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Abstract—The study of new sections of the upper part of the Upper Volgian substage near the village of Vasi-
lyevskoye (Rybinsk district, Yaroslavl oblast) made it possible to clarify the position of the lower boundary
and the infrazonal division of the Volgidiscus singularis Zone. Until recently, the lower part of the Singularis
Zone was not characterized by ammonites, but owing to the study of these sections, it was possible to establish
the sequence of craspeditins ammonites (Volgidiscus and Anivanovia) and to identify a new Volgidiscus cf. lam-
plughi biohorizon. The lower boundary of the Singularis Zone in the Chudinovian Formation sections is
determined by the first occurrence of Volgidiscus above the Craspedites milkovensis biohorizon. The infrazonal
volume of the Singularis Zone is represented by three biohorizons: V. cf. lamplughi, V. pulcher and V. singularis.
At present, the Singularis Zone is characterized by the most complete structure in the Panboreal Superrealm,
which allows it to be considered as an infrazonal standard for the upper part of the Upper Volgian substage.
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INTRODUCTION

At the present time, the Upper Volgian substage of
European Russia is subdivided into Kachpurites ful-
gens, Garniericeras catenulatum, Craspedites nodiger,
and Volgidiscus singularis ammonite zones (Rogov,
2021). The uppermost Singularis Zone was described
only in the upper reaches of the Cheremukha River
(Rybinsk district, Yaroslavl oblast). Here, the unit of
ferruginous sands and sandstones of the Chudinovo
Formation was partially ascribed to this zone (Kiselev
et al., 2018). In the middle part of the Chudinovo For-
mation (Seltso-Voskresenskoe section), “Beds with
Volgidiscus singularis” were distinguished originally
(Kiselev, 2003; Kiselev and Rogov, 2012). Later
(Rogovetal., 2015), Beds with V. singularis were trans-
ferred to the rank of zone with the same index species
and a variant of its infrazonal subdivision including

biohorizons! V. pulcherand V. singularis was suggested.
The suggestion to distinguish these biohorizons in
Singularis Zone was confirmed after studying the
Chudinovo Formation in the section near the village

! Here and elsewhere, a biohorizon is considered a type of infra-
zonal units. The essence and principles of distinguishing bioho-
rizons have been previously discussed in detail (Rogov et al.,
2012; Rogov, 2021; Kiselev, 2022).
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of Vasilyevskoye, where the V. pulcher biohorizon was
recognized (Kiselev et al., 2018).

The Singularis Zone including two biohorizons
occupies the middle part of the Chudinovo Formation
(thickness is about 5 m). The pulcher biohorizon was
distinguished in the lower part of the zone; the strato-
type is the section near the village of Vasilyevskoye. In
the upper part, the singularis biohorizon is actually
known in European Russia was distinguished only in
the Seltso-Voskresenskoe section. Both biohorizons
are geographically widely distributed from England
and the North Sea in the west to the Kheta River basin
in the east.

Despite the marked progress in the study of the ter-
minal part of the Upper Volgian substage of the Cher-
emukha River basin, a number of questions concern-
ing its biostratigraphic subdivision remain to be
answered. First of all, there is the problem of deter-
mining the lower boundary of the Singularis Zone. In
the sections of the Chudinovo Formation, the base of
this zone has not yet been identified on the basis of
changes in ammonite assemblage of Nodiger and Sin-
gularis ammonite zones. The occurrence of the Nodi-
ger Zone in the upper reaches of the Cheremukha
River was only assumed on the basis of rare findings of
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Craspedites ammonites in talus (Kiselev et al., 2018,
Plate I1I, fig. 7). Until recently, the nearest section of
the Nodiger Zone was known only from the middle
reaches of the Cheremukha River near the village of
Mikhalevo, 15 km north of outcrops of the Chudino-
vian Formation (Kiselev et al., 2018, Fig. 2). The
absence of signs of the Nodiger and Singularis zones in
a single section raises doubts about the validity of the
Singularis Zone and the stratigraphic position of its
constituent beds above the Nodiger Zone. According
to Mitta (2010), ammonites from the section near the
village of Seltso-Voskresenskoe should belong to the
genera Kachpurites and Craspedites, and the beds of
the Singularis Zone should be considered as the strati-
graphic unit “Beds with Kachpurites mola,” corre-
sponding to the lower part of Subditus (=Catenula-
tum) Zone. According to this viewpoint, they should
be located below the Nodiger Zone, but not above it.

Ammonites in the Chudinovo Formation were
found in three concretion horizons in its middle sub-
formation (after Kiselev et al., 2018). Accordingly, the
age of the lower and upper subformations was insuffi-
ciently determined.

By the time of the publication of the article describ-
ing the Singularis Zone (Kiselev et al., 2018), new
observations were done in the section near the village
of Vasilyevskoye, which were not included in the pub-
lication. They made it possible to specify the age of the
lower subformation of the Chudinovo Formation on
the basis of ammonites and determine its lower
boundary and to partially solve the aforementioned
problems.

DESCRIPTION OF SECTIONS

Outcrops of the Chudinovo Formation near the
village of Vasilyevskoye are located on the left bank of
the Cheremukha River and in two adjacent ravines
(Fig. 1). Section no. 7, located in the far ravine (higher
up the river), was described in a previous paper
(Kiselev et al., 2018). The upper part of the lower sub-
formation and the lower part of the middle subforma-
tion with a total thickness of about 12 m crop out here.
Ammonites were found only in the middle subforma-
tion, while marine bivalves were found in the lower
part. Later, as a result of a more careful investigation of
the lower part of the section, its lithology and paleon-
tological characteristics were significantly clarified.
Therefore, a redescription of the section with other
numbering of beds and biostratigraphic subdivision is
given below.

Section no. 10 located in the ravine near the village
of Vasilyevskoye has been described for the first time.

Section no. 7 is located in the upper and middle
parts of the right slope of the ravine (outcrop 7b) and
on the bank of the Cheremukha River near the left side
of a ravine (outcrop 7a), where the lower part of the
section was described. The following succession is
observed here (from bottom to top) (Fig. 2).

Bed 1. Sandstone medium-grained, horizontally
layered, rusty, weakly cemented, forms a marker hori-
zon in the section. The bed contains abundant Camp-
tonectes morini (de Loriol) and Entolium orbiculare
(Sowerby) and rare Gresslya alduini (Fischer de Wald-
heim). Ammonites are rare and are represented by
Volgidiscus cf. lamplughi (Spath) (Plate I, fig. 10).
Apparent thickness is 1—1.2 m.

Bed 2. Sand medium-grained, dark brown to red-
dish ocher, with frequent pockets of weakly cemented
material, changed by limonitized sandstone nodules.
In the lower part of the bed, there are numerous mall
subrounded iron nodules (2—5 cm), which form a
horizon up to 0.2—0.8 m thick above the bottom (hori-
zon 2a). Higher in the section, in the interval of 0.8—
2 m (horizon 2b), nodules are less common than in
horizon 2a and are represented by ferruginous sand-
stone, sometimes lenticular (at the base of the hori-
zon) or rounded pancake-shaped (in the upper part of
the horizon). The exposed thickness is 2—2.5 m. The
top of the bed is covered by talus deposits. Fossils are
rare and represented mainly by bivalves Camptonectes
morini (de Loriol). A single specimen of ammonite
Volgidiscus cf. lamplughi (Spath) was found in hori-
zon 2a (Plate I1, fig. 5).

Above, the section is closed by talus of about 2 m
thick. The overlying strata are described on the right
side of the ravine.

Bed 3. Sand medium-grained, ocherous gray with
ocherous spots and thin interlayers of limonitized sand-
stone. In the upper part of the bed, at about 6.5 m above
Bed 1, there is a 1—3 cm horizon of pancake-shaped
nodules of ferruginous sandstone. The top of the bed is
sharp, located about 7 m above the top of Bed 1.

Bed 4. Sand medium-grained, irregularly horizon-
tally layered, especially in the lower part. The bedding
is composed of alternating bright reddish or lemon yel-
low interlayers 5—10 cm thick with reddish brown
lenses of sand of different thickness (Fig. 3d). In the
upper 1.5 m, the stratification is indistinct. The thick-
ness is about 4 m.

The description of the overlying beds of the section
was published earlier (Kiselev et al., 2018); the renum-
bered beds are given below:

Bed 5 (formerly Bed 3). Sand medium- to fine-
grained, loose, bright ocher, almost orange (Figs. 3b—3d).

Fig. 1. Location scheme of studied sections in the upper reaches of the Cheremukha River. (a, b, ¢c) The different-scale location
schemes of the study area; different parts of the Cheremukha River valley (riverbed, floodplain, terraces) in Fig. 1¢ are shown in
different shades of gray; (d) location scheme of outcrops of section no. 10 in the longitudinal profile of the ravine and the succes-
sion of beds (numbered); vertical and horizontal scales are the same. Scale bar is 1 m.
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Fig. 2. Geological scheme of the Upper Volgian substage and distribution of fossils throughout section no. 7 near the village of
Vasilyevskoye. (1) Sand; (2) sandstone nodules; (3) ferruginous sandstone; (4) foliated interbeds of ferruginous sandstone;
(5) horizons of shell deposits.
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The bottom and top of the bed are undulating. The top
is covered by a thin, up to 5—10 mm, ferruginated
horizon, which is followed by foliated interlayers of
ferruginous brownish black sandstone (Fig. 3b). It
forms an undulating band with distinct boundaries. In
places, the nodule horizon forms distinct swellings
which enclose Camptonectes morini (de Loriol). Thick-
ness is 0.05—0.1 m.

Bed 5 (formerly bed 4). Sand medium-grained,
massive, dark reddish brown, rhythmically horizon-
tally layered, passing into weakly cemented sandstone
(Fig. 3b). In the middle of the bed, 0.5 m above the
bottom, there is a horizon of small potato-shaped
nodules of dark brown sandstone. Crushed molds and
imprints of ammonites and bivalves, as well as solution
cavities after dissolved belemnite rostra, are found in
the nodules and host rocks. Ammonites are repre-
sented by Volgidiscus pulcher (Casey, Mesezhn. et
Shulg.) (Kiselev et al., 2018, Plate I, figs. 1—4; Plate 11,
figs. 1, 2), Anivanovia sp., and Garniericeras sp.
(Kiselev et al., 2018, Plate I, fig. 5). Bivalves are rep-
resented by Anopaea brachovi (Rouillier) (Kiselev
etal., 2018, Plate VII, figs. 1—4), Camptonectes
(Camptonectes) morini (de Loriol) (Kiselev et al., 2018,
Plate VIII, fig. 3), Entolium orbiculare (Sowerby), and
Plagiostoma planum (Roemer) (Kiselev et al., 2018,
Plate VIII, fig. 8). Apparent thickness of the bed is
about 1.2 m.

Section no. 10 is represented by several outcrops of the
Chudinovo Formation, located on slopes of the ravine
near the village of Vasilyevskoye (outcrops 10a—10c) and
on the bank of the Cheremukha River (outcrops 10a,
10e; Fig. 1). The base of the section was described in
outcrop 10a, in a hole dug for a well to a depth of 1 m
below the water level on the left bank of the Cher-
emukha River, close to the right side of the ravine.

Bed 1. Sand medium-grained, brown, strongly
limonitized, with large (up to 0.5 m) loaf-shaped nod-
ules of grayish brown sandstone, which often have
phosphatized cores. Nodules are oversaturated with
fossil, mainly bivalves Camptonectes sp. and rare bra-
chiopods Lingula demissa Geras. Rare ammonites are
represented by Craspedites (Trautscholdiceras) milkov-
ensis (Strem.) (Plate I, figs. 2—4), C. (T.) kaschpuricus
(Traut.) (Plate I, fig. 1), and Garniericeras sp. (Plate 1,
fig. 5). Exposed thickness is about 1 m.

Higher, the section is overlain by talus about 2.5—
3 m thick. The overlying beds of the section were stud-
ied at the bottom and the left slope of the ravine (out-
crop 10b; Figs. 1d, 4a) and the bank of the Cheremukha
River downstream from the ravine (outcrop 10e).

Bed 2. Sandstone medium-grained, indistinctly
laminated, platy, rusty, highly limonitized. There
occur only pectinids. Thickness 0.2—0.5 m.

Bed 3. Sand medium-grained, weakly cemented,
followed by loose sandstone in concentrically layered
nodules. Near the top, there is a horizon of fossil-
bearing massive ferruginous sandstone nodules.

STRATIGRAPHY AND GEOLOGICAL CORRELATION

Ammonite shell fragments are represented by Volgidis-
cus sp. and Anivanovia aff. mola Kiselev (Plate I, fig. 8).
Bivalves are represented only by pectinids. No fauna
remains were found below the nodule horizon. Thick-
ness is about 2 m.

Bed 4. Sandstone weakly cemented, medium-
grained, indistinctly laminated, platy, rusty brown,
strongly limonitized (Fig. 4c). It forms an overhanging
ledge in the section profile. Ammonites were found at
the bottom, near the top, and at the top of the bed and
are represented by Volgidiscus cf. lamplughi (Spath)
(Plate II, fig. 2) and Anivanovia aff. mola Kiselev
(Plate I, fig. 7). Thickness is about 1 m.

Bed 5. Sand medium- to coarse-grained in the lower
part of the bed (about 1.5 m thick) and medium-grained
in the upper part (1.5 m), indistinctly laminated, bright
reddish gray, strongly ferruginous (Fig. 4b). The upper
part of the bed contains three ferruginous interbeds in
the form of sheetlike sandstone plates 2—5 mm thick,
spaced 0.5—0.6 m apart. The upper plate, the top of
the bed, is locally thickened to 2—3 cm. Below each of
these three sandstone plates are horizons of massive
ferruginous sandstone nodules of different size (up to
0.3 m) and shape (from rounded to chaotic). Three
nodule horizons a, b, and c (Fig. 5) include the follow-
ing faunal remains: ammonites Volgidiscus cf. lam-
plughi (Spath) (Plate I, fig. 6; Plate 11, figs. 1, 3, 4) and
Anivanovia aff. mola Kiselev (Plate III, fig. 1) and
bivalves, mainly Anopaea brachovi (Rouillier), Camp-
tonectes (Camptonectes) morini (de Loriol), and Pla-
giostoma planum (Roemer). Thickness is about 3 m.
The lower part of the bed crops out on both slopes of
the ravine (outcrops 10b and 10c); the upper part crops
out only on the right slope (outcrop 10c).

Bed 6. Medium- to coarse-grained sand, in places
finely gravel, indistinctly layered at the base, horizon-
tally layered in the middle and upper parts, light
ocherous, in places reddish (Figs. 3f, 4b). The bed is
crowned by a thin sheetlike sandstone plate, which
forms the marker horizon. In the middle of the bed
(0.8—1 m above the base) is a horizon of differently
shaped (from rounded to flattened) and sized (up to
0.3 m) ferruginous sandstone nodules containing
diverse fauna. The following ammonites were recog-
nized: Volgidiscus cf./aff. lamplughi (Spath) (Plate I,
fig. 9; Plate 11, fig. 6; Plate 111, fig. 2), Anivanovia aff.
mola Kiselev. Bivalves are represented by Anopaea
brachovi (Rouillier), Camptonectes (Camptonectes)
morini (de Loriol), and Isognomon sp. Thickness is 1 m.
This bed was described in two outcrops: on the right
slope of a ravine (10c¢) and below the bank of the Cher-
emukha River (10d) (Fig. 1d).

Bed 7. Sand medium- to coarse-grained, rhythmi-
cally layered, rusty brown. Rhythmic wavy-horizontal
layering is evident in the alternation of brownish red
limonitized interlayers with less ferruginous reddish
ocher interlayers (Fig. 3f). The thickness of a rhythm
is 10—15 cm. The highly limonitized interbeds some-
Vol. 31
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times include small sandstone nodules, which occasion-
ally contain bivalves. The exposed thickness is 2.5 m.
The section terminates higher at the edge of the bed-
rock coast. This bed is visible only in outcrop 10d.

Most beds of the section no. 10 are well traced lat-
erally in different outcrops, which allow their confi-
dent correlation. The exception is Bed 1, described
only in outcrop 10a. In spite of the fact that its contact
with the overlying beds has not been studied, there are
no serious reasons to believe that this bed does not lie
at the base of the section. On one hand, no traces of
landslides or glaciodislocations, which could have
changed the primary bedding, were found in the out-
crops. On the other hand, Bed 1 is fundamentally dif-
ferent in the taxonomic composition of ammonites,
which characterize an older zone than those of the
overlying layers of the section.

In sections 7 and 10, the same intervals of the
Chudinovian Formation crop out, but despite insignif-
icant distance of the sections from each other (about
130 m) and similar thickness above the river’s edge
(about 12 m), they differ significantly in their structure.
In both sections, it is impossible to identify any layers
and nodule horizons that could be used as marker beds
or levels suitable for lithostratigraphic correlation. The
discrepancies are especially noticeable when comparing
the structure of the sections at the same hypsometric
levels. Thus, the interval of 5—10 m above the river’s
edge in section no. 10 is best characterized paleontolog-
ically, while in section no. 7 it is represented by “empty
beds.” On the contrary, the level of 12 m, represented in
section no. 7 by a rich ammonite assemblage, contains
no ammonites at all in section no. 10.

The differences considered above do not allow us to
correlate even sections located in close proximity
according to lithological features. The sections can be
correlated biostratigraphically and, in part, by hypso-
metric levels.

The lower part of the Chudinovo Formation with
Craspedites (Trautscholdiceras) milkovensis crops also
in the middle reaches of the Cheremukha River near
the village of Popovskoe (Kiselev et al., 2018).

AMMONITE ASSEMBLAGES

As evidenced from (Kiselev et al., 2018), ammo-
nites from the section near the village of Vasilyevskoye
were found only in the uppermost beds, corresponding
in the present paper to the hypsometric mark of 12 m.
On the basis of new findings of ammonites from lower
horizons, it is possible to characterize biostratigraphi-
cally the greater part of the Chudinovo Formation.

Ammonites are represented by one family Cras-
peditidae Spath, 1924, including representatives of all
its subfamilies—Craspeditinae Spath, 1924, Garni-
ericeratinae Spath, 1952 emend. Rogov, 2017, and
Subcraspeditinae Rogov, 2014. In the studied sections
they are represented by three assemblages: lower, mid-
dle, and upper.

Lower assemblage of craspeditid ammonites was
recognized only in Bed 1 of section no. 10. It is repre-
sented by subfamilies Craspeditinae and Garniericer-
atinae, of which Craspeditinae species dominate
quantitatively up to 90%. The latter belong to subge-
nus Craspedites (Trautscholdiceras), which character-
izes Nodiger Zone in European Russia and its analogs
in the Arctic. Macroconchs were identified mainly by
fragments of body chambers of adult whorls (Plate I,
figs. 2, 3), less often by internal whorls (Plate I, fig. 4).
They are most similar to the species C. (T.) milkovensis
(Strem.), while microconchs can be determined as
C. (T.) kaschpuricus (Traut.). In contrast to the typical
variety of this species C. (7.) milkovensis (holotype:
Stremoukhoff, 1892, figs. 1—3; Mitta and Starodubt-
seva, 2018, Plate I, text-fig. 8), specimens from the
section near the village of Vasilyevskoye have a slightly
wider ventral side. In the section near the village of
Mikhalevo, typical C. (T.) milkovensis (Rogov et al.,
2011, Plate I, fig. 7) and ammonites similar in cross
section to specimens from the village of Vasilyevskoye
(Rogov et al., 2011, plate, fig. 6) were found. Probably,
some originality of the ammonite assemblage of the
milkovensis biohorizon of the Yaroslavl Volga Region
reflects the geographical variability of the species
under consideration.

The occurrence of C. (T.) milkovensis in the studied
section allows us to establish the milkovensis biohori-
zon for the first time in the upper reaches of the Cher-

Plate I. Here and in Plates 11 and 111, all figures, except for the specially marked ones, are given in full size. Scale bar is 1 cm.
Abbreviations: YarGPU—geological museum of the Yaroslavl State Pedagogical University. Figs. 1a, 1b. Craspedites (Trautschol-
diceras) kaschpuricus (Trautschold); specimen no. YarGPU Ch10c/1-6; Rybinsk district, Vasilyevskoye village, section no. 10,
Bed 1; Upper Volgian, Craspedites nodiger Zone, C. milkovensis biohorizon. Figs. 2—4. Craspedites (Trautscholdiceras) milkov-
ensis (Strem.); Rybinsk district, Vasilyevskoye village, section no. 10, Bed 1; Upper Volgian, Craspedites nodiger Zone, C. milk-
ovensis biohorizon. Figs. 2a, 2b. Specimen no. YarGPU Chl10c/1-4. Figs. 3a, 3b. Specimen no. YarGPU Ch10c/1-2. Fig. 4.
Specimen no. YarGPU Ch10c/1-7. Figs. 5a, 5b. Garniericeras sp; specimen no. YarGPU Ch10c/1-9; Rybinsk district, Vasily-
evskoye village, section no. 10, Bed 1; upper substage of the Volgian Stage, Craspedites nodiger Zone, C. milkovensis biohorizon.
Figs. 6, 9, 10. Volgidiscus cf. lamplughi (Spath). Figs. 6a—6c. Specimen no. YarGPU Ch10c¢/5c-2, fig. 6¢, X2; Rybinsk district,
Vasilyevskoye village, section no.10, Bed 5, nodule horizon b. Fig. 9. Specimen no. YarGPU Ch10c/6-3; Vasilyevskoye village, sec-
tion no. 10, Bed 6, nodule horizon. Fig. 10. Specimen no. YarGPU Ch6-36; Vasilyevskoye village, section no. 7, Bed 1. Figs. 7, 8.
Anivanovia aff. mola Kiselev; Upper Volgian, Volgidiscus singularis Zone, V. cf. lamplughi biohorizon. Figs. 7a, 7b. Specimen
no. YarGPU Chl10c/3-5; Rybinsk district, Vasilyevskoye village, section no. 10, Bed 4, top. Fig. 8. Specimen no. YarGPU
Ch10c/3-1; Rybinsk district, Vasilyevskoye village, section no. 10, Bed 3, top.
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emukha River, which was previously known only in the
middle course of the Cheremukha River near the village
of Mikhalevo (Kiselev et al., 2018; Rogov, 2021).

Microconchs (Plate I, fig. 1) occur less frequently
than macroconchs and they make up no more than 20%
in the collection of Craspedites ammonites. They corre-
spond most closely to the morphotype C. (T.) kaschpu-
ricus (Traut.) (holotype: Trautschold, 1866, pl. 3, fig. 2).
This species is typical of the nodiger and milkovensis bio-
horizons of the Nodiger Zone in European Russia
(Rogov, 2021).

Garniericeratins are represented by a single speci-
men of Garniericeras (Plate 1, fig. 5) of poor preserva-
tion, which seems to be most closely related to G. sub-
clypeifome (Milash.). The latter is common in most of
the Nodiger Zone and is not an infrazonal marker.
The known published findings of G. cf. subclypeifome
(Milash.) (Rogov, 2021, Plate LXXVI, fig. 5) from the
milkovensis biohorizon are also poorly preserved, and
does not allow us to identify these forms with complete
certainty. A similar assemblage with a strong predomi-
nance of Craspedites (Trautscholdiceras) and a single
finding of Garniericeras subclypeiforme (Milash.) was
previously established in the section near the village of
Mikhalevo (Rogov et al., 2011). It should be noted that
ammonites and lingulid brachiopods predominate in
the Mikhalevo section, while bivalves are rare.

Middle assemblage of craspeditid ammonites was
described in the lower and middle parts of both
described sections near the village of Vasilyevskoye, in
the interval of 0—9.5 m above the river level. In section
no. 7, this assemblage characterizes Beds 1 and 2; in
section no. 10, Beds 2—6. The middle assemblage is
represented by a single subfamily Subcraspeditinae
and two genera: microconchs belong to the genus Vol-
gidiscus Casey, 1973, and macroconchs belong to the
genus Anivanovia Kiselev, 2003. Both genera have
been known from sections in the upper reaches of the
Cheremukha River for about 20 years (Kiselev, 2003;
Kiselev and Rogov, 2012; Kiselev et al., 2018). Never-
theless, this assemblage includes species that were not
previously known in European Russia. They are cer-
tainly older than the previously described Volgidiscus
from the Chudinovian Formation (V. singularis, V. pul-
cher). Assignment of the collected specimens to the
species rank is complicated because of their poor pres-
ervation (mainly, incomplete molds are found). The
shell characters can be inferred mainly by adult whorls,
since the middle ones are more often destroyed and the
inner ones are rarely preserved.

Volgidiscus ammonites of the middle assemblage
are characterized by frequent ribbing in the middle
whorls (D = 20—40 mm), consisting of smoothed
slightly differentiated ribs. On adult whorls of a shell
(D = 60—100 mm), ribs become smoother ventrally,
and only primary ribs are preserved on the lateral
sides, the number of which on an adult half-whorl is
usually 7—8 ribs (Plate 11, figs. 3—6). Deviations from
this morphotype in the sample are probably due to vari-
ability in the rate of development. In rapidly developing
individuals (tachymorphs), adult whorls become
smoother, the density of ribs decreases to 5—6 per half-
whorl, and ribs become roller shaped (Plate I, fig. 6).
Slowly developing individuals (bradymorphs) on adult
whorls retain complete (not modified) primary and
secondary ribs (Plate I1, figs. 1, 2). The latter are mod-
erately differentiated (branching coefficient of ribs
being 3—3.5).

Normal individuals were found at different levels of
the lower subformations of the Chudinovian Forma-
tion—in the lower (the hypsometric interval of 0—1 m),
middle (5—9 m), and upper (9.5—10 m) parts. Brady-
morphs and tachymorphs were found only in the mid-
dle part (Bed 5 of section 10). This peculiarity of the
distribution of different morphs throughout the sec-
tion is most likely explained by random reasons and is
related to the different sample size of ammonites from
different intervals.

The sculpture of late Volgidiscus ammonites of the
middle assemblage (Bed 6, section no. 10) on middle
whotls is often reduced. This is a sign characteristic of
V. pulcher, which occurs at a higher interval of the
Chudinovo Formation (upper assemblages of cras-
peditid ammonites). Therefore, there is reason to
believe that the ammonite assemblage from Bed 6 has
a transitional character.

Such combinations of characters are unknown in
other ammonites previously described from the
Chudinovo Formation. Thus, the entire available
sample of V. singularis Kiselev, 2003 (holotype: Kiselev
etal., 2018, Plate V, fig. 3) is represented by bradymor-
phic species. Their primary ribs are more frequent (on
average, 12—16 per half-whorl) and thin. Secondary
ribs are common and more differentiated (branching
coefficient of ribs being 3.5—7.5).

The shell of another species V. pulcher (Casey,
Mesezhn. et Shulg., 1977) (holotype: Kiselev et al.,
2018, Plate II, fig. 3), on the other hand, is more
smoothed than in Volgidiscus ammonites of the middle
assemblage. The shell can completely lose the ribs on

Plate II. Figs. 1—6. Volgidiscus cf. lamplughi (Spath); Upper Volgian, Volgidiscus singularis Zone, V. cf. lamplughi biohorizon.
Figs. 1a, 1b. Specimen no. YarGPU Ch10c/5¢c-3; Rybinsk district, Vasilyevskoye village, section no. 10, Bed 5, concretion hori-
zon b. Figs. 2a, 2b. Specimen no. YarGPU Ch10c/5a-3; Rybinsk District, Vasilyevskoye village, section no. 10, Bed 4, top. Fig. 3.
Specimen no. YarGPU Ch10c/5b-2; Rybinsk district, Vasilyevskoye village, section no. 10, Bed 5, concretion horizon b. Figs. 4a, 4b.
Specimen no. YarGPU Ch10c/5b-1; Rybinsk district, Vasilyevskoye village, section no. 10, Bed 5, nodule horizon b. Figs. 5a, 5b.
Specimen no. YarGPU Ch6-36; Rybinsk district, Vasilyevskoye village, section no. 7, Bed 2, 0.5 m above the bottom. Figs. 6a—6c¢.
Specimen no. YarGPU Ch10d/6-1; Rybinsk district, Vasilyevskoye village, section no. 10, Bed 6.
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adult whorls (Kiselev et al., 2018, Plate I, fig. 1) or pre-
serve rare near-umbilical roller-shaped ribs (Kiselev
et al., 2018, Plate I, figs. 2, 3). The last morph some-
times occurs in Volgidiscus ammonites of the middle
assemblage (Plate 111, fig. 6). Nevertheless, specimens
with secondary ribs on adult whorls are not character-
istic of V. pulcher.

The described morphotype is most similar to Volgi-
discus ammonites from the Lamplughi Zone of
England, illustrated in Casey (1973). An adult speci-
men with bradymorphic morphotype and the most
differentiated sculpture (Casey, 1973, pl. 6, fig. 2) was
attributed to V. lamplughi (Spath) (holotype: Rogov,
2014, plate I1, fig. 1). This specimen hardly differs from
ammonites of the Chudinovo Formation (Plate II,
figs. 1, 2).

Two other adult specimens from the Lamplughi
Zone were recognized by Casey as V. aff. lamplughi. One
of them (Casey, 1973; pl. 6, fig. 3) is characterized by
dense slightly differentiated ribbing (branching coeffi-
cient of ribs being 2). Therefore, it can be attributed to
bradymorphic species. Similar specimens were not
found in the Chudinovo Formation. The other speci-
men (Casey, 1973; pl. 5, fig. 3) has a smoothed adult
shell with rare roller-shaped ribs. It corresponds to
tachymorphic type, which was also found in the studied
sections of the Chudinovo Formation.

Thus, Volgidiscus ammonites of the middle assem-
blages are most similar to V. lamplughi. In spite of the
fact that some morphs of the Volgidiscus ammonites
belonging to the lower subformation of the Chudinovo
Formation are absent in the sample from the Spilsby
Sandstone Formation (Lincolnshire), the similarity of
these faunas is sufficient to consider them very close or
equivalent.

The assemblage of subcraspeditins ammonites of
Lamplughi Zone in England shows no indication of the
presence of specimens that could be assigned to the
genus Anivanovia, which constitutes a significant part of
the ammonite assemblage of Singularis Zone in the
upper reaches of the Cheremukha River. In sections of
the Chudinovo Formation near the village of Vasily-
evskoye, several specimens of this genus were found in
section no. 10 together with V. cf. lamplughi. The only
complete specimen from them (Plate 111, fig. 1) meets
all characters of the genus, i.e., relatively large size,
discoconic shell, smooth last body chamber. In con-
trast to the type species Anivanovia mola Kiselev
(holotype: Kiselev et al., 2018, Plate IV, fig. 1), which
is characterized by high platyconic whorls with
rounded ventral side, this specimen has a wider shell
and rounded whorls in section. It should probably be
attributed to a new species, but the lack of material
does not allow a complete comparison of these two spe-

cies, especially in terms of sculptural features. There-
fore, the older form found together with V. cf. lamplughi
is identified as A. aff. mola.

Upper assemblage of Craspedites ammonites occurs
in the uppermost beds of the section (12—12.5 m above
the water level). This assemblage was described only in
section no. 7 and is represented by V. pulcher, Anivano-
via sp., and Garniericeras sp. characterizing the V. pul-
cher biohorizon. This fauna was described in detail in
a previous article (Kiselev et al., 2018) and is not dis-
cussed here. In section no. 10, the pulcher biohorizon
should apparently be located above Bed 7. It is proba-
bly covered by talus or eroded.

SINGULARIS ZONE AND ITS
PALEONTOLOGICAL SUBSTANTIATION

New data on distribution of ammonites in the
Chudinovo Formation allow us to significantly clarify
the boundaries of the Singularis Zone and its internal
structure. The lower boundary of the zone is well
defined in the lower part of the lower subformation by
the first occurrence of Volgidiscus species above the
Craspedites nodiger Zone represented by the terminal
milkovensis biohorizon. At the base of the Singularis
Zone, anew biohorizon, preliminary identified as Vol-
gidiscus cf. lamplughi, may be proposed. This gives a
good fit of boundaries of these zones in the section
and allows us to consider the boundary between them
as biostratigraphically continuous. The latter is due to
the fact that sections with a continuous boundary
between these two zones are not known in European
Russia, which at present gives grounds to consider the
studied sections as the most complete. Nevertheless,
there is a good chance of finding an interval with a
transition Craspedites fauna in the Chudinovian For-
mation. This is evidenced by the finding of Craspedites
(?Taimyroceras) sp. (Kiselev et al., 2018, Plate 111, fig. 7)
in the upper reaches of the Cheremukha River (envi-
rons of the village of Seltso-Voskresenskoe), the posi-
tion of which in the section is unfortunately unknown.
It is assumed (Kiselev et al., 2018, p. 92) that this form
should be found in the top of the Nodiger Zone, above
the milkovensis biohorizon. However, it is possible that
it can originate from the Singularis Zone, since Cras-
pedites (Taimyroceras) in sections of eastern Siberia
occur as far as the upper part of the Lower Ryazanian
substage (Hectoroceras kochi Zone; see Rogov, 2020).

The results of studying the sections near the village
of Vasilyevskoye allowed us to characterize most of the
Chudinovo Formation for the first time by the distri-
bution of ammonites. First of all, this refers to the
lower subformation, where the V. cf. lamplughi bioho-
rizon was identified. According to this, the infrazonal

Fig. 3. Outcrops of Singularis Zone near the village of Vasilyevskoye. (a—d) Section no. 7 ((a) upper part, outcrop 7c;
(b, ¢) Beds 5—7, outcrop 7c; (d) Beds 4, 5, outcrop 7b); (e, f) outcrop 10d ((e) a general view of the outcrop from the Cher-
emukha River; (f) Beds 6, 7). Designations: A—findings of ammonites, fi—foliated interbeds of ferruginous sandstone.

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 31

No.2 2023



NEW DATA ON THE STRUCTURE OF THE TERMINAL PART OF THE VOLGIAN STAGE 81

.

1)

STRATIGRAPHY AND GEOLOGICAL CORRELATION Vol.31 No.2 2023



82 KISELEV, ROGOV

scale of the Singularis Zone becomes more complex
and includes three biohorizons: V. cf. lamplughi, V. pul-
cher, and V. singularis (Fig. 6). On the basis of this
sequence, the correlation of the Singularis Zone with
the Lamplughi Zone of England can be clarified at the
infrazonal level. The position of V. cf. lamplughi (and,
apparently, V. lamplughi) at the base of the chronolog-
ical sequence of Volgidiscus ammonites turned out to
be quite unexpected, since it was previously assumed
that this species occupied an intermediate position
among Volgidiscus species (Kiselev et al., 2018, plate I),
and the lamplughi biohorizon should have occupied
the gap between the pulcher and singularis biohorizons
in the infrazonal scale or be partially correlated with
the latter (Rogov, 2021).

In view of the new data, the evolution of Volgidiscus
ammonites also appears to be more complex than pre-
viously supposed. The ancient species V. lamplughi had
a developed sculpture on adult whorls, which is
noticeable in specimens with bradymorphic morpho-
type. At the next stage of phylogenesis (V. pulcher), the
sculpture on the adult whorls was reduced, indicating
that the species norm is transferred to specimens of
tachymorphic morphotype. Consequently, the origin
of V. pulcher is associated with tachygenesis, or phylo-
genetically determined acceleration of individual
development. At the next phylogenetic stage, the spe-
cies norm is transferred again toward bradymorphic
specimens, resulting in the appearance of V. singularis
by bradygenesis. Thus, the evolution of Volgidiscus
ammonites had no directional development, occur-
ring recurrently or according to the principle of “oscil-
latory trends” that were characteristic of many genera
of Volgian ammonites (Rogov, 2021).

Zone Volgidiscus singularis Kiselev, 2003

Nomenclature description of zone and V. pulcher
and V. singularis biohorizons see in (Kiselev et al.,
2018). Description of anew V. cf. lamplughi biohorizon
is given below.

Biohorizon Volgidiscus cf. lamplughi nov.

Index species: Volgidiscus cf. lamplughi (Spath,
1936).

Stratotype: village of Vasilyevskoye, section
no. 10, Beds 2—6.

Ammonites: index species (Plate I, figs. 6, 9,
10; Plate 11, figs. 1—6; Plate 111, fig. 2), Anivanovia sp.
aff. mola Kiselev (Plate I, figs. 7, 8; Plate III, fig. 1).

Distribution: Yaroslavl Volga Region, the lower
part of the Chudinovo Formation, Rybinsk district
(upper reaches of the Cheremukha River).

Correlation: equivalent of Volgidiscus lam-
plughi biohorizon of England and Subpolar Urals
(Table 1).

R emarks. The new data obtained when studying
the section near the village of Vasilyevskoye allow us to
clarify the previously proposed infrazonal correlation
schemes for the terminal part of the Upper Volgian of
European Russia (Singularis Zone), England and
Subpolar Urals (Lamplughi Zone), and Northern
Siberia (Chetae Zone). In particular, the relative posi-
tion of two biohorizons of the Lamplughi Zone,
V. lamplughi and V. pulcher, should be revised. In the
previous version of the infrazonal scale of the Lam-
plughi Zone of England (Kiselev et al., 2018, Table 1),
the lamplughi biohorizon is located above the pulcher
biohorizon. Subsequently, the same sequence was
assumed for the Lamplughi Zone of the Subpolar
Urals (Rogov, 2021). Taking into account the new data
obtained, it must be admitted that both biohorizons
correlate in the opposite way: the lamplughi biohori-
zon should be located at the base of the zone and the
pulcher biohorizon above it. Unfortunately, the cur-
rently available data from the sections of the Lam-
plughi Zone of England do not allow us to establish
the sequence of Volgidiscus ammonites, because most
specimens of this genus originate from condensed
nodules not only in the Lamplughi Zone itself but also
in the above-lying Runctoni Zone, where they were
redeposited (Casey, 1973). The sequence of Volgidiscus
ammonites is not reliably described in these sections.
There are only suppositions about the possible exis-
tence of two levels with different species in the sec-
tions. According to this, an infrazonal subdivision can
be made only theoretically. The lower lamplughi bio-
horizon can be distinguished in the Lamplughi Zone
of the sections described by R. Casey (Casey, 1973):
North Runcton (Runcton Beds, Bed 4); Spilsby, two
wells (Spilsby, Lower Spilsby Sandstone, Bed 7).
According to Casey, the Volgidiscus assemblage is rep-
resented here by the index species Volgidiscus spp. and
V. aff. lamplughi.

The upper biohorizon can be distinguished only in
Bed 6 of the Manor Farm section (lower part of Lower
Mintlyn Beds), in which, according to Casey, three
types of nodules are found. Some of the nodules orig-
inated from the underlying beds. Volgidiscus ammo-
nites are present in this bed in two types of nodules:
black phosphorite ones where no other ammonite spe-
cies were found and black phosphorite ones with frag-
ments of nacreous coating, where, along with Volgidis-

Plate I11. Figs. 1a—1c. Anivanovia aft. mola Kiselev, specimen no. YarGPU Ch10c/5c-1; Rybinsk district, Vasilyevskoye village,
section no. 10, Bed 5, nodule horizon b; Upper Volgian, Volgidiscus singularis Zone, V. cf. lamplughi biohorizon. Figs. 2a, 2b.
Volgidiscus cf. lamplughi (Spath), specimen no. YarGPU Ch10d/6-2; Rybinsk district, Vasilyevskoye village, section no. 10, Bed 6;
Upper Volgian, Volgidiscus singularis Zone, V. cf. lamplughi biohorizon.
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Table 1. Correlation scheme of the upper part of Upper Volgian deposits of European Russia, England, North Sea, Subpo-
lar Urals, and Northern Siberia (modified after Kiselev et al., 2018; Rogov, 2021)

. Subpolar Northern
European Russia North Sea England Urals Siberia
(0]
Zone, subzone biohorizon biohorizon biohorizon E
|
V. singularis HHHM V. singularis
/ .,_4— Q
Singularis V. pulcher // g V. pulcher 2
= I Q
V.cf. lamplughi /// ,11% V. lamplughi
Milkovensis C. milkovensis : @
5 2
g C. nodiger E
bS] - .
ZO Nodiger C. discoides .g
C..transitionis =

cus ammonites, Praetollia (Runctonia) are found. The
Volgidiscus ammonites found here were assigned by
Casey to Volgidiscus sp. nov. The same name is
assigned to a specimen from another section (Caistor);
a cross-section of its shell is shown in (Casey, 1973,
fig. 5i). Later (Casey et al., 1977), it was established
that this specimen is similar to species V. pulcher and
is now considered its paratype (Kiselev et al., 2018,
Plate III, fig. 1). It is possible that specimens from
Bed 6 of the North Runcton section can also be
attributed to V. pulcher, but this conclusion cannot be
verified before studying R. Casey’s collection. The
above data allow us to outline the sequence of bioho-
rizons in England: lamplughi (lower) and pulcher

(upper).

CONCLUSIONS

After the Chudinovo Formation and Singularis
Zone in the Cheremukha River basin (Kiselev et al.,
2018), which constitute the uppermost part of the
Upper Volgian substage in European Russia, were
distinguished, several questions of infrazonal subdi-
vision of the Singularis Zone and paleontological
substantiation of its lower boundary remained
unsolved. The study of new outcrops in the reference
section near the village of Vasilyevskoye has generally
solved these problems. The position of the Singularis
Zone above the Nodiger Zone was finally proved not
by indirect evidence in several sections containing

fragments of a unified sequence, but directly in a uni-
fied section. This has resolved the doubts about the
validity of this zone and its position in the top of the
Upper Volgian substage and has allowed us to aban-
don alternative hypotheses about the age of the
Chudinovian Formation.

The new studies made it possible to paleontologi-
cally comprehensively characterize the entire Chudi-
novo Formation, including its lower part, in which
ammonites were not found until recently. This made it
possible to distinguish the Volgidiscus cf. lamplughi
biohorizon at the base of the formation above the
Milkovensis biohorizon and at the base of the Singu-
laris Zone. Thus, the infrazonal contents of the Singu-
laris Zone increased to three biohorizons (cf. lam-
plughi, pulcher, and singularis), which constitutes the
most complete sequence of species of the genus Volgi-
discus in the Panboreal Superrealm. In other regions
of the same superrealm where Volgidiscus is known,
namely, in England, North Sea, Subpolar Urals, and
Northern Siberia, only its fragments are observed.
This gives grounds to consider the sequence of bioho-
rizons of the Singularis Zone of the Chudinovo For-
mation as an infrazonal standard of the upper part of
the Upper Volgian substage for the entire Panboreal
Superrealm.

Despite the progress in the study of the beds under
consideration, there are a number of unresolved ques-
tions related to the quality of the paleontological sub-
stantiation of the lower part of the Chudinovo Forma-

Fig. 4. Outcrops of section no. 10 near the village of Vasilyevskoye. (a) General view of outcrops in the middle part of the ravine,
outcrop 10b (in the background) and outcrop 10c (in the foreground); (b) Beds 5 and 6, outcrop 10c; (c) Beds 4, 5, outcrop 10b.
Designations: A—findings of ammonites, fi—foliated interbeds of ferruginous sandstone, hor.—horizon.
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Fig. 5. Geological scheme of the Upper Volgian substage and distribution of fossils throughout section no. 10 near the village of
Vasilyevskoye. See legend in Fig. 2.
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Fig. 6. Generalized section of the Upper Volgian substage
in the upper reaches of Cheremukha River. See legend in
Fig. 2.

tion. The poor preservation of ammonites and their
occasional occurrence do not allow us to reliably iden-
tify the Craspedites ammonites of the Volgidiscus cf.
lamplughi biohorizon. Therefore, their definitions are
given in open nomenclature. It is possible that the sub-
sequent infrazonal subdivision of the Singularis Zone
may become more complex owing to the identification
of new biohorizons. However, at present, we can
assume that it is close to completion.
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