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Abstract—The first results of the U–Th–Pb isotope dating of detrital zircons (dZr, N = 130, n = 91) from the
middle Danian sandstones (63.9–65.3 Ma) of the Cretaceous–Eocene Novorossiisk–Anapa f lysch widely
developed in the Sochi synclinorium (southern slope of the Western Caucasus) are presented. The maximum
and minimum dZr age is 2973 ± 12 Ma and 318 ± 3 Ma, respectively; weighted average age of the four young-
est dZr is ~322 ± 7 Ma. There are no signs of erosion products of the Jurassic magmatites involved in the
structure of the Greater Caucasus and Crimean Mountains into the sedimentary basin, where the Novoros-
siisk–Anapa f lysch was formed. The results have revealed a high degree of similarity between the provenance
signals of the Danian sandstones from the Novorossiisk–Anapa flysch, some Paleogene–Neogene and Early
Quaternary (Early Pleistocene) sandstones of the Western Caucasus and Western Cis-Caucasia, red-colored
Upper Permian and Lower Triassic sandstones of the Moscow syneclise, as well as Late Quaternary alluvium
at lower reaches of the Don and Volga rivers draining vast expanses of the Russian Plate. These facts suggest:
(1) the absence of eroded mountain structures of the Greater Caucasus and Crimea in the middle Danian;
(2) the main volume of detrital material composing the Novorossiisk–Anapa flysch was formed due to the
recycling of Permian–Triassic and younger sequences of the Russian Plate.
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INTRODUCTION

Despite the long history of geological and geophys-
ical study of the Black Sea–Balkan–Anatolian–Cau-
casian (BSBAC) region (Fig. 1) and the abundance of
accumulated materials, there are still significant gaps
in unraveling the geodynamics of Greater Caucasus
orogen formation and the accompanying change of
paleogeographic settings in adjacent regions. As
shown in numerous paleogeographic and paleotec-
tonic reconstructions for the end-Mesozoic (Nikishin
et al., 2015a, 2015b, 2015c; Okay and Nikishin, 2015;
Wilhelm, 2014a, 2014b), the region, which included
the present-day Cis-Caucasia along with northern
parts of the Black Sea and Caspian Sea represented a
part of the northern periphery of the Tethys Ocean
that separated the Arctic–Laurasian and Gondwanan
continental masses.

Due to the closure of the Tethys Ocean and the
convergence of continental masses, the northern
BSBAC region became in the Cenozoic a part of the
spacious epicontinental basin (defined as Peri-Tethys)
in the Cenozoic and represented a complex system of
sub-basins connected by narrow straits. The vanishing
of straits connecting the sub-basins led to episodic
interruptions of the link of sub-basins with the Medi-
terranean sector of the World Ocean, abrupt changes
in the hydrological regime, catastrophic drops in sea
level, and replacement of the marine faunal communi-
ties by the freshwater species and so on. A sharp weak-
ening of water exchange with the ocean in the Oligo-
cene led to the formation of a semi-enclosed Para-
Tethys Basin (Palcu et al., 2021; Popov et al., 2004,
2009, 2010).

In our work, parts of the Peri-Tethys and Para-
Tethys, located on the site of present-day Crimea and
47



48 KUZNETSOV et al.

Fig. 1. Tectonic scheme of the Black Sea–Balkan–Anatolian megaregion. Based on (Okay et al., 2001) and modified after (Okay
et al., 2013). The red asterisk and mark Z0 denote the sample K21–012 site in the Novorossiisk–Anapa flysch. Red marks Z1–
Z8 indicate the position of regions or sampling sites, with the U‒Pb dating results of detritus zircon grains discussed in the text
and shown in Figs. 8 and 9.
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the Caucasus, are defined as the Crimean–Caucasian
sedimentary basin. Some sequences formed in this
basin are exposed currently in the Crimean Moun-
tains, on both slopes of the Greater Caucasus, and in
the southern (close to the Greater Caucasus) part of
the Cis-Caucasus. In addition, these sequences are
drilled by numerous boreholes in the Cis-Caucasian
trough and characterized by seismostratigraphic mate-
rials (Popov et al., 2004, 2010). Analysis of the accu-
mulated geological and geophysical materials made it
possible to carry out the paleotectonic and paleogeo-
graphic reconstructions reported in (Afanasenkov
et al., 2007; Bol’shoi Kavkaz …, 2007; Nikishin et al.,
2010; Vincent et al., 2007, 2013 and references
therein). These reconstructions show that the part of
the Crimean–Caucasian Basin, where the Greater
Caucasus is located now, accommodated a deep-water
trough in the Late Mesozoic–Early Cenozoic. Then,
the deformation of rocks in this trough began not ear-
lier than the Oligocene, followed by uplift of the
Greater Caucasus. At the same time, Oligocene–Qua-
ternary foredeeps (Tuapse and West Kuban) were
formed on both sides of the western segment of the
Greater Caucasus uplift.
LITHOLOGY 
Since the Western Cis-Caucasus and, in particular,
the West Kuban trough, is an oil-bearing area, its sed-
imentary infill has already been studied well by seismic
exploration methods and drilling. Specific details of
the seismostratigraphic sections characterizing the
sedimentary infill in the West Kuban trough indicate
clearly that, during the Late Mesozoic and almost
entire Cenozoic (up to Early Pleistocene included),
the basin was filled with sediments mainly due to the
clinoforms (Patina and Popov, 2023; Popov et al.,
2010). Because of such basin infill mechanism, there is
no doubt that they were transported into the West
Kuban trough or basin (at least, its northern part)
mainly from the northern platform-type structures—
young (epi-Hercynian) Scythian Platform and ancient
East European Platform (EEP). Relatively small
thicknesses of the Upper Pliocene–Quaternary layers
in the West Kuban trough hinder the identification of
clinoforms, different-rank erosion boundaries,
paleoincisions, and other structural elements that can
suggest the sedimentation f low direction.

The Cis-Caucasian part of the Tuapse trough is
strongly deformed (Almendinger et al., 2011; Baska-
kova et al., 2022). Therefore, we cannot recognize in
AND MINERAL RESOURCES  Vol. 59  No. 1  2024



CRETACEOUS–EOCENE FLYSCH OF THE SOCHI SYNCLINORIUM 49
seismostratigraphic sections specific details that could
make it possible to estimate the directions of sedimen-
tation f lows and predict the position of provenances of
the detrital material.

Thus, the concept of paleotectonic and paleogeo-
graphic evolution of the Crimean–Caucasian sedi-
mentary basin presented in (Afanasenkov et al., 2007;
Bol’shoi Kavkaz … …, 2007; Nikishin et al., 2010; Vin-
cent et al., 2007, 2013, and references there), is widely
developed and recognized. Moreover, the Mesozoic–
Cenozoic sedimentary sequences in the Greater Cau-
casus, Cis-Caucasus, and adjacent parts of the
BSBAC region have been studied well by the conven-
tional geological–geophysical methods. Neverthelss,
many points of the Cenozoic regional paleotectonics
and paleogeography mentioned below have not yet
been resolved:

(1) Whether the Crimean–Caucasian sedimentary
basin areas, where the Tuapse and West Kuban
troughs are located now, were incorporated in a single
basin with the same sources before the Middle
Eocene, or they had already been separated by small
uplifts (located at the site of the future Caucasus) prior
to the uplift of the western segment of the Greater
Caucasus? In other words, whether the above-men-
tioned areas represented a single Crimean–Caucasian
sedimentary basin (including the present-day Tuapse
and West Kuban troughs), individual sub-basins with
various provenances, or foredeeps filled with erosion
products of rock complexes and structures of the
Western Caucasus?

(2) Is the Late Mesozoic–Cenozoic paleogeo-
graphic evolution of the western segment of the
Greater Caucasus and the adjacent eastern and west-
ern regions, i.e., the central segment of the Greater
Caucasus and Crimean Mountains, respectively, is
different, and if so, in what way?

(3) Whether evolution history of the Crimean–
Caucasian sedimentary basin was monotonous or it
had certain time limits marked by a critical change in
sedimentation conditions, sedimentation f low direc-
tions, provenances, and others?

To determine the provenances and solve many
other regional paleogeographic issues, geologists have
begun to apply in the last decade the bulk U‒Th‒Pb
isotope dating of detritus zircon (dZr) grains from sed-
imentary rocks. The results of such studies provided
insight into the age of crystal complexes (primary
sources of dZr) and made it possible to: (1) determine
the feeding provinces; and (2) reconstruct the direc-
tions of sedimentation f lows filling the basins that
accommodated the studied clastic rocks and others.
Comparison of the obtained sets of dZr ages from
detrital rocks of different sequences makes it possible
to: (i) record changes in the provenances; (ii) obtain
additional objective information for the paleotectonic
and paleogeographic reconstructions; and (iii) solve
LITHOLOGY AND MINERAL RESOURCES  Vol. 59  N
the above-mentioned problems of regional geology
and paleogeography.

To date, stratified different-age formations of the
Greater Caucasus and Cis-Caucasus have already
been characterized partially by the U‒Th–Pb datings
of dZr (Allen et al., 2006; Cowgill et al., 2016; ; Köl-
tringer et al., 2022; Mityukov et al., 2011; Tye et al..,
2021; Vasey et al., 2020; Vincent et al., 2013), but only
two of these works (Mityukov et al., 2011; Vincent
et al., 2013) characterize clastic rocks from the pre-
Late Quaternary stratified sequences in the western
segment of the Greater Caucasus and western regions
of the Cis-Caucasus. However, most of the results pre-
sented in these works can now only be classified as
preliminary (see DISCUSSION below).

In this article, we present new results of the
U‒Th‒Pb dating of dZr in sandstones from the mid-
dle Danian part of the Novorossiisk–Anapa f lysch
section exposed in coastal cliffs of the Black Sea at the
Kiselev Clift in the central Sochi synclinorium (south-
ern slope of the Western Caucasus). We accomplished
a comparative analysis and comparison of these results
with the available similar data on the U‒Th‒Pb dat-
ing of dZr from different-age sandstones in the west-
ern segment of the Greater Caucasus, Crimean
Mountains, and Moscow syneclise in the EEP.

GEOLOGICAL SETTING
OF THE KISELEV CLIFT SEGMENT

Within the western segment of the Greater Cauca-
sus, its southern slope accommodates the Sochi syn-
clinorium, which is a relic of the Callovian–Miocene
deep-water trough filled with the carbonate, terrige-
nous, terrigenous–carbonate, and clayey rocks (Afa-
nasenkov et al., 2007). The Cenomanian–Eocene part
of this sequence is marked by a f lyschoid internal
structure (Geologiya …, 1968, p. 322). We identify this
large element of the section in the northern and cen-
tral parts of the Sochi synclinorium as the Novorossi-
isk–Anapa flysch.

The transverse section of the northern and central
parts of the Sochi synclinorium is divided into several
anticlinal and synclinal structures, including the
Anapa–Agoi synclinal zone extending along the Black
Sea coast. Within its limits, to the west of the meridian
of Tuapse, the synclinal fold cores are composed of the
uppermost elements (up to the Eocene and, possibly,
the Lower Oligocene) of the composite Novorossiisk–
Anapa flysch section (Fig. 2) (Marinin and Rastsve-
taev, 2008; Marinin et al., 2017).

In the Black Sea coast section located between
mouths of the Agoi and Tuapse rivers, the section and
folded structure of the Novorossiisk–Anapa flysch is
presented in a series of magnificent rock outcrops. We
studied a fragment of the Novorossiisk–Anapa f lysch
section in the rock massif known as “Kiselev Clift”
and in several adjacent coastal outcrops. Here, the
o. 1  2024
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Fig. 2. Tectonic scheme of the Caucasus (above) and the schematic geological structure of the Nebug–Tuapse region (below).
Based on (Korsakov et al., 2002, 2021; Marinin et al., 2017) and modified after our field studies. GCA—Great Caucasus anticli-
norium, D—Dzirulla massif. (1–7) Fields of sequences: Quaternary—alluvial deposits (1), Eocene (2), Upper Paleocene (3),
Lower Paleocene–Danian (4), Campanian‒Maastrichtian (5), Cenomanian‒Santonian (6), Albian (7); (8) fractures; (9) bed-
ding patterns: inclined (a), vertical (b), overturned (c); (10) site of sample K21-012 in the Novorossiisk–Anapa f lysch.
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Fig. 3. General view and details of rock outcrops in the Novorossiisk–Anapa flysch located south of the Kiselev Clift. (a) Kiselev
Clift (distant view) and rocks limiting the southward beach (view from the southern limit of this beach); (b) Kiselev Clift (medium
view) and rock outcrop of the Novorossiisk–Anapa flysch (observation points K21-012, 44°06′36.83″ N 39°01′59.13″ E);
(c) closeup of the structure of a vertical ledge in the southern framing of the beach located south of Kiselev Clift illustrating the
distinctly rhythmic structure of the Novorossiisk–Anapa flysch; (d) one of the turbidite rhythms (incomplete Bouma Cycle) in
the Novorossiisk–Anapa flysch fragment studied in Kiselev Clift, with the indication of sites of the detrital zircon sampling from
sandstones at the turbidite rhythm base (sample K21-012 (dZr)) and the micropaleontological sampling of silty mudstones in the
upper element of the same rhythm (sample K21-012 (MP)).

(a) (b)

(c) (d)

Kiselev Clift Kiselev Clift

K21-012

K21-012

Sample K21-012 (MP)

Sample K21-012 (dZr)
Novorossiisk–Anapa flysch is observed as a rhythmic
alternation (Figs. 3a–3c) of calcareous sandstones,
silty sandstones, siltstones, and clayey limestones.
Thickness of individual (elementary) rhythms ranges
from 20–30 cm (Fig. 3c) to 1 m or more in some
places. The rhythms represent the typical Bouma
Cycles (or Sequences) with elements designated by
letters from “a” or “b” to “e” (Bouma, 1962; Shan-
mugam, 2021), with the only difference that element
“e” is represented not by clayey rocks (mudstones),
but by pelitomorphic clayey limestones. Boundaries of
complete and incomplete rhythms, if their base is
composed of sandstones (elements “a”, “b”, or even
“c” of the Bouma Cycle), are often marked with abun-
dant ichnofossils (Fig. 4a). The transverse surfaces of
layers of these sandy rocks are marked by convolute
stratification, which is obviously related to the dehy-
dration of structures of the sandy sediment during its
lithification (Figs. 4b, 4c). If the turbidite rhythms
LITHOLOGY AND MINERAL RESOURCES  Vol. 59  N
lack the Bouma Cycle elements composed of sandy
rocks (elements “a”, “b”, and “c”), and the rhythm
base includes silty rocks composing elements “d” and
“e” of the Bouma Cycle, the boundaries of rhythms
are marked by small f lat-convex lenses of sandy rocks
representing, apparently, cross-sections of small ero-
sion channels in lateral parts of the distribution system
of turbidite fans (Fig. 4d).

The Novorossiisk–Anapa f lysch in many areas of
its distribution (the Kiselev Clift section included) is
characterized by a steep, vertical, and often overturned
bedding. In most cases, it is easy to determine the top
and bottom of individual layers in exposed clasts of the
section using the following indicators: (1) presence of
prominent graded layering; (2) presence of ichnofos-
sils (casts of the traces of bottom organism crawling on
the bottom of sandy rock layers (elements “a”, “b”,
and “c” of the Bouma Cycle) forming the base of indi-
vidual turbidite rhythms (Fig. 4a); (3) manifestation of
o. 1  2024
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Fig. 4. Some features of the internal structure of the Novorossiisk–Anapa flysch fragment in the Kiselev Clift area. (a) Abundant
ichnofossils (casts of the traces of bottom organism crawling) on the bottom of a sandstone layer at the turbidite rhythm base;
(b, c) convolute layering in sandy rocks in turbidite rhythms; (d) erosion channels filled with sandy materials at the bottom of an
incomplete rhythm represented by thin-layered rocks (elements “d” and “e” of the Bouma Cycle).

(a) (b)

(c) (d)
the convolute layering in sandy rocks (elements “a”,
“b”, and “c” of the Bouma Cycle) (Figs. 4b, 4c);
(4) presence of an cross-layered internal structure of
sandy rocks (elements “c” of the Bouma Cycle);
(5) presence of erosion channels filled with sandy
material at the bottom of incomplete rhythms repre-
sented only by thin rocks composing elements “d” and
“e” of the Bouma Cycle (Fig. 4d); and (6) combina-
tions of all or parts of the listed structural features.
Understanding the position of the section top and bot-
tom allows us to decipher in the first approximation
the complex fractured-folded structure of the Novo-
rossiisk–Anapa flysch at the Kiselev Clift site (Fig. 2).

SAMPLING OF ROCKS
AND THEIR DESCRIPTION

On the coastal cliff located 300 m south of the
southern end of the rock massif known as Kiselev Clift
LITHOLOGY 
(Figs. 2, 3a, 3b), we took sample K21-012 (about 3 kg)
of the calcareous sandstone at the turbidite rhythm
base at a point with coordinates 44°06′36.83″ N
39°01′59.13″ E (Fig. 3d).

The sandstones are light ash-gray, massive, fine- to
medium-grained, and ocherous on the weathered sur-
face. Microscopic examination of sandstones revealed
that they are characterized by a clastic psammite tex-
ture. The poorly sorted, nonsorted, or mostly sharp-
angled clasts (0.05‒2 mm across) are represented
mainly by quartz, with rare feldspars and detritus
flakes of white mica. A significant part is composed of
glauconite grains, bioclasts (clasts of carbonate shells,
bryozoans, corals, and carbonate or siliceous forma-
tions), as well as intact foraminiferal shells of Lenticu-
lina, Nodosaria, and Globigerina (Fig. 5). The detrital
part (terrigenous clasts, glauconite, bioclasts and fora-
miniferal shells) makes up 50–60 vol %. The cement
(40–50 vol %) is composed of a calcareous, solid,
AND MINERAL RESOURCES  Vol. 59  No. 1  2024
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unevenly distributed basal and porous, fine- to micro-
crystalline (rarely, medium-crystalline and even
coarse-crystalline) material. In the latter case, the
cement is poikilitc.

The studied sample of light gray calcareous silt-
stone (Fig. 3d) is characterized by an extremely poor
calcareous nannofossil assemblage. According to E.A.
Shcherbinina (GIN RAS), the assemblage includes
five species: Braarudosphaera bigelowii (Gran and
Braarud) Deflandre, Cruciplacolithus primus Perch-
Nielsen, Prinsius dimorphosus (Perch-Nielsen) Perch-
Nielsen, small Coccolithus pelagicus (Wallich) Schiller,
and calcite dinocysts Cervisiella operculata (Bramlette
and Martini) Streng, Hildebrand-Habel and Williams.
The presence of P. dimorphosus and the absence of
younger species in this assemblage constrains the age
range of embedding sediments to the lower part of the
Danian—zone CNP3 (Agnini et al., 2014) or the
upper part of zone NP2 and zone NP3 (Martini,
1971). According to GTS 2020 for the Paleogene
Period (Speijer et al., 2020), this range corresponds to the
absolute age of approximately 63.9‒65.3 Ma.

PREPARATION OF SAMPLES, EXTRACTION 
OF ZIRCON CRYSTALS,

AND THEIR CHARACTERISTICS
From sample K21-012 (about 3 kg), we took a part

of the material (about 1.5 kg) that was crushed manu-
ally in a cast-iron mortar to a size class of –0.25 mm
using a disposable nylon sieve. A pelitic and fine-aleu-
ritic suspension (less than 20–30 μm) was extracted
from the crushed material in the running tap water.
Then, this material was dried in a fume hood and
divided into the light and heavy fractions in a GPS-B
heavy liquid (density ~2.9 g/cm3). After washing the
material from the heavy liquid remnants and drying in
a fume hood, magnetic minerals were separated from
the heavy mineral fraction using an electromagnetic
separator at GIN RAS. The obtained heavy nonmag-
netic mineral fraction contained numerous zircon
grains. The zircon grains were not concentrated up to
the monofraction level. The grains for analysis were
randomly selected manually using a binocular micro-
scope and were implanted into an epoxy mount using
the standard methodological techniques.

Characteristics of zircon grains. All dZr grains from
sample K21-012 implanted in the epoxy mount were
studied at GIN RAS using an optical microscope, and
some grains were examined on a TESCAN electron
microscope in the cathode luminescence mode. The
dZr grains (from 20–30 to 150–170 μm in size) display
extremely diverse high interference colors in terms of
luminescence intensity, color range, and interference
spectrum (Fig. 6). The grains are represented mainly
by the medium- to well-rounded crystals, with only a
few grains retaining the elongated acicular shape.
Some dZr grains have retained the features inherent in
well-developed crystals. Most dZr grains represent
LITHOLOGY AND MINERAL RESOURCES  Vol. 59  N
either rounded parts of larger crystals or grains with
initially intricate (up to amorphous) structure. They
contain numerous inclusions of different nature.
Sometimes, the inclusions are acicular (most likely,
apatite crystals). Some dZr grains distinctly show
cores with rims.

METHODS OF THE ANALYTICAL STUDY 
AND PRELIMINARY PROCESSING

OF RESULTS
The U–Th–Pb isotope dating of zircon grains by

the LA-ICP-MS method was performed at the Center
for Collective Use of Equipment at GIN RAS. The
laser microprobe analysis was accomplished using an
LA NWR-213 system (Electro Scientific Ind.) com-
bined with an Element 2 high-resolution magnetosec-
tor ICP mass spectrometer (Thermo Scientific Inc.).
Operating parameters of the equipment are given in
(Nikishin et al., 2020).

Isotope measurements were calibrated based on
zircon GJ-1 (Elhlou et al., 2006; Jackson et al., 2004)
as external standard. The quality of analyses was
assessed by the sequential measurements in the con-
trol standards of zircon 91500 (Wiedenbeck et al.,
1995, 2004; Yuan et al., 2008), Plesovice (Sláma et al.,
2008), and unknown samples. The zircon standards
GJ-1, 91500, and Plesovice yielded the following esti-
mates of the weighted average concordant age (±2σ):
600.5 ± 1.5 (n = 59), 1073 ± 35 (n = 13), and 337.0 ±
2.1 (n = 13) Ma. Within the measurement error, these
values are consistent with the 206Pb/238U isotope ratio-
certified weighted average values of the CA-ID-TIMS
age of these standards (±2σ): 601.9 ± 0.4 (n = 7),
1063.5 ± 0.4 (n = 7), and 337.2 ± 0.1 (n = 10) Ma
(Horstwood et al., 2016).

Analytical results were processed using the com-
mercial GLITTER (Griffin et al., 2008) and Iso-
plot/Ex (Ludwig, 2012) software packages. Theoreti-
cal corrections for the common Pb and calculation
formulas are substantiated in (Andersen, 2002). The
corrections were accomplished using the ComPbCorr
software package (Andersen, 2008). Disturbance of
the U‒Th‒Pb isotope system of zircon grains was
estimated based on the measured contents of 206Pb,
207Pb, and 208Pb in zircon and the known isotopic
ratios between Pb isotopes, which are accepted in the
program as 206Pb/204Pb = 18.7, 207Pb/204Pb = 15.628,
208Pb/204Pb = 38.63.

To draw the bar chart and probability density curve
(PDC), we used the analyses (conditional dating) sat-
isfying the following three conditions: (1) –10% < D1
and D2 < 10%; (2) the analytical measurement error
ensures the accuracy of age estimate <50 Ma; and
(3) correction for the common Pb changes the age
<50 Ma.

The GLITTER software package used for process-
ing the primary analytical data makes it possible
o. 1  2024
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Fig. 5. Photomicrographs of thin sections of sandstones in sample K21-012. On the left: (1, 3, 5, 7) photomicrographs with par-
allel nicols; on the right: (2, 4, 6, 8) with crossed nicols. (1, 2) Sandstone enriched with quartz (Q) and glauconite (Gl), unsorted
massive, with basal calcite cement (Cc); (3, 4) quartz sandstone (with glauconite), unsorted massive, with abundant calcite
cement, numerous acicular carbonate and siliceous bodies (bioclasts), as well as intact shell of foraminifera Globigerina filled
with silica (chalcedony); (5, 6) quartz-rich sandstone (with glauconite), unsorted massive, with the basal calcite cement and
intact shell of foraminifera Nodosaria filled with crystalline carbonate (calcite); (7, 8) quartz-rich sandstone (with glauconite),
unsorted massive, with abundant calcite cement, bioclasts, and intact shells of foraminifera Lenticulina.
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Fig. 6. Layout of optical images of the studied detrital zircon grains from sandstones of the Danian interval of the Novorossiisk–
Anapa f lysch section (sample K21-012). For each image, analysis number is indicated in the upper left corner (absent if sampling
was not accomplished), index “o” means that the image was obtained in reflected light; without index, in transmitted light with
parallel nicols; index “x”, in transmitted light with crossed nicols. Some grains are furnished with two or three images. If the grain
was probed, position of the laser ablation crater (circle, diameter 25 μm) and conditional age of the grain (in Ma) are shown.
White dotted lines outline visible cores or boundaries between heterogeneous parts inside the grain. Three images without num-
bers are examples of grains with such a complex internal structure that they did not contain any area (25 μm across) without obvi-
ous distortions or inclusions and, therefore, hampered the U‒Pb dating. Images 13, 14, 28, 34, 84, 94 89, 98, 118 and others are
examples of grains with diverse inclusions. Three images of grain 65 in the transmitted and reflected light demonstrate an example
of void space (P).

P

during each single isotope analysis to see a time sweep
(“analytical signal”) of the number of ions arriving at
the 206Pb, 207Pb, 208Pb, 232Th, and 238U recorders as the
laser beam penetrates the investigated zircon grain and
vaporizes the substance from the deeper parts of this
grain. Different parts of the analytical signal corre-
LITHOLOGY AND MINERAL RESOURCES  Vol. 59  N
spond to different parts of the zircon grain. The
GLITTER software package enables the researcher to
“cut” any part of the received analytical signal, and
thus obtain the isotopic date corresponding to differ-
ent parts of the grain. Initial parts of the analytical sig-
nal correspond to a zircon grain sector located imme-
o. 1  2024
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Fig. 7. Results of the study of the U‒Th‒Pb isotope system in detrital zircon grains from sample K21-012. (a) Diagram with con-
cordia. Ellipses show the 68% confidence interval of measurements for all analyses (±1σ); (b) gray background shows an exag-
gerated concordia fragment; (c) diagram illustrating the weighted average age of 322 ± 7 Ma based on four youngest U‒Pb dat-
ings; (d) diagram of the contents of Th and U. Analysis a55 (very low contents of U = 0.2 ppm and Th = 0.4 ppm) is not shown.
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diately below its surface polished in the epoxy mount;
the middle and end sectors, to the deeper (relative to
the polished surface) parts of this grain. If the zircon
grain in the analytical preparation is polished approx-
imately to the middle sector, initial parts of the analyt-
ical signal most often correspond to the core; the end
parts, to the zircon grain rim.

RESULTS

In sample K21-012, the U‒Th‒Pb isotope system
was studied in 130 dZr grains. The obtained results are
given in Table 1. In many of the analyzed dZr grains,
the age was determined based on the analytical signal
sector most likely corresponding to the grain core or
rim labeled, respectively, as 'cor' and 'rim' in Table 1.
The analytical record “a81" yielded two age estimates
overlapping within the error limits: 1144 ± 18 (D1 =
0.0%, D2 = –0.1%); 1178 ± 18 (D1 = 3.2%, D2 =
9.4%). Analyses “a55” (very low contents of U =
LITHOLOGY 
0.2 ppm and Th = 0.4 ppm and, consequently, a large
analytical error) and “a87” yielded noninterpretable
values.

Age estimates of ~35% dZr grains are characterized
by strong discordance (Fig. 7a), indicating a large-
scale thermal (metamorphic) and/or metasomatic
impact (possibly, repeated) on the analyzed dZr
grains, resulting in the distortion of their U‒Th‒Pb
isotope system to different (sometimes very signifi-
cant) degrees (D > 30%). In the rocks, from which
sample K21-012 was taken, no obvious traces of meta-
morphic or metasomatic alterations were revealed
during their lithological and petrographic study.
Therefore, it is most likely that the “discordant” dZr
grains were recycled from rocks that had undergone
the thermal (metamorphic) and/or metasomatic alter-
ations.

In dZr grains from sandstones in the studied frag-
ment of the Novorossiisk–Anapa flysch section, the
content of U and Th varies, respectively, from 0.2 to
AND MINERAL RESOURCES  Vol. 59  No. 1  2024
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1846 ppm and from 0.3 to 1287 ppm, and the Th/U
value varies from 0.005 to 3.44 (Fig. 7d).

The Th/U ratio is high (>1.0) for more than one-
third of the analyzed dZr grains, >1.5 for 13 grains, and
>2.0 for four grains. Such high values are often
recorded in zircon from the melanocratic (mafic)
rocks (Kaczmarek et al., 2008; Linnemann et al.,
2011) and/or rocks formed under high-temperature
and medium-pressure metamorphism (Wanless et al.,
2011).

Analyses of five dZr grains yielded Th/U values
<0.1. Such low Th/U values are considered statistically
typical of the metamorphogenic zircon crystals. For
example, it is shown in (Skublov et al., 2012) that zir-
con from eclogites is characterized by decreased Th/U
values (<0.1), and decreased absolute contents of Th
(3 ppm or lower) and U (100 ppm or lower), as well as
other features of the REE content. Note that low
Th/U values (<0.1) are rare, and they are recorded in
zircon from igneous rocks, for example, in very rare
(“exotic”) rock complexes of ultra-low temperature
granitoids (Harrison et al., 2007).

In the remaining dZr grains, Th/U values are
recorded within 0.1–1.0 (mainly within 0.5‒1.0),
which are considered statistically typical for the mag-
matogenic zircon from the felsic and intermediate
igneous rocks (Hoskin and Schaltegger, 2003; Kirk-
land et al., 2015; Rubatto, 2017).

Thus, about one-third of the studied dZr grains in
sandstones from the studied middle Danian fragment
of the Novorossiisk–Anapa flysch section was derived
primarily from high-silica granitoids and/or their vol-
canic analogs, as well as plutons and/or their moder-
ate-silica volcanic analogs. For a high proportion of
dZr grains from the studied sample, the primary
source could be represented by the melanocratic
(mafic) rocks. Some dZr grains could be derived from
rare (“exotic”) rock complexes, such as eclogites,
high-temperature metamorphic or ultra-low tempera-
ture granitoids.

All age determinations with discordance |D1 & D2|
>10% were excluded from consideration. The remain-
ing datings (n = 91) were used to draw bar charts and
PDC (Figs. 8a, 8b). The PDC shows the following
peaks supported by three or more measurements
(Ma): 344 (bright), 901, 1073, 1174 (bright), 1391,
1531, 1655, 1770, and 2071. The maximum age is 2973 ±
12 Ma (a27, D1 = 0.44%, D2 = 0.78%). The mini-
mum is 318 ± 3 Ma (a108, D1 = –0.6%, D2 = –3.8%).
The weighted average age of the four youngest dZr
grains showed a value of 322 ± 7 Ma (Fig. 7c). There
are no obvious regularities between the U–Pb age and
Th/U values for these grains from sandstones (sample
K21‒012) in the studied Danian fragment of the Nov-
orossiisk–Anapa flysch section (Fig. 8c).
LITHOLOGY AND MINERAL RESOURCES  Vol. 59  N
DISCUSSION

Currently, we know only two works with the U‒Pb
dating of dZr from sandstones and sands in pre-Qua-
ternary sequences of the Western Caucasus and West
Kuban Trough. All data are summarized in Fig. 8, with
the provenance signals designated from Z1 to Z5.

Provenance signals Z1 and Z2. Bar charts of U–Pb
(SHRIMP) values of the dZr age in Oligocene sand-
stones at vicinities of the Mamayka Settlement (Z1,
Matsesta Formation) and the Shilovka Settlement
(Z2, Khosta Formation) on the southern slope of the
Western Caucasus are presented in (Mityukov et al.,
2011).

Provenance signals Z3–Z5. Analyses of the miner-
alogy of Cenozoic sandstones in the Northern Black
Sea region—Taman Peninsula, Cis-Caucasus
(Indolo-Kuban trough) and various regions of the
Western and Central Caucasus—are presented in
(Vincent et al., 2013). These results did not reveal signs
of erosion of the Caucasus in the Early Neogene. For
five of these samples, the paper also provides informa-
tion about the U–Pb ages of dZr grains obtained using
the SHRIMP-RG technology. In particular, one sam-
ple (Z3, WC99/3, n = 70) characterizes sandstones
included in the Oligocene (Rupelian) f lyschoid sec-
tion exposed on the northern outskirts of the Novaya
Shilovka Settlement about 7.5 km NW from the Adler
airport (southern slope of the Western Caucasus). The
second sample (Z4, WC139/1, n = 70) characterizes
the Miocene(?)–Lower Pliocene (Pliocene/Pleisto-
cene boundary horizons, i.e., between Messinian and
Zanclian) alluvial sands recovered in the Tsymbal
quarry in the northern Sennaya Settlement located at
the apex of the Taman Bay (southern slope of the
Western Caucasus). The third sample (Z5, ILN-13,
n = 68) characterizes sublitharenite sandstones in the
middle part of the section (Chattian and Aquitanian
stages) of the Maikop Group drilled (depth 700–706 m)
on the right bank of the Kuban River about 25 km
north of Temizhbek station.

Unfortunately, the above-mentioned materials do
not fit modern requirements and standards for such
kind of data.

Firstly, the dZr age sets discussed in these papers
are not statistically representative, since they include
only 50 datings in (Mityukov et al., 2011) and only 70
or less datings in (Vincent et al., 2013), and even less if
we take into account the selection based on the degree
of discordance. This number is significantly less than
the value needed for the statistically reliable and repre-
sentative data, according to recommendations in
(Andersen, 2005; Vermeesch, 2004, 2012).

Secondly, the presented geochronological data are
methodically imperfect. In the primary numerical
tables presented in (Vincent et al., 2013) for the datings
calculated from the 206Pb/238U ratio, there is no infor-
mation about the measured 207Pb/235U and
o. 1  2024
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Fig. 8. Comparison of the obtained data on the U‒Th‒Pb isotopic system of detritus zircon grains from sandstones in sample
K21-012 (taken from the middle Danian fragment of the Novorossiisk–Anapa f lysch section) versus similar data on sandstones
and sands from pre-Quaternary sequences of the Western Caucasus and other regions. Blue band (J2) marks the Middle Jurassic
magmatism widely manifested in the Crimea and Western Caucasus. (a) Bar chart and probability density curve (PDC) of dZr
ages in sample K21-012 (provenance signal Z0) and PDC of similar data on the Late Permian–Early Triassic sequence in the
Moscow syneclise, Zhukov Ravine reference section (provenance signal Z6), according to (Chistyakova et al., 2020); (b) closeup
of PDC (a); (b) Th/U vs. U‒Pb age diagram, sample K21-012; (d, e) PDC or bar charts of U‒Pb ages of dZr from sandstones
in the Cenozoic sequences in the Western Caucasus and West Kuban trough: Z1 (bar chart) sandstones of the Oligocene Matsesta
Formation, Bolshoi Sochi, Shilovka Settlement, Western Caucasus, southern slope. Sample Ep-1/1 (n = 50), adopted from
(Mityukov et al., 2011); Z2 (bar chart) sandstones of the Oligocene Khosta Formation, Bolshoi Sochi, Mamaika Settlement,
Western Caucasus, southern slope; sample Ma-2/1 (n = 50), adopted from (Mityukov et al., 2011); Z3 (PDC) Western Caucasus,
southern slope, Lower Oligocene (lower Maikopian) sandstones; sample WC-99/3 (n = 70), adopted from (Vincent et al., 2013);
Z4 (PDC) sandstones at boundary levels of the section between the Upper Miocene and Lower Pliocene (Cimmerian), Taman
Peninsula, periclinal subsidence of the western segment of the Greater Caucasus; sample WC-139/1) (n = 70), adopted from
(Vincent et al., 2013); Z5 (PDC) sandstones in the Upper Oligocene–Lower Miocene fragment of the middle part of the Maikop
Group section, Indolo–Kuban trough; sample ILN#13_700 was taken from the borehole core recovered from a depth of 700–
706 m (n = 68), adopted from (Vincent et al., 2013).
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207Pb/206Pb ratios and the ages obtained from them.
This fact does not allow us to calculate the discor-
dance index of single isotope analyses and carry out
the necessary selection of analytical results according
to their quality. It is possible that, among other things,
the PDC curves in (Vincent et al., 2013) are based on
significantly discordant age estimates that should be
excluded from consideration.

In addition, there is no information about repro-
ducibility of the datings of zircon standards, confirm-
ing the stability of equipment during the measure-
ments, the reliability of isotope datings of the studied
dZr, and so on.

All these reasons compel us to qualify the available
data only as preliminary materials that need further
confirmation. Neither individual peak PDC values
nor, the more so, the ages of individual dZr grains can
be interpreted meaningfully. Only the generalized
characteristics of the provenance signal of the studied
sequences, such as approximate time intervals of large
dZr groups, approximate quantitative ratios between
these groups, and other parameters can be used for the
comparison with similar data on other sequences.

Comparison of new data on the U‒Pb ages of dZr
from sandstones in the Danian section of the Novo-
rossiisk–Anapa f lysch (Z0, sample K21-012) with the
previously obtained similar pilot data on the Matsesta
(Z1) and Khosta (Z2) formations, as well as sand-
stones in the f lyschoid section near the Novaya Shi-
lovka Settlement (Z3) (all sites are located on the
southern slope of the Western Caucasus), Taman Pen-
insula (Z4), and Indolo–Kuban Trough (Z5) (Fig. 8)
revelaed a general similarity in the age distribution. All
provenance signals include the scattered Archean dat-
ings and lack the Early Paleoproterozoic datings. The
Middle–Late Paleoproterozoic, Mesoproterozoic,
and Early Neoproterozoic are represented slightly
more quantitatively than the Archean, but also with-
out the formation of any compact coeval dZr groups.
The Middle Neoproterozoic is virtually absent, and
the Late Neoproterozoic and Early Paleozoic are rep-
resented by single grains.

In the younger portion of the age spectrum, prove-
nance signals Z0–Z5 are marked by visible differ-
ences. Signal Z0 includes compact group of six Car-
boniferous ages, but grains younger than ~320 Ma are
absent. Signals Z1–Z5 include a group of Permian–
Triassic (300–200 Ma) zircon grains and single
younger grains. We note this fact but do not interpret
it in any way, since the data on Z1–Z5 are hardly reli-
able (see comments above).

The age of the studied Novorossiisk–Anapa flysch
sequence (Z0, sample K21-012) is limited to an inter-
val of 63.9–65.3 Ma, and the youngest dZr dating of
sandstones in this sequence is about 320 Ma. Thus, the
time gap is more than 250 Ma! During this interval,
the Crimean–Caucasian Basin underwent tectonic
events accompanied by magmatic activity and the for-
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mation of zircon-bearing crystalline complexes, such
as the widespread Middle Jurassic magmatism in the
Caucasus and Crimea. For several magmatites in the
Crimea and Western/Central Caucasus, the Jurassic
age has been confirmed reliably by modern high-pre-
cision geochronological datings:

(1) rocks of the Jurassic basalt–andesite–dacite
association in the Karachay volcanic region (Central
Caucasus) with an age of ~185 Ma, based on the
Ar‒Ar dating of mineral fractions of biotites and feld-
spars (Gurbanov et al., 2011);

(2) rocks of the bimodal magmatic association in
the Khulam volcanoplutonic complex with an age of
167 ± 4.4 Ma, common in the Kabardino–Balkaria
region (central part of the Northern Caucasus), based
on the U‒Pb and K‒Ar datings (Kaigorodova, 2022;
Kaigorodova and Lebedev, 2022);

(3) basalt f lows (subvolcanic bodies) common on
the outskirts of the Maloe Pseushko Settlement (West-
ern Caucasus), with the U‒Pb SHRIMP age of the
accessory zircon estimated at 169 ± 1.5 Ma (Gerasi-
mov et al., 2022);

(4) rhyodacite bodies (about 170 Ma) near the top
of Mt. Indyuk (Western Caucasus) (our unpublished
data);

(5) volcanites of Karadag (eastern Crimean Moun-
tains), with the Ar‒Ar age of 172.8 ± 4.5 Ma (Popov
et al., 2019);

(6) dolerites of the Pervomaisk stock (174.2 ± 1.2 Ma
and gabbro-dolerites of the Dzhidair pluton (169.7 ±
1.5 Ma) in the vicinity of the Trudolyubovka Settle-
ment (central Crimean Mountains), U‒Pb SHRIMP
dating data (Morozova et al., 2017); and

(7) plagiorhyolites of the Monakh Clift in the Cape
Fiolent area (western Crimean Mountains) with an
age of 168.3 ± 1.3 Ma (Kuznetsov et al., 2022).

Note that the above-listed magmatite bodies (3)
and (4) are located very near (just about 20–30 km
away) from the K21-12 sampling site. However, zircon
with the Jurassic age was not recorded in sandstones
from this sample (Figs. 8a, 8b); i.e., there are no signs
of the erosion of Jurassic magmatic complexes in the
Crimea or Western Caucasus and the transport of their
erosion products into the studied Novorossiisk–
Anapa flysch sequence.

Comparison of the set of dZr ages from sample
K21-012 with similar data (Z6) on sandstones of the
red-colored Upper Permian sequence in the Moscow
syneclise in the Zhukov Ravine reference section
(Chistyakova et al., 2020) revealed their amazing sim-
ilarity (Fig. 8a). In addition, frequency peaks in the
age sets of dZr from modern alluvial sands in lower
reaches of the Volga (Allen et al., 2006, Koltringer
et al., 2022) and Don (Koltringer et al., 2022) rivers
and from sandstones of sample K21-012 are similar.
All this clearly indicates that the detrital material com-
o. 1  2024
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Fig. 9. Comparison of probability density curves (PDC) of the U‒Pb age of detrital zircon grains from sample K21-012 with sim-
ilar data for Crimea in the age range of <1 Ga. In circles: (Z7) integral PDC value summing up the results of U–Pb dating of
detritus zircon grains from the Middle and Upper Jurassic coarse-clastic sequences in the Crimean Mountains (four samples in
different geographical locations, n = 269, according to (Romanyuk et al., 2020); (Z8) integral PDC summing up the data on nine
samples from the Middle Jurassic–Neogene sandstones in the Crimean Mountains, according to (Nikishin et al., 2015a), n =
602). (n) Number of analyses used for the PDC construction. Yellow ovals mark three stages of magmatic activity manifested in
the Scythian–Pontid volcanic belt: 360–315 Ma, 315–270 Ma, and 270–200 Ma. The blue band (J2) marks the Middle Jurassic
magmatism widely manifested in the Crimean Mountains, Western and Central Caucasus. Information about possible primary
sources of different-age zircons is given in the lilac font.
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posing the Novorossiisk–Anapa flysch was trans-
ported from the EEP.

The results of the dZr study complement the results
of the analysis of seismostratigraphic data, clearly
indicating that the detrital material was transported in
the Paleocene into the northern part of the Crimean–
Caucasian Basin (currently identified as the West
Kuban trough) from the EEP side located in north.
The dZr results suggest that the southern part of the
Crimean–Caucasian Basin (currently identified as the
Tuapse trough) also received detrital material from the
EEP, and there are no signs of erosion of the Cauca-
sian rock complexes hosting the Jurassic magmatites.
The bulk of the material was supplied to the basin by
the recycled Permian–Triassic and younger EEP
sequences. According to our opinion, the latter
sequences were formed mainly due to the accumula-
tion of recycled destruction products of crystalline
complexes and ancient sedimentary sequences
involved in the Late Paleozoic Paleo-Uralian orogen
orogen.
LITHOLOGY 
Comparison of new data on the U‒Pb ages of dZr
in the Novorossiisk–Anapa flysch (sample K21-012)
with the available similar data on Mesozoic–Cenozoic
sequences of the Crimean Mountains (CM) is shown
in Fig. 9. Middle Jurassic magmatites are widespread
in the CM (see paragraphs 5–7 in the list presented at
the beginning of the section). However, no Middle
Jurassic dZr grains were detected in the Jurassic
coarse-clastic sequences of CM (provenance signal
Z7). The contribution of a local source with the Late
Jurassic age (~154 Ma) was only recorded in one of the
four studied sequences (Upper Demerdzhi Forma-
tion, southern Demerdzhi Mountain (Kuznetsov
et al., 2019; Rudko et al., 2018, 2019). Jurassic mag-
matic complexes in the eastern and/or central part of
the Caucasus were exposed and eroded in the Late
Mesozoic and/or Early Cenozoic, and their erosion
products were transported to sedimentary sequences
in the eastern and central Cis-Caucasia/Trans-Cauca-
sia. This fact is suggested by the presence of numerous
Jurassic dZr grains in Bajocian sandstones in the east-
ern (Allen et al., 2006) and western (Cowgill et al.,
AND MINERAL RESOURCES  Vol. 59  No. 1  2024
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2016) parts of the Greater Caucasus. It is noteworthy
that a significant number of Middle Jurassic dZr
grains were recorded reliably in the younger CM
sequences, according to the summary data on Juras-
sic–Neogene sandstones on the southern coast of
Crimea (Nikishin et al., 2015a) (provenance signal
Z8), probably, suggesting that the Jurassic magmatite-
hosting sequences, exposed now in the Caucasus and
CM, were exhumed periodically at different times. In
the Western Caucasus and CM, this process took place
later than in the Central and Eastern Caucasus.

It is also noteworthy that the Permian–Triassic zir-
cons, which are absent in sandstones from the middle
Danian fragment of the Novorossiisk–Anapa flysch
section (Z0), have been recorded reliably in Jurassic
coarse-clastic sequences in CM (Z7, Fig. 9). At the
same time, analysis of the possible provenances for
clastic rocks in these sequences has shown that a sig-
nificant contribution to sedimentation f lows feeding
these sequences was provided by the erosion products
of crystalline complexes in the Peri-Gondwanan ter-
ranes and/or the Rheic Ocean (Kuznetsov and
Romanyuk, 2021; Romanyuk et al., 2020).

Available results of the U‒Pb dating of dZr from
detrital sequences from various stratigraphic levels and
geographical locations of the CM and the Caucasus
record significant differences in the provenances for
the western, central, and eastern parts of the
Crimean–Caucasian Basin, as well as a change in the
position of detrital material sources during the evolu-
tion of this basin. However, a much larger amount of
data is needed to determine accurately the time
boundaries of critical changes in the sedimentation
flow directions, changes in provenances, and segmen-
tation of the Crimean–Caucasian Basin at various
stages of the BSBAC region evolution, and detailed
paleogeographic reconstructions of this region.

CONCLUSIONS
The first results of the U–Th–Pb isotope dating of

dZr from the Middle Danian sandstones in the Creta-
ceous–Eocene Novorossiisk–Anapa flysch, widely
developed in the northern and central parts of the
Sochi synclinorium located on the southern slope of
the Western Caucasus, are presented. Sample K21-012
was taken in a coastal rock outcrop on the Kiselev Clift
located between Tuapse and Agoi Settlement. The
nannoplankton assemblage from light gray calcareous
silty mudstones in the upper element of the same tur-
bidite rhythm (sample K21-012 was taken from sand-
stones at its base) has reliably constrained the age of
the sampled Novorossiisk–Anapa flysch fragment to
an interval of 63.9–65.3 Ma. The U–Th–Pb isotope
system was studied for 130 dZr grains. Age estimates
for ~35% of grains are characterized by strong discor-
dance, indicating the thermal and/or metasomatic
impact (possibly repeated) on the analyzed zircon grains.
The bar chart and PDC were plotted based on 91 provi-
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sional datings. The maximum age is 2973 ± 12 Ma, the
minimum is 318 ± 3 Ma, and the weighted average age
of four youngest grains is ~322 ± 7 Ma. The prove-
nance signal includes scattered Archean datings and
lack Early Paleoproterozoic values. The Middle and
Late Paleoproterozoic, as well as Mesoproterozoic
and Early Neoproterozoic are represented by a slightly
greater number of datings than the Archean, but also
without any compact coeval dZr groups. The Middle
Neoproterozoic is virtually absent, whereas the Late
Neoproterozoic and Early Paleozoic are represented
by single grains. Only six Carboniferous datings make
up a compact group manifested with a bright peak
(~344 Ma) on the PDC.

Based on the U and Th contents, the main primary
source of zircon in the middle Danian sandstones of
the Novorossiisk–Anapa flysch was represented, most
likely, by the high- and moderate-silica granitoids
and/or their volcanic analogs. The melanocratic
(mafic) rocks could make a fairly high contribution to
the primary sources of zircon. Some dZr grains could
be delivered from rare (“exotic”) rock complexes, such
as eclogites, high-temperature metamorphites, or
ultra-low temperature granitoids. There are no obvi-
ous regularities or correlations of the U–Pb age of dZr
grains in the middle Danian sandstones from the Nov-
orossiisk‒Anapa flysch with the Th/U values for these
grains.

Comparison of the obtained dZr age sets from
sample K21-012 (Z0) with the available similar data
on Paleogene–Neogene and Early Quaternary (Early
Pleistocene) detrital rocks in other regions of the
Western Caucasus and Western Cis-Caucasus (Z1–
Z5) showed a general similarity of provenance signals
in the Precambrian portion of the dZr age spectrum.

The time gap between the studied middle Danian
fragment of the Novorossiisk–Anapa flysch section
(Z0) and the youngest datings of dZr grains from
sandstones of this section is about 250 Ma. During this
period (from ~64 to ~322 Ma), Jurassic magmatism
was widely manifested in the Crimean–Caucasian
Basin and its framing. Some magmatic bodies, whose
Jurassic age is confirmed by modern high-precision
geochronological dating, are located just 20–30 km away
from the K21-012 sampling site. However, Jurassic dZr
was not recorded in the sample; i.e., no signs of the ero-
sion of Jurassic magmatic complexes and the input of
their erosion products have been recorded in the studied
fragment of the Novorossiisk–Anapa flysch.

Comparison of the age set of dZr grains from sam-
ple K21-012 with similar data on sandstones in the
red-colored Upper Permian sequences of the Moscow
syneclise in the Zhukov Ravine reference section (Z6)
has shown their amazing similarity. Several bright
peaks on the PDC of the dZr age sets from the modern
alluvial sands in deltas of the Volga and Don rivers
(Allen et al., 2006; Koltringer et al., 2022) draining
vast areas of the EEP actually repeat the PDC peaks
o. 1  2024
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for sample K21-012. All this indicates that the detrital
material composing the middle Danian fragment of
the Novorossiisk–Anapa flysch section was trans-
ported from the EEP.

Pioneer results of the study of dZr grains from
sandstones of the middle Danian fragment of the
Novorossisk–Anapa flysch section reported in this
paper complement the results of the analysis of seis-
mostratigraphic materials related to the West Kuban
trough. These data indicate clearly that the detrital
material was transported in the Paleocene to the
northern Crimean–Caucasian Basin (currently iden-
tified as the West Kuban trough) and further south-
ward to those parts of the Crimean–Caucasian Basin,
whose relics compose now the Sochi synclinorium,
from the north. There are no signs of the erosion of
Jurassic magmatite-hosting rocks of the Greater Cau-
casus. We believe that the detrital material in the more
southern part of the Crimean–Caucasian Basin (iden-
tified now as the Tuapse trough) was also transported
from the EEP.

The bulk of the material was delivered to the basin
by the recycled Permian–Triassic and younger EEP
sequences, which could be formed mainly due to the
accumulation of recycled erosion products of crystal-
line complexes and ancient sedimentary sequences
involved in the Paleo-Uralian Late Paleozoic orogen.

The accumulated results of the U–Th–Pb isotope
dating of dZr grains from detrital rocks of various
stratigraphic levels and geographical locations within
the BSBAC region suggest significant differences in
the provenances for the western, central, and eastern
parts of the Crimean–Caucasian Basin, as well as their
change during the basin evolution. However, a much
larger amount of data is needed to constrain accurately
time boundaries of the critical changes in sedimenta-
tion conditions, sedimentation f low direction, prove-
nances, and segmentation of the Crimean–Caucasian
Basin in different time periods and to accomplish
detailed reconstructions of paleogeographic condi-
tions.
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