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Abstract Some parts of the Tethyan ophiolites of Alpine-Himalayan suture belt are
located within Turkey. The Tethyan belt splits into two branches in Turkey. The
northern branch follows the Izmir-Ankara-Erzincan Zone, while the southern
branch extends along the Anatolide-Tauride and Bitlis-Zagros suture zone. The sub-
sections of the latter reach Iran in the east and Oman ophiolites in the south east.
These ophiolites are also the only environments in which chromitite deposits occur.
Consequently, the ophiolites in Turkey are significantly rich in terms of Alpine type
chromitite occurrences and they are the oldest metallic mine products.

There has been chromitite ore production in Turkey since the nineteenth century.
With their refractory quality, chromitite produced in Turkey has always had a good
standing in the market. Chromitite, which was exported as lump ore until mid-twentieth
century, started to be used in the domestic market as the country’s industry developed,
but still, even today an important part of the production is exported. In addition, since
the chromitite developments near to the surface are almost completely exhausted, the
chromitite ore production in the country has evolved to concentrated ore obtained from
low grade deposits, through beneficiation. Although there are many active beneficia-
tion plants in various parts of the country, there is still a significant amount of concen-
trate ore production; especially in the deposits of Adana-Aladag region.

In this chapter, the mentioned chromitite occurrences are discussed in a specific
order from west to east, taking into account the ophiolite sequences to which they
belong. The North Anatolian Ophiolites are introduced in the first three sections
whereas the other three sections present the chromitite deposits of the South
Anatolian Ophiolites. Nevertheless, considering the historical records and future
production potentials, Turkey’s most important chromitite production regions could
be listed in order of priority as Guleman (Elazig), Kopdag region (Erzincan),
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Mugla-Fethiye region, Aladag-Pinarbasi (Adana-Kayseri), Orhaneli-Harmancik
(Bursa)-Eskisehir region and Hatay. It is clear that these should all be taken into
consideration for further prospecting targeting.

3.1 Introduction

This chapter has been prepared by making use of the wide literature on Turkish
chromitites. The “Turkish Chromitite Inventory” project, which is being pre-
pared using the Chrome-Nickel Prospecting reports, has been worked on by the
General Directorate of Mineral Research and Exploration for many years. Most
of the presented data (tables and maps) were derived from these prospecting
reports. In the first part we provide brief information about Tethyan ophiolites of
the Eastern Mediterranean. The second part includes general information about
chromitites and general features of chromitites in Turkey. A summary of petro-
genetic studies regarding ophiolites in Turkey is also presented here. The third
part is the main body of this chapter. Chromitite occurrences of Turkey presented
here are based on an inventory format in accordance with County administrative
requirements in Turkey. In this way, related ophiolite sequences can be described
in more detail.

This Chapter aims to work through the chromite occurrences associated with the
Tethys Ophiolites, thereby becoming an essential overview and a guide for new
scientific studies. We also hope to have opened a new window for our colleagues
and students who are studying and working on mineral systems.

3.2 Tethyan Ophiolites of the Eastern Mediterranean

The Mesozoic Tethyan ophiolites of the Alpine-Himalayan orogenic belt include
the Mid-Late Jurassic ophiolites of the Dinarides, Albanides and Hellenides in the
western region and the Late Cretaceous ophiolites of Turkey, Troodos, Baer-
Bassit, Khoy, Kermansah, Neyriz, and Oman in the eastern region (Fig. 3.1). The
Mid to Late Jurassic ophiolites in the western region formed in a transitional tec-
tonic settings from MORB to SSZ (Bebien et al. 1998; Bortolotti et al. 2002;
Robertson 2002, 2012; Robertson and Shallo 2000; Hock et al. 2002; Dilek and
Flower 2003; Saccani et al. 2004; Dilek et al. 2005, 2008; Tremblay et al. 2009),
whereas the late Cretaceous ophiolites in the eastern region, from Turkey to Oman,
are supra-subduction zone (SSZ) type (Aktas and Robertson 1984; Pearce et al.
1984; Hebert and Laurent 1990; Lytwyn and Casey 1993; Yaliniz et al. 1996;
Collins and Robertson 1998; Dilek et al. 1999; Floyd et al. 2000; Parlak et al.
1996, 2000, 2002, 2004, 2009, 2013a; Al-Riyami et al. 2002; Robertson 2002;
Robertson et al. 2006, 2007; Flower and Dilek 2003; Dilek and Thy 2009; Dilek
and Furnes 2009).
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Neotethyan ophiolites in Anatolia are located along several east-west trending
suture zones separated by continental blocks, metamorphic core complexes and
sedimentary basins (Sengor and Yilmaz 1981; Robertson and Dixon 1984; Robertson
2002, 2006; Okay and Tiiysiiz 1999; Okay 2008). These suture zones are marked by
ophiolites, ophiolitic melanges and ophiolite-related metamorphic rocks (Okay
1986, 1989; Parlak et al. 1995, 2006, 2009; Onen and Hall 2000; Vergili and Parlak
2005; Robertson et al. 2009; Pourteau et al. 2010; Okay and Whitney 2010; Dilek
and Furnes 2011). These tectonic units were emplaced in the Late Cretaceous as a
result of series of collisions of intra-oceanic arc-trench systems with the continental
margins (Robertson 2002, 2004, 2006, 2007; Flower and Dilek 2003; Dilek and
Flower 2003; Dilek et al. 2007; Dilek and Thy 2009; Dilek and Furnes 2009; Okay
and Sahintiirk 1997; Okay et al. 2006; Okay 1989).

The ophiolites in northern Anatolia occur in the Izmir-Ankara-Erzincan suture
(Fig. 3.1), cropping out in western, central and northeastern Anatolia. The ophiolites
are incompletely preserved, and crustal units display a supra-subduction zone geo-
chemical character. In western Turkey, the ophiolites were emplaced over a sub-
ducted and exhumed passive margin of the Tauride-Anatolide platform in the
Campanian (Okay 1989; Yilmaz et al. 1997a, b; Gonciioglu et al. 2000; Robertson
2002; Robertson et al. 2009). The Late Cretaceous dismembered ophiolites above
the Kirsehir/Nigde metamorphic massifs, and within the Ankara Melange are inter-
preted mainly as remnants of SSZ-type ophiolites formed in the Late Cretaceous
within a northerly Neotethyan oceanic basin. The felsic intrusives and the volcani-
clastics of Middle Turonian-Early Santonian age are indicative of contemporaneous
arc volcanism (Yalimz et al. 1996; Yalmiz and Gonciioglu 1998). The Late
Cretaceous Central Anatolian ophiolite was emplaced southwards from the Ankara-
Erzincan suture zone onto the Kirsehir/Nigde metamorphic basement before latest
Maastrichtian time. However, Early-Middle Jurassic isotopic ages were reported
from the Ankara melange (Dilek and Thy 2006; Celik et al. 2011). The Ankara-
Erzincan suture zone includes large bodies of ophiolites and ophiolitic melanges in
northeastern Anatolia (Rice et al. 2006, 2009; Sarifakioglu et al. 2009; Parlak
et al. 2013b; Topuz et al. 2013). These ophiolitic units display well-preserved oce-
anic lithospheric sections and accretionary melanges with local blueschist assem-
blages. Southward-emplacement onto the Tauride passive margin and northward
emplacement onto the Pontide active margin has been proposed during Late
Cretaceous-Early Tertiary (Okay and Sahintiirk 1997; Yilmaz et al. 1997a, b; Rice
etal. 2006, 2009). These ophiolitic units are unconformably overlain by Campanian-
Maastrichtian sediments that were, in turn, imbricated with the ophiolitic rocks
(Okay and Sahintiirk 1997; Rice et al. 2006, 2009).

The Tauride belt ophiolites start with the Lycian nappes to the west and end with
the Divrigi ophiolite to the east. These ophiolites (Lycian nappes, Antalya, Beysehir-
Hoyran nappes, Mersin, Pozanti-Karsanti, Pinarbast and Divrigi) are situated either
on the northern or on the southern flank of the E-W trending Tauride carbonate
platform axis (Juteau 1980). They mainly consist of three tectonic units namely, in
ascending order, ophiolitic mélange, sub-ophiolitic metamorphic sole and oceanic
lithospheric remnants. The ophiolitic mélange in tectonic contact with the underly-
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ing platform carbonates, is composed of ophiolitic rock fragments, limestone blocks
ranging in age from Permian to Late Cretaceous, radiolarites, shale, and fragments
of metamorphic rocks. This unit is, in turn, tectonically overlain by thin sheets of
metamorphic rocks that display inverted metamorphic zonation from upper amphib-
olite to greenschist facies. The mantle tectonites, dominated by harzburgite, tectoni-
cally rest on the deformed metamorphic sole rocks. Well-preserved ultramafic and
mafic cumulates are the most conspicuous features all over the Tauride belt ophiol-
ites (Juteau 1980). The plutonic sections and the metamorphic soles of the Tauride
ophiolites are crossed by numerous isolated diabase dykes at different structural
levels. The dykes are not deformed, indicating that they were emplaced after the
deformation of metamorphic soles, but they do not extend into the underlying
melanges. Sheeted dyke complexes and volcanic sections are rarely present in some
of the ophiolites such as Antalya, Mersin and Pozanti-Karsant1 (Juteau et al. 1977,
Parlak 1996; Parlak et al. 2001). The geochemistry of crustal rocks indicates SSZ
origin for the Tauride ophiolites (Collins and Robertson 1998; Parlak et al. 1996,
2000, 2002, 2006; Andrew and Robertson 2002; Vergili and Parlak 2005; Celik and
Delaloye 2003; Celik and Chiaradia 2008; Celik 2007).

Two subparallel, NE-SW-trending belts of Upper Cretaceous ophiolitic rocks
transect southern Turkey, extending through northern Syria, Cyprus and intervening
offshore areas (Robertson 2002; Parlak et al. 2009). The southern belt includes the
Troodos ophiolite (Cyprus), the Baer—Bassit ophiolite (northern Syria) and the
Antalya (Tekirova and Godene), Hatay, Amanos and Kocali ophiolites (southern
Turkey). Geophysical evidence indicates that a submarine connection existed
between the Troodos and Levant margin ophiolites (Baer-Bassit and Hatay ophiol-
ites) via the Latakia Ridge (Ben-Avraham et al. 2006; Roberts and Pearce 2007,
Bowman 2011). These ophiolites originated within the Southern Neotethys.
Regional comparisons show that the Kizildag ophiolite has similar petrological and
geochemical features to the Baer—Bassit and Troodos ophiolites. The Baer—Bassit
ophiolite is the leading edge of a vast ophiolite that was emplaced southwards from
the southerly Neotethyan Ocean in latest Cretaceous (Maastrichtian) time. The
Kizildag ophiolite to the north represents the undeformed, more northerly part of
the same thrust sheet (Robertson 1986a, b, 2002; Al-Riyami and Robertson 2002;
Al-Riyami et al. 2002). There are a number of similarities between the two ophiol-
ites. Despite the strongly dismembered nature of the Baer-Bassit ophiolite, it can be
reconstructed as a single complete ophiolite sequence from bottom to top, like the
Kizildag ophiolite (Robertson 1986a, b; Al-Riyami et al. 2002). The plutonic sec-
tion of the Kizildag ophiolite is lithologically similar to that of the Baer—Bassit
ophiolite (Bagci et al. 2005, 2008; Al-Riyami et al. 2002). Both ophiolites have well
developed sheeted dyke complexes. The extrusive rocks in both ophiolites are
mostly depleted and exhibit the geochemical features of island arc tholeiites (IAT)
(Al-Riyami et al. 2002; Bagci et al. 2008).

The more northerly belt includes the North Berit (Goksun) ophiolite, the
Ispendere ophiolite, the Komiirhan ophiolite, the Guleman ophiolite and the Killan
ophiolite. These ophiolites originated from an ocean basin, here termed the Berit
ocean, that was located between the Malatya-Keban platform to the north and the
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Bitlis and Piitiirge continental units to the south (Robertson et al. 2012a, b). The SE
Anatolian ophiolites are tectonically overlain by the Malatya-Keban platform and
all intruded by late Cretaceous granitoid (Parlak 2006; Rizaoglu et al. 2009). These
ophiolites were thrust over the Maden Group at the end of Middle Eocene time.
They include differentiated rock units in both the plutonic (quartz diorites) and the
volcanic sections (i.e. basalt to rhyolite). They are also overlain by volcanic arc
units (i.e. Elazig Unit, Yiiksekova Complex), suggesting that SSZ-type crust evolved
into an ensimatic island arc as subduction continued (Rizaoglu et al. 2006; Parlak
et al. 2009; Karaoglan et al. 2013b). The Guleman ophiolite shows similar features
to the Komiirhan, Ispendere and Goksun ophiolites. Although it was also accreted to
the base of the Malatya-Keban platform during the Late Cretaceous, it was not
affected by the intrusion of the granitoid. All of the evidence suggests that the
Goksun, Tspendere, Komiirhan, Guleman ophiolites and the North Berit (Goksun)
ophiolite were related to the northern margin of the southern Neotethys (i.e. the
Malatya—Keban Platform), whereas the Kizildag (Hatay) ophiolite was attached to
the southern margin (i.e. the Arabian Platform) of the southern Neotethys in the lat-
est Cretaceous time (Robertson et al. 2006, 2007; Parlak et al. 2009, 2013a).

U-Pb ages of the oceanic magmatism (gabbro) reported from the Western and
Central Alps range from 164 to 158 Ma (Rubatto et al. 1998; Rubatto and Scambelluri
2003; Kaczmarek et al. 2008). But the youngest oceanic magmatism was reported as
93 Ma by Liati et al. (2003) in the Central Alps. Similar Middle to Late Jurassic crys-
tallization ages were also documented from the Mirdita (plagiogranite: 165—-160 Ma),
in Albania (Dilek et al. 2008); Vourinos (plagiogranite: 172.9 =+ 3.1 and gabbro: 168.5
+ 2.4 Ma), Pindos (gabbro:171 + 3 Ma), Samothraki (gabbro: 159.9 + 4.5 Ma), Evros
(gabbro: 168.6 + 1.8 Ma), Crete (gabbro/hornblendite: 162.7 + 2.8 Ma) ophiolites in
Greece (Liati et al. 2004; Koglin 2008); and Ankara melange (plagiogranite: 179 +
15 Ma) in northern Turkey (Dilek and Thy 2006) (Fig. 3.1). In contrast, Late
Cretaceous crystallization age of the oceanic crust is well documented in the Eastern
Mediterranean region, including Troodos (plagiogranite: 90-91 Ma; Mukassa and
Ludden 1987; Konstantinou et al. 2007), Kizildag (plagiogranite and gabbro:
93-91 Ma), Divrigi (88.8 = 2.5 Ma), Mersin (gabbro: 82.8 + 4 Ma), Pozanti-Karsanti
(Gabbro: 69.1 +2.1 Ma), Pinarbasi (Isolated dike: 65.4 + 3.2 Ma) ophiolites in Turkey
(Dilek and Thy 2009; Karaoglan et al. 2013a; Parlak et al. 2013a) and the Semail
ophiolite (plagiogranite: 95 Ma) in Oman (Tilton et al. 1981; Warren et al. 2005).

3.3 Chromitites: Types, Occurrences, Petrological Features

3.3.1 Types of Chromitite Deposits

Chromitite deposits are usually associated with ultramafic rocks. Generally they are
divided into three main types based on their origin, geological setting, mineralogy,
texture, and chemical characteristics (Thayer 1960; Jackson and Thayer 1972)
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(a) Stratiform chromite deposits generally occur in mafic-ultramafic intrusions in
stable continental regions: these are continuous deposits that usually have large
reserves and show consistency in dip and strike, small grain size, smooth crystal
shape (idiomorph), cumulate textures, high iron content, low Cr/Fe ratio. The
most typical examples are deposits in the Bushveld (South Africa; Cawthorn
2015), and Stillwater (USA; McCallum 1996) complexes.

(b) Alpine (podiform) chromite deposits: these consist of lenses or irregulalry
shaped chromitite masses, with limited continuity in strike and dip, widely
varying Cr content, and their reserves usually do not exceed a few hundred
thousand tonnes. The chromite is coarse-grained, with irregular crystallinity
and Cr/Fe ratios are generally high. Such deposits are usually found in countries
located on the Alpine mountain belt such as the Former Yugoslavia, Albania,
Greece, Turkey, Cyprus, Iran and Pakistan. Also, Kazakhstan, India, the
Philippines and New Caledonia as well as some other countries where similar
types of chromitite deposits are located.

(c) Chromitite (and magnetite) deposits that have a concentric internal order,
related to mafic-ultramafic rock assemblages: This type of chromite formation
has no economic significance. The most typical examples exist in Alaska and
are known as Alaskan-type intrusions (Johan 2002).

3.3.2 General Characteristics of the Turkish Chromitites

The chromitite deposits of Turkey are classified as “Alpine-Type” deposits.
Thicknesses usually vary between 10 cm and 10 m with lengths of 100-200 m.
However, in the Guleman (Elaz1g) region, 1500 m long bodies were observed,
boudinaged along strike, in the Uzun Damar and Ay1 Damar ore deposits. Although
the thicknesses of chromite masses can reach up to 50 m, it usually does not exceed
a few meters.

The chromite mineralisation in Turkey can be found in the ultramafic rocks of
both the cumulate and tectonite sections of the ophiolites and can be grouped
according to their tectono-stratigraphic location (Engin et al. 1985). The chromite
bodies of harzburgites (tectonites) are surrounded by dunite envelopes ranging in
thickness from a few centimetres to a few meters (Fig. 3.2).

(a) Chromitites within the deeper part of the mantle, harzburgites could be seen as
in Ayidamar and Uzun Damar deposits in Guleman (Elaz1g) region,

(b) Chromitites located below the tectonite-cumulate transition zone as in the Koca
Ocak and Kiran Ocak in Harmancik (Bursa) region,

(c) Chromitites located along the tectonite-cumulate transition zone as in Bat1 Kef
Mine in Guleman (Elaz1g) region,

(d) Chromitites hosted in ultramafic zones (dunite), as in Piityan Mine of Golalan -
Guleman (Elaz1g) and Kizilyiiksek (Pozanti-Karsant1) regions (Fig. 3.3).
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Fig. 3.2 Location of chromitites in Turkey. (After Engin et al. 1985)

The structural relationships of the chromitite bodies with the host peridotites are
shown in Fig. 3.4. Chromite deposits in Turkey are mostly concordant with the foli-
ation fabric of the peridotites (Fig. 3.4a). Although some deviations are possible due
to the shape of the chromitite bodies, in general, the orientation of the chromite
lenses and the foliation pattern in the peridotite are parallel to each other (Fig. 3.4a,
b). However, later tectonics may have affected this primary fabric and the position
of the chromitites (Fig. 3.4c—e).
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Fig. 3.3 Chromitites in Turkish ophiolites and representative ore deposits/mines. (After Engin

et al. 1985)

Chromitites cutting the structural fabric of peridotites, are mainly located along
fault zones (Fig. 3.4c). Some chromitite deposits although initially elongated along
the foliation fabrics of peridotite, as a result of tectonic transportation and deforma-
tion, actually cut through the foliation planes (Fig. 3.4c), or are locally folded with
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Fig. 3.4 Wallrock/chromitite ores relationship typically found in Turkey: (a, b) chromitite bodies
are concordant with the internal structure of the peridotite (Uzundamar and Western Kef Mines,
Guleman-Elaz1g; length of the orebody in dip direction is more than ten times than strike direction
(Anik Mine, Fethiye); (¢) Structural fabric of the orebodies in the fault zone are concordant with
this fault zone, but they cut the internal structure of peridotite in a diagonal direction (Eastern Kef
and Kapin Mines, Guleman); (d, e) Folded chromitite bodies in peridotite; chromitite bodies are
plunging, foliation of the peridotite at the fold apex diagonally intersects these fabrics of the ore-
body (Kandak and Biticealan Mines, Koycegiz-Mugla). (Redrawn after Engin et al. 1985)

the wall-rock ultramafics (Fig. 3.4d, e). These types of chromitites, as shown in
Fig. 3.4, have been described only in few areas, such as Kavak-Bahtiyar (Eskisehir)
and Guleman (Elazig) regions (Engin et al. 1980-1981) in Turkey, but well studied
in New Caledonian ophiolites (Cassard et al. 1981).

3.3.3 Geochemical Features of Turkish Chromitites
and Platinum Group Element (PGE) Contents

Apart from whole rock geochemical features available through chromite mining
operations, information related to chromite mineral chemistry and PGE contents of
chromites was reviewed from published articles, post-graduate theses and public
reports.

As mentioned above, Turkish chromitites typically are Alpine type (podiform)
deposits. These deposits are characterized by high Cr,0;, Al,O;, Cr/Fe and MgO,
and low FeO and Fe,O; contents. Although the Turkish chromitites are generally of
economic grade, their wide range of chemistry enables their use in the refractory
and chemistry industries. The average wt% Cr,O; grade of deposits ranges between
5% and 45%, with a maximum of about 58 wt% Cr,0;. Average grades of less than
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40% Cr,0s5 are accepted as “third quality”; 40-46% is accepted as “second quality”,
and over 46% is accepted as “first quality” chromite ore in the market. In this regard,
Turkish chromitites which are used in refractory industry should have approxi-
mately 3040 wt% Cr,03, 25-32 wt% Al,O3, >10 wt% SiO,. On the other hand, the
metallurgical industry needs at least 34—48 wt% Cr,0;, 8—15 wt% Al,O;, 812 wt%
Si0,, 16-22 wt% MgO. For the industry, average compositions should be at least
48 wt% Cr,0; (base), 67 wt% SiO, and Cr/Fe rate should be 3/1 (typical) (Ciftci
et al. 2017; DPT 2001).

The chemistry of chrome spinel minerals in chromitites provides important data
for genetic models of chromite formation and also for classification of chromite-
bearing ophiolites. Chemistry of chrome spinels of Turkish chromitites varies sig-
nificantly, and in this chapter, the average values of chrome spinel compositions are
used.

Data of chrome spinel chemistry demonstrates classic features of these spinels.
Turkish chromitites can generally be classified as Mg-Chromite/Chromite, accord-
ing to their chromium and magnesium numbers; 0.5< Cr# (Cr/[Cr+Al], atomic
ratio) and 0.4-0.8 <Mg# [100 Mg/(Mg + Fe), atomic ratio] (Fig. 3.5a) (Donmez
et al. 2014 and the references therein). Al,O; wt% and Cr,O; wt% contents support
the podiform type generation of Turkish chromitites (Fig. 3.5b). Chrome spinels in
Alpine type Turkish podiform chromitites have highly variable Cr# ranging from
0.21t0 0.9.

This compositional difference in chromitites, were reported by many researchers
in the last decade and chromitites were divided into two groups according to their
Cr# value intervals as high-Cr type (Cr# >0.6) and high-Al type chromitites
(Gonzdlez-Jiménez et al. 2011; Pal 2011; Rollinson 2008; Uysal et al. 2009a, b;
Zaccarini et al. 2011). Both types can exist in the same mantle source. The occur-
rences of high-Cr and high-Al types are still debated. Here, features that have a
general consensus are addressed. In recent years, as a result of studies on Turkish
chromitites, similar results were obtained about chromitites related to Mugla,
Kastamonu and Van Ophiolites (Uysal et al. 2009b; Dénmez et al. 2014; Giinay and
Colakoglu 2011, 2016).

Turkish chromitites hosted in ultramafic tectonites, which dominantly consist of
harzburgites and dunites. In these upper mantle rocks, chromite formations are
strongly related to mantle stratigraphy. Stratigraphic levels of chromitites in an
ophiolitic sequence, also appear to determine their chemistry. In this aspect, chro-
mitites can be classified in an effective way on Rammlmair’s (1986) Cr# versus Cr/
Fe diagram presented in Fig. 3.5c. It is clearly seen in this figure that Turkish chro-
mitites mainly plot within (I) and (II) areas. These areas were defined as ultramafic
tectonite (mantle peridotites) and are also consistent with their geological features.
However, the chromitites related to ultramafic cumulate rocks that plot within (III)
and (I'V) areas, are bands which are also consistent with these rocks and their occur-
rences are highly limited.

Turkish chromitites that mainly occur in mantle peridotites, do not contain eco-
nomic quantities of PGE. Chromitites in Turkey generally have low PGE content,
ranging between 200 and 350 ppb. However, it was reported that elements such as
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Pt and Pd are locally enriched over 1 ppm in a few areas such as Mugla Ophiolite
(Harmancik area; Ucurum and Koptagel 2006) and Kahramanmaras Ophiolite
(Berit area; Kozlu et al. 2014). There is no relation between whole-rock PGE
contents of chromitites and mineral chemistry. In general, it is accepted that ophiol-
itic chromitites have high IPGE/PPGE (IPGE= Ru-Os-Ir; PPGE= Rh-Pt-Pd) ratios
and low PGE contents (Economou-Eliopoulos 1996; Zhou et al. 1998; Proenza
et al. 1998; Melcher et al. 1999; Ahmet and Arai 2002; Garuti 2004; Uysal et al.
2009a, b; Gonzalez-Jiménez et al. 2011; Zaccarini et al. 2011). Turkish podiform
chromite deposits exhibit enrichment in Ru-Os-Ir relative to Rh-Pt-Pd elements
(Fig. 3.6a), similar to the PGE content of other ophiolitic chromitites around the
World.

On the basis of their PGE contents, Turkish chromitites show similar features
with geochemical behaviours of PGE’s of ophiolitic chromitites in petrological pro-
cesses. Total PGE contents of Turkish chromitites negatively correlating with
PPGELW/IPGEy, are consistent with ophiolitic trends around the world (Fig. 3.6b;
Melcher et al. 1999). In addition to this, Turkish chromitites display a trend compat-
ible with partial melting rather than being fractionated in Pd/Ir versus Pt/Pt*[=Pty/
(Rhy"Pdy)?] diagram (Fig. 3.6¢; Garuti et al. 1997). It can be concluded that during
the crystallization of chromites related to partial melting processes, Ir-group ele-
ments preferred chromite as the primary phase when compared to Pd-group
elements.

3.4 Geological Properties of Chromitites in Turkey

Tethyan ophiolites located within the borders of Turkey are exposed mainly along
the izmir — Ankara — Erzincan, Inner Taurid and Bitlis — Zagros Suture Belt (Okay
and Tiiysiiz 1999) (Figs. 3.1 and 3.7) and their principal features are discussed in
Sect. 3.2. Chromitites, which are entirely related to these rocks, are considered in
six related groups (Ciftci et al. 2017) (Fig. 3.7). In this study, the chromite deposits
of Turkey are introduced, together with the related ophiolite sequence, on the basis
of this grouping, as follows:

Region 1: NW Anatolian Region: (Balikesir, Bursa, Eskisehir and Kiitahya).

Region 2: North Anatolian Region (Cankir1, Corum, Kastamonu, Sinop, Tokat and
Yozgat).

Region 3: NE Anatolian Region (Sivas, Bayburt, Erzincan, Erzurum).

Region 4: SW Anatolian Region (Antalya, Burdur, Denizli, Isparta, Konya and
Mugla).

Region 5: Central Anatolian Region (icel, Adana, Kayseri).

Region 6: SE Anatolian Region (Hatay, Osmaniye, Kahramanmaras, Gaziantep,
Elazig, Malatya, Adiyaman, Diyarbakir, Siirt, Van, Hakkari).



86

Fig. 3.6 PGE content and
properties of chromitites in
Turkey (explanations in the
text)

Y. Ciftgi et al.

10
A Worldwide mantle-hosted
ophiolitic chromitites
et
@ ’ PN
h— =t ~.
-‘5 Illa"" — -~ \"\I
£ LT \\. e
=] i - ~ ™
= ~ \"\
S r NN
= i — T,
= ¥ N N |
= l-="" == T3 -7
o -—— - TN
“2 .01 N,
Mantle-hosted ophiolitic .
chromitites from --:‘-;::__ ‘
TURKEY T |
0.001 — . v . —
Os Ir Ru Rh Pt Pd
1000
B ... Northeastern
| Anatolia
e T
=
= .
R Northweastern
= =7 Anatolia
&}
2100 P N R
E  |Northern
£ |Anatolia
Average
Eastern Anatolia UppErmEantle
10
0.1 1 10
PPGE~ / IPGEN
1000
C
100 &,
Yacy,
‘0
3(’:9
7
:10 e,
= %“e“é sthenosphere
A0 ;
! et X Northweastern
i 27" Anatolia
o1 Eastern Anatolia
. Northc;l-ll Northeastern
“*Anatolia __Anatolia
0.1 1 10

Pt/Pt*



3 Chromitite Deposits of Turkey in Tethyan Ophiolites 87

efmron N BLACK SEA /_\
T 2 [ ——
JrTp——
D IPS iy o \

sz |
3 i

LT
(el » -
L o Al W

sifongloenlormocrs

‘uxfr
. BAGKETL

savl

L ! nusaRniT g oL
il

1 A KM . )
N ey s - i_ui‘,«: ‘

& mpivoeRe oroure. - © — [N

é"’ I - g

cow nPwo T

LADA m e Koc D SExg e e
) - )

Saan,

AEGEAN SEA

prT— & [ 150 00
5 (i ¥

ki,

6 v

1

MEDTERRANEAN

Fig. 3.7 Major structural elements of Turkey; distribution of ophiolites and related chromitites (/:
NW Anatolian; 2: North Anatolian; 3: NE Anatolian; 4: SW Anatolian; 5: Middle Anatolian; 6: SE
Anatolian Sub-Regions). (IAES Izmir-Ankara-Erzincan Suture, 7S Tavsanli Suture, AS Afyon
Suture, BFZ Bornova Flysh Zone, MM Menderes Massif, KM Kirsehir Massif, PS Pamphylian
Suture, /TS Inner Tauride Suture, /PS Inner Pontide Suture, BZS Bitlis-Zagros Suture (Assyrian
Suture), DSF Dead Sea Fault). (Modified After Okay and Tiiysiiz 1999) (Modified after MTA
2002)

Although the regional characteristics and the main features are discussed in the
first section, it is necessary to describe them in more detail in terms of petrological
and structural features because they are the primary wall-rock of chromitite ore
deposits.

3.4.1 Region One: NW Anatolian (Balikesir, Bursa, Eskisehir
and Kiitahya) Ophiolites and Related Chromitite
Deposits

Ophiolitic rocks in this region and surrounding areas remain within Izmir-Ankara
suture zone ophiolites (Fig. 3.7). The ophiolites that occur in the eastern border of
Balikesir province are part of the Yayla Melange (Ergiil et al. 1980) and rocks
belonging to the same section were examined under the Eydemir¢cay Formation
towards the south (Konak and et al. 1980). In general, multi-colored units with dif-
ferent lithologies are in tectonic contact and form large and small blocks interpreted
as ophiolitic melange (Pehlivan et al. 2007). The lithologies belonging to the Yayla
Melange, which rests tectonically on the Bornova flysh, are also defined as a part of
the Bornova flysch by other researchers (Ergiil et al. 1980; Okay and Siyako 1993).

The chromite occurrences in the Balikesir area are contained in harzburgites and
dunites of the Harmancik Ophiolite, which is entirely composed of ultramafic tec-
tonites. These units were cut partly by diabase dykes at different structural levels
(Fig. 3.8).
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Fig. 3.8 Distribution of the chromitite occurrences in Balikesir segment: (a) Karacabayir hill; (b)
Adaoren; (c) Akgaalan-Sagir; (d) Boyalica and (e) Catalcam sub-regions. (Simplified and modified
after MTA 2002)

Chromitite occurrences in Bursa province are associated with approximately
E-W trending Orhaneli Ophiolite or Harmancik Ophiolite (Figs. 3.9 and 3.10).
While the Orhaneli ophiolites are generally represented by ultramafic to mafic
cumulates, the Harmancik ophiolite is usually characterized by variably serpen-
tinized harzburgitic to dunitic mantle tectonites (MTA 2002; Sayak et al. 2009;
Ortalan et al. 1984; Bacak and Uz 2003).

The ophiolites outcropping around Kiitahya, have been studied by many research-
ers (Arni 1942; Holzer 1954; Brinkmann 1972; Okay 1981, 2011; Konak 2002;
Onen and Hall 1993; MTA 2002; Onen 2003). In the Tavsanli Zone they display an
internally coherent unit, the Tavsanli Ophiolite, and a disordered melange, the
Dagardi Melange. The Tavsanli ophiolite is located in the north of Tavsanli village
as an E-W trending tectonic unit which is underlain by the Dagardi Melange
(Fig. 3.11).

Tavsanli zone ophiolites rest tectonically on the Ovacik Complex and Orhaneli
group in the region (Okay 2011). They comprise peridotites, gabbro, pyroxenite,
and diabase dykes. These ophiolitic rocks were named as “Dagard1 Ophiolite” by
Bacak and Uz (2003) and this ophiolite section is known as the eastern extension of
the Harmancik (Bursa) Ophiolite.
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Fig. 3.9 Orhaneli sub-region and related chromitite occurrences and segments (A: Eskikizilelma;
B: Cimnarcik; C: Goktepe; D: Seytanbudakkoy; E: Civilicam; F: Omeralti; G: Letafet Koyii; H:
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Fig. 3.10 Harmancik (Bursa) sub-region and related chromitite occurrences and segments (A:
Piribeyler, B: Akcasaz, C: Delicegiiney, D: Kinik, E: Yakuplar, F: Cakmak, G: Ceki Koyii, H:
Harmancik, I: Balatdanis, J: Kocapimar-Kozluca, K: Esen, L: Findicak, M: Gengel segments).
(Simplified and modified after MTA 2002)
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Fig. 3.11 Chromitite occurrences of Kiitahya region and its segments (A: Ulucam; B: Madanlar;
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The Dagardi Melange covers a wide area between the Tavsanli and Emet regions
and consists of metamorphics, mafic to ultramafic magmatic and sedimentary rock
assemblages trending NW-SE which are unconformably overlain by Tertiary
sediments.

In Eskisehir province, ophiolitic units outcrop in three regions (Fig. 3.12). The
first starts in the north of Eskisehir and ends in Saricakaya region as an E-W trend-
ing zone, and is named as Dagkiiplii Ophiolite. The second is Sivrihisar-Karaburhan
Ophiolite Nappe outcropping in the north of Sivrihisar, and the third, the Dutluca
Ophiolite, outcrops around Dutluca village. The ophiolitic rocks are made up of
imbricated slices, and the assemblage from bottom to top is ophiolitic melange,
mafic to ultramafic cumulates and tectonites (Ozen et al. 2011).

3.4.1.1 Balikesir Region Chromite Deposits

The chromite deposits and formations in the Balikesir province are located within
the borders of Dursunbey District (Fig. 3.8). General features of the chromitites in
Balikesir Region are given in Table 3.1. As shown in this table, chromitite ores in
the region are generally limited in shape and reserve, and do not have economic
importance, although chromitite ore in Turkey was first mined in this region.
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Fig. 3.12 Chromitite occurrences of Eskisehir region and its sub-regions (A: Dagkiiplii; B:
Kavak-Bahtiyar; C: Sivrihisar-Karaburhan; D: Bahgecik; E: Dutluca). (Simplified and modified
after MTA 2002)

3.4.1.2 Bursa Region Chromite Deposits
3.4.1.2.1 Orhaneli Sub-region

Chromitite formations in this area are largely located in Eskikizilelma, Cinarcik,
Goktepe, Seytanbudakkdy, Civilicam, Omeralti, Letafet Village, Akcabiik and
Goyniikbelen sectors. These sub-regions correspond to the zones lettered from A to
I'in Fig. 3.9.

The chromitite ore is generally observed in highly fractured/crushed serpen-
tinized dunites. It can be seen in dunites, alternating with wherlite and pyroxenites
as in Goktepe Sub-Region (Fig. 3.9C), but can also occurs in sheared serpentinite
zones as massive, disseminated and banded zones like in the Seytanbudakkoy Sub-
Region (Fig. 3.9D). There are pyroxenites and diabases around Omeralt1 Village
(Fig. 3.9F). Harzburgites and dunites are partly/completely serpentinized in this
region. Chromitite ores are sometimes located in cumulate dunite sections, includ-
ing wherlite and clinopyroxenite layers (Fig. 3.9G-I). Also, ophiolitic rocks around
the Daggiiney region display a mélange character (Fig. 3.91).

Although Orhaneli Sub-Region is characterised mainly by disseminated ore,
occurrences of several other types (massive, nodules) also exist and alternate with
disseminated ore as banded layers. These ore-zones exhibit quite different



Y. Ciftgi et al.

92

aun( :uq ‘Adingziey :[qy odA) Juepunge jsow ay) WOIJ SULIS,

Ppajeurwassip
ag°¢ "SI 0b=¢1| ud‘lqu 0C-1 ‘papuEq QAISSEIA wedere))
P8¢ SLd 0701 | ud‘lqH 06-0T [EPIOSUR] “OATSSEIN eoreog
paleUIIaSSIp yeone)) ‘Koyzny|
98°¢ 'S oSz, ua‘lqgH| 0£-01/S'T-9°0 ‘popueq ‘pAJEIdAIY | ‘TUBULIBIWIEY) “IISES UR[eedYY
Ie[npou
ag'¢ S 0¢| ud‘lqH 0ST-OF/S—T |  ‘PIIEUTWASSIP “QAISSEIA UAIQEPY anorydo
papueq dAIssewl JroueuLeH (erjo10UY
vg'¢ ‘314 STS1| ud‘lQH| Or—¢/S1-8°0 Apred ‘pajeurwessicy aday, nAeqeoeresy /msayIfeq | AMAN) UQ UOISay
u31s pue (C0UD%) | YooI-[epr | (s1910w1) YYFUQ[ QdAT, owreu Jisodopyuor3ar-qng | 9yrjorydoseouraoig uor3oy
aN dey Jpein) /SSOUOIY ],

uoISaI JISaYI[eg UT SOIIWOIYD A} JO SAINJLaJ [BIAUD) [°¢ R,



3 Chromitite Deposits of Turkey in Tethyan Ophiolites 93

thicknesses varying from few centimetres to tens of metres. The lengths of these
deposits are usually quite short because they are cut by several faults and thrusts, but
some deposits are up to 100 and 150 m in length. The average grade of the chro-
mitite ore in Orhaneli Region is around 20 and 30 wt% Cr,0O3 but can reach up to
50% Cr,0; in massive and banded sections.

3.4.1.2.2 Harmancik Sub-Region

The chromite deposits and occurrences in the lower part of Harmancik (Bursa) are
shown in Fig. 3.10 and their features are summarised in Table 3.2. All chromite
deposits and occurrences in this sub-region are related to the harzburgite and dunite
levels of the ophiolitic rocks, which are described as “Harmancik Peridotite Massif™.
These units are partly intruded by diabase dykes. According to Table 3.2, chromitite
ores in this region have quite different shapes and dimensions, and include some
large reserves. Since the nineteenth century it has included the most famous chro-
mitite ore deposits in Turkey.

3.4.1.3 Kiitahya Region

Kiitahya province chromitite formations were mainly observed within the Tavsanli
(Dagardi) ophiolite. This ophiolite body has been described above and interpreted
as the eastern extension of the Harmancik peridotite. There are no notable chro-
mitite occurrence within Dagardi Melange (Fig. 3.11).

Chromite and magmatic bands in this section of the Dagard1 Ophiolite are coher-
ent and oriented NW — SE (Ortalan et al. 1984). The SW section of the ophiolite,
east of Tavsanli and E-SE of Camalan Village in the north of Emet, is lateritic in
character, and post-ophiolite-emplacement magmatism in the region had partly
altered ophiolitic rocks through silicification and listwanitization. Chromite textures
indicate a tectonic origin for this section of Tavsanli Ophiolite (Ortalan et al. 1984).

In general, chromite mineralisation in this region has similarities with the Bursa-
Harmancik region. Mineralization is usually banded and disseminated, but massive
and nodular types are also present. Mineralized zones have variable thickness of
between a few cm and a few meters and the Cr,0; grade of ore varies between 20%
and 45%. Mining activities in this region were by open pit and underground mining.
General features of the chromitites in Kiitahya Region are given in Table 3.3.

3.4.1.4 Eskisehir Region

Other ophiolites around the Dagkiiplii Ophiolite are related to the North Anatolian
Ophiolite Belt. These rocks are emplaced as imbricated slices of ophiolitic mélange,
mafic and ultramafic cumulates and tectonites (Fig. 3.12). Chromitite ores are
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located within the harzburgitic and dunitic tectonites as well as within cumulate
dunites. Ophiolites are strongly serpentinized and partly listwanitized in the region.

Chromite formations of Eskisehir are mostly located in Dagkiiplii, Sivrihisar-
Karaburun, Dutluca and Kavak-Bahtiyar sub-regions (Fig. 3.12). Their general fea-
tures are summarised in Table 3.4, in which it can be seen that no economically
viable chromitite reserves exist in the region, except of the pipe shaped Kavak-
Bahtiyar chromitite deposit. This deposit is one of the oldest chromitite mine in
Turkey and operated since 1930s by Tiirk Maadin Company. According to the infor-
mation given in the companies web-page, total production of chromitite ore (both
massive and concentrated) is about 2.5 Mt and this is one of the deepest mine in the
World (TMS 2017).

3.4.2 Region Two: North Anatolian (Cankiri, Corum,
Kastamonu, Sinop, Tokat and Yozgat) Ophiolites
and Related Chromitite Deposits

3.4.2.1 Cankir1 Region
3.4.2.1.1 Cankir1 Ophiolites

Ophiolites around Cankirt and Corum are examined under two names or labels in
the literature. The first includes Eldivan Ophiolite Complex/Kargi Ophiolite Unit/
Artova Ophiolite Complex (Ozcan et al. 1980). The second is the Ahlat Ophiolitic
Melange. The chromitite formations in the region are associated with peridotites of
the Eldivan Ophiolite (Akin 1995). Akyiirek et al. (1980) stated that the unit defined
as Eldivan Ophiolite Complex, was emplaced as tectonic slices of oceanic crustal
materials and upper mantle, separated by low angle overthrust planes (Hakyemez
et al. 1986). The Complex consists of peridotite dunite, harzburgite and pyroxenite
in the lower section; followed by oceanic crustal material consisting of gabbro,
diabase dyke complex, pillow lava and pelagic sediment in the upper section
(Akyiirek 1981; Akin 1995). The internal structure of the Eldivan Ophiolite Complex
is only partly known.

3.4.2.1.2 Cankirt Region Chromitites

Chromitite occurrences in Cankir1 region are found in five areas: Eldivan Mountain,
Caparkay1, Sani Plateau, Yukar16z Village and Gok Tepe sub-regions (Fig. 3.13).
These occurrences are mostly in the eastern section of Eldivan County; a few are in
the Northern sections of Korgun and Yaprakli Counties. General features of the
chromitites in the Cankir1 Region are given in Table 3.5.
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Legend

Pillow-Lava and
Sedimenis

- Gabbro-Diabase
Ophiolites
- (Unspecificated)

= Chromitite ore
IAES lzmir-Ankara-Erzincan Suture
A-E  Chromitte Sub-regions

Fig. 3.13 Chromitite occurrences of Cankiri region and its sub-regions (A: Eldivan Dag; B:
Caparkay1; C: Sani Yaylasi; D: Yukari6z Koyii; E: Goktepe). (Simplified and modified after MTA
2002)

3.4.2.2 Corum Region
3.4.2.2.1 Corum Region Chromitites

Chromitites of Corum Region are observed within dunitic and harzburgitic mantle
tectonites (Ortalan and Tasan 1997). These occurrences, except for the Morsiimbiil
Stream deposit, crop out along a tectonic lineament about 25 km NW of Corum
province (Fig. 3.14, Table 3.5).

Sub-economic chromitite occurrences was exposed in open pits within serpen-
tinized dunites and harzburgites, and included massive ore fragments, with high
Cr,0; grades.. Most chromite occurrences are in breccia zones along faults, and as
veneers on fault walls.

3.4.2.3 Kastamonu and Sinop Regions

As chromitites in Kastamonu and Sinop regions are observed in the same ophiolite
body they are both introduced in this section.



99

3 Chromitite Deposits of Turkey in Tethyan Ophiolites

UONBABOXD UI SA[QQNI 2)ITWOIYD ‘PAAIISQO 20ULMOI0 Arewrrtid oN,
un(q :u( ‘andmqziey :[qy odA) juepunqe 1sow 9y} WOL],

opI¢ 814 8¢ ug-lqq 1-¢°0/S°0-C0 podeys Sud “OAISSEIA] [nquInsIoN
dp1°¢ 'St St—tv|  ug-laH - GOATSSEA aday, wresyay,
qv1°¢ 814 0€-0¢ ug-fqq - qPRIBUIILSSI] BlesuLeq
arre sy S—-01 uq - qPAPURQ ‘PAIRUIIISSI(] aday, 1uesaex
OP1°¢ 81 0r—0¢ uq - qRAISSEIN naig Qo
av1°¢ 814 Se—0¢ udg - qOAISSEIN 2@ ANMD | xordwoos onrjorydo
V1€ 81 ST uq - GAAISSRIA adag, yipredn BAOLTY//WNIO)
Hel'¢ S [4SmY4 uq S—1/0'1-S°0 QAISSEIN odar, Yoo
asr¢ sy (474 udg - QAISSBINL ZQureng
DE1°¢ 31 §T—¢ uqg | (9uoz) $'0—G0'( | OAISSEW ‘papueq ‘PojeuIlAsSI] ISE[ABX TUES a3ueow onrjorydo
de1¢ i S—¢¢ ud OLI=1/9'[—1°0 | 9AISSBW ‘Papueq ‘pajeurassiq 1kexrede’ Te[UY/1{uE))
a3ueow onrjorydo (uor3ar uerjojeuy
vere s 0r—0¢ udg €=1/7°0—10°0 | QAISSBUI ‘PAIRUIIASSIP ‘PIpURY | UIBIUNOIN UBRAIP[H UBAIP[H/LIUEY) | ULON) OM], UOISSY
ugis pue | (FQUD%Y) | NOOI-[[EA\ (s1910w) RdAT, Quieu Qwreu uo13oy
aN de]y apeIn ISUQ[/SSAUOIY L, yisodop/uordar-qng ajorydo/Ayuno))

SUOISaI WNIOY) puk LIYUL.) U SAINIWOIYD JO SAINJLIJ [BISUAD)  §°C J[qBL



100 Y. Ciftgi et al.

TAGTN
) N
OGUZLAR A

® 1] 25 5

14 ES Kilometers

Legend
- Ophiolites (Unspecificated)
L] Chromitite ore

IAES  lzmir-Ankara-Erzincan Suture

A-G Chromitite Sub-Regions

CORUM
-

Fig. 3.14 Ophiolites and chromitite occurrences of Corum region (A: Ugarlik Tepe; B: Giilliik
Dere; C: Gol Sirt1; D: Yavsanl Tepe; E: Derinseki; F: Tek¢am Tepe and G: Morsiimbiil Dere chro-
mitite occurrences). (Simplified and modified after MTA 2002)

3.4.2.3.1 Kastamonu and Sinop Ophiolites

Ophiolitic rocks in the region mainly consists of eclogite-bearing ultramafics, peri-
dotite, serpentinite, gabbro, diabase, basaltic lava, chert, radiolarite and mudstones.
Although these rocks were defined under different names by several researchers, we
will follow the “Elekdag Meta-ophiolite” name used by Y1lmaz and Tiiysiiz (1984).

According to Yilmaz and Tiysiiz (1984), meta-ophiolites in Elekdag have a
“complete ophiolite section” along the long axis of the Elekdag Mountain.
Ultramafic rocks are seen in lower levels and pass upwards into layered peridotite.
Serpentinite is the most common lithology and can be foliated along shear planes.
Mesh texture is common in serpentinites hosting chromite mineralisation.

Peridotite and serpentinites are overlain by gabbro and diabases. Traces of high-
pressure metamorphism are observed in many places within the diabases. At the
highest levels, basaltic pillow lavas, mudstone and cherts are observed.



3 Chromitite Deposits of Turkey in Tethyan Ophiolites 101

3.4.2.3.2 Kastamonu and Sinop Region Chromitites

Chromitite occurrences in this region are concentrated in meta-ophiolite that was
called “Elekdag Meta-ophiolite”, and located mainly in Tagkoprii territory (Fig. 3.15).
The chromitite mineralisation occurs in ultramafic tectonites (harzburgite, dunite)
and forms small bodies with little continuity and no economic potential. General
features of the chromitites in Kastamonu and Sinop Regions are given in Table 3.6.

3.4.2.4 Tokat and Yozgat Regions
3.4.2.4.1 Tokat-Yozgat Ophiolites

Two different ophiolites were identified around Tokat and Yozgat. The first one con-
sists of mafic and ultramafic rock slices within a Permo-Triassic metamorphic
sequence. The Tokat Massif or Turhal Group, as known in the literature, can be cor-
related with the Kargi Ophiolite association exposed around Corum. These rocks
are named as “Artova Ophiolite Complex” (Aktimur et al. 1990). The other one is
“Tekelidag Complex” and “Refahiye Ophiolite” consisting of epi-ophiolitic sedi-
ments and oceanic crustal components that partly have a melange character, exposed
in the southern part of Tokat (Yilmaz 1981, 1985; Aktimur 1986).

Legend

- Pillow-Lava and
Sediments

- Gabbro-Diabase

Meta-ophiolites
(Elekdag Metaophiolite)
Ophiolites

(Unspecificated)

- Chromitite ore

IAES  lzmir-Ankara-Erzincan Suture
KM  Kirgchir Massif

IPS  lmm-Pontide Suture
Chromitte Sub-regions

‘r

Fig. 3.15 Kastamonu (Elekdag) chromitites and sub-regions (A: Olukbasi; B: Beloren; C:
Cambasi; D: Haciali; E: Giindogdu/Esentepe; F: Karapinar; G: Kovagayir-Alig; H: Kovagayir-
Tiirbe Tepe; I: Kovacayir-Gogiik Tepe; J: (Kovacayir Alig); K: (Orenbasi); L: (Daday Haciaga) ve
M: (Arac Kavacik)). (Simplified and modified after MTA 2002)
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Legend N

- Ophiofitic Melange A

- Gabbro 0 5
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L] Chromitite ore
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Fig.3.16 Tokat and Yozgat chromitites (A: Arpacikaragay; B: Esmebasi; C: Doglacik-Yagmur; D:
Artova-Kazbayirdere-Demirci; E: Yamag; F: Agilin Tepe; G: Artova Tepe; H: Bozsirt; I:
Devecikmazi). (Simplified and modified after MTA 2002)

3.4.2.4.2 Tokat and Yozgat Regions Chromitites

Some of the chromitite ores are located in the Artova Ophiolitic Melange, whilst
others are in the Refahiye Ophiolite (Fig. 3.16). Key features of these deposits are
summarised in Table 3.7. Around Arpacikaragay Village (A), Esmebas1 Steam and
Cukurtepe (B), and close to Doglacik and Yagmur Village (C), occurrences of
banded and disseminated chromite mineralization of no economic importance were
observed.

3.4.3 Region Three: NE Anatolian (Sivas, Bayburt, Erzincan,
and Erzurum) Ophiolites and Related Chromitite
Deposits

3.4.3.1 Sivas Region
3.4.3.1.1 Sivas Ophiolites
Ophiolitic rocks are exposed in three different areas around the Sivas province.

These ophiolite sequences include different oceanic crustal components and cover
sediments, and they are partly melange in character. In the literature, they are known
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Giines) Ophiolite

' Ophiolitic Melange
T sheeted dyke complex
B cavboo

B reridoiie

' Serpentinite

I Ophiolites (Unspecificated)

- Chromitite ore
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Fig. 3.17 Chromitite occurrences of Divrigi and Kangal (Sivas) regions (A: Giirgen Agili;
B:Giilkanat; C: Sivritastepe; D: Bascayir; E: Ortadag; F: Bostan Dere; G: Camliburun; H: Galin;
I: Karakuz; J: Kayabasi; K: Karatepe; L: Asmali Dere). (Simplified and modified after MTA 2002)

as “Refahiye Ophiolite” that occur along the izmir-Erzincan suture zone and were
emplaced in the Late Cretaceous (Yilmaz 1985; Aktimur 1986, Aktimur et al. 1988)
(Fig. 3.17). But the ophiolitic rocks cropping out in the north part of Kangal and
west part of Divrigi, are called “Divrigi (Giines) Ophiolite”, and are interpreted as
products of the Inner Tauride Ocean (Bayhan 1980).

3.4.3.1.2 Sivas Region Chromitites

Numerous chromite occurrences in ophiolites of Sivas province were derived from
both the Ankara-Erzincan Ocean and the Inner Tauride Ocean. Chromitite occur-
rences in the north have a genetic link with the Erzincan region ophiolites and are
explained together with occurrences in Erzincan province. Whereas the chromite
occurrences observed in the south, around Kangal and Divrigi regions, as shown in
Fig. 3.17, occur in disseminated and massive forms hosted in dunites. These chro-
mitites are partly hosted in Refahiye Ophiolite and partly in Divrigi Ophiolite, and
are summarised in Table 3.8.
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3.4.3.2 Erzincan Region

The Erzincan Region is located on the Eurasian plate (Pontides) and Anatolian plate
suture zone, along the “Izmir-Ankara-Erzincan Suture Zone” that was defined by
Brinkmann (1966, 1968). The ophiolitic rocks along this suture zone are named as
Refahiye Ophiolite and the defining unit (Refahiye Ophiolitic Complex, Yilmaz
1985) is exposed in the north of Erzincan and continues toward Mercan, Tercan and
Cayirli territories (Ozen et al. 2008).

From its beginning north-northeast of Erzincan, along the Kesis Mountains that
extend eastward, the ophiolitic sequence consists of mantle tectonites (harzburgite
and dunite), ultramafic to mafic cumulates (wherlite, dunite, pyroxenite, gabbro),
isotropic gabbro, and sheeted dyke complex (Ozen et al. 2008).

3.4.3.2.1 Erzincan Region Chromitites

There are numerous chromitite mines, quarries, open pits and outcrops of various
size in Erzincan region (Fig. 3.18). These and some other occurrences to the NE of
Sivas, that share the same features, are summarised below.

Ores in the Erzincan region (Fig. 3.18) are banded and lens shaped, and have
mineralization styles of massive, spotted, disseminated and nodular type. The con-
tacts between ore bands and lenses and wall rock dunite are generally primary, but
structural in some cases. The chromitite bands and lenses are either primary or
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Fig. 3.18 Chromitite occurrences and sub-regions of Erzincan region (A: Refahiye; B: ilig-
Kemah; C: NW of Erzincan; D: Uziimlii-(;aylrh; E: Piiliimiir; F: Otlukbeli-Tercan). (Simplified and
modified after MTA 2002)
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structural, and usually conformable with the internal structure of the peridotites.
Mineralization in cumulate dunites is generally low grade (10-30% Cr,0;), whereas
mineralization in tectonite dunites have relatively higher Cr,0O; grade (42—48% and
above). In terms of their chemical components, they have good metallurgical char-
acteristics (Cr/Fe ratios are high).

Chromitites in Erzincan region can be grouped in six sub-regions. These are
Refahiye, ilic-Kemah, NW of Erzincan, Uziimlii-Cay1rli, Piiliimiir and Otlukbeli-
Tercan (Fig. 3.18). The general features of these chromitites are given in Table 3.9.

3.4.3.3 Erzurum and Bayburt Regions

These are located to the east of Erzincan and its border region (Fig. 3.19). Ophiolite
sequences are located in Horasan and Narman regions, north and east of Tekman
and outside of the Refahiye Ophiolite Complex exposures that line up to North of
Askale in the west of the province. Ophiolitic rocks that lie between Tekman and
Pasinler were defined as “Sahvelet Ophiolite”. This ophiolite sequence, from bot-
tom to top, consists of ophiolite melange, tectonites and cumulates (Ozen et al.
2008).

Ophiolite melange at the bottom is characterised by podiform chromite mineral-
ization within harzburgites, and dunites to a lesser extent. The tectonites consist
mainly of dunites and harzburgites intruded by doleritic dykes. The cumulate
sequence consists mainly of gabbros, and dunite with relatively lesser amounts of
wherlite and clinopyroxenite. Moreover, the ophiolitic mélange unit also contains
tectonites and cumulates around Karayazi region. The cumulate rocks in the region
are characterised by dunite, wherlite, clinopyroxenite and gabbro alternations. The
tectonites comprise harzburgite and dunites. The chromitite quarries, open pits and
outcrops in this region occur in tectonite or tectonite-cumulate transition zones, but
do not have economic potential when compared to chromite mineralisations between
Pasinler and Tekman regions.

There is an ophiolitic melange at the base of the ultramafic rocks in Horasan
region (Colakoglu et al. 2014). Above this melange, spilitic basalts with cover sedi-
ments come onto the cumulate section. Two different mélange units, namely
Oriikyayla and Gezenek Melanges, are observed in Kirdag (Oltu-Erzurum) region
and in successions overlain by ophiolitic units from bottom to top: cumulates, iso-
tropic gabbros and epi-ophiolitic sediments with pillow lavas in the upper part.

3.4.3.3.1 Erzurum Region Chromitites

Ophiolites of Erzurum region are exposed mainly in four regions (Fig. 3.19), and
seven groups have been recognised. A small part of ophiolites to the NW of Agkale
are located in the Bayburt province border and the “Kopdag Chromitites” is one of
the most important chromitite mines of Turkey. These occurrences are interpreted as
part of the Refahiye ophiolite.
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Fig. 3.19 Ophiolites, chromitite occurrences and sub-regions of Erzurum region (A: Kopdag; B:
Askale; C: Tekman; D: Narman; E: Horasan; F: Senkaya; G: Karayazi). (Simplified and modified
after MTA 2002)

The second group of chromitites, close to the Kopdag Deposit, is situated in the
Erzurum province borders. These are known as “Agskale West Chromitites”. They out-
crop in an E-W trending belt. The Sahvelet Ophiolite, between the center of Erzurum
province and Tekman, are considered as the third group under the name of “Tekman
Chromitites”. On the other hand, the chromite occurrences hosted in dunitic-harzbur-
gitic mantle west of Narman are the fourth sub-group: the “Narman Chromitites”.
The fifth group was defined as “Horasan Chromitites”; the sixth group was defined as
“Senkaya Chromitites”’; the seventh group was defined under “Karayazi Chromitites”
in the west of Karayazi close to SE border of province. General features of the chro-
mitites in Erzurum and Bayburt Regions are given in Table 3.10.

3.4.4 Region Four: SW Anatolia (Mugla, Denizli, Burdur,
Isparta, Konya, and Antalya) Ophiolites and Related
Chromitite Deposits

3.4.4.1 Mugla, Denizli and Burdur Regions
The Mugla region is located in SW Anatolia (Figs. 3.1 and 3.7). This region is at the

south of the Menderes Massif and it is widely covered by metamorphic and oceanic
crustal rocks.
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3.4.4.1.1 Mugla-Denizli-Burdur Region Ophiolites

The distribution of ophiolitic rocks from Mugla to Burdur through Denizli, are
shown on Figs. 3.1 and 3.20. Ophiolites in this area were defined as “Marmaris
Ophiolite Nappe” (Senel 1997a) and “Likya Ophiolite” (Senel 2004). Their thick-
nesses are more than 2 km, and spread over a 45,000 km? area (Collins and Robertson
1997, 1998). Ophiolite units consist of serpentinized harzburgite, and lesser pyrox-
enite, podiform chromite and gabbro cutting by altered diabase dykes at different
structural levels.

The Menderes Massif consists mainly of tectonite peridotites with the plutonic
section completely eroded. Harzburgite is the most common rock type. Massive
harzburgites exhibit foliation patterns on higher levels (Erendil 2002). Banding is
defined by harzburgite-dunite or harzburgite-orthopyroxenite alternations. Banding
planes are almost horizontal and it may indicate that the ophiolite nappe is close to
the horizontal position.

The tectonites of Marmaris ophiolites are cut by isolated diabase and gabbroic
dykes compared to the Yesilova Ophiolite in NE areas. From the character of these
isolated dykes, it was suggested that deeper sections of mantle are exposed in the
massif (Reuber et al. 1984). The mantle peridotites are underlain by subophiolitic
metamorphic rocks.

In the Denizli and Burdur Regions, ophiolitic rock groups are classified as
Marmaris Ophiolite in the West and Yesilova Ophiolite in the east, with the former
discussed above. The general characteristics of the Yesilova Ophiolite are as fol-
lows, the serpentinized ophiolitic rocks rich in chromite mineralization are located
along the Cavdir-Tefenni-Yesilova line. The ophiolites in this area are defined as

Ophiolts [ Ty

Melange =5 i ) T IPRIAR
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Aegean Sea

Mediterranean Sea

Fig. 3.20 Distribution of SW Anatolian Ophiolites (Marmaris and Yesilova). (Simplified and
modified after MTA 2002)



3 Chromitite Deposits of Turkey in Tethyan Ophiolites 113

“Marmaris Ophiolite Nappe” (Senel 1997a) and “Likya Ophiolite” (Senel 2004).
The ophiolites that outcrop around Cavdir-Tefenni-Yesilova were firstly defined as
“Yesilova Ophiolite” by Sarp (1976). Rock units within the ophiolitic sequence in
Yesilova region from bottom to top consist of tectonites, cumulates, dyke rocks and
volcanic rocks (Doyen 1995). The tectonites are represented mainly by harzburgites
and dunites. The chromites are enveloped by dunites. In mantle tectonites, beside
harzburgite, lherzolite and wherlite are also observed (Ddyen 1995).

Cumulate sections of Yesilova Ophiolite, crop out in south and western part of
Yesilova Village. Dykes are generally represented by diabase. It is suggested that
these isolated dykes cutting the Yesilova opholites, can be interpreted as big dykes
in tectonites (Reuber et al. 1984). The sheeted dyke complex could not be observed,
instead mafic sills and basaltic volcanics were discovered by Koralay (2000).

3.4.4.1.2 Mugla Chromitites

Chromitites in the Mugla region are found in the Marmaris Ophiolite. Although
these occurrences are less common in the Marmaris sub-region, there are numerous
chromite quarries in the Koycegiz, Dalaman and Fethiye areas, where significant Cr
production has been recorded (Fig. 3.21). A number of quarries and open pits con-
tain these chromites in Nergislidiiz, Kazandere, Ilikdere-Sucikti, Siilek, Andizlik-
Mesebiikii-Erengedigi, Dalaman-Ortaca and east of Fethiye (Fig. 3.21). The main
features of these chromitite deposits are briefly explained in Table 3.11. Although
this region is one of the major chromitite mining areas in Turkey, these deposits
were almost mined out at shallow depths at the beginning of the twentieth century.

“ Ophiolitic Melange
B reridaite

BB s.o-ophiolitic Memorphics
B Chromitite ore

MM Menderes Massif’

LN Lycian Nappes

Fig.3.21 Chromitite occurrences and sub-regions of Mugla region (A: Nergislidiiz; B: Kazandere;
C: Ilikdere-Sugikti; D: Akcaalan-Siilek; E: Andizlik-Mesebiikii; F: Dalaman-Ortaca; G: Fethiye).
(Simplified and modified after MTA 2002)
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This area was taken into consideration because of its economic potential and cur-
rently new exploration continues in deeper sections of the ancient ore deposits by
using new methods and production technologies.

3.4.4.1.3 Denizli Chromitites

Chromitites in Denizli Region, as in the Mugla Region, are located within mantle
tectonites, along the harzburgite-dunite level of Marmaris Ophiolite (Fig. 3.22). The
chromite occurrences are mainly situated in the west and east sections of Beyagac
and Acipayam. These occurrences are briefly introduced below (Fig. 3.22). The
main Sub-Regions of the Denizli Region are Efekli, Topuklu, Karanfil, Catak and
Horozkdy and the main features of chromitite deposits are briefly explained in
Table 3.11. This region is much less active in terms of chromitite mining compared
to the Mugla Region.

3.4.4.1.4 Burdur Region Chromitites

Distribution of ophiolitic rocks and chromitite deposits in Burdur region is shown in
Figs. 3.21 and 3.23, respectively.
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Fig. 3.22 Chromitite occurrences and sub-regions of Denizli region (A: Efekli; B: Topuklu; C:
Karanfil; D: Catak ve E: Horozkdy). (Simplified and modified after MTA 2002)
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Yesilova). (Simplified and modified after MTA 2002)
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The first chromitite prospecting in the region was done by Alpay (1951) around
Salda, Horozkoy, Bahtiyar and Isiklar Village of Yesilova district. This was followed
by large scale studies of Borchert (1960, 1962) and Denkel (1972). The chromite
occurrences were studied in detail by Sarikaya and Seyrek (1976) and Yildiz et al.
(1976). Boyal1 (1996) studied some occurrences in the north of Salda Lake, Antalya
and Isparta provinces. Renewed studies were carried out by MTA (Mineral Research
and Exploration Institute) in 1991, and the findings from these studies are reported
here. It can be concluded that the ophiolites in the eastern section of the province are
generally mélange in character and not related with chromitite occurrences
(Fig. 3.23). The ophiolites which are important in terms of chromitites are serpen-
tinized peridotites that belong to Marmaris Ophiolite along the Cavdir-Tefenni-
Yesilova line. Chromitite deposits in this region are significantly different in type
and size (Fig. 3.23).

Chromite deposits in the Burdur region can be divided into six sub-regions. In
each sub-region, features of a few representative and important deposits are given in
Table 3.11. Chromitite mining has been stopped for a long time in the Burdur and
Denizli Regions, but is still active in the Mugla Region.

3.4.4.2 Isparta-Konya-Antalya Regions
3.4.4.2.1 Isparta-Konya-Antalya Ophiolites

Isparta ophiolites generally consist of ophiolitic melange and peridotite bodies. The
ophiolites from SE to NW reach the Siitciiler district, eventually ending to the S in
the Serik (Antalya) district. These are parts of ophiolitic imbricates related to
Antalya Nappes (Fig. 3.24).

Peridotites exposed within the Isparta province, contain chromitites in the west-
ern part of Aksu district and of Sarkikaraagag. The peridotites are accepted as a part
of Beysehir-Hoyran nappes that outcrop around Beysehir (Konya) towards the SE
of the Province. These ophiolite piles are part of the nappe beneath the Beysehir
nappes (Mackintosh and Robertson 2009). This structural imbrication is consistent
with the nappe tectonics of the Taurides (Fig. 3.24).

To the southeast of Beysehir Lake, metamorphic sole and ophiolitic rocks were
observed. The mélange unit is mostly seen in the eastern part of the Middle Taurus
Mountains (Ozgiil 1997). Also in this region, Mesozoic Taurus platform carbonates
are tectonically overlain by the Late Cretaceous mélange unit. The melange unit
comprises serpentinite blocks, basalt, chert and pelagic sediments. Regionally, the
Beysehir-Hoyran ophiolite nappe was obducted towards the south over the Taurus
carbonate platform in Late Cretaceous. Later on, in the Late Eocene period, the
ophiolitic rocks and the Mesozoic carbonate platform thrust southward due to clos-
ing of the suture (Andres and Robertson 2002; Mackintosh and Robertson 2009).

In Antalya nappes, a number of ophiolitic melange slices of different size are
present. The melange unit within the Antalya nappes generally consists of serpenti-
nites. Within the mélange unit, large blocks derived from harzburgite, dunite,
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Fig. 3.24 Isparta-Konya-Antalya ophiolites and locations of chromitite occurrences. (Simplified
and modified after MTA 2002)

wherlite, gabbro, amphibolite are also present (Senel 1997b). Late Cretaceous
Tekirova (Antalya) ophiolite is one of the largest nappes in Antalya of the Western
Taurus and is represented by, from bottom to top, harzburgitic tectonites, ultramafic-
mafic cumulates, isotropic gabbros and sheeted dyke complex (Bagci 2004). In
Tekirova (Antalya) ophiolite, volcanic complex was not preserved and rocks which
belong to the metamorphic sole are seen as tectonic slices within the tectonites (har-
zburgite). A number of isolated dykes, and rarely pegmatitic gabbro dykes, cut the
whole ophiolitic section (Fig. 3.25, Bagc1 2004).

3.4.42.2 Isparta Region Chromitites

Chromite deposits and occurrences in the Isparta province are shown in
Fig. 3.24A. Peridotite bodies are located around Sipahiler-Yuvali-Bagilli-Kocular in
the south; around Belcegiz- Yenicekale-Salur-Celtek and Yanikdy areas in the east;
and around Atabey-Kapicak-Barla areas in the west. General characteristics of
chromite occurrences are summarized in Table 3.12. These chromitites have no eco-
nomic importance in the Turkish chromite mining sector.
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Fig. 3.25 Tectono-
stratigraphic column of
Antalya (Tekirova)
ophiolites. (Revised after
Bagci et al. 2006)
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3.4.4.2.3 Konya Region Chromitites

In the Konya region, chromite occurrences are found in two districts. The first is
situated to the south of Cumra district (Fig. 3.24B1) and the second is located to the
west of Seydisehir district (Fig. 3.24B2). Details of these deposits are summarized
in Table 3.12. These chromitites also have no economic importance in the Turkish
chromite mining sector.
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3.4.4.2.4 Antalya Region Chromitites

Chromitite deposits and occurrences in Antalya are generally exposed to the SW of
Antalya province center (Fig. 3.24C). One group of chromite occurrences belong-
ing to dunite sections occur around Atbiikii-Kemer and to the SE of Cavus Village,
and another group of chromite occurrences related to different sizes of dunites
within harzburgites occur around Kumluca. A total of 19 chromitite occurrences
occur in the Kemer and Kumluca districts. These chromitites also have no economic
importance in the Turkish chromite mining sector.

All these chromitite ores and occurrences of the three Regions are summarized
in Table 3.12.

3.4.5 Region Five: Central Anatolian (Mersin, Adana, Kayseri)
Ophiolites and Related Chromitite Deposits

Thin slices of ophiolites from Mersin merge with the ophiolites of the [AEZ (Izmir-
Ankara-Erzincan Zone) around Refahiye (Erzincan). These ophiolite slices in the
eastern part of the Inner Tauride suture are discussed in the first section. Ophiolites
related to this zone begin from the Mersin Ophiolite and continue to the NE as the
Kiziltepe Ophiolite, Alihoca Ophiolite, Pozanti-Karsanti Ophiolite, Pinarbasi
Ophiolite and Divrigi/Giines Ophiolite (Fig. 3.26).

Although the Sivas Region ophiolites are associated with this suture zone, they
are interpreted as part of the NE Anatolian Division. In this chapter, mainly chro-
mitite deposits and related ophiolite sequences in Mersin, Adana and Kayseri prov-
inces will be introduced.

3.4.5.1 Mersin Region

According to the map in Fig. 3.26, the ophiolites that cover the most SW part of the
region are defined as the Mersin Opholite (Fig. 3.27).

3.4.5.1.1 Mersin Ophiolites

Mersin Ophiolite, exposed beneath a thick Miocene cover at the westernmost end of
the Eastern Taurus Mountain, forms a large massif at the southern flank of the
Bolkar Mountains. This ophiolite body rests tectonically on top of an ophiolitic
mélange, named Aslankdy formation (Demirtasl 1984), and is covered by Eocene
sediments in the north section (Ternek 1957; Demirtash et al. 1975; Demirtagh
1984; Ozgiil 1976; Gedik et al. 1979) and partly by Oligocene conglomerates.
Pillow lavas, volcanic breccias, hyaloclastics, radiolarites, pelagic limestones with
lava intercalations (possible Triassic in age: Juteau 1979, 1980; Capan 1980),
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limestones (Maastrichtian; Gedik et al. 1979) and serpentinite-gabbro blocks are the
typical rock association within the ophiolitic mélange that was emplaced onto the
Jurassic-Cretaceous carbonate platform (Erendil 2002).

The Mersin ophiolite represents an oceanic lithospheric section, about 6 km
thick, which from bottom to top consists of; a metamorphic sole, harzburgitic man-
tle tectonites, ultramafic to mafic cumulates, basaltic pillow lavas (Parlak et al.
1996). Metamorphic sole rocks form a thin slice, 50-70 m thick, beneath the harz-
burgitic tectonites. It generally consists of amphibolite, mica-schist, amphibolite-
schist and marble (Parlak et al. 1995, 1996). The mantle tectonites are represented
by harzburgite and dunite. The cumulate rocks start with ultramafic units, namely
wherlite, pyroxenite, dunite at the bottom, passing upwards into mafic units such as
olivine gabbro, gabbro norite, troctolite and anorthosite at the top (Parlak et al.
1996). The volcanics are characterized by pillow basalts and basaltic lava flows. The
metamorphic sole, mantle tectonites and cumulate rocks were intruded by numer-
ous diabase dykes (Parlak and Delaloye 1996).

3.4.5.1.2 Mersin Chromitite Occurrences

The general distribution of chromitite occurrences in ultramafic rocks of the Mersin
Ophiolite was given in Fig. 3.27. These occurrences are within eight sub-regions:
Kosbucagi, Koserelli, Sirac — Yassitas — Miihlii, Poyrazli — Hacialani, Avrangedik,
Takanli — Akarca — Demirigik — Yenikoy, Horozlu — Kizilbag and Musal1 sub-regions
and summarized in Table 3.13. Although several chromitite deposits are present in
the Mersin Region, they are mostly small and almost totally mined-out.

3.4.5.2 Adana Region
3.4.5.2.1 Adana Ophiolites

In Adana province, ophiolitic rocks form an important part of Aladag Tectonic Unit
that forms a belt through to the SE from Pozant1. These rocks extend to the northern
borders of the province, and for about 30 km in the same strike on Kayseri province
(Fig. 3.26). The most comprehensive studies about ophiolites in the region were
conducted by Tekeli et al. (1984).

Pozanti-Karsant1 Ophiolite or “Aladag Ophiolite” has a nappe character sequence
that includes metamorphic rocks at its base and ultramafic-mafic rocks. It is divided
into two groups, based on the rock association. The first was defined as “tectonite”
and is an ultramafic rock association with metamorphic texture, derived from the
upper mantle. The other group is a cumulate type rock association, represented by
ultramafic to mafic rocks (Fig. 3.28).

The Aladag Ophiolite Complex consists of three units defined by rock types,
structural features and location. These are, from bottom to top, ophiolite melange,
metamorphic sole and oceanic lithospheric section (Tekeli et al. 1981; Cakir 1978;
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Fig. 3.28 Generalized
lithostratigraphy of Aladag
ophiolite. (Re-constructed
after Tekeli 1981; Cakir
1978; Bingdl 1978; Capan
1980; Catakli 1983)
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Bingol 1978; Capan 1980; Catakli 1983) (Fig. 3.28). The mantle tectonites are rich
in chromitite mineralization. Even though the chromite occurrences in this area,
firstly reported by MTA, are of low grade, they form one of the important chromite
mineralisation regions in the world, at least in terms of mineral resources.

3.4.5.2.2 Adana Chromitites

Adana province is a region where low grade, large scale chromitite deposits occur.
The Kizilyiiksek- Yataardi¢ chromitite deposits (Table 3.13) are 200 m long with an
average grade of 5.35% Cr,0;, according to MTA estimation. In addition, there are
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Fig. 3.29 Chromitite occurrences and sub-regions of Aladag (Adana) region (A: Dereyurt
-Gerdagi-Beygcami; B: Cehennemdere-Kircakatran; C: Gerdibi-Deveboynu-Kaklik Dere; D:
Sivigli-Mencektepe-Cotliiktepe-Badiriklitepe;  E:  Kiitiikliitepe-Tozlutepe-Kartalkale — Tepe-
Gavurgeri Tepe; F: Ziyaret Dagi-Kaltar Dagi-Duvarli Tepe-Kesgoz Tepe; G: Canakpinar1 Tepe-
Kizilyiiksek-Yataardig; H: Darilik Koyii-Akinek Dagi-Yapraklitepe; I: Hova Tepe-Sulukerer
Tepe-Ugsivri Tepe). (Simplified and modified after MTA 2002)

low grade chromitite deposits with reserves that vary between a few millions of
tonnes and a few tens of millions of tonnes, embedded within cumulate dunites in
this region. Rising demand for chromitite ore in the last decade has improved the
economics of large, low grade deposits. Thus, Adana province is an important
region in Turkey for low grade chromitite deposits, especially in terms of produc-
tion capacity and potential.

The Adana chromitite deposits are shown on Fig. 3.29. The sub-regions are;
Dereyurt-Gerdagi-Beygami, Cehennemdere-Kircakatran, Gerdibi-Deveboynu-
Kaklik Dere, Sivisli-Mencektepe-Cotliiktepe-Badiriklitepe, Kiitiikliitepe-Tozlutepe-
Kartalkale Tepe-Gavurgeri Tepe, Ziyaret Dagi-Kaltar Dagi-Duvarli Tepe-Kesgoz
Tepe, Canakpinari Tepe -Kizilyliksek-Yataardig, Darilik Koyii-Akinek Dagi-
Yapraklitepe and Hova Tepe-Sulukerer Tepe-Ugsivri Tepe; and their characteristics
are also summarized in Table 3.13.
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3.4.5.3 Kayseri Region
3.4.5.3.1 Kayseri Ophiolites
Kayseri province ophiolitic sequences outcrop in two regions as shown in Fig. 3.30.

One of them is located in the SW border of the province and this a NE extension of
Aladag Ophiolite.

Fig. 3.30 Tectono- —
stratigraphic section of L S H: Cover sediments
Pinarbas1 ophiolite. sonie st
(Modifies after Vergili and
Parlak 2005)

G: Mafic Cumulates

1: Gabbro-norite
2- Olivine-gabbro
3- Troctolite

4- Pegmatitic Dyke

F: Ultramafic Cumulates
1- Vherlite
2- Pyroxenite

E: Tectonites
1- Dunite
2- Chromitite
3- Gabbro-diabase dyke
4- Pyroxenite dyke
5- Harzburgite

D: Metamorphic Sole

C: Melange
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2- Serpentinized matrix
3- Ophiolite block
4- Amphibolite
5- Gabbro
6- Volcanic rocks
B: Tauride Alloctonous Unit
A: Tauride Authoctone Unit
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The second ophiolitic sequence in Kayseri province is the Pmarbas1 Ophiolite
that forms a belt with a NE-SW extension around Pinarbas1 (Fig. 3.30). According
to Vergili and Parlak (2005), these ophiolites are allochthonous slices emplaced
onto the Eastern Taurus Autochthonous. The ophiolitic rocks mainly consist of three
different rock associations, such as ophiolitic melange, metamorphic sole and a
regular opholite sequence (Fig. 3.30).

3.4.5.3.2 Kayseri Chromitite Occurrences

Some of the chromitite occurrences in Kayseri province are observed in the SW, in
Aladag Ophiolite (A, B, C, D). The other important part is seen in Pinarbasi
Ophiolite (E, F, G, Hand I in Fig. 3.31). Table 3.13 presents the main characteristics
of the chromitite deposits in Mersin, Adana and Kayseri regions.

3.4.6 Region Six: SE Anatolian (Hatay, Osmaniye, Gaziantep,
Kahramanmaras, Adiyaman, Elazig, Siirt, Van, Hakkari)
Ophiolites and Related Chromitite Deposits

Ophiolite sections of the SE Anatolian Region extend along the Bitlis-Zagros Suture
Zone (BZSZ) and are named “SE Anatolian Ophiolite Belt” (Fig. 3.32). Some of the
ophiolite sections, namely the Goksun Ophiolite, Berit Metaophiolite, Ispendere
Ophiolite, Kémiirhan Ophiolite, Guleman Ophiolite, Baykan Ophiolite, and Gevas
Ophiolite, were accreted to the metamorphic Tauride platform (Malatya-Keban
platform) in the north. Other ophiolites are situated on the top of the Arabian plat-
form in the south. These are Kizildag Ophiolite, Kilan/Meydan Ophiolite, Kogali-
Karadut Complex and Yiiksekova Complex (Sarifakioglu et al. 2014) (Fig. 3.32).
Although some of these ophiolitic sequences are very fertile in terms of chromite
mineralisation, like the Guleman ophiolite, they generally lackchromitite deposits.

3.4.6.1 Hatay-Osmaniye-Gaziantep-Kahramanmaras Regions
3.4.6.1.1 Hatay Region

Kizildag Ophiolite

The Kizildag Ophiolite is exposed at the south-western end of the Amanos
Mountains and consists of ultramafic and mafic rocks in a NE-SW tectonic linea-
ment (Fig. 3.32). It displays a well-preserved oceanic lithospheric section in south-
ern Turkey, from bottom to top: mantle tectonites, ultramafic-mafic cumulates,
isotropic gabbros, sheeted dykes, volcanic rocks and cover sediments. The Kizildag
Ophiolite is located in the Mediterranean coastline and covers a wide area.
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Fig. 3.31 Chromitite occurrences and sub-regions of Pinarbasi ophiolite (Kayseri) (A: Saritas
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Emegil, Solaklar, Biiyiikpotuklu; I: Ugsivri Tepe). (Simplified and modified after MTA 2002)

The mantle tectonites mainly consist of harzburgites, dunite with lesser amounts
of lherzolite and wherlite. They are cut by number of dykes such as pyroxenite,
pegmatite gabbro and rodingitized diabase dykes with chilled margins (Bagc12004).
The harzburgites form 70% of the tectonites and, together with the dunites, weather
to a brown colour. Both of these rocks are dark green-black in unweathered out-
crops. The less common Lherzolites are mainly seen along the transition zone into
the cumulate rocks.

The ultramafic and mafic cumulates form the lowest level of oceanic crust within
Kizildag Ophiolite and are exposed along the southern flank of the Kizildag massif.
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fied after MTA 2002)

The cumulates taper from southeast to northeast, are emplaced tectonically on tec-
tonites at the base, and exhibit a transitional contact with isotropic gabbros in their
upper levels (Bagc1 2004). The cumulate rocks are cut by diabase and pegmatitic
gabbro dykes, ranging in thickness from 2 to 60 cm (Bagci et al. 2005).

Hatay Chromitites

Chromite deposits in Hatay Region are located mainly in the central part of the
Kizildag Ophiolite, in the area at the west of Belen and in the NE section of Dértyol
district. Most of these deposits and occurrences are hosted within ultramafic tec-
tonites. Chromitite occurrences in Kizildag centre are mainly located in Cergikaya,
Asag1r Zorkum, Yukari Zorkum, Sarigol, Giimiisoluk and Arapgedigi quarries
(Fig.3.33A1). Chromite occurrences close to the NE of Dortyol district (Fig. 3.33A2)
mainly occur in Emirali Damlar1 and Sehmahmut Pleateu/Yanik Hill areas (see
Table 3.14).

3.4.6.1.2 Osmaniye Ophiolites

Ophiolitic sequences in this region were emplaced during Late Cretaceous onto the
Mesozoic Carbonate platform (Yilmaz 1984) (Fig. 3.32). They have characteristics
similar to the Kizildag Ophiolite in the NE. Yilmaz (1984) considered these ophio-
lite sequences under different names based on their composition and tectonic posi-
tion, with the Zorkun Ophiolitic Melange, Yarpuz Ophiolitic Melange, Tozakl
Ophiolite, Ispirler Meta-Ophiolitic Melange and Berke Ophiolite being the main
sequences. The internal structures of these ophiolites are not considered in this sec-
tion of Chap. 3.



132 Y. Ciftci et al.

ELBISTAN
L]
- . -
- Bérit Meta-Ophiolite
r4\.&0%«.%20 o
3 D ' -
g
“Ophiolite
- Ak
0 15
Kilometers
'KQZAN ARABAN
L]
JMamosLy LR,
SANLIURFY
sEH"KﬁM'hsAHINBEV
CEYHAN Nzl
° .
.DGUZELI
BEYH
HATAY .BELEN
Legend
Al R ophiotie Melange HEE Dunite KM Kurseir Massif
BEEE rilow-Lava and Sedimenss.  [BEER] Serpentinise ITS  Iner-Tauride Suture
42 WO shociod-Dyke Comples (I Opbiotites (Unspecificated) '\T: Anatolide- Tauside Blok
{ & X T . BZS  Bitlis-Zagros Subire
T B Gabbro-Disbase BB sub-ophioisic Memonphics - s
ag (phiolite Bl Gaboro = Conmiios Gobbeo. D) g
¥ ™ o — B R e it
< ¥ m Chromitite Ores
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Region; B: Osmaniye Region; C: Gaziantep Region; D: Kahramanmaras Region). (Simplified and
modified after MTA 2002)
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Osmaniye Chromitites

The distribution of Osmaniye region chromitite occurrences is shown on
Fig. 3.33B. They will be presented under four main groupings: Kanlikoz Yayla —
Kivrikoglu Yayla, Konak Sirt1, Asagibag Mevkii, Camlik Sirt: — Karacaiistii, Uriin
Mahallesi — Armuttarla Mevkii, Cevizlik Tepe (B1); Kayali, Issizca, Davutlar,
Culhali, Karayigit (B2); Burgach — Ariklitag (B3); and Besagag Tepe, Mezar Tepe,
Gordiiktarla ve Camdenizi (B4), which are summarised in Table 3.14.

3.4.6.1.3 Gaziantep Region

Gaziantep Ophiolites

Ophiolites that were defined as “Allochthonous Series” and exposed in the west of
the province, are mainly the Upper Jurassic-Early Cretaceous Kocali Complex, the
Early-Middle Maastrichthian Karadut Complex, and the Middle-Late Maastrichtian
Ophiolite Nappe (Fig. 3.32). These ophiolitic sequences were emplaced along the
suture zone at different times and alternate with several magmatic and volcanic
rocks of the Tethyan closure. Here we discuss only the chromitite deposits and not
these ophiolitic sequences.

Gaziantep Chromitites

Chromite occurrences in Gaziantep province are generally centred in the Islahiye
region (Fig. 3.33C1-C4). Ultramafic tectonites and cumulates of the Islahiye
Ophiolite Nappe have small chromitite occurrences, reported by MTA in 1999 dur-
ing chromitite-nickel prospecting surveys.

Little chromite was extracted from exploration quarries and no more than five
deposits achieved a few thousand tonnes of production. The grade of chromite ores
hosted in cumulate dunites, ranges from 10% to 30% Cr,O; and many of these
occurrences and deposits are not suitable for mining. The grade of chromitite occur-
rences in ultramafic tectonite basal dunite zones varies between 40% and 52% Cr,05
and these higher grades have enabled a limited amount of production during periods
of high demands and higher prices. The Gaziantep province chromitites and
occurrences are shown as “Serial C” on Fig. 3.33. The general features of these
chromitite deposits are given in Table 3.15.

3.4.6.1.4 Kahramanmaras Region

Ophiolites

There are many lithological associations that consist of ophiolite components in the
Kahramanmaras province and these are exposed in Malatya-Bitlis ophiolites group
(Erendil 2002). Ophiolites of this belt occur as tectonic slices sandwiched between
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metamorphic massifs or unmetamorphosed younger deposits (Erendil 2002).
Ophiolite slices of the Taurus Belt and Arabian Platform are shown in Fig. 3.32.

To the north of Afsin and Kayseri border; the Goksun Ophiolite and the Berit
Ophiolite are exposed between Andirin and Tiirkoglu and can be described together.
They consist of slices that were emplaced in the region at different times by over-
thrust nappe tectonics.

Chromite mineralisation in the region, occurs mostly in small deposits
(Fig. 3.33D1-D3) which have been occasionally exploited with small-scale
production.

In the Daglica Melange exposed between Afsin and Sariz, marketable chro-
mitites occur in small deposits. To the south of Ekinozi, in the Berit Ophiolite, low
Cr,0; grade occurrences were identified with the “high aluminium” content depend-
ing on dunite abundance in the ultramafic cumulate units. The general features of
these chromitite deposits of the Kahramanmaras region are given in Table 3.16.

3.4.6.2 Adiyaman and Elazig Regions
3.4.6.2.1 Adiyaman Region

Ophiolite sequences in the Adiyaman province are defined as the Karadut Complex,
the Kogali Complex and the Opholite Nappe (Fig. 3.32).

Chromitites

Chromite deposits and chromitite occurrences in this region are located in the
Ophiolite Nappe, within a sequence of peridotites referred as the Kocali Complex in
previous studies (Yoldemir 1987).

The early chromite exploration programs in this region were carried out by MTA
in 1973. Since 1989, information about chromitite occurrences in Adiyaman region
was updated by field studies, and they are located mainly in Golbasi, Besni, and Tut
central districts (Fig. 3.34). Within the framework of the data obtained during pros-
pecting work, it can be concluded that the chromite deposits and occurrences in the
Adryaman territory are small with a potential of between a few hundred and a few
thousand tonnes. The general features of these chromitite deposits in the Adiyaman
region are given in Table 3.17.

3.4.6.2.2 Elazig Region

The Elazig-Alacakaya (Guleman) territory has the largest chromite resources and
production in Turkey and accounts for about 45% of the total chromite resources.
Mining in the Elaz1g-Alacakaya territory started in 1936 and still operates today.
Many scientific studies were conducted in the region aimed at the understanding the
mechanism of chromitite genesis in order to improve exploration studies (Kovenko
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Fig. 3.34 Chromitites of Adiyaman region and sub-regions (A: Harmancik ve Corak; B: Besni; C:
Tut; D: Yazibasi-Akgali-Kotur). (Simplified and modified after MTA 2002)

1940; Borchert 1952; Ercan et al. 1970; Iskit 1973; izmir and Kog¢ 1977; Ortalan
and Erdem 1977; Ozkan 1977, 1982a, b; Ozkan and Siimer 1986, 1987 Engin et al.
1980-1981, 1987; Balc1 1986; Engin 1986; Engin and Siimer 1987).

The Guleman ophiolite unit covers an area of 200 km?. About 65% of the unit is
represented by tectonite and the rest is cumulate rocks (Fig. 3.35). The cumulate
rocks are located within the tectonites, or generally surround them. Although there
are chromite deposits in both rock groups, those in tectonites are more important.

The dunite unit in Kef territory, is considered as a transition zone between tec-
tonites and cumulates and the major Western Kef Deposit is exposed at the base of
this dunite unit. Some other chromite deposits in the region occur in thin dunite
envelopes within harzburgites.
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Fig. 3.35 Geology of Guleman ophiolite and major chromitite deposits. (Modified after Ozkan
1982b)

Although the Guleman chromite deposits are classified as Alpine type, their con-
tinuity in terms of strike and dip directions make these deposits quite special. A
large component of chromite mineralization is concordant with the internal struc-
ture of the host rocks. Figure 3.35 shows the major deposits in Guleman where
mining was carried out by both open pit and underground mining operations. The
principal features of these deposits are summarised in Table 3.18.

3.4.6.3 Siirt-Van-Hakkari Regions Chromite Deposits
3.4.6.3.1 Siirt Region

Ophiolites

The Siirt ophiolites are part of the Bitlis Metamorphic Massif and occur as tectonic
slices within this Massif. They are generally distributed around Baykan and Sirvan
and rarely NE of Pervari (Fig. 3.32). The ultramafic unit was named Guleman ultra-
mafics by Sungurlu (1974), whereas Peringek (1978) referred to it as the Guleman
group. The best outcrop of the unit is north of the Guleman settlement area in the
east of Elaz1g province, Maden district (Senel 2007). This ophiolitic sequence was
examined under different names, such as Guleman Group, Simsin Formation
(Agikbas and Bastug 1975); Guleman Metamorphics (Perincek 1978); Guleman
Peridotite Unit (Engin et al. 1980-1981); Guleman Ophiolite (Ozkan 1981-1982,
1983) (Fig. 3.36).
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Fig. 3.36 Ophiolites of SE Anatolia and major chromitite deposits (A: Siirt Region; B: Van-Ozalp
Region; C: Hakkari Region). (Simplified and modified after MTA 2002)

Chromitites

In the Siirt province, at Biiziigan section, 41 chromitite outcrops have been identi-
fied. They occur mostly in serpentinized harzburgites in a melange environment,
And exhibit limited continuity in both strike and dip (Fig. 3.36A).

Information for this region, is largely based on prospecting work conducted by
MTA in 1974. Private companies subsequently carried out both exploration and
production however, considering the geological structure of the region, the potential
for substantial chromite production is considered limited.le.

3.4.6.3.2 Van Region

The Gevas Ophiolite around Gevas and the Ozalp Ophiolite around Ozalp and Saray
areas, are the main ophiolitic sequences in the Van region. All chromitite occur-
rences in the region are located in the Ozalp Ophiolite.

Ozalp Ophiolite

This ophiolite outcrops in a wide region from Van in the centre to the east, near the
Iran border (Fig. 3.36). Ophiolitic complex (melange) forms a layered structure
around Ozalp and Saray districts, consisting of basic components like deep-sea
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lavas (mostly spilitic), serpentinites and diabases, radiolarites-limestones-
multicolored shales and marls (Ketin 1977). The Ozalp Ophiolite is overlain by
Neogene age sediments, suggesting that it was emplaced in Late Cretaceous-
Paleocene time. The ophiolitic sequence is represented mostly by upper mantle har-
zburgites and minor amounts of gabbros. The tectonite peridotites are cut partly, or
completely, by rodingitised diabase dykes (Giinay et al. 2012).

Van Region Chromitites

Chromitite occurrences in Van Region are located in Ozalp and Saray Villages,
along the Land Border of Iran and Turkey (Fig. 3.36B). The main features of these
chromitite deposits are summarized in Table 3.19. According to this table, chro-
mitites in Ozalp region are mainly in massive character, lens shaped, and banded in
lesser amount. In contrast, the character of chromitites in eastern and SE part of
Ozalp Village are disseminated and they are mostly brecciated, partly lens shaped.
Dimensions are also quite limited in both section, means that no significant chro-
mite reserve has expected in the region.

3.4.6.3.3 Hakkari Region

The ophiolites that are common in the Hakkari region (Fig. 3.36) are known as
Yiiksekova Complex and outcrop around Cilo Mountain of Hakkari and Yiiksekova
along the Bitlis —Zagros Suture Zone (Peringek 1989). The Yiiksekova Complex is
mainly represented by spilitic basalt, agglomerate, volcanic sandstone, conglomer-
ate, limestone, chert, granite, granodiorite, quartz diorite, tonalite and flysch facies
rocks and in lesser amounts serpentinite, gabbro and diabase units (Sungurlu et al.
1985).

Hakkari Chromitites

Ophiolite occurrences in the Hakkari region are generally of melange character and
they exhibit an orderly internal structure, belonging to a cumulate group, they show
alternation of serpentinized dunite, wherlite and gabbro. In the ophiolitic melange
extending for about 15 km SW of Yiiksekova district in an approximate N-S direc-
tion, these bodies contain localised with chromitite occurrences. Due to lack of
prospecting activity of the ophiolitic melange units to the east and NE sections of
Yiiksekova district, there is no detailed information about the structure of these sec-
tions (Boyali and Sayin 1974; Stimer and Artan 1983).

Some prospecting and mineral exploration was conducted by MTA in 1983 in the
Hakkari-Yiiksekova Complex, with the specific aim of assessing the potential of the
chromitites. This work showed that the chromitite mineralization is mainly associ-
ated with dunites in ultramafic cumulate units. Chromitites in peridotites are highly
cataclastic and occur as discontinuous lens-shaped masses. The general features and
potential for chromititite occurrences in the territory are presented below.
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Ophiolite rocks in the Kiglacik village section in the Cilo Mountains are located
in an area with a NW-SE trend in a 600-1000 m wide belt of cumulates alternating
with dunite, wherlite and gabbro.

They are generally melange in character, but retain much of their internal struc-
tures. Chromitite lenses in serpentinized dunites, generally show a parallel sequence
to ophiolite-limestone. Here, chromitites can be grouped as those between Kislacik
Village and Gorhele Hill (2.718 m) and the ones between Alakan Village and
Okiizolen Hill (2200 m).

Between Kislacik Village and Gorhele Hill, the serpentinized cumulate dunites,
host about 24 chromitite lenses in 8 groups that have a general N-S trend. These
lenses are generally in structural contact with serpentinized dunites, and are between
1 and 13 m long, with thicknesses varying between 0.5 and 7 m. The strike of these
chromitite lenses is generally N60—65°E or 50-55°SE, but they have limited conti-
nuity along strike and down dip. Chromitites also occur in the form of large tectonic
blocks. Chemical analysis of samples from chromitite lenses, indicate Cr,O; grades
of between 17.86% and 47.45% Cr,05; SiO, content is between 1.66% and 17.74%.
The dominant Cr,Os content is around 30-35% (Stimer and Artan 1983).

Lens shaped chromitite bodies located mostly on the SW side of Okiizlen Hill
(2.200 m, a.s.1.), SW of the Alakan Village, consist of two sequences, with a strati-
graphic separation of 30 m, that continue in parallel, but with similar interruptions,
for 400 m.

The chromitite lenses are between 0.5 and 30 m long and between 0.2 and 4 m
thick. Strikes and dips are N25E, 40° SE; N55E, 46°SE and N50W, 42°SW. Chemical
analysis of samples taken from chromitites in Okiizolen Hill, where disseminated
chromitites are dominant, indicate that the Cr,0O; grade varies between 5.30% and
20.55%; Si0O, content varies between 13.65% and 20.45% (Stimer and Artan 1983).

3.5 Conclusions

The demand from metallurgy and chemistry industries in Turkey are not sufficient
to influence the chromitite market prices. As this sector is highly dependent in
exploration, the fluctuations in the global market tend to affect Turkey’s chromitite
production as well. Nevertheless, as the chromitite occurrences near the surface
began to run out, junior mining companies in the country started to close down with
the market scene being left to the larger companies with greater investment capabili-
ties. In this circumstances, unless there is a global economic crisis, Turkey’s chro-
mitite production may be stabilised. But, this would have a negative effect on a high
number of employees who work for the junior mining companies, as they would be
forced to find another sources of income.

In terms of high quality steel production, chrome is still an unmatched resource
today. Therefore, chromitite as a metallic ore will always have a global demand in
the short and medium term. All the same, it is evident that producing chromitite
from shallow depths using traditional methods will soon no longer be desirable in
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Turkey. Aiming for deeper targets makes it necessary to invest more for research
and exploration. Necessary operations have started in Turkey by using more sophis-
ticated software technologies and modelling, more geological and geophysical data
which can be helpful in reaching deeper levels of these ore deposits,. Historical
mining activities and their records serve as a guiding source for these operations. In
addition to this some important deposits which were abandoned without being pro-
cessed before, are today being considered for producing concentrated ore. This can
be taken as a hopeful development, paving the way for new opportunities in the
chromitite mining sector in Turkey.

Acknowledgements This chapter includes valuable data from prospecting reports of MTA,
accrued during many years, resulting from long-lived studies. Dr. Tandogan Engin, Dr. Yusuf Ziya
Ozkan, Bayazit Erdem, Ali Kemal Akin and {lhan Odabasi should be mentioned first. A. Olcay
Colakoglu, Aytekin Tiirkel and Serdar Keskin were also active prospectors for these Projects. We
have to present our gratitude to all prospectors in the past and the present, for their enormous
efforts and contribution to the mining sector.

References

Acikbas D, Bastug C (1975) V. Bolge Cacas-Hani yoresi kuzey sahalarinin jeoloji raporu ve pet-
rol olanaklar1 [Geology report and petroleum resources of 5th Region, Cacas-Hani Region].
Report No: 917. TPAO, Ankara (in Turkish, unpublished)

Ahmet AH, Arai S (2002) Unexpectedly high-PGE chromitite from the deeper mantle section of
the northern Oman ophiolite and its tectonic implications. Contrib Mineral Petrol 143:263-278

Akin AK (1995) Kursunlu-Ilgaz-Cankiri-Arac-Tosya-Kastamonu-Kargi-Corum ve ¢evresinin
krom prospeksiyon raporu [Chromite prospecting report of Kursunlu-Ilgaz-Cankiri-Arag-
Tosya-Kastamonu-Kargi-Corum and related area]. Report No: 9886. MTA, Ankara (in Turkish,
unpublished)

Aktas G, Robertson AHF (1984) The Maden Complex, SE Turkey: evolution of a Neotethyan con-
tinental margin. In: Dixon JE, Robertson, AHF (eds) The geological evolution of the Eastern
Mediterranean, Geological Society special publications, vol 17. Geological Society, London,
pp 375402

Aktimur HT (1986) Erzincan, Refahiye ve Kemah dolayinin jeolojisi [Geology of Erzincan-
Kemah region]. Report No: 7932. MTA, Ankara (in Turkish, unpublished)

Aktimur HT, Atalay Z, Ates S, Tekirli ME, Yurdakul ME (1988). Munzur Daglar ile Cavusdag
arasinin jeolojisi [Geology between Munzur and Cavus Mountains]. Report No: 8320. MTA,
Ankara (in Turkish, unpublished)

Aktimur HT, Tekirli ME, Yurdakul ME (1990) 1:100.000 o6lcekli, acinsama nitelikli Tiirkiye
Jeoloji Haritalar1 Serisi, Tokat D22 (UTM: G 36) Paftas1 [Geology of Turkey, 1:100.000 scale
exploration map series, G36 sheet]. MTA, Ankara (in Turkish, with English abstract)

Akytirek (1981) Ankara-Elmadag-Kalecik dolayinin jeolojisi [Geology of Ankara-Elmadag-
Kalecik region]. Report No: 7298. MTA (in Turkish, unpublished)

Akyiirek B, Bilginer E, Catal E, Dager Z, Soysal Y, Sunu O (1980) Eldivan-Sabanozii (Cankirt)
Hasayaz-Candir (Kalecik-Ankara) dolayinin jeolojisi [Geology of Eldivan-Sabanozii (Cankirr)
Hasayaz-Candir (Kalecik-Ankara) region]. Report No: 6741. MTA (in Turkish, Unpublished)

Alpay B (1951) Burdur ili’nin Yesilova ilgesine bagl Salda, Horozkdy, Bahyar ve Isiklar koyleri
hudutlar1 i¢inde bulunup Rifat Kasanoglu ve Mehmet Erkazanci ortakligina ait ruhsatname
sahalarinda yapilan taharriyat hakkinda fen raporu [Prospecting report of Burdur-Yesilova-



3 Chromitite Deposits of Turkey in Tethyan Ophiolites 147

Salda—Horozkoy-Bahtiyar and Isiklar Villages, licensed to Rifat Kasanoglu and Mehmet
Erkazanci corporation]. Report No: 3809. MTA Ankara (in Turkish, unpublished)

Alriyami K, Robertson AHF (2002) Mesozoic sedimentary and magmatic evolution of the Arabian
continental margin, northern Syria: evidence from the Baer-Bassit Melange. Geol Mag
139:395-420

Alriyami K, Robertson AHF, Dixon J, Xenophontos C (2002) Origin and emplacement of the Late
Cretaceous Baer-Bassit ophiolite and its metamorphic sole in NW Syria. Lithos 65:225-260

Andrew T, Robertson AHF (2002) The Beysehir-Hoyran—Hadim Nappes: genesis and emplace-
ment of Mesozoic marginal and oceanic units of the northern Neotethys in southern Turkey.
J Geol Soc Lond 159:529-543

Arni P (1942) Tavsanh (Kiitahya) Linyit Yataklar1 Raporu [Tavsanli (Kiitahya) lignite report].
Report No:1373. MTA Ankara (in Turkish, unpublished)

Bacak G, Uz B (2003) Dagard1 giineyi (Kiitahya) ofiyolitinin jeolojisi ve jeokimyasal Ozellikleri
[Geology and geochemical properties of Dagardi South (Kiitahya) ophiolite]. J Istanbul Tech
Univ 2(4):86-98

Bage1 U (2004) Kizildag (Hatay) ve Tekirova (Antalya) Ofiyolitlerinin Jeokimyasi ve Petrolojisi
[Geochemistry and petrology of Kizildag (Hayat) and Tekirova (Antalya) ophiolites]. PhD the-
sis, Cukurova Univ Institute of Science, 383 p (in Turkish with English abstract, unpublished)

Bager U, Parlak O, Hock V (2005) Whole rock and mineral chemistry of cumulates from the
Kizildag (Hatay) ophiolite (Turkey): clues for multiple magma generation during crustal accre-
tion in the Southern Neotethyan Ocean. Min Mag 69:53-76

Bagc1 U, Parlak O, Hock V (2006) Geochemical character and tectonic environment of ultra-
mafic to mafic cumulate rocks from the Tekirova (Antalya) ophiolite (southern Turkey). Geol
J41(2):193-219

Bagc1 U, Parlak O, Hock V (2008) Geochemistry and tectonic environment of diverse magma
generations forming the crustal units of the Kizildag (Hatay) ophiolite southern Turkey. Turk
J Earth Sci 17:43-71

Balct M (1986) Rut-Taslitepe (Guleman-Elazig) yoresi krom yataklarmin jeolojisi [Geology
of chromite deposits in Rut-Taslitepe (Elazig) region]. Report no: 7909. MTA, Ankara (in
Turkish, unpublished)

Bébien J, Shallo M, Manika K, Gega D (1998) The Shebenik Massif (Albania): a link between
MOR- and SSZ-type ophiolites. Ofioliti 23:7-15

Ben-avraham Z, Woodside J, Lodolo E, Gardosh M, Grasso M, Camerlenghi A, Vai GB (2006)
Eastern Mediterranean basin systems. In: Gee DE, Stephenson RA (eds) European lithosphere
dynamics, Memories, vol 32. Geol Society, London, pp 263-276

Bingol AF (1978) Pétrologie du massif ophiolitique de Pozanti-Karsanti (Taurus Cilicien, Turquie);
étude de la partie orientale: these de spécialité (3 eme cycle). Univ. Louis Pasteur, Strasbourg
(unpublished)

Borchert H (1952) Etibank Sark kromlart mintikasinda krom cevheri yataklarinda yapilan jeolojik
tetkik hakkinda rapor [Report of the geological prospectivity on chromite deposits in Etibank
eastern chromite region]. Report No: 2082. MTA, Ankara (in Turkish, unpublished)

Borchert H (1960) Yesilova — Burdur havalisindeki kromit yataklari [Chromite ores around
Yesilova-Burdur region]. Report No: 3245. MTA, Ankara (in Turkish, unpublished)

Borchert H (1962) Tefenni (Vilayeti Burdur) peridotit massifindeki kromit zuhurlari [Chromite
occurrences of the Tefenni (Burdur) peridotite massif]. Report No: 260. MTA, Ankara (in
Turkish, unpublished)

Bortolotti V, Marroni M, Pandolfi L, Principi G, Saccani E (2002) Interaction between mid-ocean
ridge and subduction magmatism in Albanian ophiolites. J Geol 110:561-576

Boyali T (1996) Salda Golii Kuzeyi (Yesilova-Burdur), Egridir-Siitgiiler (Isparta), Serik (Antalya)
Cevresi Krom Prospeksiyon Raporu [Chromite prospectivity report of northern of Salda Lake
(Yesilova-Burdur), Egridir-Siitgiiler (Isparta) and Serik (Antalya) region]. Report No: 6336.
MTA, Ankara (in Turkish, unpublished)



148 Y. Cifigi et al.

Boyali I, Saym A (1974) Van-Ozalp civarindaki peridotitlerde krom prospeksiyon raporu [Chromite
prospectivity report of peridotites around Ozalp-Van region]. Report No: 5457. MTA, Ankara
(in Turkish, unpublished)

Brinkmann R (1966) Geotektonische Gliederung von Westanatolien. N Jb Geol Paleo, Stuttgart,
pp 603-618

Brinkmann R (1968) Einige geologische Leitlinien von Anatolien. Geol Paleontol 2:111-119

Cakir U (1978) Petrologie du massif de Pozanti — Karsanti (Taurus Cilicien, Turquie): Etude de la
partie centrals, These 3 eme cyl, 251. Strasbourg

Capan UZ (1980) Toros kusagi ofiyolit Massiflerinin (Marmaris, Mersin, Pozanti, Piarbast ve
Divrigi) i¢ yapilari, petroloji ve petrokimyalarina yaklasimlar [Approaches to the internal struc-
tures, petrology and petrochemistry of the Tauride belt ophiolite massifs (Marmaris, Mersin,
Pozanti, Pinarbasi and Divrigi)]. PhD thesis, HU Institute of Science (in Turkish, unpublished)

Cataklt AS (1983) Assemblage ophiolitique et roches associees de la partie occidentale du Massif
de Pozanti-Karsant1 (Taurus Cilicien, Turquie). These d’Etat, Universite de Nancy I

Cawthorn RG (2015) The Bushveld complex, South Africa. In: Charlier B, Namur O, Latypov R,
Tegner C (eds) Layered intrusions. Springer, Dordrecht, pp 517-588

Celik OF (2007) Metamorphic sole rocks and their mafic dykes in the eastern Tauride belt ophiol-
ites (southern Turkey): Implications for OIB-type magma generation following slab break-off.
Geol Mag 144:849-866

Celik OF, Chiaradia M (2008) Geochemical and petrological aspects of dike intrusions in the
Lycian ophiolites (SW Turkey): a case study for the dike emplacement along the Tauride Belt
Ophiolites. Int J Earth Sci 97:1151-1164

Celik OF, Delaloye M (2003) Origin of metamorphic soles and their post-kinematic mafic dykes
swarms in the Antalya and Lycian ophiolites, SW Turkey. Geol J 38:235-256

Celik OF, Marzoli A, Marschik R, Chiaradia M, Neubauer F, Oz I (2011) Early-Middle
Jurassic intra-oceanic subduction in the Izmir-Ankara-Erzincan Ocean, Northern Turkey.
Tectonophysics 509(1-2):120-134

Cift¢i Y, Donmez C, Colakoglu AO, Odabasi I (2017). Tiirkiye Krom Envanteri 1. ve 2. Boliim
[Chrome inventory of Turkey: part 1 and 2]. MTA Inventory Series: 205. Ankara

Colakoglu AO, Donmez C, Ciftci Y, Sayak H, Tiirkel A (2014) Oltu-Narman-Horasan (Erzurum)
Yoreleri Krom-Nikel Prospeksiyon Raporu [Cr-Ni Prospectivity report of Oltu-Narman-
Horasan (Erzurum) region]. Report No: 11730. MTA, Ankara (in Turkish, unpublished)

Collins AS, Robertson AHF (1997) Lycian melange, southwestern Turkey: an emplaced Late
Cretaceous accretionary complex. Geology 25:255-258

Collins AS, Robertson AHF (1998) Processes of Late Cretaceous to Late Miocene episodic thrust
sheet translation in the Lycian Taurides, SW Turkey. J Geol Soc Lond 155:759-772

Demirtasli E (1984) Stratigraphy and tectonics of the area between Siliftke and Anamur, Central
Taurus Mountains. In: Tekeli O, Gonctioglu MC (eds) Proceeding of the int symp on the geol-
ogy of the Taurus Belt, 26-29 September, MTA, Ankara, pp 101-118

Demirtash E, Bilgin AZ, Erenler W, Isiklar S, Sanl1 DY, Selim M, Turhan N (1975) Geology of the
Bolkar mountains. In: Alpan S (ed) Congress of earth sciences, 50th year of the republic. MTA
Special Publ, Ankara, pp 42-57

Denkel U (1972) GB Anadolu kromit yataklar1 hakkinda bazi ekonomik miilahazalar [Some
economic aspects of SW Anatolian chromite ores]. Report No: 3550. MTA (in Turkish,
unpublished)

Dilek Y, Flower MFJ (2003) Arc-trench rollback and forearc accretion: 2. A model template for
ophiolites in Albania, Cyprus, and Oman. Geol Soc Lond Spec Publ 218:43-68

Dilek Y, Furnes H (2009) Structure and geochemistry of Tethyan ophiolites and their petrogenesis
in subduction rollback systems. Lithos 113(1-2):1-20

Dilek Y, Furnes H (2011) Ophiolite genesis and global tectonics: geochemical and tectonic finger-
printing of ancient oceanic lithosphere. GSA Bull 123(3—4):387-411

Dilek Y, Thy P (2006) Age and petrogenesis of plagiogranite intrusions in the Ankara melange,
central Turkey. Island Arc 15(1):44-57



3 Chromitite Deposits of Turkey in Tethyan Ophiolites 149

Dilek Y, Thy P (2009) Island arc tholeiite to boninitic melt evolution of the Cretaceous Kizildag
(Turkey) ophiolite: model for multi-stage early arc-forearc magmatism in Tethyan subduction
factories. Lithos 113(1-2):68-87

Dilek Y, Thy P, Hacker B, Grundvig S (1999) Structure and petrology of Tauride ophiolites
and mafic dyke intrusions (Turkey): implications for the Neotethyan ocean. GSA Bull
111:1192-1216

Dilek Y, Shallo M, Furnes H (2005) Rift-drift, seafloor spreading and subduction tectonics of
Albanian ophiolites. Int Geol Rev 46:147-176

Dilek Y, Furnes H, Shallo M (2007) Suprasubduction zone ophiolite formation along the periphery
of Mesozoic Gondwana. Gondwana Res 11:453-475

Dilek Y, Furnes H, Shallo M (2008) Geochemistry of the Jurassic Mirdita Ophiolite (Albania) and
the MORB to SSZ evolution of a marginal basin oceanic crust. Lithos 100:174-209

Doénmez C, Keskin S, Giinay K, Colakoglu AO, Ciftci Y, Uysal I, Tiirkel A, Yildirim N (2014)
Chromite and PGE geochemistry of the Elekdag Ophiolite (Kastamonu, Northern Turkey):
implications for deep magmatic processes in a supra-subduction zone setting. Ore Geol Rev
57:216-228

Doyen A (1995) Yesilova (Burdur) civari kromit yataklarinin mineralojik, petrografik ve jeoki-
myasal incelemesi [Mineralogical, petrographical and geochemical prospection of chromite
deposits around Yesilova (Burdur) region]. PhD thesis, SU Institute of Science, (in Turkish,
unpublished)

DPT (2001) Sekizinci Bes Yillik Kalkinma Plani, Madencilik Ozel Ihtisas Komisyonu, Metal
Madenler Alt Komisyonu, Krom Calisma Grubu Raporu [8th five years development plan,
commission of mines, chrome sub-commission report]. DPT: 2626-OIK: 637, 66p

Economou-Eliopoulos M (1996) Platinum-group elements distribution in chromite ores from
ophiolite complexes: implications for their exploration. Ore Geol Rev 11:363-381

Engin T (1986) Petrology of the peridotite and structural setting of the Bat1 Kef-Dogu Kef chromite
deposits, Guleman-Elazig, eastern Turkey. In: Gallagher JM, Ischer RA, Neary CR, Prichard
HM (eds) Metallogeny of basic and ultrabasic rocks. British IMM, London, pp 229-240

Engin T, Stimer Y (1987) Kefdag-Kapin (Guleman-Elazi1g) yoresinin jeolojisi, Bati Kef-Dogu
Kef krom yataklarinin maden jeolojisi [Geology of Kefdag-Kapin (Guleman-Elazig) and min-
ing geology of West and East Kef chromite deposits]. Report No: 8123. MTA (in Turkish,
unpublished)

Engin T, Balc1 M, Siimer Y, Ozkan YZ (1980-1981) General geological setting and the structural
features the Guleman Peridotite unit and the chromite deposits (Elazig, Eastern Turkey). Bull
Min Res Exp 95(96):34-56

Engin T, Ozkan YZ, Balct M (1985) Tiirkiye Krom Yataklart ve MTA’nin Krom Aramaciligindaki
Yeri [Chromite ore deposits of Turkey and the role of the MTA in chromite exploration]. 50th
Year Symposium Abstracts Ankara, MTA

Engin T, Ozkogak O, Artan U (1987) General geological setting and character of chromite deposits
in Turkey: in evolution of chromium ore fields. In: Stowe CXW (ed) Evolution of chromium
fields. Von Nostrand Reinhold Company, New York, pp 195-219

Ercan T, Soykal T, Pehlivanoglu H (1970) Elazig-Diyarbakir (Maden-Ergani-Guleman) bdlgesi
jeolojisi [Geologyof Elazig-Diyarbakir (Maden-Ergani-Guleman) region]. Report No: 5038.
MTA, (in Turkish, unpublished)

Erendil M (2002) Tiirkiye Ofiyolitleri [Ophiolites of Turkey]. Seminar Notes, MTA publ. (in
Turkish, unpublished)

Ergiil E, Oztiirk Z, Akcadren F, Gozler MZ (1980) Balikesir ili-Marmara Denizi arasinin jeolo-
jisi [Geology between Balikesir and Marmara Sea] Report No: 6760. MTA, (in Turkish,
unpublished)

Flower MFJ, Dilek Y (2003) Arc-trench rollback and forearc accretion: 1.A collosion-induced
mantle flow model for Tethyan ophiolites. In: Dilek Y, Robinson PT (eds) Ophiolites in earth
history, vol 218. Geol Soc, London Sp Public. pp 21-41

Floyd PA, Winchester JA, Seston R, Kryza R, Crowley QG (2000) Review of geochemical varia-
tion in Lower Palacozoic metabasites from the NE Bohemian Massif: intracratonic rifting and



150 Y. Cift¢i et al.

plume-ridge interaction. In: Franke W, Haak V, Oncken O, Tanner D (eds) Orogenic processes:
quantification and modelling in the Variscan Belt, vol 179. Geological Society special publica-
tion, Geological Society, London, pp 155-174

Garuti G (2004) Chromite-platinum group element magmatic deposits. In: De Vivo B, Stiiwe K
(eds) Geology, encyclopedia of life support systems (EOLSS). UNESCO, EOLSS Publisher,
Oxford. http://www.eolss.net

Garuti G, Fershtater G, Bea F, Montero PG, Pushkarev EV, Zaccarini F (1997) Platinum-group
element distribution in mafic-ultramafic complexes of central and southern Urals: preliminary
results. Tectonophysics 276:181-194

Gedik A, Birgili S, Yilmaz H, Yoldas R (1979) Mut — Ermenek — Silifke yoresinin jeolojisi ve pet-
rol olanaklar1 [Geology and petroleum resources of Mut-Ermenek-Silifke region]. Bull Geol
Soc Turk 22:7-26 (in Turkish with English abstract)

Gonciioglu MC, Turhan N, Sentiirk K, Ozcan A, Uysal S, Yaliniz MK (2000). A geotraverse across
northwestern Turkey: tectonic units of the Sakarya region and their tectonic evolution. In:
Bozkurt E, Winchester JA, Piper JDA (eds) Tectonics and magmatism in Turkey and the sur-
rounding area, vol 173. Geol Soc of London, Sp Public. pp 139-161

Gonzélez-Jiménez JM, Proenza JA, Gervilla F, Melgarejo JC, Blanco-Moreno JA, Ruiz-Sanchez
R, Griffin WL (2011) High-Cr and High-Al chromitites from the Sagua de Tdnamo district,
Mayari-Cristal ophiolitic massif (eastern Cuba): constraints on their origin from mineralogy
and geochemistry of chromian spinel and platinum-group elements. Lithos 125(1):101-121

Giinay K, Colakoglu AR (2011) Geochemical properties and platinum group element (PGE) con-
tents of Eastern Turkey (Van Area) chromitite. Geol Bull Turk 54(1-2):1-24

Giinay K, Colakoglu AR (2016) Spinel compositions of mantle-hosted chromitite from the Eastern
Anatolian ophiolite body, Turkey: implications for deep and shallow magmatic processes. Ore
Geol Rev 73(1):29-41

Giinay K, Colakoglu AR, Cakir U (2012) Geochemical properties and rodingitization of diabase
dykes cutting peridotites in Yiiksekova complex (Ozalp, Van — Turkey). Bull Min Res Exp
144:1-22

Hakyemez Y, Barkut MY, Bilginer E, Pehlivan S, Can B, Dager Z, Sozeri B (1986) Yaprakli-Ilgaz-
Cankiri-Candir dolayinin jeolojisi [Geology of Yaprakli-Ilgaz-Cankiri-Candir region]. Report
No: 7966. MTA (in Turkish, unpublished)

Hébert R, Laurent R (1990) Mineral chemistry of the plutonic section of the Troodos ophiolite:
new constraints for genesis of arc-related ophiolites. In: Malpas J, Moores E, Panayiotou A,
Xenophontos C (eds) Proceedings of Troodos ophiolite symposium, geological survey, Cyprus,
pp 149-163

Hock V, Koller F, Meisel T, Onuzi K, Kneringer E (2002) The Jurassic South Albanian ophiolites:
MOR- vs SSZ-type ophiolites. Lithos 65:143—164

Holzer H (1954) Beyce 54-1 ve Simav 71-2 Paftalarinin Jeoloji Raporu [Geology report of the
Beyce 54-1 and Simav 71-2 sheets]. Report No: 2366. MTA (in Turkish, unpublished)

Tskit M (1973) Etibank Sark kromlar1 Kef Dag1 krom yataklar1 arama raporu [Prospectivity report
of the Kef Dag1 chromite deposits in eastern chromites of Etibank]. Etibank Report

Izmir M, Kog 1 (1977) Piityan-Biseran (Guleman-Elaz1g) y&resi, Piityan krom ocaklar1 ¢evresinin
jeolojisi raporu [Geology report of Piityan-Biseran (Guleman-Elaz1g), Piityan chromite deposit
and adjacent areas]. Report No: 6603. MTA, Ankara (in Turkish, unpublished)

Jackson ED, Thayer TP (1972) Some criteria for distinguishing between stratiform, concentric and
alpine type peridotite-gabbro complexes. In: Proceeding of international geological Congress
24th, Montreal, vol 2, pp 280-296

Juteau T (1979) Ophiolites des Taurides: Essai sur leurhistorie oceanique. Rev Geol Dyn Geogr
Phys 21(3):191-214 Paris

Juteau T (1980) Ophiolites of Turkey. Ofioliti 2:199-237

Juteau T, Nicolas A, Dubessy J, Fruchard JC, Bouchez JL (1977) Structural relationships in
the Antalya ophiolite complex, Turkey: possible model for an oceanic ridge. GSA Bull
88:1740-1748


http://www.eolss.net

3 Chromitite Deposits of Turkey in Tethyan Ophiolites 151

Kaczmarek MA, Miintener O, Rubatto D (2008) Trace element chemistry and U-Pb dating of zir-
cons from oceanic gabbros and their relationship with whole rock composition (Lanzo, Italian
Alps). Contrib Mineral Petrol 155:295-312

Karaoglan F (2012) Geochronology of the ophiolitic and granitic rocks along the SE Anatolian
orogen. PhD thesis. Cukurova University, Adana, (in Turkish with English abstract)

Karaoglan F, Parlak O, Klotzli U, Thonim, Koller F (2013a) U-Pb and Sm—Nd geochronology of
the Kizildag (Hatay, Turkey) ophiolite: implications for the timing and duration of suprasubduc-
tion zone type oceanic crust formation in the southern Neotethys. Geol Mag 150(2):283-299

Karaoglan F, Parlak O, Kl6tzli U, Koller F, Rizaoglu T (2013b) Age and duration of intra-oceanic
arc volcanism built on a suprasubduction zone type oceanic crust in Southern Neotethys, SE
Anatolia. Geosci Front 4(4):399-408

Ketin T (1977) Van Golii ile Iran smir1 arasindaki bolgede yapilan jeoloji gézlemlerinin sonuglari
hakkinda kisa bir agitklama [Short explanatory notes about the results of the survey between
Van Lake and Iran—Turkey state border]. Bull Geol Soc Turk 20:79-85 (in Turkish with English
abstract)

Koglin N (2008) Geochemistry, petrogenesis and tectonic setting of ophiolites and mafic-ultramafic
complexes in the Northeastern Aegean region: new trace-element, isotopic and age constraints.
PhD thesis, Department of Chemistry, Pharmacy and Geosciences of the Johannes Gutenberg
University

Koglin N, Kostopoulos D, Reichmann T (2009) Geochemistry, petrogenesis and tectonic setting
of the Samothraki mafic suite, NE Greece: trace-element, isotopic and zircon age constraints.
Tectonophysics 473:53-68

Konak N (2002) Tiirkiye Jeoloji Haritas1, Izmir Paftas1 1/500.000 [Geological Map of Turkey,
Izmir sheet in 1:500.000 scale] MTA (in Turkish with English abstract)

Konak N, Akdeniz N, Armagan F (1980) Akhisar-Golmarmara-Gordes-Sindirgt dolaylarinin
jeolojisi [Geology of Akhisar-Golmarmara-Gordes-Sindirgi region]. Report No: 6916. MTA,
Ankara (in Turkish, unpublished)

Konstantinou A, Wirth KR, Vervoort J (2007) U-Pb isotopic dating of Troodos plagiogranite,
Cyprus by LA-ICP-MS. In: 2007 GSA Denver Annual Meeting (28-31 October 2007) Paper
No. 143-16

Koralay T (2000) Niyazlar Koyii (Yesilova—Burdur) ile Tefenni Yaylasi (Tefenni—Burdur)
Ofiyolitlerinin Jeolojik, Petrografik ve Petrokimyasal incelenmesi [Geological, petrographical
and petrochemical investigation of Niyazlar Village (Yesilova-Burdur) and Tefenni Highland
(Tefenni-Burdur) ophiolites]. MSc thesis, PU Institute of Science (in Turkish with English
abstract, unpublished)

Kovenko V (1940) Soridag mintikas1 krom yataklarina yapilan ziyaret hakkinda rapor [Report
about the visit of Soridag chromite deposits]. Report No: 1024. MTA (in Turkish, unpublished)

Kozlu H, Prichard H, Melcher F, Fisher P, Brough, Stueben D (2014) Platinum group element (PGE)
mineralisation and chromite geochemistry in the Berit ophiolite (Elbistan/Kahramanmaras),
SE Turkey. Ore Geol Rev 60:97-111

Liati A, Gebauer D, Fanning CM (2003) The youngest basic oceanic magmatism in the Alps (Late
Cretaceous; Chiavenna unit, Central Alps): geochronological constraints and geodynamic sig-
nificance. Contrib Mineral Petrol 146:144—158

Liati A, Gebauer D, Fanning CM (2004) The age of ophiolitic rocks of the Hellenides (Vourinos,
Pindos, Crete): first U-Pb ion microprobe (SHRIMP) zircon ages. Chem Geol 207:171-188

Lytwyn JN, Casey JF (1993) The geochemistry and petrogenesis of volcanics and sheeted dikes
from the Hatay (Kizildag) ophiolite, southern Turkey: possible formation with the Troodos
ophiolite, Cyprus, along fore-arc spreading centers. Tectonophysics 232:237-272

Mackintosh PW, Robertson AHF (2009) Structural and sedimentary evidence from the northern
margin of the Tauride platform in south central Turkey used to test alternative models of Tethys
during Early Mesozoic time. Tectonophysics 473:149-172

McCallum IS (1996) The stillwater complex. In: Cawthorn RG (ed) Layered intrusions, develop-
ments in petrology. Elsevier, Amsterdam, pp 441-484



152 Y. Cifigi et al.

Melcher F, Grum W, Thalhammer TV, Thalhammer OAR (1999) The giant chromite deposits at
Kempirsai, Urals: constraints from trace element (PGE, REE) and isotope data. Mineral Depos
34:250-272

MTA (2002) 1:500,000 scale geology map of Turkey. General Directorate of Mineral Research
and Exploration, Ankara

Mukasa SB, Ludden JN (1987) Uranium-lead ages of plagiogranites from the Troodos ophiolite,
Cyprus, and their tectonic significance. Geology 1:825-828

Okay AI (1981) The geology and blueschist metamorphism of the ophiolites in Northwest Turkey
(Tavsanli — Kiitahya). Bull Geol Soc Turk 24:85-95 (in Turkish with English abstract)

Okay AI (1986) High pressure/low temperature metamorphic rocks of Turkey. In: Evans BW,
Brown EH (eds) Blueschists and eclogites, vol 164. GSA Memoir, pp 333-348

Okay Al (1989) Alpine-Himalayan blueschists. Annu Rev Earth Planet Sci 17:55-87

Okay AI (2008) Geology of Turkey: a synopsis. Anschnitt 21:19-42

Okay AI (2011) Tavsanli zone: the northern subducted margin of the Anatolide Tauride block. Bull
Min Res Exp 142:191-211

Okay Al, Sahintiirk O (1997) Geology of the Eastern Pontides. In: Robinson AG (ed) Regional
and petroleum geology of the Black sea and surrounding region, vol 68. AAPG, pp 291-311

Okay Al, Siyako M (1993) izmir-Balikesir arasinda Izmir-Ankara Neo-Tetis kenedinin yeni
konumu. Tiirkiye ve ¢evresinin tektonigi-petrol potansiyeli [The new position of Izmir-Ankara
Neo-Tethyan suture between Izmir and Ankara. Tectonics and petroleum potential of Turkey
and surroundings)]. In: Turgur S (eds) Ozan Sungurlu Semposium, Abstract Book. pp 333-355

Okay Al, Tiiysiiz O (1999) Tethyan sutures of northern Turkey. In: Durand B et al (eds) The
Mediterranean Basins: tertiary extension within the Alpine Orogen, vol 156. Geol Soc of
London. pp 475-515

Okay Al, Whitney DL (2010) Blueschists, ophiolites and suture zones in northwest Turkey. In:
Field trip guide book of Pre-Congress Excursion 1-3.10.2010, Tectonic Crossroads: evolving
Orogens of Eurasia-Africa-Arabia, Geological Society of America, Ankara, 4-8 October 2010

Okay Al, Tiiystiz O, Satir M, Ozkan-Altmer S, Altmer D, Sherlock S, Eren RH (2006) Cretaceous
and Triassic subduction-accretion, HP/LT metamorphism and continental growth in the central
Pontides, Turkey. GSA Bull 118:1247-1269

Onen AP (2003) Neotethyan ophiolitic rocks of the Anatolides of NW Turkey and comparison with
Tauride ophiolites. J Geol Soc Lond 160:947-962

Onen AP, Hall R (1993) Ophiolites and related metamorphic rocks from the Kiitahya region, north-
west Turkey. Geol J 28:399-412

Onen AP, Hall R (2000) Sub-ophiolite metamorphic rocks from NW Anatolia, Turkey. ] Metamorph
Geol 18:483-495

Ortalan F, Erdem B (1977) Kelhasi-Beyazkaya (Guleman-Elazig) Golalan, Tasinler, Sitealti,
Kiindikan krom ocaklarinin jeolojisi raporu [Geology report of the Kelhasi-Beyazkaya-
Golalan-Tasinler-Sitealt: and Kiindikan (Guleman-Elazig) chromite ore deposits]. Report No:
6579. MTA, Ankara (in Turkish, unpublished)

Ortalan F, Tagan N (1997) Corum, Lagin, Sungurlu, Alaca, Ortakdy, Mecitozii (Corum) arasinda
yiizeyleyen ofiyolitlerin krom prospeksiyon raporu [Cr-prospection report of Lacin-Sungurlu-
Alaca-Ortakdy-Mecitozii (Corum) ophiolites]. Report No: 10011. MTA, (in Turkish,
unpublished)

Ortalan F, Secer Y, Ozen H (1984) Harmancik-Orhaneli (Bursa), Tavsanli-Emet (Kiitahya),
Dursunbey (Balikesir) yoresinde krom prospeksiyonu [Cr-prospectivity report of Harmancik—
Orhaneli (Bursa), Tavsanli-Emet (Kiitahya) and Dursunbey (Balikesir) region]. Report No:
7640. MTA (in Turkish, unpublished)

Ozcan A, Akin E, Keskin E, Oral A, Stimengen M, Tekeli O (1980) Kuzey Anadolu Fayi-Kirsehir
Massifi Arasinin Temel Jeolojisi [Basic geology of North Anatolian Fault and Kirsehir Massif].
Report No: 6722. MTA (in Turkish, unpublished)

Ozen H, Colakoglu A, Sayak H, Donmez C, Tiirkel A, Odabas1 1 (2008). Erzincan-Tercan-Cayirh
Yoresi Ofiyolit Jeolojisi ve Krom-Nikel Prospeksiyon Raporu [Cr-Ni prospection report and



3 Chromitite Deposits of Turkey in Tethyan Ophiolites 153

geology of ophiolites around Erzincan-Tercan-Cayirli region]. Rep.No: 11050. MTA (in
Turkish, unpublished)

Ozen H, Giiltasli OF, Colakoglu A (2011) Sivrihisar-Beylikova-Mihaliggik-Saricakaya (Eskisehir)
yorelerindeki ofiyolitlerin jeolojisi ve metalojenezi [Geology and metallogenesis of the ophio-
lites in Sivrihisar-Beylikova-Mihalicikik-Saricakaya (Eskisehir) regions]. Report No: (11458).
MTA (In Turkish, unpublished)

Ozgiil N (1976) Toroslar’n bazi temel jeolojik 6zellikleri [Some geological aspects of the Taurus
Orogenic Belt (Turkey)]. Bull Geol Soc Turk 19(1):65-78 (in Turkish with English abstract)

Ozgiil N (1997) Bozkir-Hadim-Tagkent (Orta Toroslar’in kuzey kesimi) dolayinda yer alan tek-
tonostratigrafik birliklerin stratigrafisi [Stratigraphy of the tectonostratigraphic units around
Hadim-Bozkir-Tagkent Region (northern part of the Central Taurides, Turkey)]. Bull Min Res
Exp 119:113-174 (in Turkish with English abstract)

Ozkan YZ (1977) Kunt-Cordik-Genepi koyleri (Elazig-Maden) arasinda gériilen krom olusumlari
hakkinda jeoloji raporu [Geology report about chromite occurrences around Kunt-Cordik-
Genepi villages (Maden-Elazig)]. Report No: 6955. MTA (in Turkish, unpublished)

Ozkan YZ (1981-1982) Structural investigation of Guleman (Elaz1g) ophiolite. Bull Min Res Exp
97(98):32-39

Ozkan YZ (1982a) Guleman (Elazi1g) Ofiyolitlerinin jeolojisi ve petrolojisi [Geology and petrol-
ogy of Guleman (Elaz1g) ophiolites]. PhD thesis, IU Earth Science Faculty, (in Turkish,
unpublished)

Ozkan YZ (1982b) Guleman-Elazig Ofiyolitlerinin Jeoloji ve Petrolojisi [Geology and petrology
of Guleman (Elazig) ophiolites]. Ist J Earth Sci 3—4(6):33-39 (in Turkish with English abstract)

Ozkan YZ (1983) Effects of metamorphism in the Guleman ophiolite. In: Tekeli O, Gonciioglu
MC (eds) Proceeding of the int symp on the geology of the Taurus belt, MTA, Ankara. p 87

Ozkan YZ, Siimer Y (1986) Rut, Orta Lasir ve Yeni Lasir ocaklari maden jeolojisi raporu [Mining
geology report of Rut, Middle Lasir and New Lasir mines]. Report No: 8030. MTA (in Turkish,
unpublished)

Ozkan YZ, Siimer Y (1987) Uzundamar-2 ve Uzundamar-1 Ocaklari (Guleman-Elazig) jeolojisi
raporu [Geology report of Uzundamar 1 and Uzundamar-2 mines (Guleman-Elazi1g)]. Report
No: 8278 MTA, Ankara (unpublished)

Pal T (2011) Petrology and geochemistry of the Andaman ophiolite: melt-rock interaction in a
suprasubduction-zone setting. J Geol Soc 168(4):1031-1045

Parlak O (1996) Geochemistry and geochronology of the Mersin ophiolite within the eastern
Mediterranean tectonic frame. PhD thesis, Terre and Environnement 6, University of Geneva,
Switzerland

Parlak O (2006) Geodynamic significance of granitoid magmatism in the Southeast Anatolian
Orogen: geochemical and geochronogical evidence from Goksun-Afsin (Kahramanmaras,
Turkey) region. Int J Earth Sci 95:609-627

Parlak O, Delaloye M (1996) Geochemistry and timing of postmetamorphic dike emplacement
in the Mersin ophiolite (southern Turkey): new age constraints from “’Ar/*Ar geochronology.
Terra Nova 8:585-592

Parlak O, Delaloye M, Bingdl E (1995) Origin of subophiolitic metamorphic rocks beneath the
Mersin ophiolite, southern Turkey. Ofioliti 20(2):97-110

Parlak O, Delaloye M, Bingol E (1996) Mineral chemistry of ultramafic and mafic cumulates as
an indicator of the arc-related origin of the Mersin ophiolite (southern Turkey). Geol Rundsch
85:647-661

Parlak O, Hock V, Delaloye M (2000) Supra-subduction zone origin of the Pozanti-Karsant1 ophio-
lite (Southern Turkey) deduced from whole rock and mineral chemistry of the gabbroic cumu-
lates. In: Bozkurt E, Winchester JA, Piper J (eds) Tectonics and magmatism in Turkey and its
surroundings, Geological Society special publications, vol 173. Geological Society, London,
pp 219-234

Parlak O, Delaloye M, Demirkol C, Unliigeng UC (2001) Geochemistry of Pliocene/Pleistocene
basalts along the central Anatolian fault zone (CAFZ), Turkey. Geodin Acta 14:159-167



154 Y. Cifigi et al.

Parlak O, Hock V, Delaloye M (2002) The suprasubduction zone Pozanti-Karsanti ophiolite,
southern Turkey: evidence for high-pressure crystal fractionation of ultramafic cumulates.
Lithos 65:205-224

Parlak O, Hock V, Kozlu H, Delaloye M (2004) Oceanic crust generation in an island arc tectonic
setting, SE Anatolian Orogenic Belt (Turkey). Geol Mag 141:583-603

Parlak O, Delaloye M, Kozlu H, Rizaoglu T, Bagci U (2006) The petrography and the geochem-
istry of the tectono-magmatic units outcropped around the Baskil and Sivrice (Elaz1g) regions.
Project Report No: YDABCAG-102Y041 Scientific & Technological Research Council of
Turkey (TUBITAK), Ankara

Parlak O, Rizaoglu T, Bagci U, Karaoglan F, Hock V (2009) Tectonic significance of the geo-
chemistry and petrology of ophiolites in southeast Anatolia, Turkey. Tectonophysics
473(1-2):173-187

Parlak O, Karaoglan F, Rizaoglu T, Klotzli U, Koller F, Billor Z (2013a) U-Pb and “Ar/*°Ar geo-
chronology of the Ophiolites and Granitoids from the Tauride Belt: implications for the evolu-
tion of the inner Tauride suture. J] Geodyn 65:22-37

Parlak O, Colakoglu A, Donmez C, Sayak H, Yildirim N, Tiirkel A, Odabas1 1(2013b) Geochemistry
and tectonic significance of ophiolites along the Izmir—Ankara—Erzincan Suture Zone in north-
eastern Anatolia. Geol Soc Lond Spec Publ 372:75-105

Pearce JA, Harris NBW, Tindle AG (1984) Trace element discrimination diagram for the tectonic
interpretation of Granitic rocks. J Petrol 25:956-983

Pehlivan S, Duru M, Dénmez M, Tlgar A, Akcay AE, Erdogan K, Ozer D (2007) 1:100.000 Ol¢ekli
Tiirkiye Jeoloji Haritalar1, Balikesir 1-19 Paftas1 [Geology maps of Turkey in 1:100.000 scale:
1-19 sheet]. No: 96. MTA Publ (in Turkish with English abstract)

Perincek D (1978) Celikhan-Sincik-Kocali (Adiyaman) alaninin jeolojik incelemesi ve pet-
rol olanaklarinin arastirilmas: [Geology and petroleum resources of Celikhan-Sincik-Kogali
(Adiyaman) region] PhD thesis, TU Science Faculty, Applied Geology Chair, Istanbul (in
Turkish, unpublished)

Perincek D (1989) Hakkari ili ve Dolaymin Stratigrafisi, Yapisal Ozellikleri, Petrol imkanlart
[Stratigraphy, structural elements and petroleum resources of Hakkari region]. Report No:
2545. TPAO, Ankara (in Turkish, unpublished)

Pourteau A, Candan O, Oberhansli R (2010) High-pressure metasediments in central Turkey: con-
straints on the Neotethyan closure history. Tectonics 29:TC5004

Proenza JA, Gervilla F, Melgarejo JC, Reve D, Rodriguez YG (1998) Ophiolitic chromitites from
the Mercedita deposit (Cuba). Example of Al-rich chromites at the mantle-crust transition
zone. Acta Geol Hisp 33:179-212

Rammlmair D (1986) Chromite in the Philippines and the tectonic setting of the host ophiolites:
case examples Zambales and Palawan. In: Monography on chromite deposits. IGCP project
197, Theophrastus publications. pp 285-309

Reuber I, Juteau T, Whitechurch H (1984) Genese en cotexte transformant des ophiolites d’ Antalya
(Turquie). Bull Soc Geol Fr 26:945-954

Rice SP, Robertson AHF, Ustaomer T (2006) Late-Cretaceous-Early Cenozoic tectonic evolution
of the Eurasian active margin in the central and eastern Pontides, northern Turkey. In: Robertson
AHF, Mountrakis D (eds) Tectonic development of the Eastern mediterranean region, vol 260.
Geol Soc, London, pp 413-445

Rice SP, Robertson AHF, Ustaomer T, Inan T, Tasli K (2009) Late Cretaceous—Early Eocene tec-
tonic development of the Tethyan suture zone in the Erzincan area, eastern Pontides, Turkey.
Geol Mag 146(4):567-590

Rizaoglu T, Parlak O, Hock V, Isler F (2006) Nature and significance of Late Cretaceous ophiolitic
rocks and its relation to the Baskil granitoid in Elazig region, SE Turkey. In: Robertson AHF,
Mountrakis D (eds) Tectonic development of the Eastern Mediterranean region, vol 260. Geol
Soc, London, pp 327-350

Rizaoglu T, Parlak O, Hock V, Koller F, Hames WE, Billor Z (2009) Andean-type active margin
formation in the eastern Taurides: Geochemical and geochronogical evidence from the Baskil
granitoid (Elazig, SE Turkey). Tectonophysics 473:188-207



3 Chromitite Deposits of Turkey in Tethyan Ophiolites 155

Roberts G, Pearce D (2007) Hydrocarbon plays and prospectivity of the Levantine Basin, offshore
Lebanon and Syria from modern seismic data. Geo Arab 12:99-124

Robertson AHF (1986a) Geochemistry and tectonic implications of metalliferous and volcanicla-
stic sedimentary rocks associated with late ophiolitic extrusives in the Hatay area, southern
Turkey. Ofioliti 11:121-140

Robertson AHF (1986b) The Hatay ophiolite (southern Turkey) in its Eastern Mediterranean tec-
tonic context: a report on some aspects of the field excursion. Ofioliti 11(2):105-119

Robertson AHF (2002) Overview of the genesis and emplacement of Mesozoic ophiolites in the
Eastern Mediterranean Tethyan region. Lithos 65:1-67

Robertson AHF (2004) Development of concepts concerning the genesis and emplacement of
Tethyan ophiolites in the Eastern Mediterranean and Oman regions. Earth Sci Rev 66:331-387

Robertson AHF (2006) Contrasting modes of ophiolite emplacement in the Eastern Mediterranean
region. Geol Soc Lond Mem 32:235-261

Robertson AHF (2007) Overview of tectonic settings related to the rifting and opening of Mesozoic
ocean basins in the Eastern Tethys: Oman, Himalayas and Eastern Mediterranean regions. In:
Karner G, Manatschal G, Pinheiro LM (eds) Imaging, mapping and modelling continental lith-
osphere extension and breakup, Geological Society special publications, vol 282. Geological
Society London, pp 325-389

Robertson AHF, Dixon JE (1984) Introduction: aspects of the geological evolution of the Eastern
Mediterranean. In: Robertson AHF, Dixon JE (eds) The geological evolution of the Eastern
Mediterranean, vol 17. Geol Soc London, Sp Public. pp 1-74

Robertson AHF, Shallo M (2000) Mesozoic-Tertiary tectonic evolution of Albania in its regional
Eastern Mediterranean context. Tectonophysics 316(2—4):197-254

Robertson AHF, Ustaomer T, Parlak O, Unlﬁgeng UC, Tasli K, Inan N (2006) The Berit transect
of the Tauride thrust belt, Turkey: Late Cretaceous-Early Cenozoic accretionary/collisional
processes related to closure of the Southern Neotethys. Asian J Earth Sci 27(1):108-145

Robertson AHF, Parlak O, Rizaoglu T, Unlﬁgeng UC, Inan N, Tasli K, Ustasmer T (2007)
Tectonic evolution of the South Tethyan Ocean: evidence from the Eastern Taurus Mountains
(Elaz1g region, SE Turkey). In: Ries AC, Butler RWH, Graham RH (eds) Deformation of the
continental crust, vol 272. The Legacy of Mike Coward, Geological Society special publica-
tions. Geol Society, London, pp 231-270

Robertson AHF, Parlak O, Ustaomer T (2009) Melange genesis and ophiolite emplacement related
to subduction of the northern margin of the Tauride—Anatolide continent, central and west-
ern Turkey. In: Van Hinsbergen DJJ, Edwards MA, Govers R (eds) Collision and collapse at
the Africa—Arabia—Eurasia subduction zone, Geological Society special publications, vol 311.
Geological Society, London, pp 9-66

Robertson AHF, Parlak O, Ustadmer T (2012a) Overview of the Palacozoic—Neogene evolution of
Neotethys in the Eastern Mediterranean region (southern Turkey, Cyprus, Syria). Pet Geosci
18:381-404

Robertson AHF, Parlak O, Ustadmer T (2012b) Interrelation of microcontinents and carbon-
ate platforms in the Late Mesozoic-Early Cenozoic assembly of the Anatolian continent. In:
Robertson AHF, Parlak O, Unliigeng UC (eds) Geological development of the Anatolian conti-
nent, Geological Society special publications, vol 372. Geological Society, London

Rollinson P (2008) The geochemistry of mantle chromitites from the northern part of the Oman
ophiolite: inferred parental melt compositions. Contrib Mineral Petrol 156:273-288

Rubatto D, Scambelluri M (2003) U-Pb dating of magmatic zircon and metamorphic baddeleyite
in the Ligurian eclogites (Voltri Massif, Western Alps). Contrib Mineral Petrol 146:341-355

Rubatto D, Gebauer D, Fanning M (1998) Jurassic formation and Eocene subduction of the
Zermatt-Saas-Fee ophiolites: implications for the geodynamic evolution of the Central and
Western Alps. Contrib Mineral Petrol 132:269-287

Saccani E, Seghedi N, Nicolae T (2004) Evidence of rift magmatism from preliminary petrologi-
cal data on lower Triassic Mafic Rocks from the north Dobrogea Orogen (Romania). Ofioliti
29(2):231-241



156 Y. Cift¢i et al.

Sarifakioglu E, Ozen H, Winchester JA (2009) Whole rock and mineral chemistry of ultramafic-
mafic cumulates from the Orhaneli (Bursa) ophiolite, NW Anatolia. Turk J Earth Sci 18:55-83

Sarifakioglu E, Sevin M, Dilek Y (2014) Tiirkiye Ofiyolit Envanteri [Ophiolite inventory of
Turkey]. MTA Publ, Ankara (in Turkish)

Sarikaya AR, Seyrek T (1976) Yesilova — Tefenni peridotit Massifindeki krom ve nikel
zenginlesmeleri prospeksiyon raporu [Report of the Cr-Ni enrichments in Yesilova-Tefenni
(Burdur) peridotite massif]. Report No: 5764. MTA (in Turkish, unpublished)

Sarp H (1976) Etude geologique et petrographique du cortege ophiolitique de la region situee au
nord-quest de Yesilova (Burdur-Turquie). These, Univ Geneve, 377p

Sayak H, Ozen H, Colakoglu AO, Giiltasli OF, Basta O (2009) Orhaneli (Bursa) Ofiyoliti ve
Metalojenezi [Metallogeny of Orhaneli (Bursa) ophiolite]. Report No: 11121. MTA (in
Turkish, unpublished)

Senel M (1997a) 1/100.000 olcekli Tiirkiye Jeoloji Haritalari, Isparta-K11 paftasi [Geology of
Turkey in 1:100.000 scale: Isparta K-11 sheet]. No: 11. MTA (in Turkish with English abstract)

Senel M (1997b) 1:250.0000 Olgekli Tiirkiye Jeoloji Haritalart No: 3 Antalya Paftasi [Geology of
Turkey in 1:250.000 scale: antalya sheet] (in Turkish with English abstract)

Senel M (2004) Stratigraphic and structural features of Yesilyaprak Nappe in Western Taurus
Range and its comparision with the similar units in SE Anatolia and Northern Cyprus. Bull
Min Res Explor 128:1-26

Senel M (2007) 1:100.000 Olcekli Tiirkiye Jeoloji Haritalar1, Cizre M48 Paftasi [Geology of
Turkey in 1:00.000 scale: Cizre M-48 sheet]. No: 58 MTA (in Turkish with English abstract)

Sengor AMC, Yilmaz Y (1981) Tethyan evolution of Turkey: a plate tectonic approach.
Tectonophysics 75:181-241

SiimerY, Artan U (1983) Kislacik mahallesi ve Alakan Koyii (Yiiksekova/Hakkari) yoresinin krom
etiidii [Cr-Prospection report of Kislacik district and Alakan village (Yiiksekova-Hakkari)].
Rep No: 7309. MTA (in Turkish, unpublished)

Sungurlu O (1974) VI. Region kuzey sahalarinin jeolojisi [6th region: geology of North of the].
Report No: 871. TPAO. (in Turkish, unpublished)

Sungurlu O, Peringek D, Kurt G, Tuna E, Diilger S, Celikdemir E, Naz H (1985) Elazig—Hazar—
Palu alaninin jeolojisi [Geology of Elazig-Hazar-Palu region]. Bull Gen Direct Pet Aff 29:83—
189 (in Turkish)

Tekeli O, Aksay A, Ertan IE, Isik A, Orgiin BM (1981) Toros Ofiyolit Projeleri, Aladag Projesi
[Tauride ophiolite projects: Aladag project]. Report No: 6976. MTA, (in Turkish, unpublished),
Ankara

Tekeli O, Orgiin BM, Isik A (1984) Geology of the Aladag Mountains. In: Tekeli O, Gonciioglu
CM (eds) International symposium on the geology of the Taurus Belt, 1983. MTA, Ankara,
pp 143-158

Ternek Z (1957) Adana Havzasinin Alt Miyosen (Burdigaliyen) formasyonlari; bunlarin diger for-
masyonlarla olan miinasebetleri ve petrol imkanlari [Lower Miocene (Burdigalian) formations
of Adana Basin and its relation with other formations and petroleum resources]. Bull Min Res
Exp 49:48-66 Ankara (in Turkish)

Thayer TP (1960) Some critical differences between alpine — type and stratiform peridotite gabbro
complexes. 21st International geological Congress, Copenhagen, Reports, vol 13, pp 247-259

Tilton GR, Hopson CA, Wright JE (1981) Uranium-lead isotopic ages of the Semail ophiolite
Oman, with applications to Tethyan ocean ridge tectonics. J Geophys Res B 86:2763-2776

Topuz G, Go¢gmengil G, Rolland Y, Celik OF, Zack T, Schmitt AK (2013) Jurassic accretionary
complex and ophiolite from northeast Turkey: no evidence for the Cimmerian continental rib-
bon. Geology 41(2):255-258

Tremblay A, Meshi A, Bédard JH (2009) Oceanic core complexes and ancient oceanic litho-
sphere: insights from lapetan and Tethyan ophiolites (Canada and Albania). Tectonophysics
473(1-2):36-52

Ucurum A, Koptagel O (2006) Main-component geochemistry and platinum-group element poten-
tial of Turkish chromite deposits, with emphasis on the Mugla area. Int Geol Rev 48:241-254



3 Chromitite Deposits of Turkey in Tethyan Ophiolites 157

Uysal I, Zaccarini F, Sadiklar B, Bernhardt HJ, Bigi S, Garuti G (2009a) Occurrence of rare Ru—
Fe—Os-Ir-oxide and associated platinum-group minerals (PGM) in the chromitite of Mugla
ophiolite, SW-Turkey. N Jb Mineral (Abh) 185:323-333

Uysal I, Tarkian M, Sadiklar B, Zaccarini F, Meisel T, Garuti G, Heidrich S (2009b) Petrology of
Al- and Cr-rich ophiolitic chromitites from the Mugla, SW Turkey: implications from composi-
tion of chromite, solid inclusions of platinum-group mineral, silicate, and base-metal mineral,
and Os-isotope geochemistry. Contrib Mineral Petrol 158(5):659-674

Vergili O, Parlak O (2005) Geochemistry and tectonic setting of metamorphic sole rocks and mafic
dikes from the Pinarbasi (Kayseri) ophiolite, Central Anatolia (Turkey). Ofioliti 30:37-52

Warren CJ, Parrish RR, Waters DJ, Searl MP (2005) Dating the geologic history of Oman’s Semail
ophiolite: insights from U-Pb geochronology. Contrib Mineral Petrol 150:403-422

Yaliniz MK, Gonciioglu MC (1998) General geological characteristics and the distribution of the
Central Anatolian ophiolites. HU Earth Sci Bull 20:19-30

Yaliniz KM, Floyd P, Gonciioglu MC (1996) Supra-subduction zone ophiolites of Central Anatolia:
geochemical evidence from the Sarikaraman ophiolite, Aksaray, Turkey. Min Mag 60:697-710

Yildiz M, Balc1 M, Saritkaya A (1976) Burdur (Yesilova-Tefenni) ve Denizli (Acipayam) perido-
tit Massiflerinde krom — nikel prospeksiyonu [Cr-Ni prospecting report of Burdur (Yesilova-
Tefenni) and Denizli (Acipayam) peridotite massifs]. Report No: 6336. MTA, (in Turkish,
unpublished)

Yilmaz A (1981) Tokat ile Sivas arasindaki ofiyolitli karisigin igyapisi ve yerlesme yasi [Inner
structure of the ophiolitic melange and age of its emplacament]. Bull Geol Soc Turk 24(1):31-
38 (in Turkish with English abstract)

Yilmaz Y (1984) Amanos Daglarinin Jeolojisi [Geology of Amanos Mountains]. Report No: 1920.
TPAO, (in Turkish with English abstract)

Yilmaz A (1985) Yukari Kelkit Cay1 ile Munzur Daglar1 Arasinin Temel Jeoloji Ozellikleri ve
Yapisal Evrimi [Basic geological characteristics and structural evolution of the region between
the Upper Kelkit Creek and the Munzur Mountains]. Bull Geol Soc Turk 28(2):79-92 (in
Turkish with English abstract)

Yilmaz Y, Tiiysiiz O (1984) Kastamonu-Boyabat-Vezirkoprii-Tosya arasindaki Bolgenin jeolojisi
[Geology of the Kastamonu-Boyabat-Vezirkoprii-Tosya region]. Report No: 7838. MTA (in
Turkish, unpublished)

Yilmaz A, Bedi Y, Uysal S, Aydin N (1997a) 1:100.000 6lcekli, aginsama nitelikli Tiirkiye Jeoloji
Haritalar1, Elbistan 1 23 paftasi [Geology Maps of Turkey in 1:100.000 scale: 1-23 sheet] No:
50. MTA, (in Turkish with English abstract)

Yilmaz Y, Tiiysiiz O, Yigitbas E, Geng SC, Sengér AMC (1997b) Geology and tectonic evolution
of the Pontides. In: Robinson AG (ed) Regional and petroleum geology of the Black sea and
surrounding region, vol 68. AAPG, pp 183-226

Zaccarini F, Garuti G, Proenza JA, Campos L, Thalhammer OAR, Aiglsperger T, Lewis J (2011)
Chromite and platinum-group elements mineralization in the Santa Elena ophiolitic ultramafic
nappe (Costa Rica): geodynamic implications. Geol Acta 9(34):407-423

Zhou MF, Sun M, Keays RR, Kerrich RW (1998) Controls on platinum group elemental distribu-
tions of podiform chromitites: a case study of High-Cr and High-Al chromitites from Chinese
orogenic belts. Geochim Cosmochim Acta 62(4):677-688



	Chapter 3: Chromitite Deposits of Turkey in Tethyan Ophiolites
	3.1 Introduction
	3.2 Tethyan Ophiolites of the Eastern Mediterranean
	3.3 Chromitites: Types, Occurrences, Petrological Features
	3.3.1 Types of Chromitite Deposits
	3.3.2 General Characteristics of the Turkish Chromitites
	3.3.3 Geochemical Features of Turkish Chromitites and Platinum Group Element (PGE) Contents

	3.4 Geological Properties of Chromitites in Turkey
	3.4.1 Region One: NW Anatolian (Balıkesir, Bursa, Eskişehir and Kütahya) Ophiolites and Related Chromitite Deposits
	3.4.1.1 Balıkesir Region Chromite Deposits
	3.4.1.2 Bursa Region Chromite Deposits
	3.4.1.2.1 Orhaneli Sub-region
	3.4.1.2.2 Harmancık Sub-Region

	3.4.1.3 Kütahya Region
	3.4.1.4 Eskişehir Region

	3.4.2 Region Two: North Anatolian (Çankırı, Çorum, Kastamonu, Sinop, Tokat and Yozgat) Ophiolites and Related Chromitite Deposits
	3.4.2.1 Çankırı Region
	3.4.2.1.1 Çankırı Ophiolites
	3.4.2.1.2 Çankırı Region Chromitites

	3.4.2.2 Çorum Region
	3.4.2.2.1 Çorum Region Chromitites

	3.4.2.3 Kastamonu and Sinop Regions
	3.4.2.3.1 Kastamonu and Sinop Ophiolites
	3.4.2.3.2 Kastamonu and Sinop Region Chromitites

	3.4.2.4 Tokat and Yozgat Regions
	3.4.2.4.1 Tokat-Yozgat Ophiolites
	3.4.2.4.2 Tokat and Yozgat Regions Chromitites


	3.4.3 Region Three: NE Anatolian (Sivas, Bayburt, Erzincan, and Erzurum) Ophiolites and Related Chromitite Deposits
	3.4.3.1 Sivas Region
	3.4.3.1.1 Sivas Ophiolites
	3.4.3.1.2 Sivas Region Chromitites

	3.4.3.2 Erzincan Region
	3.4.3.2.1 Erzincan Region Chromitites

	3.4.3.3 Erzurum and Bayburt Regions
	3.4.3.3.1 Erzurum Region Chromitites


	3.4.4 Region Four: SW Anatolia (Muğla, Denizli, Burdur, Isparta, Konya, and Antalya) Ophiolites and Related Chromitite Deposits
	3.4.4.1 Muğla, Denizli and Burdur Regions
	3.4.4.1.1 Muğla-Denizli-Burdur Region Ophiolites
	3.4.4.1.2 Muğla Chromitites
	3.4.4.1.3 Denizli Chromitites
	3.4.4.1.4 Burdur Region Chromitites

	3.4.4.2 Isparta-Konya-Antalya Regions
	3.4.4.2.1 Isparta-Konya-Antalya Ophiolites
	3.4.4.2.2 Isparta Region Chromitites
	3.4.4.2.3 Konya Region Chromitites
	3.4.4.2.4 Antalya Region Chromitites


	3.4.5 Region Five: Central Anatolian (Mersin, Adana, Kayseri) Ophiolites and Related Chromitite Deposits
	3.4.5.1 Mersin Region
	3.4.5.1.1 Mersin Ophiolites
	3.4.5.1.2 Mersin Chromitite Occurrences

	3.4.5.2 Adana Region
	3.4.5.2.1 Adana Ophiolites
	3.4.5.2.2 Adana Chromitites

	3.4.5.3 Kayseri Region
	3.4.5.3.1 Kayseri Ophiolites
	3.4.5.3.2 Kayseri Chromitite Occurrences


	3.4.6 Region Six: SE Anatolian (Hatay, Osmaniye, Gaziantep, Kahramanmaraş, Adıyaman, Elazığ, Siirt, Van, Hakkari) Ophiolites and Related Chromitite Deposits
	3.4.6.1 Hatay-Osmaniye-Gaziantep-Kahramanmaraş Regions
	3.4.6.1.1 Hatay Region
	Kızıldağ Ophiolite
	Hatay Chromitites

	3.4.6.1.2 Osmaniye Ophiolites
	Osmaniye Chromitites

	3.4.6.1.3 Gaziantep Region
	Gaziantep Ophiolites
	Gaziantep Chromitites

	3.4.6.1.4 Kahramanmaraş Region
	Ophiolites


	3.4.6.2 Adıyaman and Elazığ Regions
	3.4.6.2.1 Adıyaman Region
	Chromitites

	3.4.6.2.2 Elazığ Region

	3.4.6.3 Siirt-Van-Hakkari Regions Chromite Deposits
	3.4.6.3.1 Siirt Region
	Ophiolites
	Chromitites

	3.4.6.3.2 Van Region
	Özalp Ophiolite
	Van Region Chromitites

	3.4.6.3.3 Hakkari Region
	Hakkari Chromitites




	3.5 Conclusions
	References




