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INTRODUCTION

Through the European part of Russia (East Euro�
pean and Timan–Pechora Platforms, Uralian fore�
deep), nonmarine bivalves are widespread in
sequences of the Ufimian, Kazanian, Severodvinian,
and Vyatkian stages of the Permian System (Fig. 1).
Bivalve shells, casts, and impressions frequently occur
together with ostracod, fish, and terrestrial vertebrate
remains, i.e., with faunal groups which were recently
used for development and/or specification of zonal
scales (Golubev, 2000; Molostovskaya, 2005; Kukhti�
nov et al., 2008; Minikh, A.V. and Minikh, M.G.,
2009; Newell et al., 2010).

Despite the wide distribution and sufficient knowl�
edge of these fossils, only several regional (Amalitzky,
1892a; Kanev, 1985, 1994; Gusev, 1990, 1996c) and
local (Silantiev, 1996a) zonal scales were proposed on
the basis of bivalves during the last 120 years. In most of
these works, their authors indicated only species assem�
blages (paleocoenoses, assemblages, faunas) character�
istic of particular stratigraphic units (Nechaev, 1894;
Gusev, 1963, 1977a; Kuleva, 1980; Silantiev, 1995,
2001; Silantiev and Kurkova, 2009; etc.).

The development of zonal scales based on nonma�
rine bivalves encounters difficulties determined by the
requirements for such scales: primarily their continu�
ity, unambiguous position of boundaries between
zones, and succession of assemblages from contiguous

zones through the section (Stratigraficheskii…, 2006,
Article VII.3). These difficulties are explained by the
complex structure of terrestrial formations, some evo�
lutionary conservatism of nonmarine bivalves, their
multifunctional variability, and facies control in sec�
tions, as well as by different approaches to their taxon�
omy (Betekhtina, 1974; Gusev, 1990). To solve these
problems, a uniform technique was proposed in
(Silantiev, 2010) for the study of Late Paleozoic non�
marine bivalves, which takes into consideration all the
external, internal, and microstructural features of
their shells.

The long�term revision of available collections of
nonmarine bivalves from many localities in Russia
provides grounds for development of a zonal scale
based on this faunal group. In this regard, success may
be achieved only on the basis of species from the genus
Palaeomutela Amalitzky, 1891, whose diversity and
stratigraphic distribution most completely satisfy the
requirements of the Stratigraphic Code of Russia
(Stratigraficheskii…, 2006). In this connection, the
main tasks of this work were as follows: (1) taxonomic
revision of the genus Palaeomutela; (2) revelation of
main evolutionary lineages in its development;
(3) analysis of sections for establishing successions of
first appearances of species and their stratigraphic
ranges; (4) selection of index species; (5) complex
paleontological substantiation of zones; (6) standard
description of zonal units.
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MATERIALS AND METHODS

The investigations of terrestrial Permian sections
carried out through the region under consideration
during the last decades by Moscow, Saratov, and
Kazan geologists (Stratotipicheskii…, 2001; Tatar�
skie…, 2001; Sennikov and Golubev, 2010; etc.)
yielded additional representative collections of non�
marine bivalves and made it possible to specify the
stratigraphic distribution of genera and some species,
the zonal index forms included. These new strati�
graphic data were taken into account in revision of
both original (sampled in 1990–2010) materials and
monographic collections by E.I. Eichwald and
V.P. Amalitzky (St. Petersburg University);
A.V. Nechaev and A.K. Gusev (Kazan University);
D.M. Fedotov, E.M. Lyutkevich, and V.V. Pogorevich
(TsNIGR Museum, VSEGEI, St. Petersburg);
M.A. Plotnikov and G.P. Kanev (Institute of Geology,
Komi Scientific Center, Syktyvkar); O.A. Betekhtina
(Siberian Branch of the Russian Academy of Sciences,
Novosibirsk); P.A. Tokareva and Yu.S. Papin
(Regional Geological Stocks, Novosibirsk); and oth�
ers. Only sections or groups of closely spaced sections
with at least two to three index species were selected
among 900 examined outcrops with nonmarine
bivalves.

The taxonomic revision of nonmarine bivalves, pri�
marily including the family Palaeomuteloidea
Lahusen, 1897 and genus Palaeomutela, was carried
out together with many colleagues in the period of
1994–2011. The following taxonomic features were

taken into consideration at the family to genus levels:
structure of the adductor, ligament, and hinge appara�
tus of the shell and its microstructure and microorna�
mentation properties (Silantiev, 2010; Silantiev and
Carter, 2011). At the species level, the features
accepted by Novosibirsk paleontologists (Betekhtina,
1974; Betekhtina and Tokareva, 1988; Silantiev and
Chandra, 2011) such as the shape (type) of the initial
shell, the degree of shell allometry, and location of
shell growth lines were used for taxonomic purposes,
in addition to traditional external shell features
(Amalitzky, 1892a; Nechaev, 1894; Betekhtina, 1966;
Gusev, 1990).

The morphology of the shell hinge margin was ana�
lyzed using large�scale photographs of hinges and their
schematic sketches that emphasize the shape and
location of tooth plates (Fig. 2).

The development of the zonal scale consisted in
revealing and substantiating range zones, i.e., beds
between first appearances of index species of contigu�
ous zones within the continuous succession (Strati�
graficheskii…, 2006, Article VII.4.d). When selecting
index species, the preference was given to the most
widespread well�known species presumably belonging
to a single evolutionary lineage. Such an approach
provided an approximation of defined range zones to
phylozones.

The zonal scale was constructed by the method of
the “teilzone synthesis” (Chernykh, 2005) that
included the following: (1) determination of strati�
graphic ranges of species (teilzones) in sections;
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Fig. 2. Schematic structure of the hinge area and shapes of teeth in representatives of the genus Palaeomutela Amalitzky, 1891.
Elements of the hinge area: (ha) anterior branch, (hu) umbonal area, (hp) posterior branch, (hp/pr) proximal part of the posterior
branch, (hp/d) distal part of the posterior branch. Shapes and arrangement of tooth plates: (1) irregular nodelike uniserial,
(2) straight lamellar, (3) irregular nodelike biserial, (4) Y�shaped, (5) curved lamellar, (6) Y�shaped specularly reflected in the vertical
plane, (7) λ�shaped, (8) X�shaped, (9) Y�shaped specularly reflected in the vertical plane with additional branching, (10) Y�shaped
specularly reflected in the vertical plane with branching fragmentation, (11) herringbone, (12) horizontal biserial, (13) horizontal
uniserial. Elements of the valve: (dm) dorsal margin, (lg) ligament furrow, (u) umbo.

Fig. 1. Main localities of nonmarine bivalve finds used for development of the zonal scale.
Numbers designate Permian sedimentary basins (after Gusev, 1977a): (1) Pechora, (2) Dvina–Mezen, (3) Volga–Ural, (4) North
Caspian.
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(2) summing of these ranges for obtaining the com�
plete stratigraphic range of the biozone; (3) determi�
nation of chronological orders of biozones; (4) selec�
tion of some biozones to represent scale units;
(5) complex paleontological substantiation of each
biozone; (6) selection of stratotype sections for zonal
units.

When correlating boundaries of nonmarine bivalve
bioznes with regional stratigraphic units, biostrati�
graphic indicators of boundaries and zonal scales based
on ostracod, fish, and terapod remains (Golubev, 2000;
Molostovskaya, 2005; Kotlyar, 2008; Kukhtinov et al.,
2008; Minikh, A.V. and Minikh, M.G., 2009; Newell
et al., 2010) were used.

GENUS Palaeomutela COMPOSITION 
AND ITS EVOLUTIONARY LINEAGES

The genus Palaeomutela Amalitzky, 1891 is charac�
terized by a Unio�shaped shell and “transversely irreg�
ularly denticulate” pseudotaxodont hinge (Amalitzky,
1891, p. 1). The author of the genus repeatedly
emphasized the high variability of the hinge structure
in Palaeomutela representatives, which is reflected in
reduction of teeth up to their complete disappearance
in some species (Amalitzky, 1892a, 1892b, 1895a,
1895b). At the same time, he never indicated criteria
for discriminating Palaeomutela shells with the
reduced hinge from species of other genera with
the edentulous hinge. Therefore, representatives of
the genus Palaeomutela were frequently confused with
other genera such as Palaeanodonta Amalitzky, 1895
(=Naiadites Dawson, 1860 sensu Amalitzky, 1892)
(Upper Permian) and Anthraconaia Trueman et Weir,
1946 (Carboniferous–Lower Permian).

The revision of the genus Palaeomutela based on
the microstructural features of the outer, middle, and
inner layers of the shell made it possible to solve several
general taxonomic problems and specify diagnosis of
the genus and compositions of its species (Silantiev,
1995; Silantiev and Carter, 2001). Some of its results
appeared to be of stratigraphic significance. They
include the following aspects.

(1) Substantiation of the taxonomic significance of
microstructural features and introduction of the data
on the structure of the outer, middle, and inner layers
of the shell into diagnosis of the genus Palaeomutela
(Silantiev, 1998) allowed the composition of the genus
to be widened, attributing to the latter several species
which were previously considered as belonging to the
genera Naiadites Dawson, 1860, Palaeoanodonta
Amalitzky, 1891, and Anthraconaia Trueman et Weir,
1946 (Amalitzky, 1892a; Nechaev, 1894; Gusev, 1990).

(2) Validity of attributing the above�mentioned
forms, which were considered as lacking hinge plates
(edentulous), to the genus Palaeomutela was also con�
firmed by development of reduced hinges with single
teeth or abrasion features (attrition, spalling) of the
hinge margin (Silantiev, 2001; Silantiev, 1998).

(3) On the basis of analysis of the hinge margin
morphology and microstructural features of shells,
some species that were previously included in the
genus Palaeomutela are attributed to the genera
Redikorella Silantiev, 1994 (Silantiev, 1994, 1996a),
Palaeoanodonta Amalitzky, 1895, and Opo�kiella Plot�
nikov, 1949 (Silantiev and Carter, 2010).

The following criteria indicating the evolutionary
similarity of species were accepted (in order of prior�
ity): (1) similarity of trends in changes of hinge mor�
phology; (2) similarity of microstructural features of
shell layers; (3) similarity of external features (initial
shells, degree of allometry, and others).

Two groups of species are defined among the repre�
sentatives of the genus Palaeomutela: P. umbonata and
P. castor groups, which differ from each other in mor�
phological features in the structure of the hinge
(Fig. 2) and tendencies in its development (Fig. 3).

The P. umbonata group includes species character�
ized by thick shells and well�developed hinges with
many (20–50) curved platy and node�like teeth. By
analogy with recent molluscan species, they are con�
sidered to represent likely dwellers of highly mobile
waters saturated with silty particulate matter (Eagar
et al., 1984; Gusev, 1990).

The P. castor group is formed by species with thin
shells and reduced hinges, which likely preferred calm
and pure hydrodynamic environments (Gusev, 1977b,
1990).

At present, the following regularities in common
are defined for species of the P. umbonata group. From
the beginning of the Ufimian Age until the first half of
the Severodvinian Age, the number of tooth plates in
the hinge increases with simultaneous ordering in their
shapes and gradual differentiation of the hinge into the
anterior branch, posterior (with proximal and distal
parts) branch (series), and umbonal area differing
from each other in shapes, sizes, and positions of tooth
plates. The maximal differentiation of the hinge,
which allows pseudocardinal teeth in the umbonal
area and pseudolateral teeth in the distal part of the
posterior branch to be discriminated, is observable in
species that existed in the late Severodvinian time.
From the second half of the Severodvinian Age until
the Vyatkian Age, differentiation of the hinge remains
high, although the number of tooth plates in the hinge
decreases and the ligament thickness increases. The
detailed changes of the hinge in different�age species
of the P. umbonata group are considered below
together with description of zones.

In the P. castor group, stratigraphically higher spe�
cies demonstrate generally lower differentiation with
the simultaneous decrease in the number of teeth (up
to their complete disappearance) and their sizes. Since
the Kazanian Age, teeth in the distal part of the poste�
rior branch of the hinge strive for acquiring the hori�
zontal position similar to that of pseudolateral teeth in
species of the first group. The transition between the
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Fig. 3. Changes in morphology of the hinge in representatives of two Palaeomutela groups. Magnified.
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Fig. 4. Schematic phylogenetic development of main nonmarine bivalve groups in the East European Platform during the
Biarmian and Tatarian epochs of the Permian Period.
Gray color designates the distribution of taxa from the family Palaeomutelidae, diagnoses and stratigraphic positions of which
need further specification. Paleomagnetic chrons are given after (Newell et al., 2010).

Urzhumian and Severodvinian ages is marked by the
appearance of the group of species with a reduced,
although well differentiated, hinge (Fig. 3, P. mar�
posadica), where both pseudolateral and pseudodistal
tooth plates are readily definable.

Figure 4 demonstrates the recent summarized
development of phylogenetic lineages of the genus
Palaeomutela and main accompanying groups of non�
marine bivalves in the region under consideration dur�
ing the Biarmian and Tatarian epochs of the Permian
Period.

TYPE (REFERENCE) SECTIONS 
OF ZONAL UNITS

Many works which mention finds of nonmarine
bivalves contain a description and paleontological
characteristics of sections that are accepted to serve as
reference successions for development of the zonal
scale based on this group of fossils. The reference sec�
tions of the Ufimian Stage are located along the Kama
and, further south, Belaya rivers in the central part of
the Solikamsk depression (Silantiev, 1995, 1996a,
1996b). The reference sections of the Kazanian and
Urzhumian stages are examined in the eastern and
northern parts of the East European Platform: along
the Sheshma River near the settlement of Karkali
(Silantiev et al., 1998, 2007b); along the Kama River
near Elabuga and the settlement of Sentyak (Silantiev
et al., 1998); along the Volga River in the Chere�
mushka Ravine near the settlement of Pechishchi
(Gusev, 1996a; Silantiev et al., 2007d); along the Vym
River in the Pomras River basin (Silantiev and Kurk�
ova, 2009). The reference sections of the Seerodvinian
and Vyatkian stages are established in the Monastyr�
skii and Il’inskii ravines along the Volga River in the
Middle Volga region (Silantiev and Esin, 1993; Gusev,
1996b; Silantiev et al., 2007a), along the Vyatka River
(Silantiev, 2001), and along the Oka River near Nizhni
Novgorod and Gorbatov (Amalitzky, 1892a; Gusev,
1990). The outcrops along the Klyaz’ma River near
Vyazniki are accepted to serve as the reference section
for the terminal part of the Permian System (Newell
et al., 2010; Sennikov and Golubev, 2010).

ZONAL UNITS OF THE PERMIAN SYSTEM

The scale includes two parallel zonal successions
that are based on the stratigraphic distribution and
evolutionary trends of two morphological lineages of
the genus Palaeomutela. The zonal succession based
on development of species from the P. umbonata group
(dwellers of mobile waters and silty–psammitic sub�

strates) includes 11 range zones: stegocephalum, ovati�
formis, umbonata, quadriangularis, krotowi, wohr�
mani, numerosa, ulemensis, keyserlingi, curiosa, gol�
ubevi. The zonal succession based on development of
the P. castor group (dwellers of calm waters and silty–
pelitic substrates) includes eight range zones: larae,
castor, olgae, doratioformis, marposadica, fischeri,
obunca, amalitzkyi. The proposed zonal scale is corre�
lated with scales based on ostracod, fish, and tetrapod
fossils (Fig. 5).

Zonal Succession Based on Development 
of the P. umbonata Group

Palaeomutela stegocephalum Zone

I n d e x  s p e c i e s: Palaeomutela stegocephalum
Netschajew, 1894 (Plate I, figs. 1, 2). Lectotype
(Gusev, 1990, p. 65): Kazan, Geological Museum of
Kazan Federal University (GM KFU), specimen 13/124
(Nechaev, 1894, plate IX, fig. 62); Perm region,
Usol’e; Ufimian Stage, Solikamsk Horizon.

Gusev (1990) was the first to define this unit as a
phylozone that comprises the Ufimian and Kazanian
stages. Subsequently, this author used the index spe�
cies for defining the Palaeomutela stegocephalum–
Concinella concinnaeformis concurrent range zone
corresponding to the Solikamsk Horizon (Gusev,
1996c). Simultaneously, the Palaeomutela stegoceph�
alum ecozone corresponding to the lower part of the
Solikamsk Horizon was proposed (Silantiev, 1996a).

S t r a t o t y p e  o f  t h e  z o n e was chosen in the
Well 51 section (Solikamsk depression, village of
Tyul’kino), depth of 272.0 m, lower Solikamsk Subfor�
mation (Fig. 6). The lower and upper boundaries of the
unit are marked by first appearances of P. stegocephalum
Netsch. and P. ovatiformis Gusev, respectively. The
index species is accompanied by P. cf. attenuata Gusev.

R e m a r k s. The hinge in representatives of Palaeo�
mutela stegocephalum exhibits no distinct differentia�
tion to the anterior and posterior branches (Plate I,
fig. 2). The umbonal area is defined provisionally on
the basis of changes in orientation of tooth plates that
diverge in some specimens in a fan manner from the
umbo. Proximal areas of the anterior and posterior
branches bear branching γ�, λ�, and χ�shaped tooth
plates with narrowed and widened segments and char�
acterized by uneven curved lateral surfaces. In the pos�
terior branch of the hinge, the main (longest) shoul�
ders of tooth plates are inclined toward the umbo,
while shorter branches are oppositely oriented. In the
anterior branch, tooth plates are inclined both toward
the umbo and away from it. Linear nonbranching rel�
atively straight or randomly curved tooth plates and
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nodelike teeth occupy spaces between branching teeth
and distal areas of the hinge.

The Palaeomutela stegocephalum Zone is the most
complete in the Solikamsk depression of the Middle
Ural region and in the Upper Pechora depression of
the Uralian foredeep. On the basis of occurrence of the
index species, this unit may provisionally be correlated
with the Palaeomutela markini Zone of the Ufimian
Stage in the Kuznetsk basin (Betekhtina and
Tokareva, 1988).

Palaeomutela ovatiformis Zone

I n d e x  s p e c i e s: Palaeomutela ovatiformis
Gusev, 1990 (Plate I, fig. 3). Holotype: Kazan, GM
KFU, specimen 30/1654 (Gusev, 1990, plate I, fig. 8);
South Ural region, Ilek River, settlement of Petropav�
lovka of the Rodniki district of Aktyubinsk oblast; Bla�
godarnyi Formation, Sheshma Horizon, Ufimian
Stage.

Gusev (1990) was the first to define this unit as a
biozone comprising the Ufimian Stage and lower part
of the Kazanian Stage. Subsequently, this author used
the index species for defining the Anthraconaia long�
issima–Palaeomutela ovatiformis concurrent range
zone corresponding to the Sheshma Horizon (Gusev,
1996c).

S t r a t o t y p e  o f  t h e  z o n e (Fig. 6) is located
in the Solikamsk depression of the Middle Ural region
on the right side of the Kama River 2.5 km upstream of
the village of Tyul’kino, Outcrop S1, Bed 1, Sample 5
(Silantiev, 1996a). The lower and upper boundaries of
the zone are placed at the first appearance levels of
P. ovatiformis Gusev and P. umbonata Gusev, respec�
tively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s: P. ste�
gocephalum Netsch., P. cf. attenuata Gusev, P. castor
(Eichw.), P. opima (Kanev), P. markini Betekht.,
P. larae Silant., Redikorella kanevi Silant., R. staro�
bogatovi (Kanev), R. alta (Pogor.), R. explanata
(Kanev), Concinnela (?) concinnaeformis Pogor.,
C. (?) komiensis (Kanev), C. (?) trapezoidalis (Kro�
tow), C. (?) declivae (Kanev).

R e m a r k s. In the Palaeomutela ovatiformis
Zone, the hinge in representatives of the genus Palaeo�
mutela becomes distinctly differentiated into the ante�
rior (short and narrow) and posterior (long and wide)
branches. The umbonal area is characterized by small
local concavities of the hinge at its conjunction with
the anterior and posterior branches. Branching tooth
plates are largely located in the proximal area of the
posterior branch, being characterized by γ� and
λ�shaped outlines; lateral surfaces of plates are more
even and bear moderate compressions. On the poste�
rior and anterior branches of the hinge, the main
shoulders of tooth plates are inclined toward the
umbo.

The ovatiformis Zone is observable in the Uralian
foredeep (Upper Pechora, Solikamsk, Yuryuzan–
Sylva, and Belaya depressions) and eastern part of the
Volga–Ural basin. It is correlated with the Palaeo�
mutela markini Zone of the Ufimian Stage in the Kuz�
netsk basin (Betekhtina and Tokareva, 1988) on the
basis of species in common belonging to the genera
Palaeomutela, Redikorella, and Concinella (?). The
species in common from the two last genera allow the
ovatiformis Zone to be correlated with the strati�
graphic interval corresponding to the Khosedaella
alta–Khosedaella permica and Palaeomutela staro�
bogatovi zones defined in the Ufimian Stage of the
Pechora basin (Kanev, 1985, 1994).

Palaeomutela umbonata Zone

I n d e x  s p e c i e s: Palaeomutela umbonata (Fischer,
1840) (Plate 1, fig. 4). Lectotype (Gusev, 1990, p. 73):
St. Petersburg, Paleontological–Stratigraphic Museum
of St. Petersburg State University (PSM SPGU), spec�
imen 1/871 (Eichwald, 1861, plate XVIII, fig. 21);
Ik River basin, Belebei; Kazanian Stage.

Gusev (1990) was the first to define this unit corre�
sponding to the Ufimian (Sheshma Horizon) and
Kazanian stages. Subsequently, the index species was
used for defining the Anthraconaia kamae–Palaeo�
mutela umbonata concurrent range zone correspond�
ing to the Kazanian Stage (Gusev, 1996c).

S t r a t o t y p e  o f  t h e  z o n e is located on the
right bank of the Kama River near Elabuga, Elabuga
Outcrop, Bed 6, lower member of clayey siltstones
(Silantiev et al., 1998) (Fig. 7). The lower and upper
boundaries of the unit are marked by the first appear�
ances of P. umbonata (Fischer) and P. quadriangularis
Gusev, respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s:
P. pseudoumbonata Gusev, P. longissima (Netsch.),
P. rhomboidea (Netsch.), P. olgae Gusev, P. attenuata
Gusev, P. aff. attenuata Gusev.

R e m a r k s. In the Palaeomutela umbonata Zone,
tooth plates in representatives of the genus Palaeo�
mutela become straighter (less sinuous), teeth on the
anterior branch of the hinge are arranged in a uniserial
manner, and they are less split.

The umbonata Zone is observable through the
Volga–Ural and North Caspian basins of the East
European Platform.

Palaeomutela quadriangularis Zone

I n d e x  s p e c i e s: Palaeomutela quadriangularis
Netschajew, 1894) (Plate I, figs. 5, 6). Lectotype (Gusev,
1990, p. 105): Kazan, GM KFU, specimen 13/154
(Nechaev, 1894, plate IX, fig. 37); Sheshma River, set�
tlement of Arkhangel’skoe, Chistopol district, Tatar�
stan; Kazanian Stage.

The stratigraphic unit is proposed for the first time.



10

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 22  No. 1  2014

SILANTIEV

Stage Vyatkian Severodvinian Urzhumian Kazanian Ufimian
Series

Substage Upper Lower Upper Lower

Tatarian Biarmian Cisuralian

Upper Lower

Z
o

n
es

P
. u

m
bo

na
ta

 
 g

ro
u

p

go
lu

be
vi

cu
ri

o
sa

ke
ys

er
li

n
gi

u
le

m
en

si
s

n
u

m
er

o
sa

w
o

h
rm

an
i

kr
o

to
w

i

qu
ad

ri
�

u
m

bo
n

at
a

o
va

ti
fo

rm
is

st
eg

o
�

P
. c

as
to

r 
gr

o
u

p

am
al

it
zk

yi

o
bu

n
ca

fi
sc

h
er

i

m
ar

p
o

�

d
o

ra
ti

o
�

o
lg

ae

ca
st

o
r

la
ra

e

sa
d

ic
a

fo
rm

is

ce
p

h
al

u
m

an
gu

la
ri

s

W
el

l 5
1 

(T
yu

l’
ki

n
o

)

L
it

h
o

lo
gy

Formation
Subformation

Depth, m

Gypsum, salt

Dolomite
Limestone
Marlstone
Clay
Siltstone
Sandstone

Q

67
.0

86
.5

16
3.

3

20
5.

7

23
2.

0

27
2.

0

31
4.

0

20
 m

10 0
 K

u
n

gu
ri

an
 S

ta
ge

T
yu

l’
ki

n
o

L
it

h
o

lo
gy

Formation
Subformation

Bed

Gypsum, salt

Dolomite
Limestone
Marlstone
Clay
Siltstone
 Sandstone

S
h

es
h

m
a 

F
o

rm
at

io
n

10
 m

0

 A
bu

n
d

an
ce

 o
f 

bi
va

lv
es

 (
sp

ec
im

en
s)

a 
fe

w
 t

en
s

 m
an

y 
te

n
s

L
eg

en
d

S
an

ds
to

n
e

S
il

ts
to

n
e

 C
la

y
M

ar
ls

to
n

e
L

im
es

to
n

e
D

o
lo

m
it

e
G

yp
su

m
,

Solikamsk
Lower SolikamskUpper Solikamsk

S o l i k a m s k
U p p e r   S o l i k a m s k

1–234567–891011–12131415161718

Palaeomutela sp.
P. stegocephalum
P. larae

C. concinnaeformis
C. trapezoidalis
C. declivae

Redikorella sp.

R. kanevi

P. stegocephalum
P. larae
P. ovatiformis
P. markini
P. aff. attenuata

C. concinnaeformis
C. komiensis
C. declivae
C. trapezoidalis

S. longissima
S. kriegeri
S. gemina

R. kanevi
R. starobogatovi
R. alta
R. explanata

o
va

ti
fo

rm
is

st
eg

o
ce

p
h

al
u

m

R. starobogatovi
R. alta
R. explanata

an
h

yd
ri

te
, 

 s
al

t

Fig. 6. Distribution of nonmarine bivalves in reference section of the Ufimian Stage in the Solikamsk depression.
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S t r a t o t y p e  o f  t h e  z o n e is located on the
right bank of the Kama River, near Nizhnekamsk,
Sentyak Section, Bed 33 (Silantiev et al., 1998)
(Fig. 7). The lower and upper boundaries of the zone
are placed at the first appearance levels of P. quadrian�
gularis (Netsch.) and P. krotowi Netsch., respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s:
P. kamae (Gusev), P. umbonata Gusev, P. longissima
(Netsch.), P. rhomboidea (Netsch.), P. olgae Gusev.

R e m a r k s. In the quadriangularis Zone, the
hinge in representatives of the genus Palaeomutela was
characterized by features observable in them through
the umbonata Zone. The unit under consideration is
recorded in the Volga–Ural and North Caspian basins
of the East European Platform.

Palaeomutela krotowi Zone

I n d e x  s p e c i e s: Palaeomutela krotowi
Netschajew, 1894 (Plate I, fig. 7). Lectotype (Gusev,
1990, p. 84): Kazan, GM KFU, specimen 13/129
(Nechaev, 1894, plate IX, fig. 61); right bank of the
Vyatka River 10 km upstream of the Cheptsa River
mouth near the settlement of Chirki, Slobodka dis�
trict, Kirov oblast; Maksimovo Formation, lower beds
(limestone), Urzhumian Stage.

The nominal zone is proposed for the first time.
S t r a t o t y p e  o f  t h e  z o n e is located on the

right bank of the Volga River 1.5 km west of the settle�
ment of Pechishchi, Cheremushka Ravine, Outcrop,
Bed 19 (Silantiev et al., 2007d) (Fig. 8). The lower and
upper boundaries of the zone correspond to the first
appearance levels of P. krotowi Netsch.) and P. wohr�
mani Netsch., respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s:
P. vjatkensis Gusev, P. doratioformis Gusev, Anadon�
tella volgensis (Gusev), Prilukiella lata (Netschajew).

R e m a r k s. Beginning from the krotowi Zone, the
hinge in representatives of the genus Palaeomutela is
distinctly differentiated into the anterior branch, pos�
terior branch, and umbonal area. The krotowi Zone is
registered in the Volga–Ural, North Caspian, and
Dvina–Mezen basins. On the basis of the occurrence
of the index species, this unit may be correlated with
the Palaeomutela visenda–Palaeomutela meraca
Zone established in the Tal’bei Formation of the
Pechora basin (Kanev, 1985, 1994).

Palaeomutela wohrmani Zone

I n d e x  s p e c i e s: Palaeomutela wohrmani
Netschajew, 1894 (Plate I, fig. 8). Lectotype (Gusev,
1990, p. 93): Kazan, GM KFU, specimen 13/126
(Nechaev, 1894, plate IX, fig. 35); Volga River basin,
Sundyr River 11 km southeast of Mariinskii Posad,
Chuvash Republic; Urzhumian Stage.

Gusev (1990) was the first to define this unit as a
biozone corresponding to the Severodvinian Horizon.

Subsequently, the index species was used for defining
the Palaeomutela wohrmani–Anthraconaia trapezoi�
dalis concurrent range zone correlative with the lower
half of the Severodvinian Horizon (Gusev, 1996c).

S t r a t o t y p e  o f  t h e  z o n e is located on the
right bank of the Volga River 1.5 km west of the settle�
ment of Pechishchi, Cheremushka Ravine Outcrop,
Member 8, Bed 66 (Silantiev et al., 2007d) (Fig. 8).
The lower and upper boundaries of the unit under
consideration correspond to the first appearance levels
of P. wohrmani Netsch. and P. numerosa Gusev,
respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s: P. kro�
towi Netsch., P. extensiva Gusev, P. doratioformis
Gusev, Anadontella uslonensis (Gusev), A. volgensis
(Gusev), A. tscherdinzewi (Gusev), Prilukiella janis�
chewskyi Plotnikov, Pr. subovata (Jones), Pr. nitida
Gusev, Pr. mirabilis Gusev, Pr. pugnatoria Gusev.

R e m a r k s. Beginning from the wohrmani Zone,
the hinge in the Palaeomutela representatives acquires
subhorizontal plates located at the distal part of the
posterior branch and resembling lateral teeth of heter�
odont hinges. In P. wohrmani, such subhorizontal
plates are arranged in two rows. The subvertical orien�
tations of tooth plates are retained in the proximal
areas of the posterior and anterior branches.

The wohrmani Zone is documented in the Volga–
Ural and Dvina–Mezen basins. The Anadontella and
Prilukiella species in common allow this unit to be
correlated with the Palaeomutela visenda–Palaeo�
mutela meraca Zone established in the Tal’bei Forma�
tion of the Pechora basin (Kanev, 1985, 1994). The
Anadontellidae and Prilukielloidea representatives
characteristic of the wohrmani Zone are close to mor�
photypes of these taxa from the Anadontella
supraphillipsii–Terciella certa Zone corresponding to
the Leninsk Horizon of the Kuznetsk basin (Betekh�
tina and Tokareva, 1988). This feature allows the
stratigraphic units in question to be considered as con�
ditionally synchronous.

Palaeomutela numerosa Zone 

I n d e x  s p e c i e s: Palaeomutela numerosa Gusev,
1990 (Plate I, figs. 9, 10). Holotype: Kazan,
GM KFU, specimen 30/3130 (Gusev, 1990, plate III,
fig. 12); right bank of the Volga River 12 km northeast
of Tetyushi: Monastyrskii Ravine Section, Urzhumian
Stage.

Gusev (1990) was the first to define this unit as a
biozone corresponding to the upper part of the Urzhu�
mian and lower part of the Severodvinian horizons.

S t r a t o t y p e  o f  t h e  z o n e is located on the
right bank of the Volga River 1.5 km west of the settle�
ment of Pechishchi, Cheremushka Ravine Outcrop,
Member 13, Bed 138 (Silantiev et al., 2007c) (Fig. 8).
The lower and upper boundaries of the unit under
consideration correspond to the first appearance levels
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region. For legend, see Fig. 7.
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of P. numerosa Gusev and P. keyserlingi Amalitzky,
respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s: P. ver�
neuili Amal., P. semilunulata Amal., P. solenoides
Amal., P. subparallela Amal., P. marposadica Gusev,
P. rectodorsala Gusev, P. tschuvaschica (Gusev).

R e m a r k s. Through the numerosa Zone, the
hinge in the Palaeomutela representatives is character�
ized by the most complex structure. The anterior
branch of the hinge is widened and bears many thin
tooth plates and thickened nodes; the main shoulders
of tooth plates are inclined by their upper ends away
from the umbo. The umbonal area is thickened and
separated from conjugate branches by distinct depres�
sions of the hinge with more or less expressed subver�
tical tooth plates (“pseudocardinal” teeth). The prox�
imal area of the posterior branch bears thin platy
slightly branching teeth inclined toward the umbo.
The distal area of the posterior is complicated by two
to three pairs of biserial (parallel to each other)
“pseudolateral” teeth located successively and formed
by intergrown nodelike teeth.

The zone is recorded in the Volga–Ural and
Dvina–Mezen basins of the East European Platform.

Palaeomutela ulemensis Zone

I n d e x  s p e c i e s: Palaeomutela ulemensis Gusev,
1990 (Plate I, fig. 11). Holotype: Kazan, GM KFU,
specimen 30/173 (Gusev, 1990, plate III, fig. 6); Volga
River basin, Anish River, village of Kartluevo,
Kozlovsk district, Chuvash Republic; Severodvinian
Stage, Yurpalov Beds. The index species was subse�
quently used for defining the Palaeomutela ulemen�
sis–Anthraconaia castor concurrent range zone corre�
sponding to the upper half of the Urzhumian Horizon
(Gusev, 1996c).

S t r a t o t y p e  o f  t h e  z o n e is selected in the
Kartluevo Section, Bed 108; Anish River, Chuvash
Republic (Fig. 8). The lower and upper boundaries of
the unit are placed at the first appearance levels of
P. ulemensis Gusev and P. keyserlingi Amalitzky,
respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s:
P. convexocarinata Netsch., P. marposadica Gusev,
P. verneuili Amal., P. solenoides Amal., P. subparallela
Amal.

R e m a r k s. The general structure of the hinge
characteristic of Palaeomutela representatives is
retained also in the ulemensis Zone; at the same time,
shells in the latter exhibit a narrowed (reduced) ante�
rior branch of the hinge and simpler posterior branch.
The anterior branch bears a single row of node�like
teeth, which are locally intergrown into a “pseudola�
teral” tooth. The “pseudocardinal” tooth of the
umbonal area strongly protrudes forward relative to
contiguous teeth of the posterior and anterior
branches. The distal area of the posterior branch bears

one to three “pseudolateral” teeth arranged in a single
row. In this zone, the genus Palaeomutela gives birth to
the genus Oligodontella Gusev, 1963, which is charac�
terized by reduced anterior and posterior branches of
the hinge and increased number of thickened
“pseudocardinal” teeth. The ulemensis Zone is docu�
mented through the Volga–Ural and Dvina–Mezen
basins of the East European Platform.

Palaeomutela keyserlingi Zone

I n d e x  s p e c i e s: Palaeomutela keyserlingi
Amalitzky, 1892 (Plate I, fig. 12). Lectotype (Gusev,
1990, p. 116): St. Petersburg, SPGU, specimen 11/130
(Amalitzky, 1892a, plate III, fig. 9; Amalitzky, 1892b,
plate XXI, fig. 9); right bank of the Oka River near
Nizhni Novgorod, Yaril’skii Ravine Section; Severo�
dvinian Stage.

This biostratigraphic unit was first defined by
Gusev (1990) as a phylozone corresponding to the
Severodvinian and Vyatkian stages.

S t r a t o t y p e  o f  t h e  z o n e (Fig. 9) is located
on the right bank of the Oka River near Nizhni
Novgorod; Yaril’skii Ravine Section, Bed 188. The
lower and upper boundaries of the unit are drawn at
the first appearance levels of P. keyserlingi Amal. and
P. curiosa Amal., respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s:
P. orthodonta Amal., P. ovalis Amal., P. parallela
(Amal.), P. subcastor (Amal.), P. fischeri (Amal.)
P. convexocarinata (Netsch.), Oligodontella zitteli
(Amal.), O. geinitzi (Amal.), Palaeanodonta novocul�
chumica (Kuleva), Opokiella tschernyschewi Plotnikov.

R e m a r k s. Beginning from the keyserlingi Zone,
the hinge in the Palaeomutela representatives becomes
shorter, while the thickness of the ligament increases
by two to three times. The anterior branch of the hinge
becomes reduced and bears the whole interior
“pseudolateral” tooth or single horizontal plates
and/or nodes. The “pseudocardinal” tooth consists of
two to four tooth plates variably intergrown with each
other. The posterior branch of the hinge is thickened,
wide, with nonbranching γ�shaped and herringbone
teeth in its proximal part; the distal part bears a row of
“pseudolateral” teeth arranged from one to four in a
uniserial manner.

The keyserlingi Zone is registered through the
Volga–Ural and Dvina–Mezen basins of the East
European Platform.

Palaeomutela curiosa Zone

I n d e x  s p e c i e s: Palaeomutela curiosa Amal�
itzky, 1892 (Plate I, fig. 13). Lectotype (Gusev, 1990,
p. 108): St. Petersburg, SPGU, specimen 11/122
(Amalitzky, 1892a, plate I, fig. 22); right bank of the
Oka River near Gorbatov in Nizhni Novgorod oblast;
Vyatkian Stage.
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This biostratigraphic unit was first defined by
Gusev (1990) as a phylozone corresponding to the
Vyatka Horizon.

S t r a t o t y p e  o f  t h e  z o n e is located on the
right bank of the Oka River near Nizhni Novgorod,
Yaril’skii Ravine Section, Bed 198 (Fig. 9). The lower
and upper boundaries of the unit are placed at the first
appearance levels of P. curiosa Amalitzky and P. gol�
ubevi Silantiev, sp. nov., respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s:
P. inostranzevi Amal., P. obunca Netsch., P. crassa
Amal., P. parva Amal., P. plana Amal., P. okensis
(Amal.), Opokiella ignatjevi Gusev, O. pakhtusovi Gusev.

R e m a r k s. Beginning from this zone, the hinge in
the Palaeomutela representatives begins reducing. The
anterior branch bears single nodes. The “pseudocardi�
nal” tooth consists of one to two vertical tooth plates.
The posterior branch of the hinge is thickened, wide,
with herringbone tooth plates in the proximal part; the
distal part bears a single short “pseudolateral” tooth.

The zone is documented in the Volga–Ural and
Dvina–Mezen basins of the East European Platform.

Palaeomutela golubevi Zone

I n d e x  s p e c i e s: Palaeomutela golubevi Silan�
tiev, sp. nov. (Plate I, figs. 14–16). Holotype:
GM KFU, specimen 36/11�1107, Vetluga River,
Well 10, depth 89 m; upper Vyatkian Substage.

This biostratigraphic unit is proposed for the first
time.

S t r a t o t y p e  o f  t h e  z o n e is located on the
right bank of the Klyaz’ma River southwest of Gor�
okhovets; Zhukov Ravine Section, Outcrop 1027A,
Bed 1 (Sennikov and Golubev, 2010) (Fig. 10). The
lower boundary of the unit is placed at the first appear�
ance level of P. golubevi Silantiev, sp. nov.; its upper
boundary is unknown.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s: P. aff.
keyserlingi (Amal.), P. aff. obunca (Netsch.), P. amal�
itzkyi Silantiev, sp. nov., Palaeanodonta sp. nov.

The Palaeomutela forms from this zone exhibit fur�
ther reduction of the hinge. In the index species, the
anterior branch of the hinge bears single poorly
expressed nodes; the “pseudocardinal” tooth is indis�
tinct. The posterior branch of the hinge is wide, with
herringbone tooth plates on the proximal part; the dis�
tal part bears single nodelike teeth.

The golubevi Zone is documented in the Volga–
Ural and Dvina–Mezen basins of the East European
Platform.

Zonal succession based on development 
of the P. castor group

Palaeomutela larae Zone

I n d e x  s p e c i e s:Palaeomutela larae Silantiev,
1995 (Plate II, figs. 1, 2). Holotype: Kazan, GM

KFU, specimen 36/1014 (Silantiev, 1995, drawing 5,
fig. 1); Perm region, Solikamsk depression, right bank
of the Kama River, 2.5 km upstream of the village of
Tyul’kino; Ufimian Stage, Solikamsk Horizon.

The zone was first defined for the Solikamsk
depression as corresponding to the middle part of the
Solikamsk Horizon (Silantiev, 1996a). Simulta�
neously, Gusev (1996c) proposed the P. larae Biozone
comprising the entire Solikamsk Horizon of the Ufim�
ian Stage for the European part of Russia.

S t r a t o t y p e  o f  t h e  z o n e is located on the
right bank of the Kama River 2.5 km upstream of the
village of Tyul’kino, Outcrop S1, Bed 1, samples 3–5
(Fig. 6) (Silantiev, 1996a). The lower and upper
boundaries of this biostratigraphic unit are marked by
the first appearance of P. larae Silantiev and P. castor
(Eichwald), respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s: P. ste�
gocephalum Netsch., P. cf. attenuata Gusev, P. opima
(Kanev), P. markini Betekht., Redikorella kanevi
Silant., R. starobogatovi (Kanev), R. alta (Pogor.),
R. explanata (Kanev), Concinella (?) concinnaeformis
Pogor., C. (?) komiensis (Kanev), C. (?) trapezoidalis
(Krotow), C. (?) declivae (Kanev).

R e m a r k s. The larae Zone is marked by the
appearance of species from the Palaeomutela castor
group characterized by a thin�walled shell, narrow
hinge area, and reduced hinge. The narrow hinge area
has no distinct differentiation into the anterior and
posterior branches (Plate II, fig. 2) and bears slightly
branching γ�shaped or nodelike tooth plates. In the
posterior branch of the hinge, the main (longest)
shoulders of tooth plates are inclined both toward the
umbo and in the opposite direction. In the anterior
branch, the main shoulders of tooth plates are inclined
away from the umbo. The node�like teeth occupy dis�
tal parts of the hinge area.

The larae Zone is the most complete in the
Solikamsk depression of the Middle Ural region. It is
also traceable in the Upper Pechora depression of the
Uralian foredeep and in the eastern part of the East
European Platform up to the latitude of the Vyatka
River mouth.

Palaeomutela castor Zone

I n d e x  s p e c i e s: Palaeomutela castor (Eich�
wald) (Plate II, figs. 3, 4). Lectotype (Gusev, 1990,
p. 164): St. Petersburg, SPGU, specimen 1/837 (Unio
castor: Eichwald, 1860, p. 1003, plate XXXIX, fig. 20);
Volga River basin, Aktai River, settlement of Burak�
ovo, Spassk district, Republic of Tatarstan; Urzhu�
mian Stage. The index species was subsequently used
by Gusev (1996c) for defining the Palaeomutela ule�
mensis–Anthraconaia castor concurrent range zone
corresponding to the upper half of the Urzhum Hori�
zon. Examination of many collections revealed the
reduced hinge in representatives of this species, which



STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 22  No. 1  2014

PERMIAN NONMARINE BIVALVE ZONATION OF THE EAST EUROPEAN PLATFORM 17

provided grounds for attributing it to the genus Palaeo�
mutela.

S t r a t o t y p e  o f  t h e  z o n e (Fig. 7) is located
on the right bank of the Belaya River 1.0–3.0 km
downstream of the village of Kamyshenka, Kamysh�
enka Outcrop, Bed 17 (upper part) (Silantiev,
1996b). The lower and upper boundaries of this bio�
stratigraphic unit correspond to the first appearance
levels of P. castor (Eichw.) and P. olgae Gusev, respec�
tively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s: P. ste�
gocephalum Netsch., P. cf. attenuata Gusev, P. markini
Betekht., P. ovatiformis Gusev, Prilukiella sp.

R e m a r k s. The representatives of the species
from the castor Zone are characterized by the hinge
differentiated into the anterior (shorter and narrower)
and posterior (longer and wider) branches. In the
umbonal area, the hinge is narrowed at the junction of
anterior and posterior branches and exhibits a subver�
tical position of tooth plates. In the posterior and ante�
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rior branches of the hinge, the main shoulders of tooth
plates are inclined toward the umbo.

The castor Zone is documented in the Upper
Pechora, Solikamsk, Yuryuzan–Sylva, and Belaya
depressions of the Uralian Foredeep and Volga–Ural
basin of the East European Platform.

Palaeomutela olgae Zone

I n d e x  s p e c i e s: Palaeomutela olgae Gusev,
1990 (Plate II, figs. 5, 6). Holotype: Kazan,
GM KFU, specimen 30/3311 (Gusev, 1990, plate II,
fig. 23); Sheshma River, Outcrop 1212, settlement of
Tatarskie Tukmakly 25 km southeast of Chistopol,
Republic of Tatarstan; Kazanian Stage. Gusev (1996c)
used the index species for defining the Anthraconaia
trapezoidalis–Palaeomutela olgae concurrent range
zone corresponding to the lower half of the Urzhu�
mian Stage.

S t r a t o t y p e  o f  t h e  z o n e (Fig. 7) is located
on the right bank of the Kama River near Nizhnekamsk,
Sentyak Section, Bed 11 (Silantiev et al., 1998). The
lower and upper boundaries of the unit are placed at
the first appearance levels of P. olgae Gusev and
P. doratioformis Gusev, respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s:
P. umbonata (Fischer), P. pseudoumbonata Gusev,
P. quadriangularis (Netsch.), P. longissima (Netsch.),
P. rhomboidea (Netsch.), P. kamae (Gusev), P. attenuata
Gusev, P. cf. attenuata Gusev.

R e m a r k s. The anterior branch of the hinge with
small nodelike teeth arranged in a single row becomes
narrow in Palaeomutela representatives from the olgae
Zone; the distal part of the posterior branch acquires

subhorizontal plates resembling lateral teeth of hetero�
dont hinges.

The olgae Zone is registered in the Volga–Ural and
North Caspian basins of the East European Platform.

Palaeomutela doratioformis Zone

I n d e x  s p e c i e s: Palaeomutela doratioformis
Gusev, 1990 (Plate II, figs. 7, 8). Holotype: Kazan,
GM KFU, specimen 30/3139 (Gusev, 1990, plate II,
fig. 23); Kama River basin, Nechkina River, 3.0 km
south of the settlement of Nechkino, Sarapul district,
Udmurt Republic; Kazanian Stage.

The biostratigraphic unit is defined for the first
time.

S t r a t o t y p e  o f  t h e  z o n e (Fig. 7) is located
on the right bank of the Kama River near Nizhnekamsk,
Sentyak Section, Bed 60 (Silantiev et al., 1998). The
lower and upper boundaries of the unit are placed at
the first appearance levels of P. doratioformis Gusev
and P. marposadica Gusev, respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s:
P. vjatkensis Gusev, P. extensiva Gusev, P. krotowi
Netsch., P. wohrmani Netsch., Anadontella volgensis
(Gusev), A. uslonensis (Gusev), A. tscherdinzewi
(Gusev), Prilukiella lata (Netschajew), Pr. janischews�
kyi Plotnikov, Pr. subovata (Jones), Pr. nitida Gusev,
Pr. mirabilis Gusev, Pr. pugnatoria Gusev.

R e m a r k s. The Palaeomutela representatives
from this zone are characterized by the widened pos�
terior branch of the hinge and biserial arrangement of
nodelike teeth in its distal part. In the posterior branch
of the hinge, the main shoulders of tooth plates are
inclined toward the umbo and their counterparts in
the anterior branch are inclined away from the latter.

Plate I. Zonal species of nonmarine bivalves from the P. umbonata group. All specimens illustrated in Plates I and II are stored at
the Geological Museum of Kazan Federal University (GM KFU).
(1, 2) Palaeomutela stegocephalum Netschajew, 1894: (1) specimen 36/996�1 (×2), open shell with the fragment of the open shell
of Palaeomutela larae Silantiev, 1995 in the left upper corner; (2) specimen 36/996�2 (×7), hinge of the left valve; Solikamsk
depression, Well 1542 section, depth 112 m, Ufimian Stage, Palaeomutela larae Zone; (3) Palaeomutela ovatiformis Gusev, 1990,
specimen 36/1014�2: (3a) right valve (×2), (3b) hinge (×7); Udmurt Republic, Cheptsa River basin, Balezino Settlement, Well 7,
depth 240 m, Ufimian Stage, Palaeomutela ovatiformis Zone; (4) Palaeomutela umbonata (Fischer, 1840), specimen 36/3164:
(4a) left valve (×2), (4b) hinge (×7); South Ural region, Zhaksy�Kargala River, Kazanian Stage, Palaeomutela umbonata Zone;
(5, 6) Palaeomutela quadriangularis Netschajew, 1894: (5) lectotype, specimen 13/154 (×3), cast of the left valve, Middle Volga
region, Sheshma River, settlement of Arkhangel’skoe, Kazanian Stage, Palaeomutela quadriangularis Zone; (6) specimen 30/2094
(×4), cast of the right valve, Vyatka River basin, Lubyanka River, stratigraphic position the same; (7) Palaeomutela krotowi
Netschajew, 1894, lectotype, specimen 13/129: (7a) left valve (×2), (7b) hinge (×7); Vyatka River, right bank near the settlement
of Chirki, Urzhumian Stage, Palaeomutela krotowi Zone; (8) Palaeomutela wohrmani Netschajew, 1894, lectotype, specimen
13/126�1: (8a) left valve (×3), (8b) hinge (×8); Volga River basin, Sundyr River, settlement of Sotnikovo, Urzhumian Stage, Palae�
omutela wohrmani Zone; (9, 10) Palaeomutela numerosa Gusev, 1990: (9) holotype, specimen 30/3130 (×2), closed shell;
(10) specimen 30/1025�4 (×7), hinge of the left valve; Volga River, settlement of Monastyrskoe, Monastyrskii Ravine section,
Urzhumian Stage, Palaeomutela numerosa Zone; (11) Palaeomutela ulemensis Gusev, 1990, specimen 30/335: (11a) left valve
(×3), (11b) hinge (×10); Volga River, Tetyushi, Urzhumian Stage, Severodvinian Stage, Palaeomutela ulemensis Zone;
(12) Palaeomutela keyserlingi Amalitzky, 1892, specimen 30/171�23: (12a) left valve (×3.5), (12b) hinge (×12); Oka River,
Nizhni Novgorod, Yaril’skii Ravine section, Severodvinian Stage, Palaeomutela keyserlingi Zone; (13) Palaeomutela curiosa
Amalitzky, 1892, specimen 13/136�2 (×3.5), cast of the right (13a) and left (13b) valves of the open shell, Vyatka River basin,
Kobra River, settlement of Kobra, Vyatkian Stage, Palaeomutela curiosa Zone; (14–16) Palaeomutela golubevi Silantiev,
sp. nov.: (14) holotype, specimen 36/11�1107: (14a) right valve (×3), (14b) hinge (×9), Vetluga River, Well 10, depth 89 m;
(15) specimen 36/11�1013�1 (×3), cast of the right valve, Klyaz’ma River, Gorokhovets, Zhukov Ravine section; (16) speci�
men 36/11�136�3 (×3) cast of the left valve, Oka River, village of Konstantinovo, Well 14 section, depth 54 m, Vyatkian Stage,
Palaeomutela golubevi Zone.
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The doratioformis Zone is recorded in the Volga–
Ural and North Caspian basins of the East European
Platform.

Palaeomutela marposadica Zone

I n d e x  s p e c i e s: Palaeomutela marposadica
Gusev, 1990 (Plate II, fig. 9). Holotype: Kazan, GM
KFU, specimen 30/336 (Gusev, 1990, plate III,
fig. 13); Volga River, eastern outskirts of Mariinskii
Posad, Chuvash Republic; Severodvinian Stage, Slo�
bodka Beds. Subsequently, Gusev (1996c) used the
index species for defining the Palaeanodonta fischeri–
Palaeomutela marposadica concurrent range zone
corresponding to the upper half of the Severnaya
Dvina Horizon.

S t r a t o t y p e  o f  t h e  z o n e (Fig. 9) is located
on the right bank of the Volga River upstream of Tetyushi,
Monastyrskii Ravine Outcrop, Bed 226, samples 9, 10
(Silantiev et al., 2007a). The lower and upper bound�
aries of the unit correspond to the first appearance lev�
els of P. marposadica Gusev and P. fischeri (Amal.),
respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s:
P. numerosa Gusev, P. extensiva Gusev, P. verneuili
Amal., P. solenoides Amal., P. subparallela Amal.,
P. semilunulata Amal., P. rectodorsala Gusev, P. tschu�
vaschica (Gusev).

R e m a r k s. The Palaeomutela representatives
from the marposadica Zone exhibit the most complex
differentiated hinge as compared with its other species
that form the P. castor group (Fig. 3). Distinct depres�
sions in the hinge separate the umbonal area that is
characterized by the subvertical positions of tooth
plates in the anterior and posterior branches of the
hinge. In the posterior and anterior branches of the
hinge, the main shoulders of tooth plates are inclined
toward the umbo. The distal part of the posterior
branch bears rare subhorizontal plates resembling lat�
eral teeth of heterodont hinges.

The marposadica Zone is documented through
Volga–Ural and North Caspian basins of the East
European Platform.

Palaeomutela fischeri Zone

I n d e x  s p e c i e s: Palaeomutela fischeri (Amal�
itzky, 1892b) (Plate II, fig. 10). Lectotype (Gusev,
1990, p. 192): St. Petersburg, SPGU, specimen
11/141 (Amalitzky, 1892a, plate 4, fig. 34; Amalitzky,
1892b, plate XXII, fig. 34); right bank of the Oka River
near Nizhni Novgorod, Yaril’skii Ravine Section,
Severodvinian Stage, Putyatino Beds. Subsequently,
Gusev (1996c) used the index species for defining the
Palaeanodonta fischeri–Palaeomutela marposadica
concurrent range zone corresponding to the upper half
of the Severodvinian Stage.

S t r a t o t y p e  o f  t h e  z o n e is located on the
right bank of the Oka River near Nizhni Novgorod,
Yaril’ski Ravine Section, Bed 132 (Fig. 9). The lower
and upper boundaries of the unit are placed at the first
appearance levels of P. fischeri (Amal.) and P. obunca
Netsch., respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s:
P. keyserlingi Amal., P. ovalis Amal., P. orthodonta
Amal., P. parallela (Amal.), P. subparallela Amal.,
P. subcastor (Amal.), P. convexocarinata (Netsch.),
P. solenoides Amal., Oligodontella zitteli (Amal.),
O. geinitzi (Amal.), Palaeanodonta novoculchumica
(Kuleva), Opokiella tschernyschewi Plotnikov.

R e m a r k s. The Palaeomutela forms from the
P. castor group in the fischeri Zone are characterized
by the most reduced hinge. Single small node�like
teeth are retained in the umbonal area and in the pos�
terior branch of the hinge (Plate II, fig. 10b). The
reduction of the hinge in representatives of the genus
Palaeomutela up to the complete disappearance of
teeth was discussed in detail by the author of this genus
and served the basis for attributing such forms to the
genus Naiadites Dawson, 1860 (Amalitzky, 1892a,
pp. 65–66; Amalitzky, 1892b, p. 160) and, subse�

Plate II. Zonal nonmarine bivalve species of the P. castor group.
(1, 2) Palaeomutela larae Silantiev, 1995: (1) specimen 36/1010 (×3), cast of the right valve, Solikamsk depression, Tyul’kino sec�
tion, (2) specimen 36/999 (×14), hinge of the left valve, Solikamsk depression, Well 214 section, depth 76, Ufimian Stage, Palaeo�
mutela larae Zone; (3, 4) Palaeomutela castor (Eichwald, 1861): (3) specimen 30/3340�3 (×3) open shell, (4) specimen 30/3340�3
(×14), hinge of the right valve; Pechora River basin, Tobys River, Ufimian Stage, Palaeomutela castor Zone; (5, 6) Palaeomutela
olgae Gusev, 1990: (5) specimen 30/7013 (×2.5), cast of the left valve, lower reaches of the Kama River, settlement of Sentyak,
Kazanian Stage, Palaeomutela olgae Zone; (6) specimen 36/11�1101 (×14), hinge of the left valve, Vyatka River basin, village of
Maksimovtsy, Urzhumian Stage, Palaeomutela doratioformis Zone; (7, 8) Palaeomutela doratioformis Gusev, 1990: (7) holotype,
specimen 30/3139: (7a) right valve of the closed shell (×2), (7b) dorsal view of the hinge margin with preserved outer opisthodetic
parivincular ligament (×6); middle reaches of the Kama River, Nechkinka River, settlement of Nechkino; (8) specimen 30/1146
(×14), hinge of the left valve, lower reaches of the Kama River, settlement of Sentyak, Kazanian Stage, Palaeomutela doratiofor�
mis Zone; (9) Palaeomutela marposadica Gusev, 1990, holotype, specimen 30/336: (9a) left valve (×3), (9b) hinge (×12); Volga
River, Mariinskii Posad, Severodvinian Stage, Palaeomutela marposadica Zone; (10) Palaeomutela fischeri Amalitzky, 1892,
specimen 11/141 (Amalitzky, 1892a, plate IV, fig. 34): (10a) left valve (×4), (10b) reduced hinge with single nodelike teeth
(×14); Oka River, Nizhni Novgorod, Yaril’skii Ravine section, Severodvinian Stage, Palaeomutela fischeri Zone; (11) Palaeo�
mutela obunca Netschajew, 1894, lectotype, specimen 13/155, cast of the left valve (×3), Volga River, village of Danilovka, Vyat�
kian Stage, Palaeomutela obunca Zone; (12) Palaeomutela amalitzkyi Silantiev, sp. nov., holotype, specimen 36/11�1012�1:
(12a) cast of the left valve of the open shell (×4), (12b) dorsal view of the hinge with white arrows indicating single nodelike teeth
(×12); Klyaz’ma River, Gorokhovets, Zhukov Ravine section, Vyatkian Stage, Palaeomutela amalitzkyi Zone.
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quently, to the genus Palaeanodonta Amalitzky (Amal�
itzky, 1895a, 1895b). The study of the shell material
structure in plesiotypes of Unio castor Eichwld, 1861
(type species of the genus Palaeanodonta) and many
species close to Naiadites fischeri Amalitzky, 1892
revealed its dominant complex crossed�lamellar pat�
terns characteristic of the genus Palaeomutela Amal�
itzky, 1891. On the basis of this feature, the species
under consideration, previously assigned to the genera
Naiadites or Palaeanodonta, are attributed to the
genus Palaeomutela Amalitzky, 1891 (Silantiev and
Carter, 2010). At the same time, reduction patterns of
the hinge allows P. fischeri Amalitzky, 1892 and close
species to be considered as forming a peculiar group
with a different tendency in development of the hinge
as compared with that in the P. castor group (Fig. 3).

The fischeri Zone is recorded through Volga–Ural
and Dvina–Mezen basins of the East European Plat�
form.

Palaeomutela obunca Zone

I n d e x  s p e c i e s: Palaeomutela obunca
Netschajew, 1894 (Plate II, fig. 11). Lectotype: Kazan,
GM KFU, specimen 13/155 (Nechaev, 1894, p. 291,
fig. 22); right bank of the Volga River near the settle�
ment of Dolinovka, 20 km south of Tetyushi, Republic
of Tatarstan; Vyatkian Stage.

This biostratigraphic unit is proposed for the first
time.

S t r a t o t y p e  o f  t h e  z o n e is located on the
right bank of the Oka River near the settlement of
Okulovo, Outcrop 12, Bed 46 (Fig. 10). The lower and
upper boundaries of the unit are drawn at the first
appearance levels of P. obunca Netschajew and
P. amalitzkyi Silantiev, sp. nov., respectively.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s:
P. curiosa Amal., P. inostranzevi Amal., P. crassa
Amal., P. parva Amal., P. plana Amal., P. oleniana
Gusev, P. okensis (Amal.), Opokiella ignatjevi Gusev.

R e m a r k s. Beginning from the obunca Zone, the
previously reduced anterior branch of the hinge in spe�
cies of the P. castor group becomes restored. Some
platy teeth in the posterior branch acquire the subhor�
izontal position.

The obunca Zone is registered in the Volga–Ural
basin.

Palaeomutela amalitzkyi Zone

I n d e x  s p e c i e s: Palaeomutela amalitzkyi Silan�
tiev, sp. nov. (Plate II, fig. 12). Holotype: Kazan,
GM KFU, specimen 36/11�1012�1; right bank of the
Klyaz’ma River 2 km southwest of Gorokhovets,
Zhukov Ravine Section; Vyatkian Stage

This biostratigraphic unit is proposed for the first
time.

S t r a t o t y p e  o f  t h e  z o n e is located on the
right bank of the Klyaz’ma River 2 km southwest of
Gorokhovets, Zhukov Ravine Section, Outcrop 1027A,
Bed 1 (Sennikov and Golubev, 2010). The lower
boundary of the unit is placed at the first appearance
level of P. amalitzkyi Silantiev, sp. nov.; its upper
boundary is unknown.

C h a r a c t e r i s t i c  b i v a l v e  s p e c i e s: P. aff.
keyserlingi (Amal.), P. aff. obunca (Netsch.), P. gol�
ubevi Silantiev, sp. nov., Palaeanodonta sp. nov.

R e m a r k s. Through the amalitzkyi Zone, species
of the P. castor group are characterized by a narrow
hinge with small nodelike teeth, the number of which
never exceeds ten.

The amalitzkyi Zone is recorded in the Volga–Ural
basin.

PALEONTOLOGICAL DESCRIPTION

O R D E R ACTINODONTIDA 
DESCHASEAUX, 1952

S U P R A F A M I L Y PALAEOMUTELOIDEA 
LAHUSEN, 1897

FAMILY PALAEOMUTELIDAE LAHUSEN, 1897

Genus Palaeomutela Amalitzky, 
1891 emend Silantiev, herein

Anthracosia: Krotow, 1888, p. 490; Amalitzky, 1892a, p. 52
(pars); Amalitzky, 1892b, p. 153 (pars).

Palaeanodonta: Amalitzky, 1891, p. 2 (pars); Amalitzky, 1895a,
p. 10 (pars); Amalitzky, 1895b, p. 346 (pars).

Palaeomutela: Amalitzky, 1891, p. 1; Amalitzky, 1892a, p. 63;
Amalitzky, 1892b, p. 142; Nechaev, 1894, p. 252; Laguzen, 1897,
p. 355; Chernishev, 1943, p. 14; Lyutkevich and Lobanova, 1960,
p. 37 (pars); Betekhtina, 1966, p. 134; Betekhtina, 1974, p. 125;
Betekhtina et al., 1987, p. 37; Gusev, 1990, p. 61; Silantiev, 1998,
p. 440.

Palaeopleiodon: Amalitzky, 1891, p. 1; Betekhtina et al., 1987,
p. 38.

Carbonicola: Amalitzky, 1892a, p. 33; Amalitzky, 1892b, p. 142.
Rectodontia: Chernishev, 1943, p. 17; Betekhtina et al., 1987,

p. 39.
Hinganodon: Liang, 1982, p. 138; Fang et al., 2009, p. 86.
Solonodon: Liang, 1982, p. 136; Fang et al., 2009, p. 86.
Ty p e  s p e c i e s: Palaeomutela verneuili Amal�

itzky, 1892, Middle–Upper Permian, Urzhumian and
Severodvinian stages of the East European Platform.

D i a g n o s i s. Shells are small to large (from 5 mm
to 10 cm long, averaging 2 cm across), oval, Unio�like,
lanceolate, variably elongated, equivalve, unequilat�
eral. Ligament is external, opisthodetic, with a distinct
furrow. Ornamentation is represented by thin dichoto�
mizing growth lines and rougher growth folds. Thick�
walled shells (1.5–3.0 mm thick) are provided with the
well�developed pseudotaxodont hinge with many
(20–50) curved platy and nodelike teeth. The hinge is
differentiated into the anterior and posterior (with
proximal and distal parts) branches (series) and
umbonal area, each differing from others in shapes,
dimensions, and arrangement of tooth plates. Maxi�
mal differentiation of the hinge is reflected in develop�
ment of pseudocardinal teeth in the umbonal area and
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pseudolateral teeth in the distal part of the posterior
branch of the hinge. Thin�walled shells (<1.5 mm)
exhibit a less differentiated hinge; the number of teeth
never exceeds 20 and may decrease up to their total
disappearance.

Unaltered shells are largely composed of aragonite;
calcite is registered only in the thin upper part of the
outer layer that is characterized by a simple prismatic
structure. The following crossed�lamellar microstruc�
ture varieties are dominant: comarginally oriented
branching (largest part of the outer layer), radial (mid�
dle layer), and irregular complex (inner layer).

C o m p a r i s o n. The genus under consideration
differs from the closest genus Oligodontella Gusev,
1963 with a short downward oriented hinge, which is
also attributed to the family Palaeomutelidae, by a
longer differentiated hinge area and variable shapes of
tooth plates. From externally similar shales of the Car�
boniferous genera Anthracosia King, 1856 and Car�
bonicola McCoy in (Sedgwick and McCoy, 1855) that
are characterized by the presence of single or several
cardinal teeth, it differs by the pseudotaxodont hinge.
From the Carboniferous genera Naiadites Dawson,
1860 and Anthraconaia Trueman et Weir, 1946 with the
duplivincular slightly amphidetic ligament and eden�
tuluos hinge area, representatives of the genus Palaeo�
mutela differ by the external opisthodetic ligament and
pseudotaxodont hinge.

C o m p o s i t i o n. Approximately 100 species
described from the Permian sections of the East Euro�
pean Platform (Amalitzky, 1892a, 1892b; Nechaev,
1894, Kuleva, 1967; Gusev, 1990; Silantiev, 1995),
Kuznetsk and Tungus basins (Betekhtina, 1966), Nor�
vik area of the North Siberian Lowland (Lyutkevich
and Lobanova, 1960), Tsilyangshan fold belt (Lu,
1986), northeastern China and Inner Mongolia
(Liang, 1982), and Main Karoo basin (Sharpe, 1852;
Jones, 1890a, 1890b; Amalitzky, 1895b). The taxo�
nomic affinity of some forms with the genus Palaeo�
mutela needs to be specified. Such forms are estab�
lished in the Tarim (Fong, 1996), Dzhungar (Zhao
and Tang, 2000), and Turpan (Brand et al., 1993)
basins of China; Raniganj and Jaraya basins of India
(Chandra and Betekhtina, 1990), Salt Range of Paki�
stan (Reed, 1939); Ruhuhu basin and Kilombero rift
valley of Tanzania (Cox, 1932, 1936), Zambia (Bond,
1954); Zimbabwe (Hind, 1903; Bond, 1946); Parana
basin of Brazil (Simoes et al., 1998); and Mexico
(Silva�Pineda et al., 2003).

R e m a r k s. The taxonomic history of the genus
Palaeomutela and compliance of its type species
Palaeomutela verneuili Amalitzky, 1892 with require�
ments of the International Code of Zoological
Nomenclature are discussed in detail in the special
publication (Betekhtina et al., 1987). The nomencla�
ture inferences of these authors are taken into account
in this work. The alternative standpoint on the Palaeo�
mutela type species is proposed in (Gusev, 1990). In
Gusev’s opinion, the genus Rectodontia Chernyshev,

1943 with the type species Palaeomutela rectodonta
Amalitzky, 1892 should unite Palaeomutela species
with the hinge characteristic of bivalve species from
the keyserlingi Zone. Most researchers either ignore
the genus Rectodontia or consider it as a junior syn�
onym of the genus Palaeomutela (Weir, 1969; Gusev,
1990). The genus Palaeopleiodon defined by Amalitzky
(1891) without indication of its type species and spe�
cies composition was introduced into the nomencla�
ture (Betekhtina et al., 1987) by including Palaeo�
mutela subovalis Amalitzky, which is also character�
ized by the hinge characteristic of forms from the
Palaeomutela keyserlingi Zone, as the type species in
this genus. The genus Palaeopleiodon is considered as
a junior synonym of Palaeomutela (Weir, 1969). The
genera Hinganodon Liang, 1982 and Solonodon Liang,
1982 substantiated by limited material from the Upper
Permian section of northeastern China and Inner
Mongolia are also considered now as probable junior
synonyms of Palaeomutela (Fang et al., 2009). The
Palaeomutela representatives with the reduced hinge
externally resemble some species of the Late Permian
genus Palaeanodonta Amalitzky, 1891, which are
characterized either by edentulous hinge or single
pseudotaxodont teeth. The remarkable feature of
Palaeanodonta shells is their microstructure: their
outer layer is characterized by an inclined irregular
simple prismatic structure, while the middle and inner
layers are mostly homogenous (Silantiev and Carter,
2010).

Palaeomutela golubevi Silantiev, sp. nov.

Plate I, figs. 14–16

N a m e. In honor of paleontologist V.K. Golubev.
H o l o t y p e: GM KFU, specimen 36/11�1107,

Vetluga River, Well 10, depth 89; upper Vyatkian Sub�
stage, Palaeomutela golubevi Zone; Plate I, fig. 14.

D e s c r i p t i o n. Shell is small (up to 20 mm
across), subtrapezoid; the height/length value varies
from 0.65 to 0.75, averaging 0.70. The upper margin is
straight in small specimens, becoming slightly
rounded in larger specimens, and is separated from the
straight posterior margin by a distinct bend at an angle
of approximately 140°. The lower margin in small
specimens is slightly rounded, becoming straighter or
slightly concave in more adult specimens. The anterior
margin is convex, becoming relatively shorter with the
growth of the lower posterior margin of the shell. The
initial shell is suboval, with small subcentral umbo,
which never towers above the upper margin. Keel is
distinct, slightly convex, elevated, emphasized by
ornamentation of the valve. The maximal convexity is
characteristic of the middle part of the keel elevation.
The surface of the valve is slightly concave in front of
the keel and goes sharply down behind the latter.
Ornamentation is represented by many thin dichoto�
mizing ridges and imbricate or stepped growth folds.
Growth folds are separated from each other by thin
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(0.3 mm) radial ridges. The hinge is lenticular with
maximal width in the umbonal area. The anterior
branch bears single poorly expressed nodes; the
“pseudocardinal” tooth is indistinct; the posterior
branch of the hinge is wide with herringbone tooth
plates in the proximal part; the narrow distal part bears
single node�like teeth.

C o m p a r i s o n. The species under consideration
differs from P. curiosa Amalitzky, 1892, which is also
subtrapezoid in shape, by the higher shell
(height/length value in P. curiosa averages 0.55) and
more flattened hinge. From P. ovalis Amalitzky, 1892
(height/length value averages 0.60), P. golubevi differs
by the well�developed keel and subtrapezoid shape of
valves with a distinct bend between upper and poste�
rior margins.

M a t e r i a l. In total, 20 specimens originating
from wells located in the Oka and Vetluga river basins:
Zhukov Ravine locality at the Klyaz’ma River near
Gorokhovets (collections by V.K. Golubev and
A.G. Sennikov, 2008) and the Savvatii locality at the
Malaya Severnaya Dvina River (collections by
M.P. Aref’ev, 2011; upper Vyatkian Substage, P. golubevi
Zone.

Palaeomutela amalitzkyi Silantiev, sp. nov.

Plate II, fig. 12

N a m e. In honor of paleontologist V.P. Amalitzky.
H o l o t y p e: GM KFU, specimen 36/11�1012�1,

right bank of the Klyaz’ma River, 2 km southwest of
Gorokhovets; Zhukov Ravine Section, Vyatkian
Stage, Palaeomutela amalitzkyi Zone; Plate II, fig. 12.

D e s c r i p t i o n. Shell is small (up to 20 mm
across), subtrapezoid; the height/length value in
young shells averages 0.35. In more adult shells, the
lower posterior margin becomes gradually wider and
they acquire subtriangular outlines with the
height/length value increasing to 0.40 on average. The
upper margin is short (never exceeding half of the shell
length), straight, grading into narrowly rounded ante�
rior and widely rounded posterior margins. With shell
maturation, the angle between the upper and posterior
margins increases from 130° to 160°. The lower mar�
gin is slightly rounded. Keel is poorly developed, being
notable only near the umbo in large specimens. The
maximal convexity is confined to the lower part of the
keel elevation. The hinge is reduced: the hinge area is
narrow, short; teeth in the anterior and posterior
branches are represented by small nodes, the number
of which never exceeds ten.

C o m p a r i s o n. Palaeomutela amalitzkyi differs
from all the known Palaeomutela species by its subtri�
angular shell in adult specimens. Small specimens (5–
12 mm across) are similar to shells of Palaeomutela
obunca Netschajew, 1894 differing from them by the
less widened middle part of the shell and more obtuse
posterior end, which is tapered downward.

R e m a r k s. Available material is represented only
by inner casts. No data on the structure of initial shell,
umbo, and ornamentation are available.

M a t e r i a l. Eight specimens from the Zhukov
Ravine locality near Gorokhovets and Sokovka local�
ity near Vyazniki at the Klyaz’ma River (collections by
V.K. Golubev and A.G. Sennikov, 2008); upper Vyat�
kian Substage, Palaeomutela amalitzkyi Zone.

CONCLUSIONS

The analysis of the stratigraphic distribution of
nonmarine bivalves in the Permian sections of the East
European Platform revealed that the bivalve zonation
should be based on representatives of the genus Palaeo�
mutela that occur in the Ufimian to Vyatkian strata.
The study of external, internal, and microstructural
features of shells allowed the composition of the genus
Palaeomutela to be specified: several species which
were previously attributed to the genera Naiadites,
Palaeanodonta, and Anthraconaia were included in
this taxon, while other forms belonging to the genera
Redikorella, Palaeanodonta, and Opokiella were
excluded from the latter.

On the basis of the detailed examination of hinge
morphology in Palaeomutela representatives, its struc�
ture is revised: (1) the anterior branch, umbonal area,
and posterior branch with the proximal and distal parts
are defined; (2) tooth plates are subdivided into several
elements confined to particular parts of the hinge and
becoming gradually more complex; (3) isolated subver�
tical (“pseudocardinal”) and horizontal (“pseudola�
teral”) teeth are defined in the umbonal area and distal
part of the posterior branch, respectively, observable in
species with the maximal differentiation of the hinge;
(4) two groups of species with different hinge mor�
phologies are definable in the genus Palaeomutela:
P. umbonata (thick�walled shell, well�developed
hinge) and P. castor (thin�walled shell, reduced hinge)
groups. Changes in morphology of the hinge in differ�
ent�age species from these groups provided grounds
for defining phylogenetic lineages in the genus Palaeo�
mutela evolution.

The results of revision of the Palaeomutela taxo�
nomic composition and its stratigraphic distribution
provided grounds for development of a zonal scale
which includes two parallel successions of range zones
based on evolutionary trends of the P. umbonata
(dwellers of silty–psammitic substrates) and P. castor
(dwellers of pelitic–silty substrates) groups. The first
appearance levels of nonmarine bivalve index species
are mostly inconsistent with boundaries of regional
stratigraphic units substantiated by ostracods. Strati�
graphic ranges of bivalve�based zones are different.
Some of them characterize relatively narrow intervals
of the section (stegocephalum, larae, wohrmani, ule�
mensis, obunca, golubevi, and amalitzkyi zones); oth�
ers correspond to substages. The bivalve zones are usu�
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ally comparable in their ranges with zones based on
ostracod, fish, and tetrapod fossils.
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