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Abstract
The paleontological characteristics of the boundary Artinian-Kungurian deposits of the Mechetlino
section are given. The main faunal groups (conodonts, ammonoids, foraminifera, brachiopods, fish,
trilobites) are described; the evolutionary development of genera of conodonts and ammonoids is
considered. The distribution of characteristic assemblages along a section is shown in detail, and their
time variation is analyzed.
Keywords: Mechetlino section, Permian system, Artinskian Stage, Kungurian Stage, conodonts, ammonoids, foraminifera,
GSSP of Kungurian Stage

Introduction
The Mechetlino section (Fig. 1) is located in the village of the same name on the right bank of the
Yuryuzan River. The coordinates of the section: 55°21’42” N, 57°59’57” E. It was recommended as
the Global Stratotype Section and Point (GSSP) of the Kungurian Stage of the International
Stratigraphic Scale (ISS) [1], [2], [3]. In the Mechetlino section, boundary Artinskian-Kungurian
terrigenous-carbonate deposits with a thickness of about 14 meters are exposed. The Mechetlino
section contains conodonts, ammonoids, foraminifers, brachiopods, fishes, plants and rare tuffaceous
interlayers. In 2016 the Artinskian-Kungurian interval of the section was cleared, and fossils and
samples for spore-pollen analysis were collected bed-by-bed [4].
The objects and methods of research
Conodonts, ammonoids, foraminifers, brachiopods, fishes, trilobites and plant remain were studied
from the Artinskian-Kungurian boundary deposits of the Mechetlino section. Samples for conodonts
were selected from both terrigenous and carbonate rocks. The rocks of the cut contain a large
admixture of carbonate material, so they disintegrate well in acids when conodonts are extracted. Due
to the rare occurrence of conodonts in the Mechetlino section, it was required to take samples
weighing up to 10-15 kg [2]. Conodonts from the rock were extracted using a standard procedure for
processing samples in 10% acetic acid [5]. Together with the conodonts, fish were selected and
studied.
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Fig. 1. Location of the Mechetlino section.

Ammonoids were found in carbonate rocks throughout the entire section; in total 13 levels were
sampled (10 from the Artinskian and 3 – from the Kungurian). Brachiopods (about 30 specimens) are
found only in the Artinskian (Beds 3-5). In mudstones (Beds 3 and 4) they are present in the form of
clusters in carbonate concretions, where they are represented by whole shells and scattered valves.
In limestones (Bed 5), brachiopods are extremely rare and are represented exclusively by internal
nuclei and sparse imprints. Small foraminifers are found at 19 levels, fusulinids at 9 levels (Fig. 2).
Twenty samples were collected from carbonates. Fusulinids were studied in oriented sections,
small foraminifers were studied in both oriented and unoriented petrographic sections (a total of 240
sections).
For the first time in the upper part of the Artinskian (Bed 5), an imprint of a fragment of the
pygidium of a trilobite was found. In the deposits of the Artinskian Stage plant remains are
represented by internal cast of the trunks of calamites. Numerous fragments of imprints of calamite
trunks, plant seeds, and poorly sorted plant remains were found in large quantities in the Kungurian
mudstones.
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Fig. 2. Stratigraphic column and taxonomic ranges for the Mechetlino section: (1) argillite, (2) sandstone, (3)
sandstone limestone, (4) limestone, (5) conodonts, (6) ammonoids, (7) fusulinids, (8) small foraminifera, (9)
trilobites, (10) fishes.

Section description
1. Argillite, dark-gray, slightly calcareous. Visible thickness 0.2 m.
2. Limestone bioclastic-detrital, coarse-grained with interbeds of mudstones and sandstones.
Fossils are represented by conodonts Sweetognathus somniculosus Chernykh, ammonoids
Uraloceras fedorowi (Karpinsky), U. complanatum (Voinova), U. spp., Paragastrioceras karpinskii
(Fredericks), P. verneuili Ruzhencev, Neopronorites permicus (Tchernow), foraminifera Bradyina
ex gr. majoraeformis Zolotova, Cornuspira sp., Deckerella elegans kamaica Bar., Endothyranella
tersa Igonin, Endothyranella sp., Geinitzina angusta Cherdynzev, G. gigantea K. М.-Maclay, G.
postcarbonica Spandel, Globivalvulina retroseptata Vachard, Krainer and Lucas, Gl. praegraeca
Vachard, Krainer and Lucas, Gl. sossipatrovae Baryshnikov, Hemigordiellina elegans (Lipina), H.
simplex (Harlton), Hemigordius longus Grozdilova, Hem. ovatus Grozdilova, Hem. permicus
Grozdilova, Hem. aff. saranensis Baryshnikov, Howchinella inflata (Gerke), H. porrecta Filimonova,
H. sossipatrovae Bar. et Kosch., Langella sp., Nodosinelloides netchajewi (Tcherdynzev), N.
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netchajewi rasik (Baryshnikov), N. cf. cubanicus elongatus Filimonova, N. pseudoincelebrata
(Sossip.), ?Pachyphloia ex gr. linae (K. M.-Maclay), Parafusulina sp., Parastaffeloides sp.,
Protonodosaria proceraformis (Gerke), Pseudoagathammina duplicata (Lipina), Ps. regularis
(Lipina), Ps. pseudoseptata (Lipina), Pseudofusulinella sp., Pseudoglomospira ishimbaica (Lipina),
Pseudoglomospira multiplanata (Zolotova et Igonin), Tolypammina tchikalensis solida Raus. 0.6 m.
3. Argillite dark gray thin-layered with intercalations of limestones, with ammonoids Uraloceras
fedorowi (Karpinsky), U. spp., Paragastrioceras karpinskii (Fredericks), foraminifera Amphorateca
sp., Bradyina ex gr. majoraeformis Zolotova, Deckerella elegans kamaica Bar., Geinitzina
postcarbonica Spandel, Globivalvulina bulloides minima Zolotova, G. sp., ?Pachyphloia sp.,
Parafusulina cf. cara Grozd., P. paraconcavatus Raus., P. pseudoparaconcavatus Raus., P.
consobrina Raus., Pseudofusulina exigua (Schellw. et Dyhr.), Ps. lepida Raus., Ps. nucula Tchuv.,
Ps. ovata Raus., Ps. urasbajevi speciosa Raus., Ps. seleukensis Raus., Ps. urasbajevi Raus., Ps. aff.
venusta Konovalova, Tetrataxis secunda Igonin, Uralofusulinella arkaulensis Tschuv., brachiopods,
and crinoids are found. In the upper part of the bed in mudstone, carbonate concretions with
ammonoids, brachiopods, crinoids, bryozoans have been found 1.9 m.
4. Argillite is dark gray thin-layered (uneven interbedding of light (carbonate) and dark (clay) of
small layers). In the upper part of the bed there is a lens of coarse-grained organogenic detritus
limestone with foraminifera Bradyina ex gr. majoraeformis Zolotova, Deckerella elegans kamaica
Bar., Endothyranella tersa Igonin, Globivalvulina praegraeca Vachard, Krainer and Lucas,
Hemigordius longus Grozdilova, Howchinella porrecta Filimonova, H. sossipatrovae (Bar. et
Kosch.), Nodosinelloides ex gr. krotovi (Tscherdynzev), N. russkayenis Karavaeva et Nestell,
Parafusulina cf. cara Grozd., Protonodosaria praecursor (Raus.), Pseudofusulina urdalensiformis
Kir., Trepeilopsis australiensis Cresp., Uralofusulinella arkaulensis (Tschuv.). At this level clay
rocks contain bioclasts with remains of ammonoids Uraloceras fedorowi (Karpinsky), U. spp.,
Paragastrioceras karpinskii (Fredericks), P. verneuili Ruzhencev, brachiopods, bryozoans, crinoids
1.0 m.
5. Limestone gray, sandy, fine-grained, and massive. In the upper part there are dark gray thinlayered argillites. Fossils are represented by the ammonoids Neopronorites permicus (Tchernow),
Paragastrioceras karpinskii (Fredericks), P. verneuili Ruzhencev, Uraloceras fedorowi (Karpinsky),
U. cf. bogoslovskayaе Voronov, U. complanatum Voinova, U. spp., foraminifers Deckerella elegans
kamaica Bar., Endothyranella tersa Igonin, Geinitzina postcarbonica Spandel, Globivalvulina
apiciformis Zolotova, Gl. bulloides minima Zolotova, Gl. retroseptata Vachard, Krainer and Lucas,
Hemigordiellina elegans (Lipina), Hemigordius permicus Grozdilova, Hem. ovatus Grozdilova, Hem.
saranensis Baryshnikov, Hem. cornuspiroides Sossipatrova, Howchinella porrecta Filimonova, H.
sossipatrovae (Bar. et Kosch.), Lateenoglobivalvulina spiralis (Morozova), Midiella ovata sensu
Blazejovski, Nodosinelloides netchajewi (Tscherdynzev), Pseudofusulina seleukensis Raus.,
Pseudoglomospira pseudopusilla Baryshnikov, Pseudogl. multiplanata (Zolotova et Igonin),
Pseudogl. vulgaris (Lipina), Pseudoagathammina regularis (Lipina), Uralofusulinella arkaulensis
Tschuv., trilobites Kaskia gruenewaldti (Möller), fishes Permopetalodus sp., brachiopods,
bryozoans. 2.6 m.
6. Limestone, brownish-gray, fine-grained, bioclastic. Fossils present are conodonts
Neostreptognathodus pequopensis Behnken, N. ruzhencevi Kozur, ammonoids Uraloceras fedorowi
(Karpinsky), U. cf. bogoslovskayae Voronov, U. spp., Clausiuraloceras tchuvaschovi
(Bogoslovskaya), Paragastrioceras sp., foraminifera Ammovertella sp., Bradyina ex gr.
majoraeformis Zolotova, Cornuspira sp., Deckerella elegans kamaica Bar., Endothyranella tersa
Igonin, Globivalvulina praegraeca Vachard, Krainer and Lucas, Gl. sossipatrovae Baryshnikov, Gl.
kungurensis Igonin, Hemigordius longus Grozdilova, Hem. permicus Grozdilova, Howchinella
sossipatrovae (Bar. et Kosch.) ?Pachyphloia ex gr. linae (K. M.-Maclay), Pseudoagathammina
duplicata (Lipina), Ps. pseudoseptata (Lipina), Pseudoglomospira multiplanata (Zolotova et Igonin),
Parastaffeloides sp., ? Schubertella sp., Uralofusulinella sp., fishes Kungurodus obliquus (Ivanov),
Hybodontiformes indet., Euselachii indet., Symmoriiformes indet., Actinopterygii indet and tiny (2
mm) crinoids. 1 m.
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7. At the base of the bed there is sandstone limestone, fine-grained, thin-layered. The above section
is composed of argillite calcareous gray, which passes into marl. In this bed there are compressed
along the surface limestone nodules up to 10 cm long and of 3-5 cm in thickness. The nodules possess
distinct Liesegang rings. Small charred fragments of organic remains are present 1.1 m.
8. Limestone bioclastic, dark-brown, gray, thin-bedded (in the lower part 5 cm, upper up to 10 cm)
with irregular bedding planes with 3-5 mm interlayers of dark gray marl-argillite. Conodonts:
Neostreptognathodus pequopensis Behnken, N. ruzhencevi Kozur, Sweetognathus somniculosus
Chernykh; ammonoids: Uraloceras fedorowi (Karpinsky), U. cf. bogoslovskayae Voronov, U. spp.,
Clausiuraloceras tchuvaschovi (Bogoslovskaya), Paragastrioceras sp., foraminifera Bradyina
costifera Baryshnikov, Cornuspira sp., Deckerella elegans kamaica Bar., Geinitzina gigantea K. М.
– Maclay, G. postcarbonica Spandel, G. spandeli irginensis Baryshnikov, Globivalvulina praegraeca
Vachard, Krainer and Lucas, Gl. kungurensis Igonin, Gl. apiciformis Zolotova, Hemigordiellina
elegans (Lipina), Hemigordius longus Grozdilova, Hem. permicus Grozdilova, Hem. ovatus
Grozdilova, Hem. saranensis Baryshnikov, Hem. sp. 1, Howchinella inflata (Gerke), H.
sossipatrovae Bar. et Kosch., H. ex gr. woodwardi (Howchin), Nodosinelloides netchajewi
(Tcherdynzev), N. pseudoincelebrata Sossip., Parastaffeloides sp., Pseudoglomospira pseudopusilla
Baryshnikov, Pseudogl. vulgaris (Lipina), Pseudoagathammina duplicata (Lipina), Ps. regularis
(Lipina), Ps. pseudoseptata (Lipina), ?Schubertella sp., Trepeilopsis australiensis Cresp., fishes
Kungurodus obliquus (Ivanov), Cooleyella amazonensis Duffin, Richter and Neis, Sphenacanthus
sp., Hybodontiformes indet., Symmoriiformes indet., Euselachii indet. 0.15 m.
9. Argillite, dark gray, thin-plated, with a small (2-5 mm) layer of yellow tuff. In the upper part of
the unit the argillite passes into marl 10-12 cm thick. Organic remains are represented by charred
plant detritus (1-2 mm) 0.3 m.
10. Sandstone, calcareous, yellowish-gray, fine-grained. In the upper part of the bed is mudstone,
dark gray, thin, with a large amount of plant detritus. The organic remains are represented by the
conodonts Sweetognathus somniculosus Chernykh, foraminifera Cornuspira sp., Geinitzina
postcarbonica Spandel, Globivalvulina retroseptata Vachard, Krainer and Lucas, Gl. bulloides
minima Zolotova, Hemigordius longus Grozdilova, Hem. permicus Grozdilova, Howchinella cf.
sossipatrovae (Bar. et Kosch.), H. impolita (Crespin), ?Langella sp., Parastaffeloides sp. and fishes
Symmoriiformes indet., Euselachii indet 0.6 m.
11. Sandstone, calcareous, gray, fine-grained, massive with plant detritus. Foraminifera:
Geinitzina angusta Tscherdynzev, G. postcarbonica Spandel, Howchinella impolita (Crespin), H.
breggeri (Sossipatrova), H. aff. minutissima (Paalzow), Nodosinelloides pseudoincelebrata (Sossip.),
N. sp. 1, Protonodosaria praecursor (Raus.). 0.35 m.
12. At the lower part of the bed (0.6 m) is limestone, sandy, gray and greenish-gray, fine-grained
to silt-grained (below), massive. Conodonts: Neostreptognathodus pequopensis Behnken, N.
ruzhencevi Kozur, N. lectulus Chernykh, N. pnevi Kozur et Movshovitsch. Ammonoids: C. sp.
(?Clausiuraloceras mechetlense Kutygin), Foraminifera: Ammovertella sp., Calcivertella sp.,
Cornuspira sp., Geinitzina postcarbonica Spandel, Globivalvulina apiciformis Zolotova,
Hemigordiellina simplex (Harlton), Hemigordius ex gr. saranensis Baryshnikov, Howchinella
impolita (Crespin), H. semiovalis (Zolotova et Sossipatrova), H. aff. minutissima (Paalzow),
Nodosinelloides netchajewi (Tcherdynzev), N. clavatoides (Raus. et Scherb.), Protonodosaria
praecursor (Raus.), Pseudoglomospira multiplanata (Zolotova et Igonin), Pseudogl.
parapusilliformis (Baryshnikov), Pseudoagathammina regularis (Lipina). Fishes: Kungurodus
obliquus (Ivanov). In the upper part of the bed is argillite, dark greenish-gray strongly calcareous 1.9
m.
13. The sandstone, calcareous, gray, medium-grained to coarse-grained with a large amount of
large plant detritus. Conodonts: Neostreptognathodus pequopensis Behnken, N. ruzhencevi Kozur,
N. labialis Chernykh, N. lectulus Chernykh, N. pseudoclinei Kozur et Movshovitsch, N. pnevi Kozur
et Movshovitsch 0.35 m.
14. Limestone, sandy, medium-grained, thin-layered. Conodonts: Neostreptognathodus
pequopensis Behnken, N. ruzhencevi Kozur, N. labialis Chernykh, N. lectulus Chernykh, N. pnevi
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Kozur et Movshovitsch. Ammonoids: Clausiuraloceras mechetlense Kutygin, C. cf. tchuvaschovi
(Bogoslovskaya), C. sp., Uraloceras sp., Prolecanitida gen. et sp. ind., Foraminifera Bradyina sp.,
Climacammina sp., Deckerella sp., Nodosinelloides netchajewi rasik (Baryshnikov), N. ex gr. decoris
(Crespin) 0.35 m.
15. The sandstone is brownish-gray, coarse-grained, massive, with numerous large plant remains.
Conodonts: Neostreptognathodus pequopensis Behnken, N. ruzhencevi Kozur, N. labialis Chernykh,
N. lectulus Chernykh, N. pnevi Kozur et Movshovitsch. Foraminifera: Climacammina sp.,
Deckerella sp., Hemigordiellina elegans (Lipina), Hemigordius saranensis Baryshnikov, ?Langella
sp., Nodosinelloides netchajewi rasik (Baryshnikov), N. netchajewi (Tcherdynzev), N. ex gr. decoris
(Crespin), ?Pachyphloia sp., Protonodosaria praecursor (Raus.), Pseudoglomospira pseudopusilla
Baryshnikov, Pseudoagathammina sp., Tetrataxis secunda Igonin. 1.6 m.
Results
Conodonts. All conodonts of the Mechetlino section belong to two genera: Sweetognathus and
Neostreptognathodus. Several evolutionary trends in both genera were recognized. In the Mechetlino
section in the Artinskian part Neostreptognathodus pequopensis Behnken and N. ruzhencevi Kozur
were found. The difference between these species lies in the structure of the carinal teeth.
In Neostreptognathodus pequopensis Behnken – the teeth are tuberculate, standing more or less
vertically, in N. ruzhencevi Kozur – the carinal denticles have the form of slightly inclined short ribs
(Fig. 3A, B). The latter species is sometimes marked by a variation in the relative position of the free
blade and the carinal parapets. In most cases, the free blade is in a sub-central position, or can be
merged with one of the parapets.

Fig. 3. Evolutionary sequences of conodonts: (A) Neostreptognathodus pequopensis Behnken – N. pnevi Kozur; (B) N.
ruzhencevi Kozur – N. lectulus Chern.; (C) Sweetognathus somniculosus Chern. – Neostreptognathodus pseudoclinei
Kozur et Movschovitsch – N. labialis Chern.; (D) conodonts of the genus Sweetognathus.
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In the Sarginian Horizon of the Artinskian Stage, the conodonts Neostreptognathodus pequopensis
Behnken appear, which are descendants of the species Sweetognathus clarki (Kozur). Later, in the
Kungurian Age, Neostreptognathodus pequopensis Behnken loses its teeth on the front parts of the
parapets and passes to N. pnevi Kozur and Movschovitsch (Fig. 2).
The Artinskian-Kungurian boundary coincides with the evolutionary occurrence of the appearance
of the species Neostreptognathodus pnevi in the chronocline N. pequopensis-N. pnevi [2].
The conodont Neostreptognathodus pequopensis Behnken continues to exist in the Kungurian
Age, but, unlike Artinskian representatives, has a greater number of nodules on parapets. Thus, the
Artinskian Neostreptognathodus pequopensis Behnken (Fig. 3A) usually has no more than five paired
nodules on the parapets, in the Kungurian representatives there may be seven or more.
In the upper part of the Artinskian Stage, along with the species Neostreptognathodus pequopensis
Behnken, the conodont N. ruzhencevi Kozur appear (Fig. 2). At the beginning of the Kungurian Age,
the species Neostreptognathodus ruzhencevi Kozur, by reducing the carinal teeth on the front parts
of the parapets, turns into N. lectulus Chernykh (Fig. 3B). Thus, the FAD of Neostreptognathodus
lectulus Chernykh is the second marker of the lower boundary of the Kungurian Stage. The species
Neostreptognathodus ruzhencevi Kozur continues to exist in the Kungurian Age, almost without
change in its structure.
Also, conodonts of the genus Sweetognathus were found in the sediments of the Sarginian horizon
of the Artinskian Stage. This group of species based on Diplognatodus morphotypes is distinguished
by the appearance of numerous pustules on the carinal ridge. Such forms are referred to the species
Sweetognathus somniculosus Chernykh [2]. At the boundary of the Artinskian and Kungurian Stages,
conodonts of the genus Sweetognathus undergo significant metamorphosis, expressed in the
appearance of two phyletic lines. The first phyletic line is represented by conodonts of Sweetognathus
form, in which the comb-shaped carina is differentiated into separate tubercles only in the posterior
half.
Such conodonts have so far been found in small numbers and are identified as Sweetognathus nov.
sp. 1 (Fig. 3D). Another phyletic line includes forms in which in the Kungurian, a thin groove is laid
in the middle of the comb-like carina and further differentiation of the carina into a series of opposing
nodes occurs. At the beginning of the Early Kungurian, the form Neostreptognathodus pseudoclinei
Kozur et Movschovitsch appears from Sweetognathus somniculosus Chernykh; it has an incompletely
developed median groove and only a single constriction of the parapets at the back of the carina (Fig.
3C).
Later, the species Neostreptognathodus labialis Chernykh appears, with a fully formed carina
consisting of five or six pairs of lip-like opposed teeth, separated by a deep median groove joining
them (Fig. 3 C). Possibly, the species Neostreptognathodus pseudoclinei Kozur et Movschovitsch,
the first appearance of which is not accurately established in the section, but which appears in the
Kungurian earlier than N. labialis Chernykh, can also be considered as an additional marker of the
lower boundary of the Kungurian Stage.
Ammonoids. The Mechetlino section (Fig. 2) is one of the few sections in which a gradual
replacement of Late Artinskian ammonoids by the Early Kungurian taxa is observed. In the interval
of beds 1-5 (Artinskian Stage) the domination of the morphologically diverse group Uraloceras
fedorowi (Karpinsky) is observed. The species of the genus Paragastrioceras – P. verneuili
Ruzhencev and P. karpinskii (Fredericks) are much less common. The above assemblage is Upper
Artinskian and contains both southern and north-Ural elements. Above the section up to bed 8, the
Uraloceras fedorowi group continues to dominate, including the species Uraloceras cf.
bogoslovskayaе Voronov, however the taxonomic composition of the assemblage is decreasing.
At the same time, a new important element appears in bed 6 – the species Clausiuraloceras
tchuvaschovi (Bogoslovskaya), which at the end of the Artinskian era separated from Uraloceras
fedorowi (Karpinsky).
With the isolation of Clausiuraloceras from Uraloceras, the shell became more compressed, the
whorl overlap degree increased, the suture simplified, which manifested itself in straightening of the
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© Filodiritto Editore – Proceedings
sides of the lateral lobe. The species C. tchuvaschovi (Bogoslovskaya) retained many of the features
characteristic of the genus Uraloceras.

Fig. 4. Kungurian ammonoids of the Mechetlino section, bed 14: (а) specimen DPMGI, no. Uraloceras sp.,
213/3 (×2), (b-g) Clausiuraloceras mechetlense Kutygin: (b-d) specimen PIN, no. 5597/9 (×3), (e) specimen
DPMGI, no. 213/2-2 (×3), specimen DPMGI, no. 213/2-1 (×3), specimen DPMGI, no. 213/2-3 (×3); (h-k)
Clausiuraloceras sp., specimen PIN, no. 5597/16 (×4.5); all scale bars 2 mm.

The genus Clausiuraloceras dominates in the lower part of the Kungurian Stage. At the base of
the Kungurian (bed 12) (Fig. 4) the ammonoids Clausiuraloceras sp. (? Clausiuraloceras
mechetlense) were found. Numerous small shells of a new species of ammonoid Clausiuraloceras
mechetlense Kutygin appear at the base of bed 14, which has a helmet shaped lateral lobe and
distinctly bifurcating rib-wrinkles [6]. The most probable ancestor of this species is Clausiuraloceras
tchuvaschovi (Bogoslovskaya), in the separation from which C. mechetlense Kutygin continued the
morphogenetic trend towards enhancing the involution of the shell and simplifying the shape of the
suture.
Later, from the species Clausiuraloceras mechetlense Kutygin, appeared C. sofronizkyi
(Bogoslovskaya), which is known in the Koshelev suite to the north of Krasnoufimsk [7].
When separating this species from Clausiuraloceras mechetlense Kutygin, representatives of C.
sofronizkyi (Bogoslovskaya) acquired a well-pronounced longitudinal ornament and a very high
medial saddle of the suture.
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Fig. 5. Foraminifera from Mechetlino section: (1) Pseudofusulina nucula Tchuvashov, bed 3-1; (2)?
Parafusulina cf. cara Grozdilova, bed 3-2; (3)? Schubertella sp., bed 6; (4) Pseudofusulina urasbajevi Rauser,
bed 3-1; (5) – Pseudofusulina urasbajevi speciosa Rauser, bed 3-2; (6) ?Pachyphloia ex gr. linae (K. M.Maclay), bed 2; (7) Nodosinelloides cf. cubanicus elongatus Filimonova, bed 2; (8) – Hemigordiellina simplex
(Harlton), bed 12; (9) Ammovertella sp., bed 12; (10) Lateenoglobivalvulina spiralis (Morozova), bed 5; (11)
Pseudoglomospira multiplanata Zolotova et Igonin, bed 12; (12, 13) Cornuspira sp., bed 12; (14) Howchinella
aff. minutissima Paalzow, bed 11; (15) Howchinella impolita (Crespin), bed 12; (16) Howchinella semiovalis
Zolotova et Sossipatrova, bed 12; (17) Pseudoglomospira parapusilliformis Baryshnikov, bed 12; (18)
Protonodosaria praecursor (Rauser), bed 12; (19) Geinitzina angusta Cherdynzev, bed 11; (20)
Nodosinelloides ex gr. decoris (Crespin), bed 14; (21) Tetrataxis secunda Igonin, bed 15. (1, 3-5, 13, 15, 17).
Axial sections; (2, 6, 7, 11, 14, 16, 18, 19, 21) lateral sections; (10) oblique lateral sections; (20) transverse
sections; (12) median sections; (8, 9) random section. Blue scale 1 mm for figs. 1, 2, 4, 5, red scale (0.1 mm)
for fig. 21, green scale for all others illustrated specimens.

Small foraminifera are found at 17 levels and are represented by 62 species of 25 genera (Fig. 5).
Three foraminiferal assemblages are recognized in the Mechetlino section: the first assemblage in
beds 1-8, the second in beds 10-12 and the third in beds 14-15. In the first (lower) assemblage, 51
species of 21 small foraminiferal species were found. It is dominated by the number of representatives
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of the families Ammodiscidae, Tolypamminidae, Pseudoammodiscidae, Calcivertellidae,
Meandrospiridae, and others. Bed 2 contains species characteristic of the Artinian Stage of the Urals,
northern Russia, as well as for the Tethyan sections of the Pamir and Turkey: Protonodosaria
proceraformis (Gerke), Nodosinelloides cf. cubanicus elongatus Filimonova and Pachyphloia ex gr.
linae (K. M.-Maclay) et al. In beds 3-4, the foraminiferal assemblage is supplemented by numerous
Protonodosaria praecursor (Raus.), rare Nodosinelloides ex gr. krotovi (Tscherdynzev),
Nodosinelloides russkayenis Kar. et Nestell and Trepeilopsis australiensis Cresp. A significant
update of the foraminiferal assemblage occurs in bed 5. Lateenoglobivalvulina spiralis (Morozova),
Hemigordius saranensis Baryshnikov, Globivalvulina apiciformis Zolotova, Midiella ovata sensu
Błaźejowski, Pseudoglomospira vulgaris (Lipina) and Pseudoglomospira pseudopusilla
(Baryshnikov) appear here, typical of the Artinskian Stage of Spitsbergen and the western Tethys [8],
[9].
In Bed 6 foraminifera are represented by rare Ammovertella sp. A rich assemblage of small
foraminifers (Nodosinelloides ex gr. tenuiseptata (Lipina), Howchinella ex gr. woodwardi
(Howchin), Geinitzina spandeli irginensis Baryshnikov, etc.) was found in bed 8 (Fig. 2). Thus, the
presence of numerous Geinitzina and Hemigordius in the first assemblage allows beds 2-8 of the
Mechetlino section to be compared for the foraminifera with the Sarginian Horizon of the Urals. The
second foraminifer assemblage (Beds 10-12) consists of 21 species of 13 genera.
The taxonomic composition of the foraminifera of bed 10 is depleted, but small foraminifers of
the species Howchinella impolita (Crespin), typical of the Kungurian Stage of Australia, appear there
[10].
In Bed 11 representatives of the genera Hemigordius, Pseudoglomospira, Hemigordiellina, and
Pseudoagathammina disappear. Here, the foraminiferal assemblage is dominated by lagenids, among
which appear the species Nodosinelloides sp. 1 and Howchinella aff. minutissima (Paalzow). The
assemblage of Bed 12 is complemented by the species of Howchinella semiovalis (Zolotova et
Sossipatrova), Howchinella breggeri (Sossipatrova), Geinitzina indepressa Tscherdynzev and
various species of Nodosinelloides and Geinitzina, characteristic of the Saraninskian Horizon [11],
[12].
The foraminiferal assemblage of Beds 10-12 can be compared with the Saranin assemblage of the
Urals. The third assemblage (Beds 14-15) consists of 15 species of 12 genera. Species with ribbed
sides of shells, Nodosinelloides ex gr. decoris (Crespin) appear in the third assemblage.
This morphological feature is characteristic of the Kungurian species of Australia [10]. There are
also numerous redeposited species: Endothyranella tersa Igonin, Bradyina sp., Palaeotextulariidae,
Nodosinelloides netchajewi rasik (Baryshnikov), and undetermined Fusulinida.
Fusulinida of good preservation, forming a variety of assemblages, in the Mechetlino section, are
recorded from the Artinskian beds (Beds 3, 4, 5 and 6). Above, in Beds 8, 10 and 14, they are rare,
represented by individual small fragments, which complicates their species and generic assignment.
The most numerous and diverse assemblage is defined at the base of Bed 3. They include the
species Pseudofusulina urasbajevi urasbajevi Raus., a frequent form of the Sarginian Horizon of the
western slope of the Urals [13], and also Ps. urasbajevi speciosa Raus. and Ps. seleukensis Raus. The
assemblage also includes morphologically similar species of Pseudofusulina nucula Tchuv., also
described from the Sarginian deposits of the Ufa Plateau [14] and Pseudofusulina postsolida Tchuv.
Fishes. The fishes occurring in the Artinskian deposits of Mechetlino section include the
symmoriiform Kungurodus obliquus (Ivanov), the sphenacanthid euselachian Sphenacanthus sp., the
anachronistid neoselachian Cooleyella amazonensis Duffin, Richter and Neis, the petalodontiform
Permopetalodus sp., as well as undetermined symmoriiforms, hybodontiforms and euselachians. K.
obliquus, and undetermined hybodontiforms and euselachians occur also in the Kungurian interval of
the section. Kungurodus obliquus (Ivanov) was known from the Asselian – Artinskian of the South
and Middle Urals [15], in the Artinskian of the Kazakhstanian Cisurals [16] and has been found for
the first time in the Kungurian of Mechetlino section. The representatives of genus Sphenacanthus
occur from the Viséan to the Gzhelian of Great Britain, Spain, Czech Republic, Germany, USA
(Iowa), Brazil; from the Artinskian, Early Permian of Brazil; from the Kazanian, Middle Permian of
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the European part of Russia, from the Capitanian, Middle Permian of Texas, USA [15]. Cooleyella
amazonensis Duffin, Richter et Neis was reported from the Moscovian, Late Carboniferous of Brazil;
Late Pennsylvanian of New Mexico, USA; Kazanian, Middle Permian of East European Platform,
Russia; Roadian, Middle Permian of Texas, USA [15]. Permopetalodus frederixi Kozlov was
described from the Artinskian, Early Permian of Sverdlovsk Region, Middle Urals, Russia [17].
Trilobites. In the upper part of the Artinskian stage of the Mechetlino section (beds 5) an imprint
of a fragment of a trilobite pygidium was found. This is the first documented finding of a trilobite
from this site. The described pygidium fragment is 6 mm wide and 4.5 mm long and is represented
by an imprint of an axis and one lateral lobe. These features, such as a wide border, 11 rings of axis
and 7 pleural ribs, suggest this form is defined as Kaskia gruenewaldti (Möller). This trilobite species
is the most typical and frequently-found in the Sakmarian and Artinskian Stages of the southern and
middle Urals, Russia, and is found in many locations of this age and region [18], [19].

Fig. 6. Trilobite Kaskia gruenewaldti (Möller), bed 5.

Conclusion
Despite the low frequency of conodonts in this age range in the Urals, which requires an increase
in the volume of the informative sample to 15-20 kg, the data obtained so far on the Mechetlino
section make it possible to compile a fairly complete picture of the composition and character of the
change in the conodont assemblage in the Artinskian-Kungurian boundary, to reveal morphological
trends in the development of conodonts of the genera Sweetognathus and Neostreptognathodus and
to offer, in addition to the generally accepted marker of the lower boundary of the Kungurian Stage
Neostreptognathodus pnevi Kozur et Movschovitsch, the additional marker conodonts N. lectulus
Chernykh and N. labialis Chernykh. The ammonoid assemblage established at the base of the
Kungurian Stage, suggests an important stage in the development of paragastrioceratids at the
Artinskian-Kungurian boundary. This stage is associated with the evolution of the genus
Clausiuraloceras in the basins of the Middle and South Urals. At the end of the Artinskian, its
representatives separated from the Uraloceras fedorowi group and began to acquire morphological
characters, unusual for the genus Uraloceras. The appearance of a new species of Clausiuraloceras
mechetlense Kutygin in the Neostreptognathodus pnevi Zone of the Mechetlino section made it
possible to recognized Beds with C. mechetlense in the Lower Kungurian, with a base near the
boundary of the Artinskian and Kungurian Stages. The appearance at the base of the Kungurian Stage
of the Mechetlino section assemblages of small foraminifera of Kungur species also found in the
Bolorian Stage of the Tethys, Spitsbergen and the Kungurian species of Australia (Gondwana) allows
wide correlations of the Kungurian deposits of the Southern Urals and, taking into account conodonts
and ammonoids, Mechetlino section can be considered the most promising for establishing the GSSP
of the Kungurian Stage.
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