase amphibolites show granoblastic to grano-nematoblastic texture and are represented
by plagioclase (20-25 vol. %), amphibole (70-75 vol. %), muscovite (2-3 vol. %) and accessory sphene and
magnetite minerals.

Mantle tectonites are the most extensive rocks within the ophiolites in the region and are of dunite, ser-
pentinized dunite, serpentinized harzburgite, and serpentinite. The dunites show granular texture and are com-
posed of olivine (97-98 vol. %) and rare chromite crystals are set in partly serpentinized olivines and orthopy-
roxenes (Fig. 4b). The serpentinized dunites show mesh to granular textures and are mainly composed of
olivine (90-95 vol. %), clinopyroxene (1-2 vol. %) and chromite. The serpentinized harzburgites exhibit granu-
lar to mesh textures, and are composed of olivine (~ 80 vol. %), orthopyroxene (~ 15 vol. %) and opaque min-
erals (magnetite and chromite). The serpentinites are represented by mest texture and mainly composed of
serpentine group minerals (chrysotile and bastite).

The ultramafic to mafic cumulate rocks crop out mostly in the vicinity of Narli and Nurdag towns
(Fig. 2). The ultramafic cumulates consist of lherzolite, serpentinized harzburgite, and websterite, whereas the
mafic cumulates are represented by gabbro, olivine gabbro, and olivine gabbronorite. The lherzolite shows
granular, poikilitic and mesh textures and is characterized by olivine (55-60 % vol), orthopyroxene (20-25
vol. %), clinopyroxene (10-15 vol. %) and chromite (Fig. 4c). The serpentinized harzburgite displays granular,
poikilitic and mesh textures and is represented by olivine (70-80 % vol), orthopyroxene (20-25 vol. %), clino-
pyroxene (2-3 vol. %) and chromite (1-2 vol. %). The olivines and pyroxenes in the harzburgites are serpen-
tinized to variable degrees (Fig. 4d). The websterite displays granular texture and is represented by two kinds
of pyroxenes with variable amounts. The opaque mineral phase is represented by magnetite occurrences. The
gabbro displays granular to poikilitic textures and is characterized by plagioclase (70-75 vol. %), clinopyroxene
(15-20 vol. %), amphibole (4-5 vol.%), olivine (1-2 vol. %), and orthopyroxene (1-2 vol. %). Kaolin, sericite,
chlorite and magnetite are secondary phases (Fig. 4e). The olivine gabbro displays granular to poikilitic tex-
tures: it contains plagioclase (55-60 vol. %), olivine (15-20 vol. %), clinopyroxene (20-30 vol. %), amphibole
(4-5 vol. %), chromite and Fe-Ti oxide minerals. Serpentine, chlorite and epidote are secondary phases (Fig. 4f).
The olivine gabbronorite displays granular to poikilitic textures and is characterized by plagioclase (45-50
vol. %), clinopyroxene (25-30 vol. %), orthopyroxene (10-15 vol. %), amphibole (4-5 vol. %) and Fe-Ti oxides
(Fig. 4g). The isotropic gabbros of the ophiolite in the region crop out in a very narrow area in the field and is
represented by olivine gabbronorite. It displays a non-cumulus granular to poikilitic texture, and is represented
by primary plagioclase (60-65 vol. %), clinopyroxene (30-35 vol. %), olivine (10-15 vol. %), orthopyroxene
(7-8 vol. %) and Fe-Ti oxides (Fig. 4h). The rocks from the isotropic gabbro section include secondary altera-
tion minerals such as calcite, chlorite, epidote and kaolinite.

4. GEOCHEMISTRY

4.1. Analytic techniques

A total of 9 samples from the mafic cumulates were analysed for major and trace elements by XRF in the
laboratory of Earth Sciences Applications and Research Center (YEBIM) of Ankara University, Turkey. The
major element contents were determined on glass beads fused from ignited powders to which Li,B,0, was ad-
ded at a ratio 1:5, in a gold-platinum crucible at 1150 °C. The trace element contents were measured by XRF
on pressed-powder pellets. The same samples were analysed by ICP-MS for trace elements (including REE) at
Acme Analytical Laboratories in Canada. In the sample autoclave digestion, for each sample a 0.2 g pulverized
sample was weighted into a graphite crucible and mixed with 1.5 g of LiBO, flux in a muffle furnace for 15 mi-
nutes at 1050 °C. The molten mixture was removed and quickly poured into 100 ml of 5% HNO, (ACS-grade
nitric acid in demineralized water). The solution were shaken for two hours and then aliquot was poured into a
polypropylene test tube. Standards and reagent blanks were added to the sample sequence. At the second stage,
sample solutions were aspirated into an ICP mass spectrometer (Perkin-Elmer Elan 6000) or an ICP emission
spectrometer (Jarrel Ash Atomcomp Model 975) for determination of element content. A total of representati-
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ve 3 polished thin sections of the ophiolitic rocks were used to conduct electron microprobe analysis using a
JEOL JXA-8600 in the Department of Lithospheric Research at Vienna University, Austria. The analytical
conditions for the elements were 13 s (10 s for Peak and 3 s for Background) of counting interval, beam current
was -20 nA and acceleration voltage was -15 kV.

4.2. Whole rock Chemistry

Major-trace and Rare Earth Elements (REE) analyses for the mafic cumulates from the southern part of
Kahramanmaras are given in Tables 1-2. Loss on ignition (LOI) values vary between 2,5 % and 5,47 % in cu-
mulate gabbros. The different LOI values is because of variable secondary alteration which is indicated by the
presence of mineral phases such as serpentine group minerals, epidote, calcite and chlorite.

The rock samples from the cumulate gabbros are plotted in the subalkaline field in total alkali-silica dia-
gram of Irivine and Baragar, 1971 (Fig. 5). TiO, vs Mafic Index (FeO/FeO+MgO) diagram of Serri, 1980
separates High-Ti ophiolites and Low-Ti ophiolites (Fig. 6). The mafic cumulate rocks (except one sample) are
plotted in the Low-Ti ophiolite field in this diagram (Fig. 6). Fig. 7a presents N-MORB-normalized spider dia-
grams of the mafic cumulate rocks from the Kahramanmaras region. The spider pattern of the IAT-type Isotro-
pic gabbroic rocks from Kizildag ophiolite (Bagc et al., 2008) is plotted in this figure for comparation. The
samples show some selected Large Ion Lithophile (LIL) element enrichment (Rb, Ba, Th, K) and Nb depletion,
and flat patterns of high field strength (HFS) elements relative to N-MORB (Fig. 7a). The samples also show
highly depleted Ti patterns. Th enrichment and Nb depletion are features of the mafic rocks formed in the
subduction-related environment (Wood et al., 1979; Pearce, 1983; Arculus and Powel, 1986; Yogodzinski et al.,
1993; Wallin and Metcalf, 1998). The Th enrichment and Nb depletion in the mafic rocks indicate their forma-

Table 1. Major and trace element contents of the ophiolitic rocks
Olivine gabbronorite Olivine gabbro Gabbro

Sample MT-2 MT-3 MT-4 MT-5 MT-27 MT-48 MT-50 MT-9 MT-14
Sio, 46.61 46.07 45.46 46.71 49.10 46.53 49.41 45.89 45.28
TiO, 0.14 0.16 0.15 0.12 0.13 0.10 0.21 0.15 0.04
ALO; 17.07 15.04 16.86 17.99 12.30 19.37 11.40 14.06 17.93
FeO* 6.21 6.59 6.01 4.65 7.60 4.51 5.14 16.81 10.67
MnO 0.10 0.11 0.10 0.08 0.13 0.08 0.11 0.26 0.17
MgO 11.79 12.84 11.37 9.56 14.94 9.06 13.13 9.95 7.97
CaO 15.27 15.02 15.37 16.91 12.28 16.62 17.15 8.76 12.09
Na,O 0.09 0.09 0.08 0.09 0.08 0.08 0.09 0.10 0.09
K,0 0.11 0.10 0.11 0.10 0.11 0.13 0.07 0.24 0.09
P,O, 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.01
Cr,0, 0.09 0.12 0.15 0.09 0.16 0.04 0.23 0.00 0.02
LOI 1.95 3.12 3.62 3.02 2.54 2.87 2.41 3.23 4.87
Total 99.41 99.26 99.29 99.33 99.39 99.40 99.35 99.46 99.24
Nb 3.4 29 3.4 33 3.4 2.9 2.6 4.1 34
Zr 11.5 43 4.9 4.1 7.2 6.6 52 5.5 4.8
Y 43 4.6 4.9 4.1 3.4 2.8 5.4 1.6 1.3
Sr 69 57.7 73.7 723 25.9 66.7 58.1 64.2 33
U 20.8 8.7 9.2 9.3 9.6 9.9 9.1 8.8 9.3
Rb 0.4 0.7 0.4 0.3 0.5 0.3 0.3 3.7 0.6
Th 1 1 1 0.9 1.1 0.8 0.9 2.1 1.3
Pb 1 0.4 bdl 0.6 bdl bdl bdl bdl bdl
Ga 11.9 9.3 12.6 12 8.4 12.6 9.5 12.5 15.5
Ni 225 278.1 294.7 209.2 381.9 119.8 260.1 147.4 70.6
Co 70.6 58.6 50 475 74 429 35 82.2 63.6
Ce 14.9 10 17.6 13.7 11 10 19.8 11 19.1
Ba 5.4 10.8 14.9 5.4 26.9 53 5.5 39 10
Cs 5.4 6.2 3.6 5.6 bdl 4.4 5.9 bdl bdl
La 9 7.5 18.8 9.4 7.8 7.6 12.6 10.5 11.6
Hf bdl bdl 8.7 bdl 7.2 bdl 5.6 bdl 5
Nb/Y 0.79 0.63 0.69 0.80 1.00 1.04 0.48 2.56 2.62

Total Fe is expressed as FeO*. LOI, Lost on ignition.
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Table 2. Trace element and REE compositions of the samples analysed by ICP-MS

Olivine gabbronorite Olivine gabbro Gabbro
Sample

MT-2 MT-3 MT-4 MT-5 MT-27 MT-48 MT-50 MT-9 MT-14
W 152.7 115.5 76.9 1144 186.9 104.6 45.0 87.6 65.3
Ba 3 6 6 2 19 3 6 34 5
Co 47.9 48.9 45.7 36.4 55.1 35.6 31.1 78.5 53.4
Ga 9.5 9.2 9.5 9.1 7.0 10.1 7.7 11.6 11.3
Hf <0.1 <0.1 0.1 <0.1 <0.1 <0.1 0.3 <0.1 <0.1
Nb 1.1 0.9 1.0 0.8 <0.1 <0.1 <0.1 0.2 0.1
Rb 0.2 0.3 0.4 0.1 0.2 0.1 0.1 2.6 0.5
Sr 75.2 62.9 77.9 72.9 27.2 68.5 58.6 67.1 353
Ta 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Th <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
U <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
A% 132 158 153 127 138 126 193 608 152
Zr 22 2.8 43 1.9 3.1 1.3 4.6 1.2 0.9
Y 3.9 5.1 4.6 3.7 33 3.4 6.0 1.6 1.3
La 0.2 0.4 0.4 <0.1 0.4 0.4 0.4 0.1 <0.1
Ce 0.4 0.5 1.1 0.2 0.3 0.2 1.2 <0.1 <0.1
Pr 0.07 0.09 0.13 0.04 0.13 0.02 0.17 <0.02 <0.02
Nd 0.4 0.5 1.0 0.8 0.7 <0.3 1.3 <0.3 <0.3
Sm 0.29 0.33 0.38 0.23 0.21 0.14 0.44 <0.05 <0.05
Eu 0.17 0.19 0.19 0.16 0.09 0.13 0.22 <0.02 0.03
Gd 0.51 0.69 0.69 0.54 0.37 0.36 0.77 0.09 0.10
Tb 0.09 0.12 0.12 0.08 0.07 0.06 0.14 <0.01 <0.01
Dy 0.69 0.83 0.84 0.78 0.70 0.64 1.06 0.19 0.18
Ho 0.17 0.19 0.20 0.15 0.13 0.12 0.23 0.07 0.03
Er 0.48 0.52 0.51 0.40 0.43 0.41 0.66 0.22 0.22
Tm 0.07 0.08 0.07 0.05 0.06 0.03 0.09 0.03 0.03
Yb 0.57 0.50 0.43 0.37 0.38 0.36 0.60 0.42 0.27
Lu 0.05 0.06 0.06 0.05 0.05 0.04 0.08 0.04 0.04

tion in a subduction-related tectonic setting. The chondrite normalized rare earth element diagram for the mafic
cumulate rocks from the Kahramanmaras region is presented in Fig. 7b. The REE element patterns of the oliv-
ine gabbronorite and olivine gabbros exhibit generally flat to slight light rare earth element (LREE) depleted
patterns with respect to heavy rare earth element (HREE), whereas the gabbros show generally REE depleted
patterns relative to other samples. These samples exhibit a slight Eu negative anomaly (Fig. 7b), as a result of
the removal of feldspar by the process of fractional crystallization or the partial melting of a source material in
which feldspar is retained in the source (Rollinson 1993). In general, variation and depletion of REE patterns in
the gabbroic cumulates may be attributed to high amount

of cumulus phases (plagioclase, pyroxene and olivine) 127

and small amount of intercumulus melt. Also, the flat ]

HREE patterns shown by most these rocks are consistent 107

with the presence of significant amounts of clinopyroxene 8—-

(Berger et al., 2001). The general trend of the spider dia- o | Alkaline

gram show close similarities with the [AT-type isotropic fN 6

gabbros from the Kizildag ophiolite (Figure 7a). On the o

other hand, the REE plots of the studied rocks are seen as § 4 Subalkaline
more depleted than the isotropic gabbros from the Kizilag 1

ophiolite (Figure 7b). 24

35 40 45 50 55 60 65 70
SiO,, %
O Olivine gabbronorite [_] Olivine gabbro /\ Gabbro

Fig. 5. Total alkali-silica diagram for the mafic cumu-
lates (Irvine and Baragar, 1971)
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9 Fig. 6. TiO, vs Mafic index (FeOt/FeOt+MgO)
. diagrams for the cumulate gabbros (Serri, 1980)
®
S High-Ti Ophiolite field
§ The ophiolites formed in suprasubduction

Low-Ti OphiOAite field  zone tectonic setting are divided into three different
f T T T A 1_environments as island arc, back-arc and fore-arc ba-
0 0.2 0.3 0.4 0.5 0.6 0.7

sins according to the generation of the oceanic crust.
On the other hand, they often show a geochemical
O Olivine gabbronorite O Olivine gabbro A Gabbro stratigraphy including island arc tholeiites (IAT),
and boninitic characters (Beccaluva et al., 1984;
Malpas and Langdon, 1984; Beccaluva and Serri, 1988; Smellie et al., 1995; Bedard et al., 1998; Dilek and
Flower, 2003; Beccaluva et al., 2004; Saccani and Photiades, 2004, 2005; Beccaluva et al., 2005; Bagc1 and
Parlak, 2009; Bagci et al., 2006, 2008). In the tholeiitic magmas, flat to slightly LREE-depletion is a character-
istic feature and there are a number of studies on the intra oceanic subduction zone type ophiolites of the eastern
Mediterranean region showing the same characteristics (Alabaster et al., 1982; Parlak, 1996; Yaliniz et al.,
1996; Parlak et al., 2000; Al-Riyami et al., 2002; Beccaluva et al., 2004, 2005; Saccani and Photiades, 2005;
Rizaoglu et al., 2006; Pe-Piper et al., 2004; Meffre et al., 1996, Bagci and Parlak, 2009). If the spider and REE
diagrams are interpreted together, it is clearly seen that, the samples show [AT-type magma characteristics.

FeO,/FeO, + MgO (Wt, %)

4.3. Mineral chemistry

Mineral chemistry analyses were performed on a total of 302 points on three representative samples (gab-
bro, olivine gabbro and olivine gabbronorite) from the mafic cumulate phase of the ophiolitic rocks from the
southern part of Kahramanmaras city (Tables 3-7)

100 = IAT-Type Kizildag Ophiolite
E (Bagci et al., 2008)
102
i 12
Q 3
= 0.1+
< 3
% 0 O'IE
g 7
§ 00013
0.00001+
L T T T T T T T T T T T T T T T T T T T T T 1
CsRbBaTh U Nb K LaCePb Pr Sr P Nd ZrSmEu Ti Dy Y Yb Lu
1007 b
i IAT-Type Kizildag Ophiolite
b (Bagci et al., 2008)
g 107
5 ]
c -
o
S ] e B
@
s i
IS =)
©
@ 14
- O Olivine gabbronorite
- [ Olivine gabbro
/\ Gabbro
01 T T T T T T T T T T 1

T T T T
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 7. (a) Spider diagrams (normalizing values are from Sun & McDonough, 1989) and (b) REE diagrams
(normalizing values are from Boynton, 1984) for the mafic rocks
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4.3.1. Olivine

The cumulus olivine analyses of the gabbroic cumulate rocks are presented in Table 3. The olivine min-
erals in mafic cumulates are represented by low SiO, (39.52-38.29%) and FeO (20.25-17.07 %), Cr,O; (0.03-
0 %), NiO (0.18-0.08 %), CaO (0.21-0.03 %) and high MgO (43.30-40.61 %) contents (Table 3). The Forsterite
(Fo) contents of olivines range from 78.85 to 78.24 % in olivine gabbronorites and from 81.89 to 81.21 % in
olivine gabbros (Table 3). According to the corelation of both mineral chemistry and microscopic studies,
there is no visible zonation in the olivines.

Olivine compositions in mantle tectonites of the Eastern Mediterranean ophiolites (Kizildag-Hatay, Mer-
sin, Pozanti-Karsant1 etc.) vary between Fo,, and Fog, and gradually decrease in cumulate gabbroic (Fogs )
rocks (Piskin et al., 1990; Parlak et al., 1996, 2002), suggesting fractionation and differentiation of a similar
parental magma (Spandler et al., 2003). The olivines from the studied gabbroic rocks display similar features of
the cumulate gabbros of the Eastern Mediterranean ophiolites.

4.3.2. Clinopyroxene

The cumulus clinopyroxene analyses of the gabbroic cumulate rocks (olivine gabbronorite, gabbro and
olivine gabbro) are presented in Table 4. The magnesium number [Mg#=(100*Mg/Mg+Fe)] of the cumulate
rocks range from 76.53 to 71.46 in gabrros, from 85.82 to 84.10 in olivine gabbros, and from 87.18 to 82.16 in
olivine gabbronorites (Table 4). The Wollastonite (Wo), Enstatite (Ens) and Ferrosillite (Frs) contents for gabb-
ros, olivine gabbros and olivine gabbronorites are [Wo,4 g4 43 300 ENS45 2540 40 F1816.46.13.10], [WO44 37.57.420 ENSs5 44 4606
1S 14535] [WO46 0842800 ENS47 4045460 FTS0 537 04) T€SPectively (Table 4). The compositions of clinopyroxenes
are plotted in the field of diopside and show close similarities with the clinopyroxenes from the island arc set-
ting in Fig. 8. Elthon (1987) stated that the clinopyroxenes with high TiO, and Cr,O, contents also have high

Table 5. Representative analyses of major elements for orthopyroxenes in the mafic cumulate rocks

Olivine gabbronorite Gabbro
123MT2|127MT2|128MT2 [129MT2| 130MT2|134MT2|137MT2|174MT14|{176MT14|178MT14|212MT14|215MT14|229MT14|236MT14

Sample

SiO, 54.76 | 54.79 | 54.63 | 54.64 | 54.75 | 54.85 | 54.27 | 53.07 52.08 52.38 52.27 52.09 52.01 51.59
ALO, 1.40 1.33 1.26 1.26 1.40 1.22 1.44 1.11 1.00 1.04 1.16 1.20 1.04 1.01
TiO, 0.27 0.22 0.21 0.22 0.21 0.21 0.21 0.04 0.05 0.06 0.05 0.05 0.05 0.07
FeO* 12.70 | 12.35 | 12.46 | 12.53 | 1235 | 1239 | 12.54 | 20.58 22.97 21.88 21.35 21.64 22.12 23.03
MnO 0.27 0.26 0.33 0.28 0.28 0.30 0.31 0.38 0.47 0.41 0.38 0.46 0.44 0.47
MgO 29.17 | 29.20 | 29.48 | 29.02 | 29.31 | 29.40 | 29.02 | 23.17 21.64 22.33 23.19 22.27 22.29 21.65
Cr,0, 0.10 0.17 0.10 0.16 0.13 0.11 0.13 0.05 0.02 0.04 0.03 0.02 0.03 0.06
CaO 1.23 1.56 1.17 1.62 1.44 1.21 1.62 1.40 1.34 1.36 0.94 1.56 0.98 1.13
Na,O 0.00 0.00 0.00 0.02 0.01 0.00 0.03 0.00 0.00 0.00 0.00 0.01 0.00 0.00
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00

Total 99.90 | 99.87 | 99.65 | 99.74 | 99.87 | 99.69 | 99.57 | 99.80 99.58 99.50 99.38 99.30 98.96 99.01
Si 1.95 1.95 1.95 1.95 1.95 1.96 1.95 1.97 1.96 1.96 1.95 1.96 1.96 1.96
Al (V)| 0.05 0.05 0.05 0.05 0.05 0.04 0.05 0.03 0.04 0.04 0.05 0.04 0.04 0.04
Al (VD)| 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.01 0.01 0.01 0.01 0.00
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe3* 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.03 0.03 0.03 0.03 0.04
Fe?* 0.36 0.35 0.35 0.36 0.35 0.35 0.36 0.61 0.69 0.65 0.63 0.65 0.66 0.69

Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Mg 1.55 1.55 1.57 1.55 1.56 1.56 1.55 1.28 1.21 1.25 1.29 1.25 1.25 1.22
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.05 0.06 0.04 0.06 0.05 0.05 0.06 0.06 0.05 0.05 0.04 0.06 0.04 0.05

Total 4.01 4.01 4.01 4.01 4.01 4.01 4.02 4.01 4.01 4.01 4.02 4.02 4.01 4.02
Ens 78.14 | 78.09 | 78.62 | 77.65 | 78.30 | 78.63 | 77.61 | 64.47 | 60.52 | 62.36 | 64.31 62.22 | 62.52 | 60.73
Fs 19.50 | 1892 | 19.14 | 19.23 | 1894 | 19.05 | 19.28 | 32.72 36.78 3491 33.82 34.64 35.51 36.99
Wo 2.37 3.00 2.24 3.12 2.76 2.32 3.11 2.80 2.70 2.74 1.88 3.13 1.97 2.28
Mgt 80.37 | 80.83 | 80.83 | 80.50 | 80.88 | 80.87 | 80.49 | 66.74 62.68 64.54 65.94 64.72 64.24 62.63

Number of ions on the basis of 6 (O). Total Fe is expressed as FeO*.
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AlO; and this is the property for high pressure clinopyroxenes. The clinopyroxenes from the gabbroic cumu-
lates are mostly plotted in the field of low pressure clinopyroxenes field in Fig. 9, and show close similarity with
the clinopyroxenes from the cumulates of Pozanti-Karsanti ophiolite (Parlak et al., 2002), and Komiirhan ophio-
lite (R1zaoglu, 2006). As a result of the clinopyroxene fractionation, the Cr contents of the mafic cumulates are

Opx Mafic cumulates
(Kémurhan ophiolite)

M923i206 (Ens)

Ca2$i206 (WO)

*

/ \

C -~ Cpx Mafic cumulates
//~_ - \\ (Kémiirhan ophiolite)
Skaergaard

Island arc
gabbroic rocks

N

[] Olivine gabbro

FeZSizos (Frs)

(O Olivine gabbronorite /\ Gabbro

Fig. 8. Ortho and Clinopyroxene ternary diagram showing clinopyroxene and orthopyroxene composi-
tions from the mafic cumulates of the ophiolites from southern Kahramanmaras. Fields of the gabbroic
rocks from the Komiirhan ophiolite are from Rizaoglu, 2006. Fields of island-arc gabbroic rocks and

Skaergaard trends are from Burns, 1985).
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Fig. 10. Variation diagram of Ti versus Al'Y diagram 0.2
for the clinopyroxenes from the ultramafic-mafic
cumulates. Fields of MORB, IAT and boninite are ,,”‘\)
from Beccaluva et al., 1989. Fields for the Pozanti- y // S
Karsanti ophiolite are from Parlak et al., 2000, // /
2002; Komiirhan ophiolite is from Rizaoglu, 2006. 014 _ .7 MORB _’
. e ///
// ///
/7
highly low (Table 4). Al'Y vs Ti contents variation dia- = - e el
gram is shown in Fig. 10. The clinopyroxenes from the ! z
cumulates are plotted in IAT field and exhibit similar
characteristics with the clinopyroxenes from the cu- 0 .
o Boninite
mulates of Pozanti-Karsant1 ophiolite (Parlak et al., KSmirhan
2002), and Komiirhan ophiolite (Rizaoglu, 20006) Pozanti-Karsant
(Fig. 10). The Mg numbers [Mg*=(100¥*Mg/Mg+Fe)] B
vs Al,O, contents of the clinopyroxenes are plotted in
Fig. 11. The clinopyroxenes from the gabbroic cumu-
lates show close similarities with the mafic cumulates 0.1 o o b o
of Pozanti-Karsant1 ophiolite (Parlak et al., 2002) and ' ALY ' '
Tekirova (Antalya) ophiolite (Bagc1 et al., 2008) and
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Fig. 11. Plot of AL,O, versus Mg numbers in the orthopyroxenes (@) and clinopyroxenes (b) from the mafic
cumulates of the ophiolitic rocks. The field of high-pressure peridotite is from Medaris, 1972; fields of
Pozanti-Karsanti ophiolite are from Parlak et al., 2000; fields of Tekirova (Antalya) ophiolite are from
Bagc et al., 2006. The data of Skaergaard, Tonsina Complex, and Semail ophiolite are from DeBari and

Coleman, 1989.
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Fig. 12. Feldspar classification diagram (after
Barth, 1962)

4.3.3. Orthopyroxene

Representative orthopyroxene analyses from
the mafic cumulate rocks are presented in Table 5.
The orthopyroxene composition is Ensg ;.45
F1S30093270 W03 13,155 I gabbros, and Ensyg ;774
F18 9 501802, W03 15,524 I Olivine gabbronorites (Ta-
ble 5). The Mg-numbers range from 66.74 to 62.63 in
gabbros and from 80.88 t080.37 in olivine gab-
bronorites (Table 5). The compositions of orthopy-
roxenes are plotted in the field of hypersten and show
close similarities with the orthopyroxenes from the
island arc setting in Ens-Frs-Wo diagram of Burns,
1985 (Fig. 8). The high magnesium numbers
[Mg#=(100*Mg/Mg+Fe)] of the orthopyroxenes
show similar values with some Eastern Mediterra-
nean ophiolites formed in an intraoceanic subduction
zone such as Kizildag ophiolite (Bagc1, 2004; Bagci

et al., 2005), Pozanti-Karsanti Ophioite (Parlak et al., 2000, 2002), Mersin Ophiolite (Parlak, 1996; Parlak et
al., 1996), Komiirhan ophiolite (Rizaoglu et al., 2006), Ispendere ophiolite (Parlak et al., 2012). In Mg numbers
[Mgf=(100*Mg/Mg+Fe)] vs Al,O, contents correlation diagram, the orthopyroxenes from the gabbroic cumu-
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Fig. 13. (a) Anorthite content in plagioclase (mol %) versus enstatite content in orthopyroxene (mol %),
(b) Anorthite content in plagioclase (mol %) versus Fo (mol %) content in olivine for the mafic cumu-
late rocks from the South of Kahramanmaras. The Troodos ophiolite trend is from Hebert and Laurent,
1990. The Mersin ophiolite trend is from Parlak et al., 1996, The Pozanti-Karsanti ophiolite trend is from
Parlak et al., 2000, The Kémiirhan ophiolite field is from Rizaoglu, 2006, Kizildag (Hatay) ophiolite field
from Bagci, 2004, R, Rindjami Volcano (Foden, 1983); B2, B3a, Boisa Volcano (Gust and Johnson, 1981);
U, Usa Volcano (Fujimaki, 1986); A, Agrigan Volcano (Stern, 1979); Lesser Antilles is from Arculus and
Wills, 1980.
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lates show close similarities with the mafic cumulates of Pozanti-Karsant1 ophiolite (Parlak et al., 2002) and
Tekirova (Antalya) ophiolite (Bagci et al., 2008) (Fig. 11).

4.3.4. Plagioclase

Representative plagioclase analyses from the mafic cumulate rocks (gabbro, olivine gabbro and olivine
gabbronorite) are presented in Table 6. The plagioclases are unzoned. In the plagioclase classification diagram,
all the rock samples are plotted in the bitownite and anorthite field (Fig. 12). The Anortite contents range from
97.40 to 96.15 % in gabbros, from 95.90 to 88.29 % in olivine gabbros and from 97.40 to 81.88 % in olivine
gabbronorites (Table 6). Crystallization of such calcic-plagioclase is attributed to either high magmatic water
contents (Arculus and Wills, 1980; Sisson and Grove, 1993; Panjasawatwong et al., 1997) or high melt Ca/
(CatNa) ratios (Panjasawatwong et al., 1997).

Co-variations of An content of plagioclases versus Enstatite content of pyroxenes and Forsterite content
of olivines from the cumulate gabbroic rocks (olivine gabbro and olivine gabbronorite) are plotted together with
island arc settings and some eastern Mediterranean ophiolites [Troodos (Hébert and Laurent, 1990), Mersin
(Parlak et al., 1996), Pozanti-Karsant1 (Parlak et al., 2000) Kizildag (Bagci et al., 2006), and Komiirhan
(Rizaoglu et al., 2006)] in Fig. 13. The cumulate gabbroic rocks differ from the MORB type gabbroic rocks and
show close similarity to the gabbroic rocks from the subduction related environment. Co-variations of An con-
tent of plagioclases versus Mg numbers of clinopyroxenes diagram separates the gabbros formed in Mid Ocean
Ridges (MOR) and arc environment (Fig. 14). The samples from this study are plotted together with some well-
known Eastern Mediterranean ophiolites [Mersin and Pozanti-Karsanti (Parlak et al., 1996, 2000), Kizildag and
Tekirova (Bagci et al., 2005, 2006), The gabbros from the Kahramanmaras region differ from MORB type
gabbroic rocks and show close similarities to the gabbros from the well-known suprasubduction zone type
ophiolites (Fig. 14).

4.3.5. Amphibole

Representative amphibole analyses from the mafic cumulate rocks (gabbro, olivine gabbro and olivine
gabbronorite) are presented in Table 7. The amphiboles in the mafic cumulate rocks are secondary and they are
derived from alteration of pyroxenes. They are represented by tremolite, actinolite, magnesio-hornblende and
Tschermakite in the classification diagram of Leake et al. (1997) (Fig. 15). The Mg-numbers [Mg#=(100*Mg/
Mg+Fe)] of the amphiboles are from 74.64 to 62.60 in gabbros, from 85.21 to 77.11 in olivine gabbronorites
and 85.53 in olivine gabbro (Table 7).

5. DISCUSSION AND CONCLUSIONS

Unnamed ophiolitic rocks in the Kahramanmaras region located between the Bitlis—Piitlirge massif and
the Arabian platform together with the Kogali, Hatay, and Baer-Bassit ophiolites that are adjacent with the
Troodos ophiolite to the west. These ophiolites are well documented as formed by spreading above a north-

dipping intra-oceanic subduction zone tectonic setting 100
(Al-Riyami et al., 2002; Bagci et al., 2005, 2008; Kizildag (Hatay) ophiolite
Rizaoglu et al., 2006; Parlak et al., 2009). These ophi-
olites were emplaced onto the Arabian continental 90 - e
margin during Campanian—Maastrichtian time (In- ' Ly
wood et al., 2009), and then were transgressively ()\@!/ I‘
overlain by non-marine to shallow-marine sediments % 80 | 0‘0‘0 =-'.'.\.--{ '
(Boulton et al., 2006; Boulton and Robertson, 2008). S Qg,‘gb \.’é&
In supra-subduction zone (SSZ) settings, boninitic & N A
and tholeiitic magmas could occur (Yibas et al., 2003, 2 704 .

) Tekirova (Antalya)

k= ophiolite
Fig. 14. Anorthite content in plagioclase (mol %) Pozirp])trlm_iglei?:antl e
Magnesium numbers of clinopyroxenes for the
mafic cumulate rocks from the South of Kahra- 50 Fie'db%farc
manmaras. MORB and arc related gabbro fields gapere
are from Burns, 1985. The Mersin ophiolite trend

is from Parlak et al., 1996, Pozanti-Karsanti ophio- 40 50 60 70 80 % 100
lite trend is from Parlak et al., 2000, Kizildag ophi-
olite trend is from Bagci et al. 2005 and Tekirova

ophiolite trend is from Bagc et al., 2006 O Olivine gabbronorite  [] Olivine gabbro /A Gabbro
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0O Fig. 15. Amphibole Classification diagram (after
%@ @@D Leake et al., 1997).
08 Magnesio-hornblende
Actirzlite Tschermakite
‘:';\ O.G—MA Bagci et al., 2005, 2008; Bagc1 and Parlak, 2009;
w Dilek and Flower, 2003).
2 Bagc1 (2013) suggested a distinct magma
> 04 2 generation for the ophiolitic rocks from
= | 2 Kahramanmaras region. According to this study,
8 Ferro-hornblende the ultramafic-mafic cumulates were formed in a
024 £ Ferro-tschermakite suprasubduction zone tectonic setting, whereas the
$ ) . - .
i, isotropic gabros were subdivided into two groups
o as formgd in SSZ tectonic s.etting' al}d OIB-type
8.0 75 70 65 60 55 mMmagmatic sequences formed in a within-plate oce-

Si anic setting. The mafic cumulate rocks from the
Kahramanmaras region show REE and spider pat-
terns as Low-Ti tholeiites and (Fig. 7a,b).

Ophiolites have been divided into two groups
as high-Ti and low-Ti ophiolite types by making discrimination by using the fractionation trends of both gab-
broic rocks and lavas and dykes (Miyashiro, 1973, 1975; Serri, 1980). While the high-Ti ophiolites show typical
characteristics of MORB-like magmas the low-Ti ophiolites show a wide range of compositioal spectrum from
mid ocean ridge basalts to island arc tholeiites and boninite-like magmas (Serri, 1980). As in the previous study
by Serri (1980); rather than to use overlying dikes and lavas, using the cumulate gabbros is more effective for
testing the type of ophiolite due to their less altered nature. In the TiO, vs MI (mafic index) diagram, the cumu-
late gabbroic rocks from Kahramanmaras region are plotted in the field of low-Ti ophiolites (Fig. 6), and with
the evaluation of other tectonomagmatic discriminaton diagram it is clearly seen that the mafic cumulate rocks
from the southern part of Kahramanmaras region show typical characteristics of the ophiolite formed in a su-
prasubduction zone tectonic setting with island arc tholeiitic magma source.

In conclusion;

Although the ophiolitic rocks that emplaced onto the Arabian passive margin in Late Cretaceous are in-
complete and dismembered, except sheeted dykes and volcanics, they display Penrose-type ophiolite pseu-
dostratigraphy such as the mantle tectonites, the ultramafic cumulates, the mafic cumulates, and isotropic gab-
bros. They are tectonically underlain by thin sheet of metamorphic sole rocks that mark the initiation of
emplacement of oceanic lithosphere from the southern branch of Neotethys.

According to mafic Index (MI) and TiO, contents, the mafic cumulates of the ophiolite from the southern
part of Kahramanmaras can be classified as Low-Ti gabbro, suggesting derivation from a depleted magma
source that is typical for the SSZ-type environment.

The mineral chemistry of the cumulate rocks indicates a low-pressure environment for the magma frac-
tionation process during the crystallisation of main phases.

The presence of highly magnesian olivines (Foy, ;) and pyroxenes (Mg#, ,) as well as highly calcic
plagioclases (An,, ¢,) in the cumulates, indicates an intra-oceanic subduction-related tectonic environment for
their generation.

The whole rock geochemical features of the cumulate rocks suggest that they were derived from a low-Ti
island arc tholeiitic magma in a supra-subduction zone (SSZ) tectonic environment during the closure of the
southern branch of Neotethyan oceanic basin in Late Cretaceous.

The presence of amphibole mineral in the cumulate gabbros indicates hydrous condition at the time of
their magmatic differentiation and confirms the subduction-related setting for the generation of the crust.

O Olivine gabbronorite [ Olivine gabbro A Gabbro
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