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Abstract—The integral investigation of the upper Campanian—Maastrichtian section near the settlement of
Nizhnyaya Bannovka (Krasnoarmeiskii district, Saratov oblast) included its detailed lithological description
and the study of different organic remains (belemnites, benthic and planktonic foraminifers, radiolarian, cal-
careous nannofossils, dinocysts) with the analysis of their taxonomic composition and stratigraphic distribu-
tion and magnetostratigraphic (magnetic polarity and petromagnetic) properties. The belemnite findings
indicate the presence of the upper Campanian Belemnitella langei Zone in the section, which comprises sed-
iments previously attributed to the lower Maastrichtian Belemnitella lanceolata Zone. The analogs of mag-
netic polarity chrons 33r, 32r, and 31r (probably superposed chrons 31n and 30) are established. It is assumed
that radiolarians offer the opportunity to define the middle Campanian substage by analogy with the standard
(international) stratigraphic scale. On the basis of benthic foraminifers, calcareous dinocysts, and paleomag-
netic data, the late Maastrichtian age of sediments previously dated back to the early Maastrichtian is sub-
stantiated. A large hiatus corresponding to the terminal Campanian—early Maastrichtian is revealed in the
section. The succession of sedimentological, biotic, and paleogeographic events is outlined for the late Cam-
panian—Maastrichtian interval. The obtained data make it possible to disclose paleobiogeographic connec-
tions between microfaunal communities of the Campanian and late Maastrichtian seas on the East European
and West Siberian plates. It is established that the uppermost Maastrichtian sediments are enriched in extra-
terrestrial matter.

Keywords: Campanian, Maastrichtian, belemnites, radiolarians, benthic and planktonic foraminifers, calcar-
eous nannofossils and dinocysts, magnetostratigraphy, biostratigraphy, paleobiogeography, East European
Platform, Volga region
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INTRODUCTION

In 2001, the Interdepartmental Stratigraphic Com-
mittee (ISC) of Russia considered and approved the
Upper Cretaceous stratigraphic scale for the East Euro-
pean Platform (EEP) within limits of the Russian Fed-
eration (Olfer’ev and Alekseev, 2003, 2005; Stratigra-
ficheskaya..., 2004) widely used now in stratigraphic
investigations. During the subsequent 14 years, the
investigations initiated by A.G. Olfer’ev to perfect this
scale through the integral study of Upper Cretaceous
sections of the southern East European Platform in
Saratov (Olfer’ev et al., 2004, 2007, 2008, 2009a,
2009b, 2014; Guzhikova and Bagaeva, 2013; Guzhikov
et al., 2014b; Pervushov et al., 2015), Volgograd (Alek-
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sandrova et al., 2012), and Rostov (Benyamoskiy et al.,
2012, 2014) oblasts and in the Aktolagai Plateau area in
Aktyubinsk oblast of Kazakhstan (Guzhikov et al.,
2014a) were in progress. These investigations yielded
new sedimentological, paleontological, and, recently,
magnetostratigaphic and isotopic data.

The Nizhnyaya Bannovka section is located in the
southern part of the Saratov region on the right bank
ofthe Volga River. It is studied in two outcrops located
~1 km from each other: outcrop 3012 at the head of the
Mozhzhevelovyi Ravine (coordinates 50°42'57.4” N,
45°3826.7” E) and outcrop 3011 located on the south-
ern slope of Mount Syrt facing the Volga River (coor-
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Fig. 1. Schematic location of Campanian—Maastrichtian outcrop near the settlement of Nizhnyaya Bannovka (designated by

asterisks).

dinates 50°42'29.8” N, 45°38’59.4” E) near the land-
slide scarp (Figs. 1, 2).

The Nizhnyaya Bannovka section was visited in 2012
and 2014 for its additional study and sampling for differ-
ent analyses. The samples for simultaneous micropale-
ontological, paleomagnetic, and petromagnetic analy-
ses were taken in parallel with geological description of
the section from 106 levels of the 60-m-thick section
(Fig. 3). The fundamentally new approach used in these
works consisted in the application of the magnetostrati-
graphic method together with others for the study of
Upper Cretaceous reference sections of the East Euro-
pean Platform.

The investigations included lithological description
of the section (E.M. Pervushov and A.Yu. Guzhikov),
paleo- and petromagnetic measurements (A.A. Guzhi-
kova), and study of different macro- and microfossils:
belemnites (E.Yu. Baraboshkin), sponges (E.M. Per-
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vushov), radiolarians and calcareous dinocysts
(V.S. Vishnevskaya), benthic foraminifers (V.N. Benya-
movskiy), planktonic foraminifers (L.F. Kopaevich),
calcareous nannofossils (M.N. Ovechkina and
M.A. Ustinova). The efforts to extract palynomorphs
from examined samples undertaken by N.K. Lebe-
deva (Institute of Petroleum Geology and Geophys-
ics, Siberian Branch, Russian Academy of Sciences,
Novosibirsk) appeared to be a failure.

BRIEF REVIEW OF THE SECTION STUDY

The expressive outcrops of Upper Cretaceous rocks
on the right bank of the Volga River in the southern
part of the Saratov region attracted the attention of
geologists at the end of the 19th century, when local
fishermen reported to the Archive Commission of the
Saratov Province on findings of fossilized organic
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()

(b)

Fig. 2. Photographs of outcrops 3012, Mozhzhevelovyi Ravine (a), and 3011, Mount Syrt (b). Lines and numerals designate

boundaries or&and their numbers.

remains in the outskirts of settlement of Nizhyaya
Bannovka. After investigations of sections on slopes of
Mount Syrt and in the Mozhzhevelovyi Ravine south
of this settlement carried out by outstanding Russian
geologists (Arkhangelsky, 1912; Arkhangelsky and
Dobrov, 1913; Milanovskii, 1940), they were consid-
ered as reference sections of Cretaceous deposits for
the Middle and Lower Volga regions. During the field
excursion of the All-Russian Conference on Specifi-
cation of the Unified Mesozoic Stratigraphic Scale for

STRATIGRAPHY AND GEOLOGICAL CORRELATION

the East European Platform, precisely these sections
were visited (Resheniya..., 1955, 1962). In the second
half of the 20th century, several researchers (Barysh-
nikova et al., 1961; Bondareva et al., 1981; Bonda-
renko, 1990; etc.) visited this section again to describe
repeatedly its structure and lithology and gain addi-
tional paleontological material (including macrofos-
sils) for subdivision of the section into substages and
zones. The current views on stratigraphy of the Cam-
panian—Maastrichtian boundary interval are summa-
No. 1
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rized in (Pervushov et al., 1999b). According to those
authors, the composite section in the head part of the
Mozhzhevelovyi Ravine and on Mount Syrt slopes
includes the upper Campanian substage uniting the
belemnite langei and licharewi zones (siliceous—ter-
rigenous sequence) and lower Maastrichtian substage
represented by the lanceolata Zone (terrigenous—car-
bonate sequence).

The attempts to apply the paleomagnetic method
to the study of the Upper Cretaceous section in the
Nizhnyaya Bannovka area undertaken in the 1980s
(Pechersky et al., 1983; Grishanov, 1984; Abakshin
etal., 1992) appeared to be a failure because of
extremely low natural remanent magnetization of rocks
undetectable by the measuring equipment of that time.
At the same time, petromagnetic data on the section
were necessary for obtaining new information about
depositional environments (Fomin et al, 2006)

SECTION STRUCTURE

In the section, all of its layers are subhorizontal.
With respect to lithology, it is distinctly divisible into
two parts: lower siliceous—terrigenous (Members 1—9)
and upper terrigenous—carbonate (Members 10—12)
sequences traditionally correlated with the Altyn Super-
formation and Lokh Formation, respectively (Stratigra-
ficheskaya..., 2004).

Below, the composite section is described from the
base upward (Fig. 3).

Outcrop 3012 (Mozhzhevelovyi Ravine)

Member 1 (Samples 3012/1—-3012/6). Frequently
alternating dark gray (locally with the bluish tint) to
light gray opokas (from 10 to 30 cm thick) and dark
gray to back platy to foliated clays (usually up to 0.1 m
thick). Both opokas and clays are locally micaceous
and contain frequently irregularly distributed psam-
mitic fine- to medium-grained quartz and glauconite
material in concentrations highly variable in different
layers. The psammitic material is largely confined to
abundant differently oriented burrows 0.1—1.0 cm in
diameter and 0.5—5.0 cm long. All rocks are irregularly
fissured and ferruginate to different degrees on
the surface and along fissures. The upper layers of the
member form a steep scarp in erosional ridges. The
apparent thickness is ~4 m.

Member 2 (Sample 3012/7). Black clays, siliceous,
foliated. The upper part of the member includes two
intercalations of finely splintered opokas 0.2—0.3 m
thick. The thickness is 2.5 m.

Member 3 (Samples 3012/8—3012/13). Frequently
alternating opokas and siliceous clays similar to these
varieties in Member 1. The peculiar feature of its upper
half'is the presence of closely spaced thick (0.4—0.5 m)
layers of opokas highly ferruginate at the surface. The
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uppermost part of Member 3 also forms a steep scarp
in erosional ridges. The thickness is 4.2 m.

Member 4 (Samples 3012/14—3012/16). Dark
gray to black opoka-like clays, siliceous, finely splin-
tered. The boundary with the overlying member is
vague. The thickness is 2.5 m.

Member 5 (Samples 3012/17—3012/22). Opokas
and gray opoka-like clays without distinct boundaries
between them. In the upper part of the member, the
surface of opoka layers acquires a peculiar greenish
tint. The thickness is 4 m.

Member 6 (Samples 3012/23-3012/32). Dark
gray to black clays, siliceous, sandy, finely splintered,
foliated. In the basal pat of the member, clay is gray,
highly sandy, ~0.3 m thick; in the upper part (Sam-
ples 3012/30—3012/32), clays are opoka-like. The
apparent thickness is 6.5 m.

The overlying sediments are poorly exposed. At the
same time, many gullies crossing the northeastern
slope of Mount Syrt 13 m higher in the section recover
everywhere glauconite sandstone saturated with bel-
emnite rostra and oyster shells (Member 10), which
served as a reference level for correlation between out-
crops 3012 and 3011. A more reliable correlation was
provided by paleo- and petromagnetic data.

Outcrop 3011 (Mount Syrt)

In the outcrop on the southern slope of Mount
Syrt, the upper part of Member 6 (the apparent
thickness of ~3.5 m) was repeatedly sampled (Sam-
ples 3011/1—3011/7). The contact with the overlying
member is obscure. The integral thickness of Mem-
ber 6 in two outcrops is 6—7 m.

Member 7 (Samples 3011/8—3011/12). Dark gray
opokas, clayey, sandy, with thin intercalations of sili-
ceous sandy clays. At the surface, Members 6 and 7 are
covered by rubble of light gray opoka-like rocks with
the boundary between them being unobservable.

Member 8 (Samples 3011/13—3011/16). Dark
gray to dark brown (most likely owing to iron hydrox-
ides) clays, siliceous, highly sandy, finely splintered,
with subordinate intercalations of opoka-like clays.
The entire surface of the member is covered by
gray—brown rubble. The thickness is 2.8 m.

Member 9 (Samples 3011/17—3011/33). Dark
gray clays, opoka-like, sandy, micaceous. Approxi-
mately 5 m above the base, the member contains visi-
ble glauconite grains, abundance of which notably
increases upward. The content of the silty and fine-
grained quartz material dispersed or forming lenses
increases in the same direction. Burrows are rare and
chaotically distributed, being expressed as spots at the
weathered surface. Combination of relict thin lamina-
tion and burrows imparts a variegated appearance to
the host rock. The surface of the member is covered by
greenish rubble. The thickness is 8 m.

Vol. 25

No.1 2017



44 GUZHIKOV et al.

Members 8 and 9 form a peculiar gentle slope
between two benches formed by over- and underlying
rocks in the microrelief of the Mount Syrt slope.

Member 10 (Samples 3011/34—3011/40). Yellow-
green sandstone, glauconite—quartzose, carbonate,
fine- to medium-grained, vaguely bedded; bright green
at the fresh surface, spotty owing to irregular distribu-
tion of light gray iron hydroxides. The distribution of
the terrigenous and carbonate components is also
irregular. Upward, the content of the psammitic com-
ponent and its grain size decrease, while the carbonate
content increases, which is evident from the reaction
with HCI: its absence in the basal part of the member
(up to the level of Sample 3011/37) to strong ebullience
in the uppermost part. Brown phosphorite nodules up
to 3—4 cm across are also irregularly scattered through
the rock. Phosphorites are fusiform, representing fos-
silized and reworked casts or walls of burrows. Biotur-
bation is represented by small thin hollows.

The lower boundary of the member is obscure.
Sandstones from the basal part of the member resemble
opoka-like sand-rich clays with a high content of glau-
conite constituting the uppermost part of Member 9.
The upper boundary of the member is distinct, uneven.
At the top, sandstone is poorly consolidated, with thin
parallel lamination, which is emphasized by the thin
platy jointing; burrows in the upper part of the member
are larger and longer than in its remainder.

The lower part of the member is saturated with ver-
tebrate remains. Molluscan shells dominated by oys-
ters are also scattered in abundance. They are repre-
sented by Pycnodonte concavexa (Sow.), P. variabile
A. Ivanov, Auriphyllina mirabilis (Rousseon), Volgella
porrecta A. Ivanov, V. oblique A. Ivanov, V. sculpta
A. Ivanov, Orbigonia cf. civaliaris A. Ivanov, Vanustella
subdonetzensis (Glassunova), Vanustella sp., and Hyo-
tissa sp. accompanied by isolated thin valves of
Chlamys sp. Ostrea shells are large (up to 8—10 cm
across); they are frequently represented by whole
shells. There are also abundant belemnite rostra ori-
ented usually by their apical parts in the horizontal
plane in different directions; some of them located
diagonally, being oriented by their apexes downward.
Many rostra are longitudinally compressed in the dor-
sal—ventral direction almost up to the flat state. The
rocks contain also rare accumulations and isolated
small dark brown fish scales. Close to the base, the
sediments enclose skeletons of hexactinellid sponges
Ortodiscus sp. and Rhizopoterion sp. buried in the sub-
autochthonous position. As in the largest part of the
Volga River right bank area, the lower part of the
member contains variably phosphatized marine reptil-
ian remains.

The outcrops of irregularly consolidated sandstone
form a small bench in the relief profile of Mount Syrt.
The thickness of the member is 3.5 m.

Member 11 (Samples 3011/41—-3011/72). Light to
dark gray clays, carbonate, silty—sandy, marlstone-

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 25

like in the lower part of the member and highly
silty—sandy in its upper part. The conditional bound-
ary between these varieties is outlined at the sustained
level of subvertical burrows irregularly colored by iron
hydroxides (Sample 3011/5 level). The sediments con-
tain dispersed small mica flakes and fine-grained
glauconite, abundance of which increases upward
similarly to quartz psammitic particles. There are also
thin (<1 cm) intercalations of clays, yellow-colored
owing to the presence of iron hydroxides. The thick-
ness is 17 m.

Member 12 (Samples 3011/73, 3011/74). Silt,
clayey, carbonate-free, yellow-colored owing to iron
hydroxides, with glauconite grains and small bivalve
shells and single belemnite rostra (Pervushov et al.,
1999a) scattered at some levels, irregularly bioturbated.
The upper surface of the member is distinct, uneven,
locally with pockets. The thickness is up to 1 m.

Higher in the section, these strata are overlain by
siliciliths of the Paleocene Syzran Formation.

We compared different views on the structure of
the Nizhnyaya Bannovka section (Mozhzhevelovyi
Ravine, Mount Syrt). In doing so, we took two beds of
glauconite sandstones as readily recognizable refer-
ence levels: lower (Campanian) with Belemnitella
mucronata (Bed 3 according to (Milanovskii, 1940) or
Member 10 in this work) and upper (Maastrichtian)
with B. lanceolata (Bed 8 after Milanovskii) (Fig. 3).
The data on the thickness of sediments sandwiched
between these beds are satisfactorily consistent
between each other in different publications. The
interval in question includes thin glauconite intercala-
tions, which are missing in some descriptions, being
characterized by a lenticular structure. The discor-
dance consists also in the presence/absence of the
member of carbonate clays below the upper bed of
glauconite sandstones, which is mentioned in some
descriptions (Arkhangelsky and Dobrov, 1913; Mila-
novskii, 1940; Gerasimov et al., 1962; Glazunova,
1972) and is absent in others (Bondarenko, 1990; this
work). Arkhangelsky and Dobrov (1913) were the first
to define a member of “gray calcareous clays” 10—15 m
thick on Mount Syrt. We failed to document carbon-
ate sediments below the base of sandstone Member 10
in the continuous succession on the southern bedrock
slope of Mount Syrt undistorted by landslides;
instead, we observed alternating siliceous clays and
opokas (Members 6—9), which is consistent with the
thorough description of the section in (Bondarenko,
1990) Fig. 3). The surface of this sequence is covered
by eluvial rubble.

According to our observations, Members 7—12 are
now unexposed in the Mozhzhevelovyi Ravine head
(northern slope of Mount Syrt). At the same time, the
upper glauconite sandstone (Member 1) may be
observable and traceable in shallow scours and rubble
accumulations. The underlying siliceous rocks (Mem-
bers 7—9) 13 m thick are unexposed, being covered by
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vegetation, carbonated eluvium, and talus, which may
easily be taken feg the weathered surface of the car-
bonate clay bedrock. Milanovskii (1940) noted poorly
exposed sediments in this portion of the section. In
this connection, we believe that the carbonate mem-
ber 10—15 m thick underlying glauconite sandstone
was defined by some authors erroneously. It is con-
ceivable that the effect of the first description of “gray
calcareous clays” was partly responsible for this error.
For example, Glazunova (1972) openly indicates that
she used the description in (Milanovskii, 1940) when
compiling her lithological column.

BIOSTRATIGRAPHY
Materials and Methods

The subdivision of the section under consideration
is based on findings and biostratigraphic analysis of
different macro- and microfossils: belemnites, benthic
and planktonic foraminifers, radiolarians, nannofos-
sils, and calcareous dinocysts.

In total, 106 samples each weighting at least 200 g
were taken for paleontological investigations (together
with oriented samples for paleomagnetic measure-
ments) every 0.2—0.4 m (Fig. 3). All the belemnite
finds originate from Member 10.

Foraminifers were extracted from samples (100 g in
weight) washed in accordance with the standard tech-
nique in the laboratory of the Chair of Paleontology
(Faculty of Geology, Moscow State University). Only
three samples from the terrigenous—siliceous sequence
(Members 1—9) contained single planktonic foramin-
iferal specimens. Carbonate clays of Member 11
(12 samples) yielded relatively diverse and abundant
foraminifers. None of their tests was found in sediments
of Members 10 and 12.

Radiolarians occur in the same samples more fre-
quently (in 21 samples from siliceous rocks). They are
also present in nine samples from the lower part of the
carbonate clay sequence. Radiolarians were studied in
both residues and thin sections.

Foraminifers, radiolarians, nannofossils, and cal-
careous dinocysts were photographed under the
scanning microscope at the Paleontological Institute
of the Russian Academy of Sciences. Belemnites pre-
liminarily covered with ammonium chloride were
photographed by a SONYo580 camera with a SONY
Macro 2.8/50 objective.

The illustrated specimens are stored in two labora-
tories of the Geological Institute of the Russian Acad-
emy of Sciences: laboratory of micropaleontology
(collection NB 3011—3012: foraminifers) and labora-
tory of biostratigraphy and paleogeography of oceans
(collection NB 3011—3012: radiolarians, calcareous
dinocycts, and nannofossils). The collection of bel-
emnites is stored in the Earth Science Museum of
Moscow State University (collection no. 126).

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 25

Belemnites

First data on belemnite finds in the Campanian—
Maastrichtian interval of the Nizhnyaya Bannovka
section are mentioned in (Sinzow, 1899). This
researcher indicated “Belemnitella lanceolata (Schloth.)
Sharpe” (Sinzow, 1899, p. 69) for the marlstone
sequence near the settlements of Zolotoe, Trubnoe,
Bannoe, and Melovoe, g it under the name
“Belemnitella sublanceolata Sharp.” (Sinzow, 1899,
plate 1V, figs. 3—4). Subsequently, Arkhangelsky (1912)
identified this form as Actinocamax propinquus
Moberg. He studied the section under consideration
as well and defined the “Belemnitella lanceolata
Schith. (Sn. s. 2)" Zone, including in it the sequence
of gray clays grading into clayey marlstones and clayey
glauconite sands and sandstones. The middle part of
this sequence contains abundant ites belonging
te-the species indicated in (Milanovskii, 1940; Glazu-
nova, 1972). The data on Campanian—Maastrichtian
deposits in the Nizhnyaya Bannovka section and pres-
ence of the Belemnitella licharewi, B. lanceolata, and
B. sumensis zones in them are also available in
(Arkhangelsky and Dobrov, 1913; Gerasimov et al.,
1962; Bondarenko, 1978; Grishanov, 1984; Pervushov
et al., 1999a, 1999b; Gabdullin, 2002; Yakovishina
et al., 2012), although none of these authors provided
identifications of belemnites and their stratigraphic
distribution. It is strange, but no single image of bel-
emnites from this locality, except for the above-men-
tioned "Belemnitella sublanceolata Sharp.,” may be
found in corresponding publications. It is probable
that this circumstance explains why our results differ
from traditional data.

In the section underconsideration; belemnites were
found only in glauconite sandstones of Member 10
(single rostra were also noted in the interval-corre—
spendingte-Member 12, but their taxonomic affinity
remains unknown (Pervushov et al., 1999a)). Most
findings without indications of substantial reworking
originate from the lower part of the member (below
Sample 3011/38). Belemnite rostra at levels of Sam-
ples 3011/38 and 3011/39 are partly dissolved and
deformed. Of 22 rostra, 17 specimens appeared to be
identifiable. They are largely represented by Belem-
nitella pseudolanceolata Jeletzky, 1948 (accompanied
by B. cf. pseudolanceolata and B. pseudolanceolata juv.
(Plate 1)), except for a single specimen of Belemnitella
langei Jeletzky, 1948 (Plate I). Both forms are estab-
lished in this locality for the first time instead of Bel-
emnitella lanceolata (Schloth.), which was tradition-
ally neted, here. This fact is surprising. Nevertheless,
despite the distinct lanceolate shape and large size of
rostra, which lead to error, Belemnitella pseudolanceo-
lata is characterized by high values of the Shatsky
index (distance from the alveolar apex to the inner end
of the ventral skit) varying from 6.0 to 16.3 mm, which
is characteristic of representatives of the genus Belem-
nitella.
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Plate 1. Belemnites from the N+

Bannovka section (Member 10). (1a—1d) Belemnitella pseudolanceolata juv. Jeletzky, 1948,

specimen MES MSU 126/1; (2a—2d) Belemnitella langei Jeletzky, 1948, specimen MES MSU 126/2; (3a—3d) Belemnitella
pseudolanceolata Jeletzky, 1948, specimen MES MSU 126/3; (4a—4d) Belemnitella pseudolanceolata Jeletzky, 1948, specimen MES
MSU 126/4. Collection of belemnites is stored in the Museum of Earth Sciences (Moscow State University), no. 126. For all spec-
imens: (a) dorsal view, (b) ventral view, (c) lateral view, (d) structure of the ventral skip; All specimens originate from Member 10,
interval of Samples 34—37, Section 3011; Mount Syrt near settlement of Nizhnyaya Bannovka. Samples are covered with ammonium
chloride and photographed by E.Yu. Baraboshkin using a SONYa.580 camera equipped with a SONY Macro 2.8/50 objective. Scale

baris 1 cm.

Among known belemnite species described from
Campanian—Maastrichtian sections of the East Euro-
pean Platform and Western Europe, only B. kursensis
(Najdin, 1964) and B. pseudolanceolata Jeletzky, 1948
are characterized by close sizes, shapes, and Shatsky
index values. Jeletzky (1949) attributed the latter spe-
cies to the genus Belemnitella. Naidin (1959) also con-
sidered this species as belonging to the same genus,
although he subsequently placed B. pseudolanceolata
into the genus Belemnella, proceeding from the mor-
phology of rostra. European specialists always consid-
ered these two species as representatives of the genus
Belemnitella. Since B. kursensis is missing fretn Euro-
pean sections, only B. pseudolanceolata was discussed.
Christensen (1986, p. 37) believed that this form is close
to Belemnitella langei, although later (Robaszynski and
Christensen, 1989; Christensen, 1990), this+esearcher,
conceded, similarly to Jeletzky (1948), its synonymy
with Belemnites lundgreni de Morgan, 1882. Inasmuch
as the last assumption is impossible to verify because
of inaccessibility of type material, Christensen admit-
ted, following Schulz (1979), the autonomous status of
B. pseudolanceolata, but attributed it to the genus Bele-
mnitella on the basis of large values of the Shatsky
index (Christensen, 1993). Subsequently, Christensen
(1995) placed it into the Belemnitella mucronata group.
It is remarkable that no illustrations or valuable
descriptions of B. pseudolanceolata Jeletzky appeared
in publications after the work by (Jeletzky, 1948). All
this indicates that either the species in question is
missing from West European sections (which is quite
possible taking into consideration high endemism of
Late Cretaceous belemnites) or it was ignored in con-
nection with the above-mentioned problems.

According to (Naidin, 1959, 1961; Gerasimov et al.,
1962), B. pseudolanceolata is characteristic of the langei
Zone, which is confirmed in our case by a single finding
of B. langei Jeletzky (Plate I, figs. 1a—1d). This form
slightly differs from typical representatives of Belem-
nitella langei langei in relatively small size, Shatsky index
value (4.2 mm), and distinctly fusiform shape. It is
slightly closer to Belemnitella langei najdini Kongiel,
1962 (according to Naidin), although attribution of a
single specimen to this subspecies is premature.

As was shown (Christensen, 1999), there is no uni-
form view on the species B. langei and its stratigraphic
position among Jeletzky, Birklund, Kongiel, Schulz,
Naidin, and Christensen himself. Therefore, taking
this ambiguity and scarcity of factual material into

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 25

consideration, it is more logical, in our opinion, to fol-
low the concept by Naidin.

Thus, identified belemnite specimens indicate the
belonging of glauconite sandstones of Member 10 to
the upper Campanian Belemnitella langei Zone.

Planktonic Foraminifers

Single tests of planktonic foraminifers (PF) are
registered in the basal part of Member 11
(Samples 3011/44—3011/47). They are represented
by Heterohelix striata (Ehrenb.) of the family Hetero-
helicidae (Plate II), which allows the Heterohelix
striata Beds to be defined (Fig. 4). This species is very
close to H. planata (Cushman), which is distributed
through the Gan’kino Formation (uppermost Cam-
panian—Maastrichtian) of West Siberia, although
being most abundant and represented by typical
specimens in its upper Maastrichtian interval (Mari-
nov e al., 2014, pl. 11, figs. 5—6). Heterohelix striata is
accompanied by single poorly preserved specimens
of Globigerinelloides volutus White. Unfortunately,
the assemblage of planktonic foraminifers in the
Nizhnyaya Bannovka section is substantially scarcer
as compared with other examined sections of the
Middle Volga (Saratov) region.

For example, representatives of heterohelicids
(particularly, genus Heterohelix) are abundant in
upper Maastrichtian sections of the Teplovo uplift
located approximately 65 km northeast of Saratov. In
this area, Heterohelicidae representatives at some lev-
els in the upper Maastrichtian Nikolaevskoe Forma-
tion of the section located near the settlement of Kly-
uchi exceed 80% of the foraminiferal paleocoenosis
(Alekseev et al., 1999). They are accompanied by rela-
tively diverse keeled Globotrucana forms, which reflect
transgression of a late Maastrichtian warm epiconti-
nental sea (Alekseev et al., 1999; Ovechkina and Alek-
seev, 2004; Kopaevich, 2011).

Benthic Foraminifers

The siliceous—terrigenous rocks of Members 1-9
contain single tests of “primitive” agglutinated fora-
miniferal species: Haplophragmoides spp. and Rhab-
dammina spp. in Member 3 (Sample 3012/9), Ammo-
discus aff. incertus d’Orb. and A. cretaceous (Reuss) at
the base of Member 6 (Sample 3012/23), and Silicosig-
moilina volganica (Kuzn.), Psammosphaera spp., Reo-
phax spp., Haplophragmoides spp., and Trochammina
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Plate I1. Benthic foraminifers (Members 1—9), planktonic forminifers, and calcareous dinocysts (Member 11) from the Nizhnyaya
Bannovka section. (1—13) Benthic foraminifers from Members 1—9: (1) Rhabdammina spp., general view, Sample 3012-9; (2) Reo-
phax spp., general view, Sample 3011-27; (3, 4) Psammosphaera spp., general view, Sample 3011-27; (5) Ammodiscus cretaceous
(Reuss), general view, Sample 3012-23; (6) A. aff. incertus d’Orb., general view, Sample 3012-23; (7, 8) Haplophragmoides spp., gen-
eral view, Samples 3012-9 and 3011-27, respectively; (9—11) Trochammina spp., Sample 3012-23 (fig. 9) and Sample 3011-27
(figs. 10 and 11); (12, 13) Silicosigmoilina volganica (Kuzn.), general view (fig. 12), apertural view (fig. 13), Sample 3011-27,
(14, 15) planktonic foraminifers from Member 11: Heterohelix striata (Ehrenb.), general view, Sample 3011-44; (16) calcareous dino-
cysts from Member 11: Pithonella globosa, Futterer, Sample 3011-44: (a) general view, (b) structure of the outer layer with wall of the
Pithonella type, (c) fragment of the structure of trigonal calcite crystals.

spp. in Member 9 (Sample 3011/27) (Fig. 4, Plate 11).!
S. volganica is the characteristic form of foraminiferal
assemblages from the Nalitovo Formation (uppermost
Campanian) in the section near the settlement of
Vishnevoe located north of Saratov (Olfer’ev et al.,
2007) and from the Sukhodol Formation (Campan-
ian—Maastrichtian boundary interval) in the Kalitva
River sections in northern Rostov oblast (Benyamovs-
kiy et al., 2012). Thus, the presence of S. volganica
provides grounds for attributing host sediments to the
LC19 Zone, which encloses the Campanian—Maas-
trichtian boundary on the East European Platform
(Guzhikov et al., 2014a, 2014b).

The diverse assemblage of benthic foraminifers
(BF) appears beginning from the basal part of Mem-
ber 11. The analysis of their distribution through the
section allows two assemblages to be defined (Fig. 4,
Plate I1I). They are named after most frequent species
of paleobiogeographic and stratigraphic significance.

The lower assemblage (Spiroplectammina kasanzevi
Beds) is present in the interval from Sample 3011/42 to
Sample 3011/58 and includes Spiroplectammina
kasanzevi Dain, S. variabilis (Neckaja), Nodosaria sp.,
N. raphanistrum (Linne), Robulus spp., R. roemeri
(Reuss), R. velascoensis (Marie), Lenticulina spp.,
L. exorata (Hagen.), L. osnabrugensis Roemer, Denta-
lina spp., D. filiformis Reuss, Vaginulinopsis spp., V. tri-
lobatus (d’Orb.), Vaginulina sp., Astacolus spp., Planu-
lina spp., Neoflabellina reticulata (Reuss), Globulina
lacrima Reuss, G. veronikae (Dain), Pyrulina fusiformis
(Roemer), Guttulina trigonula (Reuss), G. cretacea Alth,
Gyroidinoides globosa (Hagen.), G. turgidus (Hagen.),
Valvulineria formosa Freim., Pullenia aff. bulloides
(d’Orb.), Gyromorphina allomorphinoides (Reuss),
Nodogenerina spp., N. pseudoscripta (Cushm.), and
Bulimina quadrata Plummer. The S. kasanzevi Zone is
established in the upper Maastrichtian Gan’kino
regional stage of West Siberia (Foraminifery..., 1964).

The upper assemblage (Anomalinoides pinguis
Beds) appears at the level of Sample 3011/58. As com-
pared with the lower assemblage, its composition dif-
fers on account of appearance of characteristic species
Anomalinoides pinguis (Jennings), A. globigeriniformis
(Neckaja), Cibicidoides bembix kasahstanicus (Neck-
aja), and Cibicides beaumontianus (d’Orb.). The
Anomalinoides pinguis Zone characterizes the upper

! Bold indicates the most frequent species of paleobiogeographic
and stratigraphic significance.
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Maastrichtian interval of Poland (Gawor-Beidova,
1992). The Anomalinoides pinguis Beds were also
established in the uppermost Maastrichtian sediments
of the Aktolagai Plateau area, where they contain also
upper Maastrichtian representatives of the genus Neo-
belemnella (N. kazimiroviensis) (Naidin and Benyam-
ovskiy, 2006).

A peculiar feature of the benthic foraminiferal
assemblage from Member 11 is its significant similarity
(up to 80%) to that from Maastrichtian carbonate clays
ofthe Gan’kino Formation of West Siberia. The follow-
ing species are in common for these assemblages: Spiro-
plectammina variabilis, Nodosaria raphanistrum, N. glo-
rja, Robulus roemeri, Dentalina filiformis, Globulina lac-
rima, G. veronikae, Pyrulina fusiformis, Guttulina
trigonula, G. cretacea, Gyroidinoides soldanii, G. turgi-
dus, Valvulineria formosa, Pullenia aff. bulloides, Gyro-
morphina allomorphinoides, Bulimina quadrata, Anoma-
linoides pinguis, A. globigeriniformis, and Cibicidoides
bembix kasahstanicus (Netskaya, 1948; Eremeeva and
Belousova, 1961; Subbotina, 1964; Marinov et al.,
2014). Such a similarity implies the paleogeographic
connection between epicontinental seas of the East
European Platform and the southern part of the West
Siberian basin. The increase in the share of European
benthic foraminiferal species (up to >55% of the total
assemblage) in upper Maastrichtian sediments of the
Gan’kino Formation in the south Trans-Urals region
was previously noted in (Benyamovskiy, 2005).

Summing up the analysis of composition of the
benthic foraminiferal assemblage from Member 11,
one should emphasize the following important differ-
ences from upper Maastrichtian assemblages from the
Nikolaevskoe Formation studied in sections near the
settlement of Teplovo of the Novyi Buras district and
the settlement of Klyuchi of the Bazar Karbulak dis-
trict of Saratov oblast (Alekseev et al., 1999) and
assemblages from the Radishchevo Formation in sec-
tions of the Volga right bank near the town of Vol’sk
and the settlement of Vishnevoe of the Petrovskoe dis-
trict (Olfer’ev et al., 2009a, 2009b, 2014). In the
above-mentioned sections, benthic foraminiferal
paleocoenoses are largely represented by anomalinids,
ataxophragmiids, Bolivinoides species, and praebuli-
minids, accompanied by rare planktonic keeled glo-
botruncanids, while carbonate clays of Member 11 in
the Mount Syrt section are characterized by an abso-
lutely different biocoenosis. It includes single plank-
tonic (planispiral Globigerinelloides and biserial Het-
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Fig. 4. Benthic and planktonic foraminifers in the Nizhnyaya Bannovka section (distribution, assemblages, and assumed age).
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erohelix representatives) and benthic (spiroplectam-
minids, nodosariids, polymorphinids, discorbids, and
buliminids) foraminifers. Such a composition of the
foraminiferal assemblage indicates strong differentia-
tion of water masses in the Late Cretaceous basin of
the Saratov region (Volga River right bank).

Radiolarians

Four radiolarian assemblages covering different
stratigraphic units are defined in the Nizhnyaya Ban-
novka section (Fig. 5, Plate IV).

The Prunobrachium mucronatum—Lithostrobus
turitella Beds of the middle Campanian are established
to correspond to Members 1—7 (Samples 3012/3,
3012/7, 3012/9, 3012/11, 3012/15, 3012/23, 3012/27,
3011/2—3011/7, 3011/9, and 3011/11). The characteris-
tic species of this assemblage are Phaseliforma carinata
Pessagno, Crucella crux (Lipman), Orbiculiforma camp-
bellensis Pessagno, O. monticelloensis Pessagno, O. sac-
ramentoensis Pessagno, O. volgensis (Lipman), Pruno-
brachium boreale Vishnevskaya, P. kozlovae Vish-
nevskaya, Patulibracchium petroleumensis Pessagno,
Prunobrachium mucronatum (Lipman), P. angustum
(Lipman), P. crassum (Lipman), P. concentricum (Lip-
man). P ornatum (Lipman), P. sibiricum (Lipman),
Dictyomitra striata Lipman, Lithostrobus turitella Lip-
man, and Stichomitra manifesta Foreman.

The Prunobrachium articulatum Beds (upper part
of the upper Campanian) are defined higher in the
section in Members 8 and 9 (Samples 3011/12—
3011/16, 3011/19, 3011/26, 3011/27, and 3011/28).
The characteristic species of their radiolarian assem-
blage are Phaseliforma carinata Pessagno, Crucella
crux (Lipman), Orbiculiforma campbellensis Pessagno,
0. monticelloensis Pessagno, O. sacramentoensis Pessa-
gno, Prunobrachium articulatum (Lipman), P. boreale
Vishnevskaya, P. kozlovae Vishnevskaya, Pseudo-
brachium trilobatum Vishnevskaya, P. gracilis Vish-
nevskaya, Dictyomitra andersoni Campbell et Clark,
Archaeodictyomitra regina (Campbell et Clark), Theo-
campe apicata Foreman, and Xitus grandis (Campbell
et Clark).

Previously, Kazintsova (2000) established in the
Nizhnyaya Bannovka section the upper Campanian
radiolarian assemblage with Prunobrachium articula-
tum. The study of Sample 5 (from the collection by
A.G. Olfer’ev and L.I. Kazintsova; Vishnevskaya
et al., 2014) from the uppermost part of the Pudovkino
Formation (Ovechkina, 2007) represented by alternat-
ing slightly siliceous marlstones and light gray opokas
revealed abundant skeletons of the late Campanian
species Prunobrachium articulatum (Lipman), accom-
panied by Prunobrachium crassum (Lipman), P. angus-
tum (Lipman), Crucella crux (Lipman), and Xitus
grandis (Campbell et Clark), which confirm the late
Campanian age of this assemblage.

STRATIGRAPHY AND GEOLOGICAL CORRELATION

The Rhombastrum Beds are defined in the termi-
nal part of Member 9 (Sample 32), where they are
characterized by two distinct features: total disappear-
ance of all forms constituting the preceding assem-
blage and the appearance of representatives of the
genus Rhombastrum. This assemblage is considered to
be transitional between the Campanian and Maas-
trichtian radiolarian communities.

The fourth, upper Maastrichtian, Spongurus mar-
caense—Tholodiscus densus Assemblage characterizes
presumably the basal part of the Lokh Formation
(Samples 3011/43—3011/53). Its characteristic species
are represented by Rhombastrum sp., Spongurus mar-
caensis Pessagno, S. splendiarmatum (Clark et Camp-
bell), Dictyomitra andersoni Campbell et Clark, Archae-
odictyomitra regina (Campbell et Clark), Orbiculiforma
australis Pessagno, Orbiculiforma renillaeformis (Camp-
bell et Clark), and Tholodiscus densus (Kozlova).

It should be noted that the assemblage from the
Spongurus marcaense—Tholodiscus densus Beds is
close in its composition to the Spongurus marcaense—
Rhombastrum russiense Assemblage from the termi-
nal part of the Sukhodol Formation in northern Ros-
tov oblast corresponding to the transitional Campan-
ian—Maastrichtian interval of the LC19 benthic fora-
miniferal zone (Benyamovsiy et al., 2012). In this
assemblage, noteworthy is Orbiculiforma renillae-
Jformis, the index species of the synonymous assem-
blage from the O. renillaeformis Beds of the Nalitovo
Formation in southwestern Volgograd oblast, which
are correlative with the uppermost part of the LC19
Zone together with the lower Maastrichtian dinocyst
Canningia microreticulata Beds (Aleksandrova et al.,
2012). The O. renillacformis Beds are defined in the
lower Maastrichtian Zhuravlevo Formation near
Kustanai in the Tobol region (Amon, 1990), the age of
which is confirmed by findings of Belemnella ex gr.
sumensis Jel. and B. sumensis praearkhangelskii Naid.
rostra (Naidin, 1990). The O. renillaeformis Zone is
also recognizable in the lower Maastrichtian sections
of California (Pessagno, 1976).

The Prunobrachium articulatum Beds are indica-
tive of the upper Campanian interval in sections of the
East European Platform, West Siberia, and Subpolar
Urals (Prakticheskoe..., 1999; Vishnevskaya, 2001),
while the Maastrichtian interval is determined by the
appearance of high-conical cainotypic dictyomitrids
and the first Spongurus marcaensis, Orbiculiforma
renillaeformis, etc. (Vishnevskaya 2009, 2010). Thus,
according to radiolarians, the Campanian—Maas-
trichtian boundary in the Nizhnyaya Bannovka sec-
tion is placed in the upper part of Member 9 between
Samples 3011/28 and 3011/32, which is consistent
with its position substantiated by benthic foraminifers
(LC19 Zone).
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Plate II1. Benthic foraminifers from the Nizhnyaya Bannovka section (Member 11). (1) Spiroplectammina kasanzevi Dain, Sam-
ple 3011/49; (2, 3) Nodosaria raphanistrum (Linne), Sample 3011/49; (4, 5) N. gloria Ehrem, Samples 3011/72 and 3011/62, respec-
tively; (6) Darbyella spp., Sample 3011/54; (7) Lenticulina exorata (Hagen.), Sample 3011/58; (8, 9) Robulus spp., Samples 3011/70
and 3011/58, respectively; (10) Planulina spp., Sample 3011/58; (11) Guttulina trigonula (Reuss), Sample 3011/49; (12) Pyrulina
Sfusiformis (Roemer), Sample 3011/49; (13) Vaginlulinopsis spp., Sample 3011/54; (14, 15) V. trilobatus (d’Orb.), Samples 3011/58
and 3011/66, respectively; (16) Gyroidinoides globosus (Hagen.), Sample 3011/52; (17) Pullenia aff. bulloides (d’Orb.),
Sample 3011/49; (18) Gyromorphina allopmorphinoides (Reuss), Sample 3011/62; (19—22) Anomalinoides globigeriniformis
(Neck.): (19) dorsal view, Sample 3011/62; (20) umbilical view, Sample 3011/62; (21, 22) lateral view, Samples 3011/64 and
3011/68, respectively; (23—25) Anomalinoides pinguis (Jenn.): (23) dorsal view, Sample 3011/58; (24) umbilical view,
Sample 3011/64; (25) lateral view, Sample 3011/64; (26) Bulimina quadrata Plummer, Sample 3011/54; (27) Nodogenerina spp.,
Sample 3011/54; (28, 29) N. pseudoscriptus (Cushm.), Samples 3011/54 and 3011/52, respectively.

Nannofossils

The nannofossil assemblage from Member 11
(Samples 3011/44—3011/71) is represented by Effel-
lithus turriseiffeli, Micula concava, and M. decussata.
The assemblage includes species belonging to several
groups (Plate V) (Vishnevskaya et al., 2012):
(1) Arkhangelskiella specillata Vekshina and Broinso-
nia parca parca (Stradner), which are distributed in
the lower Campanian—lower Maastrichtian interval;
(2) Discorhabdus ignotus (Goérka) and Dodekapodor-
habdus noelinae Perch-Nielsen, characterizing mostly
the upper Campanian—Maastrichtian sediments;
(3) Eiffellithus turriseiffeli (Deflandre in Deflandre et
Fert), Kamptnerius magnificus Deflandre, Micula con-
cava (Stradner in Martini et Stradner), Micula decus-
sata Vekshina, and Prediscosphaera bukryi Perch-
Nielsen, which appear in the uppermost Campanian
and are traceable to the Maastrichtian (Ovechkina,
2007). Member 11 (Sample 3011/60) yielded also
Kamptnerius magnificus Deflandre, which is distrib-
uted in the Cenomanian—Maastrichtian interval.

Calcareous Dinocysts

The basal part of Member 11 (Sample 3011/44) con-
tains Pithonella-type calcareous dinocysts (Plate II)
attributed to Pithonella globosa Futterer, 1984, which is
distributed in the upper Maastrichtian—Danian sedi-
ments of the Angola Basin in the Atlantic Ocean and on
the Kerguelen Plateau and Wombat Plateau in the
Indian Ocean (Fiitterer, 1984; Vishnevskaya, 2015).

Calcareous dinocysts found in the Nizhnyaya Ban-
novka section are externally similar to Pithonella
krasheninnikovi Bolli and morphotype of Orthopi-
thonella gustafsoni Bolli from the upper Maastrichtian
sediments of the Weddell Sea in Antarctica, but are
distinguished from them by their regular spherical
shapes and smaller crystals (over a hundred crystals
per diameter versus up to 50 in O. gustafsoni). Accord-
ing to (Streng et al., 2004), the presence of a small
archeopile in such calcareous dinocysts reflects a
warm climatic episode.

Consequently, the find of calcareous dinocyst
Pithonella globosa Futterer allows host sediments to be
dated to the late Maastrichtian (not older) and implies
a warm episode during deposition of calcareous clays
(Fiitterer, 1984).

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 25

Thus, the following data on different groups of
macro- and microfossils from the upper Campan-
ian—lower Maastrichtian Nizhnyaya Bannovka sec-
tion are in essence new: (1) information on the belem-
nite assemblage, which allows glauconite sandstones
(Member 10) to be attributed to the upper Campanian
Belemnitella langei Zone; (2) data on benthic fora-
minifers, which made it possible to define for the first
time the Spiroplectammina kasanzevi and Anomali-
noides pinguis beds in the Maastrichtian interval of
the Saratov region; (3) recognition of four bed-ranked
stratigraphic units with radiolarians, three of which
(middle Campanian, transitional Campanian—Maas-
trichtian, and upper Maastrichtian) were never
defined before; (4) data on upper Maastrichtian cal-
careous dinocysts (Pithonella globosa Beds).

MAGNETOSTRATIGRAPHY

Petromagnetic and magnetic—mineralogical investi-
gations included the study of magnetic susceptibility
(K) and its anisotropy (AMS), measurements of natu-
ral remanent magnetization (J,), experiments on mag-
netic saturation with determination of remanent satu-
ration magnetization (J,,) and remanent coercivity (H,,),
and thermomagnetic analysis (TMA). Kwas measured
on a FK1-FB kappabridge; J, was measured on a JR-6
spinner magnetometer and 2G-Eneterprices cryo-
genic magnetometer (at the Institute of Physics of the
Earth (IFZ), Russian Academy of Sciences, Moscow);
TMA was conducted of a TAF-2 thermal analyzer of
fractions (“magnetic balance”). The Anisoft 4.2 pro-
gram was used for the AMS analysis. Selected samples
from different rock lithotypes were investigated on the
TESCAN VEGA II in the Borok Observatory of IFZ.

The composite section is differentiated with
respect to petromagnetic properties (Fig. 6). Against
the background of low-magnetization siliceous—ter-
rigenous and carbonate—terrigenous rocks (K = 2—
18 x 1073 SI, J, = 0.03—0.7x10~3 A/m), glauconite
sand (Member 10) is characterized by elevated K val-
ues (34—58x10~° SI), which is explained by proper-
ties of glauconite, which is a strongly paramagnetic
mineral. The upper part of the member includes a level
with anomalously high J, values (1.8—3.5%X1073 A/m).
The K values in siliceous—terrigenous Members 1—9
are unambiguously explained by concentrations of

No.1 2017
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clayey particles in opokas reaching local maxima in
siliceous clays (3—5%10~° SI) and rare intercalations
of silty—sandy clays (18x 103 SI). Carbonate—terrige-
nous Members 11—12 demonstrate no notable K vari-
ations, although the K/J, parameter exhibits a distinct
tendency toward its decrease, while J,, O (Koenigs-
berger parameter equal to ratio between J,, and induc-
tive magnetization), and J,, values are characterized by
a similarly remarkable trend of their upward increasing
values (Fig. 6). This is accompanied by the regular H,
increase from 35 to 45 mT.

The analysis of magnetic saturation in examined
samples reveals the soft magnetic phase: J. is
acquired in fields up to 100 mT and destroyed at 20—
40 mT (Fig. 7a). Such a situation is characteristic of
finely dispersed magnetite. According to TMA curves
(plots of derivatives are poorly informative since they
reflect mostly instrumental noises, which are compa-
rable with the signal from magnetization of samples),
magnetite is difficult to identify. Nevertheless, its pres-
ence is evident from a sight bend in TMA curves near
the Curie temperature of Fe;0, of ~580°C in different
rock types, for example, in Samples 3012/5 and 3011/61
(Fig. 7b). Moreover, this bend disappears completely
after the second heating, which may indicate, together
with the substantial loss of magnetization, the finely
dispersed state of Fe;O, entirely oxidized during the
first heating session. The TMA curves reflect more
distinctly a ferromagnetic mineral with the Curie tem-
perature of ~700°C and higher (Fig. 7b), which
implies, combined with soft magnetization of samples,
the presence of native Fe (Pechersky et al., 2011). The
results of the microprobe analyses show the prevalence
of Fe, Fe—Ni, or Fe—Cr—Ni flakes and magnetite
spherules in the ferromagnetic fraction (Fig. 7d). The
chemical composition (Fe, Ni, Cr), submicron size,
and shape of particles (flakes, spherules) are charac-
teristic of meteoritic dust and combined with other
results of the magnetic mineral analysis provide
grounds for admitting extraterrestrial magnetite and
iron as being the probable carriers of J,, in the section.

AMS is highly variable in different rock types. Car-
bonate—terrigenous Members 11 and 12 are character-
ized by the distribution of projections of magnetic sus-
ceptibility ellipsoid axes typical of sediments deposited
in low-energy hydrodynamic environments: projec-
tions of short axes (K3) are concentrated in the center
of the stereographic projection, while projections of
medium (K2) and long (K7) axes are regularly distrib-

uted along its equator (Fig. 7c¢). Similar, although less
distinct, patterns are also observable in the sili-
ceous—terrigenous part of the section (Members 1—9)
(Fig. 7c). The magnetic structure of glauconite sands
(Member 10) demonstrates the elongated extension of
short axes and significant deviation of the average K3
direction from the vertical line, while K/ projections
deviate from the horizontal plane (Fig. 7c). Being
combined, these observations may be interpreted as
resulting from the influence of strong bottom currents
oriented in the SW—NE direction or suffosion pro-
cesses in poorly consolidated sandstone (Lagroix and
Banerjee, 2004). The last scenario is unlikely since
external features of suffosion are missing and overlying
carbonate—terrigenous Members 11 and 12 are char-
acterized by AMS indicating unmixed rocks (Fig. 7¢).
The F—L diagrams for the carbonate—terrigenous part
of the section imply the flat shape of ferromagnetic
particles (Fig. 7c). This effect is provided by aggre-
gated extraterrestrial dust on clayey particles. In opo-
kas and glauconite sands, the F—L diagrams reveal
variably shaped ferromagnetic grains (Fig. 7¢).

Paleomagnetic investigations were conducted in
accordance with the standard technique (Molostovskii
and Khramov, 1997) consisting in the measurement of
J, values in samples 2 X 2 X 2 cm in size (four cubic
specimens were preliminarily cut from each oriented
sample) on the JR-6 spinner magnetometer after a
series of several successive cleaning sessions by a vari-
able geomagnetic field mostly up to 50—100 mT (step
of 5 mT) on the LDA-3 AF device at temperatures
ranging from 100 to 550°C (step of 50°C) in a furnace
designed by Aparin. Possible phase transformations of
minerals during heating were controlled by measuring
K in samples after each thermal cleaning session. In
most samples, stable magnetization components were
revealed owing to cleaning by the variable geomag-
netic field. Only glauconite-bearing samples were sub-
jected to both types of demagnetization. Paleomag-
netic investigations of samples taken from most levels
were repeated on the cryogenic (SQUID) 2G-Enter-
prices magnetometer at IFZ, and the results of these
measurements on both devices demonstrate sufficient
consistency (Fig. 8). The Remasoft 3.0 program was
used for the component analysis.

In the carbonate—terrigenous and siliceous—terrig-
enous parts of the section, the characteristic J,
(ChRM) components were defined for 68 of 88 sam-
pled stratigraphic levels. The maximum deviation
angle (the accuracy characterizing the approximation

Plate IV. Radiolarians from the Nzhnyaya Bannovka section. (1—3) Prunobrachium mucronatum; (4) P. boreale Vishnevskaya;
(5, 8) P. crassum (Lipman); (6, 7) P. koslovae Vishnevskaya; (9) Stylotrochus hexacanthus Lipman; (10) Phaseliforma concentrica
(Lipman); (11) Crucella aster (Lipman); (12) Spongotripus morenoensis Campbell et Clark; (13) Tholodiscus densus (Koslova);
(14) T. fresnoensis (Foreman); (15, 16) Rhombastrum sp.; (17) Stylotrochus octanthus Lipman; (18) Archaeospongoprunum stock-
tonensis Pessagno; (19) A. hueyi Pessagno; (20) Dictyomitra densicostata Pessagno; (21) D. andersoni (Campbell et Clark);
(22) Xitus asymbathos Foreman; (23) X. grandis (Campbell et Clark); (24) Stichomitra carnegiense (Campbell et Clark);
(25) Lithostrobus sp.; (26) Amphipyndax sp. (1, 4, 8) Sample 3011/4; (2, 3, 6, 10, 11, 14, 20) Sample 3011/13; (5, 7, 12, 13, 15, 16,
17, 22) Sample 3011/14; (9, 19, 25) Sample 3011/27; (18, 21, 23, 24, 26) Sample 3011/28. Scale bar is 100 wm.

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 25

No.1 2017



NEW BIO- AND MAGNETOSTRATIGRAPHIC DATA

STRATIGRAPHY AND GEOLOGICAL CORRELATION Vol.25 No.1 2017




58 GUZHIKOV et al.

of data on a straight line in the Zijderveld diagram)
never exceeded 15° (Fig. 9). Projections of paleomag-
netic vectors obtained at 65 levels, which are grouped
in the northern rhumbs of the lower hemisphere
(Fig. 10a), are interpreted as reflecting normal polar-
ity (V) of the geomagnetic field. The single level in the
carbonate clay sequence of Member 11 and two levels
in siliceous rocks (the base of Member 1) yielded
directions characteristic of reversed polarity (R). In
20 samples, ChRM was undetectable.

Glauconite sands from Member 10 are informative
with respect to their paleomagnetic properties. In these
sediments, ChRM of reversed polarity is defined only in
highly magnetic (J, = 1.8—3.5x1073 A/m) varieties,
while in all other samples (except for Sample 3011/40
from the uppermost part of Member 10), the J,, compo-
nents are regularly projected onto the upper hemisphere
(Fig. 10a). Regardless of the cleaning type and measur-
ing device, the paleomagnetic results are well consistent
between each other (Figs. 8, 10b); therefore, despite
extremely low intrasample and intrabed precision
parameters (Fig. 10a), we believe that they are deter-
mined by the field of reversed polarity. It should also be
noted that the possibility of obtaining paleomagnetic
information from glauconite was recently substantiated
in (Lurcock and Wilson, 2013).

Thus, the paleomagnetic record in the Nizhnyaya
Bannovka section demonstrates three magnetic zones:
lower, of normal polarity (N;) corresponding to Mem-
bers 1-9; middle, of reversed polarity (R) comprising
Member 10, except for its uppermost part; upper, of
normal polarity (N,) characterizing the uppermost
part of Member 10 and Members 11 and 12 (Fig. 10).
Theoretically, R intervals at the base of Member 1
(Samples 3011/1 and 3011/2) and in the upper part of
Member 11 may be autonomous zones, but this con-
clusion is as yet groundless, since they are character-
ized by one or two samples, while the magnetic zone
should be substantiated by samples from at least three
levels. Lacunes in the paleomagnetic record concede
the existence of narrow intervals with polarity of the
opposite sign against the background of prevalent
polarity in the section, but their appearance cannot
change the inference on the three-member structure
of the paleomagnetic record in the section under con-
sideration.

The impossibility of field tests (the reverse test is
impossible because of unfitness of data on the presum-
able presence of the R zone in glauconite sand for cal-
culation of paleomagnetic statistics, while prerequisites
for tests of folds, conglomerates, and others are miss-
ing) is not an obstacle for interpretation of magnetic
polarity data, since there are several features which
may be used in magnetostratigraphic investigations for
substantiating old J,, age (Guzhikov, 2013a; etc.).

(1) Intervals of the same sign of polarity derived
from ChRM directions are regularly grouped through
the section forming large N or R magnetic zones
(Fig. 10).

(2) The sign of polarity demonstrates no depen-
dence on lithology of sediments: the reverse polarity
magnetozone R encompasses partly the member of
glauconite sandstone, while its uppermost part belongs
to the overlying normal polarity magnetozone (Fig. 10).

(3) The average paleomagnetic directions obtained
for the Campanian interval of the Nizhnyaya Bannovka
section are statistically similar to their counterparts in
coeval sediments of the Vol’sk area (Figs. 11a, 11b),
where the old J, age is substantiated by different data,
including positive results of the reverse test (Guzhi-
kova and Bagaeva, 2013). The insignificant (1.3°)
excess of the angular distance over the statistical error
in comparison of average ChRM values obtained for
the upper Maastrichtian sediments in the Nizhnyaya
Bannovka section and Campanian strata of the Vol’sk
area (Fig. 11c) is likely explained by motion of litho-
spheric plates during the Maastrichtian Age.

(4) The entire section exhibits both the features
characteristic of orientational (post-orientational)
magnetization and those atypical of chemical J,: low
values of the Q factor (fractions of a unit) and low
paleomagnetic interbed precision parameter (11—21)
(Fig. 10a). The main magnetization carrier in the sec-
tion represented by extraterrestrial dust, the presence
of which is evident from the magnetic saturation,
TMA, and microprobe data (Fig. 7), is allogenic by
nature.

(5) The significant scatter of paleomagnetic vectors
in the member of glauconite sandstones (Fig. 10a) is
expectable since glauconite indicates low sedimenta-
tion rates and is formed during long exposition of the
bottom, when sediment is subjected to various hydro-

Plate V. Calcareous nannofossils from the Nzhnyaya Bannovka section (Member 11). (1) Chiastozygus sp., distal view, Barre-
man—Maastrichtian, Sample 3011/71; (2) Staurolithites sp., lateral view, Oxfordian—Maastrichtian, Sample 3011/50; (3) Cribro-
sphaerella ehrenbergii (Arkhangelsky), distal view, Campanian—Maastrichtian, Sample 3011/50; (4) Discorhabdus ignotus
(Gérka), distal view, Albian—Maastrichian, Sample 3011/44; (5) Prediscosphaera arkhangelskyii (Reinhardt), distal view, Coni-
acian—Maastrichtian, Sample 3011/44; (6) Prediscosphaera bukryii Perch-Nielsen, distal view, Campanian—Maastrichtian,
Sample 3011/44; (7) Prediscosphaera cretacea (Arkhangelsky), distal view, upper Santonian—Maastrichtian, Sample 3011/71;
(8) Arkhangelskiella cymbiformis Vekshina, distal view, Coniacian—Maastrichtian, Sample 3011/48; (9) Arkhangelskiella specillata
Vekshina, distal view, Campanian—Maastrichtian, Sample 3011/44; (10) Broinsonia parca parca (Stradner), distal view, Campa-
nian—Maastrichtian, Sample 3011/44; (11, 12) Broinsonia sp., Barremian—Maastrichtian, Sample 3011/44: (11) distal view,
(12) proximal view; (13—17) Kamptnerius magnificus Deflandre, Cenomanian—Maastrichtian: (13) distal side, fragment of coc-
colith, Sample 3011/44; (14—17) proximal view: (14, 16, 17) Sample 3011/44, (15) Sample 3011/71; (18, 19) Micula decussata Vek-
shina, upper Coniacian—Maastrichtian, Sample 3011/44; (20) Micula sp., Santonian—Maastrichtian, Sample 3011/44.
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Fig. 7. Results of the magnetic—mineralogical analysis. (a) Curves of magnetic saturation and destruction; (b) curves of thermo-
magnetic analysis (first and second heating); (c) data on anisotropy of magnetic susceptibility; stereograms of projections of long
(K1) and short (K3) axes of AMS in the geographic coordinate system and diagrams L—F (F= K2/K3, L= K1/K2); (1) K3, (2) K1,
(3, 4) average directions of K3 and K1, respectively; (d) results of the microprobe analysis: (1) Ni—Fe; (2) Fe; (3) Fe;0y;
(4) Fe30y4, Fe; (5) Ni; (6) Fe, Fe;0y; (7) Fe30y, Fe; (8) Sn—Ni—Fe—Cu; (9) Fe, Fe—Cr—Ni; (10) Fe, Fe;0,.

dynamic impacts such as bottom turbulent and lami-
nar mixing. Such factors distort the primary orienta-
tion of ferromagnetic particle in the sediment; there-
fore, the observed anomalously high scatter in
paleomagnetic orientation should be considered as
indicating the primary nature of magnetization. To the
contrary, the high precision parameter of paleomag-
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Fig. 8. Comparison of results of magnetic cleaning on the JR-6 spinner magnetometer at Saratov State University and 2G-Enter-
prices cryogenic magnetometer at IFZ (Moscow). (1, 2) projections of J,, on the lower (1) and upper (2) hemispheres.
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Fig. 11. Comparison of average paleomagnetic directions defined in the Campanian Vol’sk (1) and Campanian—Maastrichtian
Nizhnyaya Bannovka (2) sections. (a) ChRM stereographic projection for the Campanian interval of the Vol’sk section (Guzhi-
kova and Bagaeva, 2013); (b) average ChRM for the Campanian of the Vol’sk and Maastrichtian (Members 1—9) Nizhnyaya Ban-
novka sections; (c) average ChRM for the Campanian of the Vol’sk and Maastrichtian (Members 11—12) of Nizhnyaya Bannovka
sections. Angular distances formed by average vectors are given with errors (+) determined by statistics of these vectors, according
to (Debiche and Watson, 1995). If the angle exceeds the error, vectors demonstrate significant difference; in the opposite situa-
tion, vectors statistically correspond to each other. For legend, see Fig. 8.

Nizhnyaya Bannovka section reflects variations in the
geomagnetic field at the end of the Cretaceous Period.
The obtained data are in accord with six of eight crite-
ria accepted for the assessment of reliability of magne-
tostratigraphic conclusions (Dopolneniya..., 2000) and
six (of seven possible) criteria proposed for the assess-
ment of paleomagnetic data in (Van der Voo, 1993).
This is sufficient for evaluating data on magnetic
polarity obtained for the Nizhnyaya Bannovka section
as being formally reliable.

DISCUSSION

Stratigraphy. The basal part of Member 10 contains
the belemnite assemblage of the upper Campanian
Belemnitella langei Zone; therefore, the lower bound-
ary of the Maastrichtian Stage cannot be placed in the
section below Sample 3011/37. This inference is to
some extent consistent with the presence of the transi-
tional Campanian—Maastrichtian radiolarian assem-
blage (Rhombastrum Beds, Sample 3011/32) in the
uppermost part of Member 9 and late Maastrichtian
calcareous dinocysts in the basal layers of Member 11
(Sample 3011/44). The finding of Silicosigmoilina vol-
ganica (Kuzn.), a characteristic species of the benthic
foraminiferal assemblage from the LC19 Zone, is also
in accordance with the conclusion on the late Campa-
nian age of the uppermost part of Member 9 and
Member 10 since, according to recent data, the lower
boundary of the Maastrichtian Stage on the East
European Platform is located inside the LC19 Zone
(Guzhikov et al., 2014a, 2014b).

The data on benthic foraminifers (establishment of
the Spiroplectammina kasanzevi and Anomalinoides

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 25

pinguis beds) indicate unambiguously the late Maas-
trichtian age of Member 11 (Fig. 4). It should be noted
that the A. pinguis Zone is defined in the upper Maas-
trichtian interval of Poland (Gawor-Biedowa, 1992)
and the Caspian region (Naidin and Benyamovskiy,
2006). The S. kasanzevi Zone in the Upper Creta-
ceous scale of West Siberia is correlated with the upper
Maastrichtian (Foraminifery..., 1964; Marinov et al.,
2014). Radiolarians (Plate 1V) and calcareous dino-
cysts (Plate II) found in Member 11 (Fig. 5) substanti-
ate its attribution to the upper Maastrichtian.

The lower part of the R zone confined to sedi-
ments with the belemnite assemblage of the B. langei
Zone (Samples 3011/34—3011/37) may represent
only an analog of Chron 32r since the latter rep-
resents only one large epoch of normal polarity in the
late Campanian (Fig. 12). The higher part of Mem-
ber 10 (Samples 3011/38 and 3011/39) located within
the R zone corresponds probably also to Chron 32r,
while the uppermost part of glauconite sand
(Sample 3011/40) characterized by normal polarity is
correlated with initial Chron 32n (or Subchron 32r.1n)
At the same time, its belonging to Chron 31r cannot
be ruled out, if a large hiatus is admitted in the upper-
most part of Member 10. The N, magnetozone char-
acterizing the carbonate—terrigenous sequence with
upper Maastrichtian assemblages of benthic fora-
minifers (Members 11 and12) should correspond to
late Maastrichtian Chron 31n or to the interval of late
Maastrichtian chrons 31n and 30 (Fig. 12).

For coordination of all available data, it is neces-
sary to admit the presence of a large hiatus corre-
sponding to the terminal Campanian (Belemnella
licharewi Zone) and the lower Maastrichtian substage

No.1 2017



Mt. Syrt

Nizhnyaya Bannovka section

GPTS (Ogg et al., 2012)

GUZHIKOV et al.

k)
5§ ¢
=02 SOUOZ AIUOWIWY snoIsIRqNaN [ MeAH [undoydAjod [sd] |
3 2 E [ suoiyoonousey I | Tuge Tuze 1z¢ uge
2 E - Ke[oqd
5 £
—~ = 3
] n 9
8= 5EIS UBIJJOIIISEB A M ueruedwe)) l
g S suoIyy F6C] U0E¢ urg I uce ITE uge
g <= S| Auepd
o = ° (sfypap) souoz  [arP| a12-9 a1® )
g g é [IssojouueN | 0oN | 610N 9 910N
i% S SoUOZ d SISU20.IDADUL "/ DS0211ONL] Y ) 112SSUD3 D) [ E R R R
5 2= T T T T T T T T T T d
o £ g o <) = © o = o =) = =
0 o~ O N <t o N — (=] (=2 3
I3} [30) A an n 3} o cn o N ]
— Sl=|Q[n |||
N sa}o&o =l SR T RULC TR =5 =555 =5l= QdleLee ®LOIAILOLAOLO
Z TeIA-S0P S| 2| 2| 2| 2| 22| 22| S5 S SIS=]9]000|0 |0 SIHHET/®
=} 8 T T T T T T T T T T T
5 - © (=] vy < wy (=] wy (=] g) (=] vy (=] vy vy =]
8= Ewsﬁvgsss@ggsss:: g g
T | GRmepseuoz [E [ E E
£ 2| oot AL 6on [ son
’g E SuoZ Jd SISU20DADUL " IZNe)
== Auejod
= suoIy) 67 uQg = ulg s
aFerg UBIJYOII}SEB N
(sAyso1) souoz &.CJ a12-9 I £ 610N E E
[IssojouteNy 0200 | | ]
< =5 T 5 < ] =) ™~ Y o~ |t ]
o S| seuoz 4d T o3 = 59 5 o o SN I '
[ == @) O O O ) O O O | 1
S E & B ’ '
L E S| Aueod | & 5 i :
53 £ : B
< = v = O RN I =\ H :
=] NC} =N o H '
252 [ g gz = 29 L
AL £ S B35 3 =N i ]
~ | oSeisqns |3 J1odd; JOMO | I i 1
‘eév?s = n 1 1 rueruedwe) 1oddn | ¢ 1
Je : ] :
a ueuqou}suew ! ! ; :
_ /"' e _."'—
2 F
= f \ooasacsasses
g 1 ] 'R ;
. § O v o v o wvu o S v <o ]
< SoldwegEESECEIC I GRS O S LGS R
8 R R AN TR AIRTRININ] 1 1 1 1 v (R R A TN RN
y ~ F T NERBRERE
ASofouny |5 o ’ ’ : = NSNS ASIREEE
3 | - :
JOQUID]A N — = =N o |~ o |
i — 1
s 5 2 Gamss i S =n o
' el % sodwres & N x — — Ve —
5 o o LI T T I A I I [ B
! 28 g
' 288 2 I
H S
' N a| ASojoyr B ! N
: E & g oynT | < sl |
E § 8 IOqQUIDIA ) v <+ | o N —

DA< )l X M=

111 |/ Y I | L | I |
= RSO SF NI — OO\ DN SH N A — TN F o (\l-—'OOOI\\D\OIOﬂ'mN—*OO\OOl\\QIhﬂ'MNvﬂOO\OOl\\DIhva—Hd
ROANNINNOASESF S S S S SEP S erienen FOCNENEACNINAINAIRNACINNE P
. . by .~ 7
‘\ " ~~’ ‘~ '¢""
kY y - N a0
‘\‘ 4‘ ~\~ ‘5 o"»"
suoIyo - ézh 0; A I¢ _ - uz{_‘i Ice - €€ _ ¥
onouge 5 = = =
' W Al = & = e I I 8 @ < ©
° 2 1oddn JOMOT 1oddn JIPPIA | JOMOT b e
s .o oD b5) s
;g:gng Y UBIIYOII)SBER N ueruedwe) S
358 | &
@ £ snoooevl1ol) 1addn
d o ©
B 9By g 3 o 2 S o
O = o~ [ 0 x

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 25 No.1 2017

Fig. 12. Correlation of Campanian—Maastrichtian magnetostratigraphic sections of different regions with the geomagnetic polarity scale (GPTS). For legend, see Fig. 10.
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(Fig. 12). The correlation between the paleomagnetic
record in the section under consideration and scale of
magnetic polarity (GPTS) (Oggetal., 2012) allows the
duration of this lacune in sedimentation to be esti-
mated as lasting at least 4.5 m.y. (Fig. 12). At first
glance, the hiatus surface should be placed at the top
of sandstone (Fig. 1). At the same time, the maximum
J, values at the level of Samples 3011/38 and 3011/39
(Figs. 6, 13) are most likely explained by the high con-
centration of extraterrestrial ferromagnetic minerals
due to sharp deceleration of sedimentation rates.
Therefore, it may be assumed that the hiatus corre-
sponds to the level of Sample 3011/39, particularly
taking into consideration the fact that precisely this
level is marked by the replacement of reverse polarity
by normal polarity (Fig. 1). In such a situation, the top
of glauconite sand (Sample 3011/40) may correspond
to the onset of a new transgressive cycle (Ogg et al.,
2012). The Spongurus marcaense—Tholodiscus densus
Beds in overlying carbonate clays (Samples 3011/43—
3011/53) were likely formed still in depositional envi-
ronments with decelerated sedimentation rates, which
is evident from incrustation of radiolarian skeletons by
calcareous nannofossils.

Thus, new bio- and magnetostratigraphic data
changed the view on age of the terrigenous—carbonate
sequence in the section under consideration (Fig. 3).
Member 10 (probably, except for its uppermost part) is
correlated with the upper Campanian B. langei Zone,
while Member 11 belongs to the upper Maastrichtian
substage (Fig. 12).

Nevertheless, it should be noted that the position
of the boundary between the lower and upper Maas-
trichtian substages in GPTS cannot be considered as
unambiguously established. It is based on the results of
the paleomagnetic study of North American sections
(Hicks et al., 1999), where the base of the upper Maas-
trichtian substage is correlated with the base of the
ammonite Hoploscaphites birkelundi Zone (Harden-
bol et al., 1998). The Zumaya reference section in
northern Spain, where the base of the upper Maas-
trichtian substage is proposed to be placed at the first
appearance level of the ammonite species Pachydiscus
Sfresvillensis (Odin et al., 1996), unfortunately, has no
paleomagnetic characteristics. In the paleontologi-
cally substantiated Gubbio (Italy) section, the upper-
most part of Chron 31r (i.e., approximately correlative
with the base of the upper Maastrichtian substage in
Canada) corresponds to the base of the PF A. mayaroen-
sis Zone and uppermost part of the nannofossil UC19
Zone (Fig. 12). At the same time, the nannofossil and
foraminiferal units are diachronous at the global scale,
which was confidently shown for the Maastrichtian in
(Thibault et al., 2012a, 2015) by calibration of micro-
faunal succession in deep-sea holes drilled in the
South Atlantic and Indian Ocean and sections of
Europe (Fig. 12) using paleomagnetic and isotopic
data. The difficulties related to the substantiation of
the base of the upper Maastrichtian substage based on

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 25

belemnites through the European paleobiogeographic
region are discussed in (Kopaevch et al., 1987). Thus,
the selection of criterion for tracing the base of the
upper Maastrichtian substage by analogy with the
potential type section of its boundary in Spain remains
a topical problem. In our opinion, the problem may be
solved if the base of Chron 31n is accepted, following
(Ogg et al., 2012), as representing a primary reference
level for the substage boundary. The advisability in
using paleomagnetic features for substantiation of
boundaries of general stratigraphic units was also
noted in (Guzhikov and Baraboshkin, 2006; Guzhi-
kov, 2013b).

The Prunobrachium mucronatum—Lithostrobus
turitella Beds correspond to the particular stage in
development of radiolarians, which demonstrate dif-
ferences in their assemblages from both lower Campan-
ian sediments and upper Campanian Prunobrachium
articulatum Beds. This provides every reason for dis-
cussing the three-member subdivision of the Campa-
nian Stage. In our opinion, the necessity for the sub-
division of the longest (11 m.y.) Upper Cretaceous
stage into three substages as is accepted in the standard
stratigraphic scale (SSS) (Ogg et al., 2012), not into
two substages as in the general stratigraphic scale
(GSS) (Stratigraficheskii..., 2006), long ago became
urgent. The discrepancy in the substage subdivision of
the Campanian Stage in the GSS and SSS was
denoted as one of the topical problems of the Creta-
ceous System in Russia (Baraboshkin et al., 2013). The
idea of the three-member structure of the Campanian
Stage is supported by best experts in the Cretaceous
System of different regions (Petrizzo et al., 2011; Fal-
zoni et al., 2013; Stratigrafiya..., 2013; Sel’tser and
Benyamovskiy, 2014). In the Russian special litera-
ture, the three-member subdivision of the Campanian
Stage was first proposed for Cretaceous reference sec-
tions of Mangyshlak, where the Brotzenella montere-
lensis Zone (LC14) (Kopaevich et al., 1999) corre-
sponding to the ammonite Haplitoplacenticeras coes-
feldienses and belemnite Belemnitella mucronata
mucronata zones was attributed to the middle Campa-
nian substage (Olfer’ev and Alekseev, 2003, 2005;
Olfer’ev et al., 2004). The base of the coesfeldiense
Zone corresponds, in turn, to the lower boundary of
the Haplitoplacenticeras marroti—H. vari Zone cor-
relative with the middle Campanian boundary in
Western Europe (Hardenbol et al., 1998).

Paleogeography. The transition between the Cam-
panian and Maastrichtian ages was marked by the
global sea level fall (Ogg et al., 2012) related to cooling
in the terminal Campanian (Miller et al., 1999). The
relatively long (up to 1.0—2.5 m.y.) episode of oceanic
water cooling accompanied by the negative carbon
isotope shift is proposed to be defined as the “Campa-
nian—Maastrichtian boundary event” (CMB or
CMBE) (Voigt et al., 2010, 2012). As is established, it
was global, although it was differently expressed in dif-
ferent world basins (Jung et al., 2012; Niebuhr et al.,
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2011; Thibault et al., 2012a, 2012b). In the Nizhnyaya
Bannovka section, the onset of the CMBE episode
corresponds likely to the level of Sample 3011/28 in
the uppermost part of Member 9 (Fig. 13) marked by
glauconitization of opoka-like clays replaced higher in
the section by glauconite sand of Member 10.

The remarkable feature of Late Cretaceous and
Paleogene basins in the Saratov region was the inter-
mittent formation of conditions favorable for develop-
ment of various organisms with siliceous skeletons
(Akhlestina et al., 2013; Oreshkina et al., 2013). Corre-
spondingly, these basins accumulated large volumes
of sediments variably enriched with SiO,, which were
subsequently transformed into various siliceous
rocks. In the section under consideration, the stage
of siliceous—clayey sedimentation is reflected in
Members 1—9. The beginning of glauconitization in
the uppermost part of Member 9 is marked by the
radiolarian collapse, i.e., mass extinction of Campan-
ian radiolarians dominated by characteristic species of
the genus Prunobrachium (Fig. 13). Representatives of
this genus populated relatively shallow cold-water (or
with moderately cold water) basins near the shoreline
(Amon, 2000). With respect to their paleobiogeogra-
phy, they are typical boreal dwellers, which were wide-
spread in the middle- and high-latitude basins of the
Pechora, West Siberia, and Koryak—Kamchatka
regions (Vishnevskaya, 2001).

Unlike radiolarians, benthic foraminifers are prac-
tically missing from siliceous Members 1—9. Single
and rare representatives of their agglutinated species
indicate unfavorable habitat conditions. According to
Baryshnikova (1978), the extreme scarcity of benthic
foraminiferal assemblages reflects the stagnant regime
in the basin; in the opinion of other researchers
(Naidin et al., 2008), it was characterized by almost
anoxic conditions near the bottom or in the entire
water column. Quite different aerobic conditions are
reconstructed from diverse assemblages of benthic
foraminifers from carbonate clays of Member 11,
which are very similar, as was mentioned, to BF
assemblages from the Gan’kino Formation of the
Trans-Urals region and West Siberia. The late Campa-
nian was marked by the opening of the Ayat seaway
located in the Orsk graben between the South Urals
and Mugodzhary (Amon, 2001). This stimulated
ingression of water masses from the East European
basin into the southern half of the West Siberian sea,
where Santonian—Campanian siliceous—terrigenous
sediments are replaced up the section by carbon-
ate—terrigenous facies of the Maastrichtian Gan’kino
Formation (Umova et al., 1968). The share of Euro-
pean foraminiferal species in North Turgai assem-
blages amounts to 50% (Amon, 1990; Beniamovskii
and Kopaevich, 2002). Some of them colonized
northerly areas in the West Siberian sea (Kissel’man,
1969). They include species characteristic of upper
Campanian (Bolivinoides decoratus, B. laevigatus, Het-
erostomella foveolata, Neoflabellina praereticulata,
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Bolivinoides draco miliaris), upper Campanian—lower
Maastrichtian (Neoflabellina reticulata), and lower
Maastrichtian (Falsoplanulina multipunctata) sections
in the European paleobiogeographic region. The
assemblages from this part of the West Siberian sea are
ecotonic since they include abundant endemic species
dominated by agglutinated forms in addition to Euro-
pean immigrants. The northern part of the West Sibe-
rian sea remained under the influence of boreal waters
from the Arctic basin, where microbiota was domi-
nated by agglutinated foraminiferal and radiolarian
species (Foraminifery..., 1964; Kissel’man, 1969;
Beniamovskii and Kopaevich, 2002). The opposite pro-
cess was also in progress: Transuralian species of ben-
thic foraminifers such as Anomalinoides globigerini-
Jormis and A. pinguis migrated to basins of the East
European Platform. The distribution of these species
in basins was diachronous: in the West Siberian paleo-
basin, they appear in the Campanian interval of the
Gan’kino Formation (Marinov et al., 2014), while
they migrated into the East European sea in the termi-
nal early Maastrichtian (Benyamovskiy et al., 2012,
2014). In the Poland basin, wide distribution of these
species is noted for the late Maastrichtian (Gawor-
Biedova, 1992). Unfortunately, magnetostratigraphic
sections of the Gan’kino Formation (Lebedeva et al.,
2013; Gnibidenko et al., 2014) have no microfaunal
substantiation, which prevents controlling the dia-
chronism/synchronism in the distribution of the spe-
cies in question using paleomagnetic data.

The appearance of planktonic foraminifers, calcar-
eous dinocysts, and diverse nannofossils in the lower
part of Member 11 indicates that upper Maastrichtian
carbonate clays were deposited during the warm trans-
gression phase (Fig. 13). It is conceivable that this
warm phase was related to the eustatic sea level rise
during the global mid-Maastrichtian warming
revealed by the study of surface water paleotempera-
tures in the Cretaceous sea of northwestern Europe
(Thibault et al., 2016). The synchronism in these event
is evident from paleomagnetic data: intervals corre-
sponding to surface water warming in the Nizhnyaya
Bannovka section are confined to Chron 31r as in sec-
tions of northwestern Europe (Thibault et al., 2016).

The peculiar feature of the upper Maastrichtian
carbonate—terrigenous sequence is represented by dis-
tinct tendencies toward the growth of J, and J,; and
simultaneous decrease in the K/J,, parameter values
(Fig. 6). These trends correspond to the increase in the
share of the clayey component in clays noted during
visual examination of the section and confirmed by the
study of thin sections (five samples from Member 11).
The growth of the K/J, values in this part of the sec-
tion was a previously known phenomenon, which was
related to the increase in concentrations of ferromag-
netic particles in sediments during intensification of
the terrigenous influx (Abakshin et al, 1992; Fomin
et al., 2006). Our paleomagnetic measurements on the
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high-sensitivity equipment revealed that the increase
in J, is accompanied by the increase in J,, implying
the decrease in average sizes of their particles, which
leaves, however, the K values practically unchanged.
Such a petromagnetic affinity excludes the role of
silty—sandy detrital grains as carriers of magnetization
(otherwise, the J,, value should decrease with simulta-
neous growth of the K value). At the same time, it is
readily explainable by the upward increase in concen-
trations of extraterrestrial matter owing to intensified
meteoric bombardment of the Earth in the Maastrich-
tian (Korchagin, 2013). The enrichment of sediments
with submicron-sized ferromagnetic particles leaves
the K value almost unchanged, but notably decreases
K/J,, and increases J,, owing to perfect orientation of
the meteoric dust particles along the geomagnetic
field. The microprobe investigations reveal abundant
magnetite spherules and iron flakes in the section,
indirectly confirming our assumption.

CONCLUSIONS

The integral investigations of the Campan-
ian—Maastrichtian Nizhnyaya Bannovka section in
the southern Saratov region on the Volga River right
bank yielded the following results.

(1) The paleontological and biostratigraphic char-
acteristics of the section are substantially improved.

First, it is established that sediments of this section
contain belemnite species Belemnitella pseudolanceolata
Jeletzky and Belemnitella langei Jeletzky, in addition to
traditionally found Belemnitella lanceolata (Schloth.),
which allowed host sediments to be attributed to the
upper Campanian Belemnitella langei Zone.

The defined benthic foraminiferal assemblages indi-
cate the presence of the Spiroplectammina kasanzevi
and Anomalinoides pinguis beds in the section, which
makes it possible to attribute the host sediments previ-
ously dated back to the early Maastrichtian to its upper
substage.

The revealed radiolarian Prunobrachium mucrona-
tum—Lithostrobus turitella Beds, which indicate the
possibility of defining the middle Campanini on the
East European Platform, serve as an additional argu-
ment in favor of subdivision of the Campanian Stage in
the general stratigraphic scale into three substages
(instead of two in Russia) by analogy with its three-
members structure in the standard stratigraphic scale. It
is established that the defined radiolarian P. articulatum
Beds are widespread in upper Campanian sections of
both the East European Platform and West Siberian
plate (Vishnevskaya, 2009, 2010). The Rhomboastrum
Beds (transitional Campanian—Maastrichtian) and
Spongurus marcaense—Tholodiscus densus Beds
(upper Maastrichtian) are established for the first time.

The calcareous dinocyst Pithonella globosa Beds
and nannofossil Discorhabdus ignotus—Prediscos-
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phaera bukryii Assemblage are also first defined in the
upper Maastrichtian interval.

(2) The first reliable magnetostratigraphic data
obtained for the Niznyaya Bannovka section made it
possible to establish magnetozones N,, R, and N,, ana-
logs of magnetic chrons 33n, 32r, and 31n. It is assumed
that magnetozone N, may correspond not only to
Chron 31n but also to Chron 30.

(3) The bio- and magnetostratigraphic data imply
the large sedimentation break during the Campan-
ian—Maastrichtian transition lasting at least 4.5 m.y.
and corresponding to the terminal Campanian and
early Maastrichtian.

(4) It is proposed to use the base of magnetic
Chron 31n for determining the lower boundary of the
upper Maastrichtian substage.

(5) The Campanian—Maastrichtian boundary
event and related sea level fall in response to global
cooling are reflected in section lithology. The terminal
part of the Campanian Stage is marked by glauconiti-
zation and replacement of opokas and siliceous clays
by shallow-water glauconite sandstones. The onset of
glauconitization of sediments in the uppermost part of
the Nalitovo Formation corresponds to the crisis in
development of radiolarians: disappearance of pruno-
brachiids and appearance of a new assemblage.

(6)) The appearance of planktonic foraminifers, cal-
careous dinocysts, and diverse nannofossils in the basal
part of the carbonate clay sequence reflects transgres-
sion of warm waters and corresponds, according to
paleomagnetic data, to the custatic sea level rise in
response to global warming (Thibault et al., 2016). At
the same time, noteworthy is the extreme scarcity and
low taxonomic diversity of benthic foraminifers as com-
pared even with other Maastrichtian sections of the
Saratov region on the Volga River right bank.

(7) It is established that benthic foraminiferal
assemblages from the section under consideration are
similar to their coeval counterparts in the Gan’kino
Formation of West Siberia, which indicates the exis-
tence of paleobiogeographic connections between for-
aminiferal communities of epicontinental seas of East-
ern Europe and West Siberia in the late Maastrichtian.

(8) The petromagnetic structure of the upper
Maastrichtian part of the section in question is best
explained by the enrichment of sediments in extrater-
restrial matter due to intensified meteoritic bombard-
ment of the Earth at the end of the Cretaceous Period
(Korchagin, 2013).

(9) It is clear that new data on the Nizhnyaya Ban-
novka section are of great significance for specifying
the stratigraphic subdivision of the terminal Creta-
ceous System in the Ul’yanovsk—Saratov Trough. One
of the authors of this work (Benyamovskiy) argues that
Member 10 should be defined as a new lithostrati-
graphic unit (Belogorsk Formation), Member 11
should be attributed to the Nikolaevskoe Formation,
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and Member 12 should be attributed to the Karamysh
Formation. Others (Guzikov and Pervushov) believe
that such conclusions are premature. All the authors
(except for Benyamovskiy) are unanimous in the opin-
ion that the problem of defining local stratigraphic
units in the Campanian—Maastrichtian sections of the
Middle Volga (Saratov) region requires a comprehen-
sive discussion and a special article.
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