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INTRODUCTION

This guidebook has been prepared for the field excursion to the Eastern Pontides following the
2nd International Symposium on the Geology of the Black Sea Region in Ankara on 5-9" October
2009. The aim is to show the stratigraphy and tectonics of the Eastern Pontides. The guidebook is
divided into two sections. The first section gives the general background information on the
tectonics of the Eastern Pontides. The second part deals specifically with the field trip localities.

The guidebook summarises geological data of a large region, where the authors have been
working on and off for the last 25 years. We tried to make it a self-contained independent guidebook
for the geology of the Eastern Pontides by giving precise information, including geographic UTM
coordinates, on the locations of the key outcrops. The guidebook also includes many optional stops,
which we will have most probably no time to visit. Independent geologists with this guidebook at
hand should be able to visit all the localities mentioned in the text. Most stops described in the
guidebook can be reached by a normal car.

There are no restrictions in collecting samples during the field trip.

The itinerary of the field trip is summarised below and the route of the field trip is shown on the
back of the guidebook.

9th October 2009. We will take the evening flight from Ankara to Trabzon. From the Trabzon airport
we will drive ca. 30 km south to reach the town of Magka, where we will spend the night.

10th October 2009. After breakfast we will see a section of the Eastern Pontide magmatic arc in the
Akarsu stream valley, this will be followed by a short touristic visit to the Siimela monastery. After
lunch we will see a Maastrichtian carbonate section near Trabzon and then drive towards Hopa along
the Black Sea coast. If there is time, we might visit a Maastrichtian ignimbrite and limestone locality.
Dinner will be on the way to Hopa and night in Hopa.

11th October 2009. From Hopa we will drive south crossing the mountain range, which separates the
Black Sea coastal area from the Eastern Anatolia. On the way we will make stops to see the Senonian
volcanic and volcanoclastic succession of the Eastern Pontides, the overlying Maastrichtian-
Palaeocene carbonates and shales. We will drive past Artvin and then follow the deeply carved
Coruh valley, where a series of dams are being built. We will see a Jurasic section in the valley and
then drive to Yusufeli to spend the night.

12th October 2009. From Yusufeli we will drive southeast and see the lowermost Mesozoic units in
the confluence of the Coruh and Oltu rivers. Then we will follow the road along the Oltu river
towards Olur; the road exposes a spectacular section of the Jurassic-Cretaceous systems of the Inner
Eastern Pontides. An equally well exposed Jurassic-Cretaceous-Eocene section will be studied at
around Olur. From Olur we will follow the Oltu-Tortum road to Erzurum, where we will spend the
night.

13th October 2009. After breakfast we will drive towards Bayburt crossing the 2000-m-high Erzurum
Plain and the Kop Mountain. From Bayburt we will drive another 30 minutes west to reach the Pulur
region, where we will see the only coherent Carboniferous sequence in the Eastern Pontides and a
Hercynian basement with high-grade metamorphic rocks. Later we will drive back to Erzurum to
spend the night.

14th October 2009. After breakfast we will take the morning flights to istanbul or Ankara.



GIRIS

Bu teknik gezi kitabi, Ankara’da 5-9 Ekim 2009 tarihlerinde yapilacak olan 2. Uluslararasi Karadeniz
Bolgesi Jeoloji Sempozyumu sonrasindaki arazi gezisi icin hazirlanmistir. Amac, Dogu Pontidler’in
stratigrafisi ve tektonigini géstermektir. Gezi kitabi iki bélimden olusmaktadir. ilk bélim Dogu
Pontidler’in tektonigi hakkinda genel bir temel bilgi vermektedir. ikinci kisim ise &zel olarak arazi
gezisi lokaliteleri ile ilgili bir kilavuz 6zelligindedir.

Gezi kitabi, yazarlarin son 25 yildir Gzerinde calistigi genis bir bolgenin jeolojik verilerini
Ozetlemektedir. Anahtar mostralar hakkinda cografik UTM koordinatlarini da iceren kesin/hassas
bilgiler verilerek, elinizdeki kitabin Dogu Pontidler’in jeolojisi {izerine kendi basina yeterli, bagimsiz bir
gezi kitabi olmasi icin ugragilmistir. Kitap ayni zamanda, biiyiik olasilikla ziyaret etmeye vakit
bulamayacagimiz ¢ok sayida ihtiyari duragi da icermektedir. Jeologlar bu gezi kitabini ellerine alarak
metinde belirtilen yerlerin timUnu ayrica bagimsiz olarak ziyaret edebilir.

Arazi gezisi sirasinda 6rnek toplama konusunda bir sinirlama getirilmemistir.

Arazi gezisinin yolculuk plani agsagida 6zetlenmis olup gezi giizergahi da kitabin arkasinda
gosterilmistir.

9 Ekim 2009. Aksam Ankara’dan Trabzon’a uculacaktir. Geceyi gecirmek tizere de Trabzon
havaalanindan yaklasik 30 km giineydeki Macka ilcesine gidilecektir.

10 Ekim 2009. Kahvaltidan sonra Akarsu Deresi vadisi boyunca Dogu Pontid magmatik yayinin giizel
bir kesiti gorulecek ve bunu Stimela Manastiri’na yapilacak kisa bir turistik gezi izleyecektir. Ogle
yemeginden sonra da Trabzon yakinindaki bir Maastrihtiyen karbonat istifi gorilecek ve sonra
Karadeniz sahili boyunca Hopa’'yva dogru yolculuk yapilacaktir. Eger yeterli zaman olursa, bir
Maastrihtiyen ignimbrit ve kirectasi lokalitesi ziyaret edilecektir. Aksam yemegi Hopa yolunda
yenilecek ve gece Hopa’da kalinacaktir.

11 Ekim 2009. Hopa’'dan giineye dogru Karadeniz kiyi bélgesini Dogu Anadolu’dan ayiran dag silsilesi
asmak uzere hareket edilecektir. Yol Uzerinde Dogu Pontidler'in Maastrihtiyen-Paleosen karbonat ve
seyleri tarafindan ortiillen Senoniyen volkanik ve volkanoklastik istifini gérmek icin birkac durak
yapilacaktir. Daha sonra Artvin’i geride birakarak bir dizi barajin insa edilmekte oldugu, derin kazilmis
Coruh vadisi izlenerek VE Jura istifi gézlenerek gecenin gegirilecegi Yusufeli’ne varilacaktir.

12 Ekim 2009. Sabah Yusufeli'den gineydoguya dogru hareket edilecek, Coruh-Oltu caylarinin
birlestigi noktada en alt Mesozoyik birimler incelenecektir. Daha sonra Oltu Cayr’'ni takip eden yol
izlenecektir. Bu yol boyunca i¢ Dogu Pontidler'in Jura-Kretase istifi cok gilizel mostra vermektedir.
Benzer glizellikle Jura-Kretase-Eosen istifleri Olur ¢evresinde incelenecektir. Olur'dan sonra Oltu,
Tortum glizergahi izlenerek Erzurum'a ulasilacak ve gece Erzurum'da kalinacaktir.

13 Ekim 2009. Kahvaltidan sonra 2000 m yiiksekligindeki Erzurum Ovasi ve peridotitlerden olusan
Kop Dagi’'ndan gegilerek Bayburt’a gidilecek ve buraya 30 dakikalik uzaklikta olan Pulur bolgesine
ulagilarak Dogu Pontidler'deki tek Karbonifer istifi ve yiiksek dereceli metamorfik kayalari iceren bir
Hersiniyen temel gorilecektir. Bu lokasyonla gezi tamamlanacak ve geri doniilerek Erzurum’da
konaklanacaktir.

14 Ekim 2009. Kahvaltidan sonra istanbul veya Ankara’ya uculacaktir.
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REGIONAL GEOLOGY OF THE EASTERN PONTIDES

The Eastern Pontides form a mountain chain 500 km long and 100 km wide along the
southeastern coast of the Black Sea. Geologically the Eastern Pontides are well known as one of the
best preserved examples of a paleo-island arc (e.g., Akin, 1979; Sengor and Yilmaz, 1981; Akinci,
1984; Okay and Sahintiirk, 1997), which was formed above the northward-subducting Tethyan ocean
floor during the Senonian. Here we document the evolution of the Eastern Pontides from its position
along the southern continental margin of Laurasia, its transformation into an active continental
margin and its eventual deformation during the Early Tertiary continental collision. This account of
the Eastern Pontides is largely based on Okay and Sahintirk (1997).

Geographically the Eastern Pontides is a loosely defined term used for the region skirting the
Eastern Black Sea coast of Turkey. Its western boundary is taken arbitrarly either as the Yesilirmak or
Kizihrmak rivers near Samsun. Tectonically it forms the eastern part of the Sakarya Zone of the
Pontides (Fig. 1; Okay, 1989). It is bounded in the south by the Ankara-Erzincan Neo-Tethyan suture
and in the north by the East Black Sea basin, in the east it extends without a break into the Lesser
Caucasus, where it can be correlated with the Adzharia-Trialeti and Artvin-Karabakh zones (Fig. 1;
e.g., Khain, 1975; Yilmaz et al,, 1999). Its western geological boundary with the central Pontides is
stratigraphic and corresponds to a facies change in the Cretaceous sequence.

The Sakarya Zone, which includes the Eastern Pontides, is characterised by a general absence of in
situ Paleozoic sedimentary rocks, by the presence of Paleo-Tethyan Permo-Triassic accretion-
subduction complexes (the Karakaya Complex) and by a ubiqutous Liassic transgression (Okay 1989;
Okay et al., 1996a). In contrast, the Taurides in the south show a well-developed Paleozoic
sedimentary succession and do not comprise Paleo-Tethyan accretion-subduction complexes. In
northeast Turkey these two paleogeographic realms are separated by the Ankara-Erzincan suture
zone, which is marked by large bodies of peridotite and ophiolitic melange (Fig. 2).

The Eastern Pontides is commonly divided into an inner/southern, and an outer/northern part
(e.g., Akin, 1979; Gedikoglu et al., 1979; Ozsayar et al., 1981; Konak and Hakyemez, 2001, 2008). The
Outer Eastern Pontides is dominated by the Senonian and Middle Eocene volcanic and volcaniclastic
rocks, which hide much of the pre-Senonian geology (Fig. 2). On the other hand, pre-Senonian rocks
are widely exposed in the Inner Eastern Pontides, which occupied a fore-arc position during the
Senonian and underwent much more intensive deformation than the Outer Eastern Pontides during
the Early Tertiary continental collison. The transitional boundary between these two parts follows
approximately the Niksar-Giim{ghane-Artvin line (Fig. 2).

THE PRE-JURASSIC BASEMENT OF THE EASTERN PONTIDES

The isolated exposures of the pre-Jurassic basement in the Eastern Pontides can be grouped into
four types, a high-grade metamorphic complex of pre-Late Carboniferous age, an Early Carboniferous
plutonic complex, an Upper Carboniferous-?Lower Permian shallow water to terrigeneous
sedimentary sequence, and a Permo-Triassic metabazite-phyllite-marble unit (Fig. 3).

High-grade Metamorphic Complex - Pulur Massif

A crystalline basement of cordierite-sillimanite-garnet gneiss, microgneiss, migmatite,
metaquartzite, banded amphibolite, diopside-plagioclase rock and metadiorite are exposed in a
major north-vergent Eocene thrust slice in the Inner Eastern Pontides (Fig. 2). This metamorphic
complex, called the Pulur Massif, outcrops in a 5-10 km wide and 60 km long northeast-trending belt
and is overlain unconformably by the Liassic volcano-sedimentary rocks (Ketin, 1951; Tanyolu, 1988;
Keskin et al., 1989; Okay, 1996). The metamorphism is in amphibolite to granulite facies. Monazite
Pb ages from a Pulur gneiss are late Early Carboniferous (331-327 Ma, Namurian), considered as the
age of high-grade metamorphism (Topuz et al. 2004a). The high-grade metamorphic rocks of the
Pulur Massif are associated with medium grained, banded metagranitic rocks that may represent
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Fig. 1. Tectonic map of the Eastern Mediterranean (Okay and Tilysiiz, 1999).

Sekil 1. Dogu Akdeniz’in tektonik haritasi (Okay ve Tiiysiiz, 1999).
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syn-metamorphic granites. In the Pulur Massif there are also a few metre thick, rare metadunite and
metaharzburgite bands interlayered with amphibolites (Okay, 1996). The metamorphic rocks of the
Pulur Massif are extensively mylonitised during the Alpide events and are intruded by Eocene dioritic
and andesitic stocks, dykes and sills. The gneisses and amphibolites, which form small outcrops under
the Jurassic volcano-sedimentary rocks south of Artvin (Fig. 2, Maden Tetkik Arama Enstitiisii, 1977;
Tarhan, 1982; Konak and Hakyemez, 2001), probably are part of the same high-grade metamorphic
complex.

Carboniferous Giimiishane and Kése Granodiorites

Granitic rocks occupy large areas south of Gumishane forming the Gimishane and Kése
composite plutons (Fig. 2). They are generally hornblende-biotite granodiorites (Zankl, 1962a; Yilmaz,
1976) and intrude a metasedimentary basement of greenschist facies schists and phyllites of
unknown age (Yilmaz, 1972, 1977). The age of the Giimishane pluton is ca. 295 Ma (Topuz et al.,
2007).

Upper Carboniferous - ? Lower Permian Sedimentary Sequence

A coherent and thick Upper Carboniferous sequence is exposed in two thrust sheets in the Inner
Eastern Pontides (Fig. 2). The sequence shows a simple monoclinal structure and is unconformably
overlain by Jurassic sandy limestones. The base of the sequence is not exposed but probably lies over
the high-grade metamorphic rocks of the Pulur Massif, which crop out in the overlying thrust sheet.
The Carboniferous sequence starts with a heterogeneous series of sandstone, pebbly sandstone,
quartzite, dark limestone, siltstone and shale with rare thin coal seams, ca. 1100 m thick. Fusulinids
and conodonts indicate a Late Carboniferous (late Kasimovian-early Gzelian) age (Okay and Leven,
1996; Capkinoglu, 2003). This heterogeneous Upper Carboniferous series is conformably overlain by
about 1000 m thick monotonous red terrigeneous sandstones. No fossils have been found in the
sandstones.
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Oligocene and younger sequences Eocene sequences - Upper. Cretaceous-Eocene granitoids

- Upper Cretaceous volcanic and volcanociastic rocks
- Jurassic volcanoclastic rocks - Permo-Triassic metabasite, phyilite, marble

Gneiss, amphibolite with Carboniferous metamorphic ages( 40 80 km

Upper Jurassic-Lower Cretaceous limestone

Carboniferous sandstone, limestone, shale

Carboniferous granitoids

- Cretaceous ophiolite and ophiolitic melange

Triassic-Cretaceous limestones of the Anatolide-Tauride Block

Fig. 2. Simplified geological map of the Eastern Pontides.
Sekil 2. Dogu Pontidler’in basitlestirilmis jeoloji haritasi.

Permo-Triassic Metabasite-Marble-Phyllite Unit: Agvanis and Tokat Massifs

A thick sequence of closely intercalated metabazite, marble and phyllite forms a 35 km long by 8
km wide metamorphic block, called Agvanis Massif, immediately north of the Ankara-Erzincan suture
north of Agvanis (Golova) (Fig. 2; Nebert, 1961; Okay, 1984). The metamorphic rocks form a large
anticlinorium and are bounded in the north and south by strike-slip faults of the North Anatolian
Fault Zone.
Agvanis Massif is dominated by metabasic rocks (60-70 % of the sequence), largely metatuffs and
metalavas locally with preserved pillow structures, which are intercalated with marble and phyllite
horizons, each horizon usually less than 50 m in total thickness. The total structural thickness is about
4.5 kilometers. The whole sequence has undergone a greenschist facies metamorphism with the
development of actinolite/barroisite-albite-epidote-chlorite-sphene paragenesis in the metabasic
rocks.
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Fig. 3. Pre-Jurassic basement units in the Eastern Pontides (Okay and Sahintiirk, 1997).
Sekil 3. Dogu Pontidler’injura 6ncesi temel birimleri (Okay ve Sahintiirk, 1997).

No fossils are found in the Agvanis Massif. Similar metabazite-marble-phyllite sequences occur in
part (Okay, 1996; Topuz et al., 2004b) of the Pulur Massif, in the Tokat Massif in the west
(Blumenthal, 1950; Alp, 1972; Ozcan et al., 1980; Tutkun and inan, 1982; Aktimur et al., 1992) and
are widespread in the western part of the Sakarya Zone forming part of the lower Karakaya Complex
(Nilifer unit of Okay et al.,, 1991; 1996a). In the Tokat Massif metaclastic rocks locally comprise
Permian and Triassic limestone blocks (Blumenthal, 1950; Oztiirk, 1979; Ozcan et al., 1980) indicating
Permo-Triassic depositional and latest Triassic metamorphic ages. Recent unpublished isotopic age
confirm the inferred Late Triassic metamorphic ages from the Agvanis Massif (Giltekin Topuz, pers.
comm..)

PRE-JURASSIC EVOLUTION OF THE EASTERN PONTIDES

The high-grade metamorphic basement of the Eastern Pontides is exposed in the Pulur Massif.
This basement was intruded by granodiorites during the Carboniferous, represented by the
Glmighane and Kése plutons. The high temperature-low pressure metamorphic rocks and the calc-
alkaline magmatic rocks have probably formed in a Carboniferous magmatic arc, although the
polarity of subduction and the setting of the magmatic arc are all obscure. In the Late Carboniferous,
shallow marine to fluviatile sedimentary rocks transgressed over the metamorphic-magmatic
basement. Plant fossils in the Upper Carboniferous sequence show Euroamerian affinities (R.H.
Wagner in Sengér, 1990). Similar Upper Carboniferous-Lower Permian facies occur in the Greater
Caucasus and represent mollasse deposition at the end of the Hercynian orogeny (Khain, 1975;
Adamia et al., 1982) and can be compared with the Rotliegende of Europe. Furthermore, early
Hercynian sillimanite-cordierite-bearing gneisses and migmatites and intrusive plutons, similar to
those from the basement of the Eastern Pontides, are reported from the Greater Caucasus
(Forerange and Main Range zones) and from the Dzirula, Kharami and Loki salients of the
Transcaucasian Median Massif (Abesadze et al., 1982; Adamia et al., 1982, 1983). In contrast, no
Hercynian metamorphism or magmatism is known in the Taurides indicating that during the Late
Paleozoic, the Eastern Pontides were possibly part of the Caucasian realm located along the southern
margin of Laurasia (Adamia et al., 1982; Robinson et al., 1995). A contrasting view is given by Sengér
(1990), who place the Eastern Pontides, and the Dzirula, Kharami and Loki salients at the northern
margin of the Gondwana. This is largely based on an apparently continuous Middle Devonian to
Middle Triassic clastic series (the Dizi Series, Adamia et al., 1982) with no record of a late Paleozoic
deformation, located in the Greater Caucasus north of the Transcaucasian Median Massif.

The Permian and Triassic events are poorly recorded in the Eastern Pontides. The various reports
for the presence of Permo-Triassic ophiolites in the Eastern Pontides (e.g., Seymen, 1975; Bektas et
al., 1984; Kogyigit, 1990) are not verified. In the Biga Peninsula in the western part of the Sakarya
Zone, a Permo-Triassic metabazite-phyllite-marble unit similar to the Agvanis Massif tectonically



14

overlies a high-grade metamorphic basement with mid-Carboniferous (308 + 16 Ma) zircon Pb ages
(Okay et al., 1996a). This relationship is interpreted as the accretion of an oceanic plateau or a series
of oceanic islands to the southern margin of Laurussia (Okay, 2000). A similar tectonic relationship
and interpretation can be envisaged for the Eastern Pontides. The location of the Paleo-Tethyan
subduction-accretion sequences along the inner margin of the Eastern Pontides and their apparent
absence in the north suggests that the Paleo-Tethys was located to the south of the Eastern
Pontides.

JURASSIC-EARLY CRETACEOUS

Lower-Middle Jurassic Volcanoclastic-Volcanic Sequence: The Kelkit Formation — Rift or Arc?

Triassic sedimentary rocks are absent in the Eastern Pontides and the Mesozoic deposits begin
with a major Liassic transgression coming from the south (Akin, 1979). The Jurassic in the Eastern
Pontides is characteristically represented by a predominantly volcaniclastic to volcanic formation (the
Kelkit Formation), which rests unconformably over a heterogeneous basement. It consists of basaltic
and andesitic lithic tuffs, volcanogenic sandstone, shale, basaltic and andesitic lavas and
conglomerate. There are also thin, discontinuous coal and ammonitico rosso horizons within the
sequence (Fig. 4). Although the sequence is dominated by volcanogenic sandstones, there are also
true pyroclastic rocks and basaltic and andesitic lava flows (e.g., Bergougnan, 1976, 1987). The
clinopyroxene compositions from the pyroclastic rocks and lavas suggest tholeiitic parent magma
(Bergougnan, 1987). The Kelkit Formation has a very wide distribution in the Eastern Pontides and
extends from the Destek-Resadiye area (Oztiirk, 1979; Aktimur et al., 1992; Seymen, 1975) 500 km
eastward to the Olur and Yusufeli regions (Maden Tetkik ve Arama Enstitiisii, 1977; Yiimaz 1985;
Bozkus, 1992a). Its northward extension is largely concealed by the Cretaceous and Eocene deposits
north of Giimiishane; however, small inliers in this region (Tash, 1984; Bektas et al., 1987; Korkmaz,
1993) show that a similar facies, albeit richer in volcanic rocks, characterises the Early-Middle Jurassic
throughout the Eastern Pontides (Fig. 2).

The Kelkit Formation is about 1500-2000 m thick (Ketin, 1951; Nebert, 1961; Pelin, 1977,
Bergougnan, 1987; Gursoy, 1989; Okay, 1993), and shows vertical and lateral facies changes. It
becomes generally finer grained and deeper marine towards the south (Yilmaz, 1985; Okay, 1993).

The age of the Kelkit Formation is largely based on ammonites from the ammonitico rosso
horizons, which show the presence of all the Liassic stages from Lower Pliensbachian to Toarcian
(Otkun, 1942; Stchepensky, 1945; Ketin, 1951; Alp, 1972; Yilmaz, 1972; Bassoullet et al., 1975; Ozer,
1984; Bergougnan, 1987). In addition palynology of separate coal horizons give Liassic (Agrali et al,,
1966; Pelin, 1977) and Dogger ages (Agrali et al., 1965). The presence of Dogger is further suggested
by rare macrofossils (Wedding, 1963) and by the dinoflagellate and palynomorph assemblages
(Robinson et al., 1995). Thus, the age span of the Kelkit Formation is from early Pliensbachian up to
at least the end of Bathonian.

The similarity in the Mesozoic stratigraphy between the Eastern Pontides and the Caucasus, as shown
by the general absence of Triassic deposits and similar volcanic and coal bearing Jurassic facies (e.g.
Khain, 1975; Adamia et al., 1982) indicate, contrary to some suggestions (e.g., Bektas et al., 1984), that
the Eastern Pontides were located along the southern margin of the Laurasia, before the opening of the
East Black Sea basin in the Maastrichtian.

Goriir et al. (1983) interpreted the Kelkit Formation of the Eastern Pontides as a rift facies related
to the opening of the Neo-Tethyan Ocean in the south. The lateral facies and thickness changes in
the Kelkit Formation support this interpretation. The southward deepening inferred from the Kelkit
Formation is probably related to the opening of the Neo-Tethyan Ankara-Erzincan Ocean in the south
(Gordr et al., 1983). However, a discrepancy arises in this interpretation due to the dissimilarity of the
pre-Jurassic stratigraphy between the Eastern Pontides and the Taurides to the south. In the Munzur
and Keban units of the Taurides there is a well-developed Triassic and Permian carbonate succession not
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seen anywhere in the Pontides (Ozgil and Tursucu, 1984). Furthermore, during the Liassic there were
faunal differences between the two sides of the suture (Bassoullet et al., 1975; Enay, 1976); Liassic
ammonites from the Pontides are similar to those from the southern Laurasian margin, whereas Liassic
fauna from the Munzur Mountains of the Taurides resemble those from the southern margin of the
Tethys. It is quite possible that there was major post-Liassic strike-slip movement along southern margin
of Laurasia, so that the Taurides were not contiguous to the Eastern Pontides during the pre-Liassic time.
In addition, recent geochemical works on the geochemistry of the Lower-Middle Jurassic volcanic rocks
indicate a subduction rather than within plate signature.
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Upper Jurassic-Lower Cretaceous Carbonate Platform

The Upper Jurassic-Lower Cretaceous carbonates, which lie over the Kelkit Formation, crop out
throughout the Sakarya Zone. In the Eastern Pontides the carbonate deposition begins slightly earlier
in the north (Oxfordian/Tithonian), where it is represented by about 900 meters thick neritic
limestone and dolomite (Pelin, 1977; 1981; Gursoy, 1989; Yiimaz, 1992; Robinson et al., 1995) thanin
the south (Tithonian/Berriasian), where there is an over 1000 meters thick pelagic radiolarian
biomicrite and calciturbidite sequence (Ketin, 1951; Bursuk, 1975, 1981; Tutkun and inan, 1982; Okay
et al., 1996b). Minor and local basic volcanism during the Late Jurassic-Early Cretaceous is evidenced
by thin tuff beds in the limestone sequence north of Giimishane (Zankl, 1962b) and south of Pulur
(Okay et al., 1996b). In the Late Jurassic there is a clear facies differentiation between the outer and
Inner Eastern Pontides. The boundary between these two realms follows approximately the Niksar-
Demirdzii-Bayburt-Tortum line (Fig. 2). The picture is of that of a carbonate platform passing
southeast into a carbonate ramp representing the south-facing continental margin of Laurasia (Fig. 4;
Gorir, 1988). This phase in the Eastern Pontides represents the development of a south-facing passive
carbonate continental margin.

The Upper Jurassic-Lower Cretaceous carbonates are bounded above by a major Senonian
unconformity associated in places, e.g., in parts of the Alucra region (Pelin, 1977), with the erosion of
the whole carbonate sequence. The carbonates are karstified with locally developed paleo-valleys
removing the complete carbonate sequence. The age of uppermost part of the preserved carbonate
sequence is latest Barremian in the north (Pelin, 1977; Bergougnan, 1987) and Aptian-Albian in the
south (Bursuk, 1981; Okay et al., 1996b; Tasli and Ozsayar, 1997). Albian ages from the pelagic
carbonates are reported from the Maden region near the suture zone (Elmas, 1994; Robinson et al.,
1995).

CENOMANIAN-TURONIAN - REGIONAL UPLIFT RELATED TO THE EMPLACEMENT OF THE OPHIOLITIC
MELANGE

Cenomanian represents a major episode of uplift and erosion throughout the Eastern Pontides
(Ketin, 1977; Pelin et al., 1982), which is associated with the northward emplacement of an ophiolitic
melange over the Inner Eastern Pontides (Fig. 4). Cenomanian deposits are absent throughout most
of the Eastern Pontides, and in most localities Campanian limestones lie unconformably over Jurassic
sediments (Pelin, 1977; Bergougnan, 1987; Yilmaz, 1985; Giirsoy, 1989; Robinson et al., 1995; Eren
and Tasli, 2002); in the Giimiishane region Senonian rocks rest directly on the Carboniferous granites
(Yilmaz, 1972). In this respect the Eastern Pontides differ from the central Pontides, where Aptian-
Albian is characterised by shallow to deep marine clastic rocks interpreted as synrift-deposits
associated with the opening of the West Black Sea Basin (Gorur, 1988; Robinson et al., 1995).

The ophiolitic melange in the Inner Eastern Pontides forms a 200 km long thrust sheet from north
of Erzincan to north of Tortum (Fig. 2) and rests tectonically over the Lower Cretaceous pelagic
carbonates (Bilgin, 1984; Bergougnan, 1987; inan, 1988; Okay et al., 1996b). Due to the Early Tertiary
erosion, the ophiolitic melange is preserved as small klippen over the Neocomian pelagic carbonates,
which contrasts with the large peridotite and ophiolitic melange masses in the suture zone and in the
Taurides (Fig. 2). Locally an olistostromal foreland flysch sequence occurs between the melange and
the carbonates. The youngest age recorded in the carbonates underneath the melange is Late Albian
in the Maden region (Elmas, 1994). The ophiolitic melange is composed of, in order of abundance,
spilitised basalt, radiolarian chert, pelagic and neritic limestone, sandstone, shale, siltstone and
serpentinite blocks. It includes lithologies from both the oceanic crust and the passive continental
margin of the Eastern Pontides. The various blocks in the melange are juxtaposed along fault
contacts without any discernable matrix. Pelagic limestone blocks in the melange, derived from the
Eastern Pontide continental margin, range in age up to Aptian (Okay et al., 1996b), and the melange
is unconformably overlain by Maastrichtian rudist-bearing neritic limestones (Ketin, 1951; Fenerci,
1994). This constrains the age of the melange formation and its emplacement onto the continental
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margin to the Cenomanian-Campanian interval. Considering that the Late Cretaceous transgression
in the Eastern Pontides starts in Turonian-Coniacian, the emplacement age of the melange is further
constrained to Cenomanian-Turonian. The ophiolitic melange thrust sheet apparently did not reach
farther north than the line connecting Siran-Kelkit-Bayburt (Fig. 2), although the compression was
felt throughout the Eastern Pontides as a period of major uplift and erosion (Fig. 4). In the west in the
region of the Tokat Massif, Aktimur et al. (1992) also describe the emplacement of an ophiolitic
melange during this time. In the Lesser Caucasus, ophiolite and ophiolitic melange were emplaced
northward over the Sevan-Akera Zone also during the Cenomanian-Coniacian (e.g., Knipper, 1980).

Thus, oceanic crust and/or oceanic accretionary complex were obducted northward over the 1000
km long Eastern Pontide-Lesser Caucasus continental margin during the Cenomanian-Turonian
interval. This obduction may be related to the partial subduction of the Eastern Pontide passive
continental margin in a south-dipping juvenile intra-oceanic subduction zone. This was probably
followed by the flip of the subduction polarity from a south to north-dipping subduction, which
explains the close temporal relation between the obduction of the ophiolitic melange and the start of
the northward-dipping subduction as deduced from the Turonian subduction-related volcanic activity
in the Outer Eastern Pontides. An alternative mechanism for the emplacement of the melange is the
back-thrusting of the accretionary complex (e.g., Silver and Reed, 1988) above a northward-dipping
subduction zone, which has been suggested for the Eastern Pontides by Elmas (1995).

SENONIAN - BUILD-UP OF THE PONTIDE MAGMATIC ARC

In the Outer Eastern Pontides, which is dominated by the Senonian and Eocene volcanic and
sedimentary rocks, there is no clear break between the Lower and Upper Cretaceous. In the Inner
Eastern Pontides the Senonian transgression youngs southward from late Turonian/Coniacian in Alucra
(Schiftah, 1967; Pelin, 1977; Robinson et al., 1995), to Coniacian/Santonian in the Kelkit, (Girsoy, 1989)
and finally to Early Maastrichtian in the Maden region (Ketin, 1951; Fenerci, 1994) suggesting that the
transgression came from the north.

An over two kilometres thick Cretaceous volcano-sedimentary sequence, representing the upper
surficial deposits of a magmatic arc (Dewey et al., 1973; Boccaletti et al., 1974; Akin, 1979) or that of an
intra-arc basin, crops out throughout the Outer Eastern Pontides (Fig. 2). Although the Outer Eastern
Pontide region is heavily vegetated, it has been intensely studied due to the widespread polymetallic
sulphide mineralisation in the volcanic rocks. The structure of the Mesozoic series of the Quter Eastern
Pontides is characterised by block-faulting and gentle seaward dips. To date no major folds or thrusts
have been mapped. The steep-dipping faults defining complex horst and grabens, are generaly
conjugate and follow NE and NW directions (Schultze-Westrum, 1962; Zankl, 1962a; Kronberg, 1970;
Buser and Cvetic, 1973; Gedikoglu, 1978; Akin, 1979).

The Cretaceous volcanic cycle in the Outer Eastern Pontides starts with basaltic and andesitic lavas; it
passes up into dacitic and rhyolitic lavas, breccias and tuffs with minor limestone intercalations
(Schultze-Westrum, 1962; Zankl, 1962a; Egin et al., 1979; Ozsayar et al., 1982; Ercan and Gedik, 1983;
Akinci, 1984; Gedik et al., 1992; Korkmaz, 1993). The cycle ends with limestones of Maastrichtian age.
Although there is some evidence for local basic volcanism during the Early Cretaceous (Zankl, 1962b;
Okay, 1993), in most regions the volcanic and volcaniclastic rocks unconformably overlie neritic
limestones of Kimmeridgian to Neocomian age and are thus younger than Cenomanian (e.g., Pelin,
1977; Terlemez and Yilmaz, 1980; Tash, 1984; Korkmaz, 1993). The basal parts of the volcanic sequence
is precisely dated by Taner and Zaninetti (1978), who describe a pelagic Middle Turonian fauna in the
limestones intercalated with the basic volcanic rocks stratigraphically 1500 m below the dacites. Farther
up in the sequence all the stages of the Senonian are recognised in the intercalated limestones (e.g.,
Ozsayar, 1971) such that the volcanism was continuous up to the Maastrichtian (Korkmaz and Gedik,
1988; Korkmaz, 1993).

The thickness of the Cretaceous volcanic sequence is over 2000 meters; the volcanism was wholly
submarine, and judging from the intercalated, globotruncanid-bearing pelagic and rudist-bearing neritic
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limestone lenses occurred over an uneven submarine topography. Possible volcanic centers were
separated by deep marine basins (Robinson et al., 1995). Numerous massive and stockwork type
polymetallic (Fe, Cu, Pb and Zn) sulphide ore deposits occur within the dacitic-rhyolitic lava, breccia and
tuff in the volcanic sequence (Fig. 2). These deposits are intensely studied (e.g., Kraeff, 1963; Koprivicia,
1976; Altun, 1977; Pejatovic, 1979; Egin et al., 1979; Hirst and Egin, 1979; Cagatay and Boyle, 1980;
Akinci, 1984). They are remarkable similar to the Japanese Miocene Kuroko sulphide ores (Akin, 1979),
formed during arc volcanism around the volcanic centers (e.g., Mitchell and Garson, 1976). The sulphide
ores are usually overlain by exhalative-sedimentary manganese deposits thought to be produced by
volcanic hot springs discharging directly onto the seafloor (Hirst and Egin, 1979). The distribution of the
Kuroko type sulphide ores in the Eastern Pontides (Vujanovic, 1974; Pejatovic, 1979), gives an indication
of the volcanic centers during the Senonian, and shows that the volcanic axis was located close to the
present day Black Sea margin (Fig.2). Cretaceous volcanic rocks are generally sub-alkaline and give
typical island arc geochemical signatures (Peccerillo and Taylor, 1975; Gedikoglu, 1978; Akin, 1979; Egin
et al., 1979; Egin and Hirst, 1979; Manetti et al., 1983; Akinci, 1984; Koprubasi, 1993). Only towards the
end of the volcanic cycle there was minor alkaline, shoshonitic basic volcanism producing leucite and
nepheline-bearing basanites and tephrites (Gumus, 1978; Korkmaz et al., 1993). Associated with the
Cretaceous volcanism were the intrusions of large number of granitoids (Fig. 2). Their isotopic ages range
from about 95 to 65 Ma (Taner, 1977; Gedikoglu, 1978; Moore et al., 1980, Boztug et al., 2004, 2007;
Boztug and Harlavan, 2007). Although they show a wide modal scatter, they are dominantly hornblende-
biotite granodiorite and quartz-diorite; geochemically the granitoids show a typical calc-alkaline trend
(Cogulu, 1975; Taner, 1977, Gedikoglu, 1978; Moore et al,, 1980). The granitoids generally intrude the
lower basic volcanic rocks and are locally overlain by dacitic lavas.

During the Senonian the Inner Eastern Pontides were in a fore-arc position. In some places such as
north of Kelkit there was a ridge between the arc and fore-arc, characterised by the deposition of
shallow marine sandstones and rudist-bearing limestones (Schiftah, 1967; Gursoy, 1989). However, in
most regions the transition was gradual with a southward decrease in the amount of lavas at the
expense of volcaniclastic rocks. The Senonian in the Inner Eastern pontides is characteristically
represented by a 500 to 900 m thick tuffaceous flyschoid sequence with pelagic limestone intercalations
(Seymen, 1975; Pelin, 1977; H. Yiimaz, 1985; Girsoy, 1989; Okay et al., 1996b).

The Senonian volcanic arc of the Eastern Pontides was an extensional arc as shown by the submarine
nature of the volcanism. The marginal basins behind extensional arcs usually develop by the spilitting of
the volcanic arc axis (e.g., Karig, 1971). The distribution of the Kuroko type ore deposits in the Eastern
Pontides shows that during the Maastrichtian the volcanic arc axis was located close to the present day
Black Sea coast. Thus, the East Black Sea Basin probably started to open during the Maastrichtian by the
spilitting of this arc axis. An earlier opening of the East Black Sea basin would have resulted in a major
volcanic and volcaniclastic apron to the north of the present day volcanic axis, which is not observed in
the very narrow Black Sea shelf to the north of the Eastern Pontides.

PALEOCENE-EARLY EOCENE THRUST IMBRICATION - CONTINENTAL COLLISION

During the Palaeocene-Early Eocene there was major shortening along the Inner Eastern Pontides,
and the continental margin was telescoped into a series of stacked north-vergent thrust slices. The
thrusting did not reach farther north than the Bayburt-Kelkit-Mindeval line (Fig. 2). In the Alucra region,
which is located between the inner and outer Pontides, there was upright folding and a major break in
sedimentation during the palaeocene/Early Eocene. Lutetian limestones, marls and sandstones in this
region lie with angular unconformity on folded Jurassic and Cretaceous sediments (Nebert, 1961; Pelin,
1977) and even overlie the metamorphic basement of the Agvanis Massif (Okay, 1984). In the Outer
Eastern Pontides sedimentary or volcanic rocks of Late Palaeocene-Early Eocene age are also not
recognised, and Lutetian volcano-sedimentary rocks lie unconformably over the Senonian rocks
(Gedikoglu et al., 1982; Korkmaz and Gedik, 1988; Korkmaz, 1993) suggesting that the whole of the
Eastern Pontides were above sea level during Palaeocene-Early Eocene.

TR i
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South of the town of Kelkit three north-vergent thrust slices are recognised (Okay et al., 1996b).
The basement rocks were involved in thrusting and the high-grade Pulur metamorphic rocks were
emplaced over the Jurassic Kelkit Formation. The topmost thrust slice in the structural sequence
consists of Jurassic-Cretaceous limestones (Bergougnan, 1975; 1976). A major clastic foreland basin
developed in front of this northward-moving nappe. Judging from its isolated outcrops, the foreland
basin must have originally extended at least up to the Kése region (Giirsoy, 1989), however, it is now
largely preserved as a 180 km long and 3-5 km wide east to northeast-trending belt southeast of the
Pulur Massif (Fig. 2). The basin fill consists of a few hundred metres thick conglomerates overlain by
an over 1000 m thick Upper Palaeocene-Lower Eocene turbidite sequence with large limestone
olistoliths derived from the overlying nappes (Ketin, 1951; Norman, 1976; Bergougnan, 1976).

This major Palaeocene/Early Eocene compressive event, the strongest post-Jurassic deformational
event in the Eastern Pontides, is related to the collision of the Eastern Pontide island arc with the
Anatolides-Taurides along the Ankara-Erzincan suture in the south. There is a clear northward decrease
in deformation from a thrust-belt in the south to a region of upright folding in the Alucra-Giimushane
area and finally to a subtle unconformity in the Outer Eastern Pontides in the north. Regional uplift
caused deep erosion, which in places removed sections down to the pre-Mesozoic basement. All these
are typical features of a continental collision; however, many workers (Tokel, 1977; Akin, 1979; Robinson
et al., 1995) relate the Lutetian calc-alkaline magmatism to the northward subduction of the Tethys
Ocean and consider the continental collision to be of Oligocene age. Others (e.g., Sengér and Yilmaz,
1981) initiate the collision in the Palaeocene/Early Eocene but still relate the Lutetian magmatism to on-
going subduction. However, Lutetian rocks are largely undeformed and lie with a major angular
discordance over all the older units indicating that there was no major regional compression in the
Eastern Pontides after the Middle Eocene, which is difficult to conceive if the continental collision had
occurred in the Oligocene. The Senonian arc volcanism is confined to a relatively narrow belt, a
characteristic feature of the present-day arc volcanism (e.g., Hamilton, 1995). In contrast Lutetian
magmatism, although much more restricted in time, is spread over the whole 100 km breath of the
Eastern Pontides and extends south to the Ankara-Erzincan Tethyan suture. Such a diffuse magmatism
cannot be related to the activity of a single subduction system over a restricted time. A third line of
evidence comes from the Kdsedag syenite pluton of Middle-Late Eocene age (42-37 Ma Rb/Sr whole
rock age; Kalkanci, 1974) located northeast of Sivas (Fig. 2). It is an alkaline pluton with within-plate and
post-orogenic geochemical features (Boztug et al., 1994) and intrudes the suture zone. Thus, the weight
of the geological evidence is for a Palaeocene/Early Eocene collision between the Pontides and the
Anatolide-Tauride platform.

MIDDLE EOCENE - A NEW SEDIMENTARY AND VOLCANIC CYCLE

In the Eastern Pontides Lutetian deposits transgressed over an existing folded and thrust-faulted
surface (Fig. 4). The Lutetian deposits are generally not folded and are not involved in thrust-faults. They
mark a new cycle of marine sedimentation and volcanism. Lutetian deposits in the Eastern Pontides
were deposited in shallow water and are characterised by the presence of abundant nummulites in the
limestones and sandstones intercalated with the volcanic rocks. The volcanism was more basic in
composition than the Senonian volcanism, and occurred throughout the Eastern Pontides. The base of
the Eocene transgression is generally dated as Lutetian (e.g., Ketin, 1951; Nebert, 1964; Bergougnan,
1987; Elmas, 1995), although in some regions it might have been as early as late Ypresian (Bursuk, 1975;
Hakyemez and Konak, 2001). The Lutetian in the Inner Eastern Pontides is represented by ca. 700 m
thick shallow marine succession consisting of basal conglomerates overlain by nummulite-bearing sandy
limestones and sandstones, which pass up to a volcaniclastic series of sandstone, siltstone, basaltic and
andesitic tuff, marn and rare basaltic flows (Ketin, 1951; Nebert, 1961; Pelin, 1977; Agar, 1977; Ozer,
1984; Gursoy, 1989; Bozkus, 1992a; Hakyemez and Konak, 2001; Konak et al., 2001). In the Outer
Eastern Pontides a similar sequence, about 1000 m thick but richer in volcanic rocks, constitute the
Lutetian sequence (Tokel, 1977; Korkmaz and Gedik, 1988; Korkmaz, 1993). Lutetian volcanic rocks
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represent a short-lived volcanic cycle known as the Upper Basic Series (Schultze-Westrum, 1962; Zankl,
1962a; Tokel, 1977; Akinci, 1984) and show similar but less pronounced silica enrichment with time as
the Senonian volcanic cycle. Geochemically Lutetian volcanic rocks in the Outer Eastern Pontides are
calc-alkaline and fall in the field of island arc basalts and andesites (Egin et al., 1979; Egin and Hirst, 1979;
Tokel, 1977; Terzioglu, 1984; Akinci, 1984, Arslan & Aliyazioglu, 2001; Arslan & Aslan, 2006). Several
hornblende-biotite granodiorites, which intrude Eocene sediments and volcanics, constitute the plutonic
members of this magmatic cycle (Schultze-Westrum, 1962; Zankl, 1962a). The few isotopic ages from
these granitoids range from 45 to 30 My (Gogulu, 1975; Moore et al., 1980, Boztug et al., 2007).
However, unlike the Senonian magmatism, the Lutetian magmatic rocks are not restricted to the Outer
Eastern Pontides but occur throughout the Eastern Pontides and adjacent Taurides. They intrude the
Late Palaeocene/Early Eocene thrust contacts in the Inner Eastern Pontides north of Erzincan (Fig. 2). In
the Ankara-Erzincan suture zone northeast of Sivas, the Middle to Upper Eocene (42-37 My) Kosedag
pluton (Kalkanci, 1974), intrudes the Lutetian volcano-sedimentary formations (Fig. 2). Lutetian deposits
south of the Ankara-Erzincan suture also comprise andesitic lavas, tuffs and pyroclastic rocks
intercalated with shallow water sedimentary rocks (e.g., Ozgiil, 1981; A.Yilmaz, 1985). This and the major
Palaeocene-Early Eocene unconformity show that the Senonian and Lutetian volcanic sequences
represent two distinct cycles (Manetti et al., 1983, 1988).

The cause of the widespread Lutetian volcanism is not clear. A Tibetan-type post collisional
magmatism triggered by crustal thickening is unlikely, as the Lutetian magmatism was wholly submarine
suggesting regional extension only a few million years after the collision. This regional extension and the
associated magmatism could have been related to the accelerated opening of the oceanic East Black Sea
basin. Okay et al. (1994) suggested that the East Black Sea basin has openened by the anticlockwise
rotation of a large continental block north of the Eastern Pontides. Although the rotation and thus the
opening of the East Black Sea basin probably started in the latest Cretaceous, an increase in the rotation
rate during the Lutetian might have resulted in the extension and magmatism throughout the Eastern
Pontides. However, Eocene magmatism is also very widespread in the Caucasus and Iran (see Kazmin et
al., 1986), which might suggest a more global cause for this enigmatic magmatic event.

OLIGOCENE AND YOUNGER DEPOSITS

The marine sequences in the Eastern Pontides generally do not reach to the Late Eocene showing
that the Eastern Pontides were uplifted en bloc by the end of the Middle Eocene, and stayed largely
above sea-level since the Middle Eocene except for an Early Miocene marine incursion along the Ankara-
Erzincan suture zone (e.g., Gedik, 1985; Yilmaz et al., 1988; inan, 1988; Gokten, 1993). To the north of
the Eastern Pontides minor marine deposits of Upper Miocene (Sarmatian) and Lower Pliocene (Pontian)
ages form small outcrops along the present Black Sea coast and represent small bays of the Para-Tethys
(Ozsayar, 1971, 1977).

The Miocene and younger history of northeastern Turkey is characterised by continuing compression
caused by the on-going collision of the Gondwana and Laurasia after the complete elimination of the
intervening oceanic basins. Most of this compression was accommodated by generally south-vergent
thrusting and folding along the Ankara-Erzincan suture to the south of the Inner Eastern Pontides (e.g.,
Aktimur et al., 1990; Bozkus, 1992b). Small foreland basins, characterised by terrigeneous sedimentation
developed during the Miocene in front of these thrust slices along the Ankara-Erzincan suture (e.g., inan,
1988). There was also largely basaltic alkaline volcanism, which lasted up to the Recent times (Terzioglu,
1985). In the Middle to Late Miocene the continuing compression resulted in the initiation of the North
Anatolian Fault, which started the westward translation of the Anatolian block, a tectonic regime that
continues today (Sengdr, 1979).

THE OTHER SIDE OF THE TETHYS OCEAN - THE TAURIDE MARGIN
Further insight on the evolution of the Tethyan Ocean south of the Eastern Pontides can be gained
from the geology of the northern margin of the Taurides south of the Tethyan suture. Pre-Tertiary
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lithologies south of the suture occur intermittently from south of Sivas to south of Erzincan (Fig. 2). They
are best exposed in the Munzur Mountains southwest of Erzincan, where the Mesozoic is represented
by Upper Triassic to Cenomanian platform carbonates overlain by Turonian to Upper Campanian pelagic
biomicrites (Ozgiil, 1981; Ozgiil and Tursucu, 1984). In the Early Maastrichtian ophiolitic melange with
large peridotite slices were emplaced over the carbonates and the carbonate platform was internally
sliced along major south-vergent thrusts. In a 350 km long region between south of Sivas and Horasan,
the ophiolitic melange and the peridotite slices are unconformably overlain by Maastrichtian to Upper
Palaeocene shallow water limestones (inan et al., 1993; Ozgiil, 1981; Gedik, 1985; Yilmaz et al., 1988). In
the Munzur region, this was followed by a period of uplift and erosion, and the Lutetian sandstone,
limestone, tuff, basalt and andesites unconformably overlie all the older units. In the Munzur region
Upper Eocene rocks are not present as in the Pontides, and Oligocene is made up of terrigeneous clastics
and evaporites; the marine sequence starts again with Lower Miocene shallow marine deposits (e.g.,
Gokten, 1993).

CONCLUSIONS

The major stratigraphic and tectonic features of the Eastern Pontides can be summarised as follows:

There is a heterogeneous pre-Jurassic basement consolidated during the Hercynian and Cimmeride
orogenic events. Triassic sedimentary rocks are absent possibly due to metamorphism during the
Cimmeride orogeny. The Mesozoic sequence starts with a widespread Liassic transgression and
continues essentially uninterrupted until mid-Cretaceous, when there is a major break in sedimentation
with uplift and erosion of the entire Eastern Pontides. This compressive event was caused by the
emplacement of an ophiolitic melange over the southern continental margin of the Eastern Pontides
during the Cenomanian-Turonian. The compression and obduction of the melange are probably related
to the partial subduction of the Eastern Pontide passive continental margin in a south-dipping intra-
oceanic subduction zone. This was followed by a flip in the subduction polarity and consequently a
volcanic arc developed during the Turonian to Campanian in the Outer Eastern Pontides above the
northward subducting Tethyan ocean floor. The volcanic arc was extensional and wholly submarine. The
inner parts of the Eastern Pontides were in a forearc position during the Senonian. The East Black Sea
Basin probably started to open during the Maastrichtian through the spiliting of the volcanic arc axis.

Major thrust imbrication of the southern continental margin of the Eastern Pontides occurred during
the Late Palaeocene/Early Eocene. The thrusting involved the pre-Jurassic basement; thick foreland
flysch basins have developed in front of the northward moving nappes. In the Outer Eastern Pontides
Late Palaeocene/Early Eocene is characterised by folding, uplift and erosion. This orogenic event, the
strongest in the Eastern Pontides during the Mesozoic and Tertiary, marks the continental collision
between the Eastern Pontide arc and the Taurides.

Essentially undeformed basaltic and andesitic volcanic rocks and shallow marine sedimentary rocks of
Middle Eocene age occur throughout the Eastern Pontides and these are transgressive over a folded and
thrust-faulted basement. They mark a regional extension probably related to an accelerated phase of
the opening of the East Black Sea basin. From the end of the Middle Eocene onward the Eastern
Pontides stayed above sea level with minor volcanism and terrigeneous sedimentation.

The Eastern Pontide stratigraphic sequence is rich in volcanic and volcaniclastic rocks. Three major
Mesozoic-Tertiary magmatic cycles are recognised. The first cycle is Early to Mid-Jurassic age, is probably
of tholeiitic character and may have been related to rifting or subduction. The second cycle is of
Turonian-Campanian age is dominantly subalkaline and is subduction related. The third cycle is of Middle
Eocene age, is calc-alkaline and is probably related to a regional extension.
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GEOLOGICAL FEATURES OF THE EASTERN PART OF THE EASTERN
PONTIDES

Several tectonostratigraphic units of Liassic-Palaeocene age crop out in the eastern part of the
Eastern Pontides. They are grouped from north to south into three zones (Fig. 5). The Hopa-Borcka
7one located in the north corresponds to the Outer Eastern Pontides and constitutes the westward
extension of the Adjera-Trialeti Zone of the Caucasus. The Olur-Tortum Zone lies in the Inner Eastern
Pontides and has features similar to the Jurassic-Cretaceous sequences of the Sakarya Zone in the
Central Sakarya region. The Artvin-Yusufeli Zone lies between Hopa-Borgka Zone and Olur-Tortum
Zone is the equivalent of the Artvin-Bolnisi Zone in the Caucasus and has some stratigraphic features
similar to the Jurassic-Cretaceous sequences of the Central Pontides.

Pre-Upper Cretaceous sequences of the HBS do not crop out in the Hopa-Borcka section.
However, farther west the sequences of this zone go down to the Paleozoic. In the Outer Eastern
Pontides (OEP) the oldest recognized rocks are Paleozoic schists and marbles south of Giresun-Dereli
and Carboniferous granitoids (Cogulu, 1975; Bergougnan, 1987; Topuz et al., 2007)). These rocks
exhibit contact only with the Upper Cretaceous rocks.

Apart from the rocks above, the Mesozoic series start with Lower-Middle Jurassic basic and
intermediate volcanic rocks and intercalated epiclastic rocks (Fig. 6). The basalts in the lower part of
the section are black, purple, green, locally spilitized and contain plagioclase laths; they pass upwards
into epiclastic sandstones. The Middle Jurassic volcanic rocks are unconformably overlain by grey,
white, thickly bedded Upper Jurassic — Lower Cretaceous (Aptian) platform limestones. These
limestones pass upwards into thinly bedded hemipelagic limestones deposited in a relatively deep
shelf environment.

During the extensional tectonics in the Aptian the carbonate platform was fragmented with the
opening of a basin, and thickly bedded, parallel laminated, dark grey, black calciturbidites and coarse
sandstones with olistoliths and debris flows were deposited on the hemipelagic limestones. These
sediments also include basaltic agglomerate, lapilli tuff and tuff horizons. Upwards in the section
coarse sandstones become dominant, which in turn are overlain by a marl/siltstone sequence.
Foraminifera in these hemipelagic sediments, which have a maximum thickness of 10 m in the
Macka-Akarsu valley section, have given Aptian, Albian and Turonian ages. This condensed sequence
indicates the presence of submarine unconformities. Turonian transgressive sequences are known in
sections in the northern parts of the Inner Eastern Pontides, where they lie unconformably over
rocks of various ages (Konak and Hakyemez, 2001; Konak et al., 2001). This unconformity exhibits
itself in the north in the marine basin as a submarine unconformity. The Turonian sequence is
represented in some regions by andesitic pyroclastics and by flysch sequences with rare lava
intercalations and in other regions by pelagic carbonates. These sequences are cut locally intensely
by dark green andesitic dykes.

In the Outer Eastern Pontides (OEP) the Santonian marks the start of the acidic volcanism, as is
also the case in the Inner Eastern Pontides. This stage is represented by volcanic and volcanoclastic
rocks of dacitic and rhylotic composition, which carry most of the massive sulphide copper deposits
and by pelagic limestones, which show lateral transitions with the volcanoclastic rocks.

Dark basaltic-andesitic lavas and pyroclastic rocks, grey and red limestone, sandstone and
mudstone were deposited in the Late Santonian in the Outer Eastern Pontides. A characteristic
feature of this period is a bimodal volcanism with the formation of basic, intermediate and acidic
volcanic products.

A second period of intense acidic volcanism with the dominance of dacitic-rhylotic rocks occurred
during the Late Santonian-Early Campanian (Fig. 6). Brown epiclastic rocks locally with basic volcanic
rocks characterize the Campanian; light coloured shallow to deep marine turbitides and carbonates
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Fig. 5. Tectonic map of the easternmost Eastern Pontides showing the distribution of tectonics zones.
$ekil 5. Tektonik zonlarin daglimini gésteren Dogu Pontidler’in dogu kesiminin tektonik haritasi.
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are typical for the Maastrichtian-Palaeocene and grey, brown turbidites for the Early Eocene. All
these units are overlain unconformably by Middle Eocene conglomerates, which pass up into grey
marls and basic volcanic rocks.

The dated intrusive rocks in the northern Pontides are Late Cretaceous Harsit Granitoid [72,1+ 3,6
Ma(Turk-Japon Ortak Projesi, 1985)], 94 Ma and 115 Ma (Gedikoglu, 1977)], Middle Eocene Sisdagi
Diorite [46,1 + 1 and 41,2 + 0,8 Ma], Middle Eocene diabasic intrusions (44.8 + 0.9 Ma) (Kurt et al.,
2006)] and Early Oligocene andesitic intrusions [32.5 + 0.7 My (Kurt et al., 2006)].

In the Outer Eastern Pontides the tectonic lines north of the E-W trending Giimishane-Artvin
thrust zone dominantly trend NE-SW. This tectonic trend does not change until west of Ordu; in the
Artvin region all the tectonic lines between the North Anatolian Ophiolite Zone and Hopa, trend NE-
SW, especially as the Artvin thrust also bends to the NE. In the north the tectonic lines are generally
characterized by NW verging thrusts, however some tectonic lines have also strike-slip or oblique
motion associated with them.

The Artvin-Yusufeli Zone, which is thrust north-westward over the Hopa-Borgka Zone along the
Artvin thrust, is also thrust south-eastward over the Olur unit of the Olur-Tortum Zone (Fig. 5). The
Artvin-Yusufeli Zone consists of six tectonic units, which show stratigraphic differences and are thrust
from southeast towards northwest (Fig. 6, Ogdem, Zeytinli, Madenler, Ardanug, Ugsu and Giinyayla
units, Konak and Hakyemez, 2001). Furthermore, the Artvin-Yusufeli Zone also contains Paleozoic
Harsdere metamorphic complex and Demirkent magmatic complex of probable Triassic — Early Liassic
age as tectonic slices.

The Harsdere metamorphic complex consists of migmatite, migmatitic gneiss, amphibole-gneiss
and amphibolite and exhibits high-grade metamorphism. It can be correlated with the granulite
facies gneisses of the Cenci Group in the Pulur (Bayburt) region (Okay, 1996) and shows tectonic
contacts with the Demirkent magmatic complex. The Demirkent magmatic complex, which crops out
between Yusufeli and Demirkent, has a rugged topography. It consists of pegmatoidic gabbro,
gabbro, microgabbro and diabase, which are cut by dykes and veins of granodiorite, tonalite, dacite,
aplite and diabase. It shows tectonic contacts with the Jurassic-Cretaceous rocks. The Demirkent
magmatic complex is thought to be Triassic-Early Liassic in age, while the intrusive dykes and veins
have a wider age range from Liassic to Early Eocene. Clasts of the Demirkent magmatic complex and
Harsdere metamorphic rocks are present in the Malm conglomerates indicating that both of these
units were exposed on the surface in the Mid Jurassic (Konak et al., 2001).

The Liassic-Dogger series of the Artvin-Yusufeli Zone consist of epiclastic sandstone, siltstone and
shale with horizons of basic lava and tuff (Berta Formation). Upwards the sequence contains chert
intercalations and is overlain by basaltic lavas and pyroclastics, equivalents of the Mudurnu
Formation. In some units (Madenler and Giinyayla) the clastic and volcanic rocks show lateral and
vertical transitions.

The Malm-Lower Cretaceous sequences, which lie unconformably over the underlying sequences,
start with continental to shallow marine clastic rocks locally showing features of fan deltas. These
sequences, which show differences in their stratigraphic features and in thickness between various
units, contain Malm (late Oxfordian — early Kimmeridgean) reefal carbonate bands and lenses and
basic volcanic intercalations.  Valanginian-Aptian neritic limestone horizons and lenses are
encountered in some units (Ogdem and Madenler).

In some units (Ardanug and Giinyayla) Turonian clastic rocks lie with an angular unconformity
over the Malm-Lower Cretaceous and even over Liassic-Dogger sequences. The Senonian sequence
continues upwards with Coniacian (?)-Early Campanian red-pink micritic limestone-marl-sandstone-
siltstone intercalated with andesitic-basaltic and locally dacitic lava and pyroclastic-epiclastic rocks.
The Senonian sequence shows major differences in lithostratigraphy and thickness among the
different units. For example in the Giinyayla unit Lower Santonian limestones with rare chert bands
lie transitionally over the Turonian clastic rocks. The sequence continues with Upper Santonian-
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Lower Campanian sediments with andesitic and dacitic pyroclastic intercalations and finishes with
Senonian sandstone-siltstone-marl-limestone intercalation.

In some units (Madenler, Ardanug and Ucsu), where the upper parts of the Senonian sequence is
observed, Upper Campanian-Lower Palaeocene neritic limestones lie unconformably over the
Coniacian (?)-Lower Campanian volcano-sedimentary sequences (Fig. 6). This limestone sequence,
which shows variable thicknesses among these units, passes up into a sandstone-siltstone-shale
sequence of Late Palaeocene age, which locally shows a turbiditic character. The Eocene sequences,
which start with Upper Ypresian clastic rocks and pass up into lavas and pyroclastic rocks cover the
tectonic contacts between the unit.

The Olur-Tortum Zone in the south contains three units (Olur, Aksu and Cardakli) with different
lithostratigraphic features (Fig. 6). The base of the Olur unit in the north is made up of Liassic-Dogger
andesitic-basaltic lavas and pyroclastic rocks (Oltucay! Formation) with a thickness of over 1000
metres. The lavas pass eastwards into volcanic rocks with a dacitic composition (Kaban dacite). The
overlying pyroclastic-epiclastic sandstone-siltstone sequence (Rami Formation) lies conformably over
both the Oltucayi Formation and the Kaban dacite. Rocks of Liassic-Dogger age are not exposed in
the Aksu Unit farther south. In the southernmost Cardakli unit the Liassic-Dogger interval is
represented by basaltic and tephritic lavas and pyroclastic rocks (Gimusdere volcanics).

A sandstone-siltstone-marl sequence with conglomerate and volcanic intercalations (Olurdere
Formation) of Malm age lies with a probable unconformity over the Liassic-Dogger rocks of the Olur
Unit. A characteristic feature of this formation is the presence of Oltu Stone. South of Olur this
formation represents the shallow portions of a submarine fan and has a thickness of 400 metres in a
measured section along the Olurdere. In the region between Tortum lake and the town of Uzundere
it has a thickness of 1500 metres and consists of turbidites of submarine fan character. It is overlain
transitionally by Berriasian-Aptian micrites and shaly micrites (Sogukgam Formation) with chert
bands and lenses in the upper levels and with horizons of turbiditic sandstone and calciturbidite. The
Sogukcam Formation, which consists of pelagic and hemi-pelagic limestones, was deposited on a
carbonate ramp, and has a thickness of over 900 metres south of Olur. The Malm turbidites and the
transitionally overlying Lower Cretaceous hemipelagic limestones in the Aksu unit farther south, can
be correlated with age equivalent strata in the Olur Unit. In the Cardakli Unit farthest south, Malm-
Lower Cretaceous neritic limestones, which show lateral and vertical transition to turbidites lie with a
sharp contact over the Liassic-Dogger volcanic rocks.

Upper Cretaceous sequences are different in all the three units. In the Olur Unit the hemi-pelagic
limestones are overlain transitionally by Aptian-Santonian siltstone, marl and limestone with
sandstone intercalations (Karacasu Formation). However, in the Karmasor hamlet the lensoid
conglomerate and sandstone sequence (Karmasor member) represents main channel deposits
following the foundering of the underlying carbonate ramp. The lensoid sandstones within the unit
(Karagiiney member) represent a limited submarine channel in an inclined open shelf. In the type
section the formation has a thickness of over 450 metres, and is overlain by Santonian andesitic
lavas, pyroclastic and epiclastic rocks (Eglek Formation), 450 metres in thickness. This is overlain by
an Upper Santonian to Maastrichtian clastic-carbonate sequence, 350 m in thickness, consisting of
shaly-sandy limestones with sandstone intercalations at the base and marls with shaly limestone
interbeds at the top (Unluca Formation). The sequence in the Olur Unit ends with Danian-Lower
Thanetian shallow marine limestone (Alos limestone) and Thanetian siltstone with intercalation of
clastic limestone and sandstone (Kalttarmak formation). In the Aksu Unit, on the other hand, the
lower parts of the Upper Cretaceous sequence is represented by silty-, sandy- and shaly-limestone,
siltstone and sandstone intercalation and the upper parts by basic volcanic rocks. In the Cardakli Unit
the Upper Cretaceous sequence is different from the other two units and consists at the base of
flysch with limestone lenses and at the top by neritic limestone.

In the Oltu-Balkaya zone, various tectonic units of the Olur-Aksu-Cardakli units of the Olur-Tortum
Zone are tectonically intersliced with the Glivendik magmatic complex and Kisla metamorphic rocks
(Oltu Imbricate Zone). The Kisla metamorphic consists of schists metamorphosed in lower
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greenschist facies. The Giivendik Complex is made up of migmatite, gneiss, amphibole gneiss,
amphibolite, metabazite cut by metagranodioritic, pegmatitic, dacitic, tonalitic and diabasic veins
and dykes. Apart from the metabazites, the metamorphic rocks of the Giivendik Complex can be
correlated with the Harsdere Metamorphics in the Artvin-Yusufeli Zone and hence with the granulite
facies gneisses of the Cenci Group in the Pulur (Bayburt) region (Okay, 1996).

The southernmost zone consists of imbricated slices of peridotite, serpentinite, microgabbro,
ophiolitic melange, glaucophanitic greenschist, tonalitic/trondheimitic rocks and an Upper Senonian
flysch, which lies with a probable unconformity over the ophiolitic rocks. This zone represents the
north-eastward continuation of the North Anatolian Ophiolite belt.

Two different Eocene sequences can be observed north and south of the Coskunlar (Olur) —
Uzundere line. The northern Eocene sequence (Late Ypresian-Bartonian) consists of shallow marine
to continental clastic rocks at the base and deltaic and submarine turbidites with a volcanic
intercalations at the top. It lies unconformably over the Upper Palaeocene rocks. The southern
Eocene sequence is represented by fan delta clastics at the base, which are Late Palaeocene-Early
Eocene in age and show tectonic contacts with the ophiolites. This Palaeocene-Eocene sequence is
overlain by Bartonian-Priabonian continental and shallow marine clastic and volcanic rocks, which
are in turn unconformably overlain by Oligo-Miocene continental deposits with coal and gypsum. All
these units are unconformably overlain by volcanic and volcanoclastic rocks of Late Miocene to
Quaternary in age.
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DOGU PONTIDLERIN BOLGESEL JEOLOVJISI

Dogu Pontidler Karadeniz’in giineydogu kiyisi boyunca 500 km uzunlugunda ve 100 km
genisliginde bir dag silsilesi olusturur. Jeolojik olarak Dogu Pontidler, Senoniyen sirasinda kuzeye
dalan okyanus tabaninin tizerinde gelismis olan, en iyi korunmus eski ada yayr orneklerinden biri
olarak bilinmektedir (6rnegin Akin, 1979; Sengor ve Yilmaz, 1981; Akinci, 1984). Burada, Dogu
pontidler'in Lavrasya'nin giiney kita kenari boyunca olan konumunu, aktif bir kita kenarina
déntsimini ve sonunda Erken Tersiyer'deki kita ¢arpigmasi sirasindaki nihai deformasyonunu
kapsayan evrimi belgelenecektir.

Cografik olarak Dogu Pontidler daha ¢ok Dogu Karadeniz kiyis! cevresini kapsayan, sinirlari biraz
belirsiz bir bolgeyi karsilayan bir terimdir. Bolgenin bati siniri, keyfi olarak, Samsun dolayindaki
Yesilirmak veya Kizilirmak nehirleri olarak alinir. Tektonik olarak ise Dogu Pontidler, Sakarya Zonu'nun
dogu kesimini olusturur (Sekil 1; Okay, 1989). Giney siniri Ankara-Erzincan Neo-Tetis kenedidir;
kuzeyinde Karadeniz Havzasi yer alir ve doguda herhangi bir kesiklik olmaksizin Kiiciik Kafkaslar’a
uzanarak burada Adjara-Trialeti ve Artvin-Karabag zonlariyla korele edilebilir (Sekil 1; ornegin Khain,
1975; Yiimaz ve digerleri, 1999). Orta pontidler ile olan bati siniri stratigrafiktir ve Kretase istifindeki
fasiyes degisiklilerine kargilik gelir.

Dogu Pontidler’l de kapsayan Sakarya Zonu, genel olarak, yerli yerinde Paleozoyik sedimanter
kayalarinin olmayisi, Paleo-Tetis’e ait Permo-Triyas yash yigisim-dalma/batma karmasiklarinin
(Karakaya Karmasigi) varligi ve genis alanlara yayilmis olan Liyas transgresyonu ile karakterize olur
(Okay, 1989; Okay ve digerleri, 1996a). Bunun tersine, glineydeki Toridler'de iyi gelismig bir
Paleozoyik istifi gozlenir ve Paleo-Tetis'e ait yigisim-dalma/batma karmasiklar bulunmaz. Kuzeydogu
Turkiye’de bu iki paleocografik bolge, birbirinden buyiik peridotit kitleleri ve ofiyolitik melanjla
belirlenen Ankara-Erzincan Neo-Tetis kenedi ile ayrilmistir.

Dogu Pontidler genellikle ic/giiney ve dis/kuzey bdlimlere ayrilir (6rnegin, Akin, 1979; Gedikoglu
ve digerleri, 1979; Ozsayar ve digerleri, 1981; Konak ve Hakyemez, 2001, 2008). Dis Dogu
Pontidler'de Ust Kretase oncesi jeoloji birimlerini onemli dlcide gizleyen Senoniyen ve Orta Eosen
volkanik ve volkanoklastik kayalari baskindir (Sekil 2). Ote yandan, Senoniyen boyunca yay-6nu
konumunda bulunan ve Erken Tersiyer kita carpismasinda Dig Dogu Pontidler’den daha yogun
deformasyona ugrayan ic Dogu Pontidler’de Senoniyen dncesi kayalari genis yuzeylemelere sahiptir.
Bu iki kesim arasindaki gegis sinirt yaklasik Niksar-Giimiishane-Artvin hattini izler (Sekil 2).

DOGU PONTIDLERIN JURA ONCESI TEMELI

Dogu Pontidler'deki Jura oncesi temele ait yalitilmig yuzlekler dort tipe ayrilabilir: Karbonifer
oncesi yash yiksek dereceli metamorfik karmasik, Erken Karbonifer yasl magmatik karmagik, Ust
Karbonifer-?Alt Permiyen sig denizel-karasal sedimanter istifi ve Permo-Triyas metabazit-fillit-
mermer birimi (Sekil 3).

vYiiksek Dereceli Metamorfik Karmagik — Pulur Masifi

ic Pontidler'de kordiyerit-sillimanit-granat gnays, mikrognays, migmatit, metakuvarsit, banth
amfibolit, diyopsit-plajiyoklash kaya ve metadiyoritlerden olusan kristalen bir temel, kuzey yonlu
bilyiik bir Eosen bindirme diliminde yiizeylenmektedir (Sekil 2). Pulur Masifi adi verilen bu
metamorfik karmasik, 5-10 km genislikte ve 60 km uzunlukta kuzeydogu uzaniml bir kusakta yiizeyler
ve Liyas volkano-sedimanter kayalar tarafindan uyumsuz olarak uzerlenir (Ketin, 1951; Tanyoly,
1988; Keskin ve digerleri, 1989; Okay, 1996). Metamorfizma amfibolit-granulit fasiyesindedir. Pulur
gnayslarindaki monazit Pb yaslari geg Erken Karbonifer (331-327 My, Namuriyen) olup bu yas, yiksek
dereceli metamorfizmanin yasi olarak degerlendirilmistir (Topuz ve digerleri, 2004a). Pulur Masifi'nin
yuksek dereceli metamorfik kayalari, metamorfizma ile es yasl granitleri temsil eden, orta taneli,
bantli metagranitik kayalarla birlikte bulunur. Pulur Masifi'nde, ayrica, birkag metre kalinliginda,
amfibolitlerle arakatkili ender metadunit ve metaharzburgit bantlari da yer almaktadir (Okay, 1996).
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Pulur Masifi'nin metamorfik kayalari Alpin olaylar sirasinda yaygin olarak milonitize olmug ve Eosen
diyoritik ve andezitik stoklari, dayklari ve silleri tarafindan kesilmistir. Artvin’in glineyinde Jura
volkano-sedimanter kayalari altinda kigik tektonik dilimler halinde yuzlekler veren gnays ve
amfibolitler (Sekil 2; Maden Tetkik ve Arama Enstitusii, 1977; Tarhan, 1982; Konak ve Hakyemez,
2001), olasilikla ayni yiksek dereceli metamorfik karmasigin pargalaridir.

Karbonifer yash Glimiishane ve Kése Granodiyoritleri

Giimishane ve Kése kompozit plutonlarini olusturan granitik kayalar, Gimughane’nin glineyinde
genis alanlar kaplar (Sekil 2). Bunlar genellikle hornblend-biyotit granodiyoritlerdir (Zankl, 19623;
Yilmaz, 1976) ve vyasi bilinnmeyen vyesil sist fasiyesindeki sistler ve fillitlerden olusan bir
metasedimanter temeli keserler (Yilmaz, 1972, 1977). Gimushane plutonunun yagi yaklasik 295
My’dir (Topuz ve digerleri, 2007).

Ust Karbonifer - ? Alt Permiyen Sedimanter istifi

ic Dogu Pontidler'deki iki bindirme diliminde, net olarak izlenebilen kalin bir Karbonifer istifi
yiizeylenir (Sekil 2). istif basit bir monoklin yapisi gésterir ve Jura kumlu kiregtaslar tarafindan
uyumsuz olarak értilir. istifin tabani gozlenmez, ama olasilikla Uzerleyen bindirme dilimi altinda
bulunan Pulur Masifi’'nin yiiksek dereceli metamorfik sistleri Gizerinde yer almaktadir. Karbonifer istifi
yaklasik 1000 m kalinliga sahip, ender komir damarlari iceren, heterojen bir kumtasi, ¢akilli kumtasi,
kuvarsit, koyu renkli kirectasi, silttasi ve seyl serisiyle baslar. Fusulinidler ve konodontlar Geg
Karbonifer (ge¢ Kasimoviyen-erken Gzeliyen) yagini belirtir (Okay ve Leven, 1996; Capkinoglu, 2003).
Bu heterojen Ust Karbonifer serisinin Gzerine uyumlu olarak yaklagik 1000 m kalinliginda, monoton
kirmizi karasal kumtaslari gelir. Kumtaslarinda fosil bulunamamuistir.

Permo-Triyas Metabazit-Mermer-Fillit Birimi — Agvanis ve Tokat Masifleri

Metabazit, mermer ve fillit ardalanmasindan olusan kalin bir istif, Refahiye'nin kuzeyinde, Ankara-
Erzincan kenedinin hemen kuzey kesimindeki Agvanis Masifi adi verilen, 35 km uzunlugunda ve 8 km
genisliginde bir metamorfik blok halinde bulunur (Sekil 2; Nebert, 1961; Okay, 1984). Metamorfik
kayalar burada biiyiik bir antiklinoryum olustururlar ve Kuzey Anadolu Fay Zonu’nun kuzey ve giney
dogrultu atimh faylariyla sinirlanmislardir.

Agvanis Masifi egemen olarak metabazik kayalar (istifin %60-70'i), yaygin metatif ve yerel olarak
yastik yapilari korunmus metalaviardan olusur. Metabazik kayalar Ozellikle mermer ve fillit
diizeylerini arakatki olarak icerir; her bir dizeyin toplam kalinlig 50 m’den azdir. Ayrica ¢ok ender
olarak, uzunlugu birkac on metre olan serpantinit mercekleri de bulunmaktadir (Okay, 1984). Toplam
yapisal kalinlik 4,5 km dolayindadir. Tim istif, metabazik kayalarda aktinolit/barroisit-albit-klorit-sfen
parajenezinin gelismesine yol agan yesil sist fasiyesinde metamorfizma gegirmistir.

Agvanis Masifi'nde fosil bulunamamustir. Yeni yapilan izotopik yas tayinleri Ge¢ Triyas yasta bir
metamorfizmaya isaret etmektedir (Giltekin Topuz, sahsi goriisme). Benzer metabazit-mermer-fillit
istifleri Pulur Masifi’nin bir kesiminde (Okay, 1996; Topuz ve digerleri, 2004b daha batida Tokat
Masifi’nde ortaya cikar (Blumenthal, 1950; Alp, 1972; Ozcan ve digerleri, 1980; Tutkun ve inan, 1982;
Aktimur ve digerleri, 1992) ve Karakaya Karmasigi'nin bir bolimanu (Nilufer Birimi; Okay ve digerleri,
1991, 1996a) olusturarak Sakarya Zonu’nun bati kesiminde yayginlasir. Tokat Masifi'nde metakirintili
kayalar, yerel olarak, Permo-Triyas cokelimini ve en ge¢ Triyas metamorfik yaslarini isaret eden
Permiyen ve Triyas kirectasi bloklari icerir (Blumenthal, 1950; Oztiirk, 1979; Ozcan ve digerleri, 1980).

DOGU PONTIDLERIN JURA ONCESi EVRIMI

Dogu Pontidler’in yiiksek dereceli metamorfik temeli Pulur Masifi'nde yiizeyler. Bu temele,
Karbonifer'de Giimiishane ve Kose plutonlariyla temsil edilen granodiyoritler sokulmustur. Her ne
kadar dalmanin polaritesi ve magmatik yayin konumu pek belirgen degilse de, bu yiksek sicaklik-
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disiik basing metamorfik kayalari ve kalkalkalen magmatik kayalar, olasilikla bir Karbonifer magmatik
yayinda olusmuglardir. Geg Karbonifer'de, sig denizel ve fluviyal sedimanter kayalar metamorfik-
magmatik temelin Uzerinde cokelmisdir. Ust Karbonifer istifindeki bitki fosilleri Avro-Amerikan
akrabaliklari gostermektedir (R. H. Wagner, Sengdr, 1990'da). Benzer Ust Karbonifer-Alt Permiyen
fasiyesleri Blyik Kafkaslar'da ortaya cikar, ve Hersiniyen orojenezinin bitimindeki molas
depolanmasini temsil eder (Khain, 1975; Adamia ve digerleri, 1982); tim bu istifler Avrupa’daki
Rotliegende serisi ile karsilastirifabilir. Bunun yani sira, benzerleri Dogu Pontidler’in temelinde
bulunan erken Hersiniyen sillimanit-kordiyeritli gnays ve migmatitler ile intrusif plutonlarin Blyuk
Kafkaslarda (On Silsile ve Ana Silsile zonlar) ve Transkafkasya’nin Dzirula, Kharami ve Loki
yiikselimlerinde de bulundugu rapor edilmistir (Abesadze ve digerleri, 1982; Adamia ve digerleri,
1982, 1983). Toridler'de Hersiniyen metamorfizmast ve magmatizmasinin izlenmemesi, Dogu
Pontidler olasilikla Lavrasya’nin giiney kenari boyunca yer alan Kafkasya boélgesinin bir pargasi
olduguna isaret etmektedir (Adamia ve digerleri, 1982; Robinson ve digerleri, 1995). Bu gdruse karsit
bir sav Sengor (1990) tarafindan one stirilmis olup, aragtirmaci Dogu Pontidler ile Dzirula, Kharami
ve Loki yiikselimlerini Gondwana’nin kuzey kenarina yerlestirmektedir. Bu gorus, bilyuk olcide,
Blyik Kafkaslar’da bulunan ve Gec¢ Paleozoyik deformasyonuna iliskin hicbir jeolojik kayit icermedigi
farz edilen ve gorunirde Orta Devoniyen’den Orta Triyas'a kadar stirekli kirintili istifin (Dizi Serisi;
Adamia ve digerleri, 1982) varligina dayanmaktadir.

Dogu Pontidler’de Permiyen ve Triyas olaylarinin iyi bir kaydi yoktur. Dogu Pontidler'de Permo-
Triyas ofiyolitlerinin varhgina iliskin cesitli raporlarin  (0rnegin Seymen, 1975; Bektas ve digerleri,
1984; Kocyigit, 1990) dogrulugu kanitlanamamistir. Sakarya Zonu'nun batisindaki Biga
Yarimadas’nda Agvanis Masifi'nin benzeyen, Permo-Triyas yash bir metabazit-fillit-mermer birimi,
Orta Karbonifer (308 + 16 My) zirkon Pb yaslar alinmis olan (Okay ve digerleri, 1996a) bir yuksek
dereceli metamorfik temeli tektonik olarak tizerlemektedir. Bu iliski, en geg Triyas'taki Paleo-Tetis’in
nihai kapanimi sirasinda, bir Permo-Triyas okyanusal platosunun aktif kita kenarina yamanmasi olarak
yorumlanmaktadir (Okay, 2000). Benzer bir tektonik iliski ve yorum Dogu Pontidler icin de
dusunulebilir. Dogu Pontidler’in i¢ kenari boyunca Paleo-Tetis dalma/batma-yigisim istiflerinin
konumu ve bunlarin kuzeyde goérilmeyisi, Paleo-Tetis'in Dogu Pontidler’in glineyinde yer aldigini
gostermektedir.

JURA-ERKEN KRETASE

Alt-Orta Jura Volkanoklastik-Volkanik istifi: Kelkit Formasyonu — Rift mi Yay mi?

Dogu Pontidler'de Triyas sedimanter kayalari bulunmaz ve Mesozoyik cokelimi glineyden gelen
buyiik Liyas transgresyonu ile baslar (Akin, 1979). Dogu Pontidler’deki Jura, karakteristik olarak,
heterojen bir temel lzerinde uyumsuz olarak yer alan ve baslica volkanoklastiklerden olusan bir
formasyonla (Kelkit Formasyonu) temsil edilir. Birim bazaltik ve andezitik litik tuf, volkanojenik
kumtasi, seyl, bazaltik ve andezitik lav ve konglomeralardan olusur. Ayrica istifin icinde ince, devamsiz
kémir ve ammonitico rosso diizeyleri de bulunur (Sekil 4). Her ne kadar istifte volkanojenik
kumtaslari egemen ise de, ayni zamanda gercek piroklastik kayalar ile bazaltik ve andezitik lav
akmalari da yer alir (érnegin Bergougnan, 1976, 1987). Piroklastik kayalarin ve lavlarin klinopiroksen
bilesimleri, toleyitik bir ana magmay! disiindiriir (Bergougnan, 1987). Kelkit Formasyonu’'na benzer
birimler Dogu Pontidler'de ¢ok genis bir yayillima sahiptir ve Destek-Resadiye’den (Ozturk, 1979;
Aktimur ve digerleri, 1992; Seymen, 1975) 500 km uzakliktaki Olur ve Yusufeli bolgelerine (Maden
Tetkik ve Arama Enstitiisi, 1977; Yilmaz 1985; Bozkus, 1992a; Konak ve Hakyemez, 2001) kadar
uzanir. Kuzey uzanimi, Gimishane’nin kuzeyindeki Kretase ve Eosen dolgulari tarafindan genis
dlcude gizlenmistir. Bununla birlikte bu bolgedeki kiiciik ylzeylemeleri (Tash, 1984; Bektag ve
digerleri, 1987; Korkmaz, 1993) benzer fasiyes ozelliklerine sahiptir (Sekil 2).

Kelkit Formasyonunun 1500-2000 m arasinda bir kalinhig vardir (Ketin, 1951; Nebert, 1961; Pelin,
1977; Bergougnan, 1987; Gursoy, 1989; Okay, 1993) ve diisey ve yanalda fasiyes degisimleri gosterir.
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Kelkit Formasyonu glineye dogru daha ince taneli ve goreli derin denizel karakterli olmaya baslar
(Yilmaz, 1985; Okay, 1993).

Kelkit Formasyonunun yasi, baslica, Pliensbahiyen’den Toarsiyen’e kadar olan Liyas katlarinin
varhgini gésteren ammonotico rosso diizeyleri i¢indeki ammonitlere dayandirilmistir (Otkun, 1942;
Stchepensky, 1945; Ketin, 1951; Alp, 1972; Yilmaz, 1972; Bassoullet ve digerleri, 1975; Ozer, 1984;
Bergougnan, 1987). Ayrica komiir dizeylerini ayiran palinoloji de Liyas (Agrali ve digerleri, 1966;
Pelin, 1977) ve Dogger (Agrali ve digerleri, 1965) yaslarini vermektedir. Dogger’in varligina ayrica
ender makrofosiller (Wedding, 1963), dinoflagellat ve palinomorf topluluklari da (Robinson ve
digerleri, 1995) isaret etmektedir. BoOylece, Kelkit Formasyonunun zaman araliginin, erken
Pliensbahiyen’den en azindan Batoniyen sonuna kadar uzandigi séylenebilmektedir.

Dogu Pontidler ve Kafkaslar, Triyas ¢okellerinin genelde bulunmayisi, volkanik kaya ve kémiir
iceren Jura fasiyesleri gibi benzer stratigrafik 6zelliklere sahiptir (Khain, 1975; Adamia ve digerleri,
1982), Mesozoyik stratigrafileri arasindaki bu benzerlik, bazi gériislerin (6rnegin Bektas ve digerleri,
1984) tersine, Dogu Pontidler, Dogu Karadeniz Havzasinin Maastrihtiyen’de acilmasindan énce,
Kafkaslarla birlikte Lavrasya’nin gliney kenari boyunca yer aldigini géstermektedir.

Gorar ve digerleri (1983) Dogu Pontidler'in Kelkit Formasyonu’nu, giineydeki Neo-Tetis
Okyanusu’nun agilmasiyla iliskili bir rift fasiyesi olarak yorumlar. Kelkit Formasyonundaki yanal fasiyes
ve kalinhk degisimleri, bu yorumu desteklemektedir. Kelkit Formasyonunun fasiyeslerinden
cikarsanan glineye dogru derinlesme, olasilikla Neo-Tetis’e ait Ankara-Erzincan Okyanusu’nun
aciimasiyla iligkilidir (Gorir ve digerleri, 1983). Bununla birlikte, bu yorumda Dogu Pontidler ile
Toridler arasinda Jura oncesi stratigrafisinin benzemezligine bagl bir celiski ortaya cikmaktadir.
Toridler’'in Munzur ve Keban unitelerinde, Pontidler’in hicbir yerinde gériilmeyen, iyi gelismis bir
Triyas ve Permiyen karbonat istifi vardir (Ozgiil ve Tursucu, 1984). Bunun &tesinde, Liyas sirasinda
kenedin iki tarafi arasinda faunal farkliliklar bulunmaktaydi (Bassoullet ve digerleri, 1975; Enay, 1976);
Pontidler’in Liyas ammonitleri Lavrasya giiney kenarindakilere ama Toridler'in Munzur Daglari’ndaki
Liyas faunasi Tetis giiney kenarindakilere benzemektedir. Buyiik bir olasilikla, Lavrasya’nin giiney kenari
boyunca Liyas sonrasinda biiyiik dogrultu atimli hareketler meydana gelmistir; bunun bir neticesi olarak
Toridler Liyas 6ncesinde Dogu Pontidler’le hig birarada olmamistir. Bunun disinda Alt-Orta Jura volkanik
kayalari (zerinde son zamanlarda vyapilan jeokimya calismalari, levha-ici kdkenden cok bir
dalma/batmaya isaret etmektedir.

Ust Jura-Alt Kretase Karbonat Platformu

Kelkit Formasyonu tzerinde yer alan Ust Jura-Alt Kretase karbonatlari, biitiin Sakarya Zonu’nda
ylzeyler. Yaklasik 900 m kalinliktaki neritik kirectaslari ve dolomitlerle temsil edilen karbonat
¢Okelimi Dig Dogu Pontidler'de Oksfordiyen/Titoniyen’de baslamistir (Pelin, 1977; 1981; Giirsoy,
1989; Yilmaz, 1992; Robinson ve digerleri, 1995). Giineyde i¢ Dogu Pontidler’de 1000 m’yi asan
kalinliktaki pelajik radyolaryal mikrit ve kalsitiirbidit ile temsil edilen karbonat cékelimi ise biraz daha
geg, Tithoniyen/Berriyaziyen’de baslamistir (Ketin, 1951; Bursuk, 1975, 1981; Tutkun ve inan, 1982;
Okay ve digerleri, 1996b). Geg Jura-Erken Kretase sirasindaki kiiciik ve yerel bazik volkanizma
Gumishane’nin kuzeyindeki (Zankl, 1962b) ve Pulur'un gineyindeki (Okay ve digerleri, 1996b)
kiregtaslari icindeki ince tuf katmanlariyla kanitlanir. Geg Jura’da Dis ve ic Dogu Pontidler arasinda
belirgin bir fasiyes farklilasmasi gorilir. Bu iki bolge arasindaki sinir yaklasik Niksar-Demirozii-
Bayburt-Tortum hattini izler (Sekil 2). Buradaki fotograf, bir karbonat platformunun giineydoguya
dogru Lavrasya’nin giineye bakan kita kenarini temsil eden bir karbonat yokusuna/rampasina gecisini
resmetmektedir (Sekil 4; Gorur ve digerleri, 1988). Dogu Pontidler’deki bu evre giineye bakan
karbonath pasif kita kenarinin gelisimini simgeler.
Ust Jura-Alt Kretase karbonatlari tistte, Alucra bélgesi gibi (Pelin, 1977) bazi yerlerde hemen hemen
tim karbonat istifinin asindinlmis oldugu, blyik bir Senoniyen uyumsuzlugu ile sinirlanir.
Karbonatlar, tim karbonat istifini ortadan kaldiran vyerel gelismis paleo vadiler boyunca
karstlagmistir. Kuzeyde korunmus karbonat istifinin en Ust yasi gec Barremiyen (Pelin, 1977;
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Bergougnan, 1987), giineyde ise Apsiyen-Albiyen’dir (Bursuk, 1981; Okay ve digerleri, 1996b Tash ve
Ozsayar, 1997). Pelajik karbonatlarda Albiyen yasi kenet kusagl yakinindaki Maden yoresinde
bulunmustur (Elmas, 1994; Robinson ve digerleri, 1995).

SENOMANIYEN-TURONIYEN — OFiYOLITiK MELANJIN YERLESIMINE BAGLI BOLGESEL YUKSELIM

Senomaniyen tiim Dogu Pontidler'de biyik bir yikselme aginma dénemini temsil eder (Ketin,
1977; Pelin et al., 1982); bu ylkselime ic Dogu Pontidler’de ofiyolitik melanjin kuzeye yerlesimi eslik
etmistir (Sekil 4). Tum Dogu Pontidler'de genellikle Senomaniyen cokeli yoktur; c¢ogu yerde
Kampaniyen kirectaglar Jura ¢okelleri iizerinde uyumsuz olarak yer alir (Pelin, 1977; Bergougnan,
1987; Yilmaz, 1985; Giirsoy, 1989; Robinson ve digerleri, 1995; Eren ve Tasli, 2002); Gumishane
bolgesinde Senoniyen kayalari dogrudan Karbonifer granitleri iizerine gelir (Yilmaz, 1972). Bu
yonleriyle Dogu Pontidler, Apsiyen-Albiyen’in Bati Karadeniz Havzasi’'nin aciimasina eslik eden
riftlesmeyle es zamanli dolgular olarak yorumlanan sig ve derin kirintili kayalarla tanimlanan (Gordr,
1988; Robinson et al., 1995) Orta Pontidier’den ayrihr.

Dogu Pontidler'deki ofiyolitik melanj, Erzincan’in kuzeyinden Tortum’un kuzeyine kadar uzanan
200 km uzunlugunda bir bindirme dilimi olusturur (Sekil 2) ve Alt Kretase pelajik karbonatlari
tizerinde tektonik olarak yer alir (Bilgin, 1984; Bergougnan, 1987; inan, 1988; Okay ve digerleri,
1996b). Erken Tersiyer erozyonuna bagl olarak ofiyolitik melanj, kenet kusagindaki ve Toridler’deki
buyik peridotit ve melanj kutlelerinin tersine, Neokomiyen pelajik karbonatlarinin izerinde kiclik
klipler halinde korunmustur ($Sekil 2). Yerel olarak, melanj ile karbonatlarin arasinda bir olistostromal
onilke flis istifi gorilir. Maden yoresinde melanjin altindaki karbonatlardaki en genc yas ge¢
Albiyen’dir (Elmas, 1994).

Ofiyolitik melanj -bolluk sirasina gore- spilitlesmis bazalt, radyolaryal ¢ort, pelajik ve neritik
kirectasi, kumtasi, seyl, silttasi ve serpantinit bloklarindan olusmustur. Hem okyanus kabugundan
hem de Dogu Pontid pasif kita kenarindan tiiremis kayatirlerini icerir. Melanj icindeki cesitli bloklar,
ayirt edilebilen herhangi bir matriks olmaksizin fayli dokanaklar boyunca biraraya gelmislerdir. Melanj
icinde bulunan Dogu Pontid kita kenari kokenli pelajik kiregtast bloklarinin yasi Apsiyen’e kadar gikar
(Okay ve digerleri, 1996b) ve melanj Maden yéresinde Maastrihtiyen yash, rudist iceren neritik
kirectaslar tarafindan uyumsuz olarak ortulur (Ketin, 1951; Fenerci, 1994). Bu iliski, melanj
olusumunun yagint ve kita kenari uzerine yerlesimini Senomaniyen-Kampaniyen zaman araligina
sikistirir.  Dogu Pontidler'de Geg¢ Kretase transgresyonunun Turoniyen-Koniyasiyen’de baglamis
oldugu dikkate alindiginda, melanjin yerlesim yas Senomaniyen-Turoniyen araligi ile sinirlandirilabilir.
Sikisma her ne kadar tim Dogu Pontidler’de buyiik bir yiikselim ve aginma dénemi olarak hissedilmis
ise de (Sekil 4), ofiyolitik melanj bindirme dilimi Siran-Kelkit-Bayburt hattinin kuzeyine (Sekil 2)
erisememis gibi gorinmektedir. Tokat Masifi’nin batisindaki bélgede Aktimur ve digerleri (1992)
ofiyolitik melanjin bu dénemde yerlestigini aciklar. Kiiciik Kafkaslar'da da ofiyolit ve ofiyolitik melanj
Senomaniyen-Koniyasiyen sirasinda kuzeye dogru Sevan-Akera Zonu Uzerine yerrlesmistir (Knipper,
1980).

Boylece, okyanus kabugu ve/veya okyanusal yigisim karmasigr, Senomaniyen-Turoniyen zaman
araliginda, 1000 km uzunlugundaki Dogu Pontid-Kiicik Kafkas kita kenari lzerine kuzeye dogru
{izerlemistir. Bu tzerleme, giineye egimli geng bir okyanus i¢i dalma/batma zonunda Dogu Pontid
pasif kita kenarinin kismen dalip batmasina bagli olabilir. Bunu, olasilikla, dalma/batma yoninin
aniden giineyden kuzeye dogru degismesi izlemistir. Bu, Dis Dogu Pontidler'deki Turoniyen
dalma/batmasina bagh volkanik etkinlikle, ofiyolitik melanjin Uzerlemesi arasindaki yakin zamansal
iliskiyi aciklar. Melanjin yerlegimine iliskin alternatif bir mekanizma, Elmas (1995) tarafindan Dogu
Pontidler icin 6nerilen, yigisim karmasiginin kuzeye egimli bir dalma/batma zonu Uzerinde geriye
bindirmesidir (bkz., Silver ve Reed, 1988).

PONTID MAGMATIK YAYININ SENONIYEN'DEKi BUYUMESI
Senoniyen ve Eosen volkanik ve sedimanter kayalarinin baskin oldugu Dis Dogu Pontidler'de, Alt ve
Ust Kretase arasinda belirgin bir kesiklik yoktur. ic Dogu Pontidler'de Senoniyen transgresyonu ,
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transgresyonun kuzeyden geldigini gosterecek sekilde, Alucra’da geg Turoniyen/Koniyasiyen’e (Schiftah,
1967; Pelin, 1977; Robinson ve digerleri, 1995), Kelkit'te Koniyasiyen/Santoniyen’e (Giirsoy, 1989) ve son
olarak Maden yoresinde erken Maastrihtiyen’e (Ketin, 1951; Fenerci, 1994) kadar genclesir.

Bir magmatik yayin st yizeyindeki dolgulari (Dewey et al., 1973; Boccaletti et al., 1974; Akin, 1979)
veya yayici havzasini temsil eden iki kilometreden kalin bir Kretase volkano-sedimanter istifi, tim Dis
Dogu Pontidler boyunca yizeylenir (Sekil 2). Her ne kadar Dis Dogu Pontid bolgesi yogun bitki értiisi ile
kapli ise de, volkanik kayalardaki yaygin polimetalik siilfid cevherlesmesi nedeniyle cok calisilmistir. Dig
Dogu Pontidler’in Mesozoyik serilerinin yapisi, blok faylanma ve denize tath egimlerle karakterize olur.
Yast belli olan buyuk bir ana kivrim veya fay haritalanmamigtir. Horst ve grabenleri belirleyen dikge
egimli faylar genellikle eslenik olup KD ve KB dogrultuludur (Schultze-Westrum, 1962; Zankl, 1962a;
Kronberg, 1970; Buser ve Cvetic, 1973; Gedikoglu, 1978; Akin, 1979).

Dis Dogu Pontidler’deki Kretase volkanik istifi bazaltik ve andezitik lavlarla baslar ve iiste dogru dasitik
ve riyolitik lavlar, bresler ve az miktarda kiregtasi arakatkili tiiflere gecer (Schultze-Westrum, 1962; Zankl,
1962a; Egin et al., 1979; Ozsayar et al., 1982; Ercan and Gedik, 1983; Akinci, 1984; Gedik et al., 1992;
Korkmaz, 1993). Istif, Maastrihtiyen yash kirectaslariyla sona erer. Erken Kretase'deki yerel bazik
volkanizmanin bazi kanitlari olmakla birlikte (Zankl, 1962b; Okay, 1993), cogu bolgede volkanik ve
volkanoklastik kayalar Kimmericiyen-Neokomiyen yasl neritik kiregtaslari tizerinde uyumsuz olarak yer
alir ve bu ytizden Senomaniyen’den gengtir (6rnegin Pelin, 1977; Terlemez ve Yilmaz, 1980; Tash, 1984;
Korkmaz, 1993). Volkanik istifin en alt kesimleri Taner ve Zaninetti (1978) tarafindan hassas olarak
tarihlenmis olup, aragtirmacilar dasitlerin stratigrafik olarak 1500 m altindaki bazik volkanik kayalarla
ardalanan kiregtaglarinda orta Turoniyen yasl bir pelajik fauna tanimlamislardir. istifin daha stlerinde,
yine arakatki olarak bulunan kiregtaslarinda Senoniyen’in tiim katlari saptanmistir (5rnegin Ozsayar,
1971) ve bu, volkanizmanin Maastrihtiyen’de de kismen devam ettigini belgelemektedir (Korkmaz ve
Gedik, 1988; Korkmaz, 1993).

Kretase volkano-klastik ve volkanik istifinin kalinligi 2000 metrenin (izerindedir. Volkanizma timiuyle
denizalti kokenli olup, globotruncanid iceren pelajik ve rudist iceren neritik kirectaslarinin
ardalanmasindan ¢ikarsandigi Uzere duzensiz bir denizalti topografyasi tizerinde goriliir. Olasi volkanik
merkezler derin deniz havzalari ile birbirinden ayrilmisti r(Robinson ve digerleri, 1995). Cok sayida masif
ve stokvork tipi polimetalik (Fe, Cu, Pb, Zn) siilfid cevheri yataklanmasi volkanik istifteki dasitik-riyolitik
lav, breg ve tifler icinde gorilir (Sekil 2). Bu yataklar yogun olarak calisilmistir (6rnegin Kraeff, 1963;
Koprivicia, 1976; Altun, 1977; Pejatovic, 1979; Egin ve digerleri, 1979; Hirst ve Egin, 1979; Cagatay ve
Boyle, 1980; Akinci, 1984). Bu yataklar, volkanik merkezler etrafinda yay volkanizmasi sirasinda olusmus
olan (6rnegin Mitchell ve Garson, 1976) Japon Kuroko tipi siilfid yataklarina belirgin olarak benzer (Akin,
1979). siilfid cevherleri, genellikle, deniz tabani iizerine dogrudan bosalim yapan volkanik sicak
kaynaklarca Uretildigi dustiniilen ekshalatif-sedimanter manganez yataklan tarafindan iizerlenir (Hirst ve
Egin, 1979). Dogu Pontidler’deki Kuroko tipi masif siilfid cevherlesmesinin dagilimi (Vujanovic, 1974;
Pejatovic, 1979), Senoniyen’deki volkanik merkezleri belirtir ve bugiinkii Karadeniz kenarina yakin bir
volkanik ekseni gosterir (Sekil 2). Sulfid cevherlesmesi kismen KD-GB ve KB-GD gidisli eslenik faylarla
denetlenmistir (Schultze-Westrum, 1961; Koprivica, 1976; Hirst and Egin, 1979).

Kretase volkanik kayalari genellikle subalkalendir ve tipik ada yayi jeokimya imzasini tasir (Peccerillo
ve Taylor, 1975; Gedikoglu, 1978; Akin, 1979; Egin ve digerleri, 1979; Egin ve Hirst, 1979; Manetti ve
digerleri, 1983; Akinci, 1984; Képriibast, 1993). Yalnizca volkanik dénemin bitimine dogru 16sit ve nefelin
iceren bazanit ve tefritleri Greten, biraz alkalen, sosonitik bazik volkanizma gérilir (Glimas, 1978;
Korkmaz ve digerleri, 1993). Kretase volkanizmasina ¢ok sayida granitoyid sokulumu eslik etmistir (Sekil
2). B unlarin izotopik yagslari 95 My’dan 65 My’a kadar uzanir (Taner, 1977; Gedikoglu, 1978; Moore ve
digerleri., 1980, Boztug ve digerleri., 2004, 2007; Boztug and Harlavan, 2007). Genis bir modal sagilim
gosterseler de, hornblend-biyotit granodiyorit ve kuvars-diyoritler baskindir; jeokimyasal olarak
granitoyidler tipik kalkalkalen egilim gosterir (Cogulu, 1975; Taner, 1977; Gedikoglu, 1978; Moore ve
digerleri, 1980). Granitoyidler genellikle alt bazik volkanik kayalara sokulmustur ve yerel olarak dasitik
lavlar tarafindan tzerlenir.
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Senoniyen’de i¢ Dogu Pontidler yayoni konumundaydi. Kelkit'in kuzeyi gibi bazi yerlerde, yay ile
yayonii arasinda sig denizel kumtaslari ve rudistli kiregtaglarinin cokelimiyle karakterize olan bir sirt
bulunuyordu (Schiftah, 1967; Gursoy, 1989). Bununla birlikte ¢cogu yerde, glineye dogru lavlarin azalarak
volkanoklastiklerin artmasi bigiminde bir dereceli gegis bulunmaktaydi. i¢c Dogu Pontidler'deki
Senoniyen, karakteristik olarak, pelajik kirectas arakatkilari iceren, 500-900 m kalinlikta bir tufla flis istif
ile temsil edilir (Seymen, 1975; Pelin, 1977; H. Yilmaz, 1985; Giirsoy, 1989; Okay ve digerleri, 1996b).

Dogu Pontidler’in Senoniyen volkanik yayi, volkanizmanin denizaltinda bulunmasinin gosterdigi gibi,
genislemeli bir yayd:. Genislemeli yay havzalari genellikle volkanik eksenlerin boyuna yarilarak
bolinmesiyle gelisir (6rnegin Karig, 1971). Dogu Pontidler’de Kuroko tipi cevher yataklarinin dagihimi,
Maastrihtiyen sirasinda volkanik yay ekseninin bugiinkii  Karadeniz kiyisina  yakin oldugunu
gbstermektedir. Bu yiizden Dogu Karadeniz Havzasi belki de, Maastrihtiyen’de bu yay ekseninin yarilarak
bolinmesiyle agiimaya baglamistir.  Dogu Karadeniz Havzas’'nin daha erken agilimi, ana volkanik ve
volkanoklastik értiniin bugtinkii volkanik eksenin daha kuzeyinde yer almasina yol agacakti. Oysa Dogu
Pontidler’in kuzeyindeki cok dar Karadeniz selfinde béyle bir értii gdzlenmemektedir.

PALEOSEN — ERKEN EOSEN SIKISMA TEKTONIGI — KITASAL CARPISMA

Dogu Pontidler’deki Jura sonrasi deformasyon olaylarinin en gigliisi olan buyik Paleosen/Erken
Eosen sikismasi, glneydeki Ankara-Erzincan kenedi boyunca Dogu Pontid ada yaymnin Anatolid-
Toridlerler ile carpismasina baghdir. Giineydeki bindirme kusagindan Alucra-Gimushane yoresindeki
disey kivrimlanma bolgesine ve nihayet en kuzeyde, Dis Dogu Pontidler’deki zor secilir uyumsuzluguna
kadar, kuzey dogru gittikce deformasyonda belirgin bir azalma gorilir. Bolgesel yiikselim, yer yer istifleri
Mesozoyik &ncesi temele kadar asindirarak ortadan kaldiracak dlctide derin erozyona neden olmustur.
Tum bunlar kita carpismasinin tipik ozellikleridir; ancak pek cok galismaci (Tokel, 1977; Akin, 1979;
Robinson ve digerleri, 1995) Litesiyen kalkalkalen magmatizmasini Tetis Okyanusu’nun kuzeye dogru
dalma/batmasina baglamakta ve kita carpigmasinin Oligosen’de gergeklestigini diistinmektedir. Digerleri
(6rnegin Sengdr ve Yilmaz, 1981) ise carpismay! Paleosen/Erken Eosen’de baglatmakta ama Lutesiyen
magmatizmasini dalma/batmanin devamina baglamaktadir. Oysa Lutesiyen kayalari buylk olgide
deforme olmamistir ve tiim daha eski birimlerin tizerinde buyuk bir agisal uyumsuzlukla yer alir. Bu da
gostermektedir ki, Orta Eosen’den sonra Dogu Pontidler’de biiyiik bir bolgesel sikisma olmamigtir ve kita
carpismasinin Oligosen’de gerceklemis olmasini tasavvur etmek son derece zordur. Senoniyen yay
volkanizmasi, bugiiniin yay volkanizmalarinin karakteristigi olan, dar bir kusaga hapsolma ozelligi
(6rnegin Hamilton, 1995) gosterir. Litesiyen magmatizmasi bunun aksine, cok daha sinirli bir siirede,
Dogu Pontidler’in 100 km’lik tim genisligi Uzerine yayllmig ve Ankara-Erzincan kenedine kadar
uzanmistir. Boylesine yayilmis bir magmatizma, simirlt bir siire icinde tek bir dalma/batma sisteminin
etkinligine bagh olamaz. Uclincii bir kanit, Sivas kuzeydogusunda yer alan Orta-Gegc Eosen yash (42-37
My Rb/Sr tiim kaya yasi; Kalkanci, 1974) Kosedag siyenit sokulumudur (Sekil 2). Bu, levha ici ve post-
orojenik ozellikler gosteren (Boztug ve digerleri, 1994) bir alkalen plutonudur ve kenet kusagina
sokulmustur. Boylece Pontidler ile Anatolid-Torid platformu arasinda garpismanin Paleosen/Erken Eosen
sirasinda gergeklestigine iliskin jeolojik kanitlar daha agir basmaktadir.

ORTA EOSEN — YENi BiR SEDIMANTER VE VOLKANIK DEVIR

Dogu Pontidler’de Liitesiyen denizi mevcut kivrimli ve bindirme fayli yiizey tizerine ilerlemistir (Sekil
4). Litesiyen istifleri genelde kivrimh degildir ve bindirme faylari ile iliskileri yoktur. Bunlar, biyuk
dlgude Liitesiyen ile sinirlanmig bir dénemde yeni bir ¢okelme ve volkanizma devrini isaret etmektedir.
Dogu Pontidler’deki Litesiyen dolgulari sig denizde ¢okelmistir ve volkaniklerle arakatkili kirectasi ve
kumtaslarindaki bol nummulit bolluguyla karakterize olurlar. Volkanizma Senoniyen volkanizmasindan
daha bazik bilesimli olup tiim Dogu Pontidler’de gorilur. Eosen transgresyonunun tabani genellikle
Litesiyen olarak tarihlenmistir (6rnegin Ketin, 1951; Nebert, 1964; Bergougnan, 1987; Elmas, 1995),
ancak bazi bélgelerde geg ipresiyen’e kadar inebilmektedir (Bursuk, 1975; Hakyemez ve Konak, 2001). ic
Dogu Pontidler’deki Liitesiyen kayalari, taban konglomerasi, nummulit iceren kumlu kirectasi ve kumtas!
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ve en Ustte kumtagi, silttasi, bazaltik ve andezitik tiif, marn ve ender bazaltik akmalardan olusan bir
volkanoklastik seriden meydana gelen, yaklagik 700 m kalinliginda sig denizel bir istifle temsil edilir
(Ketin, 1951; Nebert, 1961; Pelin, 1977; Agar, 1977; Ozer, 1984; Gursoy, 1989; Bozkus, 1992a; Hakyemez
ve Konak, 2001; Konak ve digerleri, 2001). Dis Dogu Pontidler’de yaklasik 1000 m kaliniginda ancak
volkanik kayalar bakimindan daha zengin olan benzer bir Lutesiyen istifi bulunur (Tokel, 1977; Korkmaz
ve Gedik, 1988; Korkmaz, 1993). Liitesiyen volkanik kayalari Ust Bazik Seri (Schultze-Westrum, 1962;
Zankl, 1962a; Tokel, 1977; Akinci, 1984) olarak da bilinen kisa émiirlii bir volkanik devri temsil eder ve
Senoniyen volkanik devrindekine benzer ama daha az géze carpan bir “zaman icinde silikaca
zenginlesme” gosterir. Dig Dogu Pontidler'deki Liitesiyen volkanik kayalari jeokimyasal olarak
kalkalkalendir ve diyagramlarda ada yay: bazalt ve andezitleri alanina diiser (Egin ve digerleri, 1979; Egin
ve Hirst, 1979; Tokel, 1977; Terzioglu, 1984; Akinci, 1984, Arslan ve Aliyazioglu, 2001; Arslan ve Aslan,
2006). Eosen ¢okelleri ve volkanikleri icine sokulmus birkag hornblend-biyotit granodiyorit, bu magmatik
devrin plutonik dyelerini olusturur (Schultze-Westrum, 1962; Zankl, 1962a). Bu granitoyidlerden alinan
birkac izotopik yas 45-30 My arasinda degisir (Cogulu, 1975; Moore ve digerleri, 1980, Boztug ve
digerleri, 2007). Bununla birlikte, Senoniyen magmatizmasinin tersine, Liitesiyen magmatik kayalan
yalnizca Dig Dogu Pontidler ile sinirli olmayip tim Dogu Pontidler’de ve komsu Toridler'de gordlir. Bu
magmatikler Erzincanin kuzeyinde, i¢ Dogu Pontidlerdeki Gec Paleosen/Erken Eosen yash bindirme
dokanaklarina sokulmustur (Sekil 2). Sivas'in kuzeydogusunda, Ankara-Erzincan kenet zonunda, Orta-Gecg
Eosen yasl (42-37 My) Kosedag plutonu (Kalkanci, 1974) Liitesiyen volkano-sedimanter formasyonlarinin
icine girmistir (Sekil 2). Ankara-Erzincan kenedinin giineyindeki Liitesiyen dolgulari da sig su sedimanter
kayalariyla ardalanan andezitik lav, tif ve piroklastik kayalarindan meydana gelir (6rnegin Ozgiil, 1981;
A.Yilmaz, 1985). Bu durum ve biiyiik Paleosen-Erken Eosen uyumsuzlugu géstermektedir ki, Senoniyen
ve Litesiyen volkanik istifleri iki farkli devri temsil etmektedir (Manetti ve digerleri, 1983, 1988).
Lutesiyen volkanizmasinin bdylesi genis yayiliminin nedeni acik degildir. Tibet tipi bir carpisma sonrasi
magmatizmanin kabuk kalinlagmasiyla tetiklenmis olmasi teorisi, garpismadan yalnizca birkac milyon yil
sonra bolgesel genislemeyi gésteren, Litesiyen magmatizmasinin denizel ézelligi nedeniyle olasi degildir.
Bolgesel genisleme ve ona eslik eden magmatizma, okyanusal Dogu Karadeniz Havzasi'nin hizli
acilmasina bagli olabilir. Okay ve digerleri (1994), Dogu Karadeniz Havzas’nin, Dogu Pontidler’in
kuzeyindeki biyik bir kitasal blogun saat yéniiniin tersine donmesiyle agildigini ileri siirer. Her ne kadar
Dogu Karadeniz Havzasi'nin donmesi ve dolayisiyla acilmasi olasilikla en gec Kretase’de baslamis ise de,
Lutesiyen’de dénme hizindaki bir artis tiim Dogu Pontidler’de genisleme ve magmatizmayla sonuglanmis
olabilir. Ancak, Eosen magmatizmasi Kafkaslar ve iran’da da cok yaygindir (bkz. Kazmin ve digerleri,
1986) ve bu da bu gizemli magmatik olay icin daha kiiresel bir nedenin olmasi gerektigini distndurir.

OLIGOSEN VE DAHA GENG iSTiFLER

Dogu Pontidler'deki denizel istiflerin yasi genellikle Geg Eosen’e erismez, bu durum Dogu Pontidler’in
Orta Eosen sonunda bir bitiin olarak yikseldigini ve o zamandan bu yana, Ankara-Erzincan kenet
zonundan Erken Miyosen deniz kolunun girisi harig, genis élclide deniz diizeyi tizerinde kaldigini gbsterir
(0rnegin Gedik, 1985; Yiimaz ve digerleri, 1988; inan, 1988; Gokten, 1993). Dogu Pontidler’in en
kuzeyinde, Para-Tetis'in kigiik kérfezlerini temsil eden, Gec Miyosen (Sarmasiyen) ve Erken Pliyosen
(Ponsiyen) yash ve az miktardaki denizel ¢okel bugiinkii Karadeniz kiyisi boyunca kiigiik yizlekler
olusturur (Ozsayar, 1971, 1977).

Kuzeydogu Tirkiye’nin Miyosen ve sonrasinin tarihi, aradaki okyanusal havzalarin timiiyle ortadan
kalkmasindan sonra Arap Bloku ile Lavrasya’nin siiregiden carpismasinin yol actigi sikismayla karakterize
olur. Bu sikismanin ¢ogu, i¢ Dogu Pontidler'in giineyindeki Ankara-Erzincan kenedi boyunca genellikle
glneye yonelik bindirme ve kivrimlanma ile karsilanmistir (6rnegin Aktimur ve digerleri, 1990; Bozkus,
1992b). Karasal kinintili ¢dkelimiyle karakterize olan kiigiik 6niilke havzalari, Miyosen’de Ankara-Erzincan
kenedi boyunca bu bindirme dilimleri éniinde gelismistir (6rnegin inan, 1988). Ayrica, ¢ok yakin
zamanda sona eren ¢ok genis 6lglide bazaltik alkalen bir volkanizma da vardir (Terzioglu, 1985). Orta-Gec
Miyosen’de devam eden sikisma, Anadolu blogunun batiya hareketini ve bugin stregiden yeni tektonik
rejimi baglatan Kuzey Anadolu Fayr'nin olusmaya baslamasi sonucunu dogurmustur (Sengor, 1979).
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TETIS OKYANUSUNUN KARSI TARAFI —TORID KENARI

Dogu Pontidler’in gineyinde yer alan Tetis Okyanusu’nun evriminin daha iyi kavranmasini saglayacak
veriler, Tetis kenedinin giineyindeki Toridler’in jeolojisinden saglanabilir. Kenedin giineyindeki Tersiyer
éncesi litolojiler Sivas’in glineyinden Erzincan’in glineyine kadar kesintili olarak izlenir; en iyi mostralar
Munzur daglarimda yer alir (Sekil 2). Erzincan'in glineybatisindaki bu bolgede Ust Triyas-Senomaniyen
platform karbonatlari, Turoniyen-Ust Kampaniyen pelajik biyomikritleri tarafindan acisal uyumsuzlukla
uzerlenir (Ozgiil, 1981; Ozgiil ve Tursucu, 1984). Erken Maastrihtiyen’de biyuk peridotit dilimleri iceren
ofiyolitik melanj karbonatlar tizerine yerlesmis ve karbonat platformu giineye yonelik ana bindirmeler
boyunca i¢ dilimlenmeye ugramistir. Sivas'in glneyi ile Horasan arasindaki 350 km’lik bolge icinde,
ofiyolitik melanj ve peridotit dilimleri Maastrihtiyen-Paleosen sig denizel kiregtaglar tarafindan uyumsuz
olarak tizerlenir (inan ve digerleri, 1993; Ozguil, 1981; Gedik, 1985; Yilmaz ve digerleri, 1988). Munzur
bolgesinde bunu bir yiikselim ve erozyon doénemi izler ve Litesiyen kumtasi, kiregtasi, tif, bazalt ve
andezitleri tim daha eski birimleri uyumsuz olarak orter. Ust Eosen kayalart Munzur bolgesinde
Pontidler'deki gibi bulunmamaktadir; Oligosen karasal kinntililar ve evaporitlerden olusur; denizel istif
ise tekrar Alt Miyosen sig denizel ¢okelleri ile baslar (6rnegin Gokten, 1993).

SONUCLAR

Dogu Pontidler’in baslica stratigrafik ve tektonik ozellikleri asagida ozetlenmigtir:

Dogu Pontidler’in Erken Hersiniyen ve Kimmerid orojenik olaylari sirasinda bir araya gelen farkl
kayalardan olusan heterojen bir Jura dncesi temeli bulunmaktadir. Triyas sedimanter kayalari, olasilikla
Kimmerid orojenezi sirasindaki metamorfizma nedeniyle yoktur. Mesozoyik istif yaygin Liyas
transgresyonu ile baglar ve Kretase ortasina kadar hemen hemen kesintisiz devam eder. Kretase
ortasinda tim Dogu Pontidler’de yiikselim ve asinmayla birlikte gerceklesen sikismali biyik ¢okelim
kesilmesi gozlenir. B u sikigma olayina, Senomaniyen-Turoniyen sirasinda Dogu Pontidler’in gliney kita
kenarina ofiyolitik melanjin yerlesimi neden olmustur. Sikisma ve melanjin Gzerlemesi, olasilikla, giineye
egimli bir okyanus i¢i dalma/batma zonunda Dogu Pontid pasif kita kenarinin kismi dalmasina baghdir.
Bunu dalma yoniinde ani bir degisim izlemis ve bunun sonucunda kuzeye dalan Tetis okyanus litosferin
iizerinde Dis Dogu Pontidler’de Turoniyen’den Kampaniyen’e kadar uzanan bir volkanik yay gelismistir.
Volkanik yay genislemeli ve tiimiyle denizalti karakterlidir. Dogu Pontidler’in i¢ kesimleri Senoniyen
boyunca yayéni konumundaydi.. Dogu Karadeniz Havzasi olasilikla Maastrihtiyen’de volkanik yay
eksenini boyunca gerceklesen yariimalarla agiimaya baslamistir.

Dogu Pontidler’in giiney kita kenarinin bindirmelerle ana ekaylanmasi Geg Paleosen/Erken Eosen
sirasinda gerceklesmistir. Ekaylanma Jura oncesi temeli de kapsar; kalin énulke flis havzalar kuzeye
hareket eden naplarin éniinde gelismistir. Ge¢ Paleosen/Erken Eosen zamani Dig Dogu Pontidler'de
kivrimlanma, yiikselim ve asinmayla karakterize olur. Mesozoyik ve Tersiyer boyunca Dogu Pontidler'de
meydana gelen bu en giiglii orojenik olay, Dogu Pontid yayt ile Toridler arasindaki kita ¢arpismasi sonuuc
ortya cikmistir.

Orta Eosen’in cok az deforme olmus bazaltik ve andezitik volkanik ve sig denizel kayalar, tiim Dogu
Pontidler’de goriiliir ve bunlar kivrimli ve bindirme fayli bir temel Uzerinde transgresif olarak yer alir. Bu
kayalar, olasilikla, Dogu Karadeniz Havzasi'nin agilmasinin hizli bir evresine bagl bir bolgesel genislemeyi
isaret eder. Orta Eosen sonundan itibaren Dogu Pontidler deniz diizeyi tizerinde kalmis ve yalnizca ¢ok az
bir volkanik etkinlik ve karasal ¢okelime sahne olmustur.

Dogu Pontid stratigrafik istifi volkanik ve volkanoklastik kayalar bakimindan zengindir. Mesozoyik-
Tersiyer siiresince {ic ana magmatik donem tanimlanmistir. ilk donem Erken-Orta Jura yasl olup
olasilikla toleyitik karakterli ve riftlesmeye baghdir. Turoniyen-Maastrihtiyen yasli olan ikincisi bashca
subalkalendir ve dalma/batmayla iliskilidir. Ugtincti dénem ise Orta Eosen yasinda ve kalkalkalen
karakterli olup olasilikla bélgesel genisleme ile baglantilidir.
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DOGU PONTIDLERIN DOGU KESIMININ JEOLOJIK OZELLIKLERI

Dogu Pontidler'in dogu kesiminde birbirleriyle tektonik iliskili Liyas-Paleosen vyash cesitli
tektonostratigrafik Uniteler ylizeylenmektedir. Bunlar kendi aralarinda kuzeyden giineye dogru ii¢ zon
icinde gruplandinlmigtir (Sekil 5). En kuzeyde yer alan Hopa-Borgka Zonu, Dis Pontidler kapsaminda
olup, ayni zamanda Kafkaslar'daki Adjera-Trialeti Zonu’nun Tirkiye'deki devamidir. En giineydeki
Olur-Tortum Zonu i¢ Pontidler iginde yer alir ve Sakarya Zonu’nun Orta Sakarya bolgesindeki Jura-
Kretase istiflerinin ozelliklerini sergiler. Hopa-Borgka Zonu ile Olur-Tortum Zonu arasinda yer alan, bir
ara zon niteligindeki Artvin-Yusufeli Zonu ise Kafkaslar'daki Artvin-Bolnisi Zonu’nun Tirkiye’deki
karsiligr olup (Adamia ve digerleri, 1992), baz stratigrafik 6zellikleriyle Orta Pontidler’deki Jura-
Kretase istiflerini animsatir.

Hopa-Borcka kesitinde Hopa-Borgcka Zonu’'nun Ust Kretase &ncesi istifleri gézlenememektedir.
Ancak Dig Dogu Pontidler olarak da tanimlanan bu zonun daha batida en altta yer alan birimlerinin
yasi Paleozoyik’e kadar inmektedir. Dis Dogu Pontidler'de saptanabilen en yasl kayalar Giresun-
Dereli glneyindeki Paleozoyik metamorfik sist ve mermerleri ile Kackar Daglar’ndaki Alt-Orta
Karbonifer (Cogulu, 1975; Bergougnan, 1987) granitoyidlerdir. Bu kayaclarin yalnizca Ust Kretase
birimleriyle iliskisi gbzlenebilmektedir.

Dis Dogu Pontidler'de bu kayaglar diginda istiflenmenin tam gorilebildigi kesitlerde, istif tabanda
olasi Erken-Orta Jura yaslh bazik ve ortag volkanitler ve bunlarla arakatkili epiklastik kayalarla baslar
(Sekil 6). istifin alt kesimindeki bazalt ve andezitler siyah-mor-yesil renkli, yer yer spilitlesmis, cubuksu
plajiyoklashdir; ste dogru ise genellikle epiklastik kumtaslarina gegilir. Orta Jura volkanitleri izerine
uyumsuz olarak gri-beyaz renkli, kalin katmanli, Geg Jura-Apsiyen yasli platform kirectaslari gelir. Bu
kirectaslari iste dogru goreli derin selfte ¢dkelmis ince katmanli, yari pelajik kirectaslarina gecer.

Apsiyen’de genigsleme rejiminde gerceklesen platform pargalanmasi ve havza agilmasiyla birlikte,
bu yari-pelajik kiregtaslarinin tizerine koyu gri-siyah renkli, yer yer olistolitler ve moloz akmasi
cokelleri iceren, kalin katmanli, paralel laminali kalsitiirbiditler ve kaba kumtaslar ¢okelmistir. Bu
cokeller arasinda bazaltik aglomera, lapilli tagi ve tiifler de yer alir. Uste dogru kaba kumtaslari
egemen olur, ancak bunlar da daha Ustte fazla kalin olmayan bir marn/silltasi istifine gecis gosterir.
Macka-Akarsu Deresi boyunca olgilen kesitinde kalinligi en fazla 10 m olan bu yari pelajik ¢cokeller
icindeki foraminiferler alttan tiste dogru sirasiyla Apsiyen, Albiyen ve Turoniyen yaslarini vermistir. Bu
kondens istiflenme bir su alti uyumsuzlugunu isaret eder. i¢c Dogu Pontidler’in kuzey kesimindeki
istiflerde, cesitli yastaki kayalar Gzerine ¢ékelen Turoniyen yasli transgresif istiflerle kanitlanmis olan
bir uyumsuzluk bilinmektedir (Konak ve Hakyemez, 2001; Konak ve digerleri, 2001). Kuzeyde ise bu
uyumsuzluk, acilmig olan bir denizel havzada kendini bir su alti uyumsuzlugu biciminde
gostermektedir. Turoniyen bazi alanlarda andezitik piroklastik ve ender lav arakatkili flis istifleriyle,
bazi alanlarda ise pelajik karbonatlarla temsil edilir. Bu istiflenme bazi kesimlerde cok yogun olmak
uzere koyu yesil renkli andezitik dayklar tarafindan kesilmistir.

Santoniyen Dis Dogu Pontidler'de — i¢ kesimde oldugu gibi - asidik volkanizmanin baslangic
donemidir. Bu dénemi masif siilfid bakir yataklarinin en biyik bélimini icinde barindiran, dasitik-
riyodasitik bilesimli volkanit ve volkanoklastikler ile yanalda bu volkanoklastiklerle giriklik gosteren
pelajik Dis Dogu Pontidler'de Ge¢ Santoniyen koyu renkli bazaltik-andezitik lav ve piroklastikleri,
asitik-andezitik piroklastik olusumu ile gri ve kirmizi renkli kirectasi, kumtasi ve kiltasi ¢okelimine
sahne olmustur. Bu dénemin 6zelligi hem bazik, orta¢ ve asidik volkanik Grlnlerin olusumu, yani
volkanizmanin bimodal karaktere sahip olmasidir.

Dasitik-riyolitik kayaglarin yogun olarak olustugu Geg Santoniyen-Erken Kampaniyen zaman arahgi,
ikinci yogun asidik volkanizma ile vurgulanir. Kampaniyen’de kahverengi renkli, yer yer bazik kayaclari
da iceren epiklastiklerle baslayarak Maastrihtiyen ve Paleosen’de yerel olarak degisen, acik
renklerdeki sig ve derin su turbiditlerin ve karbonat kayaclarinin, Alt Eosen’de ise gri-boz renkli
turbiditlerin ¢okeliminin gergeklestigi gorilir. Tum bu birimlerin tizerine Orta Eosen’den itibaren,
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acili uyumsuz olarak, tabanda konglomeralarla bagslayan, alt kesiminde gri marnlarin egemen oldugu,
tistte ise bazik volkanitlerden olusan bir istif oturur.

Kuzey Pontidler’deki intriizif kayaglar Geg Kretase yash Harsit Granitoyidi [72,1 £ 3,6 My (Tark-
Japon Ortak Projesi, 1985)], 94 My ve 115 My (Gedikoglu, 1977)] ile Orta Eosen yasl Sisdagi Diyoriti
[46,1 + 1 ve 41,2 0,8 My ve Orta Eosen yash diyabazik intrizyonlar (44.8 0.9 My) (Kurt ve digerleri,
2006)] ve Erken Oligosen yagh andezitik intrizyonlar [32.5 £ 0.7 My (Kurt ve digerleri, 2006)] dr.

Dis Dogu Pontidler’de, Gzerine Gimushane-ispir Eosen havzasinin yerlestigi, kabaca D-B uzanimli
Gumiishane-Artvin bindirme hattinin kuzeyinde kalan tektonik hatlar egemen olarak KD-GB gidiglidir.
Bu gidis yaklasik Ordu batisina kadar degismez; Artvin bolgesinde ise Artvin bindirmesinin yoni KD’ya
déndigu icin Hopa’dan Kuzey Anadolu Ofiyolit Zonu’nun basladigl Oltu-Narman hattina kadar tum
tektonik hatlar KD-GB uzanimli olur. Tektonik hatlar kuzeyde genellikle KB'ya bindirmeler niteliginde
iken, bazi hatlarin dogrultu veya verev atimli karakteri gozden kagmamaktadir.

ic Dogu Pontidler’in en kuzeyinde Artvin Bindirmesi ile Hopa-Borgka Zonu uzerine kuzeybatiya
dogru itilen Artvin-Yusufeli Zonu'nu, giineydogudan Olur-Tortum Zonu kapsamindaki Olur birligi
tektonik olarak tzerler (Sekil 5 ve 6). Aralarinda bazi stratigrafik farkliliklar bulunan ve birbirlerini
giineydogudan kuzeybatiya dogru tektonik olarak tizerleyen Artvin-Yusufeli Zonu alti tniteyi (Ogdem,
Zeytinli, Madenler, Ardanug, Ugsu ve Guinyayla birlikleri) kapsamaktadir (Konak ve Hakyemez, 2001).
Ayrica bu zon iginde, olasi Paleozoyik yash Harsdere metamorfiti ve olasi Triyas-erken Liyas yasl
Demirkent magmatik karmasigi tektonik dilimler halinde bulunur. Migmatit, migmatitik gnays,
amfibolli gnays ve amfibolitten meydana gelen Harsdere metamorfiti yiiksek dereceli metamorfizma
ozelligi gosterir. Pulur (Bayburt) bélgesinde Cenci Grubu kapsamindaki, granlit fasiyesi kosullarinda
metamorfizma gecirmis gnayslarla (Okay, 1996) eslestirilebilen birim, Demirkent magmatik karmasig!
ile tektonik iliskilidir. Tipik olarak Sukavusumu (Yusufeli yol ayrimi) - Demirkent arasinda yuzeylenen
Demirkent magmatik karmagigi ise sarp topografyasi ile dikkati ceker. Pegmatitik gabro, gabro,
mikrogabro ve diyabazdan meydana gelen yan kayasi granodiyoritik, tonalitik, dasitik, aplitik ve
diyabazik damar ve dayklarca sik¢a kesilmesiyle meydana gelen Demirkent magmatik karmasigi, ayni
zamanda yoredeki Jura-Kretase yash kayalarla da tektonik iliskilidir. Yan kayasinin yagi Triyas-erken
Liyas olarak tahmin edilmekte, kesen damar ve dayklarin ise Liyas-Erken Eosen gibi genis bir zaman
araliginda sokulum yapabilecegi dusiinilmektedir. Ancak gerek Harsdere metamorfiti ve gerekse
Demirkent magmatik karmasiginin bolgedeki Malm yash cakiltaglarina malzeme vermesi, bu
birimlerin Malm basinda yiizeye ¢ikmis oldugunu belgeler (Konak ve digerleri, 2001).

Artvin-Yusufeli Zonu’ndaki birliklerden alt kesimleri gbzlenebilenlerin Liyas-Dogger vyasli alt
bolimi, bazik lav ve tif ara katkili, epiklastik, kumtagi, silttasi ve seyl ardalanmasindan (Berta
Formasyonu) meydana gelir. Uste dogru cort ara duzeyleri ieren istifi genellikle bazaltik bilegimli lav
ve piroklastikler (Mudurnu Formasyonu esdegeri) orter. Baz birliklerde (Madenler ve Giinyayla
birlikleri) kirintili ve volkanik kayalar birbirleriyle yanal ve diisey yonde gegisli ve giriktir.

Bunlarin lizerine uyumsuzlukla gelen Malm-Alt Kretase istifleri yer yer yelpaze deltasi o6zellikli
karasal-sig denizel kirintililardan olusur. Farkli birliklerde stratigrafik dzellikleri ve kalinliklari kismen
degisen bu istiflerin daha cok alt diizeyleri, Malm (ge¢ Oksfordiyen-erken Kimmericiyen) yash resifal
kirectasi bant ve mercekleri ile bazik volkanit ara katkilari icerir. Bazi birliklerin (Ogdem ve Madenler
birlikleri) st diizeylerinde ise Valanjiniyen-Apsiyen arasinda degisen yaslarda neritik kiregtasi ara
dizeyi veya resifal kiregtagi merceklerine rastlanir.

Birliklerin bir kisminda (Ardanug ve Ginyayla birlikleri) Malm-Alt Kretase, bazen de dogrudan
Liyas-Dogger yash istifler Gzerinde, neritik kirectasi mercekleri iceren Turoniyen yash kinintili kayalar
acisal uyumsuzlukla yer alir (Sekil 6). Uste dogru gegisli olarak Koniyasiyen(?)-erken Kampaniyen yash
kirmizi-pembe renkli mikritik kirectasi-marn-kumtagi-silttagi arakatmanl, andezitik-bazaltik yer yer
dasitik bilesimli lav ve piroklastik-epiklastik ardalanmasi ile devam eden istifler, farkli birliklerde
dnemli litostratigrafi ve kalinlik farkliliklari gosterebilmektedir. Ornegin, Gunyayla birliginde
Turoniyen ile baglayan kirintililar Gzerine gecisli olarak erken Santoniyen yasl, seyrek ¢ort banth
kirectaslar gelir. Uste dogru andezitik ve dasitik piroklastik ara dizeyleri iceren geg Santoniyen-erken
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Kampaniyen yash c¢okellerle devam eden istif, ge¢ Senoniyen yagh kumtagi-silttasi-marn-kirectasi
ardalanmasi ile sonlanir.

Ust dizeyleri gézlenebilen bazi birliklerde (Madenler, Ardanug ve Ugsu birlikleri) Koniyasiyen(?)-
erken Kampaniyen yash volkano-sedimanter istifler Gzerine ince kirintili bir diizeyle uyumsuz olarak
ge¢ Kampaniyen-Erken Paleosen yasli neritik kirectaslari gelir. $6z konusu birliklerin her birinde farkli
kalinliklara sahip olan kirectaslari Geg Paleosen yasli, yer yer tirbiditik 6zellikli kumtasi-silttasi-seyl
ardalamasina geger. En Ustte uyumsuzlukla yer alan ve geg ipresiyen yasl kirintililarla baslayip, lste
dogru lav ve piroklastik kayalarla devam eden Eosen istifleri, ayni zamanda birliklerin sinirlarini
belirleyen tektonik hatlari da 6rtmektedir.

En glneydeki Olur-Tortum Zonu farkli litostratigrafik 6zelliklere sahip (¢ birligi (Olur, Aksu ve
Cardakl birlikleri) kapsar (Sekil 5 ve 6). Kuzeydeki Olur Birligi'nin gézlenebilen en alt diizeyini, 1000
metrenin Gzerinde kalinliga sahip ?Liyas-Dogger yash andezitik-bazaltik bilesimli lav ve piroklastikler
(Oltucayr formasyonu) olusturur. Birim doguya dogru, yanalda dasitik bilesimli volkanitlere (Kaban
dasiti) gecer. Daha (stte yer alan piroklastik-epiklastik-kumtasi-silttasi ardalanmasi (Ramli
formasyonu), bu iki birimi gegisli olarak 6rter. Arada yer alan Aksu Birligi'nde Liyas-Dogger yash
kayalar ylzeylenmez. Glneydeki Cardakli Birligi'nde ise ?Liyas-Dogger dénemi bazaltik ve tefritik
bilesimli lav ve piroklastiklerle temsil edilir.

Olur Birigi'nde, Liyas-Dogger kayalari tizerine olasili uyumsuzlukla Malm yasl cakiltasi ve volkanit
ara duzeyleri iceren kumtagi-silttasi-marn ardalanmasi (Olurdere formasyonu) yer alir. Karakteristik
ozelliklerinden biri Oltu tasi icermesidir. Birim, Olur giineyinde deniz alti yelpazesinin sig kesimlerini
temsil eder ve Olurdere boyunca élgtlen kalinhg 400 metre dolayindadir. Tortum Géli-Uzundere
ilcesi arasindaki kesimi 1500 metre dolayinda bir kalinliga sahip olup, tipik bir deniz alti yelpazesi
ortamini karakterize eden tirbiditlerden olusur. Uzerine gecisli olarak gelen Berriyasiyen-Apsiyen
yaslt mikrit ve killi mikritler (Sogukgam Formasyonu) daha cok iist diizeylerinde ¢ort bant ve yumrulari
icerir. Ayrica icinde tlrbiditik kumtag, kalsitirbidit ve marn ara diizeylerine de rastlanir. Bir karbonat
yokusunda ¢okelmis olan ve genelde pelajik-yari pelajik kiregtaslarindan meydana gelen birimin, Olur
glineyinde olgilen kalinlig1 900 metrenin iizerindedir. Daha giineydeki Aksu Birligi’nin gézlenebilen alt
duzeyini olusturan Malm yasl tirbiditler ve bunlarin tizerinde gecisli olarak yer alan Erken Kretase
vasl yari pelajik kirectaslari da Olur Birligi’ndeki yasit istifle benzerdir. En gineydeki Cardakli
Birligi'nde Liyas-Dogger volkanitleri tizerine keskin bir dokanakla gelen Malm-Erken Kretase yash sig
denizel karbonatlar yanal ve diisey yonde tirbiditik cokellerle gecislidir.

Olur-Tortum zonuna ait her g birlikteki Ust Kretase istifleri farkh 6zellikler sunmaktadir. Olur
Birligi'nde alttaki yari pelajik kiregtaslarinin iizerine gegisli olarak Apsiyen-Santoniyen yasli, kumtasi
arakatmanl silttagi, marn ve kiregtasi ardalanmasi (Karacasu formasyonu) gelir. Ancak Karmasor
mahallesi dolayinda birimin tabaninda ¢okelen merceksel geometrili cakiltasi ve kumtaslari (Karmasor
Uyesi) alttaki yan pelajik kirectaslarinin ¢ékeldigi acik ve derin deniz karbonat yokusunun ¢Okmeye
baslamasi ile birlikte, olasilikla daha giineyde gelisen deniz alti yelpazesinin bas kesimindeki ana kanal
cOkellerini temsil eder. Birim icinde gozlenen merceksel geometrili kumtaslari (Karagiiney lyesi) ise
¢okelme alanini olusturan egimlenmis acik self Gzerindeki sinirli bir deniz alti kanalini isaret eder.
Formasyonun tip kesitindeki kalinligi 450 metreyi asar. Daha Ustte gecisli olarak Santoniyen yasl
andezitik lav, piroklastik ve epiklastik kayalar (Eglek formasyonu) yer alir. 450 metre kalinlik sunan
birimin alt kesimi kirintili kumtasi arakatmanli killi-kumlu kirectaslarindan, istii ise killi kirectasi
arakatmanl marnlardan meydana gelen karbonath self ¢okelleri uyumlu olarak é&rter. Geg
Santoniyen’de baslayip Maastrihtiyen sonuna kadar devam eden bu kirintili karbonat istifinin (Unluca
formasyonu) Olur kuzeyindeki kalinigi 350 metre dolayindadir. Olur Birligi istifi Daniyen-erken
Tanesiyen yasli sig denizel kirectaslari (Alos kirectasi) ve iizerine gecisli olarak gelen Tanesiyen yash
kirintilh kiregtasi ve kumtagi arakatmanl silttaslar (Kalttarmak formasyonu) ile sonlanir. Daha farkh
bir istiflenme 6zelligi sunan Aksu Birligi'ne ait Ust Kretase ¢okellerinin alt kesimi siltli-kumlu-killi
kirectasi, silttagi ve kumtasi ardalanmasi, st kesimi ise bazik volkaniklerle temsil edilir. Cardakh
Birligi'ndeki Ust Kretase istifi ise diger iki birlikten tamamen farkli olup altta kirectasl mercekli flis,
Ustte ise neritik kirectaglarindan meydana gelir.
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Yaklasik Oltu-Balkaya hattinda Olur-Tortum Zonu kapsamindaki Olur-Aksu-Cardakli birliklerinin

degisik diizeylerine ait degisken kalinlik ve boyutlardaki tektonik dilimleri ile Liyas 6ncesi temele ait
oldugu diisiniilen Givendik magmatik karmasig ve Kisla metamorfiti dizensiz bir sekilde
ekaylanmistir (Oltu Ekayh Zonu). Kisla metamorfiti alt yesilsist fasiyesi kosullarinda metamorfizma
gecirmis cesitli sistlerden meydana gelir. Guvendik karmagig ise ilksel iliskileri net olarak
gozlenemeyen migmatit, gnays, amfibolli gnays, amfibolit, ~metabazit vb. kayalarin
metagranodiyoritik, pegmatitik, dasitik, tonalitik ve diyabazik damar ve dayklar tarafindan sik¢a
kesilmesiyle meydana gelmistir. Metabazitlerin digindaki yan kayalar Artvin-Yusufeli Zonu’ndaki
Harsdere metamorfitini, dolayisiyla Pulur (Bayburt) bolgesindeki Cenci Grubu’nun grandlit fasiyesi
kosullarinda metamofizma gegirmis gnayslariyla (Okay, 1996) eslestirilebilir.
Peridotit, serpantinit, mikrogabro, ofiyolitik melanj, glokofanl yesilsist, tonalitik/trondjenitik kayalar
ile ofiyolitik kayalar iizerine olasi uyumsuzlukla gelen gec Senoniyen yash flis ve olistostromal
cokellerin birbirleriyle ekaylandigi en gineydeki zon ise Kuzey Anadolu ofiyolitik kusaginin
kuzeydogudaki devamini olusturur.

Bolgede yaklasik Coskunlar (Olur)-Uzundere hattinin kuzeyinde ve glneyinde olmak lzere,
birbirinden farkli iki Eosen istifi gozlenir (Hakyemez ve Konak, 2001). Geg Paleosen yasl kayalar
tzerine acili uyumsuzlukla gelen kuzeydeki Eosen (list ipresiyen-Bartoniyen) istifi altta sig denizel ve
karasal kirintihlarla baslar, (st kesimi ise volkanik ara katkih delta ve deniz alti yelpazesi
tirbiditlerinden olusur. Farkl 6zellikler sunan giineydeki Eosen istifi, altta yelpaze deltasi karakterli
kirintililarla temsil edilir. Ofiyolitik kayalarla tektonik iliskili olan Geg Paleosen-Erken Eosen yash bu
cokellerin izerindeki Bartoniyen-Priyaboniyen istifi ise karasal ve sig denizel kirintililar ve
volkanitlerden meydana gelmektedir. Bunlari Oligo-Miyosen yaslh, komiirli ve Gst kesimi jipsli karasal
cokeller ile andezitik bazaltik volkanitler uyumsuzlukla orter. Tim bu birimlerin lizerinde,
uyumsuzlukla Geg Miyosen’de baslayip Kuvaterner’de olusumuna devam eden cesitli volkanik ve
volkanoklastik kayalar yer alir.



