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ABSTRACT

The eastern part of the Sakarya Zone, known as the Eastern Pontides, is represented by a south-facing carbonate
platform during the Late Jurassic-Early Cretaceous. The shallow marine carbonate sedimentation is masked by
hemipelagic sedimentation during the Turonian to Coniacian. The Turonian-Coniacian strata are widely exposed
in the Giimiishane area. In this study, we present new microfacies and geochemical data that can provide new
insights into the palaeo-oceanic conditions during the time of their deposition.

These strata consist of yellow to gray, thick-bedded, graded calcarenites, calcilutite, pelagic limestone, and
monogenic conglomerates. The dominant components are carbonate fragments, including dolomites and lime-
stone, as well as allochthonous bioclasts. Volcanic rock fragments, quartz, cherts, and glauconites are also
present, with their abundance varying along the section. The micritic component and planktonic fauna exhibit an
increasing abundance in the upward direction, indicating a gradual deepening of the depositional environment.
Hence, the analyzed samples can be interpreted as transgressive series deposited on slopes or the deep shelf
basin.

Furthermore, these strata exhibit distinct V/(V+Ni) and Ni/Co ratios without a notable negative Ce anomaly,
suggesting relatively oxygen-reduced conditions. They also show a slight enrichment in alkali elements (Rb and
Cs) and post-transition elements (Ga), and LREE, indicating intense weathering. The Ga/Rb and K/Al values
further support warm and humid Cretaceous conditions. Thus, the Turonian-Coniacian strata offer valuable
information about ancient environments, climate conditions, and the basin evolution of the Tethys Ocean in the
Eastern Black Sea region.

1. Introduction

The Eastern Pontides was characterized by an extensive, generally

ended during the Late Aptian-Albian extensional tectonic regime, and
the basin slightly started to deepen, and the inner platform environment
turned into a deep shelf environment (Ozyurt and Hollis, 2019; Ozyurt,

south-sloping, carbonate-dominated shelf during the Late Jurassic-Early
Cretaceous (Goriir, 1988). The Eastern Pontides experienced the
equatorial-subequatorial paleoclimate and a relatively stable tectonic
regime, which facilitated the deposition of the platform carbonates
(Gortir, 1988; Kirmaci, 1992; Kirmaci et al., 1996; Okay and Sahinturk,
1997; Tasli et al., 1999; Kocyigit and Altiner, 2002; Koch et al., 2008;
Ozyurt et al., 2019a-c; 2020; 2022; ()zyurt and Kirmaci, under review).
Shallow marine conditions were present during the Oxfordian — Early
Aptian (e.g., Pelin, 1977; Tasl, 1991; Kirmaci, 1992; Kirmaci et al.,
1996; Koch et al., 2008; Kara-Giilbay et al., 2012; Kirmaci et al., 2018;
Vincent et al., 2018; Ozyurt et al., 2019a). However, these conditions
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2019; Ozyurt et al., 2019a-c). The deepening of the depositional envi-
ronment continued into the late Albian, with Sponge spicule wack-
estone/mudstone microfacies deposited in an upper slope environment
(Ozyurt et al., 2022). Moreover, Tasli and Ozsayar (1997) recorded
Albian monogenic conglomerates and Neptunian dikes, proposing that
platform drowning was initiated along with the early phases of rifting.
The rise in sea level at the onset of the Turonian led to further basin
deepening, and carbonate deposition was masked by calciclastic mate-
rials associated with pelagic fauna (Tasl and Ozsayar, 1997; Chen et al.,
2015). In the graben areas, particularly in the Pirahmet area, rud-
stone/wackestone including calcisphere and planktonic foraminifera

Received 8 December 2022; Received in revised form 30 May 2023; Accepted 1 June 2023

Available online 22 June 2023

2590-0560/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:merveyildiz@ktu.edu.tr
www.sciencedirect.com/science/journal/25900560
https://www.sciencedirect.com/journal/journal-of-asian-earth-sciences-x
https://doi.org/10.1016/j.jaesx.2023.100156
https://doi.org/10.1016/j.jaesx.2023.100156
https://doi.org/10.1016/j.jaesx.2023.100156
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

M. Ozyurt et al.

were deposited together with reworked carbonates such as monomictic
conglomerates, carbonate breccias, and calcarenites. The appearance of
such facies has been attributed to the accelerated subsidence of the
platform and the subsequent drowning phase of the platform carbonates,
and their age is well constrained as Turonian-Coniacian (Tasli and
Ozsayar, 1997; Eren and Tasli, 2002). The previous researchers propose
that the deepening of the paleoenvironment in the Eastern Pontides may
be related to extensional tectonics causing subsidence and subsequent
flooding of the basin as well as a global sea-level rise during the Cen-
omanian/Turanian period (e.g. Tash and Ozsayar, 1997). However, the
paleoenvironmental and paleoclimatic conditions accompanied by the
drastic change have not been fully understood (Ozyurt et al., 2020).
Hence, a detailed geochemical investigation, combined with sedimen-
tological analyses, is still needed. In this study, we focused on the
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geochemical characteristics of the Turonian-Coniacian facies to discuss
the mechanisms and complicated processes that the basin experienced.

2. Geologic setting

Tiirkiye is one of the major components of the Alpine-Himalayan
orogenic system and comprises four major tectonic blocks (Okay &
Tiiysiiz, 1999; Fig. 1). The study area is located in the eastern part of the
Pontides tectonic unit, in northeastern Tiirkiye, around the city of
Glimiigshane (Fig. 1). There is a heterogeneous pre-Jurassic basement in
the southern part of the Eastern Pontides, which contains Paleozoic
massifs composed of granites and metamorphic rocks (Fig. 1), as well as
Permo-Carboniferous shallow marine to terrigenous sedimentary rocks
(Okay and Sahinturk, 1997).
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Fig. 1. (a) Regional tectonic setting of Tiirkiye (Okay and Tiiysiiz, 1999). (b) Simplified geological map of the Giimiishane region and location of the investigated

stratigraphic sections (modified from Giiven, 1993).
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The Lower-Middle Jurassic sequence unconformably overlies the
heterogeneous pre-Jurassic basement rocks. The Early-Middle Jurassic
sequence in the Eastern Pontides is predominantly represented by
volcano-sedimentary formation (Senkoy Formation: Kandemir, 2004),
which rests unconformably above the heterogeneous basement rocks.
This sequence is characterized by rift-related sediments and exhibits
significant differences in facies characteristics vertically and laterally
(Kandemir, 2004; Kandemir et al., 2022). The Senkoy Formation is
overlain by Upper Jurassic - Lower Cretaceous platform carbonates
(Berdiga Formation: Pelin, 1977). The platform carbonates are repre-
sented by shallow marine facies, which change to the south into coeval
deep marine facies, implying a south-facing carbonate platform of the
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Tethys Ocean.

The lower part of the platform carbonates consists of medium- to
massive-bedded grey to yellowish oncolytic, intraclastic packstones and
grainstones, and dolomites, which are changed into grainstones, pack-
stones, and wackestone facies with rich benthic foraminiferal assem-
blages, fragments of mollusks, and echinoids, in parallel with the
sedimentary evolution of the basin. In addition, chert nodules and
planktonic fossils are abundantly present in the upper level of the car-
bonate sequence (Ozyurt et al., 2020; 2022).

The lithostratigraphic succession of the southern part was very
similar to the stratigraphic generation of the northern part until the Late
Cretaceous. The generation of the Late Cretaceous and Middle Eocene
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Fig. 2. Detailed stratigraphic sections of Turonian-Coniacian strata in the Giimiishane region.
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sequences results in lithostratigraphic differences between the southern
and northern parts of the Eastern Pontides. The northern part of the
Eastern Pontides is characterized by a volcano-sedimentary sequence up
to 2 km thick (Okay and Sahinturk, 1997). However, in the southern part
of the Eastern Pontides, the platform carbonates are overlain by Upper
Cretaceous sedimentary rocks. The Cretaceous sedimentary rocks
consist mostly of (i) yellowish calcirudite, calcarenite, calcilutite, sandy
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limestone, sandstone, and conglomerates, (ii) Globotruncana-bearing red
pelagic limestones, marly limestone, mudstone, and (iii) a turbidite se-
ries with a minor amount of interbedded volcano-clastics including tuff
layers (Pelin, 1977; Sari et al., 2014; Eyiiboglu, 2015; Tiirk-Oz and
Ozyurt, 2019). The Eocene Kabakoy Formation unconformably overlies
the Late Cretaceous sedimentary units and other pre-Eocene units in the
northern and southern zones of the Eastern Pontides. The Kabakoy

Fig. 3. General view of Turonian-Coniacian strata in
three different measured stratigraphic sections. (a)
View of the Turonian-Coniacian strata in the Pirahmet
section (b) Cherty limestones on the top level of the
platform carbonates (c) Trace fossils in the studied
strata (d) Mollusc shell fragments at the base of the
calcarenite beds (e) conglomeratic level in Pirahmet
section (f) sandy limestone and calcarenite strata in
the Pirahmet section (g-i) monogenic conglomerates
in the Yikintibas1 section (j) biostrom level consisting
of Gastropods in the Yikintibasi section (k-1) Globo-
truncana-bearing red pelagic limestones. (For inter-
pretation of the references to colour in this figure
legend, the reader is referred to the web version of
this article.)
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Formation consists of andesite, basalt, and pyroclastics, with lesser
amounts of sandstone, tuff, and sandy limestone, including Nummulites.

3. Methods

In this study, we focus on the Turonian-Coniacian strata in the
Glimiishane area. This study is based on three stratigraphic sections that
were measured in Pirahmet, Harmancik, and Yikintibagi area in the
Glimiishane region (Fig. 1). Harmancik section is located between
Giimiishane and Torul roadway and Harmancik village, 10 km north-
western of Glimiishane city center (Figs. 1 and 2). Yikintibasi section is
located in Kale 1 km eastern of Giimiishane city center (Figs. 1 and 2).
The Pirahmet section is located in Pirahmet village 12 km south-eastern
of Giimiishane city center (Figs. 1 and 2) (Fig. 3a). Most representative
samples were collected from three stratigraphic sections (Fig. 3a-1). 21
samples were collected from the 18 m thick Harmancik stratigraphic
section, 31 samples from the 50 m thick Pirahmet stratigraphic section,
and 29 samples from the 32 m thick Yikintibasi stratigraphic section. A
total of 78 samples were petrographically analyzed under a polarized
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microscope (Fig. 4a-i). The geochemical analyses are based on the
Pirahmet section. The petrographically least weathered and altered calc-
litharenites and calcilutites were selected for trace element analyses.
The Major and trace element of each sample was carried out by
ACME Analytical Laboratories, Ltd. (Vancouver, BC, Canada). Major
element analyses have been conducted by ACME Analytical Labora-
tories, Ltd. (Vancouver, BC, Canada). The major element contents of the
selected 8 samples were determined by inductively coupled plasma mass
spectrometry (ICP-MS). The standard suite of major oxides which are
defined in methods (ACME brochure-2017, 31 p) is analyzed at ACME
Lab (Canada) for each sample. During the whole rock major analysis
processes, STD SO-19 is used for Reference Materials. STD SO-19 has
2.91 % of MgO and 5.89 % of CaO. The detection limit is 0.01 and the
upper limit is 100 % for CaO and MgO. Sample preparation (dissolving
in acid and filtering) and measurements were conducted at ACME
Analytical Laboratories Ltd. (Canada). Major element compositions
were determined from pulps after 0.2 g samples of rock powder were
fused with 1.5 g LiBO; and then dissolved in 100 mL 5% HNOs. The
samples were reduced to chips of 2-4 mm and pulverized in a

Fig. 4. Thin section images showing the representa-
tive facies characteristics of the studied samples. (a)
The conglomerates with limestone fragment (G2
sample); (b) calc-litharenite with abundant carbonate
component and allochthonous bioclasts (G8 sample);
(c) calc-litharenite with allochthonous bioclasts and
reworked carbonate component (K08-65 sample); (d)
calc-litharenite to calcilutite with carbonate frag-
ments and glauconite (S17 sample); (e) litharenite to
calc-litharenite containing abundant poorly rounded-
quartz, chert, and volcanic rock fragment and car-
bonate fragment (S-21 sample); (f) calc-litharenite
containing abundant poorly rounded volcanic rock
fragments, quartz, cherts and carbonate component
(S5 sample); (g) calc-litharenite with reworked car-
bonate component and bivalve derived by nearby
platform (S-30 sample) and (i) overlying pelagic
limestone (S-31).
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thoroughly cleaned agate ring mill to avoid contamination. 0.2 g aliquot
of samples for the major element analysis were weighed into a graphite
crucible and mixed with 1.50 g of LiBOy/LiB4O7 flux and these were
subjected to a temperature of 980 °C for thirty minutes. The residue was
later dissolved in 5% HNOs3 (ACS-grade nitric acid diluted in distilled
water). Replicate analyses show that errors for major elements vary
between 1 and 2%. Analyses used ~0.2 g of powdered sample digested
in 10 mL 8 N HNOg, of which 1 mL was diluted with 8.8 mL deionized
water and 0.1 mL HNOs. To monitor the precision and accuracy, 1 mL of
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an internal standard (including Bi, Sc, and In) was added to the solution.
For more details on these methods, please see the website of

http://acmelab.com.

4. Results

4.1. Stratigraphic framework and sections

The best typical exposures of the formation are widely exposed in

Table 1
Major and trace element contents of the studied samples.

S-5 S-10 S-17 S-19 S-23 S-25 S-30
Analyte Rock Pulp Rock Pulp Rock Pulp Rock Pulp Rock Pulp Rock Pulp Rock Pulp
SiO4 % 33.52 34.37 45.49 35.95 31.36 29.20 39.78
Al,O3 % 6.39 7.60 9.39 7.69 6.35 5.88 9.19
Fe,03 % 2.45 3.05 3.46 2.94 2.93 2.05 1.90
MgO % 4.49 6.73 3.48 7.34 3.69 2.08 2.83
CaO % 24.43 20.06 15.49 18.37 26.33 30.76 21.24
NaO % 0.03 0.03 0.04 0.03 0.03 0.03 0.03
K>0 % 1.64 1.97 2.51 2.00 1.60 1.40 1.97
TiO2 % 0.26 0.43 0.77 0.43 0.29 0.22 0.40
P,0s % 0.04 0.06 0.07 0.06 0.04 0.04 0.06
MnO % 0.05 0.04 0.03 0.04 0.05 0.05 0.03
Cry03 % 0.00 0.01 0.01 0.01 0.00 0.00 0.00
LOI % 26.50 25.40 19.00 24.90 27.20 28.20 22.40
Sum % 99.86 99.80 99.80 99.79 99.85 99.88 99.87
Ba ppm 354.00 133.00 273.00 166.00 187.00 134.00 197.00
Sc ppm 4.00 7.00 8.00 6.00 5.00 4.00 7.00
Co ppm 1.80 3.10 10.40 3.80 2.30 1.70 4.10
Cs ppm 0.70 1.20 1.10 1.20 0.70 0.80 1.10
Ga ppm 4.90 6.70 8.10 6.90 5.40 4.40 7.30
Hf ppm 2.90 4.50 10.50 4.70 2.90 3.10 3.30
Nb ppm 3.00 5.00 7.80 5.00 3.10 2.50 4.20
Rb ppm 28.90 32.80 39.90 33.60 26.10 26.20 33.80
Sr ppm 262.00 302.10 266.90 287.90 363.10 431.90 291.20
Ta ppm 0.20 0.20 0.40 0.30 0.20 0.10 0.30
Th ppm 3.20 4.60 10.40 5.00 4.20 3.50 3.90
U ppm 0.90 1.60 3.60 1.40 1.30 1.10 1.30
\% ppm 34.00 67.00 101.00 51.00 46.00 37.00 64.00
Zr ppm 112.10 171.90 420.50 183.80 111.30 116.90 120.30
Y ppm 12.60 18.00 21.10 14.80 14.90 13.90 12.20
La ppm 11.90 16.70 33.20 16.80 15.50 11.10 15.00
Ce ppm 20.60 28.80 57.10 30.50 28.50 20.60 27.80
Pr ppm 2.29 3.39 6.17 3.43 3.11 2.25 3.13
Nd ppm 9.30 12.30 22.40 12.90 12.30 8.70 11.50
Sm ppm 1.69 2.49 4.34 2.45 2.34 1.82 2.38
Eu ppm 0.53 0.62 0.89 0.58 0.67 0.61 0.63
Gd ppm 1.93 2.52 3.92 2.34 2.45 2.27 213
Tb ppm 0.31 0.43 0.63 0.35 0.40 0.36 0.34
Dy ppm 1.86 2.79 3.83 2.22 2.49 2.12 2.07
Ho ppm 0.40 0.68 0.80 0.46 0.51 0.46 0.45
Er ppm 1.28 1.95 2.50 1.53 1.50 1.37 1.31
Tm ppm 0.20 0.31 0.37 0.25 0.24 0.21 0.20
Yb ppm 1.29 2.14 2.57 1.70 1.47 1.59 1.33
Lu ppm 0.20 0.37 0.42 0.29 0.23 0.25 0.24
REE ppm 53.78 75.49 139.14 75.80 71.71 53.71 68.51
LREE ppm 48.24 66.82 128.02 69.00 64.87 47.35 62.57
HREE ppm 5.54 8.67 11.12 6.80 6.84 6.36 5.94
Y/Ho 31.50 26.47 26.38 32.17 29.22 30.22 27.11
Eu/Eu* 0.89 0.75 0.64 0.73 0.85 0.91 0.84
Ce/Ce* 0.90 0.88 0.90 0.92 0.94 0.95 0.93
La/Yby 6.27 5.30 8.78 6.71 7.16 4.74 7.66
Pr/Yby 3.08 2.75 4.17 3.50 3.67 2.46 4.08
Nd/Yby 2.54 2.02 3.07 2.67 2.95 1.93 3.05
La/Smy 4.40 4.19 4.78 4.28 4.14 3.81 3.94
Th/U 3.56 2.88 2.89 3.57 3.23 3.18 3.00
Th/Sc 0.80 0.66 1.30 0.83 0.84 0.88 0.56
Ni/Co 0.94 0.65 1.09 0.58 0.87 1.35 0.73
La/Sc 2.98 2.39 4.15 2.80 3.10 2.78 2.14
Co/Th 0.56 0.67 1.00 0.76 0.55 0.49 1.05
Zr/Sc 28.03 24.56 52.56 30.63 22.26 29.23 17.19
Th/Co 1.78 1.48 1.00 1.32 1.83 2.06 0.95
La/Co 6.61 5.39 3.19 4.42 6.74 6.53 3.66
CIA 78.99 78.92 78.38 78.87 79.28 80.11 81.91
Icv 5.23 4.26 2.75 4.06 5.51 6.23 3.10
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several locations of the Giimiishane area. There different stratigraphic
sections are measured in several localities including, Pirahmet, Har-
mancik, and Yikintibasi stratigraphic sections (Fig. 1). These strati-
graphic sections can be well correlated with a typical section of
Kindiralik Fm. that is named by Pelin (1977). We, here, present the main
lithological and macro-sedimentological characteristics of three strati-
graphic sections.

The thickness of the studied facies ranged from 5 m to 50 m (e.g.
Tasli and Ozsayar, 1997). The studied unit unconformably overlies the
sponge spicule-bearing wackestone/mudstone facies of the Berdiga
Formation. The studied unit are generally represented by yellow to gray,
thick-bedded, graded, and locally bioturbated calc-arenites, limestone,
and monogenic conglomerates (e.g. Yildizoglu, 2022). The most com-
mon components are carbonate fragments (dolomites and limestone)
and allochthonous bioclast derived from nearby carbonate platforms
(Ozyurt et al, under review). They include echinoderm, coralline algae,
pelecypods, bryozoa, sponge spicules, and infrequent benthic forami-
nifera such as Gaudryina sp. (e.g. Tasli and Ozsayar, 1997). The wide
range of volcanic rock fragments, quartz, cherts, and glauconites are also
observed and their abundance shows differences along the section. They
are represented by yellow to gray monogenic poorly sorted-bresh, red
well-sorted grain/matrix-supported monogenic conglomerates, yellow
sandy limestone, calc-litharenites, and sandstone. The monogenic con-
glomerates are grain-supported with a small amount of matrix including
benthic and pelagic foraminifers (e.g. Yilmaz and Kandemir, 2006).
They gradually evolve into calc-litharenites or calciturbidites. The cal-
citurbidites commonly are represented by normally-graded wackestones
and packstones containing allochthonous bioclasts such as small benthic
foraminifers, echinoderms, bryozoans, and pelagic foraminifers and
sand-sized lithoclasts (Yilmaz and Kandemir, 2006). The calciturbites
gradually turn into pelagic limestone or marl layers upwardly. The
planktonic foraminifera is recorded in the upper part of the calciturbites
(Tashi and Ozsayar, 1997). Moreover, Tasli and C)zsayar (1997) assigned
the so-called calcarenites (the studied strata), which unconformably
overlie different stratigraphic levels of the underlying platform car-
bonates (Berdiga Formation), to the Turonian-Coniacian based on the
presence of Helvetoglobotruncana, Marginotruncana, and Dicarinella in the
conformably overlying and/or intercalated pelagic limestone.

4.2. Geochemistry

Major and trace element results are illustrated in Table 1. The studied
samples are represented by Aly03/SiO5 (0,19-0,23; ave. of 0,21), K20/
NayO (46,67-62,75; ave. of 59,50), FeoO3 + MgO (4,13-10,28; ave. of
7,06), TiO5 (0,22-0,77; ave. of 0,40) and low SiO, (29,20-45,49, with
an average of 35,67) values. Their V/Ni, V/(V + Ni), and U/Th ratios
vary from 8.94 to 33.50, 0.90-0.97, and 0.28-0.35, respectively. They
have high Sr/Cu (38.13 to 218.33) and K/Al values (0.21 to 0.27). Their
Rb/Sr (0.06 to 0.15) and Sr/Ba (0.74 to 3.22) are relatively low. Their
average > REE contents are lower than the average Y REE contents of
PAAS (183.0 ppm) and UCC (146.4 ppm) (Taylor and McLennan, 1985).
Their PAAS-normalized REE patterns display (i) slight depletion LREE
compared to HREE with high La/Yby ratios (0.47 to 0.87 with average
0.66) and, (ii) flat to slight positive Eu/Eu* anomaly (1.15 to 1.57 with
average 1.40), and (iii) relatively flat Ce/Ce* (0.92 to 0.99 with average
0.96). They have varied La/La* (1.09-1.50; ave. 1.23), Gd/Gd*
(0.99-1.21; ave. 0.07), and Pr/Pr* (0.93-1.02; ave. 0.97).

5. Discussion
5.1. Redox

The distribution of trace elements such as Fe, V, Mo, Ni, Mn, U, Th,
Ce, and Cr in sediments are useful indicators of the redox conditions of

the water column during sedimentation, as demonstrated by several
studies (Galarraga et al., 2008; Qin et al., 2022). The U/Th ratio is often
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used as an indicator of marine anoxia or euxinia, where higher values
suggest oxygen-depleted conditions. This ratio reflects the scavenging
and preservation of uranium under reducing conditions, and its
enrichment relative to thorium indicates limited oxygen availability
(Zaton et al., 2009). However, the U/Th ratio in carbonate-bearing rocks
can be affected by uranium mobility during diagenesis, which can lead
to post-depositional alteration and unreliable interpretations of redox
conditions. It’s important to consider other geochemical parameters and
corroborating evidence to ensure an accurate interpretation of redox
conditions. V and Ni ratios are particularly useful in this regard (Quinby-
Hunt and Wilde, 1994; Galarraga et al., 2008; Yandoka et al., 2015). The
V/Ni ratios are commonly used to interpret redox conditions, with ratios
greater than 3.0 and ratios between 1.9 and 3.0 suggesting reducing and
suboxic conditions, respectively (Galarraga et al., 2008). Similarly, ra-
tios of V/(V+Ni) greater than 0.84, between 0.54 and 0.82, and between
0.46 and 0.60 indicate euxinic, anoxic, and dysoxic conditions, respec-
tively (Pan et al., 2022). The V/Ni and V/(V+Ni) ratios suggest suboxic
to dysoxic conditions, with average ratios of 2.3 and 0.7 (as shown in
Table 1). In addition, the PAAS (Post-Archean Australian Shale)
normalized cerium (Ce) anomaly is a commonly used indice to assess
redox conditions (Bau, 1999; OzyLlrt et al., 2020). The cerium exists in
two oxidation states (Ce>* and Ce*") in marine systems. The oxygen-
reduced conditions can lead to Ce3' oxidation to insoluble Ce** and
the partial scavenging of dissolved Ce®* from seawater in anoxic marine
systems (Bau and Alexander, 2006). As a result, the lack of significant
negative-Ce anomalies in marine sediments has been considered evi-
dence of oxygen-depleted conditions. The studied samples (particularly
those from the lower part of the section) display relatively high Ce/Ce*
values, which can support suboxic environments during the deposition
of the studied strata (e.g. Ozyurt and Hollis, 2019).

5.2. Paleoclimate

Paleoclimate plays a significant role in sediment mineralogy and
geochemistry. Weathering processes are closely linked to climate, with
warm and humid climates promoting intense chemical weathering,
while cold and arid climates result in minimal chemical weathering
(Nesbitt et al., 1996). The Ga/Rb ratio, which represents the ratio of
gallium to rubidium, can serve as an indicator of weathering intensity.
Several studies (e.g., Johnsson and Basu, 1993; Wang et al., 1997;
Beckmann et al., 2005; Fathy et al., 2018) have shown that sedimentary
ratios such as Ga/Rb, K/Al, Sr/Cu, and Rb/Sr are sensitive indicators of
climatic variations during deposition.

A Sr/Cu ratio between 1.3 and 5.0 is indicative of a humid envi-
ronment, while a ratio greater than 5.0 suggests aridity (e.g. Adegoke
et al.,, 2014; Sarki Yandoka et al., 2015). Additionally, Rb/Sr ratios
generally decrease with increasing aridity (e.g. Deng and Qian, 1993;
Roy and Roser, 2013). However, caution should be exercised when
applying these ratios to calciturbites due to potential Sr incorporation in
the carbonate component. Sr tends to substitute for Ca in the crystal
lattice due to their similar sizes and charges. The analyzed rocks
encompass a wide range of carbonate components, leading to variable Sr
concentrations, which can complicate the interpretation of Sr/Cu and
Rb/Sr ratios. Therefore, alternative proxies or complementary
geochemical indices may be more suitable for assessing paleoenvir-
onmental conditions.

Humid climates enhance chemical weathering processes, which play
a crucial role in the dissolution and transport of elements, including
gallium and rubidium. In such environments, gallium is more prone to
leaching and removal, resulting in an increased input of Ga to the marine
system. Gallium and rubidium can exhibit different behaviors due to
their differences in solubility and mobility, leading to their relative
enrichment during weathering processes. Conversely, drier environ-
ments typically experience reduced chemical weathering, resulting in
lower gallium concentrations relative to rubidium. Therefore, higher
Ga/Rb ratios in sedimentary rocks indicate more intense weathering
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under humid conditions, while lower Ga/Rb ratios are associated with
less intense weathering in arid climates (e.g. Roy and Roser, 2013).
Similarly, low K/Al ratios in sediments are indicative of a warm and
humid climate during their formation, reflecting the enhanced chemical
weathering, leaching, and transportation of elements, particularly K,
under these conditions (e.g. Nesbitt and Young, 1982). The studied
samples show low K/Al ratios, suggesting a warm and humid climate
during their formation. This interpretation is supported by the enrich-
ment of LREE values compared to underlying strata, as reported in the
study by Ozyurt et al. (2020). The elevated concentrations of these el-
ements can be attributed to the increased mobility of LREEs under
humid conditions, leading to their release from primary minerals and
subsequent transportation to basins through weathering processes.
However, it is important to note that the behavior of REEs under humid
conditions is complex and can be influenced by various factors (Piper,
1974; Ozyurt et al., 2020).

5.3. Depositional environment

The invasion of pelagic conditions has accelerated during the Turo-
nian Coniacian. The shallow marine carbonates have been replaced by
re-deposited carbonates. The sedimentation varies between calciturbites
and hemipelagic limestone. They are mostly represented by calci-
turbites, monogenic conglomerates, and pelagic limestones. The calci-
turbites are locally interfingered with sandstone, displaying significant
changes in lithology and thickness. The presence of Globotruncana and a
micritic matrix within the fine-grained calcarenites suggests a slope
environment (Tasli and Ozsayar, 1997). Reworked fossil assemblages,
such as coralline algae, bryozoa, and echinoids, imply the presence of
some isolated platforms remaining within the photic zone or partial
drowning. It has been reported a gradual decrease in sediment size and
an association with benthic foraminifera, including Textularia and Val-
vulina (Kili¢, 2009). In addition, the micritic component and planktonic
fauna show an increasing abundance upwardly, implying a gradual
deepening of the depositional environment. The deepening of the basin
has continued until the deposition of red Globotruncana-bearing pelagic
limestones (Eren and Tasli, 2002; Kilic, 2009; Tiirk-Oz and Ozyurt,
2019).

5.4. Background controls

The Cenomanian/Turonian period is known for the occurrence of
Oceanic Anoxic Event 2 (OAE 2) (Schlanger and Jenkyns, 1976). The
OAE 2 has caused significant chemical changes in the Mesozoic Ocean
(Jenkyns, 2010; Wagreich, 2012). The change in the faunal and floral
association is widely interpreted as the result of oxygen-depleted con-
ditions (Arthur et al., 1987; Jarvis et al., 1988; Hilbrecht, 1997; Zhang
et al., 2016). Similarly, our sedimentologic analyses, combined with
previous paleontological and stratigraphic approaches in the Eastern
Pontides (Tasl and Ozsayar, 1997; Kirmaci et al., 1996), confirm an
important change in sedimentological patterns in the Eastern Pontides.
Geochemical indices, such as V/(V 4+ Ni) and Ni/Co, imply that the
redox conditions of the basin during the deposition of the studied strata
were mostly suboxic conditions (Algeo and Maynard, 2004; Tribovillard
etal., 2006; Wang et al., 2018). These findings raise questions regarding
the possible relationship between the influence of the global anoxic
event and the initiation of drowning (e.g. Ozyurt et al., in prep.).
Alternatively, the drowning of the platform in the Eastern Pontides
could be attributed to the relative subsidence caused by either local or
global tectonic movements, as evidenced by the presence of Neptunian
dikes and carbonate breccia (Tasli and Ozsayar (1997). Similar patterns
can be observed in the western Pontides as well (Masse et al., 2009;
Yilmaz et al., 2010; Tiiysiiz, 2018).

On the other hand, various researchers have indicated that the sea
level during the Cenomanian/earliest Turonian stage was exceptionally
high and is considered one of the highest sea-level stands (e.g. Hancock
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& Kauffman, 1979; Haq et al. 1987, and Haq, 2014). This stage also
witnessed the highest ocean water temperatures, occasionally inter-
rupted by relatively cooler intervals (Hu et al. 2012; Forster et al., 2007;
Jarvis et al, 2015). Similarly, warm climate conditions with climatic
fluctuations were also recorded in Turonian-Coniacian sediments
(Northwest Caucasus) (Yakovishina et al., 2022). Our paleoclimate
indices confirm warm and humid conditions. Thus, our results have the
potential to contribute new information on palaeoceanic conditions in
the Tethys Ocean in the Eastern Pontides, Eastern Black Sea region.
However, the background factors influencing the drowning event can
vary and may involve a combination of different processes such as
variations in eustatic sea-level rise, tectonic subsidence, changes in
climate and environmental conditions, and/or local geological param-
eters. Thus it is necessary to conduct further research in the Eastern
Pontides, Black Sea region, to better understand the dynamics of the
Cenomanian to Coniacian strata and the role of OAE 2 in the drowning
event.

6. Conclusion

The new microfacies and geochemical data provide valuable insights
into the understanding of paleoenvironmental conditions and deposi-
tional settings for the studied sedimentary succession. These findings
can be summarized as follows:

e The studied samples can be considered as transgressive series, dis-

playing a predominantly continental slope environment.

The V/Ni, V/(V+Ni), and Ce/Ce* ratios suggest suboxic environ-

ments during the deposition of the studied strata. This indicates

relatively low oxygen levels in the depositional setting.

Our paleoclimate indices, such as Ga/Rb and K/Al, mostly support

warm and humid conditions during the deposition of the studied

strata.

e The sedimentological and geochemical findings can suggest that the
initiation of drowning can be linked to the consequences of OAE 2
(Oceanic Anoxic Event 2). Therefore, it is recommended to conduct
high-resolution studies focusing on the Cenomanian to Coniacian
strata in the Eastern Pontides, Black Sea region, to further investigate
this phenomenon.
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