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Abstract: The purpose of this study is to analyse the structural evolution of the region where the Eastern Pontides
and the Eastern Taurides are closest to each other. The main tectonic units in the area, from north to south, are the
Kelkit Paraautochthonous Unit, Cimendag Nappe, Erzincan Nappe and Munzurdag Limestone Unit.

The pre-Jurassic basement of the tectonic units consists of heterogeneous rock units in different areas. Since the
relationships between these units cannot be established in the study area, it is not possible to create a model for the
pre-Jurassic period with the evidence from this locality. Therefore, the tectonics, tectono-stratigraphic and structural
evolution of the study region were evaluated only for the Jurassic-Quaternary interval.

The Jurassic-Early Cretaceous Kelkit Paraautochthonous Unit and Cimendag Nappe represent the genesis
of rifting and then deposition of platform-type carbonates in the Eastern Pontides. The Jurassic-Early Cretaceous
Munzurdag Limestone Unit represents the northernmost part of the Eastern Taurides and also has features of
platform-type carbonates. During this period, a mid-oceanic ridge and ensimatic arc were active together along the
North Anatolian Ophiolitic Belt. Therefore, it is possible to suggest a model representing passive continental margins
to the north and south, with the mid-oceanic ridge in the north and the ensimatic arc in the south along the intervening
oceanic environment in the Jurassic-Early Cretaceous periods.

In the Late Cretaceous-Palacocene, all evidence shows that the extensional regime completely converted to
a compressional regime. In this time interval, an ensialic arc-forearc occurred along the Eastern Pontides and an
ensimatic arc with subduction complex occurred along the North Anatolian Ophiolitic Belt. In the south, pelagic
carbonates were deposited along the Munzur Mountains. It seems inevitable that the existence of two different north-
dipping subduction zones should be accepted in this time interval.

The Eocene and Oligo-Miocene units overlie older structural units with a polygenic conglomerate and angular
unconformity. These units underwent intense deformation and the entire study area first became a shallow marine
and then a terrestrial environment. Eocene volcanism indicates a post-collisional phase in the Eastern Pontides.

The Pliocene-Quaternary rocks, reflecting continental deposits, unconformably overlie the older units, with
an approximately horizontal layered structure. Considering this unconformity and the intense deformation before
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the Pliocene, it is possible that the North Anatolian Fault (NAF) developed during the Pliocene and had dextral
movement with at least 25 km offset. In this context, the annual slip value for the fault may be 4.7 cm/year.

Keywords: Neotethys, Offset (Slip) of the NAF, Pontides, structural evolution, Taurides.

Oz: Sunulan bu ¢alismamn amaci, Dogu Pontidler ile Dogu Toroslarin birbirine en yakinlastigi bir alanda,
bolgenin yapisal evrimini ¢oziimlemektir. Bélgenin baslica tektonik birlikleri, kuzeyden giineye dogru sira ile Kelkit
Paraotoktonu, Cimendag: Napi, Erzincan Napi ve Munzurdagi Kirectast Birligi dir.

Tektonik birliklerin Jura éncesi temeli, farkli alanlarda heterojen kaya birimlerinden olusmaktadir. Bélgedeki
verilerle, bu birimler arasindaki iligkiler inceleme alaninda kurulamadigindan Jura éncesi déneme dair bir model
olusturmak miimkiin degildir. Dolayisiyla, inceleme alani gozetilerek, bélgenin sadece Jura-Kuvaterner araligindaki
tektonik, tektono-stratigrafik ve yapisal evrimi degerlendirilmistir.

Kelkit Goreli Otoktonu ve Cimendagi Napi'min Jura-erken Kretase swrasinda olusan diizeyleri, Dogu
Pontidler’in dnce riftlesmesine daha sonra platform tiirii karbonatlarin olusumuna isaret etmektedir. Aynt donemde
Dogu Toroslar 'da Munzurdag Kiregtasi Birligi de Dogu Toroslar in en kuzeyindeki boliimiiniin pasif kita kenarinin
ozelliklerini tasimaktadwr. Bu dénemde, Kuzey Anadolu Ofiyolit Kusagi boyunca ise okyanus ortast sirt ve ensimatik
yay birlikte aktifti. Dolayisiyla bu dénem; kuzeyde ve giineyde pasif kita kenarlari, arada yer alan okyanusal ortamda
ise kuzeyde okyanus ortasi surti, giineyde ise ensimatik yay ile temsil edilen bir modelle a¢iklanabilir.

Geg Kretase-Paleosen 'de tiim veriler gerilme rejiminin tiimiiyle sikisma rejimine doniistiigiinii géstermektedir.
Bu zaman araliginda, kuzeyde Dogu Pontidler de ensialik yay-yayonii, Kuzey Anadolu Ofiyolit Kusagr boyunca
ensimatik yayla birlikte yitim karmasigi olusmustur. Giineyde, Dogu Toroslar 'da ise giderek derinlegen bir ortamin
tiriinii olan pelajik karbonatlar ¢ékelmistiv. Bu dénemde kuzeye dalimli iki farkl yitim zonunun varligini benimsemek
ka¢inilmaz gériilmektedir.

Eosen ve Oligo-Miyosen yasta olan birimler ise polijenik bir ¢akiltasi ile tiim yapisal birimlerin iizerinde ag¢ili
uyumsuzlukla yer almaktadir. Bu birimler yogun bir deformasyonla inceleme alanini tiimiiyle 6nce sig denizel, daha
sonra karasal bir ortama doniistiirmiistiir. Dogu Pontidlerde Eosen yasta olan volkanizma da ¢arpisma sonrasi bir
evreye isaret etmektedir.

Pliyosen-Kuvaterner sirasinda akarsu ve gélsel ortami yansitan kayalar, daha eski tiim birimlerin iizerinde
uyumsuzlukla yer almakta ve yataya yakin katmanlt bir yapt sunmaktadw. Bu uymsuzluk ve Pliyosen dncesi yogun
deformasyon iliskileri gozetildiginde, Kuzey Anadolu Fayi'nin (KAF) Pliyosen’den itibaren olusmaya basladig,
sag yonlii ve en azindan 25 km’lik bir atima sahip oldugu kabul edilebilir. Buna gére, yillik atim degeri ise 4,7cm/
yil olabilir.

Anahtar Kelimeler: KAF in atumi, Neotetis, Pontidler, Toridler, yapisal evrim.

INTRODUCTION region. In this framework, the main tectonic

The study area is located between the Upper Kelkit structures of the study region were classified in

Basin and the Munzur Mountains (Figure 1). This erms of age and setting.

area is in the northeast part of Anatolia, between However, since pre-Jurassic units are exposed
the Eastern Pontides and Eastern Taurides. This in different localities and the relationships
location is a critical place, where both tectonic belts between them cannot be studied sufficiently,
are closest to each other and includes important the decision was made to evaluate the structural
evidence explaining the structural evolution of the evolution between the Jurassic and Quaternary
region. Therefore, the aim is to evaluate the main periods. In this framework, dissimilar evidence
tectonic and tectono-stratigraphic units and the were re-evaluated in detail, with characteristics
relationships between them in detail, to contribute of structural units and the relationships between
to understanding the structural evolution of the them, and cover rocks in the region.
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Figure 1. Geological map of tectonic units in the study area (modified after Yilmaz, 1985; Yilmaz et al., 1985).

Sekil 1. Inceleme alamnin tektonik birliklerine dair Jeolojik harita (Yilmaz, 1985; Yilmaz vd., 1985 den yeniden diizenlenmis).
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Some of the pioneering geological studies of
this area and the surrounding regions were carried
out by Seymen (1975), Pelin (1977), Tatar (1978),
Ozgﬁl (1981), Yilmaz (1981a, b; 1983; 1985),
Okay (1983), and Yilmaz et al. (1985).

Later, various structural and tectonic studies
were completed, questioning the structural
evolution of the region (Kogyigit, 1989, 1990,
1996; Okay, 1989, 1996, 2008; Okay and
Sahintiirk, 1997; Yilmaz et al, 1997a, b; Yilmaz
and Yigitbas, 2024; Yilmaz and Yilmaz, 2004,
2006, 2010; Rice et al., 2006, 2009; Sarifakioglu
et al., 2009; Gokten and Floyd, 2007; Topuz et al.,
2011, 2013; Gogmengil et al., 2013).

There are significant differences between
the opinions presented in these studies, not only
about palaeo-tectonic but also neo-tectonic
regimes. In addition, studies examining the region
in terms of tectonic and structural evolution are
not sufficiently clear. Therefore, an investigation
of the structural evolution in the region between
the Upper Kelkit basin and Munzur Mountains
is required. The main reason is the lack of
evidence and conflicting evidence presented by
different researchers. The existing knowledge is
not sufficiently concentrated on this locality. For
this reason, the authors aimed to contribute to the
structural evolution of the region by re-evaluating
concrete evidence from Jurassic to recent times.

TECTONO-STRATIGRAPHIC UNITS of the
REGION

The study of tectono-stratigraphic units, in detail,
is a critical point for structural evolution. The
Upper Kelkit Basin and Munzur Mountain are a
critical location where the Eastern Pontides and
Eastern Taurides are closest to each other and this
area includes important evidence. In addition,
there is not enough information about the study
area over time. To understand the structural
evolution of the region, it is necessary to define
tectono-stratigraphic units in detail.
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In the study area, the Eastern Pontides are
situated to the north and Eastern Taurides to the
south. The North Anatolian Ophiolitic Belt is
located between the Eastern Pontides and Eastern
Taurides.

Eastern Pontides

The composite Pontides domain was affected
by numerous amalgamations of terranes from
Variscan times until the Cretaceous. The Pontides
represents a segment of the former active margin
of Eurasia, where back-arc basins opened in
the Triassic (Moix et al., 2008). Or it can be
defined as the Cimmerian Continent, the narrow
continental slip between the northeastern part of
Gondwana and the Laurasian margins, evolving
mainly between the Permian and the latest Triassic
(Sengor et al., 2023). These ideas were discussed
by Okay and Nikishin (2015) and Okay and Topuz
(2017) as involving the accretion of the Sakarya
Zone to the north in the Carboniferous, and then
activity along the southern margin of the Sakarya
Zone until it collided with the Anatolide-Taurides
in the Permo-Triassic, Palacocene-Early Eocene.

The Eastern Pontides contain pre-Jurassic and
Jurassic-Quaternary sequences together. In the
study region, pre-Jurassic outcrops are situated in
different places and it is not possible to establish a
link between these outcrops. Therefore, the focus
was on the Jurassic-Quaternary sequence to explain
the structural evolution of the region. Within this
framework, the Kelkit Paraautochthonous unit
and the Cimendag Nappe were defined along the
southern part of the Eastern Pontides.

In addition, the Erzincan Nappe along the
North Anatolian Ophiolitic Belt and the Munzur
Limestone Unit and/or Nappe in the northernmost
part of the Eastern Taurides were evaluated. These
tectono-stratigraphic units reflecting different
environmental conditions have been defined in
detail (Figure 2).
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Figure 2. Tectonic units in the region and relative relationships between the units in North Anatolian Ophiolitic Belt (NAOB) (Y1lmaz, 1985; Yilmaz et
al., 1985).

Sekil 2. Tektonik birlikler ve bu birlikler arasindaki iliskiler, KAOK, Kuzey Anadolu Ofiyolit Kusagi (Yilmaz, 1985, Yilmaz vd., 1985).
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The relationships between these tectono-
stratigraphic units are clear. The Cimendag Nappe
is situated on the Kelkit Paraautochthonous unit to
the north and on the Erzincan Nappe to the south.
The Erzincan Nappe is located on the Munzur
Limestone Unit to the south (Figure 3).
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This unit is located in the northern part of the
study area and represents the southern part of the
Eastern Pontides. It reflects the typical features
of Eastern Pontides. Pre-Liassic rock units in the
region have similar characteristics to the Tokat
Metamorphics with green schist facies, located
to the west of the study area (Ozcan et al, 1980;
Yilmaz et al, 1997a; Yilmaz and Yigitbas, 2024).
In addition, the Giimiigshane granite with the
greenschist forms the basement to the east of the
study area (Yilmaz, 1974).
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The representative unit for the pre-Jurassic
sequence in the study area is the Agvanis
Metamorphics, which have undergone regional
metamorphism to greenschist facies. Contact
metamorphism  superimposed on  regional
metamorphism developed around the quartz-
diorite pluton. In terms of lithology, stratigraphy
and type of metamorphism (Figures 4 and 5),
the Agvanis Metamorphics resemble the Tokat
Massif and probably represent the basement to the
Pontian Jurassic sequence (Okay, 1983). In this
framework, the geological and tectonic map of the
pre-Liassic Agvanis Metamorphics in the study
area is shown in Figure 4. Later, strong acidic
magmatism affected the metamorphics and the
surrounding rocks. The acidic magmatic rocks are
found as sills, and small- to medium-sized plutons
(Okay, 1983).
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Pre-Jurassic metamorphics represent an
environment dominated by basic volcanism.
The frequent intercalations of metabasites with
graphitic phyllites and thickly-bedded marbles
(Figure 5) suggest that the environment of
deposition was not very deep (Okay, 1983).
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Figure 3. Representative cross-section of the study area in approximately north-south direction (Yilmaz, 1985; Yilmaz et al.,1985).

Sekil 3. Inceleme alaninin K-G yoniinde temsili enine kesiti (Yilmaz, 1985; Yilmaz vd., 1985).
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Sekil 4. Gélova (Agvanis) yéresinin jeolojik ve tektonik haritast (Okay, 1983 ten yeniden hazirlanmus).
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Figure 5. Synthetic stratigraphic section of the Agvanis
metamorphic rocks (Modified after Okay, 1983).

Sekil 5. Agvanis metamorfik kayalarimin  yapay
stratigrafik  kesiti  (Okay, 1983°dan  yeniden
hazirlanmas).

Jurassic-early Cretaceous rock units overlie
the Pre-Jurassic metamorphics unconformably.
The early Jurassic Haciéren Formation consists
mostly of volcano-clastic rocks deposited in a
shallow marine environment, which is followed
by the middle to late Jurassic-early Cretaceous
Berdiga Formation representing platform type
carbonates (Pelin, 1977). The late Cretaceous-
Palacocene Altinoluk Formation overlies the
Berdiga Formation with a local unconformity.

The Haciomer Formation consists of tuff,
shale, volcanoclastic sandstone and basic volcanic
rocks. It is situated to the north of the Agvanis
Metamorphics. The formation consists mainly

Ali YILMAZ, Hiiseyin YILMAZ, Aral OKAY, Tayfun BILGIC

of pyroclastic and epiclastic rocks, in places
thin limestone levels are present, and also shale,
coal levels and andesitic flow intercalations.
The andesitic flow intercalations are highly
chloritised, including a small amount of quartz
with plagioclases (Figure 2).

In the limestone levels of this unit, Ammonitico
rosso (Calcare Ammonitico Rosso), Involutina
liassica (Jones), Trocholina sp., Nodosaria sp.,
Lenticulina sp., Glomospira sp., Spirillina sp.,
gastropod, ostracod and lamellibranch forms were
identified and an age of Hettangian-Pliansbachian
was determined. Age data for the Hacidren
Formation was also obtained from palynological
study of coal horizons within the formation.
This study indicates an early Jurassic age for the
Haci6ren Formation, as suggested by Pelin (1977).

Early Jurassic clastic rocks comprising
sandstone, shale, tuff, conglomerate and thin coal
levels are widespread in the Eastern Pontides. The
Haci6ren Formation is approximately 1500 m in
thickness (Yilmaz, 1985).

The Berdiga Formation, which has middle-
late Jurassic-early Cretaceous age, is represented
by platform-type carbonates. In the study area, the
lowest part of the Berdiga Formation consists of
conglomerate, sandstone and in places mudstone-
limestone alternations. The lower section
conformably passes towards the top gradually
into medium-thick bedded limestone. The upper
level, which is dolomitic in nature in places,
represents only limestone (packstone, boundstone
and grainstone alternation) with grey, medium-
thickness regular layers and pelleoid, oolitic,
intraclast and bird’s eye structures (Figure 2).

If Pelin’s (1977) evaluations regarding the
depositional environment are taken into account,
the Haciomer Formation and Berdiga Formation,
as a whole, represent a middle-late Jurassic-
early Cretaceous continental shelf and this shelf
gradually becomes shallower towards the upper
levels.



Geology and Structural Evolution of the Region between the Upper Kelkit Basin and Munzur Mountains

The Altinoluk Formation is divided into
three different members. This late Cretaceous-
Palacocene  formation includes epiclastic-
pyroclastic associations, arc-related magmatic
rocks and volcanic occurrences. This unit typically
crops out around Altioluk village. It is possible to
see almost all the features of this formation around
Altioluk village.

The lowermost member of the Altinoluk
Formation is composed of grey, yellowish, locally
layered conglomerate and grainstone (pebbly,
sandy limestone). This clastic level harmoniously
passes into alternations of red pelagic limestone,
shale and conglomerate. Pyroclastic and volcanic
flows have dacitic character in the lower levels
and andesitic and basaltic character in the upper
levels. Large granitic intrusions are seen along the
Kelkit River in the northern part of the study area.
Pyroclastic and volcanic flows with andesitic and
basaltic character become widespread towards
the upper levels of the formation. In general, the
rocks of the Altinoluk Formation are volcano-
sedimentary flysch and overlie the Berdiga
Formation with a local unconformity (Figure 2).

In the red, thin-layered limestone
(limewakestone) samples of the Altinoluk
Formation, Globotruncana arca (Cushman),
Globotruncana concavata (Brotzen),
Globotruncana tricarinata (Queurau),

Globotruncana linneiana (d’Orb.) and Heterohelix
sp. are common. However, rudistic shells are
common in the upper levels of the formation. This
formation includes mainly sandstone, claystone,
shale, conglomerate and their alternations.
Palaeocene rocks, including abundant clastic
carbonates, represent a shallow environment in
the west and just outside the study area.

During deposition of the unit, a shallow and
then high energy environment may have been
dominant. The environment deepened and an
open marine environment developed. As a result,
the environment became shallower, especially
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towards the Palacocene. Heterogenous rocks in
the formation indicate a transitional environment
between arc and forearc.

Cimendag Nappe

This unit was named by Bergougnan (1975)
as Cimendag Limestone Unit in places, the
Cimendag Nappe by Bergougnan (1976) and
the Boynuktepe Group by Okay (1983). After
evaluating its location and setting, the decision
was made to define the unit as the Cimendag
Nappe. According to Bergougnan (1980, written
interview), the allochthonous Cimendag Nappe
may also be an olistolith within the Palacocene
Iskilor olistostrome.

The Pre-Liassic basement of the Cimendag
Nappe comprises Gilimiishane metamorphic
rocks and Carboniferous-Permian  volcano-
clastic rocks (Akdeniz, 1984) in the northeast
and outside of the study area. Jurassic-Cretaceous
rocks overlie the pre-Liassic rock units with an
angular unconformity. Jurassic-Cretaceous rocks
represent two different levels. The lower level is
the Yenikdy Formation, while the upper level is
the Toérniik Formation.

The Yenikoy Formation is composed of
Jurassic-early Cretaceous rock associations and
in places olistostromal levels. The early Jurassic
level of the Yenikdy Formation consists of
neritic limestone and in places cherty limestone
with clastic rocks, while the Dogger-Malm level
consists of brecciated limestone, clastic rocks and
medium, thick-layered grey neritic limestones
(limewakestone, packstone, grainstone).
Olistostromal levels contain volcano-clastics
and limestone blocks. The late Malm and early
Cretaceous levels of the formation contain pillow-
shaped volcanics, chert nodules,
limestones and clastic rocks. The highest level
is limestone (boundstone, packstone, grainstone)
with oolitic, iron oxide and reefal fragments
(Figure 2).

radiolarian



In different parts of the Yenikdy Formation,
trochangulata  Septfountaine,
Trocholina elongata Leupold, Calpionella alpina
(Lorenz), Glomospira sp., coral, coprolite and
echinoid spines were identified. The following
fossils were determined in micrites between the
pillow lavas, located in Jurassic-early Cretaceous
carbonates just southwest of G6zkoy.

Protopeneroplis

Considering the change, diversity and location
of the rock characteristics and fossil content, the
Yenikoy Formation represents a deeper extension
of the northern platform and partially represents
the continental slope during the late Jurassic-early
Cretaceous.

The Térniitk Formation consists mainly
of late Cretaceous conglomerate, red pelagic
limestone, sandstone, claystone, shale and clayey,
sandy limestone and was named by Yilmaz (1985)
as the Tornlik Formation (Figure 2). The name of
Torniik was mistakenly mentioned as Turnik in
Bergougnan’s (1975) study.

In the samples taken from the lower-middle
levels of the Torniik Formation, Globotruncana
lapparenti (Bolli), Globotruncana Linneiana
(d’Orb.), Marssonella cf. oxycona (Reuss),
Heterohelix sp., and Siderolites calcitrapoides
Lamarck were identified. In the upper limestone
levels, Orbitoides medius (d’Arch.), Textularia
sp., bryozoa, rudist, and echinoid spines were
identified. Accordingly, this unit is Senonian in
age. If the fossil content of the Térniik Formation
are taken into account with the deformation and
deposition characteristics, it is possible to suggest
that the unit was initially deposited in a shallow,
and then open marine environment. In the end,
the open marine environment gradually became
shallower. As a whole, this environment may be
located within a forearc.

North Anatolian Ophiolitic Belt

The North Anatolian Ophiolitic Belt (NAOB)
1s situated between the Eastern Pontides and
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Eastern Taurides and it joins the Lesser Caucasus
Ophiolitic Belt to the east outside of the study
area (Yilmaz and Yilmaz, 2013). The Erzincan
metavolcanics of the NAOB were suggested to
represent a volcanic arc forming above the intra-
oceanic subduction, which was further dragged
under the ophiolite obduction through scaling,
faulting and tectonic erosion (Rolland et al., 2020).
In this study, the Erzincan Nappe represents a part
of the North Anatolian Ophiolitic Belt and includes
the Refahiye Complex, Karayaprak Mélange and
Dumanlidag Metamorphics.

Erzincan Nappe

The Erzincan Nappe represents the ophiolites
of different ages, late Cretaceous-Palacocene
ophiolitic melanges and metamorphic rocks.
Palacozoic and Mesozoic ophiolites, which
occurred along the Paleotethys or the northern
branch of Neotethys
Ocean (Kogyigit, 1990) exist in the study area.
The ophiolitic complex is named the Refahiye
Complex, the mélange is called the Karayaprak
Mélange, and metamorphic rocks are named the
Dumanlidag Metamorphics (Yilmaz, 1985).

and/or Inner Tauride

The Refahiye Complex includes a complex
of undivided ophiolites with different ages, which
represents peridotite, gabbro, dykes and pillow
lavas, rather than a regular ophiolitic sequence
(Figure 2). Peridotite is the most common rock
type and it was identified mainly as harzburgite and
lherzolite in places. Serpentine is not very common
and generally occurs at the contact between
peridotite and metamorphic rocks. Gabbro has the
smallest outcrops. Microgabbro and diabase dykes
are common cutting serpentinised peridotite.

The petrochemical characteristics of the
Erzincan-Refahiye ultramafic and mafic rocks
indicate that ophiolites in the region occurred
along a mid-ocean ridge (Buket, 1982) and/or the
marginal sea of an ocean (Bektas, 1981).
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It was suggested that the ultramafic and
leucocratic rocks of the Refahiye Complex
developed in the earliest stages of island-arc
development in a supra-subduction setting (Rice
et al., 2009) and/or a forearc tectonic setting in
the northern branch of the Neotethyan ocean with
Cretaceous ophiolites (Sarifakioglu et. al., 2009).
In addition, the ultramafic-mafic association or
outcrops may have derived from high-Al hydrous
basaltic magmas which developed through
partial melting of previously subducted and
metasomatised subcontinental lithospheric mantle
(pre-Liassic,  Alaskan-type  ultramafic-mafic
complex) and may be seen in the Eastern Pontides
(Eyiiboglu et al., 2010).

As a result, there is no consensus about
the origin and relationships between different
ophiolites along the NAOB in terms of age and
origin. However, studies carried out in the study
area indicate only the existence of a mid-ocean
ridge (Buket, 1982; Buket and Ataman, 1982)
during the Jurassic and early Cretaceous.

Karayaprak Mélange represents a mélange
prism and contains pillow lavas, tuff, agglomerate,
limestone, greywacke and olistostrome levels
(Figure 2). Volcanoclastic rocks are the matrix of
the mélange, including Jurassic-early Cretaceous
limestone blocks, ophiolitic and metamorphic
blocks. In the limestone blocks, Involutina liassica
(Jones), Ophthalmidium martanum (Farinacci),
Nodosaria sp., and Lenticulina sp. were identified
and these indicate a Hettangian-Pliansbachian age
for the blocks.

the wupper parts of the ophiolitic
mélange, Siderolites calcitrapoides Lamarck,
Lepidorbitoides sp., Orbitoides sp., and Cibicides
sp. were identified in the volcanoclastic rocks and
a Maastrichtian age was given. Then, Palaeocene
clastic layers were identified in the matrix of the
Karayaprak Complex around Susehri basin and
Iskilér Village in the north of Erzincan. It is clear
that the age of the Karayaprak Melange is late
Cretaceous-Palaeocene.

In
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Dumanhdag Metamorphics consist mainly
of metabasic rocks and in places marble,
metaturbidite and rarely metachert. In the lower
levels, the dominant rocks type is metabasic
rocks, but in the upper levels of the unit, marble
and calcschist are the dominant rock types.
Dumanlidag metamorphic rocks have undergone
regional metamorphism to greenschist facies. In
terms of lithology and type of metamorphism, the
Dumanlidag Metamorphics resemble the Tokat
and/or Agvanis Metamorphics.

However, Go¢gmengil et al. (2013) and Topuz
et al. (2013) defined greenschists and amphibolite
schists of early-middle Jurassic age in the study
region. These metamorphic rocks represent an
accretionary complex and they occurred in TAB
and/or E-Morb environments. Accordingly, an
ensimatic arc may have occurred during the early-
middle Jurassic.

The frequent intercalation of metabasites
with phyllites and moderate-thin bedded marbles,
metaturbidite and metachert suggests that the
environment of deposition was marine and it may
have been deep in places.

Most of the rock types in the Erzincan Nappe,
presented above, have tectonic contacts with
each other. With the subduction that developed
in the late Cretaceous, the oceanic units and other
units underwent significant deformation and their
primary relationships have been degraded.

Eastern Taurides

The Eastern Taurides is situated to the south of
the study area. The Munzurdag Limestone Unit
represents the northernmost part of the Eastern
Taurides as a nappe under the Erzincan Nappe.
The Eastern Taurides domain, as a whole,
exemplifies continental rifting and passive
margin development. Following Triassic rifting, a
carbonate platform developed near sea level in the
Munzurdag area. Triassic-Cretaceous deep-water



sediments and volcanics are present as distal deep-
water slope/base of slope units (Robetson et al.,
2021).

Munzurdag limestone unit

The Munzurdag Limestone Unit
of platform-type carbonates. It is a tectono-
stratigraphic unit of the late Triassic-late
Cretaceous interval and was named by Ozgiil
(1981).

consists

The Munzurdag Limestone Unit is located
in the south of the study area (Figures 1 and 2)
and represents the northeastern continuation of the
widespread carbonate sequence observed along the
Eastern Taurus Mountains. The unit begins with
late Triassic-early Jurassic algal limestone, oolitic
limestone, algal and foraminiferal limestone and
occasionally continues as flinty limestone. In the
upper levels, rudist reef limestone is dominant
and is overlain by Turonian-Campanian pelagic
limestone with a compatible sharp contact. The
pelagic limestone that forms the upper level
of the Munzurdag Limestone Unit contains
Globotruncana sp. usually. The thickness of the
Munzurdag Limestone Unit exceeds 1200 meters
in reference section localities (Ozgiil and Tursucu,
1984).

Bedi and Yusufoglu (2022) defined the unit as
the northeasternmost nappe of the Eastern Taurides.
They studied the features and setting of this unit.
In this framework, Late Triassic Megalodont-
bearing sparitic limestone, Early Jurassic nodular
limestone, including Ammonitico rosso, Middle
Jurassic-Hotrivian cherty and oolitic limestone,
Barremian-Cenomanian rudist-bearing limestone
and brecciated limestone were identified by Bedi
and Yusufoglu (2022). The defined characteristics
of the Unit show the concrete and continuous
existence of a platform, evolving in the south of
the study region.

Although this wunit is essentially an
allochthonous unit within the framework of the
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Eastern Taurus Belt, itis a relatively autochthonous
unit compared to the Erzincan Nappe, which
consists mainly of ophiolitic complex and
melange in the study area. A large part of the unit
is neritic, and its uppermost level reflects deep
environmental conditions. As a whole, the unit
represents the southern platform of the Eastern
Taurus domain.

TECTONIC STRUCTURES of the REGION

In the study area, three tectonic phases
with different geological ages can be easily
distinguished. The first of these is the main
overthrusts, which are pre-Eocene in age and are
located between tectono-stratigraphic units. The
second is Eocene-Miocene structures, which are
represented by folds and imbricated structures and
the last and third is the dextral strike-slip Northern
Anatolian Fault, which passes through the middle

part of the study area.

Pre-Eocene Overthrusts

These structures separate the main tectono-
stratigraphic units from each other (Figure 2).
The setting of the structures is northvergent and/
or southvergent and can be seen in Figure 3. The
northernmost overthrust is northvergent and is
located between the Kelkit Paraautochthonous
Unit and the Cimendag Nappe. Then, the middle
overthrust, which is southvergent, is situated
between the Cimendag Nappe and Erzincan
Nappe. The southernmost overthrust is also
southvergent and is located between the Erzincan
Nappe and Munzurdag Limestone Unit. Briefly,
the Cimendag Nappe is located on the Kelkit
Paraautochthonous Unit to the north and on the
Erzincan Nappe to the south. The Erzincan Nappe
is located on the Munzurdag Limestone Unit to
the south (Figures 2 and 3). Eocene clastic rock
units, including conglomerates, sandstones etc.,
unconformably overlie the tectono-stratigraphic
units and main overthrusts together.
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Eocene-Miocene structures

Post-Eocene structures occurred mainly during the
Miocene. Eocene and Miocene units frome new
basins were deformed greatly and are represented
by intensive folds and imbricated structures in the
region. These structures were distinguished from
Pre-Eocene structures on the map (Figure 2).

North Anatolian Fault

The North Anatolian Fault (NAF) represents the
neotectonic phase and it is the most important
structure in the study area (Figure 6). The major
movement along the NAF is dextral strike-
slip (Ketin, 1948); however, important vertical
movements also occurred along these faults
(Okay, 1983; Yilmaz, 1985). The Susehri section
of the North Anatolian Fault Zone (NAFZ) is
dominated by an active fault-wedge basin. Its
recent configuration is a Quaternary strike-slip
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depression superimposed on a larger, fault-
controlled fluvial to lacustrine setting from the
Pliocene (Kogyigit, 1989). However, the “suture”
directly coincides with the major post-Miocene
strike-slip North Anatolian Fault zone (Barka,
1992).

Maximum offset of a strike-slip fault should
be determined not only by similarities of the
oldest rock units, but also similarities of the cover
overlying the oldest rocks, along both sides of the
master strike-slip fault. Tokat metamorphics and
ophiolites are the oldest rock units and Eocene
rock units overlie older rock units in the region.
From this perspective, the sequences, including
metamorphics, ophiolites and Eocene volcano-
sedimentary cover in the Susehri-Akincilar
region in the south of the master fault and the
metamorphics, ophiolites and Eocene volcano-
sedimentary cover in the north of the master fault,
have similar characteristics.

40°09°
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Ophiolites (undivided) - Opbhiolitic melange - Eocene clastics and volcano-clastic rocks

: = Quaternary alluvial fans
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Figure 6. Detailed geological and tectonic map of Gélova (Agvanis) and surroundings (Modified after Yilmaz, 1985;

Yilmaz and Yilmaz, 2010).

Sekil 6. Golova (Agvanis) ve dolayinin ayrintili jeoloji ve tektonik haritasi (Yilmaz, 1985, Yilmaz ve Yilmaz, 2010 den

sonra yeniden hazirlanmus).
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Moreover, there is only Pliocene-Quaternary
neotectonic fill between the main fault segments.
Only the dimensions of the metamorphic outcrops
on both sides of the fault are different. This may
be the result of different rates of uplift and erosion
of metamorphic rocks to the north and south of
the master fault. Therefore, if the approximately
middle part of the massifs are considered (Figure
6) as a basis, there is 25 km (X-X") offset, but if
Y-Y" is taken into account (Figure 6) as a basis,
there is 35 km offset defined for the NAF in the
region, as suggested by Kogyigit (1989).

STRUCTURAL EVOLUTION of the REGION

In order to propose a structural model, it is
necessary to define the structural units and cover
rocks in the region with reliable data. For instance,
oceanic products such as ophiolites and melanges
are key units for a model. Therefore, the Erzincan
Nappe is described in detail.

The Erzincan Nappe and/or the mid-oceanic
and ensimatic ophiolites and melanges with the
different ages are important parts of the North
Anatolian Ophiolitic Belt (NAOB) in the study
region (Yilmaz and Yilmaz, 2013). For instance,
Pre-Liassic ophiolites were identified in the
Erzincan area (Tatar, 1978; Kogyigit, 1990) and
Early Jurassic SSZ type ophiolites (Altintas
et al.,, 2012) and Late Cretaceous ensimatic
arc (Beyazpiring et al., 2019) were identified
along the NAOB. In addition, based on work by
Kogyigit (1990), Erzincan is a key area where the
Karakaya, Inner Taurus and Erzincan suture (and/
or NAOB) belts are joined to each other. However,
there are no clear relationships between ophiolites
with different ages and in different settings along
the NAOB.

After the evaluations presented above, it is
clear that there is no consensus about a model
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mainly for the pre-Liassic age. Therefore, it was
decided to evaluate the study area again based on
existing data for the Jurassic-Quaternary interval:

Jurassic-Early Cretaceous

the the
sequences, such as the Kelkit Paraautochthonous

During Jurassic-Early  Cretaceous,
Unit and Cimendag Nappe, began with rifting and
then gained platform and continental slope features,
respectively. These units are situated north of the
ophiolitic belt. In addition, ophiolites were formed
at the mid-ocean ridge during the Jurassic-Early
Cretaceous in the Refahiye region (Buket, 1982;
Buket and Ataman, 1982) and surrounding regions
in the same belt (Yilmaz, 1981b). Studies carried
out in the Refahiye region identified new data
corresponding to accretionary complex, ensimatic
arcs and ophiolites (Sarifakioglu et al., 2009; Rice
et al., 2009; Gogmengil et al., 2013; Topuz et al.,
2013). As a result, the model seen in Figure 7A is
presented as a synthetical model for Jurassic-early
Cretaceous, in line with the evidence presented
above.

Late Cretaceous-Palaeocene

The tectonic regime completely changed during
late Cretaceous and continued up to the Palaeocene.
Late Cretaceous-Palacocene sequences of the
Kelkit Paraautochthonous Unit and Cimendag:
Nappe gained ensialic arc and fore-arc transitions,
respectively. Additionally, the age of the ophiolite
melange (Y1lmaz, 1981a; 1983) and the chemistry
of the volcanics (Yilmaz, 1981b; Beyazpiring et
al., 2019) indicate an ensialic arc. Therefore, it is
necessary to accept the existence of two separate
subduction zones. Figure 7B is presented as a
model that reflects the Late Cretaceous-Palacocene
phase.
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Eocene-Oligocene-Miocene

Middle Eocene rocks generally begin with a
polygenetic conglomerate level and then grade
up into sandstone, claystone, shale alternations
and andesitic volcanics. Nummulites cf planulatus
(Lamarck), Nummuites sp. and Eurapertia
sp. are found in the sandstones of the unit;
hence, the unit was dated as Middle Eocene.
Eocene rock associations and Oligo-Miocene
terrigenous clastics unconformably overlie the
tectonostratigraphic units in the region.

The fact that Eocene rocks lie on the tectono-
stratigraphic units and the tectonic elements
presented above with an angular unconformity
is an indication that collision in the region ended
before the Eocene (Yilmaz, 1985; Yilmaz et al.,
1985). In addition, Eocene volcanics in the region
show post-collisional adakite-like magmatism
and have implications for the evolution of Eocene
magmatism in the Eastern Pontides (Topuz et al.,
2011).

Oligocene-Miocene rocks comprise red
conglomerate, sandstone, claystone and gypsum
levels, which are products of shallow-marine and
continental environments. These unconformably
overlie the Eocene rock association. Cutting these
units, acidic and basic magmatics are common
around the region. They are folded and thrust-
faulted in general. According to Bas (1979), the
Miocene-Pliocene volcanics in the Erzincan
region are the products of calc-alkaline continental
volcanism. These volcanic products may have
formed as a result of the reactivated movement of
magmatic diapirs embedded in continental crust.
Based on this evidence and evaluation, Figure 7C
presents an explanation of the tectonic setting of
the Eocene-Oligo-Miocene phase.

Pliocene-Quaternary

Plio-Quaternary fluvial to lacustrine rocks overlie
the older rock units above an angular unconformity
and consist of terrace clastics and fine-grained

192

Ali YILMAZ, Hiiseyin YILMAZ, Aral OKAY, Tayfun BILGIC

plain sediments. Eocene-Miocene deformational
structures such as folds and imbricated structures
are crossed and displaced dextrally by the active
strike-slip fault system along the NAF. The
Pliocene-Quaternary units were deposited within
a newly developing strike-slip and/or pull-apart
basin. This level is not deformed and is nearly flat-
lying (Kogyigit, 1996). Figure 7D is presented as
a representative model reflecting the Neotectonic
phase.

DISCUSSION

The main problems in the study area are
concentrated on three issues. The first one is the
origin of the ophiolites and mélange along the
North Anatolian Ophiolite Belt, the second one is
the age of collision between the Eastern Pontides
and Eastern Taurides in the study area, and the
third one is the age, offset and annual velocity of
the NAF.

For the first issue, the Erzincan Nappe was
defined in detail. For example, Kogyigit (1990)
suggests that there should be three suture zones,
whichareintegrated westof Erzincan. These sutures
are the Karakaya, Inner Tauride and Erzincan
Sutures. Indeed, the existence of ophiolites with
different ages is known in this region (Tatar, 1978;
Kogyigit, 1990). According to this approach, each
suture indicates a different ocean in terms of age
and setting. But the relationships between these
oceans have not been defined. The existence of the
Intra Tauride Ocean and the setting of the suture is
an important question. If an Intra Tauride Ocean
existed, plate kinematic constraints limit its width
to 300 km. It would have subducted between 85
Ma and 65 Ma. No geological record has been
identified to date that demonstrates the existence
of such an ocean basin. However, indications
may be found in subduction-related plutons in the
Kirsehir Block that formed between 85 and 70 Ma
(van Hinsbergen et al., 2016). In the framework
of age, composition, and tectonic setting, the



Geology and Structural Evolution of the Region between the Upper Kelkit Basin and Munzur Mountains

ophiolites and mélanges of the southern sub-belt
and northern sub-belt of the Kirsehir Block have
similar characteristic features. Therefore, the
southern sub-belt units may be the tectonically-
transported products of the northern sub-belt
(Yilmaz and Yilmaz, 2013).

Then, it was suggested that the ultramafic
and leucocratic rocks of the Refahiye ophiolite
developed in the earliest stages of island-arc
development in a suprasubduction setting (Rice
et al., 2009), while there was a forearc tectonic
setting in the northern branch of the Neotethyan
ocean, with characteristics similar to most of
the eastern Mediterranean Cretaceous ophiolites
(Sarifakioglu et. al., 2009). In addition, the
Karayagmak ultramafic-mafic association in the
region was derived from high-Al hydrous basaltic
magmas which developed via partial melting
of previously subducted and metasomatized
subcontinental lithospheric mantle (pre-Jurassic,
Alaskan-type ultramafic-mafic complex) in the
Eastern Pontides (Eyiiboglu et al., 2010).

In addition, double north-dipping subduction
zones were suggested to describe the tectonic
evolution of the northern branch of NeoTethys in
the Jurassic (Gogmengil et al., 2013; Topuz et al.,
2013), Jurassic-Cretaceous (Parlak et al., 2013;
Robertson et al., 2013), Cretaceous (Sarifakioglu
et al., 2009) and Late Cretaceous (Erdogan et al.,
1996; Tiysiiz et al., 1995; Yilmaz and Yilmaz,
2013). Briefly, there is no consensus about the age
of the ophiolites and their progression along the
NAOB as a whole. However, on the basis of the
palacontological evidence presented above, the
age of the Karayaprak melange in the study area
should be Late Cretaceous-Palacocene.

In fact, there may be relicts of the pre-Alpine
ocean in the ophiolitic complex as blocks and/or
tectonic slices. But, on the basis of evidence about
the pre-Alpine units, it is not possible to design a
new comprehensible model. Therefore, the model
suggested in this study includes only the Jurassic-
Quaternary interval. For this model, it is sufficient
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to examine the nature of the tectonic units and
ophiolites presented above.

As a result, further studies are necessary to
improve the proposed models. There are some
critical areas in Turkey that are still under-explored.
Better studies in these regions need to further our
understanding of the structural evolution.

For the second problem, there are different
points of views about the age of collision between
the Eastern Pontides and Taurides. For instance,
Sengor et al. (2008) suggest Late Miocene, while
Robertson et al. (2021) suggest Mid-Late Eocene
for the age of collision as a whole between
continental fragments and the suture zone along
the continents.

However, Eocene volcanics in the region
show post-collisional adakite-like magmatism
and have implications for the evolution of Eocene
magmatism in the Eastern Pontides (Topuz et al.,
2011). In addition, on the base of palaeontological
data presented above, Middle Eocene clastic
rocks overlie the tectono-stratigraphic units
unconformably everywhere from north to south in
the study area (Yilmaz, 1985; Yilmaz et al., 1985).
As aresult, the collision age should be Pre-Middle
Eocene.

For the third problem, there are different
approaches about the age, offset and velocity
along the NAF in the study area and surrounding
regions.

First of all, the age of the NAF is also open
to debate. For instance, Sengor et al. (2008)
suggest Late Miocene, whereas Barka (1992)
suggests post-Miocene and Kogyigit (1989) and
Bozkurt (2001) suggest Pliocene for the NAF. In
the study area, Eocene-Miocene rock associations
are deformed to a great scale. However, Pliocene
layers are not deformed. Therefore, Pliocene age
can be preferred for the NAF.

There are different offsets suggested along
the NAF as well. For instance, Bergougnan (1975)
suggested 100-120 km, Tatar (1978) 50-60 km and



Seymen (1975) suggested that the offset of the
NAF should be 85 km, considering the relationship
between the Tokat massif and the ophiolites along
both sides of the NAF.

In addition, considering the similarity of
Lutetian volcano-sediments on both sides of
the NAF in the Susehri basin, Kogyigit (1989)
suggested that the NAF has a 35 km right lateral
offset. Yilmaz et al. (1997 a & b) claimed that
the offset is 50 km based on the similarity of the
Eocene nappe fronts to the north and south of the
NAF in the same region. Whereas 18 km offset
was suggested by Tatar et al. (1993) and Barka and
Handcook (1984) proposed 25+5 km for different
segments of the NAF.

In addition, annual velocity values along the
NAF are variable along different segments. For
instance, on the basis of geological data, Seymen
(1975) suggested 0.5 cm/yr, Barka and Handcook
(1984) 0.45-0.5 cm/yr, Kogyigit (1989) 5 cm/
yr (from 1989 up to recent), Tatar et al. (1993)
0.52/yr; on basis of geophysical data, Mc Kenzie
(1972) 5 cm/yr and Toksoz et al. (1979) 12 cm/
yr (for interval between 1939-1977). According to
the offset of valleys and ridges, there was 8 km
of Quaternary displacement, about 2 km of it in
the late Quaternary, and at least 500 m during the
Holocene (Barka and Handcook, 1984).

There is only Pliocene-Quaternary neotectonic
fill between the main fault segments. Only the
dimensions of the metamorphic outcrops on both
sides of the fault are different. This may be the
result of the different rates of uplift and erosion
of metamorphic rocks to the north and south of
the master fault. Therefore, if the approximately
middle part of the massifs are taken into account
(Figure 6), there is 25 km (X-X1) offset, but if
Y-Y1 is considered (Figure 6) as a basis, there is
35 km offset defined for the NAF in the region, as
suggested by Kogyigit (1989).

After the evaluations presented above and
field data, it is possible to suggest Pliocene age, at
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least 25 km for offset and annual velocity values
of approximately as 4.7 cm/yr for the NAF in the
region.

CONCLUSIONS

The aim was to design a model for the Jurassic-
Quaternary interval because it is possible to foresee
and design a general model from the Jurassic to
the Quaternary within the framework of evidence
obtained from the study region. This model should
include the following major structures (Figure 7):

1-In the Jurassic-early Cretaceous interval, in
general, a mid-ocean ridge and an ensimatic arc
existed along the NAOB together. In addition,
continental platforms existed to the north in the
Eastern Pontides and to the south in the Eastern
Taurides, respectively (Figure 7A).

2-The formation of the ophiolitic melange
and the emplacement and/or obduction of
ophiolites with different ages occurred during
the late Cretaceous-Palaeocene. The existence of
major structures is highlighted, including ensialic
arc-forearc in the north along the south of the
Eastern Pontides and an ensimatic arc in the south
along the northern branch of Neotethys. Within
this framework, double subduction zones and
a preserved platform in the south at the Eastern
Taurides must have been present (Figure 7B).

3-Collision of the Eastern Pontides and
Eastern Taurides occurred before the Middle
Eocene. Geochemical evidence and also a
regional unconformity between the main tectono-
stratigraphic units and Middle Eocene cover rocks
confirm the collision (Figure 7C).

4-The NAF developed during the Pliocene
as a dextral fault in an active strike-slip system
(Figure 7D), which obliquely crossed the NAOB.
The offset on the NAF should be at least 25 km
and annual velocity is approximately 4.7 cm/yr for
the study region.
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GENISLETILMIS OZET

Dogu Pontidler ile metamorfik olmayan Dogu
Toroslar in birbirine en ¢ok yaklastigt bir alanda
yapilan ¢alismanin amaci, yérenin jeolojisini ve
yapisal evrimini yeniden degerlendirmektir. Bu
bolge, diger alanlardan farkli ve onemli veriler
baridran bir nitelige sahiptir. Ayrica, mevcut
veriler de wuzun siireden beri giincellenerek
yorumlanmanustir. Dolayisiyla, yérenin yapisal
anlamak tektonostratigrafik

evrimini icin

birimlerinin ayrintili  tammlanmasinda  yarar
vardw. Calisma alaminda kuzeyde Dogu Pontidler,
giineyde ise Dogu Toroslarin en kuzey kesiminde
yer alan boliimii yer almaktadir. Kuzey Anadolu
Ofiyolit Kusagi (KAOK) ise Dogu Pontidler ile
Dogu Toroslar in arasinda yer almaktadur.

Inceleme alaminda (Sekil 1), farkli ortam
kosullarint yansitan, birbirleri ile tektonik iliskili
paleo-tektonik birimler ayirt edilmistiv. Bunlar,
kuzeyden giineye dogru Kelkit Goreli Otoktonu,
Cimendagi Napi, Erzincan Napt ve Munzurdagt
Kiregtast Birligi dir (Sekil 2) Tektonik birliklerin
konumu ve iliskileri ise Sekil 3’de goriilmektedir.

Dogu Pontidler

Pontidler, Giintimiiz e

kadar uzanan zaman araliginda olusan ¢esitli

Dogu Paleozoyik ten
birimlerden yapili bir bolgedir. Kimmerya Kitast
olarak tamimlanan, kuzeydogu Gondwana-Land
ile Laurasian kita kenarlar: arasindaki dar kitasal
kayma bélgesinin, esas olarak Permiyen ile ge¢
Triyas arasinda evrimlestigi eski aktif Avrasya
kenarimin bir boliimiinii (Sengér vd., 2023) ya
da en azindan Triyas'ta yay-ardi havzalarmin
aculdigr (Moix vd., 2008) bir boliimii temsil eder.

Dogu Pontidler’in Jura dncesi ve Jura-
yi
bilinmektedir. Incelenen bolgede, Jura oncesi

Kuvaterner dizilerini bir arada icerdigi

birimler farkl kesimlerde yer almakta olup, bu
birimler arasinda bir baglanti kurmak miimkiin
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degildir. Bu nedenle, bolgenin yapisal evrimini
agtklamak igin inceleme alanina ozgii Jura-
Kuvaterner evresi iizerinde yogunlasimistir. Bu
cercevede, Dogu Pontidler’in giiney kesiminde
Kelkit Goreli Otoktonu ve Cimendag Napt
tamimlanmistir.

Kelkit Goreli Otoktonu

Kelkit  Goreli vesil
sistlerle temsil edilen metamorfitler ve bunlar

Otoktonu 'nun  temelini,
kesen granit ve kuvars-diyoritler olusturmaktadur.
Agvanis masifinin ayrintuli jeoloji haritast ve
dikme kesiti sira ile Sekil 4 ve 5 te goriilmektedir.
Metamorfitlerin kéken kayalari, olasilikla, derin
olmayan bazik bir ortamda ¢okelmis olmalidir
(Okay,1983). Bu
Formasyonu olarak adlandwrilan Liyas yasta

temelin lzerine Haciomer

larmtili kayalar transgresif olarak gelir. Birimin
fosil icerigi Liyas yasin teyit etmektedir. Liyas
karintil kayalart dereceli olarak Geg¢ Jura-Erken
Kretase yasta ve Berdiga Formasyonu olarak
adlandilan platform tiirii karbonatlara geger.
Goreli Otokton’un bu kesimi durayli bir kita
kenarimi temsil etmektedir. Ge¢ Kretase-Paleosen
yastakivolkano-tortullar ise Altinoluk Formasyonu
olarak adlandirilmis olup, tamimlanan platformun
iizerinde gelisen volkanik yay1 temsil etmektedir.
Volkanik yay, ensialik bir yaymn Ozelliklerini
tasimaktadir (Sekil 2).

Cimendag1 Napt

Cimendag1 Nap:’'nin en alt diizeyi yesil sistlerdeki
metamorfiklerden ve ayrica Karbonifer-Permiyen
yasta sig denizel ve karasal volkano-klastiklerden
olusur. Birimin en alt diizeyini olusturan kaya
birimleri ise, baslangicta bir riftlesme olayr ve
daha sonra kita yamacini temsil eden Yenikoy
(Yilmaz,
1985). Bu formasyonun fosil icerigi Jura-Erken

Formasyonu olarak adlandirilmistir

Kretase yeisaret etmektedir. Yenikdy formasyounu,
temeli olugturan metamorfitlerin tizerine bolgesel



uyumsuzlukla gelir (Sekil 2). Birimin Ust Kretase-
Paleosen yasta olan kirintili kayalari ise, Torniik
Torniik

Formasyonu, bir yay oni toplulugunu temsil

Formasyonu olarak adlandirilmistir.

eder ve Jura-Alt Kretase yastaki kita yamacinin
birimleri iizerinde yerel uyumsuzlukla yer alir
(Yilmaz vd., 1985).

Kuzey Anadolu Ofiyolit Kusag

Kuzey Anadolu Ofiyolit Kusagi (KAOK) Dogu
Pontidlerle
almakta ve daha doguda calisma alam disinda
Kiigiik Kafkasya Ofiyolit Kusagi 'na eklenmektedir
(Yilmaz ve Yilmaz, 2013). Omegin Erzincan

Dogu  Toroslarmm arasinda  yer

metavolkanitleri de Kiiciik Kafkasya’'da oldugu
gibi okyanusal kabuk izerinde gelisen bir volkanik
yayr temsil etmektedir (Rolland vd., 2020).
Sunulan calismada, FErzincan Napi, KAOK 'nin
inceleme alanindaki temel bileseni olarak olarak
adlandrilmig ve Refahiye Karmasigi, Karayaprak
Karisigr ve Dumanhdag Metamorfikleri olarak
cesitli boliimlere ayurt edilmistir (Yilmaz, 1985,
Yilmaz ve Yilmaz, 2010).

Erzincan Napt

Erzincan Napi'na dair Ozellikle ofiyolitlerin
yasi, kokeni, diger bir ifadeyle olustuklart ortam
ve iliskileri konusunda farkli gériisler vardir.
Paleotetisin giiney kolu, Neotetis’in kuzey kolu
ve I¢ Toros Okyanusu'nun kenet kusaklarinin
iligkileri konusunda da bir gériis birligi yoktur.
Ancak Erzincan Napt'na dair ofiyolitli karisigin
hamurunu olusturan kayatiirlerinin fosil icerigi,
Ge¢ Kretase-Paleosen yasina isaret etmektedir.
Dolayisiyla  Erzincan  Napi'min  Paleotetis,
Neotetisin kuzey kolu ve 1¢ Toros Okyanusu
boyunca olusan Paleozoyik ve Mezozoyik yaslarda
olan ofiyolitleri icerdigi kabul edilse de, bunlarin
Ust Kretase-Paleosen yasta yitim karmagsigina

eklemlendigi ileri siiriilebilir.
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bir diziden
cok, birbiriyle tektonik iliskili peridodit, gabro,

Refahiye Karmasigi, diizenli
dayk karmagigi ve yastik laviarla temsil edilen
birimlerden yapili cesitli yaslarda ofiyolitlerden
olusmaktadir. Peridodit egemen bir kayatiirii
olup harzburjit ve lerzolit ile temsil edilmektedir.
Gabro
kiiciik ylzeylemeler halindedir. Mikrogabro ve

Serpantinlesme pek yaygin  degildir.

diyabaz daylari ise serpantinlesmis peridoditleri
kesmektedir. Refahiye Karmasigi’'min ultramafik
ve l6kokratik diizeylerinin ada yayinin erken bir
evresinde gelistigi (Rice vd., 2009) ya da Neo-Tetis
okyanusunun kuzey kolonda gelisen yay konumunu
yvansutigr da ileri siiriilmektedir (Sarifakioglu
vd., 2009). Ayrica inceleme alaminda Jura-erken
Kretase evresinde olusan okyanus ortasi swrtin
varligi bilinmektedir (Buket, 1982; Buket ve

Ataman, 1982).

yapili
volkanitler, tiif, aglomera, killi kirectesi, grovak

Karayaprak — Karisigi,  yastik
ve olistostromlerle temsil edilen bir yapida olup
volkano-klastiklerden yapili hamurunda Jura-
erken Kretase yasta gesitli bloklar icermektedir.
Birimin hamurunda tamimlanan fosil icerigine

gore karisiginyasi ge¢ Kretase-Paleosen olmalidir.

Metamorfitleri,
metabazik kayalar ve yer yer kristalize kirectast,

Dumanlidag bashca
metatiirbidit ve seyrek olarak metagort ile temsil
edilmektedir. Alt diizeylerde metabazik kayalar, Gist
diizeylerde mermer arakatkilari ve kalksist egemen
daha egemen durumdadir. Bu birim, bogesel
diizeyde yesilsist  fasiyesinde olup, kayatiirii
ozellikleri ve tirleri acisindan Tokat grubu ya
da Agvanis Masifi'ne benzerlik gostermektedir.
Gogmengil vd. (2013) ve Topuz vd. (2013)
inceleme alaninda erken-orta Jura yasta yesilgist
ve amfibolit fasiyesinde metamorfitleri tanimlamis
olup bu birimlerin Ada Yay1 Bazaltlart (IAB) ya
da Zenginlesmis-Okyanus Ortasi Sirti (E-MORB)
ortaminda olusmus bir yigisim karmagsigina
karsilik gelebilecegine isaret etmektedir.
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Dogu Toroslar

Dogu Toroslar inceleme alanimin giineyinde yer
almaktadir. Munzurdag Kirectas: Birligi ise Dogu
Toroslar’in en kuzeyinde ve kuzeydeki Erzincan
Napimin da altinda bir nap olarak bulunmaktadir
(Bedi ve Yusufoglu, 2022). Dogu Toroslar, pasif
kita gelisimini ve ozellikle Triyas’'da riflesmeyi
yansitan bir platformun ozelliklerini tasimaktadir.
Daha genis anlamiyla, Dogu Toroslarin Triyas-
Kretase denizel ¢okelleri ve raksak derin deniz
yamact birimlerinin de gelistigi bir kusak olarak
tammlanabilecegi ileri siiriilmektedir (Robetson
vd., 2021).

Munzurdag Kirectasi Birligi

Inceleme alanimin giineyinde yer almakta ve
Dogu Toros Kusagi’'min en kuzeydeki kesimini
temsil etmektedir. Munzurdagi Kiregtasi Birligi,
Erzincan Napi’'na gore goreli otokton olarak kabul
edilmekle birlikte (Ozgiil, 1981; Yilmaz vd., 1993)
gtintimiizde bir nap olarak tanimlanabilecegi (Bedi
ve Yusufoglu, 2022) kabul edilmektedir. Triyas-
Senomaniyen yasta olan alt diizey, genellikle
platform tiirii karbonatlardan olusmaktadir. Bu
alt
yasta olan agirlikli olarak pelajik mikritlerden

diizeyin zerinde Tiironiyen-Kampaniyen
olusan bir diizey yer alir. Munzurdagi Kiregtast
Birliginin toplam kalinligi yaklasik olarak 1200 m
dolaymdadr (Sekil 2).

Bolgenin Tektonik Yapilart

Inceleme alaninda farkli yaslarda olan tektonik
evreler kolaylikla birbirinden ayrilabilmektedir.
Tammlanan ilk evreyi yansitan Eosen Oncesi
olusan bindirme yapilart tektonik birliklerin
arasinda yer almaktadi. Ikinci evre ise Eosen
sonu ve Oligo-Miyosen sirasinda olusan kivrimlar
ve bindirmelerle temsil edilmektedir. Bu ikinci
donem yogun bir deformasyon evresine karsilik
gelmektedir. Son evrede ise sag yonlii dogrultu
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atimli Kuzey Anadolu Fayi'nin (KAF) bilesenleri
olusmustur.

Eosen oOncesi yapilar gozetildiginde, Kelkit
Goreli Otoktonu ile Cimendag1 Napi ‘nin, Erzincan
Napi’min kuzeyinde, Munzurdag Kiregtasi Birligi
ise Erzincan Napi'min giineyinde yer aldig

goriilmektedir (Sekil 3).

tektonik
birimlerin tizerine agisal uyumsuzlukla gelmekte

Eosen yasta olan kaya tiirleri,

ve geregleri genellikle ofiyolitlerden tiiremis yerel
olistostromlar kapsamaktadw. Eosen sonu ve
sonrasinda olusan yogun kivrimli yapr ve kimi
kuzeye kimi giineye dalimli bindirmeler bu evrede
olusmustur. Inceleme alant, bu yogun deformasyon
evresi sonunda ve Ge¢ Miyosen dncesinde tiimiiyle
kara haline gelmistir.

KAF ise Pliyosen’de olusmaya baslamis ve
yaklasik olarak ¢calisma alaninin orta kesiminden
gecmektedir. KAF sag yonlii dogrultu atimli bir
nitelige sahiptir. KAF i olugumu sirasinda olusan
Pliyosen-Kuvaterner  birimleri  yataya yakin
konumdadir. Buna gére Pliyosen Oncesi olusan
yogun stkisma rejiminin, Pliyosen’den itibaren
dogrultu atimin egemen oldugu ¢ek-ayir tirii bir

rejime evrildigi belirtilebilir.

Bolgenin Yapisal Evrimi

Bélgenin yapisal evrimine iliskin bir model
olusturmak igin yoreye 0zgl yapisal birimlerin
ortii kayalarimin giivenilir verilerle tanimlamak
gerekmektedir. Ornegin béylesi bir modelde
ofivolitlerinve ofiyolitli karisigin kékeni ve iliskileri
anahtar rol oynamaktadwr. Dolayisiyla Erzin
Napt’'min ayrintili tanimlanmasi gevekmektedir.

Mevcut sorunlar da, daha ¢ok ofiyolitlerin
yasi, kokenive olusan ofiyolitli karisigin (melanjin)
dogas ile ilgilidir. Ornegin Karakaya, I¢ Toros ve
Erzincan kenet kugaklarmmin varligini bu bolgede
tammlayan ¢alismalarin (Kogyigit, 1990) yanisira,



yoredeki ultbazik kayalart bir kenar denizi iiriinii
(Bektas, 1981) ya da metamorfizmaya ugramig
alt kitasal litosferik manto olarak yorumlayan
calismalar (Eyiiboglu vd., 2010) da vardir.

Ancak, yapisal evrim modeline dair bir
yaklagimda bulunmak i¢in, oncelikle bolgenin
yapisal birimlerin konumunun ve iligkilerinin yani
swra yapisal birimlerin iizerine a¢ili uymsuzlula
gelen ortii birimlerinin dogasini giivenilir verilerle
tammlanmak gerekmektedir.

Ornegin, Paleozoyik yasta olan ofiyolitlerle
(Tatar, 1978; Kogyigit, 1990) Jura-Kretase
swrasinda olusan okyanus ortasi

(Buket, 1982,
ve Jura-Kretase

sirta  dair
1981b)
sirasinda  olusan

ofiyolitlerin Yilmaz,
iliskileri
Supra-Yitim Zonu (SSZ) tiirii ensimatik yaylar
(Beyazpiring vd., 2019; Altintas vd., 2012)
arasindaki iligkiler bilinmemektedir. Yukarida
sunulan degerlendirmelere gore, inceleme alan
icin Jura éncesi doneme dair kapsamlt bir model
olusturmak miimkiin degildir. Dolayisiyla, sadece
bolgenin Jura-Kuvaterner araligindaki yapisal
edilmistir

evriminin  degerlendirilmesi tercih

(Sekil 7).

Jura-Erken Kretase sirasinda olusan Kelkit
Goreli Otoktonu ve C(imendagi Napr Dogu
Pontidlerin giiney kenarinda once riftlesmeye,
daha sonra platform tirii kita kenarlarimin
olusumuna isaret etmektedir. Aynt donemde Dogu
Toroslarda Munzurdag Kiregtasi Birligi de pasif
kita kenarimin ozelliklerini tagimaktadir. Ofiyolitli
kusak boyunca ise erken Jura ensimatik yayt
(Altintas vd., 2012) da bu dénemde olugmustur.
Ayrica Refahiye yoresinde tanimlanan erken-orta
Jura yasta yigisim karmasiginin IAB ve E-MORB
ortaminda olustuguna dair yaklagimlar (Topuz
vd, 2013) gozardr edilmemelidir. Dolayisiyla, bu
evrede Dogu Pontidlerde ve Dogu Toroslarda
pasif kita kenarlari, arada yer alan okyanusal
ortamda ise kuzeyde okyanus ortasi sirt, giineyde
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ise ensimatik yay ile temsil edilen daha kapsamh
bir model olusturmak miimkiindiir (Sekil 74).

Geg¢ Kretase-Paleosen evresinde ise gerilme
rejimi genel olarak sikisma rejimine doniismiistiir.
Bu donemde kuzeyde Dogu Pontidler de ensialik
yay-yayonii, ofiyolitli kusakta ensimatik yay ve
bunlarla birlikte yitim karmasigi (Yilmaz ve
Yilmaz, 2013; Beyazpiring vd., 2019), giineyde
ise once derinlesen, daha sonra giderek siglasan
ortam kosullarini yansitan bir ortamin iirtinii olan
Dogu Toroslara dair yapisal birimler olusmustur.
Dolayisiyla bu donem i¢in kuzeye daliml kuzeyde
ensialik, giineyde enssmatik iki ayrt yaymn ve
yitim zonunun varligimi kabul etmek kagimilmaz
goriilmektedir. Sekil 7B de ge¢ Kretase-Paleosen
icin énerilen model sunulmustur.

Eosen yasta olan brimler ise coktiir bir
cakiltasi ile tiim yapisal birimlerin iizerinde
agily uyumsuzlukla yer almaktadwr. Eosen ve
Oligo-Miyosen yasta olan birimler yogun bir
deformasyon gegirerek, inceleme alam tiimiiyle
once sig denizel, daha sonra karasal bir ortama
doniigmiistiir. Dogu Pontidlerin Eosen yasta olan
kaya birimlerinde yapilan jeokimyasal ¢alismalar
da (Topuz vd., 2011) bu volkanizmanin ¢arpisma
sonrast bir evreye isaret ettigini gostermektedir.
Dolayisiyla inceleme alaninda Dogu Pontidlerle
Dogu Toroslarin Eosen oOncesinde ¢arpisma
evresini gecirdigi ileri siiriilebilir (Sekil 7C).

Pliyosen-Kuvaterner sirasinda akarsu ve
golsel ortami yansitan kayalar daha eski tiim
birimlerin iizerinde ag¢ili  wyumsuzlukla yer
almaktadir. Bu kayalar ayrica teras ve ince taneli
ova c¢okelleriyle temsil edilmekte ve katmanlar
yataya yakin konumdadir (Kogyigit, 1996). Bu
uymsuzluk ve Pliyosen éncesi yogun deformasyon
iliskileri gozetildiginde, Kuzey Anadolu Fayi’'mn
da Pliyosenden itibaren olustugu ve c¢ek-aywr
havzalarmin agulimina yol agtigi kabul edilebilir.
Yapilan son degerlendirmeye gore ise KAF in
sag yonlii en azindan 25 km’lik bir atima sahip
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oldugu, yillik kayma hizimin ise 4,7cm/l oldugu
kabul edilebilir goziikmektedir (Sekil 7D).

Tartisma

Calisma alanmmin temel sorunlart ii¢ konuda
yogunlasmaktadir: Birincisi KAOK boyunca yer
alan ofiyolitlerin ve ofiyolitli karisigin kékeni ve
yasi, ikincisi Dogu Pontidlerle Dogu Toridlerin
carpisma yasi, lictinclisti KAF 'min yasi, atmi ve
yillik hizi.

Ilk sorun icin, Erzincan Napi'mn ayrintili
Yukarida
ayrintilar  sunulmugtur.

olarak tamimlanmasi gerekmektedir.
konuya dair onemli
Ornegin, farkliyastaolanofiyolitlerinvarligi (Tatar,
1978, Yilmaz, 1985; Kogyigit, 1990) bilinmektedir.
Ancak farkl yaslarda olan okyanuslar arasindaki
iliskiler tamimlanamamaktadir.

Ayrica, ofiyolitlerin kokeni ve olusumuna
yol acan siireglerin niteligi konusunda da bazi
farkhiliklar goriilmektedir. Ornegin, kuzeye dalimli
yitim zonlarinin Jura’da (Gogmengil vd., 2013,
Topuz vd., 2013), Jura-Kretase'de (Robertson vd.,
2013; Parlak vd., 2013), Kretase 'de (Sarifakioglu
vd., 2009), ge¢ Kretase'de (Tiiysiiz vd., 1995;
Erdogan vd., 1996; Yilmaz ve Yilmaz, 2013)
etkin olduguna dair yaklagimlar vardwr. Yani
KAOK boyunca ofiyolitlerin gelisimi ve yerlesimi
konusunda da bazi farkli veriler paylasilmistir.
Ancak, Inceleme alaminda yapilan ¢alismada
elde edilen paleontolojik verilere gore ofiyolitli
karisigin Geg¢ Kretase-Paleosen yasta oldugu
belirlenmistir. Buna gore Yitim zonlarimin da bu
evrede etkin oldugu kabul edilebilir.

Ikinci sorunla ilgili Dogu Pontidlerle Dogu
Toroslar’in ¢arpisma yasi konusunda da farkh
goriisler vardir. Ornegin, Sengor vd. (2008)
ge¢ Miyosen’de, Robertson vd. (2021) orta-geg
Eosen’de kitasal bloklarin carpistigini ve kenet
kusaklarimin gelistigini ileri siirmektedir. Oysa
inceleme alaninda Eosen volkanitlerinin ¢carpisma
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sonrast bir magmatizmayr temsil ettigi (Topuz
vd., 2013) ve Orta Eosen yasta olan kirintili
kayalarin bélgesel diizeyde daha eski tiim tektono-
stratigrafik birimlerin tizerine a¢ili uyumsuzlukla
geldigi acik¢a goriilmektedir. Buna gore, inceleme
alaminda kitasal bloklarin Orta Eosen oOncesi
carpistigi kabul edilebilir.

Son sorunla ilgili olarak KAF’min hem
inceleme alaninda, hem de KAF boyunca fayin
yast, atimi ve yillik hizi konusunda da farkh
degerlendirmeler mevcuttur.

Genel olarak KAF i yasi tartismalid.
Ornegin, Sengér vd. (2008) ge¢ Miyosen, Barka
(1992) Miyosen sonrasi, Kogyigit (1989) ve
Bozkurt (2001) ise Pliyosen yasini éngormektedir.
Incleleme alaminda Pliyosen yasta olan birimlerin
uyumsuzilukla diger birimlerin tizerinde yer almasi
ve deformasyona ugramamis olmasi nedeniyle

KAF i¢in Pliyosen yas: tercih edilebilir.

KAF i atimi igin Bergougnan (1975) 100-
120 km, Tatar 50-60 km, Seymen (1975) 85
km ongormektedir. Inceleme alaminda yapilan
calismalarda da  farkh  yaklasimlar
Ornegrin, KAF in atmun, Yilmaz vd. (1997a ve
1997b) 50 km, Kogyigit (1989) 35 km, Yilmaz
ve Yimaz (2010) ise 25 km olabilecegini ileri
stirmektedir.

vardir.

KAF in
Pliyosen yasta oldugu, en azindan 25 km atima

Yapilan  degerlendirmeye  gore,
sahip oldugu ve buna gére 4,7 cm/yul yillik kayma

hizina sahip oldugu kabul edilmektedir.

Sonug

Incelemealanina ézgiiverilerleJura éncesidoneme
dair yapisal bir model olusturulamamaktadir.
Jura-erken Kretase doneminde genel olarak
okyanusal agilma ile ensimatik bir yayin birlikte
var oldugu, Ge¢ Kretase-Paleosende ise kuzeye
dalimli ensialik ve ansimatik yaylarin birlikte



gelistigi ve kapanmakta olan bir okyanusun varlig
inceleme alamndaki verilerle belgelenmistir.
Eosen oncesinde okyanusal havzanmin tiimiiyle
kapandigi  ve  carpismanin  gergeklestigi
vurgulanmistir. Ayrica, KAF in ise Pliyosen’den
itibaren olustugu, sag yonlii ve dogrultu atimli
KAF in en azindan 25 km atima ve 4,7 cm/yil yillik
kayma hizina sahip oldugu sonucuna varilmistir

(Sekil 74-D).
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