
 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 



 



 

9. Hafta Saha Jeolojisi II Mersin ofiyoliti bilgileri 
INTRODUCTION  

 

Ophiolites were defined in Penrose Conference (Geotimes, 1972) and have been 

interpreted as oceanic lithosphere fragment obducted onto continental margins 

during orogenic processes (Gass, 1967; Coleman, 1971; Dewey and Bird, 1971). 

The eastern Mediterranean ophiolites in southern Turkey crop out along two 

belts, namely, Peri-Arabic belt comprising Hatay, Baer-Bassit, Troodos, Cilo, 

Guleman, Zagros and Oman (Ricou, 1971), and the Tauride belt along which 

discontinuous oceanic lithosphere fragments (e.g. Lycian nappes, Alihoca, Beyşehir-

Hoyran nappes, Pozantı-Karsantı, Mersin) in association generally with 

metamorphic sole and ophiolitic mélange are seen on both sides of the calcareous 

axis (Juteau, 1980; Dilek and Moores, 1990) (Figure 1). The Tauride belt, the part of 

the Alpine-Himalayan orogenic belt in southern Turkey, consists of a series of 

nappe sheets in which oceanic and continental rock assemblages with distinct 

lithological and structural features are present (Figure 1) (Özgül, 1976). The 

ophiolitic massifs in the Tauride belt, croping out along either northern or southern 

part of the Taurus calcareous axis, present generally dismembered relicts of oceanic 

lithosphere derived from northern branch of the NeoTethyan ocean some time 

during Late Cretaceous (Juteau, 1980; Şengör and Yılmaz, 1981; Ricou et al., 1984; 

Robertson and Dixon, 1984; Dilek and Moores, 1990) (Figure 1).    

The Mersin ophiolite, one of the Tethyan oceanic lithospheric remnant, is located 

in the eastern end of the central Tauride belt. There are three distinct nappe sheets in 

the Mersin Ophiolite Complex (MOC), in  structural upward order these are namely 

the ophiolitic mélange, the subophiolitic metamorphic rocks and the ophiolitic units 

(Figure 2). The ophiolitic melange is represented by continental margin units, rift-

related sediments, slabs of metamorphic rocks, ultramafic and mafic rocks, rootless 

blocks of platform carbonates (Permian to Cretaceous in age). This unit is in turn 

tectonically overlain by the sub-ophiolitic metamorphic rock assemblages that are 

folded, imbricated and cut by number of diabasic dikes (Parlak et al., 1995). The 

structurally highest tectonic pile in the study area is the oceanic lithospheric rocks 

that comprise mantle tectonites, ultramafic and mafic cumulates, Late Jurassic-Early 

Cretaceous alkali basalts and Late Cretaceous  (?) tholeiitic basalts and diabases 

(Parlak et al., 1997) (Figure 2). 
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Figure 1. Ophiolites of the Tauride belt in southern Turkey (Juteau, 1980). 
 

 
Figure 2. The main tectonostratigraphic units of the Mersin ophiolite complex. 

 

Izmir

Antalya

Sultan Dag

Beysehir

Alanya

Karaman

Silifke

Mersin
Adana

Marmaris

Isparta Nigde

Pinarbasi

1

2

2

3

3

4

5

6

Pliocene

Miocene

Tauric limestone

Metamorphic cover 
of Menderes massif
Crystalline massifs of 
Nigde and Menderes

Autochthonous units Allochthonous Units

Lycian nappes

Antalya nappes

Alanya massif

Tauric ophiolites

Beysehir-Hoyran and 
Hadim nappes

Ophiolitic Massifs

1- Ophiolites of Lycian nappes

2- Ophiolites of Hoyran-Beysehir nappes

3- Ophiolites of Antalya nappes

4- Mersin ophiolite

5- Pozanti-Karsanti ophiolite

6- Pinarbasi ophiolite

M   E   D   I   T   E   R   R   A   N   E   A   N

Miocene 

L-M. Eocene 

L. Paleocene 

L. Cretaceous 

Ju
ra

ss
ic

-C
re

ta
ce

ou
s

Ophiolite 

Met. Sole

Melange 

Ta
ur

us
 A

ut
oc

ht
ho

no
us

 

Formation Age  

     Late 
Cretaceous

L.Cretaceous

La
te

 C
re

ta
ce

ou
s

Lmst. blocks ranging in age 
from L.Perm. to L.Cretaceous
Fragments of ophiolit ic 
material 

Radiolarites

Matrix of the melange Blocks of volcavics and volcano 
sed. cover 

Sandstones and shales

 TECTONO-STRATIGRAPHY OF THE  
MERSIN OPHIOLITE COMPLEX (MOC)



 

 3

Different parts of the ophiolite suite are well exposed within roughly the NNW-SSE 

extending series of deep valleys  beneath the Miocene carbonates approximately 50 

km NW of Mersin (Figure 3 and 4). 

 
 

Figure 3. Geological map of the western part of the Mersin ophiolite. Numbers indicate the sites of 
the field excursions within the Sorgun valley (Parlak, 1996). 
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Figure 4. Detailed stratigraphic column of the rock units in the Mersin ophiolite (Parlak, 1996). 
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DESCRIPTION OF THE LOCATIONS 
 

STOP-1 
Ophiolitic Melange 

We will have a stop in the ophiolitic mélange near Sorgun village. In this location 

we will not examine the rock units of the mélange in detail but a general view from 

south to north and discussion. The ophiolitic melange in Mersin complex consists of 

continental margin units, rift assemblages, platform fragments, slabs of ophiolites 

and metamorphic rocks. The contacts between these tectonostratigraphic units are 

tectonic (Photos 1-3). 

 
Photo 1. a) Pelagic limestones intercalated with the alkaline volcanics and tuffs. b) Plant bearing 
sandstones. c) Overturned carbonate cemented sandstone and siltstone intercalation. d) Mudstone 
and radiolarite intercalation.  
 

 
Photo 2. a) Bedly sorted conglomerate comprising pebbles of alkaline volcanics. b) Brecciated 
limestone blocks (Late Triassic-Jurassic). c) Late Triassic aged cherty limestone. d) Rootless 
limestone blocks in the mélange.  



 

 6

 

 
Photo 3. a) Serpentinized harzburgite fragments in the mélange. b) Gabbro fragments in the 
mélange. c) Pillow basalts in the mélange. d) Fragments of volcano-sedimentary rocks in the 
mélange. 

 
 

STOP-2 
Tectonic contact between ophiolitic mélange and ophiolite 

The boundary between ophiolite and mélange is well seen on the way from 

Sorgun to Erdemli (Mersin) just one km south of the Sorgun bridge. The contact is 

highly sheared and serpentinized. The orientation of the contact is N70E/71SE 

(Photo 4). 
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Photo 4. Tectonic contact between mélange and ophiolite. 

STOP-3 
Chromite mine in the tectonites and isolated diabase dike 

  An abandoned chromite mine will be visited in this stop and later on an isolated 

diabase dike intruding the tectonite will be seen. 

 The chromian spinel compositions in the Mersin ophiolite are different from 

those of oceanic crust (Dick and Bullen, 1984) and stratiform complexes (Irvive, 

1971) and similar to chromian spinels from Troodos ophiolite (Hebert and Laurent, 

1990) and Border Ranges ultramafic and mafic complex (Burns, 1985). Spinels with 

high Cr# (>60 %) are restricted to volcanic arcs whereas low Cr# (<60 %) in spinels 

is typical of oceanic crust (Photo 7c). 

Figure 5. Chromian spinel compositions from ultramafic cumulates (filled circles) and peridotites 
(open circles) in the Mersin ophiolite (from Parlak et al., 1996). Type III spinel field and abyssal 
peridotite field from Dick and Bullen (1984), stratiform field from Irvine (1967). 
 

The ophiolite body is cross cut at all structural levels by numerous mafic dikes 

(Photo 5). The dikes do not intrude the underlying mélange or platform carbonates. 

Therefore dike emplacement postdate the formation of the ophiolite and 

metamorphic sole but predate the final obduction onto the Tauride platform. The 
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isolated diabase dikes in the Mersin ophiolite suggest the geochemical 

characteristics of Island Arc Tholeiites (Figure 6) (Parlak and Delaloye, 1996). 

Figure 6. a) Plot of Ti vs V for the dike swarms of the Mersin ophiolite (after Shervais, 1982). b) 
TiO2-MnO-P2O5 plot of the tholeiitic dike swarms (after Mullen, 1983). 
 

 
Photo 5. a and b) Diabase dikes within the metamorphic sole. c) Diabase dike within the gabbroic 
cumulate. d) Diabase dike within the tectonite.   

 
STOP-4 and 5 

Ultramafic-mafic cumulates 
In this stops, the ultramafic and mafic cumulates are well seen along roughly the 

N-S extending Sorgun valley (Figure 3). Total thickness of the cumulates is over 3 

km (Figure 4). The rock association from bottom to top show following sequence: it 

starts with dunites (Photo 6a) in which stratiform chromite occurrences are present 

(Photo 7c) and gradually passes into dunite-wehrlite alternation zone (Photo 6b). A 
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2000 m thick gabbroic rocks constitute the rest of the section. Within the gabbroic 
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cumulates, olivine gabbro, leuco gabbro (Photo 7a), gabbro and anorthosite (Photo 

7b) are the most conspicuous lithologies. 

The ultramafic cumulates, which generally exhibit adcumulate texture, display  

structures such as igneous lamination, size grading and rhytmic layering (Photo 7d). 

Mafic cumulates show rhytmic-graded layering and are characterized by 

adcumulate, mesocumulate and orthocumulate texture (Photo 8). Abundance of 

monomineralic cumulate layers (dunite, clinopyroxenite) especially in the ultramafic 

section is an evidence of adcumulate origin (Jackson, 1971).  

 
Photo 6. a) Photomicrograph of adcumulate dunite from the base of the ultramafic cumulate. b) 
Olivine-clinopyroxene adcumulate wehrlite. c) Adcumulate clinopyroxenite. d) Olivine gabbro 
showing the mesocumulate texture. 
 

 
Photo 7. a) Leucogabbro, cumulus plg and intercumulus cpx. b) adcumulate anorthosite, cpx is 

the intercumulus phase. c) Stratiform chromite band within the dunite rich ultramafic cumulate. d) 
Size grading in clinopyroxenite at the base of the ultramafic cumulate. 
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Phase or crystallization layering result from the appearance or disappearance of 

one or more minerals (Hess, 1989). Phase variation of cumulus and intercumulus 

minerals of the Mersin ophiolite cumulate suite is illustrated in Figure 7. The 

cumulus phases are olivine, Cr-spinel, clinopyroxene and plagioclase. Post cumulus 

phases are orthopyroxene, clinopyroxene, plagioclase and olivine. 

 
Photo 8. a) Magmatic lamination in the gabbroiic rocks and coarse grained olivine crystals parallel 
to the lamination. b) Mineral graded layering in gabbros. c and d) Rhytmic layering in gabbros, cm-
scale plagioclase and clinopyroxene alternation. 
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Figure 7. Phase distribution within the cumulates. 1-mantle tectonites, 2-dunite and wehrlite 
alternation zone, 3-clinopyroxenite, 4-dunite, 5-wehrlite, 6-gabbro, 7-basalt. 

Cryptic layering demonstrates variation in chemical composition of certain 

minerals throughout a layered sequence of rocks (Wager and Brown, 1968; Hess, 

1989). They are represented by Ca-clinopyroxenes, An-rich plagioclases and Fo-rich 

olivines. Cryptic variation of the ultramafic and mafic cumulates are shown in 

Figure 8 in terms of chrom content (Cr#) in Cr-spinel,  forsterite (Fo) content in 

olivine, Mg content (Mg#) in clinopyroxene, anorthite (An) content in plagioclase 

and Mg content (Mg#) in orthopyroxene with respect to stratigraphic height. It is 

obviously illustrated that there is limited cryptic variation throughout the cumulate 

sequence of the Mersin ophiolite. (Figure 8). 
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Figure 8. Cryptic variation within the cumulative rock of the Mersin ophiolite. Legend of the 
lithologies same as in Figure 7. Numbers represent minimum and maximum values in individual 
samples. 

The mineral chemistry of mafic and ultramafic phases suggest that the Mersin 
ophiolite was formed in an arc or supra-subduction zone tectonic environment in 
which high pressure crystal fractionation took place some time during Late 
Cretaceous (Parlak et al., 1996) and show close similarity to those of modern island 
arc settings (Figure 9). 

Figure 9. a) Compositions of coexisting plg and cpx in the cumulate gabbro. Field of Morb and Arc 
gabbros are from Burns (1985). b) Covariation of olivine and plagioclase in the cumulate of the 
Mersin ophiolite. LA: Lesser Antilles (Arculus and Wills, 1980), A: Agrigan volcano-Mariana arc 
(Stern, 1979), B2 and B3a: Boisa volcano, Papua (Gust and Johnson, 1981), U: Usa volcano, Japan 
(Fujimaki, 1986).    
 

Coleman (1986) described for the Border Ranges Ultramafic and Mafic Complex 

(BRUMC) the magma generation in the mantle wedge above a subduction zone 

beneath an immature island arc where magma chambers generate ultramafic and 

mafic cumulates that crystallize at high pressure (Figure 10). The Mersin ophiolite 

cumulate sequence shows similar relationships to BRUMC in Alaska (Burns, 1985) 

in terms of phase variation and mineral chemistry. 
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Figure 10. a) Generalized relationships between sites of arc generated magmas, magma chamber at 
the base of island arc from high pressure ultramafic and mafic cumulate sequences such as those 
found in the Border Range ultramafic and mafic complex (BRUMC) in Alaska (Coleman, 1986). b) 
Mineral facies crystallizing from both high- and low-pressure magmas shown (Morse, 1980). 

STOP-6 
Volcanics intercalated with cherty limestone and radiolarites 

In this last stop, we will visit the volcanics and associated radiolarites in the 

Mersin ophiolite. Basaltic rocks are situated at three localities in the Mersin 

ophiolite. Two of these outcrops are seen in the Sorgun valley and the third one is 

located at Findikpinari village (Figure 3). Field observations and geochemical 

studies show that these volcanic rocks differ  from each other. Volcanic rocks in the 

Sorgun valley are seen as two nappe-packages between harzburgitic tectonite and 

cumulate. The volcanic rocks are basaltic lava flows and pillow lavas intercalated 

with pelagic cherty limestones and radiolarites (Photo 9c-d). The radiolarites 

(Archaeodictyomitra apiara  and Ristola cf. boessi determined by  Holdsworth, B.K. 

at Keele University-England) yielded Late Jurassic-Early Cretaceous age range. 

However, basaltic rocks near Findikpinari are represented by pillow lavas and 

underlying diabases that are thought to be Late Cretaceous in age (Photo 9 a-b).  

 
Photo 9. a-b) Late Cretaceous basalts and diabases. c-d) Late Jurassic-early Cretaceous basalts and 
associated radiolarites-cherty limestone.  

 

Volcanic rocks present two discrete geochemical and structural features. The first 

one is represented by basaltic pillow lavas intercalated with radiolarites and pelagic 

limestones (Late Jurassic-Early Cretaceous), whereas the second one is represented 

by basaltic pillow lavas and diabase (Late Cretaceous ?). Basaltic rocks associated 

with deep marine sediments show an alkaline affinity. Major and trace element 
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compositions suggest  that these volcanic rocks formed in a within plate basalt 

setting. REE chemistry of these volcanic rocks, which shows LREE enrichment, 

also confirms the formation in an ocean island /sea mount (WPB) environment. 

Basalts and diabases of the second group, which exhibit similar geochemical 

features, differ from the above mentioned group by their tholeiitic affinity. Major 

and trace element chemistry suggests that these rocks have the chemical features of 

a supra-subduction zone setting. Flat-lying REE patterns of basalts and diabases are 

also an indicative of an arc-related environment.  

Figure 11. a) Nb-Zr-Y (after Meschede, 1986) and b) Zr/Y vs Zr (after Pearce and Norry, 1979) 
tectonomagmatic discrimination diagrams for the volcanics of the Mersin ophiolite.   

 

 
Figure 12. Chondrite normalized REE pattern of the volcanics in the Mersin ophiolite (normalizing 
values from Sun and McDonough, 1989) 
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