
RUSSIAN JOURNAL OF EARTH SCIENCES, VOL. 17, ES5004, doi:10.2205/2017ES000613, 2017

New evidence of the age of the Black Sea Pontian substage
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For the five years a set of various data was obtained from the relatively deep-water Upper
Miocene sediments exposed in the Zheleznyi Rog section (Taman Peninsula, Russia). The
data includes measurements of magnetic susceptibility (MS) and its further time-series
analysis. The aim of these studies is to recognize the astronomic cycles correspond to the
obliquity and precession variations. The results of this study reflect the strong correlations
to the Messinian Salinity Crisis (MSC) of the Mediterranean. The study was supported by
the RFBR 17-05-01085 A. KEYWORDS: Messinian event; Pontian; Black sea; cyclostratigraphy;
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Introduction

The object of our study is Pontian deposits of the Black
Sea coast in the area of the Zheleznyi Rog Cape in the Taman
Region (Figure 1). A detailed description of the Zheleznyi
Rog section, which comprises the Pontian, Maeotian, and
Upper Sarmatian sediments, has been given in numerous
works [Andrusov, 1917; Pevzner et al., 2003; Popov and
Zastrozhnov, 1998; Rostovtseva, 2009b]. The successions is
mainly represented by clays that allows implementation of
the methods of astronomical cyclicity identification based
on the measurements of the magnetic susceptibility. We can
identify the Lower Pontian (Novorossian according to East-
ern Paratethys stratigraphy) as well as the Upper Pontian
including the Portaferian and Bosphorian beds [Andrusov,
1917]. Based on the data from complex stratigraphic stud-
ies, the age of the base of the Pontian can be ∼ 6.1−6.04 Ma
[Krijgsman et al., 2010; Radionova et al., 2012]. The age of
the top of the Pontian is estimated in different ways. Most
scientists believe that transition of the Pontian Kimmerian
happened at 5.3–5.2 or 4.7 Ma [Krijgsman et al., 2010; Ra-
dionova et al., 2012; Trubikhin, 1989]. According to their
ideas, the Pontian Regional Stage is correlated with the up-
per part of the Messinian and probably corresponds to the
Lower Pliocene. In this case, the maximum Messinian Salin-
ity Crisis, which resulted in the formation of the Messinian
erosional surface (MES) in the Mediterranean in the period
of 5.6–5.5 Ma, occurred within the Euxinic and Caspian
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basins in the Pontian. According to some researchers, the
Messinian erosional surface (MES) in the Mediterranean is
isochronous to the erosional boundary surface between the
Lower and Upper Pontian, which has been identified both in
Central and Eastern Paratethys [Gillet et al., 2007; Rostovt-
seva, 2009a; Rostovtseva and Kosorukov, 2012] (Figure 2).

Materials and Methods

A detailed description of the Zheleznyi Rog section, which
comprises the Pontian, Maeotian, and Upper Sarmatian sed-
iments, has been given in numerous works [Andrusov, 1917;
Pevzner et al., 2003; Popov and Zastrozhnov, 1998; Rostovt-
seva, 2009b]. In order to obtain the cyclostratigraphic data,
the magnetic susceptibility (K) of rocks in the studied inter-
vals of the section was measured. Measurements were made
every 20± (1− 2) cm across the strike of the layers using a
K 5 kappabridge (Geofyzika BRNO, Czech Republic). The
data were then processed using statistical methods with the
construction of Lomb-Scargle and REDFIT periodograms,
as well as using AnalySeries program [Paillard et al., 1996;
Schulz and Mudelsee, 2002]. During the 2017 filed expedi-
tion the new data was obtained from the cross-sections of
Zheleznyi Rog Cape. The variation of the signal charac-
terizing the cyclicity of the same global geological process
in between ∼ 7 and ∼ 8 m can be explained by variations
in sedimentation rate, which increased in the Late Pontian.
The sedimentation rate was ∼0.15–0.16 mm/year on aver-
age.

The magnetic susceptibility data was then analyzed using
the AnalySeries program. It allows to use a Gaussian dis-
tribution and peaks from Lomb-Scargle periodograms. The
periodicity of the cycles were used as a basis for Gaussian
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Figure 1. Zheleznyi Rog section (Taman Peninsula).

bandpass filter. Based on obtained Gaussian bandpass fil-
ter data it was established that transition beds between the
Maeotian and Pontian are characterized by two extreme val-
ues of modulating curve. The modulating curve of Gaussian
bandpass filter data for Upper Pontian deposits looks like
two incomplete cycles, which are separated by two another
cycles with less amplitude. Taking data on the age of the
studied deposits into account, the obtained results are cor-
related with the Earth’s eccentricity variation curve [Laskar
et al., 2004].

The thermomagnetic analysis of rock samples from the
different parts of the section, which was carried out using

Figure 2. Time scales for the Mediterranean and Eastern Paratethys.

the Multi-Function Kappabridge (ACICO, Czechoslovakia)
in the laboratory of Dynamic Geology at Moscow State Uni-
versity established that the main minerals-carriers of magne-
tization in the studied deposits are iron sulfides (for example,
pyrrhotite) [Rostovtseva and Rybkina, 2014].

Results

During the past studies and the new data obtained from
the Taman peninsula a strong correlation of the Pontian de-
posits to the main steps of Messinian Salinity Crisis (MSC)
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of the Mediterranean was revealed. The results of the
high-resolution cyclostratigraphic analysis of all the sub-
stages of the Pontian designated at the Zheleznyi Rog sec-
tion (Taman Peninsula) were obtained [Rostovtseva and Ry-
bkina, 2017]. It shows that astronomical tuning of the Maeo-
tian/Pontian transition and the Pontian sedimentary record
at the Zheleznyi Rog (Taman region, Black Sea Basin) con-
firms that the Pontian began at ∼ 6.1 Ma. The Maeo-
tian/Pontianbeds were deposited from ∼ 6.3 to 6.1 Ma.
The Novorossian sediments extending correspond to the first
MCS step (5.97–5.6 Ma). The estimated ages of base and
the top of Portaferian in the Zheleznyi Rog section are
∼ 5.65 Ma and ∼ 5.45 Ma, respectively. The Portaferian
corresponds to the second MSC step, which is marked by
development of the Messinian Erosional Surface (MES). The
Novorossian/Portaferian boundary is marked by a hiatus
of ∼150–160 kyr that agrees well with the presence of re-
sedimented deposits and erosional boundaries in Portaferian
sedimentary sequence and the concept of intra-Pontian un-
conformity [Gillet et al., 2007; Suc et al., 2015].

The magnetic susceptibility (MS) of the transition Maeo-
tian/Pontian and Pontian rocks ranges widely with values
from 0.016 to 0.937×10−3 SI units. The rocks at the Maeo-
tian/Pontian transition exhibit MS values ranging from 0.04
to 0.16 × 10−3 SI units. Novorossian rocks exhibit MS val-
ues ranging from 0.016 to 0.937 × 10−3 SI units. Extraor-
dinarly high values of MS (from 0.52 to 0.937 × 10−3 SI)
occur in clays of the upper part of the Novorossian at the
intervals 65.8–62.0 m and 59.2–51.6 m. Portaferian rocks
exhibit MS values ranging from 0.03 to 0.19 × 10−3 SI
units. The Bosphorian clays exhibit MS values from 0.05 to
0.32×10−3 SI units with higher values (up to 0.42×10−3 SI)
at the top of these sediments. Spectral analysis of the
MS-data of lower Pontian (Novorossian) sediments suggests
strong periodicity. The Lomb-Scargle periodogram reveals
only one significant signal with periodicity at 59.7 m. Sig-
nificantly, the REDFIT periodogram with frequency values
transformed into depth-domain also displays the signal at
6.1 m. This peak is supported by wavelet analysis that
clearly illustrates the presence of a cycle between 5.6 and
7.4 m. It was suggested that the precession (signals at 3.1,
2.7 and 2.3 m), obliquity (signal at 6.1 m) and 400-kyr
eccentricity (signal at 59.7 m) cycles are expressed in the
MS-data of Novorossian sediments. Eccentricity, obliquity
and precession cycles have been defined in the Miocene and
Pliocene sedimentary record of the Mediterranean [Gun-
derson et al., 2012; Lirer et al., 2009] and of the Eastern
Paratethys [Popescu et al., 2006, 2010]. It is important to
understand the changes in the environment during Pontian
events. The beginning of Pontian could be identified as the
transgression with low salinity less than 5–8% [Popov et al.,
2006]. Portaferian is the regressive event in Dacian Basin
[Krijgsman et al., 2010]. Bosphorian corresponds to trans-
gressive event.

The interdisciplinary methods were applied to the inves-
tigated successions. It includes biostratigraphic, paleomag-
netic and cyclostratigraphic approaches. It revealed that
according to the calculaltions of the stratigraphic levels,
the Portaferian layer in the investigated section is ∼5.45–
5.65 Ma. Accordin to all data the hiatus appear between

lower and Upper Pontian. It was identified based on litho-
logical data and re-sedimented deposits. The durations of
the hiatus could be considered as ∼150–160 ky. It is well
correlated with the data of high-amplitude Mediterranean
sea-level drop and the onset of the Messinian Erosional Sur-
face (MES) in the Black Sea [Krezsek et al., 2016; Tari et
al., 2015].

The calculations of the sedimentation rates also sup-
port the obtained results. the Maeotian/Pontian transition
the sedimentation rate was estimated at 16.3 cm/kyr. For
the Novorossian, the sedimentation rate was estimated at
13.5 cm/kyr, and for the Bosphorian it was estimated at
19.5 cm/kyr. These rates are consistent with the mean rate
of deposition in the Black Sea [Denisov, 1998]. Thus during
the Pontian, and at the end of the Maeotian, the average
sedimentation rate varied from 13.5 to 19.5 cm/kyr.
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