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from the European Russia
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Three new genera Heslerodoides gen. nov., Gzhelodus gen. nov., and Samarodus gen. nov. were erected on the basis of
numerous isolated teeth found in the late Carboniferous of European part of Russia. The teeth of the ctenacanthiform
Heslerodoides resemble the teeth of Heslerodus and demonstrate the morphological variations of teeth in their dentition.
The protacrodontid euselachian Gzhelodus is closely related to Deihim and Tiaraju. The peculiar teeth of Samarodus
possess a combination of features previously unknown in the Palacozoic chondrichthyans. The new taxa contribute to
the knowledge of the variety of dentitions in the Carboniferous shark. « Key words: chondrichthyans, Carboniferous,
Pennsylvanian, Russia.
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Chondrichthyan remains from the early Carboniferous
(Mississippian) of European part of Russia are common,
rather diverse and have been quite well studied
(Romanowsky 1864, Trautschold 1874, Khabakov 1941,
Obruchev 1977, Ivanov & Ginter 1996, Lebedev 1996,
and others). The chondrichthyan assemblages from the
Bashkirian—Moscovian (Pennsylvanian) of this territory
have also been described in many publications (e.g. Traut-
schold 1879, Khabakov 1939, Obruchev 1951, Lebedev
2001, and others). However, chondrichthyan fishes are
poorly known from the Kasimovian—Gzhelian of this
area.

The remains of diverse chondrichthyans were re-
cently found in the Kasimovian—Gzhelian deposits of
the Moscow, Samara and Volgograd regions, and in the
Bashkirian—Moscovian of the Republic of Bashkortostan.
The remains are represented by isolated teeth and scales
of various chondrichthyan groups and mostly belong to
known taxa. However, three new taxa presented by teeth
occurred in these stratigraphical intervals and regions, and
are described in this paper.

Geological setting
The teeth of the new taxa described in the present paper
have been found in four regions of Russia (Fig. 1): Moscow,

Samara and Volgograd regions, and the Republic of
Bashkortostan. The most numerous specimens come from
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the Moscow Region (Fig. 1B) and occur in the following
localities, stratigraphical levels, and samples:

1) Vodniki-2/3 borehole, Moscow City, near railroad
station, town of Dolgoprudniy, depth 93.5-94.0 m, sample
V-2/3-10; Mescherino Formation, Dorogomilovian Re-
gional Stage, Kasimovian.

2) Mytischi-17 borehole, Mytischi District, depth
43.0-47.0m, sample 17/1-2; Kosherovo Formation, Dobry-
atinian Regional Stage, Gzhelian.

3) Moscow-1832 borehole, Moscow City, Academician
Sakharov Avenue, depth 56.25-56.40 m, sample 1832/70;
Neverovo Formation, Khamovnikian Regional Stage,
Kasimovian (Alekseev ef al. 1998, 2015a).

4) Rusavkino Quarry, Balashikha District, near the
village of Rusavkino-Popovschino, sample PC-054; Ko-
sherovo Formation, Dobryatinian Regional Stage, Idiogna-
thodus simulator Zone, Gzhelian (Alekseev et al. 2015a).

5) Gzhel section, Ramenskoe District, near railroad
station, historical stratotype of the Gzhelian; Kosherovo
Formation, Dobryatinian Regional Stage, Gzhelian (Alek-
seev et al. 2009b).

6) Myachkovo section, Ramenskoe District, on the left
bank of the Moscow River, near village of Turaevo, sample
M7-34; Voskresensk Formation, Krevyakian Regional
Stage, Kasimovian (Makhlina et al. 2001).

7) Domodedovo Quarry, Domodedovo District, on the
right bank of the Pakhra River, 15km south of Moscow
City, beds 39, sample D-8C; Suvorovo Formation, Kre-
vyakian Regional Stage, Kasimovian (Goreva et al. 2009).
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Figure 1. Sketch-map showing the position of localities (black asterisk — outcrop or quarry, black triangle — borehole) with described teeth in the
European part of Russia (A), in the Moscow Region (B), in the Samara Region (C), and in the Republic of Bashkortostan (D). Legend: 1 — Zhirnovsk
(Volgograd Region); 2 — Vodniki-2/3 borehole; 3 — Mytischi-17 borehole; 4 — Moscow-1832 borehole; 5 — Rusavkino Quarry; 6 — Gzhel section;
7 — Myachkovo section; 8 — Domodedovo Quarry; 9 — Ilinskiy Pogost-89 borehole; 10 — Afanasievo Quarry; 11 — Perhurovo-1 borehole; 12 — Yabloneviy
Ravin Quarry; 13 — Shiryaevo-31a borehole; 14 — Dalniy Tyulkas section; 15 — Askyn section.

8) Ilinskiy Pogost-89 borehole, Orekhovo-Zuevo Dis-
trict, depth 43.7 m, sample 89-16-6; Perkhurovo Formation,
Dorogomilovian Regional Stage, Kasimovian (Goreva &
Alekseev 2018).

9) Afanasievo Quarry, Voskresensk District, on the right
bank of the Moscow River, about 5km southwest of town of
Voskresensk, samples AF5-54, AF5-56, AF5-57, AF5-59,
AF5-60, AF5-74; Neverovo Formation, Khamovnikian
Regional Stage, Kasimovian (Alekseev et al. 2009a, Go-
reva & Alekseev 2019).

10) Perhurovo-1 borehole, Voskresensk District, sample
PKh-17; Neverovo Formation, Khamovnikian Regional
Stage, Kasimovian (Goreva & Alekseev 2019).

220

The studied teeth were found also at two localities of
the Samara Region (Fig. 1C). A first one is the Yabloneviy
Ravin Quarry, Zhiguli Mountains, Samara Bend of the
Volga River, right bank, sample 8.1.2°; Idiognathodus
simulator Zone, Gzhelian (Ermakova et al. 2012, Alekseev
et al. 2015b). The other locality is the Shiryaevo-31a
borehole, near village of Shiryaevo, depth 76.7-83.2 m,
sample Sh31a/34; Streptognathodus firmus Zone, Dorogo-
milovian Regional Stage, Kasimovian (Alekseev et al.
2015b).

The teeth in the Volgograd Region (Fig. 1A) were
recorded in the Zhirnovsk Quarry, Zhirnovsk District, right
bank of the Medveditsa River, near town of Zhirnovsk;
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Khamovnikian Regional Stage, Kasimovian (Petukhov et al.
2011).

The described specimens found in the Republic of
Bashkortostan, on the western slope of the South Urals
(Fig. 1D) come from two localities: the Askyn section,
Askyn River, near village of Solontsy, sample 25/2,
Askynbashian Regional Stage, Bashkirian (Sinitsyna
et al. 2002) and sample 47/2, Zilimian Regional Stage,
Moscovian; and the Dalniy Tyulkas section, near town
of Krasnousolskiy, Usolka River, samples DT-1, DT-11,
DT-14, DT-36; Zilim Formation, Podolskian Regional
Stage, Moscovian (Alekseev & Goreva 2012, 2015).

Material and methods

The teeth described here were extracted from conodont
residues and donated to the author by A.S. Alekseev, L.1.
Kononova and A.N. Reimers (Department of Paleontology,
Geology Faculty, Lomonosov Moscow State University,
Moscow, Russia), N.V. Goreva (Geological Institute of
the Russian Academy of Science, Moscow, Russia), and
an amateur palacontologist, T.A. Artemova. Acetic and
formic acids were utilized to recover the microremains
from the samples of carbonate-cemented rocks. The shark
teeth were microphotographed using the scanning electron
microscopes Cambridge CamScan-4, Hitachi S-3400N, and
Tescan VEGA-II XMU.

The internal structure of some teeth was reconstructed
non-destructively with a SkyScan 1172 Bruker micro-CT
device (Center for Geo-Environmental Research and
Modelling “GEOMODEL”, Research Park of St. Peters-
burg State University, Russia). Micro-CT scanning of the
specimens was utilized with an aluminium filter and a 180°
rotation at the highest camera resolution with an average
rotation angle step of 0.4°, and with electric parameters
of 4065 kV and 153-222 mA. The virtual cross-sections
were generated from the 3D reconstructions using the
DataViewer, CTVox, and CTAn softwares. The transparent
mode of skeletal tissues was used for the reconstruction of
the canal system.

The specimens described herein are housed in the
Palaeontological Museum of the St. Petersburg State
University (abbreviation PM SPU).

Systematic paleontology

Class Chondrichthyes Huxley, 1880

Subclass Elasmobranchii Bonaparte, 1838
Superorder Cladodontomorphi Ginter, Hampe
& Duffin, 2010

Order Ctenacanthiformes Glikman, 1964
Family Heslerodidae Maisey, 2010

Genus Heslerodoides gen. nov.
Type species. — Heslerodoides triangularis sp. nov.
Etymology. — Greek “Like Heslerodus”.

Diagnosis. — Small teeth with fan-shaped crown from
five to nine incurved cusps: three to five main cusps, and
two to four intermediate and lateral cusplets; central cusp
almost equal in size with lateral or intermediate cusps;
intermediate and lateral cusps diverging mesially and
distally from the center; straight cristae on both cusp sides
not reaching apex; long crista on cusp lateral side instead
lateral carina; triangular tooth base with pointed central
part; one or two closely placed prominent apical buttons
in the central part; small labial depression on the labial
side below central cusp; wide projection or one to small
two tubercles on the labio-basal rim; orthodentine cusps
with very thin pulp canals; main and secondary horizontal
canals with lacuna-like cavities; wide longitudinal canal
connecting pulp canals.

Occurrence. — Carboniferous, Pennsylvanian, Bashkirian—
Gzhelian; Moscow Region, Republic of Bashkortostan,
Russia, Brazil.

Heslerodoides triangularis sp. nov.
Figures 2, SH-O

Holotype. — Tooth, PM SPU 77-1 (Figs 2A-D, SH-0).

Type horizon and locality. — Zilim Formation, Podolskian
Regional Stage, Moscovian, Pennsylvanian, Carboniferous.
Dalniy Tyulkas section, Usolka River, Republic of
Bashkortostan, South Urals, Russia; sample DT-1.

Material. — Two teeth from the Vodniki-2/3 borehole,
depth 93.5-94.0 m, sample V-2/3-10, Mescherino
Formation, Dorogomilovian Regional Stage, Kasimovian;
one tooth from the Moscow-1832 borehole, depth
56.25-56.40 m, sample 1832/70, Neverovo Formation,
Khamovnikian Regional Stage, Kasimovian; one tooth
from the Myachkovo section, sample M7-34, Voskresensk
Formation, Krevyakian Regional Stage, Kasimovian; one
tooth from the Domodedovo Quarry, beds 39, sample
D-8C, Suvorovo Formation, Krevyakian Regional Stage,
Kasimovian; one tooth from the Ilinskiy Pogost-89
borehole, depth 43.7m, sample 89-16-6, Perkhurovo
Formation, Dorogomilovian Regional Stage, Kasimovian;
12 teeth from the Afanasievo Quarry, samples AF5-54,
AF5-56, AF5-57, AF5-59, AF5-60, AF5-74, Neverovo
Formation, Khamovnikian Regional Stage, Kasimovian;
three teeth from the Perhurovo-1 borehole, sample PKh-17,
Neverovo Formation, Khamovnikian Regional Stage,
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Kasimovian; one tooth from the Askyn section, samples
25/2, Askynbashian Regional Stage, Bashkirian; four
teeth from the Dalniy Tyulkas section, sample DT-1, Zilim
Formation, Podolskian Regional Stage, Moscovian.

Etymology. — From the Latin triangularis, triangular.
Diagnosis. — As for the genus.

Description. — The teeth are small in size (measuring from
0.25 to 0.65 mm mesio-distally). The crown includes nine
to five cusps and cusplets. The number of main cusps
varies from three to five. They include one central, paired
intermediate and lateral cusps. The cusps and cusplets are
incurved, round in the cross section, inclined lingually,
acute at the top, and situated separately from each other.
The central cusp is almost equal in height and width with
the lateral ones in the pentacuspid crown (Fig. 2X, Y, AA,
CC) or with the intermediate cusps in the multicuspid
crown (Fig. 2A-R). The intermediate and lateral cusplets
are different in their size but smaller that the main ones.
The one or rarely two cusplets (Fig. 20) are placed
between the main cusps. The tiny cusplets can be located
on the lateral inner side of the main cusp (Fig. 2B, T). The
intermediate and lateral cusps diverge mesially and distally
from the crown center forming a fan-shaped structure in
the multicuspid teeth. All cusps and cusplets are covered
by straight cristae on both sides. The cristac often do not
reach the cusp apex. The labial ornamentation includes
two or three long cristae which occasionally formed the
inverted “V”-nested structure (Fig. 2L, M, V). The cristaec
on lingual side are shorter but numerous. The long crista is
placed on the lateral side of the cusp instead of the lateral
carina. The crown is usually symmetrical, but sometimes,
the slight asymmetry is due to the different heights of cusps
or cusplets, or an additional cusplet (Fig. 2A, O, T). The
strong asymmetry in rare teeth is expressed in the mesial
or distal inclination of the cusps (Fig. 2U-W).

The tooth base is triangular in shape, slightly arched,
extended lingually, with a pointed central part of the lingual
rim, with a convex occlusal side and a slightly concave basal
side. The skewed latero-lingual edges are straight, slightly
concave or convex curved. The central part of the base
occlusal face bears one or two apical buttons. The button
is oval (Fig. 2A), rounded (Fig. 2DD) or subtriangular
(Fig. 21) in shape. Two buttons are closely placed, even

in contact with each other (Fig. 2BB) or situated at some
distance (Fig. 2DD) or fused in the middle parts (Fig. 2X,
AA, CC). The button surrounds numerous large foramina of
vascular canals. The labio-basal rim possesses a prominent,
wide shelf-like projection in the teeth with five main
cusps (Fig. 2C, K) or oval tubercle (Fig. 2S) or two round
tubercles (Fig. 2EE) in the teeth with three main cusps and
two buttons. The shelf-like projection is extended beneath
the most part of the crown: from one to other intermediate
cusps (Fig. 2B, C). The distinct oval tubercle is located
below central cusp and intermediate cusplets. The round
tubercles are placed closely and beneath the intermediate
cusp. The small labial depression is located on the labial
side of the base, below the central cusp and above the labio-
basal projection or single tubercle. This depression within
the teeth with two buttons and tubercles is continued within
the basal side of the base and separated two tubercles from
each other (Fig. 2EE). The teeth with fused buttons in the
middle part (Fig. 2AA, CC) possess the oval tubercle with
the middle waist (Fig. 2Z). The foramina of the canals
penetrate the concave part of basal side.

The cusps consist of orthodentine and contain very thin
pulp canals (Fig. 5J, L, O, M). The internal vascularization
system of the tooth base includes a longitudinal, main and
secondary horizontal, and ascending canals (Fig. 5K, N).
The longitudinal canal is wide and long, ranging from one
lateral cusp to others, connecting all pulp canals. The main
horizontal canals (mhc) extend as lacuna-like cavities.
The short secondary horizontal canals connect the main
horizontal canals in the network and with a longitudinal
canal. The short ascending canals open along the crown/
base junction on the occlusal side and along the labio-basal
rim on the basal side (Fig. 5L, M, O).

The teeth of Heslerodoides show several morphological
variations. They vary in the number of cusps and cusplets,
height of cusps, shape, size and number of apical buttons
and labio-basal tubercles, with distances between them,
and sizes of labial depressions. The first morphotype
possesses the crown with five main cusps and seven to
nine cusps and cusplets, subtriangular or oval apical button
and long labio-basal projection. The second morphotype
has a crown with three main cusps and five to seven cusps
and cusplets, two round apical buttons and two labio-basal
tubercles. There are several variations with combination of
mentioned features between these two terminal morpho-

types.

Figure 2. Teeth of ctenacanthiform Heslerodoides triangularis gen. et sp. nov., Republic of Bashkortostan (A-D) and Moscow Region (E-EE);
Pennsylvanian, Carboniferous. «* A—D — Dalniy Tyulkas section, sample DT-1; Zilim Formation, Podolskian Regional Stage, Moscovian. Holotype,
PM SPU 77-1, occlusal (A), oblique labial (B), basal (C) and oblique lateral (D) views. « E-H, O — Perhurovo-1 borehole, sample PKh-17; Neverovo
Formation, Khamovnikian Regional Stage, Kasimovian; E-H — PM SPU 77-2, occlusal (E), labial (F), lingual (G) and oblique lateral (H) views;
O—PM SPU 77-5, oblique lingual view. * I-K, P-S, X, Y, AA-EE — Afanasievo quarry; Neverovo Formation, Khamovnikian Regional Stage, Kasimovian;
I-K — PM SPU 77-3, sample AF5-54, occlusal (I), labial (J), and oblique basal (K) views; P—S — PM SPU 77-6, sample AF5-54, occlusal (P), labial
(Q), oblique lingual (R) and basal (S) views; X, Y — PM SPU 77-9, sample AF5-59, occlusal (X) and oblique labial (Y) views; AA — PM SPU 77-11,
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sample AF5-59, occlusal view; BB — PM SPU 77-12, sample AF5-60, occlusal view; CC — PM SPU 77-13, sample AF5-60, occlusal view; DD, EE —
PM SPU 77-14, sample AF5-56, occlusal (DD) and oblique basal (EE) views. * L-N — Myachkovo section, sample M7-34; Voskresensk Formation,
Krevyakian Regional Stage, Kasimovian; PM SPU 77-4, occlusal (L), labial (M), and oblique lateral (N) views. * T — Vodniki-2/3 borehole, depth
93.5-94.0 m, sample V-2/3-10; Mescherino Formation, Dorogomilovian Regional Stage, Kasimovian; PM SPU 77-7, occlusal view. « U-W —
Moscow-1832 borehole, depth 56.25-56.40m, sample 1832/70; Neverovo Formation, Khamovnikian Regional Stage, Kasimovian; PM SPU 77-8,
occlusal (U), labial (V), and oblique lingual (W) views. * Z — Domodedovo Quarry, beds 39, sample D-8C; Suvorovo Formation, Krevyakian Regional
Stage, Kasimovian; PM SPU 77-10, oblique labial view. Scale bar = 100 um.
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Remarks. — The teeth of new taxon, especially the second
morphotype, resemble the teeth of ctenacanthiform Hes-
lerodus. However, the latter possesses the three main cusps
and two intermediate cusplets; the central cusp slightly
thicker than the lateral ones; the lateral cusps strongly
divergent mesio-distally; the well-developed lateral carina;
the rounded base with deep labio-basal depression; two
prominent round apical buttons placed closely to the lingual
rim; and two round, wide labio-basal tubercles (Ginter
2002, Hodnet et al. 2012).

The incomplete tooth from the late Pennsylvanian of
Brazil described as Denaea? sp. (Duffin et al. 1996, fig. 7a—)
as well as the undescribed shark tooth from the lower—
middle Pennsylvanian of Brazil (Moutinho et al. 2016,
fig. 12g) are very similar to the teeth of Heslerodoides and
should thus, belong to this genus.

Occurrence. — Carboniferous, Pennsylvanian, Bashkirian—
Gzhelian; Moscow Region, Republic of Bashkortostan,
Russia, Brazil.

Cohort Euselachii Hay, 1902
Superfamily Protacrodontoidea Zangerl, 1981
Family Protacrodontidae Cappetta, Duffin & Zidek, 1993

Genus Gzhelodus gen. nov.
Type species. — Gzhelodus serratus sp. nov.

Etymology. — From the Gzhel locality, and the Greek
“odous”, meaning tooth.

Diagnosis. — Euselachian teeth with central cusp, three
to five intermediate and lateral cusplets in the pyramidal,
elongated mesio-distally crown; triangular prominent
central cusp; crenulated occlusal crest; coarse transversal
ridges and prominent projections with hook-like apices
on both labial and lingual sides of the crown; long labial
peg with bulb-shaped tubercle; highly vascularized tooth
base with prominent central part of occlusal face; dense
network of vascular canals occupying lower part of the
crown and whole base; longitudinal canal connecting short
pulp canals.

Occurrence. — Carboniferous, Pennsylvanian, Kasimovian—
Gzhelian; Moscow, Samara and Volgograd regions, Russia.

Gzhelodus serratus sp. nov.
Figures 3, 5P-V

Holotype. — Tooth, PM SPU 77-15 (Figs 3A-E, 5P-V).

Type horizon and locality. — Khamovnikian Regional Stage,
Kasimovian, Pennsylvanian, Carboniferous. Zhirnovsk
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Quarry, right bank of the Medveditsa River, Volgograd
Region, Russia.

Material. — One tooth from the Rusavkino Quarry, sample
PC-054, Kosherovo Formation, Dobryatinian Regional
Stage, Gzhelian; five teeth from the Gzhel section, Koshe-
rovo Formation, Dobryatinian Regional Stage, Gzhelian;
one tooth from the Yabloneviy Ravin Quarry, sample
8.1.2°, Idiognathodus simulator Zone, Gzhelian; one tooth
from the Zhirnovsk Quarry, Khamovnikian Regional Stage,
Kasimovian.

Etymology. — From the Latin serratus, serrated.
Diagnosis. — as for the genus.

Description. — The euselachian teeth have a width of
base from 1.4 to 1.7 mm mesio-distally. They possess the
pyramidal crown with triangular central cusp, three to five
intermediate and lateral cusplets. The crown is compressed
labio-lingually, elongated mesio-distally, and almost
symmetrical or asymmetrical. The prominent central cusp
is larger than other cusplets. They are separated by notches
from deep (Fig. 3J-L) to weakly developed (Fig. 3M-0).
The crown asymmetry is expressed in different numbers of
cusplets, ridges and projection on mesial and distal parts,
in distally inclined central cusp. The crenulated occlusal
crest is better developed on the central cusp and in the
notches between cusplets. The coarse transversal ridges are
presented on the labial and lingual sides of the crown. The
long ridges diverge from the apices of cusps or cusplets.
The lingual face of central cusp bears from one (Fig. 30) to six
short ridges (Fig. 3K). The one long ridge on the labial face
of central cusp passes into the labial peg. The peg is very
prominent, well-developed in the lower part of the crown,
and extended below the crown-base junction, at the labio-
basal rim forming the bulb-shaped tubercle. This tubercle is
surrounded with depression. The prominent projections are
located on most long ridges on both labial and lingual sides
of the crown. The projections are long and rather narrow,
being oval or drop-like in shape in the labial and lingual
views, being irregular in size, sometimes serrated (Fig.
3D, L) or with pointed hook-like apices (Fig. 3E). They are
shorter than the labial peg, and narrowed and disappeared
above the crown-base junction. The more prominent
projections are associated with the cusplets but some
small projections are situated on the lingual face of central
cusp (Fig. 3G) or between long projections (Fig. 3L). The
number of projections on one side of the crown varies
from two to ten. The projections are separated by deep
depressions of different width. The crown-base junction is
marked by the groove or a distinct line (Fig. 3K, O).

The tooth base is oval in basal view, elongated mesio-
distally, with convex occlusal and flat basal faces. The
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Figure 3. Teeth of euselachian Gzhelodus serratus gen. et sp. nov., Volgograd (A-E) and Moscow (F—Q) regions; Pennsylvanian, Carboniferous.
A-E — Zhirnovsk Quarry; Khamovnikian Regional Stage, Kasimovian; holotype, PM SPU 77-15, occlusal (A), lateral (B), basal (C), labial (D) and
oblique lingual (E) views. « F-L, P, Q — Gzhel section; Kosherovo Formation, Dobryatinian Regional Stage, Gzhelian; F-H — PM SPU 77-16, occlusal
(F), lingual (G) and labial (H) views; I — PM SPU 77-17, labial view; J-L — PM SPU 77-18, occlusal (J), lingual (K) and oblique labial (L) views;
P, Q — PM SPU 77-20, occlusal (P) and oblique labial (Q) views. * M—O — Rusavkino Quarry; Kosherovo Formation, Dobryatinian Regional Stage,
Gzhelian; PM SPU 77-19, oblique occlusal (M), labial (N) and lingual (O) views. Scale bar = 300 pm.
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extended lingual part of the base is triangular (Fig. 3A, I)
or oval (Fig. 3M) in the occlusal view, with a prominent
central part. The large and small foramina of vascular
canals penetrate the occlusal face of the base. The rows of
foramina open on the labial surface, mesially and distally
from the labial peg (Fig. 3D, L, Q).

The vascularization system contains a dense network
of canals occupying the lower part of the crown and the
whole tooth base (Fig. SR—V). The network includes the
transverse main and secondary horizontal, longitudinal,
narrow ascending and secondary, short pulp canals. The
horizontal canals run across the base from the lingual torus
to the labio-basal edge (Fig. 5S, T). The ascending and
secondary canals are connected to the horizontal canals.
The ascending canals are vertical or inclined from the ver-
tical axis. The longitudinal canal connects the pulp canals.
The straight dentine tubules were observed into the large
cusps (Fig. 5R).

The teeth vary in the number of cusplets, projections
and ridges; in the height and inclination of central cusp;
in the size of projections and lapial peg; in the depth of
notches between the cusp and cusplets; and in the shape
of tooth base.

Remarks. — The Gzhelodus teeth are similar to the teeth of
some taxa such as Deihim mansureae Ginter, Hairapetian
& Klug, 2002 from the Late Devonian and early
Carboniferous of Iran, Armenia, Australia, New Mexico
(USA) and Kuznetsk Basin, Russia (Ginter et al. 2010;
Ivanov & Rodina 2010; Ivanov & Lucas 2011; Roelofs et
al. 2015, 2016); Roongodus phijani Hairapetian & Ginter,
2009 from the Late Devonian of Iran (Hairapetian & Gin-
ter 2009); Reesodus pectinatus (Lebedev 1996) from the
early Carboniferous of Belgorod Region, Russia (Lebedev
1996); and Tiaraju tenuis Richter, 2007 from the middle
Permian of Brazil (Richter 2007). However, the teeth of
new taxon differ from the teeth of above mentioned taxa
in the prominent projections on both labial and lingual
surfaces; well-developed, long labial peg; crenulated
occlusal crest and flat basal face of the base.

Occurrence. — Carboniferous, Pennsylvanian, Kasimo-
vian—Gzhelian; Moscow, Samara and Volgograd regions,

Russia.

Order and family incertae sedis

Genus Samarodus gen. nov.
Type species. — Samarodus flexus sp. nov.

Etymology. — From the Samara Region, and the Greek
“odous”, meaning tooth.

Diagnosis. — Small teeth with three cusps in the crown;
cusps sigmoidally curved, with smooth labial face and small
nodes in the upper part; central cusp slightly higher and
wider than the lateral ones; lingual cusp surface ornamented
by numerous straight, slightly wavy cristae; lateral carina in
the upper part of the cusp; triangular or semicircular base
with a smooth occlusal face; two small labio-basal tubercles
with a shallow depression only on the basal face; pulp
canals slightly extended at the cusp node; large foramina
of three wide main horizontal vascular canals.

Occurrence. — Carboniferous, Pennsylvanian, Moscovian—
Gzhelian; Samara and Moscow regions, Republic of
Bashkortostan, Pechora Sea, Russia.

Samarodus flexus sp. nov.
Figures 4, SA-G

1999 “Cladodus’ divergens Trautschold, 1879. — Ivanov, pp.
276, 277 (partim), fig. 3a, pl. 7, fig. 1 (non fig. 3b—e).

Holotype. — Tooth, PM SPU 77-21 (Figs 4A—C, 5A-G).

Type horizon and locality. — Idiognathodus simulator
conodont Zone, Gzhelian, Pennsylvanian, Carboniferous.
Yabloneviy Ravin Quarry, Volga River, right bank, Samara
Region, Russia; sample 8.1.2°.

Material. — One tooth from the Mytischi-17 borehole,
depth 43.0-47.0m, sample 17/1-2, Kosherovo Formation,
Dobryatinian Regional Stage, Gzhelian; one tooth from the
Rusavkino Quarry, sample PC-054, Kosherovo Formation,
Dobryatinian Regional Stage, Gzhelian; one tooth from
the Gzhel section, Kosherovo Formation, Dobryatinian
Regional Stage, Gzhelian; Samara Region: 10 teeth from
the Yabloneviy Ravin Quarry, sample 8.1.2°, Idiognathodus
simulator Zone, Gzhelian; five teeth from the Shiryaevo-31a
borehole, depth 76.7—83.2 m, sample Sh31a/34; Dorogo-
milovian Regional Stage, Kasimovian; one tooth from the

Figure 4. Teeth of Samarodus flexus gen. et sp. nov., Samara (A-L, Q-V) and Moscow (M) regions, Republic of Bashkortostan (N-P, W), Pechora
Sea (X, Y); Pennsylvanian, Carboniferous. * A-D, Q, U, V — Yabloneviy Ravin Quarry, sample 8.1.2°; Idiognathodus simulator Zone, Gzhelian;
A-C — holotype, PM SPU 77-21, occlusal (A), oblique labial (B) and oblique lateral (C) views; D — PM SPU 77-22, oblique basal view; Q — PM SPU
77-27, occlusal view; U — PM SPU 77-30, basal view; V—PM SPU 77-31, basal view. « E-L, R-T — Shiryaevo-3 1a borehole, depth 76.7-83.2 m, sample
Sh31a/34; Dorogomilovian Regional Stage, Kasimovian; E-1-PM SPU 77-23, occlusal (E), oblique lateral (F), lingual (G) views, detail of broken lateral
cusp (H), detail of central cusp in lingual view (I); J-L — PM SPU 77-24, occlusal (J), basal (K) and lingual (L) views; R — PM SPU 77-28, occlusal
view; S, T — PM SPU 77-29, labial (S) and oblique occlusal (T) views. * M — Mytischi-17 borehole, depth 43.0-47.0m, sample 17/1-2; Kosherovo
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Formation, Dobryatinian Regional Stage, Gzhelian; PM SPU 77-25, occlusal view. * N-P, W — Dalniy Tyulkas section; Zilim Formation, Podolskian
Regional Stage, Moscovian; N-P — PM SPU 77-26, sample DT-1, lingual (N), basal (B) and oblique labial (P) views; W — PM SPU 77-32, sample
DT-14, basal view. ¢ X, Y — Gulyaevskaya borehole, depth 2710 m; Gzhelian—Asselian boundary beds; PM SPU 77-32, oblique lateral (X) and lingual
(Y) views. Scale bars: A-G, I-Y = 100 um; H = 50 pm.
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the Askyn section, sample 47/2, Zilimian Regional Stage,
Moscovian; eight teeth from the Dalniy Tyulkas section,
samples DT-1, DT-11, DT-14, DT-36, Zilimian Regional
Stage, Moscovian; one tooth from the Gulyaevskaya
borehole, depth 2710 m, Gzhelian—Asselian boundary beds.

Etymology. — From the Latin flexus, curved.
Diagnosis. — as for the genus.

Description. — Small teeth have a width of base from 0.45
to 0.95 mm mesio-distally. The crown consists of three
cusps: central and paired lateral. The central cusp is slightly
higher and wider than the lateral ones. The lateral cusps
diverge mesially and distally from the central one. The
cusps are thin, acuminate, sigmoidally curved, inclined
in the lingual direction, round in cross section (Fig. 4H),
and with smooth labial and ornamented lingual faces.
The lingual face in the lower two thirds bears numerous
straight, distinct cristae, which are sometimes slightly
wavy and bifurcated at the base. The upper third part of
the lingual face is smooth (Fig. 4G, 1, Y). The short cristae
are sometimes present between the cusps (Fig. 4M, N, Q).
The cusps are thickened at the boundary of the smooth and
ornamented lingual parts formed the distinct node (Fig.
4C, F-I, 5C). The lateral carina is well-developed in the
upper part of the cusps especially at that node (Fig. 4C),
and disappears in the lower part and between the cusps.
The bases of the central and lateral cusps are placed along
a straight line along the labial edge. A narrow groove marks
the crown/base boundary.

The tooth base is rather thin, directed lingually, triangular
or semicircular in shape, with acuminated triangular or
rounded lingual part. The occlusal surface is smooth,
slightly convex, the basal one is almost flat. The base bears
two small, round, prominent labio-basal tubercles. The
tubercles are separated by a shallow depression which is
weakly developed only on the basal face (Fig. 4D, F, K, O,
P, U-X). The large foramina of the main vascular canals are
located at the lingual edge on the occlusal surface and on
the basal surface of the base. The numerous small foramina
of canals open around the cusp base.

The cusps comprise orthodentine (Fig. 4H) with thin
pulp canals (Fig. 5G). The pulp canals are slightly extended

at the cusp node (Fig. 5D, F, G). The vascularization system
of the tooth base consists of three large main horizontal,
moderate secondary horizontal, and short ascending
canals. The wider horizontal canal transverses the tooth
base from the mid lingual rim to the pulp canal of central
cusp (Fig. 5F). Two lateral main horizontal canals run along
the lingual edges to the pulp canals of lateral cusps. The
secondary horizontal canals connect these main canals in
the network. The ascending canals penetrate the occlusal
face near the crown/base junction and the basal face of the
base (Fig. 5D, G).

The teeth of the new taxon vary in the width of cusps,
the degree of cusp sigmoidal curvature, the number of
cristae on the cusp lingual face, the shape and length of
tooth base, and the width of depression between labio-
basal tubercles. The lingual part of the tooth base varies
from acuminate triangular (Fig. 4A, E, M, U) to rounded
(Fig. 40, W). The smaller teeth in the collection (Fig.
4N-P, V) possess the thinner, strongly sigmoidally curved
cusps, a lesser number of lingual cristae in the lingual
ornamentation, the semicircular base with short lingual
part and large foramina of the canals, and the wide-spaced
labio-basal tubercles.

Remarks. — The tooth (Fig. 4X, Y) described earlier as
‘Cladodus’ divergens Trautschold, 1879 (Ivanov 1999)
from the Gzhelian—Asselian boundary beds of the
Gulyaevskaya borehole (Pechora Sea) is assigned to
Samarodus flexus gen. et sp. nov.

The teeth of the new taxa differ from the teeth of Palaco-
zoic sharks in the cusps with a smooth labial face but with
well-developed lingual ornamentation, and with a node in
the upper part, two labio-basal tubercles at the base but
occlusal surface without any articulation elements. The
weakly-developed cladodont crown and proportion of cusps
in the new taxon is rather similar to that of Heslerodus teeth
but the latter is different in the presence of intermediate
cusplets in the crown, two apical buttons on the occlusal
side of the base and a deep labio-basal depression (Ginter
et al. 2010).

Occurrence. — Carboniferous, Pennsylvanian, Moscovian—
Gzhelian; Samara and Moscow regions, Republic of Bash-
kortostan, Pechora Sea, Russia.

Figure 5. Micro-CT images of the teeth. * A—G — Samarodus flexus gen. et sp. nov., holotype, PM SPU 77-21; occlusal (A), basal (B) and oblique lingual
(C) views; oblique lingual view with translucent tooth (F); transversal (D), frontal (E) and sagittal (G) virtual sections with translucent tooth. « H-O —
Heslerodoides triangularis gen. et sp. nov., holotype, PM SPU 77-1; occlusal (H) and lingual (I) views; transversal (J), frontal (K) and sagittal (L) virtual
sections; transversal (M), frontal (N) and sagittal (O) virtual sections with translucent tooth. * P-V — Gzhelodus serratus gen. et sp. nov., holotype, PM
SPU 77-15; occlusal (P) and lingual (Q) views; lingual view with translucent tooth (U); transversal (R), frontal (S, T) and sagittal (V) virtual sections with
translucent tooth. Abbreviations: ab — apical button; ac — ascending vascular canal; ccp — central cusp; cn — cusp node; dt —dentine tubules; fc — foramen
of vascular canal; fmc — foramen of main vascular canal; icp — intermediate cusp; ict — intermediate cusplet; lbp — labio-basal projection; Ibt — labio-basal
tubercle; lc — longitudinal vascular canal; Ica — lateral carina; lcp — lateral cusp; Ict — lateral cusplet; Ip — labial peg; mhc — main horizontal vascular canal;
pc — pulp canal; pr — crown projection; sc — secondary vascular canal; shc — secondary horizontal vascular canal. Scale bars: A—O = 100 pm; P—V =300 pm.
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Discussions
Heslerodoides

The teeth of a new taxon, especially first morphotype,
possess some features in the structure of the crown similar
to falcatid symmoriiformes such as Stethacanthulus and
two species of Denaea (D. saltsmani Ginter & Hansen,
2010 and D. wangi Wang, Jin & Wang, 2004). These teeth
have quite high intermediate and lateral cusps and cusplets
but the central cusp is larger than other cusps. The structure
of the tooth base in the falcatids is different to those of
Heslerodoides teeth. The teeth of the mentioned Denaea
species possess the base with weakly developed apical
button placed at the lingual rim and labio-basal tubercle
(Wang et al. 2004, Ginter & Hansen 2010). The tooth
bases of Stethacanthulus teeth lack both an apical button
and labio-basal tubercle but have an occlusal transverse
depression and basal prominence (Williams 1985, Ivanov
1999).

The teeth of Heslerodoides closely resemble the teeth
of ctenacanthiform Heslerodus (Ginter 2002) but are
distinguished from these with a fan-shaped crown; the main
cusps are almost equal in sizes; a small labial depression on
the labial side below central cusp; a triangular tooth base
with a pointed central part; one or two closely placed apical
buttons in the central part of the crown; one labio-basal
projection or one tubercle or two small, closely placed
tubercles. The teeth of most ctenacanthiforms excepting
Heslerodus and Heslerodoides are characterized by
a typical cladodont crown with a strongly dominant central
cusp (Ginter et al. 2010). The central cusp in the teeth of
Heslerodus and Heslerodoides is almost equal in height to
the lateral ones. However, the central cusp in Heslerodus
teeth is usually wider than the lateral cusps. The large vari-
ation in the crown and base morphology suggests the
heterodonty in the Heslerodoides dentition.

Currently, the order Ctenacanthiformes includes
two families: Ctenacanthidae and Heslerodidae (Ginter
et al. 2010, Maisey 2010). The family Heslerodidae
primarily contains the genera Heslerodus, Avonacanthus
and Bythiacanthus (Maisey 2010). Later, some authors
suggested that the genera Glikmanius, Kaibabvenator
and Nanoskalme should also have been included into this
family (Hodnett et al. 2012) such as Glencartius (Ivanov
& Lebedev 2014). Hodnett ef al. (2021) described a new
genus of ctenacanthiforms and proposed that this order
should include four to five families or superfamilies.
They presumed the combination the genera Dracopristis,
Glikmanius, Glencartius, Kaibabvenator, Nanoskalmae
and family Heslerodidae into one new superfamily
(Hodnett ef al. 2021). Heslerodoides is closely related to
Heslerodus and can be assigned to the family Heslerodidae
(Maisey 2010).
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Gzhelodus

The teeth of Gzhelodus resemble the teeth of Deihim,
Roongodus, Reesodus pectinatus and Tiaraju. The Deihim
teeth differ from the teeth of new taxon in the row of short
projections (cusplets) only on the labial face, projections
covered with coarse cristae, an undeveloped occlusal crest,
deeper notches between cusps, a concave basal surface of
the base, and numerous large foramina on the occlusal and
basal sides (Ginter ef al. 2002, 2011; Roelofs et al. 2016).
The various teeth with large variations in morphology
were described as Deihim. Originally the teeth of Deihim
mansureae included four tooth morphotypes which were
rather distinguishable from each other (Ginter ef al. 2002).
However, the teeth described later differed from these four
morphotype. One tooth (Hairapetian & Ginter 2010, text-fig.
3a) has a crown typical of Protacrodus with pyramidal cusps
rounded in cross section and strongly separated from each
other; ridges on the labial and lingual faces diverged basally
from the cusp apex. This tooth has five labial projections.
Other tooth (Roelofs et al. 2016, fig. 6.11, 12) possesses
a monolithic pyramidal crown without a differentiation
of cusps. The Deihim teeth do not commonly have a labial
peg but two teeth possess a strongly prominent labial
peg (Ginter et al. 2002, fig. 10g, i; Roelofs et al. 2015,
text-fig. 6f). The tooth with a cladodont crown and weakly
pronounced apical button but with a few small labial
projections was described also as D. mansureae (Hairapetian
& Ginter 2009, text-fig. 2d). These abovementioned teeth
have only one feature in common: the presence of labial
projections. Such large differences cannot be explained
just by tooth variations in the heterodont dentition. It is
obvious that the genus Deihim includes several species
besides D. mansureae, and some teeth probably belong to
other genera.

The incomplete and poorly preserved teeth from the
late Pennsylvanian of New Mexico (USA) described
as Protacrodontidae indet. resemble the teeth of Deihim
and Gzhelodus but they have a low crown and weakly
developed cusplets (Ivanov & Lucas 2019).

The teeth Roongodus in contradistinction to Gzhelodus
teeth possess the lingual peg and the massive central cusp
(Hairapetian & Ginter 2009). One tooth, the holotype of
Reesodus pectinatus (Lebedev 1996, fig. 2d—f), is similar
to the teeth of new taxon in the prominent labial projections
and peg, but differs in the small, tubercle-like lingual
projections and distinct, straight occlusal crest. Other
teeth of this species are distinguished from the holotype
and described taxon in the weakly developed projections,
while some specimens have a monolithic crown without
differentiated cusplets (Lebedev 1996).

The tooth of Tiaraju (Richter 2007) resembles the teeth
of Gzhelodus with the presence of projections (buttresses)
on both labial and lingual faces but differs in the short
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central cusp; the well differentiated cusplets; the lacking
labial peg; the regular arrangement of almost equal pro-
jections; the concave basal face of the base. The author
assigned Tiaraju to eugeneodontiforms (Richter 2007). The
teeth of eugeneodontiforms mainly have a fused cusp and
cusplets in the crown consisting of tubular dentine, and
a highly vascularized tooth base (Ginter et al. 2010). The
Tiaraju tooth is strongly distinguished from the teeth of
any known eugeneodontiforms and is very similar to that of
euselachians such as Gzhelodus and Deihim, thus, probably
belonging to this group.

Samarodus

The peculiar teeth of Samarodus are distinguished from the
teeth of all known Palaeozoic chondrichthyans. The teeth of
most Palacozoic sharks possess the considerably developed
ornamentation on the labial surface then that on the lingual
side. The teeth of phoebodontiforms such as Phoebodus
depressus Ginter, Hairapetian & Klug, 2002 and some
species of Thrinacodus (Ginter et al. 2010) secondarily
lost the labial ornamentation but have several short cristae
on their lingual face. The Samarodus teeth have a smooth
labial face but a well-developed ornamented lingual
face. The node in the upper part of cusp related with the
extinction of the pulp canal is an uncommon characteristic
of Palaeozoic shark teeth. The lateral carina, if present in
the known Palacozoic teeth, is developed along the entire
lateral edge of the cusp and often connects the cusps
together in the crown. In contrast to this, the lateral carina
in the Samarodus teeth is well-developed in the upper part
of the cusps and extended at the node, whilst missing in the
lower part and between the cusps. The teeth of Palaecozoic
sharks bearing one or two labio-basal tubercles (projections)
usually have one or two apical buttons (Ginter et al. 2010).
However, the teeth of Samarodus have two prominent
labio-basal tubercles and lack an apical button. The teeth
of only one chondrichthyan group Jalodontiformes possess
one to four labio-basal tubercles and lack an apical button
(Ivanov et al. 2021).

Such a combination of features is unknown in the
teeth of all Palacozoic chondrichthyans. However, the
teeth from the Early Cretaceous of Europe demonstrate
a similar cusp design. The teeth of Cretacladoides noricum
Feichtinger, Engelbrecht, Lukeneder & Kriwet, 2020 from
Austria (Feichtinger ef al. 2020) and especially the tooth
described as Falcatidae indet. from France (Guinot ef al.
2013) possess the sigmoidally curved cusps with one to two
cristae in the lower part of a mostly smooth labial face, with
numerous slightly wavy cristae in the lower two-thirds of
the lingual face and smooth upper third part. Cretacladoides
was tentatively assigned by authors as also belonging
to the family Falcatidae of the order Symmoriiformes

(Feichtinger et al. 2020). These Cretaceous teeth slightly
resemble the Palacozoic falcatid teeth in their crown
morphology but this resemblance is only superficial. The
crowns of falcatid teeth possess cusps which are rounded
in cross-section and separated from each other. The lateral
carina is weakly developed or missing. The crowns of
Cretaceous teeth have cusps with a biconvex cross-section
and which are connected to each other with well-developed
lateral carina (cutting edge). The structure of the tooth base
in Cretaceous teeth differs considerably from that of the
Palaeozoic falcatid teeth. The base of Cretaceous teeth has
a transversal thickening on the central part of the occlusal
face and flat basal face (Feichtinger et al. 2020). Such
transversal thickening is common for several fossil and
modern neoselachians (Cappetta 2012). In contrast, the
base of falcatid teeth possesses the distinct apical button
and labio-basal projection (Ginter & Hansen 2010) or
an occlusal transverse depression and basal prominence
(Williams 1985, Ivanov 1999). The Cretaceous teeth in the
crown design are similar to those of the synechodontiform
neoselachians especially the Permian synechodontid teeth
(Ivanov 2005). However, the synechodontiform teeth
have a strongly ornamented labial face of the crown and
smaller lateral cusps (Thies 1983, Duffin & Ward 1993,
Klug 2009). Apparently, all teeth described from the Early
Cretaceous of Europe should be attributed to neoselachians.

Conclusions

The ,new taxa described here demonstrate the taxonomical
diversity in the late Carboniferous chondrichthyans with
various types of tooth morphology. These taxa occur in the
Bashkirian—Gzhelian from numerous localities of Republic
of Bashkortostan, Moscow, Samara and Volgograd regions
of Russia. Heslerodoides has also been recorded in the
Pennsylvanian of Brazil.

The ctenacanthiform Heslerodoides demonstrates
variations in tooth morphology and has teeth resembling
those of Heslerodus. The protacrodontid euselachian
Gzhelodus is closely related with Deihim and Tiaraju. The
peculiar teeth of the astonishing shark Samarodus possess
a combination of features previously unknown in the teeth
of Palaeozoic chondrichthyans but their cusps are similar
to the peculiar teeth from the Early Cretaceous of Austria
and France.

Acknowledgments

The author is most grateful to A.S. Alekseev, L.I. Kononova and
A.N. Reimers (Department of Paleontology, Geology Faculty,
Lomonosov Moscow State University, Moscow, Russia), N.V.
Goreva (Geological Institute of the Russian Academy of Science,

231



Bulletin of Geosciences * Vol. 97, 2, 2022

Moscow, Russia), and T.A. Artemova (Moscow, Russia) for
presenting the specimens used in this study and stratigraphic
information; to N.M. Vlasenko (Research park, St. Petersburg
State University, St. Petersburg, Russia) and R.A. Rakitov
(Borissiak Paleontological Institute of the Russian Academy of
Sciences, Moscow, Russia) for assistance during SEM imaging,
and to S.P. Nilov (Institute of the Earth Sciences, St. Petersburg
State University, St. Petersburg) for the microtomographic
sections and reconstruction. The scientific research was performed
at the Center for Geo-Environmental Research and Modeling
(GEOMODEL) and the Center for X-ray Diffraction Studies
of Research Park of St. Petersburg State University. This paper
has been supported by the Kazan Federal University Strategic
Academic Leadership Program (PRIORITY-2030).

The author is grateful to Claire Derycke (Université de Lille
1, Villeneuve d’Ascq, France) and Michal Ginter (Warsaw
University, Warsaw, Poland), and editor Jaroslav Zajic for useful
comments and careful reviews.

References

ALEKSEEV, A.S. & Goreva, N.V. 2012. Conodonts at the
Moscovian-Kasimovian (Pennsylvanian) boundary in the
South Urals, 189-193. In ViSHNEVSKAYA, V.S., GOREVA,
N.V. & FiLimoNova, T.V. (eds) Modern micropaleon-
tology. Proceedings of the XV All-Russian Micropaleonto-
logical Mmeeting. Kuban University Press, Gelendzhik. [in
Russian]

ALEKSEEV, A.S. & Goreva, N.V. 2015. Latest Moscovian to
earliest Kasimovian (Pennsylvanian) conodont faunas from the
Dalnyi Tulkas section, South Urals, Russia, 21. /n NURGALIEV,
D.K., ALexseev, A.S., DELLA Porta, G., Kossovaya, O.L.,
Kotryar, G.V., NIKOLAEVA, S.V., SILANTIEV, V.V. & URAZAEVA,
M.N. (eds) Abstracts Volume of XVIII International Congress
on the Carboniferous and Permian. Kazan University Press,
Kazan. [in Russian]

ALEKSEEV, A.S., BaArRanova, D.V., KaBanov, P.B., Istocunikov,
V.O., OpErov, D.M., PLoTROVSKIY, A.S. & YUDKEVICH, A.l.
1998. Reference section of Upper Carboniferous of Moscow.
Byulleten MOIP, Geology 73(2), 3—15. [in Russian]

ALEKSEEV, A.S., Goreva, N.V,, Isakova, T.N. & Kossovava, O.L.
2009a. Afanasievo section. Neostratotype of Kasimovian
Stage, 91-114. In ALEKSEEV, A.S. & GORrREVA, N.V. (eds) Tipe
and Reference Carboniferous Sections in the South Part
of the Moscow Basin. Field Trip Guidebook of the Inter-
national Field Meeting of the 1.U.G.S. Subcommission on
Carboniferous Stratigraphy “The Historical Type Sections,
Proposed and Potential GSSP of the Carboniferous in Russia”.
Paleontological Institute Press, Moscow.

ALEKSEEV, A.S., GOrREVA, N.V., Isakova, T.N., Kossovava, O.L.,
Lazarev, S.S. & Davypov, A.E. 2009b. Gzhel section:
Stratotype of Gzhelian Stage, 115-137. In ALEKSEEV, A.S. &
GoRrEVA, N.V. (eds) Type and Reference Carboniferous Sections
in the South Part of the Moscow Basin. Field Trip Guidebook of
the International Field Meeting of the 1.U.G.S. Subcommission
on Carboniferous Stratigraphy “The Historical Type Sections,

232

Proposed and Potential GSSP of the Carboniferous in Russia”.
Paleontological Institute Press, Moscow.

ALEKSEEV, A.S., Goreva, N.V., Isakova, T.N. & Kossovava, O.L.
2015a. A new scheme of lithostratigraphic division of the
Kasimovian—Gzhelian boundary beds of the Moscow Region,
Byulleten RMSK po tsentru i yugu Russkoy Platformy 6, 46—60.
[in Russian]

ALEKSEEV, A.S., REIMERS, A.N., ERMAKOVA, YU. V., Isakova, T.N. &
Gatovsky, Yu.A. 2015b. Biostratigraphy of Upper Carbonifer-
ous on conodonts in the eastern Samarskaya Luka (Shiryae-
v0), 39-43. In VISHNEVSKAYA, V.S. & OLSHANETsKY, D.M. (eds)
Modern Micropaleontology. Proceedings of the XVI All-Rus-
sian Micropaleontological Meetings. Kaliningrad. [in Russian]

BonaparTg, C.L.J. 1838. Selachorum tabula analytica. Nuovi
Annali delle Scienze Naturali Bologna 1(2), 195-214.

CapPPETTA, H. 2012. Chondrichthyes. Mesozoic and Cenozoic
Elasmobranchii. Teeth, 1-512. In Scrurtze, H.-P. (ed.) Hand-
book of Palaeoichthyology, v. 3E. Verlag Dr. Friedrich Pfeil,
Miinchen.

CaprPETTA, H., DurFN, C. & Zipek, J. 1993. Chondrichthyes,
593-609. In BENTON, MLJ. (ed.) The Fossil Record 2. Chapman
and Hall, London.

DurrN, C.J. & Warp, D.J. 1993. The Early Jurassic palacospinacid
sharks of Lyme Regis, southern England, 53—102. /n HERMAN,
J. & VaN Wates, H. (eds) Elasmobranches et stratigraphie,
Belgian Geological Survey, Professional Paper no. 264.
Belgian Geological Survey Publ., Brussel.

DurriN, C.J., RicHTER, M. & NEIs, P.A. 1996. Shark remains from
the Late Carboniferous of the Amazon Basin, Brazil. Neues
Jahrbuch fiir Geologie und Paldontologie 4, 232-256.

DOI 10.1127/njgpm/1996/1996/232

ErmMakova, Yu.V., REIMERS, A.N. & ALEKSEEV, A.S. 2012. Zonal
division of the boundary beds of the Kasimovian and Gzhelian
stage (Upper Carboniferous) of the Yabloneviy Ravin Quarry
(Samara Bend) on conodonts, 89-91. In ToLMACHEVA, T.YU.,
Kossovava, O.L., Evbokimova, 1.0O., KoTLyar, G.V. & Ivanov,
A.O. (eds) Paleozoy Rossii: regionalnaya stratigrafiya,
paleontologiya, geo- i biosobytiya [Palacozoic of Russia:
Regional Stratigraphy, Palacontology, Geo- and Bioevents].
Proceedings of the 11l All-Russian Meeting. VSEGEI Publ.,
St. Petersburg. [in Russian]

FEICHTINGER, 1., ENGELBRECHT, A., LUKENEDER, A. & KRIWET, J.
2020. New chondrichthyans characterised by cladodont-like
tooth morphologies from the Early Cretaceous of Austria,
with remarks on the microstructural diversity of enameloid.
Historical Biology 32, 823-836.

DOI 10.1080/08912963.2018.1539971

GINTER, M. 2002. Taxonomic notes on “Phoebodus heslerorum”
and Symmorium reniforme (Chondrichthyes, Elasmobranchii).
Acta Palaeontologica Polonica 47, 547-555.

GINTER, M. & HANSEN, M. 2010, Teeth of the cladodont shark
Denaea from the Carboniferous of central North America,
29-44. In Nowakowskl, D. (ed.) Morphology and Systematics
of Fossil Vertebrates. DN Publisher, Wroclaw.

GINTER, M., HAIRAPETIAN, V. & KLUG, C. 2002. Famennian chon-
drichthyans from the shelves of North Gondwana. Acta Geo-
logica Polonica 52, 169-215.



Alexander O. Ivanov ¢ New late Carboniferous chondrichthyans from the European Russia

GINTER, M., HampE, O. & DurriN, C.J. 2010. Chondrichthyes
Paleozoic Elasmobranchii: Teeth, 1-168. In Schurrze, H.-P.
(ed.) Handbook of Palaeoichthyology, v. 3D. Verlag Dr. Fried-
rich Pfeil, Miinchen.

GINTER, M., HAIRAPETIAN, V. & GRIGORYAN, A. 2011. Chon-
drichthyan microfossils from the Famennian and Tournaisian
of Armenia. Acta Geologica Polonica 61, 153-173.

GLIKMAN, L.S. 1964. Subclass Elasmobranchii. Sharks, 196-237.
In OBRUCHEV, D.V. (ed.) Osnovy Paleontologii. Beschelustnye,
Ryby [Fundamentals of Paleontology. Agnathans, Fishes].
Nauka, Moscow. [in Russian]

Goreva, N.V. & ALEkSEEV, A.S. 2018. Conodonts of the
Kasimovian Stage at the type region, 288—293. /n AFANASIEVA,
M.S. & ALexsSEEv, A.S. (eds) Modern Micropaleontology.
Proceedings of the XVII All-Russian Micropaleontological
Meetings. Kazan. [in Russian]

GoRrEVA, N.V. & ALEKSEEV, A.S. 2019. Conodonts of the
Krevyakinian and Khamovnikian Substages of the Kasimovian
Stage in the type region (Moscow Basin). Paleontological
Journal 53, 950-955. DOI 10.1134/S003103011909003X

Goreva, N.V,, Isakova, T.N., ALEKSEEV, A.S., KaBanov, P.B. &
Kossovaya, O.L. 2009. Domodedovo section. Neostratotype
of Moscovian Stage and Myachkovian Substage, 65-90. In
ALEKSEEV, A.S. & GorEvA, N.V. (eds) Type and Reference
Carboniferous Sections in the South Part of the Moscow Basin.
Field Trip Guidebook of the International Field Meeting of the
LU.G.S. Subcommission on Carboniferous Stratigraphy “The
Historical Type Sections, Proposed and Potential GSSP of
the Carboniferous in Russia”. Paleontological Institute Press,
Moscow.

Gumor, G., AbNET, S., Cavin, L. & CarPETTA, H. 2013. Cretaceous
stem chondrichthyans survived the end-Permian mass ex-
tinction. Nature Communications 4, 1-8.

DOI 10.1038/ncomms3669

HaIrAPETIAN, V. & GINTER, M. 2009. Famennian chondrichthyan
remains from the Chahriseh section, central Iran. Acta Geo-
logica Polonica 59, 173-200.

HAIRAPETIAN, V. & GINTER, M. 2010. Pelagic chondrichthyan
microremains from the Upper Devonian of the Kale Sardar
section, eastern Iran. Acta Geologica Polonica 60, 357-371.

Hay, O.P. 1902. Bibliography and catalogue of the fossil verte-
brata of North America. US Geological Survey Bulletin 179,
1-868. DOI 10.5962/bhl.title.20094

HopnerT, J-P.M., ELuiorT, D.K., OLson, T.J. & WiTTKE, J.H. 2012.
Ctenacanthiform sharks from the Permian Kaibab Formation,
northern Arizona. Historical Biology 24, 381-395.

DOI 10.1080/08912963.2012.683193

HobnetT, J.-P.M., Grocan, E.D., Lunp, R., Lucas, S.G., Suazo, T.,
ELLiort, D.K. & Pruirt, J. 2021. Ctenacanthiform sharks
from the Late Pennsylvanian (Missourian) Tinajas Member
of the Atrasado Formation, Central New Mexico. New
Mexico Museum of Natural History and Science Bulletin 84,
391-424.

Huxtey, T.H. 1880. On the application of the laws of evolution to
the arrangement of the Vertebrata, and more particularly of the
Mammalia. Proceedings of the Zoological Society of London
1880, 649-662.

Ivanov, A. 1999. Late Devonian — Early Permian chondrichthyans
of the Russian Arctic. Acta Geologica Polonica 49, 267-285.

Ivanov, A. 2005. Early Permian chondrichthyans of the Middle
and South Urals. Revista Brasileira de Paleontologia 8,
127-138. DOI 10.4072/rbp.2005.2.05

Ivanov, A. & GINTER, M. 1996. Early Carboniferous xenacanthids
(chondrichthyes) from eastern Europe. Bulletin de la Société
géologique de France 167, 651-656.

Ivanov, A.O. & LeBeDEV, O.A. 2014. Permian chondrichthyans of
the Kanin Peninsula, Russia. Paleontological Journal 48(9),
1030-1043. DOI 10.1134/S0031030114090056

Ivanov, A. & Lucas, S.G. 2011. Fish fossils from the Paleozoic
Sly Gap Formation of southern New Mexico, USA. New
Mexico Museum of Natural History and Science Bulletin 53,
52-70.

Ivanov, A.O. & Lucas, S.G. 2019. Late Pennsylvanian fish
assemblage from the Robledo Mountains and new records of
Paleozoic chondrichthyans in New Mexico, USA. Bulletin of
Geosciences 94, 235-255. DOI 10.3140/bull.geosci.1741

Ivanov, A.O. & Ropina, O.A. 2010. Chondrichthyan assemblage
from the Upper Devonian deposits of Yaya River basin
(Kuznetsk Basin), 47-52. In Upopov, V.P. (ed.) Priroda
i ékonomika Kuzbassa i sopredelnykh territorij [Nature
and Economic of Kuznetsk Basin and Adjacent Territories).
Kuzbass State Pedagogical Academy Publ., Novokuznetsk [in
Russian]

Ivanov, A.O., DurriN, C.J. & RicHTER, M. 2021. Youngest
jalodontid shark from the Triassic of Europe and a revision
of the Jalodontidae. Journal of Vertebrate Paleontology 41.
DOI 10.1080/02724634.2021.1931259

KnaBakov, A.V. 1939. Class Pisces. Fishes, 146—155. In Gorskiy,
LL (ed.) Atlas rukovodyaschikh form faun SSSR. T. 5. Sredniy
i verkhniy otdely kamennougolnoy sistemy [Atlas of the
Leading Forms of the Fossil Faunas of USSR. V. 5. Middle
and Upper Carboniferous]. GONTI, Leningrad. [in Russian]

KuaBakov, A.V. 1941. Class Pisces. Fishes, 164—170. In LiBro-
vicH, L.S. (ed.) Atlas rukovodyaschikh form faun SSSR.
T. 4. Nizhniy otdel kamennougolnoy sistemy [Atlas of the
Guide Forms of the Fossil Faunas of USSR. V. 4. Lower
Carboniferous]. GIGL, Moskva-Leningrad. [in Russian]

Krua, S. 2009. A new palaeospinacid shark (Chondrichthyes,
Neoselachii) from the Upper Jurassic of Southern Germany.
Journal of Vertebrate Paleontology 29, 326-336.

DOI 10.1671/039.029.0203

LEBEDEV, O.A. 1996. Fish assemblages in the Tournaisian — Viséan
environments of the East European Platform. Geological
Society Special Publication 107, 387-415.

DOI 10.1144/GSL.SP.1996.107.01.28

LeBepEv, O.A. 2001. Pozvonochnye [Vertebrates], 196-201. In
ALEKSEEV, A.S. & SHIK, S.M. (eds) Srednij karbon Moskovskoy
sineklizy (yuzhnaya chast’), 2, Paleontologicheskaya khara-
kteristika. Nauchniy mir, Moscow. [in Russian]

Maisey, J.G. 2010. Heslerodidae (Chondrichthyes, Elasmo-
branchii), a new family of Paleozoic phalacanthous sharks.
Kirtlandia 57(1-2), 13-21.

MAaKHLINA, M.KH., ALEKSEEV, A.S., GorevA, N.V., Isakova, T.N. &
Drutskoy, S.V. 2001. Srednij karbon Moskovskoy sineklizy

233



Bulletin of Geosciences * Vol. 97, 2, 2022

(vuzhnaya chast’) [Middle Carboniferous of Moscow Syneclise
(southern part)], 1, Stratigraphy. 278 pp. Paleontological
Institute Press, Moscow. [in Russian]

MoutiNso, L.P., NasciveNTo, S., Scomazzon, A K. & Lemos, V.B.
2016. Trilobites, scolecodonts and fish remains occurrence and
the depositional paleoenvironment of the upper Monte Alegre
and lower Itaituba formations, Lower—Middle Pennsylvanian
of the Amazonas Basin, Brazil. Journal of South American
Earth Sciences 72, 76-94. DOI 10.1016/j.jsames.2016.06.011

OBRUCHEV, D.V. 1951. A new specimen of Edestus protopirata
Trautschold. Doklady Akademii nauk SSSR [Reports of the
Academy of Sciences of USSR] 81, 273-276. [in Russian]

OBRUCHEV, D.V. 1977. On the Carboniferous fishes, 6-13. In
MENNER, V.V. (ed.) Ocherki po filogenii i sistematike iskopaye-
mykh ryb i beschelyustnykh (Essays on the Phylogeny and
Systematics of the Fossil Fishes and Agnathans). Nauka,
Moscow. [in Russian]

Petuknov, S.V., PEtrov, G.S. & Paknomov, 1.0. 2011. First
finding of tooth whorl fragment of chondrichthyan of Order
Eugeneodontiformes in the Upper Carboniferous of Lower
Volga region, 54-55. In ALEKSEEV, A.S. (ed.) Paleostrat-11,
Abtracts of Annual Meeting. Paleontological Institute Publ.
Moscow. [in Russian]

RicHTER, M. 2007. First record of Eugeneodontiformes (Chon-
drichthyes: Elasmobranchii) from the Parand Basin, Late
Permian of Brazil, 151-156. In CarvALHO, 1.S., Cassas, R.C.T.,
ScHwaNKE, C., CARVALHO, M.A.., FERNANDES, A.C.S., RODRIGUES,
M.A.C., CarvaLHO, M.S.S., ARriA, M. & OLIVEIRA, M.E.Q. (eds)
Paleontologia: Cenarios de Vida, v. 1. Interciencis, Rio de
Janeiro.

RoeLors, B., PLayTon, T., BaArRHAM, M. & TriNnassTic, K. 2015.
Upper Devonian microvertebrates from the Canning Basin,
Western Australia. Acta Geologica Polonica 65, 69-101.
DOI 10.1515/agp-2015-0003

RokLors, B., BArRHAM, M., Mory, A.J. & TriNajsTIC, K. 2016.
Late Devonian and Early Carboniferous chondrichthyans

234

from the Fairfield Group, Canning Basin, Western Australia.
Palaeontologia Electronica 19.1.44, 1-28.
DOI 10.26879/583

Romanowsky, H. 1864. Description de quelques restes de poissons
fossiles trouvés dans le calcaire carbonifére du gouvernement
de Tula. Nouveaux Mémoires de la Société Impériele des
Naturalistes de Moscou 37, 157—-170.

SINITSYNA, Z.A., KuLAaGiNa, E.I. & PazukHin, V.N. 2002. Chapter
2, Section of the Bashkirian Stage in the Askyn River, 7-17.
In Crauvasnov, B.1. (ed.) Putevoditel geologicheskikh ekskursiy
po karbonu Urala. Chast 1. Yuzhnouralskaya ekskursiya
[Guidebook for Uralian Carboniferous geological excursions.
Part. 1 Southern Uralian excursion]. Institute Geology and
Geochemistry Publ., Ekaterinburg. [in Russian]

THies, D. 1983. Jurazeitliche Neoselachier aus Deutschland
und S-England. Courier Forschungsinstitut Senckenberg 58,
1-117.

TrauTtscHoLD, H. 1874. Fischreste aus dem Devonischen des
Gouvernements Tula. Nouveau Mémoires de la Société
Impeériale des Naturalistes de Moscou 13, 263-326.

TrautscHoLD, H. 1879. Die Kalkbruche von Mjatschkowa.
Eine Monographie des oberen Bergkalks. Die Kalkbriiche
von Mjatschkova. Eine Monographie des oberen Bergkalks.
Erste Halfte. Nouvelles Mémoires de la Société Impériale des
Naturalistes de Moscou 14, 3—82.

WanG, N.-Z., JIN, F. & Wang, W. 2004, Early Carboniferous fishes
(acanthodian, actinopterygians and Chondrichthyes) from the
east sector of north Qilian Mountain, China — Carboniferous
fish sequence from the east sector of north Qilian Mountain.
Vertebrata Palasiatica 42, 89-110.

WiLLiams, M.E. 1985. The ‘cladodont level’ sharks of the Penn-
sylvanian black shales of central North America. Palae-
ontographica A 190(3/6), 83—158.

ZANGERL, R. 1981. Paleozoic Elasmobranchii, 1-115. In Schultze,
H.-P. (ed.) Handbook of Paleoichthyology, v. 34. Gustav
Fischer, Stuttgart, New York.



