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Abstract: The Eastern Pontides were located at the southern active margin of Laurasia during Mesozoic time. Jurassic volcaniclastic
sediments and volcanic rocks of the Pontides represent products of the arc magmatism above a north-dipping subduction zone.
Despite the wide distribution of the Jurassic volcaniclastic/volcanic succession, the precise age of the Jurassic volcaniclastic sequence
and that of the synsedimentary magmatism are poorly constrained. Here we present U-Pb detrital zircon ages from two Jurassic
sandstones belonging to the Senkdy Formation of the Eastern Pontides. One sample is taken from the base of the $enkoy Formation
unconformably overlying the late Carboniferous Giimiishane granite. The depositional age of this sandstone is constrained as late
Sinemurian-Pliensbachian based on the faunal assemblage of the overlying Ammonitico Rosso type carbonates. Detrital zircon grains
from this sample yielded an unexpected component of 203.4 + 0.2 Ma (Latest Triassic, Rhaetian) U-Pb age, indicating the existence
of Late Triassic magmatic activity in the region that has not been reported yet from the exposed magmatic bodies or from the detrital
zircon ages. The sample taken from the upper part of the Jurassic succession yielded a youngest U-Pb age component of 155.9 + 1.8 Ma,
indicating that the depositional age of the Jurassic volcaniclastic succession extends from the Early Jurassic (Sinemurian), as revealed
by the fossil content and abundant U-Pb detrital zircon ages, to the Late Jurassic (Oxfordian-Kimmeridgian). The detrital zircon ages
from this study together with those from the literature indicate arc magmatism on the southern margin of Laurasia during the Triassic

and Late Jurassic (250-156 Ma).
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1. Introduction

The Pontides were located on the active southern margin
of Laurasia during Permo-Triassic and Jurassic time,
facing the Tethyan Ocean in the south (e.g., Robertson
and Dixon, 1984; Dercourt et al., 1986, 1993; Ustadmer
and Robertson, 1993, 1994, 1997; Barrier and Vrielyneck,
2008; Topuz et al, 2013; Okay and Nikishin, 2015).
Previous studies (e.g., Okay and Monié, 1997; Okay et al.,
2002; Okay and Gonciioglu, 2004; Topuz et al., 2004, 2014)
mentioned Permo-Triassic accretionary complexes, which
include greenschist- to blueschist-facies rocks with lenses
of eclogites, indicating the presence of a coeval subduction
zone. The Permo-Triassic subduction and deformation
events in the Pontides are commonly attributed to the
Cimmeride Orogeny, leading to closure of the Paleo-Tethys
Ocean and opening of the Neo-Tethys (e.g., Sengor, 1984;
Stampfli and Borel, 2002). A Permo-Triassic magmatic arc
related to coeval subduction has not been documented.
However, beneath the Tertiary sedimentary rocks of the
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Scythian Platform, deep wells indicate the presence of
Triassic igneous rocks (details in Okay et al., 2013; Okay
and Nikishin, 2015) and were interpreted as parts of the
possible Triassic magmatic arc. The Triassic Cimmeride
Orogeny was followed by the development of a Jurassic
magmatic arc, which can be traced along the Sakarya
Zone, Crimea, and the Caucasus (e.g., Sen, 2007; Nzegge,
2008; Dokuz et al., 2010; Geng and Tiiysiiz, 2010; Meijers
etal,2010; Adamia etal., 2011; Okay et al., 2014; Okay and
Nikishin, 2015). During the arc magmatism, the Jurassic
Senkdy Formation, composed of mainly volcaniclastics
and volcanic rocks with some Ammonitico Rosso type
carbonate levels and coal horizons, was deposited in
arc-related basins (e.g., Robinson et al., 1995; Kandemir,
2004; Dokuz and Tanyolu, 2006; Kandemir and Yilmaz,
2009; Akdogan, 2011; Figure 1). The age of the Senkdy
Formation is regarded as Sinemurian up to Bathonian on
the basis of a wide range of fossil assemblages (Wedding,
1963; Alkaya and Meister, 1995; Robinson et al., 1995;
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Figure 1. Distribution of the Jurassic rocks in the Black Sea region (modified from Okay and Nikishin, 2015, and references therein).
Ar-Ar ages “158 and 188 Ma” are from Dokuz et al. (2010). The study area is marked by a red rectangle.

Kandemir and Yilmaz, 2009; Voros and Kandemir, 2011).
The age of the upper parts of the succession is not well
constrained, since the main components in this thickest
part are volcaniclastic and volcanic rocks. There are only
a few isotopic ages from the Jurassic volcanic and plutonic
rocks from the Pontides and Crimea, which range from
Pliensbachian to Bathonian (Nzegge, 2008; Dokuz et al.,
2010; Meijers et al., 2010; Okay et al., 2014; Figure 1).

In this paper we provide the first U-Pb detrital zircon
ages from Jurassic sandstones of the Senkoy Formation in
the Eastern Pontides and discuss the provenance of the
succession and the Jurassic and earlier magmatism in the
region.

2. Pre-Jurassic basement rocks of the Pontides

The Pontide orogenic belt is the northernmost tectonic
unit of Turkey, bordered by the Black Sea in the north,
and it is separated from the Anatolide-Tauride Block by
the Izmir- Ankara-Erzincan Suture in the south (Okay and
Tiiystiz, 1999; Figure 1). The collision of these two blocks
occurred during the Paleocene to Early Eocene (Okay and
Sahintiirk, 1997; Okay and Tiiysiiz, 1999). The Pontides
consist of three major tectonic zones: the Rhodope-
Strandja, Istanbul, and Sakarya zones. The Sakarya Zone

90

is the main tectonic unit of the Pontides, extending 1500
km north of the {zmir-Ankara-Erzincan Suture. The pre-
Jurassic basement rocks of the Sakarya Zone are divided
into three major units: i) Metamorphic rocks intruded
by Carboniferous and Permian granitoids, constituting
the Hercynian crystalline basement (e.g., Okay, 1996;
Okay et al.,, 1996, 2006a, 2006b; Topuz et al., 2004, 2007,
2010; Nzegge et al., 2006; Dokuz, 2011; Kaygusuz et al.,
2012, 2016; UstaOmer et al., 2012; Ustadmer et al., 2013).
Small Devonian intrusions were also described in the
western part of the Sakarya Zone by Aysal et al. (2012) and
Sunal (2012). ii) Permo-Triassic accretionary complexes,
called the Karakaya Complex, subdivided into a lower
section made up of metabasites with tectonic slices of
Late Triassic eclogite and blueschist facies rocks, and
an upper part of chaotically deformed greywackes and
basalts with exotic Permo-Carboniferous limestone blocks
(Okay and Monié, 1997; Okay et al., 2002; Topuz et al.,
2004, 2014). The Triassic Kiire Complex in the Central
Pontides, consisting of the Upper Triassic Akgol Flysch
with serpentinite, pillow lava, and dolerites (Ustadmer
and Robertson, 1994), can be correlated with the Upper
Karakaya Complex. The Kiire basin is commonly regarded
as a back-arc basin (e.g., Ustabmer and Robertson, 1993,
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1994; Barrier and Vrielynck, 2008). However, recent study
showed that there was no Triassic or older unit between
the Kiire Complex and the Izmir-Ankara suture and the
Kiire basin was in a fore-arc position facing the Tethyan
Ocean in the south (Okay et al. 2006a, 2006b, 2013, 2014).
iii) Nonmetamorphic Permo-Carboniferous sediments
from the eastern part of the Sakarya zone (Robinson et al.,
1995; Okay and Leven, 1996; Capkinoglu, 2003; Kandemir
and Lerosey-Aubril, 2011).

Pre-Jurassic basement rocks of the Pontides are
unconformably overlain by the Jurassic clastics and
volcaniclastics in the Central and Eastern Pontides (e.g.,
Okay and $ahintiirk, 1997; Kandemir, 2004; Sen, 2007;
Kandemir and Yilmaz, 2009; Gen¢ and Tiiysiiz, 2010;
Figure 1). The succession includes acidic to intermediate
intrusions of Middle Jurassic age in the Central Pontides
(details in Yilmaz and Boztug, 1986; Nzegge, 2008; Okay
et al., 2013, 2014) and in the Eastern Pontides (details
in Topuz, 2002; Dokuz et al., 2006, 2010; Ustadmer et
al., 2013). Upper Jurassic-Lower Cretaceous carbonates
cover the Jurassic volcaniclastic sequence and the older
rocks of the Istanbul and Sakarya zones (e.g., Pelin, 1977;
Bergougnan, 1987; Tiiysiiz, 1999; Koch et al., 2008; Okay
etal., 2017).

3. Jurassic volcanosedimentary sequence of the Eastern
Pontides

The Jurassic volcanosedimentary sequence of the
Eastern Pontides rests unconformably over the Upper
Carboniferous sedimentary rocks in the Demirdzii
and Pulur regions (Bayburt) (Okay and Leven, 1996;
Capkinoglu, 2003; Kandemir and Lerosey-Aubril, 2011)
and over the Carboniferous crystalline basement, which
is composed of metamorphic rocks and granitoids in
Giimiishane (Kandemir, 2004; Figures 1-3). The Jurassic
volcanosedimentary sequence consists of a thick series
of volcaniclastic sandstones with alternations of tuffs
and Ammonitico Rosso type limestones in the Eastern
Pontides (Pelin, 1977; Bergougnan, 1987; Kandemir,
2004). The Jurassic Senkéy Formation has a thickness of
up to 2243 m and shows abrupt changes in thickness and
facies along the basin (details in Kandemir, 2004). It starts
with coal-bearing sandstone and conglomerate passing up
into a thick volcanosedimentary sequence composed of
lithic tuff, volcanogenic sandstone, and shale interbedded
with basaltic and andesitic lavas. Ammonitico Rosso type
condensate limestone levels locally occur in the lower parts
of the Senkdy Formation with Sinemurian-Pliensbachian
fossil assemblages of ammonites, brachiopods, bivalves,

Figure 2. Geological map of the study area together with the locations of the dated samples
(modified after Akdeniz and Giiven, 2002; Hakyemez and Papak, 2002).
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Figure 3. Generalized stratigraphic section of the Eastern Pontides for the pre-

Cretaceous.

gastropods, belemnites, crinoids, and foraminifera
(Alkaya and Meister, 1995; Kandemir and Yilmaz, 2009;
Voros and Kandemir, 2011). The upper levels of the
Senkdy Formation are mainly represented by volcanics
and volcaniclastic rocks that have not been dated.

The depositional environment of the S$enkéy
Formation ranges from paralic to marine (Robinson et al.,
1995; Kandemir, 2004). An extensional tectonic regime
is assigned to the Jurassic basin of the Eastern Pontides
due to: i) rapid lateral changes in facies and thickness
(Kandemir, 2004; Akdogan, 2011); ii) hardgrounds within
the sequence, which are cut by Neptunian dykes of red
pelagiclimestone of Ammonitico Rosso facies; iii) extensive
submarine volcanism accompanying sedimentation; iv)
the presence of synsedimentary normal faulting. The
Jurassic magmatic/volcanic-volcaniclastic rocks are also
widely exposed in the Central Pontides. The westernmost
continuation of the Senkdy Formation is in the western
part of the Sakarya Zone in the Mudurnu region (Altiner
et al,, 1991; Geng and Tiiysiiz, 2010). The geochemistry
and isotopic data of the Jurassic volcanic/plutonic rocks
from the Pontides, Crimea, and the Caucasus show typical
features of subduction-related arc magmatism rather than
that of rifting (Mengel et al., 1987; Boztug et al., 1995; Sen,
2007; Nzegge, 2008; Dokuz et al., 2010; Geng and Tiiysiiz,
2010; McCann et al., 2010; Meijers et al., 2010; Adamia
et al.,, 2011; Okay et al., 2014). The Jurassic magmatic arc
is assigned to the northward subduction of the Izmir-
Ankara-Erzincan Ocean beneath the Pontides, which
during the Jurassic was located on the southern margin of
Laurasia (Celik et al., 2011; Okay et al., 2013, 2014; Topuz
et al,, 2013; Okay and Nikishin, 2015).
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4. U-Pb dating methods

Thin sections and mineral separation were done at Istanbul
Technical University for U-Pb geochronology. Zircons
were extracted from sandstone samples by using standard
separation techniques including crushing, milling, sieving,
and rinsing. The dried sand fractions were magnetically
separated and heavy liquid was used to separate the
heavy minerals. Special care was taken in order to achieve
unbiased handpicking of zircons (e.g., regardless of size,
shape, color, degree of rounding, and transparency).
The crystals were embedded in an epoxy mount of 25
mm in diameter, lapped by 2500-mesh SiC paper, and
polished by 9-, 3-, and 1-um diamond suspensions.
Cathodoluminescence (CL) images were obtained from
zircons using a JEOL JXA 8900 electron microprobe at
the Geozentrum Géttingen in order to study their internal
structure and to select homogeneous parts for the in situ
age determinations. The in situ U-Pb dating was performed
by laser-ablation single-collector sector-field inductively
coupled plasma mass spectrometry (LA-SF-ICP-MS). A
Thermo Finnigan Element 2 mass spectrometer coupled
to a Resonetics Excimer laser ablation system was used.
All age data presented here were obtained by single spot
analyses with a laser beam diameter of 33 um and a
crater depth of approximately 10 um. Zircon grains were
randomly selected for analysis. The laser was fired at a
repetition rate of 5 Hz and at nominal laser energy output
of 25%. The carrier gas was He and Ar. The age calculation
and quality control are based on the drift and fractionation
correction by standard-sample bracketing using GJ-1
zircon reference material (Jackson et al., 2004). For further
control, the PleSovice zircon (Sldma et al., 2008) and the
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91500 zircon (Wiedenbeck et al., 1995) were analyzed as
‘secondary standards’ Drift and fractionation corrections
and data reductions were performed with UranOS data
reduction software (Dunkl et al., 2008). The age data
shown in the figures and discussions are according to
207Pb/2%Pb ages for grains older than 1.0 Ga, and ***Pb/>*U
ages for younger grains.

The discordance % was calculated according
to the following formulas: (1 - [(207/235Udate) /
(206Pb/238Udate)] x 100 when ages were <1.0 Ga and
(1 - [(207/206Pb date) / (206Pb /238Udate)]) x 100
when ages were >1.0 Ga. Ages with discordance of >5%
were excluded from the discussion. The concordia plots
and age spectra were constructed by the help of Isoplot/
Ex 3.0 (Ludwig, 2012) and AgeDisplay (Sircombe, 2004).
The age components of the plots were also verified using
PopShare (Dunkl and Székely, 2002) and DensityPlotter
(Vermeesch, 2012).

5. Results

5.1. Petrographic descriptions of the dated samples

To constrain the provenance and the maximum
depositional age of the volcanoclastic part of the Senkéy
Formation of the Eastern Pontides, we obtained U-Pb
detrital zircon ages from two sandstone samples (R-
290 and R-4093) (for locations, see Figure 2-4). UTM

coordinates of the samples and single-grain U-Pb detrital
zircon dating results are shown in the Table.

Sample R-290 was taken from medium-grained
yellowish sandstone representing the lower part of the
formation, 15 m above the late Carboniferous Giimiishane
granite, southwest of the city of Giimiishane (Figures 2 and
4). The sandstones are overlain by the Ammonitico Rosso
type condensate limestone, which has a well-constrained
late Sinemurian-Pliensbachian depositional age (details
in Alkaya and Meister, 1995; Kandemir and Yilmaz, 2009;
Voros and Kandemir, 2011). The sample is a medium-
grained sandstone consisting of lithic fragments, quartz,
feldspar, and altered mafic minerals in the fine-grained
matrix of clay/sericite and calcite (Figures 5a and 5b).
The grain size of the sample varies between 0.2 and 0.4
mm. Rock fragments are the most abundant components,
making up 65% of the bulk, and are composed mainly
of limestone and fossil fragments, metamorphic rock
fragments, basaltic/andesitic volcanic rock fragments,
and a few chert grains. Feldspar constitutes 10% of the
sandstone and is largely replaced by calcite and sericite.
Angular monocrystalline quartz grains make up 10% of
the sandstone with minor polycrystalline quartz (3%).

Sample R-4093 was taken from the upper level of the
Senkdy Formation south of Alucra (Figures 2 and 4).
The fine- to medium-grained, well-sorted volcaniclastic

Figure 4. Local stratigraphic sections showing the approximate location of the samples (modified from

Pelin, 1977; Kandemir, 2004).
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Figure 5. Photomicrographs of the analyzed Jurassic sandstones in plane-polarized light (left) and under crossed polarizers
(right). a) and b) Sample R-290, ¢) and d) R-4093. Monocrystalline quartz (Qm), polycrystalline quartz (Qp), calcite (Cc), feldspar
(Fp), plagioclase (Plg), metamorphic lithic fragment (Lm), volcanic rock fragment (Lv), limestone fragment (Ls), and chert (Qc).

sandstone is composed of feldspar (30%), rock fragments
(35%), angular grains of quartz (25%), and muscovite (less
than 1%), which are set in a matrix rich of sericite/clay and
fine-grained calcite (10%) (Figures 5c and 5d). Angular
nonaltered plagioclase grains showing albite twins make
up 25% of the sample. Quartz grains, up to 0.7 mm in size,
are composed mainly of monocrystalline grains (20%).
Volcanic rock fragments are composed of fine-grained
felsic and basaltic/andesitic rock fragments with well-
oriented fine plagioclase laths. The metamorphic rock
fragments are mainly composed of polycrystalline quartz.
There are also angular to semirounded chert grains up to
0.5 mm in size (2%).

5.2. U-Pb ages of detrital zircons of the studied samples
In total 180 detrital zircon ages have been obtained from
two samples of the Senkdy Formation, of which 154
(86%) are concordant at 95%-105% (Table). Concordia
diagrams and CL images of the detrital zircon grains are
given in Figures 6 and 7. The distribution of U-Pb ages
from the two samples show three main age components
at the Middle Jurassic (160-180 Ma; 27%, 41 grains), Late
Triassic-Early Jurassic (190-210 Ma; 40%, 61 grains), and
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late Carboniferous (300-330 Ma; 14%, 22 grains) (Figure
8).

5.2.1. Sample R-290

Ninety-one single zircon grains from sample R-290 yielded
82 concordant (95%-105%) zircon ages with the youngest
age of 184.7 + 2.6 Ma (Early Jurassic, Pliensbachian) and
the oldest age of 1954.5 + 16.9 Ma (Paleoproterozoic)
(Table). Most of the analyzed zircons from sample R-290
are remarkably euhedral and have clear oscillatory zonation
in CL images, indicating a magmatic origin (Figure 7). The
magmatic origin of the detrital zircons is also shown by
the Th/U ratios of >0.1, which vary between 0.2 and 1.8
(Table; Figure 9). A few zircon grains show no zoning or
patchy zoning (Figure 7). Of the detrital zircons, 67% (55
grains) yielded ages between 210 and 190 Ma (Rhaetian-
Sinemurian) (Figure 10). There are few zircons scattered
in the Triassic (7%, 6 grains), Paleozoic (12%, 10 grains),
and Proterozoic (11%, 9 grains) without a significant peak.
5.2.2. Sample R-4093

Eighty-nine single zircon grains from sample R-4093
yielded 72 concordant (95%-105%) zircon ages with the
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Figure 6. Concordia diagrams of the studied samples of the Senkoy Formation.

youngest age of 155.9 + 1.8 Ma (Kimmeridgian) and the
oldestage of 582.8 + 7.8 Ma (Neoproterozoic) (Table; Figure
10). Most of the zircon grains are euhedral (Figure 7). The
CL images of the dated zircon grains from sample R-4093
mostly exhibit a clear oscillatory zonation, indicating a
magmatic origin (Figure 7). This is also supported by the
Th/U values ranging between 0.18 and 1.58 (Table; Figure
9). The detrital age distribution pattern of sample R-4093
shows major populations at the Toarcian-Oxfordian (180-
160 Ma; 57%, 41 grains) and late Carboniferous (330-300
Ma; 22%, 16 grains) (Figure 10). The other zircon grains
yielded ages of Silurian (431.1 + 4.5 Ma), Devonian (455.5
+ 5.5 Ma), and Neoproterozoic (582.8 + 7.8 Ma).

6. Discussion and conclusions

6.1. The maximum depositional age of the Senkoy
Formation

The depositional age of the Senkdy Formation is commonly
regarded as Early-Middle Jurassic based on Sinemurian-
Pliensbachian  fossil ~assemblages of ammonites,

brachiopods, bivalves, gastropods, belemnites, crinoids,
and foraminifera from the Ammonitico Rosso type
carbonate levels (Alkaya and Meister, 1995; Vords and
Kandemir, 2011), and Bathonian pollen and dinoflagellate
assemblages detected in the clastic members (Robinson et
al., 1995).

Studied samples R-4093 and R-290 yielded youngest
ages of 1559 * 1.8 Ma (Late Jurassic, Oxfordian-
Kimmeridgian) and 184.7 + 2.6 Ma (Early Jurassic,
Pliensbachian), respectively  (Table; Figure 10).
Considering the errors and the next youngest detrital
zircon age, which is 158.0 + 4.5 Ma (Table), the latest
Oxfordian is most likely the maximum depositional age
of the Senkéy Formation (according to the time table of
Gradstein et al., 2012). This is compatible with the latest
Oxfordian-Kimmeridgian age of the overlying carbonates
of Berdiga Mountain (Koch et al, 2008). Thus, the
depositional age of the Senkdy Formation extends from
the Sinemurian to the latest Oxfordian for over 40 million
years (Figures 3 and 10).
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Figure 7. Cathodoluminescence images of the dated zircons from the two Jurassic sandstone samples. The laser ablation pits, marked
by red circles, are 33 pm in diameter.
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Figure 8. Histogram with probability density curves for all U-Pb detrital zircon ages obtained from studied samples of the
Jurassic Senkoy Formation.

Figure 9. Th/U ratio versus U-Pb ages of the detrital zircons from two Jurassic sandstone samples. Discrimination
lines are from Linnemann et al. (2011) and Rubatto (2002).
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Figure 10. Histogram with probability density curves of U-Pb detrital zircon ages from two sandstone samples of the
Jurassic Senkdy Formation. The blue probability density curve represents the Triassic U-Pb detrital zircon ages of the

Karakaya Complex (Ustadémer et al., 2016).

6.2. Source of the Jurassic Senkdy Formation

The U-Pb detrital zircon distribution of the two samples
show main populations at the Middle Jurassic (160-180
Ma; 27%, 41 grains) and Late Triassic-Early Jurassic (190-
210 Ma; 39%, 61 grains), with a less dominant population
of late Carboniferous (300-330 Ma; 14%, 22 grains) zircons
(Figure 8). Detrital zircon distributions indicate two main
magmatic sources for the Jurassic Senkdy Formation. One
is the Jurassic arc magmatism, having a wide distribution
in the Pontides and extending from Crimea through the
Caucasus to Iran (e.g., Dokuz et al., 2006, 2010; Adamia
et al., 2011; Okay et al., 2014; Okay and Nikishin, 2015),
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which was coeval with the deposition of the Early-Middle
Jurassic Senkdy Formation (Figure 1). The other main
source is the Late Triassic magmatism, marked by the
distinct Late Triassic (Rhaetian; 203.4 + 0.2 Ma) zircon
age component in sample R-290 (Figures 8 and 10), which
is taken from the lower part of the succession (Figures
2 and 4). However, the Triassic magmatic arc, related to
Permo-Triassic subduction-accretionary complexes (Okay
and Monié, 1997; Okay et al., 2002; Okay and Gonciioglu,
2004; Topuz et al, 2004, 2014), are not known in the
Eastern Pontides and are not exposed north of the Black
Sea. Triassic detrital zircons are common in the Karakaya



AKDOGAN et al. / Turkish J Earth Sci

Complex (Ustadmer et al., 2016) and in the Akgol Flysch
(Karshoglu et al., 2012; personal communication with T
Ustadmer, 2017); however, the majority of the Triassic
zircon ages cluster in the Ladinian to Norian (Figures 10
and 11). Such zircons (>210 Ma) are rare in the $enkéy
Formation, making up only 5% (7 grains) of all dated
zircons (Figures 8 and 10). This indicates little or no
recycling from the Karakaya Complex or the Akgol Flysch.
Ustaomer et al. (2016) discussed the Triassic rocks of the
Aegean Region, west of the Pontides, and revealed that
they were not the source area of the Triassic detrital zircons
of the Karakaya Complex. Long-distance derivation of
zircons conflicts with the euhedral to subhedral crystal
shapes of the Triassic zircons of the studied samples
(Figure 7). The Th/U values of >0.1 (Figure 9), the internal
structures, and the crystal shapes of the Triassic zircons
support the idea that they were sourced from magmatic
arc close to the basin, which is not exposed but may exist
under the Jurassic-Neogene cover.

Late Carboniferous zircons (330-300 Ma), which make
up only 14% (22 grains) of the studied samples, indicate

a minor contribution from Carboniferous magmatic
activity (Figure 8). Carboniferous granitoids (348-303
Ma) of the Eastern Pontides (e.g., Topuz et al, 2010;
Dokuz, 2011; Kaygusuz et al, 2012, 2016; Figure 12)
seem the most probable source for the late Carboniferous
zircons. Significant contribution from synsedimentary
magmatism (Figure 10) as illustrated with Sinemurian to
Kimmeridgian zircons of the Senkéy Formation, which
make up 42% of the detrital zircons, is generally attributed
to arc flanking basins at convergent plate margins, like
intra-arc basins (Cawood et al., 2012).

6.3. Triassic and Jurassic magmatism

The latest Triassic in the Sakarya Zone is marked by
the Cimmeride orogeny ascribed to the collision and
amalgamation of an oceanic edifice to the Laurasian
margin. The Karakaya Complex related to this collision
contains abundant Triassic zircons (Ustadmer et al., 2016)
(Figures 10 and 11). However, a Triassic magmatic arc,
related to the Late Triassic northward subduction, is not
known from outcrops but is inferred to exist north of the
Black Sea (Tikhomirov et al., 2004; Natal'in and Sengér,

Figure 11. Histogram with probability density curves of Triassic and Jurassic U-Pb detrital zircon ages from the Jurassic Senkoy
Formation (this study), the Karakaya Complex (from Ustadémer et al., 2016), the Lower Cretaceous sediments (Akdogan et al.,
2017), and Upper Cretaceous Flysch of the Central Pontides (our unpublished data).
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Figure 12. Outcrops of pre-Jurassic rocks of the Black Sea region (modified from Okay and Nikishin, 2015, and references therein).

2005; Okay and Nikishin, 2015; Figure 12). Detrital zircon
ages from studied samples in the Senkdy Formation
show main populations at the Late Triassic-Early Jurassic
(Rhaetian-Sinemurian; 210-190 Ma, 40%) and at latest the
Early Jurassic-Late Jurassic (Toarcian-Oxfordian; 180-160
Ma, 27%) (Figures 8 and 10). These detrital zircons are
mainly euhedral and have oscillatory zonation with Th/U
values of >0.1 indicating felsic magmatic origin (Figures
7 and 9). The existence of Triassic and Jurassic magmatic
zircons in the Jurassic samples together with those from
the literature (Ustadmer et al., 2016; Akdogan et al., 2017;
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our unpublished data) suggest that the arc magmatism
extended from the Triassic into the Late Jurassic, possibly
with a break in the Early Jurassic (187-175 Ma) (Figures
10 and 11).
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