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Abstract—Radiolarians are rock-forming constituents of siliceous beds of the Bazhenovo Formation in West-
ern Siberia. Studying radiolarians is necessary for stratigraphy and correlation of the organic-rich Bazhenovo
Formation, as they provide reliable dating of productive intervals of the section and detailed stratigraphy and
zonation, which is especially important when data on other fossils groups are absent or insufficient. The evo-
lution of the radiolarian fauna in the Bazhenovo Basin of Western Siberia is brief ly reviewed. At different
times radiolarian paleocommunities were dominated by different morphotypes. Two new species, Orbiculi-
forma sibirica sp. nov. and Emiluvia retorta sp. nov. are described.
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INTRODUCTION
Current interest in radiolarians of the Bazhenovo

Formation in Western Siberia is caused by the demand
because of its resource potential. In the last two to
three decades, the global oil and gas industry has seen
a sharp increase in the development of unconventional
sources of hydrocarbons (HC) from shale strata,
which has received the resounding name of the “shale
revolution.” It is believed that it is this enormous
resource potential that will make it possible to saturate
the world economy with hydrocarbon raw materials.
The so-called “shale oil” (also known as “tight oil”)
belongs to the category of hard-to-recover reserves
from organic-rich, low-permeability sedimentary res-
ervoirs (Vysotsky et al., 2023). Shale strata are rocks
consisting mainly of organic-rich carbonate-argilla-
ceous-siliceous rocks.

Russia owns approximately 20% of the world’s
hard-to-recover hydrocarbon reserves. Such global
hydrocarbon resources are estimated to include
10.2 billion tons of Russian shale oil reserves and
8.1 billion tons of Russian shale gas reserves (Vysotsky
et al., 2023). On the territory of the Russian Federa-
tion, promising high-carbon shale strata are confined
to: the Khadum (Lower–Middle Oligocene) and

Batalpasha formations (Upper Oligocene) of the
North Caucasus oil and gas province (PGP): the
Domanik formation (Upper Devonian) of the Volga–
Ural and Timan–Pechora oil and gas provinces;
Bazhenovo Formation (Upper Jurassic) of the West
Siberian Oil and Gas Province; Kuonamka Formation
(Lower–Middle Cambrian) Leno-Tunguska oil and
gas basin, etc. (Vysotsky et al., 2023).

Of the objects listed above, the Bazhenovo Forma-
tion found in Western Siberia and in its Arctic margin
is of greatest importance. The Bazhenovo Formation
contains the majority of Russian oil shale, containing
both solid organic matter (kerogen) and liquid light oil
in low-permeability reservoirs (Brekhuntsov et al.,
2017; Khartukov, 2020).

In recent years, the Mesozoic high-bituminous
clayey-carbonate-siliceous strata of Western Siberia
have attracted increasing attention from specialists.
The Bazhenovo Formation is of particular interest,
since it is considered as one of the important objects
for replenishing the resource base of the Russian oil
industry (Kalmykov and Balushkina, 2017; Kontor-
ovich, 2019; Nemova, 2021; Eder et al., 2022;
Panchenko, 2023).
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Currently, when oil production in traditional
deposits in the West Siberian Basin is declining, this
formation is becoming the main target for potential
increases in reserves and oil production. The produc-
tive potential of the Bazhenovo Formation is 0.7 bil-
lion tons of technically recoverable reserves, while the
Domanik Formation is 0.1, and the Khadum Forma-
tion is 0.02 billion tons (Rogovaya, 2019). 600–
800 thousand tons of oil are produced annually from
the Bazhenovo formation, production could increase
to 10 million tons per year by 2025 and reach an annual
maximum of 50 million tons (almost 10% of total Rus-
sian oil production) by 2030 (Khartukov, 2020). The
territory of distribution of bituminous deposits of the
Bazhenovo Horizon occupies a huge space of Western
Siberia from Omsk to the coast of the Yamal Penin-
sula. According to various estimates, the hydrocarbon
content in the formation could reach up to 2 trillion
barrels, and according to some estimates, the rocks
could contain 180–360 billion barrels of recoverable
reserves (Brekhuntsov et al., 2017).

The Bazhenovo Formation is found Western Sibe-
ria occupying an area of over 1000000 km2, as well as
on the Yamal Peninsula and on a significant area of the
bottom of the Kara Sea. For comparison, the area of
the largest Bakken Shale Formation in North America
is half the size, 520000 km2 (Rogovaya, 2019). The
Bazhenovo Formation is represented by dark gray to
black bituminous carbonate-argillaceous-siliceous
rocks 10 to 40 m thick. Rocks throughout most of the
formation have low storage capacity and f low charac-
teristics and occur under abnormally high reservoir
pressure. The depth ranges from 650 m in marginal
zones to 3700 m in the most submerged parts of the
basin (Afanasiev et al., 2010). The age of the Bazhe-
novo Formation is still interpreted ambiguously: as the
Volgian–Lower Berriasian (Reshenie…, 2004), Vol-
gian–Berriasian (Zakharov, 2006), from Tithonian to
Hauterivian (Afanasiev et al., 2010), Upper Jurassic
(Bazhenova, 2015; Rogovaya, 2019), from the Upper
Kimmeridgian to the Hauterivian (Bolshannik, 2021),
Volgian (Fomin et al., 2023), Lower Volgian–Lower
Valanginian (Vishnevskaya et al., 2020; Panchenko
et al., 2021; Panchenko, 2023).

It has been also shown that the age of the six main
members is not always determined based on the mac-
rofossils, and there is a disagreement or even a discrep-
ancy on their dating (Dzyuba et al., 2022). The rarity
of identifiable macrofossils in cores from the Bazhe-
novo Formation (see text-figs. 7 and 8 in Panchenko,
2023) or even their complete absence in high-carbon
siliceous intervals (see text-fig. 4 in Panchenko, 2023)
may have been the basis for the assumption of the
presence of numerous long gaps (up to nine ammonite
zones) in deposition (see text-fig. 9 in Panchenko,
2023).

MATERIAL AND METHODS
Radiolarian assemblages were studied from 12 of

the most complete sections of boreholes (Vish-
nevskaya et al., 2020) drilled in the Latitudinal Ob
region, Salym, Frolov, Gubkin, Radonezh and Yamal
regions of Western Siberia (Fig. 1), with sampling at
1 m intervals. Radiolarian associations originate from
five biozones and beds (Vishnevskaya, 2016; Vish-
nevskaya et al., 2020), which correlate well with the
five regional cyclites proposed for the Bazhenovo
Horizon by V.D. Nemovaya (2021).

Collection no. 2018 “Radiolaria of Western Sibe-
ria” is housed at the Geological Institute of the Rus-
sian Academy of Sciences (GIN RAS).

Collection no. 2019 “Radiolaria of Western Sibe-
ria” is housed at the Department of Paleontology,
Faculty of Geology, M.V. Lomonosov Moscow State
University.

The method of chemical maceration using acetic
and hydrofluoric acids was used to extract radiolarians
from siliceous-carbonate rocks and radiolarites of the
Bazhenovo Formation (Vishnevskaya, 2013; Vish-
nevskaya and Gatovsky, 2020; Vishnevskaya et al.,
2019, 2020).

Three-dimensional radiolarian skeletons were
examined using a scanning electron microscope
(SEM) (Plate 1). Radiolarians were photographed
using a VEGA2 TESCAN SEM at the Borissiak Pale-
ontological Institute of the Russian Academy of Sci-
ences (PIN RAS) by E.A. Zhegallo. Radiolarian spec-
imens were attached to cylindrical metal stubs using
pre-applied double-sided carbon tape. In total 3 stubs
were prepared: two with radiolarian skeletons
(500 specimens) extracted from the rock, and the
third with fragments of rock (13 pieces) containing
radiolarians.

In thin sections (more than 1500 petrographic thin
sections), various sections of radiolarian skeletons
were studied in an optical light (transmitted-light)
microscope in order to determine the internal struc-
ture of the shells (Pl. 4, figs. 3, 4, 7, 9, 17, 19, 21). To
identify the structure of three-dimensional forms in
high-bituminous varieties of rocks of the Bazhenovo
Formation, from which it is impossible to extract
microfossils using chemical preparation with acids,
the method of X-ray microtomography was used
(Plate 4, figs. 2, 5, 12).

THE ROCK FORMING ROLE 
OF RADIOLARIANS

In the Bazhenovo Formation, radiolarians are
common and, most likely, they are rock-forming fos-
sils (Fig. 2). Almost all siliceous rocks of the Bazhe-
novo Formation are biogenic, which is supported by
most authors (Nemova, 2021; Eder et al., 2022). Bio-
genic silica is observed in the skeletons of radiolarian
shells and their fragments. The rock-forming role of
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radiolarians is clearly visible both in petrographic thin
sections and in SEM, where juvenile skeletons of radi-
olarians are clearly visible, as well as relics of the bio-
morphic radiolarian structure (Fig. 3). The participa-
tion of radiolarians as rock-forming microorganisms is
manifested even in recrystallized form when they are
replaced by calcite or dolomite. The preservation of
radiolarian skeletons varies, from perfectly preserved
to highly dissolved, then becoming microlenticular
siliceous forms without signs of a biogenic structure.

Radiolarians in the rocks of the Bazhenovo Forma-
tion have been known to researchers for more than half
a century, based on which Kozlova (1983, 1994;
Bazhenovsky…, 1986) proposed to identify biostrati-
graphically significant Middle Volgian, middle Upper
Volgian, Upper Volgian and Berriasian assemblages.

These assemblages identifying the “Beds with
fauna”, are accepted in the stratigraphic practice of
the Upper Jurassic of Western Siberia (Reshenie…,
2004). Later, a slightly different biozonation was pro-
posed, distinguishing three assemblages: the new Mid-
dle Volgian, middle Volgian sensu Kozlova (1983),
and the Upper Volgian, combining two previously
proposed assemblages (Amon, 2011). At the same
time, the above-mentioned schemes of biostrati-
graphic division of the Bazhenovo Formation suffered
from the main drawback that all types of radiolarians
were identified and described from petrographic thin

sections. The inaccuracy of species identification from
random sections of forms in thin sections significantly
reduced the value of biostratigraphic conclusions; in
particular, their index species were not recognized as
valid (O’Dogherty et al., 2009). It is necessary use new
research methods and techniques for thorough study
of radiolarians from new borehole core material (Vish-
nevskaya et al., 2020; Isaeva and Gatovsky, 2023;
Isaeva et al., 2023).

The use of X-ray microtomography and chemical
extraction of three-dimensional radiolarians from car-
bonate-siliceous rocks made it possible to more fully
and accurately characterize the index species and
characteristic species of zonal radiolarian assemblages
(Plate 4). This made it possible to identify five strati-
graphic units in the rank of zones and layers (Vish-
nevskaya et al., 2020; etc.). In recent years, a new ver-
sion of the scheme has begun to be used both for bio-
stratigraphic subdivision and for correlation of
sections of the Bazhenovo Horizon (Panchenko et al.,
2013, 2015, 2021; Amon et al., 2021, 2022; Panchenko,
2023). Based on radiolarians, it was possible to con-
firm the presence of Lower Cretaceous, namely, Ber-
riasian beds in the Bazhenovo Formation, which is
still shown on many maps as Upper Jurassic (Fig. 1).

Thus, it is shown that radiolarians are one of the
significant tools for stratigraphy and correlation of
sections of the region. It is important to keep in mind

Fig. 1. Distribution of the main shale formations in Russia (according to Bazhenova, 2015). Designations: ₽2 km—Kum Forma-
tion; ₽3—Pilenga Formation; ₽3 nd—Khadum Horizon; D3dm-D3f3-C1t—Domanik Formation; J3 bj—Bazhenovo Formation;
S1 l—Llandovery Formation; Є1-2 kn—Kuonam Formation; R2 ml2—Malga Formation; R3 irem—Iremeken Formation. The age
of the Bazhenovo Formation is indicated as Upper Jurassic; according to the Decision of the 6th Interdepartmental Stratigraphic
Meeting, its range is generally considered to be within the Volgian Stage—Lower Berriasian (Reshenie…, 2004), and in recent
years it has been specified as the Lower Volgian Substage–Lower Valanginian (Vishnevskaya et al. ., 2020; Panchenko et al.,
2021).
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that the Bazhenovo Formation of Western Siberia
does not reach the surface anywhere, it is studied only
from borehole cores, and, in this regard, microfossils
are especially significant, since the probability of their
detection in the borehole core is much higher than
that of the index macrofossils.

CHARACTERISTIC AND ZONAL 
RADIOLARIAN SPECIES 

OF THE BAZHENOVO FORMATION
At the base of the Bazhenovo Formation, the Par-

vicingula antoshkinae–P. blowi Zone is recognized
(lower–middle substage of the Volgian Stage = Lower
Tithonian), the index species of which are represented
by highly conical cyrtoid Nassellaria with a large num-
ber of chambers. One of the index species, P. blowi

Pessagno, 1977 (Pl. 4, fig. 17, SEM and Pl. 4, fig. 18 in
an optical light (transmitted-light) microscope) is
interesting in that it entries at the base of bituminous
beds. Higher up in the Bazhenovo Formation, the
index species of the Middle Volgian Parvicingula
jonesi–P. excelsa Zone, to which the maximum oil
occurrences are confined, are of significant interest
(Kalmykov and Balushkina, 2017). The skeletons of
these species are usually represented by the largest
number of chambers and are well diagnosed both in
SEM (Pl. 4, figs. 16, 19) and in an optical light micro-
scope (Pl. 4, figs. 20, 21). It is this interval of the
Bazhenovo Formation, composed of kerogen-sili-
ceous rocks, that has the highest f low and storage
properties and could serve as the main natural reser-
voir of mobile oil (Kalmykov and Balushkina, 2017).
The appearance higher up the section (Vishnevskaya

Fig. 2. Distribution of radiolarians and accompanying microfauna in the West Siberian basin in the Bazhenovo time (Tithonian–
Berriasian) (Predtechenskaya et al., 2006, with modifications and additions).  Location of the main fields from which radiolarians
were studied: (1) Yuzhnyi Tambey or Yamal, (2) Gubkin, (3) Imilor, (4) Novoortyagun, (5) Pravdinskaya, (6) Aprelskaya,
(7) Sredne-Shapkinskaya, (8) Molodezhnaya, (9) Nizhne-Yanlotskaya, (10) Verkhne-Salyms, (11) Radonezh, (12) Malobalyk-
skaya.  Designations: (1) plateau, mountain areas; (2) areas of denudation (hilly plateaus); (3) lagoons, marshes, alluvial-lacus-
trine-marsh plains; (4–6) boundaries of distribution areas: (4) greatest depths (pseudo-abyssal); (5) relatively deep waters (mid-
dle and lower sublittoral); (6) bituminous deposits; (7–9) microfossils: (7) foraminifers, (8) radiolarians, (9) coccolithophores.
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Fig. 3. Rock-forming significance of radiolarians in the Bazhenovo Formation: (a) specimen GIN, no. 170/1-Y3-004, juvenile
forms from different orders of radiolarians among decayed skeletal elements: in the lower right corner there are fragments of lattice
skeletons of the family Poulpidae; Yuzhno-Tambey Field, Lower Volga Substage; scale bar 30 μm; (b) specimen GIN, no. 170/1-
Y3-005, radiolarian skeletons form both the basis and matrix of the rock: in the center there is a small spherical shape with a cel-
lular skeletal structure—this is a representative of Spumellaria, at the top left there is a large sphere, the long spine of which divides
the image into two parts; on the right there is a destroyed skeleton of a large spongy shape; Yuzhno-Tambey Field, Lower Volgian
Substage; scale bar 50 μm.

(a)

(b)
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et al., 2020) of the zonal species Parvicingula rotunda
(Hull, 1977) (SEM, Pl. 2, figs. 11, 13, and in an trans-
mitted light microscope—Pl. 4, fig. 12) and P. alata
Kozlova et Vishnevskaya, 2012 (Vishnevskaya and
Kozlova, 2012) allows us to recognize the Upper Vol-
gian Parvicingula rotunda–P. alata Zone, and marks a
general decrease in the height of cyrtoid shells, as well
as the disappearance of highly conical forms of radio-
larians. The upper part of the section of the Bazhe-
novo Formation is characterized by a sudden
increased in the number of radiolarians of the genus
Williriedellum (Vishnevskaya, 2019), representatives of
which are clearly recognizable both in SEM (Pl. 4,
figs. 1, 6), and in X-ray microtomography (Pl. 4, fig. 2)
and in light microscope (Pl. 4, figs. 3, 7). The index
species Williriedellum salymicum Kozlova, 1983 allows
us to identify the base of the Parvicingula khabakovi–
Williriedellum salymicum Zone, which can be cor-
related with the previously proposed Beds with Quasi-
crolanium planocephala. The uppermost Upper Vol-
gian and Berriasian dating of these beds is confirmed
by associated finds with ammonites of the kochi and
analogus zones (Reshenie…, 2004). The most charac-
teristic marker species of this zonal radiolarian assem-
blage are Tricolocapsa campana Kiessling, 1995 (X-ray
microtomography Pl. 4, fig. 5, and transmitted light
microscope—Pl. 2, fig. 4), first described from the
Berriasian of Oman (Kiessling, 1995) and Arctocapsula
perforata Bragin, 2009 (SEM—Pl. 4, figs. 8, 10, and
light microscope—Pl. 4, fig. 9), described from the
Upper Volgian chetae Zone and the Lower Berriasian
sibiricus Zone ) of the Nordvik Peninsula. The interval
of the Parvicingula khabakovi–Williriedellum saly-
micum zone contains the second productive horizon of
the Bazhenovo Formation, composed of kerogen-
argillaceous-siliceous rocks (Kalmykov and Balush-
kina, 2017). Here the rocks contain numerous spheri-
cal Nassellaria of the genus Williriedellum (Pl. 4,
figs. 1, 3, 6, 7), which has a large abdomen and aper-
ture, providing a joint open pore space, thereby creat-
ing high f low-storage properties. Thus, in the
Radonezh Field, within the Parvicingula khabakovi–
Williriedellum salymicum Zone, with an organics con-
tent of up to 26% (Vishnevskaya, 2024). The zonal
assemblage contains numerous representatives of the
genus Arctocapsula, which, in addition to the aperture,
in the area of the first and second abdominal sections,
have a lateral pseudo-opening, lowered down into the
internal porous layer or cavity of the test (Pl. 4, fig. 8),

which could also serve as a natural reservoir of mobile
oil. Microphotographs of thin sections and microto-
mographic 3D images (Balushkina et al., 2014),
clearly shows the variants of void space in the radiolar-
ites of the Sredne-Nazym Field, which belong to
pore-type reservoirs. Thus, numerous finds of radio-
larians throughout the entire thickness of the Bazhe-
novo Formation (as opposed to macrofauna), enabled
stratification of its sections into actual biostratigraphic
zones (Vishnevskaya et al., 2020) and determine the
age of productive high-carbon horizons using radio-
larians even in those intervals of the section where no
other fossils are found.

The time of deposition of the unique Bazhenovo
Formation, which is considered the main oil and gas
productive series of the West Siberian Basin, is Early
Volgian–Early Valanginian, and not Late Jurassic, as
is sometimes proposed (Bazhenova, 2015; Rezvaya,
2019).

RADIOLARIANS AND PALEOGEOGRAPHY 
OF THE BAZHENOVO SEA BASIN

Radiolarians also make it possible to reconstruct
some characteristic features and the paleobiogeogra-
phy and paleobionomy of the Bazhenovo Late Juras-
sic-Early Cretaceous marine basin. Data on radiolari-
ans confirm the presence of its free connections in the
north and northeast with the Paleo-Arctic and Paleo-
Pacific oceans (Fig. 4). The widespread presence of
the genus Parvicingula (Pl. 4, figs. 11–21) in radiolar-
ian associations of the Bazhenovo Sea confirms the
presence of a northern current, which brought many
representatives of this genus from the Pacific Province
to the Boreal Region (Arctic and North Atlantic prov-
inces). The mass occurrences of Late Jurassic highly
conical parvicingulids (Pl. 4, figs. 16–21) would have
been impossible without upwelling (Vishnevskaya,
1993, 2017; Vishnevskaya, 2001; Zakharov, 2006;
Khotylev et al., 2021). According to most authors, the
Bazhenovo Formation accumulated in a relatively
deep-water (up to 500 m) subepicontinental sea
(Zakharov, 2006; Kontorovich et al., 2013, 2014). The
abundance of radiolarians at the base of the bitumi-
nous deposits of the Bazhenovo Formation indicates
that at the beginning of the Volgian time a fairly deep-
water basin with paleoenvironments suitable for the
existence and evolution of siliceous plankton had
already been formed (Fig. 4). The presence of all mor-

Fig. 4. Paleogeographical scheme of Western Siberia, Volgian Age–Berriasian Age (according to Kontorovich et al., 2013, 2014;
Amon et al., 2021 with modifications and additions): (a) Early Volgian Age; (b) Middle Volgian Age; (c) Late Volgian Age;
(d) Berriasian (=Ryazan) age.  Designations: A–D—morphological groups of radiolarians: A—spheroid, B—discoid, C—cyrtoid,
D—prunoid; Cc—multi-spined cyrtoids; Сi—wall of cyrtoids with irregular arrangement of pores; Co—wall of cyrtoids with pores
placed in a regular checkerboard pattern; K—calcareous cysts; N—calcareous nannoplankton;  (1‒11) paleogeographic areas:
areas of marine sedimentation: (1) deep sea, more than 400 m; (2) deep sea, 200–400 m; (3) shallow sea, 100–200 m; (4) shallow
sea, 25‒100 m; (5) shallow sea, less than 25 m; (6) areas of transitional sedimentation, areas of continental sedimentation:
(7) internal reservoirs, (8) lowland plain, (9) denudation-accumulative plain; (10) elevated plain (denudation land); (11) low
mountains; (12) main directions of demolition of clastic material; (13) state border.
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phological groups of radiolarians in the assemblage
(Pls. 1, 2) suggests the open marine nature of the
basin, and the presence of 20–40% Parvicingula indi-
cates a possible upwelling zone in the areas controlled
by contrasting depths or the proximity of uplifts
(islands).

The main feature of the associations of radiolarians
of the Bazhenovo Formation is the vast number of
spiny Nassellaria tests among them. It has been shown
that in modern basins, near upwelling there are often
nassellarian species with a pattern of long spines on the
cephalis, which were not observed in pelagic areas
(Kruglikova, 2013). Indeed, extant spumellarians pre-
fer the surface water layers, while nassellarians inhabit
deep waters enriched with nutrients, which occurs in
zones of ascending water f lows such as upwelling
(Lazarus et al., 2021). Consequently, for Arctic Siberia
(Bragin, 2011; Vishnevskaya et al., 2014), where spiny
nassellarians are widely represented, the presence of
zones of upwelling directed to the west can be
assumed. The Bazhenovo regional fauna of radiolari-
ans was formed by migrants from various water areas of
the boreal and Arctic basins (Fig. 4a). The introduc-
tion of radiolarians of the genus Parvicingula into the
Bazhenovo Sea most likely took place before or at the
time of the formation of the radiolarian association of
the Parvicingula antoshkinae–P. blowi Zone. At this
time, the association was represented by all morpho-
logical groups—spheroid, cyrtoid, prunoid, discoid,
including ring-shaped Entactinaria from the family
Saturnalidae, which could immigrate from the Paleo-
Pacific.

The immigration f low reached its maximum in the
second half of the Middle Volgian time (Fig. 4b) at the
time of Parvicingula jonesi–P. excelsa (=middle Titho-
nian—lower Upper Tithonian). In the Middle Volgian
assemblage, there is a sharp increase in the number of
cyrtoids (from 40 to 75%) and the diversity of highly
conical forms of the genus Parvicingula (Vish-
nevskaya, 2013), which gravitated to significant
depths, which is in good agreement with the disap-
pearance of the benthic fauna (Zakharov, 2006). In
some places, the thin sections show a pile up of skeletal
remains of only the genus Parvicingula, of radiolarian
spines oriented in one direction, which indicates a
contrasting seafloor topography or a difference in

depth and removal by currents and redeposition in an
adjacent depression. The great depths of the Bazhe-
novo Sea are indicated by the achievement of the max-
imum number of chambers (up to 15–20) in represen-
tatives of the genus Parvicingula (Pl. 4, figs. 18, 21),
which was previously known only for Parvicingula
from synchronous deposits of the Pacific Province
(Vishnevskaya and Filatova, 2017).

The radiolarian fauna flourished until the end of
the Late Volgian time in the Parvicingula rotunda–
P. alata Phase and in the Early Berriasian Parvicingula
khabakovi–Williriedellum salymicum Phase. However
the number of highly conical multi-chambered forms,
which gravitate to great depths, is decreasing, and
many low-conical and tricyrtid skeletons appear. The
gradual disappearance of highly conical spindle-
shaped forms and a general decrease in shell height in
cyrtoids in the penultimate phase indicates changes in
the depth of the basin towards shallowing, and, possi-
bly, f lattening of the relief (Fig. 4c). The presence of
common taxa, direct connections are suggested
between the Western and Northern Siberian associa-
tions of the Volgian radiolarians (Fig. 4c) with associ-
ations of the Arctic (areas of the Lena estuary, Nord-
vik), basins of the Russian Platform, Pechora Prov-
ince, Barents Sea shelf, North Sea, Northern
California and Oregon, as well as the Pacific frame of
Russia (Koryak Highlands, Kamchatka, Sakhalin)
and the Northwestern Pacific (Amon et al., 2021,
2022; Vishnevskaya, 2024). These connections with
the above areas and their adjacent seas, in fact, may
indicate possible migration routes and the exchange of
elements of regional radiolarian faunas.

At the very end of the Volgian time, highly special-
ized morphotypes appeared in families Williriedelli-
dae and Echinocampidae, indicating that in the eco-
system of the Bazhenovo Sea during the Ryazanian
time, all possible and previously unoccupied ecologi-
cal niches were occupied. Finally, another feature is
that the closest connections are established between
three regional radiolarian faunas—the West Siberian
fauna proper and the fauna from the Paleoatlantic
(Vishnevskaya and Pralnikova, 1999; Nakrem and
Kiessling, 2012), as well as the Paleopacific (Bragin,
2011).

E x p l a n a t i o n  o f  P l a t e  3
Late Jurassic radiolarians of the Yamal Peninsula: (1–4, 6–8) discoid morphological group of radiolarians, (5, 9) spheroid.
Yuzhno Tambey area, Bazhenovo Formation, Lower Volgian Substage, Parvicingula antoshkinae–P. blowi Zone. Scale bar
100 μm.
Figs. 1, 3, 4, 6, 7. Orbiculiforma sibirica Vishnevskaya, sp. nov.: (1) specimen MSU, no. 2019-170/061; (3) specimen MSU,
no. 2019-4-170/063; (4) holotype, MSU, no. 2019-4-170/094; (6) specimen MSU, no. 2019-4-170/064, (7) specimen MSU,
no. 2019-4-170/062.
Fig. 2. Emiluvia retorta Vishnevskaya, sp. nov., holotype, MSU, no. 2019-4-170/111.
Fig. 5. Tripocyclia trigonum Rüst, 1885, specimen MSU, no. 2019-Y-3-170/007.
Fig. 8. Santonaella cf. obesa Yang, 1993, specimen MSU, no. 2019-Y-3-170/012.
Fig. 9. Actinomma frigida Kiessling, 1999, specimen MSU, no. 2019-Y-3-170/007.
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At the very end of the Berriasian, radiolarians
became declined, which corresponds to the time of
deposition of the Beds with Williriedellum, the upper
part of the Ryazanian Stage–Valanginian (Berria-
sian–Valanginian), and then the radiolarian fauna
experienced a stressful state and ceased to exist in the
Valanginian.

Palaeogeographical disturbances and stresses led to
a sharp change in the parameters of the radiolarian
habitat, and traces of their influence can be observed
in the response of their radiolarian faunas. In particu-
lar, irregularities of the hexagonal pattern were
recorded in the skeletons of radiolarians of the genus
Parvicingula, which indicates a change/deterioration
of the habitat. This is especially true for Berriasian cyr-
toids (Fig. 4D). In addition, the low coefficient of tax-
onomic diversity of the radiolarian association, the
predominance of two or three morphotypes with the
dominance of cryptocephalic radiolarians indicates
the neritic nature of the environment.

Thus, both the Late Jurassic and Late Jurassic–
Early Cretaceous radiolarian associations of the
Bazhenovo Formation are dominated by nassellarians.
In the Late Jurassic, the nassellarian association was
dominated by a cyrtoid morphological group, consist-
ing predominantly of highly conical forms of the fam-
ily Parvicingulidae, while the Early Cretaceous associ-
ation was dominated by the spheroid group, repre-
sented by the family Williriedellidae, followed by the
cyrtoid morphological group, represented by the spiny
Echinocampidae.

In addition to significant biostratigraphic and
paleogeographic contributions, the study of radiolari-
ans has brought new data on the systematics and dis-
tribution of radiolarians. In particular, representatives
of the families Saturnalidae and Echinocampidae,
previously unknown in Western Siberia, were identi-
fied for the first time (Vishnevskaya, 2021, 2024), two
new species were described: Orbiculiforma sibirica
Vishnevskaya, sp. nov. from the family Orbiculiformi-
dae and Emiluvia retorta Vishnevskaya, sp. nov. from
the family Staurolonchidae.

SYSTEMATIC PALEONTOLOGY
C L A S S  R A D I O L A R I A
SUBCLASS POLYCYSTINA

Order Spumellaria
Family Orbiculiformidae Pessagno, 1973

Genus Orbiculiforma Pessagno, 1973
Orbiculiforma sibirica Vishnevskaya, sp. nov.

Plate 3, figs. 1, 3, 4, 6, 7

Orbiculiforma sp. aff. O. teres: Bragin, 2011, pl. 1, figs. 9‒11.
Orbiculiforma cf. teres: Vishnevskayaet al., 2020, p. 115, pl. 2,

figs. 9, 13; Amon et al., 2022, text-fig. 2, figs. 1, 3, 6, 7.
E t y m o l o g y. From the Latin sibirica (Siberian;

from geographical location).
H o l o t y p e. MSU, no. 2019-4-170/094; Russia,

Yamalo-Nenets Autonomous Okrug, Yamal Penin-
sula, South Tambeyskaya Field, Borehole 170, depth
3352.90 m; Upper Jurassic, Lower Volgian Substage,
Parvicingula antoshkinae–P. blowi Zone.

E x p l a n a t i o n  o f  P l a t e  4
Index species and characteristic species of radiolarians of the Bazhenovo Formation (Late Jurassic–Early Cretaceous, Western
Siberia, Russia): spheroid (1–3, 6, 6) and cyrtoid (4, 5, 8–21) radiolarian morphogroups. (1, 6, 8, 10, 11, 13–17, 19) SEM pho-
tographs; (2, 5, 12) images taken using X-ray microtomography; (3, 4, 7, 9, 18, 20, 21) images taken with an optical light micro-
scope. Scale bar 100 μm.
Figs. 1‒3, 6, 7. Williriedellum salymicum (Kozlova, 1983), Lower Cretaceous, Berriasian, Parvicingula khabakovi—Williriedellum
salymicum Zone; (1) specimen MSU, no. 2018-651/5-4-068, Gubkin Field; (2) specimen GIN, no. 11-22/4-1, Aprelevskaya
Field; (3) specimen GIN, no. 4004-75-3, Pravdinskaya Field; (6) specimen GIN, no. 2018-651/5-4-073, Gubkin Field; (7) spec-
imen GIN, no. 4004-125-2, Pravdinskaya Field.
Figs. 4, 5. Tricolocapsa campana Kiessling, 1995, Lower Cretaceous, Berriasian, Parvicingula khabakovi–Williriedellum saly-
micum Zone: (4) specimen MSU, no. 2024-Е-1Р/2870.41-3, Endyr Field; (5) specimen GIN, no. 11-22-1, Aprelevskaya Field.
Figs. 8–10. Arctocapsula perforata Bragin, 2009, Lower Cretaceous, Berriasian: (8) specimen MSU, no. 2018-126/1-074, Gubkin
Field; (9) specimen GIN, no. 2015/2-31-1, Nizhne-Yanlotskaya Field; (10) specimen GIN, no. 2018-V-3-126/059, Radonezh
Field.
Figs. 11‒13. Parvicingula rotunda (Hull, 1997), Upper Jurassic, Upper Volgian Substage, Parvicingula rotunda–P. alata Zone:
(11) specimen MSU, no. 2018-651/5-4-096, Gubkin Field Gubkin Field; (12) specimen GIN, no. 2015/2-35, Nizhne-Yanlots-
kaya Field; (13) specimen GIN, no. 2018-1-126/002, Radonezh Field.
Figs. 14, 15. Parvicingula khabakovi (Zhamoida, 1963): (14) specimen GIN, no. 2018-1-126/049, Radonezh Field, Upper Juras-
sic, Upper Volgian Substage, Parvicingula rotunda–P. alata Zone; (15) specimen GIN, no. 2018-4-126/039, Radonezh Field,
Lower Cretaceous, Berriasian, Parvicingula khabakovi–Williriedellum salymicum Zone.
Fig. 16. Parvicingula jonesi Pessagno, 1997, specimen MSU no. 2019-Y-3-170/124, Yuzhno-Tambey Field, Upper Jurassic, Lower
Volgian Substage, Parvicingula antoshkinae–P. blowi Zone.
Figs. 17, 18. Parvicingula blowi Pessagno, 1997, Upper Jurassic: (17) specimen MSU, no. 2019-Y-3-170/007, Yuzhno-Tambey
Field, Lower Volgian Substage, Parvicingula antoshkinae–P. blowi Zone; (18) specimen GIN no. SP3-14, Sredne-Pamutskaya
Field, Middle Volgian Substage, Parvicingula jonesi–P. excelsa Zone.
Figs. 19–21. Parvicingula excelsa Pessagno et Blome, Upper Jurassic, Middle Volgian Substage, Parvicingula jonesi–P. excelsa
Zone; (19) specimen MSU, no. 2018-651/016-1, Gubkin Field; (20) specimen GIN, no. 4004-83-5, Pravdinskaya Field;
(21) specimen GIN, no. 4004-93-1, Pravdinskaya Field.
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D e s c r i p t i o n. The test is in the form of a
slightly f lattened disk, has 10–13 radial peripheral
spines in the equatorial plane. The structure of the
disc is spongy-porous, uneven, consists of quadrangu-
lar and pentagonal small pore frames, the number of
which is about 10 per half shell diameter. The central
depression is absent. The primary peripheral spines
are triradiate in axial section, with wide grooves and
narrow ridges at the points of attachment to the disk,
pointed, and round in cross section at the ends. Inside
the shell, the bars of spines cannot be traced. In the
peripheral part of the disk there is a depression in the
form of a V-shaped notch, amounting to one third to
half the diameter of the disk; it is recorded on all spec-
imens and, most likely, is a pylome. Sometimes, in
addition to the main spines, short thin secondary
spines may be developed along the disk margin.

D i m e n s i o n s  i n  μ m. The diameter of the disk
with peripheral spines is 355, the diameter of the disk
without spines is 255, the length of the spines is 50,
their diameter at the base is about 25‒27, the thickness
of the disk is 30‒35.

C o m p a r i s o n. The new species is distinguished
from Orbiculiforma teres (Hull, 1997, pl. 1, figs. 10, 11,
15, 19), which has a shallow central cavity, about
20 pores per half shell diameter and bearing twelve to
eighteen short spines, by the absence of central
depression and half the number of pores per half shell
diameter.

O c c u r r e n c e. Yamal Peninsula on the Arctic
periphery of Western Siberia, Russia; Upper Jurassic,
Lower Volgian Substage (=Lower Tithonian).

M a t e r i a l. Ten well-preserved specimens from
the type locality.

Family Staurolonchidae Haeckel, 1881; 
emend. Pessagno, 1977

Genus Emiluvia Foreman, 1973; emend. Pessagno, 1977
Emiluvia retorta Vishnevskaya, sp. nov.

Plate 3, fig. 2

E t y m o l o g y. From the Latin retortus (twisted,
turned, bent).

H o l o t y p e. MSU, no. 2019-4-170/111; Russia,
Yamalo-Nenets Autonomous Okrug, Yamal Penin-
sula, South Tambeyskaya Field, Borehole 170, depth
3352.90 m; Upper Jurassic, Lower Volgian Substage,
Parvicingula antoshkinae–P. blowi Zone.

D e s c r i p t i o n. A spongy, cushion-shaped disk
with a square outline, the corners of which bear thin
long spines. There is no central depression. The spines
at the corners of the square are four-rayed. The ridges
and grooves of the spines are approximately the same
width. Towards the distal ends the spines are slightly
twisted and pointed. The disk is spongy-porous,
uneven, formed predominantly by thin tetragonal and
pentagonal pore frames. There are no nodes at the ver-
tices of the pore frames.

D i m e n s i o n s  i n  μ m. Shell diameter 176, disc
thickness 35–40, maximum length with spines 490,
spine length 137–156, thickness at the point of attach-
ment to the disc 36.

C o m p a r i s o n. The new species is distinguished
from the closest Emiluvia sp. B (Hull, 1997, pl. 27,
fig. 5) from the upper part of the Lower–Upper Titho-
nian of California, which is characterized by straight
spines, triradiate in the proximal half, cylindrical dis-
tally, by the four-rayed spines, in which the rays grad-
ually curl towards the ends. From E. lowercoonensis
polaris (Kiessling, 1999, pl. 5, figs. 14‒16, 20‒22),
which has rounded outline and many small stellate
nodes over the entire surface of the test, as well as tri-
radiate spines of different lengths, the new species is
distinguished by its subquadrate shape tests, the
absence of a knotted wall structure and the four-ray
shape of the spines, slightly twisted towards the ends.

O c c u r r e n c e. Yamal Peninsula on the Arctic
periphery of Western Siberia, Russia; Upper Jurassic,
Lower Volgian Substage (=Lower Tithonian).

M a t e r i a l. Six well-preserved specimens from
the type locality.

CONCLUSIONS
Our study shows that radiolarians can be effectively

used for stratigraphy and correlation of high-carbon
rocks, providing detail down to the biostratigraphic
zone, which is especially important in the context of a
lack of data on other groups of fossils. The use of
chemical maceration and tomography methods in
addition to optical microscopy for the Bazhenovo
Formation, where the rock-forming role of radiolari-
ans is high, makes it possible to date even those pro-
ductive high-carbon intervals of the section where
other fauna is not found.

Radiolarians can serve as an important tool in
understanding the paleogeographic conditions of the
formation of oil source and oil-bearing strata of shale
oil basins, as has been shown in a number of examples
of studies of sections of the Bazhenovo Formation in
Western Siberia and its Arctic coast. The presence of
the genus Parvicingula in radiolarian associations of
the Bazhenovo Formation is an indicator of a north-
ern current that could bring many representatives of
this genus from the Pacific or Arctic paleoclimatic
province.

Two new species were described: Orbiculiforma
sibirica Vishnevskaya, sp. nov. from the family Orbicu-
liformidae Pessagno 1973; Emiluvia retorta Vish-
nevskaya, sp. nov. from the family Staurolonchidae
Haeckel, 1881; emend. Pessagno, 1977.
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