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Abstract—On the basis of the study of shell morphogenesis, the classification of the Toarcian–Aalenian rep-
resentatives of the genus Arctotis Bodylevsky, 1960 was refined. A sequence of species was established in the
reference sections of Anabar Bay and Cape Tsvetkov (Eastern Taimyr), traced in a series of Toarcian and
Aalenian sections in Eastern Siberia, and correlated with the Boreal ammonite scale. The biochronological
scale was developed for the upper Toarcian–lower Aalenian on the basis of bivalve mollusks of the genus Arc-
totis (family Oxytomidae Ichikawa, 1958). This scale has its own chronological periodization and consists of
four so-called oxyto-zones. The scale was used to carry out an interregional correlation of the upper Toar-
cian–lower Aalenian sections of Eastern Siberia (Anabar Bay, Cape Tsvetkov, Markha, Tyung, Kelimyar,
Molodo, and Motorchuna rivers, boreholes drilled in the Vilyui syneclise) and northeastern Russia (Levy
Kedon River basin). The chronostratigraphic volumes of oxyto-zones are determined by comparison with
ammonite zones of the Boreal Standard: the Praearctotis milovae oxyto-zone corresponds to the Zugodac-
tylites braunianus and Pseudolioceras compactile ammonite zones, the Praearctotis marchaensis oxyto-zone
corresponds to the Pseudolioceras wuerttenbergeri Zone, the Praearctotis similis oxyto-zone corresponds to
the Pseudolioceras falcodiscus Zone, and the Arctotis tabagensis oxyto-zone corresponds to the Pseudolioc-
eras maclintocki Zone.
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INTRODUCTION
The main method of parallelization of the regional

stages of the Jurassic of the North of Russia with the
stratotypes of the stages of the International Strati-
graphic Chart (ISC) is the correlation of ammonite
zones (Zony…, 1982). At the end of the 20th–begin-
ning of the 21st century, specialists from Siberia and
St. Petersburg developed two ammonite scales for the
geological correlation of the Toarcian–Aalenian
deposits of Northeast Asia (Knyazev, 1991; Knyazev
et al., 2003; Polubotko and Repin, 1994; Repin, 2016,
2017; Shurygin et al., 2011; Zakharov et al., 1997).
Compared with the Western European assemblage of
Boreal ammonoids, the late Toarcian assemblage is
depleted, although it has several genera and species in
common with Western Europe (Meledina, 2000).
Nevertheless, the issues of distinguishing the bound-
ary between the Lower and Middle divisions of the
Jurassic and the global correlation of the Toarcian–
Aalenian sections with the ISC divisions and the sec-
tions in the north of Russia are still relevant. In recent
publications, the lower boundary of the Aalenian in
Eastern Siberia is proposed to be at the base of the

Pseudolioceras maclintocki Zone (Knyazev et al.,
2007a), and in northeastern Russia, it is proposed to
be at the base of the beds with Pseudolioceras beyrichi
orientale (Repin, 2016). There is no generally accepted
correlation between the Toarcian and Aalenian for
bivalve mollusk assemblages in northern Russia since
it is believed that the upper Toarcian and lower Aalen-
ian assemblages from these regions are endemic and
differ from each other (Polubotko and Repin, 1992,
1994; Repin, 2020). Because of the rare occurrence of
representatives of zonal ammonite species in the Toar-
cian–Aalenian deposits, it is not easy to directly use
the general stratigraphic scale for dividing and cor-
relating both outcrops and core sections (Shurygin
et al., 2001). The boundary deposits of the lower and
middle series of the Jurassic in Northern Siberia are
usually dated as Toarcian–Aalenian (Shurygin et al.,
2000).

The proposed biochronological scale for oxyto-
mids was developed by studying the same sections of
Northern Siberia (Anabar Bay, Cape Tsvetkov,
Motorchuna and Markha rivers) and northeastern
Russia (Levy Kedon River basin), as well as the Toar-
680
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cian–lower Aalenian ammonite zonal scale (Knyazev
et al., 2003; Zakharov et al., 1997; Shurygin et al.,
2011). Therefore, the parallelization of the scale by
bivalve mollusks has been performed relative to the
Siberian ammonite scale (Fig. 1).

The main purpose of the scale is to show the peri-
odization of sediments bearing zonal assemblages and
the correlation to varying degrees of remote and differ-
ent facies sections of the Lower–Middle Jurassic.

The first zonal scheme for the Jurassic of Northern
Siberia was developed by V.I. Bodylevsky on the basis
of studying materials from the Anabar–Khatanga
region. As the index species, the scheme for the Toar-
cian and Aalenian includes, along with the ammo-
nites, bivalves, assigned to two species: “Pseudomono-
tis vai sp. nov.” for the upper Lias (=Toarcian) and
“Pseudomonotis lenaensis (Lahusen)”1 for the Aalen-
ian (Bodylevsky, 1939).

At the Interdepartmental Stratigraphic Meeting on
the Development of Unified Stratigraphic Schemes of
Siberia in 1956, V.I. Bodylevsky suggested that repre-
sentatives of this generic group can form a particular
genetic series from the Toarcian to Valanginian in
Northern Siberia (Bodylevsky, 1957). The studies per-
formed by specialists from England and Argentina
have established the (bipolar) distribution of the genus
Arctotis in the Jurassic and Cretaceous (Crame, 1985;
Crame et al., 1993; Damborenea, 1994; Damborenea
et al., 2013).

The standard autonomous scales for bivalve mol-
lusks included in the stratigraphic schemes of Siberia
and northeastern Russia and which are the basis for
geological studies (Reshenie…, 2004; Resheniya…,
2009) are based on taxa belonging to different families
(Repin and Polubotko, 2004; Shurygin, 1987). On the
basis of new data on the distribution of bivalves and
ammonoids in sections, the standard scales for
bivalves have continued to be improved (Repin and

1 Later, this group of species was assigned to the genus Arctotis
(Bodylevsky, 1960). Bodylevsky used the name Arctotis
lenaensis (Lah.) for the Aalenian–Bajocian forms and Arctotis
sublaevis (Bodyl.) for the Bajocian–Bathonian forms (Bodyl-
evsky, 1957). Later, the name Arctotis lenaensis has become
widely accepted in the stratigraphic correlations since this species
was chosen as the index species for the lower Aalenian–lower
Bajocian bivalves (Shurygin et al., 2000). The revision of the
Jurassic and Cretaceous oxytomids has revealed that the lectotype
of the species Arctotis lenaensis (Lah.), selected by V.I. Bodyl-
evsky, comes from the Bathonian deposits (Zhigansk area),
and the holotype of Arctotis sublaevis (Bodyl.) comes from the
Aalenian–Bajocian deposits of the Nordvik region. Therefore,
the name Arctotis sublaevis (Bodyl.) is used in this work,
instead of “Arctotis lenaensis,” to refer to the Siberian late
Aalenian–Bajocian Arctotis species and for the Bathonian
representatives, Arctotis lenaensis (Lah.). This issue was dis-
cussed in detail earlier (Lutikov and Shurygin, 2010). Below in
the text, the names of taxa whose volume is interpreted by the
author differently than that used in previous studies and the
names of taxa that should be revised are given in quotation
marks. The names of zones and layers with bivalves are given in
their original form.
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Polubotko, 2015; Shurygin et al., 2011). Thus, in the
Regional Stratigraphic Chart of the Lower and Middle
Jurassic of Central Siberia, adopted at the 3rd Interde-
partmental Regional Stratigraphic Meeting on the
Mesozoic and Cenozoic of Central Siberia in 1978,
the beds with Propeamussium olenekense and Arctotis
marchaensis correspond to the lower Aalenian (Resh-
eniya…, 1981). According to modern concepts, the
Arctotis marchaensis b-zone corresponds to the two
upper a-zones of the Toarcian and part of the lower
Aalenian of the Boreal ammonite standard; the Arcto-
tis lenaensis b-zone corresponds to the upper part of
the lower Aalenian, upper Aalenian, and lower Bajo-
cian (Shurygin et al., 2011). In the Regional Strati-
graphic Scheme of the Lower and Middle Jurassic of
Western Siberia, adopted at the 6th Interdepartmental
Stratigraphic Meeting for Consideration and Accep-
tance of Refined Stratigraphic Schemes of Mesozoic
Deposits of Western Siberia in 2003, the beds with
Arctotis marchaensis correspond to the upper part of
the Nadoyakha Regional Stage and are correlated with
the two upper a-zones of the Boreal ammonite stan-
dard of the Toarcian and the lower Aalenian. The beds
with Arctotis lenaensis correspond to the Vym
Regional Stage and the upper part of the Laida
Regional Stage (Reshenie…, 2004). In the Regional
Stratigraphic Chart of the Jurassic Deposits of north-
western Russia, adopted at the 3rd Interdepartmental
Regional Stratigraphic Meeting on the Precambrian,
Paleozoic, and Mesozoic of Northeastern Russia in
2002, the beds with Arctotis marchaensis correspond
to the lower part of the Yaschan Regional Stage (Aale-
nian–lower Bajocian) (Reshenia…, 2009). According
to the modern correlation (Repin, 2016), the siltstones
with “Arctotis cf. marchaensis (Petr.)” in the Viliga
River basin corresponds to the terminal zone of the
Toarcian (Repin and Polubotko, 2015). In the
Regional Stratigraphic Chart of the Jurassic Deposits
of the Far East, adopted at the 4th Interdepartmental
Regional Stratigraphic Meeting on the Precambrian
and Phanerozoic of the South of the Far East and
Eastern Transbaikalia in 1990, species “Arctotis mar-
chaensis (Petr.)” and “Arctotis aff. similis Velikzh.”
were identified in sandstone–siltstone unit in the
South Verkhoyansk structural and facies zone
(Akachan and Allakh-Yun rivers), where they occur
together with early Aalenian Pseudolioceras maclintocki
(Haught). Species “Arctotis lenaensis (Lah.)” character-
izes the Tymager Formation (Aalenian) and Usman-
kovo Formation (Bathonian) of the Upper Amur struc-
tural and facies zone (lower reaches of Shilka, Argun,
and Amazar rivers) (Resheniya…, 1994).

Outside of Russia, in the stratigraphic chart of the
Jurassic deposits of Argentina, representatives of the
species Arctotis frenguellii (Damborenea) were cited in
the description of beds with Meleagrinella, which cor-
respond to part of the upper Toarcian and Aalenian
(Damborenea, 1994; Riccardi et al., 2011).
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The study of the collections of bivalve mollusks of
the family Oxytomidae Ichikawa, 1958 from the Toar-
cian–Aalenian deposits of the north of Eastern Siberia
and northeastern Russia, begun by O.A. Lutikov in the
late 1980s, allowed us to establish the regularities of
the evolution of some Jurassic–Cretaceous represen-
tatives of the family Oxytomidae Ichikawa, 1958
(Lutikov et al., 2010) and to perform a preliminary
classification of taxa (Lutikov and Shurygin, 2010).

This work aims to develop a biochronological scale
of the upper Toarcian–lower Aalenian for bivalve
mollusks belonging to the genus Arctotis Bodylevsky,
1960 (family Oxytomidae Ichikawa, 1958) and to eval-
uate the scale for stratigraphic correlations.

The reason for the development of the scale was the
wide distribution of Arctotis species in the upper Toar-
cian and Aalenian sections and the relatively high rates
of morphogenesis in representatives of this group of
bivalves. The main task was to develop a methodology
for species classification. The major Toarcian and
lower Aalenian sections of Eastern Siberia and north-
eastern Russia were correlated by tracing biostratons
characterized by zonal species or zonal assemblages
using the above the scale.

MATERIALS

From 1980 to 1987, the author was engaged in inte-
grate litho- and biostratigraphic studies of Lower–
Middle Jurassic reference sections of Eastern Siberia
and northeastern Russia (Anabar Bay, East Taimyr,
the Anabar, Kelimyar, Motorchuna, Markha, Vilyui,
Tyung, Molodo, and Syungyude rivers, and tributaries
of Levy Kedon River). The studies were performed by
a team of specialists from SNIIGGIMS (Novosibirsk):
V.P. Devyatov (lithology), V.G. Knyazev (ammonoids),
O.A. Lutikov (bivalves), and V.V. Sap’yanik (foramini-
fers). Over the period of 1990–2008, the author stud-
ied core material from exploratory drilling wells in the
Vilyui Syneclise, kindly provided by I.V. Budnikov and
I.S. Pavlukhin (Fig. 2).

The main objects of study were collections of
bivalve mollusks collected by the author and col-
leagues in outcrops of Toarcian–Aalenian deposits
and from the borehole sections of exploratory drilling
wells stored in the Department of Stratigraphy and
Regional Geology of SNIIGGIMS (Novosibirsk). To
clarify the systematics and stratigraphic position of
some taxa, the following collections were studied: the
collections of I.V. Polubotko and Yu.S. Repin from the
sections of the Letnyaya River and tributaries of the
Levy Kedon River, stored in the Department of Stra-
tigraphy and Paleontology of VSEGEI (St. Peters-
burg); the collection of A.G. Rzhonsnitsky from the
Markha River section; the collection of G.A. Ivanov
from the Lena River section and the collection of
T.M. Okuneva from the Gazimur River section, stored
in the museum of the TsNIGR (St. Petersburg); the
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
collection of T.I. Kirina from the Vilyui River section,
stored in the VNIGRI Museum (St. Petersburg); the
collection of V. I. Bodylevsky from the Yuryung-
Tumus Peninsula section, stored in the museum of the
St. Petersburg Mining University; the collection of
B.N. Shurygin from the sections in the Yuryung-
Tumus Peninsula and Anabar Bay, stored in the Lab-
oratory of Paleontology and Stratigraphy of the Meso-
zoic and Cenozoic of the Institute of Petroleum Geol-
ogy and Geophysics, Siberian Branch, Russian Acad-
emy of Sciences (Novosibirsk).

The author’s collections contain more than 1000 spec-
imens of oxytomids belonging to the genus Arctotis and
representing more than 60 samples from 15 locations.
The previously published list of studied specimens
(Lutikov and Shyrugin, 2010) is supplemented in the
section “Description of Zonal Species” of the present
paper.

METHODS
Field studies. The stratigraphic subdivision of out-

crops of Jurassic deposits in the north of Eastern Sibe-
ria and northeastern Russia was carried out on the
basis of layer-by-layer correlation of sections of rhyth-
mic terrigenous strata (Zakharov and Yudovny, 1967).
Samples with bivalve mollusks were located at the
lower boundary of the layers and the levels of finds of
ammonoids. The species and generic belonging of all
the accompanying characteristic bivalve assemblages
were previously determined when describing the sec-
tions. Core samples were related to the lower boundar-
ies of lithological bodies identified using geophysical
methods.

Methods of systematics. In this study, the author
followed the recommendations of Ruzhentsev (1960)
when choosing taxonomy methods.

The ontogenetic approach, the principle of homol-
ogy, and the principle of the main link were used. The
ontogenesis was studied by comparing the contours of
elements of hinge structures in shells of different sizes
in samples from fossil assemblages (Zakharov, 1975)
and the growth lines of elements of hinge structures on
individual shells.

The study of new species within the group was car-
ried out by comparative analysis of homologous parts
of the ligament and byssus blocks of shells in samples
from fossil assemblages separated in time and space.
When studying the systematics of taxa, changes in the
relative position of parts in the ligament and byssus
blocks were taken as the main link in the evolution of
oxytomids. Chronoclines in the evolution of oxyto-
mids were empirically established. As a result of a pos-
teriori weighting of characters, morphological charac-
ters characterizing supraspecific taxa were determined.
Against the background of hypothetical evolutionary
trends based on a visual assessment of changes in
homologous parts in the ligament and byssus blocks
 Vol. 29  No. 6  2021
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Fig. 2. Survey map of the studied upper Toarcian and lower Aalenian sections in Eastern Siberia and northeastern Russia. Areas
of collections: (1) Levy Kedon River basin (Saturn, Start, Brodnaya, and Astronomicheskaya rivers), (2) Motorchuna River,
(3) Cape Tsvetkov (Eastern Taimyr), (4) Anabar Bay, (5) Anabar River, (6) Kelimyar River, (7) Markha River, (8) Vilyui River,
(9) Tyung River, (10) Syungyude and Molodo rivers. Drilling sites: (11) Tenkelyakh, (12) Pravoberezhny, (13) Serki-Lindensky. 
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over time, a primary classification of taxa was pro-
posed (Lutikov and Shurygin, 2010). The conclusions
on phylogeny were based on the comparison of types
and subtypes of the ontogeny of ligament pits in Juras-
sic and Cretaceous forms belonging to different strati-
graphic levels. The phylogenetic relationships between
related groups of oxytomids were established using
clade analysis (Lutikov et al., 2010).

Methods of classification. When choosing methods
for classifying bivalve mollusks, the author followed
the recommendations of Mayr (1969). The discrete-
ness of species in the chronological sequence of spe-
cies groups from the subgenera Arctotis (Praearctotis)
and Arctotis (Arctotis) was determined by the method
of a posteriori weighting of characters based on the
experience of estimating the amount of phylogeneti-
cally significant information contained in the selected
character. Classification and species diagnostics of
taxa in this study were carried out using a quantitative
STRATIGRAPHY AND G
assessment of the state of morphological characters in
combination with data on morphogenesis.

Characters with high taxonomic potential:
(a) The shape of the anterior wing. An obtuse-

angled anterior wing is present in Toarcian Praearcto-
tis; a subrectangular anterior wing appears in Aalenian
Arctotis.

(b) The width of the anterior wing. The narrow
wing is typical for most of the Toarcian representatives
of the subgenus Praearctotis. The moderately wide
anterior wing is characteristic of latest Toarcian Prae-
arctotis. The wide anterior wing is characteristic of the
Aalenian–Bajocian taxa of the subgenus Arctotis s. str.

(c) The ratio of the convexity of valves. Biconvex
valves are characteristic of taxa of the Toarcian subge-
nus Praearctotis; convex left valves and f lat right valves
are characteristic of early Aalenian Arctotis s. str. Con-
vex-concave valves are typical of late Aalenian–Bajo-
cian representatives of the subgenus Arctotis s. str.
EOLOGICAL CORRELATION  Vol. 29  No. 6  2021
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Fig. 3. Morphological elements of the left valve of Arctotis species. UEP—apical projection of upper edge, AEP—apical projection
of the anterior edge, PEP—apical projection of the posterior edge, LEP—apical projection of the lower edge, AK—the anterior
keel of the valve, PK—the posterior keel of the valve, CA—central axis of the valve, PLF—posterior back-ligament field, ALP—
the anterior back-ligament field, AEA—the end of the anterior ear, PW—the posterior wing of the valve, HE—hinge edge,
AEGC—the anterior edge of the growth center, LEPW—the lower end of the posterior wing of the valve, ANPE—the apical notch
of the posterior edge of the growth center, WR–the width of ribs, WS—the width of intercostal spaces, LPP—the length of the
posterior part, LAP—the length of the anterior part, L—length, Conv—convexity, H—height. 
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Characters with a low taxonomic potential include
characters subject to age or individual variability: size,
outline, symmetry, sloping, lengths of the anterior and
posterior ligament fields, the density of ribbing. In
addition, there are characters of the same category
that are difficult to determine, such as the relative
width of the intercostal spaces and the differentiation
of ribs in width and height in orders of magnitude.

When determining the discreteness of species, the
concept of the evolutionary species by J. Simpson was
adopted. According to this concept, “An evolutionary
species is a lineage (an ancestral-descendant sequence
of populations) evolving separately from others and
with its own unitary evolutionary role and tendencies”
(Simpson, 1961, p. 153).
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Shell morphology and measurements. The concepts
of such morphological characters as length, height,
radial ribs, anterior edge, posterior edge, hinge edge,
anterior eye, posterior eye, anterior part of the shell,
posterior part of the shell, the convexity of a valve, lig-
ament fossa, ligament field, ligament platform, and
prominence are known in the literature on bivalves
with a straight hinge (Koshelkina, 1963; Lutikov and
Shurygin, 2010) (Fig. 3).

When describing the shape of the anterior wing of
the left valve, new unified characters are used: angle of
the anterior wing (AAW)—the angle between hinge
edge (HE) and anterior edge of the last visible growth
center; anterior keel (AK)—the line connecting UEP
and AEP; apical projection of the outer edge of the
anterior wing of the left valve (APAE)—the point of
 Vol. 29  No. 6  2021
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Fig. 4. Morphological elements of anterior and posterior wings of the left valve of Arctotis species. (а) Arctotis (Praearctotis) milovae,
(b) Arctotis (Praearctotis) marchaensis, (c) Arctotis (Praearctotis) similis, (d) Arctotis (Arctotis) tabagensis, (e) Arctotis (Arctotis) sublae-
vis. Morphological elements: AW—anterior wing, AK—anterior keel, AAW—angle of the anterior wing, RWL—length of the bend of
the outer wing of the right valve, RWW—width of the bend of the outer wing of the right valve, PUE—the apical projection of the
upper edge, PE—posterior ear, PEE—the end of the posterior ear, ANPE 1—the apical notch of the posterior edge of the growth
center, ANPE 2—the apical notch of the outer edge of the posterior wing, PAE—the apical projection of the anterior edge, APAE—
the apical projection of the outer edge of the anterior wing of the left valve, PUE—the apical projection of the upper edge. 

99�104�

147� 140� 126�

PE ANPE 1 ANPE 2

AW

AK

AAW AAW AAW
PUE

REE
RWW

APAE

PAE

RWL

AAWAAW

(а)

(d) (e)

(b) (c)
maximum remoteness of the outer edge from the keel;
(RWL)—the distance between UEP and AEP; length
of the bend of the outer wing of the right valve
(RWW)—the distance between the keel and the
APAE; anterior edge of the growth center (AEGC)—
the arc of the growth center connecting to the edge of
the valve. When describing the shape of the posterior
wing of the left valve, the following characters were
used: PK—the posterior keel, PW—the posterior wing,
PE—the posterior ear (differentiated only in early
Toarcian forms), LEPW—the lower end of the poste-
rior wing, ANPE 1—the apical notch of the posterior
edge of the growth center, ANPE 2—the apical notch
of the outer edge of the posterior wing (Fig. 4).

To characterize the morphological elements of the
shells, measurements were made on nine characters:
(1) length (L), (2) height (H), (3) convexity (Conv),
(4) length of the anterior part (AL), (5) length of the
posterior part (PL), (6) length of the anterior ligament
field (AFL), (7) ribbing (R)—the number of ribs on
STRATIGRAPHY AND G
the shell section in the space between the anterior keel
of a valve and the posterior keel, (8) width of intercos-
tal spaces (WS)—the distance between parallel ribs,
(9) width of the ribs (WR)—the distance between the
edges of ribs (Fig. 3). When carrying out linear mea-
surements of characters 1–6, only one parameter was
measured (the height or length of a valve, depending
on the degree of preservation of the material) using a
caliper. The rest of the parameters were measured on
images of shells using Photoshop software. Measure-
ments of characters 7–9 were made using Photoshop
and CorelDRAW. Measurements of characters of
AAW, RWL, and RWW were made using CorelDRAW.

The quantitative assessment of the characters was
developed on the basis of the methodology for study-
ing the shape of shells with a straight hinge edge
(Lutikov and Shurygin, 2010). The assessment of the
characters was carried out by nine gradations (Fig. 5).

(1) Gradations by the size of a shell are determined
by a height of valves (H).
EOLOGICAL CORRELATION  Vol. 29  No. 6  2021
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(2) Gradations by the symmetry of valves are
determined by the ratio of the height of a shell to its
length (H/L).

(3) Gradations by the symmetry of valves are deter-
mined by the ratio of the length of the anterior part to
the length of a valve (APL/L).

(4) Gradations by the angle of the anterior wing
(AAW) of valves are determined by the angle between
the hinge edge of a valve and the tangent to the ante-
rior edge of the last visible growth center.

(5) Gradations by the convexity of the left valve are
determined by the ratio of the convexity of the left
valve to its height (ConvL/H).

(6) Gradations by the length of the anterior liga-
ment field of the left valve are determined by the ratio
of the length of the anterior ligament field of the left
valve to the length of its anterior part (ALP/APL).

(7) Gradations by the density of the ribbing of
valves are determined by the ratio of the number of ribs
along the lower edge of a shell in the area between api-
cal projections of the anterior and posterior edges to
the length of a shell (P/L).

(8) Gradations by the width of intercostal spaces
are determined by the ratio (WS/WR) of the width of
the intercostal space between adjacent ribs (WS) to
that of the adjacent rib (WR). Since the width of the
intercostal spaces is not uniform, the widest space
between ribs along the lower or posterior edge of left
valve was selected for measurements.

(9) Gradations by the width of the anterior wing of
the left valve are determined by the ratio of the width
of the anterior wing to the length of the anterior wing
of the left valve (RWW/RWL).

Methodology for creating a biochronological scale.
The biostratigraphic subdivision and correlation of the
studied sections were carried out on the basis of the
evolutionary method (Stepanov and Mesezhnikov,
1979). The presented upper Toarcian–lower Aalenian
zonal scale is based on the phylogenetic sequence of
species of the genus Arctotis (family Oxytomidae
Ichikawa, 1958). The concept of biochronological
scales (BChS) proposed by Chernykh (2016) and
tested on lower Toarcian oxytomids (Lutikov and Arp,
2020) was applied as a methodological basis for the
development of the scale.

The evolutionary changes in the state of characters
established as a result of studying the morphogenesis
of the ligament block in oxytomid shells from different
stratigraphic units were taken as a phylogenetic chro-
nocline when developing a biochronological scale.
The various combinations of states of external charac-
ters of shells are the basis of the periodization of the
scale. Accordingly, taxa were described on the basis of
characters that appeared as a result of phylogenesis,
and their boundaries were determined according to
the states of these characters. The relative discreteness
STRATIGRAPHY AND G
of the states of characters is explained by the incom-
pleteness of the geological record (Darwin, 1872).

Distances with certain states of morphological
characters correspond to the time of the existence of
species. Owing to the individual variability of charac-
ters, the boundaries between taxa are dynamic (there
are uncertainty intervals). The discreteness of taxa was
determined by studying the morphogenesis with the
method of estimating the amount of phyletic informa-
tion in an empirically selected character (Mayr, 1969).
As a result, a chronological sequence of states of taxo-
nomically significant characters was established for
the Toarcian and Aalenian and calibrated using an
independent Boreal ammonite scale (Fig. 6).

On one hand, the genetic distances between taxa
do not correspond to the chronological distances
between the corresponding phylozones, since they are
multiples of ammonite zones, the elementary subdivi-
sions of the standard scale. On the other hand, “if the
direction of evolution is correlated with periodicity,
then it has its own time and can serve as a clock,
although imperfect” (Krasilov, 1977, p. 29).

Therefore, in addition to the stratigraphic correla-
tion, the oxytomid-based biochronological scale can
be used for dating geological events. Since geological
events determine the time, the simultaneity can be
considered the coexistence of events for which the
“earlier–later” relationships are indistinguishable and
determined up to the chron. The simultaneity of the
formation of geographically isolated paleopopulations
is determined by their belonging to one of the classes
of evolutionary events in the morphogenesis of the lig-
ament block of a right valve. These events are in corre-
spondence with the phases of formation of the direct
subtype of the ligament pit, the angular subtype of the
ligament pit, the spoon-shaped subtype of the liga-
ment pit, and the “spoon” (completely concave liga-
ment pit).

To determine the stratigraphic position of the beds
with bivalve mollusks in the general sequence of zonal
units, the Toarcian–Aalenian sections in Anabar Bay
and Cape Tsvetkov, studied during field works in 1985
and 1987, were chosen as reference sections. The
sequence of species identified in the reference sections
was traced in the series of Toarcian–Aalenian
sequences of Eastern Siberia (Motorchuna, Molodo,
Syungyude, Markha, Tyung, and Vilyui rivers; bore-
holes in the Vilyui syneclise) and northeastern Russia
(Levy Kedon River basin) to assess the correlation
potential of the scale.

MORPHOGENESIS OF A SHELL 
OF GENUS Arctotis BODYLEVSKY, 

1960 IN LATE TOARCIAN–EARLY AALENIAN
As a result of studying the regularities of the mor-

phogenesis of the ligament block in Toarcian–Aalenian
representatives of the family Oxytomidae Ichikawa,
EOLOGICAL CORRELATION  Vol. 29  No. 6  2021
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1958, it was found that a direct subtype of the ligament
pit appeared in the ligament block in the chronocline
of the Arctotis lineage in the early Toarcian (Zugodac-
tylites braunianus chron), and an angular subtype of
the ligament pit appeared in the late Toarcian (Pseudo-
lioceras wuerttenbergeri chron). A spoon-shaped sub-
type of the ligament pit appeared in the Pseudolioc-
eras falcodiscus chron. The structural position of the
elements of the ligament block of the right valve
changed in early Aalenian (Pseudolioceras maclin-
tocki chron): a completely concave ligament pit was
formed, the length of the ligament platform decreased
relative to that of the right valve, and the slope of the
ligament pit of the left valve increased relative to the
hinge plane of valves (Lutikov et al., 2010).

The change in the type of anterior wing of the left
valve, which characterizes the appearance of the shell,
was the basis for the periodization of the morphogen-
esis of shells in the late Toarcian–late Aalenian. The
type of anterior wing was determined by a combination
of three characters. Four types of anterior wing were
identified in Arctotis species. The “paraboloid” type is
characterized by a short ligament field (AFL/APL less
than 0.45), a narrow anterior wing (RWW/RWL less
than 0.15), and an obtuse anterior wing (AAW more
than 105°). The “trapezoidal” type is characterized by
a long ligament field (AFL/APL 0.45–0.50), a moder-
ately wide anterior wing (RWW/RWL 0.15–0.20), and
an obtuse anterior wing (AAW more than 105°). The
“hyperboloid” type is characterized by a very long
back-ligament field (AFL/APL more than 0.50), a
wide anterior wing (RWW/RWL more than 0.20), and
a subrectangular (AAW 85°–105°) or an acute-angled
anterior wing (AAW less than 85°). The “S-shaped”
type is characterized by a very long ligament field
(AFL/APL more than 0.50), a wide anterior wing
(RWW/RWL more than 0.20), and an inversion ante-
rior wing: sub-rectangular (AAW 85°–105°) at the
early stages of growth and obtuse (AAW more than
105°) at the late stages of growth.

As a result of comparing the types of anterior wing
of the left valve in species from deposits belonging to
different stratigraphic levels, it was found that mor-
phogenesis in the chronocline of Arctotis (Praearctotis)
milovae–Arctotis (Praearctotis) marchaensis (Petrova)–
Arctotis (Praearctotis) similis Velikzhanina–Arctotis
(Arctotis) tabagaensis (Petrova)–Arctotis (Arctotis) sub-
laevis (Bodylevsky) from the Zugodactylites brauni-
anus chron to the Pseudolioceras whiteavesi chron
evolved from species with a “paraboloid” type of ante-
rior wing to those with a “trapezoidal” type and, next,
to the forms with “hyperboloid” and “S-shaped” types
of anterior wing. The morphogenesis of the anterior
wing of the left valve passed from forms with an obtuse
wing in the Toarcian to those with a sub-rectangular
wing in the Aalenian.

The morphogenesis of the posterior ear of the left
valve is traced from forms with a pointed end of the
STRATIGRAPHY AND G
posterior ear at the juvenile stages in the early Toarcian
to those with an obtuse posterior ear at the juvenile
stages in late Toarcian. The discreteness of taxa of the
species rank in the presented chronophylogenetic
sequence of species of the subgenera Prearctotis and
Arctotis was determined by the quantitative state of the
characters established on the basis of studying the
morphogenesis of the anterior wing and the posterior
ear of the left valve.

The forms with the “paraboloid” type of anterior
wing with a pointed posterior ear at the juvenile stages
were attributed to the species Arctotis (Praearctotis)
milovae (Okuneva), 2002, typical of the Zugodactyli-
tes braunianus Zone and Pseudolioceras compactile
Zone in the upper Toarcian of Eastern Siberia, north-
eastern Russia, and Russian Far East (Plate I, fig. 1).
The forms with the “paraboloid” type of anterior wing
with a subrectangular posterior ear at the juvenile
stages were attributed to the species Arctotis (Praearc-
totis) marchaensis (Petrova), 1947, typical of the
Pseudoloceras wuerttenbergeri Zone in the upper
Toarcian of Eastern Siberia (Plate I, fig. 2).

Forms with the “trapezoidal” type of anterior wing
and obtuse posterior ear at juvenile stages are
attributed to the species Arctotis (Praearctotis) similis
Velikzhanina, 1966, typical of the Pseudoloceras fal-
codiscus Zone in the upper Toarcian of Eastern Sibe-
ria (Plate I, fig. 3). Forms with “hyperboloid” type of
anterior wing and obtuse posterior ear at juvenile
stages are attributed to the species Arctotis (Arctotis)
tabagensis (Petrova), 1953, typical of the Pseudolioceras
maclintocki Zone in the lower Aalenian of Eastern
Siberia (Plate I, fig. 4). Forms with the “S-shaped”
type of anterior wing and obtuse posterior ear at the
juvenile stages are attributed to the species Arctotis
(Arctotis) sublaevis (Bodylevsky), 1958, typical of the
Pseudoloceras whiteavesi Zone (Plate I, fig. 5).

Taphonomic observations carried out during field
studies indicate similar conditions for the existence of
populations of each species: all of them lived in shallow
water with active hydrodynamics. Consequently, mor-
phological changes in populations can be explained
only as a result of the stabilizing effect of selection, i.e.,
by evolutionary reasons.

RESULTS AND DISCUSSION
On the basis of the study of the morphogenesis of

shells, the classification of Toarcian–Aalenian repre-
sentatives of the genus Arctotis Bodylevsky, 1960 is
clarified. The systematic affiliation of the supraspe-
cific taxa identified as a result of a revision of the genus
Arctotis Bodylevsky, 1960 (Lutikov and Shurygin,
2010) was determined with regard to the clade analysis
of the systematics of the family Oxytomidae Ichikawa,
1958 (Lutikov et al., 2010).

The systematic affiliation of the taxa belonging to
other families and included in the zonal complexes of
EOLOGICAL CORRELATION  Vol. 29  No. 6  2021
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oxyto-zones is determined on the basis of previous
descriptions and monographic studies of bivalves
(Krymgolts et al., 1953; Polevoi…, 1968; Polubotko,
1992; Zakharov and Shurygin, 1978). The analysis of
the stratigraphic position of taxa established during
the description of the sections was carried out using
our field observations, as well as the data on lithostra-
tigraphy and zonal stratigraphy given in (Knyazev et al.,
1991, 2003; Shurygin et al., 2000; etc.).

The evolutionary sequence of species of the genus
Arctotis Bodylevsky, 1960, which is traced in the series
of Toarcian and Aalenian sequences of Eastern Siberia
and correlated with the Boreal ammonite scale, was
established in the reference sections of Anabar Bay
and Cape Tsvetkov (Eastern Taimyr) (Figs. 7, 8). The
biochronological scale by bivalve mollusks of the
genus Arctotis was proposed for the upper Toarcian–
lower Aalenian.

BIOCHRONOLOGICAL SUBDIVISIONS
OF LATE TOARCIAN–EARLY AALENIAN 

BASED ON OXYTOMIDS

The biochronological scale was developed on the
basis of studying the morphogenesis of bivalve shells
and the succession of species belonging to the same
phylogenetic lineage of the family Oxytomidae
Ichikawa, 1958—the genus Arctotis Bodylevsky, 1960.
The elementary divisions of the scale are “oxyto-
zones.” According to paleontological and stratigraphic
criteria, oxyto-zones are phylozones or beds in which
index species representing segments of the lineage of
the genus Arctotis are distributed. The morphogenesis
of the genus Arctotis, on one hand, has a direction that
is recorded in a sequence of successive nonrepeating
states of the ligament and byssus blocks. On the other
hand, it is characterized by periodicity recorded in
periods of a relatively stable state of various external
morphological characters repeated at different strati-
graphic levels. The different combinations of the state
of external morphological characters that characterize
species allow us to detect the periodization of the phy-
logenetic line.

The directed evolution of the genus Arctotis in com-
bination with its periodicity is confined to a definite
period, and the scale corresponding to the segments of
the lineage of the genus can be considered as biochro-
nological. The time of formation of oxyto-zones corre-
sponds to the phases of the existence of index species. In
specific sections, oxyto-zones are distinguished by the
presence of index species or conditionally by assem-
blages of zonal species determined by their joint
occurrence with the index species in stratotype sec-
tions. On the basis of the characteristics of the oxyto-
zones, a clear correlation of the sections in the north of
Eastern Siberia was carried out.
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Praearctotis milovae oxyto-zone
N o m e n c l a t u r e. This oxyto-zone has been dis-

tinguished for the first time in the given chronostrati-
graphic volume. The Meleagrinella faminaestriata
Subzone was previously distinguished by bivalves as a
zonal subdivision in Eastern Siberia as corresponding
to the upper part of Dactylioceras athleticum Zone
and Zugodactylites monestieri Zone (Shurygin,
1987).

The species from the East Siberian sections that
belonged to “Meleagrinella faminaestriata” were rede-
termined as Arctotis (Praearctotis) milovae (Okuneva)
as a result of the revision (Lutikov and Shurygin,
2010). The Praearctotis milovae oxyto-zone corre-
sponds to the Zugodactylites braunianus and Pseudo-
lioceras compactile zones of the Boreal Standard.

I n d e x  s p e c i e s: Arctotis (Praearctotis) milovae
(Okuneva), 2002.

S t r a t o t y p e  o f  t h e  o x y t o - z o n e: Eastern
Siberia, Anabar Bay, outcrop 5, beds 75–79, Eren
Formation, thickness 31.8 m.

Z o n a l  a s s e m b l a g e  of the oxyto-zone includes
the following bivalve species: Liostrea taimyrensis
Zakh. et Schur., Dacryomya jacutica (Petr.), Modiolus
numismalis Opp., Tancredia securiformis Dunk.,
Camptonectes s.str., Pseudomytiloides oviformis (Khu-
dyaev in Petrova, 1953), and P. marchaensis (Petr.).

P r i n c i p l e  o f  d i s t i n g u i s h i n g  b o u n d -
a r i e s  a n d  s u b s t a n t i a t i o n  o f  a g e. The lower
boundary of the Praearctotis milovae oxyto-zone is
established according to the first occurrence of the
index species. The upper boundary is established by
the first occurrence of Arctotis (Praearctotis) marchae-
nsis (Petr.).

The age of an oxyto-zone relative to the ammonite
scale is determined by the sum of teilzones of index
species in all known sections. Arctotis (Praearctotis)
milovae (Okuneva) in the Anabar Bay section occurs
together with Zugodactylites braunianus (Orb.) and
Pseudolioceras lythense (Y. et B.); in the Markha River
section it occurs together with Zugodactylites brauni-
anus (Orb.). The author of the present paper has found
species similar to Arctotis (Praearctotis) milovae (Oku-
neva) in the debris of beds with Pseudolioceras com-
pactile (Simps.), Porpoceras vortex (Simps.), and
Collina gemma Bonarelli in the Start River section
(northeastern Russia). In the Gazimur River basin
(Eastern Transbaikalia), Arctotis (Praearctotis) milovae
(Okuneva) occurs in deposits above the level with
Pseudolioceras rosenkrantzi A. Dagis (Okuneva,
2002). Since the local Peronoceras spinatum Zone in
northeastern Russia is correlated with the Pseudolioc-
eras compactile Zone of the Boreal Standard (Repin,
2016, 2017) and the position of the Pseudolioceras
rosenkrantzi Zone relative to the Pseudolioceras com-
pactile Zone is not generally accepted (Knyazev et al.,
2003; Repin, 2016), it was reliably established that
Praearctotis milovae oxyto-zone corresponds to the
 Vol. 29  No. 6  2021
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Zugodactylites braunianus and Pseudolioceras com-
pactile zones of the Boreal Standard (Shurygin et al.,
2011) (Fig. 1).

C o r r e l a t i o n. The Praearctotis milovae oxyto-
zone corresponds to the upper part of the Dacryomya
inflata Zone, Tancredia bicarinata Zone, and Pseudo-
mytiloides marchaensis Zone of the Boreal zonal stan-
dard by bivalve mollusks (Shurygin et al., 2011) and is
correlated with the local Pseudolioceras rosenkrantzi
Zone of the Far East on the basis of finds of the index
species (Okuneva, 2002).

Praearctotis marchaensis oxyto-zone

N o m e n c l a t u r e. This zone was distinguished in
the given chronostratigraphic volume for the first time.
The Arctotis marchaensis Zone was established as a
zonal subdivision of the lower part of the lower Aalen-
ian of Eastern Siberia (Shurygin, 1987).

According to an analytical summary on the Jurassic
stratigraphy of Siberia, the Arctotis marchaensis Zone
covers part of the upper Toarcian and the lower part of
the Aalenian; i.e., the upper boundary of the Toarcian
(Lower–Middle Jurassic boundary) passes within this
zone (Shurygin et al., 2000).

In this paper, the Praearctotis marchaensis oxyto-
zone is correlated with the Pseudolioceras wuertten-
bergeri Zone of the Boreal Standard. Owing to the
revision of the species Arctotis marchaensis (Petrova),
the range of the Arctotis marchaensis oxyto-zone has
changed compared to the standard Arctotis mar-
chaensis b-zone (Shurygin et al., 2000).

I n d e x  s p e c i e s: Arctotis (Praearctotis) mar-
chaensis (Petrova, 1947).

S t r a t o t y p e  o f  t h e  o x y t o - z o n e: Eastern
Siberia, Anabar Bay, outcrop 5, beds 80–88, Eren
Formation, thickness 27.4 m.
STRATIGRAPHY AND G
Z o n a l  a s s e m b l a g e s  of bivalves: Oxytoma ex gr.
jacksoni Pomp., Luciniola sp.

P r i n c i p l e  o f  i d e n t i f i c a t i o n  o f  b o u n d -
a r i e s  a n d  s u b s t a n t i a t i o n  o f  a g e. The lower
boundary of the Praearctotis marchaensis oxyto-zone
was established according to the first occurrence of the
index species; the upper boundary was established
according to the appearance of Arctotis (Praearctotis)
similis Velikzh.

The age of an oxyto-zone relative to the ammonite
scale is determined by the sum of teilzones of the index
species in all known sections. In the Anabar Bay sec-
tion, the index species occupies a position in the mid-
dle part of the Eren Formation above the level with
Zugodactylites braunianus (Orb.) and below the level
with Pseudolioceras falcodiscus (Quenstedt) (Knyazev
et al., 1991, 2003).

In the Markha River section, the species Arctotis
(Praearctotis) marchaensis (Petr.) occupies a position
below and above the level with Pseudolioceras wuert-
tenbergeri (Denckmann). It was reliably established
that the Praearctotis marchaensis oxyto-zone corre-
sponds only to the Pseudolioceras wuerttenbergeri
Zone of the Boreal Standard (Shurygin et al., 2011)
(Fig. 1).

C o r r e l a t i o n. The Praearctotis marchaensis
oxyto-zone corresponds to the lower part of the Arcto-
tis marchaensis b-zone of the zonal scale of the Boreal
Standard for bivalves (Shurygin et al., 2011).

In northeastern Russia, Arctotis aff. marchaensis
(Petg.), Lenoceramus sp., and Camptonectes sp. were
found in deposits ascribed to the lower half of the
Pseudolioceras danilovi Zone in the Letnyaya River
section (Repin and Polubotko, 1993; Polubotko and
Repin, 1994). The Praearctotis marchaensis oxyto-
zone conditionally corresponds to the lower half of the
local ammonite zone Pseudolioceras danilovi (Repin,
2017) (Fig. 1).
Plate I. Fig. 1. Arctotis (Praearctotis) milovae (Okuneva). (а) Spec. no. MKh-309/19, left valve, ×1; (b) the same, ×3, Markha,
outcrop 6, bed 3, Sample no. MKh-229, lower Toarcian, Zugodactylites braunianus Zone; (c) spec. no. AG-103/2, ligament pit
of the left valve, ×14, Anabar Bay, western coast, outcrop 5, bed 76, lower Toarcian, Zugodactylites braunianus Zone; (d) spec.
no. TKh-1/1, direct subtype of ligament pit of the right valve, Tenkelyakh area, line 1060, borehole 350, depth 31 m, lower Toar-
cian. Fig. 2. Arctotis (Praearctotis) marchaensis (Petrova). (а) Spec. no. MKh-233/1, left valve, ×1; Markha R., outcrop 10, bed 8,
upper Toarcian, Pseudolioceras wuerttenbergeri Zone; (b) spec. no. MKh/111-2; ligament pit of the left valve, ×3.5; Markha R.,
outcrop 4, loose from beds 2–3, upper Toarcian, Pseudolioceras wuerttenbergeri Zone ; (c) type spec. no. 574/5393-2, TsNIGR
Museum (St. Petersburg), angular subtype of ligament pit of the right valve, ligament pit without spoon-shaped depression;
Markha R., upper Toarcian, collection of G.T. Petrova (Pchelintseva); (d) spec. no. МХ/111-1, angular subtype of ligament pit
of the right valve, ligament pit with a narrow spoon-shaped depression, ×3.5; Markha R., outcrop 4, debris of beds 2–3, upper
Toarcian, Pseudolioceras wuerttenbergeri Zone. Fig. 3. Arctotis (Praearctotis) similis Velikzhanina. (а) Spec. no. TR-19/1, left
valve, ×1; Eastern Taimyr, Cape Tsvetkov, outcrop 5, bed 3, Sample no. TF-19, Lower Jurassic, upper Toarcian, Pseudolioceras
falcodiscus Zone, (b) spec. no. MN-216/1, ligament pit of the left valve, ×4, Motorchuna R., outcrop 4, bed 2, Sample no. 216,
upper Toarcian, Pseudolioceras falcodiscus Zone; (c) spec. no. TR-19/1, spoon-shaped subtype of ligament pit of the right valve,
ligament pit with a wide spoon-shaped depression, ×4, Eastern Taimyr, Cape Tsvetkov, outcrop 5, bed 3, Sample no. TF-19, Lower
Jurassic, upper Toarcian, Pseudolioceras falcodiscus Zone. Fig. 4. Arctotis (Arctotis) tabagensis (Petrova). (а) Spec. no. АG-116/1-l,
left valve, ×1; (b) spec. no. AG-116/1-p, concave spoon-shaped ligament pit of a right valve, ×2.5, Anabar Bay, western coast,
outcrop 5, bed 92; Middle Jurassic, condensed bed, lower–upper Aalenian (?). Fig. 5. Arctotis (Arctotis) sublaevis (Bodylevsky).
(а) Spec. no. АN-18/1, left valve, ×1, Anabar R., outcrop 3, layer 8, Sample 18, Middle Jurassic, condensed bed, upper Aalen-
ian–lower Bajocian (?); (b) strongly sloping ligament pit of the same specimen, ×2; (c) spec. no. AN-18/1-p, concave spoon-
shaped, ligament pit of a right valve, ×2, Anabar R., outcrop 3, layer 8, Sample 18, Middle Jurassic, condensed bed, upper Aale-
nian–lower Bajocian (?). 
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Fig. 7. Scheme of subdivision and correlation of Toarcian–Aalenian deposits of the western coast of Anabar Bay based on the
distribution of index species of oxyto-zones and zonal assemblages. 
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Fig. 8. Scheme of subdivision and correlation of upper Toarcian–lower Aalenian deposits of Cape Tsvetkov (Eastern Taimyr)
based on the distribution of index species of oxyto-zones and zonal complexes. 
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Praearctotis similis oxyto-zone

N o m e n c l a t u r e. This oxyto-zone is recognized
for the first time.

I n d e x  s p e c i e s: Arctotis (Praearctotis) similis
Velikzhanina, 1966.

S t r a t o t y p e  o f  t h e  o x y t o - z o n e: Eastern
Siberia, Cape Tsvetkov, outcrop 5, beds 2–5, Korot-
kinskaya Formation, thickness 67 m.
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Z o n a l  a s s e m b l a g e  of the oxyto-zone con-
sists of species of bivalve mollusks: Propeamussium
olenekense (Bodyl.), Dacryomya gigantea Zakh. et
Schur., Mclearnia kelimyarensis Zakh. et Schur., “Mal-
letia amygdaloides (Sow.),” and “Nuculana acuminata
(Goldf.)”, Luciniola sp.

P r i n c i p l e  o f  i d e n t i f i c a t i o n  o f  b o u n d -
a r i e s  a n d  s u b s t a n t i a t i o n  o f  a g e. The lower
boundary of the Praearctotis similis oxyto-zone is
 Vol. 29  No. 6  2021
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established by the first occurrence of the index spe-
cies; the upper boundary is established by the appear-
ance of the index species of the overlying oxyto-
zone—Arctotis (Arctotis) tabagensis (Petr.).

The age of an oxyto-zone relative to the ammonite
scale is determined by the sum of teilzones of the index
species in all known sections. In the Anabar Bay sec-
tion, Arctotis (Praearctotis) similis is common in the
Khorgon Formation. Ammonite Pseudolioceras sp.
(cf. maclintocki Haugh.) (redetermined as Pseudo-
lioceras falcodiscus (Quenstedt)) was found in the
debris of layers of this formation (Stratigrafiya…,
1976) (Knyazev, 1991).

According to the author’s data, the index species in
the Cape Tsvetkov section (Eastern Taimyr) occupies
a position below and above the beds with Pseudolioc-
eras cf. falcodiscus (Quenstedt). Representatives of
Arctotis (Praearctotis) similis Velikzh are distributed in
the upper part of the Suntar Formation of the
Motorchuna River section at the level with Pseudolioc-
eras falcodiscus (Quenstedt) (Knyazev et al., 1991) and
Pseudolioceras motortschunense Repin (Repin, 2017)
and below the level with Pseudolioceras maclintocki
(Haught.) (Stratigrafiya…, 1976). It was reliably estab-
lished that the Praearctotis similis oxyto-zone corre-
sponds to the Pseudolioceras falcodiscus Zone of the
Boreal Standard (Shurygin et al., 2011) (Fig. 1).

C o r r e l a t i o n. The Praearctotis similis oxyto-
zone corresponds to the upper part of the Arctotis
marchaensis b-zone and the lower part of the Mclear-
nia kelymiarensis b-zone of the zonal scale of the
Boreal Standard for bivalve mollusks (Shurygin et al.,
2011). Arctotis cf. marchaensis (Petr.), Propeamussium
olenekense (Bodyl.), Camptonectes sp., and Malletia
ex gr. amygdaloides (Sow.) were described from depos-
its with Pseudolioceras replicatum in the Viliga River
section (northeastern Russia) (Repin and Polubotko,
2015). The oxyto-zone corresponds conditionally to
the upper part of the local ammonite Pseudolioceras
danilovi Zone and the local ammonite Pseudolioceras
paracompactile and Pseudolioceras replicatum zones
in northeastern Russia (Repin, 2017) (Fig. 1).

Arctotis tabagensis oxyto-zone

N o m e n c l a t u r e. It is recognized for the first
time.

I n d e x  s p e c i e s: Arctotis (Arctotis) tabagensis
(Petrova, 1953).

S t r a t o t y p e  o f  t h e  o x y t o - z o n e: Eastern
Siberia, Cape Tsvetkov, outcrop 5, layers 6–8; Aprele-
vskaya Formation, layer 9–Arangastakh Formation,
thickness 67 m.

Z o n a l  a s s e m b l a g e  of the oxyto-zone con-
sists of species of bivalve mollusks Arctica humiliculmi-
nata Schur., Astarte meeki Stant., Musculus sp., Retro-
ceramus elegans Kosch., and Tancredia sp.
STRATIGRAPHY AND G
P r i n c i p l e  o f  i d e n t i f i c a t i o n  o f  b o u n d -
a r i e s  a n d  s u b s t a n t i a t i o n  o f  a g e. The lower
boundary of the Arctotis tabagensis oxyto-zone was
established according to the first occurrence of the
index species; the upper boundary was established
according to the appearance of Arctotis (Arctotis) sub-
laevis (Bodyl.)—the index species of above-lying beds.
The age of oxyto-zone is determined relative to the
ammonite scale is determined by the sum of telzones
of the index species in all known sections.

On Cape Tsvetkov (Eastern Taimyr), Arctotis (Arc-
totis) tabagensis (Petr.) is common above the level with
Pseudolioceras cf. falcodiscus. In the Anabar Bay sec-
tion, this species occurs in a condensed layer at the
base of the Arangastakh Formation together with Ret-
roceramus elegans Kosch. and Retroceramus jurensis
Kosch. below the level with Pseudolioceras (Tugurites)
whiteavesi (White) and P. (T.) fastigatum (Meledina
and Shurygin, 2000). In the Motorchuna River sec-
tion, it occurs at the base of the Syungyude Forma-
tion at the level with Pseudolioceras maclintocki
(Haught.) (Stratigrafiya…, 1976). The Arctotis tabagen-
sis oxyto-zone is reliably correlated with the Pseudo-
lioceras maclintocki Zone of the Boreal Standard
(Shurygin et al., 2011) (Fig. 1).

C o r r e l a t i o n. The Arctotis tabagensis oxyto-
zone corresponds to the upper part of the Maclearnia
kelymiarensis b-zone and the lower part of the Retro-
ceramus elegans b-zone of the zonal scale of the
Boreal Standard by bivalve mollusks (Shurygin et al.,
2011). “Arctotis marchaensis (Petr.)” and “Arctotis aff.
similis Velikzh.” were described in sandstone and silt-
stone unit (Akachan and Allakh-Yun rivers, north-
eastern Russia) with early Aalenian Pseudolioceras
maclintocki (Haught), together with Propeamussium
olenekense (Bodyl.) and “Mytiloceramus priscus Sey”
(Resheniya…, 1994). The oxyto-zone corresponds
conditionally to the local Pseudolioceras beyrichi ori-
entale Zone and the lower part of the local Pseudo-
lioceras maclintocki Zone of northeastern Russia
(Repin, 2017) (Fig. 1).

DESCRIPTION OF ZONAL SPECIES
Arctotis (Praearctotis) marchaensis (Petrova, 1947)

Plate II, figs. 1–13

Pseudomonotis (Eumorphotis) marchaensis Petrova: Atlas…, 1947,
p. 123, Plate XII, figs. 13–15.
Pseudomonotis (Eumorphotis) vai Bodylevsky: Atlas…, 1947, p. 124,
Plate XII, figs. 20–23.
Eumorphotis marchaensis: Krymgolts et al., 1953, p. 40, Plate IV,
figs. 1–4.
Eumorphotis sparsicosta: Krymgolts et al., 1953, Plate V, figs. 7a,
7b, 7c, 8 (only).
Arctotis marchaensis: Koshelkina, 1963, p. 119, Plate II, figs. 4a–4c;
Velikzhanina, 1966, p. 86, Plate I, fig. 15; Plate II, figs. 1–8;
Polevoi…, 1968, Plate 40, fig. 5; Knyazev et al., 2003, p. 90, Plate 6,
figs. 5, 7, 10.
Meleagrinella buschinskii Koschelkina: Koshelkina, 1963, p. 116,
Plate II, figs. 3a, 3b.
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Arctotis viluiensis Velikzhanina: Velikzhanina, 1966, pp. 89–90,
Plate III, figs. 1–6 (only).

H o l o t y p e: TsNIGR Museum, St. Petersburg,
spec. no. 574/5393, A.G. Rzhonsnitsky’s collection
(1915), images are given in Atlas…, 1947, p. 123,
Plate XII, fig. 14; Krymgolts et al., 1953, p. 40,
Plate IV, fig. 2; this paper, Plate II, fig. 1; Eastern Sibe-
ria, Markha River. Lower Jurassic, upper Toarcian.

M a t e r i a l. More than 100 complete shells and
separate valves from the Suntar Formation of the
Markha River section; type collection of species
“Pseudomonotis (Eumorphotis) marchaensis ” from the
Markha River section, about 100 deformed shells and
separate valves from the Eren Formation (Anabar Bay
section); moulds of left valves from the upper Toarcian
in the Saturn River section; about a dozen left and
right valves of good preservation from core sections of
boreholes drilled in the Tenkelyakh site; V.I. Bodyl-
evsky’s type collection of the species “Pseudomonotis
(Eumorphotis) vai” from the Yuryung-Tumus Penin-
sula; B.N. Shurygin’s collection, about 20 moulds
from the Yuryung-Tumus Peninsula; T.I. Kirina’s type
collection of the species “Arctotis viluiensis” from the
Vilyui River basin.

D i a g n o s i s. Shell is often average-sized. The
anterior wing is of “paraboloid” type, obtuse, narrow or
very narrow. The anterior back-ligament field of the left
valve is short. The left valve is strongly convex or swol-
len; the right valve is slightly convex. Radial ribs (up to
45) of two orders; intercostal spaces are narrow. The
posterior wing of the left valve is ornamented with thin
radial ribs (up to 15). The ligament platform of the left
valve is located at a slight angle to the plane of closing of
valves. An angular subtype of the ligament platform is
characteristic of the right valve. The spoon-shaped
depression occupies a smaller part of the ligament pit.

M e a s u r e m e n t s  i n  m m  a n d  r a t i o s: see
Table 1.

V a r i a b i l i t y. Specimens from sections of the
Markha River and Anabar Bay, from the boreholes
drilled in the Tenkelyakh area, are predominantly
average-sized; there are small (juvenile) specimens of
less 30 mm in size. Height varies from 19.6 to
40.5 mm. The holotype of the species “Praearctotis
vai” (Plate II, fig. 11) from the Yuryung-Tumus Pen-
insula section is larger (height, 59.2 mm), which is not
typical of the taxon being described. The samples from
the type locality of the species “Praearctotis vai” are
dominated by average-sized shells up to 46.0 mm, sim-
ilar in size to the Markha shells. It is possible that only
individual specimens reached large sizes since their
height exceeds the limits of the range of variability of
this character.

The contours of the left valves vary from very low to
very high. The H/L ratio varies from 0.90 to 1.12. Rel-
ative to the axis of symmetry, the left valve is variable
from moderately nonequilateral to equilateral. The
APL/L ratio varies from 0.43 to 0.48. We assume that
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
the density of colonies of bivalves in the local occupied
areas affected the contours and symmetry of the shells.
The contours and symmetry of a shell are variable and
are not considered species-specific characters.

The left valves of the studied specimens from the
sections of the Markha River, Anabar Gulf, and the
Tenkelyakh area wells are weakly ribbed. The R/L
ratio in Arctotis (Praearctotis) marchaensis (Petrova,
1947) varies from 1.06 to 1.90 (in the holotype of the
species Praearctotis vai, it is 1.03). By this character,
these species are similar. The density of the ribbing is
correlated with the composition of the sediments. Pre-
sumably, the state of this character depends on the
remoteness of the habitat relative to the shore and
depth. The early Toarcian forms—Arctotis (Praearcto-
tis) subsriata (Muenster) and Arctotis (Praearctotis)
milovae (Okuneva)—from the more clayey intervals of
the section show a higher coefficient of ribbing com-
pared to the described taxon.

The width of the intercostal spaces is correlated
with the thickness of the ribs and the degree of ribbing.
The WS/WR ratio in specimens from the sections of
the Markha River and Anabar Bay and the sections of
boreholes drilled in the Tenkelyakh area varies from
0.53 to 1.64. The taxon is characterized by narrow
intercostal spaces and wide radial ribs. The WS/WR
ratio in the holotype of the species “Praearctotis vai”
is 1.03. By this character, these specimens are similar.
The intercostal spaces in moulds of some specimens
from the type locality of the species “Praearctotis vai”
are moderately wide; the WS/WR ratio is 2.14, which
is probably due to the lower density of radial ribs on
the inner moulds. Presumably, the state of the charac-
ter depends on the physical properties of the sea bot-
tom. The described taxon, which inhabited clayey-
silty bottom, has narrow intercostal spaces.

The left valve is strongly convex or swollen. The
Conv/H ratio varies from 0.31 to 0.47. The convexity
of the left valves in taxa belonging to the phyletic line
of the genus Arctotis changes periodically. Along with
the described taxon, strongly convex or swollen left
valves are typical of shells of the Bathonian Arctotis
(Arctotis) lenaensis (Lahusen) and Volgian Arctotis
(Canadarctotis) intermedia (Bodylevsky). Presumably,
strongly convex or swollen shells are characteristic of
forms that lived under conditions of intense wave
action. The weak density of the ribbing and the
strongly convex left valve are specific to taxa of the
species rank that inhabited coastal shallow water envi-
ronments.

The anterior back-ligament field of a left valve is
short.

The AFL/APL ratio varies in a range of 0.35–0.41.
The anterior wing of the left valve is narrow. The
RWW/RWL ratio is from 0.09 to 0.20. The anterior
wing is obtuse. The angle of the anterior wing of the
left valve (AAW) varies from 121° to 144°. The “parab-
oloid” type of anterior wing is characterized by the fol-
 Vol. 29  No. 6  2021
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lowing characters: a short back-ligament field, a nar-
row anterior wing, and an obtuse angle of the anterior
wing of a left valve. The “paraboloid” type is specific
to the group of late Toarcian species and the described
taxon.

C o m p a r i s o n. According to the outline, sym-
metry, and the angle of the anterior wing of the left
valve, the described species is similar to the holotype
of Arctotis (Praearctotis) similis Velikzhanina, 1966 (Veli-
kzhanina, 1966, pp. 90–92, Plate II, fig. 9). It is distin-
guished by a narrower anterior wing, a short anterior lig-
ament field of the left valve, an angular subtype of the
ligament pit, and narrower intercostal spaces.

R e m a r k s. According to the type of anterior wing
and angular subtype of the ligament platform, the
holotype Prearctotis marchaensis from the upper Toar-
cian of the Lena–Vilyui area (Markha R.) (Atlas…,
1947, p. 123, Plate XII, fig. 14; this work, Plate II, fig. 1)
and holotype “Pseudomonotis (Eumorphotis) vai” from
the upper Toarcian of the Nordvik area (Yuryung-
Tumus Peninsula) (Atlas…, 1947, p. 124, Plate XII,
fig. 20; this work, Plate II, fig. 11) are attributed to the
same group. The species described by V.I. Bodylevsky
was previously considered as an independent species
referred to the subgenus Arctotis (Praearctotis) (Lutikov
and Shurygin, 2010).

Since the size and width of the intercostal spaces on
a left valve are variable in the samples and are not spe-
cies-specific, “Arctotis (Praearctotis) vai” is considered
in the present paper as a junior synonym of Arctotis
(Praearctotis) marchaensis.

According to the type of anterior wing and the con-
vexity of the left valve, the holotype Arctotis (Praearc-
totis) marchaensis from the upper Toarcian Lena–
Vilyui area (Markha R.), and holotype “Arctotis viluien-
sis” from the upper Toarcian of the Lena–Vilyui area
(Vilyui R.) (Velikzhanina, 1966, pp. 89–90, Plate III,
fig. 1; this work, Plate III, fig. 1) belong to the same
group. The species was previously considered by
L.S. Velikzhanina as an independent species (Lutikov
and Shurygin, 2010).
STRATIGRAPHY AND G
Since the values of the convexity and length of the
anterior back-ligament field of the left valve in the
holotypes of the species distinguished by G.T. Petrova
and L.S. Velikzhanina are almost identical, the species
“Arctotis viluiensis” is considered as a junior synonym
of Arctotis (Praearctotis) marchaensis.

Meleagrinella buschinskii was described from the
Lena–Vilyui area (Markha R.) (Koshelkina, 1963,
p. 38, Plate II, fig. 3). The type collection of G. I. Bush-
insky, including the holotype, comes from the ferrugi-
nous sandstones of the Suntar Formation, including
Arctotis (Praearctotis) marchaensis. According to the
type of anterior wing, the contours of valves, the con-
vexity, and the ornamentation, the species described
by Z.V. Koshelkina is similar to Arctotis (Praearctotis)
marchaensis, and we deal with its junior synonym.

G e o l o g i c a l  a g e  a n d  g e o g r a p h i c  d i s -
t r i b u t i o n. Upper Toarcian, Praearctotis mar-
chaensis oxyto-zone. Western and Eastern Siberia,
northeastern Russia.

Arctotis (Praearctotis) similis Velikzhanina, 1966
Plate III, figs. 1–8

Arctotis similis Velikzhanina: Velikzhanina, 1966, p. 89, Plate II,
figs. 9–10 (only).
Arctotis viluiensis Velikzhanina: Velikzhanina, 1966, p. 89,
Plate III, fig. 7 (only).
Pseudomonotis aff. elegans: Pchelintsev, 1933, p. 47, Plate III, fig. 45.
Meleagrinella cf. echinata (Smith): Wierzbowski, 1981, p. 219,
Plate 8, figs. 6–8.
Arctotis (Praearctotis) viluiensis: Lutikov and Shurygin, 2010, Plate I,
fig. 8; Plate II, fig. 4; Plate III, figs. 23–26.
Praearctotis viluiensis: Lutikov et al., 2010, Plate I, fig. 12.

H o l o t y p e: spec. no. 14/653, left valve. VNIGRI
Museum, St. Petersburg, T.I. Kirina’s collection (1961).
Images are given in Velikzhanina, 1966, Plate II, fig. 9;
this paper, Plate III, fig. 2; Eastern Siberia, Vilyui R.
Lower Jurassic, upper Toarcian.

M a t e r i a l. About a dozen left and right valves of
good preservation from the upper unit of the Korot-
kinskaya Formation (unit 18) (Cape Tsvetkov, Eastern
Taimyr); five left and two right valves, several cores
and imprints of left and right valves from shell depos-
Plate II. Figs. 1–13. Arctotis (Praearctotis) marchaensis (Petrova, 1947). (1) Holotype, spec. no. 574/5393-1, (а) left valve, outer
view; (b) left valve, anterolateral view, ×1; (c) paratype, spec. no. 574/5393-2, right valve, inside view; Markha R., upper Toarcian
(A.G. Rzhonsnitsky’s collection, TsNIGR Museum (St. Petersburg); (2) spec. no. MKh-111/2, left valve, outer view, ×1;
Markha R., outcrop 4, loose from bed 2–3, Sample 111, upper Toarcian; (3) spec. no. MKh-111/3, (a) left valve, (b) anterior view;
Markha R., outcrop 4, loose, upper Toarcian; (4) spec. no. MKh-220/6 l, (a) left valve, (b) anterior view; Markha R., outcrop 5,
loose, Sample 220, upper Toarcian; (5) spec. no. MKh-233/2, (a) left valve, ×1; (b) the same, anterolateral view, ×1; (c) hinge
edge view, ×2.5; Markha R., outcrop 10, layer 8, upper Toarcian; (6) spec. no. MKh-233/1, left valve, outer view, ×1; Markha R.,
outcrop 10, bed 8, upper Toarcian; (7) spec. no. TKh-1/5, (a) left valve of juvenile specimen, outer view; (b) the same, ×2; Ten-
kelyakh area, line 1080, borehole 350, depth 35 m, upper Toarcian; (8) spec. no. TKh-1/2, (a) right valve of juvenile specimen,
outer view; (b) the same, ×2; Tenkelyakh site, line 1080, borehole 350, depth 35 m, upper Toarcian; (9) spec. no. AG-37/1,
deformed left valve, outer view, ×1, Anabar Bay, outcrop 4, bed 18, upper Toarcian; (10) spec. no. AG-37/2, right valve, outer view,
×1, Anabar Bay, outcrop 4, layer 18, upper Toarcian; (11) spec. no. 7/306, holotype “Arctotis vai” Bodylevsky, (a) left valve, outer
view, ×1; (b) outer view, ×1; Yuryung-Tumus Peninsula, upper Toarcian, Paleontological-Stratigraphic Museum of Mining Univer-
sity (St. Petersburg, V.I. Bodylevsky’s collection); (12) spec. no. 8/306, right valve, inner view, ×1, Yuryung-Tumus Peninsula, upper
Toarcian, Paleontological-Stratigraphic Museum of Mining University (St. Petersburg, V.I. Bodylevsky’s collection); (13) spec.
no. N-73/ 2913/1 l, (a) mould of the left valve, ×1; (b) core of a shell, outer view, ×1; (c) mould of the right valve, ×1; Yuryung-
Tumus Peninsula, upper Toarcian, B.N. Shurygin’s collection (Institute of Petroleum Geology and Geophysics, Novosibirsk). 
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Plate II
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BIOCHRONOLOGICAL SCALE OF THE UPPER TOARCIAN–LOWER AALENIAN 701
its of the Khorgon Formation (Anabar Bay); about
ten well-preserved left and right valves from the
upper part of the Suntar Formation (Motorchuna
River basin); T.I. Kirina’s type collection of the spe-
cies “Arctotis similis” from the Suntar Formation in
the Vilyui River section.

D i a g n o s i s. Shell is often average-sized. The
anterior wing is of the “trapezoidal” type, obtuse,
moderately wide. The left valve is moderately convex;
the right valve is f lat. Radial ribs (25–40) of two
orders; intercostal spaces are often very wide. The pos-
terior wing of the left wing is ornamented with thin
radial ribs (16). The ligament platform of the left valve
is located at a large angle to the hinge plane of valves.
The ligament tip is of the spoon-shaped subtype. The
spoon-shaped depression occupies the largest part of
the ligament pit. The ligament platform of the right
valve is long.

M e a s u r e m e n t s  i n  m m  a n d  r a t i o s: see
Table 2.

V a r i a b i l i t y. Left valves of specimens from the
sections of the Motorchuna River, Cape Tsvetkov
(Eastern Taimyr), and Anabar Bay are small- or aver-
age-sized. The height of the left valve varies from 28.4
to 31.5 mm.

The outline of left valves are variable, from very low
to equal. The H/L ratio varies from 0.88 to 0.96. The
H/L ratio in specimens from the Vilyui River section
(T.I. Kirina’s collection) is 0.99. Relative to the axis of
symmetry, the left valve varies from moderately non-
equilateral to equilateral. The APL/L ratio varies from
0.42 to 0.49.

The left valves of specimens from the sections of
the Motorchuna and Vilyui rivers and Cape Tsvetkov
(the middle part of the Korotkinskaya Formation) are
rarely ornamented with ribs. The coefficient of ribbing
(RL) varies from 0.72 to 0.99. The ribbing density in
specimens from the Anabar Bay section (Khorgon
Formation) (Plate III, figs. 7, 8) is higher (up to 1.28).
Intercostal spaces in specimens from the Motorchuna
River, Cape Tsvetkov, and Vilyui River sections are
moderately wide to very wide. The WS/WR ratio var-
ies from 2.02 to 4.79.

The intercostal spaces in specimens from the Ana-
bar Bay section (Khorgon Formation) and one speci-
men from the Cape Tsvetkov section (the upper part of
the Korotkinskaya Formation) (Plate III, fig. 4) are
narrow; the WS/WR ratio varies from 1.14 to 1.24. In
terms of the density of the ribbing and the width of the
intercostal spaces, the specimens from the Anabar Bay
section and the specimen from the upper member of
the Korotkinskaya Formation of the Cape Tsvetkov
section are similar to Arctotis (Arctotis) tabagensis,
being different in the type of anterior wing. Further
research allows one to isolate these forms within the
same phylogenetic lineage as a taxon occupying an
intermediate position between Arctotis (Praearctotis)
similis and Arctotis (Arctotis) tabagensis.
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
The left wing is moderately convex. The convexity
coefficient (Vp/V) was measured only in one case (0.25).

The anterior ligament field of the left wing is long.
The AFL/APL ratio varies in the range of 0.44–0.54.

The anterior wing of the left valve varies from narrow
to moderately wide. The RWW/RWL ratio varies from
0.16 to 0.22. The anterior wing is obtuse. The angle of
the anterior wing of a left valve (AAW) varies from 112°
to 146°.

The “trapezoidal” type of anterior wing is charac-
terized by a long back-ligament field, a narrow or
moderately wide anterior wing, and an obtuse angle of
the anterior wing of the left valve. The “trapezoidal”
type is specific only to the described taxon.

C o m p a r i s o n. According to the spoon-shaped
subtype of the ligament pit of the right valve, and the
convexity of the left valve, the described species is sim-
ilar to Arctotis (Arctotis) tabagensis (Petrova, 1966)
(Krymgolts et al., 1953, pp. 89–90, Plate IV, figs. 6–7),
being different in a longer ligament platform of the
right valve, an obtuse anterior wing, and wide inter-
costal spaces. It is different from Arctotis frenguellii
(Damborenea et al., 2013, p. 124, fig. 6.1 p) from the
Toarcian–Aalenian deposits of Argentina in a narrow
anterior wing (RWW/RWL ratio in the Argentine spe-
cies is 0.26), and significantly fewer number of ribs.

R e m a r k s. When describing the species similis,
L.S. Velikzhanina chose a specimen represented by
the left valve (Velikzhanina, 1966, Plate II, fig. 9),
from the Toarcian–Aalenian boundary deposits (Sun-
tar Formation) in the Vilyui River basin as the holo-
type. The left valves of our specimens from the upper
Toarcian of the Zhigansk, Lena–Anabar, and Eastern
Taimyr regions belong to the species similis on the
basis of the external similarity to the holotype in the
contours of the anterior wing.

According to the presence of a weakly expressed
prominence on the left valves of specimens from the
Korotkinskaya Formation in the Cape Tsvetkov sec-
tion (Plate I, fig. 8) and the Suntar Formation in the
Motorchuna River section, the similis group should be
assigned to the subgenus Praearctotis. According to the
type of anterior wing, the representatives of this group
occupy an intermediate position between the late
Toarcian group marchaensis with a narrow wing and
the Aalenian group tabagensis with a wide wing.

Arctotis similis Ve1ikzh. (Velikzhanina, 1966, p. 89,
Plate II, figs. 9–11) and A. viluiensis Vе1ikzh. (Veli-
kzhanina, 1966, p. 89, Plate III, figs. 1–7) were
described from the unit of sands and ferruginous sand-
stones with a thin conglomerate horizon at the base
located in the upper part of the Suntar Formation of
the Vilyui River section. The holotype of the species
Arctotis similis is tied to outcrop 54 in the Vilyui River
section. The holotype of the species “Arctotis viluien-
sis” was described in outcrops 54–56 in the Vilyui River
section (Velikzhanina, 1966; Kirina, 1966). Previously,
both species were considered synonyms (Lutikov and
 Vol. 29  No. 6  2021



702 LUTIKOV
Shurygin, 2010). When studying the original collection
of T.I. Kirina, stored in the VNIGRI Museum, it was
found that the holotype of Arctotis similis has a moder-
ately convex left valve and a very long anterior liga-
ment field (Plate III, fig. 2). The holotype of “Arctotis
viluiensis” has a strongly convex left valve and short
anterior ligament field (Plate III, fig. 1).

According to the description by L.S. Velikzhanina,
the main difference in the sculpture between these two
species is that the ribs of the first order in “A. viluien-
sis” are very strong, distinct, almost three times thin-
ner than the wide intercostal spaces enclosing the ribs
of the second order.

According to this character, some of our specimens
from the Eastern Taimyr and Motorchuna River sec-
tions (Plate III, figs. 3, 5) are close to the specimen of
“Arctotis viluiensis” from the Markha River (Veli-
kzhanina, 1966, Plate III, fig. 7).

Another sign of the difference between the species
is wavelike growth wrinkles characteristic of Arctotis
similis. According to this character, all our specimens
from the Korotkinskaya Formation (Eastern Taimyr),
the Khorgon Formation (Anabar Bay), and the Suntar
Formation (Motorchuna River) (Plate III, figs. 3–8)
are close to Arctotis similis in the description by
Velikzhanina (1966, Plate II, figs. 9–11).

The sculpture of some forms from the upper half of
member 18 (Eastern Taimyr section) is represented by
many radial ribs (Plate III, fig. 4). There are specimens
with densely arranged ribs from the Khorgon Forma-
tion in the Anabar Bay section (Plate III, figs. 7, 8).
These specimens have narrow intercostal spaces and
were previously assigned to tabagensis (Lutikov and
Shurygin, 2010, Plate IV, figs. 1–2). Since the degree
of ribbing may depend on facies conditions, this sign is
not considered species-specific. All morphological
varieties with an obtuse and moderately wide anterior
wing of the left valve and a long or very long anterior
ligament field are assigned to Arctotis (Praearctotis)
similis Ve1ikzh.
STRATIGRAPHY AND G
Species “Arctotis viliuensis” (Velikzhanina, 1966) is
included in the synonymy of Arctotis (Praearctotis)
marchaensis (Atlas…, 1947).

G e o l o g i c a l  a g e  a n d  g e o g r a p h i c  d i s t r i -
b u t i o n. Lower Jurassic, upper Toarcian, Pseudo-
lioceras falcodiscus Zone, Praearctotis similis oxyto-
zone. Upper Toarcian of Eastern Siberia, Spitsbergen,
the Russian Far East, and the Caucasus.

Arctotis (Arctotis) tabagensis (Petrova, 1953)
Plate III, figs. 9–14

Eumorphotis tabagensis Petrova: Krymgolts et al., 1953, pp. 89–90,
Plate IV, figs. 6–7.
Arctotis (Arctotis) tabagensis: Lutikov and Shurygin, 2010, Plate IV,
figs. 3–7.

H o l o t y p e: TsNIGR Museum, St. Petersburg,
spec. no 602/5393, mould of a left valve, G.A. Iva-
nov’s collection (1925). Figured in Krymgolts et al.,
1953, Plate IV, fig. 6; this work, Plate III, fig. 9; East-
ern Siberia, Lena R., Tabaga Cliff (Verknii Kanga-
lassky Kamien). Middle Jurassic, lower Aalenian.

M a t e r i a l. About a dozen complete shells and
several moulds of left valves from the Kystatym For-
mation (the sections of Syungyude and Molodo river
basins), a right valve and an imprint of a left valve from
siltstones of the Syungyude Formation (Motorchuna
River section); about a dozen shells from the lower
part of the Arangastakh Formation (Anabar Bay),
about 15 moulds from the Aprelevskaya Formation
(Eastern Taimyr), G.T. Petrova’s type collection from
the Lena River, stored at the TsNIGR Museum.

D i a g n o s i s. Shell average- to very large-sized.
The anterior wing is of “hyperboloid” type, subrectan-
gular, wide. The anterior back-ligament field of a left
valve is very long. The left valve is moderately convex;
the right valve, f lat. Radial ribs of three orders amount
to 50 to 60; intercostal spaces are very narrow.

The posterior wing of the left valve is ornamented
with radial ribs (up to 20). The ligament platform of
the left wing is steeply inclined relative to the hinge
plane of valves. The ligament platform of the right
Plate III. Fig. 1. Arctotis (Praearctotis) marchaensis (Petrova, 1947), spec. no. 20/653 (holotype “Arctotis viluiensis”
Velikzhanina), VNIGRI Museum, T.I. Kirina’s collection, mould of the left valve, ×1; Vilyui R., outcrops 54–56, Sample 1394,
upper Toarcian. Figs. 2–7. Arctotis (Praearctotis) similis Velikzhanina, 1966. (2) Holotype, spec. no. 14/653, VNIGRI Museum,
T.I. Kirina’s collection, left valve, ×1; Vilyui R., outcrop 54, Sample 1953, upper Toarcian; (3) spec. no. TR-19/1, left valve outer
view, ×1; Eastern Taimyr, Cape Tsvetkov, outcrop 5, bed 3, Sample TF-19, Lower Jurassic, upper Toarcian; (4) spec. no. f-113/1,
left valve, outer view, ×1; Eastern Taimyr, Cape Tsvetkov, outcrop 5, bed 5, Sample f-113, Lower Jurassic, upper Toarcian;
(5) spec. no. MN-216/1, (a) left valve, outer view, ×1; (b) left valve, lateral view, ×1; Motorchuna R., outcrop 4, bed 2, Lower
Jurassic, upper Toarcian; (6) spec. no. MN-216/2, right valve outer view, ×1; the same, the same age; (7) spec. no. AG-114/1,
core of a left valve, outer view, ×1; Anabar Bay, western coast, outcrop 5, bed 89; Middle Jurassic, upper Toarcian; (8) spec.
no. AG-114/2, imprint of a right valve, ×1, the same, the same age. Figs. 9–14. Arctotis (Arctotis) tabagensis (Petrova, 1953).
(9) Holotype, spec. no. 602/5393, core of the left valve, ×1; Lena R., Cape Tabaginsky (Bolshoi Kangalass Kamien), Middle
Jurassic, Aalenian; Museum TsNIGR (St. Petersburg), G.A. Ivanov’s collection; (10) spec. no. TF-26/1, mould of the left valve,
×1; Eastern Taimyr, Cape Tsvetkov, outcrop 5, bed 8, Sample TF-26, Middle Jurassic, lower Aalenian; (11) spec. no. 82 f/1,
(a) core of the left valve, ×1; (b) imprint of the same valve, ×1; Eastern Taimyr, Cape Tsvetkov, outcrop 7/1, bed 3, top, Sam-
ple 82f, Middle Jurassic, lower Aalenian; (12) spec. no. AG-116/1, left valve, outer view, ×1, Anabar Bay, western coast, outcrop 5,
layer 92, Middle Jurassic, lower Aalenian; (13) spec. no. AG-116/2, right valve, outer view, ×1, the same, the same age; (14) spec.
no. TF-26/2, core of the left valve, ×1; the same, the same age; (14) spec. no. TKh-36/1, mould of the left valve, ×1, Tenkelyakh
site, line 160, borehole 36, depth, 26 m. 
EOLOGICAL CORRELATION  Vol. 29  No. 6  2021
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valve is of the spoon-shaped subtype. The spoon-
shaped depression completely occupies the ligament
pit. The ligament platform of the right valve is short.

M e a s u r e m e n t s  i n  m m  a n d  r a t i o s: see
Table 3.

V a r i a b i l i t y. Left valves of studied specimens
from the Lena River, Anabar Bay, and Cape Tsvetkov
are predominantly small- or average-sized (30.0–
50.0 mm). Several specimens from the boreholes
drilled in the Tenkelyakh area (Plate III, fig. 14) are
larger, about 70.0 mm. It is possible that only individ-
ual specimens reached large sizes when their height
exceeded the limits of the range of variability of this
character. Species from the boreholes drilled in the
Tenkelyakh area are similar in size to the Aalenian–
Bajocian taxon Arctotis (Arctotis) sublaevis, being dif-
ferent in the type of an anterior wing. Perhaps, further
research will allow one to isolate these forms within
the same phylogenetic line, as a taxon occupying an
intermediate position between Arctotis (Praearctotis)
similis and Arctotis (Arctotis) sublaevis.

The contours of left valves vary from very low to
high. The H/L ratio varies from 0.95 to 1.04.

The left valve is variable from moderately nonequi-
lateral to equilateral relative to the axis of symmetry.
The APL/L coefficient varies from 0.43 to 0.46.

Left valves are slightly ribbed. The coefficient of
ribbing (R/L) varies from 1.28 to 1.85. This taxon is
characterized by the appearance of intercalated ribs of
the third order in the spaces between the ribs of the
second order over the entire surface of a shell. The
intercostal spaces in specimens from the sections of
the Lena River basin, Cape Tsvetkov, and the Tenkel-
yakh site are very narrow. The WS/WR ratio varies
from 1.05 to 1.25.

The left valve is moderately convex. The convexity
coefficient (Conv/H) was measured only in one spec-
imen (0.26).

The anterior ligament field of the left wing is very
long. The AFL/APL coefficient is in the range of
0.51–0.64. The anterior wing of the left valve is wide.
The RWW/RWL coefficient varies from 0.20 to 0.26.
The anterior wing is subrectangular. The angle of the
anterior wing of the left valve (AAW) varies in a range
of 89°–104°.

A very long back-ligament field, a wide anterior
wing, and a subrectangular anterior wing of the left
valve are characters of the “hyperboloid” type of ante-
rior wing. The “hyperboloid” type is characteristic
only of the described taxon.

C o m p a r i s o n. The described species differs
from Arctotis (Arctotis) sublaevis from the upper Aale-
nian and lower Bajocian of the Nordvik, Zhigansk,
Lena–Anabar, and Eastern Taimyr areas in a subrect-
angular anterior wing of the left valve at all stages of
growth (the anterior wing of the species sublaevis is
obtuse at the late stages of growth), f lat right valve (the
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
right valve of the species sublaevis is concave), and
open byssal groove at all stages of growth (in the spe-
cies sublaevis, the byssal groove is overgrown in large
shells at late stages of growth). It differs from Arctotis
frenguellii (Damborenea et al., 2013, p. 124, fig. 6.1 p)
from the Toarcian–Aalenian deposits of Argentina in
the hyperboloid type of anterior wing of the left valve
(the anterior wing of the species from Argentina is of
trapezoidal type).

R e m a r k s. The holotype of the species tabagensis
is represented by the mould of a left valve and comes
from the Yakutian Formation of the Aalenian age
(Plate III, fig. 9). Our specimens from the Aalenian
deposits of Anabar Bay (Plate III, figs. 10, 12) and
Eastern Taimyr (Plate III, figs. 13, 15) are similar to
the holotype in the subrectangular shape of the ante-
rior wing.

G e o l o g i c a l  a g e  a n d  g e o g r a p h i c  d i s -
t r i b u t i o n. Aalenian Stage, lower substage, Pseudo-
lioceras maclintocki Zone, Praearctotis tabagensis
oxyto-zone, Western Siberia, Eastern Siberia: Anabar
Bay, Eastern Taimyr, basins of the Lena, Molodo,
Motorchuna, Vilyui, Markha, and Tyung rivers.

CONCLUSIONS
On the basis of the monographic study of collec-

tions of bivalve mollusks from Toarcian–Aalenian
sequences of Eastern Siberia, the taxa of bivalve mol-
lusks of the genus Arctotis Bodylevsky, 1960 were
revised. The classification of species taxa was devel-
oped on the basis of a new approach to the classifica-
tion of oxytomids proposed by the author for the first
time. The taxa were classified on the basis of studying
the morphogenesis of the ligament and byssus blocks
of both valves of a shell and evaluating the taxonomic
significance of the signs of external morphology. It was
found that, against the background of the gradual
development of a morphotype with a developed spoon
in the phylogenetic series of Arctotis (Praearctotis)–
Arctotis (Arctotis), the state of other unique signs (the
length of the anterior ligament field, the angle and
width of the anterior wing, the ratio of the convexity of
valves, and orders of ribbing) also changed.

In the interval from the early Toarcian to early
Aalenian, the type of anterior wing of the left valve
gradually changed from the “paraboloid” to the “trap-
ezoidal” type and then to the “hyperboloid” type. The
morphogenesis of a ligament block of a shell and an
anterior wing of a left valve in representatives of the
genus Arctotis demonstrates relatively high rates of
evolution, approximately corresponding to that of the
ammonite chrons.

The morphogenetic sequence of species of the
genus Arctotis Bodylevsky, 1960 identified in the upper
Toarcian–lower Aalenian reference sections of Ana-
bar Bay and Cape Tsvetkov (Eastern Taimyr) has been
traced in other sections of Eastern Siberia (Moto-
 Vol. 29  No. 6  2021
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rchuna, Molodo, Markha, Tyung, and Vilyui rivers, in
boreholes drilled within the Vilyui syneclise).

On the basis of this sequence, an oxytomid-based
biochronological scale for the upper Toarcian–lower
Aalenian is proposed. Index species representing the
segments of the phylogenetic line of the genus Arctotis
Bodylevsky, 1960 characterize the subdivisions of the
scale—oxyto-zones. Four oxyto-zones have been iden-
tified for the Toarcian–lower Aalenian sections, which
can be used for biostratigraphic correlation and chrono-
logical indexing of geological events along with ammo-
nites: Praearctotis milovae oxyto-zone (=Zugodactyli-
tes braunianus Zone and Pseudolioceras compactile
Zone), Praearctotis marchaensis oxyto-zone (=Pseudo-
lioceras wuerttenbergeri Zone), Praearctotis similis
oxyto-zone (=Pseudolioceras falcodiscus Zone), Arc-
totis tabagensis oxyto-zone (=Pseudolioceras maclin-
tocki Zone). Using this scale, we have performed the
regional correlation of the Toarcian–Aalenian sec-
tions of Eastern Siberia, northeastern Russia, and the
Russian Far East.

In addition, the scale was correlated with the
adopted ammonite scales (Reshenie…, 2004; Resh-
eniya…, 2009). This scale is considered parallel to the
existing bivalve-based stratigraphic scales (Repin and
Polubotko, 2004; Shurygin et al., 2011).
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