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Abstract
Upper Jurassic–lower Cretaceous carbonates (Berdiga
Fm.) are widely exposed in the NE Turkey. An integrated
study of sedimentological and geochemical analysis was
carried out on the lower Cretaceous carbonates of Berdiga
Fm. in Trabzon area in order to reveal the paleoenviron-
mental and paleoclimatological conditions of northern
Tethyan Ocean. Three microfacies types were identified
corresponding to inner to slope environments. Inner
platform environment developed during the Hauterivian–
Aptian interval. End of the Aptian, syn-sedimentary
extensional tectonic regime might probably have caused
the progressive deepening of the environment, so the
inner platform environment evolved into an outer
platform and then into slope during the late Aptian–
Albian time. Additionally, d18O stable isotope values of
the belemnites of studied section indicate that paleotem-
perature ranged between 25 and 26 °C during Aptian–
Albian interval. Therefore warm Cretaceous climate
conditions were recorded in the Eastern Pontides.
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1 Introduction

The upper Jurassic–lower Cretaceous carbonates crop out
extensively along with EW trending belt at the northern part of
Turkey. They have the potential to serve as an excellent archive
for paleoenvironment and paleoclimatic record of northern
Tethyan Ocean (Fig. 1f). The carbonates successions in the
western part ofTurkey arewell documented [1].However, only
a few studies studied the coeval carbonates that crop out in the
eastern part of this belt [2]. Therefore, our study focused on the
eastern part of Turkey (Fig. 1c, d) presenting new microfacies
records of the lower Cretaceous carbonates, corroborated by
detailed stable isotope analysis aimed at inferring paleoclimatic
and paleoenvironmental conditions in NE Turkey.

2 Methods

Samples were collected from the studied stratigraphic section
in Trabzon (NE Turkey) (Fig. 1a, c, d) and were examined
under a polarizing microscope to determine the microfacies.
Microfacies types were described and interpreted based on the
textural and compositional characteristics [3, 4]. Stable iso-
tope analyses (d18O and d13C) of selected samples (belemnite)
were conducted at the laboratories of the Friedrich-Alexander
Universität Erlangen-Nürnberg (FAU). Carbonate powders
were reacted with 100% phosphoric acid at 70 °C using a
Gasbench II connected to a Thermo Fisher Delta V Plus mass
spectrometer. All values are reported in per mil relative to
V-PDB.

3 Results

3.1 Microfacies

In the study area comprising one of the rare typical expo-
sures of the formation, the lower part is completely
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dolomitized. The middle and upper parts of the section are
represented by grey-beige colored and medium-thick bedded
limestone. General fauna community consists of benthic
foraminifera. In addition, different facies contain echino-
derm, belemnite, brachiopoda, pelecypoda, gastropoda,
ostracoda, algae, sponge spicules and radiolaria with
changing density. The middle and upper parts of the section
are characterized by three different microfacies in time.
(1) Benthic foraminiferal/peloidal packstone microfacies:
The dominant carbonates are skeletal grains with an
important amount of benthic foraminifera and pelloids. The
fossil content of the facies indicates that these rocks were
deposited in the interval of Hauterivian–Aptian times.
(2) Allochtonous skeletal packstone microfacies: Almost all
the entire carbonate component has been reworked, most of
which are skeletal grains. Another important component is
authigenic glauconite. (3) Sponge spicule packstone/
wackestone microfacies: The carbonate components of

these layers are generally represented by small benthic for-
aminifera and pelagic skeletal grains including radiolaria,
calcisphere and Microhedbergellagi. The presence of
Microhedbergella rischi indicates that the age of the facies is
no older than late Albian [5].

3.2 Stable Isotope Analysis

Average d13C and d18O values of fossils are 1.47 and −3.57
respectively. The values agree well with early Cretaceous
seawater, which enable us to reconstruct paleotemperature
evidence. Paleotemperature calculations have been 14 Dc +
0.13 Dc2 [6]. d18O values for the non-glacial period were
considered as−1.2 per mil (SMOW) [7]. The d13C curve of the
whole sequence is sketched and correlated with published the
d13C curve of the lower Cretaceous [8]. Moreover, the average
temperature value for the fossil samples was taken as 26 °C.

Fig. 1 a Field view of the section. b Limestone with chert nodules. c and d Location of study area. e Photomicrograph of the outer platform, Pe:
pelecypoda, Bry: Bryozoa. f Schematic cross section of the NE Turkey (SZ) and g paleoenvironmental reconstruction of the study area
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4 Discussion

The middle part of the section is represented by benthic
foraminiferal/peloidal packstone microfacies. According to
benthic foraminifers, peloids, the lack of biodiversity and the
muddy texture suggest that these beds were deposited on
lagoon during the Hautrivian–Aptian. MF-1 corresponds to
SMF18 [4]. Starting from the late Aptian, the inner platform
environment changed into an outer platform with an abrupt
transition to allochthonous facies. The predominance of
bioclastic debris flow and local glauconitic grains imply that
MF-2 deposited in the outer-platform to toe-of-slope
(Fig. 1e, b). MF-2 corresponds to SMF 5-6 [4]. The grad-
ual transition to the overlying MF-2, predominance of
mud-rich texture, decrease in abundance of allochthonous
fragments and presence of the planktonic organism indicate
that the depositional environment was deeper and changed
into a slope environment during the late Albian. MF-3 cor-
responds to SMF 3 [4] (Fig. 1g).

d18O values of the carbonates have widely been used to
reconstruct the sea surface paleotemperature of the Tethyan
Ocean and carbon isotope profiles were used for higher
resolution stratigraphic correlations [9]. Therefore, carbon
values derived from bulk rock samples and fossil shells were
used to reconstruct paleoceanographic events and correlated
with global and European carbon isotope profiles. Temper-
ature value (26 °C) was conformable with the temperature
interval recorded in the upper Barremian–lower Albian
successions of the Caucasus and Russian basins [10]. Based
on the paleotemperature analysis and carbon isotope profiles,
a warm Cretaceous climate was characteristic of NE Turkey.

5 Conclusions

Microfacies analyses suggest that the inner platform envi-
ronment existed during the Hauterivian–Aptian. However,
the syn-sedimentary extensional tectonic regime might have
caused the progressive deepening of the environment during
the late Aptian–Albian time. So the inner platform evolved

into an outer platform to a slope environment. Based on
paleotemperature analysis and carbon isotope profiles a
warm Cretaceous climate was characteristic of NE Turkey
(Fig. 1f, g).
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