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FOREWORD 
 

 

 

 

This volume of Conference Proceedings brings together written versions of most of the 
contributions presented during the Golovkinsky Stratigraphic Meeting, which took place at Kazan 
Federal University, Kazan, Russia, September 19-23, 2017. 

The conference aimed to create a forum for further discussion on the integration of a range of 
geological information on the Paleozoic Era. The call for papers was addressed to scholars in the 
fields of paleontology, stratigraphy, geochemistry, mineralogy, geophysics, and mineral resources. 

The conference provided a setting to discuss recent developments in a wide variety of topics 
concerning the Upper Paleozoic, including Biostratigraphy, Chemostratigraphy, Biogeography, 
Paleoclimate, Facies, Mineralogy, Lithology, Geophysical methods and Resources, with an emphasis 
on the Permian-Triassic boundary (PTB) and other boundaries within the Upper Paleozoic. 

Furthermore, the contributions focused on issues of facies and paleogeographical interpretations 
were also welcomed along with papers, regarding climate, biota and changes in the sedimentary 
environment during the Late Paleozoic. Various aspects of sedimentary successions and rock 
composition and properties were developed by high-precision methods and presented in contributions 
discussing bedding patterns, grain size changing, coal seams, carbonate deposition, incised valley 
formation, and conventional and unconventional mineral resources prospects in Europe and Asia. 

The general topics and spirit of the Golovkinsky meetings are in full agreement with the high 
priority stratigraphic tasks of the International Commission on Stratigraphy and cover such important 
aspects of its work as GSSP selection and developing high-precision regional stratigraphic schemes 
and interregional correlations. 

This conference volume is addressed jointly to academics and applied geologists, and provides a 
forum for a number of perspectives, based on either theoretical analyses or empirical case studies that 
foster dialogue and the exchange of ideas. 
 
 
 
 

Professor Danis NURGALIEV 

Vice-rector for scientific activities, 

Director of the Institute of Geology and Petroleum Technologies, 

Kazan Federal University (RUSSIA) 
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Early Permian Radiolarian Eco-Zones in the Greater Urals, Northern 

Mugodzhary and the Peri-Caspian Basin 

 
AFANASIEVA Marina1 

 
1 Borissiak Paleontological Institute, Russian Academy of Sciences (RUSSIA) 

Email: afanasieva@paleo.ru  

 

 

 

Abstract 

 

Eighteen Early Permian radiolarian eco-zones are established based on our own paleontological 
data and the literature, for thirteen reference sections of the Greater Urals, Northern Mugodzhary and 
the Peri-Caspian Basin. The taxonomic composition and features of the dominant morphotypes in the 
Early Permian radiolarian assemblages were indicators of environmental conditions. 
 

Keywords: Radiolaria, eco-zones, Early Permian, Greater Urals, Northern Mugodzhary and Peri-Caspian Basin 

 

Introduction 

 
The detailed study of Early Permian radiolarians from the Southern Urals, Mugodzhary and the 

Peri-Caspian Basin started with the pioneering work of H. Kozur and H. Mostler (e.g. [1], [2], [3]), 
B. B. Nazarov and A. R. Ormiston (e.g. [4], [5], [6]), M. S. Afanasieva (e.g. [7], [8], [9]), E. O. Amon, 
A. Braun and B. I. Chuvashov (e.g. [10], [11], [12], [13]), M. S. Afanasieva, E. O. Amon and V. V. 
Chernykh (e.g. [14], [15], [16], [17]). Nazarov and Ormiston (e.g. [4], [5], [6]) developed the 
biostratigraphic scale based on Lower Permian radiolarians, comprising ten beds with characteristic 
faunas (Table 1). However, only illustrated species of radiolarians were analyzed from the literature 
data, whereas the total lists of taxa were not taken into account. These assemblages have been 
recognized on the territory of Southern Urals and Northern Mugodzhary (Fig. 1). The new 
comprehensive study of the Early Permian radiolarians of the Greater Urals, Northern Mugodzhary 
and the Peri-Caspian Basin is based on analysis of our own and literature paleontological data for 
thirteen reference sections (Fig. 1). Some conventionality should be noted in the biostratigraphic 
sequence of several assemblages resulting from the mosaic distribution of Lower Permian sediments. 
 

Results 
 

The analysis of radiolarian distribution in the territory investigated complements the regional 
biostratigraphic scale of Nazarov and Ormiston (e.g. [4], [5], [6]). At present, eighteen Early Permian 
radiolarian assemblages are recognized as valid (Тable 1), seven of which are here established for the 
first time [17]. The established radiolarian assemblages can be considered as eco-zones in the sense 
recommended by the Stratigraphic Code of Russia [18, Article VII, 4], according to which (1) eco-
zones are the beds in which an assemblage of fossils (a radiolarian assemblage in this case) reflects 
their lifetime ecological association or taphonomic features of the oryctocoenosis; (2) the quantitative 
ratio of radiolarian species reflects the characteristics of eco-zones. The stratigraphic positions of the 
radiolarian eco-zones are established on the basis of matching location in the same beds, of 
radiolarians, foraminiferans and conodonts (Тable 1). 
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Table 1. Early Permian radiolarian eco-zones. 

 

 
Asselian radiolarian fauna 

 
The Asselian radiolarian fauna comprises 70 species belonging to 28 genera, representing 41.9% 

of the total number of Early Permian radiolarians of the studied region. Spumellaria are dominant – 
37.1%. The Asselian radiolarian fauna is characterized by four assemblages (Table 1; Fig. 1, 2), two 
of which are new (e.g. [14], [16]). 

(1) The Latentifistula crux assemblage is known in the Nikolskoye Section on the Ural River (e.g. 
[4], [5], [6]). The assemblage includes 22 species with Stauraxonaria dominant – 31.8%. 

(2) The Pseudoalbaillella u-forma (m II) – Pseudoalbaillella elegans assemblages are recognized 
in the Bala-Tau Section on the left bank of the Belaya River near the village of Bikkusino [16]. This 
assemblage is characterized by 14 species with Stauraxonaria dominant – 50%. However, the species 
of Pseudoalbaillella make this assemblage unique and important. 

(3) The Tormentidae assemblage is recognized in bore-holes of the Karachaganak Reef on the 
north slope of the Peri-Caspian Basin (e.g. [7], [8], [9]). The assemblage comprises only 3 species 
with dominance of Stauraxonaria – 66.7%. 

(4) The Tetragregnon sphaericus – Latentifistula heteroextrema assemblage is recognized in the 
Kondurovka Section on the Sakmara River [14]. The newly recognized assemblage is rich and 
diverse. The assemblage comprises 41 species, with Spumellaria dominant – 51.2%. 
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Fig. 1. Localities of radiolarian assemblages in the Early Permian: Novaya Zemlya (I), Southern Urals (II-X), Northern 

Mugodzhary (XI) and Peri-Caspian Basin (XII, XIII). 
 

The radiolarian assemblages from the Asselian (?) sediments of the Novaya Zemlya are relatively 
poor and represented by only 8 species identified in open nomenclature [17]. 

However, the overwhelming predominance of Stauraxonaria (62.5%) and, especially, massive 
discoidal morphotypes, are very important factors for paleobiogeographic reconstructions. 
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Sakmarian radiolarian fauna 

The radiolarian fauna of Sakmarian age comprises 108 species of 47 genera, representing 64.7% 
of the total Early Permian radiolarians of the region studied. Spumellaria are dominant – 40.7%. 

The Sakmarian radiolarian fauna is characterized by seven assemblages (Table 1; Figs. 1, 2), two 
of which are new [14], [17]. 
 

 
Fig. 2. Early Permian radiolarians. 

 
(1) The Arcoclathrata alekseevi – Apophysiacus sakmaraensis assemblage is distinguished in the 

Kondurovka Section on the Sakmara River [14]. The assemblage is characterized by a diversity of 
species and is represented by 60 species with Spumellaria dominant – 41.7%. 

(2) The Nazarovispongus permicus assemblage is recognized in the Verkhneozernoye Section on 
the Ural River [17]. Previously this assemblage was known as Haplodiacanthus perforates – 

Helioentactinia ikka (e.g. [4], [5], [6]). However, the index-species H. ikka is absent in the sediments 
of this section. Therefore, a new name was proposed, based on the actual taxonomic composition. 

This assemblage consists of 11 species, with Stauraxonaria dominant – 63.6%. 
(3) The Polyentactinia cisuralica – Pluristratoentactinia tetrasphaera assemblage is recognized 

on the Sakmara River in the Kondurovka Section, directly above the Arcoclathrata alekseevi – 

Entactinia sakmaraensis assemblage. The assemblage was distinguished [17] on the basis of analysis 
of a rich and diverse radiolarian collection, described by Kozur (e.g. [2], [3]). The assemblage 
includes 50 species, with Spumellaria dominant– 42.0%. 

(4) The Copiellintra bispina assemblage is recognized on the north slope of the Peri-Caspian Basin 
on Karachaganak Reef (e.g. [7], [8], [9]). The assemblage comprises only 5 species, with the ratio 
between Sphaerellaria and Stauraxonaria equal – 40%. 

(5) The Latentidiota circumfusum – Apophysiacus pycnoclada assemblage is also recognized in 
the Verkhneozernoye and Donskoye sections on the Ural River (e.g. [4], [5], [6]). This complex also 
comprises only eight species, with an overwhelming predominance of Stauraxonaria – 50%. 

(6) The Camptoalatus monopterygius assemblage is recognized in the Donskoye Section on Ural 
River (e.g. [4], [5], [6]). The assemblage includes 11 species, with an equal ratio between 
Sphaerellaria and Stauraxonaria – 36.4%. 

(7) The Rectotormentum fornicatum assemblage is recognized on the Ural River in the Donskoye 
Section directly above the Camptoalatus monopterygius assemblage (e.g. [4], [5], [6]). The 
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assemblage includes 8 species, with an overwhelming dominance of Stauraxonaria – 62.5%. 
Artinskian radiolarian fauna 

The radiolarian fauna of Artinskian age comprises 80 species of 32 genera, which represents 47.9% 
of total Early Permian radiolarians of the studied region. Radiolarians of the Spumellaria are dominant 
– 40.0%. The Artinskian radiolarian fauna is characterized by six assemblages (Table 1; Figs. 1, 2), 
two of which are new (e.g. [15], [17]). 

(1) The Arcoclathrata crassicalthrata – Quinqueremis arundinea assemblage is also recognized 
in the Donskoye Section on the Ural River (e.g. [4], [5], [6]). This rich assemblage comprises 32 
species with Stauraxonaria dominant – 40.6%. 

(2) The Entactinia pinrasensis – Microporosa rozhnovi assemblage is recognized on the Aktasty 
River [15]. The assemblage includes 28 species with Spumellaria dominant – 53.6%. 

(3) The Spongentactinia rigida assemblage is recognized in the Sim Section near Sim Town (e.g. 
[10], [17]). The assemblage is represented by 23 species with dominant Sphaerellaria – 43.5% and 
Spumellaria – 39.1%. 

(4) The Copicyntra acilaxa assemblage is recognized in the wells of the Karachaganak Reef on 
the north slope of the Peri-Caspian Basin and the Aransay massif of the eastern slope of the Peri-
Caspian Basin (e.g. [7], [8], [9]). This assemblage combines 11 species at equal ratios between 
Spumellaria and Stauraxonaria – 45.45%. 

(5) The Tetracircinata reconda assemblage is recognized in sections located on the Assel’ and 
Malaya Suren’ rivers (e.g. [4], [5], [6]). The assemblage includes 11 species with equal ratio of 
Spumellaria and Stauraxonaria – 45.45%. 

(6) The Polyentactinia lautitia assemblage is recognized in the Verkhneozernoye Section on the 
Ural River (e.g. [4], [5], [6]). This assemblage comprises 7 species, with Sphaerellaria dominant – 
42.9%. 
 

Kungurian radiolarian fauna 

Radiolarians of Kungurian age were found in the South Urals by Kozur and Mostler (e.g. [1], [3]) 
in the Alegazovo Section on the Ay River. Analysis of the radiolarians made it possible to distinguish 
the assemblage Pluristratoentactinia uralica – Pseudolithelius permicus (e.g. [12], [17]). 

This assemblage contains only 6 species, which represents 3.6% of the total number of Early 
Permian radiolarians of studied region. Spumellaria are dominant – 38.3%. 
 

Conclusions 

 

Analysis of data on the spread of radiolarians in Lower Permian sections of the region under study 
showed the following: (1) Early Permian radiolarians in the studied region include 167 species 
belonging to 56 genera and four classes: Aculearia – 23 species (13.8%), Sphaerellaria – 33 species 
(19.8%), Spumellaria – 60 species (35.9%) and Stauraxonaria – 51 species (30.5%); (2) the ratio of 
radiolarian classes throughout Asselian, Sakmarian and Artinskian ages remained practically 
unchanged; (3) a flowering of radiolarian species diversity was noted in the Sakmarian: 108 species 
(64.7%) against 70 species (41.9%) in the Asselian and 80 species (47.9%) during the Artinskian; (4) 
the steady dominance of Spumellaria as 37.1%→40.7%→40.0%; (5) the stable joint dominance of 
Stauraxonaria and Spumellaria at level 65.7→67.6→67.5%, may be indicative of non-oceanic 
environments (Fig. 3). 
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Fig. 3. Pie charts showing species number and ratio of radiolarian classes in the Asselian (a), 
 Sakmarian (b) and Artinskian (c) ages. 

 
The taxonomic compositions of radiolarian assemblages were formed in polyfacies environments 

and reflected the local paleoecological features. The area of the basin populated by radiolarians 
increased progressively in the Early Permian. At the same time, the distribution of radiolarians was 
the largest in the Artinskian Age. However, in the Kungurian Age, the radiolarian distribution sharply 
reduced to a single location. 

During the Early Permian Epoch, the region studied belonged to a comparatively narrow, and long 
Cisuralian Sea (Fig. 4). 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Localities of radiolarians in the Uralian and Aktobe basins of the Cis-Ural Sea and in the  
Peri-Caspian Basin of the Paleotethys Ocean (map after e.g. [20], [21], [22]). 

 
This paleosea was connected with the Paleotethys Ocean in the South, and with the Panthalassa 

Ocean in the North. Radiolarians that inhabit it coincided with different paleobiogeographical zones 
of the Ural and Aktobe basins. 
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These assemblages could co-exist small distances from each other, of tens to a few hundred 
kilometers. A similar situation exists at present among recent radiolarian associations of the Indian 
Ocean. For example, distinctive radiolarian assemblages group on the shelf of Western Australia [19]. 

The richness and diversity of radiolarian assemblages could be due to environmental conditions 
and associated with a particular location of habitat area in sea or ocean basins (Fig. 4). The richest 
and most diverse associations of Early Permian radiolarians were distributed in the south of the Cis-
Uralian Sea, at paleolatitudes approximately 30-40° north, in the Ural and Aktobe basins. Less diverse 
radiolarian associations are found on the northern and eastern slopes of the Peri-Caspian Basin in 
waters of the Paleotethys Ocean, at paleolatitude of approximately 25° north. A strongly 
impoverished radiolarian assemblage is found in the Novaya Zemlya Basin in the cold waters of the 
Panthalassa Ocean, paleolatitude approximately 45° north. 

Thus, the taxonomic composition and features of the dominant morphotypes in Early Permian 
radiolarian associations show that they lived in different environmental conditions. Consequently, 
radiolarian assemblages are paleoecological indicators of habitat conditions and reflect the complex 
paleoecology of the region with paleo-conditions different from each other. Therefore, all mosaic-
located Early Permian radiolarian assemblages of the Great Urals, Northern Mugodzhary and the 
Peri-Caspian Basin can be considered as eco-zones. 
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Abstract 

 

The results of a joint study of the Gzhelian-Sakmarian organic buildup (Kozhym skeletal mound) 
in the Subpolar Urals are presented. Using the foraminiferal and brachiopod data and changes in 
carbon and oxygen isotopic compositions of brachiopod shells, an attempt is made to clarify the 
Gzhelian-Asselian, Asselian-Sakmarian and intra-Asselian boundaries. The isotope data obtained can 
only be adequately compared with the foraminiferal scale. Because of the incompleteness of 
paleontological data for the entire Asselian, only the Upper Asselian is accurately examined. 
 
Keywords: rocks, fauna, ∆13C, ∆18O, skeletal mound, frameworks, Gzhelian-Sakmarian, Subpolar Urals 

 

Introduction 

 

A. A. Chernov, who began to examine the Permian deposits in the 1920s, was the first person to 
study the Kozhym section. Later, A. P. Rotaj, V. P. Gorskij, N. V. Enokyan, L. N. Belyakov, M. V. 
Konovalova, A. I. Eliseev, N. N. Kuz’kokova, V. A. Chermnykh, V. M. Igonin and others studied 
this section. The massive carbonate complex in this section is now dated by all researchers as 
Gzhelian-Sakmarian. In geological publications, the Gzhelian-Sakmarian massive carbonates of the 
Kozhym River are usually interpreted as a reef. The organic body studied is the easternmost carbonate 
buildup within the Asselian-Sakmarian reef belt. This belt was located on the western slope of the 
Pre-Urals Foredeep and stretched along it reaching the Southern Urals. Within the Pre-Urals 
Foredeep, condensed argillaceous-limestone deposits were formed in the Gzhelian-Asselian time. 

A detailed lithological study suggested that the Kozhym organic buildup can be interpreted as a 
skeletal mound [1]. The absence of reef facies and debris, the presence of widespread 
biocementstones are characteristic of the skeletal mounds which are widely developed in sections of 
the Northern, Subpolar and Polar Urals, and the Pre-Urals Foredeep. 

The best studied section of the skeletal mounds is located near Nortnich Creek in the Subpolar 
Urals on the Kozhym River. Carbon and oxygen isotopic data, obtained from the least altered middle 
part of brachiopod shells, together with data on the foraminiferal assemblages and lithology, allowed 
the boundaries of the Gzhelian-Sakmarian interval, its range in the section of the Kozhym skeletal 
mound to be clarified and depositional settings to be reconstructed. 
 

Paleogeographic and geological settings 

 

The paleogeographic setting of the Kozhym skeletal mound is determined by its position on the 
eastern margin of a shallow-water carbonate platform. To the east of the belt of organic bodies, was 
a deep-water basin, and to its west, a shallow-water basin with water salinity gradually increasing 
westwards. The Late Carboniferous-Early Permian global fall in sea-level was associated with the 
largest Late Paleozoic glaciations in Gondwana, the formation of the Uralian folded system (the 
Uralian phase of the Hercynian orogeny) and increasing activity of the Pechora Plate inversion 
processes. They resulted in the erosion of extensive areas in the western territories of the north-eastern 
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margin of the European Platform (= Timan-northern Ural region) (Fig. 1). The deformation of the 
carbonate platform margin developed under changing basin paleolandscape and paleoecological 
conditions, an increase in continental runoff and trophic levels. It was resulted everywhere in the 
world in the change from oligotrophic to mesotrophic basins [2], [3]. At this time, due to specific 
geo-biological conditions, skeletal and mud mounds different from typical reefs were formed [4]. 

In the Timan-northern Ural region, similar organic buildups occurred on the outer margin of the 
carbonate platform and newly formed uplifts in basinal environments with bottom water anoxia 
during the platform retreating period [5], [6]. The reef bodies that rimmed the Gzhelian-Sakmarian 
back-stepped carbonate platform were affected when the outer margin of the carbonate platform was 
disrupted by orogenic processes in the Paleo-Ural Ocean [7]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Map of the Timan-northern Ural region showing the position of the Subpolar Urals (A), location of the Kozhym 

skeletal mound – RSM (B) and its outcrop on the Kozhym River (C). 
 

Results of the study of the Kozhym skeletal mound 

 

The largest Gzhelian-Sakmarian skeletal mound exposed in the Subpolar Urals on the Kozhym 
River (Fig. 1) is up to 330 m thick and up to 2 km in cross section. The lower part (100 m) attributable 
to the organic buildup is exposed in several outcrops of massive bioclastic limestones with the 
Gzhelian foraminiferal fauna. 
 

Lithology data 

The organic body is composed of massive heterogeneous, sorted and unsorted bioclastic 
limestones with monotaxonic and heterotaxonic brachiopod coquinas. They intercalate with 
boundstones represented by algae, algal-bryozoan, bryozoan, and rarely bryozoan-Palaeoaplysina 
and Palaeoaplysina limestones. The mound also contains beds of mudstones and lens-shaped beds of 
wackestones with lumpy jointing. Only bioclastic debris was found here. The fossils are 
taxonomically diverse and include brachiopods, bryozoans, foraminifers, crinoids, ostracodes, 
gastropods, bivalves, echinoids, trilobites, hydroids, rugose corals, nautiloids, ammonites, 
heterogeneous algae, problematic microfossils, and various calcimicrobes. In general, the rocks 
composing the Kozhym skeletal mound have varying degrees of dolomitization and porosity. In the 
uppermost beds of the Gzhelian part of the mound there are lenses of oriented bioclasts, organic 
sandstones with ooids, and algal limestones containing problematic microfossils. Foraminifers are 
rare, and the brachiopod assemblages are similar to the Asselian ones. The lithological boundary of 
the upper Gzhelian is placed at the top of the irregularly laminated mudstones (65 cm). The lamination 
is marked by pyrite and microlump laminae of recrystallized algal-bacterial crusts. The distinctive 
shallowing observed in the upper part of the Gzhelian sequence is completed by accumulation of 
lagoon/muddy littoral sediments. 
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The Asselian part (160 m) has a lens-shaped configuration and consists of coarse-grained 
packstones, crinoidal grainstones, fine-grained wackestones, fenestrate bryozoan-Tubiphytes 
boundstones and brachiopod-rich limestones. Locally, the boundstones form some lens-shaped 
interbeds up to 2-3 m in thickness and are laterally adjacent to wackestones containing ammonoids. 

These intervals are characterized by brachiopod coquinas (brachiopods are represented only by 
fragments), small bioclasts, and widely developed muddy fabrics. Foraminifers are widespread in 
bioclastic limestones. The uppermost beds of the Asselian contain the most brachiopods and 
foraminifers. Towards the top of the Asselian, the bryozoan boundstones form small lenses, while the 
role of the heterogeneous bioclastic limestones increases. 

For the Sakmarian part (~70 m) the development of biohermal Palaeoaplysina-microbial-
bioclastic limestones is characteristic. Locally, they form bioherms up to 4 m thick. Moreover, the 
lens-shaped beds (up to 8-10 cm) with oriented debris of Palaeoaplysina are present. Up the section, 
the beds of bioclastic limestones with oriented large fossil fragments appear along with unsorted 
wackestones with large ammonoids. These limestones are considered to be product of micro-debris 
flows. Near the top of the skeletal mound there are thick beds of well-sorted micro-skeletal 
packstones. They are overlain by the Upper Sakmarian-Artinskian black shales, argillites and 
siltstones [1]. 
 
Distribution of brachiopods 

In the Gzhelian part (~25 m) of the skeletal mound, brachiopod coquinas (up to 3 cm), unsorted 
shells and their fragments (1-5.5 cm) are present. In the Asselian part (160 m) the brachiopod fauna 
is very diverse and forms beds up to 50 cm in thickness, and small banks (20-60 cm in length) with 
shells (1-7 cm in width and 2-10 cm in length), and their fragments. In the Sakmarian part (~70 m) 
the brachiopod banks do not exceed 60х35 cm, and do not have a great diversity of species or sizes 
of shells (0.3-4 cm) compared to the Asselian part of the skeletal mound. Microstructures of 
carbonates sometimes show the influence of meteoric waters in their formation; at these levels the 
specific diversity of brachiopods is slightly lower, but there are species of Cancrinella resistant to 
desalination. The representatives of brachiopods, productids were the most numerous, but their 
distribution in most cases continued from the Carboniferous to the Permian. 

According to Yu.V. Fedotova’s unpublished data, only the brachiopod Rugivestis kutorgae 
(Tschern) could be used as a paleontological marker for the Asselian Stage [8]. No precise 
stratigraphic subdivision of the Asselian in the Kozhym skeletal mound by brachiopods is yet possible 
(see Fig. 2). 
 
Distribution of foraminifers 

Foraminifers are most common in the Upper Asselian [9]. Analysis of the foraminiferal 
assemblages allows the interval between samples 267-293 to be dated as the Upper Asselian 
Sphaeroschwagerina sphaera – Globifusulina firma fusulinid zone. The higher samples (295-303) 
correspond to the Lower Sakmarian. It is possible that the Lower Asselian (completely) and middle 
Asselian (partly) are not represented. Analysis of the distribution of foraminifers in the examined 
section allows the interval between samples 267 and 293 to be dated as the Upper Asselian fusulinid 
Zone (Sphaeroschwagerina sphaerica – Globifusulina firma Zone according to the Unified Scheme 
of the Russian Platform). Fusulinid assemblages in the Kozhym skeletal mound are characterized by 
the Upper Asselian species Pseudofusulina paramoelleri, P. lutuginiformis, P. rhomboides, 

Globifusulina firma, G. exuberata, Schwageriniformis katchgortica, in the absence of 
Sphaeroschwagerina. There are also many “small” Triticites in this fusulinid complex. In higher 
samples (295-303), the section is composed of algal-bryozoan limestones with Palaeoaplysina and 
small foraminifers. This interval probably corresponds to the Lower Sakmarian. Confirmed 
Sakmarian fusulinids (Pseudofusulina blochini bellatula) first appear in sample 304. Thus, this 
species characterizes the upper part of the Tastubian Regional Stage. A similar situation in the 
Carboniferous and Permian succession is noted in the synchronous basinal facies on the opposite 
bank of the Kozhym River. In these deeper-water sediments of the Losinyi Ostrov Formation, 
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complicated by tectonic dislocations, a pre-mid-Asselian unconformity is recognized based on 
conodonts [4]. 
 

Isotope data 
The results of the isotopic analysis of the Asselian microbial-Palaeoaplysina biohermal and 

bioclastic biocementolites, and the Late Gzhelian-Early Permian brachiopod shells from the Kozhym 
skeletal mound, show that the carbon isotopic composition is characterized by higher values of 3.5-
5.5‰ – in the biohermal and 6.9-7.3‰ in the bioclastic biocementstones [5, Fig. 3], and 5.1-7.3‰ in 
the brachiopod shells (Fig. 2) compared to normal marine carbonate (-2…2‰ and 28-30‰ 
accordingly). These data suggest that the samples studied did not show isotopic composition of 
carbonate and brachiopods of normal sedimentary genesis, suggesting that the skeletal mound was 
formed in unusual settings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The relationship between isotope and brachiopod data in the Kozhym skeletal mound of the Subpolar Urals. 
Key: 1-3 – limestones: (1) massive bioclastic, (2) mud-bioclastic with lumpy jointing, (3) boundstones 

 
The increased amount of heavy carbon isotopes can be related both to the influx of transgressive 

marine water, and to aridization of the climate. The study of the isotopic composition of ammonoid 
aragonite from the Middle Urals showed that the temperature of water in the shallow marine basins 
was 13.7-18.9 °C (Gzhelian), reaching 17.4-23.7 °C in the Sakmarian [10], which is typical of the 
cool water in the temperate zone. 

As can be seen from the carbon and oxygen isotopic value curves, the boundary intervals of the 
Gzhelian-Asselian and Asselian-Sakmarian are distinctly recognized. At the Gzhelian-Asselian 
boundary, the carbon and oxygen isotopic values in Asselian carbonates (Fig. 2) show a positive 
excursion in comparison with Gzhelian ones (δ13С from 3-5.3‰ to 6.2‰ and δ18O from 25‰ to 
28.2‰). 

It should be noted that the variation of carbon and oxygen isotopic composition in different 
brachiopods sometimes varies significantly. The lower part of the Asselian, containing different 
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brachiopod assemblages shows slight excursions in 6.2-6.9‰ on the carbon-isotope curve, whereas 
oxygen-isotope curve has a distinct positive excursion 27.2-29.2‰. It may be associated with 
decreasing water temperature and a sea-level rise after the existence of lagoon environments at the 
end of the Gzhelian. Many accumulations of unsorted bioclasts in this part of the section can confirm 
this. Besides, the content of insoluble residue in the carbonate of this interval is from 0.92 to 4.30%, 
which is significantly higher than its content in other rocks of the Kozhym skeletal mound. 

The Upper Asselian deposits, dated by foraminifers, show a negative excursion of the carbon 
isotopic composition of 1‰ (within 6-5‰) and the most pronounced excursion of δ18О – of 3‰ (from 
29 to 26‰) up to the Sakmarian boundary. Average values of carbon and oxygen isotopic 
compositions show a distinct negative excursion at the boundary, which may indicate a sharp sea-
level fall. Here lenses of Palaeoaplysina limestones, among other bioclastic differences, are extended. 
 

Conclusions 

 

Thus, the carbon-oxygen isotope data on brachiopod shells coupled with lithological indicators 
and dating by foraminifers allowed the Gzhelian–Asselian and Asselian–Sakmarian boundaries to be 
recognized in the studied section. Using isotopic and foraminiferal data it was also possible to 
subdivide the Asselian in this section into upper and lower parts. Unfortunately, there are currently 
no clear paleontological data on the completeness of the Asselian Stage in the Kozhym skeletal 
mound. It is possible that the brachiopod Rugivestis kutorgae Tschern. could be used as a 
paleontological marker for the Asselian and Sakmarian stages. According to Remizova [9], the 
presence of numerous species of Pseudofusulinella is an important feature of the fusulinid 
assemblages of the Subpolar Urals. It suggests a link in the Late Asselian between the Subpolar Urals 
and the Arctic basins, including Spitsbergen, Greenland, and the North America where Lower 
Permian organic bodies are widely represented. 
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Abstract 

 

Detailed isotope characteristics (δ13C, δ18O) of the Permian on the Sukhona and Malaya Severnaya 
Dvina rivers and the Yug River Basin (Moscow Syneclise, East European Platform) have recently 
been obtained. High values of δ18O (to 34.2‰ SMOW) in sedimentary carbonates are noted in the 
Urzhumian and in the Lower Severodvinian. These values may indicate a reclamatory evaporate 
basin. In the transition from the Lower to Upper Severodvinian, a maximum δ13C value to 5.8‰ PDB 
is established. It correlates with the Kamura event, at this time δ18O values decrease to 22.3‰ in 
sedimentary carbonates and to 22.2‰ in the pedogenic carbonates. Geochemical changes correlate 
with the spread of alluvial facies. Rhythmic fluctuations of δ18O values in sedimentary and pedogenic 
carbonates from low values (22 ... 23‰) to high values (32 ... 34‰) and back are revealed above. 

This is explained by climatic temperature fluctuations. It is assumed that humidization and the 
spread of alluvial environments took place during the cooling period, and active evaporation of fresh 
lake water occurred during the warming period. The isotope character of the Vyatkian 
(Wuchiapingian-Changhsingian) shows a gradual cooling at the end of the Permian, which correlates 
with river revitalization of the Ural source region. The minimum values of δ18O are established in the 
upper part of the Upper Vyatkian (Changhsingian). These values decrease to 21.1‰ in sedimentary 
carbonates and to 20.6‰ in the pedogenic carbonates. It shows the Late Permian temperature 
minimum. The minimum values of δ13С = -8.8‰ in sedimentary carbonates and -6.5‰ in pedogenic 
carbonates have been revealed below the top of the Upper Vyatkian (Changhsingian) in the 
Nedubrovo Member. It is observed against a background of warming and correlates with the event-
level of the Great Late Permian extinction. Additional data from the PTB of the Vetluga River basin 
are provided. 
 
Keywords: isotopes, δ13C, δ18O, sedimentary carbonates, pedogenic carbonates, Kamura event, glaciation P4, Late Permian cooling, 

negative excursion of δ13C 

 

Introduction 

 

The best section of the Permian continental sequence of the East European Platform is located in 
the northeastern part of the Moscow Syneclise, in the Sukhona and Malaya Severnaya Dvina Rivers 
Basin, Vologda Region (Fig. 1). The sequence presents a stratigraphically continuous succession of 
continental deposits from the upper Urzhumian of the Biarmian Series to the Vokhmian of the Lower 
Triassic, i.e., from the upper Roadian to the Induan. These deposits formed in different facial zones 
in semiarid-subhumid climate conditions and are rich in fossils. The Sukhona and Malaya Severnaya 
Dvina River Basin is the type region for the Tatarian Series. The stratotype of the Severodvinian 
Stage, the boundary-stratotype and hypostratotype of the Vyatkian Stage are located here. 
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Fig. 1. Location of the Permian and Triassic sections of the central and eastern parts of the Moscow Syneclise. 
 

The first isotope geochemical data from the Permian and Triassic beds of the Moscow Syneclise 
were published by Foster and Afonin for a single section of Nedubrovo [1]. The authors only reported 
the data for carbon. Later studies covered the interval from the Urzhumian to Upper Olenekian 
throughout the Moscow Syneclise and analyzed the isotope composition of carbon and oxygen [2], 
[3]. 

Detailed isotope characteristics (δ13C, δ18O) of the Permian on the Sukhona and Malaya Severnaya 
Dvina rivers and the Yug River Basin (Fig. 1) have recently been obtained [4], [5], [6]. These and 
other new data are reported in the present paper and generalized in (Fig. 2). 

The isotope composition of carbon and oxygen was analyzed in samples of sedimentary 
carbonates: dolomites, dolomitic limestones, limestones, marls, light grey carbonate clays, and 
carbonate paleosol concretions. The study has revealed a wide range of δ13C and δ18O values, 
corresponding to local and global paleoenvironmental changes. 
 

Results and discussions 

 

In the north-eastern part of the Moscow Syneclise, the Middle–Upper Permian is represented by 
the Nizhnyaya Ustiya, Sukhona, Poldarsa, and Salaryovo Formations, which are divided into several 
Members (Fig. 2) 
URZHUMIAN STAGE (WORDIAN) 

In the Nizhnyaya Ustiya Formation (Urzhumian, Wordian), δ13C in sedimentary carbonates ranges 
from 2.4 to 3.9‰ PDB, δ18O shows a heavy oxygen isotope composition within 29.6-33.7‰ SMOW. 
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SEVERODVINIAN STAGE (CAPITANIAN) 

Lower Severodvinian Substage 

(Lower Capitanian) 

In the Sukhona Formation, samples of sedimentary carbonates fall within a range from 0.7‰ to 
34.2‰ for carbon and from 31.4 to 34.2‰ SMOW for oxygen. The analyses have shown fluctuations 
of δ13C and stable weighting of the oxygen isotope composition. 

The parameters of the Lower Severodvinian and Urzhumian samples are close to those of deposits 
of salty or brackish-water lakes [7]. They are also characteristic of shallow evaporate Permian water 
bodies of Western and Eastern Europe [8], [9], [10], [11]. The heavy isotope composition of oxygen 
is evidence of marine transgression, after which ocean water preserved in residual water bodies 
underwent additional weighting with intense evaporation in closed or semi closed conditions. 
 

Upper Severodvinian Substage 

(Upper Capitanian – Lower Wuchiapingian) 

At the base of the Upper Severodvinian Substage, considerable changes in the isotope geochemical 
history of the region are recorded. In sedimentary carbonates, a distinct trend towards lightening of 
the isotope composition of carbon and oxygen is observed; upward in the section, the curves of δ13C 
and δ18O variations show distinct rhythms. In the Ustpoldarsa Member, the carbon values decrease to 
one-third (2.8‰) and increase to a maximum of 5.8‰. 

Synchronous fluctuations of δ18O values vary within a wider range from 27.2 (in one case, the 
value is abnormally low, 22.3‰) to 34.1‰. Upward in the section, pedogenic carbonates appear in 
the Mikulino paleosoils. Here δ13C ranges from -0.9 to 1.1‰ and δ18O, from 26.8 to 29.4‰. 

Up to the roof of the Severodvinian Stage, sedimentary carbonates still show clear rhythmicity. 
From the base of the Strelna Member to the lower part of the Kalikino Member, δ13C and δ18O in 
sedimentary carbonates range from 0.2 to 4.6‰ and from 24.2 to 34.1‰, respectively. 

Pedogenic carbonates from the uppermost part of the Strelna Member of the Ustie Strelny outcrop 
have shown δ13C ranging from -4.8 to -3.7‰ and δ18O from 22.2 to 22.7‰, which are considerably 
lower than the values in sedimentary carbonates of the Severodvinian Stage. In the Purtovino 
Member, paleosoils regularly occur, although pedogenic nodules have only been found in one of 
them. The sample has shown unexpectedly high values of δ13C = 5.4‰ and δ18O = 33.2‰. 

In general, δ13C decreased in the Late Severodvinian. The lightest isotope composition of carbon 
is recorded in the roof of the stage (0.2‰ in sedimentary carbonates and -4.3‰ in pedogenic 
carbonates). However, at the beginning of the Late Severodvinian, carbonates with high δ13C (up to 
5.8‰) were deposited. The heaviest isotope composition of carbon in the whole investigated part of 
the post-Kazanian Permo-Triassic (Wordian-Olenekian) beds of the East European Platform is 
recorded here [3], [12], [13]; thus, it is possible to correlate the middle part of the Severodvinian 
Stage with the Kamura event in marine sections [14]. 

It is probable that rhythmic fluctuations of δ18O were caused by periodic cooling and 
humidification which alternated with warming. Samples of sedimentary carbonates with a very light 
isotope composition of oxygen (to δ18O = 22.3‰) are evidence of considerable inflow of fresh water 
into the basin [7], which probably intensified during cooling and humidification. 

An increase in the river runoff could have caused considerable lightening of oxygen in the water 
of shallow well warmed lakes. Periodic accumulation of carbonates with δ18O about 34‰ is evidence 
of renewal of intense evaporation in local conditions. It is noteworthy that, in each isotope 
geochemical cyclites of the Late Severodvinian, fluctuations of the isotope composition of carbon 
and oxygen are similar, suggesting that they were caused by the same factors; consequently, the 
rhythms in sedimentation in this interval were also accounted for by common factors. 

The data on cooling obtained on the basis of sedimentary carbonates agree with the isotope 
geochemical characteristics of pedogenic carbonates. Since cooling results in a decrease in the δ18O 
content in atmospheric waters [7], a decrease in the mean annual temperature also causes a decrease 
in δ18O in soil carbonates [15], [16]. The lightest isotope composition of oxygen is revealed in 
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paleosol carbonates of the Strelna Member, which has yielded a sample of sedimentary carbonate 
with a low δ18O = 24.2‰ (Mikulino outcrop), indicating fresh water. 

This probably suggests that the Late Severodvinian peak of regional cooling occurred in the Strelna 
episode. 

In turn, the Severodvinian cooling correlates with the Kamura event and probably results from the 
same factors, since the Kamura event is also considered to have been caused by cooling [14]. Note 
that in the Late Wordian-Late Capitanian, the P4 glacial episode is recorded in eastern Australia [17], 
which probably coincided with a global cooling. 
 

VYATKIAN STAGE (LOPINGIAN) 

Lower Vyatkian Substage 

(Wuchiapingian) 

In the Lower Vyatkian Substage, δ13C and δ18O continued to decrease. The isotope geochemical 
characteristics of the substage vary considerably over the section. In sedimentary carbonates of the 
Poldarsa Formation, δ13C ranges from -0.3 to 3.4‰ and δ18O, from 25.6 to 32.5‰. In the Salaryovo 
Formation, δ13C ranges from -4.3 to 0.7‰ and δ18O vary from 23.0 to 29.1‰ (all samples analyzed 
from the Nizhnee Fedosovo Member without division into the Lower and Upper Vyatkian substages 
are taken into account). 

In paleosol carbonates of the Rovdino Member, δ13C ranges from -6.9 to 0.4‰ and, according to 
new data, δ18O ranges from 20.7 to 26.1‰, considerably lower than in the Severodvinian Stage. 

Upward in the section, in the upper part of the Rovdino Member and in the Salaryovo Member, 
δ13C in pedogenic carbonates fluctuates approximately within its former range (from -6.0 to 0.5‰), 
and the isotope composition of oxygen shows considerable weighting, δ18O ranges from 23.0 to 
30.3‰ (Yaikovo and Verkhnee Fedosovo outcrops). 

In the Lower Vyatkian Substage, δ13C tends to decrease. At the base of the Vyatkian strata, 
sedimentary carbonates show negative carbon excursion (-0.3‰). 

This is the minimum value for all underlying deposits. However, at the boundary of the Lower and 
Upper Vyatkian Substage, δ13C in sedimentary carbonates decreases to -4.3‰. 

At the transition to the Salaryovo Formation, which was mostly deposited in conditions of an 
alluvial plain, with small frequently drying up lakes, pedogenic and sedimentary carbonates show 
significant lightening of the oxygen isotope composition. 

This is evidence of a recurrent fall in temperature, which was more pronounced than in the 
Severodvinian Time. Weighting of the oxygen isotope composition in paleosol carbonates, occurring 
upward in the section, is evidence of a returning fluctuation towards warming. 
 

Upper Vyatkian Substage (Changhsingian) 

At the transition to the Upper Vyatkian Substage, the isotope composition of carbon and oxygen 
in sedimentary and pedogenic carbonates shows considerable lightening. Sedimentary carbonates of 
the Nefyodovian Horizon show fluctuations of δ13C from -3.4 to -1.7‰ and δ18O, from 23.2 to 26.6‰ 
(Nizhnee Fedosovo Member is excluded). In pedogenic carbonates, the isotope compositions of 
carbon and oxygen are lighter; δ13C ranges from -7.5 to -2.2‰. Bed 42A/9 (Komaritsa Member) 
located several meters below the roof of the Nefyodovian Horizon shows a negative excursion, δ13C 
= -7.5‰; δ18O in paleosol carbonates ranges from 21.3 to 25.7 (maximum is 26.6‰ in a clay nodule 
located between the limestone and marl layers). 

In sedimentary carbonates of the beds with the Vyazniki biota of the Aristovo-Balebikha section 
(Komaritsa Member), δ13C decreases, ranging from -4.4 to -2.7‰; δ18O remains close to its former 
range, from 23.1 to 26.5‰. In pedogenic carbonates, δ13C varies from -5.1 to -1.9‰, lightening of 
the oxygen isotope composition is observed again. δ18O vary from 20.8 to 27.8‰ and almost all 
values are lower than 25‰. In the neighboring section of Klykovo-Pashina Gora (Yug River, 
Komaritsa Member), in the beds with the Vyazniki biota, the range of δ13C in pedogenic carbonates 
is wider (from -8.0 to -1.0‰). 
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The only sample analyzed (-8.0‰) showed a negative second-order excursion; δ18O ranges from 
22.2 to 29.4‰. 

In general, a decrease in δ13C in the Nefyodovian Horizon and beds with the Vyazniki biota may 
be connected with the onset of the global geochemical processes which occurred at the end of the 
Permian. A decrease in δ18O is treated as a result of cooling. Carbonates with a heavy isotope 
composition of oxygen, >29‰, are almost completely absent at this level. In the majority of samples 
of sedimentary and pedogenic carbonates, δ18O is below 26.5‰, suggesting an interruption of 
evaporation, which occurred repeatedly even in the first half of the Vyatkian Age. 

The variation curve of δ18O in the beds with the Vyazniki biota shows several negative second-
order excursions. The excursions approximately correspond to the levels enriched with sand. The 
cooling episodes clearly correlate with revitalization of the river system, probably caused by 
humidification. 

The isotope composition of carbon and oxygen lightens upward in the section and reaches a 
minimum in the Nedubrovo Member just under the roof of the Vyatkian Stage (Changhsingian). 

Sedimentary carbonates in the Nedubrovo outcrop are represented by thin marl interbeds and 
lenses; δ13C decreases there to -8.8‰ and δ18O, to 21.1‰. In pedogenic carbonates, δ13C ranges from 
-6.5 to -4.6‰ and δ18O, from 20.6 to 21.7‰. 

δ18O = -8.8‰ is very low value for sedimentary carbonates of the Permian-Early Induan beds in 
the eastern part of the Moscow Syneclise. δ18O = -6.5‰ is minimum for pedogenic carbonates of the 
Permian – Early Olenekian beds of the northeastern part of the Moscow Syneclise. Available data 
allow the establishment in the Nedubrovo Member of a negative excursion of δ13C, which is evidence 
of the event horizon of the Late Permian extinction and corresponds to negative excursion in ash bed 
no. 25 of the stratotype section at the Permian-Triassic boundary of Meishan [18]. In the diagram 
(Fig. 2), this level is drawn based on sedimentary carbonates. The system data based on the isotope 
composition of oxygen are evidence of a Late Permian (Late Changhsingian) temperature minimum, 
which is recorded in the Nedubrovo Member. 
 

INDUAN STAGE 

The overlying conditionally Triassic sediments of the Nedubrovo outcrop show a weighted isotope 
composition of carbon and oxygen. In a marl sample from a sand member, δ13C is -5.3‰ and δ18O is 
22.4‰. In pedogenic carbonates, δ13C ranges from -5.6 to -4.9‰ and δ18O, from 21.9 to 22.7‰. 

This increase of δ18O values in pedogenic carbonates is interpreted as the beginning of global 
warming on the PTB. 

Additional isotope geochemical data from the PTB have been obtained in the southeastern part of 
the Moscow Syneclise near the towns of Voskresenskoe and Krasnye Baki on the Vetluga River, 
approximately 500 km south of the Sukhona and Severnaya Dvina Rivers Basin. 

In the Permian part of Astashikha outcrop, δ13C in a sedimentary marl sample is -7.9‰. In paleosol 
carbonates, δ13C varies from -9.0 to -5.2, and in a single sample to -3.5‰. At the same time, some 
samples, mostly from the lower part of the outcrop are lighter with reference to carbon than the 
lightest paleosol carbonates in Nedubrovo outcrop [3]. According to recent data from Yu. P. 
Balabanov, the lower part of the Astashikha outcrop is characterized by reverse paleomagnetic 
polarity, as in the Nedubrovo section, and can be correlated with the Nedubrovo Member. Therefore, 
the Astashikha Member at the Vetluga River can be correlated with the Nedubrovo Member at the 
Yug River basin. 

The minimum δ13C values revealed probably correlate with the global negative carbon excursion 
just under the roof of the Changhsingian Stage. 
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Fig. 2. Isotopic characteristic of the Permian and lowermost Triassic of the Moscow Syneclise. 
ISS – International Stratigraphic Scale, ND – beds with Nedubrovo biota, Road. – Roadian, RSS – General Stratigraphic 
Scale of Russia, VZ – beds with Vyazniki biota. 
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In a sedimentary marl sample from the Astashikha outcrop, δ18O is 22.7‰ and, in pedogenic 
carbonates, varies from 21.0 to 24.4, and in a single sample to 25.2‰. In general, an increase of the 
δ18O values in pedogenic carbonates is observed at the Permian-Triassic boundary. It is indicative of 
the Early Induan warming. The heaviest oxygen isotope composition in the Vokhma Formation is 
recorded at the boundary between Ryabi and Krasnye Baki Members (Afanasikha-Sarafanikha 
outcrop), the δ18O value reaches 25.3‰. This level apparently correlates with the Early Induan 
temperature maximum, which has been revealed in marine sections in the roof of the Isarciella 

isarcica Zone [19] and corresponds to bed no. 29 in Meishan [20]. Since the Permian-Triassic 
boundary occupies an intermediate position between the event level and the temperature optimum 
[19], these data suggest that it passes between the Nedubrovo (Astashikha) and Ryabi Members (Fig. 
2). 

This is the middle level of the Astashikha outcrop, below the base of the Ryabi beds. 
 
Conclusions 

 
In general, the isotope data distinctly show that, since the latter half of the Severodvinian Age, the 

Late Permian Time was characterized by well pronounced temperature fluctuations. 
Incidental falls in temperature caused humidification and activation of the river system. 
Repeated warming phases resulted in evaporation of water in small local lakes, accumulation of 

carbonates with a heavy isotope composition of oxygen. Temperature fluctuations occurred against a 
background of general cooling, which reached a peak in the Nedubrovo Time. In the Nedubrovo 
section, the level of the Late Permian temperature minimum approximately coincides with a global 
negative excursion of δ13C, that is, with the event horizon of the Late Permian extinction. However, 
during a more thorough examination of paleotemperature fluctuations, it should be borne in mind that 
a decrease in temperature results in intense accumulation of sand. Based on this, it is possible to 
assume that the Late Permian temperature minimum apparently coincided with the beginning of the 
Nedubrovo episode. The data on regional cooling at the end of the Vyatkian Time agree with the data 
obtained in marine sections [21], on a considerable fall in temperature during the Wuchiapingian-
Changhsingian Time. 

A warming at the Permian-Triassic boundary is recorded at two levels with relatively high δ18O in 
pedogenic carbonates. The levels correlate with a temperature optimum that was recorded in Early 
Triassic marine sections [19]. However, based on available values of δ18O, the maximum Early 
Induan temperatures in the Moscow Syneclise did not exceed the background Late Permian 
paleotemperatures. In the majority of Induan samples, δ18O vary within 22-25‰, without abrupt 
excursions; this apparently suggests that, in the Induan Time, long-term evaporation (evaporation) 
did not prevail over precipitation, in contrast to the situation in the Permian. 

Sedimentological data supplement the results of isotope studies. The cooling episodes correlate 
with revitalization of alluvial inflow from the Ural source region. This pattern is observed from the 
beginning of the Late Severodvinian (Fig. 2). As usual, incidental falls in temperature were 
accompanied by expansion of Ural sand, with the dominating epidote-zoisite association of accessory 
minerals, which are characteristic of the Ural source region [22]. 

During warming episodes, carbonate sedimentation renewed. The warming episodes were 
accompanied by expansion of the almandine zirconium association, which, along with the over 
pressured metamorphism minerals staurolite and kyanite, are evidence of a source region in 
Fennoscandia [23]. 

During a new profound cooling in the Vyaznikian Time, gravelstones with flints brought from the 
Urals for a distance of more than 700 km appeared for the first time. Siliceous gravelstones are 
characteristic of the Vyaznikian-Induan beds in the eastern part of the Moscow Syneclise. In the 
Vyaznikian Time in the Yug River valley (Pashin Gora outcrop), large sand channels 20 m thick or 
more appeared for the first time, marking the extremely high energy of the Ural River system. Similar 
large sandy river channels with huge conglomerates (up to 7 m of total thickness) are characteristic 
of the Induan Stage of the eastern part of the Moscow Syneclise and northerly regions. 
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Fig. 3. High-Ti magnetite microspherules probably of extra-terrestrial origin. 
Uppermost Vyatkian in the Balebikha outcrop (Changhsingian) 

 
The Vyaznikian beds correlate with an anomaly of high titanic magnetite spherules in the 

Balebikha outcrop (Fig. 3) [24]. A high concentration of similar microspherules has been recorded in 
a number of Late Permian marine and continental sections [25], [26], [27], [28], [29]. 

Although opinions differ as to the nature of these structures, the high concentration of Ti, which 
is characteristic of them, is evidence of their extraterrestrial origin [29]. Examples with weight 
contents of elements of the microspherules are shown in (Fig. 3) and (Table 1). Probably, the anomaly 
is evidence of an increased influx of extra-terrestrial matter at the end of the Permian, which could 
have resulted in cooling and humidification. 
 

Table 1. Weight contents of elements of the microspherules. 
Spectrum 

No 
Weight contents of elements, % 

 
 

Si Ti Al Fe Mn Mg Ca Na K O 

4-1 1.08 38.42 0.22 25.65   0.15   34.49 
7-1 1.60 13.76 0.59 56.37      27.68 
7-2 5.72 17.90 2.14 40.21  0.95   0.46 32.62 
8-1 1.59 26.18 0.19 39.41 1.46     31.18 
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24-1 0.93 26.95 0.5 21.73 0.96  0.22   48.72 
24-2 1.3 23.01 0.75 18.71 0.68 0.68 0.20 1.09  53.57 
24-3 3.53 35.77 1.93 27.3 0.58 0.91 0.37   29.62 
25-1 1.13 24.56 0.67 23.54 0.60 0.86    48.64 
25-2 0.82 30.63 0.63 32.39 0.88 0.75   0.28 33.62 
25-3 0.84 16.72 0.59 18.58 0.51 1.71    61.06 
25-4 2.17 25.06 1.51 9.11  0.85    61.31 
27-1 0.4 26.23 0.41 15.56 0.32     57.08 
27-2 0.26 33.0 0.46 10.82      55.46 
27-3 0.31 35.13  12.45      52.11 
27-4 0.45 27.01 0.51 22.25 0.68     49.1 

 
Finally, climatic changes at the PTB correlate naturally with changes in the composition of the 

clayey fraction. The main emphasis is on the clay mineralogy of different pedons. Two kinds of 
smectite, illite, chlorite, kaolinite, and palygorskite have been recorded. However, the ratios of these 
minerals are different [30]. 

The earliest Severodvinian pedons are characterized by low charge smectite and illite. Chlorite 
and kaolinite were found in trace quantities. In the middle and uppermost parts of the Severodvinian, 
high charge smectite is present; chlorite and kaolinite are in trace quantities. 

The Vyatkian beds (without the Nedubrovo Member) are usually characterized by low charge 
smectite with chlorite and kaolinite, without illite. The Nedubrovo pedons are characterized by low 
charge smectite. Chlorite and kaolinite were found in trace quantities. 

The Induan deposits contain palygorskite. Abundant palygorskite was recorded in the inner Ryabi 
Member of the Vokhma Formation (Fig. 2). The Early Induan pedons usually contain the same 
mineral complex as the inner beds, with the Vyazniki and Nedubrovo biotas and palygorskite in trace 
quantities. The appearance of abundant palygorskite in the Krasnye Baki Member can indicate aridity 
stress above the PTB. However, the relatively low values of δ18O in pedogenic carbonates in 
comparison with the Permian part of the section suggest that there were certain additional processes 
other than aridization. One such process could be a regular supply of volcanic ash, of which 
palygorskite can be synthesized. 
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Abstract 

 

Paleomagnetic and petromagnetic studies of the Artinskian-Kungurian boundary interval of the 
Mechetlino section were carried out for the first time. It is established that the rocks of the section are 
weakly magnetic: Jn = (0.13–6.08) × 10-3 A/m, ᴂ = (–0.3–21.8) × 10-5 SI units. 

Magnetic characteristics of rocks increase in the direction of limestone → limestone calcareous 
argillites → argillites → sandstones. There is a good correlation between paleomagnetic and 
geochemical data. 

In the deposits of the Kungurian Stage, metal microspheres were discovered, which were studied 
using electron microscopy, microprobe analysis and X-ray microtomography. The inversions of the 
magnetic pole in the Kiaman reverse-polarity hyperchron were not observed in the Artinskian-
Kungurian boundary interval. 
 

Keywords: Kungurian Stage, paleomagnetism, magnetostratigraphy, GSSP, Mechetlino section, Preuralian Foredeep 

 

Introduction 

 
The Mechetlino section, located on the right bank of the valley of the Yuryuzan River is a 

candidate for the GSSP for the base of the Kungurian Stage of the Permian System of the International 
Stratigraphic Chart. In 2015, participants of the field excursion of the XVIII International Congress 
on Carboniferous and Permian [1] visited the Mechetlino section. They noted that the section does 
not fully meet the current requirements of the International Stratigraphic Commission for a GSSP 
candidate. One of the shortcomings of the section was the fact that paleomagnetic and petromagnetic 
studies had never been conducted here. In this regard, in 2016-2017 a further study was made of the 
Mechetlino section [2], [3], which also includes magnetostratigraphic studies, the preliminary results 
of which are presented in this article. 
 

The objects and methods of research 

 

The Mechetlino section is located in the axial part of the Uralian foredeep and belongs to a classical 
flysch formation (Fig. 1) [4]. It is characterized by the absence of interruptions in sedimentation, and 
is well characterized by fossils [1], [5]. The Mechetlino section in 2017 was included in the Yangan 
Tau Geopark, which was created for the first time in Russia, as the main geological object of 
international importance. 

Paleomagnetic studies were carried out in the rocks of the boundary (Artinskian-Kungurian) 
interval with a thickness of 16.4 m. A total of 15 specimens of rocks oriented along the direction of 
the modern magnetic field were taken from the Mechetlino section in 0.4-1.5 m. Of the pieces, 52 
cubes were made. To isolate the primary magnetization, a step-by-step thermal purification was used 
with a step of 50 °C to a temperature of 350 °C. 
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Fig. 1. Location of the Mechetlino section. 
 

Laboratory studies and processing of the data obtained were performed according to a standard 
procedure [6], [7]. Magnetic susceptibility measurements with MFK-FA (AGICO) were carried out 
for all samples. A “J-meter” coercivity spectrometer was used to obtain spectra of normal 
magnetization up to fields of 0.5 T [8], which allows one to separate the residual and inductive 
magnetizations of the samples at room temperature. On the curves of normal magnetization, the 
following parameters were determined: the normal residual saturation magnetization (Jrs), the 
saturation magnetization minus the paramagnetic component (Js), the magnetization of the 
paramagnetic component in the field of 0.5 T (Jp), the coercive saturation magnetization minus the 
paramagnetic component (Bc), the coercive force of the residual saturation magnetization (Bcr). 

To carry out differential thermomagnetic analysis (DTMA), Express Curie Weights were used [9]. 
In this case, the dependence of the inductive magnetization in a field of 0.4 T was measured on the 

temperature at a heating rate of 100 °C/min. 
Microscopy of the magnetic separator of the samples and metallic microspheres was carried out at 

the Interdisciplinary Center “Analytical Microscopy” at Kazan Federal University on the field-
emission scanning electron microscope Merlin (Carl Zeiss). The microscope is equipped with an 
energy-dispersive spectrometer “AZTEC” X-MAX Oxford Instruments (analysts Yu. N. Osin and V. 
V. Vorobiev). To study the internal structure of the microspheres, an X-ray Phoenix V|tome|X S 240 
microtomograph was used, equipped with two X-ray tubes: a microfocus with a maximum 
accelerating voltage of 240 kV/320W and a nanofocus with a maximum accelerating voltage of 180 
kV/15W. The survey was conducted at 70 kV accelerating voltage and 170 mA beam current; the 
image resolution was 0.9 μm (analyst E. O. Statsenko). 
 
Results 

 
Magnetic properties of rocks 

The studied deposits have a small natural residual magnetization (Jn) value of (0.13-6.08) × 10-3 
A/m (Table 1), (Figs. 2, 3, 4) with an average value of 1.0 × 10-3 A/m. The magnetic susceptibility 
(ᴂ) of the rocks of the Mechetlino section is from (-0.3 to 21.8) × 10-5 SI units (Table 1), (Figs. 2, 3) 
with an average value of 11.3 × 10-5 SI units. 
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Table 1. Magnetic characteristics of the rocks of the Mechetlino section. 

Rock n ᴂ, 10-5 SI units Jn, 10-3 A/m 
min max x min max x 

Artinskian Stage 

Sandstone 21 12.90 21.80 18.49 0.50 2.48 1.28 
Argillites 5 11.90 16.60 14.34 0.21 1.16 0.72 

Calcareous argillites 13 4.10 10.10 6.06 0.13 6.08 1.20 
Limestones 10 -0.30 3.30 1.48 0.23 0.76 0.44 

Total for the Stage 49 -0.30 21.80 11.30 0.13 6.08 1.03 

Kungurian Stage 

Sandstone 3 15.20 16.10 15.77 1.87 2.62 2.24 

Total for the Stage 3 15.20 16.10 15.77 1.87 2.62 2.24 

Total for the section 52 -0.30 21.80 11.56 0.13 6.08 1.10 

Note: n – is the number of measurements, x – is the average value. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Magnetic susceptibility and remanent magnetization. Mechetlino section. 
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Fig. 3. Distribution of magnetic susceptibility and remanent magnetization. 
Mechetlino section (data for 99 cubes). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. The polynomial trends of magnetic susceptibility, natural remanent magnetization, iron and nickel content in the 
Mechetlino section. (1) argillite, (2) sandstone, (3) calcareous argillites, (4) limestone, (5) magnetic susceptibility, (6) 
natural remanent magnetization, (7) NiO, (8) Fe2O3. 
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Thus, all the rocks studied are weakly magnetic. A direct correlation relation is established, with 
the exception of single samples, between the values of Jn and ᴂ (Figs. 2, 3, 4), which indicates the 
dependence of these parameters mainly on the concentration of magnetic particles. The coefficient of 
pair correlation between the magnetic parameters is 0.67. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Day-Dunlop plot of the samples. 
 

A collection of 25 samples was used to detail the changes in the magnetic parameters, presented 
in a reduced form in [Balabanov et al., 2018 in press]. The diagram of Day obtained from coercive 
parameters [10], [11] allows us to draw conclusions about the inhomogeneity of the magnetic fraction 
(Fig. 5). 

Samples are represented by a mixture of multidomain (MD), single-domain (SD) and 
superparamagnetic (SP) grains. To determine the nature of the changes in the magnetic susceptibility, 
the contribution of various components – ferromagnetic (χf), paramagnetic and diamagnetic (χp), and 
also superparamagnetic (χsp) was determined. In the (Fig. 3), variations of these components and 
coercive parameters along the cut are presented. To determine the magnetization carriers of the three 
samples selected on the basis of the analysis of the magnetic parameters, a microscopy of the magnetic 
separator was carried out. Some results are shown in (Fig. 6). 

Sample 12M. The presence of large magnetic particles containing rare-earth elements Nd, Gd, Pr 
in large amounts (up to 28% by weight) was noted up to 200 μm. 

In addition, metallic microspheres (Figs. 7, 8), consisting mainly of magnetite, wuestite and native 
iron, are found in the Kungurian sediments. We associate the origin of microspheres with the 
deposition of cosmic dust [12] or impact events in the Early Kungurian. 
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Fig. 6. Scanning electron microscopy. The cross marks the sounding points. 

 
Differential thermomagnetic analysis (DTMA) showed the presence of rocks, mainly 

titanomagnetites with Curie points of about 300 °C, as well as iron sulfides in the form of pyrite. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Tomographic images of the magnetite microsphere. Bed 12. Diameter of microsphere 300 microns. 
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Fig. 8. Wuestite microspheres (a) Sample 15 M, (b) Sample 17 M. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Summary of the magnetic polarity data for the Cisuralian (Permian) and Carboniferous boundary [13]. 
 

It is established that two components are present in the composition of natural remanent 
magnetization: the primary component, which is of orientational nature and the secondary –viscous 
component. 

The direction of the primary component is negative, and the studied formations correspond to the 
inverse polarity interval R1P of the Kiaman hyperzone. Intervals of positive magnetization were not 
detected. Graham was the first to identify a normal polarity interval in the Kungurian [13]. 

a b 
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His paleopoletype study (using undermagnetized specimens) identified both reverse and normal 
polarity in samples from the Supai Group in the Oak Creek and Carrizo Creek sections in Arizona, 
USA (Fig. 9) [13]. 

Wynne et al., performed a paleopoletype study of the Esayoo Volcanic Formation on Ellesmere 
Island, northern Canada, for which they initially assumed an Artinskian age, but which has now been 
re-dated as Kungurian [13]. In the Spitsbergen magnetostratigraphic data, the best quality data, 
showing normal polarity in these Permian successions, are in cherts from the base of the Hovtinden 
Member at Trygghamna [13]. In Russia, no paleomagnetic data on the Artinskian and Kungurian 
boundary are yet available. 

The paleomagnetic pole is evaluated at latitude 580 N and longitude 1090 W. The paleolatitude is 
470, indicating an arid climate [14]. 
 

Conclusions 

 
As a result of paleomagnetic studies of the Mechetlino section, the following results were obtained. 
The Artinskian-Kungurian boundary deposits are characterized by weak magnetism: 
1. Jn = (0.13–6.08) × 10-3 A/m, ᴂ = (–0.3–21.8) × 10-5 SI units. 
2. The increase in magnetic characteristics occurs in the direction limestone → calcareous 

argillites → argillites → sandstones. 
3. In the section, no direct magnetization intervals (n-subzones) were found in the inverse 

monopolar hyperzone R1P of Kiaman. 
4. In the lower part of the Kungurian Stage, metal microspheres, possibly of cosmic origin, were 

found. 
5. The paleomagnetic pole is evaluated at latitude 580 N and longitude 1090 W. The paleolatitude 

is 470, indicating an arid climate [14]. 
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Abstract 

 

Paleomagnetic and petromagnetic studies of the Dal’ny Tulkas section located in the southern part 
of the Uralian foredeep were performed for the first time. The section is considered as an international 
standard for the global correlation of the lower boundary of the Artinskian Stage. It is established that 
the rocks of the section are weakly magnetic: Jn = (0.40-5.10) × 10-3 A/m, ᴂ = (-0.6 – 18.9) × 10-5 SI 
units. The increase in magnetic characteristics occurs in the direction of limestone → carbonate 
concretions → calcareous argillites → argillites. A good correlation of paleomagnetic characteristics 
with the content of iron and nickel in rocks is shown. In the inverse-polarity Kiaman Superchron, 
inversions of the magnetic pole were not detected in the Sakmarian-Artinskian boundary interval. 

Paleomagnetic and petromagnetic data allowed a paleofacial reconstruction of the conditions of 
sedimentation at the boundary of the Sakmarian and Artinskian Ages. It is confirmed that 
paleomagnetic data can be an important additional element when considering the Dal’ny Tulkas 
section as a reference GSSP object. 
 
Keywords: Artinskian Stage, paleomagnetism, lithology, magnetostratigraphy, GSSP, Dal’ny Tulkas, Uralian foredeep 

 

Introduction 

 
In 2015, the XVIII International Congress on Carboniferous and Permian Systems was held in 

Kazan [1]. The congress was accompanied by a geological excursion to the sections of the Lower 
Permian located on the western slope of the Southern Urals in the territory of the Republic of 
Bashkortostan. In particular, the excursion participants became familiar with the Dal’ny Tulkas 
section – a potential candidate for the GSSP of the Artinskian Stage of the Permian System of the 
International Stratigraphic Chart. Paleomagnetic and petromagnetic studies, an important element in 
the substantiation of standard stratigraphic objects, were carried out for the first time in the section. 

This article presents the preliminary results of magnetostratigraphic studies. 
 

The objects and methods of research 

 

The Dal’ny Tulkas section is located in the axial part of the Uralian foredeep (Fig. 1). It is 
characterized by the absence of interruptions in sedimentation, and it is well studied 
biostratigraphically [1], [2], [3]. The section is represented by terrigenous-carbonate rocks (argillites, 
calcareous argillites, loamy slightly dolomite limestones) of the Sakmarian and Artinskian Stages [4], 
[5]. 

The layers of carbonate and carbonate-argillaceous rocks are separated by thin interlayers (up to a 
few centimeters) of argillites. The lower boundary of the Artinskian stage in the section is drawn by 
the appearance of conodonts of the species Sweetognathus whitei (Rhodes). Interbeds of organogenic 
detritus limestones are found in the Artinskian part of the section. Limestone concretions are present 
at different levels. Numerous plant remains, fish remains (teeth and scales) are distributed throughout 
the section. In the carbonate-argillaceous rocks there are many radiolarians. Organogenic-clastic 
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limestones contain conodonts, crinoids, fragments of brachiopod shells, bryozoans; foraminifers are 
frequent, in some places there are shells of ammonoids. There are no signs of significant metamorphic 
changes in rocks in the section. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Location of the Dal’ny Tulkas section. 
 

Paleomagnetic studies were carried out in the rocks of the Sakmarian-Artinskian boundary 
interval. The thickness of the studied interval is 13.8 m: 8 m belongs to the Sakmarian Stage, and 5.8 
m to the Artinskian. A total of 34 plots of rocks oriented along the fall of the layers have been selected 
from the Dal’ny Tulkas section. Slabs of rock were taken evenly through 0.4-1.5 m, taking into 
account lithological features and representing 2 stratigraphic levels: the Upper Sakmarian and the 
Lower Artinskian. Sampling, laboratory studies and processing of the data were performed according 
to the standard procedure [6], [7]. To isolate the primary magnetization, a step-by-step thermal 
purification was used with a step of 50 °C to a temperature of 350 °C. Ninety-nine cubes were made 
out the slabs. 
 

Results 

 
Magnetic properties of rocks 

The studied Sakmarian-Artinskian deposits have a small value of natural remanent magnetization, 
varying within (0.40-5.10) × 10-3 A/m, and the magnetic susceptibility does not exceed 18.9 × 10-5 
SI units (Table 1, Fig. 2). The increase in magnetic characteristics occurs in the direction of the 
limestone → carbonate concretions → calcareous argillites → argillites. 

The dependence of the natural remanent magnetization on magnetic susceptibility is close to linear 
(Figs. 2, 3), which indicates a dependence of these parameters mainly on the concentration of 
magnetic particles. 

The complete correspondence of the trends in the variation of the magnetic susceptibility, the 
natural remanent magnetization and the content of iron and nickel, obtained according to the results 
of the geochemical analysis, along the Dal’ny Tulkas section (Figs. 3, 4) has also been established. 
 

Table 1. Magnetic characteristics of the rocks of the Dal’ny Tulkas section 

Rock n χ, 10-5 SI units Jn, 10-3 A/m 
min max x min max x 

Sakmarian Stage 

Argillites 20 9.40 12.80 12.20 1.50 3.42 2.50 

Calcareous argillites 41 5.50 12.00 9.48 1.23 3.41 2.19 

Total for the Stage 61 5.50 12.80 10.37 1.23 3.42 2.29 
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Artinskian Stage 

Argillites 23 13.00 18.90 16.12 1.70 4.72 2.81 

Calcareous argillites 6 8.10 12.40 10.25 1.05 2.11 1.56 

Carbonate concretions 7 2.00 5.00 3.69 0.50 0.83 0.62 

Limestones 7 -0.60 1.80 0.48 0.40 5.10 1.24 

Total for the Stage 43 -0.60 18.90 10.73 0.40 5.10 1.98 

Total for the section 104 -0.60 18.90 10.52 0.40 5.10 2.17 

Note: n - is the number of measurements, x - is the average value 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Magnetic susceptibility and remanent magnetization. Dal’ny Tulkas section. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Distribution of magnetic susceptibility and remanent magnetization of the Dal’ny Tulkas section 
(data for 99 cubes). 
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Fig. 4. The polynomial trends of magnetic susceptibility, natural remanent magnetization, iron and nickel content in the 
Dal’ny Tulkas section. (1) Limestone; (2) argillite, (3) carbonate concretions, (4) magnetic susceptibility, (5) natural 
remanent magnetization, (6) NiO, (7) Fe2O3. 
 

Differential thermomagnetic analysis showed the presence in rocks of titanomagnetites with Curie 
points of about 300 °C, as well as iron sulfides in the form of pyrite. It is established that two 
components are present in the composition of the natural remanent magnetization: the primary 
component, which is of orientational nature and the secondary, viscous component. The direction of 
the primary component is negative, and the studied formations correspond to the inverse polarity 
interval R1P of the Kiaman hyperzone (Fig. 5). 
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Fig. 5. Paleomagnetic parameters of the rocks of the Dal’ny Tulkas section. 
(1) limestones, (2) argillites, (3) carbonate concretions. 

 
Intervals of positive magnetization were not detected. The criterion for identifying identified 

paleomagnetic zones and linking them to a stratigraphic scale is, in addition to the sign of polarity, 
paleontological data that does not contradict magnetostratigraphic constructions [8]. 

The Sakmarian is consistently reverse polarity in all studies. The earliest study to detect the 
equivalent of normal magnetochron CI2n in the Artinskian was the palaeopoles-type study of 
Peterson & Nairn on the Garber Formation of Oklahoma, USA [11] (Fig. 6). 
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Fig. 6. Summary of the magnetic polarity data for the Cisuralian (Permian) and Carboniferous boundary [11]. 
 

Other palaeopole-type studies in red beds of Artinskian age with normal polarity intervals are from 
the Pictou Group of Prince Edwards Island, Canada. The Pictou Group data were from megasequence 
IV with nine specimens from three blocks, demagnetized to 650 °C, apparently showing two normal 
polarity intervals. One of these is from near the base of the formation, but with most of the normal 
polarity data from two sites near the top of the formation. Plant fossil data suggest a late Artinskian 
age for the Orby Head Formation. Considering the uncertainty in age assignment for the Orby Head 
Formation, it is possible that the lower normal polarity level is CI2n and the upper one is CI3n (Fig. 
6) [11]. 

In Russia, no palaeomagnetic data on the Artinskian and Kungurian boundary are yet available.  
The paleomagnetic pole is evaluated at latitude 57° N and longitude 134° W. The paleolatitude is 

26°, indicating an arid climate, which is confirmed by geochemical data [9]. 
 
Conclusions 

 
As a result of the paleomagnetic studies, carried out for the first time, the following results were 

obtained for the Dal’ny Tulkas section. 
1. Sakmarian-Artinskian Boundary deposits are characterized by relatively weak magnetic 

properties: Jn = (0.40-5.10) × 10-3 A/m, ᴂ = (-0.6-18.9) × 10-5 SI units. 
2. Magnetic characteristics increase in the direction: limestones → carbonate concretions → 

calcareous argillites → argillites. 
3. In the section, there is no subzone of direct polarity (n-subzone) in the reverse monopolar hyper-

zone of R-Kiaman. 
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The scarcity of paleomagnetic data currently available for the Lower Permian of the Southern 
Urals [10], one of the interesting regions from the point of view of world stratigraphy, increases the 
importance of the new material obtained. In the future, systemic paleomagnetic studies of the Lower 
Permian sections of the Southern Urals are needed to detect inversions and subzones of direct polarity 
in the Kiaman hyperchron. It is possible that paleomagnetic data can be used as an additional 
characteristic of the reference sections of the Stages of Lower Permian. 
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Abstract 

 

The Upper Kazanian deposits of the Pechishchi section (Volga-Kama Basin, East-European 
Platform, Russian Federation) contain a moderately diverse invertebrate ichnofauna, including the 
ichnogenera Arenicolites, Monocraterion, Skolithos, Thalassinoides, Palaeophycus and Planolites. 

We present for the first time the paleoenvironmental implications of these ichnofossils, which are 
mostly ascribed to traces of behaviors of suspension and deposit-feeding organisms, which are 
commonly reported from open shallow-marine environments. Further exploration of both ichno- and 
body fossils is strongly recommended for the Upper Kazanian deposits because it may significantly 
contribute to the understanding of the evolution of Late Paleozoic ecosystems. 
 
Keywords: Invertebrate ichnofossils, Permian, Late Kazanian, shallow-marine environment 
 

Introduction 

 

The East European Platform is the type region for the Permian system, considered as one of the 
largest Permian sedimentary basins in the world. Permian deposits cover stratigraphically a 
continuous succession representing more than 45 Ma of Earth’s history. In the studied area, these 
deposits are composed of completely marine, marine-continental (transitional) and completely 
continental successions. Marine-continental (transitional) and continental successions are the most 
difficult to interpret in terms of paleoenvironment, paleoecology and paleoclimate due to the lack of 
reliable stratigraphic (biotic and abiotic) markers for interregional correlations [1]. However, these 
formations cover a large part of the area and contain important resources of unconventional 
hydrocarbons. Until now, ichnofossils from these deposits have not been purposefully studied. Only 
a few mentions of invertebrate trace fossils have been reported in geological field guides [2], [3], 
conference abstracts [4], [5] and some sedimentological papers [6]. 

Ichnology is the study of all kinds of traces, evidence of modern and past organismal activities, 
such as burrows, trails, trackways, plant-root traces, etc., produced by organisms on or within the 
substrate [7]. An ichnofacies is an assemblage of trace fossils that provides an indication of the 
conditions that their formative organisms inhabited. Although trace fossils provide only conjectural 
information on the nature of the living organisms that produced the traces, conversely, they provide 
a unique window into behavior that body fossils cannot provide, as well as paleoenvironmental and 
paleoecological conditions. The present paper aims to interpret the paleoenvironment and 
paleoecology of the Upper Kazanian (Middle Permian) deposits of the Pechishchi stratotype section 
(Fig. 1) using invertebrate trace fossils and give conjectural issues on the invertebrate fauna 
communities documented in the ichnological record. 
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Fig. 1. Study area. (A) Map of the Russian Federation; (B) Simplified geological map of the Volga-Kama region near the 
town of Kazan [1], [3]. 
 

Material and methods 

 

The Kazanian sections were studied in detail during several field surveys from 2013 to 2017. 
This contribution is based on several specimens that were recognized on the bedding plane surfaces 

and vertical section in the field; about twenty specimens are collected and housed in the Geological 
Museum of the Kazan Federal University, Russian Federation. Some of the specimens were studied 
and photographed in the laboratory, while the remainder were studied and documented in the field 
and photographed in situ under natural light. The specimens come from beds no. 1 and no. 6 of the 
Yadrenyi Kamen Member and from bed no. 18 of the Seryi Kamen Member of the Upper Kazanian 
strata of Pechishchi sections (Fig. 2). 

Beside the photography of each trace fossils, measurements of the best-preserved specimens were 
carried-out to determine the different parameters of trace morphology and pattern following the 
standard procedural practice [8], such as wall and lining/unlining, presence/absence of branching, and 
passive/active burrow infills. 
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Fig. 1. Pechishchi section of the Upper Kazanian (Middle Permian) deposits. Detailed stratigraphic section of the 
lower part of Upper Kazanian with the stratigraphic position of the ichnofossil-bearing beds, modified after 
Nurgaliev et al. [3]. 
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Geological setting 

 

The Volga and Kama River regions are part of the Russian Plate that belongs to the East European 
Platform (Fig. 1). The Permian deposits comprise three parts subdivided into stratigraphic units of 
the Russian General Stratigraphic Scale (RGSS): (i) the completely marine succession (Cisuralian 
Series); (ii) marine-continental (transitional) succession represented by the Ufimian, Kazanian and 
Urzhumian stages; (iii) completely continental succession consisting of Severodvinian and Vyatkian 
stages. The Ufimian stage tentatively coincides with the uppermost part of the Kungurian Stage of 
International Chronostratigraphic Chart (ICC) [3]. The Kazanian and Urzhumian stages are correlated 
with the Roadian and Wordian of ICC respectively. The last two constitute the Biarmian Series (= 
Early and Middle Guadalupian of ICC). The Severodvinian and Vyatkian stages represent the 
Tatarian Series of RGSS, tentatively correlated with the Capitanian stage (= Late Guadalupian of 
ICC) and the Lopingian Series of the ICC. The Middle and Upper Permian are well exposed in many 
outcrops due to the topography (up to 200 m) and ongoing mining activities. 

The reported invertebrate ichnofossil assemblages come from the marine strata of Kazanian age 
that constitute the lower part of the Biarmian Series. In the stratotype region, the lower boundary of 
the Kazanian is clearly defined because the marine Kazanian succession unconformably overlies 
either the Sakmarian dolomites or the Ufimian continental red beds (probably with a hiatus). 
 

Results 

 

The ichnotaxa come from the beds no. 1 and no. 6 of the Yadrenyi Kamen Member and from bed 
no. 8 of the Seryi Kamen Member (Fig. 2). 

Bed no. 1 of the Yadrenyi Kamen Member (0.50 m thick) consists of brown dolomite, intercalated 
with marls, preserving horizontal gently undulating lamination, riddled with characteristic vermiform 
voids and channels; it contains four ichnotaxa assigned to Arenicolites isp., Monocraterion isp., 
Skolithos isp., and Planolites isp. 

The ichnotaxon Arenicolites isp. is U-shaped burrows lacking spreiten in vertical section with two 
circular openings on the bedding planes, the paired tube burrows are of a variable diameter from 8 to 
18 mm. 

The ichnogenus Monocraterion isp. appears in vertical section as unbranched vertical, cylindrical 
tunnels with a funnel-shaped opening at the top of the burrow, with diameter ranging from 12-20 mm 
and a length of approximately 20 cm. 

The index ichnotaxon Skolithos isp. is a vertical to slightly inclined, unbranched cylindrical 
burrow, with a diameter about 5 mm and a depth of 10 cm. 

The ichnotaxon Planolites isp., the most common within this bed, is an actively filled 
subcylindrical burrow, horizontal to oblique to the bedding planes, with a diameter that varies from 
4 to 12 mm and is of variable length. 

Bed no.6 of the Yadrenyi Kamen Member (0.50 m thick) consists of yellowish grey, fissile to thin-
bedded dolomite; moderately bioturbated to laminated bioclastic packstone and wackestone. Only the 
ichnospecies Thalassinoides suevicus have been identified, as horizontal to slightly inclined, 
polygonal, Y-, sometimes T-shaped branching burrows, with a diameter that varies from 2 to 8 mm 
and a variable length reaching 100 mm. 

Bed no.8 of the Seryi Kamen Member (with a thickness ranging from 0.9 to 2 m) is composed of 
yellow-brown marly-dolomite. It is microporous, thick-bedded and grading at the top into thin-
bedded; it seems also to laterally grade into fine-grained dolomite [3] that has so far yielded the 
ichnotaxon Palaeophycus. The latter ichnotaxon is an unbranched, cylindrical to subcylindrical, 
subhorizontal penetrative burrow, with a variable diameter from 12 to 15 mm and of different lengths, 
sometimes reaching 80-120 mm. 
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Discussions 

 

The Upper Kazanian deposits of the Pechishchi section yielded a moderately diverse invertebrate 
ichnofauna including the ichnogenera Arenicolites, Monocraterion, Skolithos, Thalassinoides, 

Palaeophycus and Planolites. This ichnofossil assemblage corresponds to the Skolithos ichnofacies, 
including the predominant ichnogenera Arenicolites, Monocraterion, Skolithos and the accessory 
ichnotaxa Thalassinoides, Palaeophycus, Planolites. These invertebrate ichnofossils are commonly 
known from open shallow-marine settings. The dominance of the vertical traces of suspension-feeders 
(Arenicolites, Monocraterion, Skolithos) and the decrease in diversity and abundance of the trace 
fossils indicate a high-energy hydrodynamic setting and an unstable substrate, in which the food 
particles tend to be kept in suspension [9]. However, the horizontal, positive hyporelief structures of 
Palaeophycus record short phases of stable substrate conditions [10]. The low diversity of the 
invertebrate trace fossil assemblages, in each bed, suggests abnormal paleoecological conditions with 
respect to salinity, water circulation, light, etc. The combination of sedimentological, paleontological, 
palynological, and ichnological data indicate a very narrow zone with predominantly carbonate 
sedimentation, with limestones and secondary dolomites as dominant lithologies [1], [11]. A high 
degree of bioturbation points to an oxic environment with diverse benthic biota [1], [5], [12], [13]. 

The marine part of the marine-continental succession contains a low diverse marine fauna of 
foraminiferans, corals, brachiopods, bivalves, bryozoans [14] and non-platform conodonts [15], [16]. 

These invertebrate ichnofossils are mostly traces ascribed to the behavior of suspension- and 
sediment-feeding organisms and are frequently reported from the lower to upper shoreface of open 
shallow-marine environments. The rarity of the ichnogenus Arenicolites might be related to increased 
salinity and decreased organic productivity [17], [18]. Furthermore, the occurrence of the ichnogenera 
Skolithos and Monocraterion point to relatively high-energy conditions of foreshore to shoreface 
environments [19], [20], [21]. 

Recently, Götz and Silantiev [1] linked the asymmetrical facial profile of the Kazanian Sea to 
climatic differences between the east and west banks. A large quantity of terrigenous sediments, sand 
bars, lagoons rich in organic matter, marshes and swamps, diverse and abundant terrestrial floral and 
faunal elements were present in the East; bioherms, saline lagoons, and terrestrial environments with 
sparse vegetation are present in the West. Geochemical and palynological analyses suggest climate 
change from a warm temperate to a warm dry climate; this is also recorded in sedimentological 
variations [1], [11]. Therefore, the ichnofossil assemblage reported here indicates an open shallow-
marine environment which is the Open Sea zone of the Kazanian Basin [1] with a fluctuation of 
salinity and organic productivity. 
 

Conclusions 

 

Generally, the ichnotaxa from the Upper Kazanian succession are interpreted as traces of behaviors 
of suspension- and deposit-feeding animals, and can be referred to polychaete worms, vermiform or 
worm-like (e.g. annelids), amphipod crustaceans and/or crustacean-like, thalassinidean shrimp 
(callianassids), sea anemones, or mollusks, as tracemaker candidates that colonized the Kazanian 
marine ecosystem during that times. The ichnofossil assemblages described here indicate an open 
shallow-marine (lower to upper shoreface) environment, which is the Open Sea zone of the Kazanian 
Basin with fluctuations of salinity and organic productivity. Furthermore, the low diversity and 
abundance of the trace fossils and the predominance of the burrows of suspension-feeders reflect a 
high-energy hydrodynamic regime, in which food particles tend to be kept in suspension, as well as 
abnormal paleoecological conditions. Further exploration for both ichno- and body fossils is strongly 
recommended for the Kazanian deposits because it may significantly contribute to the understanding 
of the evolution of Late Paleozoic marine ecosystems. 
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Abstract 

 

This research is the first study of the Lower and Middle Permian deposits of the Omolon Massif 
and its eastern margins for traces of vital activity of benthos. As a result, seven genera of trace fossils 
have been identified: Thalassinoides, Phycodes, Teichichnus, Chondrites, Zoophycos, Ophiomorpha 
(?), Rhizocorallium, referred to two ichnofacies: Zoophycos and Crusiana. Our conclusions do not 
contradict the previously formed assumption that the central part of the Omolon Basin was shallow 
and gradually deepened closer to the coast during the Permian. 
 

Keywords: trace fossils, the Permian, paleogeography, Omolon Massive, northeastern Russia 

 

Introduction 

 

We re-examined Permian sections, which were comprehensively studied in the second half of the 
last century [9] and performed various new types of analyzes during the fieldwork in 2014-2015. 

At the same time, during the fieldwork, we could not but notice the abundance and diversity of 
trace fossils, which we documented and then identified. The established methodology [12], [21] of 
using traces of vital activity for the reconstruction of paleogeographic environments takes into 
account a number of objective limitations. First of all, identification of single traces of vital activity 
is not unambiguous. The same trace can be interpreted in different ways and referred to absolutely 
different ichnogenera. Another problem in identifying trace fossils is the similarity of their biogenic 
and mechanogenic (abiogenic) textures, such as traces of drawing, traces of ice crystals, rain drops, 
attributes of integration, etc. 

These problems are largely solved through analyzing the simultaneous appearance of trace fossils 
in sedimentary rocks and grouping them into systems: ichnofacies [14]. But even in this case, the 
information obtained is complimentary to other methods of facies environment reconstruction. 
 

Description of trace fossils’ location 

 

Permian deposits studied by us have a relatively small thickness (up to 300 m) in the central part 
of the massive and more than 1.000 m at its eastern margins [3]. 
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Fig. 1. Position of the studied ichnofossils in the Permian sections of the Omolon Massif and its south-eastern frame [7], 
[8], [17]: (1) «kolymic» limestones; (2) sandstones; (3) siltstones; (4) tuff admixture in rocks; (5) tuff and tuffites; (6) 
limestone lenses. 
 

Traces of vital activity studied in this article were found at sections of the south-eastern part of the 
Omolon Massif (Vodopadny Creek, the Munugudzhak River) where the rocks are represented by 
shallow-water terrigenous-carbonate deposits [9], [18]. The facies environments at the eastern 
margins (Fedorovsky Creek) changed from relatively shallow during the Lower Permian to 
significantly deep during the Middle Permian [3, 4]. 

In the section along Vodopadny Creek (Fig. 1), the Lower and Middle Permian rocks are 
represented by the Dzhigdalin and Omolon formations, composed of “kolymic” limestones, tuff 
sandstones and tuff siltstones; the thickness of sediments is 160 m. Near the Munugudzhak River 
(Fig. 1), rocks are represented by the Rulon Formation consisting of “kolymic” limestones; the 
thickness of deposits is 70 m. At the eastern margins of the Omolon Massif, trace fossils were found 
in the Fedorovsky formation in the section along the Fedorovsky Creek, which formation is composed 
of albite-siliceous rocks with ash tuffs and fine-fragmented tuffites (according to V.G. Ganelin), the 
thickness of which is 500 m. The rocks contain quite frequent and numerous remains of fossil fauna, 
mainly brachiopods and bivalves [1], [2], [7]. 
 

Description of detected trace fossils 

 

We identified the following ichnogenera in sections of the southeastern part of the Omolon Massif 
and near its western margins: Thalassinoides, Phycodes, Teichichnus, Chondrites, Zoophycos, 
Ophiomorpha (?), Rhizocorallium. 

According to the ethological classification by A. Seilacher [14], the trace fossils found by us can 
be divided into fodinichnia, traces of sedimentation perforation (Teichichnus, Chondrites, 
Rhizocorallium, Zoophycos), and domichnia, traces of vital activity (Ophiomorpha, Thalassinoides, 
Phycodes). 

The Thalassinoides ichnogenus (Fig. 2A) was detected in the bottom of the Lower Omolon 
“kolymic” limestones and is represented by T-Y-shaped burrows with a smooth or rough outer 
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surface. The holes are slightly curved, branched, the hole length is up to 20 cm, the diameter is 0.5-1 
cm, and they are filled with enclosing rocks. It is difficult to determine who could leave such traces: 
the burrows could be made by arthropods according to one version or by vermicular organisms 
according to the other less popular version [15]. 

Only one found genus was attributed to the Ophiomorpha ichnogenus (Fig. 2B). This trace was 
found together with the Thalassinoides ichnogenus. The burrow length is 25 cm, it is straight, its 
diameter is 2 cm, and it is filled with enclosing sediments. Typically, the burrows of this ichnogenus 
are characterized by hummocky walls. Ophiomorpha are very typical for shallow-water marine 
sediments, but they can also occur in desalinated environments and storm sediments on a deep shelf 
[6]. Ophiomorpha burrows could be made by crustaceans [14]. 

Phycodes (Fig. 2C) were found together with Thalassinoides and Ophiomorpha. They are 
represented by horizontal burrows, which consist of the main tunnel and its branches; the composition 
of the material filling the burrows is identical to the enclosing sediments. The burrow’s length is 10–
15 cm; the diameter is up to 2 cm. We referred these burrows to the Phycodes palmatum genus (Hall, 
1847), as the characteristic feature of this ichnogenus is their “finger-parted” branching. The burrows 
could be made by burrowing marine organisms, in particular, worms [5]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Ichnofossils from the south-east of the Omolon Massif: (А) Thalassinoides, (B) Ophiomorpha, (C) Phycodes, (D) 
Teichichnus, (E) Rhizocorallium, (F) texture with a high degree of processing of the sediment by bioturbation, (G) 
Chondrites, (H) Zoophycos. 

 

Chondrites (Fig. 2G) are a branched system of tunnels, in the cross-section of which close holes 
of elliptical shape are observed. Branches of this system do not intersect; vertical cross-sections are 
of rounded and oval shape; the length of the systems is up to 5-7 cm; the diameter of the elliptic 
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burrows is 0.7 cm. The ichnogenus is most widely spread in the upper part of the Omolon Formation 
of the Omolon Massif, as well as at its western margins in the Fedorovsky formation, but the circular 
sections of the traces are flattened as a result of dynamometamorphism there. Animals who left these 
traces are unidentified. It is believed that these are worms’ feeding traces [21]. According to another 
version, those were chemosymbiotic organisms that existed in sediments with a low oxygen content 
and a high concentration of hydrogen sulfide or methane, thanks to symbiosis with chemosynthetic 
bacteria [16], [21]. 

The Zoophycos ichnogenus (Fig. 2H) was identified in the Fedorovsky Formation, and a single 
representative of this genus was also found in the Dzhigdalin Formation. The ichnogenus has 
crescent-shaped cross-section with a thick fuzzy uneven meniscus filling. The length of the burrow 
is 35-40 cm; the diameter is up to 1 cm. The general shape of the structure is conical; its size is about 
25 cm. The peculiar conical structures, which we found at the Fedorovsky Creek and whose axis is 
perpendicular to the bedding, count in favor of referring these traces to Zoophycos [20]. The burrows 
are interpreted as feeding traces of non-skeletal limivorous animals, apparently worms [12]. 

The Teichichnus ichnogenus (Fig. 2D) was found in the Omolon formation. Teichichnus is 
represented by burrows, sections of which are occasionally vertically-oriented. The burrows are 
slightly tortuous, consist of the substance of enclosing sediments; their length is 6 cm and the diameter 
are 4 cm, while their cross-section is of crescent shape (U-shaped). Such traces could be left by worms 
[13].  

In the section at the Munugudzhak River, single Rhizocorallium were found in the Rulon 
Formation (Fig. 2E); they are represented by inclined, slightly curved U-shaped burrows. The 
diameter of the burrows is up to 5 cm; the thickness of the “mine” is about 1 cm; and the burrow’s 
length is 15-20 cm. Such traces could have been left by annelids [19]. 

In addition to the identified traces of vital activity, rocks often have textures with a high degree of 
sediment processing by bioturbation. In particular, we observed such textures in Omolon limestones 
in sections along Vodopadny Creek (Fig. 2F). By such textures, we mean the intensive sediment 
processing by benthos, involving the destruction of original textures. 

However, we are not able to specify or identify the generic belonging of the trace fossils. 
Such bioturbation can represent a large population of animals at a low sedimentation rate or be a 

result of repeated imposition of traces of vital activity within a single layer [21]. 
 

Interpretation of the paleogeographical environment 

 

According to contemporary understanding, ichnofacies can reflect such environmental factors as 
the substrate consistency, food composition, bottom hydrodynamics, salinity, saturation of bottom 
waters with oxygen [12]. 

A. Seilacher [14] grouped the described trace fossils in the Crusiana ichnofacies. It develops on 
poorly sorted substrates of the sublittoral zone above the base line of storm waves and below the base 
line of ordinary waves [12]. It is characterized by a variety of tracks and abundant bioturbation of 
sediments. The basin was hydrodynamically calm. Traces of Zoophycos’ vital activity apparently 
indicate the basin deepening. The presence of such traces of vital activity as Zoophycos, Chondrites, 
Thalassinoides indicates oxide environments; Thalassinoides and Phycodes prove the substrate 
erosion [12]. At the eastern margins of the Omolon Massif, the trace fossils of Zoophycos, Chondrites 
found by us, as well as an analysis of lithological data and previous publications [3] evidence a more 
deep-water ichnofacies, the Zoophycos [15], which is characterized by low energy of disturbance and 
flow and is below the base line of the effect of storm waves [12]. 

In the sections studied by us, the estimated amount of trace fossils in rocks can largely depend on 
the observation conditions. Traces of burrowing organisms in natural shears were mostly noticed in 
field conditions only in light gray limestones and light gray ash tuffs near the margins with layers of 
dark gray pelitic rocks. In the section of the Fedorovsky Formation of the Lower Permian at the 
Fedorovsky Creek, contrasting textures with abundant trace fossils were found in sections of layers 
of dark gray tuff siltstones containing carbonate and mainly on weathered surfaces [20]. In the same 
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layers outside the carbonate-enriched areas, trace fossils are found only in photographs of polished 
sections, and moreover, after appropriate editing only. Probably, the real amount of trace fossils in 
rocks is much greater than the observed amount. 
 

Conclusion 

 

This was the first study of a new paleontological object, traces of vital activity, at the Omolon 
Massif. The article provides images and descriptions of seven types of trace fossils: Thalassinoides, 
Phycodes, Teichichnus, Chondrites, Zoophycos, Ophiomorpha (?), Rhizocorallium, which bear 
important information about the paleogeographic environment of the Omolon basin during the 
Permian. These findings and interpretations broaden the understanding of traces of vital activity in 
Northeast Asia, in particular at the Omolon Massif, as well as emphasize the importance of their 
further study. 
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Abstract 

 

This paper describes some specimens of macrofossils collected by the authors from the Novyi 
Kuvak Permian flora locality (north-east of the Samara Region). The impressions described are 
presumed to be those of bilaterally symmetrical peltoids. 
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Introduction 

 
The Subangara region, as part of the Angara paleofloristic kingdom, was estblished for the Permian 

period by S.V. Meyen. It covers the European part of Russia, as well as some areas of Kazakhstan 
and Central Asia. Many paleobotanists have been engaged in the study of the Permian flora of 
Subangarida – M. D. Zalessky, S. V. Meyen, L. A. Fefilova, A. V. Gomankov, S. V. Naugolnykh, 
and E. V. Karasev [1], [2], [3], [4], [5], [6], [7], [8], [9]. A detailed study of the Kazanian flora in the 
Kama region was carried out by T. A. Tefanova, V. P. Vladimirovich and N. K. Esaulova [10], [11], 
[12]. 

 

One of the most interesting and still insufficiently studied Permian flora locations of the Subangara 
region is the Novyi Kuvak location [13], [14], [15], [16], [17], [18] (see Fig. 1). This is located in the 
northeast of the Samara region near the border with Tatarstan, on the southwestern border of the 
Bugulma-Leninogorsk group of the Lower Kazanian flora localities. More specifically, this location 
is in the northwestern part of the sand pit located near the Novyi Kuvak village of Shentala district of 
the Samara region. The pit is extended in a submeridional direction with a gradual increase in depth 

Fig. 1. Geographical position of the Novyi Kuvak locality of Permian flora (indicated by an asterisk). 
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from north-north-east to south-south-west; its length is about 500 m, width – about 100 m, depth – 
up to 10 m. 

The extraction of sand in the pit is chaotic, natural stratification is disturbed in some places. In 
other places, oblique stratification is observed, indicating an alluvial genesis of the deposits 
uncovered in the pit. 

The dominant earth material is sand with frequent and thick interlayers of clayey and calcareous 
sandstones, occasionally with thin interlayers of chalky clays. Sandstones vary from yellow to 
greenish-gray or even a bluish-gray color, the structure is from coarse-grained (up to gravelstone) to 
fine-grained. 

Remains of fossil fauna have been found in the pit: branching bryozoans of the order 
Trepostomida, bivalve mollusks Pseudobakewellia ceratophagaeformis (Noinsky) and Lithophaga 

consobrina (Eichwald), gastropods Loxonema (?) sp., brachiopods Cancrinella cancrini (Verneuil). 
This fauna, the definitions of which were made by V. V. Silantiev (Kazan Federal University), 
supports the Lower-Kazan age of the enclosing deposits [18]. Its presence also indicates that the sands 
and sandstones extracted in the pit were accumulated, most likely, in estuary conditions that formed 
as a result of inflow of a fast and full-flowing river flowing from the Paleo-Ural to the Kazan Sea. In 
addition to coarse fragmentary material, the river also transferred and deposited numerous fragments 
of tree trunks. Mineralized wood remains (the authors observed trunks up to half a meter in diameter) 
occur at any depth – from the surface to the bottom of the pit. As for the impressions of the vegetative 
and reproductive organs of plants, they are absent in the most part of the pit. Plant remains are found 
only in interlayers of chalky clay or fine-grained sandstone in the upper part of the pit wall, at a 
distance of no more than 2-3 meters from the soil layer covering the Kazan deposits. The productive 
layer is represented by a layer of fine-grained calcareous (sometimes clayed) sandstone with a 
thickness of 0.5 to 1 m, bounded from above and from below by thin (from 5 to 1 cm) interlayers of 
chalky clay or clay. The productive layer is cropped out and destroyed in some places. Probably, 
successful burial of leaves and reproductive organs of plants occurred in conditions of a strong 
decrease in the flow rate, which transferred the plant remains. This could occur either in the peripheral 
branches of the estuary, or during the periods of shallowing and shrinkage of the entire river as a 
whole. 

Plant remains (these are mainly the leaves of the cordaites Rufloria sp., the most numerous in this 
location) within the productive layer occur throughout the pit everywhere, but their preservation, 
quantity and species diversity at different points of the pit vary. 

The most productive area (discovered by A. A. Sidorov in 2008) is in the northwestern part of the 
pit and has coordinates 54.454° N and 51.896° E. The results of the study of the taxonomic 
composition of the flora from this locality are given in [13-18]. The most numerous plants after the 
cordaites in the Novo-Kuvak pit are arthrophytes, psigmophylloids and peltasperm families of the 
Peltaspermaceae, represented by impressions (without phytoleims) of both leaves and reproductive 
organs. 

So far, we have found impressions of the bark of lycopsids, their isolated phylloids 
(Viatscheslaviophyllum Neuburg, 1960 (?)) and sporophylls (Sadovnikovia Naug., 1994 (?)), as well 
as representatives of the genera Paracalamites Zalessky, 1927, Paracalamitina Zalessky, 1934, 
Pecopteris Brongniart, 1825, Todites Seward, 1900, Pursongia Zalessky, 1933, Ustyugia Gomankov, 
2008, Odontopteridium Gomankov, 2008, Rhachiphyllum Kerp, 1988, Rhaphidopteris Barale, 1972, 
Compsopteris Zalessky, 1934, Psygmophyllum Shimper, 1870, emend. Saporta, 1878, Kerpia 
Naugolnykh, 1995, Bardia Zalessky, 1933, Mauerites Zalessky, 1933, Rhipidopsis Schmalhausen, 
1879, Phylladoderma Zalessky, 1914, Peltaspermopsis Gomankov, 1986, Lopadiangium Zhao, 1980, 
Permotheca Zalessky, 1929, Biarmopteris Zalessky, 1937, Cordaites Unger, 1850 and Rufloria S. 
Meyen, 1963. 

In the Novyi Kuvak locality the authors collected macrofossils dated as Lower Kazanian. 
Among these, there were impressions probably belonging to bilaterally symmetrical peltoids. 
Some of these impressions are shown in (Figs. 2-5). The scale bar in all the images is 1 mm; all 

the images in (Figs. 3-5) have the same scale (frame size – 6 mm). 
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Material and methods 

 

The Novyi Kuvak location contains plant remains (leaves, stems, reproductive organs) in various 
states of preservation. The studied macro-remains of plants are represented by impressions, 
petrifications, and less often – by carbonizations. Unfortunately, the nature of the impressions from 
the Novyi Kuvak does not allow the use of epidermal-cuticular analysis, so their study is limited to 
macromorphological analysis. 

Figs. 2a, 3a-c show impressions on specimen 1-20, Fig. 2c, 3d, 4a-e – on specimen 1-21, Fig. 3f – 
on specimen 1-23, Figs. 2b and 3e – on specimen 1-63, Fig. 4f – on specimen 4-10. Images 3c and 
3d show counterimpressions. Tracings of the impressions shown in Fig. 3c and 3e are shown in Figs. 
5a and 5b, respectively. 

In Fig. 3a, it is easy to distinguish the drop-shaped impression of the ovuliferous organs, pointed 
on the right (according to the figure) and blunt on the left end. The length of the scutellum is about 5 
mm, the width is about 2.5 mm. In the lower part of the figure, a stalk impression about 2.5 mm long 
about 0.6 mm wide is seen. The stalk was attached approximately to the middle of the scutellum, with 
some shift towards its blunted part. In the upper part of the scutellum, several seed scars of moderate 
preservation can be seen. 

In Fig. 3c (drawing 5a), one can distinguish an impression of an ovuliferous organ of a 
characteristic drop-shape, about 6 x 4 mm. The central part of the impression, covered with a complex 
“braided” pattern, also has a drop-shaped object about 3 x 2 mm. The authors interpret this as a trace 
of the “bottom” of the stalk, detached from the ovuliferous organ, which is located on the right side 
of the impression. In the upper part (according to the figure) of the impression, at least 4 seed scars 
(about 0.6 mm in diameter) can easily be detected. 

All the specimens mentioned are stored in the paleontological collection of the department of 
General and Applied Physics and Chemistry of Samara State Technical University. 
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Fig. 2. General view of specimens 1-20, 1-63 and 1-21. (a) bilaterally symmetrical drop-shaped peltoid with a 
visible stalk near the spiral axis, with a few juvenile drop-shaped peltoids (?) (spec. no. 1-20); (b) few (2-5?) 
bilaterally symmetrical drop-shaped peltoids perhaps arranged in parastichi (?) (spec. no. 1-63); (c) a few small 
bilaterally scattered symmetrical drop-shaped peltoids (spec. no. 1-21). Scale bar for all the images is 1 mm. 
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Fig. 3. Color photographs of impressions of bilaterally symmetrical peltoids from Novyi Kuvak. 
(a) bilaterally symmetrical drop-shaped peltoid with a visible stalk (spec no. 1-20); (b) spiral axis with a few 
juvenile drop-shaped peltoids (?) (spec. no. 1-20); (c) drop-shaped peltoid with easily detected seed scars (in 
the upper part of the impression) (spec no. 1-20); (d) counterpart of the impression (c) (spec. no. 1-21); (e) two 
drop-shaped peltoids with easily detected seed scars around of the scar of the stalk (spec. no. 1-63); (f) 
relatively large peltoid with visible seed scars and conducting bundles (?) across the seed scars (spec. no. 1-
23). All the images have the same scale (frame size – 6 mm). Scale bar is 1 mm. 
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Fig. 4. Color photographs of impressions of bilaterally symmetrical peltoids from the Novyi Kuvak. 
(a) impression of the abaxial surface of the bilaterally symmetrical drop-shaped peltoid with a shallow 
depression of the megasporophyll and a visible impression of the stalk (spec. no. 1-21); (b) impression of the 
small bilaterally symmetrical peltoid on the leaf of a plant (spec. no. 1-21); (c) few impressions of the abaxial 
surfaces of small bilaterally symmetrical peltoids (?) without negative relief of the abaxial surfaces (spec. no. 
1-21); (d) a few impressions of the abaxial surfaces of the average sized bilaterally symmetrical drop-shaped 
peltoids with visible positive relief of the abaxial surface and with dichotomous vascular strands running from 
the stalk to the seed scars (spec. no. 1-21); (e) relatively large drop-shaped peltoid with seed scars around the 
scar of the stalk and slightly wavy edges of the peltoid (spec. no. 1-21); (f) relatively large drop-shaped peltoid 
with visible seed scars around the drop-shaped scar of the stalk (spec no. 4-10). All the images are of the same 
scale (frame size – 6 mm). Scale bar is 1 mm. 
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Discussion 

 

The figures show that sizes detected of the bilaterally symmetrical peltoids vary quite strongly – 
it is unlikely that they all belong to the same species. Nevertheless, some of the detected impressions 
of the ovuliferous organs are comparable in general morphology to the ovuliferous organs of the 
species Navipelta resinifera Karasev, 2009 (the size of the peltoid is 5-8 x 4-6 mm, the number of 
seed scars is 6-14). 

However, the authors do not risk provide a genus definition from the bilaterally symmetrical 
peltoids from the Novyi Kuvak. Really, it should be noted that the diagnosis of the genus Navipelta, 
in addition to the general morphology, also includes information on the structure of the conducting 
bundles and the presence of secretory bodies. Unfortunately, the state of preservation of our samples 
does not allow us to draw a definite conclusion about these structures. In addition, impressions from 
the Novyi Kuvak are dated as Lower Kazanian, in contrast to the known representatives of the genus 
Navipelta [9]. Therefore, the assignment of these samples to the genus Navipelta is not credible. 

On the other hand, the characteristic sharpness of the ovuliferous organs on one side and their 
bluntness on the opposite side significantly distinguishes these bilaterally symmetrical peltoids from 
Novyi Kuvak from representatives of the bilaterally symmetrical peltoids Vetlugospermum, described 
by S. V. Naugolnykh from Vetlugian deposits of the Spasskoye locality [8]. For this reason, the 
assignment of these samples to the genus Vetlugospermum is also not credible. 

Therefore, the authors consider that the impressions from the Novyi Kuvak locality at this time 
should be left without a genus definition, until new findings are made. 

Most of the bilaterally symmetrical peltoids found by the authors are “scattered”. Exceptions are 
the groups of impressions shown in Fig. 2a (they are also shown at a larger scale in Figs. 3a and 3b), 
Fig. 2b (shown at larger scale in Figure 3e) and Fig. 2c (shown at larger scale in Figs. 4a, b, c). 

However, the last cluster of impressions appears to be random. As for the group of impressions 
shown in (Fig. 2a), it seems that they are associated with a spiral axis located at the bottom of the 
image. It can be assumed that the fertile axes of some bilaterally symmetrical peltoids in the juvenile 
state were convoluted into a spiral and, as they matured, unfolded into a linear sprout with a one-
sided arrangement of peltoids. 
 

Conclusions 

 

The main conclusion is the recognition of a possible new genus of bilaterally symmetrical peltoids 
from the Lower Kazanian of Subangarida. 
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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 
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processing samples in 10% acetic acid [5]. Together with the conodonts, fish were selected and 
studied. 

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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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. 

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. 
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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 thin-
layered 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 Movschovitsch. 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 Movschovitsch 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 



© Filodiritto Editore – Proceedings 

75 

Kozur et Movschovitsch. 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 Movschovitsch. 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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sides of the lateral lobe. The species C. tchuvaschovi (Bogoslovskaya) retained many of the features 
characteristic of the genus Uraloceras. 

 
 

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. 

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. 
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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 

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. 
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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]. 

 
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. 
 

 

 

 

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

 

The macrofloras of the Kozlu Formation of the Zonguldak Coalfield (north Turkey) belong to the 
Lyginopteris hoeninghausii Zone and thus indicate a Langsettian (early Westphalian/late Bashkirian) 
age. The macrofloral evidence indicates the lower part of the zone (Neuralethopteris jongmansii 
Subzone) and thus an early Langsettian age, whereas palynological biostratigraphy indicates that 
upper Langsettian deposits are also present. 
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Introduction 

 
Although Turkey has extensive deposits of lignite, especially in the western and central parts of 

the country [1], its only economically significant hard coal deposits are in the Zonguldak – Amasra 
Coalfield in the Black Sea coastal area [2] (Fig. 1). The latter attracted some interest among the 
international geological community during the mid-20-th century as the sequence spans much of the 
Westphalian Stage [3]. For a time, it was considered as a candidate stratotype for that interval, 
although current macrofloral biostratigraphic evidence suggests there are substantial non-sequences 
within the succession [4]. The area is nevertheless of considerable interest as the easternmost known 
part of the Variscan Belt, where the major changes in the coal swamps from lycophyte- to fern-
dominated vegetation may have first taken place (work of IGCP “575”) [5], [6]. 

Although there have been a few studies on the Westphalian macrofloras of the Zonguldak – 
Amasra Coalfield [4] there have been few attempts at overviews of the biostratigraphy [3], [7], [8]. 

Cleal and van Waveren [4] compared the available data with the most current biostratigraphical 
model for the Euramerican macrofloras of this age [9], [10] and concluded that, despite previous 
assertions, the Kozlu Formation appeared to belong exclusively to the Langsettian Substage, and 
probably to the lower part of that unit. However, the available literature included very few illustrations 
of the fossils to verify the identifications. During 2015 and early 2016, therefore, the set of voucher 
specimens from the Kozlu Formation that Wilhelmius Jongmans had accumulated during the late 
1930s, and now stored at Naturalis (Leiden, the Netherlands), underwent another, second review. 

The aim was to verify, and where necessary to correct, the identifications recorded in the earlier 
literature, and to use these data to determine in more detail the relationship between these late 
Carboniferous coal-bearing deposits from north-western Turkey and those of other areas in 
Euramerica. 

In this paper, the reviewed data of the macrofloral records, mainly around Zonguldak and Kozlu 
(Fig. 1), are compiled, and some specimens from the upper Bashkirian Kozlu Formation, stored in 
the Jongmans Collection, are shown. These are combined with the few pre-existing detailed 
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paleobotanical records from the Zonguldak and Kozlu areas [4], [7], [8], [11], [12], [13], [14], [15], 
[16], [17]. 
 
Geological Background 

 
The Zonguldak – Amasra Coalfield, part of the Carboniferous Zonguldak Basin (Fig. 1), lies on 

the Istanbul Zone (also known in the literature as the Istanbul-Zonguldak Zone). It represents an 
eastern extension of the Moesian Platform of the Balkans that had been displaced southwards during 
the Cretaceous opening of the Western Black Sea Basin [18]. It contains some 1500 m of clastic, coal 
bearing strataof Namurian and Westphalian age [8]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Overview map of the study area and the distribution of the Kozlu Formation in the Zonguldak area. 
 

This paper focuses on the Kozlu Formation (Fig. 1), which consists of conglomerate, sandstone, 
shale, mudstone, and coal [19]. The formation was the main interval exploited for coal in the area 
around Zonguldak town. In this area it is about 750 m thick and lies unconformably on the Namurian 
Alacaağzi Formation [8]. The basal c. 60 m consists of mainly lacustrine mudstones assigned to the 
Kılıç Member [8]. The rest of the formation, the Dılaver Member, comprises more arenaceous 
deposits arranged in a series of fining-upwards sequence topped by a coal, and probably deposited in 
southwesterly flowing fluvial systems. 

There has been some disagreement as to the stratigraphical position of the Kılıç Member. It has 
been regarded as an intermediate interval between the Alacaağzi and Kozlu formations, with 
Alacaağzi-like floras having been recorded from the lower part of the “Couches de Kiliç”, and Kozlu-
like floras from the middle and upper parts of the member [7]. Alternatively, the coal seams of the 
middle and upper Kılıç Member have been correlated with coals from the lower Kozlu Formation 
based on palynology [20]; whilst others have regarded the Kılıç coals as predating the main coals of 
the Kozlu Formation [8]. 
 

Macrofloral Data 

 
The Jongmans collection contains 156 plant macrofossils from the Kozlu Formation, all preserved 

in dark-grey silty shale. As is typical of voucher specimens of such plant fossils, they are relatively 
small specimens (mostly 30-70 mm in size) but most were sufficient to identify to species. The fossils 
are preserved as adpressions in mudstones of varying colour. The vast majority (113 specimens) were 
recorded [7], [14] as being associated with named coal seams worked in the Zonguldak area, from 41 
localities, mainly collieries (Tab. 1), and are assumed to be from roof shales (Jongmans unpubl. 
report). 
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Table 1. Coal seams represented in the Jongmans Collections of plant macrofossils, the localities, and the number of 
specimens in each macroflora. 

Associated 

coal 
Locality Localities Nos 

No. of 

specimens 

Çivelek Seam Kılıç Zonguldak 15 1 

Ömeraga Seam Kılıç Zonguldak 16 1 
Euküşne Creek, Kozlu Zonguldak NE6 2 

Kürtşerif Seam Kilimli Zonguldak 05 7 

Çay Seam 

Demirici Zonguldak Arni 31-38 4 
Colliery 63, Dere Baca Shaft Zonguldak S10 2 
Colliery 63, Üzülmez Zonguldak Bergschule 3 1 
Mulazin Beq Colliery, Kilimli Zonguldak S25-4 1 
Inagzi Colliery, below exposure at “Querschlag 
164” Zonguldak Arni 31-50 1 

Kilimli Valley, near excavation No. 217 Zonguldak Arni 31-66 1 
Kilimli, above and west of excavation No. 51 Zonguldak Arni 31-54 1 

Piç Seam Kilimli Zonguldak S12 1 
Kireclik Colliery Zonguldak S31-3 S31/5 3 

Acilik Seam 

Domuzini Colliery Zonguldak S28-7 3 
Gun Tepe Colliery Zonguldak S22-2 1 
Kozlu Société Italienne Shaft 17 Zonguldak S29-4 1 
Colliery 8, Eti Bank, Kozlu Zonguldak S27-1 5 
Société de Héraclée Zonguldak Bergschule 7 1 

Eli (? = Acilik) 
Seam Gelik Zonguldak S20-5 2 

Leonidas Seam Asma Colliery, Gelik Zonguldak S21-1 2 
Gelik Zonguldak S20-8 1 

Sulu Seam 
Gelik Zonguldak S20-6 / S20-

7 6 

Kilimli Colliery Zonguldak 03 / 04 9 
Türkkömür Zonguldak NE7 2 

Theodor Seam Gelik Zonguldak S20-10 1 
Noemi Seam Gelik Zonguldak S20-2 1 

Miliepero Seam 
Colliery 52, Kilimli Zonguldak S2 2 
Kozlu Société Italienne Shaft 17 Zonguldak S29-1 5 
Turk Komur, Pit 17, Kozlu Zonguldak NE2 1 

Nikola (? = 
Miliepero) 
Seam 

Gelik Zonguldak S20-1 5 

Lukiça Seam Kilimli Colliery Zonguldak 06 1 
Kozlu Société Italienne Shaft 17 Zonguldak S29-3 1 

Messeoğlu 
Seam Kasap Tarla Colliery, Domuz Ini, Kozlu Zonguldak Arni 30-2 1 

Domuzçu Seam 

Kilimli Zonguldak 09 Arni 132 5 
Naci Bey Colliery, Kilimli, Shaft 226 Zonguldak S23-3 3 
Naci Bey Colliery, Kilimli, excavation near Eti 
Bank  Zonguldak Arni 31-64 1 

Taşbaca, Iman Tarlasi, Kilimli Zonguldak 08 Arni 133a 1 
Küçük Seam Gun Tepe Colliery Zonguldak S22-1 2 

 
Büyük Seam 

Leon, Gelik Zonguldak S20-3 3 
Spoil tip Zonguldak 10 2 
Kilimli Zonguldak 07 Arni 207 8 
Kilimli Zonguldak S13 1 
Naci Bey Colliery, Kilimli, Shaft 226 Zonguldak S23-1 1 

Istefan Seam Domus Ini Colliery Zonguldak NE4 1 

Kesmeli Seam Ihzaniyo Colliery, Kozlu Zonguldak NE1 7 
Domuzini Colliery Zonguldak S28-3 1 
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There are voucher specimens from most of the floras listed by Jongmans [7], [14] from the Kozlu 
Formation, although none of the floras are fully represented (Tab. 2). Jongmans’ primary interest was 
biostratigraphical and so the ferns and pteridosperms are most completely represented (these tend to 
be the biostratigraphically most useful species [9] although even here there are many species not 
present in the collection. Nevertheless, a total of 34 fossil-species of sphenophyte, sphenophyll, fern 
and pteridosperm foliage, and of lycopsid stem/bark were identified among this material (their 
stratigraphical distributions are summarised in Fig. 2). 
 
Table 2. Number of fossil-species in each major plant group found at each coal seam recorded by Jongmans [7], and the 

proportion of those species present in the Jongmans Collection of voucher specimens given in brackets. 
 Lycophytes Sphenophytes Sphenophylls Ferns Pteridosperms Cordaites 
Kürtşerif Seam - - 1 (100%) 3 (67%) 4 (75%) - 
Haci-Petro Seam 2 (0%) - 1 (0%) 2 (0%) 1 (0%) - 
Çay Seam 3 (33%) 4 (25%) 1 (0%) 1 (100%) 5 (80%) - 
Piç Seam 2 (0%) 1 (0%) - - 4 (50%) - 
Piriniç Seam 2 (0%) 3 (0%) 1 (0%) - 3 (0%) - 
Acilik Seam 8 (25%) 4 (50%) 1 (0%) 2 (100%) 6 (50%) - 
Leonidas Seam 4 (0%) 5 (20%) 1 (0%) 1 (0%) 3 (33%) - 
Sulu Seam 12 (33%) 3 (67%) 1 (0%) 3 (67%) 4 (67%) - 
Haçimemiş Seam - - - 1 (0%) 1 (0%) - 
Noemi Seam 1 (0%) 1 (0%) - - 2 (50%) - 
Miliepero Seam 6 (33%) 4 (25%) 2 (50%) 3 (0%) 8 (50%) 2 (50%) 
Lukiça Seam 2 (0%) 2 (50%) 1 (0%) - 4 (25%) - 
Messeoğlu Seam 2 (0%) 1 (0%) 1 (0%) 1 (100%) 1 (0%) - 
Agenta Seam 1 (0%) 2 (0%) - - 1 (0%) - 
Taşbaca Seam - 2 (0%) - - 1 (0%) - 
Domuzçu Seam 4 (2%) 6 (17%) 1 (0%) 4 (75%) 5 (60%) - 
Küçük Seam 2 (0%) 3 (33%) - 1 (100%) - - 
Büyük Seam 7 (29%) 7 (43 %) 1 (100%) 7 (57%) 9 (11%) - 
Istefan Seam - 2 (0%) - - 1 (100%) - 
Kesmeli Seam - 2 (0%) 2 (50%) 2 (50%) 4 (75%) 2 (0%) 
Papas Seam - - - - 3 (0%) - 
Agop Seam - - 1 (0%) 1 (0%) 1 (0%) - 

 
In addition, there were 46 specimens from the same or other localities in the Zonguldak area, but 

with little stratigraphical detail other than that quoted from the Jongmans unpublished report and 
inventory (the summary of the collection work by him and colleagues, kept in the archives at 
Naturalis). Below, the compilation of these sampling localities, including Jongmans’ original 
remarks, translated from German to English, with identified species. 
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Plate. 1.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jongmans [7] did not clarify what he meant exactly by lower, middle and upper Kozlu Formation. 
However, based on the revised data from macrofloras that can definitely be located 

stratigraphically, there appear to be floristic changes at the Sulu and Domuzçu seams (Fig. 2). 
We have therefore used these seams as the basis of a threefold internal division of the formation. 
None of these records substantially affect the ranges shown in Fig. 2, although in a few cases they 

are extended slightly (represented by dashed lines for Annularia rallii, Karinopteris acuta, 
Lyginopteris hoeninghausii, Eusphenopteris schilleri, Zeilleria delicatula). 

                                                           
1 Plate 1: Selected plant fossils from the Kozlu Formation in the Zonguldak area (NW Turkey), part of the Jongmans 
Collection (Naturalis Biodiversity Center, Leiden, the Netherlands). The species shown are provided with a revised name, 
the name given formerly by Jongmans (in brackets if different), the museum collection number, the place of origin, and 
the associated coal seam. (1) Eusphenopteris schillingsii, (Sphenopteris schillingsii), 16692, Ihzaniyo Mine, Kozlu, 
Kesmeli Seam. (2) Eusphenopteris schillingsii, close-up of part of (1). (3) Lyginopteris baeumleri, (Sphenopteris 

baeumleri), 16816, Demirci, Çay Seam. (4) Karinopteris acuta, (Mariopteris acuta), 17193, Excavation at Naci Bey, 
lower Kozlu Formation. (5) Lobatopteris cf. miltonii, (Pecopteris miltoni), 17171, Gelik, Sulu Seam, over Leonidas Seam. 
(6) Neuralethopteris schlehanii, (Neuropteris schlehani), 15051, Domuzini Mine, Kesmeli Seam. The pinnule has a 
length of 10 mm. (7) Sphenophyllum cuneifolium, 16491, Gelik, Nikola Seam. (8) Sphenophyllum laurae, 16487, Euküşne 
Creek, Kozlu, Omeraga Seam. (9) Mariopteris nervosa, 16646, Geubü Street, unknown horizon within Kozlu Formation. 
(10) Paripteris gigantea, (Neuropteris gigantea), 14730, Gelik, Eli Seam. The pinnule has a length of 32 mm. 
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Strata of similar age to the Kozlu Formation are also found further east in the Zonguldak – Amasra 
Coalfield, such as in the vicinity of Azdavay c. 120 km ENE of Zonguldak town) (Fig. 1), but there 
has been little exploitation of the coals here. Jongmans’ 1938 visit to Turkey mainly focused on the 
area around Zonguldak where most of the active mines in the Kozlu Formation were. 
 
Palynological Data 

 
Palynological material from Jongman’s macroflora samples of the Kozlu Formation were not taken 

during the visits in 2015 and 2016 as the material appeared on first view little promising for satisfying 
palynological preparations (often too silty), moreover the palynological research interest was on other 
formations of the studied region. A palynostratigraphic age assignment nonetheless has been worked 
out (see overview in Discussion). 
 

Discussion 

 
Macrofloras 

The voucher collection from the Kozlu Formation in Naturalis evidently represents only a small 
subset of the fossils that W. J. Jongmans had seen and which were summarised in his published 
synopsis [7] and his unpublished report and inventory; there were numerous localities for where 
relatively diverse floras were listed, but from which there were only one or two specimens in his 
collection; most parts of the other collections (see explanation to Tab. 1) remained with their owners. 

Nevertheless, most of the biostratigraphically indicative species were reasonably well represented 
and two significant observations can be made. 

Fig. 2. Ranges of stratigraphically relevant macroflora species along the Kozlu Formation in relationship to 
named coal seams within the formation. Some examples are illustrated in Plate 1. 
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Firstly, two species that are strong indices for floras no younger than the Lyginopteris 

hoeninghausii Zone (L. hoeninghausii and Neuralethopteris schlehanii, in Plate 1(6)), which is an 
index for the Langsettian Substage, occur throughout most of the thickness of the Kozlu Formation. 

This is strong evidence that the formation does not extend into the overlying Lonchopteris rugosa 
Zone and thus the Duckmantian Substage (compare [4], Fig. 4). 

Secondly, there is little evidence of any of the species whose sudden appearance at the base of the 
Laveineopteris loshii Subszone indicate about one-third of the way up the L. hoeninghausii Zone. 

The one possible exception is the presence of a specimen that resembles Lobatopteris miltonii 
(Artis) Wagner at the Sulu Seam (Plate 1(5)), in the middle Kozlu Formation (Fig. 2). Egemen [16] 
also recorded rare L. miltonii, from near Kozlu, but the specimens were too poorly preserved for them 
to be properly described or illustrated; he moreover regarded the locality (Virancikdere) as late 
Duckmantian in age and so may in fact be in the younger, Karadon Formation. In western Europe, 
this species tends to appear near the base of the L. loshii Subzone [21], [24] in the middle Langsettian 
Substage. However, in Upper Silesia there is evidence that this species occurs quite abundantly down 
to near the base of the L. hoeninghausii Zone (the lower Zależe Member) [25]. Data available from 
the Dobrudzha Coalfield in northeastern Bulgaria, which appears to have been intermediate between 
Upper Silesia and Zonguldak – Amsara, unfortunately do not include the ranges of these pecopteroid 
species [26]. 

It is possible, therefore, that the appearance of L. miltonii was delayed in the more westerly, paralic 
basins by the marine conditions that were so prevalent in the lower Langsettian Substage there. A 
similar influence of marine conditions on macrofloral biostratigraphy has also been noted among 
middle Westphalian floras [24]. Since there is no other evidence of the other taxa whose appearance 
marks the base of the L. loshii Subzone (e.g. Laveineopteris loshii, Laveineopteris tenuifolia, 
Margaritopteris conwayii, Neuropteris heterophylla, Alethopteris davreuxii, Eusphenopteris 

sauveurii) the evidence indicates that all of the Kozlu Formation belongs to the Neuralethopteris 

jongmansii Subzone (i.e. lower L. hoeninghausii Zone). Paleogeographically and tectonically, it has 
been suggested that the Zonguldak – Amasra, Dobrudzha and Upper Silesia coal basins were part of 
the same belt of coal swamps [18], [29], [30], [31] and so the sequences should in principle correlate 
relatively closely. 

Jongmans did not systematically sample the Kozlu Formation macrofloras with a view to making 
a paleoecological interpretation of the vegetation. A simple breakdown of the combined floras 
throughout the succession gives 21 lycophytes (13%), 23 sphenophytes (14%), 9 sphenophylls (6%), 
29 ferns (18%), 40 lyginopteridaleans (including mariopteroids, 25%), 36 medullosaleans (22%) and 
3 cordaites (2%). This contrasts markedly with the similar-aged floras of South Wales [27] which 
were based on complete records of large samples from roof shales (often several thousands of 
specimens [28]): if all of the data from the Langsettian seams (the Gellideg, Five-Foot, Middle and 
Upper Yard) is combined, the floras are overwhelmingly dominated by sphenophytes (44%) and 
medullosaleans (45%). This suggests that Jongmans sampling strategy for the Kozlu Formation floras 
was influenced mainly by taxonomic representativeness rather than giving a balanced reflection of 
the vegetational composition, which in turn probably reflects his biostratigraphical interests. 
 

Palynology 
Although palynological material has not been taken from the macroflora fossil samples from the 

Jongmans Collection, a palynological study has been worked out (Stolle), based on available literature 
[32] and on other data or knowledge about the region, in interest to see how far the micro and 
macrofloral results would be identical. 

As often seen, age determinations with different fossil groups on the same section can provide 
different results. Regarding the investigated succession in the Zonguldak area, the microfloral results 
differ slightly from the macrofloral, mainly in that the age range assigned to the Kozlu Formation 
deposits can extend to the late Langsettian (see results also in [33], abstract). 

The depiction of the way how these palynostratigraphic results have been worked out, and the 
following discussion, will be given in a separate, detailed palynological publication. 
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Conclusions 

 
In conclusion, more biostratigraphical work needs to be done to integrate the micro- and 

macrofloral data to obtain a common, coherent age assignment. However, at present the results appear 
to confirm the earlier suggestion [4] that the Kozlu Formation is restricted to the Langsettian 
Substage. Whether the upper Langsettian Substage is present and, if it is how much of it is 
represented, will affect the interpretation of the size of the stratigraphical gap that, according to 
macrofloral data, is present below the overlying Karadon Formation. Additional correlations between 
the Zonguldak and the Dobrudzha and Upper Silesia coal basins can contribute to a better 
understanding of the study area. 
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Abstract 

 

The South Tien Shan (STS) represents a late Paleozoic collisional belt, extending west to east for 
more than 2000 km from Uzbekistan through Kyrgyzstan and Tajikistan to Xinjiang. 

Bashkirian and lower Moscovian strata in the STS constitute the upper part of a thick carbonate 
unit and change upsection to upper Moscovian-Asselian turbidites [1]. The carbonates are represented 
by shallow water algal and detrital limestones and contain abundant and diverse fossils. Foraminifers 
are especially widespread and represent the most rapidly evolving group among them. Systematic 
biostratigraphic study in the STS allowed several foraminiferal zones to be distinguished, named after 
their index-species. Six zones in the Bashkirian stage are: Plectostaffella bogdanovkensis zone, 
Pseudostaffella seslavica – Semistaffella inconstans zone, Pseudostaffella antiqua zone, 
Pseudostaffella praegorskyi zone, Profusulinella primitiva zone, and Verella spicata zone, and three 
zones in the lower Moscovian substage – Aljutovella aljutovica zone, Priscoidella priscoidea zone, 
and Fusulinella subpulchra zone. A set of evolutionary parameters, typical of different genera, makes 
it possible to define the boundary between the Bashkirian and Moscovian stages. The boundaries 
between zonal complexes within the stages are determined by evolutionary features of different 
species that belong even to the same genus. The boundary of the stages is characterized by higher 
rank evolutionary changes of Foraminifera with respect to the boundaries of individual zones within 
the stages. 
 

Introduction 

 

Bashkirian and lower Moscovian carbonates are widespread in Turkestan and the Alai Ranges of 
the South Tien Shan [2], [3]. They are represented mainly by limestones and subordinate dolomites 
and contain numerous and diverse fossils including foraminifera, conodonts, brachiopods, corals, and 
others. The strata are deformed by major thrusts, overthrusts and folds [1], but the general degree of 
deformation is relatively low and continuous stratigraphic sections are well preserved in many areas. 

The most representative sections where continuous carbonate sedimentation was confirmed by 
foraminifera study, were described in Akhuntau, Gaz and Kschemisch ravines in the Turkestan Range 
and in Garaty valley and Khodjatush in the Alai Range (Fig. 1). 
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Fig. 1. Correlation of foraminiferal zones of the Bashkirian stage and lower Moscovian substage in the Turkestan-Alai 
Region (South Tien Shan). 
 

The former three sections are the most complete and include the entire Bashkirian stage and the 
lower Moscovian substage, whereas the latter two sections include only upper Bashkirian and lower 
Moscovian substages. Recent study of these sections allowed precise biostratigraphic subdivision, 
especially in the upper Bashkirian substage. Analysis of foraminiferal distribution in the reference 
sections allowed identification of nine zones in the Bashkirian and lower Moscovian substages (Fig. 
2). 
 

Geological Setting 

 

The studied sections of the Bashkirian and lower Moscovian carbonates in the STS are located in 
the Turkestan and Alai Ranges, which extend in a west-east direction between the Ferghana Basin to 
the north and the Turkestan and Alai basins of latitude 40 to the south. The sections are dominated 
by limestone facies, deposited in shallow water shelf areas of the Turkestan paleocean [4]. 

The carbonates change upsection to upper Moscovian upper Pennsylvanian and lower Asselian 
turbidites and olistostromes of syncollisional foreland basin. 

Carbonates constitute a series of north dipping thrust sheets, ranging in thickness from 100 to 600 
m, which reflect general southward thrusting during the collisional stage. Shallow water fossiliferous 
carbonates form weakly deformed slabs with clear stratification and well-preserved continuous 
sections. Rapidly evolving foraminifera fossils enable the most detailed stratigraphic subdivision and 
played the main role in our study. 
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Material and Methods 

 

Some 355 limestone samples were collected to prepare 2500 oriented thin sections in order to 
identify foraminiferal zones in five reference sections. Axial sections of foraminifera in thin sections 
were obtained by a method described by D. M. Rauser-Chernousova [5]. Identification of the 
foraminifera was carried out by the author following the foraminiferal species database (GIN RAN), 
and description and plates from international literature. Most of the species descriptions were carried 
out by the author previously [3]. 
 

Biostratigraphy of Bashkirian - lower Moscovian carbonates 

 

Examination of morphology of foraminiferal shells enabled their assemblages to be identified, 
diverging from one another by the emergence of new, more evolutionary complex species. The 
boundary of the beginning of the assemblage development was drawn at the earliest occurrence of 
these species. The deposits representative of the species was called “biostratigraphic zones” [6]. 

Characteristics of zonal assemblages are given below. 
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Fig. 2. Occurrences of calcareous foraminifers in Gaz section. 
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Verella spicata Zone 

Originally, the zone under this name was recognized in the Tien Shan by M.N. Solov’eva [7]. 
In the Borkoldoi Ridge of the Middle Tien Shan, L.A. Ektova [8] has distinguished IV sub-zone: 

Pseudostaffella tjanshanica and Eowedekindella normalis, likely corresponding to the Verella 

spicata Zone. The former species is close to Pseudostaffella (grandis) Schlykova that reached its peak 
in the Early Bashkirian, and the latter, in appearance, is close to Verella spicata. Based on the priority, 
we accept the index-species of M.N. Solov’eva. The Akhuntau reference section is located in the 
South Tien Shan (Turkestan – Alai). The deposits of this zone are also presented in other sections. 

Characteristic species include: Globivalvulina moderata Reitlinger, Pseudostaffella gorskyi 

Dutkevich, Ozawainella tingi Lee, O. concinnae Dzhentchuraeva, Profusulinella bona Grozdilova et 
Lebedeva, P. praeprisca Solovjeva, P. cf. rhomboides Lee et Chen, P. primitiva Sosnina, P. oblonga 

Manukalova, Aljutovella subaljutovica Safonova, Tikhonovichiella tikhonovichi Rauser, Verella 

spicata Dalmatskaja and the algae Beresella sp., Dvinella machaevi Maslov, and Komia sp. 
The thickness of deposits of the zone in Akhuntau section is 16 m, in Gaz section – 15 m, in 

Turtkala section – 37 m, and in Garaty section – 17 m. Lithologically, deposits of the Verella spicata 
zone in all studied sections are represented by dark gray and gray thick-bedded limestone with 
interlayers of thin-bedded bioclastic limestones. 
 

Aljutovella aljutovica Zone 

This zone has been first recognized by M.N. Solov’eva [7] and has been unambiguously accepted 
by other researchers under this name. The zone has been referred to as “lower complex” by L.A. 
Ektova [8]. As the most abundant and characteristic interval of this time we accept the index-species 
Aljutovella aljutovica. The reference section is located in Turkestan – Alai (Akhuntau). The deposits 
are also commonly encountered in other sections – Gaz and Turtkala. 

Characteristic species include: Pseudoendothyra moelleri (Ozawa), P. timanica Rauser, 
Schubertella obscura Lee et Chen, Sch. acuta Rauser, Sch. pauciseptata Rauser, Profusulinella 

staffelloides Manukalova, P. parva Lee et Chen, P. kireevae Dzhentchuraeva, P. convoluta Lee, P. 

ovata Rauser, P. prisca Deprat, Aljutovella aljutovica Rauser, A. pojrkovie Dzhentchuraeva, A. cybae 

Leontovich, Ozawainella mosquensis Rauser, O. tingi Lee, Neostaffella subquadrata Grozdilova et 
Lebedeva, Verella cf. normalis Rumjantzeva, V. acuminata Rumjantzeva, Eofusulina pullata R. 
Ivanova. 

The thickness of the zone deposits in Akhuntau section is 69 m, in Gaz section – 25 m, in 
Khodjatush section – 34 m, in Garaty section – 62 m, and in Kschemisch combined with the 
underlying zone – 133 m. Lithologically, rocks of the zone are represented by black thick-bedded 
aphanite limestone with chert nodules alternating with black thick-bedded aphanitic limestone. 

Deposits of the zone in Garaty and Khodjatush sections are distinguished by their lamination with 
marlaceous tarnish and also black tinting and silicifying along the stratification planes, and in 
Kschemisch section – dark gray laminated limestone with silicification. 
 

Substantiation of the boundary between the Bashkirian and Moscovian stages in the South 

Tien Shan 

 
The international Working Group on the selection and definition of the GSSP of the lower 

boundary of the Moscovian stage of the International Stratigraphic Scale (MSS) is carrying out work 
to identify species-markers of this boundary in the stratotype sections, as well as in the areas where 
deposits of the Bashkirian and Moscovian stages are represented most completely. 

In this connection, an analysis of the Bashkirian-Moscovian boundary foraminiferal assemblages 
was carried out in the South Tien Shan. As a result of this analysis, it was found that the 
representatives of the evolutionary lineages Tikhonovichiella tikhonovichi – Aljutovella aljutovica, 

Verella spicata – Eofusulina triangula, Depratina praeprisca – D. prisca are the most important for 
definition of this boundary. The boundary is characterized by the simultaneous appearance of the 
species Verella spicata, Tikhonovichiella tikhonovichi and Depratina praeprisca in the upper zone of 
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the Bashkirian stage, and the species Eofusulina triangula, Aljutovella aljutovica and Depratina 

prisca at the base of the Moscovian stage. Such a situation was fixed in all five studied sections (Fig. 
1). 

In several other regions of the world i.e. in Turkey [9], Spain [10], and Donbass [11], the position 
of the Bashkirian and Moscovian boundary is similar to that in the South Tien Shan and is also fixed 
by the joint appearance of the species Eofusulina triangula, Aljutovella aljutovica, and Depratina 

prisca. 
However, in the stratotype sections of the Moscow basin there are representatives of the 

evolutionary lines Tikhonovichiella tikhonovichi – Aljutovella aljutovica and Depratina praeprisca – 

Depratina prisca, but there are no representatives of the line Verella spicata – Eofusulina triangula. 

A similar situation is also observed in the Southern Urals, where the beginning of the Moscovian 
stage is established by the appearance of Aljutovella aljutovica and Depratina prisca [12], but 
representatives of the line Verella spicata – Eofusulina triangula are absent. 

Considering, that the stratotypes of the Bashkirian and Moscovian stages are located in the Urals 
and in the Moscow regions respectively, where Verella and Eofusulina fossils are absent, this 
evolutionary line apparently cannot have a correlation potential comparable to that of the species 
Aljutovella aljutovica and Depratina prisca. Therefore, one of these two species Aljutovella 

aljutovica or Depratina prisca can be used as a marker for the lower boundary of the Moscovian 
stage. Along with this marker species, the representatives of the evolutionary lineage Verella spicata 

– Eofusulina triangula will undoubtedly also play a major correlation role in the Tien Shan. 
 

Conclusions 

 
As a result of studying the Bashkirian-Moscovian sediments in the Turkestan-Alai area of the 

South Tianshan it was found that: 
(1) Carbonate sedimentation in this region continued through the entire Bashkirian and early 

Moscovian time; 
(2) Detailed study of the distribution of foraminifera in five sections allowed six foraminifera 

zones to be established in the Bashkirian stage: Plectostaffella bogdanovkensis Zone, 
Plectostaffella seslavica – Semistaffella inconstans Zone, Pseudostaffella antiqua Zone, 
Pseudostaffella praegorskyi Zone, Profusulinella primitiva – Ozawainella pararhomboidalis 

Zone, Verella spicata Zone, and three zones in the Lower Moscovian substage: Aljutovella 

aljutovica Zone, Priscoidella priscoidea Zone, Fusulinella subpulchra Zone; 
(3) Analysis of foraminifera zones in the Bashkirian-Moscovian boundary interval allowed three 

evolutionary lines of species development to be established: Verella spicata – Eofusulina 

triangula, Depratina praeprisca – D. prisca and Tikhonovichiella tikhonovichi – Aljutovella 

aljutovica, all representatives of which were identified in the South Tian-Shan. However, for 
global correlation, we recommend only marker species from the last two lines: Depratina 

praeprisca – D. prisca and Tikhonovichiella tikhonovichi – Aljutovella aljutovica. 
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Abstract 

 

The Mississippian (Viséan) foraminiferal faunas and biostratigraphy were studied in two sections 
of the Shahreza-Abadeh regions, in the Sanandaj-Sirjan Zone, in Iran. These sections, with a thickness 
of about 207-425 m are mainly composed of siliciclastics and fossil-rich carbonates, apparently 
deposited in a shallow-water environment. The succession consists of the Shishtu 2 Formation, and 
is represented by quartz arenitic sandstone, mudstone, bioclastic wackestone, packstone, grainstone, 
and oolitic grainstone. The contact of the lower part of this interval is not exposed, and the top of the 
interval is limited by an unconformity followed by the sequence belonging to the Ghaleh Formation 
(uppermost Serpukhovian-lowermost Moscovian). The species composition within the identified 
foraminifers allows us to recognize two local biozones; namely, the Uralodiscus rotundus – 

Glomodiscus miloni Zone of the late early Viséan and the Lapparentidiscus bokanensis Zone of 
earliest late Viséan age. The Uralodiscus rotundus – Glomodiscus miloni Zone corresponds to the 
MFZ11B foraminiferal biozone and the Lapparentidiscus bokanensis Zone is correlated to the 
MFZ12 foraminiferal biozone of the stratotype area of the Viséan Stage of the Dinant basin in 
Belgium. Such faunas are confirmed for the first time in the Sanandaj-Sirjan Zone. The foraminiferal 
zones and their characteristic index species allow correlation of the late early-earliest late Viséan 
sequence in the Sanandaj-Sirjan Zone with the coeval foraminiferal biozonation acknowledged in 
Western Europe, the East European Platform, the Urals, South China, and the Istanbul Terrane in 
northwest Turkey. These foraminiferal faunas, furthermore, share some common species with the 
concurrent faunas of Alborz in Iran. 
 

Keywords: Foraminifers, Sanandaj-Sirjan Zone, Shishtu 2 Formation, Viséan, MFZ11B Biozone, MFZ12 Biozone 

 

Introduction 

 

In the Sanandaj-Sirjan Zone, the Carboniferous-Permian strata are widely exposed with a nearly 
complete succession [1]. The Mississippian strata in this tectonic block are represented by sequences 
of sandstone, shale, and limestone intercalated with marl in the upper part. The strata of the 
Tournaisian, Viséan, and Serpukhovian ages correspond to the Shishtu Group of the Tabas block 
sections in East Iran [1]. According to recent studies, the Shishtu Group consists of the Shishtu 1 and 
Shishtu 2 formations (e.g. [1], [2]). The Shishtu 1 Formation of Frasnian-lower Tournaisian age is 
composed of sandstones and shale intercalated with limestones [1]. The Shishtu 2 Formation is mostly 
composed of carbonate strata. The age of this formation is assigned to the upper Tournaisian-lower 
Viséan [2], however this interval most likely spans the upper Viséan and Serpukhovian [1]. 

This study aims to enhance the understanding of the Viséan foraminiferal assemblage and the 
biostratigraphy of the Shishtu 2 Formation of the Sanandaj-Sirjan Zone, in Iran. For this purpose, two 
stratigraphic sections; namely the Tang-e-Darchaleh section in the Shahreza region and the Banarizeh 
section in the Abadeh region have been measured (Fig. 1). 
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Results and discussions 

 
As was previously mentioned, the strata of Viséan age in the Sanandaj-Sirjan Zone have been 

examined in two sections; namely, the Tang-e-Darchaleh and the Banarizeh sections. The 
stratigraphic description of the two sections under study is as follows: 

The Tang-e-Darchaleh section – The Tang-e-Darchaleh section (coordinates: N32°02’39.7”; 
E52°02’24.2”) structurally belongs to the Shahreza-Hambast-Abadeh Belt and is situated 
approximately 18 km northeast of the town of Shahreza. The Shishtu 2 Formation, in the Tang-e-
Darchaleh section, has a thickness of 207 m and is divided into three informal units. This interval 
starts with the sequence of limestone changing upward to the shale and sandstone (Fig. 2). The rocks 
of the Shishtu 2 Formation are represented by quartz arenitic sandstone, thin to thick bedded 
mudstone, bioclastic wackestone, packstone, grainstone, and oolitic grainstone. Bioclasts include 
foraminifers, crinoids, corals, brachiopods, and trace fossils (Zoophycos). The lower units of the 
section include foraminiferal species of Uralodiscus, Glomodiscus, Paraarchaediscus, Viseidiscus, 

Planoarchaediscus, Omphalotis, Mediocris, Urbanella, Endolaxina, Endothyranopsis, 

Plectogiranopsis, Rhodesinella? Eoparastaffella, Pseudoplanoendothyra, Inflatoendothyra, 

Mediendothyra, Endothyra, and Pseudoammodiscus (Samples D1-D52). The contact of the lower 
part of this interval with the underlying strata is not exposed. The upper part of the succession is 
overlain unconformably by the Ghaleh Formation (uppermost Serpukhovian-lowermost Moscovian). 

Fig. 1. Locations of the studied sections (base map after [3]). (1): Tang-e-Darchaleh section; (2): Banarizeh 
section. 
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The Banarizeh section – The Banarizeh section (coordinates: N31°34’25.9”; E52°22’30.9”), 

structurally belongs to the Shahreza-Hambast-Abadeh Belt and is located about 40 km northeast of 
the Abadeh town. The Shishtu 2 Formation in the Banarizeh section with a thickness of about 425 m 
is divided into 8 informal units. This sequence starts with the limestone and shaly limestone, but most 
of the sequence is composed of limestones intercalated with marl (Fig. 3). 

The rocks of the Shishtu 2 Formation are represented by thin-thick bedded mudstone, bioclastic 
wackestone, packstone, grainstone, and oolitic grainstone. The contact of the lower part of this 
interval with the underlying strata is unexposed or more likely faulted. The upper part of the 
succession is overlain unconformably by the purple sandstone of the basal part of uppermost 
Mississippian-lowermost Moscovian succession (Ghaleh Formation). Fossils occurring in the 
bioclastic limestones in Units 1-8 of the Shishtu 2 Formation include gastropods, corals, conodonts, 
brachiopods, bryozoans, and crinoids. Units 1-7 and lower part of Unit 8 of this sequence enclose 
foraminifers including species of Glomodiscus, Viseidiscus, Planoarchaediscus, Lapparentidiscus, 

Forschia, Brunsia, Eogloboendothyra, Mediendothyra, Endothyra, Omphalotis, Dainella, Mediocris, 
and Eoparastaffella (Samples b1-b188, S1-S81). Besides the listed taxa, except for dainellids, the 
middle and upper parts of Unit 8 of the interval include species of Valvulinella, Laxoendothyra? and 
Tetrataxis (Samples S82-S140). 

Fig. 2. Stratigraphic occurrence of the foraminiferal fauna of Viséan age in the Tang-e-Darchaleh section. 
Abbreviations: (BASH.) = Bashkirian; (PEN.) = Pennsylvanian; (s.) = Serpukhovian; (TH.) = Thickness. 
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Biostratigraphy – The species composition within the assemblages found in Units 1-8 of the 

Banarizeh section and Units 1-3 of the Tang-e-Darchaleh section permits to recognize two local 
biozones; namely, the Uralodiscus rotundus - Glomodiscus miloni Zone of late early Viséan and the 
Lapparentidiscus bokanensis Zone of earliest late Viséan age. 

The Uralodiscus rotundus – Glomodiscus miloni Zone with a thickness of about 220 m in the 
Banarizeh section and 207 m in the Tang-e-Darchaleh section is characterized by the first appearance 
of Uralodiscus ex gr. rotundus, Paraarchaediscus sp., and Glomodiscus miloni. This assemblage 
occurs in Units 1-7 and lower part of Unit 8 of the Shishtu 2 Formation in the Banarizeh section and 
in Units 1-3 of the Shishtu 2 Formation in the Tang-e-Darchaleh section. The contact of the lower 
part of this interval is not exposed, and the top of the zone is characterized by the first finding of 
Lapparentidiscus bokanensis of earliest late Viséan age. In addition to the index taxa Uralodiscus ex 
gr. rotundus, Paraarchaediscus sp., and Glomodiscus miloni, co-occurring within this zone are: 
Pseudoammodiscus sp., Viseidiscus umbogmaensis, Planoarchaediscus ex gr. spirillinoides, 

Glomodiscus oblongus, G. cf. biarmicus, Forschia parvula, Brunsia spirillinoides, Endothyra elegia, 

Fig. 3. Stratigraphic occurrence of the foraminiferal fauna of Viséan age in the Banarizeh Section. Note: 
Abbreviation: (PE.) = Pennsylvanian; (S.) = uppermost Serpukhovian; (BA.) = Bashkirian; (GH.) = Ghaleh; 
(SUB SYS.) = Subsystem; (FORM.) = Formation; (LITHO.) = Lithology; (THIC.) = Thickness. 
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E. ex gr. similis, Omphalotis cf. minima, O. aff. explicata, O. chariessa, Endothyranopsis 

crassiformis, Plectogiranopsis paraconvexa, Mediendothyra wjasmensis, Pseudoplanoendothyra sp., 
Dainella chomatica, D. staffelloides, Vissarionovella cf. tujmasensis, Mediocris mediocris, M. 

breviscula, Eoparastaffella cf. vdovenkoae, E. ex gr. simplex, and undetermined species of 
Lapparentidiscus, Viseidiscus, and Planoarchaediscus. 

The Uralodiscus rotundus – Glomodiscus miloni Zone is correlated to the MFZ11 reference 
biozone of a late early Viséan age. The MFZ11 biozone was first suggested by Devuyst and Hance 
in sections of the Dinant basin in Belgium [4]. In South China, MFZ11 was subdivided into two 
subzones; namely, MFZ11A and MFZ11B [5]. The late early Viséan age for the identified assemblage 
in our study is evident from the presence of significant components including species of Uralodiscus 

ex gr. rotundus (Samples D17, D48, D51) and Glomodiscus miloni (Samples D1, D47, b178) (Fig. 
4). 

The first occurrence of Uralodiscus rotundus is regarded as a potentially useful biostratigraphic 
marker to define the base of the late early Viséan (e. g. [4], [6], [7], [8]). In sections of the Southern 
Urals along the Burlya River, Verkhnyaya Kardailovka (e.g. [9], [10]) and in the Tengiz 22 well 
(4728-4659 m), on the other hand, species of Glomodiscus including Glomodiscus oblongus and G. 

rigens first appear in the Uralodiscus rotundus Zone [6]. One more taxon that appeared and became 
widespread in the late early Viséan is Paraarchaediscus sp. (Sample D1). According to some 
researchers, the genus Paraarchaediscus marks the top of the biozone MFZ11 [7]. The first 
occurrence of Paraarchaediscus and Conilidiscus are usually used as reliable markers for the base of 
the MFZ11B [7]. 

The Uralodiscus rotundus – Glomodiscus miloni Zone is equivalent to the MFZ11B subzone in 
south China [5] and corresponds to the middle part of the Gnathodus texanus conodont zone in the 
Urals [6]. The zone marks the upper part of the Bobrikian Substage of the Russian Platform and 
corresponds to the Ustgrekhovkian of the East Urals (e.g. [10], [11]). 

In the middle and upper parts of Unit 8 of the Banarizeh section, with a thickness of about 205 m, 
dainellids disappear, and species of Lapparentidiscus bokanensis, Valvulinella sp., and Endothyra ex 
gr. obsoleta appear (see Fig. 3). This assemblage allows a local biozone to be recognized, that is, the 
Lapparentidiscus bokanensis Zone. The age of the assemblage is close to the earliest late Viséan, 
which is the Livian Substage in Western Europe. This biozone can be correlated with the reference 
biozone MFZ12 of the earliest late Viséan age [4]. 

The foraminiferal zones and their characteristic index species allow the Viséan sequence in the 
Sanandaj-Sirjan Zone to be correlated with the fusulinid biozonation acknowledged for the Viséan in 
Western Europe (e.g. [4], [12]), the East European Platform [13], the Urals (e.g. [10]), South China 
[5], and the Istanbul Terrane in northwest Turkey (e. g. [7]). These foraminiferal faunas, furthermore, 
share some common species with the concurrent faunas of the Alborz in Iran (e. g., [8], [14], [15]). 
 

Conclusions 

 

At the Sanandaj-Sirjan Zone in Iran, deposits of the Mississippian series correspond to the Shishtu 
Group, including the Shishtu 1 and Shishtu 2 formations, and are represented by the sequence of 
siliciclastic and calcareous units. Two local biozones; namely, the Uralodiscus rotundus – 

Glomodiscus miloni Zone of late early Viséan and the Lapparentidiscus bokanensis Zone of earliest 
late Viséan age are found in the Shishtu 2 Formation. Such faunas are confirmed in the Sanandaj-
Sirjan Zone for the first time. The beginning of the Uralodiscus rotundus – Glomodiscus miloni Zone 
is characterized by finding the index species Uralodiscus ex gr. rotundus, Paraarchaediscus sp., and 
Glomodiscus miloni and the top of the zone is characterized by the first appearance of 
Lapparentidiscus bokanensis of earliest late Viséan age. 

The foraminiferal zones and their characteristic index species allow the Viséan sequence in the 
Sanandaj-Sirjan Zone to be correlated with the foraminiferal biozonation acknowledged for the 
Viséan in Western Europe, the Eastern European Platform, the Urals, South China, and the Istanbul 
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Terrane in northwest Turkey. These foraminiferal faunas, furthermore, share some common species 
with the concurrent faunas of the Alborz in Iran. 
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Fig. 4. Caption on the next page 

Fig. 4. Most important foraminifers of Viséan age from the Shishtu 2 Formation in the Banarizeh (b) and Tang-e-
Darchaleh (D) sections. Spl. = Sample number. 
1, 2. Glomodiscus miloni (Pelhate, 1967); 1 – axial section, Spl. D47, 2 – oblique section, Spl. D1; 3. Glomodiscus 

oblongus (Conil et Lys, 1964), almost axial section, Spl. b44; 4, 5. Glomodiscus spp., oblique sections, 4 – Spl. D2, 5 – 
Spl. b42; 6. Viseidiscus sp.1, axial section, Spl. D16; 7, 8, 10. Viseidiscus primaevus (Pronina, 1964), axial sections, 7, 8 
– Spl. D 9, 10 – Spl. b84; 9. Brunsia spirillinoides (Grozdilova and Glebovskaya, 1948), Spl. b22; 11, 12. Uralodiscus 
ex gr. rotundus (Tchernysheva, 1948), axial sections, 11 – D12, 12– D48; 13. Forschia parvula Rauser-Chernousova, 
almost axial section, Spl. b15; 14. Endothyranopsis crassiformis Vdovenko, 1970, median section, Spl. D2; 15. Endothyra 
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cf. elegia Malakhova, median section, Spl. D7; 16. Plectogiranopsis paraconvexa Brazhnikova and Rostovceva, 1967, 
Spl., D9; 17, 18. Mediendothyra wjasmensis (Ganelina, 1956), 17 – median section, Spl. b12, 18 – axial section, Spl. 
D11; 19. Endothyra prisca Rauser-Chernousova et Reitlinger, 1936, b26; 20. Endothyra ex gr. similis Rauser-
Chernousova et Reitlinger, 1936, axial section, Spl. b12; 21. Omphalotis sp. axial section, Spl. D12; 22. Omphalotis 

chariessa (Conil and Lys, 1964), median section, Spl. D16; 23. Endothyra ex gr. bowmani Phillips, 1846, median section, 
Spl. D7; 24. Urbanella sp. axial section, Spl. D6; 25. Dainella chomatica (Dain in Brazhnikova, 1962), axial section, Spl. 
b42; 26. Dainella staffelloides Vdovenko, 1962, axial section Spl. b22; 27. Pseudoplanoendothyra druzhininaensis 
(Postojalko, 1975), axial section, Spl. D7; 28. Vissarionovella cf. tujmasensis (Vissarionova, 1948), axial section, Spl. 
b42; 29. Mediocris breviscula (Ganelina, 1951), tangential section, Spl. D9; 30. Eoparastaffella asymmetrica Vdovenko 
and Zavijalova in Vdovenko, 1971, axial section, Spl. D18; 31. Eoparastaffella aff. macdermoti Devuyst and Kalvoda, 
2007, axial section, Spl. D9; 32. Eoparastaffella sp., median section, Spl. D6; 33, 34. Eoparastaffella ex gr. simplex 
Vdovenko, 1964, 33 – tangential section, Spl. b26; 34 – axial section, Spl. D28; 35. Eoparastaffella simplex 

pseudochomata Vdovenko, 1964, oblique section, D6; 36, 37. Eoparastaffella simplex Vdovenko, 1964, axial sections, 
Spl. D6. 
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Abstract 

 

The Viséan-Asselian (Early Carboniferous-Early Permian) foraminiferal faunas and 
biostratigraphy were studied in three sections of the Shahreza-Abadeh regions, in the Sanandaj-Sirjan 
Zone in Iran. These sections, with a thickness of about 528-1180m are mainly composed of 
siliciclastics and carbonates. The succession consists of the Shishtu and Sardar groups of the 
Carboniferous and the Anarak Group of the uppermost Carboniferous-Lower Permian. 

The sequence under study contains 217 species belonging to 75 genera within the six foraminiferal 
zones; namely, (1) the Uralodiscus rotundus – Glomodiscus miloni Zone of late early Viséan age, (2) 
the Plectostaffella jakhensis – Eostaffella pseudostruvei Zone of Zapaltyubian (latest Serpukhovian) 
age, (3) the Tikhonovichiella tikhonovichi – Profusulinella (Depratina) prisca – Aljutovella spp. Zone 
of Melekessian-Vereian (latest Bashkirian-earliest Moscovian) age, (4) the Beedeina ex gr. samarica 

– Taitzehoella mutabilis Zone of late Kashirian (early Moscovian) age, (5) the Fusulinella 

(Fusulinella) pseudobocki Zone of early Podolskian (late Moscovian) age, and (6) the 
Praepseudofusulina kljasmica Zone of latest Gzhelian-Asselian age. Among the identified 
foraminifers, 21 genera and 39 species are reported for the first time in the Sanandaj-Sirjan Zone. 

The foraminiferal zones and their characteristic index species allow correlation of the Viséan-
Asselian sequence in the Sanandaj-Sirjan Zone with the foraminiferal biozonation acknowledged for 
the Viséan-Asselian in the Russian Platform, Southern and Northern Urals, South China; Istanbul 
Terrane and Central Taurides (Turkey), and Western Europe. These new foraminiferal faunas, 
furthermore, share some common species with the concurrent faunas of the Alborz, East Iran, and 
Central Iran. In this study, the foraminiferal assemblages of the Zapaltyubian (latest Serpukhovian) 
age, the Melekessian-Vereian (latest Bashkirian-earliest Moscovian) age, and the Biozone MFZ11B 
(late early Viséan) are reported for the first time in the Sanandaj-Sirjan Zone. 
 

Keywords: Sanandaj-Sirjan Zone, Iran, Shishtu Group, Sardar Group, Vazhnan Formation, foraminifers, biostratigraphy 

 
Introduction 

 
This study aims to enhance understanding of the Viséan-Asselian (Lower Carboniferous-Lower 

Permian) biostratigraphy in the Shahreza-Abadeh regions of the Sanandaj-Sirjan Zone in Iran. For 
this purpose, three stratigraphic sections; namely, the Banarizeh, Asad Abad II, and Tang-e-
Darchaleh sections have been measured (Fig. 1). These three sections, with a thickness of about 528-
1180 m, belong to a belt of the Carboniferous and Permian strata that are distributed almost 
continuously from Esfahan to Sirjan along the Sanandaj-Sirjan Zone [1]. 
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Results and discussions 

 

The Viséan-Asselian succession in the Sanandaj-Sirjan Zone consists of the Shishtu and Sardar 
groups of the Carboniferous and the Anarak Group of the uppermost Carboniferous-Lower Permian. 

In the Sanandaj-Sirjan Zone, except for the Tournaisian and Kasimovian Stages, the characteristic 
foraminiferal assemblages of the Early Carboniferous-Early Permian age exist in the almost entire 
Viséan-Asselian sequence. The sequence under study contains 217 species belonging to 75 genera 
within the six foraminiferal zones; namely, (1) the Uralodiscus rotundus – Glomodiscus miloni Zone 
of late early Viséan age, (2) the Plectostaffella jakhensis – Eostaffella pseudostruvei Zone of 
Zapaltyubian (latest Serpukhovian) age, (3) the Tikhonovichiella tikhonovichi – Profusulinella 
(Depratina) prisca – Aljutovella spp. Zone of Melekessian-Vereian (latest Bashkirian-earliest 
Moscovian) age, (4) the Beedeina ex gr. samarica – Taitzehoella mutabilis Zone of late Kashirian 
(early Moscovian) age, (5) the Fusulinella (Fusulinella) pseudobocki Zone of early Podolskian (late 
Moscovian) age, and (6) the Praepseudofusulina kljasmica Zone of latest Gzhelian-Asselian age. 
 

Definitions of the Recognized Foraminiferal Zones 

 

The Uralodiscus rotundus – Glomodiscus miloni Zone (late early Viséan Age) 

The sediments bearing the Uralodiscus rotundus – Glomodiscus miloni Zone are represented by 
quartz arenitic sandstone, mudstone, bioclastic wackestone, packstone, grainstone, and oolitic 
grainstone. The foraminiferal assemblage in this biozone is dominated by species of 
Parathuramminites, Pseudoammodiscus, Brunsia, Lapparentidiscus, Viseidiscus, Uralodiscus, 

Glomodiscus, Paraarchaediscus, Planoarchaediscus, Forschia, Endothyra, Laxoendothyra? 

Endolaxina, Omphalotis, Rhodesinella? Endothyranopsis, Plectogiranopsis, Eogloboenothyra, 

Dainella, Bessiella, Pojarkovella, Inflatoendothyra, Mediocris, Tetrataxis, Valvulinella, and 
Eoparastaffella. The first appearances of species of Glomodiscus, Paraarchaediscus, and 

Fig. 1. Map of the Shahreza-Abadeh areas showing the location of the three sections under study in this 
research (modified after [2]). 
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Uralodiscus rotundus (Chernysheva) are characteristic for these biozone; these are among the index 
foraminifers to define the late early Viséan age (e.g. [3], [4]). The contact of the lower part of this 
interval is not exposed, and the top of this zone is limited by an unconformity followed by a sequence 
belonging to the Zapaltyubian (latest Serpukhovian) age. This biozone is correlated with the 
foraminiferal biozonation acknowledged for the late early Viséan in Western Europe (e.g. [5], [3]), 
Eastern European Platform [6], Urals (e.g. [7], [8]), South China [9], and Istanbul Terrane in 
northwest Turkey [4]. 

This new foraminiferal fauna, furthermore, shares some common species with the concurrent fauna 
of the Alborz in Iran (e.g. [10], [11], [12]). 
 
The Plectostaffella jakhensis – Eostaffella pseudostruvei Zone (Zapaltyubian) 

The sediments bearing the Plectostaffella jakhensis – Eostaffella pseudostruvei Zone are 
represented by quartz arenitic sandstone, sandy oolitic grainstone, mudstone, bioclastic wackestone, 
packstone, and grainstone. The foraminiferal assemblage of Zapaltyubian age differs from the 
previous one in the appearance of the first fusulinid taxa of the latest Serpukhovian age. 

This assemblage is dominated by species of Janischewskina, Ikensieformis, Eostaffella, 

Planoendothyra, Endothyra, Mediocris, Paraarchaediscus, Earlandia, Globivalvulina, Biseriella, 

Howchinia, Tetrataxis, Pseudoglomospira, Consobrinella, Deckerella, Koskinotextularia, 

Palaeotextularia, and Climacammina. The biozone in question is correlated with the fusulinid 
biozonation acknowledged for the latest Serpukhovian in the Russian Platform, Turkey, Donets 
Basin, and Southern Urals (e.g. [13], [14], [15], [16]). 

On the other hand, the Zapaltyubian fusulinids in Iran are correlated with the concurrent 
assemblages in the Alborz and East Iran (e.g., [17], [18], [19], [20]). The biozone under consideration 
is overlain unconformably by the Tikhonovichiella tikhonovichi – Profusulinella (Depratina) prisca 

– Aljutovella spp. of latest Bashkirian-earliest Moscovian age. 
 

The Tikhonovichiella tikhonovichi – Profusulinella (Depratina) prisca – Aljutovella spp. Zone 

(Melekessian-Vereian Age) 

The Tikhonovichiella tikhonovichi – Profusulinella (Depratina) prisca – Aljutovella spp. Zone is 
marked by the first appearance of species of families Profusulinidae and Aljutovellidae including 
Profusulinella (Depratina) prisca (Deptay), Tikhonovichiella tikhonovichi (Rauser-Chernousova), 
and Aljutovella cf. aljutovica Rauser-Chernousova. These species are indicative of the uppermost 
fusulinid zone of the Bashkirian (i.e., the Melekessian Substage) and the lowermost zone of the 
Moscovian (i.e., the Vereian Substage) in many sections of the Urals and the East European Platform 
(e.g. [21], [22]). 

The sediments bearing the latest Bashkirian-earliest Moscovian foraminiferal assemblage are 
represented by bioclastic wackestone, and grainstone. The smaller foraminifers in this assemblage 
are very rare, and the fusulinids in this interval are dominated by species of Aljutovella, 

Tikhonovichiella, Profusulinella, Pseudostaffella, and Ozawainella. The fusulinid zone and its 
characteristic index species allow correlation of the Bashkirian-Moscovian transition layers in the 
Sanandaj-Sirjan Zone with the fusulinid biozonation acknowledged for the latest Bashkirian-earliest 
Moscovian in the Russian Platform, Southern and Northern Urals, and Central Taurides (e.g. [14], 
[21], [23], [24], [25], [26], [27], [28]). 

On the other hand, fusulinids from the T. tikhonovichi – Pr. (Depratina) prisca – Al. spp. zone in 
this report can be partly correlated with the Vereian assemblages of Central and East Iranian blocks 
[19], [20]. 

Besides, the biozone identified in the Sanandaj-Sirjan Zone is partly correlated with the coeval 
assemblage identified in the Alborz (e.g. [18], [29]). The sediments bearing this assemblage are 
overlain unconformably by sediments of a late Kashirian (early Moscovian) age. 
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The Beedeina ex gr. samarica – Taitzehoella mutabilis Zone (Late Kashirian Age) 

The sediments bearing the late Kashirian foraminiferal assemblage are represented by sandstone, 
oolitic grainstone, bioclastic wackestone, packstone, and grainstone. The rare smaller foraminifers in 
this assemblage are characterized by species of Earlandia, Palaeotextularia, and Globivalvulina. 
Fusulinids in this interval are distinguished by species of Taitzehoella, Beedeina, Ozawainella, 

Pseudostaffella, Millerella, and Fusiella. An important feature of this assemblage is the first 
appearance of fusulinids with four layered spirotheca, which implies a new phase in their evolution 
[20]. 

Aljutovella with a three layered spirotheca is replaced here by Beedeina with four layers. Another 
significant component in our Kashirian fusulinid assemblage is the species of Taitzehoella. In sections 
of the Russian Platform, the boundary between the Vereian and Kashirian substages is tentatively 
determined by the first occurrence of Taitzehoella, Aljutovella priscoidea, and Hemifusulina (e.g. [1], 
[20]). 

As with the Melekessian-Vereian fusulinid assemblage, Pseudostaffella fusulinids are significant 
components of the Kashirian interval. Representatives of Ozawainella and Profusulinella have also 
been identified in the assemblage. The biozone in question can be correlated with the standard 
fusulinid biozonation acknowledged for the Kashirian Substage in the Russian Platform (e.g. [30], 
[31], [32]), Turkey [33], and Darvaz [34]. 

The sediments bearing this assemblage are overlain unconformably by sediments of early 
Podolskian (late Moscovian) age. 
 

The Fusulinella (Fusulinella) pseudobocki Zone (Early Podolskian Age) 
The sediments bearing the early Podolskian foraminiferal assemblage are represented by 

sandstone, mudstone, oolitic grainstone, bioclastic wackestone, packstone, and grainstone. Fusulinid 
species supporting an early Podolskian age for this assemblage are relatively abundant representatives 
of the Fusulinella known from many sections of the Podolskian Substage in the Russian Platform and 
Southern Urals [20]. Since some Profusulinella species, which are atypical of the Moscovian upper 
part, are also found here, the assemblage is attributed to the basal part of the Podolskian Substage. 

In this assemblage, the number of fusulinids with four layered structure of the spirotheca gradually 
increases. In addition to the listed taxa, this interval is dominated by species of Taitzehoella, Fusiella, 

Schubertella, and Ozawainella. The sparse smaller foraminifers are characterized by species of 
Tetrataxis and Globivalvulina. The fusulinid zone and its characteristic index species allow the early 
Podolskian assemblage in the Sanandaj-Sirjan Zone to be correlated with the fusulinid biozonation 
acknowledged for the Podolskian Substage in the Russian Platform (e.g. [30], [31], [32]), Spain [35], 
and Turkey [36]. The sediments bearing this assemblage are overlain unconformably by sediments of 
the latest Gzhelian-Asselian age. 
 

The Praepseudofusulina kljasmica Zone (Latest Gzhelian-Asselian Age) 

The youngest foraminiferal biozone appearing in the Viséan-Asselian interval in the Sanandaj-
Sirjan Zone is identified as the Praepseudofusulina kljasmica Zone of latest Gzhelian-Asselian age. 

The sediments bearing this assemblage are represented by sandstone, mudstone, bioclastic 
wackestone, packstone, and grainstone. This assemblage is dominated by fusulinids with a tectum 
and keriothecal wall structure. They are the species of Praepseudofusulina, Pseudoschwagerina? 
Nonpseudofusulina, Anderssonites, and others. The species Praepseudofusulina kljasmica (Sjomina) 
is a significant component of this assemblage. In many sections of the Russian Platform and the 
Southern Urals, this species is characteristic of the uppermost Gzhelian and Asselian stages [37]. 

Besides the listed fauna, the assemblage includes the species of smaller foraminifers such as 
Nodosinelloides, Pseudovidalina, Rectogordius, Cornuspira, Eolasiodiscus, Pseudoacutella, 

Hemigordius, Globivalvulina, Hemidiscus, Pseudoagathammina, Protonodosaria, Geinitzina, 

Syzrania, and Hemigordiellina. The fusulinid zone and its characteristic index species allow 
correlation of the latest Gzhelian-Asselian transition layers in the Sanandaj-Sirjan Zone with the 
fusulinid biozonation acknowledged for the latest Gzhelian-Asselian in the Russian Platform, and the 
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Southern Urals (e.g. [20], [38], [39]). This new foraminiferal fauna, furthermore, shares some 
common species with the concurrent fauna of Central and East Iran (e.g. [20], [40]), and Alborz [18]. 

The sediments bearing the assemblage in question are overlain unconformably by the Surmaq 
Formation, corresponding in age to the upper Lower Permian-Middle Permian. 
 

Conclusions 

 
The Viséan-Asselian successions in Sanandaj-Sirjan Zone of the Shahreza and the Abadeh regions 

have been studied in three sections. Based on the foraminiferal assemblages the following conclusions 
can be drawn: 

• The Viséan-Asselian interval in this study contains 217 species belonging to 75 genera within 
the six foraminiferal zones; namely, (1) the Uralodiscus rotundus – Glomodiscus miloni Zone 
of late early Viséan age, (2) the Plectostaffella jakhensis – Eostaffella pseudostruvei Zone of 
Zapaltyubian (latest Serpukhovian) age, (3) the Tikhonovichiella tikhonovichi – 

Profusulinella (Depratina) prisca – Aljutovella spp. Zone of Melekessian-Vereian (latest 
Bashkirian-earliest Moscovian) age, (4) the Beedeina ex gr. samarica – Taitzehoella mutabilis 
Zone of late Kashirian (early Moscovian) age, (5) the Fusulinella (Fusulinella) pseudobocki 

Zone of early Podolskian (late Moscovian) age, and (6) the Praepseudofusulina kljasmica 
Zone of latest Gzhelian-Asselian age. 

• The foraminiferal zones and their characteristic index species allow correlation of the Viséan-
Asselian sequence in the Sanandaj-Sirjan Zone with the foraminiferal biozonation 
acknowledged for the Viséan-Asselian in the Russian Platform, Southern and Northern Urals, 
Istanbul Terrane and central and eastern Taurides (Turkey), and Western Europe (e.g. [3], [4], 
[5], [14], [15], [16], [17], [20], [21], [23], [24], [25], [26], [27], [28], [38], [39]). 

• The new foraminiferal faunas, furthermore, share some common species with the concurrent 
faunas of the Alborz, East Iran, and Central Iran (e.g. [18], [19], [20], [40]). 

• In this study, the foraminiferal assemblages of Zapaltyubian (latest Serpukhovian) age, the 
Melekessian-Vereian (latest Bashkirian-earliest Moscovian) age, and also the Biozone 
MFZ11B (late early Viséan) are reported for the first time in the Sanandaj-Sirjan Zone. 
Among the identified foraminifers, 21 genera and 39 species are reported for the first time in 
the Sanandaj-Sirjan Zone. 
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Abstract 

 

The Moscovian Stage was established in the Moscow Basin (Russia). Today, the Moscovian Stage 
constitutes the Middle Pennsylvanian Series of the Carboniferous System. The Task Group to 
establish a GSSP close to the existing Bashkirian-Moscovian boundary has suggested several 
potential foraminifer and conodont markers. Two conodont species, Declinognathodus donetzianus 

Nemirovskaya and Diplognathodus ellesmerensis Bender, and two fusulinid species Aljutovella 

aljutovica and Depratina prisca, appear to have substantial potential for definition of a boundary 
close to the original base of the type Moscovian. The FAD of the conodont D. ellesmerensis has the 
best potential, this species has been recovered from Western and Eastern Europe (Moscow Basin, 
Volga region and South Urals), China, Boreal Canada, and South America. Here, we summarize the 
major published data on the co-occurrences of conodonts and foraminifers in several of the best-
known sections: Aljutovo (Moscow Basin, Russia), Basu (South Urals, Russia), Malo-Mykolaivka 
(Donets Basin), the San Antolin section of the Cantabrian Zone, NW Spain, and Naqing (South 
China). 
 
Keywords: Moscovian Stage, Pennsylvanian, GSSP, conodonts 

 

Introduction 

 

The Moscovian Stage was established in 1890 by S.N. Nikitin in the Moscow Basin (Central 
Russia). Today, the Moscovian Stage constitutes the Middle Pennsylvanian Series of the 
Carboniferous System [1]. However, no biostratigraphic marker or GSSP has yet been defined for it. 

The base of the Moscovian Stage in the Moscow Basin coincides with the lower boundary of the 
Vereian Substage, which corresponds to the base of the ammonoid Diaboloceras-Winslowoceras 
Zone, the fusulinid Aljutovella aljutovica-Schubertella pauciseptata Zone and the conodont 
Declinognathodus donetzianus Zone. The exact position of the Moscovian boundary cannot be 
defined properly in its type area, because the basal Vereian unconformably overlies the Mississippian 
limestones or the alluvial and lagoonal deposits of the Aza Formation (uppermost Bashkirian) without 
marine fossils [2]. Most of the Vereian is a siliciclastic succession, and carbonate marine units occur 
only at its base and top. 

The SCCS Task Group to establish a GSSP close to the existing Bashkirian-Moscovian boundary 
has suggested several potential markers among foraminifers and conodonts: (FAD) (1) 
Declinognathodus donetzianus in the evolution lineage Decl. marginodosus – Decl. donetzianus; (2) 
Idiognathoides postsulcatus in I. sulcatus – I. postsulcatus; (3) Diplognathodus ellesmerensis in D. 

coloraodoensis (or D. orphanus) – D. ellesmerensis; (4) Streptognathodus expansus in lineage S. 

praeexpansus – S. expansus. The most promising marker for the establishment of the boundary 
appears to be the FAD of Declinognathodus donetzianus [3]. This species appears close to the existing 
Moscovian boundary in the type region (Aljutovo Formation of the Vereian Substage) and in 
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Limestone K1 at the Donets Basin, where the evolutionary lineage Decl. marginodosus – Decl. 

donetzianus is well documented [4]. The FAD of D. ellesmerensis was proposed [5;], [6], [7], [8]. 
The species has a very long stratigraphic range, for it was found significantly higher in the upper 

Moscovian Podolskian Substage in the Moscow Basin and in the South Urals (Dalniy Tyulkas 
section). Typical specimens of S. expansus occur in the undoubtedly older upper Bashkirian 
limestones G1 to H6 in the Donets Basin [4]. Use of this marker is unacceptable, because it would 
lower the base of the Moscovian to a level within the middle of the Bashkirian task groups were 
organized at the International Conodont Workshop in the September, 2016 in Saint Petersburg. 

The principal aim of the workshop was to discuss phylogeny and stratigraphic distributions of 
potential marker conodont and foraminifer taxa for the Moscovian Stage. So, the recent suggestion 
[9], [10] to shift the base of the Moscovian one substage higher – from the base of the Vereian regional 
Substage (lowermost Moscovian substage) to the base of the Kashirian Regional Substage using the 
first appearance of the conodont Neognathodus bothrops Merrill – received negligible support and 
will not receive further evaluation. 

Several foraminifera have been proposed as global markers: the FAD of Aljutovella aljutovica 

Rauser-Chernousova and the FAD of Depratina prisca (Deprat) [11], [12], [13]. The fusulinid genus 
Eofusulina has also been suggested as an auxiliary tool for boundary correlation in Eurasian 
Carboniferous area. However, foraminifers are geographically restricted and the strong fusulinid 
provincialism at this level makes correlation even more difficult. 

This paper briefly summarizes the major published data on the co-occurrences of conodonts and 
some foraminifers in several of the best-known sections with the transitional Bashkirian-Moscovian 
interval: Aljutovo (Moscow Basin, Russia), Basu (South Urals, Russia), Malo-Mikolaivka (Donets 
Basin), San Antolin (Cantabrian Zone, NW Spain), Naqing (South China) and some other sections 
(Fig. 1). 
 
Main localities of the B-M boundary beds 

 

Aljutovo section, Moscow Basin, Russia 
The basal part of the Vereian Substage in the Aljutovo stratotype consists of red sands and clays 

(approximately 3 m) devoid of significant fossils and unconformable overlaps with the Visean 
limestones of the Mississippian. The upper part of this section was formed by marine carbonates with 
a rich and diverse fauna. This member (3.3 m) corresponds with the maximum Vereian transgression 
[14]. This section is now covered. 

(1) Entry of the conodont Declinognathodus donetzianus. In the Aljutovo section, the D. 

donetzianus Nemirovskaya is recorded 2.75 m above the base of the section [14], [2] in association 
with foraminifers, brachiopods, rare solitary Rugosa corals, and bryozoans. The conodont assemblage 
consists of: Decl. donetzianus Nemirovskaya, Decl. marginodosus (Grayson), Idiognathoides 

tuberculatus Nemirovskaya, Id. ouachitensis (Harlton), Id. sinuatus (Harris et Hollingsworth), 
Idiognathodus volgensis Alekseev et al., Id. alujtovensis Alekseev et al., “Streptognathodus” parvus 
Dunn. 

(2) Entry of the conodont Diplognathodus ellesmerensis. The FAD of D. ellesmerensis is 
recorded at the top of the Aljutovo Formation, more than 2.5 m above the earliest record of Decl. 

donetzianus. 

(3) Foraminifers. Aljutovella aljutovica is recorded 2.75 m above the base of the Aljutovo section 
in the first marine member. Depratina prisca is not found in the Aljutovo Formation and was recorded 
from the upper part of the Vereian Substage (Ordynka Fm,) in the Yambirno section in the Oka-Tsna 
Swell [2]. Eofusulina is not found in the Aljutovo Formation and E. triangula (Rauser et Belyjaev) 
was only recorded at the base of the Kashirian Substage of the Moscow Basin [2], [15]. 
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Basu section, South Urals, Russia 

The Basu section is situated on the western slope of the South Urals in the Inzer River basin, 20 
km NNE of the Askyn section, Bashkirian hypostratotype. This section represents a deeper water 
setting. Bashkirian-Moscovian boundary beds are represented by mudstones and wackestones with 
foraminifers, brachiopods, bryozoans, conodonts, crinoids and algae. The thickness of the upper part 
of the Bashkirian and Moscovian is approximately 30 m. 

(1) Entry of the conodont Declinognathodus donetzianus. This species is quite rare in the South 
Urals and is known only from the Basu section, together with Decl. marginodosus [16], [17]. The 
FAD of Decl. donetzinus is documented at the base of Bed 5, 6.2 m above the base of the section. 

Idiognathoides ouachitensis (Harlton), Id. sinuatus Harris et Hollingsworth, Id. tuberculatus 
Nemirovska, Idiognathodus aljutovensis Alekseev, Barskov, Kononova, Hindeodus minutus (Ellison) 
are also present, together with Decl. donetzianus. 

(2) Entry of the conodont Diplognathodus ellesmerensis. Typical D. ellesmerensis has not been 
found in this section. However, D. aff. ellesmerensis was recorded at the top of Bed 4. 

(3) Foraminifers. The proposed base of the Aljutovella aljutovica Zone is in 2.5 m from the first 
appearance of Decl. donetzianus, although the index-species Al. aljutovica was found 22 m (top of 
the Bed 8) above the FAD of D. donetzianus [17]. The lower boundary of the Depratina prisca Zone 
(beds 2-7) is placed 0.9 m from the base of the section and is defined by the FAD of D. prisca. 

Eofusulina is not found in this section. 
 

Malo-Mykolaivka section, Donets Basin, Ukraine 

The Malo-Mykolaivka is located about 35 km southwest of Lugansk in the eastern part of the 
Donets Basin. 

In this section eight limestone beds (I2-K3) were examined [18]. The most complete section where 
the evolutionary lineage Declinognathodus marginodosus – Decl. donetzianus was distinguished is 
the Zolotaya Valley section (Limestones K1-K6) [4], to the southeast of Lugansk, eastern Ukraine. 

The lineage Declinognathodus noduliferus – D. marginodosus – Decl. donetzianus is well 
documented in the Malo-Mykolaivka section as well as in the Zolotaya Valley section [18]. 

Fig. 1. Distribution of potential conodont and fusulinid markers for the Bashkirian-Moscovian boundary in 
several of the best-known sections. 
 



© Filodiritto Editore – Proceedings 

115 

(1) Entry of the conodont Declinognathodus donetzianus. The first appearance datum (FAD) of 
Decl. marginodosus was recorded in the Limestone I2 in the Malo-Mykolaivka section. This species 
is common in every limestone and becomes dominant upwards in the section in limestones K2 and 
K3. The FAD of its descendant Decl. donetzianus was recorded in the Malo-Mykolaivka section at 
the top of Limestone K1 and its distribution is K1-K3 in this section [18]. 

(2) The entry of the conodont Diplognathodus ellesmerensis was not found in the Malo-
Mykolaivka section, but this species was recorded in Limestone K3–K5 in the Zolotaya Valley and 
Karaguz sections [4]. 

(3) Foraminifers. Aljutovella aljutovica and Depratina prisca have not been recorded in the Malo-
Mykolaivka section. The first Eofusulina is recorded in Limestone K1. In Limestone K2, E. triangula 
and E. trianguliformis are dominant, and the former species also occurs in the overlying Limestone 
K3 [18]. 
 

San Antolin section, Cantabrian Zone, NW Spain 
The Carboniferous of Central Asturias (Cantabrian Zone) includes a thick stratigraphic interval, 

consisting mainly of siliciclastic deposits with abundant limestone intercalation, in which the 
Bashkirian-Moscovian transition is well represented. Conodonts and foraminifers are known from 
the San Antolin section. In this section, along the Bay of Biscay in the Guera area, the Bashkirian-
Moscovian boundary is provisionally placed about 180 m above the base of the section set by the 
appearance of Idiognatoides postsulcatus Nemyrovska [19]. 

(1) Entry of the conodont Declinognathodus donetzianus. The first occurrence of Decl. 

donetzianus was registered in the San Antolin section (sample CPE-62) with Idiognathoides 

postsulcatus close to the level of the appearances of Eofusulina sp. and Pseudostaffella subquadrata 
(sample A-7), approximately 500 m above the base of the section. 

(2) The entry of the conodont Diplognathodus ellesmerensis was recorded in the San Antolin 
section (sample SA-11), 250 m below that of Decl. donetzianus, together with Parastaffella ex gr. 
struvei. 

(3) Foraminifers. Typical A. aljutovica is not recorded in the sections of the Cantabrian Zones, 
but diverse species of the Aljutovella Group are represented in all sections. Depratina prisca was 
registered close the Bashkirian-Moscovian boundary, ~150 m above the base of the San Antolin 
section. Eofusulina was found together with Decl. donetzianus, approximately 500 m above the base 
of the San Antolin section (sample A-7) [19]. 
 

Naqing section, South China 

The Naqing section in southern Guizhou Province is one of China’s most-continuous and best-
exposed sections, embracing the Bashkirian-Moscovian boundary. The stratigraphic succession in the 
boundary interval consists mainly of gray thin- to medium-bedded lime wackestones and packstones 
intercalated with chert beds (from 163.1 to 183.6 meters), rich in conodonts and containing some rare 
fusulinids [5], [6], [7], [8]. 

(1) Entry of the conodont Declinognathodus donetzianus. This species is not found in China. 
(2) Entry of the conodont Diplognathodus ellesmerensis. The provisional Bashkirian-

Moscovian boundary recognized by Qi et al., [5] based on the lowest occurrence of Diplognathodus 

ellesmerensis falls 173.0 m above the base of the Naging section. Now, specimens previously referred 
to D. ellesmerensis at 173.0 m [5, pl. 11, fig. 8] have characteristics more in common with D. 

orphanus sensu lato. D. ellesmerensis sensu stricto first occurs at 176.9 m and ranges up through 
178.4 m. The probable highest occurrence of D. ellesmerensis, based on an incomplete specimen, is 
at 180.7 m. [8]. 

(3) Foraminifers. The fusulinid Eofusulina was recovered at 183.45 m [12]. The boundary level 
contains a foraminiferal association dominated by Profusulinella spp. and Pseudostaffella spp. 
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Luokun section, South China 

The limestone-dominant Luokun section is located in the southern Guizhou Province, 27.6 km 
from the city of Luodian, Guizhou, South China, and is close (10 km to the west) of the Naqing 
section. The Luokun section is characterized by the alternation of lime wackestone, packstone and 
grainstone, with interlayers of the siliceous limestone [20]. 

(1) Entry of the conodont Declinognathodus donetzianus. This species was not found. 
(2) Entry of the conodont Diplognathodus ellesmerensis. The Bashkirian-Moscovian boundary 

is probably close to the 121.0 m level and is defined by the first occurrence of Diplognathodus aff. 
ellesmerensis [20]. 

(3) Foraminifers. The foraminifer Aljutovella aljutovica occurs 1 m above the FO of 
Diplognathodus aff. ellesmerensis. 
 

Midcontinent, North America 

(1) Entry of the conodont Declinognathodus donetzianus. This species has recently been located 
in the Appalachian Basin in the eastern U.S.A. [21]. Decl. donetzianus was reported in the lower 
Atokan Magoffin Member of the Four Corners Formation in eastern Kentucky, the first record of the 
taxon in the Western Hemisphere. 

(2) The entry of Diplognathodus ellesmerensis occurs in North America in the type Atokan area 
of southern Oklahoma, and as noted by Lance Lambert [11], “also in Hueco Mountains, West Texas, 
in the zone of Neognathodus atokaensis and overlying zone of N. “bothrops”; Michigan Basin, in 
the upper Saginaw Formation assigned to the N. atokaensis Zone; and Alaska, in rocks assigned to 
the N. bothrops Zone (?) [22], but which occur in a suspect terrane”, and the Canadian Arctic 
Archipelago [23], where Diplognathodus ellesmerensis was first described. 
 

Amazon Basin, South America 
The Itaituba Formation contains the most abundant and diverse fossiliferous deposits of the 

Tapajós Group, Pennsylvanian of the Amazonas Basin, with a rich fauna of typical marine organisms 
[24]. 

(1) Entry of the conodont Declinognathodus donetzianus. The specimen identified as Decl. 

noduliferus [25, pl. 3, Fig. 3] was reinterpreted as Decl. donetzianus [24], but the illustration is not 
sufficiently clear. This species was reported at the well FA-1-AM at 291.25 m above the base of the 
Itaituba Formation. Although the occurrence of Decl. donetzianus in the Amazonas Basin is not 
firmly demonstrated, these data suggest a wider distribution for this conodont species, important for 
correlation of the basal level of the Moscovian Stage [26]. 

(2) Entry of the Diplognathodus ellesmerensis. The occurrence of D. coloradoensis, D. 

orphanus, and the first appearance of D. ellesmerensis are reported in the Itaituba Formation [24], 
[25]. 

It is recognized about 77.0 m above the base of the formation at the Caima Quarry 3 of Itacimpa 
SA. It is also found 5.02 m above the base of the Calminas quarry and in many subsurface cores of 
different Amazonian wells [26]. Furthermore, the lowest D. ellesmerensis occurrence is together with 
D. aff. orphanus and close to the point of disappearance of ‘S’. expansus’. 
 

Potential conodont markers for the Bashkirian-Moscovian boundary 

 

Conodonts and fusulinid foraminifers are the two most widely utilized biotic groups for 
subdividing and correlating Bashkirian and Moscovian strata. Two conodont species, 
Declinognathodus donetzianus Nemirovskaya, and Diplognathodus ellesmerensis Bender, and two 
fusulinid species Aljutovella aljutovica Rauser-Chernousova and Depratina prisca (Deprat) appear 
to have substantial potential for definition of a boundary position close to the original base of the type 
Moscovian (Fig. 1). However, fusulinids were too provincial to be useful for precise intercontinental 
biostratigraphic correlations [12], [27]. 
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Declinognathodus donetzianus. This species was estimated by T. Nemyrovska in the Donets 
Basin. The type locality section is Pashennaya valley, Lugansk district, Donets Basin; the Holotype 
was described from Limestone K6 [3]. Later this species was noted at Limestone K1 [18]. 

Its distribution at the Donets Basin is Limestones K1-K6 [4], [18]. This species is typical of the 
Vereian of the Moscow Basin [14], [2], it is found in the Solontsovian Substage on the South Urals 
in the Basu section [16] and Volga-Urals Region [28] at some boreholes of the Melekess Depression. 

This species was noted in SW Spain, San Antolin section [19], Appalachian Basin [21], and, 
possibly in the Amazon Basin [24]. The FAD of Decl. donetzianus has long been considered as a 
potential index for the base of the Moscovian, but its apparent absence in North American successions 
prevented it from being an ideal candidate. Because of the new discovery, the FAD of Decl. 

donetzianus warrants further evaluation as a potential marker. 
Diplognathodus ellesmerensis. The species was first described by R. Bender from the Canadian 

Arctic Archipelago, Ellesmere, lower part of the Fiord Formation, point C-23789, 331 m above the 
base of the section [23]. The FAD of D. ellesmerensis is considered to be a good potential marker 
event for Bashkirian-Moscovian boundary, because its distribution is broader than that of Decl. 

donetzianus. D. ellesmerensis appearances simultaneously with Decl. donetzianus in the Moscow 
Basin [2], [14], and almost simultaneously in the Donets Basin [4], [18] and would help, identify the 
level of Decl. donetzianus in places where it is absent. D. ellesmerensis is easily recognized by 
conodont workers and has been recovered from South China [5], [8], [20]. Moscow Basin [2], [14], 
Timan [29], Donets Basin [4], 1999), Cantabrian zone NW Spain [19], Boreal Canada [23], and South 
America [24]. More specimens of D. ellesmerensis and its ancestral forms were found in both the 
Naqing and Luokun sections in Guizhou [20]. 
 

Potential candidate sections for the GSSP 

 

Basu section, South Urals. Russia 

A more complete Bashkirian-Moscovian transition in Russia is known at the Basu section [16], 
[17]. 

The discovery of the Declinognathodus lineage at the Basu River section along with a rich 
fusulinid fauna including the Depratina prisca group make it a good potential candidate section for 
a GSSP. In this section we have two fusulinid markers: Alutovella alutovica and Depratina prisca in 
the evolutionary lineage D. praeprisca – D. prisca. FAD D. prisca was marked a few meters below 
that of Decl. donetzianus. 
 

Naqing (Nashui) section, South China 

The carbonate-dominant Naqing section in Guizhou Province is one of the best candidates for the 
GSSP at the base of the Moscovian because the conodonts being considered for boundary definition 
are abundant and their first occurrences are precisely located [7], [8]. The Bashkirian-Moscovian 
boundary was shown at level 176.9 m where elements of Diplognathodus ellesmerensis, D. aff. 
ellesmerensis and D. aff. orphanus (Merrill) occur together [8]. Foraminifers in the Naqing section 
were studied by J. Groves; a level containing a foraminiferal association dominated by Eofusulina sp. 
was noted at a significantly higher level than appearances of D. ellesmerensis [8]. 
 

Conclusions 

 

(1) The best potential conodont indexes for defining the Bashkirian-Moscovian boundary include 
the FAD of the conodonts Declinognathodus donetzianus or Diplognathodus ellesmerensis, 
although the official criterion was not selected and voted on. Now, D. ellesmerensis is 
currently the best supported candidate for the definition of the base of the Moscovian, as it is 
quite common, and in some places is found with foraminifers. The level of the FAD of the 
conodont D. ellesmerensis lies close to the traditional base of the Moscovian, based on the 
FADs of Aljutovella aljutovica. It is proposed that the FAD of D. ellesmerensis as a boundary 
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definition should be put to a vote by the Bashkirian–Moscovian Task Group and the 
Subcommission on Carboniferous Stratigraphy. 

(2) In the Basu River section, the Decl. marginodosus – Decl. donetzianus evolutionary lineage 
was established, and the first appearance of the fusulinid Depratina prisca a few meters below 
that of D. donetzianus. This might be a good candidate for a GSSP. 

(3) The carbonate-dominant Naqing section in Guizhou Province is one of the best candidates for 
the GSSP at the base of the Moscovian because the conodonts being considered for boundary 
definition are abundant and their first occurrences precisely located. In the Naqing section, 
Decl. donetzianus is absent, and the first appearance of the conodont D. ellesmerensis, which 
has a broader global distribution, has been considered as a marker event for this boundary. The 
ancestral species is being intensively studied and its evolutionary first occurrence would 
provide an ideal GSSP to define the boundary. The Bashkirian-Moscovian boundary was 
shown in Naqing section at level 176.9 m where elements of D. ellesmerensis, D. aff. 
ellesmerensis and D. aff. orphanus (Merrill, 1973) occur all three [8]. 
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Abstract 

 

In the Central Magnitogorsk Zone (Magnitogorsk Megasynclinorium; eastern subregion of the 
South Urals), the Devonian-Carboniferous boundary beds are represented by volcanics, 
volcaniclastics (Shumilino Formation), and carbonates (Gora Magnitnaya Formation). The carbonate 
rocks contain diverse fossils, of which ammonoids are the most stratigraphically significant, allowing 
the succession of geological events in this region to be reconstructed. This includes a series of major 
tectonic events in the Late Devonian when the eastern border of Laurussia collided with the 
Magnitogorsk volcanic arc. In the center of the Magnitogorsk Megasynclinorium, the Devonian-
Carboniferous boundary deposits crop out in accordance with the topography resulting from post-
subductional rifting and break-up of the arc when it was accreting to the eastern margin of Laurussia. 

The carbonates in these successions vary in composition depending on their distance from the 
Magnitogorsk-Bogdanovskoe rift-graben which was superimposed on the arc. A model of a syn-rift 
isolated carbonate platform, developed on the volcanic arc edifice in the late Devonian-Early 
Tournaisian, and drowned during rift volcanism that increased in the Late Tournaisian, was proposed. 
 
Keywords: South Urals, Magnitogorsk volcanic arc, Famennian, Tournaisian, biozonation, isolated carbonate platform, rift 

 
Introduction 

 
The Central-Magnitogorsk Zone is composed of Lower-Middle Paleozoic rock complexes of the 

oceanic crust, island arcs, and flysch troughs, covered by Carboniferous shallow-water sediments: 
limestones, coal-bearing siliciclastic sequences and widespread rift and subductional volcanics. 

The development of subductional complexes finally ceased in the Bashkirian time. The Devonian-
Carboniferous boundary carbonate deposits crop out in several sections in the northern part of 
Central-Magnitogorsk Zone (Fig. 1). Their formation was under the influence of post arc-continent 
collision tectonic events. During the Late Devonian, the Magnitogorsk volcanic arc collided with the 
passive margin of Baltica [1], [2], after which a carbonate shelf began to form on the thick arc 
volcanics accreted to the edge of the continental margin [3]. 
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Fig. 1. Map showing location of the studied Upper Devonian and Lower Carboniferous sections in the Central 
Magnitogorsk Zone, South Urals. A Google Map image is used. 
 

In the northern regions of the Magnitogorsk Synclinorium, Famennian and Early Tournaisian 
volcanic rocks of the Shumilino Formation and its equivalent Gora Magnitnaya Formation crop out. 

In the central part of the Magnitogorsk Zone there is a region of distribution of volcanic and rift-
type volcanic- sedimentary covers (Magnitogorsk-Bogdanovskoe Graben), as well as of extensive 
volcanic formations [4], [5], [6], [7]. The volcanic activity within the graben migrated northward 
during the Tournaisian and Viséan. In the Early Viséan, volcanic processes became localized at a few 
specific areas, and by the Late Viséan volcanism subsided. The purpose of this paper is to show the 
variety of the Devonian-Carboniferous boundary deposits in the sections of the eastern volcanic zones 
of the South Urals. 
 

Stratigraphic framework 

 

The current stratigraphic scheme of the Upper Devonian and Lower Carboniferous adopted in 
1990 includes two separate stratigraphic schemes for the Lower Carboniferous of the western and 
eastern subregions of the South Urals, because of extensive Tournaisian and Viséan volcanism in the 
eastern subregion (Fig. 2). The Famennian-Tournaisian formations of the northern regions of the 
Magnitogorsk Megasynclinorium are represented by volcanics and volcaniclastics of the Shumilino 
Formation and carbonate deposits by the Magnitnaya Gora Formation. According to the official 
stratigraphic schemes for the eastern subregion of the Urals [8] the Famennian Stage includes the 
uppermost part of the Gubinskian, Shameikian, Chepchugovian, and Khvoshchevian regional stages. 
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Fig. 2. Regional stratigraphic units of the eastern subregion of the Urals and their correlation 
(after [3], [10], [11], [12]). The Western European scale is after [13]. 

 

Famennian 

The thickness of the Famennian part of the Shumilino Formation varies from 20 to 500 m. It 
overlies the Novoivanovskiy volcanics (300-800 m). The limestone interbeds of the Shumilino 
Formation contain conodonts of the Palmatolepis rhomboidea, Pa. marginifera, Pa. rugosa 
trachytera, Pa. perlobata postera, and Pa. gracilis expansa Zones [8]. The upper part of the Pa. 

gracilis expansa Zone contains the foraminifer Quasiendothyra kobeitusana, defining the upper 
Khvoshchevian Regional Stage that is represented by limestones with interbeds of limestone 
conglomerate. The synchronous carbonate deposits of the Magnitnaya Gora Formation are subdivided 
based on conodonts and foraminifers into the Shameikian, Chepchugovian, and Khvoshchevian 
regional stages, in total up to 30 to 200 m thick. Upper Famennian carbonate sections are known in 
the Magnitogorsk and Verkhneuralsk regions. 

In the Verkhneuralsk Region, the lower part of the Famennian is composed of volcanics and is 
represented by the Verkhneuralsk Series of trachybasalts, trachyandesites, trachydacites 300-1200 m 
and is assigned to the Shameikian and the basal part of the Chepchugovian regional stages. It is 
overlain by a siliciclastic series with interbeds of limestone in the lower part containing the 
brachiopods Plicatifera mugodjarica Nachimson, Cyrtospirifer archiaci (Murchison), Zigania ursa 
(Nalivkin), and correlates with the middle part of the Chepchugovian Regional Stage. The upper part 
of the Famennian, corresponding with the Chepchugovian (upper part) and Khvoshchevian regional 
stages, is composed of limestones and limestone breccia with foraminifers and conodonts. 
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Tournaisian 

The Tournaisian volcanic and volcanic-sedimentary rocks of the Shumilino Formation were 
formed in the central part of the Magnitogorsk-Bogdanovskoe graben of the Magnitogorsk Ore Field. 

The Lower Tournaisian includes the Gumerovian and Rezhian regional substages (“horizons”) and 
is composed of tuffs, tuffites, layers of limestones with conodonts of the Siphonodella sulcata Zone, 
its thickness is 160 m (after [4], conodont zones by Pazukhin). The Upper Tournaisian includes the 
Pershinian, Kizelian and Kosvian regional substages. They are represented by tuffs, tuffites, 
volcanomictic sandstones, siltstones, spongolites, and limestones and correspond to the Siphonodella 

quadruplicata, Siphonodella isoscticha, Gnathodus typicus, and Scaliognathus anchoralis conodont 
zones, in total 300-500 m thick. 

The Tournaisian carbonate sections are represented by the Magnitnaya Gora Formation, dated by 
foraminifers [9] and conodonts of the S. sulcata, S. duplicata, and S. belkai Zones (after [4]; the 
conodonts zones are after V. N. Pazukhin). Upper Tournaisian limestones with foraminifers and 
brachiopods are exposed in a quarry near Magnitnaya Mountain. The thickness of the Tournaisian 
varies here from 100 to 150 m. Uppermost Tournaisian and lower Viséan sections are represented by 
volcanic bimodal complexes of the Berezovskiy Formation, cropping out in the eastern regions of the 
area (eastern margin of the Magnitogorsk Trough). The Lower Viséan beds include volcanics and 
carbonates. Outcrops of the Upper Viséan carbonates (Kizil formation) are common in the area. 
 

Sections with the Devonian-Carboniferous boundary in the Central-Magnitogorsk Zone 

 

The Devonian-Carboniferous boundary deposits are studied in the Dzerzhinka, Spasskiy, 
Novoivanovskiy, and Magnitogorsk section. From north to south, the D-C boundary successions are 
represented in the following sections (Fig. 3). 
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Fig. 3. Correlation scheme of selected sections in the Magnitogorsk Zone ([16], modified) with photographs of 
Tournaisian cherty shales in the upper part of the Dzerzhinka section (a) and Famennian limestone breccias (b) of bed 8 
in the same section. (1) Urtazym flysch Formation C2m: calcareous sandstones, conglomerates; (2) clayey limestones 
and cherty shales with sandstone interbeds C2b2; (3-6) Kizil Formation C1v-C2b1, (3) biohermal, (4) shelf , (5) deep-
water shelf limestones, (6) Zhukovian volcano-siliciclastic sediments C1v2; (7) Berezovskiy and Grekhovka volcanic 
formations, C1t-v; (8) Magnitnaya Gora Formation, D3fm-C1t1, shelf limestones; (9) Shumilino Formation, D3fm-C1t1, 
limestones and volcanics; (10) Novoivanovskiy Formation, D3fm: volcanics; (11) Ablyazovo Formation, D3f, volcanics; 
(12) breccia and conglomerate horizons; (13) hiatus. 
 

Dzerzhinka Section 

The Dzerzhinka section is located in the Verkhneuralsk District, 5 km south of the town of 
Verkhneuralsk [3], [14], [15]. In this section, the rock sequence indicates a transition from the 
carbonate shelf to the distant facies of a volcanic zone, beginning from the Lower Tournaisian. This 
section was first described at the beginning of the 20th century by E. Ya. Perna [17] and contains one 
of the very rare occurrences of Famennian ammonoids. The section begins from the Lower 
Famennian (Shameikian) limestones. The middle part of the Famennian is represented by laminated 
limestones with an interbed of volcanomictic sandstones (ca. 0.3 m thick). Deposits of the Upper 
Famennian Lytvian Regional Stage are composed of carbonate blocky limestones with the 
ammonoids Prionoceras divisum (Münster, 1832), Platyclymenia subnautilina (Sandberger, 1855), 
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Cymaclymenia barbarae (Loewinson-Lessing, 1892), Protoxyclymenia dubia (Loewinson-Lessing, 
1892), and Kosmoclymenia (Kosmoclymenia) inaequistriata (Münster, 1832) indicating the 
Prolobites-Platyclymenia Genozone (annulata Zone) and Clymenia-Gonioclymenia Genozone [3]. 

Deposits of the Lower Tournaisian Malevkian Regional Stage are eroded (the overlying limestones 
contain mixed fossil assemblages). These are overlain by the Lower Tournaisian crinoid limestones 
(with conodonts of the S. duplicata and S. quadruplicata zones). These are overlain by a member of 
calcareous polymictic sandstones (ca. 30 m) and a thick (ca. 100 m) series of cherty shale (spongolite) 
with interbeds of pyroclastic plagioclase sandstones with numerous large plant remains. These 
deposits are provisionally assigned to the Upper Tournaisian. The sandstones are composed of 
fragments of limestones and volcanics (plagioclase, plagioclase porphyrite, and felsic rocks). The 
thickness of the exposed Famennian-Lower Tournaisian carbonates is around 50 m. 
 

Spasskiy Section 
The section of Famennian limestones is approximately 2 km north of the village of Spasskiy ([17], 

p. 10, no. 2528), where the light-gray limestone of the Murzakaevian Regional Substage contains 
Sporadoceras muensteri (Buch), S. discoidale Wedekind, Maeneceras inflexum (Wedekind), 
Prolobites delphinus (Sandberger), P. atavus Perna, P. nanus Perna, Armatites planidorsatus 
(Münster), Cyrtoclymenia involuta (Wedekind), C. frechi (Tokarenko), Pricella stuckenbergi 
(Tokarenko), P. pinnata (Perna), Hexaclymenia hexagona (Wedekind), Platyclymenia pompeckii 
(Wedekind), P. subnautilina (Sandberger), P. placida (Perna), Genuclymenia karpinskii (Perna), 
Rectoclymenia roemeri Wedekind, Rectoclymenia sp., ?Pricella orientalis (Perna). Apart from this 
assemblage, Perna [17] indicated Pseudoclymenia drevermanni (Born) but was uncertain of the 
provenance of the latter specimen. If the last species is not taken into account, the above assemblage 
positively indicates the middle part of the Prolobites-Platyclymenia Genozone (delphinus Zone). 
 

Novoivanovskiy Section 
The Novoivanovskiy Section the stratotype of the Shumilino Formation is located to the north of 

Magnitogorsk on the north bank of the Verkhneuralsk water reservoir, west of the village of 
Ivanovskiy (Novoivanovskiy). The section is exposed by a latitudinal profile of boreholes 300-800 
m deep [12], in which the Famennian-Tournaisian boundary beds host skarn magnetite ores. 

According to V.N. Pazukhin (in [18]) this section lacks the upper part of the Lytvian Regional 
Stage (praesulcata zone) but contains deposits of the Gumerovian and lower part of the Malevkian 
regional stages (sulcata Zone) represented by fine-clastic marmorized limestones with re-deposited 
Lower and Middle Famennian conodont assemblages [19]. 

Famennian and Tournaisian carbonate deposits are represented by clastic and marmorized 
limestones, and interbeds with volcaniclastics (Fig. 4). The thickness of carbonate deposits from the 
Lower Famennian Shameikian Regional Substage to the Tournaisian Pershinian Regional Substage 
is over 50 m. The underlying volcanic rocks of the Upper Devonian Novoivanovskiy Formation are 
studied in Borehole 2014. These are overlain by clastic limestones of the Famennian part of the 
Shumilino Formation, examined in Borehole 2016, which provided data for the most complete 
succession of the Famennian-Tournaisian boundary beds. In the upper part of the section, the 
limestone breccia with conodonts of the Tournaisian Pershinian Regional Substage and with re-
deposited Famennian fossils [20] is overlain by volcanics with interbeds of fine-clastic limestones 
with conodonts of the Upper Tournaisian Kizelian and Kosvian Regional Substages, also containing 
re-deposited Famennian conodonts [4], [18]. 
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Fig. 4. Correlation scheme of boreholes of the Novoivanovskiy Field and microphotographs of the Famennian lithoclastic 
packstones from boreholes 4674 and 4712 (thin sections, polarized light): (1) clastic limestone, (2) fine-clastic limestone, 
(3) fine-grained marmorized limestone, (4) limestone with volcanoclastics, (5) volcanics, (6) conodont occurrences. 
 

Magnitogorsk section 
This compiled section is based on data from boreholes. In this section, the Upper Devonian 

volcanics are overlain by limestones of the Magnitnaya Gora Formation. The ore-hosting carbonates 
(D3fm-C1t1) are composed of white marbles, marmorized by biolithoclastic limestone, limestone 
breccia, and limestone with interbed of ashes, in total from 70 to 150 m thick. The iron ores of the 
Magnitogorsk Deposit are apparently mainly hosted by Upper Devonian rocks. Over-ore deposit is 
composed of volcanic and sedimentary rocks of the Berezovskiy, Grekhovka, Kizil, and Urtazym 
formations. The largest intrusive bodies in this area are composed of the gabbro-granite complex, 
formed in the Early Carboniferous in several stages. 
 

 

 

Sections of the southern part of the Magnitogorsk Zone (Bolshoi Kizil, Khudolaz, and 

Verkhnyaya Kardailovka) 
These sections are represented by Lower-Middle Carboniferous deposits. The Tournaisian beds in 

these sections are represented by volcanics. Early Carboniferous volcanism was manifested from the 
beginning of the Late Tournaisian to the end of the Late Viséan and migrated northward [5], [6], [7]. 

The overlying carbonates are dated as an interval from the Early Viséan to the Bashkirian Stage. 
 

Discussion 

 

The Famennian-Lower Tournaisian carbonates occur only in the north-western part of the Central 
Magnitogorsk Zone. Towards the southeast they are replaced by volcanic-siliciclastic and volcanic 
complexes. The Late Tournaisian volcanics of the Berezovskiy Formation are found almost 
everywhere. They are overlapped by Viséan deposits ranging from volcanics (Magnitogorsk Ore 
Field) and volcanic-siliciclastics to carbonates with siliciclastic deep-water (Berezovskiy) and 
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carbonate shelf (Verkhnyaya Kardailovka) interbeds. This variability is related to the shift of the 
centers of volcanism towards north [5], [7]. 

The differences in the sections discussed above are explained by a reconstruction of the evolution 
of the Magnitogorsk Rift (Magnitogorsk-Bogdanovskoe Graben), which included pre-rift, syn-rift, 
and post-rift sequences (Fig. 5). The syn-rift deposits include carbonate formations and Famennian-
Upper Viséan volcanic-siliciclastic formations, which belong to the Shumilino, Berezovskiy, and 
Grekhovka formations. The carbonates of the Kizil Formation are of post-rift origin. The distribution 
of carbonate facies depends on their distance from the graben margins. The analysis of multiple 
sources shows that the graben-rift structures were inherited from the Famennian, and that their 
successions have a number of discontinuities. 

The Famennian-Tournaisian boundary carbonates were formed in the lateral zone of the 
Magnitogorsk rift at an early stage of its evolution. The depositional settings of the Famennian-
Tournaisian carbonates can be reconstructed as a shallow-water shelf or isolated carbonate platform 
formed in a tectonically unstable zone with an influx of siliciclastic-volcanic and carbonate material 
and deposition of fine-clastic unsorted carbonate breccias. 

Fig. 5. A model of the evolution of the Magnitogorsk rift zone in the Carboniferous (modified from [16]). (1) Urtazym 
flysch Formation, C2m: calcareous sandstones, conglomerates; (2-4) Kizil Formation, C1v-C2b1: (2) biohermal, (3) shelf 
limestones, (4) shelf limestones, C1v; (5) Berezovskiy and Grekhovka volcanic formations, C1t-v; (6-9) Shumilino 
Formation, D3fm-C1t1: (6) limestones and polyclastic sandstones, C1t, (7) limestones, D3fm, (8) volcanics, D3fm, (9) 
conglobreccias; (10) volcanic arc complexes, D2-3; (11-12) gabbro-granitic Magnitogorsk intrusive complex, C1v; (13) 
border faults. 
 

The presence of clasts of different types of limestone (bioherm, oolitic, algal and micritic) indicates 
storms and shallow-water runoff [3]. In the Dzerzhinka section, the shallow-water limestones (peloid 
packstones) of Rezhian (Malevkian-Upian) age are overlain by carbonate-siliciclastic turbidites 
suggesting a sharp change in the tectonic settings and carbonate shelf flooding. The turbidites are 
overlain by spongolites (cherty rocks) with interbeds of volcaniclastic sandstone with plant remains 
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suggesting further flooding and the development of a calm-water basin with occasional episodes of 
rapid sedimentation. In the Tournaisian in the processes of rifting, this part of the shelf subsided and 
was overlain by siliciclastic sediments. The section further south contains siliciclastic-sedimentary 
deposits of the Berezovskiy Formation. It is likely that these settings were located at different 
distances from volcanic centers. 

A gap in sedimentation at the Devonian-Carboniferous boundary is recorded in the Dzerzhinka 
section at the level of the Gumerovian Regional Substage and the lower part of the Rezhian Regional 
Substage (the sulcata conodont zone is absent), whereas in the Novoivanovskiy section the upper part 
of the Khvoshchevian Regional Substage (praesulcata), but there are deposits of Gumerovian and 
lower part of the Rezhian (sulcata Zone). These deposits contain abundant carbonate breccias and re-
deposited conodonts from the shelf zones, formed on the sides of the graben [18]. This discontinuity 
is associated with tectonic instability of the active rift that occasionally disturbed carbonate syn-rift 
shelf sedimentation. This suggests that the hiatus at the Devonian-Carboniferous boundary in the 
Central Magnitogorsk Zone resulted from the local tectonics. This is supported by the data suggesting 
that at the Famennian-Tournaisian boundary the tectonic situation in the South Urals was profoundly 
changed [21], [7], and that the carbonate deposition in isolated volcanic elevations occurred at 
different paces. 

It should be noted that the age of the Famennian-Tournaisian carbonate and volcanic complexes 
coincides with the age of flysch deposits of the Zilair Formation in the adjacent Western 
Magnitogorsk Zone and the overlying Lower Tournaisian flysch formed in a successor basin at the 
time of the arc-continent collision. This indicates that the currently observed successions are 
tectonically juxtaposed [15], [22]. 
 

Conclusions 

 
In the northern regions of the Magnitogorsk Synclinorium, Famennian and Early Tournaisian 

volcanic rocks of the Shumilino Formation and its equivalent Gora Magnitnaya Formation are 
represented in the Dzerzhinka, Spasskiy, Novoivanovskiy, and Magnitogorsk (Magnitnaya Gora 
Formation) sections. A summary of the previously published and new stratigraphic data from the 
above sections allows the correlation of the regional conodont, foraminiferal and ammonoid zonations 
and the lithological-facies depositional model to be updated. It is shown that the D-C boundary 
carbonates studied were deposited in an environment of an isolated carbonate platform formed on the 
shelf of an island arc at an early stage of development of a volcanic rift-graben. The accumulation of 
the series of siliciclastic and cherty sediments indicates conditions of subsidence (flooding) of the 
carbonate shelf in the process of development of the rift structure during the Tournaisian and Viséan. 
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Abstract 

 
The recent interest in Permian black shales of the Main Karoo Basin as an unconventional gas 

resource requires a robust correlation scheme to identify potential target horizons across the basin. 
New palynological data from a recently drilled deep borehole in the southern Karoo (KWV-1), as 
well as outcrop data obtained from the Ecca Pass, the type section of the Permian Ecca Group, are 
presented to highlight the potential of palynomorph ranges for cross-basin correlation of black shale 
formations. Available radiometric dates from the Ecca Pass section and southwestern Karoo enable 
the first chronostratigraphic calibration of the detected palynomorph ranges. The calibrated dataset is 
a vital tool for shale gas exploration in the southern Karoo. 
 
Keywords: Palynology, black shales, Ecca Group, Permian, Karoo, South Africa 

 

Background 

 

The Main Karoo Basin (Fig. 1) exhibits a continuous sedimentary succession from the 
Pennsylvanian to the Lower Jurassic, capped by the 1.4 km thick Drakensberg lavas [1] and hosts 
economically important coal resources in the northeastern part [2]. Its potential unconventional gas 
resources in the south are promising [3], [4], however further assessment is necessary to provide a 
realistic resource estimate [5]. In this context, a robust basin-wide correlation scheme is needed to 
identify target horizons in wells across the basin. So far, the use of mainly nonmarine vertebrates of 
low time resolution and the lack of absolute age controls has limited the establishment of a high-
resolution correlation scheme for the Karoo Basin. The recent attempt at a cross-basin correlation 
based on restricted-range palynotaxa and their first appearance datums (FADs) [6] shows the progress 
in Karoo stratigraphy; however, many of the taxa listed by these authors are restricted to specific 
facies in certain parts of the basin and thus cannot be used to directly correlate with a different part 
of the basin within the same lithostratigraphic horizon. Ultimately, palynological data from calibrated 
reference sections across the basin, preferably continuous core sections, are needed to further develop 
a basin-wide practicable correlation scheme. In terms of shale gas exploration, the identification and 
correlation of potential target horizons within the Permian Ecca shales of the southern basin part is 
most challenging. 
 
 



© Filodiritto Editore – Proceedings 

131 

 
Fig. 1. Main Karoo Basin and location of the studied reference sections in the south. 

 

Karoo black shales 

 

The Permian black shales of the Main Karoo Basin represent postglacial deposits, documenting 
the switch from icehouse to greenhouse conditions in western Gondwana [7]. A major transgression 
during the early Guadalupian (Roadian “Whitehill event”) was detected by a basin-wide peak of 
marine phytoplankton [8] and interpreted to record a phase of drastic warming related to a global CO2 
greenhouse crisis [9,10]. The sedimentary organic matter content of these shales argues for 
continuous marine conditions during the deposition which is supported by geochemical data [11]. 

However, the influence of fresh water (e.g. [12], [13]) is the subject of an ongoing and 
controversial discussion. 

In the southern Karoo Basin, the Permian Ecca Group comprises black shales of the Whitehill, 
Prince Albert and Collingham formations [14], the Whitehill Formation being the main target horizon 
for future shale gas exploration and production [3], [4]. In outcrops, the white-weathering shale is 
well-defined from the dark to olive grey lithologies of the under- and overlying Prince Albert and 
Collingham formations [15]. The rhythmic alternation of dark-grey shales and thin tuff layers 
characteristic of the Collingham Formation [1] clearly contrasts with the underlying shales of the 
Prince Albert and Whitehill formations. The thickness of the entire shale package is highly variable 
across the basin, ranging between 90 and 470 meters. 
 

Chronostratigraphic placement 

 

Road cuts along the Ecca Pass north of Grahamstown expose the entire Ecca Group and 
radiometric ages from this section were recently made available [16]. The research borehole KWV-
1, drilled within the framework of the research programme KARIN (Karoo Research Initiative), 
provides another continuous succession of the Ecca Group in the southeastern part of the basin, 
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including the black shale formations under assessment for shale gas exploration [17]. Both sections 
are suitable for comparison of their sedimentary organic matter content and palynomorph 
assemblages. The identified palynomorph ranges (Fig. 2) enable a stratigraphic placement of the Ecca 
shales into the late Cisuralian (Artinskian-Kungurian) to early Guadalupian (Roadian-Wordian): 
lower Prince Albert Formation (Artinskian), upper Prince Albert Formation and Whitehill Formation 
(Kungurian-Roadian), Collingham Formation (Roadian-Wordian). The radiometric dates available 
from the southwestern Karoo Basin (base Prince Albert Formation 288 ± 3 Ma; [18]) and from the 
Ecca Pass section (lowermost Collingham Formation 268 ± 3.2 Ma; [16]) support this age 
determination and provide a tentative chronostratigraphic framework. 

 
Fig. 2. Palynomorph ranges and age determination of Permian black shales in the southern part of the Main Karoo Basin. 
Radiometric ages are available for the base of the Prince Albert Formation (marked by star, 288 ± 3 Ma; [18]), and the 
lowermost Collingham Formation (marked by star, 268 ± 3.2 Ma; [16]). 
 

Application to shale gas exploration 

 

The identification of distinct black shale formations within different basinal facies and within a 
90-470 m thick package remains difficult without biostratigraphic control. The here presented 
palynomorph ranges within the stratigraphic interval including the Whitehill shales as main target 
formation for shale gas exploration, provide a practicable tool to distinguish between the different 
black shales. Selected key taxa mark formation tops, and serve to pinpoint formation boundaries. 

During the exploration phase, when cuttings from wells across the licence area will be available 
for stratigraphic analysis, a calibrated dataset from the southern part of the basin is a vital reference. 
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Abstract 

 
The regional stratigraphic chart of the Devonian in the western part of the Altai-Sayan folded area 

(ASFA) dates back to 1979 and requires revision. A new version of the chart was developed by 
SibRISC specialists in 2012. A particular opinion expressed in recent years by some paleontologists 
provides for a radical change in the chart, concerning change in volume and rank of existing 
stratigraphic units. The proposed stratigraphic chart retains most of the horizons1

2 established by 
predecessors. This does not contradict the new material, including significantly updated 
paleontological characteristics of the regional horizons. In this regard, volume and position of 
individual regional units in the section have been changed. The article provides a sequence of regional 
horizons with characteristic assemblages of conodonts, brachiopods, ostracodes and stromatoporoids. 
 

Keywords: Regional stratigraphic chart, Devonian, Altai-Sayan folded area, conodonts, brachiopods, ostracodes 

 

Introduction 

 

Regional stratigraphic chart of the Devonian system for the western part of the Altai-Sayan folded 
area (ASFA) have been compiled three times. The first was approved at an Interdepartmental meeting 
on the development of unified stratigraphic charts of Siberia in Leningrad in 1956 [1]. The second 
chart was adopted in 1964 in Novosibirsk at the meeting on stratigraphy of the Devonian of Siberia 
(e.g. [2], [3]). The third version of the chart was adopted in 1979 at the All-Union meeting on 
development of unified stratigraphic charts of the Precambrian, the Paleozoic and the Quaternary 
system of Central Siberia [4]. This chart is officially approved and has been in operation for 39 years. 

All the Devonian charts of the western part of the ASFA were based on regional horizons 
established by M.A. Rzhonsnitskaya in sections of northeastern Salair for the Lower and Middle 
Devonian, and the outskirts of Kuznetsk Basin (Kuzbass) for the Middle and Upper Devonian. 
 
 
 

                                                           
1 = Regional Stage (here and further Horizon) 
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Fig. 1. Regional stratigraphic units in the western part of the Alta1-Sayan folded area. 
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The fourth generation of substantially upgraded stratigraphic chart of the Devonian of ASFA was 
submitted for consideration by the Siberian Regional Interdepartmental Stratigraphic Commission 
(SibRISC) in February 2017 (Fig.1). When it was compiled, the results of two visiting sessions of the 
Devonian Commission of the Interdepartmental Stratigraphic Commission in Kuzbass in 1991 (e.g. 
[5], [6]) and Rudny Altai in 2000 [7] were considered. At workshops of the Devonian section of 
SibRISC in Novosibirsk in 2003, and in Novokuznetsk in 2005 [8], the correlation section of the chart 
was agreed in general and the main disagreements over the structure of the regional chart were 
identified. At subsequent workshops in 2012 and 2017 in Novosibirsk, attempts were made to work 
out a unified position of the chart’s developers, but without success. At the same time, two points of 
view had clearly arisen. The first, with which the authors of the present article agree, retains most of 
the horizons established earlier in the revised version (e.g. [4], [5], [9], [10], etc.). An alternative point 
of view implies a fundamental change in secession and names of regional horizons (e.g. [11], [12]). 
 

Results 

 

Below regional horizons and the characteristic assemblages of conodonts, brachiopods and 
ostracodes are listed (Fig. 1). 
 
Lower Devonian 

 

Tomchumysh Horizon. The Lower Tomchumysh Beds. Conodonts: Pelekysgnathus serratus 

elatus Carls et Gandl, Pandorinellina philipi (Klapper), Pedavis pesavis Klapper et Philip, 
Spathognathodus remscheidensis Ziegler, Sp. repetitor Carls et Gandl. The Upper Tomchumysh Beds 
contain: Pelekysgnathus serratus elatus Carls et Gandl, Pand. philipi (Klap.), Spathognathodus 

inclinatus (Rhodes). Brachiopods: Protathyris sibirica Zintch., P. praecursor Kozl., Howellella 

laeviplicata Kozl., Lanceomionia borealiformis (Siem.), Gypidula pelagica Barr., Chonetes 

subgibbosa Scup. 
For the Lochkovian stage, Polenova (1985) had established the Tomchumysh-Remnev-Sarainin 

ostracode association, and for the Tomchumysh Horizon – the Leperditia, Clavofabellina minor, 
Scaphina altaica regional zone [13]. Analyzing species of Miraculum genus, widespread in the 
Devonian sediments, N.K. Bakharev established the tuberculatum elongatum phylozone for the 
Tomchumysh Horizon [14]. 

The Sukhaya Formation is included by us in the Tomchumysh Horizon, since it contains the same 
assemblage of conodonts and is extremely thin. In general, this horizon corresponds to the 
remscheidensis-woschmidti and repetitor-postwoschmidti conodont zones. 

The Krekov Horizon contains the same assemblage of conodonts and brachiopods. Using 
ostracodes, it is characterized by Praepilitina praepilata sibirica, Bairdiocypris prodiga Zone [13]; 
tuberculatum tuberculatum phylozone [14]. 

Endemic assemblages of stromatoporoids of the Sukhaya, the Tomchumysh and the Krekov 
Formations share the following species in common: Parallelostroma minimale (V. Khalf.), P. 
compactum (V. Khalf.), Hermatostromella parasitica V. Khalf., and Plectostroma intertexteforme 
(V. Khalf.). Subcylindrical stromatoporoids have not been found in the Sukhaya Formation. Yavorsky 
(1955) described Paramphipora raritatis, P. raris, P. humilis, P. rasilis, P. levis, P. facies, P. 

mirabilis, P. minuta, P. vesiculosa from the Tomchumysh Formation and Amphipora krekovi, A. 

batschatensis from the Krekov limestone. 
The Krekov Horizon refers to the upper part of the Lochkovian Stage. 
The Maly Bachat Horizon. This horizon contains the co-occuring conodont species 

Pandorinellina philipi (Klapper), Pandorinellina exigua (Philip), as well as Pelekysgnathus cf. 
klamathensis Savage, typical of the upper part of the Pragian. Brachiopods: Karpinskia conjugula 
Tschern., Gypidula verae Rzon., G. kayseri (Peetz), Cymostrophia stephani (Barr.), Latonotoechia 

latona (Barr.), Nymphorhynchia nympha (Barr.), Spirigerina marginalis sibirica Rzon., Spinatrypina 

margaritoides Rzon., Leptagonia eodevonica Rzon., Isorthis inostranzewi (Peetz). Ostracodes are 
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reported from reef facies and are represented by planktonic species of Entomozoe subphalanga Pol., 
E. undata Pol., Cypridina pera Pol. [13]; tuberculatum tuberculatum phylozone [14]. 

The stromatoporoid fauna differs little from the Krekov fauna; representatives of the Stromatopora 
and Stromatoporella genera, that first appeared in the Krekov Horizon, are widespread. 

The Salairka Horizon contains a rich assemblage of conodonts, the most important of which are 
Vjaloviodus taimyricus (Kuzmin), Polygnathus kitabicus Yolkin et al., P. gronbergi Klapper et 
Johnson, P. perbonus (Philip), P. inversus Klap. et John., Pandorinellina exigua (Philip), Pand. 

expansa Uyeno et Mason. Brachiopods: Xenospirifer gurjevskensis Rzon., Gypidula 

pseudoacutolobata Rzon., Eoproductella salairica Rzon., Atrypa kuzbassica Rzon., Chonetes 

salairicus Rzon., Spinatrypa batschatica Aleks., Uncinulus parallelepipedus (Bronn), Gypidula 

minuta Rzon. Compared with older associations, the Salairkinsky ostracodes are characterized by the 
most significant variation in systematic composition Uchtovia kusnezkiensis, Bairdiocypris operosus 

zone [13]: simplex-omraensis Pol. phylozone [14]. A few massive stromatoporoids are close to the 
Malobachatsky taxa, their generic composition is not changed [15]. In the sections of samples from 
section 9 of the lower part of the Salairka Formation (Beds 3, 6, 9), arbitrary cuts of a few 
subcylindrical stromatoporoids Stellopora ex gr. fistulosa (Khromych), Clathrodictyella sp. indet. are 
found. In Bed 7 there are primitive foraminifers. The age of the horizon is Early Emsian (kitabicus-

inversus zones). 
The Belovo Horizon of the 1979 chart, which is a facial analogue of the lower part of the Shanda 

Horizon, is abandoned. 
The Shanda Horizon. Conodonts: Polygnathus totensis Snig., P. cracens Klap., Zieg. et Mash., 

P. serotinus Telford (the Lower Shandinsky Beds); Polygnathus linguiformis bultyncki Wed., P. 

foliformis Snig., P. cooperi cooperi Klap., P. costatus patulus Klap., P. co. partitus Klap., Zieg. et 
Mash., P. aff. trigonicus Bisch. et Zieg., P. aff. angustipennatus Bisch. et Zieg., Spathognathodus 

carinthiacus Schulze, Pandorinellina expansa Uyeno et Mason. Brachiopods: Zdimir 

pseudobaschkiricus sibiricus (Rzon.), Megastrophia uralensis (Vern.), Cymostrophia patersoni 
(Hall), Paeckelmania tschumyschensis Rzon., Atrypa yavorskii Rzon., Ivdelina intima Khod., 
Leviconchidiella mirabilis Rzon., Nymphorhynchia bischofioides Rzon. Bakharev has pointed to the 
maximal species diversity of the early Devonian ostracode assemblage from the Shanda Horizon (78 
species), which consists of 3 facial associations and corresponds to the phylozone bisulcatum-

sellidorsatum [14]. The most typical stromatoporoids are: Actinostoma mamontovi Yavor., 
Stromatopora inornata V. Khalf., Stromatoporella sniatkovi Yavor., S. pankratovi Yavor., S. 
perelegans V. Khalf., Synthetostroma sokolovi V. Khalf. The Shanda Horizon is of Late Emsian age, 
but its uppermost part refers to the beginning of the Eifelian (serotinus, patulus and partitus zones). 
 

Middle Devonian (Salair sector) 
 

The Mamontovo Horizon. Conodonts: Polygnathus serotinus Telf., P. costatus costatus Klap., P. 

co. oblongus Wed., P. aff. trigonicus Bisch. et Zieg., P. cf. zieglerianus Weddige, Polygnathus 

pseudofoliatus Witt., P. parawebbi Chatt. beta et gamma-Morph., Icriodus norfordi Chatt., I. 

expansus Br. et Mehl, I. ex gr. difficilis Zieg. et Klap. Brachiopods: Lazutkinia mamontovensis (Laz.), 
Urella asiatica asiatica Rzon., Camarotoechioides urensis Rzon., Salairotoechia pseudocarens 
(Kulk.). Ostracodes (typical for Malosalairka Beds): Coeloenellina cavitata Rozhd., Microcheilinella 
aff. convexa Rozhd., Samarella reversa Pol., Orthocypris regula Pol., Sulcicuneus salairicus Bakh., 
Libumella circulata Rozhd., Bairdiocypris accuratus Pol., Evlanella ex gr. mitis Adam., Thlipsura 

subfurca Pol., Aparchitellina monocornis (I. Egorova), Bairdiocypris bisenbachi Kromm. [16]. 
Stromatoporoids: Actinostoma subpodolicum V. Khalf., Stromatopora angulata Yavor., S. 

tyrganica Yavor., Stromatoporella pseudolutugini V. Khalf., Synthetostroma disjunctum V. Khalf., 
Trupetostroma fistulosum V. Khalf., T. virgatulum V. Khalf., Flexiostroma crispum V. Khalf. The 
horizon is within the interval of the costatus costatus – kockelianus ensensis zones. 

The Kerlegesh Horizon. Conodonts are not currently identified. Brachiopods: Chascothyris 

salairica Rzon., Lazutkinia subhians (Rzon.), Denckmanella damesi (Holz.) Pseudouncinulus 
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kerlegeschicus Rzon. etc. Ostracodes: Hanaites mirabilis (Pol.), Microcheilinella mandelstami Pol., 
Saumella salairica Bakh., Coeloenellina parva Pol., Bairdia aperta Pol., B. tikhyi Pol., Ampuloides 

verrucosa Pol., Phlyctiscapha (?) alta Mosk., Fellerites petchoricus Mosk. [16], Beds with 
Miraculum ornatus [14]. Stromatoporoids: Actinostoma piriforme V. Khalf., Stromatopora angulata 

Yavor., Stromatoporella lutugini Yavor., S. duplex V. Khalf., Trupetostroma cincinnatum V. Khalf., 
Idiostroma yavorskii V. Khalf. 

The Saphonovo Horizon. Conodonts: Polygnathus parawebbi Chatt. beta-morph., P. 

pseudofoliatus Witt., P. ovatinodosus Zieg. et Klap., P. linguiformis linguiformis Hinde epsilon-
Morph., Icriodus difficilis Zieg. et Klap., I. expansus Br. et Mehl. Brachiopods: Indospirifer 

pseudowilliamsi Rzon., Uncinulus subcordiformis (Schur.), Spinatrypina praebodini (Rzon.), Retzia 

stuckenbergi Rzon. Ostracodes: Bairdiocypris accuratus Pol., Sulcocavellina altchedatensis Pol., 
Bairdia safonovskiensis Pol., Moorites legibilis Pol. [16]. Stromatoporoids: Actinostoma clathratum 
Nich., A. irregulare Nich., A. fenestratum Nich., A. verrucosum Goldf., Gerronostroma batschatesis 
Yavor., Stromatopora beuthii Barg., S. huepshii Barg., S. angulata Yavor., S. tyrganica Yavor., 
Stromatoporella mamontovensis Yavor., S. duplex V. Khalf., Stachyodes costulata Lec. The 
Safonovo Horizon is Givetian in age (Lower and Upper varcus sub-zones). 
 

Middle Devonian (Kuznetsk Basin sector) 
 

The Mazalovsky Kitat Horizon. Conodonts [6]: Polygnathus timorensis Klap., Phil. et Jack., P. 

ansatus Zieg. et Klap., P. ovatinodosus Zieg. et Klap., P. varcus Stauf., P. aff. xylus Stauf., P. cf. 
webbi Stauf., Icriodus obliquimarginatus Bischoff et Ziegler, I. brevis Stauf.; brachiopods: Anathyris 

sibirica Khalf., Athyris trapezoidalis Peetz, Mucrospirifer vassinensis (Rzon.), Athyris concentrica 
(Buch.), Euryspirifer pseudocheehiel Hou, Devonochonetes coronatus (Hall.), Leptagonia 

kuzbassica Rzon., Xystostrophia umbraculum gigantea Rzon., Kransia goldfussi korovini (Khalf.), 
Productella subaculeata (Murch.). Ostracodes: Paraschmidtella? isiliensis Pol., Knoxiella? 
kochaiskiensis Pol., Moorites legibilis Pol., Uchtovia cyrlinae Pol., Indivisia semilukiana Egor., 
Sulcocavellina altchedatensis Pol. [16]. Stromatoporoids: Parallelopora kitatense Mak., 
Intexodictyella undata Yavor., Stromatopora ex gr. undata Riab., Hermatostroma schluteri Nich., 
Stachyodes paralleloporoides Lec. [5]. The Givetian age (varcus – norrisi zones). S.A. Rodygin [6] 
has established overlap with the Safonovo Horizon on the lower and middle varcus zones level. 
 

Upper Devonian 

 

The Vassino Horizon. Conodonts: Polygnathus xylus xylus Stauf., P. aff. angustidiscus Young., 
P. webbi Stauf., P. alatus Huddle, P. decorosus Stauf., P. aequalis Klapper et Lane, Icriodus difficilis 
Zieg. et Klap., I. expansus Вг. et Mehl, I. symmetricus Br. et Mehl, I. subterminus Young., 
Ancyrodella lobata Br. et Mehl. Brachiopods: Anathyris phalaena (Phill.), A. sibirica Khalf., 
Sibiratrypa vassinensis Rzon., Devonatrypa vassinensis Rzon., Cyrtospirifer achmet Nal., C. 

schelonicus Nal., Mucrospirifer mesocostalis (Hall), Rhynchospirina tschernyschewi (Peetz), Athyris 

concentrica (Buch). Ostracodes: Bouchekius rotundus Rozhd., Diphyochilina sp.n. (ex gr. abuschikae 
Rozhd.), Healdianella distincta Pol., Uchtovia cyrlinae Pol., Bairdia vassinoensis Pol., B. lacunosa 
Rozhd., B. kynovensis Rozhd. [16]. Stromatoporoids: Styloporella ex gr. izylensis (Yavor.), 
Stachyodes odinikensis Yavor. [5]. The Frasnian age, Early falsiovalis – jamieae zones. 

The Solomino Horizon contains the Upper Frasnian species Polygnathus decorosus Stauffer, P. 
cf. normalis Miller et Young. P. evidens Klapper et Lane, P. webbi Stauf. etc. and brachiopods: 
Aulacella postera Khalf., Spinatrypina plicata Rzon., Adolfia bifida (Roem.), A. multifida (Scup.), 

Athyris globosa (Roem.), Anathyris strelnaensis Meln., A. ussoffi Khalf., A. tishnoffi Khalf., 
Hypothyridina cuboides westsibirica Rzon., Pugnax mesogonia (Phill.), etc. (rhenana Zone). 
Ostarcodes: Amphissites sp. 1, Amphissites sp. 2, Bairdia obligua Rozhd., Microcheilinella peculiaris 
Rozhd. et Netch., Hollinella valentinae Egorov, Ampuloides aff. verrucosa Pol., Bairdia aff. tikhyi 
Pol., Geisina sp.1, Tricornina sp., Bicornellina bolchovitinovae Zasp., Bairdiocypris sp.1, Arcyzona 
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sp., Acantoscapha sp. [16]. Nikolai Kirillovich Bakharev did not complete the study of the Late 
Devonian ostracodes, so many species are indicated in the open nomenclature. Stromatoporoids: 
Styloporella izylensis (Yavor.), Stachyodes odinikensis Yavor., S. khalfinae Mak. [5]. 

The Kosoy Utyos Horizon includes conodont assemblages: Palmatolepis triangularis Sann., Pa. 

minuta minuta Br. et Mehl, Pa. minuta loba Helms, Pa. subperlobata Br. et Mehl, Pa. delicatula 

delicatula Mill. et Young., Pa. aff. quadrantinodosalobata Sann., Polygnathus brevilaminus Br. et 
Mehl, P. aff. imparilis Klapper et Lane, Icriodus alternatus Br. et Mehl, I. alternatus helmsi Sandb. 
et Dreesen, I. iowaensis iowaensis Young. et Peterson, I. cornutus Sann. and brachiopods: 
Cyrtospirifer tschernyschewi Khalf., C. verneuili (Murch.), Camarotoechia boloniensis glubokiensis 
Rzon., Mesoplica praelonga typica Rzon., Athyris angelica Hall, Pugnax rigauxi Mark. These species 
are typical of the lower part of the Famennian stage (triangularis Zone). 

The Mitikha Horizon is composed of siliciclastic rocks while conodonts and brachiopods were 
not found. The Famennian ostracode assemblage occurs from the middle part of the Peshcherka 
Horizon; it contains abundant specimens of 6 species. Only one species, of the genus Amphissites, 
continues from the underlying strata. The rest of the species, Knoxiella aff. domanica Rozhd., Acratia 
sp., Sulcatiella sp. and Kozlovskiella sp. appear for the first time at this stratigraphic level [16]. 

The Podonino Horizon. Most of the interval has no fossils. Only at the top of the section are found 
the conodonts Siphonodella praesulcata Sandb., Polygnathus delicatulus Ulrich et Bassler, P. 

inornatus E.R. Branson. The assemblage is typical of the praesulcata zone of the upper part of the 
Famennian stage. Brachiopods have not been found to date. 

The Topki Horizon includes conodont assemblages: Polygnathus inornatus E.R. Branson, 
Neopolygnathus lectus Kononova, Pseudopolygnathus primus Br. et Mehl, Icriodus costatus 
(Thomas), I. costatus darbyensis Klap. morph. 2; Mehlina strigosa (Br. et Mehl) and brachiopods: 
Aulacella interlineata (Sow.), Mesoplica abyschevensis Sar., Sentosia retiformis (Kn. et Karp.), 
Cyrtospirifer ivanovae Besn., C. kuzbassicus Besn., Huanospirifer kureki (Bubl.), Sphenospira jullii 
(Dehee). The Upper Famennian age (expansa and praesulcata zones). 
 

Discussion 

 

The regional chart of the western part of the ASFA is composed of the two reference areas – Salair 
and the northern outskirts of Kuzbass in the zone of transition to the structures of the Tom-Kolyvan 
folded zone. These two areas are tectonically separated and do not have any transitions. According to 
modern ideas, Salair is considered to be a large terrain, pressed into the zone of articulation of the 
Kuznetsk trough and the Tom-Kolyvan folded zone in the Mesozoic time (the Early – the Middle 
Jurassic). Initial formation of the geological structure of Salair ended at the beginning of the Late 
Givetian ages of the Middle Devonian. The history of the Kuznetsk trough at this time had just begun. 

The regional stratigraphic chart of 1979 [4] requires revision. In 2015, the stratigraphic chart of 
the Devonian for the eastern part of the Altai-Sayan folded area (ASFA) has been approved. A similar 
chart for the western part of the ASFA has not been adopted so far, although the working draft has 
been compiled by SibRISC specialists by 2012 [17]. The specific position that has been developed 
by some paleontologists in recent years [18] envisages a radical change in the chart associated with 
changes in the volume and rank of the existing stratigraphic units, the succession of some of them, 
and the introduction of a large number of new units. We do not agree with this and consider these 
changes to be unreasonable and inexpedient. The proposed draft project of the stratigraphic chart 
retains most of the horizons established by predecessors (e.g. [4], [5], [9], [10]). This does not 
contradict the new material that has appeared, including significantly updated paleontological 
characteristics of regional horizons. In this regard, volume and position in section of individual 
regional units have undergone changes [17] (Fig. 1). 

The section of the Devonian system begins with the Tomchumysh Horizon. In the 1979 chart, the 
Sukhoy Horizon appeared within the Formation of the same name as the one beginning the Devonian 
section. In the proposed draft, it was decided to include the Sukhaya Formation in the Tomchumysh 
Horizon as the basal beds. This is motivated by the fact that the Sukhaya Formation contains 
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essentially the same assemblages of brachiopods and conodonts as the overlying beds (except for 
ostracodes, which are different). In addition, the deposits of the Sukhaya Formation are thin and not 
extended along the strike. The relative age of the horizon according to the findings of the conodonts 
roughly corresponds to the conodont zones of Caudicriodus hesperius-C. рostwoschmidti (e.g. [10], 
[12]). 

The Tomchumysh Horizon lies with unconformity on the deposits of the Silurian Ludlow Stage 
(Potapovskaya Formation). Apparently, the lower part of the Devonian completely or partly of the 
Caudicriodus hesperius zone corresponds to a regional gap in sedimentation. 

The above-lying Peetz Horizon (an analogue of the Lower Krekov Beds) was identified by the 
researchers from the Institute of Oil and Gas Geology (IGNiG) of the Siberian Branch of the Russian 
Academy of Sciences under the leadership of E.A. Yolkin in the volume of the upper part of the 
Caudicriodus rostwoschmidti zone [19]. Now it is placed in the interval of the Lanea omoalpha – L. 

transitans conodont zones (the middle part of the Lochkovian stage) [12]. 
Together with the Tomchumysh Horizon, it forms a single transgressive cycle of sedimentation. 
The Lokhovian stage ends with the Krekov Horizon [9]. The conodont assemblage is also 

Lochkovian (see above). The horizon is placed in the interval of the Ancyrodelloides trigonicus, 

Masaraella pandora m. beta, Pedavis gilberti conodont zones and the lower part of the Gondwania 

irregularis zone, although zonal species of these new zones are not yet found in Salair. The relative 
age of the horizon is lowered compared to the 1979 chart, where it was referred to as base of the 
Pragian Stage. 

The Maly Bachat Horizon of Salair corresponds to the Pragian Stage [9] in the volume of the upper 
part of the Gondwania irregularis zone and the Gondwania kindlei, Eocostapolygnathus pireneae 
zones. In an event-driven approach, the Krekov and the Maly Bachat Horizons perform one 
transgressive cycle. 

The Emsian stage of the lower Devonian in the Salair section contains two horizons. The lower – 
the Salairka [9] – corresponds to the Eocostapolygnathus kitabicus, E. excavatus, E. gronbergi, E. 

nothoperbonus, Polygnathus inversus conodont zones. In the middle part of the Emsian interval, the 
Belovo Horizon has been located previously. However, the stratotype of the Belovo Horizon 
corresponds to the lower part of the Shanda Horizon [11]. The new subdivision, proposed by 
geologists of the IGNiG SB RAS, the Razdolny Horizon with a stratotype near the village of Razdolny 
in Guryevsky district, occupies the interval of the section, which, in our opinion, is a part of the 
Salairka Horizon. In this regard, the volume of the Shanda Horizon in the proposed regional chart has 
been changed in comparison with the 1979 chart. This horizon in this draft includes the 
Linquipolygnathus serotinus, Polygnathus costatus ratulus, Po. c. partitus conodont zones. 

Establishment of this first Middle Devonian zone at the top of the Shanda Horizon has been 
registered earlier [10], but this was not noticed by some researchers. However, in the chart of 1979, 
the upper part of the Shanda Horizon also belongs to the Eifelian stage of the Middle Devonian of the 
Ardennes-Rhine scale [4]. 

The Mamontovo Horizon, includes the Po. c. costatus, Tortodus k. kockelianus, and Po. ensensis 
conodont zones and corresponds to almost the entire Eifelian stage of the Middle Devonian. 

The Givetian stage in the proposed chart on Salair is represented by the Kerlegesh and the 
Safonovo Horizons [9]. We presumably correlate the Kerlegesh Horizon with the Po. hemiansatus 
conodont zone (until now there are no conodont findings in the sections of the Kerlegesh Horizon). 

We included the Akarachkino Horizon of the 1979 chart in the Kerlegesh Horizon as its subaerial 
equivalent. One of the arguments for this assignment is an assemblage of fossil plants in the 
Akarachkino Beds, typical of the Givetian stage of the Middle Devonian. The sections of this 
stratigraphic subdivision are everywhere represented by sediments of the coastal accumulative plains 
(continental type of lithogenesis) and it is difficult to reliably correlate it with the off-laying seas. 

The position of the Kerlegesh Horizon in the stratigraphic section of the middle Devonian of Salair 
is understood in the M.A. Rzhonsnitskaya’s interpretation given in 1968 [9]; it is necessary to 
continue its detailed study. The Devonian section of Salair terminates with deposits of the Safonovo 
Horizon, which contains a typical assemblage of brachiopods of the Indospirifer association. In the 
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Bekovo and the Stepnobachachatsky Beds of this horizon, conodonts of the lower and middle varcus 
zones were found [10]. 

The section of the higher parts of the Devonian was studied by us on the northwestern outskirts of 
the Kuznetsk Basin. The Givetian stage in this section is represented by the Mazalovsky Kitat Horizon 
along the Mazalovsky Kitat River in the environs of Anzhero-Sudzhensk. The Mazalovsky Kitat 
Horizon has included deposits of the Alchedat Horizon of the 1979 chart. This became possible after 
analyzing drilling materials in Anzhero-Sudzhensk area, which resulted in identification of 
alternation of beds of bioclastic limestones with Stringocephalus sibiricus and clay carbonate 
siltstone with Euryspirifer pseudocheehiel (Hou) in the section [20]. The Izyly Horizon is excluded 
from the stratigraphic chart as a full facial analogue of the Mazalovsky Kitat Horizon, and also 
because of the established rupture disturbance in the upper part of its stratotype section. The Middle 
Devonian age of the Isyly Horizon was proven at the V exit session of the Devonian Commission of 
the ISC of Russia [5]. 

The Mazalovsky Kitat Horizon includes sediments of the middle and upper subzones of the varcus 
zone, and the Schmidtognathus hermanni, Klapperina disparilis, Mesotaxis norrisi zones. The 
horizon overlaps the deposits of the Safonovo Horizon of Salair at the level of the lower and middle 
varcus zones. 

Most of the Frasnian stage in the proposed stratigraphic chart of the western part of the ASFA 
corresponds to the Vassino Horizon with a stratotype along the Izyly River near the village of 
Vassino. The horizon is correlated with the Mesotaxis falsiovalis, Palmatolepis transitans, P. 

punctata, P. hassi, and P. jamieae conodont zones [6]. 
In the draft of the stratigraphic chart, the Solomino Horizon with a stratotype on the right side of 

the Tom’ River from the Izvestkovyi Zavod village to the cliff of Kosoy Utyos corresponds to the 
upper Frasnian. The previously identified Glubokino Horizon [4] is excluded from the chart because 
it is the reef facies of the Solomino Horizon. Fossils confirm that these horizons are of the same age 
[21]. 

The Kosoy Utyos, Mitikha, Podonino and Topki Horizons correspond to the Famennian stage of 
the Upper Devonian in the regional stratigraphic chart. They are, except for the Podonino, recognized 
for the first time, to add detail to the previous stratigraphic chart. Thus, the two lower horizons of the 
draft are the former Peshcherka Horizon, in which the Kosoy Utyos and the Mitikha Beds were 
distinguished [9]. Now the status of these units is raised. The Kosoy Utyos Horizon is traced not only 
along the north of the Kuznetsk Basin, but is also well recognized in the sections of the southeast of 
the Altai Mountains. The stratotype of this horizon is a section of the cliff of Kosoy Utyos in the right 
bank of the Tom’ River between the Izvestkovyi Zavod and Peshcherka villages. With regard to 
correlation, the horizon corresponds to the Palmatolepis triangularis conodont zone. The Mitikha 
Horizon does not contain conodonts and is conditionally correlated with the interval of the 
Palmatolepis crepida, Pa. rhomboidea, and Pa. marginifera conodont zones. 

The above-lying Podonino Horizon is difficult to study because of the lack of paleontological data 
of the major part of the section. Marine fossils are detected only in the very top of the horizon on the 
right bank of the Yaya River in the area of the former Nevsky village. The data obtained allow us to 
correlate these deposits with the base of the Siphonodella praesulcata conodont zone [22]. On this 
basis, the underlying beds are conditionally correlated with the Palmatolepis rugosa trachytera, Pa. 

perlobata postera, and Pa. gracilis expansa conodont zones. 
The Topki Horizon is proposed as the terminal horizon of the regional stratigraphic chart of the 

Devonian of the western part of the ASFA. Its stratotype is located near the Topki village near the 
city of Kemerovo. Previously, it was included in the Abyshevo Horizon of the Lower Carboniferous 
as the Topki Beds [4]. The horizon is assigned to the Devonian on the basis of the revision of 
association of brachiopods, bryozoans and findings of conodonts in the stratotype section [23]. 

It corresponds to the upper part of the Siphonodella praesulcata conodont zone of the standard 
conodont scale. The boundary with sediments of the Lower Carboniferous is drawn at the base of the 
Krutovo Horizon above, composed of tuffs and tuffites of felsic composition. 
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Conclusions 

 

The draft of the regional stratigraphic chart of the western part of the ASFA proposed by the 
authors sums up the study of stratigraphy of the Devonian system of the western part of the Altai-
Sayan folded area over the past 40 years (Fig. 1). 

The regional horizons included in the stratigraphic chart are well recognized throughout the region 
and used in compilation of the second generation of State Geological Map of Russia (Kuzbass and 
Altai series). 
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Abstract 

 

The Late Permian (Lopingian) and Early Triassic successions of the Moscow Syneclise have been 
studied in twenty localities. We recognized two phases of development of the Late Permian flora. 

First, a phase of rise and maximum diversity, and second, a phase of suppressed and unstable 
floristic development. Also, we estimate a local scale diversity of the higher plants in the Late Permian 
and Early Triassic of the Moscow Syneclise. The present investigation utilizes quantitative methods 
to assess the taxonomic diversity of flora at the genus and species levels. The main factor in reducing 
the number of taxa is a decrease the number of transit taxa, and an increase of the rate of extinction. 
 
Keywords: Late Permian, Early Triassic, paleobotany, phytostratigraphy, taxonomic diversity 

 

Introduction 

 

There were many new data on the floral composition of the Moscow basin received from the Late 
Permian and Early Triassic deposits during the last 20 years. New information on the composition of 
plant assemblages was obtained both from well-known and recently discovered localities (e.g. [1], 
[2], [3]). 

Significant progress in the study of the Late Permian vegetation was also observed in Europe [4], 
[5], [6] and China [7], [8]. The reference framework for the present study is the classical book of A.V. 
Gomankov and S.V. Meyen [9], and a few review and descriptive papers published later [3], [10], 
[11], [12], [13]. 

Gomankov and Meyen [9] monographically studied the flora of the East European Platform and 
the Fore-Urals and named it the Tatarina flora after the dominant leaf genus Tatarina. The uniqueness 
of the plant assemblages of the Tatarina flora made it possible to recognize the Subangara 
paleofloristic area [14]. 

Gomankov [15] traced and identified changes in the floristic assemblages clearly marked at the 
boundaries of the Urzhumian, Severodvinian and Vyatkian Stages. He notes the maximum taxonomic 
diversity of the Late Permian vegetation in the sediments of the upper part of the Severodvinian Stage 
(Wuchiapingian) on the East European Platform. This stratigraphic level we take as the lower 
boundary of the interval that was analyzed. 

In the last century, the prevailing view was that a stratigraphic hiatus existed between the Late 
Permian and the Early Triassic in European Russia. The terminal Permian and earliest Triassic 
deposits were discovered later [16], [17], [18]. Until this time the paleobotanical characteristic of the 
last stage of Tatarina flora was absent. The plant assemblages were described from the latest Vyatkian 
(Changhsingian)-basal Vetlugian (terminal Changhsingian–Induan) of the Volga-Dvina Rivers 
Basins, European Russia [1]. 
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Methods 

 

The diversity assessment in the present study is based on a dataset that has recently been assembled 
as part of a review of the stratigraphic correlation of the Permian and Triassic of the Severnaya Dvina 
and Sukhona Rivers Basin [19]. Localities from the southern part of the Moscow Syneclise (Vyazniki, 
Lagernyi Ovrag) applied to the composite stratigraphic column based on the correlation of the fauna 
of ostracodes and tetrapods [20], [21], [22], [23]. 

We divide taxa into classes following the terminology of M. Foote [24]. All taxa are divided into 
four classes with respect to the occurrence in the stratigraphic interval. These are taxa that cross the 
top boundary only (first appeared taxa – F), taxa that cross the bottom boundary only (last appeared 
– L), taxa confined to the interval (singletons – S) and taxa that range throughout the entire interval, 
crossing both the top and bottom boundaries (transited – T). The total diversity is given as 
NTOT=F+L+S+T. 

The present dataset incorporates a total of 84 species in 45 genera from five floristic assemblages 
(Fig. 2). Quantitative analyses of diversity taxa were performed and plots generated using R software 
with IDE Rstudio [25], [26]. 
 

Materials 

 

Actual data for the analysis of the taxonomic diversity in this work are drawn from the central and 
southern part of the Moscow Syneclise. We analyzed ten localities on the Sukhona and Malaya 
Severnaya Dvina Rivers Basin (Vologda region) and two localities from the Vladimir and Nizhny 
Novgorod regions (Fig. 1). A brief paleobotanical characteristic of each analyzed locality is given 
below. 
 
Ustie Strelny Locality 

Horsetails dominate in the Strelna Member of the Ustie Strelny Locality. Gomankov [11] noted 
impressions of the stems of Paracalamites sp. and Neocalamites sp. and leafy shoots close to 
Asterophyllites sp. S.V. Naugolnykh described a new species Neocalamites tubulatus Naugolnykh, 
noting that this plant dominated in this flora [27]. 
Opoki Locality 

Plant remains in the locality are represented by well-preserved impressions. Numerous remains of 
leaves and bark of the lycopsid Lepidophylloides cf. delicata (Gomankov) Gomankov were collected 
from the lower part of the Purtovino Member. The sphenophylls Paracalamites sp. and fragments of 
pinnae of the fern Dvinopteridium edemskii (Zalessky) Naugolnykh are less frequent. 
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Fig. 1. Map of the studied localities. 

 

Mutovino (= Isady) Locality 

Fossil plants from the Mutovino are dominated by shoots of the conifer Quadrocladus schweitzeri 

Meyen in association with strobili of Dvinostrobus sagittalis Gomankov et Meyen. Subdominant 
fossils include leaves of the peltasperms Tatarina conspicua Gomankov et Meyen associated with 
peltate ovuliphores of Peltaspermopsis cf. buevichae Gomankov et Meyen, seeds of Salpingocarpus 

bicornutus Meyen, Salpingocarpus variabilis Meyen and sporangia of Permotheca striatifera Meyen 
et Gomankov and Permotheca vesicasporoides Meyen, Esaulova et Gomankov [9]. There are also 
abundant leaves of the cardiolepids Phylladoderma (Aequistomia) annulata Meyen, Phylladoderma 

(A.) rastorguevii Meyen and Phylladoderma (A.) trichophora Meyen. In addition, Gomankov and 
Meyen [9] reported on leaves of the Rhaphidopteris type and fragmentary leaves of uncertain 
systematic position Arisada densa Meyen. Spore-bearing plants are represented by leaves of the 
lycopsid Lepidophylloides delicata (Gomankov) Gomankov and associated dispersed megaspores. 

Other fossil plants include leaves with venation of the Taeniopteris type produced probably by 
ferns (Fefilopteris pilosa Gomankov) or seed ferns, and the moss Protosphagnum nervatum Neuburg. 
Klimovo and Bolshoe Kalikino Localities 

In 1993, M.P. Arefiev collected horsetail stems of Paracalamites sp. and Phyllopytis sp. from red 
beds of the Klimovo Locality underlying paleosols. In 2014, we found fragments of pinnae of 
Pecopteris sp. At approximately this stratigraphic level, in the Bolshoe Kalikino section, Gomankov 
[11] listed horsetail stems of Neocalamites, leaves of the peltasperms Pursongia angustifolia Zalessky 
and leaves of the gymnosperm Rhipidopsis cf. ginkgoides Schmalhausen. 
Aristovo Locality 

The Aristovo locality is the richest and best studied locality for plant remains in the basin of the 
Severnaya Dvina and Sukhona rivers. Gomankov and Meyen were the first to study the floristic 
assemblage of the Aristovo section [9]. Seed ferns of the families Peltaspermaceae and 
Angaropeltaceae are dominant. Peltasperms are represented by leaves of Tatarina conspicua Meyen, 
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Ustyugia pinnata (Meyen et Gomankov) Gomankov, Pursongia beloussovae (Radсz.) Gomankov et 
Meyen, ovuliferous discs of Peltaspermopsis buevichiae (Gomankov et Meyen) Gomankov and 
associated ovules of Salpingocarpus bicornutus Meyen, S. variabilis Meyen and Salpingocarpus sp. 

The family Angaropeltaceae is represented by leaves of Phylladoderma (Aequistomia) aequalis 

Meyen and P. (A) annulata Meyen. Synangia of seed ferns affiliated to three species are present: 
Permotheca striatifera Meyen et Gomankov, P. vesicasporoides S. Meryen, Esaul. et Gomankov and 
rare sporangia of P. vittatinifera Meyen et Gomankov [9]. Conifers are represented by shoots of 
Quadrocladus dvinensis Meyen and Geinitzia sp., ovuliferous dwarf-shoots of Sashinia aristovensis 

Meyen and strobili of Dvinostrobus sagittalis Gomankov et Meyen. Leaves of the lycopsid 
Lepidophylloides delicata Gomankov are less abundant. There are occasional pinnae of Pecopteris 

sp. and plants defined as Arisadia densa Meyen incertae sedis. Perfectly preserved bryophyte leaves 
have been restudied by Ignatov [28] and assigned to Pelliothallites tataricus Meyen, Thallites sp., 
Arvildia elenea Ignatov, Gomankovia latifolia Ignatov, Aristovia subcordata Ignatov, A. 

microcellulata Ignatov, Protochyraea polymorpha Ignatov, Ignatievia papillosa Ignatov, 
Rhizinigerites neuburgae Meyen, Protosphagnum nervatum Neuburg, Palaeosphagnum meyenii 

Ignatov, Vorcutannularia minima Ignatov, Servicktia acuta Ignatov, and S. vorcutannularoides 

Ignatov. 
Zavrazhie Locality 

The Zavrazhie is at the same stratigraphic level as the Aristovo locality. Plant remains are 
represented by well-preserved impressions and occasionally small fragments of poorly preserved 
cuticles. Here are found peltasperms, represented by leaves of Pursongia amalitzkii Zallesky and 
ovuliferous discs of Peltaspermopsis polyspermis Naugolnykh [29]. 
Eleonora Locality 

The plant mesofossils include dispersed megaspores and numerous fragmentary cuticles of 
gymnosperm and rare bryophyte leaves. The megaspore assemblage contains many megaspores of 
Erlansonisporites? sp.; only one specimen of Maiturisporites sp. was found. The fragments of 
bryophyte leaves belong to the order Protosphagnales (Ignatov, 2015, pers. comm.). Most fragments 
of dispersed leaf cuticles of gymnosperms belong to pteridosperms of the family Angaropeltaceae of 
genus Phylladoderma (Aequistomia) Meyen. 
Tais Locality 

The plant remains of the Tais Locality are represented by well-preserved impressions and 
occasionally by small fragments of poorly preserved cuticles. The plant macrofossils include the 
shoots of mosses Muscites sp., numerous shoots of the horsetail Neocalamites sp. and fragmentary 
sterile pinnae of ferns Sphenopteris sp. and Pecopteris sp. Conifers are represented by shoots of 
Quadrocladus dvinensis Meyen. The linear-lanceolate leaves of peltasperms Tatarina conspicua 

Gomankov et Meyen are sub-dominant. Rare fragments of large leaves were preliminarily identified 
as Rhaphidopteris (?) sp. 
Vyazniki (Sokovka) Locality 

Fossil plants from the Mutovino are dominated by leaves of Permophyllocladus polymorphus 

Karasev et Krassilov and the species Vjaznikopteris rigida Naugolnykh. Leaves of Tatarina 

conspicua Gomankov et Meyen and Phylladoderma (Aequistomia) aequalis Meyen, typical of the 
Vokhomsky assemblage, are present in secondary amounts in the Vyazniki locality. Leaves of 
peltaspermalean pteridosperms, ovuliferous disks of Peltaspermum capitatum Naugolnykh and 
numerous dispersed seeds were found in association. Ovuliferous organs of Stiphorus ovatum 

Naugolnykh occur in single specimens; conifers are represented by fragments of leaves of Ullmannia 

cf. frumentaria (Schlotheim) Göppert and Quadrocladus sp. In the middle part of the plant bearing 
lens is an interlayer with rather numerous shoots of the sphenopsids Neocalamites cf. mansfeldicus 
(Weigelt) Weigelt. 
Lagernyi Ovrag-3 Locality 

The Lagernyi Ovrag-3 was temporarily available for study in 2011 due to large-scale road works 
to expand the Okskiy S’yezd street of Nizhny Novgorod. The locality is a gray mudstone lens, where 
found some remains of plants, ostracod shells, conchostraca and bivalves, scales and bones of fishes 
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and rare tetrapod bones [31] were found. Coniferous shoots of the genus Quadrocladus sp. and 
dispersed seeds of the genus Salpingocarpus sp. were the most numerous of the fossil plant remains. 

Lobate leaves of Vjaznikopteris cf. rigida Naugolnykh and ovuliferous discs of Peltaspermum cf. 

capitatum Naugolnykh are found here, as well as several lanceolate leaves of Tatarina sp. Two 
samples are presented by imprints of shoots of Paracalamites sp. and one impression of the leaf of 
Rhipidopsis ginkgoides Schmalhausen. 
Nedubrovo Locality 

The Nedubrovo section is exposed in a series of large outcrops on the left bank of the Kichmenga 
River. The plant remains are fragmentary, but with well-preserved cuticles. In 1999, Krassilov, 
Afonin and Lozovsky published the first data on the assemblage of plant remains from the Nedubrovo 
section [16]. They showed that the floristic assemblage from the Nedubrovo Locality includes 
elements typical of both the Tatarian flora of the East European platform (Tatarina conspicua Meyen 
and Phylladoderma (Aequistomia) annulata Meyen) and the Zechstein flora (Ullmannia cf. bronnii 

Goeppert and Quadrocladus cf. solmsii (Gothan et Nagathard) Schweitzer). Mesofossils are 
represented by megaspores of Otynisporites tuberculatus Fuglewicz characteristic of the Induan of 
Central Europe and megaspores of Otynisporites maculosus Karasev et Turnau, Maexisporites 

grosstriletus (Liu, Zhu et Ouyang) Karasev et Turnau, Maexisporites cf. pyramidalis Fuglewicz and 

Maexisporites rugulaeferus Karasev et Turnau characteristic of the megaspore assemblage of the 
Sholga locality (see below). Well preserved ovuliferous organs (peltoids) of Navipelta resinifera 
Karasev [32] and fragmentary leaves of Permophyllocladus cf. polymorphus Karasev et Krassilov are 
also found in the Nedubrovo Locality. 
Sholga Locality 

The megaspore assemblage comprises at least nine species of megaspores, among them two new 
species, one of the genus Maexisporites and the other Otynisporites. Additionally, megaspores 
referable to O. tuberculatus Fuglewicz, Hughesisporites sp. cf. H. simplex Fuglewicz, Maexisporites 

pyramidalis Fuglewicz, Trileites sp. cf. T. vulgaris Fuglewicz, and Verrutriletes sp. were identified. 
The taxa identified are known from the Lower Triassic deposits of Eastern Europe, Central India, 

East China and Southern Australia. The assemblage from Sholga contains species typical of the 
Otynisporites eotriassicus Zone including O. tuberculatus, H. simplex and Trileites vulgaris. 

Thus, the megaspore assemblage from the upper part of the Astashikha Member and from the 
Ryabi Member of the Vokhma Formation can be confidently compared with that of the lower 
Buntsandstein of Eastern Europe. We also found rare dispersed cuticles that show the same epidermal 
structures as for Tatarina leaves. 
 

Discussion 

 

Two phases of the Tatarina flora 

Two phases of florogenesis took place in the Late Permian of the Moscow Syneclise. The first or 
early phase is a rise and the maximum taxonomic diversity of Tatarina flora. The Tatarina flora on 
this phase divided into three paleofloristic assemblages: Kotelnichesky, Alexandrovsky and 
Vokhomsky [15] (Fig. 2). According to Gomankov [15] the Alexandrovsky assemblage differed from 
the preceding the Kotelnichesky assemblage by the almost total disappearance of Cordaitales and the 
absence of sphenophytes of the genus Sphenophyllum Brongniart. The Vokhomsky assemblage is 
characterized by peltasperms of Ustyugia pinnata (Meyen et Gomankov) Gomankov and the conifers 
Sashinia aristovensis Meyen. 
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Fig. 2. Stratigraphic range chart of Lopingian-Early Triassic fossil plants at the Moscow Syneclise. 
Rounded marks on taxon range lines correspond to provisional identification of taxa in this locality (like “cf.”). 

 
The late or second phase of the Tatarina flora corresponds to the last and most unstable stage of 

development of the Late Permian flora. The typical elements of Tatarina flora were regularly found 
at this phase, but less frequently. The common and most characteristic element of the second phase 
is leaves of the genus Permophyllocladus. Plants close to Permophyllocladus appear in small numbers 
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in the Vokhomsky assemblage on the Russian platform and are noted as Lepidopteris archaica 
Gomankov. Leaves similar to Permophyllocladus are common in the latest Permian deposits of 
Western Europe and are known as Germaropteris [5], [6], and from the Upper Permian of Sunjiagou 
Formation of China as Lepidopteris baodensis Zhang, Zheng et Naugolnykh [8]. A significant 
quantity of cells of Reduviasporonites chalastus (Foster) Elsik were found in the microfossil 
assemblage from deposits with Permophyllocladus [33], [34]. 

The proliferation of Reduviasporonites chalastus recorded from the Permian-Triassic deposits in 
various localities (e.g. China, Israel, Southern Alps, Australia, South Africa) has been closely 
associated with the Permian-Triassic mass extinction event [35], [36], [37]. 

The second phase of the Tatarina flora are subdivided into two paleofloristic assemblages: the 
earlier is the Vyaznikovsky assemblage and the latter is the Nedubrovsky assemblage (Fig. 2). 

The Vyaznikovsky assemblage is characterized by the short-lived genera Vjaznikopteris 
Naugolnykh. Krassilov and Karasev described two assemblages, the Sokovka and Balymothikha 
floral assemblages near Vyazniki city [1]. We revised the taxonomic composition of the 
Balymothikha locality (Vladimir region) and combined it together with the Sokovka locality into the 
Vyaznikovsky assemblage. This assemblage also includes the plant assemblage of the Lagernyi 
Ovrag-3 locality. In addition, the Vyaznikovsky assemblage is characterized by evidence of intense 
interaction between parasitic arthropods and the plants [1], [30]. 

The Nedubrovsky assemblage is characterized by the presence of the genus Navipelta and 
dispersed megaspores of lycopsids of the genera Otynisporites and Maexisporites. The composition 
of plants from Nedubrovo and Sholga localities refer to this assemblage. Probably, some elements of 
the Nedubrovsky assemblage found in the Spasskoe locality (Nizhny Novgorod region) with 
ovuliferous organs of genus Vetlugospermum which is very similar to the genus Navipelta [38]. 

Thus, the upper boundary of the stratigraphic distribution of the Tatarina flora is located in the 
terminal Permian deposits (Nedubrovo locality, Nedubrovo Member of Vokhma Formation). It is 
worth noting that dispersed cuticles indistinguishable from the genus Tatarina using epidermal 
characters occur in the Induan of the Vetluga Horizon (Sholga locality, Ryabi Member of Vokhma 
Formation). 
Taxonomic diversity 

The actual number of described taxa and the ratio of the main plant groups from one 
oryctocoenosis to another are distributed extremely unevenly (Fig 3). 

This is primarily due to various burial conditions (how long material was transported, diagenesis, 
etc.) and nature of the paleolandscape in which formed this taphocoenosis. In addition, in some cases, 
the ratio of the main plant groups is affected by the volume of collected fossil material. 

We supplement the taxonomic composition of each of the oryctocenoses with taxa known from 
both earlier and later beds of the studied area (Fig. 4). This reduced the influence of the “window of 
preservation” on the ratio of the main groups of plants in the oryctocoenosis [39]. 

 
Fig. 3. Number of taxa recognized and published in each locality. 

Colors show proportions of main groups of higher plants. 
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The non-vascular plants (algae and mosses) were excluded from the analysis because they require 
specific conditions for burial. In addition, the most of the species of bryophytes of the Late Permian 
of the Moscow Syneclise are described from one locality [28], which introduces a strong 
misrepresentation in the taxonomic diversity of this group. 

 
Fig. 4. The total number of taxa in each time interval including transited taxa. 

Intervals included one or more localities of the same age. 
Colors show proportions of main groups of higher plants. 

 
The total diversity curves at genus and species level (Fig. 5) indicate that the maximum 

diversification of peltasperms and conifers is reached at the intervals from “Mutovino” to 
“Aristovo+Zavr” (the Alexandrovsky and the Vokhomsky assemblages) and gradually declines to the 
“Nedubrovo” interval. 

At the “Vyazniki” interval there is a small increase in the diversity of peltasperms (Fig. 6.). This 
is due to the fact that in the terminal Permian (Vyaznikovsky and Nedubrovsky assemblages) there is 
a replacement of dominant forms among peltasperms [1]. 

 
Fig. 5. Genus and species diversity curves of total richness. 

 
In the Vyaznikovsky assemblage, new genera and species (Vjaznikopteris, Permophyllocladus 

etc.) were added to the conspecific peltasperms of Tatarina flora. On the “Nedubrovo” interval the 
number of conifer taxa increased because the typical Zechsteinian conifers (Ullmannia cf. bronnii 

Goeppert and Quadrocladus cf. solmsii (Gothan et Nagalhardt) Schweitzer) were recognized [1]. 
Fig. 6 shows a change in the number of taxa of spore plants and gymnosperms. The interval from 

“Nedubrovo” to “Sholga” (Nedubrovsky assemblage) shows a significant increase in the diversity of 
lycopsids, in contrast to a gradual reduction in the number of taxa of spore plants throughout the 
Alexandrovsky and Vokhomsky assemblages. 

The observed different trends in the number of genera and species in the Nedubrovo and Sholga 
interval (Fig. 5) can be explained by a large number of species of dispersed megaspores in relation to 
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a smaller number of genera. In turn, this is due to the fact that dispersed megaspores were classified 
according to the formal system of H. Potonié [40]. 

 
Fig. 6. The total number of taxa in each time interval including transited taxa, separated into spore-bearing and 

gymnosperm plants. 
 

 
Fig. 7. The four classes of taxa in each interval. (a) Total number of taxa; (b) Transited and last appearing taxa; (c) 

Singletons and first appearing taxa. Colors indicate class of taxa (see text for explanation). 
 

A significant increase in the proportion of lycopsids in relation to other groups of plants in the 
oryctocoenosis is considered quite common for crisis communities [41]. This is the first peak of 
diversity of lycopsids near the boundary of the Permian and Triassic. 

On the territory of the Moscow Syneclise, the second distribution of lycopsids is best known for 
the mass distribution of the Pleuromeia, forming monodominant assemblages in the Olenekian [1], 
[10], [42]. 

The next graph (Fig. 7a) shows how the dynamics of the number of taxa change for each of the 
four classes. The turquoise fill corresponds to transit taxa (T), blue – singletons (S), red – meets last 
time (L), green – taxa occurring for the first time at a certain interval (F). The curves of changes of 
transit and disappearing taxa (Fig. 7b) show that the gradually reducing diversity of Tatarina flora 
occurred within the Lopingian. The main factor in reducing the number of taxa is a decrease the 
number of transit taxa and an increase in the rate of extinction. At the same time, the rate of 
appearance of new taxa and the proportion of short-lived taxa remain approximately at almost the 
same level (Fig. 7c). 
 

Conclusions 

 

1. We recognized two phases of development of the Tatarina flora. First, the phase of rise and 
maximum diversity, and second, the terminating and unstable phase. The characteristic genus 
of the second phase is Permophyllocladus. 
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2. The second phase included two paleofloristic assemblages: the Vyaznikovsky with the 
characteristic genus Vjaznikopteris and the Nedubrovsky with the characteristic genus 
Navipelta and dispersed megaspores of Otynisporites and Maexisporites. 

3. The taxonomic diversity of the Tatarina flora gradually declined throughout the Late Permian. 
The main factor in reducing the number of taxa is a decrease in the number of transit taxa and 
an increase in the rate of extinction. 
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Abstract 

 

The general stratigraphic scale of the Permian system of Russia has been significantly revised and 
modified in recent years. It is based on a modified regional scale of the East European Platform, 
which also includes three series, but still remains substantially different from the International 
Stratigraphic Chart. The differences include the stratigraphic range of the Middle and Late Series, the 
grouping of stages within these series, and their naming. 
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Permian International Stratigraphic Chart vs Permian stratigraphic scale of Russia 
 

The East European Platform is the type region for the Permian System, established by R. 
Murchison in 1841 and named after the Perm province of Russia [1], [2]. This is one of the largest 
Permian sedimentary basins in the world and the type area of the current Stages of the Geological 
Time Scale of Russia [3]. 

The International Geological Time Scale (IGTS) follows the concept of stratotype sections and 
their global point boundaries (GSSP-Global Stratotype Section and Point Boundary), marked by the 
first appearance data (FAD) of zonal index species in a single phyletic line with additional 
palaeomagnetic, geochronological and isotopic markers. 

In the IGTS, the Permian is divided into three Series: Cisuralian, Guadalupian and Lopingian (Fig. 
1) [4], [5]. The Cisuralian (Early Permian) Series was established in the Ural Foredeep and consists 
of four Russian regional stages: Asselian, Sakmarian, Artinskian and Kungurian. 

The Guadalupian (Middle Permian) Series was established in the Guadalupe Mountains, Texas, 
and subdivided into three stages: Roadian, Wordian and Capitanian. The Lopingian (Late Permian) 
Series was established in South China and subdivided into two stages: Wuchiapingian and 
Changhsingian. The Global Boundary Stratotype Sections and Points (GSSPs) and/or the biomarker 
for the boundaries of the all stages are defined by the first evolutionary appearance of the index 
conodont species from its ancestors in a single phyletic line [6], [7]. 

The Russian General Stratigraphic Scale (RGSS), which officially covers the whole territory of 
Russian Federation [8], also includes three Series, but differs from the IGTS in the following: 1) in 
the duration of the Middle and Upper Series, 2) in the number of the stages within Middle Series, and 
3) in the names of the Middle and Upper Series and their stages (Fig. 1). 
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Fig. 1. Stratigraphy of the Permian marine-continental and continental formations of the East European Platform in 
relation to the International Permian timescale. 
 

The Early Permian (Cisuralian) Series of RGSS in contrast to IGTS consists of five Stages: 
Asselian, Sakmarian, Artinskian, Kungurian and Ufimian. Four lower stages consist predominantly 
of marine and shallow-marine successions [2]. The Ufimian Stage is represented by the lagoonal and 
continental formations and is tentatively correlated with the upper Kungurian Stage of the IGTS. 

The ammonoids from the marine analogues of the Ufimian Stage support this correlation [3], [9]. 
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The Middle Permian of the RGSS is established as the Biarmian Regional Series and divided into 
the Kazanian and Urzhumian Stages. In the type region, the Biarmian deposits comprise interbedded 
marine-continental (Kazanian) and purely continental (Urzhumian) successions. 

The Late Permian of the RGSS is established as the Tatarian Regional Series and divided into the 
continental Severodvinian and Vyatkian Stages [3]. 

The Urzhumian, Severodvinian and Vyatkian Stages, before 2006, composed the Tatarian Stage 
of the bipartite Permian System and were considered as regional biostratigraphic horizons [10]. 

The lower boundary of the Kazanian Stage and Biarmian Regional Series is defined by the first 
occurrence of the non-platform conodont Kamagnathus khalimbadzhae Chernykh [11]. A Kazanian 
assemblage of ammonoids containing Sverdrupites harkeri (Ruzhencev), Sv. amundseni Nassichuk, 
Biarmiceras esaulovae Leonova, Kutygin et Shilovsky, B. kremeshkense Leonova, Kutygin et 
Shilovsky, B. barskovi Leonova, Kutygin et Shilovsky, Medlicottia sp. and Daubichites sp. appears 
in the section slightly above the lower boundary of the Kazanian [12], [13]. 

Using conodonts and ammonoids, the lower boundary of the Biarmian Series and the Kazanian 
Stage most probably coincides with the base of the Roadian Stage, Guadalupian Series, middle 
Permian [11], [12], [13], [14]. 

The lower boundaries of the Urzhumian, Severodvinian and Vyatkian Stages, formed by 
continental red beds, are marked by the first evolutionary appearance (biological event) of the index 
non-marine ostracode species from its ancestors in a single phyletic line [3]. 

The base of the Urzhumian Stage is best represented in the Krasny Ovrag section (Orenburg 
Region), which is proposed as its boundary stratotype (limitotype). It is marked by the FAD of the 
non-marine ostracodes Palaeodarwinula fragiliformis (Kash.) and Prasuchonella nasalis (Sharapova 
in Schneider). The base of the Severodvinian Stage is best represented in the Monastery Ravine 
section (Kazan Region), which is proposed as its boundary stratotype (limitotype). It is marked by 
the FAD of the non-marine ostracode Suchonellina inornata Spizh. The base of the Vyatkian Stage 
is best represented in the Mutovino Section on the Sukhona River (Vologda Region), which is 
proposed as its boundary-stratotype (limitotype). It is marked by the FAD of Suchonella blomi 

Molost. [15]. 
During recent years, the transitional sections of the Permian-Triassic Boundary (PTB) have been 

extensively studied. The continuity of the Permian-Triassic Boundary (PTB) successions and the 
absence of the regional gap have been established [16], [17]. 

Nevertheless, the continental successions of the Urzhumian, Severodvinian and Vyatkian Stages 
are difficult to correlate with IGTS due to a lack of reliable biotic and/or abiotic markers for 
nonmarine-marine correlations [9]. According to paleomagnetic data [18] and the general geological 
considerations [3], [19] the lower boundary of the Severodvinian Stage and the Tatarian Regional 
Series (Late Permian in terms of RGSS) tentatively correlates with the base of the Capitanian Stage. 
 

Biarmian and Tatarian Permian of Kazan-Samara Stratotype Regions 

 

In the Kazan and Samara regions, the Middle and Upper Permian deposits are subdivided into four 
Regional stages: Kazanian, Urzhumian, Severodvinian and Vyatkian, each of which consists of 
lithological (formations, members, beds) and biostratigraphic (regional biostratigraphic horizons, 
biozones) units (Fig. 2). 

The Kazanian stage is subdivided into the Lower and Upper Kazanian Substages. In the western 
part of the area, the Kazanian transgressively overlies the Asselian or Sakmarian deposits. In the east, 
the Kazanian stage conformably (or with slight unconformity) overlies the red-colored succession of 
the Ufimian stage. On the main part of the area, the lower boundary of the Kazanian is distinctly 
defined by lithological features and coincides either with the basement of transgressive bituminous 
sandstones or with the basement of transgressive gray-colored shallow marine shales. Biomarkers of 
the Kazanian boundary are the FADs of conodont and brachiopod index-species occurring in the 
limestones and marls. The thickness of the Kazanian varies from 20 m in the west to 280 m in the 
east. 
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The Lower Kazanian Substage is widespread on the main part of the territory cropping out along 
the Kama River, and in the basins of the Ik, Menzelya, Zai, and Sheshma rivers. The type sections 
are located in the Samara Region, in the basin of the Sok River. Solodukho and Tikhvinskaya [20], 
and Esaulova [21] gave detailed descriptions of these sections. 

The Lower Kazanian Substage is characterized by a gradual facies transition from marine 
sediments in the west to continental succession in the east. In the west, marine gray-colored carbonate 
and sulfate-carbonate rocks (20-90 m) are widespread. Towards the east, the marine succession is 
changed into a shallow water marine carbonate-terrigenous formation including tongues of red-
colored rocks. In the east, the Substage is represented by red-colored continental formations (50-80 
m) of the Lower Belebey Subformation. The boundaries between facies zones extend from north-
west to southeast. The eastern boundary of marine facies roughly coincides with the 52° E meridian. 

The marine Lower Kazanian sediments contain rich and diverse fossil assemblages including small 
foraminifers, simple rugose coral Calophyllum, bivalves, brachiopods Aulosteges horrescens (Vern.), 
Licharewia rugulata (Kut.), L. stuckenbergi (Netsch.), Blasispirifer blasii (Vern.), Tumarinia 

latiareata (Netsch.); conodonts Kamagnathus khalimbadzhae Chern., as well as numerous conularia, 
ostracodes, gastropods, bryozoans, crinoids and fish [20], [21]. 

The continental Lower Kazanian deposits include the ostracode assemblage of the Paleodarwinula 

fainae-Prasuchonella tichvinskaja Biozone, the non-marine bivalve assemblage of the Palaeomutela 

umbonata Biozone [22], fish remains of the Koinichthys ivachnenkoi Biozone, tetrapods of the 
Parabradysaurus silantjevi Biozone; the rocks also contain conchostracans, numerous plant remains 
and spores and pollen. 

In the type area, the Substage corresponds to the Nemdian Horizon and is subdivided into four 
bios- and lithostratigraphic units: Bugulma Beds, Baitugan Beds, Kamyshla Beds, and Krasnyi Yar 
Beds. 

The Bugulma Beds (thickness from 1-2 m to 35 m) are widespread in the central part of the territory 
and consist of gray cross-bedded sandstones usually referred to as “Bituminous Sandstones”. They 
often form a basal Kazanian Member, the thickness of which is usually 1-2 m but increases in some 
sections up to 35 m. The Bugulma Beds fill the stream-channels eroded the Ufimian basement at the 
beginning of the Kazan Sea ingression. In the south-east area, the Bugulma Beds contain industrial 
deposits of heavy oil and bitumen. In the central part of the area, sandstones include thin (up to 1 m) 
interlayers of laminated limestones with non-marine ostracodes, bivalves and plants. In the east, 
sandstones contain interlayers of dark gray shales with marine ostracodes. 

The Baitugan Beds (10-40 m) conformably rest on the Bituminous Sandstones of the Bugulma 
Beds in the central part of the territory. In the west, they unconformably overlie the Sakmarian 
carbonate-sulphate rocks, and in the east – the Ufimian red-bed terrigenous formation. The beds are 
mainly composed of gray calcareous shales and muddy siltstones, usually with abundant assemblages 
of inarticulate brachiopods (Lingula) on the bedding planes. Because of these Lingula assemblages, 
this part of the section is referred to as the Lingula Shales Member. The Lingula Shales usually 
contain the basal bioclastic limestone (3-8 cm), from which the multielement conodont Kamagnathus 

have been recovered [11]. 
The Kamyshla Beds (15-30 m) are composed of gray-bed shales, siltstones, sandstones, and marls 

with numerous lenticular beds and members (up to 5 m thick) of bioclastic limestones and dolomites. 
All types of rocks contain numerous large brachiopods, bivalves, bryozoans, crinoids, and 

foraminifers. The distinctive feature of the Kamyshla Beds is the predominance of the brachiopod 
species Licharewia stuckenbergi (Netsch.). 

The Krasnyi Yar Beds (15-30 m) consist of (from bottom to top) 1) gray shales with rare 
Cancrinella and Beecheria (9 m); 2) gray dolomites with bivalves and brachiopods (6 m); 3) gray 
obliquely laminated sandstones containing brachiopods, bivalves, and more rarely gastropods and 
bryozoans (4-8 m). The Lower Kazanian Age is established by sporadic occurrence of the index 
brachiopod species Licharewia rugulata [20], [21]. 

Along the latitudinal line from Kazan area to the east, the gray-bed marine succession of the 
Krasnyi Yar Beds is rapidly replaced by red-bed rocks. This complicates the recognition of the upper 
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boundary of the Lower Kazanian in the east of the East European Platform where the Upper Kazanian 
is represented by continental formations. 

The Upper Kazanian Substage is widespread in the Kazan and Samara regions. The type area of 
the Upper Kazanian is the Kazan District. The type sections are located on the right bank of the Volga 
River near the village of Pechishchi [19], [23]. 

The Upper Kazanian Substage is characterized by a gradual facies transition from the sediments 
of normal marine and hypersaline lagoon environments in the west and south to the continental red-
colored formation in the east. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Middle and Upper Permian regional stratigraphic scale and zonal distribution [17], [19]. 
 
The eastern boundary of the marine facies roughly coincides with the 51° E meridian. In the south, 

the substage contains strata (up to 180 m) of halogenic and sulfate rocks. In the east, the substage 
consists of red-bed continental (mainly lacustrine-alluvial) rocks (up to 180 m thick) that are assigned 
to the Upper Belebey Subformation. The thickness of the substage varies from 25-100 m on the uplifts 
to 200-300 m in the depressions of the platform. The boundaries between the facies zones extend 
from north-west to south-east. 

The conodonts Kamagnathus volgensis Chern., foraminifers Nodosaria elabugae Tscherd., N. 

suchonensis K. M-Makl., brachiopods Aulosteges fragilis (Netsch.), etc. are the most important 
fossils for the marine Upper Kazanian biostratigraphy. 
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The conodonts Kamagnathus volgensis Chern., foraminifers Nodosaria elabugae Tscherd., N. 

suchonensis K. M-Makl., brachiopods Aulosteges fragilis (Netsch.), etc. are the most important 
fossils for the marine Upper Kazanian biostratigraphy. 

The Upper Belebey Subformation (60-100) m is composed of siltstones and alluvial sandstones 
containing comparatively rare thin interbeds of marl, algal-microbial limestone, and more rarely of 
dolomite and gypsum. Throughout all the succession, various paleosols are widespread. They are 
identified by spots of gleisation, by the numerous calcareous nodules, and by the slickensides. The 
sediments contain assemblages of the non-marine ostracodes of the Palaeodarwinula fainae-

Prasuchonella tichvinskaja Biozone, the assemblages of non-marine bivalves of the Palaeomutela 

quadriangularis Biozone [22], the assemblages of fish of the Kargalichthys pritokensis Biozone. 
The rocks also frequently contain conchostracans, fragments of reptile bones, imprints of leaves 

and trees, and pollen and spores. 
The Urzhumian stage was established by the Russian Interdepartmental Stratigraphic Committee 

(RISC) in 2004 on the base of the Urzhumian horizon [24] as the upper stage of the Biarmian Series 
[25]. 

It overlies the Kazanian rocks conformably or with slight disconformity. The reference sections of 
the Urzhumian are located in the Kazan District on the right bank of the Volga River: 1) in the 
Cheremushka Gully – parastratotype section, and 2) in the Monastery Ravine – stratotype section 
[26], [27], [28], [29]. 

The most characteristic feature of the Urzhumian is the presence of quartzite sandstones and 
siltstones, which are absent in the Kazanian and Ufimian. Algal-microbial limestones and dolomites 
are usually riddled with numerous voids of plant roots in situ. Shales with greenish-gray and red stains 
of gleisation are usually overfilled with calcareous concretions (paleosol horizons). Shales with 
lenticular lamination contain numerous remains of ostracodes, bivalves, fish scales and tetrapods. The 
index fossils for the Urzhumian are the non-marine ostracods Palaeodarwinula fragiliformis (Kash.), 
P. teodorovichi (Bel.), P. torensis (Kotsch.), P. defluxa (Misch.), P. elongata (Lun.), P. elegantella 

(Bel.), P. chramovi (Gleb.), and Prasuchonella nasalis (Shar.), etc., and bivalves Palaeomutela 

krotowi Netsch., P. doratioformis (Gus.), Prilukiella subovata (Jones), Pr. mirabilis (Gus.), 
Anadontella volgensis (Gus.). The lower boundary of the Urzhumian additionally is marked by the 
basement of Platysomus biarmicus-Kargalichthys efremovi fish Biozone. The Urzhumian coincides 
with the Estemmenosuchus uralensis and Ulemosaurus svijagensis tetrapod assemblage Biozones. 

The Severodvinian stage was established by the RISC in 2004 based on the Severodvinian horizon 
as the lower stage of the Tatarian Series [25]. The stratotype sections are located along the Sukhona 
River in the north-eastern part of the Vologda Region. The Severodvinian is composed of red-bed 
argillaceous and terrigenous rocks with many marl and limestone intercalations. Algal-microbial 
limestones are usually riddled with numerous voids of plant roots in situ. Shales with greenish-gray 
and red stains of gleisation are usually overfilled with calcareous concretions (paleosol horizons). 

Shales with lenticular lamination contain numerous ostracods, bivalves, fish scales and tetrapods. 
The basement of the Severodvinian is best represented in the Monastery Ravine section (Kazan 

Region), which is proposed as boundary stratotype (limitotype) marked by the FAD of the nonmarine 
ostracode Suchonellina inornata [25]. The lower boundary of the Severodvinian coincides with the 
lower boundary of Suchonellina inornata-Prasuchonella nasalis ostracode Biozone. The boundary 
of the paleomagnetic zones Kiaman and Illawarra is fixed near the lower boundary of the 
Severodvinian which, in general, includes two magnetozones (N1P and R2P). 

The Severodvinian stage is subdivided into the Lower and Upper Severodvinian (Fig. 2). 
The Lower Severodvinian coincides with the Suchonellina inornata-Prasuchonella nasalis 

ostracode Biozone, as well as the lower part of Toyemia tverdochlebovi-Platysomus biarmicus fish 
Biozone, and with upper part of Ulemosaurus svijagensis tetrapod Biozone. The Upper Severodvinian 
contains the ostracode assemblages of Suchonellina inornata-Prasuchonella stelmachovi Biozone, 
the fish assemblages of upper part Toyemia tverdochlebovi-Platysomus biarmicus Biozones and 
Toyemia tverdochlebovi-Mutovinia stella Biozones, and the tetrapod assemblages of Suchonica 

vladimiri, Deltavjatia vjatkensis and lower part of Proelginia permiana Biozones. 
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The Vyatkian stage was established by the RISC in 2004 based on the Vyatkian horizon [30] as 
the upper regional stage of the Tatarian Series [25]. Stratotype sections are located along the upper 
reaches of the Vyatka River in the Kirov Region. In the Kazan region, the Vyatkian is composed of 
basal sandstone and conglomerate overlain by red-bed (speckled) argillaceous and terrigenous rocks 
with microbial limestone intercalations. 

The lower boundary of the Vyatkian coincides with the boundary of the Wjatkellina fragilina-

Dvinella cyrta ostracode zone. The Vyatkian contains three ostracode zones, three tetrapod zones, 
three fish zones, and two zones based on non-marine bivalves. In general, the Vyatkian coincides 
with two magnetozones (N2P and R3P). The uppermost part of the Vyatkian contains two subzones 
with normal and reverse polarity, respectively. 

The Vyatkian stage is subdivided into the Lower and Upper Vyatkian. The index fossils for the 
Lower Vyatkian are the non-marine ostracodes Wjatkellina fragilina (Bel.), Suchonella blomi Mol., 
Dvinella cyrta (Zek.), bivalves Palaeomutela curiosa Amal. and P. obunca Netsch. The Upper 
Vyatkian is characterized by ostracode assemblages belonging to two ostracode assemblage zones: 
Wjatkellina fragiloides-Suchonella typica and Suchonellina perelubica-Suchonella rykovi-

Suchonella posttypica. The Upper Vyatkian coincides with Toyemia blumentalis-Isadia aristoviensis 

and Gnathoriza otschevi-Mutovinia sennikovi fish zones, and with the Chroniosuchus paradoxus 

tetrapod subzone of Scutosaurus karpinskii tetrapod zone and Archosaurus rossicus tetrapod zone, 
respectively. 
 

Conclusions 

 

The correlation of the RGSS with the IGTS causes certain difficulties for several stratigraphic 
units. At present, only the tentative correspondence of the Kazanian and Roadian could be considered 
as confirmed. A detailed Permian magnetostratigraphic scale was developed in the sections of the 
East European Platform and is widely used for interregional correlation. The boundary between the 
Kiaman and Illawarra magnetostratigraphic hyperzones is of the greatest importance and is used as a 
global correlation level. 

Radioisotope datings were obtained only for Cisuralian stages. The study of oxygen and carbon 
isotope composition as well as dispersion of magnesium and a number of other elements in biogenic 
carbonates reveals short-term events suggesting palaeoclimatic shifts. The presence of tuff 
intercalations is fixed in many sections of the Tatarian Series of the East European Platform. Isotope 
dating of zircons will make it possible to significantly clarify the correlation of local and regional 
stratigraphic units with IGTS. 

Reliable correlation of RGSS with the IGTS requires detailed regional studies. The purpose of 
these works is the tracing of the global Permian divisions in the type Permian successions of Russia. 

A detailed comprehensive study of transitional intervals of adjacent series and stages using the 
entire set of biostratigraphic, event, magnetostratigraphic, and isotope-geochronological methods is 
a challenge to future research. 
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Abstract 

 

This is the first record of a unique representative of the genus Properrinites Elias, 1938 in the Late 
Asselian limestones of the Shakh-Tau reef (Sterlitamak, Bashkortostan). This genus belongs to the 
goniatitid family Perrinitidae Miller et Furnish, 1940, which is distinguished by the development of 
“ammonitic” sutures. Up to now, perrinitids were considered as a biogeographic marker of the 
Tethyan and American biogeographic realms, while not a single member of this family has ever been 
found in the Uralian Permian successions. 
 

Keywords: Ammonoids, Perrinitids, Early Permian, Urals, Shakh-Tau reef 

 

Introduction 

 

The Early Permian Shakh-Tau bioherm is one of the four tectonic-erosional reef buildups near 
Sterlitamak (Bashkortostan), the so-called Sterlitamak Shikhans. According to Korolyuk [1], the 
formation of Shakh-Tau as a reefal mound began in the Asselian. This mound was developed into a 
true reef in the Sakmarian. The reef body is composed of Shamovella-coral-fusulinid and 
polybioherm limestone with abundant, diverse fossils. In the Artinskian, the reef ceased to exist and 
was considerably eroded. In the middle of the 20th century, the height of the Shakh-Tau Shikhan was 
210 m, but at present it has almost entirely disappeared due to the use of the reef limestone for sodium 
bicarbonate and cement production. 

In the course of the fieldwork 2015-2017, A.V. Mazaev and M.S. Boiko (Paleontological Institute, 
Russian Academy of Sciences) collected extensive material of early Permian mollusks, with a large 
proportion of cephalopods: ammonoids and numerous non-ammonoid cephalopods [2]. Ammonoids 
were collected from the two levels: from the Upper Asselian (Asselian-Sakmarian) limestones 
(Schwagerina beds) and from the overlying Late Artinskian terrigenous deposits. In this paper, finds 
from the lower level are considered. Gerasimov [3] was the first to study the Lower Permian 
ammonoids from the Shakh-Tau and Tra-Tau shikhans. He described the following taxa from the 
Schwagerina beds: Pronorites (?) cf. praepermicus (Karpinsky), Parapronorites postcarbonarius 
var. tetragonus Karpinsky, P. vetus Ruzhencev, Medlicottia subartiensis Gerassimov, M. 

subdorbignyi Gerassimov, Thalassoceras biforme Gerassimov, Th. aff. gemmellaroi Karpinsky, 
Popanoceras sublahuseni Gerassimov, P. sterlitamakense Gerassimov, Agathiceras frechi Böse, 
Paragastrioceras sterlitamakense Gerassimov, Glaphyrites submodestus Ruzhencev, 
Prometalegoceras subhanieli Ruzhencev. Ruzhencev [4] re-identified many of the generic and 
specific names and re-described many taxa. According to Ruzhencev’s identifications, the species list 
included: Neopronorites rotundus (Maximova), Sakmarites asaphus (Ruzhencev), S. 

postcarbonarius tetragonus (Karpinsky), Artinskia subartiensis (Gerassimov), A. subdorbignyi 
(Gerassimov), Shikhanites singularis Ruzhencev, Agathiceras uralicum (Karpinsky), 
Prothalassoceras biforme (Gerassimov), Somoholites shikhanensis Ruzhencev, Paragastrioceras 

sterlitamakense Gerassimov, and Protopopanoceras sublahuseni Gerassimov. No more detailed lists 
of Late Asselian ammonoids has been published from the Sterlitamak Shikhans. 
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Results and discussion 

 

A preliminary study of the new collections showed the presence among the Late Asselian 
ammonoids of the genus Properrinites from the family Perrinitidae Miller et Furnish, 1940, 
representatives of which have never previously been found in the Urals and Cisuralia, despite a long 
study of these deposits. The records of perrinitids are well known from the beginning of the last 
century in the USA (Nevada, Arizona, Texas, New Mexico, Kansas, Oklahoma), Mexico, Guatemala, 
Venezuela, and Colombia [5], [6], [7], [8]. Nassichuk [9] indicated the only locality of perrinitids in 
the north of the American continent (in Yukon). The evolution of this family is almost entirely 
restricted to the Early Permian. For most of the 20th century, Perrinitidae were used for the Early 
Permian biostratigraphy of the North and Central America (Properrinites Genozone (Asselian-
Sakmarian) and Perrinites Genozone (Artinskian-Kungurian)). In the eastern hemisphere, finds of 
perrinitids are not so numerous and are restricted to the Tethyan Realm. The main localities are known 
in Central Asia (Pamir, Darvaz, Afghanistan [10], [11]) and in Timor [12]. Isolated finds were made 
in the Crimea [11] and South China [13]. 

The specimen of Properrinites from Shakh-Tau is a fragment of relatively large shell (Fig. 1A) 
with a well-preserved external portion of the suture. The shell shape is pachyconic, semiinvolute, 
with a rounded venter, convex flanks and a medium-sized umbilicus. The external portion of the 
suture is composed of a ventral lobe, three lateral lobes, and an umbilical lobe. The ventral and lateral 
lobes are deeply serrated. Each of the ventral prongs has two large digits on either side. The external 
digit is narrow and long with three digits of a second order, while the internal digit is wide, with two 
smaller digits. The first lateral lobe is narrow, deep, with five digits. The external upper digit is 
secondarily subdivided into two parts. The second lateral lobes are wide, shallow, with five digits, 
upper digits are subdivided indistinctly. The third lateral lobe is bifid, wide, and asymmetrical. 

Its external portion has four digits, with a secondary complication of the upper external digit. The 
inner portion is considerably smaller in size, and bifid. The fifth lobe on the lateral side is umbilical 
in origin, is small and bifid (Fig. 1B). 

The most closely related species both in age and in geographic position can be considered the 
Pamir species Properrinites dmitrievi Ruzhencev, 1978 from the Asselian- Sakmarian deposits of 
Pamir (Figs. 1C-D). 
 

 
Fig. 1. Shells and sutures of representatives of Properrinites: (A, B) P. sp. specimen PIN, no. 5615/1, Shakh-Tau Shikhan, 
Bashkortostan, Upper Asselian substage; (C, D) P. dmitrievi Ruzhencev, (c) holotype PIN, no. 3740/407; (d) specimen 
PIN, no. 3740/401, Southeastern Pamir, left bank of the Shor-Bulak-sai; Upper Asselian (after Ruzhencev, 1978). The 
shell size is natural. 
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The latter species was established based on the study of seven specimens from the Tashkazyk 
Formation on the left bank of the Shor-Bulak-Sai in the South-East Pamir [10]. This species is known 
from the Maping Formation of South China [8]. The comparison with the Pamir species shows that 
they have an almost identical shell shape (Fig. 1 A, C). The sutural outline is the most informative 
character. In the Uralian specimen it is more complex than in Properrinites dmitrievi (Fig. 1 B, D). 

The external digit of the ventral lobe is trifid, and in the Pamir species it is bifid. The first and 
second lateral lobes have five digits, whereas in P. dmitrievi trifid. The third-fourth lateral lobes of 
the Uralian species are deeply incised. As the Uralian specimen is almost twice the size of the Pamir 
specimen (D is over 60 mm, and in the Pamir specimen D = 27 mm), it can be suggested that a higher 
degree of serration is connected with a more adult ontogenetic stage. Compared to the type species 
P. bosei (Plummer et Scott,1937) from the Admiral Formation of the Wichita Group of Texas 
(Sakmarian), the Uralian species has a more complex sutural outline (the Texas species is 
considerably smaller) [5]. In the species P. furnishi Nassichuk comparable in size, the sutural outline 
is similar in the degree of serration but is different in the wider and bipartite inner digit of the ventral 
prongs and narrow digits of the second lateral lobe [9]. 

At present, we identify the Uralian specimen in open nomenclature, as Properrinites sp., because 
there is no sufficient data to identify it to species or to establish a new taxon. 
 

Conclusions 

 

The find of Properrinites in the Upper Asselian limestones from the Shakh-Tau reef indicates that 
at the beginning of the Permian there existed marine connections between the Tethys and the Uralian 
Paleoocean. The fact that some elements of the Tethyan fauna reached the Uralian Basin is supported 
by isolated finds of the genus Cardiella (C. ruzhencevi Leonova), a typical representative of the 
Tethyan cephalopod fauna in the Upper Artinskian deposits of the South Urals [14]. Marine 
connections with the Tethyan basins were completely interrupted in the middle of this epoch. In the 
second half of the Permian, connections opened with the northern ocean, and the Uralian Paleoocean 
became inhabited by the Arctic ammonoid fauna [15]. In addition, this discovery is unique in that it 
fundamentally changes the existing interpretation of the biogeography of Perrinitidae – one of the 
most important families of Permian goniatites. 
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Abstract 

 

Critical remarks and comments on Golubev’s article “PTB stratigraphy and the Permian-Triassic 
ecosystem crisis on the East European platform” are presented. 
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Introduction 

 

In the article under discussion, V. K. Golubev [1] outlined his opinion on one of the most important 
stratigraphic problems – the characteristics of the Permo-Triassic ecosystem crisis, based on materials 
from the East European Platform. This region is unique for research, since it has sections that allow 
changes in the composition of almost all groups of terrestrial biotas (amphibians, reptiles, fish, macro- 
and microflora, bivalves, phyllopods, ostracodes, insects) to be traced at a critical stage of geological 
history. These sections, composed mainly of red-colored formations, have also been studied using 
paleomagnetic and isotopic-carbon methods, which makes it possible to use them for interregional 
correlations with marine sections. Golubev's work contains a number of very serious stratigraphic 
errors and does not take into account many of the data that appeared in recent publications. 

It is particularly regrettable that these errors were made by the researcher who, together with his 
colleague (A.G. Sennikov), initiated research in the Klyazma River Basin, and to whom we owe so 
much for the discoveries made there. 
 

Main critical remarks and comments 

 

One of Golubev’s main innovations to the stratigraphic scheme of the Permian and Triassic of the 
East European Platform was a new paleomagnetic zone NPT, located between the Permian and 
Triassic and consisting of three subzones: two of normal polarity (n2NPT and n1NPT) separated by 
a subzone of reversed polarity (r1NPT; see figure in the article under discussion). The upper subzone 
(n2NPT) completely corresponds to the zone N1T, which has characterized the Astashikha and Ryabi 
members of the Lower Triassic [2], and the lower one is a short-term interval of normal polarity in 
the upper part of the Vyazniki Horizon. 

The main objection is the different age of the units assigned to the sub-zone of reversed polarity 
(r1NPT). According to Golubev, it corresponds to the Nedubrovo Member of the Early Triassic 
Vokhma Horizon in the north (Kichmenga River Basin), and to the upper part of the Late Permian 
Vyazniki Horizon (=Zhukovian Horizon in the Golubev’s scheme) in the south (Klyazma River 
Basin). The Nedubrovo Member has paleontological (Fig. 1) and lithological characteristics different 
from those of the Vyazniki Member. 

The Nedubrovo Member was first distinguished in the Kichmenga River Basin near the village of 
Nedubrovo, where its stratotype is located [3]. It is composed of thin-layered gray-colored clays, 
sands and silts, which are overlapped by sandstones (an age equivalent of the Astashikha Member) 
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containing vertebrae of the temnospondyl amphibian Tupilakosaurus sp. In the stratotype the 
Nedubrovo Member is underlain by the brownish-red clays of the Nefedovo Member, mistakenly 
included by some researchers [4] in the Nedubrovo Member. Basal sandstones and conglomerates of 
the Nedubrovo Member that are exposed in the Kichmenga River bed near the village of Kuzmino 
contain remains of typical Triassic vertebrates Tupilakosaurus sp., Vonhuenia sp., Saurichthys sp. 
and Blomolepis (?) sp. [3, 5, 6]. The thickness of the member is 10 m. A diverse fauna and flora 
confirms the Early Triassic age of the Nedubrovo Member. Besides vertebrates, these are ostracodes 
of the Darwinula mera-Gerdalia variabilis zone of E.M. Mishina. The floristic assemblage of the 
Nedubrovo Member contains elements of both the late Tatarian Tatarina flora (Tatarina conspicua 
and others), as well as elements of the European Zechstein (Ullmannia cf. bronnii) [3]. 

This flora, together with the plant remains from the Vyazniki Horizon [7], was named by E.V. 
Karasev [4] as Permophyllocladus (= Germaropteris) flora. According to this researcher, the floristic 
assemblage of the Nedubrovo member differs from that of the Vyazniki Horizon by the presence of 
ovuliferous organs of Navipelta resinifera and megaspores of Otynisporites eotriassicus [8], 
described by R. Fuglewicz from the base of the lower Buntsandstein of Poland (sub-oolitic beds). 

The assemblage of insects from the Nedubrovo Member also contains both Permian and Triassic 
forms and has an intermediate character, as well as that from the Vyazniki Horizon. At the same time, 
according to A.G. Ponomarenko [see 3, 8], the insect fauna from Nedubrovo is closer to Triassic. 

Other features of the Nedubrovo Member include the presence of ash material [9] and of a large 
number of carbon micro-spheres probably of cosmic origin [10]. 

The rocks of the Nedubrovo Member are of reversed polarity [11], while they are characterized by 
increased values of magnetic susceptibility and natural remanent magnetization, most clearly 
manifested in the basal beds of the member. As noted by Balabanov [8], these magnetic characteristics 
of the Nedubrovo Member are significantly higher compared to those of the Vyazniki Horizon. 

This member was preserved from pre-Triassic erosion only on the wing of the Sukhona Swell. 
It was not found in the sections of hundreds of boreholes, which opened the contact between the 

Permian and the Triassic and drilled with a full selection of core on the territory of the Kostroma and 
Vologda regions. The only place, apart from Nedubrovo, where we can state its presence, is the 
Balebikha locality in the Vologda region [4], where carbonaceous balls similar to those found both 
in the Nedubrovo section and in the layer 25 of the Meishan section [12] were found in the gray-
colored clays overlapped by the conglomerates of Astashikha Member. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Faunistic and floristic changes across the Permian-Triassic boundary in the Moscow syncline. Members: (1) 
Sarafanikha, (2) Ryabi, (3) Astashikha, (4) Nedubrovo, (5) Zhukovo, (6) Sokovka. 
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The stratigraphic level of the Nedubrovo Member occupies a key position in the transition zone 
from the Permian to the Triassic, directly related to the impact event which, in our opinion, 
determined the Permo-Triassic ecosystem crisis [101

3, 13]. Using the isotope-carbon method, M. 
Arefiev and colleagues [4] established a minimum of values in the Nedubrovo member and compared 
it with that in layer 25 of the Meishan section [15]. At the same time, these researchers supported the 
main statements of Lozovsky’s article, simultaneously repeating the incorrect estimate of the age of 
the Nedubrovo member. 

In the basin of the Klyazma River, Golubev’s subzone of reversed polarity (r1NPT) characterizes 
the very top of the Vyazniki Horizon, the name of which was first proposed by M.A. Shishkin [16] 
based on analysis of assemblages of Tatarian land vertebrates. Later, this tetrapod assemblage was 
referred to as the Archosaurus rossicus Zone [17]. The Vyazniki Horizon was adopted by Lozovsky 
and Kukhtinov [18] at the rank of a stage, and this problem is by no means closed. The stratotype 
region of the Vyazniki Horizon is located in the southern zone of the Moscow Syneclise, where it is 
exposed in sections of ravines that cut through the right side of the rivers. The Horizon contains a 
rich complex of organic remains, which constitute a general characteristic of the Vyazniki faunal 
assemblage. The most complete section of the Horizon was first briefly described by Golubev, 
Sennikov and Naugolnykh [7] and later by Lozovsky and Kukhtinov [18]. Numerous publications 
have been written on this issue [19, 20, 21, 22, 23 and others]. 

A distinctive feature of the Vyazniki Horizon is its unconformity on the eroded-out surface of the 
Vyatkian Stage, which is clearly shown in fig. 5 in the article by Lozovsky [21] and in fig. 2 in the 
article by Sholze and others [23]. The formation of the Horizon began after the continental break in 
sedimentation, when the paleorelief was formed. In the bottoms of the deepest valleys, reaching the 
surface of the Severodvinian stage, oxbow and floodplain lakes were originated. The sedimentation 
of gray thin-layered clay and silt with plant remains (Sokovka Member) was carried out in them. 

A river net is then formed on a wide leveled surface, as evidenced by cross-bedded polymictic 
sands of channel alluvium containing interlayers of gravelites and conglomerates with clay pebbles 
and boulders of local rocks (deep stream facies). These sands lie not only on the Sokovka Member, 
but also on the reddish-colored clays of the Vyatkian stage. The measurements of the direction of 
cross-bedding in the sands showed that the channel flows that formed them flowed in a south-western 
direction [7]. The further direction of this stream from the Klyazma River region to the Ural 
Mountains was proposed in the article by Lozovsky [8]. This sandy pack is rightfully referred to as 
“Zhukovian” by Golubev, because it composes the entire section of Zhukov Ravine. However, to 
extend this term to the entire Vyazniki Horizon, which also includes the Sokovka Member, is 
incorrect. Despite the foregoing, in his publications and, in particular, in the article under discussion, 
Golubev denies the existence of a pre-Vyazniki gap in sedimentation, continuing to show conformity 
between the deposits of the Archosaurus rossicus Zone and those of the underlying Permian. 

The deposits of the Archosaurus rossicus Zone are everywhere under the faunistically 
characterized Lower Triassic red rocks of the Astashikha and Ryabi Members. According to Sennikov 
and Golubev [19, 20] the basal Triassic contains remains of Tupilakosaurus sp., Contritosaurus sp., 
Bystrowianidae gen. indet. and Proterosuchidae gen. indet., while the underlying Samsky Sands of 
the Vyazniki Member are characterized by tetrapods of the Archosaurus rossicus Zone, Permian fish 
and ostracodes [21]. Based on these, Sennikov and Golubev [20] conclude that “the absence of visible 
traces of sedimentation break between the terminal Permian Bed 8 (a thick cross-bedded sand lens 
with Permian fauna) and the Lower Triassic Bed 9 (the base of the upper sandy-clay pack of the 
Triassic-VRL) indicates they belong to a single (?) cycle of sedimentation”. This hypothesis of a 
single Permian-Triassic cycle of sedimentation is not credible. The absence in this region of the 
Nedubrovo Member containing the Triassic vertebrates, ostracodes and megaspores and possessing 
a specific lithological feature (see above) definitely indicates a hidden unconformity, established 

                                                           
1 In this article, the authors made an unfortunate mistake: when correlated with the conodont scale, the Nedubrovo 
Member containing the Triassic fauna was found to be Late Permian in age. 
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exclusively using paleontological methods. Paleomagnetic data can never supersede biostratigraphic 
ones, and this was the cause of Golubev’s misinterpretation. 

In the stratotype of the Astashikha Member, where the rocks of the member lie unconformably on 
the clays of the Nefedovo Member, G. I. Blom found the skull of Lystrosaurus georgi [24]. 

Later, remains of lystrosaurids were found along the entire section of the Vokhmian Horizon (up 
to the Anisimovo Member [25]). It will not be surprising if, in the future, lystrosaurid remains will 
be found in the Nedubrovo Member, and in the lowermost Triassic of the famous Dalongkou section 
in China. Therefore, the recognition of a separate Lystrosaurus Zone in the basin of the Vetluga River, 
as proposed by Golubev (personal communication), is not meaningful. 
 

Conclusions 

 
The Permian-Triassic boundary in the International Stratigraphic Scale was established in 2002 in 

the Meishan section (Southern China) at the base of the 27c layer on the first appearance of the 
conodont Hindeodus parvus. The author of this article (VRL) participated in the working group for 
its establishment. He voted against this decision and supported the position of the PTB at the base of 
Bed 25 [26]. Having spoken out against the term FAD (first appearance datum), Lozovsky proposed 
a new term FFD (first find datum) as actually reflecting reality. His proposal was not supported, but 
only 15 years later, reality has shown that Lozovsky was correct! The first appearance of Hindeodus 

parvus was recently established in Bed 25 of the Yinkeng Formation of the Meishan section [27]! 
Along with this form Hindeodus inflatus, H. praeparvus, H. typicalis, H. hayrypige, H. 

chanxingensis, H. prisca, H. turgida, H. lobata and H. staschei were found. In the underlying layer 
24 that already belongs to the Changxing Formation different conodont assemblage including 
Hindeodus latidentatus, H. inflatus, H. praeparvus, H. typicalis, and H. hayrypige was identified. 

These new data require the cancellation of the previous decision of the International Stratigraphic 
Commission on the RTB and its transfer to the base of Bed 25 of the Meishan section. 
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Abstract 

 

This paper presents new data on the age, composition and structure of the Paleozoic deposits of 
the Zag-Kharaa Terrane of the Khangay-Khentey Megazone (Northern Mongolia). New 
palynological data have made it possible to define the formation time of the terrigenous deposits of 
the Azhnay Formation of the Dzun-Mod volcano-tectonic structure (VTS) as early Frasnian. 

The palynological assemblage present here has been compared with the assemblage of the 
Contagisporites optivus-Spelaeotriletes krestovnikovii miospore Biozone [1]. In addition, rocks 
which were previously considered as part of the Lower Paleozoic Kharaa Formation have been 
referred to the Azhnay Formation. These deposits have been dated as middle Frasnian using 
conodonts and miospores. The palynological assemblage has been compared with the complex of the 
Geminospora semilucensa-Perotrilites donensis miospore Biozone [1]. It has been established that 
the sedimentation at the beginning of the Frasnian most likely took place in terrigenous shallow basin 
settings in combination with the delta plain settings, and at the beginning of the Middle Frasnian – in 
conditions of a deepening paleobasin adjacent to a zone of volcanism. 
 

Keywords: Mongol-Okhotsk Fold Belt, Zag-Kharaa Terrane, stratigraphy, miospores, Devonian, sedimentation settings 

 

Introduction 

 
On the contemporary tectonic map of Mongolia, the Khangay-Khentey Megazone is referred to 

the North Mongolian Fold System and is a part of the Mongol-Okhotsk Belt, which was formed on 
the site of the Mongol-Okhotsk Ocean (MOO) [2], [3]. Several models for its formation have been 
proposed, some of them – in connection with the development of the Neoproterozoic-early Paleozoic 
Paleo-Asian Ocean, others – on the site of the newly formed late Paleozoic Mongol-Okhotsk oceanic 
basin [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [13], [14], [15], [16]. Mongolia occupies a 
key position in resolving the main issues related to the tectonic evolution of the MOO, some issues 
of the regime, the opening and closing time of the MOO have not yet been resolved. To a certain 
extent, this is explained by the inadequacy of biostratigraphic data, especially concerning the 
southwestern part of the Mongol-Okhotsk Fold Belt. 

Our research was focused on the Khangay-Khentey Megazone of the North Mongolian Fold 
System [2]. On contemporary tectonic maps, the megazone is considered to be an accretionary prism 
of the northern continental margin of the Mongol-Okhotsk Ocean and is divided into six terranes: 
Zag-Kharaa, Asraltkhairkhan, Kharkhorin, Khangay, Ulaanbaatar, Onon [2], [3]. New data on the 
age, composition and conditions of sedimentation of the Paleozoic Kharaa (Є2-O1hr) and Azhnay 
Formations (D2-3ad) of the Zag-Kharaa Terrane (the northern Khentey block of the Khangay-Khentey 
Megazone) (Fig. 1) have been obtained. 
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Fig. 1. Fragment of the geological map of sheet M 48-118-B, scale 1:50 000 (according to Tomur, Gerelmaa et al., 1995), 
the location of research objects with sampling points is shown. 
(1) Quaternary sediments; (2) Azhnay Formation (D2-3ad), terrigenous graywacke; (3) Subvolcanic complex, rhyolite 
(D1); (4) Ulaan-Under Formation (D1ul), effusive; (5-6) Kharaa Formation (Є2-O1hr), carbonate-terrigenous: (5) Lower 
Subunit (Є2-O1hr1), (6) Upper Subunit (Є2-O1hr2); (7) faults (a), elements of occurrence (b); (8-9) organic remains: (8) 
miospores (a), conodonts (b), (9) flora (a), brachiopods (b); (10) altitude. 
 

Deposits of these formations are common for the middle Kharaa-Gol River (between the Tola and 
Kerulen rivers) (Fig. 1). It is considered that the Devonian deposits of the Azhnay Formation occur 
with disconformity on the Lower Paleozoic Kharaa Formation [2], [3]. Biostratigraphic studies have 
made it possible to determine the composition, age, and conditions of sedimentation of the rocks of 
these formations. The new data allow us to make some adjustments to ideas about the evolution of 
the sedimentary paleobasin and the sedimentation settings, and the geological history of the 
development of this part of the Khangay-Khentey Megazone in general. 
 

Results and discussions 

 

Geological structure and age of the Azhnay Formation 

The Azhnay Formation (D2-3ad) is extended within the Dzun-Mod volcano-tectonic structure 
(VTS) along the left bank of the Kharaa-Gol River (Fig. 1). According to I. Gordienko, the formation 
of the Dzun-Mod VTS occurred within the Khentey-Dauria active continental margin of the Andean 
type that along the coast of the Mongol-Okhotsk Ocean basin in the Devonian-Permian [6], [17], [18]. 

The Devonian deposits of VTS are represented by greywacke terrigenous and average volcanic 
rocks [4], [16]. The age of the volcanogenic unit underlying the Azhnay Formation and being in a 
single section with it is defined as Lower-Middle Devonian [16]. The fauna of the brachiopods Atrypa 

(Spinotrypa) sp., aff. Longispina sp., cf. Unciqispina sp., Productella sp., Spirifer sp., Atrypa sp. 
found in siltstones, allowed the sediments to be dated as middle-late Devonian [16]. We have studied 
the section of the Azhnay Formation in Ulan-Bilutay-Am Deep (north of altitude 1527). It includes 
four memberes of terrigenous rocks, regularly replacing each other up the section. The first member 
(80 m thick) is conglomerate; it is composed of polymictic medium-small-pebble conglomerates with 
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rare interlayers of gravelly sandstones. Clastic material accounts for up to 70% of the rock volume 
and is characterized by an average degree of sorting. The mostly volcanic pebbles are well rounded 
and have a predominantly round and oval shape. Fragments of rocks represented by phyllitic shales, 
siltstones and sandstones are common, with an admixture of quartz and felsic effusives. The matrix 
is represented by coarse-medium-grained polymictic unsorted sandstones. The second member is 
sandstone (10 to 440 m); it is composed of brownish-gray and gray, coarse-medium-grained quartz-
feldspar-lithic sandstones, poorly sorted with interlayers and lenses of small-pebble conglomerates, 
gravelstones, “floating” rock debris and pebbles. Landslide structures are present. The third member 
(up to 460 m) is sandstone-siltstone; it includes coarse-medium-grained and medium-fine-grained 
tobacco-gray sandstones with interlayers of gray siltstones and dark gray thin-bedded aleuropelites. 
The latter form lenses with erosional bases. Sandstones are composed of polymictic feldspar-quartz-
lithic and quartz-feldspar-lithic psammites. The lithic part is represented by granitoids, acidic 
volcanics, and fragments of terrigenious rocks. The sandstones are indistinctly cross-bedding, the 
medium-scale bedding is caused by the alternation of sandy and siltstone layers (from a few to a few 
tens of centimeters). The sandstones often contain “floating” small fragments of terrigenous rocks 
and volcanic pebbles. The fourth member is siltstone, with a visible thickness of more than 120 m, it 
is composed of alternating siltstones, dark gray aleuropelites with interlayers of siltstones and fine-
grained brownish-gray, tobacco-gray sandstones with lenticular interlayers of laminated 
aleuropelites. According to the clastic composition all the psammites of the Azhnay Formation are 
typified as petroclastic greywackes. The bedding of rocks is monoclinal with the dip to the northwest 
(50-60°), the total thickness of the section is more than 1100 m. 

New data on the age of these deposits have been obtained. As a result of palynological studies (25 
samples) a representative assemblage of miospores has been identified. Devonian-Carboniferous 
species were identified in the composition of the palynological assemblage in addition to fossils with 
a wide range. They include Auroraspora varia (Naum.) Ahmed, Geminospora rugosa (Naum.) 
Obukh., Gravisporites basilaris (Naum.) Pashk., and the species Lophozonotriletes curvatus Naum., 
L. scurrus Naum., Diaphanospora rugosa (Naum.) Balme et Hass. first occur in the Upper Devonian. 
Most of the palynological assemblage are the Upper Devonian species Converrucosisporites 

salebrosus (Naum.) Oshurk., Reticulatisporites perlotus (Naum.) Oshurk., Brochotriletes faveolatus 

Naum., Geminospora semilucensa (Naum.) Obukh. et M.Rask., G. notata (Naum.) Oshurk., 
Lophozonotriletes grumosus Naum. The species Geminospora micromanifesta (Naum.) Owens var. 
crispus Tschibr., G. micromanifesta (Naum.) Owens var. acanthinus Tschibr., G. compta (Naum.) 
Owens var. densispinosus Tschibr., Lanatisporites bislimbatus (Tschibr.) Arch. are typical of the 
Givetian-Lower Frasnian deposits. Typically Frasnian species are Apiculatisporites eximius (Naum.) 
Oshurk., Verruciretusispora semilucensis (Naum.) Oshurk., Tuberculiretusispora domanica (Naum.) 
Oshurk., A.haeozonotriletes devonicus Naum., A. aculeatus Naum., A. variabilis Naum. var. dedaleus 

Tschibr., Reticulatisporites devonicus (Naum.) Oshurk., and Tuberculispora evlanensis (Naum.) 
Oshurk., Acantotriletes buserus Tschibr. are typical of the Lower Frasnian. The palynological 
assemblage contains numerous fragments of detritus, cuticles of vascular plants and tracheids, as well 
as acritarchs distinctly subordinated to miospores in quantitative terms. 

The palynological assemblage determines the early Frasnian accumulation of deposits and 
corresponds to the Contagisporites optivus - Spelaeotriletes krestovnikovii (OK) miospore Biozone 
of the palynological scheme of the Upper Devonian of the East European Platform [1], [19], [20], 
[21]. 
 
Geological structure and age of the Kharaa Formation 

The terrigenous flyschoid Kharaa Formation (Є2-O1hr) occurs in the middle Kharaa-Gol River and 
is divided into two units [16]. The lower one (consisting of two subunits) is composed of the 
alternation of shales, inequigranular sandstones and siltstones, the upper one (consisting of three 
subunits) is represented by an alternation of calcic and volcanomictic sandstones, siltstones, clayey 
and carbonaceous shales. We have studied the deposits of the second subunit (hr2

1) extended along 
the Bayan-Gol and Ulan-Bilutay-Am Deeps (Fig. 1). The section of the subunit the Bayan-Gol Deep 
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is divided into four memberes, gradually replacing each other up the section. The first member (more 
than 80 m) is composed of greenish-gray medium-grained polymictic sandstones with clayey cement 
and with interlayers (from millimeters to 10 cm) of tuff-siltstones and tuffites. The sandstones contain 
a significant admixture of volcanomictic material. The second member (about 90 m) is represented 
by gray medium-grained polymictic, volcanomictic sandstones with interlayers of dark gray siltstones 
and aleuropelites, tuff-siltstones. The latter form frequently broken lenticular interlayers with 
erosional bases (thickness of a few centimeters). The interlayers (up to 20 cm thick) of light yellowish, 
slightly carbonated varieties of sandstones with an admixture of volcanimictic material occur in the 
upper part of the member. The third member (with a thickness of more than 200 m) is represented by 
an alternation (dozens of centimeters) of gray arkose inequigranular sandstones with carbonate 
cement and yellowish volcanimictic sandstones with argillaceous cement. The member is 
characterized by interlayers of aleuropelitic tuffites, calcic siltstones with interlayers of silty 
limestones with parallel-layered structures (thicknesses of the layers are the a few tens of 
centimeters). The top of the member forms a formation of microlayered thin-plated carbonate-silty 
rocks (alternation of limestone/siltstone). The fourth member represents a rhythmic alternation of 
greenish-gray, brownish-gray medium and fine-grained polymictic carbonate sandstones, siltstones, 
sandy mudstones, and carbonaceous shales (thicknesses of the layers are a few centimeters). The 
lamination of rocks is thin horizontal. Distinct rhythms with a thickness from 10-20 to 50-100 cm are 
common. The lower parts of the rhythms are composed of sandstones, the middle-siltstones, the 
upper-sandy mudstones and clayey shales. The lower borders of the rhythms are straight, less often 
wavy-discontinuous. There are interlayer structures and ripple marks in the sandstones on the bedding 
planes. The visible thickness of the member is more than 450 m. The total thickness of the section is 
more than 820 m. The rocks of the subunit represent a greenschist metamorphism facies. Quartz-
calcite veins, cross laminations are common in the upper part of the section, cross-bedding; the 
cleavage is intensively developed in it. The rock bedding in the section is monoclinal with the dip to 
the northwest 290-350 (50-70°). 

The subunit hr2
1 in the Ulan-Bilutay-Am Deep (Fig. 1) is represented by irregular alternation of 

greenish-gray, brownish-gray polymictic, volcanomictic medium-grained sandstones with carbonate 
cement, calcareous fine-grained sandstones and siltstones, phyllitical shales (thicknesses of the layers 
are a few tens of centimeters). The rock dips to the north-west at 30-60°. The composition of these 
deposits is close to the fourth member of the section in the Bayan-Gol Deep and gradually replaces 
the rocks of the fourth member of the Azhnay Formation. 

We have obtained new data on the age of these deposits. A fragment of a lycopsid terrestrial plant 
(D) has been found in the layers of aleuropelites of Ulan-Bilutay-Am Deep. The conodonts 
Palmatolepis transitans Mull. (D3f) and the chitinozoan Conochitina sp. (D) have been identified in 
the aleuritic limestones of the Bayan-Gol Deep. A representative assemblage of microfossils has been 
defined as a result of palynological study of the sediments (26 samples). Its composition is dominated 
by miospores among which there are the species widely occurring in the Devonian-Carboniferous. 

In the palynological assemblage there are dominant species- Archaeozonotriletes tschernovii 

Naum., Stenozonotriletes lasius Naum., Lophozonotriletes tylophorus Naum., L. gibberulus Naum., 
Geminospora nalivkini (Naum.) Obukh., G. aurita Arch., Hymenozonotriletes argutus Naum., 
Veruciretusispora semilucensis (Naum.) Oshurk., Geminospora semilucensa (Naum.) Obukh., 
Perotrilites donensis (Rask.) M. Rask. which are typical for the Middle Frasnian deposits. In the 
composition of the palynological assemblage, there is low occurrence of the Lower Frasnian species 
Acanthotriletes bucerus (Tschibr.) Playf., Calyptosporites krestovnikovii (Naum.) Oshurk., 
Densosporites sorokinii Obukh., Geminospora micromanifesta (Naum.) Owens var. limbatus 

Tschibr. The simple fine miospores Stenozonotriletes extensus Naum. var. minor Naum., 
Ambitisporites extensus (Naum.) Oshurk., Leiotriletes normalis Naum. et al., are abundant in the 
palynological assemblage. A significant number of acritarians of the genera Micrystridium, 
Leiosphaeridium, and Lophosphaeridium have been encountered. The palynological assemblage is 
characterized by the occurrence of the genus Archaeoperisaccus (Naum.) Pot., common in the 
Frasnian, and the abundance of sculptured miospores with a thickened exine and pellicular perispore. 
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The composition of the palynological assemblage, and the occurence of the index species 
Perotrilites donensis (Rask.) M. Rask., and Geminospora semilucensa (Naum.) Obukh. allow us to 
confidently compare the assemblage of the subunit hr2

1 with the complex of the typical section of the 
Geminospora semilucensa-Perotrilites donensis (SD) miospore Biozone of the Central and South-
Eastern regions of the East European Platform [1], [19], [21], corresponding to the Middle Frasnian 
accumulation of deposits. The age of the subunit hr2

1 of the Kharaa Formation has been defined as 
Middle Frasnian. The deposits of the subunit constitute the section of the Azhnay Formation, which 
is confirmed by the results of the palynological studies (the palynological assemblage of the miospore 
Biozone OK replaces the palynological assemblage of the SD Biozone) [1]. These data, and 
observations of the relationship of the rocks, allow us to refer the studied deposits of the subunit hr2

1 
to the terrigenous complex of the Dzun-Mod VTS. 
 
The sedimentation conditions of the deposits of the Azhnay and Kharaa Formations 

 

The Devonian deposits of the Azhnay Formation are represented by an alternation of tobacco-gray, 
gray, inequigranular sandstones (immature polymictic and volcanomictic) with lenses and interlayers 
of conglomerates, gravelstones, and siltstones in the lower part of the section, and a relatively large 
amount of clayey rocks. They are characterized by structures of active hydrodynamics (lenses of 
small-pebble conglomerates, differently oriented “floating” fragments of aleuropelites and pebbles of 
vocanics in a sandstone matrix, obliquely cross-bedding and landslide structures, broken interlayers 
of aleuropelites with erosional bases), lack of cyclic recurrence in sediments with a decrease of 
graininess and thickness of the layers upwards along the section. The deposition of this polyfacies 
complex occurred, most likely, in a delta plain setting with a characteristic set of facies of channels, 
of the delta front. The occurrence of brachiopods indicates the marine setting of the accumulation of 
siltstone members in shallow sea settings (avandelta?) [21], [22]. A comprehensive study of the 
composition of the microfossils (palynofacies) indicates the coast setting (alluvial deltaic facies) [23]. 

The palynofacies of the Azhnay Formation are characterized by a great number and variety of 
species and genera of terrestrial plant spores (up to 90%), an abundance of detritus, cuticles and 
tracheids. Marine phytoplankton is very limited (up to 2%). 

The subunit hr2
1 of the Kharaa Formation is represented by the alternation of fine-grained gray 

polymictic and volcanomictic sandstones, siltstones, mudstones and argillaceous shales containing 
thin lenses and interlayers of gray limestones with parallel-layered structures. There are ripple marks, 
interlayer and erosional textures. The members of rhythmic alternation of sandstones, siltstones, 
mudstones with a graded bedding are common. The deposits are mainly gray in color, with 
predominantly fine-grained terrigenous varieties, with clay rocks in the upper parts of the section, 
and with interbeds of tuff-terrigenous rocks among the sandstones. All the series contain pyroclastics, 
indicating proximity to the sedimentary basin of a volcanically active zone. The depositional settings 
correspond, most likely, to the facies complex of fluvial fans, which were deeper than deltas. The 
palynofacies of the formation consist of spores, smooth-walled and ornamented (6%), acritarchs (up 
to 27%) and are identified as micrinite, and less commonly tracheal palynofacies [23]. 

They contain microfossils of marine origin (acritarchs, chitinozoans). The micrinite palynofacies 
characterize marine settings, whereas tracheal palynofacies suggest peritidal environment. The 
palynofacies indicate sediment formation in subaquatic delta conditions. 

Thus, the sedimentation at the beginning of the Frasnian most likely occurred in terrigenous 
shallow basin in combination with the delta plain settings (the Lower Frasnian Azhnay Formation). 
Further, at the beginning of the Middle Frasnian, the deposition occurred in a deepening (relatively 
deep-marine) paleobasin (the Middle Frasnian subunit hr2

1), adjacent to a volcanically active zone, 
with an uneven seafloor topography. 
 

Discussion of research results 

The terrigenous Devonian Formation Azhnay of the Dzun-Mod VTS is subdivided into four 
members, successively replacing one another. All psammites in the formation represent petroclastic 
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greywackes. Our palynological data have made it possible to limit the depositional time to the early 
Frasnian (late Devonian). The deposits which were previously part of the subunit hr2

1 of the Kharaa 
Formation (Є2-O1hr) have been assigned to the Azhnay Formation. The subunit age has been defined 
as middle Frasnian using conodonts, lycopsids and miospores. These deposits constitute the Azhnay 
Formation, as confirmed by the results of palynological studies (the palynological assemblage of the 
OK Biozone replaces the palynocomplex of the SD Biozone). Thus, we distinguish two units: lower 
and upper members – in the composition of the Azhnay Formation. The new data indicate that the 
lower part of the Azhnay Formation of the Dzun-Mod VTS was deposited in the late Devonian, early 
Frasnian time, and the upper one (subunit hr2

1), in the Middle Frasnian. The deposition occurred in a 
deepening sea basin in a delta plain area adjacent to a zone of active volcanism. These data support 
the conclusion that the volcanic and sedimentary rocks formed in the inner part of the Khentey-Dauria 
active continental margin [14], [17], [18]. 

The sediments of the Dzun-Mod VTS with regard to the age and formation are comparable with 
the Devonian deposits of the Ozerninskaya Unit (the Yeravna Subzone), the Lower Tocher and Lower 
Yaksha subformations (the Bagdarin Subzone) of the Baikal-Vitim Fold System (Western 
Transbaikal), and the Upper Ustborzya Subformation of the Aga Megazone (Eastern Transbaikal) 
[13], [24], [25], [26], [27]. 

This study was supported by the Russian Foundation for Basic Research (Project no. 18-05-
002234). 
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Abstract 

 

In the Severodvinian-Vyatkian history of the ostracodes of the Sukhona River Basin, four major 
phases are recognized, each determined by its original ostracode assemblage: (1) Early Severodvinian 
phase with the Suchonellina inornata-Prasuchonella nasalis Assemblage, (2) Late Severodvinian 
phase with the Suchonellina inornata-Prasuchonella stelmachovi Assemblage, (3) Early Vyatkian 
phase with the Wjatkellina fragilina-Dvinella cyrta Assemblage, and (4) Late Vyatkian phase with 
the Wjatkellina fragiloides-Suchonella typica Assemblage. The change in the assemblages is 
associated with a change in environmental conditions, most importantly, a change in the chemical 
composition of the water. 
 

Keywords: freshwater ostracodes, late Permian, East Europe Platform 

 

Introduction 

 

In the 1970s, a research team from Saratov State University performed an extensive complex study 
of the upper Permian deposits in the Sukhona River Basin (Vologda Region) [1], [2]. 

The study of freshwater ostracodes within the framework of this research has revealed the main 
developmental phases of the group. Ostracode assemblage’s characteristic of particular phases 
provided the basis for the recognition of zonal divisions, which in turn became the basis for the 
Regional Chronostratigraphic Scale of the East European Platform [2], [3], [4]. At present, the 
Tatarian Series of the Permian System is divided into five ostracode assemblage zones: the 
Suchonellina inornata-Prasuchonella nasalis zone, the Suchonellina inornata-Prasuchonella 

stelmachovi zone, the Wjatkellina fragilina-Dvinella cyrta zone, the Wjatkellina fragiloides-

Suchonella typica zone, and the Suchonellina perelubica-Suchonella rykovi-S. posttypica zone. The 
first two correspond to the Lower Severodvinian and Upper Severodvinian Substages; the third, to 
the Lower Vyatkian Substage; and last two, to the Upper Vyatkian Substage [5]. 

In addition to the assemblages, species in a combined phylogenetic lineage are good stratigraphic 
markers. The most complete lineage is recognized in the superfamily Suchonelloidea Mishina, 1972. 

It covers the stratigraphic interval from the Urzhumian to the Vyatkian and is represented by the 
following sequence Prasuchonella nasalis-P. sulacensis-P. stelmachovi-Suchonella blomi-S. 

auriculata-S. typica [2], [6]. It is known that S. blomi gave rise to two species, S. auriculata and 
Dvinella cyrta. The direction of development of S. blomi is determined by the environmental 
conditions in which the individuals of this species lived. Disclosure of evolutionary relationships 
between species living simultaneously, but in different conditions, expands the possibilities of 
applying this phylogenetic lineage for stratigraphy, partially excluding the environmental factor [6]. 

Recent (2012-2015) study of the Tatarian deposits in the Sukhona River Basin made a considerable 
contribution to modern knowledge. New data on the Severodvinian-Vyatkian boundary beds more 
accurately defined the level at which the Vyatkian Ostracode Assemblage appeared. 
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The main purpose of the present paper is to summarize all available data on the distribution and 
development of freshwater ostracodes in the Late Severodvinian-Vyatkian interval of the section in 
the Sukhona River Basin. 

The material includes extensive ostracode collections obtained from nine localities situated in the 
lower reaches of the Sukhona River and on the Malaya Severnaya Dvina in the Vologda Region (Fig. 
1). 

Collections are stored in the Lower Volga Research Institute of Geology and Geophysics (Saratov) 
and the Borissiak Paleontological Institute of the Russian Academy of Sciences (Moscow). 
 

 
Fig. 1. Location of the studied outcrops. 

 

Results and Discussion 

 

In the basin of the lower reaches of the Sukhona River, Tatarian outcrops are represented by the 
Sukhona, Poldarsa, and Salaryovo formations. The sequence in question is situated on the east wing 
of the Sukhona Swell. It is the most complete and informative. However, deposits in the lower part 
of the sequence (Sukhona Formation) were formed in water bodies with high magnesia content and 
appeared rather poor in fossils. In this connection, the Early Severodvinian Substage is characterized 
based on material from outcrops located on the western wing of the Sukhona Swell (Dmitrievo 
outcrop). 

In the Severodvinian-Vyatkian history of the ostracodes of the Sukhona River Basin, four major 
phases represented by assemblages have been recognized: (1) Suchonellina inornata-Prasuchonella 

nasalis, (2) Suchonellina inornata-Prasuchonella stelmachovi, (3) Wjatkellina fragilina-Dvinella 

cyrta, and (4) Wjatkellina fragiloides-Suchonella typica (Fig. 2). 
 

The Suchonellina inornata-Prasuchonella nasalis Assemblage Lower Severodvinian Substage  

Sukhona Formation (Verkhnyaya Tozma, Dmitrievo, and a large lower part of the 

Nyuksenitsa Members) 

 

Water bodies where the Sukhona Formation was formed had high magnesia content. The content 
of MgO in the Verkhnyaya Tozma Member ranges from 11-22%; in the Dmitrievo Member, from 18 
to 27%; and in the Nyuksenitsa Member, from 8 to 12%. Carapaces are usually accumulated in thin 
layers of green–gray clay with a roiling structure. Ostracodes showed low population density. The 
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high-magnesia-content water body of the Sukhona time was apparently poorly suitable for ostracodes 
[2]. 

The complete taxonomic composition of the ostracode assemblage is as follows: Suchonellina 

inornata Spizharsky, S. ex gr. parallela (Spizharsky in Schneider), S. spizharskyi (Posner in 
Schneider), S. ex gr. undulata (Mishina), S. daedala (Mishina), S. ex gr. futschiki (Kashevarova), 
Paleodarwinula elongata (Lunjak in Kashevarova) (Plate I, Fig. 1, 2), P. ex gr. teodorovichi 
(Belousova), Prasuchonella nasalis (Sharapova in Schneider) (Plate II, Fig. 1, 2), Darwinuloides ex 
gr. buguruslanicus (Kashevarova), D. sp., Permiana oblonga (Posner in Schneider), Sinusuella 

vjatkensis Posner in Schneider. The age interval of this assemblage is determined based on the 
combination of Suchonellina inornata and Prasuchonella nasalis. 

The Suchonellina inornata-Prasuchonella nasalis phase is the most significant in the evolutionary 
history of the Permian non-marine ostracodes of the East European platform. 

It is marked by the disappearance of the family Paleodarwinulidae and the entry of the family 
Suchonellinidae and by the widespread distribution of species of the new genus Suchonellina. At this 
point, the long period of slow evolution of Permian non-marine ostracodes is replaced by a period of 
their rapid evolution [7]. 
 

 
Fig. 2. Distribution of non-marine ostracodes in the composite section of the Sukhona River Basin. ISS – International 
Stratigraphic Scale, GSS – General Stratigraphic Scale of Russia, NF – Nizhnee Fedosovo Member, Ustp – Ustpoldarsa 
Member. 
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The Suchonellina inornata-Prasuchonella stelmachovi Assemblage Upper Severodvinian 

Substage Poldarsa Formation (Ustpoldarsa Member-lower part of the Kalikino Member) 

 

Water bodies where the Poldarsa Formation was formed were carbonated and highly mineralized 
but had lower magnesia content compared to the underlying Sukhona Formation. In the interval from 
the Ustpoldarsa to Isady Members, the MgO content is usually less than 7%. In the Purtovino 
Member, it ranges in the majority of interbeds within 1.4-4.16%, rarely, reaching 8-12% [2]. 

The lowered magnesia content of waters provided wide expansion of ostracodes. Dense and 
taxonomically diverse associations appeared everywhere, beginning from the Ustpoldarsa Member. 

The complete composition the Late Severodvinian Assemblage is as follows: Suchonellina 

inornata (Plate I, Fig. 4), S. parallela (Plate I, Fig. 3), S. spizharskyi, S. futschiki, S. digitalis 
(Mishina), Prasuchonella stelmachovi (Spizharsky in Schneider) (Plate II, Fig. 5, 6), P. sulacensis 
(Starozhilova) (Plate II, Fig. 3, 4), P. cf. nasalis, Tscherdynzeviana sp., Permiana elongata (Posner 
in Schneider), P. oblonga, Sinusuella vjatkensis, S. ignota Spizharsky, Bairdia suchonica 
Molostovskaya (Plate I, Fig. 10), Darwinuloides sp., and Clinocypris sp. (Plate I, Fig. 11). Distinctive 
features of the Late Severodvinian phase are the species Prasuchonella sulacensis and P. stelmachovi, 
which replaced Prasuchonella nasalis. The last was widespread in the Urzhumian and Early 
Severodvinian time. The species Prasuchonella sulacensis is somewhat similar morphologically to 
P. nasalis and P. stelmachovi. This was noticed by author of the species Starozhilova [8]. 

The recently obtained material confirms the assumption that Prasuchonella sulacensis is 
intermediate between these species in the phyletic lineage of the genus Prasuchonella [2]. In the 
section on the Sukhona River, Prasuchonella sulacensis occurs in the Ustpoldarsa, Mikulino, and 
Strelna Members; Prasuchonella stelmachovi is recorded from the Isady Member to the lower part 
of the Kalikino Member. In addition, this ostracode assemblage shows abundance and rather high 
taxonomic diversity of representatives of the genus Suchonellina. Moreover, species of the genus 

Permiana are rare, but constant and noticeable elements of the association, while in Vyatkian 
deposits, they are almost complete absent. Thus, the Late Severodvinian age of most of the Poldarsa 
Formation is determined by the combination of Prasuchonella sulacensis and P. stelmachovi with 
species of the genera Suchonellina and Permiana. 
 

The Wjatkellina fragilina-Dvinella cyrta Assemblage Uppermost Upper Severodvinian and 

Lower Vyatkian Substages Poldarsa Formation (upper part of the Kalikino Member and 

Erga Member) and Salaryovo Formation (Rovdino and Salaryovo Member and lower part of 

the Nizhnee Fedosovo Member) 

 

Water bodies where this stratigraphic interval was formed were still highly mineralized, mostly 
with calcium carbonate. The magnesia content decreased somewhat compared to the Severodvinian 
time. The MgO content in some interbeds varies widely from 1.7 to 11.3% [2]. The ostracode 
assemblage is rich and diverse. In addition to the above forms passing here from the Severodvinian: 
Darwinuloides sp., Suchonellina digitalis, S. inornata, S. parallela, S. futschiki, S. spizharskyi, 
Sinusuella vjatkensis (Plate II, Fig. 14, 15), Prasuchonella ex. gr. stelmachovi, Clinocipris sp., 
Wjatkellina (?) praelonga (Zekina), W. fragilina (Belousova) (Plate I, Fig. 7), Suchonella auriculata 

(Sharapova in Schneider) (Plate II, Fig. 8), and Tatariella libera (Mishina); the Assemblage includes 
the following species appearing for the first time in the Vyatkian: Suchonellina inornata trapezoides 
(Zekina, unpublished), S. undulata, S. inornata macra (Lunjak in Kashevarova), S. parallela typica 
(Lunjak in Kashevarova), Wjatkellina vladimirinae (Belousova), W. fragilis (Schneider), W. (?) 

ignatjevi (Zekina et Janovskaya), W. tetjushensis (Kashevarova), W. accuminata (Belousova), 
Gerdalia palenovi (Belousova), G. sp. (Plate I, Fig. 9), Dvinella cyrta (Zekina) (Plate II, Fig. 10, 11), 
S. blomi Molostovskaya (Plate II, Fig. 7), Darwinuloides svijazhicus (Sharapova in Schneider) (Plate 
II, Fig. 16), Tatariella subtilis (Mishina), Prasuchonella pestrozvetica (Starozhilova), Suchonella 

stelmachovi ovalis Kotschetkova, Placidea lutkevichi (Spizharsky) (Plate I, Fig. 12, 13), and 
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Permianella tuberculata (Kashevarova). According to modern data, the first representatives of the 
Early Vyatkian Ostracode Assemblage appeared in the terminal Upper Severodvinian Substage. 

During the Wjatkellina fragilina-Dvinella cyrta time, landscapes considerably changed in this 
region. The alluvial-lacustrine plain was replaced by an alluvial plain. Against this background, there 
is a constant change in the taxonomic composition of the Assemblage, due to the short-term 
appearance of new forms. By the end of the phase, quite a few characteristic representatives disappear. 

The Wjatkellina fragilina-Dvinella cyrta Assemblage is characterized by the first appearance and 
development of the genera Wjatkellina, Suchonella, Tatariella, Dvinella, Gerdalia, and Placidea. 

At the lower boundary of the Vyatkian Stage, the short-lived species Suchonella blomi appears 
[6]. It occupies a narrow stratigraphic interval, i.e., the upper part of the Kalikino Member and the 
lower part of the Erga Member, 12-14 m of the section. It is also recorded in a narrow stratigraphic 
interval of the lower part of the Vyatkian Stage in the Vetluga River Basin and Samara Trans-Volga 
Region [2]. S. blomi replaced the related species Prasuchonella stelmachovi, which disappeared at 
the beginning of the Vyatkian Age. The appearance of S. blomi at the lower boundary of the Vyatkian 
Stage in different regions of the East Europe Platform and also its phyletic relationships with the 
preceding species Prasuchonella stelmachovi make S. blomi an important marker of the lower 
boundary of the Vyatkian Stage. Other important elements of the Early Vyatkian Ostracode 
Assemblage are S. auriculata and Dvinella cyrta. They are also shown to be related to S. blomi [6]. 

S. blomi marks the onset of the Vyatkian Age, while S. auriculata and Dvinella cyrta existed 
throughout the Lower Vyatkian Substage. This assemblage is also characterized by changes in species 
composition of Suchonellina. In particular, in the lower part of the Vyatkian Stage, the subspecies 
Suchonellina inornata trapezoides appeared; it is transitional between S. inornata and S. trapezoides. 

The latter appeared at the base of the Upper Vyatkian Substage. 
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Explanation of Plate I 

Figs. 1, 2. Paleodarwinula elongata (Lunijak in Kashevarova, 1958): (1) specimen SSU, no. 6/558, right view, (2) 
specimen SSU, no. 6/558-1, right inside view; Yaschkino outcrop, Orenburg region; Urzhumian. Fig. 3. Suchonellina 

parallela (Spizharsky in Schneider, 1948): specimen PIN, no. 5519/1364-13, (3a) right view, (3b) dorsal view; Mutovino 
outcrop, bed no. 64h, sample 1350-64h; Kichuga Member, Upper Severodvinian. Fig. 4. Suchonellina inornata 
Spizharsky, 1937: specimen PIN, no. 5519/1326-12, right view; Poldarsa outcrop, bed no. 30, sample 1355-26E-12; 
Ustpoldarsa Member, Upper Severodvinian. Figs. 5, 6. Suchonellina trapezoides (Sharapova in Schneider, 1948): (5) 
specimen PIN, no. 5519/4222-55, right view; (6) specimen PIN, no. 5519/4222-51, left view; Aristovo outcrop, Aristovo 
Channel, sample 42C/2-2; Komaritsa Member, Upper Vyatkian. Fig. 7. Wjatkellina fragilina (Belousova, 1961): 
specimen PIN, no. 5519/12112-21, (7a) left view, (7b) dorsal view; Mutovino outcrop, bed no. 72, sample 1203-11с; 
Kalikino Member, Upper Severodvinian. Fig. 8. Wjatkellina fragiloides (Zekina, 1972): specimen SSU, no. 6/776, (8a) 
left view, (8b) right view; Aristovo outcrop, Aristovo Channel, sample 42C/2-2; Komaritsa Member, Upper Vyatkian. 
Fig. 9. Gerdalia sp.: specimen PIN, no. 5519/1429-125, (9a) right view, (9b) dorsal view; Klimovo outcrop, bed no. 29-
30, sample 1442-2930; Rovdino Member, Lower Vyatkian. Fig. 10. Bairdia sukhonica Molostovskaya, 2014: holotype 
SSU, no. K12-1, right view; Babie-Belaya outcrop; Ustpoldarsa Member, Upper Severodvinian. Fig. 11. Clinocypris (?) 
sp.: specimen PIN, no. 5519/13105-51, right view; Mutovino outcrop, bed no 105, sample no. 1350–105; Erga Member, 
Lower Vyatkian. Figs. 12, 13. Placidea lutkevichi (Spizharsky, 1939): (12) specimen PIN, no. 5519/4222-65, dorsal view; 
(13) specimen PIN, no. № 5519/4222-59, left view; Aristovo outcrop, Aristovo Channel, sample 42C/2-2; Komaritsa 
Member, Upper Vyatkian. 
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Explanation of Plate II 

Figs. 1, 2. Prasuchonella nasalis (Sharapova in Schneider, 1948): (1) specimen SSU, no. 7/21, left view; (2) specimen 
SSU, no. 7/22, dorsal view; Yaschkino outcrop, Orenburg region; Urzhumian. Figs. 3, 4. Prasuchonella sulacensis 
(Starozhilova, 1967): (3) specimen PIN, no. 5519/12174-007, left view, (4) specimen PIN, no. 5519/12174-008, dorsal 
view; Sundyr outcrop, bed no. 4, sample 1217-4; Ustpoldarsa Member, Upper Severodvinian. Figs. 5, 6. Prasuchonella 

stelmachovi (Spizharsky in Shnaider, 1939): (5) specimen PIN, no. 5519/12113-14, left view; Mutovino outcrop, bed no. 
72, sample 1203-11v; Kalikino Member, Upper Severodvinian; (6) specimen PIN, no. 5519/1364-16, dorsal view; 
Mutovino outcrop, bed no. 64h, sample 1350-64h; Kichuga Member, Upper Severodvinian. Fig. 7. Suchonella blomi 
Molostovskaya, 2001: paratype SSU, no. 6-318/1, (6a) left view, (6b) dorsal view; Krasavino outcrop, bed 227-29, sample 
10; Erga Member, Lower Vyatkian. Fig. 8. Suchonella auriculata (Sharapova in Schneider, 1948): specimen SSU, (8a) 
left view, (8b) dorsal view; Skaryatino outcrop, bed no. 38, sample 23; Erga Member, Lower Vyatkian. Fig. 9. Suchonella 

typica Spizharsky, 1937: specimen PIN, no. 5519/4222-91, (9a) left view, (9b) dorsal view; Aristovo outcrop, Aristovo 
Channel, sample 42C/2-2; Komaritsa Member, Upper Vyatkian. Figs. 10, 11. Dvinella cyrta (Zekina, 1972): (10) 
specimen PIN, no. 5519/1450-38, right view; Klimovo outcrop, bed no. 50, sample 1442-50-1; Rovdino Member, Lower 
Vyatkian; (11) PIN, no. 5519/141-72, dorsal view; Yaikovo, bed no. M.P.A. 41/13, sample 1427–1; Nizhnee Fedosovo 
Member, Lower Vyatkian. Fig. 12, 13. Suchonella mishinae Molostovskaya, 2001: (12) specimen PIN, no. 5519/ 4222-
85, left view; (13) specimen PIN, no. 5519/4222-111, dorsal view; Aristovo outcrop, Aristovo Channel, sample 42C/2-2; 
Komaritsa Member, Upper Vyatkian. Figs. 14, 15. Sinusuella vajtkensis Posner in Schneider, 1948: (14) specimen PIN, 
no. 5519/12192-31, left view; Mutovino outcrop, bed no. 82, sample 1203-19с; (15) specimen PIN, no. 5519/12172-24, 
dorsal view; Mutovino outcrop, bed no. 80, sample 1203-17v; Kalikino Member, Lower Vyatkian. Fig. 16. Darwinuloides 

svijazhicus (Sharapova in Schneider, 1948): specimen SSU, no. 104, left view; Verkhnyaya Tozma River, Outcrop no. 
315, bed no. 8, sample 5; Rovdino Member, Lower Vyatkian. 
 
The Wjatkellina fragiloides-Suchonella typica Assemblage Upper Vyatkian Substage Salaryovo 

Formation (upper part of the Nizhnee Fedosovo Member and Komaritsa Member) 

 

The beds enclosing this ostracode assemblage were formed in a basin with a low magnesia content 
and lower carbonate content than the underlying part of the Salaryovo Formation. The MgO content 
ranged within 0.8-2.2% and rarely increased to 4.4% [2]. The Late Vyatkian Ostracode Assemblage 
includes the following taxa passing from earlier deposits: Suchonellina ex gr. parallela, Sinusuella 

vjatkensis, Wjatkellina (?) praelonga, W. (?) ignatjevi, Darwinuloides svijazhicus, Gerdalia sp., and 

Placidea lutkevichi, and also the newly appearing species: Suchonellina perelubica (Starozhilova), S. 

dubia (Starozhilova), S. trapezoides (Sharapova in Schneider) (Plate I, Fig. 5, 6), S. parvaeformis 
(Kashevarova), Wjatkellina fragiloides (Zekina) (Plate I, Fig. 8), Suchonella typica Spizharsky (Plate 
II, Fig. 9), S. mishinae Molostovskaya (Plate II, Fig. 12, 13), and Gerdalia noinskyi Belousova. 

Typical representatives of the Late Vyatkian Ostracode Assemblage are S. mishinae, S. typica, and 

Wjatkellina fragiloides. The species Suchonella typica is confined to the upper half of the Vyatkian 
Stage throughout the Russian Plate. It evolved from the Early Vyatkian species S. auriculata, as 
evidenced by ontogenetic development and similar carapace morphology [6]. Species of Gerdalia 
that are listed above are widespread in the Lower Triassic. They are evidence of the continuity of the 
development of ostracodes at the Permian-Triassic boundary. 
 

Conclusions 

 

Thus, in the development of the ostracode fauna in the Tatarian time of the Sukhona River Basin, 
four major phases are recognized, i.e., Early Severodvinian, Late Severodvinian, Early Vyatkian, and 
Late Vyatkian. The Early Severodvinian phase is determined by the existence of the Suchonellina 

inornata-Prasuchonella nasalis assemblage. It is marked by the appearance of a new family of 
Suchonellinidae and several species of the new genus Suchonellina. In the Sukhona River Basin, the 
ostracode associations of this phase are extremely poor, and its locations are rare. Obviously, this is 
due to the high magnesia content of the water bodies. The beginning of the next Late Severodvinian 
phase is at the boundary between the Sukhona formation and the Poldarsa Formation. The change in 
the environment was reflected, among other things, in a decrease in the magnesia content of the water 
bodies. This led to the wide dispersal of ostracodes and an increase in their biomass. The Late 
Severodvinian phase is characterized by the Suchonellina inornata-Prasuchonella stelmachovi 
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assemblage. In addition to an increase in the number of ostracodes, the beginning of the phase is 
indicated by a change in the phylogenetic lineage of the genus Prasuchonella, namely the appearance 
of the species Prasuchonella sulacensis, which is descendant of the Early Severodvinian species P. 

nasalis. The beginning of the next Early Vyatkian phase is within the Poldarsa Formation. 
The magnesia content of the water bodies at this time changed insignificantly, however, the total 

carbonate content of the waters increased. It may be one of the reasons that led to the significant 
increase in the taxonomic diversity of ostracodes in the Early Vyatkian. The Early Vyatkian phase is 
characterized by the Wjatkellina fragilina-Dvinella cyrta assemblage. The Assemblage is 
distinguished by the appearance of many new species and subspecies, as well as several new genera 
at the very beginning of the phase. In addition, the beginning of the phase was marked by the 
disappearance of the family Prasuchonellidae and the appearance of the family Suchonellidae. 

A constant change in taxonomic composition is typical of the Early Vyatkian phase, due to the 
frequent appearances of new species. By the end of the phase, many recently appeared and long-lived 
species and subspecies became extinct. This feature of the assemblage, perhaps, is associated with 
the restructuring of landscapes from alluvial-lacustrine to alluvial. The beginning of the last Late 
Vyatkian phase is in the middle of the Salaryovo Formation. The upper part of the Salaryovo 
Formation was already formed in the alluvial landscape, so it is characterized by a decrease in the 
carbonate content of the rocks. The Late Vyatkian ostracode assemblage Wjatkellina fragiloides-

Suchonella typica is characterized by a small number of transit Early Vyatkian forms and several new 
species. Notable events for this phase are the appearance of the species Suchonella typica from the 
Early Vyatkian species S. auricutata and the establishment of the species Suchonellina trapezoides 
from the transitional form S. inornata trapezoides. Despite the fact that these assemblages are isolated 
on material from the Sukhona River Basin and, in fact, have only local significance, the described 
sequence of ostracode faunal development can be considered as standard. It has already been 
successfully applied to such an analysis of the ostracode fauna in other parts of the East European 
Platform. This is due to the fact that the characteristic locations of the assemblages considered above 
are also known from the Bolshaya Severnaya Dvina, Vyatka and Vetluga Rivers Basins, in the Samara 
and Cheboksary Trans-Volga, and the Orenburg region [2], [9], [10], [11]. 
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Abstract 

 

The Monastery Ravine section has been redescribed in detail in recent years. The results of this 
study refine the biostratigraphic Urzhumian (~ Wordian) – Severodvinian (~ Capitanian) boundary, 
paleoclimatic and paleogeographical conditions of this time interval. Magnetostratigraphic and 
isotopic data endorse the high correlative potential of this section. 
 

Keywords: Monastery Ravine, Urzhumian, Severodvinian, Kiaman–Illawarra reversal, carbon and oxygen isotopes 
 

Introduction 
 

The Monastery Ravine is located on the right bank of the Volga River, in the vicinity of the village 
of Monastyrskoe (55.02619° N, 48.89192° E), 12 km upstream of the town of Tetyushi. The outcrops 
in the thalweg and the slopes of these ravines represent one of the most complete and readily 
accessible sections of the Biarmian and Tatarian series in the region of the Kazan Povolzhye [1]. 

The Monastery Ravine section was first described by N.N. Forsch during the geological mapping 
of the Volga region in 1938. He divided the section into 5 formations according to lithological criteria; 
these formations are used in the present work. This section was repeatedly studied in the course of 
stratigraphic, lithological [2], [3], [4], paleomagnetic [5], [6], [7], and paleontological [8], [9], [10] 
works. Recent studies, carried out on this section revealed new sedimentological and geochemical 
features [11], clarified the paleomagnetic data [12], [13], [14], supplemented the data on tetrapods, 
fish and plants [15], [16], [17], and helped to identify and describe the paleosol profiles [18], [19]. 

According to the Resolution of the Russian Interdepartmental Stratigraphic Committee [20], the 
Monastery Ravine section is a stratotype of the Urzhumian and a limitotype of the Severodvinian. 

The section is represented there by all three stages – Urzhumian (~ Wordian), Severodvinian (~ 
Capitanian), Vyatkian (~ Wuchiapingian) – and five formations (Fig. 1); its thickness reaches 150 m.  
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Fig. 1. Urzhumian and Severodvinian succession in the Monastery ravine (modified from [1]): (1) gravel, (2) sandstone, 
(3) siltstone, (4) claystone, (5) marl, (6) limestone, (7) dolomite, (8) redstone, (9) speckled rock, (10) gray and gleyed 
rock, (11) brown fluvial sand, (12) dark gray rocks, (13) clayey breccias, (14) paleosol, (15) gleyed spots, (16) soil 
nodules, (17) thrombolitic, (18) carbonized plant detritus, (19) non-marine ostracodes, (20) conchostracans, (21) non-
marine bivalves, (22) fishes, (23) fish scales, (24) tetrapods, (25) plants. 
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Results and discussion 

 

The Urzhumian 

 

The Urzhumian includes three Formations: The First, the Second and the lower part of the Third 
Formation [1]. 

The First Formation is composed of red-bed clays and is distinctly subdivided into two parts. 
The clays of the lower part of the Formation are gypsiferous, containing many interbeds (3-20 cm 

thick) of gray and pink marls and clayish dolomites, more rarely of brown siltstones and sandstones. 
In the upper part of the Formation, clays are more homogenous and contain a few interbeds of 

siltstones and carbonate rocks. The clays often bear thin lenses of palygorskite. The overall thickness 
of the Formation is ca. 45 m. 

Fossils occur rarely in the Formation and mostly in its upper part. The first bed with fossils lies 10 
m below the top of the Formation and is composed of reddish-brown thinly bedded clays containing 
small (3-4 mm) distorted valves of conchostracans. Seven meters above this bed, dull-red massive 
clays, along with conchostracan species Pseudestheria cf. itiliana (Novojilov, 1950), contain isolated 
scales of the fishes Platysomus biarmicus Eichw., Kargalichthys efremovi Minich, Eurynotoides sp., 
Palaeostrugia rhombifera (Eichwald), Uranichthys pretoriensis A. Minich, Alvinichthys curtus Esin, 
Varialepis orientalis (Eichw.), Varialepis bergi A. Minich, Elonichthys sp., Eurysomus sp., and 
Sphenacanthidae gen. indet. 

The Second Formation is exposed in the second right tributary, and also in the thalweg and slopes 
of the Monastery Ravine [1]. The thickness of the Formation is ca. 35 m. 

The Second Formation is distinct in its cyclic structure and high content of carbonates. The section 
contains three clayish-carbonate members: at the bottom, in the middle, and at the top. These members 
are separated by two members of sandy-clayish rocks. The clayish-carbonate members are composed 
of greenish and pinkish-grey dolomites, clayish limestones and marls (0.2-1.5 m thick), containing 
thin (usually 10-30 cm) interbeds of red clay. The sandy-clayish members are composed of reddish-
brown clays and siltstones with lenticular interbeds of brownish sandstones (up to 2 m). 
Fossils are represented by non-marine ostracodes, bivalves, fishes, amphibians, and plants. 

Rare valves of conchostracan species Pseudestheria exigua (Eichwald, 1860) were found About 
5 m above the base of the Formation in brownish clays. 

The bed of the greenish-gray siltstone (5-20 cm), 6.5 m above the base of the formation, contains 
numerous scales of the fishes Platysomus biarmicus Eichw., Eurynotoides sp., Uranichthys 

pretoriensis A. Minich, Varialepis bergi A. Minich, Elonichthys sp., Eurysomus sp., Varialepis bergi 

A. Minich, Elonichthys sp., Eurysomus sp., and Sphenacanthidae gen. indet, Discordichthyidae gen. 
indet. The large (0.5-3.0 cm) reddish-brown scales occur parallel to the bedding planes and mainly 
concentrate in the thin (3-5 mm) bed, which also yields small amphibian bones. 

Eight meters below the top of the Formation, the bed (0.1 m) of reddish-brown evenly and thinly 
laminated clay contains molds of the ostracodes Palaeodarwinula cf. fragiliformis (Kash.) [4], the 
bivalves Palaeomutela castor (Eichw.), P. doratioformis Gusev, Prilukiella subovata (Jones), scales 
of the fishes Varialepis cf. orientalis (Eichw.), Platysomus sp., Elonichthys sp., fragments of the 
small-leafed plant Phylladoderma tscheremushca Esaul., and the remains of Paracalamites frigidus 
Neub. and Stomochara diserta Kis. 

The Third Formation is well exposed in the first right tributary and in the thalweg of the 
mainstream of the Monastery Ravine. The thickness of the Formation is ca. 45 m. Its lower boundary 
is drawn at the top of the upper dolomitic bed of the Second Formation. 

The Third Formation is distinct in the predominance of sandstones and siltstones in the succession 
(Fig. 1). Carbonate beds are rare and thin. Reddish-brown clays and siltstones are most widespread 
and are usually intercalated by thick lenses of yellowish-brown, cross-bedded sandstones. Carbonate 
rocks are represented by gray, nodular, and muddy limestones and marls. 

The cyclicity of the Formation is distinct. 
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Different levels within the Formation contain the remains of non-marine bivalves, ostracodes, 
conchostracans, fishes, and tetrapods, and imprints and fragments of plants [1]. Gray and brown 
siltstones 1-1.5 m above the base of the Formation contain coaly remains of the trunks of 
Sphenophyllum stouckenbergii (Schm.) and Paracalamites frigidus Neub. 

The mass occurrences of the conchostracan species Pseudestheria exigua (Eichwald, 1860) 
appear in the greenish siltstone of fish layer (bed M08/54, Fig. 1). All the specimens found are well 
preserved. They are represented by various deformations of the growth lines at the anterior-ventral 
and posterior-ventral margins. There are also the examples in this section without deformations on 
the margins. 

The bed of reddish-brown and greenish-gray siltstone, eight meters higher than the previous one 
contains the ostracodes Paleodarwinula chramovi (Schn.), P. ex gr. aronovae (Bel.), P. ex gr. 
fainae (Bel.), P. fainae (Bel.), P. fragiliformis (Kash.), P. pseudopertebrata (Bel.), P. teodorovichi 
(Bel.), P. elongata (Lun.), Prasuchonella nasalis (Schn.) [4], the bivalves Palaeomutela ulemensis 

Gusev, P. wöhrmani Netsch., P. numerosa Gus., P. marposadica Gus., and P. subparallela Amal., 
rare scales of the fishes Varialepis orientalis (Eichw.) and Kichkassia sp., and rare amphibian 
vertebrae. The clayish limestone, four meters above, contains the ostracodes Paleodarwinula 

chramovi (Schn.), P. aronovae (Bel.), P. fainae (Bel.), P. elongata (Lun.), Prasuchonella nasalis 
(Schn.) [4], the remains of complete fishes Platysomus biarmicus Eichw., Kargalichthys efremovi 

Minich, Varialepis bergi A. Minich, V. orientalis (Eichw.), Eurynotoides costatus (Eichwald), 
Kichkassia furcae Minich, Isadia suchonensis A. Minich, Suchonichthys molini A. Minich, 
Alvinichthys curtus Esin, Uranichthys pretoriensis A. Minich, Sphenacanthidae gen. indet., 
Discordichthys spinifer Minich, a few small bivalves of Palaeomutela sp. and conchostracans. 

 

The Severodvinian 

 

The Severodvinian includes the upper 12 m of the Third Formation and almost the entire Fourth 
Formation [1]. 

The Fourth Formation is exposed in the thalweg and the slopes of the first left tributary of the 
Monastery Ravine. It is represented by the alternation of siltstones, clays and sandstones with marls 
and limestones showing the distinct cyclicity. Sandstones are usually bluish or yellowish-gray and 
recognized in three levels as lenses 2.5-8.0 m thick. Together with clays and siltstones, they form 
three clayish-sandstone members. Carbonate rocks concentrate mostly in the lower and upper parts 
of the Formation, where they, together with clays, form separated clayish-carbonate members 4.5 m 
thick at the bottom and 7.8 m at the top of the Formation [1]. The lower boundary of the Formation 
is drawn at the base of the bed of light-gray clayish limestone with a distinct vertical structure 
overlying the upper clayish-sandstone member of the Third Formation. The thickness of the 
Formation is ca. 33 m. 

The Formation contains few fossils. At the base of the Formation, there are the ostracodes 
Suchonellina inornata (Spizh.), S. inornata macra (Lun.), S. parallela (Spizh.), S. perlonga (Schn.), 
S. ex gr. parvaeformis (Kash.), Prasuchonella nasalis (Shar.), P. stelmachovi (Spizh.) [33], the 
charophytes Cuneatochara vjatkensis Kis. and C. amara (Said.). Upwards in the section, five meters 
below the top of the Formation, the bed of bluish-gray marl, apart from the similar ostracode 
assemblage, contains large conchostracan shells, fragments of the bivalve Palaeomutela sp., scales 
of the fishes Isadia suchonensis A. Minich, Suchonichthys molini A. Minich, Platysomus sp., 
Kargalichthys efremovi Minich, Varialepis stanislavi A. Minich, Strelnia insolita (Esin), Sludalepis 
sp., Kichkassia furcae Minich, Lapkosubia cf. uranensis A. Minich, Uranichthys pretoriensis A. 
Minich, Sphenacanthidae gen. indet [16]. Ostracodes occur in more calcareous part of the marl, 
whereas fish scales occur in more clayish part. The intermediate type of marl contains conchostracans 
and fragments of bivalvian shells. 

The rare juvenile specimens of Pseudestheria exigua (Eichwald, 1860) were found in the reddish 
siltstones (beds M16/14-15). The presence of Pseudestheria exigua at different levels in the section 
indicates that during the sedimentation period, the living environment changed insignificantly or was 
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repeated after certain intervals of time. The variability of the valve morphology in the section is not 
significant. The presence of juveniles of the species P. exigua indicates that the depth became 
extremely small, and the pool turned into a drying pond (puddle), which prevented the crustaceans 
developing into adults. 

The Fifth Formation and its boundary with the Fourth Formation is exposed 2 km southwest, in 
the upper reaches of the Ilyinsky Ravine (55.01297° N, 48.86517° E) [1]. In this locality, the section 
of the Formation is represented by a member (10-15 m) of yellowish-brown obliquely laminated 
sandstones, with conglomerate lenses, consisting of fragments of local rocks. Sandstones frequently 
contain silicified lenses and interbeds of red-bed siltstones, clays and marls. The apparent thickness 
of the Formation is 25 m. 

The lower part of the Formation (clays and marls) contains ostracodes and fragments of bivalves. 
Ostracodes are characteristic of the boundary beds of the Vyatkian and Severodvinian Horizons 

and represented by Wjatkellina fragilis (Schn.), Suchonellina parallela (Spizh.), S. cf. futschiki 

(Kash.), S. cf. inornata Spizh., S. inornata macra (Lun.), Suchonella typica Spizh., Volganella magna 

(Spizh.), V. laevigata Schn. and Placidea lutkevichi (Spizh.) [4]. Sandstones contain bones of 
labyrinthodonts (Dvinosaurus), chroniosuchids (Chroniosaurus), leptorophids (Raphanodon), 
pareiasaurs (Praelginia and others) and numerous therapsids [1]. 
 

Urzhumian-Severodvinian boundary, biostratigraphical criteria 

The Severodvinian boundary is suggested at the base of bed M08/74 by the first appearance of the 
ostracode Suchonellina and the index species Suchonellina inornata marked the basement of 
Suchonellina inornata-Prasuchonella nasalis zone [1], [21]. Urzhumian ostracode species of 
Palaeodarwinula genus, on the contrary, occur just below this boundary. This level is close to 
Platysomus biarmicus-Kargalichthys efremovi and Toyemia tverdochlebovi-Platysomus biarmicus 
ichthyozones boundary [21]. Five meters below the Severodvinian boundary, in beds M08/64-66, 
there have been found the remains of the fishes Isadia suchonensis, Suchonichthys molini and 
Uranichthys sp. belonging to the Toyemia tverdochlebovi-Platysomus biarmicus ichthyozone. 

The same species as well as transitional Platysomus biarmicus and Xenosynechodus sp. have been 
identified in bed M14/16 and upper. Here, in this bed, the isolated bones of the terrestrial amphibians 
Microfon exiguus have been found [15]. Non-marine bivalves of the Severodvinian complex appear 
in the section 20 m below the Urzhumian-Severodvinian boundary. Species such as Palaeomutela 

numerosa and P. marposadica have been traced in Severodvinian deposits throughout the vast 
territory of Volga-Ural basin [4], [22]. 

The Kiaman-Illawarra reversal boundary lies 5-6 m below the Urzhumian-Severodvinian 
biostratigraphic boundary (Fig. 1) and practically coincides with Toyemia tverdochlebovi-Platysomus 

biarmicus ichthyozones boundary [1]. The negative excursions of carbon and oxygen isotope values 
of sedimentary and pedogenic carbonates can be suggested as an additional marker of the Kiaman-
Illawarra reversal boundary. 
 

Chemostratigraphy 

Stable isotope (δ13C, δ18O) studies have been carried out on all stratigraphic levels in the 
Monastery Ravine section. The values of δ18O vary from 22.3 to 35.5‰ SMOW (Fig. 1). Variations 
of δ18O values apparently reflect the evolution of local ‘lacustrine’ basins. Intervals with the lightest 
oxygen structure may correspond to the spread of freshwater environments and to the active influx of 
meteoric water from the land during humidization and cooling [23]. Intervals with the heaviest 
oxygen structure may correspond to episodes of warming, when the basin waters were heavy due to 
evaporation. It is also possible that episodes of heavy oxygen composition may indicate the impact 
of marine ingression of the Boreal sea. These events could be reflected in the flow of heavier water 
from closed or semi-enclosed lagoon environments [24]. Decrease in δ18O values in pedogenic 
carbonates is also associated with cooling, as is well demonstrated for Quaternary soils [25], [26]. 

Significant facilitation of δ13С values fixed in the lower part of the section up to the mid-
Urzhumian (Wordian) from 3.5 ‰ to -3.8‰ in sedimentary carbonates and from -1.8‰ to -5.2‰ in 
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pedogenic ones (Fig.1). These negative excursions of carbon isotope values could reflect global 
geochemical changes and may potentially be good stratigraphic markers. In the upper part of the 
section, a marked decrease of δ13С values have been identified on the Severodvinian-Vyatkian 
(Capitanian-Wuchiapingian) boundary (Fig. 1). The same facilitation of carbon isotopic composition 
is typical for terrestrial deposits of the central parts of East European Platform [27]. 
 

Magnetostratigraphy 

Paleomagnetic studies were repeatedly conducted in the Monastery Ravine section [5], [6], [11], 
[12], [13]. Rocks of the First Formation and the lower part of the Second Formation are characterized 
by reversed polarity and belong to R1P magnetic zone (Fig. 1). The upper part of the Second 
Formation and the lower part of the Third Formation, with the total thickness of 35 m, have a strong 
metastable magnetism which is commonly a characteristic feature of weak-magnetic rocks. 

This interval was specified as the alternating-sign zone (NRP zone, Fig. 1). 
The Kiaman-Illawarra reversal boundary is located in the upper part of the Third Formation, at 5 

m below the Urzhumian-Severodvinian biostratigraphic boundary (Fig. 1). The upper part of the 
Third Formation and the lower part of the Fourth Formation belong to the N1P magnetic zone of 
Illawarra Hyperzone. The upper part of the Fourth Formation shows reversed polarity. This interval 
of the section corresponds to the largest part of the R2P magnetic zone. Geomagnetic latitudes 
calculated for samples with normal polarity, are from 18° to 29°N for the overall succession. 
 

Cyclicity and paleosols 

The Monastery ravine succession exhibits a clear multi-order cyclicity. In total, 22 complete high 
order cycles (HOC) have been identified in this section (Fig. 1), each of 4-12 m thick [28]. The bases 
of the cycles are both erosional surfaces (fluvial channels filled in sandstones and their basinal 
equivalents) and non-erosional surfaces (paleosols and clayey breccias). These cycles have been 
formed as a result of climatic temperature fluctuations evidenced by isotopic data (δ13С and δ18O of 
sedimentary and pedogenic carbonates) [10]. Each of the cycles could be interpreted as a 
transgressive-regressive cycle for a shallow lake basin and the adjacent fluvial plain [28]. 

The complete cycle of continental deposits includes: 1) the fluvial plain deposits of the 
transgressive phase (massive and laminated mudstones); 2) basinal terrigenous sediments of the 
transgressive phase (laminated mudstones, marls with lacustrine fauna); 3) carbonate basinal 
sediments (in some cases, pedogenically altered) with non-marine ostracodes, bivalves, fish; 4) 
basinal terrigenous sediments of the regressive phase (laminated mudstones with desiccation signs) 
and 5) flood plain sediments of the regressive maximum (massive mudstones with paleosols and 
fluvial channel sandstones). Fossils occur mainly in deposits of the middle phases of sedimentary 
cycles. 

Paleosols have been identified and described in more than twenty levels of these section (Fig. 1) 
by the pedofeatures: in situ roots, slickensides, gleyed zones, carbonate nodules, blocky peds, etc. 

All paleosols are classified based on pedofeatures and the presence of paleosol horizons [29] and 
belong to two genetic types: calcic gleysols and gleyed vertisols [18]. The typical pedofeatures of 
studied paleosols are wedge-shaped angular blocky peds with slickensides on their surfaces and gley 
spots, including the gleyed root traces. This indicate the periodical shrinking and swelling of soils on 
wetting and drying [30] and changes in the water table due to the seasonal rainfalls [31]. By degree 
of maturity, most of the studied paleosols could be attributed to moderately developed paleosols, with 
I to II Stage of carbonate accumulation. 

An overall characteristic feature for all the studied paleosols, are: 1) lack of non-gleyed soils; 2) 
lack of the signs of deep soil erosion; 3) markers of seasonality of precipitation (slickensides, gley 
features and calcareous nodules); 4) clear soil horizonation; 5) silty-muddy host material. These 
features indicate settings of low relief, periodically flooded plains with rain or fluvial waters [32], 
where the accumulation of sediments exceeded their erosion. 

Based on the depth to Bk horizon [33], the trend toward some humidization is traced from the 
Urzhumian to the Severodvinian time, with mean annual precipitation (MAP) estimated at 300-400 
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mm/year and 400-600 mm/year respectively. Similar climatic trend (“wetting phase”) was detected 
in the Middle Permian of the tropical zone of Northern Pangaea [34] at the Wordian-Capitanian 
boundary (ca. Urzhumian-Severodvinian boundary). Thus, the paleosols in the studied section 
indicate a semi-arid climate with clear seasonality of precipitation during the Urzhumian and some 
humidization in the Severodvinian. 
 

Conclusions 

 

1. The biostratigraphic Urzhumian-Severodvinian boundary in the Monastery Ravine section is 
located within the Third Formation and coincides with the lower boundary of the Suchonellina 

inornata-Prasuchonella nasalis ostracode zone and the Toyemia tverdochlebovi-Platysomus 

biarmicus fish zone. 
2. The Kiama-Illawarra paleomagnetic reversal boundary in the studied section lies just below 

the Urzhumian-Severodvinian biostratigraphic boundary and is a valuable marker for 
interregional and global correlation. 

3. The Urzhumian-Severodvinian succession in the Monastery Ravine has clear cyclic 
construction formed as a result of temperature climatic fluctuations on a background of semi-
arid climate with seasonality of precipitation. MAP estimated from the study of paleosol 
profiles, is 300-400 mm/year for the Urzhumian and 400-600 mm/year for the Severodvinian. 

4. Cooling episodes marked by the decrease of δ18O values are confined to the Middle and Late 
Urzhumian and to the Severodvinian-Vyatkian boundary. Negative excursions of δ13С in the 
Mid-Urzhumian and in the Severodvinian-Vyatkian boundary could reflect global 
geochemical events and serve as additional correlative markers. 
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Abstract 

 

This paper deals with the genus Annulina Neuburg, characteristic of the uppermost Lower Permian 
and Middle Permian of the Angraland palaeofloristic realm (= “Angara palaeofloristic province”). 

New material originating from the Permian deposits of the Pechora Cis-Urals allows clarification 
of some morphological characteristics of the type species of this genus, Annulina neuburgiana 

(Radczenko) Neuburg, and to draw some conclusions on its taxonomical position. A fertile zone with 
Tchernovia-like peltate sporangiophores found in close association with the Annulina neuburgiana 

leafy stems supports the attribution of the genus Annulina to the family Tchernoviaceae. 
 

Keywords: Permian, equisetophytes, Annulina, Pechora Cis-Urals, Tchernoviaceae 

 

Introduction 

 

The equisetophytes, a group of higher plants represented in recent floras by only one genus 
Equisetum L., flourished almost worldwide in the Late Paleozoic [1-16]. The Paleozoic 
equisetophytes, which were the direct evolutionary predecessors of the family Equisetaceae, were 
characteristic of Carboniferous and Permian floras of Angaraland [1], [3-16]. 

One of the most characteristic and clearly-distinguished species of Permian Angaran 
equisetophytes is Annulina neuburgiana (Radczenko) Neuburg. This plant was initially attributed to 
the genus Annularia Brongniart in the protologue of this species [10], based on material from the 
Upper Balakhonka Suite, Kuznetsk basin, Siberia, but it was later clearly and unequivocally shown 
that it has well-developed leaf sheaths, and because of these morphological peculiarities, it should be 
transferred to the new genus Annulina Neuburg [7], morphologically close to some representatives 
of the genus Phyllotheca Brongniart. 

The present paper is devoted to the species Annulina neuburgiana, with special reference to the 
systematic position of the genus Annulina. 
 

Material and methods 

 

The material which was used as a basis for the present study was provided to one of the authors 
(SVN) by S.K. Pukhonto (V.I. Vernadsky State Geological Museum, Russian Academy of Sciences, 
Moscow), who had been collecting fossil plants from the Permian deposits in the Pechora Cis-Urals 
for many years. The plant fossils were collected from the following localities: 

1. borehole KhK-1164, depth 643.5 m (spec. 42; apical part of a leafy shoot); 
2. borehole KhK-949, depth 263.0 m (spec. 77(14); middle part of a leafy shoot); 
3. borehole KhK-1164, depth 643.5 m (spec. 42A; two neighboring leafy stems); 
4. borehole KhK-1065, depth 263.3 m (spec. 55; fertile zone). 
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Exact information on the geographical position of the boreholes and their stratigraphic position 
has been published by S.K. Pukhonto [9]. 

Stratigraphically these localities belong to the interval from the uppermost part of the Lower 
Permian (Kungurian) to lower part of the Middle Permian (Kazanian). 

Photographs were taken with the Canon SX 600 HS camera (16.0 megapixels; Canon zoom lens 
18x15; 4.5-81.0 mm 1:3.8:6.9). 
 

Observations 

 

The collection studied includes four sterile leafy shoots of Annulina neuburgiana (Figs. 1 B, C; 
Figs. 2, A, C) and one reproductive organ (Figs. 1 A, D) probably belonging to the same parent plant. 

The leafy shoots consist of stems dissected into nodes and internodes. The length of the internodes 
varies from 0.5 cm (apical internodes) to 2.5 cm (internodes of the middle parts of the stems). 

The width of the stem is more or less equal and is about 0.6 cm, but the width decreases very 
slowly upwards towards the stem apex. The surface of the stem is covered with fine prolonged ribs, 
which probably correspond to the vascular strands of the stem disposed beneath the ribs. 

Nodes are distinct, narrow, disposed somewhat beneath the place where the leaves come aside 
from the stem. The leaves are long, linear to narrow-lanceolate, with a single well-developed vein. 

The leaf bases are connected by their margins and form a well-shaped leaf sheath about 1 cm long 
and 0.7 cm wide on average. The free parts of the leaves are much longer. They are up to 7 cm long 
and 0.3 mm wide. The width of the leaves decreases very slowly towards the leaf apex. The basal 
part of the leaves can also be narrower than the middle part. Since some leaves are detached, it is 
difficult to estimate their exact number. All the best-preserved leaf whorls possess eleven leaves per 
leaf whorl. Most of the leaves demonstrate fine cross striation orientated across the leaf blade, 
probably reflecting hypodermal tissues of the leaves. 

The reproductive organ, probably belonging to the same parent plant species, is a fertile zone 
located on the long stem covered by prolonged folds and ribs. The stem is very similar if not identical 
to the stems of Annulina neuburgiana. The width of the stem is about 3 mm. The fertile zone is ovoid 
in shape and consists of the numerous small peltate sporangiophores. Each sporangiophore has a 
polygonal shield with a tiny central depression corresponding to the places where the stalk of the 
sporangiophore was attached. It is difficult to count the exact amount/number of the sporangiophores 
but taking into account that the observer can apparently see thirty sporangiophores on one side of the 
fertile zone, their total amount cannot have been fewer than sixty. 
 

Discussion 

 

The exact systematic position of the species Annulina neuburgiana and of the genus Annulina 

Neuburg in general, has never been a subject of special study before, although it was quite clear that 
this plant belonged to the equisetophytes and, being more precise, to the order Equisetales. 

The first discovery of the reproductive organs of Annulina neuburgiana was made by M.D. 
Zalessky, who described the species Phyllotheca bardensis Zalessky with numerous compact 
spherical to ovoid fertile zones consisting of peltate sporangiophores, which are very similar to the 
spherical fertile zone briefly described above. Unfortunately, the whereabouts of the specimen figured 
by M.D. Zalessky [14] is not known now, and it is not yet possible to reexamine it. 
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Fig. 1. Annulina neuburgiana (Radczenko) Neuburg. Macromorphology of the leafy shoots (B, C) and a fertile zone (A, 
D). A, D – fertile zone, spec. 55; locality KhK-1065, depth 263.3 m. B – middle part of a leafy shoot, spec. 77(14); 
locality KhK-949, depth 263.0 m. C – apical part of a leafy shoot, spec. 42; locality KhK-1164, depth 643.5 m. Scale – 1 
cm (B, C); 1 mm (A, D). 
 

One more fertile specimen, probably related or even directly belonging to Annulina neuburgiana 

is figured but not described by M.F. Neuburg [8], plate XXXI, Fig. 2, as Stephanostachys borealis 

Neuburg (nomen dubium). 
The morphology of the fertile specimen in hand allows the species Annulina neuburgiana to be 

attributed to the family Tchernoviaceae (= Tschernoviaceae) of the order Equisetales. 
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Fig. 2. Annulina neuburgiana (Radczenko) Neuburg. Macromorphology of the leafy shoots. (A) the middle part of a leafy 
shoot, spec. 77(14); locality KhK-949, depth 263.0 m. (B) the apical part of a leafy shoot, spec. 42; locality KhK-1164, 
depth 643.5 m. (C) two neighboring leafy stems, spec. 42A; locality KhK-1164, depth 643.5 m. Scale – 1 cm. 
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Abstract 

 

Stratigraphical definitions and correlation marks for the potential candidates of GSSPs in the 
Cisuralian including the Sakmarian-base, Artinskian-base and Kungurian-base are still under study. 

In present paper new data on carbonate carbon and oxygen isotopes in Dal’ny Tulkas and 
Mechetlino sections were presented. In Dal’ny section the sharp positive shift in values of δ13С is 
observed from -9.6‰ (layer 7-5) to -3.6‰ (layer 9-1) with amplitude 6‰. This shift correlates with 
a positive change from -11.7‰ to -2.2‰ (amplitude 9.5‰) in a bottom part of the Artinskian stage 
in previous studies. In Mechetlino section the values of δ13С change from -5.4‰ to 0.4‰ (a mean 
value = -2.2‰) within the Artinskian stage. These values are normal in comparing with abnormal 
values of δ13С in interval between -10‰ and -16‰ in previous studies. The values of δ13С change 
from -3.5‰ to -0.4‰ (a mean value= -1.5‰) within the Kungurian stage. In the Artinskian layers 
the values of δ18O variate from -13.5‰ to -6.4 ‰ (a mean value = -9.7‰). These values are less than 
the values of δ18O (from 0‰ to -4‰) for the same stage in previous study. In the Kungurian stage 
the values of δ18O are found in interval between -12.4‰ and -5.6‰ (a mean value = -9.8‰). 

Most part of points in Mechetlino section is characterized by the values of δ18O < -8‰, that can 
reflect the diagenesis influence on the isotope rock composition. 
 
Keywords: Lower Permian, carbonate carbon and oxygen isotopes 

 
Introduction 

 
Stratigraphical definitions and correlation marks for the potential candidates of GSSPs in the 

Cisuralian including the Sakmarian-base, Artinskian-base and Kungurian-base are still under study. 
Chuvashov et al., [1], [2], [3] proposed the Kondurovsky section, the Dal’ny Tulkas and the 

Mechetlino sections in southern Urals respectively for the candidates of the Sakmarian-base, 
Artinskian-base and Kungurian-base GSSPs. The Mechetlino section was mentioned as the section is 
mainly composed of heavily-weathered mudstone and the poor conodont biostratigraphy [4]. 

The δ13C values in brachiopod materials in the southern Urals are relatively constant through 
Asselian to Artinskian, with the running mean declining from 4.3‰ to 3.4‰ [5]. Korte et al., [5] 
suggested a decline in intensity of the Permian-Carboniferous glaciations, and changes in the global 
carbon cycle. 

In contrast to the results of [5], two different trends, an increasing δ13C trend in Russia from 
Asselian to Sakamarian and a decreasing δ13C trend in North America were presented by Grossman 
et al., [6]. They suggested a regional aridification exacerbated by restricted circulation in the 
epicontinental sea. 

In [7] the gradual positive shift in δ13C value from early to late Asselian was interpreted in terms 
of the isotopic response to the long-term ice sheet growth because they temporally coincide with 
Glacial III or Glacial P1 in Gondwana and northern Siberia. 

An excursion with double negative shifts in δ13C value is present around the Asselian/Sakmarian 
boundary in both the Usolka and Kondurovsky sections, which may have great potential to serve as 
chemostratigraphical marks for intercontinental correlation [7]. The following highly positive 

mailto:nouria.nourgalieva@kpfu.ru
http://www.sciencedirect.com/science/article/pii/S1342937X11001717#bb0100
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excursion of δ13C in early Sakmarian indicates the maximium expansion of Glacial III or P1 [7]. 
The negative δ13C shift in the middle Sakmarian is explained by the quick collapse of Glacial III 

or P1 on the Gondwanaland. This negative shift is largely correlative with those documented in other 
areas of Russia, the North American Craton and South China. The late Sakmarian is characterized by 
a strong oscillation stage of δ13C, which probably indicates a complex climate transition marked by 
smaller alternating glacial-interglacial transitions during Glacial P2 superimposed on an overall 
warming trend. The sharp negative δ13C shift around the Sakmarian/Artinskian boundary at the 
Dal’ny Tulkus section is difficult to interpret [7]. This is followed by long-term low values (< −10‰) 
during the most part of Artinskian Stage. The deeply depleted δ13C values in the Artinskian at the 
Dal’ny Tulkas section might result regionally from the enhanced input of organic carbon after the 
melt-out of ice sheets and the subsequent degradation and isotopic refractionation of the microbial 
chemosynthetic processes on the buried organic matter [7]. 

In general, carbonate carbon isotope is relatively much resistant from meteoric diagenesis than 
oxygen isotopes [7]. To evaluate the effects of meteoric diagenesis, co-variant relationships of δ13C 
vs δ18O are plotted for the data obtained in this study. All values of δ18O are above -8‰ and without 
linear correlation to the values of δ13C, which suggests no evident diagenetic effects on the original 
isotope compositions of carbonates [7], [8]. The isotopic data of both δ13C and δ18O in the Usolka 
and Kondurovsky sections locate within the normal values above -5‰ in δ13C. However, the data 
from Dal’ny Tulkas have been separated into two areas (A and B in [7]) with more lower δ13C values 
and much greater δ18O values in the late Sakmarian. Most of them vary abnormally in the range 
between -10‰ and -16‰ in the Artinskian Stage. The highly negative values of carbon isotope during 
the Artinskian Stage might have potentially resulted from the enhanced organic carbon burial and 
subsequent microbial chemosynthetic processes of biogenetic methane and carbon dioxide cycles [7]. 

In present paper we consider new data on both δ13C and δ18O in two sections Dal’ny Tulkas and 
Mechetlino in comparing with data from previous study [7]. 
 

Results and discussions 

 

Data on δ13С and δ18O (V-PDB) on Dal’ny Tulkas section were received on 8 samples from layers 
7-1, 7-2, 7-3, 7-4, 7-5 (the Sakmarian stage) and layers 9-1, 9-4, 10-1, 11-2 (the Artinskian stage).  

A sharp positive shift in values of δ13С is observed from -9.6‰ (layer 7-5) to -3.6‰ (layer 9-1) 
with amplitude 6‰. This shift correlates with a positive change from -11.7‰ to -2.2‰ (amplitude 
9.5‰) in a bottom part of the Artinskian stage in [7]. 

The upper part of the Sakmarian stage (above sandstone of layer 6) is characterized by less values 
of δ13С (between -9‰ and -11‰) than values of δ13С from [7] (between -5‰ and -12‰) above the 
same sandstone. Above the layer 9-1 values and signature of δ13С are similar with data from [7]. 

The values of δ18O increase up the section in the upper part of the Sakmarian stage from -5.8‰ 
(layer 7-1a) to -4.5‰ (maximum) (layer 7-2a). Then the values of δ18O decrease to -5.9‰ (layer 7-
4a), increase to -5.4‰ (layer 7-5) and decrease to -6.5‰ (minimum) (layer 9-1, the Artinskian stage) 
which corresponds to a maximal value of δ13С= -3.6‰. After that the values of δ18O increase up the 
section to -4.8‰ (layer 11-2). In the whole, variations of δ18O values are found in interval between -
6.5‰ and -4.5‰ in comparing with the interval between -4‰ и 2‰ in [7]. All values of δ18O > -8‰ 
allow to ignore a diagenetic rock change more or less [7, 8]. 

In the whole, the fixing of the significant positive shift of δ13С from layer 7-5 layer 9-1 in the 
bottom part of the Artinskian stage can be considered as a possible chemostratigraphic section 
signature. 

http://www.sciencedirect.com/science/article/pii/S1342937X11001717#f0025
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Fig. 1. δ13С-δ18O diagram. Legends: (1) Dal’ny Tulkas section (the Sakmarian stage), (2) Dal’ny Tulkas section (the 
Artinskian stage), (3) Mechetlino section (the Artinskian stage), (4) Mechetlino section (the Kungurian stage). 
 

In Mechetlino section 44 levels were probed for δ13С and δ18O values measurements. The 
Artinskian stage and the Kungurian stage are represented by 33 points and 11 points respectively. 

The values of δ13С change from -5.4‰ to 0.4‰ (a mean value = -2.2‰) within the Artinskian 
stage. These values are normal in comparing with abnormal values of δ13С in interval between -10‰ 
and -16‰ in [7]. The values of δ13С change from -3.5‰ to -0.4‰ (a mean value= -1.5‰) within the 
Kungurian stage. 

In the Artinskian layers the values of δ18O variate from -13.5‰ to -6.4 ‰ (a mean value = -9.7‰). 
These values are less than the values of δ18O (from 0‰ to -4‰) for the same stage in [7]. In the 

Kungurian stage the values of δ18O are found in interval between -12.4‰ and -5.6‰ (a mean value 
= -9.8‰). 

In the layer 1, in a lower part of the layer 2, in a part of the layer 5 and in a lower part of the layer 
12 (9 points) the values of δ18O> -8‰, but most part of points is characterized by the values of δ18O< 
-8‰ (Fig. 1), that can reflect the diagenesis influence on the isotope rock composition [7], [8]. 
 

Conclusions 

 
In Dal’ny section the sharp positive shift in values of δ13С is observed from -9.6‰ (layer 7-5) to -

3.6‰ (layer 9-1) with amplitude 6‰. This shift correlates with a positive change from -11.7‰ to -
2.2‰ (amplitude 9.5‰) in a bottom part of the Artinskian stage in [7]. 

In Mechetlino section the values of δ13С change from -5.4‰ to 0.4‰ (a mean value = -2.2‰) 
within the Artinskian stage. These values are normal in comparing with abnormal values of δ13С in 
interval between -10‰ and -16‰ in [7]. The values of δ13С change from -3.5‰ to -0.4‰ (a mean 
value= -1.5‰) within the Kungurian stage. In the Artinskian layers the values of δ18O variate from -
13.5‰ to -6.4 ‰ (a mean value = -9.7‰). These values are less than the values of δ18O (from 0‰ to 
-4‰) for the same stage in [7]. In the Kungurian stage the values of δ18O are found in interval between 
-12.4‰ and -5.6‰ (a mean value = -9.8‰). Most part of points in Mechetlino section is characterized 
by the values of δ18O< -8‰, that can reflect the diagenesis influence on the isotope rock composition 
[7], [8]. 
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Abstract 

 

New multidisciplinary studies of the Urzhumian parastratotype confirm its reference status for the 
Vyatka-Kazan region of European Russia. The purely continental Urzhumian represents the upper 
unit of the Biarmian Series (Middle Permian) of the Geological Time Scale of Russia and is 
tentatively correlated with the Wordian of the International Chronostratigraphic Chart. 

The lower part of the parastratotype corresponds to the Sulitsa Formation and consists of lacustrine 
red-bed continental rocks containing rare conchostracans and fish scales. The upper part of the 
parastratotype corresponds to the Isheevo Formation and is composed of red-colored alluvial-
lacustrine terrigenous and clayey rocks with interbeds of microbial limestones. The clayey rocks often 
include a large number of paleosols of differing maturity, among which vertisols and calcisols prevail. 

This part of the section contains a diverse fauna of non-marine ostracodes, bivalves, 
conchostracans, fishes and tetrapods. 

The Urzhumian parastratotype includes the non-marine ostracode assemblage of the 
Palaeodarwinula fragiliformis Biozone, the non-marine bivalve assemblages of the Palaeomutela 

krotowi, P. wohrmani and P. numerosa Biozones, and the fish assemblage of the Platysomus 

biarmicus-Kargalichthys efremovi Biozone. This makes it possible to reliably correlate it with the 
numerous Urzhumian sections of the east of the East European Platform. New localities for fishes, 
amphibians and reptilians increase its correlation potential. 
 

Keywords: Middle Permian, Urzhumian, biostratigraphy, non-marine bivalves, ostracodes, conchostracans, fish tetrapods 

 

Introduction 

 

The Urzhumian Stage corresponds to the upper part of the Biarmian Series (Middle Permian) of 
the Geological Time Scale of Russia. The Urzhumian is composed of purely continental red-bed (or 
variegated) succession and is tentatively correlated with the Wordian Stage of the International 
Chronostratigraphic Chart [1]. 

Before 2006, the Urzhumian composed the lower unit of the Tatarian Stage (Upper Permian) of 
the bipartite Permian System and was considered as a regional biostratigraphic horizon [2]. 

The parastratotype of the Urzhumian Stage is located in the Kazan area on the right bank of the 
Volga River (Fig. 1). The section (75 m) is logged on the right bank of the Volga River between the 
villages of Pechishchi and Naberezhnye Morkvashi, in the Cheremushka (‘Bird Cherry’) Gully 
(outcrops P01-P10), Trekhglavyi (‘Three-Headed’) Gully (outcrop P11), and Strela (‘Arrow’) Gully 
(outcrop P12-P13) (Fig. 1C). 

Since the pioneering work of Roderick I. Murchison in the 1840s, this section has been investigated 
many times, in particular by Kazan geologists. Aleksey K. Gusev, Professor at Kazan University, 
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provided the first detailed paleontological sampling and lithological description in the 1950s but this 
work remained unpublished until 1996 [3]. His bed by bed fossil collections were eventually 
expanded and refined. Later, Gusev [4] subdivided the Urzhumian succession of this section into 
Sulitsa and Isheevo Formations and several lithological units. In 2013-2017, the Urzhumian 
parastratotype was studied again by the Laboratory of Stratigraphy, Kazan Federal University (e.g. 
[5], [6], [7], [8], etc.). In this article, we present the new data obtained in this study. 
 

Geological background 

 

In the parastratotype, the Urzhumian is composed of continental red-bed argillaceous and 
terrigenous rocks with many marl, limestone and dolomite intercalations. The frequent intercalation 
of the different colored rocks causes the variegated coloration of the succession. 

The most characteristic lithological feature of the Urzhumian is the presence of quartzose 
sandstones and siltstones, which are absent in the underlying Kazanian and overlying Severodvinian. 

Algal-microbial limestones and dolomites are usually riddled with numerous in situ voids of plant 
roots. Shales with greenish-grey and red spots of gleisation are usually overfilled with calcareous 
concretions (paleosol horizons). Shales and siltstones with lenticular lamination contain numerous 
ostracodes, bivalves, fish scales and tetrapods. 

According to lithological features the Urzhumian succession is subdivided into Sulitsa and Isheevo 
Formations [3], [4]. 

The Sulitsa Formation (25 m) overlays gray-colored fossiliferous (marine and non-marine) 
dolomites of the Upper Kazanian and has been subdivided into six more or less distinct lithological 
units. 

The Sulitsa Formation is mainly composed of basin (lacustrine) clayey and terrigenous rocks of 
dull brownish-brown coloration, which include numerous layers of variegated and light-colored 
marls, limestones and dolomites (“Urzhum flagstones”). Fossils are rare and represented only by 
conchostracans and fish scales. The rocks are characterized by the reverse polarity of the ancient 
magnetic field. 

The Isheevo Formation (55 m) is represented by a rhythmic alternation of sandy-argillaceous and 
argillaceous-carbonate packets, which, in comparison with the Sulitsa Formation, are characterised 
by brighter colors. The formation includes numerous intervals of paleosol profiles. The argillaceous-
carbonate packets often arm the slopes of the watersheds. The formation has been subdivided into 
seven lithological units, the names of which have been derived partly from the geographical localities 
of their type sections or from their lithological features. Fossils occur frequently; rocks are 
characterized by the alternating polarity of the ancient magnetic field. 
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Fig. 1. The location of Urzhumian parastratotype: (A) space image of the Cheremuska Gully (Image © CNES/Astrium) 
showing the locations of the outcrops (P1-P10); (B) generalized geological map of the Volga-Kama region near the town 
of Kazan, Republic of Tatarstan, and (C) generalized geological map of the Pechishchi area. 
 

The lower part of the section contains numerous thin bands (thickness 1-5 cm) of clayey breccias. 
These rocks consist of angular silty-clayey debris lying (‘floating) in a clayey matrix. Gravel-sized 

lithoclasts are dispersed in the matrix and can be found together with clay coatings and occasional in 

situ roots. The coatings contrast with the matrix by their dark red, brown or green color and divide 
the layer into many angular fragments, forming the reticular structure of the rock. 

Along the strike of the beds, the clayey breccias form a regular succession: (1) breccias, (2) silty-
clay rocks with broken and subhorizontal sloping lamination, (3) silty-clay rocks with irregular 
undulated lamination and (4) silty-clay rocks with fine subhorizontal or horizontal lamination. Such 
a sequence indicates the subaerial transformation of the sediments without deep soil formation. 

The section contains 17 paleosol profiles which are confined to red-colored argillaceous packets. 
The paleosols usually include in situ roots, slickensides, calcareous nodules, spots of gleization, 

and blocky peds. The Isheevo Formation contains the largest number of paleosol profiles that are 
represented by the vertisols and calcisols. The vertisols are identified by wedge-shaped blocky peds 
and slickensides whereas calcisols are marked by accumulation of calcium carbonate [9]. The degree 
of development, or maturity, shows that most of the paleosols represents weakly or moderately 
developed types with I to II stages of carbonate accumulation, i.e. contain calcium carbonate in the 
form of powdery carbonate (I stage) or carbonate nodules (II stage) [10]. Stacking paleosols up to 3.5 
m thick occur only in the Crimson Shale Member (Fig. 2). 

Within this interval, each of the paleosol profiles contains a continuous calcrete horizon formed 
by coalescing nodules. These features coincide with the III to IV stages of carbonate accumulation 
[10]. 

The vertisols and calcisols of the Urzhumian parastratotype in the Cheremushka Gully are similar 
to those of Urzhumian stratotype (Monastery Ravine, Kazan Volga region) [8] and indicate a semi-
arid climate with clear seasonality of precipitation [11]. This conclusion coincides with the 
distribution of fossils and geochemical data on carbon (dC13) and oxygen (dO18) isotopes indicating 
a gradual cooling and increase in humidity during the Urzhumian age [7], [12]. 

Erosional surfaces coinciding with the upper boundaries of breccias and paleosols are used as the 
main tool to determine the sedimentary cycles. 
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A sharp decrease in the δ13С is fixed in the sedimentary carbonates from the bottom to the top of 
the section. In the lower 60 m of the section, the values of δ13С change from 3.7‰ PDB at the bottom 
to -4.8‰ PDB and -8.4‰ PDB in the Cheremushka Member and in the Crimson Shale Member 
respectively. Up the section, a positive change in variations of δ13С is observed. 

Lower values of δ13С correlate with a very light isotopic composition of oxygen that is 
characterized by a decrease of the values of δ18O from 31-32‰ SMOW at the bottom of the section 
to 21.4‰ SMOW and 19.6‰ SMOW in the Cheremushka Member and in the Crimson Shale Member 
respectively. Thereby, two negative excursions in the stable isotopic composition of carbon and 
oxygen in the Cheremushka Member and in the Crimson Shale Member are revealed. 

These excursions can be considered as global stratigraphic markers that suggest climate cooling 
and rising humidity [7], [12]. 
 

Biostratigraphy 

 

Non-marine bivalves 

 

The section exposed in Cheremushka Gully was established as a stratotype of three non-marine 
bivalve range Biozones based on species of Palaeomutela Amalitzky, 1892: P. krotowi Biozone, P. 

wohrmani Biozone and P. numerosa Biozone (Fig. 2) [13]. 
Palaeomutela krotowi Biozone. The lower and upper boundaries of the zone correspond to the first 

appearance data (FADs) of P. krotowi Netsch. and P. wohrmani Netsch., respectively. Characteristic 
bivalve species: P. vjatkensis Gusev, P. doratioformis Gusev, Anadontella volgensis (Gusev), 
Prilukiella lata (Netschajew). The Palaeomutela 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 Biozone (Talbei Formation) 
established in the Pechora basin. 

Palaeomutela wohrmani Biozone. The lower and upper boundaries of the unit correspond to the 
FADs of P. wohrmani Netsch. and P. numerosa Gusev, respectively. The characteristic bivalve 
species are: P. krotowi Netsch., P. extensiva Gusev, P. doratioformis Gusev, Anadontella uslonensis 

(Gusev), A. volgensis (Gusev), A. tscherdinzewi (Gusev), Prilukiella janischewskyi Plotnikov, Pr. 

subovata (Jones), Pr. nitida Gusev, Pr. mirabilis Gusev, Pr. pugnatoria Gusev. The Palaeomutela 

wohrmani Biozone is documented in the Volga-Ural and Dvina-Mezen basins. The presence of 
Anadontella and Prilukiella species together allow this unit to be correlated with the Palaeomutela 

visenda-Palaeomutela meraca Biozone (Talbei Formation) of the Pechora Basin and with the 
Anadontella supraphillipsii-Terciella certa Biozone (Leninskian Regional Stage) of the Kuznetsk 
Basin [13], [14]. 

Palaeomutela numerosa Biozone. The lower and upper boundaries of the unit correspond to the 
FADs of P. numerosa Gusev and P. keyserlingi Amalitzky, respectively. Characteristic bivalve 
species: P. verneuili Amal., P. semilunulata Amal., P. solenoides Amal., P. subparallela Amal., P. 

marposadica Gusev, P. tschuvashica (Gusev). 
The zone is recorded in the Volga-Ural and Dvina-Mezen basins of the East European Platform. 

 

Non-marine ostracodes 

The first ostracodes appear only in the lower part of the Isheevo Formation, in the Green Clay 
Member (Fig. 2). The ostracod assemblage here is fairly poor [15]. The most diversified ostracod 
assemblage is associated with the middle part of the Isheevo Formation. It comprises numerous, 
diverse species, very common in the Urzhumian of the East-European Platform: Paleodarwinula tuba 
(Mish.), P. aff. fainae (Bel.), P. aff. perlonga (Schn.), P. aff. vicina (Molost.), P. cf. faba (Mish.), P. 

chramovi (Gleb.), P. elegantella (Bel.), P. elongata (Lun.), P. ex gr. alexandrinae (Bel.), P. ex gr. 
arida (Molost.), P. ex gr. defluxa (Mish.), P. fragiliformis (Kash.), P. fragilis angusta (Schn.), P. 

inornatina (Bel.), P. mera (Starozh.), P. obvia (Molost.), P. teodorovichi (Bel.), P. tichonovichi 
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(Bel.), P. torensis (Kotsch.), Permiana elongata Schn., Placidea ex gr. lutkevichi (Spizh.), 
Prasuchonella nasalis (Schn.), P. stelmachovi (Spizh.), Suchonellina inornata Spizh. 

The stratigraphic interval of the ostracodes assemblage is confined to the Upper Urzhumian, to the 
Palaeodarwinula fragiliformis-Prasuchonella nasalis Biozone. 

The species Suchonellina inornata Spizh. appears at the top of the Isheevo Formation alongside 
with the typically Urzhumian assemblage. It is one of the index species of Severodvinian 
Suchonellina inornata-Prasuchonella nasalis Biozone. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Caption on the next page. 
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Conchostracans 

 

The Kazanian Stage. The Transitional Member of the Upper Kazanian Substage contains the 
conchostracan Curvacornutus Tasch, 1961. Conchostracans occur on the bedding planes of greenish-
gray clays preserving horizontal gently undulating lamination. The conchostracan shells are well 
preserved. Microsculpture is preserved on the shell surface in many cases. The umbones of all 
specimens possess the curved spine specific for the genus Curvacornutus. Sometimes, 
conchostracans occur on the bedding planes together with non-marine bivalves of the genus 
Palaeomutela Amalitzky. Adjacent dolomite layers contain specific Kazanian marine bivalves, 
brachiopods, and non-platform conodonts [16]. 

The Urzhumian Stage. The Sulitsa Formation includes two stratigraphic levels with 
conchostracans. The Clayish Member (beds no. 17-20) contains Pseudestheria cf. itiliana (Nov.). 

The Sandy-Argillaceous Member (beds no. 37-39) contains Ps. cf. itiliana (Nov.), and 
Palaeolimnadiopsis cf. lundongaense (Nov.). The conchostracans occur on the bedding planes of 
brown and greyish-brown mudstones with horizontal and lenticular lamination. Shells are well 
preserved. All specimens of P. lundongaense possess a posterolateral curving of the growth lines and 
a specific pitted ornamentation. The adjacent thin interlayers of pink and gray marls include numerous 
voids of plant roots [7]. 

The Isheevo Formation contains four levels with conchostracans. The most abundant assemblages 
occur in the gray-colored mudstones of the Green Shales Member (bed no. 68). This assemblage 
includes Pseudestheria cf. itiliana (Nov.), Curvacornutus meshaensis Nov. and Hemicycloleaia cf. 
rhodendorfi Nov. The shells are well preserved. All specimens of C. meshaensis possess the specific 
curved spine on the umbo. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Distribution of non-marine bivalves in the Urzhumian parastratotype logged in Cheremushka Gully (outcrops P01-
P10), Trekhglavyi Gully (outcrop P11), and Strela Gully (outcrop P12-P13). 
 

The Tobacco Sandstone Member includes three levels with conchostracans which are represented 
by a monospecific assemblage of well-preserved Ps. cf. itiliana (Nov.). Among the conchostracans, 
the bedding planes contain non-marine ostracodes and bivalves [7]. 

The species Ps. itiliana, P. lundongaense, C. meshaensis and H. rhodendorfi are specific to the 
Urzhumian conchostracan assemblage. The species H. rhodendorfi occurs in the Urzhumian of the 
Orenburg Region, as well as in the Vyatka River Basin and in the Kuznetsk coal Basin [17]. 
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The species C. meshaensis occurs in the Kazan area [18]. The species P. lundongaense occurs in 
the Vologda Region and in the territory of the Sakha (Yakutia) Republic [18]. The species Ps. itiliana 
occurs in the Middle Volga Basin and in the Siberian Platform (Nizhnaya Tunguska River Basin) 
[19]. 
 
Fishes 

 

The Urzhumian parastratotype contains six levels with identifiable actinopterygian remains. Four 
lower levels include only three common taxa: Varialepis cf. orientalis (Eichw.) (beds no. P04/53, 
P04/68, P04/67-2, P05/105), Eurynotoides sp. (bed no. P04/68), Discordichthys spinifer A. Minich 
(bed no. P04/67-2). 

A diverse fish assemblage occurs in the tetrapod localities Cheremushka 1 (bed no. P07/112) and 
Cheremushka 2 (P07/125), coinciding with the Crimson Shale Member of the Isheevo Formation. 

The locality Cheremushka 1 contains isolated, well preserved chondrichthyan teeth, scales, fin 
spines and cartilage fragments, as well as actinopterygian teeth, skull bones, and scales. 

Chondrichthyans are represented by Sphenacanthidae gen. et sp. nov. earlier defined as 
Xenosynechodus egloni Glikman [20]; the hybodontiforms “Lissodus” cf. zideki (Johnson) and 
“Polyacrodus” sp.; Neoselachii gen. et sp. nov. Actinopterygian fishes include (% by all 
actinopterygian remains): Varialepis bergi A. Min. (58%), Kargalichthys efremovi Min. (8%), 
Platysomus biarmicus Eichw. (6%), Samarichthys luxus A. Min. (4%), Burguklia sp. (8%), 
Discordichthys spinifer A. Min. (2%), Uranichthys pretoriensis A. Min. (1%), Kichkassia furcae 

Min. (1%). 
The locality Cheremushka 2 contains the following actinopterygian taxa: Varialepis bergi (11%), 

Kargalichthys efremovi (1%), Platysomus biarmicus (1%), Samarichthys luxus (<1%), Burguklia sp. 
(1%), Discordichthys spinifer (3%), Uranichthys pretoriensis (25%), Kichkassia furcae (20%), 
Palaeostrugia rhombifera (Eichw.) (<1%), “Acrolepis” macroderma (Eichw.) (<1%). 

The remains of Burguklia sp. are the most interesting. The first appearance of this genus is fixed 
in the Early Permian of Siberia [21]. The occurrence of Burguklia sp. in the Urzhumian parastratotype 
indicates a connection and interchange between the Permian fish assemblages of Siberia and 
European Russia. 

Diverse chondrichthyan and actinopterygian remains are recorded in the Gremyachka locality. 
Numerous teeth and rare fin spines of a new taxon, Sphenacanthidae gen. et sp. nov.; the 

hybodontiforms Omanoselache sp., Lissodus cf. minimus (Agassiz), and “Polyacrodus” sp.; new 
neoselachian, hybodontiform scales and spines are found in that locality. The actinopterygians are 
attributed to Discordichthys spinifer (3%), Acropholis sp. (5%), Varialepis cf. bergi (<1%), 
Kargalichthys efremovi (<1%), Platysomus biarmicus (21%), Samarichthys luxus (<1%), Burguklia 
sp. (<1%), Uranichthys pretoriensis (37%), Kichkassia furcae (3%), “Acrolepis” macroderma (2%). 

Some teeth of “Lissodus” and “Polyacrodus” have an abraded external surface. Several shark teeth 
and some scales of bony fishes bear partial traces of abrasion or post-mortal bioerosion. The intravital 
abrasion in the crushing teeth is extremely rare in those specimens. The preservation of fish remains 
indicates a typical allochthonous assemblage. 

A new taxon of Sphenacanthidae has been found in the Late Kazanian-Severodvinian interval of 
the East European Platform. The hybodontiform Omanoselache was described for the first time from 
the Wordian of Oman [22]. The actinopterygian assemblage belongs to the Platysomus biarmicus-

Kargalichthys efremovi Biozone that corresponds to the Urzhumian of European Russia. 
 

Tetrapods 

 

The Crimson Shale Member (Isheevo Formation) (outcrop P07, Fig. 3) contains two localities with 
vertebrate fauna, Cheremushka 1 and Cheremushka 2, corresponding to the Late Urzhumian age. The 
Member is represented by an alternation of microbial limestones and bright speckled clays 
predominantly of paleosol origin. The limestones are, usually, riddled with in situ voids of plant roots. 
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Fig. 3. Left slope of Cheremushka Gully and location of outcrops no. P06, P07, P08 and Cheremushka 1 and Cheremushka 
2 tetrapod localities. 
 

Tetrapod locality Cheremushka 1 

Amphibians: Leptoropha sp. (Leptorophinae, Kotlassiidae, Seymouriamorpha) – rare 
disarticulated skeletons of juvenile specimens; Archegosauroidea fam. ind. (Temnospondyli) – 
sporadic disarticulated skeletons of juvenile specimens (in the clays), rare large bones in the gritstone 
crust overlaying the limestone (bed no. P07/110). 

Reptiles: Dinocephalia fam. ind. – single tooth of carnivorous taxon in the gritstone crust 
overlaying bed no. P07/110. 

The locality predominantly contains various lineages of juvenile amphibians, such as 
seymouriamorphs and temnospondyls, and is confined to the carbonate and argillaceous facies. The 
locality could be attributed to subautochthonous type due to the preservation of slightly deformed 
skulls and skeletons of juvenile amphibians. At the same time, the bones of adult animals are rare, 
and the percentage of reptilian taxa is very low. 
Tetrapod locality Cheremushka 2 (the upper bone-bed level-the lens) 

Amphibians: Archegosauroidea fam. ind. (Temnospondyli) – isolated bones; Leptoropha sp. 
(Kotlassiidae, Seymouriamorpha) – isolated cranial bones and teeth. 

Reptiles: Anomodontia fam. ind. (Venyukoviidae?) – isolated jaw and teeth; Dinocephalia fam. 
ind. – single carnivore teeth; Bolosauria gen. ind. (Captorhinomorpha) – isolated dentary of juvenile. 

The locality is restricted to argillaceous gritstone which forms the basement of the local alluvial 
lens. It contains a large number of disarticulated remains of amphibians and reptiles as well as fishes 
(Actinopterygii and Chondrichthyes) and represents a typical allochthonous assemblage. 
Tetrapod locality Gremyachka 

The new locality for vertebrate fauna is situated 1 km south of the head of the Cheremushka Gully 
and is confined to the Crimson Shales Member [5]. In this locality, the Crimson Shales Member has 
a more alluvial and lacustrine character. A thin bed (0.3 m) of dark gray (coal-like) lacustrine shale 
lies at the top of the succession and clearly differentiates this section from the reference one. The 
tetrapod locality belongs to this shale bed, as well as to the thin (0.15 m) underlying band of greenish-
grey sandstone – the “main amphibian bed”. 

Amphibians: Archegosauroidea fam. ind. (Temnospondyli) – isolated bones of differently sized 
animals. 

Reptiles: Dinocephalia fam. ind. – fragments of cranial and postcranial bones and teeth. 
The locality probably has an alluvial genesis. The bones of adult temnospondyls clearly 

predominate. Most of the bones have traces of destruction preceding burial, indicating the high energy 
of the water. Bones are preserved in disarticulated positions, so the locality can be considered as 
allochthonous. The black shale overlaying the 'main amphibian bed' of sandstone also contains 
tetrapod bones, which are included in flat dark-beige nodules, sometimes occurring as aggregations. 
It is most possible that the nodules represent large reptilian coprolites. 
 

Crimson Shale Mb 
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Conclusions 

 

The lower boundary of the Urzhumian Stage is most confidently defined in the Cheremushka 
parastratotype section by non-marine bivalves and ostracodes.  

The non-marine ostracode assemblage of the Palaeodarwinula fragiliformis Biozone, the non-
marine bivalve assemblages of the Palaeomutela krotowi, P. wohrmani and P. numerosa Biozones 
make it possible to correlate the parastratotype with the numerous Urzhumian sections of the east of 
the East European platform.  

The determination of the precise stratigraphic boundaries of the revealed fish and tetrapod 
Biozones requires further investigation. 

The paleogeographic features of Early Urzhumian (Sulitsa Formation) may be interpreted as 
subaerial environments of plains resembling modern coastal or inland sabha. 

The specific features of the paleosol profiles from the Isheevo Formation indicate, in general, a 
semi-arid climate with a clear seasonality of precipitation. 

Negative excursions of the carbon and oxygen isotopes in Late Urzhumian (Isheevo Formation) 
suggest relative climate cooling and rising humidity, which is correlated with significant biodiversity 
at that time. 
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Abstract 

 

For the first time the chemical composition is studied in the sediments of the Dal’ny Tulkas and 
Mechetlino reference sections proposed as international standards for global correlation of the lower 
boundaries of the Artinskian and Kungurian stages, respectively. There are two main groups of 
oxides: “terrigenous” and “marine”. Some trace elements (Ni, Cu, Ba, Zr) fix stratigraphic 
boundaries. The lithochemical parameters of the deposits were formed in arid climates. The values of 
the chemical index of alteration (CIA) indicate relatively constant depositional conditions, which is 
an advantage for GSSP candidates. 
 
Keywords: GSSP, Dal’ny Tulkas, Mechetlino, geochemistry, oxides, climate, Sakmarian, Artinskian, Kungurian, Southern Urals 

 
Introduction 

 
The Dal’ny Tulkas and Mechetlino sections are considered as potential candidates for global 

correlation (GSSP) for the lower boundaries of the Artinskian and Kungurian Stages, respectively. In 
2016, after the opening of new intervals in the sections of Dal’ny Tulkas and Mechetlino [1] 
conducted an additional study of these sections. This article considers the preliminary results of the 
first geochemical studies of these sections. 
 

The objects and methods of research 

 
The Dal’ny Tulkas Section is exposed in a roadside quarry in the valley of the left tributary of the 

Usolka River (Fig. 1). The coordinates of the section: 53°53’18” N, 56°30’56” E. 
The section is represented by a series of terrigenous-carbonate rocks of the Sakmarian and 

Artinskian Stages. The Artinskian part of the section contains beds of bioclastic-detrital limestones. 
At different levels there are lenses of limestone nodules. The thickness of the considered interval 

of the section is 13.8 m, of which, the Sakmarian stage 8 m, and the Artinskian Stage 5.8 m. This 
section is considered as the reference object of the lower boundary of the Artinskian Stage [2], [3]. 

The Mechetlino section is located on the right slope of the valley of the Yuryuzan River (Fig. 1) 
and is a GSSP candidate of the Kungurian Stage [4]. [5]. 

The coordinates of the section: 55°21’42” N, 57°59’57” E. A succession in a small quarry exposes 
sediments of the Artinskian-Kungurian boundary interval. 

mailto:Rafael.Sungatullin@kpfu.ru
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Fig. 1. Location of the studied sections. 
(А)Uralian Foredeep; (B-F) megazones and zones: (B) Western Urals; (C) Central Urals; (D) Tagil-Magnitogorsk; (E) 
Eastern Urals; (F) Transuralian 
 

The Mechetlino section is dominated by calcareous mudstones, limestones and sandstones. 
The thickness of the exposed interval is 16.4 m (including 11.8 m of the Artinskian, and 4.6 m of 

the Kungurian). 
The contents of major oxides and of small chemical elements in rocks of the (Sakmarian-

Artinskian and the Artinskian-Kungurian boundary beds) is studied in the Tulkas section, in 15 
samples, and in the Mechetlino section in 20 samples. Analyses for 27 elements (Si, Ti, Al, Fe, Mn, 
Ca, Mg, Na, K, P, Sr, Ba, S, Cl, V, Cr, Co, Ni, Cu, Zn, Ga, As, Br, Rb, Y, Zr, Nb) were implemented 
at Kazan Federal University using an S8 Tiger X-ray fluorescence spectrometer (Bruker, Germany). 
The obtained results and their mathematical processing using the STATISTICA software package 
allowed us to emend the composition of the deposits studied, as well as to reconstruct depositional 
environment in the Cisuralian Epoch. 
 

Results 

 
The distribution of chemical elements in the Dal’ny Tulkas section shows (Table 1) that Artinskian 

and Sakmarian are characterized by almost the same average content of major components. Some 
differences pertain to small chemical elements. The Sakmarian rocks contain more Ba and less S, 
which may indicate deeper-water conditions of sedimentation in the late Sakmarian compared to the 
beginning of the Artinskian. Clustering of the geochemical results showed a clear differentiation of 
“marine” and “terrigenous” groups of elements (Fig. 2). 
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Fig. 2. The cluster analysis tree diagrams: above – Dal’ny Tulkas section, below – Mechetlino section. 

 
The first group includes Ca, Mg, Sr, Ba, Mn, Cl, the second group comprises Si, Fe, Ti, Al, Na, K 

and small chemical elements P, Cu, Zn, Rb, Zr. The behavior of some elements indicates their 
stratigraphic significance. For example, the content of Fe, Ni and Cu decreases towards the boundary 
of the Sakmarian and Artinskian Stages (Fig. 3), which may indicate the deepening of the marine 
basin. 
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Fig. 3. Behavior of iron, nickel and copper in the Dal’ny Tulkas section: (1) sandstone, (2) calcareous concretions, (3) 

limestone, (4) argillite, (5) mudstone, (6) volcanic ash. 
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Table 1. Chemical composition of the rocks of Dal’ny Tulkas section, weight % 
Sample Rock SiO2 TiO2 Al2O3 Fe2O3 MnO CaO MgO Na2O K2O P2O5 SrO BaO SO3 LOI Amount 
2-1 Mudstone 64.07 0.53 10.83 6.32 0.04 0.87 2.80 0.51 2.40 0.15 0.01 0.09 0.15 11.09 99.86 

2-3 Calcareous 
mudstone 52.36 0.38 7.53 4.80 0.06 9.35 4.34 0.50 1.57 0.21 0.01 0.16 0.21 18.24 99.72 

3-3 Calcareous 
mudstone 49.58 0.32 6.53 4.32 0.07 12.16 4.78 0.45 1.36 0.10 0.02 0.24 0.24 19.73 99.9 

4-3 Calcareous 
mudstone 55.68 0.42 8.10 5.10 0.04 10.35 2.00 0.50 1.72 0.13 0.03 0.92 0.54 14.36 99.89 

4-3-1 Calcareous 
mudstone 47.09 0.26 5.34 3.83 0.09 14.57 5.39 0.39 1.06 0.12 0.02 0.46 0.36 20.93 99.91 

5-2 Clay limestone 11.57 0.23 2.82 2.41 0.13 47.49 1.41 0.47 0.48 0.06 0.10 0.06 0.08 32.63 99.94 

6-2 Calcareous 
mudstone 40.15 0.27 5.46 3.94 0.11 18.35 4.64 0.36 1.13 0.11 0.02 0.04 0.19 25.16 99.93 

7-1 Clay limestone 32.71 0.07 1.31 0.84 0.10 33.56 1.40 0.17 0.30 0.23 0.03 0.06 0.37 28.81 99.96 
7-4 Clay limestone 13.38 0.04 0.60 0.44 0.12 45.54 0.95 0.08 0.14 0.10 0.03 - 0.34 38.21 99.97 
9-1 Clay limestone 12.94 0.06 1.00 1.87 0.14 45.36 1.23 0.09 0.25 0.06 0.03 0.03 0.28 36.22 99.56 

9-2 Calcareous 
mudstone 55.19 0.44 9.02 6.18 0.07 9.09 2.36 0.43 1.97 0.15 0.01 0.01 0.08 14.86 99.86 

9-4 Limestone 9.61 0.10 1.59 1.11 0.36 46.89 1.26 0.32 0.29 0.20 0.06 - 0.55 37.63 99.97 
10-1 Limestone 7.77 0.07 1.20 1.18 0.62 48.29 1.04 0.27 0.22 0.77 0.06 - 0.86 37.62 99.97 

11-1 Calcareous 
mudstone 49.51 0.64 12.43 6.76 0.08 8.83 3.12 1.14 2.33 0.16 0.02 0.03 0.06 14.75 99.86 

11-2 Limestone 10.66 0.08 1.21 1.04 0.17 47.16 1.14 0.15 0.31 0.12 0.04 - 0.51 37.36 99.95 
Note: samples from 2-1 to 7-4 are Sakmarian Stage, samples from 9-1 to 11-2 are Artinskian Stage; dash – not found 

 

Table 2. Chemical composition of the rocks of the Mechetlino section, weight, % 
Sample Rock SiO2 TiO2 Al2O3 Fe2O3 MnO CaO MgO Na2O K2O P2O5 SrO BaO SO3 LOI Amount 

2 
Limestone 
organogenic 
detritus 

3.19 0.03 0.49 0.60 0.12 51.80 0.82 0.09 0.09 0.11 0.10 - 0.09 42.43 99.96 

5-1 Silica limestone 24.43 0.06 1.12 0.85 0.12 36.89 2.99 0.16 0.23 0.06 0.09 0.03 0.13 32.87 100.03 
5-3 Limestone 11.57 0.23 2.82 2.41 0.13 47.49 1.41 0.47 0.48 0.06 0.10 0.06 0.08 32.63 99.94 
5-5 Limestone 12.56 0.21 2.62 3.51 0.14 43.71 2.01 0.29 0.41 0.06 0.05 - 0.06 34.22 99.85 

6-1 
Limestone 
organogenic 
detritus 

2.38 0.03 0.43 0.78 0.14 52.98 0.75 0.09 0.07 0.04 0.11 0.15 0.19 41.81 99.95 

6-2 Calcareous 
mudstone 45.67 0.63 12.54 6.64 0.05 11.56 3.23 1.18 2.07 0.17 0.04 0.04 0.05 16.02 99.89 

6-3 Calcareous 
mudstone 51.17 0.64 13.68 6.07 0.03 7.46 3.16 1.20 2.38 0.16 0.03 0.05 0.05 13.79 99.87 

7-2 Limestone 4.35 0.07 0.88 1.03 0.14 51.21 1.35 0.15 0.15 0.05 0.13 0.04 0.16 40.24 99.95 

7-3 Calcareous 
mudstone 51.16 0.64 13.64 6.15 0.03 7.60 3.06 1.16 2.39 0.17 0.03 0.04 0.04 13.78 99.89 

8 
Limestone 
organogenic 
detritus 

1.61 0.01 0.26 0.35 0.10 52.44 0.93 0.07 0.03 0.04 0.09 - 0.11 43.91 99.95 

9 Calcareous 
mudstone 50.63 0.76 14.15 7.67 0.04 6.58 3.97 1.19 2.28 0.15 0.03 0.04 0.04 12.34 99.87 

10-1 Limestone 2.27 0.03 0.42 0.67 0.15 51.40 1.66 0.08 0.07 0.06 0.09 - 0.11 42.95 99.96 

10-2 Calcareous 
mudstone 50.39 0.62 13.01 5.91 0.03 9.10 3.44 1.21 2.27 0.16 0.03 0.04 0.05 13.62 99.88 

11 Calcareous 
sandstone 35.27 0.54 8.04 6.79 0.10 23.85 3.54 0.88 1.23 0.09 0.07 0.51 0.29 18.57 99.77 

12-1 Limestone 11.88 0.21 2.88 2.59 0.17 46.04 1.41 0.42 0.48 0.08 0.09 - 0.09 33.61 99.95 

12-2 Calcareous 
mudstone 50.30 0.66 12.76 7.28 0.04 8.48 3.91 1.38 2.10 0.18 0.04 0.04 0.05 12.64 99.86 

12-3 Calcareous 
mudstone 51.40 0.68 13.42 6.07 0.03 7.74 3.53 1.07 2.45 0.18 0.03 0.03 0.04 13.20 99.87 

13 Calcareous 
sandstone 29.26 0.47 6.90 4.67 0.13 31.04 2.43 1.09 0.99 0.10 0.07 0.03 0.05 22.70 99.93 

14 Limestone 5.20 0.04 0.63 1.06 0.23 50.76 0.81 0.11 0.11 0.06 0.12 - 0.10 40.73 99.96 
15 Sandstone 50.88 0.49 8.07 4.79 0.07 17.28 2.35 1.48 1.17 0.15 0.06 0.09 0.10 12.95 99.93 

Note: samples from 1-2 to 10-2 – Artinskian Stage, samples from 11 to 15 - Kungurian Stage; dash – not found 
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Fig. 4. Behavior of zirconium and barium in the Mechetlino section: (1) sandstone, (2) calcareous sandstone, (3) 
limestone, (4) argillite, (5) mudstone. 
 

In both sections the individual lithotypes are characterized by almost the same average contents of 
major components (Table 1, 2). The similarity of the chemical composition of rocks is also confirmed 
by the community (with the exception of Mg and Ni) «terrigenous» and «marine» clusters of chemical 
elements (Fig. 2). From bioclastic-detrital limestone of the Mechetlino section content of almost all 
oxides is extremely low, which indicates the purity (depth) of carbonates. The SiO2 content in the 
context of the section of Dal’ny Tulkas slightly higher, which may be due to an admixture of clayey 
matter, and with the presence of the silicon skeletons of radiolarians. 

Correlations of major oxides differ significantly, therefore, the ratio of carbonate, silicate and 
sulfate minerals in the samples are similar. A very high positive relationship (correlation coefficient 
0.99-0.98) with Al2O3, K2O, Fe2O3 and TiO2 is likely to indicate the presence of these oxides in the 
composition of clay minerals, which are dominated by hydromica, and the subordinate importance of 
montmorillonite and chlorite. 
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The behavior of some minor elements in the Mechetlino section may be a further geochemical 
criterion to substantiate the lower boundary of the Kungurian Stage. For example, in the lower part 
of the Kungurian Stage, a small anomaly of Ba (Fig. 4) is detected, which apparently records the 
transition from normal marine conditions of later Artinskian Age to the transitional type of 
sedimentation in the early Kungurian Age. This is confirmed by the high content of plant attrite here, 
the remnants of calamites and aridity of climate in the Uralian Foredeep in the Kungurian. The same 
conclusion follows from the analysis of lithochemical parameters (Fig. 5). Index of chemical 
weathering CIA [7], calculated by the formula Al2O3/(Al2O3+CaO+Na2O+K2O) × 100 indicates weak 
weathering (or its absence) in the source area. The value of the CIA index in argillaceous rocks from 
both sections was less than 70. In the argillite of the Dal’ny Tulkas section, CIA values are 16-38 
(pure argillite – 68), and in the Mechetlino section – 33-46. 

 
Fig. 5. Climate in the Early Permian, based on lithochemical parameters [6]. 

 

Conclusions 

 
Analysis of the distribution of elements in the sections and use of chemical indicators allows the 

following results to be obtained. 
1. The first data on the chemical composition of the sediments of the reference sections of the 

Cisuralian Epoch. 
2. There is significant similarity in the contents of major oxides in the Dal’ny Tulkas and 

Mechetlino sections, in the same type of rocks (argillites, limestones, sandstones), which 
confirms their affiliation to flysch formations [8]. This is confirmed in the establishment of 
two contrasting groups of elements – “terrigenous” and “marine”. 

3. Some elements that record the stratigraphic boundaries in sections are proposed. 
4. The values of the index of chemical weathering conditions, depositional environment and 

nature of the eroded rocks in the area of demolition have remained relatively constant. This is 
an advantage when considering the sections as GSSP candidates. 

5. The studied deposits were formed in arid climates; and very arid for Mechetlino section. 
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Abstract 

 

Conodonts from the oil-and-gas bearing Carboniferous deposits of the northern part of the Peri-
Caspian depression are studied. The age of the deposits is determined as the Moscovian Stage of the 
Middle Carboniferous. Numerous conodonts of the genus Gondolella indicate a deep-sea sedimentary 
setting. Correlation was made with the deposits of the east of the Russian plate, the Moscow 
Syneclise, and the South Urals. 
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Introduction 

 
Carboniferous and Lower Permian carbonates of the northern part of the Peri-Caspian depression 

are oil and gas collectors, hence their stratigraphy and correlation are very relevant. In this region, 
Asselian deposits transgressively overlap the Bashkirian beds indicating a considerable stratigraphic 
hiatus [1]. 

Only in some areas are the Middle and Upper Carboniferous composed of thin basinal series [2]. 
Currently, the biostratigraphy of Carboniferous deposits in the northern part of the Peri-Caspian 

depression is largely based on foraminifera [3]. The Carboniferous terrigenous deposits are 
stratigraphically subdivided using pore-pollen assemblages. Other fossils, for example, ostracodes 
and conodonts, are less commonly used for stratigraphy in this region [4], [5], [6]. Also, non-
traditional methods, such as microspheres of cosmic origin, can be used to correlate sedimentary 
strata of oil and gas-bearing regions [7]. 
 

Material and methods 

 
A sample from the core of the borehole, in the northern part of the Peri-Caspian depression, was 

studied. The sample is represented by a small (about 0.05 m) member of dark gray fine-grained 
limestones resting on light gray Bashkirian bioclastic limestones. The limestones were sampled for 
conodonts to determine their age. The conodonts were extracted from the rock using the standard 
procedure for processing samples in 10% acetic acid [8]. The studied sediments were shown to 
contain a rich assemblage of conodonts, of more than 150 specimens. SEM photographs of conodonts 
were made at the Institute of Geology and Oil and Gas Technologies of the KFU, analyst B.M. 
Galiullin. 
 

Results 

 
Conodonts are microscopic (up to 1 mm) tooth-like remnants of the skeleton of a chordate animal, 

consisting of calcium phosphate with a small admixture of dispersed organic matter. This composition 
allows conodonts to be preserved not only in sedimentary, but also in metamorphic rocks. In addition, 
they can withstand redeposition and washout of sediments over a long-time period, when other fossils 
are destroyed. Advantages of conodonts include their rapid evolution, and relative independence from 
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the sedimentary settings of a marine basin. Due to the above circumstances, at present conodonts 
continue to remain one of the reliable fossil groups for the Paleozoic, and they are used to determine 
the genesis and age of the deposits, including the oil-bearing strata, and for detailed stratigraphy and 
global correlation. 

 
As a result of the study, 14 species of platform conodonts belonging to 5 genera were found: 

Gondolella, Neognathodus, Idiognathodus, Idiognathoides and Streptognathodus (Fig. 1). The most 
numerous conodont genera in the assemblage are Idiognathodus and Gondolella (Fig. 1), while the 
rest are represented by single specimens. 

 
 

The species composition of the assemblage includes (Fig. 2): Gondolella laevis Kossenko et 
Kozitskaya, G. magna Stauffer et Plummer, G. sp., Idiognathodus cf. aljutovensis Alekseev, Barskov 
et Kononova, I. cf. amplificus Lambert, I. claviformis Gunnell, I. delicatus Gunnell, I. fisheri 
Alekseev et Goreva, I. obliquus Kossenko et Kozitskaya, I. podolskensis Goreva, I. sinuosus Ellison 
et Graves, I. sp., Idiognathoides sp., Neognathodus cf. nataliae Alekseev et Gerelzezeg, N. sp., 
Streptognathodus concinnus Kossenko, S. dissectus Kossenko, and S. sp. Gondolella laevis Kossenko 
et Kozitskaya, Idiognathodus obliquus Kossenko et Kozitskaya and I. podolskensis Goreva are 
noticeably dominant in the assemblage, whereas Neognathodus inaequalis Kozitskaya are few. 

Fig. 1. Number of specimens of different conodont genera 

 

Fig. 2. Number of specimens of species conodonts 
 



© Filodiritto Editore – Proceedings 

226 

These species are typical of deposits of the Podolskian and Myachkovian horizons of the 
Moscovian Stage of the Moscow Syneclise, the east of the Russian Plate, the Donets Basin and the 
South Urals [9], [10] (Fig. 3). 
 

 
In addition, there are species typical of the lower part of the Moscovian Stage of the East European 

Platform: Idiognathodus cf. aljutovensis Alekseev, Barskov et Kononova, I. cf. amplificus Lambert, 
I. sinuosus Ellison et Graves, Neognathodus cf. nataliae Alekseev et Gerelzezeg; Kashirian 
conodonts Streptognathodus concinnus Kossenko and S. dissectus Kossenko, and the Kasimovian 
species I. fisheri Alekseev et Goreva [9]. Idiognathodus claviformis Gunnell and I. delicatus Gunnell 
have a wide range of stratigraphic distribution [10]. 

There is a single, strongly rounded, specimen of the genus Idiognathoides, typical of the upper 
Bashkirian and Lower Moscovian stages of other regions [9], [10]. Apparently, this conodont comes 
from re-deposited Bashkirian sediments.  

Fig. 3. Stratigraphic distribution of studied conodonts. 
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The conodont assemblage is mixed (Fig. 5): it is dominated by species typical of the Podolskian 

and Myachkovian horizons of the Moscovian Stage, as well as species from the Upper Bashkirian 
and Lower Moscovian. A considerable part of the assemblage consists of fragments of conodonts 
(Fig. 4). 

Conodonts of the genus Gondolella are present in large numbers (Fig. 2); they are indicators of a 
deep-water sedimentation environment [10], [11]. 

 
 

Fig. 4. Numbers of conodonts of different degree of preservation (whole specimens and fragments). 
 

Fig. 5. Conodonts of the Moscovian Stage of the northern part of the Peri-Caspian Depression. 
(G. – Gondolella, I. – Idiognathodus, N. – Neognathodus). 
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Conclusions 

 
The study of the core of the well, traversed in the northern part of the Peri-Caspian depression, 

revealed the presence of Moscovian deposits [12]. They are represented by thin, dark gray fine-
grained limestones with numerous conodonts. The presence of species of wide distribution makes it 
possible to correlate the Carboniferous deposits of the north part of the Peri-Caspian depression with 
age-old sediments of the Moscovian region, Donets Basin, and the east of the Russian Plate. 

A high degree of correlation is observed with the South Urals, where a very similar assemblage of 
conodonts with numerous Gondolella laevis Kossenko et Kozitskaya, Idiognathodus obliquus 

Kossenko et Kozitskaya, I. podolskensis Goreva and rare Neognathodus inaequalis Kozitskaya were 
found in the Upper Moscovian of the Usolka section [13]. The rich assemblage, consisting of 
differently aged conodonts of varying degrees of preservation and including a large number of 
Gondolella, indicates deep-water conditions in the northern part of the Peri-Caspian depression 
during the Moscovian time. Here, thin condensed deposits were formed in an environment of deficit 
of siliciclastic supply and in the presence of bottom currents [2]. Expanding the range of 
paleontological works with the involvement of fossil groups possessing a high correlation potential 
will contribute to the achievement of important stratigraphic results in the study of oil and gas bearing 
subsalt complexes of the Peri-Caspian depression. 

This work was funded by a subsidy from the Russian Government to support the Program of 
competitive growth of Kazan Federal University among world class academic centers and 
universities. 
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Abstract 

 

The results of the study of conodonts from the Kasimovian Stage of the Usolka section are 
presented. 

The succession of conodont zones (roundyi, subexcelsa, makhlinae, sagittalis, firmus, simulator), 
traced in the territory of the East European Platform, is established. Juvenile shells of ammonoids, 
studied using the X-ray computed tomography method, are described. 
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Introduction 

 
Conodonts are an effective tool for the stratigraphy and correlation of the marine Carboniferous. 
Their rapid evolution enables construction of detailed zonal scales and the use of individual species 

as biomarkers of the stage boundaries of the Carboniferous System of the International Stratigraphic 
Chart (ISC). At present, the work on the establishment of GSSP of the Upper Carboniferous ISС 
continues, at the moment the index species of the lower boundary of the Gzhelian Stage is selected – 
this is Streptognathodus simulator Ellison [1], [2], [3]. The index species of the lower boundary of 
the Kasimovian Stage has not yet been established. 

The Usolka section (Fig. 1) is located on the right bank of the Usolka River (Republic of 
Bashkortostan). In the section there is a continuous sequence of deposits from the Upper Moscovian 
of the Carboniferous to the Sakmarian Stage of the Permian, the rocks contain a large number of 
conodonts, there are tuff interbeds with zircons, what were used to date the deposits [4]. In addition, 
the Usolka section is located on the territory of the “Krasnousolsky” Resort and is available for study. 

The Usolka section became world famous thanks to the works of B. I. Chuvashov, V. V. Chernykh 
and V. I. Davydov [1], [2], [5], [6], [7], who studied in detail the Gzhelian-Sakmarian interval of this 
section. Only Kasimovian deposits remained insufficiently studied, this is because this interval of the 
section was badly exposed for a long time. For the field trip “Southern Urals. Deep water successions 
of the Carboniferous and Permian” within the framework of the XVIII International Congress on the 
Carboniferous and Permian, the Kasimovian deposits of the Usolka section were cleared and studied 
[8]. 
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Fig. 1. Location of the Usolka section. 

 

Objects and methods of research 

 

The deposits of Kasimovian Stage of the Usolka section are represented by carbonate and clay 
rocks of varying degrees of lithification. For the extraction of conodonts from limestones, dolomites 
and weakly cemented clays, the traditional processing technique was used [9]. Ammonoids were 
found in the upper part of Kasimovian Stage, they were examined by X-ray computed tomography. 

This method allows the internal structure of objects to be studied without destroying them, by 
measuring the difference in attenuation of X-ray radiation by elements of different density. For 
reconstruction of three-dimensional images of the internal structure of the object, complex computer 
processing of data sets over a set of two-dimensional shadow projections was used. Samples were 
studied in the computer tomography laboratory of the Kazan Federal University on a Phoenix V | 
tome | X S240 installation. Samples were studied using a nanofocus tube, with an accelerating voltage 
of 70kV and a beam current of 120mA; image resolution – 2.9 microns (volume of the 1st voxel). 

Images and videos of 2D slices were obtained using VG Studio MAX 2.1 software. Pictures and 
3D video were received in the Avizo Fire 7.1 software. The Usolka section is described in [8]. 
 

Results 

 
Conodonts. In terrigenous-carbonate deposits of the Kasimovian Stage of the Usolka section, with 

a thickness of about 13 m, the conodonts are encountered unevenly, but they make it possible to 
subdivide the section into zones. 
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Fig. 2. Distribution of conodonts in the sediments of the Moscovian Stage of the Usolka section. 

Legend: (1) limestone, (2) limestone clay, (3) dolomite, (4) tuff. 
 

Moscovian Stage, Neognathodus roundyi Zone (Beds 1-7) (Figs. 2, 3). The deposits are composed 
of limestone light gray, fine-grained, massive, with interlayers and lenses of flint, met crinoid, 
brachiopods. Conodonts of this interval are numerous, well-preserved, but not very diverse, there are 
many juvenile forms. The distribution of species along the section shows that Idiognathodus obliquus 
Kossenko et Kozitskaya and I. podolskensis Goreva dominate in Beds 1-4. The conodonts Gondolella 

laevis Kossenko et Kozitskaya, G. magna Stauffer and Plummer, G. sublanceolata Gunnell, 
Idiognathodus claviformis Gunnell, I. delicatus Gunnell, I. trigonolobatus Barskov et Alekseev, 
Neognathodus inaequalis Kozitskaya et Kossenko, N. roundyi Gunnell are represented by a relatively 
small number of specimens. In the upper part of the Usolka section (especially in Bed 6), a large 
number of conodonts are concentrated. Here the dominance of Idiognathodus obliquus Kossenko et 
Kozitskaya and I. podolskensis Goreva is maintained, whereas a large number of Gondolella (Fig. 3) 
is observed [10], [11], suggesting a deeper marine environment. 
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Fig. 3. Conodonts of the Moscovian Stage of the Usolka section. 

 
The Kasimovian Stage, the Swadelina subexcelsa Zone (Beds 8-14). The lower boundary of the 

Kasimovian Stage is established by the appearance of the species Swadelina subexcelsa (Alekseev et 
Goreva) and other conodonts with a variously developed and variously located medial groove (Fig. 
4А). 

The species Swadelina subexcelsa (Alekseev et Goreva) may have originated from Idiognathodus 
podolskensis Goreva by deepening the central depression and interruption of the ribs in the central 
part of the platform with the formation of a median groove (Fig. 4В) [12]. 

 
Fig. 4. (A) Formation of the medial groove during the Early Kasimovian Age in various conodonts; 

(В) Evolutionary lineage from Idiognathodus podolskensis Goreva to Swadelina subexcelsa (Alekseev et Goreva). 
 
The Kasimovian Stage, the Swadelina makhlinae Zone (Beds 15-20). The makhlinae Zone 

contains Idiognathodus with a strongly expanded basal cavity (Fig. 5), Idiognathodus arendti 
Barskov et Alekseev, I. magnificus Stauffer et Plummer, I. aff. trigonolobatus Barskov et Alekseev, 
whereas Swadelina makhlinae (Alekseev et Goreva) are also present (Figs. 5, 6). 
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Fig. 5. Distribution of conodonts in the Kasimovian stage, Usolka section. 

Legend: (1) limestone, (2) clay, argillite, (3) argillaceous limestone, (4) marl, (5) tuff, (6) dolomite. 
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The Kasimovian Stage, the Idiognathodus sagittalis Zone of (Beds 21-38). In addition to the zonal 
species, there are also Idiognathodus claviformis Gunnell, I. magnificus Stauffer et Plummer and I. 

undatus Chernykh, Gondolella laevis Kossenko et Kozitskaya, rare G. merrilli Gunnell, various 
Streptognathodus species (Streptognathodus cancellosus (Gunnell), S. crassus Chernykh, S. zethus 
Chernykh et Reshetkova) (Figs. 5, 6). 

 
Fig. 6. Kasimovian Conodonts from the Usolka section. 

 
The Kasimovian Stage, the Streptognathodus firmus Zone (Beds 39-50). At the end of the 

Kasimovian, the species composition was renewed, and conodonts of the genus Streptognathodus 
were dominant. The conodont assemblage gradually became richer and more diverse. Here, 
Idiognathodus excedus Chernykh, I. magnificus Stauffer et Plummer, I. toretzianus Kozitskaya, 
Streptognathodus crassus Chernykh, S. gracilis Stauffer et Plummer, S. pawhuskaensis Harris et 
Hollingsworth, S. praenuntius Chernykh, S. zethus Chernykh et Reshetkova are found in association 
with Streptognathodus firmus Kozitskaya. 

Gzhelian Stage, Streptognathodus simulator Zone (Beds 51-54). At the beginning of the Gzhelian, 
the median groove of the conodont elements begins to develop again, and this is observed in species 
of the genus Streptognathodus, such as Streptognathodus auritus Chernykh, S. gravis Chernykh, S. 

simulator Ellison, and S. sinistrum Chernykh. The assemblage also contains Idiognathodus 

toretzianus Kozitskaya, I. verus Chernykh, I. undatus Chernykh, Streptognathodus crassus 
Chernykh, S. dolioliformis Chernykh, and S. gracilis Stauffer et Plummer (Figs. 5, 6). 

Ammonoids. A small collection of embryonic and juvenile ammonoid shells was made for the first 
time from the upper part of Kasimovian Stage of the Usolka section. The sizes of the ammonoids and 
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their fragments range from 0.5 to 1/5 mm. They are represented by inner molds clearly showing 
sutures (prosuture and primary suture). 

The material studied can be subdivided into two groups corresponding to the two stages of 
postembryonic development: ammonitellae and juvenile shells. The ammonitellae have a 
subspherical shell 0.5 mm in diameter, with wide whorls (WW = 0.4 mm) and the whorl width to 
shell diameter ratio of 0.8 (Figs. 7a, c). At a whorl width of 0.4 m, latisellate prosutures are clearly 
visible. The prosuture consists of a broad ventral saddle and two small umbilical lobes. The primary 
suture consists of a ventral lobe, broad saddles on the flanks and small umbilical lobes (Fig. 7c, d). 

The third suture of one of the ammonitellae (Fig. 7d) clearly shows a deep ventral lobe, incipient 
lobes developing on the top of the lateral saddles, and a wide, shallow umbilical lobe. 
 

 
Fig. 7. Subspherical ammonitellae: (a, c) the first, second and third suture lines (b, d) at D = 0.5 mm and W = 0.4 mm. 

 
Juvenile shells are represented by one discoid shell and two whorl fragments. The shell is 1.5 mm 

in diameter and consists of three complete whorls; it is somewhat deformed on one side (Fig. 8A a). 
The ammonoids of the juvenile stage are represented by a discoid shell and two fragments of turns. 
The shell has a diameter of 1.5 mm and 3 complete turns and is somewhat deformed on one side 

(Fig. 8A a). One whorl fragment (Fig. 8A b) is transverse-elliptical in cross-section, 1.1 mm wide and 
0.6 mm high. The venter is flattened, smoothly fused with the flank to form a weakly convex surface. 

The umbilical shoulder is distinct and even sharp. The suture is 8-lobed, with a narrow ventral 
lobe, high saddle, and an asymmetrical lateral lobe (Fig. 8A c). 
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Fig. 8. (А) Discoid evolute shell (a, D = 1.5 mm), a fragment of a whorl (b) and a suture (c); 

(В) Fragment of a whorl (a) and suture (b). 
 

The umbilical lobe is shallow and broad. The internal lateral lobe is narrow. It is separated from 
the deep dorsal lobe by a high saddle with a rounded top, approximately as wide as the lateral lobe. 

The second whorl fragment is 0.5 mm wide and 0.4 mm high (Fig. 8B a). 
The specimen is poorly preserved; hence the shape of its cross-section cannot be determined. 
The venter is weakly convex. It continues smoothly to the flank to form a surface with no 

ventrolateral shoulder (Fig. 8B a). Nearer the umbilical shoulder, the flank becomes flattened. 
The umbilical shoulder is sharp, with a steep umbilical wall. 
Apparently, the shell was discoid, with a rounded venter, flattened flanks, and narrow, steep 

umbilical walls. At a whorl width of 0.5 mm, the ventral lobe is deep, relatively broad, with barely 
visible lateral shoulders (Fig. 8B b). It is separated from the lateral lobe by a high, wide asymmetrical 
saddle. The flat base of the first lateral lobe occurs above the weakly developed shoulders of the 
ventral lobe. The second lateral saddle is asymmetrical, considerably wider than the first. The second 
lobe lying on the flank is rounded, considerably smaller than the first. The saddle lies on the umbilical 
shoulder, and further on there is a shallow asymmetrical umbilical lobe. 
 

Conclusions 

 
The study showed that mass development and diversity of conodonts is observed only at the 

Moscovian-Kasimovian and Kasimovian-Gzhelian boundaries. A succession of conodont zones 
(roundyi, subexcelsa, makhlinae, sagittalis, firmus, simulator), recognized in the East European 
Platform [11], [12], [13], is established in the section of Usolka from the Upper Moscovian to the 
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Lower Gzhelian. Further study of Kasimovian conodonts of the Usolka section may allow more 
extensive correlations to be made. 

Unfortunately, ammonoids found in the uppermost part of the Kasimovian stage are unidentifiable 
but are of great interest for the detailed faunistic characterization of the Usolka section. The good 
preservation of the ammonoids, and the absence of evidence of transportation, may indicate their 
burial near their habitats. This suggests that a search for adult ammonoid shells in the Kasimov 
deposits of the Usolka section may prove fruitful. 
 

Acknowledgments 

The work is performed according to the Russian Government Program of Competitive Growth of 
Kazan Federal University. 
 

REFERENCES 

 
1. Chernykh, V. V., Chuvashov, B. I., Davydov, V. I., Snyder, W. S. (2006a). Potential candidate for GSSP to 

define base of Gzhelian Stage in global chronostratigraphic scale: Usolka section, southern Urals, Russia. 
Newsletter on Carboniferous Stratigraphy 24, pp. 23-29. 

2. Chernykh, V. V., Chuvashov, B. I., Davydov, V. I., Schmitz, M., Snyder, W. S. (2006b). Usolka section 
(southern Urals, Russia): a potential candidate for GSSP to define the base of the Gzhelian Stage in the global 
chronostratigraphic scale. Geologiya 49, pp. 205-217. 

3. Villa, E., Alekseev, A. S., Barrick, J. E., Boardman, D. R., Djenchuraeva, A. V., Fohrer, B., Forke, H., Goreva, 
N. V., Heckel, P. H., Isakova, T. I., Kossovaya, O. L., Lambert, L. L., Martínez-Chacón, M.-L., Méndez, C. A., 
Nemyrovska, T. I., Remizova, S. T., Samankassou, E., Sánchez de Posada, L. C., Ueno, K., Wahlman, G., Work, 
D. M. (2009). Selection of the conodont Idiognathodus simulator (Ellison) as the event marker for the base of 
the global Gzhelian Stage (Upper Pennsylvanian, Carboniferous). Palaeoworld 18, pp. 114-119. 

4. Schmitz, M. D., Davydov, V. I. (2012). Quantitative radiometric and biostratigraphic calibration of the 
Pennsylvanian-Early Permian (Cisuralian) time scale and pan-Euramerican chronostratigraphic correlation. 
Geological Society of America Bulletin 124 (3-4), pp. 549-577. 

5. Chuvashov, B. I., Chernykh, V. V. (2002). Section “Krasnousolsky”. In Guide to geological excursions on the 
carbon of the Urals. South Urals excursion (Chuvashov, B. I., Ed.). IGG UB RAS, Yekaterinburg, pp. 18-33. 

6. Chernykh, V. V. (2008). Determination of the Stages boundaries of the International Stratigraphic Scale by 
conodonts. Litosfera 1, pp. 3-17. 

7. Chuvashov, B. I., Djupina, G. V., Mizens, G. A., Chernykh, V. V. (1990). Key-sections of the Upper 
Carboniferous and Lower Permian of the western slope of the Urals and Pre-Urals. Uralian Branch, USSR 
Academy of Sciences, Sverdlovsk, 368. 

8. Sungatullina, G. M., Davydov, V. I., Barrick, J. E., Sungatullin, R. Kh., Shilovsky, O. P. (2015). Kasimovian-
Gzhelian transition, Usolka section, Southern Urals, Russia: new data. In Abstracts Volume of XVIII 
International Congress on the Carboniferous and Permian, Kazan University Press, Kazan. 

9. Ivanov, K.S. (1987). Methods of searching and isolating conodonts. Methodological recommendations. The 
Urals Scientific Center of the USSR Academy of Sciences, Sverdlovsk, 118. 

10. Alekseev, A. S., Goreva, N. V. (2012). Conodonts of the border interval of the Moscovian and Kasimovian 
Stages (Carboniferous) in the Southern Urals. In Proceedings of the 15th All-Russia micro-paleontological 
meeting “Modern micropaleontology”, Gelendzhik, pp. 189-193. 

11. Makhlina, M. Kh., Alekseev, A. S., Goreva N. V., et al., (2001). Srednii karbon Moskovskoi Sineklizy (yuzhnaya 
chast). Tom 2. Biostratigrafiya. Nauchnyi Mir, Moscow, 328. 

12. Sungatullina, G. M, Davydov, V. I. (2015). New data on conodonts from the Kasimovian Stage of the Usolka 
section, southern Ural Mountains. Paleontological Journal 49 (10), pp. 1142-1149. 

13. Sungatullina, G. M. (2012). Carboniferous conodonts of the east of the Russian plate. LAP LAMBERT 
Academic Publishing & Co. KG, Saarbrucken, 168. 

 
 
 
 
 
 
 
 
 



© Filodiritto Editore – Proceedings 

239 

Late Visean (Mississippian) Foraminiferal Faunas from the Volgа-

Ural Region (East European Platform) 

 
ZAYTSEVA Elena1,2, SAKHNENKO Karina1 

 
1 Moscow State University (RUSSIA) 
2 All-Russian Research Geological Oil Institute, VNIGNI (RUSSIA) 

Email: paleontol@yandex.ru 

 

 

 

Abstract 

 

New data on the Upper Visean foraminifers from the reference Melekess 1 and Buzuluk 1 
boreholes from the Volga-Ural Region are obtained. The foraminifera-based zonal subdivision is 
clarified, and a detailed description of the zonal assemblages is provided. Patterns in the stratigraphic 
distribution of foraminifers in the section and general trends in their development are revealed. A 
comparative analysis of the synchronous complexes from the different structural-facial zones is given. 
 
Keywords: Volga-Ural, East European Platform, Upper Visean, foraminifers, biostratigraphy 

 

Introduction 

 

The reference Melekess 1 and Buzuluk 1 boreholes were drilled in the 1950s during 
reconnaissance drilling on the East European Platform and intensive study of the Paleozoic deposits 
of the Volga-Ural Region. Recently the data from these boreholes, well characterized by cores and 
fossils, have become relevant in connection with work on updating actualized stratigraphic schemes 
of the Upper Paleozoic deposits of the East European Platform and, in particular, the Volga-Ural 
Region. The studied borehole sections and their fossils are described in [1], [2] and [3]. 

The Tulian-Aleksinian boundary is based on foraminifers [4]. The updated data on stratigraphy 
and foraminifers are given in [5], [6], [7], [8], [9], [10]. This study presents material on the Late 
Visean foraminifers, which are one of the most diverse and widespread groups of benthic biotas in 
the studied sections. 

The Melekess 1 borehole was drilled in the central part of the Melekess depression and the Buzuluk 
1 borehole – on the easternedge of the Buzuluk depression (Fig. 1). The Upper Visean deposits of 
these sections are mainly composed of carbonates (packstone, wackestone, and dolomite) with 
interlayers of argillite and interlayers of anhydrite are in the upper part. In the Buzuluk 1 borehole 
they are restricted to an interval 2649-2310 m and have a thickness of 339 m (Fig. 2). In the Melekess 
1 borehole (1503-1348 m) they are up to 155 m thick (Fig. 3). 
 

Results and discussions 

 

Upper Visean foraminiferal regional zones corresponding to the regional stratigraphic subdivisions 
of the East European Platform are recognized [11], [12]. 

The Paraarchaediscus koktjubensis-Endothyranopsis compressa Zone (Tulian Regional 
Substage) (Figs. 2, 3; Table 1). The lower boundary is drawn based on the appearance of the index 
species. In addition to the zonal species, the assemblage includes Archaediscus karreri Brady, 
Endothyra similis (Rauser et Reitlinger), Priscella prisca (Rauser et Reitlinger), Omphalotis exilis 

(Rauser), Globoendothyra ex gr. globulus (Moeller), and Eostaffella mosquensis Vissarionova. 
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Fig. 1. Location of the Buzuluk 1 and Melekess 1 boreholes. 

 
The Eostaffella proikensis-Archaediscus gigas Zone (Aleksinian Regional Substage) (Figs. 2, 3; 

Table 1). The lower boundary is adopted in comparison with the Pilugino 18 section [1]. 
In the studied sections, the index species are established in the middle of the Aleksinian, although 

Endothyranopsis crassa (Brady) appears almost at its base. Endothyranopsis crassa is an index 
species of the A. gigas-E. crassa Zone of General Stratigraphic Scheme of Russia that corresponds to 
Aleksinian, Mikhailovian and Venevian regional substages. In addition to the index species, the 
assemblage contains Endothyra alviterna Durkina, Spinothyra pauciseptata (Rauser), E. alviterna 

Durkina, Omphalotis omphalotis (Rauser et Reitlinger), Globoendothyra globulus (Moeller), 
Parastaffella sagittaria Schlykova, and P. concinna Schlykova. 

The Eostaffella ikensis Zone (Mikhailovian Regional Substage) (Figs. 2, 3; Table 1). The lower 
boundary is drawn based on the appearance of the index species and Omphalotis samarica (Rauser), 
O. uchtovensis (Durkina), and by taking into account the correlation with the borehole Pilugino 18 
[1]. The species Mirifica mirifica (Rauser), Bradyina rotula (Eichwald), Koskinobigenerina prisca 

(Lipina), Pojarkovella nibelis (Durkina), and representatives of subgenus Rugosaarchaediscus are 
also present. The Endothyranopsis sphaerica-Eostaffella tenebrosa Zone (Venevian Regional 
Substage) (Figs. 2, 3; Table 1). 

The lower boundary is fixed by the appearance of E. tenebrosa in the Melekess 1 borehole, and in 
the Buzuluk 1 borehole based on appearance of E. sphaerica near the boundary. The species 
Neoarchaediscus subbaschkiricus (Reitlinger), N. regularis (Suleimanov), Eostaffella parastruvei 

Rauser, E. ex gr. pseudostruvei (Rauser et Beljaev) are also present. 
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Fig. 2. Buzuluk 1 section. Distribution of some biostratigraphically significant foraminifers. 

Bobr. – Bobrikian, Serp. – Serpukhovian. 
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Fig. 3. Melekess 1 section. Distribution of some biostratigraphically significant foraminifers. 

Bobr. – Bobrikian, Serp. – Serpukhovian. 
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Plate I.14 Collections are housed at FBSD VNIGNI; Scale bar equals 0.1 mm 

                                                           
1 Fig. 1. Archaediscus gigas (Rauser, 1948), BZ702/1, axial section; Orenburg Region, Buzuluk 1 borehole, Upper 
Visean, Aleksinian, interval 2541.8-2537 m, thin section no. 702; 

Plate I 
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Comparative analysis of foraminiferal association 

 
Williams’s method was applied to comparison of foraminiferal assemblages from the studied 

sections. This method makes it possible to estimate the zoogeographic commonality of faunas. 
The formula for calculating the coefficient is K= Σcom/N1 (Σcom – sum of genera/species in common 

for both assemblages, N1 – number of genera/species from a larger assemblage). 
The Paraarchaediscus koktjubensis-Endothyranopsis compressa Zone. The zonal assemblage in 

Buzuluk 1 borehole contains 22 species and 14 genera and is similar in taxonomic diversity to the 
single-age association from Melekess 1 borehole (29 species and 13 genera). These assemblages have 
15 species and 11 genera in common. Representatives of the genera Paraarchaediscus, Endothyra, 
Globoendothyra and Omphalotis are widespread. However, the genera Pseudoammodiscus, 
Pseudocornuspira and Tetrataxis are identified only in the Buzuluk section, while various 
Plectogyranopsis are present only in the Melekess section. William’s coefficient is Ktl=0.79 for 
genera and ktl=0.52 for species (Fig. 4). This shows the high similarity of the complexes at the generic 
level. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Distribution of Williams coefficients 
The Eostaffella proikensis-Archaediscus gigas Zone. The foraminiferal association largely 

continues from the preceding assemblage but is distinguished by a significant increase in taxonomic 

                                                           
Figs. 2-4. Paraarchaediscus koktjubensis (Rauser, 1948), subaxial sections: (2) BZ769/3; Orenburg Region, Buzuluk 1 
borehole, Upper Visean, Aleksinian, interval 2582-2576 m, thin section no. 769; (3) BZ729/1; Orenburg Region, Buzuluk 
1 borehole, Upper Visean, Aleksinian, interval 2554-2550.3 m, thin section no. 729; (4) ML1380/4; Ulyanovsk Region, 
Melekess 1 borehole, Upper Visean, Tulian, interval 1484.4-1484 m, thin section no. 1380; 
Figs. 5-7. Endothyranopsis crassa (Brady, 1870), (5) BZ606/24, transverse section; Orenburg Region, Buzuluk 1 
borehole, Upper Visean, Mikhailovian, interval 2452-2447 m, thin section no. 606; (6) BZ569/18, oblique section; 
Orenburg Region, Buzuluk 1 borehole, Upper Visean, Mikhailovian, interval 2492.2-2488,1 m, thin section no. 569; (7) 
ML1300/10, axial section Ulyanovsk Region, Melekess 1 borehole, Upper Visean, Mikhailovian, interval 1432.7-1431.8 
m, thin section no. 1300; 
Fig. 8. Globoendothyra globulus (Moeller, 1878), ML1380/10, axial section; Ulyanovsk Region, Melekess 1 borehole, 
Upper Visean, Tulian, interval 1484.4-1484 m, thin section no. 1380; 
Figs. 9-10. Eostaffella proikensis Rauser, 1948, subaxial sections: (9) BZ561/5; Orenburg Region, Buzuluk 1 borehole, 
Upper Visean, Mikhailovian, interval 2494.8-2497.6 m, thin section no. 561; (10) ML1300/5; Ulyanovsk Region, 
Melekess 1 borehole, Upper Visean, Mikhailovian, interval 1432.7-1431.8 m, thin section no. 1300; 
Figs. 11-13. Eostaffella ikensis Vissarionova, 1948, axial sections: (11) BZ586/5; Orenburg Region, borehole Buzuluk 1, 
Upper Visean, Mikhailovian, interval 2481.2-2476 m, thin section no. 586; (12) ML1296/2; Ulyanovsk Region, Melekess 
1 borehole, Upper Visean, Mikhailovian, interval 1430.75-1430.15 m, thin section no. 1296; (13) ML1300/1; Ulyanovsk 
Region, Melekess 1 borehole, Upper Visean, Mikhailovian, interval 1432.7–1431.8 m, thin section no. 1300; 
Fig. 14. Eostaffella tenebrosa (Vissarionova, 1948), ML1284/1, subaxial section; Ulyanovsk Region, Melekess 1 
borehole, Upper Visean, Venevian, interval 1412.9-1412.76 m, thin section no. 1284; 
Fig. 15. Vissarionovella aff. tujmasensis (Vissarionova, 1948), ML1239/1, subaxial section; Ulyanovsk Region, Melekess 
1 borehole, Upper Visean, Venevian, interval 1361.7-1360.85 m, thin section no. 1239; 
Figs. 16-17. Endothyranopsis sphaerica (Rauser et Reitlinger, 1936), subaxial sections: (16) BZ680/5; Orenburg Region, 
borehole Buzuluk 1, Upper Visean, Venevian, interval 2434-2432.4 m, thin section no. 680; (17) ML1225/1; Ulyanovsk 
Region, Melekess 1 borehole, Upper Visean, Venevian, interval 1352-1351.79 m, thin section no. 1225. 
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diversity. The assemblage of the Buzuluk 1 borehole includes 85 species and 22 genera. 
Representatives of the genera Paraarchaediscus (15 species), Endothyra (13 species), and 
Omphalotis (10 species) have a high diversity. In the Melekess 1 borehole, 59 species and 20 genera 
are established. The most diverse of these are the representatives of Eostaffella (11 species) and 
Omphalotis (5 species). It should be noted that representatives of Pseudoammodiscus, 
Pseudocornuspira, Consobrinella, Cribrostomum, and Tetrataxis were found only in the Buzuluk 1 
borehole, while Cribrospira and Bradyina are identified only in Melekess 1. Williams’ coefficient of 
generality is Kal=0.73 for genera and kal=0.42 for species (Fig. 4), indicating a high similarity of the 
foraminiferal association. 

The Eostaffella ikensis Zone. In Buzuluk 1 borehole, the complex includes 58 species and 23 
genera and is characterized by a high diversity of the genera Omphalotis (9 species) and Archaediscus 
(6 species). In the Melekess 1 borehole, the association is less diverse and contains 24 species and 13 
genera. The genera Palaeotextularia, Tetrataxis, Endostaffella are only distributed in the Buzuluk 
section. The essential difference of the complexes reflected by the coefficients of generality – 
Kmh=0.48 and kmh=0.21 (Fig. 4). In general, for the association of the zone under consideration, the 
taxonomic diversity is significantly reduced. 

The Endothyranopsis sphaerica-Eostaffella tenebrosa Zone. In the Buzuluk section, the assemblage 
includes 41 species and 17 genera. The assemblage is dominated by Eostaffella (6 species), Omphalotis 
(5 species). The Melekess association has 27 species and 21 genera. The genera Eostaffella (5 species) 
and Endothyranopsis (3 species) are the most diverse. In the assemblages compared, 11 species and 13 
genera are in common. Representatives of Palaeotextularia, Endostaffella and numerous Endothyra 
and Omphalotis were found only in the Buzuluk assemblage and are almost absent in Melekess. These 
differences are reflected in the coefficients of generality which are kvn = 0.27 for species, and Kvn = 
0.62 for genera (Fig. 4). 
 

Conclusions 

 

In the Upper Visean of the reference Melekess 1 and Buzuluk 1 boreholes, 157 species and 33 
genera are identified and four regional zones are traced down up: (1) the Paraarchaediscus 

koktjubensis-Endothyranopsis compressa Zone, (2) the Eostaffella proikensis-Archaediscus gigas 
Zone, (3) the Eostaffella ikensis Zone, and (4) the Endothyranopsis sphaerica-Eostaffella tenebrosa 
Zone. 

 
Fig. 5. Dynamics of foraminiferal species diversity in the Upper Visean. 

 
A comparative analysis of foraminiferal assemblages revealed a general trend, a decrease in 

taxonomic diversity up the section (Fig. 5). The Tulian association is characterized by the greatest 
similarity. The maximum variety is in the Aleksinian, which corresponds to the maximum 
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transgression [2]. The decrease in diversity and the low coefficients of zoogeographic commonality 
for the Mikhailovian and Venevian are due to the differentiation of depositional settings in a gradually 
shallowing basin. 
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Abstract 

 

In the past few years, several conchostracan Biozones have been established for the Permian 
continental deposits of northern Pangaea. However, the large number of species-level synonyms in 
the systematics of conchostracans reduce their usefulness for biostratigraphy. 

The taxonomy and synonymy of the Middle and Upper Permian conchostracans are reviewed 
using a modern methodology for classification. Material for our research comes from the stratotype 
and parastratotype sections of the Urzhumian Stage of the East European Platform. 

Only four species occur in these sections. Some specimens have a well preserved microsculpture 
on the valves, sexual dimorphism and various deformations of the growth lines on the valve. In some 
specimens, the microsculpture of the shell is preserved. Other specimens are deformed. A number of 
species have a pronounced sexual dimorphism. All of these features influence the determination of 
the systematic position of the conchostracans. 

The conchostracans determined in the reference Urzhumian sections are also known in other 
regions of the world, which allows them to be used for correlation. 
 
Keywords: Conchostraca, Middle Permian, biostratigraphy, paleontology, continental deposits 
 

Introduction 

 

Conchostracans (Crustacea: Branchiopoda) are an important fossil group for the study of 
continental deposits in the Volga-Kama region, and their study has a long tradition in Russia (e.g., 
[1], [2], [3], [4], [5], [6], [7]). The present report was motivated by initial revisions of the 
conchostracan taxonomy and newly collected conchostracan material from recent field work in the 
Permian and Triassic continental deposits of European Russia [8], Siberia, Germany [9], and Jordan 
[10]. 

This allows for a preliminary definition of conchostracan biozones for Permian continental 
deposits in northern Pangaea (e.g., [9]; [10]). The new data presented here on Middle and Late 
Permian conchostracans of the Volga-Kama region intends to contribute to both a better 
understanding of Middle to Late Permian conchostracan biostratigraphy, and a future refinement the 
definition of high-resolution biozonation. 
 

Geological setting and stratigraphy 

 

Material comes from the reference Middle and Late Permian sections, which are located in the 
Cheremushka and Monastery Ravines (Fig. 1, A-C) in the eastern part of the East European platform. 
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Fig. 1. A: Map of the Russian Federation, showing the location of the Tatarstan Republic. B: Geological map of the 
present study area showing the positions of the Cheremushka and Monastery Ravine sections on the right bank of the 
Volga river [11]; C: Middle Permian palaeogeographic situation showing the locations of the Cheremushka and 
Monastery Ravine sections [12]. 

 
The Cheremushka Ravine section represents the parastratotype of the Urzhumian Stage (Middle 

Permian) and is located on the right bank of the Volga River (55°46’48.8” N; 048°55’32.2” E). 
The section is predominantly composed of red-colored terrigenous sediments including 

subordinate interlayers of greenish-gray shales, marls, limestones, and dolomites (Fig. 2). 
The Cheremushka section ranges from the Kazanian Regional Stage (tentatively Roadian, early 

Middle Permian) to the Urzhumian Regional Stage (tentatively Wordian, middle Middle Permian). 
According to lithostratigraphic features, the Urzhumian Stage in the Cheremushka Ravine section 

(thickness about 75 m) is subdivided into the Sulitsa and Isheevo Formations [11]. 
The Monastery Ravine section represents the stratotype of the Urzhumian Stage (Middle Permian) 

and is located on the right bank of the Volga River (55°01’40.3” N; 048°53’05.1” E) near the village 
of Monastyrskoe. The section is predominantly represented by reddish, fine-grained siliciclastic rocks 
with intercalation of fine-grained and coarse-grained sandstones, dolomites and limestones [13] (Fig. 
2). This section (thickness about 180 m) is represented by the Urzhumian (tentatively Wordian), 
Severodvinian (tentatively Capitanian) and Vyatkian (tentatively Wuchiapingian) Regional Stages 
[14]. 

Five Formations are available for study in the section. The First, Second and most of the Third 
Formations belong to the Urzhumian Stage. Part of the Third and almost all of the Fourth Formations 
are included in Severodvinian Stage. The uppermost part of the Fourth and the entire Fifth Formations 
belong to the Vyatkian Stage. 
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Fig. 2. Stratigraphic and lithological profiles of the Cheremushka and Monastery Ravine sections [15] showing 

occurrences and ranges of conchostracan taxa. 
 

Method and material 

 

A new collection of conchostracans was sampled from the Middle to Late Permian Cheremushka 
Ravine and Monastery Ravine sections during Russian-German field work in 2013-2016. About 250 
newly collected conchostracans were studied and taxonomically determined based on their carapace 
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morphology, using the new methodology of conchostracan classification by Scholze and Schneider 
[8]. 

Drawings of conchostracan valves were prepared using a Leica MZ12 microscope with a mirror 
tube. Measurements of the main valve parameters involve the valve length, height (H), length of the 
dorsal margin, height of the larval valve, curvature parameter, points of the maximal curvature at the 
anterior, posterior and ventral margins, and position of the umbo in horizontal and vertical directions. 

Additionally, the biometric ratios were calculated and compared with ratio values of 
conchostracans in literature, to enable taxonomic determination to the genus and species level. 

Most of the conchostracan specimens figured are housed in the Geological Museum of the Institute 
of Geology and Petroleum technologies of the Kazan Federal University (KFU) under the inventory 
numbers KFU 39/P04, KFU 39/P09, KFU 39/M05, KFU 39/M08, KFU 39/M16. The rest of this 
collection is housed in the Geological museum in the Institute of Geology at the TU Bergakademie 
Freiberg (FG) under the inventory numbers FG 664/P03, FG 664/P04, FG 664/M01, FG 664/M05, 
FG 664/M08. 
 

Results 

 
Occurrences of the genus Pseudestheria Raymond, 1946 were recorded at four different levels 

from the Urzhumian to the Severodvinian Regional Stages (Wordian to Capitanian) in the Monastery 
Ravine section. Among them, the species Pseudestheria cf. itiliana (Novojilov, 1950) (Fig. 3A, B) 
occurs in gypsified claystones of the First Formation (beds no. 11-12; Urzhumian Regional Stage), 
in the middle and upper parts of the Sulitsa Formation (beds no. 17-20; beds no. 37-39), and in the 
Urzhumian aged deposits of the lower (bed no. 68) and upper parts of Isheevo Formation (bed no. 
128). Some individuals show well-preserved shell matrix with concentric ribs. P. cf. itiliana (Nov.) 
was first described by Novozhilov [3] as “Loxopolygrapta itiliana”. Its holotype came from deposits 
of the Urzhumian Regional Stage of a section on the right bank of the Volga River near the village of 
Monastyrskoe [3]. Most likely, it is identical to the locality where the material studied here was 
obtained and, therefore, the Monastery Ravine section serves as the type section of this species. 

Well-preserved conchostracan valves of the species Curvacornutus mеshaensis Novojilov, 1970 
(Fig. 3C) and Hemicycloleaia cf. rhodendorfi (Novojilov, 1952) (Fig. 3D) were collected in the lower 
part of Isheevo Formation in the Green Shale Member (bed no. 68). The curved spine on the larval 
valves is characterized for C. mеshaensis (Nov.). H. cf. rhodendorfi (Nov.) is rare in this section and 
the record of this species is, so far, based on three rather poorly preserved individuals showing two 
radial ribs. H. cf. rhodendorfi (Nov.) was collected in the Urzhumian deposits in the Cheremushka 
Ravine section. H. cf. rhodendorfi (Nov.), described here from the Cheremushka Ravine section, 
differs from Kaltanleaia rhodendorfi in the sense of Novozhilov [3: p. 1370] which has a third radial 
rib located directly on the dorsal margin of the valve. Since the here-studied H. cf. rhodendorfi (Nov.) 
is so far known only from three individuals of poor preservation, the question of the presence of a 
third radial rib should be answered in future studies when more material of this species has been 
collected in the Cheremushka Ravine section. 

Rare specimens of Palaeolimnadiopsis cf. lundongaense (Novojilov, 1970) were found in brown 
claystones in the upper part of Sulitsa Formation (beds no. 37-39; Urzhumian Regional Stage). The 
species P. cf. lundongaense (Nov.) was defined by Novozhilov [6: p. 172-174] as “Megasitum 

lundongaense”, but it is here considered as to belong to the genus Palaeolimnadiopsis Raymond, 
1946, because of a slightly developed concave recurvation of posterior growth lines below the dorsal 
margin of the valve. P. cf. lundongaense (Nov.) from the Cheremushka Ravine section (Fig. 3 E-F) 
differs from “M. lundongaense” by a lower number of growth lines and broader growth bands. 
Additionally, some of the recorded individuals have a larger size than “M. lundongaense”. 
Novozhilov [6] described the sexual dimorphism of “M. lundongaense”, and also accounts for the 
material here described from the Cheremushka section showing a slender and a stout morphotype for 
P. cf. lundongaense (Nov.). Novozhilov [6: p. 172-174] considered the more rounded forms as 
females (e.g., Fig. 3E) and longish forms as male individuals (e.g., Fig. 3F). However, Novozhilov 
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[6] also assigned the rounded forms to Megasitum kaljugense Nov., 1970 and the elongated forms to 
Megasitum sotianum Nov., 1970. 

In the Monastery Ravine section, well-preserved valves of Pseudestheria exigua (Eichwald, 1860) 
occur in the deposits of the Second (M05, no. beds 5-7) and Third (M08, no. bed 54) formations 
(Urzhumian Stage). Additionally, juvenile forms of P. exigua were recorded in the Fourth Formation 
(M16, no. beds 14-15; Severodvinian Regional Stage). For the first time P. exigua was described by 
Eichwald [16] as the bivalve Posidonomya exigua. Eichwald characterized the genus Posidonomya 

Bronn, 1839 as “…a thin enlarged valve with concentric ribs; the extended ribs form a distinct angle 
at the anterior and posterior margins…” [16: p. 940] and described the species P. exigua as “small 
individuals with a straight dorsal margin and thin shell substance” [16: p. 941]. The specimens of P. 

exigua from the Monastery Ravine section have only growth lines on the thin shell substance, and 
their external outlines are more roundish. 

Mass occurrences of this species were found in the fish layer (bed no. 54 of the Monastery Ravine 
section) in the upper part of the Urzhumian deposits of the Third formation. All samples have a shell 
substance with well-preserved microsculpture. Some samples have the soft body element presented 
on the conchostracan valve (Fig. 3, H-K). The various deformations of the growth lines on the 
anterior-ventral and the posterior-ventral margins are one of the main characteristics of this species. 

According to [17] the photography of the microsculpture should be taken from different parts of 
the valve. As in (Fig. 4), pitted ornamentation is observed on the growth bands. 
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Fig. 3. Conchostracans from the Urzhumian to Severodvinian Regional stages (middle Middle Permian to early Late 
Permian) of the Cheremushka and Monastery ravine sections. A: Pseudestheria cf. itiliana (Nov.) (KFU 39/P09/6/1). B: 
Pseudestheria cf. itiliana (Nov.) (FG 664/M01/8/1) well preserved internal casts. C: Curvacornutus mеshaensis (Nov.) 
(FG 664/P04/21/2) curved spine at the larval valve. D: Hemicycloleaia cf. rhodendorfi (Nov.) (KFU 39/Р04/4/3) valve 
with two prominent radial ribs. E: Palaeolimnadiopsis cf. lundongaense (Nov.) (39/P04/1/1) stout morphotype. F: 
Palaeolimnadiopsis cf. lundongaense (Nov.) (KFU 39/P04/1/2) slender morphotype. G: Pseudestheria exigua (Echw.) 
(KFU 39/M08/24/1) valve with well-preserved shell substance. H: Pseudestheria exigua (Echw.) (FG 664/M08/15/1) 
body elements preserved as internal cast. I: Pseudestheria exigua (Eichw.) (KFU 39/M08/9/3) body elements preserved 
as impression. K: Pseudestheria exigua (Eichw.) (KFU 39/M08/8/3) body elements preserved as internal cast. Red arrows 
mark concave bending caused by deformation at the anterior ventral margin. L: Pseudestheria exigua (Echw.) (KFU 
39/M08/22/1) the red arrow marks the same deformation at the posterior ventral margin. M: Pseudestheria exigua (Echw.) 
(KFU 39/M16/2/1), juvenile individual of the same species. 
 

 
Fig. 4. Pitted microstructures (ornamentation) on the growth bands of the species Pseudestheria exigua (Eichwald, 1860) 
from the Monastery Ravine section (A: Middle part of the valve; outcrop M05, bed no. 6. B: Ventral part of the valve; 
outcrop M05, bed no. 7. C: Ventral part of the valve; outcrop M08, bed no. 54. D: Posterior part of the valve; outcrop 
M08, bed no. 54). 
 
Discussion 

 

The Cheremushka and Monastery ravine sections were comprehensively studied for several 
decades. Silantiev et al., [11], [12], [15], Mouraviev et al., [13] have made a geochemical, 
paleomagnetic, and palaeontological analysis in these sections. Earlier, non-marine bivalve valves, 
fish scales, tetrapods, plants, and paleosols were studied in detail [11]. These indicate the general 
importance of both sections for interdisciplinary studies of Middle Permian continental sedimentary 
deposits. 

Other regions (e.g., Central Europe) have several problems for the study continental deposits; e.g., 
stratigraphic gaps, poor fossil content, missing correlation between isolated sections [9]. This makes 
the Cheremushka and Monastery Ravine sections the key-sections for the continental Middle 
Permian. 

The occurrences of Pseudestheria itiliana in both the Cheremushka and Monastery Ravine 
sections might indicate a biostratigraphic correlation between the intervals of these two sections. The 
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study of conchostracans from the Volga-Kama region (from collections and newly sampled material) 
is an ongoing project, which will result in future biostratigraphic subdivisions, definition of biozones, 
and enabling regional to interregional biostratigraphic correlations. 

This will contribute to a comprehensive palaeoenvironmental and stratigraphic synthesis of these 
two key sections. 
 

Conclusions 

 

The results demonstrate the high value of conchostracans for the biostratigraphy and 
palaeoenvironment of continental deposits. Some species, such as Pseudestheria itiliana (Nov.), 
allow correlation between the sections. The diagnoses of some conchostracan genera had not been 
exactly determined. There is a necessity for the revision of Russian collections (such as, Novozhilov’s 
and Molin’s collections deposited in the Paleontological Institute, Russian Academy of Sciences) by 
using an improved methodology for taxonomic classification. 

A current problem is the low number of beds yielding conchostracans, as well as an often-low 
number of individuals collected. Consequently, the current problems can only be solved when more 
conchostracan material including other faunas has been systematically collected through ongoing 
fieldwork. It is important to research drill-cores to search for the fossils, because oil and gas fields 
are confined to these locations. 
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Abstract 

 

Besides “true” siphonodellids that form the basis of the standard conodont zonation in the latest 
Famennian – middle Tournaisian interval, some derived lineages of the genus are known. 

The European shallow-water lineage is composed of taxa that inhabited the shelves of the 
Palaeouralian Ocean and the northern part of the Palaeotethys. Siphonodella bella Kononova et 
Migdisova, S. quasinuda Gagiev, Kononova et Pazuhin, S. semichatovae Kononova et Lipnjagov, S. 

kalvodai Kaiser, Kumpan et Ciger, S. ludmilae Zhuravlev et Plotitsyn, and S. carinata Zhuravlev 
compose the lineage. These species demonstrate a specific morphology, which differs from the other 
species of the genus. A poorly ornamented platform in association with a wide depressed keel and S. 
like bowed carina are characteristic for the shallow-water siphonodellids. The oldest representative, 
Siphonodella bella, demonstrating the simplest morphology, is considered as a root species of the 
shallow-water siphonodellids. The similarity between S. bella and S. praesulcata suggests evolution 
of S. bella from the early forms of S. praesulcata (morphotype 3 of Kaiser et Corradini) by 
transformation of an inverted keel into a depressed keel accompanied by reduction of the platform 
ornamentation. The transition between S. bella and S. quasinuda is similar to the transition between 
S. praesulcata and S. sulcata. Uplifts of the anterior platform margins become more prominent and 
form a primitive rostrum. S. quasinuda gave rise to S. semichatovae by widening of the outer platform 
ornamented by wide costa. Subsequent formation of a true rostrum composed of one or two rostral 
ridges led to the evolution of S. ludmilae. Occurrence in the crenulata Zone of Siphonodella carinata 
and S. kalvodai, possessing three rostral ridges and Class III symmetry class sensu H. R. Lane, 
represents the next step in the evolution of shallow-water siphonodellids. The reconstructed 
phylogenetic successions of the species of Siphonodella promise elaboration of the shallow-water 
conodont zonation for the uppermost Famennian – middle Tournaisian. 
 

Keywords: Conodonts, Early Carboniferous, Siphonodella, phylogeny 

 

Introduction 

 

Species of the conodont genus Siphonodella are widely used for biostratigraphy of the terminal 
Famennian and the lower part of the Tournaisian [1], [2], [3], [4], [5], [6]. The first appearance datum 
(FAD) of Siphonodella sulcata in the lineage of the early siphonodellids marks the boundary of the 
Devonian and Carboniferous. A number of species of the genus form a basis for the zonation of the 
lower part of the Tournaisian [1], [2], [3], [5], [6]. The “standard” zonation proposed by C. Sandberg 
and co-authors [1] is composed of seven zones. The lower boundaries of the zones had been defined 
by the first occurrences of siphonodellid species inhabiting the open-marine deep-water part of basins 
throughout the world. All these species were pandemics known all over the shelf of Panthalassa and 
the Palaeotethys in the Palaeoequatorial Realm. Since 1978 several species belonging to the pandemic 
group have been described, namely: S. bransoni Ji 1985, S. mehli Ji 1985, S. hassi Ji 1985, S. uralica 
Zhuravlev 1994, S. belkai Dzik 1997, S. nandongensisis Li 2014, S. gladia Zhuravlev et Plotitsyn 
2017, S. lanei Zhuravlev et Plotitsyn 2017. These species fit the morphospace outlined by C. Sandberg 
and co-authors [1]. 
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Besides the pandemic species of Siphonodella that form the basis of the “standard” conodont 
zonation, two derived “shallow-water” lineages of the genus are known, namely the “Chinese 
lineage” and “European lineage” [7]. 

The Chinese lineage comprises a group of the shallow-water siphonodellids possessing a smooth 
platform. These species are endemic and are only known from South China: Siphonodella simplex Ji, 
S. levis levis (Ni 1984), S. levis favosa Zhang 1996, S. sinensis Ji 1985, S. homosimplex Ji et Ziegler 
1992, S. dasaibaensis Ji, Qin et Zhao 1990, and S. eurylobata Ji 1985. Speciation, morphology, and 
phylogeny of this group were considered in detail by Ji [2] and Ji and Ziegler [3]. Siphonodellids of 
the Chinese lineage appeared in the earliest Tournaisian and ranged up to the middle Tournaisian [3], 
[6]. 

The European shallow-water lineage is composed of taxa that inhabited the shelves of the 
Palaeouralian Ocean and the northern part of the Palaeotethys. The European lineage comprises 
Siphonodella bella Kononova et Migdisova 1984, S. quasinuda Gagiev, Kononova et Pazuhin 1987, 
S. semichatovae Kononova et Lipnjagov 1976, S. ludmilae Zhuravlev et Plotitsyn 2017, S. carinata 
Zhuravlev 2017, and S. kalvodai Kaiser, Kumpan, Cigler 2017. Poor or coarse ornamentation of a 
thick platform, associated with a wide depressed keel and an S-like bowed carina that becomes lower 
in a posterior direction are characteristic for these species. The siphonodellids of the European lineage 
appeared in the latest Famennian (Siphonodella praesulcata Zone) and ranged up to the middle 
Tournaisian (Lower Siphonodella crenulata Zone) [7], [8]. 
 

Material 

 

This article is based on material from the southern part of the Pechora-Kozhva uplift of the Timan-
Pechora platform (North-East of European Russia). The uppermost Famennian – middle Tournaisian 
sections are located on the southern part of the uplift, on the banks of the Kamenka River (N 
65°04’27.4” E 56°42’50.9”) (Fig. 1). The sections deliver information on the distribution of the 
foraminifers and conodonts in the shallow-water facies [7], [9], [10]. All the species of shallow-water 
siphonodellids of the European lineage, excluding Siphonodella kalvodai, were found in this section 
[7]. 

The early representatives, including Siphonodella bella and S. quasinuda, occur in association with 
the latest Famennian conodonts in the praesulcata Zone (Fig. 1). The first occurrence datum (FOD) 
of S. semichatovae is close to the FODs of S. sulcata (Huddle 1934) and Patrognathus crassus 

Kononova et Migdisova 1984. Siphonodella ludmilae occurs in association with Patrognathus 

andersoni Klapper, Patrognathus variabilis Rhodes, Austin, Druce, but S. carinata appears in the 
middle Tournaisian association containing Bispathodus stabilis (Branson et Mehl) M1, Hindeodus 

cristulus (Youngquist et Miller), Patrognathus andersoni Klapper, Patrognathus variabilis Rhodes, 
Austin, Druce, and Pseudopolygnathus nodomarginatus (Branson) [7]. 

Distribution of the siphonodellids in the uppermost Famennian – middle Tournaisian is shown in 
(Fig. 1). 
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Fig. 1. Log and locality map of the Kamenka River section. Legend: (A) detrital limestones (wacke- and packstones); (B) 
clayey detrital limestones (mainly wackestones); (C) cherty concretions. Siphonodellids from the Kamenka River section: 
(1) Siphonodella praesulcata - S. bella transition form, sample 121-13/16, bed 1b, praesulcata Zone; (2) Siphonodella 

bella Kononova et Migdisova, sample 121-1-5/90, bed 2, sulcata Zone; (3) Siphonodella bella - S. quasinuda transition 
form, sample 121-13/16, bed 1b, praesulcata Zone; (4) Siphonodella semichatovae Kononova et Lipnjagov, sample 121-
19/16, bed 2, sulcata Zone; (5) Siphonodella carinata Zhuravlev, holotype, sample 122-5/16, bed 9, crenulata Zone; (6) 
Siphonodella ludmilae Zhuravlev et Plotitsyn, sample 122-3/16, bed 9, crenulata Zone; (7) Siphonodella quasinuda 
Gagiev, Kononova et Pazuhin, advanced form, sample 122-7/16, bed 9, crenulata Zone. 
 
Phylogeny 

 

Siphonodella bella, the oldest and most primitive species of European siphonodellid, appears in 
the latest Famennian (praesulcata Zone). The species displays the simplest morphology and is similar 
to S. praesulcata (morphotype 3 of Kaiser and Corradini [4]). This similarity suggests evolution of S. 

bella from the early forms of S. praesulcata by transformation of the inverted keel into a depressed 
keel, accompanied by reduction of the platform ornamentation. A number of transitional forms 
compose Siphonodella praesulcata – Siphonodella bella plexus (Fig. 1.1, 2). Siphonodella bella gave 
rise to S. quasinuda by uplifting of anterior platform margins and formation of a primitive rostrum, 
which became a full rostrum, composed of two ridges in the late (advanced) forms of S. quasinuda. 

This transition takes place in the latest praesulcata Zone. Siphonodella quasinuda gave rise to S. 

semichatovae by widening of the outer platform ornamented by wide costa. Subsequent formation of 
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the true rostrum composed of one or two rostral ridges led to the evolution of S. ludmilae. The late 
forms of S. quasinuda possessing a prominent rostrum composed of two rostral ridges were figured 
by O. Lipnjagov from the Tournaisian of the Donetz Basin ([11], Pl. II, Figs. 1, 2), and referred to 
here as Siphonodella aff. quasinuda (Fig. 2). 
 

 
Fig. 2. Proposed phylogeny of the European lineage of “shallow-water” siphonodellids. 

The drawings depict holotypes of the species. 
 

Siphonodella aff. quasinuda probably gave rise to the middle Tournaisian Siphonodella kalvodai 
(Class III symmetry sensu Lane [12]) by the development of numerous rostral ridges (Fig. 2). 

The multiplication of the rostral ridges and transition from Class II symmetry to Class III symmetry 
(absence of mirror symmetry of the sinistral and dextral elements) also marked the evolution of 
Siphonodella carinata from S. ludmilae. Rare forms of S. carinata possessing nodose ornamentation 
of the inner part of the platform probably correspond to the next evolutionary step. These forms are 
preliminarily assigned here to Siphonodella aff. carinata (Fig. 2). Evolution of S. semichatovae from 
S. quasinuda, S. ludmilae from S. semichatovae, and S. carinata from S. ludmilae are supported by 
the presence of the transitional forms. Late forms of the Siphonodella semichatovae branch and 
Siphonodella quasinuda branch demonstrate a transition from Class II symmetry to Class III 
symmetry at the sandbergi – crenulata interval. 
 

Conclusions 

 

The “shallow-water” siphonodellids of the European lineage share the main morphological 
innovations (events) with the “deep-water” pandemic representatives of the genus. The first event is 
the appearance of the rostrum bearing the rostral ridges [13]. This event led to the diversification of 
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the pandemic siphonodellids in the Early duplicata Zone, but appeared later, approximately at the 
Late duplicata Zone, in the siphonodellids of the European lineage (Siphonodella ludmilae and S. aff. 
quasinuda). 

The second event, which occurs during the Late duplicata Zone in the pandemic siphonodellids, 
is multiplication of the rostral ridges accompanied by transition from Class II symmetry to Class III 
symmetry [13]. This event occurs during the sandbergi – crenulata zones in the siphonodellids of the 
European lineage (appearance of Siphonodella kalvodai, S. carinata, and S. aff. carinata). 

The homotaxality of the events suggests close evolutionary relationships between these lineages 
of the genus Siphonodella. 

The reconstructed phylogenetic succession of the species of Siphonodella promises elaboration of 
shallow-water conodont zonation for the uppermost Famennian – middle Tournaisian [14]. 
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Abstract 

 

Golovkinsky’s Law (1868) on facies migration under the influence of shoreline displacements has 
been upheld over its 150-year history. Finally, it has been reevaluated as a sequence stratigraphy 
concept. Golovkinsky’s main term lithological “lentil” is also changed to platform sequence. 

The record shows there is a great difference in shape between the classic Van Wagoner’s sequence 
[1] and the platform sequence, due to the different shape of the sedimentary basins they were formed 
in. A platform sequence is formed in an epicontinental basin with uneven bottom topography, low to 
moderate depth, and in the absence of a basin slope. Therefore, platform sequences are more likely 
to represent extended flat lenses, overlying one another. The models presented demonstrate regressive 
successions, not necessarily deposited during basin shoaling and regressive phases. 

The formation of progradational parasequence sets may result from syn-regressive deepening of 
the basin and its syn-transgressive shoaling instead. The retrogradational parasequence sets may 
accumulate in basins deepening during regressions as well as those shoaling during transgressions. 
 

Keywords: Golovkinsky, facies, platform sequence, progradation, retrogradation 

 

Introduction 

 

In 1868, Nikolay Golovkinsky, Professor of Kazan Imperial University (Russia), formulated his 
Facies Migration Law based on investigation of the Permian Formation of Central Russia [2]. 

Golovkinsky’s Law states that facies move according to the shoreline migration. Golovkinsky 
considered that if the shoreline of a platform sea migrates cyclically, the shape of a lithological unit 
is similar to a “Lentil”. Thus, he proposed and was the first to draw a precursor of a lithological 
sequence and then explained the mechanism of its formation. 

100 years before the concept of sequence stratigraphy was developed, Golovkinsky had 
established that isochronous depositional surfaces are parallel to the shoreline. Thus, he was one of 
the first architects of modern chronostratigraphy, proclaiming the diachronism of every biozone and 
lithological unit [2]. 

Over the ensuing 150 years, Golovkinsky’s Law has evolved successfully into sequence 
stratigraphy; concurrently, the terminology has also changed substantially from a lithological “Lentil” 
to a platform sequence. The record shows the shape of a platform sequence is unlike the classic Van 
Wagoner’s sequence [1] as it was formed in an epicontinental basin with uneven bottom topography, 
small to moderate depth, and in the absence of a basinal slope [3], [4], [5]. Therefore, platform 
sequences are more likely to represent extended flat lenses, overlying one another. 

Despite the wide variety of published models explaining the architecture of sequences, particular 
sedimentation models for platform siliciclastic successions are quite rare [6]. Two main factors – 
transgression-regression and shoaling-deepening are among those responsible for the formation of 
platform sequences [5]. The overall impact of both factors is influenced mostly by eustatic and base 
level changes, allows a great variety of sedimentation stacking models to be made. Some of them are 
given below. 
 

https://www.multitran.ru/c/m.exe?t=2408_1_2&s1=%F1%EC%E5%F9%E5%ED%E8%E5
https://www.multitran.ru/c/m.exe?t=6832899_1_2&s1=%E8%E7%E2%E5%F1%F2%ED%EE,%20%F7%F2%EE
https://www.multitran.ru/c/m.exe?t=7107626_1_2&s1=%EE%E4%ED%EE%E2%F0%E5%EC%E5%ED%ED%EE%20%F1%20%FD%F2%E8%EC
https://www.multitran.ru/c/m.exe?t=6832899_1_2&s1=%E8%E7%E2%E5%F1%F2%ED%EE,%20%F7%F2%EE
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Modeling of depositional mechanisms for platform siliciclastic successions 

 

Reconstruction of the mechanisms responsible for the formation of platform siliciclastic 
successions is based on interpretation of the consequences of three major geological processes 
characterized by different vectors and amplitudes: eustasy, base level change, and sedimentation [4]. 

The interaction between eustatic and base level change affects changes in the regional sea level 
and, consequently, basin deepening or shoaling on the one hand, and transgression or regression on 
the other. 

According to the sequence stratigraphy concept, there are different types of sedimentary 
successions with distinct vectors of change in the grain size through the section. However, as will be 
shown below, retrogradationally and progradationally stacked sequences are not always the direct 
results of transgressions and regressions, respectively. 

The excess of the accommodation space and/or deficiency of sediment supply result in the 
formation of the retrogradationally stacked sequences (Fig. 1). 
 

 
Fig. 1. Models illustrating the formation of sedimentary successions under an excess of the accommodation space and/or 
deficiency of sediment supply ([5] with additions). Legend: (1) Facies boundary of coastal-marine sands and shallow-
water shelf clays with its projection onto a plane section across their upper surfaces; (2) initially formed parasequence; 
(3) initial position of the bottom surface; (4) directions of vectors: (a) transgression-regression, (b) deepening-shoaling; 
(SL-1) initial sea level stand; (SL-2) subsequent sea level stand; (A-D) explanations in the text. 
 

When transgression is combined with simultaneous bottom subsidence, which results in basin 
deepening (classical transgression), the accommodation space tends to increase (Fig. 1B). A situation 
when an influx of sedimentary matter is equal to that during the first stage or higher is favorable for 
the formation of a distinct retrogradational parasequence set with the landward facies tract offset. 

Such distribution patterns are characteristic of the upper Cretaceous sedimentary succession in the 
east of the Russian Platform, where it demonstrates a transgressive overlap of the underlying 
Mesozoic and Paleozoic sequences. 

Theoretically, a regression accompanied by basin deepening (Fig. 1C) may result in an increase in 
the accommodation space. An insufficient sediment supply is responsible for the formation of an 
onlapping sedimentary succession and retrograding stacking. 

Transgression with simultaneous base level uplift leading to shoaling of a basin (syn-transgressive 
shoaling) (Fig. 1D) may increase the accommodation space, if a transgressing sea covers spacious 
areas. Insufficient sediment influx should result in a landward offset of a facies boundary and the 
formation of a retrogradational parasequence set. 

The bituminous Middle Volgian (upper Tithonian) Promzino Formation occurred in the east of the 
Russian Platform where it overlies the upper and mid Jurassic rocks, and may serve as an example of 
such a lithological unit having been formed by syn-transgressive shoaling [4]. 
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A deficit of accommodation space and/or excess of sediments result in the formation of stacked 
progradational sequences (Fig. 2). 
 

 
Fig. 2. Models illustrating the formation of progradational (retrogradational) successions with deficit of accommodation 
space and/or excess of sediment supply ([5] with additions). For legend, see Fig. 1. 
 

Fig. 2B represents a model of regression with a synchronously rising base level or classical 
regression, which results in basin shoaling. The accommodation space becomes significantly reduced, 
and the facies spectrum advances basinward to form a distinct offlapping progradational 
parasequence set. 

The offset of the facies boundary along the top of the clay sequence that was deposited during the 
first phase of sedimentation reflects the formation of a progradational-degradational parasequence 
set. The most remarkable example of such a sedimentary succession is represented by the Neocomian 
clinoforms in the West Siberian Platform [4]. 

Theoretically, a regression with a simultaneous subsidence of the basin bottom which results in its 
deepening (Fig. 2C) may reduce the accommodation space. This process combined with increased 
influx of sediments, should stimulate basin filling with sediments and the formation of offlaping 
progradational sequence sets. 

The syn-transgressive shoaling (Fig. 2D) may be accompanied by reduction of the accommodation 
space, basin filling due to the increased influx of sediments and formation of a progradational 
parasequence set. Such a progradational sedimentary succession in the east of the Russian Platform 
is represented by mid-upper Volgian (upper Tithonian-lower Berriasian) sandy conglomerate 
phosphorite-bearing sequences. 
 

Discussion 

 
The models presented for platform siliciclastic successions supplement the traditional concept that 

transgressive sedimentary successions should form only in landward-migrating deepening basins. 
They demonstrate that regressive successions are not necessarily deposited during basin shoaling 

and regressive phases. The formation of progradational parasequence sets may result from syn-
regressive deepening of the basin and its syn-transgressive shoaling instead. This is not unusual for 
platform basins [4, 5]. 

The retrogradational parasequence sets may accumulate in basins deepening during regressions 
and in those shoaling during transgressions as well. 

Taking into consideration the diversity of scenarios leading to the formation of progradational and 
retrogradational parasequence sets, there are grounds to believe that this process could be expected 
in any accommodation–sedimentation environment, when variations in these factors are comparable. 
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Conclusions 

 

1. The results obtained for platform siliciclastic successions revealed that the retrogradational 
parasequence sets may accumulate in basins deepening during regressions and in those 
shoaling during transgressions. 

2. The progradational successions are also not necessarily deposited during basin shoaling and 
regressive phases. They may result from syn-regressive deepening of the basin and its syn-
transgressive shoaling as well. 

3. The proposed models may supplement the theoretical basis of sequence stratigraphy offering 
the opportunity to extend the spectrum of probable scenarios and consequences of interaction 
between eustatic and base level changes, and sediment supply and amend our understanding 
of the factors responsible for sedimentation in platform basins. 
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Abstract 

 
A serious crisis in the continental biota of the East European Platform (EEP) occurred during the 

transition from the Permian to Triassic. At that time, the diversity of tetrapods, fish, ostracodes, 
mollusks and plants decreased. However, relatively primitive aquatic and subaquatic groups of 
tetrapods were widespread in the Induan on the Russian Plain. Migratory anadromous fish, ephemeral 
invertebrates and hydromorphic plants were widespread at this time too. Despite global warming at 
the Permian-Triassic boundary, features of biotic communities indicate hydromorphic environments 
existed there in the Induan. Sedimentological and isotopic data also contradict the concept of 
aridization at the Permian-Triassic boundary as a result of global warming. The characteristics of the 
alluvial conglomerate and sand deposits and the composition of oxygen stable isotopes of pedogenic 
and sedimentary carbonates show more stable humid conditions in the Induan. As one of the possible 
causes of the humidization, one can assume the influence of the rivers draining from the Ural 
Mountains to the plain. On the other hand, humidization could cause increased precipitation of 
meteoric waters entering the plain from the western Panthalassa Ocean, or from the north-western 
Paleo-Arctic Ocean. 
 
Keywords: PTB, ecological crisis, continental ecosystem, sedimentary carbonates, pedogenic carbonates, isotopes, δ18O, warming, 

humidization 

 

Crisis at the Permian-Triassic boundary on the Russian Plain 

 

Major ecological crises occurred repeatedly in the Phanerozoic history of Earth [1]. One such crisis 
took place in the continental biota of the Eastern-European platform (EEP) during the transition from 
the Permian to the Triassic [2]. At that time, the diversity of tetrapods decreased [3]. For example, in 
the second half of the Late Vyatkian (Late Changhsingian), 14 families were known, but by the Induan 
only 8 families remained, 5 of which were new groups previously unknown on the Russian Plain. 

Simultaneously, the size of the Induan tetrapods decreased sharply. While the dominant Vyatkian 
tetrapods Scutosaurus and Inostrancevia were characterized by their large size (we can recall that 
Prof. Amalitzky in the early XX century rented railway wagons to transport the remains of these 
animals from the Severnaya Dvina River), the largest Induan thecodont Chasmatosuchus rossicus 
was the size of an average dog. 

To explain the decrease in diversity and size of tetrapods, a hypothesis of an extraordinary 
warming at the P-T boundary seems logical. There is no doubt that a general increase in temperature 
would have had a direct effect on the living conditions of the continental fauna. 

At the same time in the European part of Russia, there are many more locations of Triassic 
tetrapods than of Permian ones. Most often, Induan localities contain remains of Tupilakosaurus sp. 
[4], a gill-breathing labyrinthodont, physiologically incapable of living on land. Tupilakosaurus could 
probably burrow into wet silt during droughts. Finds of large terrestrial reptiles, for example, 
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Dicynodontidae and Thecodontia, are extremely rare. The most widespread terrestrial tetrapods, the 
Procolophonidae, were omnivorous animals living near water bodies. 

Thus, relatively primitive aquatic and sub-aquatic groups of tetrapods were widespread in the 
Induan on the Russian Plain. This agrees well with data from fish and invertebrates. In the Induan the 
ichthyofauna often contained hybodont sharks [5], [6]. These sharks were apparently “migratory” 
anadromous fish. In the geological record, the hybodonts appeared on the EEP during the Vyaznikian 
time, and then continued to the Triassic. Their presence should correlate with the spread of stable 
aquatic environments. This fact poorly conforms with the concept of aridization at the P-T boundary 
during a time of global warming. 

Mollusks are almost completely absent from Induan deposits, in contrast to the Vyatkian. Induan 
gastropods are known from several extremely small molds, but no bivalve mollusks of this age have 
been found. 

Ostracodes and conchostracans are typical representatives of Induan invertebrates. Eggs of modern 
conchostracans are remarkable for their viability and they can survive periods of drought and frost or 
be carried by the wind for hundreds or thousands of kilometers, while maintaining their viability for 
decades [7], [8]. At the same time the Induan conchostracans were distinguished by a wide variety of 
microsculpture and shell morphology (for example, in the Spasskoe locality on the Vetluga River). 

In contrast, Induan ostracodes are, with rare exceptions, represented by the two genera Darwinula 
and Gerdalia. It should be noted that Gerdalia was distinguished by the most elongated shell among 
all non-marine Permian and Triassic ostracodes of the EEP. The length of the Gerdalia shells could 
be several times their height. The wide distribution of such ostracodes could be explained by the need 
for hydrodynamic stability when swimming in a water stream, which was, apparently, important for 
life in the Induan ecotopes. 

Insects: The entomofauna of the Induan is very poor. There are two locations for Induan insects 
on the EEP: Yontala (= Anan’ino) and Sholga (both discovered by M. P. Arefiev or with his direct 
participation), where single finds were found (currently unstudied). Nevertheless, it can be noted that 
at the end of the Vyatkian (the Nedubrovian) and in the post-Induan time (Rybinskian, Early 
Olenekian), according to A. G. Ponomarenko, the entomofauna most likely included water beetles 
[9], [10]. 

Significant changes at the Permian-Triassic transition are observed in the plant community. 
Remains of shoots, leaves and generative organs of plants of Induan age are almost unknown on the 
Russian Plain. An exception is the author’s (M. P. Arefiev) finds (on the Vetluga River) of peltoids 
of pteridosperms described as the genus Vetlugospermum [11]. 

The analysis of palynological spectra provides information on the state of the flora at the Permian-
Triassic boundary. On the whole, the dynamics of these changes can be estimated as follows. 

It was established that at the base of the Upper Vyatkian deposits on the Severnaya Dvina River 
(Aristovo Outcrop) pollen prevails, the total content of spores reaches 16% [12]. Higher in the section, 
in the Eleonora locality, at a level approximately corresponding to the Vyaznikian sediments, spores 
of lycopsids and pteridophytes predominate (up to 80% of the palynospectrum) [13], [14], But in the 
similar-age Tais and Pashina Gora localities, the pollen Cordaitina predominates (40-60%). 

Here the spores are represented by single grains [13], [15]. 
In the Nedubrovian Member, which is now correlated with the top of the Changhsingian, the pollen 

of Cycadopites and Klausipollenites schaubergeri constitutes more than 50% of the palynospectrum; 
the spores are few, although diverse [16], [13]. 

In the Induan, the role of spores sharply increases (Densoisporites complicatus – Ephedripites sp. 
and Ephedripites permasensis – Pechorosporites disertus associations [17]). It is notable that in the 
Induan, spores of Densoisporites neiburgii appear, which were produced by Pleuromeia rossica, as 
well as the closely related spores of D. playfordi and D. complicatus. The lepidophyte Pleuromeia 

rossica was common in the Early Olenekian in the coastal marine environments of the Moscow 
Syneclise. In describing this species, M. F. Neuburg [18] pointed to its xeromorphism, halophilic 
affinities and peculiar life cycle, when the plant, at least at an early stage of growth, grows in 
conditions of extreme moisture. Similar environments were probably common in the Early Olenekian, 
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but the appearance of spores of Pleuromeia in the Induan indicates the existence of similar humid 
ecotopes already at the beginning of the Triassic. 

Thus, despite global warming at the Permian and Triassic boundary, the specificity of plant 
communities may indicate the distribution of peculiar hydromorphic environments in the Induan. 

Accordingly, we can assume that in Induan continental biota of the EEP, against a background of 
an evident ecological crisis caused, most likely, by global warming, which led to the disappearance 
of typical Permian groups, to the decline of biodiversity, the disappearance or decrease in size of 
dominant tetrapods, there was a steady spread of taxa gravitating to aquatic conditions. Such an 
observation contradicts the concept of aridization at the Permian-Triassic boundary and the traditional 
perception of a direct correlation between warming and aridization, and between the hydromorphic 
coefficient of the landscape and the degree of prosperity of the continental biota. 

Apparently, by discussing the P-T boundary in continental conditions, it is necessary to clearly 
distinguish between warming and aridity, since these concepts are not equivalent. The Induan basins 
remained unsuitable for permanent habitat of aquatic forms, such as, mollusks. At the same time, they 
provided ample opportunities for ephemeral biota, for migratory ichthyofauna or for tetrapods, which 
could survive dry seasons in a state of anabiosis. 

Thus, increased humidity, global warming and a severe ecological crisis were paradoxically 
combined in the Induan. 
 

Sedimentological and isotopic data 

 

Sedimentological and isotopic data also contradict the concept of aridization at the Permian-
Triassic boundary as a result of global warming. 

In the northern part of the Moscow Syneclise, at the P-T boundary of the Permian and Triassic, 
the rivers of the Ural feeding province were sharply enlarged. This conclusion follows from a sharp 
increase in the thickness and extent of alluvial sand deposits, composed of polymictic sands coming 
from the Urals. The thickness of the first polymictic alluvial lenses of the Severodvinian (Capitanian) 
age in the basin of the Sukhona and Severnaya Dvina rivers is estimated at 2.6-4 m, the thickness of 
the latest Vyatkian (Changhsingian) lenses reaches 19 m, and the thickness of the Induan channel 
sediments exceeds 24 m. 

The thickness of gravelites and conglomerates at the base of the channel incisions is also increasing 
synchronously from the a few decimeters (maximum 1.1 m) in the Severodvinian (Capitanian) – Early 
Vyatkian (Wuchiapingian) channel sediments up to 2.8 m in the Late Vyatkian (Changhsingian) 
lenses and up to a maximum of 7 m in the Induan sediments. In gravelites and conglomerates in the 
eastern part of the Moscow Syneclise and in the adjacent areas at the P-T boundary, well-rounded 
flints of Uralian origin (up to 8 cm in diameter, the Putyatino outcrop, Vyatka River) are transported 
for 500-800 km. 

Permian alluvial sand deposits in the basin of the Sukhona River are represented exclusively by 
isolated lenses up to 700 m in length (visible), which indicates a multi-ridge anastomosing river 
system similar to that observed in modern coastal and inland deltas [19], [20]. The Induan sandy 
channel sediments are of the maximum extent. For example, sandy channel sediments near the village 
of Faustovo on the Severnaya Dvina River are about 1500 m long, and near the village of Spassky on 
the Vetluga River – 4 km. In both cases, the apparent strike of gravel-sand layers was observed in the 
cross direction of the paleo-river flows, suggesting high-energy rivers. 

In this context it is important that at the Permian-Triassic boundary the influence of the Ural 
feeding province spread throughout the territory of the Moscow Syneclise. All the Induan rocks in 
the current area of the Triassic outcrops of the Moscow Syneclise have been accumulated in the area 
of influence of the Ural feeding province, while in the underlying Permian sediments, the products of 
the erosion and breakdown of older rocks of the Fennoscandia Shield, predominate (especially in the 
west of the region). 

Thus, the available data indicate the peak energy of the Uralian rivers in the Induan [15]. 
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The distribution of the meteoric precipitation and fluvial system of the Ural feeding province 
correlates with isotopic geochemical data. 

The δ18O values in sedimentary and pedogenic carbonates of the Severodvinian (Capitanian) and 
Vyatkian (Wuchiapingian-Changhsingian) in the basins of the Sukhona and Severnaya Dvina rivers 
varied over a wide range, namely, from 20.6 to 33.2 (SMOW) in pedogenic carbonates (Nedubrovo 
and Mutovino area) and from 21.1 to 34.1‰ (SMOW) in sedimentary ones (Nedubrovo and Poldarsa 
area) [13], [14], [15], [21]. The maximum δ18O values (more than 27-28‰) significantly exceed those 
for carbonates deposited from fresh water. Such oxygen isotope ratios are close to those of normal 
marine carbonates. 

On the other hand, high δ18O values can also be found in pedogenic nodules that form in the upper 
horizons of soil profiles, where the processes of evaporation of soil moisture are most active. 

It has been established that during the formation of the oxygen isotope composition of pedogenic 
carbonates in arid soils, the processes of evaporation of soil moisture are important. Carbonates of 
the lower horizons of the soil profiles are characterized, as a rule, by lower δ18O values [22], [23], 
[24], [25], which more objectively reflect the isotope-geochemical and temperature background of 
the soil carbonate formation environment. Carbonates of the upper soil horizons are distinguished by 
higher δ18O ratios. This is a result of intense evaporation of soil water in the upper horizons, where 
water is enriched with a heavy isotope 18O, which leads to an increase in δ18O values of pedogenic 
carbonates. 

The highest δ18O values in soil carbonates are found in Permian sediments of the studied area 
(Mutovino outcrop, [13], [21]). This indicates a regular resumption of evaporation processes during 
dry seasons, which have turned into droughts, or a prolonged existence of relatively dry ecotopes. 

However, against a background of aridization, in the sediments of the Severodvinian (Capitanian) 
and Vyatkian (Wuchiapingian – Changhsingian) in the basins of the Sukhona and Severnaya Dvina 
rivers there is a stable decrease of the minimal δ18O values to 21.1‰ in sedimentary carbonates and 
to 20.6‰ in pedogenic carbonates [13]. This can indicate cooling in continental conditions, because 
a decrease of mean annual temperatures is associated with a decrease of the δ18O ratios of meteoric 
precipitations and, as consequence, decrease of δ18O values of pedogenic carbonates [26], [27], [28]. 

During the Permian-Triassic transition, an increase in δ18O values is observed in pedogenic 
carbonates (for example, in the valley of the Vetluga River, from 21.0 to 25.3‰, Fig. 1). This may 
be due to global warming, which led to heavier oxygen isotope composition of meteoric 
precipitations. 

On the whole, the maximum δ18O values in paleosol carbonates of the Induan are lower in 
comparison with the Permian (Fig. 1) [29]. In the Induan deposits, in the basin of the Vetluga River, 
δ18O values of pedogenic carbonates fluctuate within the range 21.5-25‰ generally [29], which 
corresponds to the isotopic composition of freshwater carbonates. It can be assumed that the 
evaporation processes in the Induan time were much weaker in comparison with the Permian. 
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Fig. 1. Isotope, sedimentological and biotic characteristics of the P-T boundary deposits of the Vetluga River valley 
(Moscow Syneclise, East European Platform), (a) sedimentary carbonates, (b) pedogenic carbonates, (c) pedogenic 
carbonates of the Prudovka outcrop. 
 
Discussion 

 

Data obtained indicate a cessation of evaporation processes in the Induan, that had been 
characteristic of the Permian time, and as a result, a more stable hydrological regime, which 
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contradicts the concept of climate aridization in the Early Triassic. A decrease of the δ18O values in 
continental carbonates from 30‰ in the Permian to about 25‰ in the Induan indicates not so much 
a cooling of the climate, but rather, cessation of intense evaporation. 

Data received allow us to conclude that not only is warming reconstructed on the territory of the 
EEP at the boundary of Permian and Triassic but, apparently, it caused an ecological crisis in local 
ecosystems. It can be assumed that the Induan was characterized by more humid conditions in 
comparison with the Permian period (wet seasons took place). As a result, alluvial facies became 
widespread in the Induan and the diversity of other continental ecotopes was significantly reduced. 

One can assume a significant watering of the Induan landscapes during the rainy seasons and a 
sharp reduction in the formed water reservoirs in the dry seasons. This could be a consequence of a 
warmer climate. 

Specific features of variations in the oxygen isotope composition of marine carbonate deposits of 
China, Iran, Austria and Italy [30] and isotope analysis of conodonts [31] indicate warming at the 
Permian and Triassic boundaries. A sharp decrease in δ18O values at the P-T boundary in marine 
sequences is estimated at 4% (from 22.5 to 18.5‰), which may be a result of an increase in sea water 
temperature by about 15o C [32]. The temperature fund of the Induan – Early Olenekian time is 
estimated at 10-12 degrees higher than at the end of the Permian period. 

Thus, extraordinary global warming could be accompanied on the Russian Plain by seasonal 
humidization. 

It can be assumed that in the Induan every year, rains and rivers could bring a considerable amount 
of moisture to the Russian Plain, causing significant watering of the environment during wet seasons. 

However, the incoming water could quickly be evaporated during dry seasons under conditions of 
global warming, and annually filled rivers and lakes could turn into ephemeral water bodies. In such 
conditions, destructive for many representatives of the continental biota, only the groups that were 
maximally adapted to dry periods (seasonally migrating fish or ephemeral animals, such as 
conchostracans) survived. However, if such conditions were repeated without perennial droughts, the 
soil water evaporated weakly, and was not enriched with the heavy isotope 18O and, accordingly, soil 
carbonates with high δ18O values were not formed. 

As one of the possible causes of humidization of the EEP in Early Triassic, one can assume the 
activation of the rivers draining from the Ural Mountains to the plain of the Moscow Syneclise. 

This could be due to the growth of the Ural mountain system at the Late Hercynian orogeny of the 
Ural tectonic zone. Geological evidence can support this assumption. In the southern zone of the 
Preuralian Foredeep, 800 m of Induan conglomerates of the Kopanskiy Formation are known [33]. 

Besides, in the northern zone of the Preuralian Foredeep (the Timan-Pechora region) about 1.500 
m of the Induan – Early Olenekian sediments of the Lower Lestanshor Formation [34] and 1000 m 
of Induan boulder conglomerates and sandstones of the Tal’ma-Yu Formation [35] are present. As a 
result of the growth of the mountain system, one could expect activation of the rivers flowing from 
the Urals mountain range to the plain. 

On the other hand, humidization could cause increased precipitation of meteoric waters entering 
the plain from the western Panthalassa Ocean, or from the north-western Paleo-Arctic Ocean (Fig. 2). 

In the Induan sediments of the Moscow Syneclise, there was a regular decrease of the δ18O values 
of pedogenic carbonates from west to east, which is apparently due a lighter oxygen isotope 
composition of the dominant transfer of moist air masses to the Russian plain from oceanic areas. 
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Fig. 2. Mechanism of humidization of the East European Platform (EEP) in the Induan time. 

Note: the air masses enriched with water vapor enter the territory of the EEP from the western water areas, causing 

abundant rainfall. When approaching the young Urals, the air masses are intensively unloaded, causing floods in rivers 

flowing down from the ridge. The meteoric water, which fell in the form of heavy rains and came with floods, accumulates 

in the area of unloading of the Uralian rivers in the territory of the Moscow Syneclise causing intensive seasonal 

humidization. The white rectangle indicates the region of research. 
 

A similar situation is observed in the modern geosphere. It is well known that westerly winds 
dominate in the middle latitudes of the Northern Hemisphere of the Earth [36], [37]. The air masses 
move from west to east, usually from the Atlantic Ocean. When the cyclone enters the center of the 
Russian Plain, with increasing distance from the ocean from west to east, moist Atlantic air masses 
lose the heavy isotope 18O. This results in a decrease in δ18O values in the modern meteoric water of 
the Russian Plain [38]. 

It is well known that at the Permian-Triassic boundary, the EEP was located in the middle latitudes 
of the Northern Hemisphere (Fig. 1; jan.ucc.nau.edu). The established regular decrease in the δ18O 
values in the Permian and Triassic pedogenic carbonates of the EEP from west to east may be a 
consequence of the depletion of meteoric water heavy isotope 18O in the eastern direction. Therefore, 
isotopic data suggest that humid air masses came here from the western Paleo-Arctic (about 3500 km 
from the Moscow Syneclise) or even from Panthalassa. 

The warming of the climate at the Permian-Triassic boundary could have led to humidization. 
With warming, the evaporation of water from the ocean surface increases, which leads to an 

increase in the moisture entering to the atmosphere. This could have been the reason for an increase 
in the volume of meteoric water entering in the EEP. 

Thus, it can be proposed that with extraordinary warming at the Permian-Triassic boundary, air 
masses enriched with water vapor regularly brought a large amount of meteoric precipitation to the 
territory of the Moscow Syneclise. This caused the Induan humidization under conditions of global 
warming. At the same time, the Urals could play the role of a natural barrier to western cyclones, 
which unloaded in the highland zone and fueled the Uralian rivers. This ensured an additional flow 
of floodwater to the Russian plain. 
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Conclusions 

 
Thus, the extraordinary warming at the Permian-Triassic boundary on the Russian Plain was 

accompanied by humidization. As one of the possible causes of the humidization, one can assume the 
activation of the rivers draining from the Ural Mountains to the plain. On the other hand, humidization 
could have caused increased precipitation of meteoric waters entering the plain from the western 
Panthalassa ocean, or from the north-western Paleo-Arctic ocean. 
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Abstract 

 
For the first time a scheme for the paleobiogeographical zoning of Tournaisian conodonts is 

proposed on a global scale, based on the analysis of their spatio-temporal distribution. The Boreal, 
Equatorial and Notal superrealms are established. The Boreal Superrealm includes the Arctic and 
Siberian-Alaskan realms, the first is represented by the Kharaulakh-Novosibirsk and North-Uralian 
provinces, and the second is represented by the Omolon, South Siberian and Alaskan provinces. 

In the Equatorial Superrealm, the Volga-Ural-Tien Shan, European-Iranian, Hindustan-Chinese, 
Australian and Western North American realms are distinguished. The Volga-Ural-Tien Shan Realm 
is represented by the Ural-Tien Shan and East European provinces. In the Ural-Tien Shan Province 
are the Uralian, Priuralsk, Mugodzhar and Tien Shan subprovinces, in the East European Province 
are the Pechora, Moscow, Donbass and Transcaucasia subprovinces. The European- Arabian Realm 
is divided into the English-Spanish, Pomeranian, Dzikowiec-Kovalai and Caucasian-Arabian 
provinces, the first is divided into by the English-Spanish, Italian, Pomeranian, Dzikowiec-Kovalai 
and Caucasian-Arabian provinces. The Hindustan-Chinese Realm is represented by the Tarim and 
South Chinese provinces. In the Australian and Western North American realms, provinces are not 
distinguished. 
 
Keywords: Paleobiogeography, Tournaisian, conodonts, Notal, Boreal, Equatorial Superrealms 
 

Introduction 

 

At present, no models of paleogeography and paleobiogeography of conodonts exist for the 
Tournaisian Stage. We attempt here to create the first such model for the Tournaisian. This time 
interval was not chosen by chance. The Tournaisian interval coincides with the global systemic 
reorganization of sedimentogenesis caused by the completion of the transgressive-regressive, Late 
Silurian-Early Carboniferous (Pridolian-Early Tournaisian) megacycle. As a rule, the greatest 
endemism in various groups of fauna in marine basins occurs at the regressive stage. Conodonts, 
despite their cosmopolitanism and bipolarity, are no exception. Conodonts are one of the most 
important groups of fauna for biostratigraphic reconstructions, and global and interregional 
correlations of sections of the Carboniferous deposits. As a basis for the paleobiogeographic 
reconstruction of the Tournaisian Stage were used the paleogeographic models developed earlier by 
the authors for the Middle Paleozoic and Early Mesozoic (e.g. [1], [2], [3]; [4]). 
 

Research methodology 

 

In this paper, the analysis of geographical distribution is made based on 63 formally recognized 
genera of conodonts. In the comparative analysis of paleobiochores, the coefficients of similarity-
differences and endemism were used. Terminology and methods of separation of paleozoochores of 
different ranks are seen in the following publications (e.g. [5], [6], [1]). Limestone samples were 
dissolved using acetic acid (7%). The subsequent separation of conodont elements was conducted 
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using bromoform. To reveal the degree of biogeographical connections between the two 
paleobiochores, the Chekanovsky-Sørensen community index was used: 

K= 2a
(a+b)+(a+c)

,

 
where a – the number of common genera in both paleobiochores; b – number of genera in the first 

and c – number of genera in the second biochore. The higher the value of the coefficient, the more 
similar are the compared biochores. With complete generic similarity, K=100% (= 1). 
 

Paleobiogeography 

 

The Boreal Superrealm occupies the territory of the Asian part of Russia from the Urals to 
Chukotka, Mongolia, North America (Alaska, Canada and most of the USA), the Subpolar Urals, 
Greenland and Canadian Arctic Islands (Fig. 1). 

It is characterized by the presence of forty-four conodonts genera Apatognathodus, Bispathodus, 

Branmehla, Cavusgnathus, Clydagnathus, Ctenognathus, Dinodus, Doliognathus, Dollymae, 

Drepanodina, Elictognathus, Eopriodina, Falcodus, Geniculatus, Gnathodus, Hindiodella, 

Hindeodus, Idiopriniodus, Kladognathus, ?Lochriea, Lonchonodina, Mestognathus, Mitrellataxis, 

Neoprioniodus, Neopolygnathus, Omolonognathus, Ozarkodina, Palmatolepis, Pinacognathus, 

Polygnathus, Protagnathodus, Pseudopolygnathus, Scaliognathus, Scoliognathodus, Siphonodella, 

Spatognathodus, Staurognathus. It differs from the Equatorial Superrealm in the absence of the 
conodont genera Acodina, Adenognathus, Antognathus, Declinognathodus, Doloignathodus, 

Elictognathus, Eotaphrus, Fungognathodus, Hibbardella, Laterignothus, Mehlina, Paragnathodus, 

Protognathodus, Pinacognathus, Prioniodina, Rinacognathus?, Scaphignathus, Tanasognathus and 
Weyerognathus. 

 

In the Boreal Superrealm are distinguished the Arctic and Siberian-Alaskan realms. 
The Arctic Realm occupied (in the modern sense) the high latitude territories around the North 

Pole: Arctic Russia, North Greenland and the Canadian Arctic Archipelago. It includes two 
paleobiogeographical provinces: Kharaulakh-Novosibirsk and North-Uralian. The Kharaulakh-
Novosibirsk Province covers of the north of Kharaulakh Ridge and the Novosibirsk Islands and is 
divided into Kharaulakh and Kotelnich provinces, the first of which is represented by the genera 
Bispathodus, Lenathodus, Mestognathus, Neopolygnathus, Neoprioniodus. Pseudopolygnathus and 

Spathognathodus [7], and the second is characterized by Bispathodus, Clydagnathus, Ctenognathus, 

Hindeodella, Ligonodina, Lochriea, Lonchonodina, Neoprioniodus, Ozarkodina, Spathognathodus 

[8]. 
The North-Ural Province covers the territory of the northern Urals. It is characterized by the 

following conodonts: Apatognathodus, Bispathodus, Dollymae, Gnathodus, Hindeodus, 

Neopolygnathus, Polygnathus, Protognathodus, Pseudopolygnathus, Siphonodella, Scaliognathus 
[9]. 

The Chekanovsky-Sørensen generality index of these provinces is 0.22. 
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Fig. 1. Scheme of paleobiogeographic zoning of the Tournaisian Stage based on conodonts: realms: 
(A) Arctic, (AS) Australian, (EA) European-Arabian, (HC) Hindustan-Chinese, (SA) Siberian-Alaskan, (WNA) Western 
North American; provinces: (AL) Alaskan, (CA) Caucasian-Arabian, (EE) East European, (ES) English-Spanish, (CA) 
Caucasian-Arabian, (DK) Dzikowiec-Kovalai, (KHN) Kharaulakh-Novosibirsk, (OM) Omolon, (P) Pomeranian, (SCH) 
South Chinese, (SS) South Siberian, (NU) North Uralian, (T) Tarim; subprovinces: (D) Donbass, (M) Mugodzhary, (MC) 
Moscow, (P) Pechora, (PR) Priuralsk, (TR) Transcaucasia, (TSH) Tien Shan, (U) Uralian; borders: (1) superrealms, (2) 
realms, (3) provinces, (4) subprovinces; (5) land, (6) sea. 
 

The Siberian-Alaskan Realm is located south of the Boreal Realm and occupies the territory of 
Siberia from the middle Urals to Chukotka and Alaska. Its generic composition is represented by 
Apatognathodus, Bactrognathus, Bispathodus, Clydagnathus, Dinodus, Drepanodina, Eopriodina, 

Falcodus, Gnathodus, Hindeodus, Hindiodella, Icriodus, Idiopriniodus, Kladognathus, 

Mestognathus, Neopolygnathus, Omolonognathus, Patrognathus, Protognathodus, Pelekysgnathus, 

Polygnathus, Pseudopolygnathus, Scaliognathus, Syclydognathus, Siphonodella and 

Spathognathodus. 
The index Chekanovsky-Sørensen between the Siberian-Alaskan and Boreal realms is 0.338, 

indicating a stable biogeographic relationship between them. The Siberian-Alaskan Realm is 
represented by the Omolon, South Siberian, Alaskan and North Uralian provinces. The Omolon 
Province occupies the territory of the right bank of the lower reaches of the Kolyma River and is 
characterized by the presence of the representatives of genera Apatognathodus, Bispathodus, 

Clydagnathus, Falcodus, Dinodus, Gnathodus, Hindeodus, Icriodus, Omolonognathus, Polygnathus, 

Pseudopolygnathus, Siphonodella, Spathognathodus [10], [11]. Among the above-listed genera, two 
genera (Falcodus and Omolonognathus) are endemic. 

The South Siberian Province includes the territory of the Altai-Sayan mountain region and the 
Kuznetsk Basin and is represented by the genera Apatognathodus, Bispathodus, Clydagnathus, 
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Drepanodina, Eopriodina, Icriodus, Mestognathus, Neopolygnathus, Patrognathus, Pelekysgnathus, 
Polygnathus, and Pseudopolygnathus, [12], [13]. 

The Alaskan Province is located in Alaska and is characterized by the genera Bactrognathus, 

Bispathodus, Doliognathus, Eotaphrus, Geniculatus, Gnathodus, Hindeodus, Hindiodella, 

Idiopriniodus, Kladognathus, Mestognathus, Neopolygnathus, Patrognathus, Polygnathus, 

Protognathodus, Pseudopolygnathus, Scaliognathus, Syclydognathus, Siphonodella [14]. 
Chekanovsky-Sørensen generality indices between the South Siberian and Omolon provinces is 

0.2, the South Siberian and Alaskan provinces is 0.2 and that of the Omolon and Alaskan provinces 
is 0.3, indicating a weak biogeographic relationship between them. 
 

The Equatorial Superrealm is oriented in a latitudinal direction from the Atlantic to the Pacific 
Oceans (in the modern sense) and occupies Italy, northwest Africa, Great Britain, Poland, the 
Caucasus, the eastern and southern regions of the East European platform, the Urals, Kazakhstan, 
Transcaucasia, the Tien Shan, Iran, India, Indochina, China, Australia (Queensland) and southern 
North America (Nevada, Arkansas, Illinois, New Mexico) and probably the far west of northern South 
America, but data on the Tournaisian conodonts of the latter region are not yet available. In the 
Equatorial Superrealm, the Volga-Ural-Tien Shan, European-Iranian, Hindustan-Chinese, Australian 
and Western North American realms are distinguished. The Chekanovsky-Sørensen generality 
indices between the Volga-Ural-Tien Shan and European-Iranian realms is 0.4, between the 
European-Iranian and Hindustan-Chinese realms it is 0.4 and between the Volga-Ural-Tien Shan and 
Hindustan-Chinese realms it is 0.3, indicating a weak biogeographic relationship between them. 

The Volga-Ural-Tien-Shan Realm covers the western part of the East European platform, middle 
and southern Urals, Transcaucasia, Orenburg region, Mugodzhar and Tien Shan mountain system. 

The Volga-Urals-Tien Shan Realm is characterized by the following conodonts: Acodina, 

Adenognathus, Antognathus, Apatognathodus, Bactrognathus, Bispathodus, Branmehla, 

Cavusgnathus, Clydagnathus, Dollymae, Doliognathus, Drepanodina, Eopriniodina, Eotaphrus, 

Gnathodus, Hibbardella, Hindiodella, Hindeodus, Icriodus, Laterignothus, Lochriea, Mestognathus, 

Neoprioniodus, Ozarkodina, Palmatolepis, Pandorinellina, Patrognathus, Paragnathodus, 

Pelekysgnathus, Polygnathus, Protognathodus, Pseudopolygnathus, Scaliognathus, Siphonodella, 

“Spathognathodus”, Taphrognathus, and Tanasognathus. It includes the Ural-Tien Shan and East 
European paleobiogeographic provinces. The Chekanovsky-Sørensen generality indices between the 
Ural-Tien Shan and East European provinces is 0.2, also indicating a weak biogeographic relationship 
between them. 

The Ural-Tien Shan province occupies the middle and southern Urals, Orenburg region, 
Mugodzhar and Tien Shan. It is represented by twenty-six genera of conodonts: Acodina, 

Apatognathodus, Bactrognathus, Bispathodus, Doliognathus, Drepanodina, Dollymae, 

Eopriniodina, Eotaphrus, Gnathodus, Hibbardella, Hindeodus, Hindiodella, Icriodus, Laterignothus, 

Lochriea, Mestognathus, Neoprioniodus, Ozarkodina, Palmatolepis, Polygnathus, Protognathodus, 

Pseudopolygnathus, Scaliognathus, and Siphonodella (e.g. [15], [16], [10], [17], [18]). 
The East European Province occupies the territory of the northwestern European part of Russia, 

Moscow Syneclise, Donets Basin and Transcaucasia. It is characterized by nineteen genera of 
conodonts: Adenognathus, Antognathus, Bispathodus, Branmehla, Cavusgnathus, Clydagnathus, 

Doliognathus, Dollymae, Gnathodus, Hindeodus, Pandorinellina, Pelekysgnathus, Patrognathus, 

Polygnathus, Pseudopolygnathus, Siphonodella, “Spathognathodus”, Tanasognathus and 

Taphrognathus (e.g. [19], [20], [21]; [22], [23], [10], [24]). Only seven cosmopolitan genera are 
common to both provinces: Bispathodus, Dollymae, Gnathodus, Hindeodus, Polygnathus, 

Pseudopolygnathus and Siphonodella. In each province are four subprovinces. In the Ural-Tien Shan 
Province are the Urals, Priuralsk, Mugodzhar and Tien Shan subprovinces, in the East European 
Province are Pechora, Moscow, Donbass and Transcaucasia subprovinces. The Ural-Tien Shan 
Province consists of the Urals, Priuralsk, Mugodzhar and Tien Shan subprovinces. The East European 
Province includes the Pechora, Moscow, Donets Basin and Transcaucasian subprovinces. The Ural 
Subprovince occupies the Middle and Southern Urals and it is characterized by genera Bactrognathus, 
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Bispathodus, Doliognathus, Dollymae, Gnathodus, Mestognathus, Palmatolepis, Polygnathus, 

Protognathodus, Pseudopolygnathus, Scaliognathus, Siphonodella and Taphrognathus [16]. 
It is the ecotone between the Boreal and Equatorial superrealms. The Pre-Ural Subprovince is 

located on the territory of the Orenburg pre-Urals and represented by four genera: Hindeodus, 

Neoprioniodus, Pseudopolygnathus and Siphonodella [18]. The Mugodzhar Subprovince is located 
in northwestern Kazakhstan and it is characterized by the presence of the genera Acodina, 

Apatognathodus, Bispathodus, Drepanodina, Eopriniodina, Icriodus, Hibbardella, Hindiodella, 

Ozarkodina, Polygnathus, Pseudopolygnathus, Siphonodella and Spathognathodus [15]. The Tien 
Shan Subprovince occupies the Tien Shan and is represented by the genera Bispathodus, 

Doliognathus, Dollymae, Eotaphrus, Gnathodus, Hindeodus, Laterignothus, Lochriea, 

Mestognathus, Polygnathus, Protognathodus, Pseudopolygnathus, Scaliognathus, Siphonodella, 

Protognathodus, Scaliognathus, Scoliognathodus and Taphrognathus [10], [17]. The closest 
biogeographic relations are observed between the Ural and Tien Shan subprovinces.  

he Chekanovsky-Sørensen generality indices between them is 0.53. Between other subprovinces 
the index is 0.2, indicating weaker biogeographic relationships between them. 

The Pechora Subprovince is located in the northeastern part of European Russia, on the right bank 
of the Pechora River, and is characterized by the following genera Apatognathodus, Bispathodus, 

Dollymae, Gnathodus, Hindeodus, Neopolygnathus, Polygnathus, Protognathodus, 

Pseudopolygnathus, Siphonodella, and Scaliognathus [9]. The Moscow Subprovince occupies the 
territory of the Moscow Syneclise and is represented by the genera Bispathodus, Clydagnathus, 

Hindeodus, Pandorinellina, Patrognathus, Polygnathus, Pseudopolygnathus, Siphonodella and 

“Spathognathodus” [23]. The Donbass Subprovince is located along the southeastern border of the 
East European platform and is characterized by the genera Adenognathus, Antognathus, Bispathodus, 

Cavusgnathus, Clydagnathus, Hindeodus, Pandorinellina, Patrognathus, Pelekysgnathus, 

“Spathognathodus”, Tanasognathus, Polygnathus, Pseudopolygnathus and Siphonodella (e.g. [19], 
[20], [21], [22]. 

The Transcaucasian Subprovince covers the territory of Transcaucasus and is represented by the 
genera Bispathodus, Branmehla, Clydagnathus, Doliognathodus, Dollymae, Gnathodus, Hindeodus, 

Polygnathus, Pseudopolygnathus, Siphonodella, and Spathognathodus [10]. In the East European 
Province, the Chekanovsky-Sørensen indices between subprovinces varies between 0.32-0.38. 

The European-Iranian Realm extends in a latitudinal direction, including the territory of Western 
Europe, Caucasus and Iran. It is characterized by thirty-three genera: Bactrognathus, Bispathodus, 

Branmehla, Cavusgnathus, Clydagnathus, Elictognathus, Eotaphrus, Dinodus, Dolignathus, 

Dollymae, Gnathodus, Hindeodus, Idiopriniodus, Icriodus, Mehlina, Mestognathus, Neopolygnathus, 

Palmatolepis, Pandorinellina, Paragnathodus, Patrognathus, Pelekysgnathus, Pinacognathus, 

Polygnathus, Protognathodus, Pseudopolygnathus, Rinacognathus? Scaliognathus, Scaphignathus, 

Siphonodella, Spathognathodus and Weyerognathus. From the Volga-Ural-Tien Shan Realm it differs 
by the absence of representatives of Acodina, Adenognathus, Antognathus, Apatognathodus, 

Eotaphrus, Doliognathus, Drepanodina, Eopriniodina, Hibbardella, Hindiodella, Laterignothus and 

Lochriea. 
The European-Iranian Realm is divided into the European-Arabian and Hindustan-Chinese 

provinces. The first covers the marine basins of Western Europe, Caucasus, Iran and is divided into 
English-Spanish, Italian, Pomeranian, Dzikowiec-Kovalai and Caucasian-Arabian provinces, and the 
second located in the marine basins of northwestern India, Vietnam, China and is represented by the 
Indian-Vietnamese and Chinese subprovinces. 

The English-Spanish province occupied the territory of Great Britain and the Iberian Peninsula 
and is represented by genera Cavusgnathus, Clydagnathus, Gnathodus, Mestognathus, Patrognathus, 

Polygnathus, Pseudopolygnathus, Siphonodella and Spathognathodus [25], [26]. The Italian 
Province was located in the territory of Sardinia and is represented by the genera Bispathodus, 

Polygnathus, Branmehla, Mehlina, Neopolygnathus, Protognathodus and Siphonodella [27]. 
Between these provinces are relatively weak biogeographical relationships, as indicated by a low 

Chekanovsky-Sørensen generality index (K=0.2). 
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The Pomeranian Province is located to the west of the East European platform and occupies the 
territory of the northwest Poland. It is characterized by the conodont genera Bispathodus, 

Elictognathus, Gnathodus, Hindeodus, Neopolygnathus, Pandorinellina, Polygnathus, 

Pseudopolygnathus, Siphonodella and Paragnathodus [28]. 
The Dzikowiec-Kovalai Province occupies the southern regions of Poland and is represented by 

the conodont genera Bactrognathus, Eotaphrus, Dinodus, Dollymae, Doloignathodus, Gnathodus, 

Idiopriniodus, Pinacognathus, Rinacognathus? Mehlina? Scaliognathus, Siphonodella and 
Weyerognathus [29]. It differs from the Pomeranian Province in the absence of such genera as 
Bactrognathus, Eotaphrus, Dinodus, Dollymae, Doloignathodus, Idiopriniodus, Pinacognathus, 

Rinacognathus? Mehlina? Scaliognathus and Weyerognathus. 
The Caucasian-Arabian Province covers the territory of Iran, and is divided into the Caucasian and 

Central-Iranian subprovinces, the first located in the territory of present-day Caucasus and 
represented by the genera Bispathodus, Clydagnathus, Dollymae, Gnathodus, Hindeodus, Mehlina, 

Pelekysgnathus, Polygnathus, Protognathodus, Pseudopolygnathus, Siphonodella, Scaliognathus 

and Scaphignathus [30], [31], and the second is located in the eastern part of the Iranian plate and is 
characterized by a more diverse generic composition of conodontophorida: Bispathodus, Branmehla, 
Clydagnathus, Doliognathus, Dollymae, Elictognathus, Gnathodus, Icriodus, Palmatolepis, 

Polygnathus, Protognathodus, Pseudopolygnathus, Scaphignathus and Siphonodella [32]. Inside the 
European-Iranian Realm the greatest similarity is noted between the English-Spanish and Pomeranian 
provinces (K=0.28). The Chekanovsky-Sørensen generality index indicates by a other provinces 
equal 0.15-0.2. 

The Hindustan-Chinese Realm occupies the eastern part of the Tethys shallow sea basin, including 
territories from peninsular India to the eastern coast of China and is characterized by representatives 
of twenty-three genera Bispathodus, Cavusgnathus, Clydagnathus, Eotaphrus, Declinognathodus, 

Doliognathus, Dollymae, Fungognathodus, Gnathodus, Hindeodus, Idiognathodus, Mestognathus, 

Mitrellataxis, Neopolygnathus, Paragnathodus, Protognathodus, Priniodina?, Pseudopolygnathus, 

Scaliognathus, Siphonodella, Spathognathodus, Staurognathus and Streptognathodus. Between of 
the Hindustan-Chinese and the European-Iranian realms there is a stable biogeographic relationship 
(K=0.391). 

It differs from the European-Iranian Realm by a smaller taxonomic diversity and in the presence 
of such genera as Fungognathodus, Staurognathus, Mitrellataxis, Priniodina? and Streptognathodus. 
In addition, representatives of the genera Branmehla, Dinodus, Elictognathus, Idiopriniodus, 

Icriodus, Mehlina, Palmatolepis, Pandorinellina, Pelekysgnathus, Pinacognathus, Polygnathus, 

Rinacognathus, Scaphignathus and Weyerognathus, known in the European-Iranian Realm, are 
absent from its territory. The close biogeographic connection between the Omolon Province of the 
Siberian-Alaskan Realm and the Hindustan-Chinese Realm are indicated by the presence of common 
cosmopolitan genera Bispathodus, Clydagnathus, Gnathodus, Hindeodus, Pseudopolygnathus, 

Siphonodella and Spathognathodus. In the Hindustan-Chinese Realm are distinguished the Tarim and 
South Chinese provinces, the first covering the northwestern regions of India and the southwest of 
China and is represented by genera Bispathodus, Clydagnathus, Declinognathodus, Gnathodus, 

Hindeodus, Idiognathodus, Mitrellataxis, Neopolygnathus, Paragnathodus, Siphonodella, 

Streptognathodus, and Pseudopolygnathus (e.g. [33], [34], [35]), and the second occupies the territory 
of southern China and is characterized by the genera Cavusgnathus, Doliognathus, Dollymae, 

Eotaphrus, Fungognathodus, Gnathodus, Hindeodus, Mestognathus, Paragnathodus, Priniodina?, 

Protognathodus, Pseudopolygnathus, Scaliognathus, Siphonodella, Spathognathodus and 
Staurognathus [36], [37]. Between the Hindustan-Chinese and the European-Iranian realms, there is 
a weak biogeographic relationship (K=0.26). 

The Australian Realm was located to the south of the paleoequator and occupies the territory of 
the northeastern Australia and is characterized by genera Bispathodus, Neopolygnathus, Prioniodina, 

Pseudopolygnathus, Polygnathus and Siphonodella [38]. Between the Hindustan-Chinese and the 
Australian realms, there is a very weak biogeographic relationship (K=0.03). 
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The Western North American Realm is traced along the west coast of North America from Nevada 
to Mexico and is characterized by representatives of the genera Apatognathodus, Bactrognathus, 

Cavusgnathus, Doliognathus, Elictognathus, Ozarkodina, Neopriniodus, Pinacognathus, 

Polygnathus, Pseudopolygnathus, Scaliognathus, Siphonodella, Spathognathodus, Staurognathus 

and Taphrognathus [39], [40]. The Chekanovsky-Sørensen generality index between the Siberian-
Alaskan and Western North American realms is 0.3, indicating a weak biogeographic relationship 
between them. 
 

Conclusions 

 
In the process of analyzing the spatio-temporal distribution and revealing the centers of the 

formation of Tournaisian conodonts, a global paleobiogeographic scheme for the Tournaisian Stage 
of the Early Carboniferous was elaborated for this faunal group. The Chekanovsky-Sørensen 
community index was used in a comparative analysis of the paleobiochores. Our planet was divided 
into the three superrealms: Boreal, Equatorial and Notal. The Boreal Superrealm includes by the 
Arctic and Siberian-Alaskan realms, the first is represented by the Kharaulakh-Novosibirsk and 
North-Uralian provinces, and the second is represented by the Omolon, South Siberian and Alaskan 
provinces. In the Equatorial Superrealm, the Volga-Ural-Tien Shan, European-Iranian, Hindustan-
Chinese, Australian and Western North American realms are distinguished. The Volga-Ural-Tien 
Shan Realm is represented by the Ural-Tien Shan and East European provinces. In the Ural-Tien Shan 
Province are the Uralian, Priuralsk, Mugodzhar and Tien Shan subprovinces, in the East European 
Province are the Pechora, Moscow, Donbass and Transcaucasia subprovinces. The European-Iranian 
Realm is divided into the European-Arabian and Hindustan-Chinese provinces, the first is separated 
into the English-Spanish, Italian, Pomeranian, Dzikowiec-Kovalai and Caucasian-Arabian 
subprovinces. The Hindustan-Chinese province is represented by the Tarim and South Chinese 
subprovinces. In the Australian and Western North American realms, provinces are not distinguished. 
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Abstract 

 

The Basu section is one of the GSSP candidates for the base of the Moscovian stage. In the South 
Urals, the type region of the Bashkirian Stage, the Bashkirian- Moscovian transition is entirely marine 
and without noticeable gaps. Thirteen microfacies (MF) are recognized in the section, and a 
conceptual depositional model for the paleofacies at the Bashkirian-Moscovian boundary is proposed. 
The study of the microfacies suggests a sharp transition at the Bashkirian-Moscovian boundary from 
the carbonate mid-ramp to a deeper depositional zone. 
 

Keywords: lithology, microfacies, lithofacies, algae, Bashkirian, Moscovian 

 

Introduction 

 
The Basu section is a GSSP candidate for the base of the Moscovian Stage [1]. It is located in the 

Zilim-Zigan area of the West-Uralian Megazone of the South Urals (coordinates: N 54º23’20.04”; E 
57º02’03.61”) not far from the well-known Askyn Section and other Early-Middle Pennsylvanian 
reference sections [2], [3], [4]. 

Compared to other sections in this region, the Basu Section is more basinal and is the only section 
containing the conodonts Declinognathodus donetzianus Nemirovskaya, the index species of the 
Moscovian Stage in the Moscow Region. V. N. Pazukhin was the first to find D. donetzianus in the 
Basu Section during a 1996 joint scientific study of incipient metamorphism [5]. 

Later, more detailed bed-by-bed sampling allowed documentation of the distribution of 
foraminifera and conodonts within the Bashkirian-Moscovian transition with its foraminifers and 
conodonts illustrated [6], [7]. Other major fossil groups, such as brachiopods, algae and Rugosa corals 
are also known from this section. 

In this work, new data on microfacies are presented and a depositional model is proposed. 
The section was studied in a small quarry, which was mined in the 1990s during construction work 

on the Ufa-Beloretsk highway, 80 km southeast of Ufa, on the right bank of the Basu River, 16 km 
upstream of the confluence of the Basu and Inzer Rivers (Fig. 1). 
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Fig. 1. Geographic position of the Basu Section. 
 

More than 100 thin sections were studied; and 13 microfacies (MF) were recognized using Flügel’s 
classification [8]. 
 

Results and discussion 

 

The section is exposed on the east limb of an anticline of 75-80° N-S strike and 30-40° dip. The 
lowermost beds (1-2) of the section were described in a trench that is now covered (Fig. 2). 

 

 

Fig. 2. The Bashkirian/Moscovian boundary beds of the Basu Section exposed in a trench (after Kulagina et al., 2009, 
text-fig. 4). 1-4 – limestones: 1 – wackestones, packstones, 2 – with cherty nodules and lenses, 3 – with clay layers; 4 – 
bioclastic granestone; 5 – foraminifers; 6 – brachiopods; 7 – crinoids; 8 – bryozoans, 9 – algae 
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Lithology and stratigraphy 

The Bashkirian and Moscovian boundary beds are represented by dark-gray, medium- to thin-
bedded micritic limestone that is sometimes dolomitized and changes color to light-gray. Medium to 
coarse grainstones are rare. The section contains the Hanostaffella subquadrata – Ozawainella 

digitalis foraminiferal assemblage, the Depratina prisca and Aljutovella aljutovica Zones, and Beds 
with Wedekindellina uralica. The Declinognathodus marginodosus, D. donetzianus, Idiognathodus 

podolskensis, and Gondolella laevis conodont zones are recognized in this section [7]. The base of 
the Moscovian was identified by the first appearance of the conodont Declinognathodus donetzianus 
Nemirovskaya 6.2 m above the base of the section (Bed 5, Sample 11). 
 

Microfacies 

The study of thin sections using Flügel’s [8] classification allowed 13 microfacies (MF) to be 
recognized, and a preliminary sedimentological analysis of the Bashkirian-Moscovian interval to be 
conducted [9]. The microfacies suggest that the deposition took place on a shallow, but gradually 
drowning shelf (ramp). 

Microfacies MF 1-6 indicate basin and outer ramp setting typical of the Moscovian sediments 
(Beds 18-21 of [7], fig. 5). Microfacies MF 7-8 of the Lower Moscovian beds suggest proximal to 
distal mid-ramp depositional settings, including storm-induced sediments. Microfacies MF 9-11, 
which were identified in the Upper Bashkirian beds, were formed in mid-ramp settings with storm-
influenced sedimentation. Microfacies MF 12-13 belong to an algal mound formed in mid-ramp 
settings (Table 1). 
 

Table 1. Microfacies in the Basu Section 
Microfaci
es 
(MF) 
number 

Diagnostic features Depositional setting Sample number, age 
(sample position is here in 
(Fig. 2) and in [7] (text-Fig. 
5). 

MF 1 Fine-grained mud-wackestones with 
organic matter, with a small admixture 
of skeletal grains (ostracode shells) and 
silica spicules 

Deep water basin or 
distal outer ramp 

19/1, 19/2, Bed 8 
C2m1 

MF 2 Fine grained wackestones (siltite) 
consists of broken skeletal debris 
(<0.1mm) of unidentified microfauna 
and with Pachysphaerina 

Distal outer ramp 
 

18, Bed 8; 20, 23, Bed 9; 
27, Bed 12 
C2m1 

MF 3 Mudstones with some quartz silt grains Deep water basin 
background sediments 

U2/2, Bed 21 

C2m3 
MF 4 Bioclastic packstones grading into 

wackestones with broken and 
transported skeletal fragments (mm 
scale) of crinoids, brachiopods, and 
bryozoans 

Distal outer ramp 
with turbidite flows 

U2/1, Bed 21 
C2m3 

MF 5 Packed bioclastic grainstones with 
broken and transported skeletal 
fragments (mm scale) of crinoids and 
foraminifers, from an interlayer within 
mudstones 

Proximal to distal 
outer ramp with storm-
induced turbidite 
layers 

31, Bed 19  
C2m2 

MF 6 Bioclastic packstones-grainstones with 
fusulinids and unsorted fragments of 
algae, crinoids and micritic lithoclasts 
in a micritic matrix, from an interbed 
within mudstones  

Proximal to distal 
outer ramp with storm 
induces turbidite 
layers 

28 Bed 13; 29, Bed 14 
C2m1 
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MF 7 Bedded lithoclastic rudstone (mm-cm 
scale) with matrix of bioclastic 
packstone-grainstone with fusulinids 
and transported broken unsorted 
fragments of crinoids, brachiopods, 
algal and micritic lithoclasts 

Proximal to distal mid 
ramp with storm-
induced layers 

13, Bed 7; 17, Bed 8 
C2m1 

MF 8 Thin-bedded wackestones-packstones 
with admixture of oriented and 
fragmented skeletal grains (0.01-
0.5mm) of crinoids, brachiopods and 
algae in micritic matrix 

Proximal to distal mid-
ramp setting 

11, 12, Bed 5;  
14, 15, Bed 8 
C2m1 

MF 9 Wackestones-floatstones with 
brachiopods shells in dark fine 
bioclastic (siltitic) matrix 

Mid-ramp setting 6, Bed 2; 7, Bed 3 

C2b4 

MF 10 Thin-bedded packstones grading into 
wackestones with broken and 
transported skeletal fragments (< 
0.5mm scale) such as those of crinoids, 
brachiopods, and bryozoans in fine-
grained (< 0.1mm) bioclastic (siltitic) 
matrix 

Storm influenced mid-
ramp setting 
 

1, Bed 1; 2-4, Bed 2 
C2b4 

MF 11 Bioclastic packstone with admixture of 
skeletal debris (0.1-0.2mm) crinoids, 
algae and brachiopods in fine-grained 
(< 0.1mm) bioclastic (siltitic) matrix 

Mid–ramp setting 1B, Bed 1 
C2b4 

MF 12 Algal packstone with admixture of 
foraminifers 

Algal mound slope 
 

8, Bed 3; 9, Bed 4 
C2b4 

MF 13 Algal (Donezella) boundstones and 
packstones with sparitic cement 

Algal mound 10, Bed 4 
C2b4 

 

Bashkirian 

Beds 1-4 are composed of peloid-fine-bioclastic wackestones (Samples 1B, 3-7, Mf 9, Mf 10) and 
packstones (Fig. 3) with elements of gradational bedding (Samples 1a-2, MF 11), suggesting their 
deposition in the mid-ramp (above the storm-wave zone base). 

The top of the Bashkirian is marked by a 4 bed of Donezella limestone 0.8-m thick (packstone, 
Samples 8-9, MF 12 and bafflestone, Sample 10, MF 13). The algae Donezella lutugini Maslov and 
D. callosa R. Ivanova are predominant, while D. lunaensis Rácz is also present. Sample 9 contains a 
large shell of Bradyina magna Roth et Skinner. The upper boundary of the 7 bed is even and sharp, 
presumably representing a hardground surface. Similar facies have been described from the nearby 
Askyn Section [3], where Donezella limestone is also found at the boundary level. 
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Fig. 3. Bashkirian (1-7) and Moscovian (8) microfacies from the Basu section. (1) Bioclastic packstone with crinoids, 
Sample 1, Bed 1, MF 11; (2) microbioclastic packstone with crinoids in fine-grained bioclastic (siltitic) matrix, Sample 
1B; MF 11; (3) wackestone with a fragment of ostracode shell in dark fine bioclastic (siltitic) matrix, Sample 2, Bed 2, 
MF 9; (4) wackestone with a fragment of brachiopod in dark fine bioclastic (siltitic) matrix, Sample 4, Bed 2, MF 9; (5) 
wackestone-packstone with foraminifers Palaeotextulariidae, Sample 8, MF 12; (6) algal-bioclastic packstone, Sample 9, 
MF 12; (7) algal Donezella bafflestone, Sample 10, MF 13, algal mound; (8) densely packed fusulinid-bioclastic-
lithoclastic grainstone, Sample 17, MF 7, storm- generated sediments. 
 
Moscovian 

Beds 5-23 are composed of mudstone, wackestone, and packstone with rare interbeds of 
grainstones, supposedly storm-induced or of turbiditic origin (Samples 11-31, MF 1-MF 9). Bed 5 is 
a bioclastic wackestone (Sample 11, MF 7) with crinoids, bryozoans and fragments of Donezella. 
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The character of change in the microfacies of Beds 4 and 5 indicates a sudden sea level rise and 
drowning. The deepest facies are found in Bed 8 where they are represented by dark-gray mudstones 
with siliceous sponge spicules (Sample 19, MF 1). The higher levels in the Moscovian Stage (Beds 
9-20) are composed of alternating fine-bioclastic-peloid wackestone either with foraminifers 
Archaesphaera (Samples 12, 18, 20, MF 2), or with admixed quartz silt grains and rare interbeds of 
crinoid-fusulinid grainstones. Beds 21-22 are composed of alternating mudstones and gradationally 
bedded packstones becoming wackestones. The top of the Moscovian is composed of mudstones with 
Zoophycos on the bedding surface. 
 

Depositional model 

The Basu section is composed of relatively deep-water facies. This is suggested by limestone 
lithologies and the presence of abundant conodonts. The analysis of the geological position of the 
section shows that these deposits were formed on a gently sloping carbonate shelf or ramp on a 
passive margin of a foreland basin of the Uralian Orogen. The transition from the Bashkirian to 
Moscovian is marked by a change from an algal packstone and bafflestone represented by the 
shallowest microfacies MF 12 and MF 13 to a bioclastic wackestone with crinoids, bryozoans, and 
fragments of Donezella algae corresponding to Microfacies MF 7 (Fig. 4). 

The section contains numerous interbeds and lenses of dark-gray cherts, which replaced 
limestones. The Bashkirian limestones do not contain calm-water facies with spicules or radiolarians, 
suggesting unstable depositional settings influenced by currents and storms. Spicule limestones 
appear up the section, as infrequent beds in the Moscovian Stage. We suggest that the cherts were 
formed in an environment of upwelling of colder, silica-saturated water to the ramp. 
 

 

Fig. 4. Depositional model for the South Urals at the Bashkirian-Moscovian boundary. 
 

Conclusions 

 

The Basu section shows a sharp transition at the Bashkirian-Moscovian boundary from the middle 
carbonate ramp to a deeper depositional zone. At this level, the section contains a bed of bioclastic-
algal bafflestone and packstone suggesting the formation of algal buildups and sudden flooding at the 
beginning of the Moscovian (donetzianus Zone). 
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Abstract 
 

Facies of the Syuranian and Akavasian successions of the Bashkirian Stage are studied in 
boreholes of the southern part of the Preuralian Foredeep, and their biostratigraphy is updated. These 
deposits are dated by foraminiferal assemblages of the Plectostaffella bogdanovkensis 
(Voznesenskian), Semistaffella variabilis (Krasnopolyanian), Pseudostaffella antiqua 
(Severokeltmenian), and Staffellaeformes staffellaeformis – Pseudostaffella praegorskyi (Prikamian) 
zones. The Bashkirian deposits commonly contain oolites, which are also found in the West-Uralian 
Zone of the South Urals. The facies of the borehole logs of the Preuralian Foredeep are compared to 
those of the West-Uralian Zone of the South Urals, studied in natural outcrops. 
 

Keywords: Pennsylvanian, Bashkirian, biostratigraphy, lithology, facies, foraminifers, ammonoids 

 

Introduction 
 

The Bashkirian deposits (Lower Pennsylvanian) are studied in boreholes in the Preuralian 
Foredeep [1], [2], and in natural outcrops in the South Urals (e.g. [3], [4], [5]). Bashkirian deposits 
commonly contain oolitic deposits (oolitic, pseudo-oolitic, and ooid limestone). This paper presents 
new results of biostratigraphic and facies analyses of the Syuranian and Akavasian, studied in deep 
boreholes in the southern Preuralian Foredeep. The prospecting boreholes for oil and gas drilled by 
the Gazprom Dobycha Orenburg company are located in the Orenburg Region southeast of Orenburg 
on the Akobinskaya Field (Fig. 1, no. 1), boreholes 171-174 and in the Kzylobinskaya Field (Fig. 1, 
no. 2), boreholes 161 and 162 [2]. In the Bashkirian, this area along with the modern West-Uralian 
Zone of the Urals represented a shallow shelf margin of the East European continent (Baltica). In the 
Permian, the southern regions experienced subsidence, whereas the territory of the modern West 
South Urals was involved in orogeny. We previously described in detail several Bashkirian 
successions in natural outcrops on the western slope of the South Urals in the Ufa-Belaya Subzone 
(Zilim-Zigan Region) (Fig. 1, nos. 5 and 6) and in the Prizilair Subzone (Sakmara-Ik District) (Fig. 
1, nos. 3 and 4), which allowed comparison of the lithologies of sections in different structural-facies 
zones. The new data allowed a reconstruction of the paleogeography of depositional settings on the 
shelf of the East European continent. 
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Fig. 1. Locations of the studied sections: (1) boreholes 171-174 of the Akobinskaya Field; (2) boreholes 161, 162 of the 

Kzylobinskaya Field; (3, 4) Kugarchi and Bogdanova, (5) Khutor Akavas; (6) Askyn. 
 

Stratigraphy 

 

The Bashkirian deposits conformably overlie limestones of the Serpukhovian stage 
(Mississippian) and are unconformably overlain by about 10-meter-thick member of basinal black 
shales of the uppermost Pennsylvanian-Lower Permian (Cisuralian) (Fig. 2). Basinal deposits overlie 
various horizons of the Lower Pennsylvanian from the Krasnopolyanian (Bashkirian) to the Vereian 
(Moscovian) [2], [6]. The thickness of the Bashkirian Stage in this area ranges from 75 to 186 m. 

In boreholes 171, 173, 174 of the Akobinskaya Field, a gap probably spans the Prikamian, 
Cheremshankian, and Melekessian of the Bashkirian Stage, Moscovian, Kasimovian and Gzhelian 
stages. In the 172 Akobinskaya the Prikamian is identified. In the Kzylobinskaya Field, thin Upper 
Bashkirian series are identified. The 161 Kzylobinskaya Borehole section contains a limestone 
member (7 m thickness, interval 5005-5012 m) of the Upper Bashkirian to Lower Moscovian Stage 
with numerous conodonts, including Declinognathodus donetzianus Nemirovskaya. 
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Fig. 2. Correlation scheme for some boreholes in the Preuralian Foredeep. 
C3-P1 – Uppermost Pennsylvanian–Lower Permian (Cisuralian) sediments; Mosc. = Moscovian; (1) limestone; (2) 
argillaceous limestone; (3) basinal black shales; (4) hiatus 
 

Serpukhovian 

The Serpukhovian (Zapaltyubian) deposits are studied at a depth of 5340-5160 m. 
They are represented by mudstone, bioclastic packstone, grainstone, and algal bafflestone. 
Bioclasts include foraminifers, crinoids, corals, and brachiopods. A more complete section is 

described in the 171 Akobinskaya Borehole, where the interval of 5321-5330 m contains bioclastic 
grainstone with algae, foraminifers, and fragments of brachiopods. The foraminiferal assemblage 
includes species of the genera Pseudoglomospira, Asteroarchaediscus, Eostaffella, and Eostaffellina, 
the foraminifers Janischewskina sp., Biseriella parva (Tchernysheva), Eostaffella ex gr. 
postmosquensis Kireeva (Fig. 3) are identified. The interval 5292-5295 m (Sample 63) contains the 
widespread taxa Paraarchaediscus sp., ?Rectoendothyra sp., Biseriella sp., Globivalvulina moderata 
Reitlinger, and Eostaffella spp. The overlying interval (5271-5274 m) contains a Syuranian (early 
Bashkirian) foraminiferal assemblage. In this borehole, the known thickness of the Serpukhovian 
deposits is 36 m. In the 173 Akobinskaya Borehole, the Upper Zapaltyubian includes limestones in 
the interval 5237-5235 m. Rocks at 5237 m are represented by bioclastic grainstone (Sample 58), 
containing bioclasts often coated by oolitic crust, large lithoclasts and oolites. These deposits contain 
the foraminifers Tolypammina sp., Asteroarchaediscus spp., Globivalvulina moderata, and 
Parastaffella sp. Up the section, at 5236 m (Sample 56) pelsparite with calcisphaeras and the 
foraminifers Asteroarchaediscus rugosus (Rauser-Chernousova), Biseriella minima (Reitlinger), 
Eostaffellina sp., and Pseudoendothyra sp. is present. In the 5231.5-5234.5 m interval (Samples 54, 
52), the first appearance of Plectostaffella spp. is recorded suggesting that the host sediments are 
Bashkirian. No Serpukhovian deposits were found in the 172 Akobinskaya Borehole. 
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In the Kzylobinskaya Field, Serpukhovian deposits are presumably 60 m thick. In the 161 
Kzylobinskaya Borehole, the top of the Serpukhovian is composed of algal limestone with 
Ungdarella uralica Maslov containing a foraminiferal assemblage similar to that described in the 
boreholes of the Akobinskaya Field. 
 

Bashkirian Stage. Syuranian Substage 

The Syuranian Substage includes the Voznesenskian and Krasnopolyanian regional 
infrasubstages. Syuranian deposits were discovered in all studied boreholes. The substage is 
composed of limestones dominated by bioclastic and oolitic grainstones. The base of the Bashkirian 
is drawn by the entry of Plectostaffella species – Pl. cf. seslavica (Rumjanzeva), Pl. bogdanovkensis 

Reitlinger, Pl. jakhensis Reitlinger and also Plectomillerella sp. The thickness of the Syuranian is 25-
75 m. 

For example, in the 173 Akobinskaya Borehole, the interval 5231.5-5234.5 m (Sample 54) is 
marked by the first appearance of Pl. cf. obtusa Reitlinger, Plectostaffella cf. varvariensis 
(Brazhnikova et Potievskaya) suggesting a Voznesenskian age. The intervals of 5222-5230 m and 
5213.5-5222 m (Samples 53-39) contain typically Bashkirian eostaffellid species, such as Eostaffella 
acutiformis Kireeva, E. chusovensis Kireeva, Pl. ex gr. bogdanovkensis, Pl. varvariensis, and 

Plectostaffella jakhensis. The interval 5213.5-5222 m (Sample 42) contains Semistaffella inconstans 
Reitlinger, also first appearing in the upper part of the Syuranian and continuing to the overlying 
Severokeltmenian beds. 
 

Akavasian Substage, Severokeltmenian Regional Substage 

The Severokeltmenian is present in all studied boreholes, consisting of oolitic, bioclastic-oolitic 
and crinoid grainstones, and containing foraminifers of the Ps. antiqua Zone. In the 171 Akobinskaya 
Borehole, the interval of 5226-5200 m contains a foraminiferal assemblage with Endothyra bowmani 
Phillips, E. phrissa Zeller, Plectostaffella varvariensis, Plectomillerella sp., Varistaffella ex gr. 
ziganica (Sinitsyna), Pseudostaffella ex gr. compressa (Rauser-Chernousova), Pseudostaffella spp., 
and also archaediscids and eostaffellids continuing from the underlying beds. 

In the 172 Akobinskaya Borehole, the interval 5235.6 –5217.6 m contains, apart from the above-
listed species, Millerella uralica Kireeva, Varistaffella eostaffellaeformis (Rumjanzeva), 
Pseudostaffella ex gr. antiqua (Dutkevitch), Ps. paracompressa extensa Safonova, Ps. cf. uralica 

Kireeva, and Ps. cf. grandis Shlykova, characteristic of the upper part of the Severokeltmenian. 
The thickness in the 171-174 Akobinskaya boreholes varies from 25 to 56 m and in the 161-162 

Kzylobinskaya boreholes it is up to 60 m. 
 

Askynbashian Substage, Prikamian Regional Substage 

In the 172 Akobinskaya Borehole, the interval 5211-5217 m contains, apart from foraminifers 
continuing from the underlying beds, specimens of Staffellaeformes and Pseudostaffella cf. 
praegorskyi Rauser-Chernousova (Sample 13), zonal taxa of the Prikamian. Thickness 6 m. 
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Fig. 3. Foraminifers from the Bashkirian of the Akobinskaya 171 and 173 boreholes (171A, 173A): (1-7, 9, 10, 15) 
Akavasian; (8, 11-14, 16, 22) Syuranian; (17-21) Upper Serpukhovian. The scale bar is 0.2 mm. (1) Foraminiferal 
grainstone: (a) Asteroarchaediscus sp.; (b) Pseudostaffella cf. antiqua (Dutkevitch, 1934), oblique section. 173A, Sample 
15, 5172-5181 m, (2) Plectostaffella bogdanovkensis Reitlinger, 1980, axial section, 173A, 5164-5172 m, Sample 8; (3) 
Eostaffella kashirica Rauser-Chernousova, 1951, axial section, 171A, 5216-5225 m, Sample 26; (4) Pseudostaffella ex 
gr. antiqua (Dutkevich,1934), axial section, 171A, 5200–5209 m, Sample 13; (5) Varistaffella ziganica (Sinitsina, 1973), 
axial section, 173A, 5164-5172 m, Sample 2; (6) Varistaffella sp., tangential section, 171A, 5216-5225 m, Sample 22; 
(7) Pseudostaffella ex gr. compressa (Rauser-Chernousova, 1938), oblique section, 171A, 5216-5225 m, Sample 22; (8, 
9) Millerella uralica Kireeva, 1951, axial sections, (8) 171A, 5226-5235 m, Sample 36; (9) 173A, 5181-5198 m, Sample 
20; (10) Biseriella minima (Reitlinger, 1950), incomplete longitudinal section, 171A, 5200-5209, Sample 11; (11, 12) 
Plectostaffella jakhensis Reitlinger, 1971, nearly axial sections, both from 173A, 5222-5230 m, Samples 48, 47; (13) 
Eostaffella parastruvei surenensis Reitlinger, 1980, 173A, 5213-5222 m, Sample 38; (14) Plectostaffella karsaklensis 
Kulagina, 1992, 173A, 5213-5222; Sample 37; (15) Eostaffella postmosquensis Kireeva, 1951, axial section, 173A, 5181-
5198 m, Sample 27; (16) Globivalvulina sp., median section, 173A, 5213-5222 m, Sample 38; (17) Globivalvulina sp., 
longitudinal section, 171A, 5327-5330 m, Sample 76; (18) Loeblichia sp., axial section, 171A, 5324-5327 m, Sample 74; 
(19) Pseudoglomospira subquadrata (Potievskaya et Vakarchuk, 1967), 5321-5324 m, Sample 70; (20) Janischewskina 

sp., oblique section, 171A, 5324-5327 m, Sample 74; (21) Eostaffella parastruvei Rauser-Chernousova, 1936, axial 
section, 171A, 5321-5324 m, Sample 70; (22) Pseudoendothyra sp., oblique section, 173A, 5181-5198 m, Sample 22. 
 
Facies and environments 

 

Preuralian Foredeep 

The Bashkirian Stage of the southern Preuralian Foredeep contains two limestone facies: oolitic 
and bioclastic [7]. Oolitic limestones are more common (Fig. 4). They are mostly composed of sorted 
oolites with fine sparitic cement. The foraminiferal shells are often coated by oolite cortex. Oolitic 
shoal facies are found in the Krasnopolyanian, Severokeltmenian, and the Prikamian, and sometimes 
in the Vereian (only in the Kzylobinskaya Field). Other Bashkirian facies include brachiopod- and 



© Filodiritto Editore – Proceedings 

295 

oolite-bioclastic limestones, which form interbeds within the oolitic limestones and are more common 
at the base of the Krasnopolyanian. 

The deposition in the Bashkirian basin occurred in a high-energy environment on a large carbonate 
platform in an open shallow shelf [8], with shoals and bars associated with temporary shoaling 
episodes and oolite deposition at depths of 0 to 10 m. At the end of the Carboniferous-beginning of 
the Permian, a transgressive sea level rise resulted in the flooding of the carbonate shelf, and the 
limestones were overlain by silt-clay and chert-carbonate sediments with pyroclastic interbeds. 
 

South Urals, West-Uralian Zone 

On the western slope of the South Urals (West-Uralian Zone), in the Ufa-Belaya Subzone (Zilim-
Zigan area) similar Bashkirian facies are exposed in natural outcrops [3]. Oolitic facies are common 
in the Syuranian, Akavasian, and Askynbashian sections, e.g., in a section on the Belaya River near 
the former village of Akavas, which is the stratotype region for the Akavasian Substage [4]. Ooid 
(pseudo-oolitic) grainstones are studied in boreholes in the Permian Region, near the Solikamsk 
Depression of the Preuralian Foredeep, where they are recognized in the Prikamian (Krasnopolyanian 
and Severokeltmenian and deposits are absent in this region) [9]. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Microphotographs of the Bashkirian oolitic limestones. Thin sections, plane polarized light. Scale bar = 0.2 mm. 
(1) oolitic grainstone with concentric radial-fibrous oolites, cemented by fine radiaxial calcite, 173 Akobinskaya 
Borehole, Sample 14, 5176 m; (2) packed oolitic grainstone with concentric oolites, 173 Akobinskaya Borehole, Sample 
35, 5213 m; (3) bioclastic-oolitic grainstone with crinoids and foraminifers in the center of ooids, 161 Kzylobinskaya 
Borehole, Sample 25, 5028.5 m, Prikamian; (4) oolitic grainstone with concentric radial-fibrous oolites and ooids, 161 
Kzylobinskaya Borehole; Sample 36; 5096 m; Krasnopolyanian; (5) poorly sorted bioclastic grainstone with ooids and 
foraminifers, Kugarchi Section, Syuranian, Bogdanovkian; (6, 7) bioclastic-lithoclastic grainstones with radial-fibrous 
oolites, ooids with foraminifers in the center and lithoclasts in recrystallized micritic matrix, Kugarchi section, Sample 
7/7, Akavasian, Unbetovo Formation; (8) grainstone with ammonoid shells, ooids, grapestone lithoclasts, crinoids, 
rounded bioclasts, in clotted micritic matrix, Bogdanovka section, outcrop 3, bed 9, Sample 14, thin section 5. 
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Oolites in the deep-water sections of the Prizilair Subzone 

In the Prizilair Subzone, deeper-water deposits are known in the Bukharcha and Unbetovo 
Formations containing numerous ammonoids. The Bashkirian Stage of the South Urals and adjacent 
regions contain five ammonoid genozones – Upper Carboniferous (UC-I – UC-V): Homoceras (UC-
I) (Bogdanovkian Regional Infrasubstage of the Urals, equivalent of the Voznesenskian of the 
Russian Platform), Reticuloceras-Bashkortoceras (UC-II) (Kamennogorian? – lower part of the 
Akavasian of the Urals, equivalent to the Krasnopolyanian and lower Severokeltmenian), Bilinguites-

Cancelloceras (UC-III) (Akavasian and Askynbashian, equivalent to parts of the Severokeltmenian 
and Prikamian of the Russian Platform), Branneroceras-Gastrioceras (UC-IV) and Diaboloceras-

Axinolobus (UC-V) (Arkhangelskian Substage of the Urals, equivalent to the Cheremshankian and 
Melekessian of the Russian Platform). Of these ammonoid genozones, three Lower Bashkirian 
genozones and one Upper Bashkirian genozone are known on the western slope of the South Urals, 
while the Branneroceras-Gastrioceras Genozone (UC-IV) has not been recognized. The Lower 
Bashkirian Bilinguites-Cancelloceras Genozone (UC-III) and the Upper Bashkirian Diaboloceras-

Axinolobus Genozone (UC-V) are only known from one locality each and are extremely poorly 
represented. 

Interestingly, Syuranian and Akavasian sections in this zone frequently contain beds with oolites. 
For example, the Syuranian deposits in the Bogdanovka Section, the stratotype of the 

Bogdanovkian on the Bolshaya Syuren River, village of Bogdanovka (Bogdanovsky) (Outcrop 3 in 
[10]) contains a bed of oolitic grainstone with numerous ammonoids of the Surenites krestovnikovi 
Zone of the Reticuloceras-Bashkortoceras Genozone (Fig. 4) (see also [10], text-fig. 3 (nos. 3, 4). 

The outcrop is represented by medium- and thin-bedded limestones. The succession is dominated 
by wackestones and mudstones with interbeds of spongolites representing the background sediments 
of the relatively deep-water part of the basin, with a shelf up to 100 m deep. Macrofossils are rare in 
these deposits, while foraminifers are represented by an impoverished cosmopolitan assemblage, and 
conodonts are abundant. Fine-grained bioclastic packstones and grainstones represent carbonate 
(limestone) turbidites.  

In the Kugarchi (Yamashly) Section, Outcrop 7 [5] grainstone interbeds with abundant oolites 
occur within a mudstone succession at the base of the Unbetovo Formation. Grainstones contains 
numerous shells of foraminifers in oolitic cortex, ooids, and rounded lithoclasts. The foraminiferal 
assemblage includes species of the genus Pseudostaffella and corresponds to the Pseudostaffella 

antiqua Zone, Akavasian of the Urals, and Severokeltmenian of the Russian Platform. An ammonoid 
assemblage is described from a grainstone bed [11], which corresponds to the Phillipsoceras 

betarhipaeum Zone [5]. 
 
Discussion 

 
The comparison of the Bashkirian oolitic (ooid) limestones in the Kzylobinskaya and Akobinskaya 

boreholes of the Preuralian Foredeep (East European Platform) and in the West-Uralian Zone of the 
Urals studied in the Ufa-Belaya Subzone (Askyn and Akavas sections) and the Prizilair Subzone 
(Kugarchi, Bogdanovka sections) suggests different depositional settings. 

In the shallow shelf of the East European continent (sections of the boreholes in the Preuralian 
Foredeep) oolites were produced on shoals and bars. The resulting oolitic limestone shows good grain 
size sorting and frequently thin crustification rims associated with the reworking of clasts in the 
intertidal zone. The oolites were formed in situ, were not transported or re-deposited, and are often 
tightly packed. Oolitic grainstones are interbedded with bioclastic grainstones, also sorted and with 
fine material removed. 

The oolitic grainstones in the Kugarchi and Bogdanovka sections occur as interbeds within 
successions of micro-grained limestones. Oolites are usually unsorted or poorly sorted, are often 
found as inclusions in lithoclasts and also occur as isolated grains in association with angular 
lithoclasts. They were transported from shallow zones (possibly by storm waves) to a deep trough. 
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They contain both shallow-water and deep-water clasts and admixture of siliciclastics washed from 
the Uralian orogen. They typically contain relicts of micritic (mud) matrix in oolite-containing 
grainstones suggesting that these oolitic grains were brought by turbidite flows to a deeper zone. 
 

Conclusions 

 

In the first half of the Bashkirian, in the Syuranian, Akavasian, and partly Askynbashian time the 
southeastern margin of the East European continent was a large shallow shelf with shoals. 

This interpretation is based on a wide distribution in the sections of the southern Preuralian 
Foredeep and Western folded zone of oolitic and ooid grainstones with diverse assemblages of 
foraminifers, brachiopods, corals, and also algae. The depositional settings in the Bashkirian were 
influenced by the tectonics of the growing Uralian orogen, which is reflected in the change of 
depositional setting from west to east. Intense tectonism facilitated migration of oolites and bioclasts 
eastward, to a deeper shelf adjacent to the Uralian Mountains. Therefore shallow-water markers such 
as oolites, ooids, and shallow-water bioclasts are found in deep-water deposits containing spongolites, 
ammonoids and conodonts. 
 

Acknowledgments 

We thank Gazprom Dobycha Orenburg LLC for providing core samples. 
The work of E. I. Kulagina and E. N. Gorozhanina was fulfilled within the framework of the State 

program no. 0252-2014-0002. The work of S. V. Nikolaeva was supported by the Ministry of 
Education and Science of the Russian Federation (project No. 02. G 25.31.0170) and by the subsidy 
of the Russian Government to support the Program of Competitive Growth of Kazan Federal 
University among the World Leading Academic Centers and Program no. 17 of fundamental studies 
of the Presidium of the Russian Academy of Sciences “Evolution of the Organic world: Role and 
influence of planetary processes”. 
 

REFERENCES 

 
1. Geologicheskoe stroenie i neftegazonosnost’ Orenburgskoi oblasti (1997). Orenburgskoe Knizhnoe Izdatelstvo, 

Orenburg, 272. 
2. Gorozhanina, E. N., Gorozhanin, V. M., Efimov, A. G., Poberezhskiy, S. M., Svetlakova A. N. (2009). 

Geological structure of the east part of the Preuralian Foredeep on the Orenburg Region and structural position 
of the oil-gas bearing complexes. In Geologicheskii Sbornik 8 (Puchkov, V. N., Abdrakhmanov, R. F., 
Kazantsev, Y. V., Seravkin, I. B. Eds.) Dizain Poligraf Servis, Ufa, pp. 221-226. 

3. Kulagina, E. I., Pazukhin, V. N., Kochetkova, N. M., Sinitsina, Z. A., Kochetova, N. N. (2001). Stratotipicheskie 
i opornye razrezy bashkirskogo yarusa karbona Yuzhnogo Urala. Gilem Publishing House, Ufa, 139. 

4. Pazukhin, V. N., Kulagina, E. I. (2008). The Akavassian Substage of the Bashkirian stage in the stratotypic area. 
In Problemy stratigrafii kamiyanovugilnoyi systemy, Kyiv, pp. 87-94. 

5. Nikolaeva, S. V., E.I. Kulagina, E. I., Gorozhanina, E. N., Alekseev, A. S., Konovalova, V. A. (2017). 
Conodonts, ammonoids, foraminifers, and depositional settings of the Serpukhovian and Bashkirian stages in the 
Kugarchi Section in the South Urals, Russia. Stratigraphy 14(1-4), pp. 319-347. 

6. Gorozhanina, E. N., Gorozhanin, V. M., Efimov, A. G., Poberezhskiy, Isakova T. N., Chernykh, V. V., Pazukhin, 
V. N. (2009). Basinal deposits of the Early Permian of the southern part of the Pre-Uralian Foredeep (according 
to deep drilling data). In Materialy Vtoroi Vserossiyskoi Nauchnoi Konferentsii, Kazan, pp. 176-178. 

7. Kanipova, Z. A., Gorozhanina, E. N., Kulagina, E. I., Gorozhanin, V. M. (2014). Epigenesis and reservoir 
properties of the Bashkirian stage rocks (Middle Carboniferous) of the Akobinsky gas condensate field. In 
Geologiya, poleznye iskopayemye i problemy geoekologii Bashkortostana, Urala i sopredel'nykh territoriy: 
Materialy i doklady, Ufa, pp. 114-116. 

8. Gorozhanina, E. N. (2010). Types of carbonate platforms in the South Urals and Cisuralia in the context of oil 
and gas deposits. In Materialy VIII Mezhregionalnoi nauchno-prakticheskoi konferentsii Respubliki 
Bashkortostan, Ufa, pp.188-191. 

9. Vilesov, A. P. (2005). Lithology-facies structure of the Bashkirian carbonate member of the Ozernoe Field 
(Solikamsk Depression). In Geologiya, metody poiskov, razvedki i otsenki mestorozhdeniy toplivno-
energeticheskogo syr’ya. Obzornaya informatsiya 1, 40. 



© Filodiritto Editore – Proceedings 

298 

10. Nikolaeva, S. V., Kulagina, E. I. (2017). Potential for a more precise correlation of the Bashkirian ammonoid 
and foraminiferal zones in the South Urals. Newsletter on Carboniferous Stratigraphy 33, pp. 42-43. 

11. Ruzhencev, V. E., Bogoslovskaya, M. F. (1978). Namurian stage in ammonoid evolution. Late Namurian 
ammonoids. Trudy Paleontologicheskogo Instituta, Akademiya Nauk SSSR 167, pp. 1-336. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© Filodiritto Editore – Proceedings 

299 

On Late Sakmarian-Early Artinskian Biota Invasions of the 

Verkhoyansk-Omolon Basins from the Uralian and North American 

Regions 

 
KUTYGIN Ruslan1, MAKOSHIN Victor1 

 
1 Diamond and Precious Metal Geology Institute, Siberian Branch of the Russian Academy of Science (RUSSIA) 

Emails: rkutygin@mail.ru, makoshin_89@mail.ru 

 

 

 

Abstract 

 

The Sakmarian-Artinskian boundary is dated to the period of maximum sea level rise. 
Two chronologically close events of the Ural and North American biota invasion of the 

Verkhoyansk-Omolon basins are recorded in the late Sakmarian-early Artinskian. During the first 
event at the end of the Sakmarian the invasion was of large exotic representatives of Somoholitidae 
(“Neoshumardites”) and Metalegoceratidae (Metalegoceras crenatum) from the Sverdrup basin in 
the Omolon Sea and the Western Verkhoyansk sector of the Verkhoyansk Sea. At the same time, 
between the Verkhoyansk-Omolon and the Arctic-Canadian provinces, there was an exchange of 
paragastrioceratids (Uraloceras). The second event occurred at the beginning of the Artinskian. 

This event was characterized by an invasion into the Verkhoyansk basin of the South Uralian 
somoholitid genus Neoshumardites (N. triceps), as well as various Uralian brachiopods, the main 
element of which was the species Uraloproductus stuckenbergianus. 
 

Keywords: paleobiogeography, migration, ammonoids, brachiopods, Echijan Regional Stage, Echij Formation, Ogonerian Regional 

Stage, Munugudzhak Formation, Omolonense Beds 

 

Introduction 

 

The Sakmarian-Artinskian border interval in Verkhoyansk is represented by the most marine 
sediments of the Echijan Regional Stage (Horizon) [1], accumulated during the maximum distance 
of the Paleo-Vilyuy delta front from the Central Verkhoyansk water area [2] in conditions of an 
increase in the level of the World Ocean caused by temperature warming. The study of this interval 
is complicated by endemism of the brachiopods and bivalves, lithological homogeneity and scarcity 
of fossils, absence of conodonts and fusulinids, and the extremely rarity of Early Artinskian 
ammonoids, which are the only group of invertebrates in this region of the Lower Permian allowing 
the subdivision into stages and substages. However, the data obtained in recent years indicate that 
during the maximum Echijan transgression (late Sakmarian-early Artinskian) in the Verkhoyansk 
basin, a major biotic transformation took place [3]. At that time, the Uraloceras of the Sakmarian 
morphotype and all the representatives of the genus Andrianovia disappeared here, the areas of the 
brachiopods of the genus Jakutoproductus were significantly reduced. A little earlier in the 
Verkhoyansk water areas appeared the first Inoceramus-like bivalves of the genus Aphanaia [4]. 

Interestingly, it was at the late Sakmarian to end Artinskian that invertebrate invasions into the 
Verkhoyansk and Omolon basin from the Ural and North American water areas occurred [5]. 

These invasion events will be discussed below. 
 

The upper part of the Sakmarian 

There are rare finds of invertebrates in the terminal Sakmarian of Northeast Asia, and some of the 
taxa found at this level for the region are exotic. 

In the Munugudzhak Formation (upper part of the Ogonerian Regional Stage (Horizon)) there is a 
relatively abundant ammonoid association, in which the species “Neoshumardites” nassichuki 
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Kutygin et Ganelin with papillous ornamentation is of great interest. Attention is drawn to the 
similarity of the suture of this species with that of “N. cf. sakmarae (Ruzhencev)” [6, text-fig. 2, C] 
(= “Neoshumardites cf. N. triceps?” [7]) from the Lower Permian deposits of the southwestern part 
of Ellesmere Island in Arctic Canada. The specific sutural morphology of the “N.” nassichuki 
suggests that this species is genetically related to the Ellesmere somoholitids, and not to the 
northeastern representatives of the genus Andrianovia [8]. 

In the same location as “N. cf. sakmarae” on Ellesmere Island, R. Thorsteinsson discovered giant 
specimens of the goniatite species Metalegoceras crenatum Nassichuk, Furnish, Glenister, whose 
holotype originates from the Yukon Territory [6]. Outside of North America this species is known 
from the Verkhoyansk Region – here in the Echij Formation of the Tumara river upper reaches V.N. 
Andrianov discovered a fragment of the giant shell of M. crenatum, initially defined as M. aff. 
crenatum [9]. 

In a single location with the above species, “N. cf. sakmarae” and M. crenatum, on Ellesmere 
Island there are also representatives of the genus Uraloceras [6], which are morphologically very 
close to Uraloceras kolymense Bogoslovskaya et Boiko, which is known on the Omolon Massif [10] 
in the area of distribution of “Neoshumardites” nassichuki. The species U. kolymense belongs to the 
moderately evolute group of Sakmarian Uraloceras [11], which includes the species U. subsimense, 
which characterizes the homonymous biostratigraphic unit in the Sakmarian of the Verkhoyansk 
Region [12]. 

The assumption of a North American cephalopod invasion into the Verkhoyansk-Omolon waters 
at the end of the Sakmarian age is consistent with the idea of the Sakmarian brachiopod 
paleobiogeographic links between Eastern Siberia (Southern, Western Verkhoyansk regions and 
Kolyma-Omolon Block) and the Yukon Territory [13]. 
 

The base of the Artinskian 

As noted above, in Northeast Asia the definition of a border between the Sakmarian and Artinskian 
stages is problematic. The clearest notions about the Sakmarian-Artinskian biostratigraphic division 
can be obtained in the Lower Permian sections of the Western Verkhoyansk region. It can be stated 
with complete certainty that in the Western Verkhoyansk region the Artinskian lower boundary is 
located inside the lithologically homogeneous and paleontologically poor Echij Formation, since the 
Sakmarian ammonoid association (Andrianovia, early representatives of Uraloceras) is present in the 
lower part of this Formation, and in the upper part – the Artinskian (various Aktastynian and 
Baigendzhinian representatives of Paragastrioceras) [9], [14]. In the Sakmarian-Artinskian border 
interval, two important biotic events are distinguished: the replacement of the brachiopods of the 
genus Jakutoproductus by Inoceramus-like bivalves [15] and the appearance of the Endybal 
ammonoid association [16]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Geographical position of the Nizhne-Delendzha section (2s/09 outcrop) in the Western Verkhoyansk Region. 
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The best substantiation of the Sakmarian-Artinskian division is the Nizhne-Delendzha section 
[15], [17] which is located on the right bank of the Delendzha River near its mouth (Fig. 1) and 
confined to the inner outskirts of the Kuranakh Subzone [2]. The terminal part of the Sakmarian stage 
in this section (Fig. 2) is characterized by the ammonoids Uraloceras omolonense Bogoslovskaya et 
Boiko, which is known in the Omolonense Beds of the Omolon Massif [8] and probably found in the 
Okhotsk Region [18]. Along with Uraloceras omolonense in the Nizhne-Delendzha section, the 
bivalve Aphanaia kletzi Biakov was found. The species A. kletzi is the most ancient Inoceramus-like 
bivalve in Northeast Asia, with a morphological similarity to the late Sakmarian bivalves of Western 
Australia [4], [19]. At the top of the Sakmarian in the Nizhne-Delendzha section, the last brachiopods 
of the genus Jakutoproductus (J. cf. terechovi Zavodowsky) were found in the undifferentiated 
Terechovi-Rugosus zones [15]. 
 

 
 

Fig. 2. Nizhne-Delendzha section (2s/09 outcrop): (1) fine-grain siltstone and claystone, (2) psammite: (a) coarse-grain 
siltstone, (b) fine-grain sandstone, (c) medium- and coarse-grain sandstone, (3) brachiopods, (4) ammonoids, (5) 
nautiloids, (6) bivalves, (7) gastropods, (8) crinoids, (9) bryozoans. The section was studied by I. V. Budnikov, S. K. 
Goryaev, R. V. Kutygin and L. G. Peregoedov in 2009. 
 

It is customary to associate the appearance in the sections of the goniatite genus Neoshumardites, 
which characterizes the base of the Artinskian stage in the Urals, with the Sakmarian-Artinskian 
biostratigraphic border. However, in the Urals basin, the range of this genus was very small (Fig. 3) 
and did not extend beyond the South Urals water area [20], [21]. In the Middle and Northern Urals, 
Neoshumardites is unknown; more surprising is the finding of the subspecies Neoshumardites triceps 

hyperboreus in the Echij Formation in the Western Verkhoyansk Region [22], [23]. 
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Fig. 3. Sakmarian-Artinskian invasions of biota in the Verkhoyansk-Omolon waters: Areas: 
(А) Neoshumardites triceps triceps, (B) Uraloproductus stuckenbergianus; localities: (1) Arctic Canada, Ellesmere 
Island, Bjorne Peninsula (Metalegoceras crenatum, Andrianovia sp. nov. (“Neoshumardites” aff. nassichuki?) and 

Uraloceras cf. kolymense locality), (2) Omolon massif, Munugudzhak River (“Neoshumardites” nassichuki, Uraloceras 

omolonense and U. kolymense localities), (3) Okhotsk Region, Inia River (Uraloceras omolonense? locality); (4, 5) 
Verkhoyansk Region, upper reaches of the Tumara River: (4) Metalegoceras crenatum locality, (5) Neoshumardites 

triceps hyperboreus and Uraloproductus stuckenbergianus locality); migrations: (1), (2) Late Sakmarian – inter- and 
intraregional, (3) Early Artinskian, interregional. 
 

The goniatite N. triceps hyperboreus was found by V.N. Andrianov in the Nizhne-Delendzha 
section, in the 10-30 cm calcareous interlayer of the shell rock, enclosed in the siltstones of layer 19 
[15]. 

In this shell rock in different years, researchers collected a rich Early Artinskian association of 
invertebrates: the ammonoids Neoshumardites triceps hyperboreus Ruzhencev, the brachiopods 
Uraloproductus stuckenbergianus (Krotow), Fimbriaria cristatotuberculata (Kozlowsky), 
Crassispirifer aff. jakuschewae Abramov et Grigorjeva, Linispinus sp. nov., Spirelytha magna 
Miloradovich, Phricodothyris sp., Tiramnia sp., Rhynoleichus etschiensis Abramov et Grigorjeva, 
Rhynchopora sp. and the bivalves Kolymopecten cf. mutabilis (Licharew) [22], [15], [17], [23]. 

The above complex contains some brachiopod taxa that are not typical of the Verkhoyansk Region. 
In particular, this refers to the species Uraloproductus stuckenbergianus, which at the beginning 

of the Artinskian had a large areal stretching from the South Ural Basin to Novaya Zemlya and, 
possibly, Taimyr [24], [25], [26], [27], [28]. The center of diversification of this species was probably 
located in the Pechora water area. 

The vertical distribution of Late Sakmarian and Early Artinskian ammonoid immigrant species in 
Northeast Asia is local, and at higher stratigraphic levels their possible descendants have not been 
encountered. However, the appearance of a new, strictly Verkhoyansk ammonoid community, whose 
starting taxon was the genus Eotumaroceras [14], was noted above the level of the find that fixes the 
border of the Sakmarian and Artinskian stages in the region. 
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Conclusions 

 
During the Sakmarian-Artinskian warming and the maximum sea-level rise, two chronologically 

close events of biota invasion from the Ural and North American regions into the water area of the 
Verkhoyansk-Omolon region were observed. 

During the first event, which took place at the end of the Sakmarian age, an invasion of large exotic 
representatives of the ammonoid families Somoholitidae (“Neoshumardites”) and Metalegoceratidae 
(Metalegoceras crenatum) occurred from the Sverdrup Basin to the Omolon Sea and the West 
Verkhoyansk sector of the Verkhoyansk water area. At the same time, an exchange of 
paragastrioceratids (moderately evolute representatives of the genus Uraloceras) took place between 
the Verkhoyansk-Omolon and the Arctic-Canadian provinces. 

The second event occurred at the beginning of the Artinskian age. It was characterized by the 
penetration into the Verkhoyansk Basin of South Uralian somoholitids of the genus Neoshumardites 
(species N. triceps), as well as various North Ural brachiopods, the main element of which was the 
species Uraloproductus stuckenbergianus. 

The Ural and North American immigrants were unable to adapt to local conditions, and very 
quickly disappeared from the Verkhoyansk-Omolon water areas. 
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Abstract 

 

Study of the biogeography of the change in the ammonoid assemblages in the Early to the 
beginning of the Middle Permian in the Uralian Ocean suggests a free exchange with the Tethyan 
faunas in the Asselian and Sakmarian. In the Artinskian, these connections ceased to exist. At the 
beginning of the Middle Permian, due to the northern transgression of the Kazanian Sea, an Arctic-
type ammonoid assemblage was formed in the Volga-Urals Basin. 
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Introduction 
 

The Early Permian ammonoid assemblages inherited the Late Carboniferous biogeographic and 
palaeoecological structure formed in the basin along the Uralian Ridge. Most authors ([1], [2], [3] et 

al.) consider the Uralian basin as part of the Boreal or Northern Boreal Realm, along with 
Northeastern Asia and Arctic Canada. In fact, the biogeographic history of this basin is more complex 
[4], [5]. 

According to the existing paleogeographic reconstructions for the Early Permian [6] the 
geographic position of the Uralian basin cannot be identified as Boreal, its southern termination was 
situated at around 15°N, and its northern – at around 35°N. 
 

Results and discussion 

 

The large amount of data shows that prior to the Artinskian, a free faunal exchange existed between 
the northern part of the Tethys Ocean and the Uralian basin. In this paper the data derived from 
ammonoids are analyzed in this context. It has previously been suggested [4], that the Asselian and 
Sakmarian are not readily delineated in some regions. For some regions, such as the Southeastern 
Pamir, Northeastern Russia, Canadian Arctic Archipelago, the term “beginning of the Permian” or 
the names of local formations are more commonly used because these units are dated as undivided 
Asselian-Sakmarian (Tashkazyk Formation of Southeastern Pamir, Khorokyt and Tuora-Sis 
formations of the Verkhoyansk Region, lower parts of the Hare Fiord and Belcher Channel formations 
of Arctic Canada). 

In the Urals, the Asselian and Sakmarian stages have a clear ammonoid characterization. In the 
Asselian, the Uralian assemblages occurred in the southern part of the basin, and were represented by 
35 species of 20 genera. 80% of these genera are also found in the Tethyan basins. A considerable 
proportion were cosmopolitan genera: Boesites Metapronorites, Neopronorites, Agathiceras, 
Prothalassoceras, Somoholites, Glaphyrites, and Juresanites. They occurred not only in the Tethyan 
and Uralian regions, but also in the American and Arctic regions. In the Sakmarian, the generic 
diversity of the Uralian assemblages reached its maximum, and in the South- and Middle Uralian 
basins it reached 21 genera, with 42 species. The proportion of cosmopolitan genera, including genera 
in common with the Urals and the Tethyan Realm, remains very high (81%) (Fig. 1). 



© Filodiritto Editore – Proceedings 

306 

 
Fig. 1. Changes in the biogeographic structure of ammonoid communities in the Permian basins of the Urals 

(the vertical axis shows the number of genera). 
 

For the purposes of this study, the most interesting were those taxa, which were for many years 
considered typical of the Early Permian Uralian ammonoid fauna: Daixites, Almites, Tabantalites, 
Prostacheoceras, Crimites, and those considered as Uralian endemics: Synartinskia, Svetlanoceras, 

Eoasianites. They were found in the Upper Asselian of the Southeastern Pamir (Tashkazyk 
Formation) and in the Sakmarian of Darvaz (Khoridzh Formation) [4], [7], [8], [9], [10]. Very 
recently, representatives of the genus Properrinites, which was previously thought to be exclusively 
Tethyan, were found in the Upper Asselian of the Shakh-Tau Shikhan (one of the Permian fossil reefs 
near Sterlitamak, Bashkortostan) (11). These finds show that the exchange of faunas was not only 
from the Uralian basin to the Tethys but also in the opposite direction (Fig. 2). 

The comparison of the taxonomic composition of the communities of the Uralian basin with those 
of the Arctic basins (Northeastern Asia, Arctic Canada, Novaya Zemlya archipelago) shows that 
Uralian taxa migrated far to the northern and northeastern regions. This is supported by the confirmed 
occurrences of the genera in common: Neopronorites, Tabantalites, Eoasianites, Paragastrioceras, 

Uraloceras, Somoholites, Andrianovia, Agathiceras, and Juresanites in the basins of the 
Verkhoyansk Region, Kolyma, and Omolon. For many of these taxa, the Uralian basin can be 
considered as the center of origin and diversification. Many genera migrated in multiple directions, 
but some (e.g., Andrianovia) migrated only to the northeast, and apparently found more favorable 
environments for further evolution in Boreal basins (Fig. 2). For the beginning of the Permian, only 
four Asselian (Neoglaphyrites, Shikhanites, Protopopanoceras, and Sakmarites) and three Sakmarian 
genera (Sakmarites, Synuraloceras, and Uraloceras) can be considered as Uralian endemics. 

 
Fig. 2. Exchange in ammonoid fauna of the Uralian basin in the Asselian-Sakmarian 

(in figs 2-4 the paleogeographic reconstruction is after [6]). 
 

At the beginning of the Artinskian (Aktastynian Substage) the Uralian assemblage shows a 
decrease in ammonoid diversity at both generic and species level. Nevertheless, this region remained 
one of the largest centers of origin and diversification of ammonoids. It was at that time that the 
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endemic Uralian genera Aktubinskia, Neoshumardites, and Artioceras appeared. In the Aktastynian 
time the seaways connecting the Uralian and Tethyan basins still existed, although the communication 
was not as intense (Fig. 3). 

 
Fig. 3. Exchange of ammonoid fauna of the Uralian basin in the Artinskian. 

 
The Artinskian-Kungurian beds in Pamir contain the medlicottiid genus Artioceratoides, which 

was a descendant of the Uralian genus Artioceras. This conclusion is supported by ontogenetic studies 
[9]. 

Representatives of these two genera united in one subfamily were only found in the Urals 
(Artioceras) and Pamir (Artioceratoides). The existence of seaways between the Tethyan and Uralian 
at the beginning of the Artinskian is also supported by members of the genus Kargalites (family 
Marathonitidae) in the Aktastynian Substage of the South Urals. This genus has not been found in 
older Permian deposits in this region. Subkargalites, the ancestral genus of Marathonitidae is known 
from the Upper Carboniferous of the Urals [12], and also Texas and Oklahoma [13]. The oldest 
confirmed occurrences of Kargalites come from the Sakmarian Stage of Texas [13] and Darvaz [10]. 

Based on these data, it is possible to assume that Kargalites migrated to the Uralian basin from the 
Tethyan sea of Darvaz at the beginning of the Artinskian. 

Cardiella, another marathonitid genus, a typical representative of the Tethyan ammonoid fauna, 
appeared in the Uralian basin in the Mid-Artinskian at the time when its species were at their peak of 
diversification and abundance in the Pamir basin [15, 16] and other regions of the Tethyan Realm. 

From the second half of the Artinskian, the connections between the Uralian basin and northern 
Paleotethys discontinued. 

The migration of the Uralian genera to the Arctic basins had ceased by the end of the Early Permian 
because of the closure of the Uralian Paleoocean. At that time the basins near the northern termination 
of the modern Urals (North Urals, Pay-Khoy Peninsula, Vaigach Island) contained an ammonoid 
fauna of “Boreal” aspect, which is defined by the presence of the genera Tumaroceras and 
Epijuresanites [17]. These taxa were characteristic of the Arctic ammonoid biota and migrated to the 
North Urals basins from the north eastern Verkhoyansk Region basins, from their center of origin 
[18]. 

 
Fig. 4. Exchange of ammonoid fauna of the Uralian basin in the Kazanian time. 
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In the Middle Permian (Roadian) the southern borders of the northern basins reached the Volga-
Urals basin (modern Kirov Region and Mari El). These basins were situated in the temperate climatic 
zone and were connected to the system of basins in high latitudes (Novaya Zemlya, Verkhoyansk-
Kolyma Province, and Arctic Canada) (Fig. 4). The analysis of the cephalopod biota [19] showed that 
these basins had a free faunal exchange. The main direction of migration was south-western, from 
the northern margin of the Siberian continent. Almost all ammonoids of the Roadian assemblage of 
the Volga-Urals Province (Sverdrupites, Daubichites, Biarmiceras, Neouddenites) were immigrants 
from the high latitude Verkhoyansk Region basin [18]. In contrast, the genus Medlicottia, not known 
in the Verkhoyansk-Kolyma Province was a descendant of the ammonoid fauna of the Kungurian 
basin of the Polar Urals. In the Roadian assemblage of the Volga-Urals Region it is represented by 
the same species (M. postorbignyana Bogoslovskaya), as in the Kungurian basin of the Polar Urals. 

More so, younger ammonoid faunas are not known in the Urals. 
 

Conclusions 

 

Several stages can be recognized in the Permian biogeographic evolution of the Uralian Basin. 
The first phase included the Asselian, Sakmarian, and Aktastynian, when free exchange existed 

between the Uralian Paleoocean and the Tethyan basins, and to a lesser extent to the Arctic basin of 
Northeastern Russia. This was followed by a period (end of the Artinskian and Kungurian) of closure 
of the southern part of the Uralian basin, while the exchange of faunas in the southern directions was 
discontinued. In the Kungurian, impoverished ammonoid communities inhabited only the northern 
parts of the basin. During the transgression of the Kazanian Sea, a community of Arctic ammonoid 
taxa colonized the central part of the Uralian basin. 
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Abstract 

 

The enigmatic nature of the Kazanian biota is most apparent from its combination of selective 
absences of a number of high rank taxa typical of the Middle Permian basins, and simultaneous 
presence of other normal marine forms. An equally important characteristic of the basin is the high 
degree of endemism of the Kazanian faunas. Evidence from the evolution of gastropods suggests that 
these features are determined not so much by abiotic factors inside the basin, as by its isolation. 

The connection between saltational morphogenesis and the discrete occurrence of invasive species 
indicates the periodicity of the connection of the Kazanian basin with the open water area, through 
the northwestern passages. The combination of depths, currents, and salinity regimes in these straits 
with the frequency of their discovery turned out to be the filters that led to the formation of faunas in 
which many high-rank taxa are absent. In turn, the under-saturation of communities, their 
development in conditions of reduced competition led to rapid morphogenesis at the infra-specific, 
specific, and generic levels. 
 

Keywords: East European Platform, Middle Permian, Kazanian stage, Kazanian paleobasin, biotic crisis, gastropods, evolution 

 

Introduction 

 
A striking feature of the Kazanian paleobasin its enigmatic taxonomic composition. This condition 

is expressed primarily in the selectivity of taxonomic lists, which have obvious gaps. For example, 
the biota lacks fusulinids, platform conodonts and colonial corals, while other normal-marine forms, 
such as nautiloids and crinoids, are common and relatively diverse [1]. The reasons for the absence 
of a huge number of taxa of different ranks, typical of the Middle Permian basins, on the one hand 
are not obvious, and on the other, can not be explained by unusual abiotic factors in the basin, such 
as low temperature or a change in the salinity regime. The second feature of the Kazanian biota 
manifests itself in a high degree of endemism, which indicates the development of the basin in 
isolation. 

Despite the fact that the Kazanian paleobasin has never been considered as a separate 
paleogeographic province, it is totally justifiable that it should be recognized as a separate 
biogeographical unit. 

Deposits of the Kazanian Stage cover vast areas of the East European platform. The outcrops are 
distributed from the White Sea in the northwest to the Caspian Basin in the south-east (about 2200 
km), and their maximum width is about 1050 km. Thus, even without taking into account the erosion 
processes that undoubtedly reduced the area of Kazanian deposits, the basin had impressive 
dimensions. The Kazanian stage was formed as a result of the last Paleozoic transgression in the 
territory of the East European platform, which was preceded by a long subaerial exposition. Hence, 
the basal parts of the stage rest everywhere over an unconformity either on Sakmarian carbonates or 
on terrigenous deposits of the Ufimian stage. 

The absence of fusulinids and platform conodonts has made the comparison of the Kazanian stage 
with the international stratigraphic scale difficult. Only thanks to the discovery of two ammonoids 
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localities, did it become possible to unambiguously correlate the basal part of the Upper Kazanian 
Substage with the Roadian [2], [3]. 

 

Fig. 1. Lithological-facies scheme of the distribution of the Kazanian deposits, after Forsch [6] (1) predominance of 
limestones; (2) dominance of dolomites; (3) predominance of clays and marls; (4) coastal-marine sandstones; (5) coastal-
marine conglomerates; (6) sand and oolitic limestones; (7) lagoon carbonate-argillaceous rocks; (8) gypsum; (9) coal 
deposits; (10) red sandy clay rocks; (11) salt; (12) paleomagnetic parallels (according to A. N. Khramov). 
 

The Kazanian stage is represented by a variety of facies, and is composed of terrigenous and 
carbonate rocks, as well as evaporites, which sometimes can be very thick. Various depositional 
settings of the Kazanian Paleobasin are shown in the block diagram published by Silantiev et al. [4]. 

However, in the compilation presented by those authors, the time parameter is completely ignored. 
The formation of reef complexes (reef buildups of the Pinega and Nemda river basins), bars, and 

deltaic fans, as well as the areas of accumulation of evaporites, etc., were confined to relatively short 
and diachronous stages of basin development. Taking into account the dynamics of the change in the 
types of sedimentation, even lithological-facies schemes, performed with a resolution to the substage, 
turn out to be too generalized (Fig. 1). The significance of the detailing of time intervals for 
understanding the history and features of the development of a given paleobasin is emphasized by 
N.N. Forsch [5], where based on a comparison of a huge number of sections, lithological-facial 
relationships in the Kazanian Stage on the territory of the Volga-Ural region are shown. 

At the same time, Forsch’s work initiated a somewhat erroneous interpretation of the history of 
the basin, suggesting that in the early Kazanian time the basin was more “marine” while the diversity 
of faunas was higher than in the late Kazanian times. In particular, the absence of spiriferids (namely, 
all species of Licharewia) in the Upper Kazanian Substage has traditionally found an explanation 
through a decrease in salinity. However, the mid-Kazanian extinction of Licharewia, as well as 
solitary corals, should have had a biotic cause, and cannot be explained solely by changes in 
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temperature or a drop-in salinity. In addition, features of the temperature and the salinity regimes in 
the basin apparently do not cause the formation of faunas with a specific taxonomic structure 
characterized by a loss of many high-rank taxa and the rapid evolution of taxa at the infra-species, 
species and generic levels. Apparently, the main reason for the formation of the enigmatic Kazanian 
biota was the isolation of the basin. 
 

Results and discussion 

 

Gastropods comprise one of the most diverse groups represented in the Kazanian biota. To date, 
75 species have been described, placed in 40 genera and 25 families [7], [8], [9], [10]. Despite the 
diversity of the group, it lacks a number of typical taxa of various ranks: Euomphalidae, 
Microdomatidae, Trochonematidae, Platyzona, and bellerophontid gastropods appeared in the basin 
only at the end of its existence. 

The assemblages of Kazanian gastropods were generally not inherited, since the number of 
endemic species of gastropods is 88.3% while the number of endemic genera is 19.5%. This suggests 
that new gastropod assemblages did not evolve from previous faunas in this basin. 

 Such a high degree of endemism reflects the degree of isolation of the basin. The high rates of 
morphogenesis, the pronounced polymorphism of most species, the appearance of pedomorphic 
genera and species [11], as well as the extreme specializations among rostroconch mollusks [12] 
indicate the formation of insular–like faunas in the Kazanian paleobasin. 

In conditions of unbalanced natural selection, in under-saturated communities, some invasive 
species, sometimes called progressive eurybionts, gave a burst of diversity: Eirlisya – 7 species, 
Baylea – 9 species, Biarmeaspira – 4 species, Goniasma – 3 species, Arribazona – 4 species, 
Palaeostylus – 5 species. 

In the studied assemblages, all genera of gastropods are normal-marine. In addition, genera such 
as Eirlisya, Baylea, Arribazona and Palaeostylus and many others are typically warm-water-Tethyan. 

This indicates nearly normal marine salinity, as well as relatively warm water temperatures in 
those parts of the water area where these assemblages were encountered. Similar data were obtained 
by analyzing reef carbonates of the Nemda River basin [13]. However, the Kazanian paleobasin, on 
the whole, is characterized by a mixed-salinity regime. At various stages of the evolution of the basin, 
from time to time (sometimes very extensive) both brackish-water and hypersaline areas appeared. 

Areas with nearly normal-marine salinity occupied mainly the central parts of the basin. The latter 
rapidly changed their shape and location, but they continued to exist continuously throughout the 
entire Kazanian age, except for the stages of the formation of the basal and terminal parts of the 
Kazanian stage (the Bugulma and Morkvashi Beds).  

The uninterrupted existence of such sites is confirmed by at least consistent development of 
gastropod complexes. The evolution of the Kazanian gastropods was saltational but did not disrupt 
continuity. Growth of diversity was due to both form–building, and immigration of species. Taking 
into account the proportion of endemic taxa, the first factor was of paramount importance. 

The increase in diversity is correlated with the sequence of appearance and development of 
communities in the basin. 

In general, for the Kazanian basin, the following evolutionary succession is proposed: (1) the 
emergence of pioneer brackish-water communities, (2) the appearance of muddy substrate 
communities, (3) the emergence of communities of shallow-water carbonate plains, (4) the 
appearance of siltmud-mound communities (reef assemblages), (5) the degradation of the 
communities of the mud mounds and the widespread development of communities of shallow-water 
carbonate plains, (6) the degradation of communities of shallow-water carbonate plains, and the 
formation of hypersaline communities. The delay in the formation of shallow-carbonate plains in the 
basin is directly related to the biogenic origin of carbonates. In other words, quick accumulation of 
carbonates only became possible after the formation of appropriate marine communities. 

The following succession of events is suggested below. The Baitugan time – the first entry of 
immigrant species, the emergence of endemic forms, the formation of communities of muddy 
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substrates. A total of six genera and eight species were recorded, of which 4 species are endemic to 
the Baitugan Beds. The Krasnyi Yar time is marked by a sharp increase in diversity; the entry of new 
invasive genera, as well as the emergence of communities of shallow carbonate plains. A total of 21 
genera and 29 species, five of them endemic, and the last occurrence of three species is recorded. 

The Prikazan time shows a sharp increase in diversity due to a new invasion and the appearance 
of mud mound communities: in total, 28 genera and 49 species. There is a considerable renewal of 
the taxonomic composition: 12 genera in common with the assemblage of the Krasnyi Yar Beds. New 
species of Baylea and, Eirlysia appear; the number of endemic species is 17; at that time the last 
occurrence of eight species is recorded. At the Verkhnii Uslon time – the communities of the mud 
mounds deteriorate sharply (29 endemic species disappeared), whereas the diversity of communities 
of shallow carbonate plains increased. Appearance of 14 specific species; first penetration of 
bellerophontid gastropods into the pool (the fourth and last invasion). Despite such profound changes, 
the numerical ratio is approximately preserved – 26 genera and 43 species. At the Morkvashi time, 
semi-enclosed lagoons formed, whereas the taxonomic diversity increased dramatically and the 
abundance of several dominant ubiquitous species increased. The appearance of new forms is not 
observed. A total of 9 genera and 10 species reported, all in common with the assemblage of the 
Verkhnii Uslon Beds. 
 

Conclusions 

 
Despite the periodic disappearance of some species since the Baitugan time, the variety of 

gastropods increased steadily. At the Morkvashi time, the diversity sharply decreased. Over the entire 
history of the basin development, several assemblages of gastropods were formed there, 
corresponding to communities of muddy soils, shallow-water carbonate plains, mud mounds, 
supralittoral, closed and semi-enclosed lagoons. The Kazanian biota developed in a basin, which 
evolved in isolation from any other water body. Immigrant species entered a basin with no original 
ecosystems, so the unused resources gave impetus for rapid autochthonous morphogenesis in an 
environment of unbalanced selection. The formation of new communities provided new vacancies, 
which facilitated morphogenesis. There is relatively massive development of new forms by 
fetalization. The presence in the studied assemblages of typical warm-water normal-marine genera, 
suggests warm temperatures of the basin and near-marine salinity levels in areas where these 
assemblages are encountered. Therefore, it was the isolation of the basin that became the main cause 
of incoherent evolution, which led to rapid morphogenesis at the infra-specific, specific and generic 
levels. Episodes of immigration promoted further increases in diversity in the basin. The successive 
appearance of new immigrant genera reflects at least four immigration events. Against this 
background, the taxonomic discreteness of communities, expressed by the selective absence of some 
high rank taxa, can only be explained by some physical barrier to their arrival in the basin. 

The intermittent appearance of immigrant genera indicates an episodic connection of the Kazanian 
Basin through the northwestern passages. Specificity of temperatures, depths and currents in these 
seaways, as well as the short duration of their openings, were found to be “filters”, which led to the 
enigmatic absence of a number of high-rank taxa. 
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Abstract 

 

In the present paper the core from well NE-4482 (the Western slope of the South Tatar Arc) was 
studied. The core was taken from the Domanik sequence (the Semilukian and Rechitsian Horizons) 
of 80 m thickness, 15 points of core column. The study of thin sections allowed four Domanik 
microfacies types to be revealed: limestone crystalline, microspar; siliceous-clayey shale with 
dispersed calcareous and siliceous nodules; nodular bioclastic wackestone; clayey-siliceous shale 
with dispersed calcareous nodules. The genesis of these Domanik microfacies had taken place by the 
beginning of Kama-Kinel trough system formation. During middle Frasnian time, the Domanik 
sequences extended across most of the Volga-Ural province and were thickest in the area including 
the Melekess depression and the NE-4482 locality area, and along the eastern border of the platform. 

The sediments were deposited in deep water environments. The observed spectrum of pelagic 
lithofacies is reflected by increasing clay content ranging from nodular limestones to shales with 
dispersed calcareous and siliceous nodules of early diagenetic origin. This spectrum may result from 
topography; increasing clastic input and decreasing carbonate productivity; increasing depth with loss 
of CaCO3 as the carbonate compensation depth was approached. 
 

Keywords: Domanik formation, microfacies 

 

Introduction 

 
During the Late Devonian, warm seas along Baltica’s eastern coast produced abundant marine 

biota forming the source of most of the region’s oil and gas, the Domanik facies (Fig. 1). 
The distribution of oil and gas fields is due to two fundamental relationships [1]. First is the 

distribution of the Domanik’s organic rich, fine-grained source rocks that created most of the basin’s 
oil (total organic carbon (TOC) exceeds 1%). Second, overlaid on the source rock distribution, is an 
extent of Devonian sandstones with a thickness greater than 97.5 m. The fields confirm the spatial 
correlation between optimal source and reservoir rocks and the province’s largest discoveries, 
including the super-giant Romashkino field [1], [2]. 

The Domanik facies are a combination of fine-grained silts, clays, some marls, limestones, shales, 
high in organic carbon (up to 4-5%) deposited in deep water environments. As water depth continued 
to drop, on regional highs, carbonate reefs and related biologic facies developed. 
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Fig. 1. Time Line of the Geologic Development of the Volga-Ural province (after [1]). 
 

In the middle Frasnian, the Domanik facies began to form as a prolog to the development of the 
Kama-Kinel trough system, which includes a group of narrow, interconnected deeper water troughs 
that persisted into Early Carboniferous time. The Domanik beds are relatively deep-water, dark gray 
and black bituminous carbonate-clay-silicium bounding facies, rich in organic matter, containing fish 
remains, coniconches, goniatite ammonites, thin-walled pelecypods and radiolarians [3]. These beds 
are considered to be source rocks for the oil accumulated in the Volga-Ural province. The lower 
Frasnian part of the Domanik sequence is present in the Kazan-Kirov, Melekess, and Buzuluk 
depressions, and on the south-eastern slope of the Russian Platform. During the middle Frasnian time, 
the Domanik facies extended across most of the Volga-Ural province and was thickest in the Melekess 
and Sernovodsko-Abdulino depressions, the Upper-Kama depression, and along the eastern border 
of the platform. These beds were named the Domanik Formation by [4] from outcrops east of Perm. 

By the late Frasnian time, the Domanik facies was reduced in lateral extent as reef and organic 
mound limestone deposits began to build up along the borders of the Kama-Kinel troughs. As the 
carbonate deposits built vertically and spread laterally, the deeper water troughs were further 
narrowed, and the true Kama-Kinel trough system became fully developed and merged northward 
with the Ural foredeep north of the Perm-Bashkir arch. By the close of the Frasnian, carbonate 
deposits had built up to considerable thickness on several of the high areas of the platform, 
particularly on those of the Tatar and Perm-Bashkir arches, and in several areas along the edges of 
the Kama-Kinel troughs. According to [5] tectonic subsidence of several of the main negative 
paleostructures of the eastern part of the platform formed the foundation for the Kama-Kinel trough 
system. These include the Buzuluk, Melekess, and Upper-Kama depressions and the Birsk saddle. 

Strong subsidence and deposition of greater thicknesses of Frasnian sediments occurred in several 
other depressed parts of the platform, including the Kazansko-Kirov aulacogen (more than 1,000 m), 
Lower Volga monocline (more than 1,200 m), and the southern Ural foredeep (more than 1,500 m) 
[3]. 

Carbonate deposition increased markedly during the Famennian, and except for the deeper water 
Kama-Kinel troughs, reef and organic carbonate mound deposits covered most of the Volga-Ural 
province at this time. The Kama-Kinel trough system was further narrowed as biohermal carbonate 
beds grew upward and prograded laterally into the trough borders, across the flanks of previously 
deposited reefs. The highly bituminous Domanik facies continued to be deposited in the troughs but 
in general was thinner and less silty than that of the Frasnian. The Famennian, as well as upper 
Frasnian, reefal deposits are composed primarily of stromatoporoid and tabulate coral remains, 
calcareous blue-green, red, and spherical algae, and variable amounts of crinoid, foraminifera, and 
other skeletal organic material [3]. The reef rocks tend to be very pure carbonate (one percent or less 
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of insolubles) and are partly dolomitized in places. 
Excellent source-rock beds of the Domanik facies are present in the Kama-Kinel trough system 

that surrounds all of the main carbonate buildup belts. These beds are highly bituminous; organic 
carbon content is as much as five percent or more. The Domanik facies, however, generally do not 
intertongue widely with the carbonate buildup facies and thus may not be as highly effective as some 
source-rock facies for these carbonate reservoirs as they are for the underlying Frasnian and Givetian 
clastic reservoirs. 

Domanik rocks belong to the Semilukian (Domanikovian) horizon of the Frasnian Stage of the 
Upper Devonian Series. Analogs of Domanik rocks were also found in the Sargaevian, Rechitsian 
(Mendymian), Voronezhian, Evlanovian, Livenian horizons of the Frasnian Stage and in the Eletsian, 
Lebedyanian, Dankovian Horizons of the Famennian Stage of the Upper Devonian Series. Domanik 
rock thickness changes from 10 m to 100 m. 

In the present paper, the core from well NE-4482 (the Western slope of South Tatar Arc) was 
considered. The core was taken from the Domanik sequence (the Semilukian and Rechitsian 
Horizons) of 80 m thickness, 15 points of core column. Thin sections were prepared from these 
samples. They were studied to reveal micro features of the Domanik facies. 
 

Results and discussions 

 

The investigation of thin sections of rocks allowed four types of microfacies to be distinguished 
in the studied well section. These types are demonstrated in Fig. 2. The microfacies distribution is 
shown in Fig. 3. Thin sections distributed in four microfacies types: 

I. limestone crystalline, microspar; 
II. siliceous-clayey shale with dispersed calcareous and siliceous nodules; 

III. nodular bioclastic wackestone; 
IV. clayey-siliceous shale with dispersed calcareous nodules. 

Types II and III dominate in the section. Generally, the well section can be explained as a cycle of 
deepening sedimentation point in pelagic zone that was reflected in a successive change of type III to 
type II up the section in the range of samples from No.16 to No. 3 (Fig. 3). 

The genesis of these Domanik facies had taken place by the beginning of the Kama-Kinel trough 
system formation. During the middle Frasnian time, the Domanik sequences extended across most of 
the Volga-Ural province and were thickest in the area including the Melekess depression and the NE-
4482 locality area, and along the eastern border of the platform. The sediments were deposited in 
deep water environments. These pelagic sediments originated from particle-by-particle sedimentation 
of skeletal debris of organisms and inorganic material from suspensions. The observed spectrum of 
pelagic lithofacies is reflected by increasing clay content ranging from nodular limestones to shales 
with dispersed calcareous and siliceous nodules of early diagenetic origin. This spectrum may result 
from topography; increasing clastic input and decreasing carbonate productivity; increasing depth 
with the loss of CaCO3 as carbonate compensation depth is approached [6]. 
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Fig. 2. Domanik lithologies (microfacies): 

I – limestone crystalline, microspar. The formation of this microspar can be explained by neomorphic growth from 
deep surface fluids [6]. Saturation with respect to calcite appears to be the only requirement for microspar formation. 
This situation can also be met independently of freshwater if organic acids react with aragonite in marine environments; 
II – siliceous-clayey shale with dispersed calcareous and siliceous nodules; 
III – nodular bioclastic wackestone; the sample shows abundant radiolarians and sponge spicules with different 
preservation; some still exhibit characteristics of the test, whereas others are completely calcitized or infilled with 
micrite. 
IV – clayey-siliceous shale with dispersed calcareous nodules. 
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Fig. 3. Microfacies (I-IV, see Fig. 2) distribution within the Domanik sequence on thin sections data along the core from 
the well NE-4482. The distribution of these types shows a cycle of deepening of the sea for a succession of samples from 
No.16 to No.3 up the section. 
 

Conclusions 

 
The Domanik sequence on the West Slope of South-Tatar Arc is composed of four microfacies 

types: limestone crystalline, microspar; siliceous-clayey shale with dispersed calcareous and siliceous 
nodules; nodular bioclastic wackestone; clayey-siliceous shale with dispersed calcareous nodules. 

The spectrum of pelagic lithofacies is reflected by the increasing clay content ranging from nodular 
limestones to shales with dispersed calcareous and siliceous nodules of early diagenetic origin. 
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Abstract 

 

This article discusses fossil algae discovered in the altered volcano-sedimentary rocks of the Urals. 
They are composed of carbonate, or may be substituted by minerals such as silica, chlorite, epidote 

etc. 
However, the preserved morphological features make it possible to use them as markers for 

depositional environments. Findings of fossils of charophytes, green algae including Diplopora, show 
that the initial sedimentation took place in the photic zone (to 200 m in depth) of a shallow sea 
(Charophyta), in a warm tropical climate (Siphoneae). 
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Introduction 

 

The finds of fossil algae in sedimentary rocks plays an important role in the solution of 
fundamental geological problems such as stratigraphic correlation, paleogeographic and 
paleoecological reconstructions. Fossil algae with resistant cell covers or intracellular skeletons are 
especially important because they are better preserved. 

For example, diatoms and siliceous algae have silica walls or silica-based intracellular skeletons 
(Silicoflagellatophyceae); and Coccolithales has cells covered with calcareous scales (coccolites). 

Some green algae (including Charophyceae) and red algae, form calcareous covers around their 
thalli during the process of photosynthesis; some algae secrete lime and carbonate is formed within 
the cell walls, so they are capable of remaining within the sediments. 

The article discusses findings of paleo-algae in the volcano-sedimentary sequences of the central 
part of the Maldynyrd ridge on the left side of the Balban’yu River on the western slope of the 
Circumpolar Urals and in the rocks of the ore-bearing series of the Safyanovskoe copper deposit 
(Middle Urals) (Fig. 1). The host rocks have been altered during diagenesis and also by hydrothermal 
processes, and only the findings of algal fossils indicate the depositional settings. 

It is important to remark that altered rocks frequently contain silicified remains of fossil carbonate 
alga. Due to the biomorphoses not only have the carbonate parts of algae been preserved, but also the 
mucous sheaths, to which small particles of clay and grit have adhered. These could be substituted 
by chlorite, mica, kaolinite, but the morphological features can be preserved. 
 

Methods 

 

Fossil algae were studied in transparent sections using a Zeiss Axiophot 2 optical microscope 
equipped with an Olympus C-5060 Wide Zoom digital camera. The samples of the enclosing rock 
were studied using X-ray diffraction on an XRD-7000 (Shimadzu) diffractometer, operated by O. L. 
Galakhova (Laboratory of physical-chemical methods, Institute of Geology and Geochemistry of the 
Ural Branch of Russian Academy of Sciences). 
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Results and discussion 

 

Charophyta 

The samples of 52/99, 50/99, 24/98 with algae fossils were taken on the south-eastern slope of 
Varsonofieva Mountain (Maldynyrd Ridge) (Fig. 1) from altered sandstone in tectonic contact with 
rhyolite of the Maldyn subintrusion. 

In the thin sections, rounded concentrically laminar calcite fossils were discovered. Some features 
observed may be remains of the oospores of charophytes [1]. 

 

Fig. 1. Map showing the locations of samples with algae fossils (red points). 
 

The fossil oospores have a laminated wall structure, with repeated microlayers of calcite, either 
with a concentrically laminar or radiate-fibrous structure, or dark carbonate enriched with organic 
matter are observed (Fig. 2 a). Besides these fossils, the shells of ostracodes, foraminifers, algal 
detritus, and calcispheres indicating the different groups of thanatocoenoses are observed. 

Fossils of Charophyta are usually presented by carbonate remains of oospores, which are usually 
known as gyrogonites [1]. In the base of the gyrogonite is an opening closed by a basal plate [2]. 

In some families of Charophyta gyrogonites are covered with a secondary calcareous shell – 
utricles. 

In the thin sections, gyrogonites and utricles are diagnosed by the microstructure of the shell 
(granularity, color), its thickness, the structure (stratification) of its apex, an opening in the base and  

the form of the basal plate [2]. 
The formation of oospores begins with the organic membrane, which is preserved in fossils, while 

the intermediate microlayers of dark calcite enriched with organic matter are transformed into a thick 
single layer of a radiate-fibrous calcite (Fig. 2 b) during diagenesis. 
 
 
 
 
 
 
 
 
 
 

Varsonofieva Mountain 
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Fig. 2. Fossil algae: (a-b) oospores of Charophyta, sample 24/98: (a) with a multilayered wall, dark layers enriched by 
organic matter and calcite (Ca); (b) with a layer of radiate-fibrous calcite; the silicified remains of green algae; (c-d) green 
algae of the genus Epiphyton Bornemann (sample 8/98) (c) with a bushy branching form of thallus (Al); (d) algae (Al) 
discovered in silicified tabulate corals (Tab) [4] 
 

For the growth of the next calcite layer, the formation of a carbonate-organic dark membrane is 
again necessary. 

Charophyta fossils are characterized by different habitat and burial conditions. They are found in 
clays, limestones and silts, also in fine-grained sandstones with a high content of calcium carbonate. 

Sometimes the rocks mainly composed of the remains of charophytes [1]. It is known that in the 
Devonian sedimentary rocks of the Tien Shan Mountains charophytes occur in the interlayers of rocks 
of lagoon and offshore-marine origin [3]. 

According to the mineral composition of the studied rocks of the central part of the Maldynyrd 
ridge, in which chlorite predominates, it can be assumed that these were initially fine grained, clay-
aleurite sediments. Based on the association of fossils identified, the rocks correspond to the 
carbonate sands of a shoal island zone, probably, of Late Devonian age. 
 

Green algae 

The fossils with the preserved morphological features substituted by quartz, apatite, epidote and 
other minerals occur in the sedimentary and volcanogenic-sedimentary rocks of the Urals. 

The altered rocks of the Sub-Polar Urals (Maldynyrd ridge) contain the silicified algae of the genus 
Epiphyton Bornemann which have a bushy branching form of the thallus (Fig. 2 c, d). Probably the 
bushes were attached by mucus to the surface of a tabulate coral colony [4]. 

The alga has a zoned thallus with short branches, which indicates fast, rhythmical sedimentation. 
These algae can be compared with the extant filamentous algae. They resemble some taxa of the 

genera Rivularia C. Agardh ex Bornet et Flahault, 1886, Desmosiphon Borzì, 1907, Gloeothrichia C. 
Agardh ex Bornet et Flahault, 1886 [1]. Sections of tabulate coral colonies also contained remains of 
fossil green algae. 

http://www.algaebase.org/search/genus/detail/?genus_id=42977
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Thus, sedimentation occurred in the well aerated photic zone with the water of normal oceanic 
salinity without significant contamination (sand, clay). Silicification of fossil algae contributed to 
their better preservation. 

A thin section of a sample of quartz-sericite-chlorite rock of a central part of the Maldynyrd ridge 
(Subpolar Urals) showed some problematic mineralized fossil algae. 

They look like the rounded calcite structures with the chlorite rims (Fig. 3 a) located inside a 
carbonate inclusion. 

Probably, these are Siphonales algae represents a bunch of the lime-secreting tubular siphons. 
Their thalli are cylindrical longitudinal channels, currently filled with secondary calcite. Siphons 

were surrounded by a mucous membrane. 
According to [5], the presence of the slimy surface of the thallus of green algae, i.e., excreting of 

substances through the pores of a protoplast to the cell surfaces that provides protective and 
nourishing functions, can be a permanent feature. Biofilms are usually formed in microbial-algal 
associations [5]. They include protective and nourishing mucous sheaths of bacteria, on which 
authigenic minerals and some trapped particles, including clay, are deposited. Biofilms also contain 
mucous membranes of algal siphons. They could contain clay particles subsequently converted into 
chlorite. 

Samples of altered volcano-sedimentary sequences from the central part of the Maldynyrd Ridge 
contained possible siphonocladalean green algae (Fig. 3 b, c) morphologically similar to Catenaella 

curvata Shuysky, 1987 [1] (Fig. 3 b). Similar algae are studied in the samples of the Middle Devonian 
(Eifelian) limestones on the eastern slope of the Sub-Polar Urals [6]. 

Remains of siphonaceous algae were discovered in the carbon-siliceous rocks of ore-bearing 
volcano-sedimentary series of the Safyanovskoe Copper Deposit (Middle Urals) (Fig. 3 d). Apart 
from the algae fossils, the carbon-siliceous beds of the Safyanovskoe Deposit contain fluorapatite 
shells of Devonian foraminifers similar to the Eifelian-Givetian species Parathurammina aff. 
tamarae L. Petrova, 1981 [7]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Fossil siphonaceous and siphonocladalean algae : (a) accumulation of the rounded shears of thalli (Siphonales) 
filled by calcite (Ca) bordered by chloritic rims (Chl) (sample 104/98); (b) algae substituted by quartz in the calcite 
amygdule, similar to Catenaella curvata Shuysky, Qz – quartz, Ca – calcite; (c) fossil algae with the distinctly visible 
siphons (Sif) in the sections: from – the quartz-sericite-carbonate rocks of the Maldynyrd ridge (Circumpolar Urals) 
(sample 24/96); (d) fossil siphonaceous algae in a carbon-siliceous rock of the Safyanovskoe copper deposit (Middle 
Urals). 
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Remains of foraminifers and green algae show that the marine carbon-siliceous beds of the 
volcano-sedimentary series of the Safyanovskoe Deposit were formed in a photic zone. 

Experimental studies of the hydrothermal substitution of calcite and aragonite by apatite have 
shown that the porosity of the parent substance plays the main role [8]. The uneven seepage of the 
solution in the rock samples also contributes to the state of preservation. With slower and more 
uneven seepage, and incomplete substitution, aleuropelites may contain identifiable fossil fragments, 
which could be damaged during sedimentation. 
 

Conclusions 

 

Thus, the mineral substitution of fossils frequently preserves morphological characters important 
for identification. 

The presence of green and siphonaceous algae in the studied beds show that the initial deposition 
took place in the photic zone (up to 200 m depth) of the sea. Siphonocladalean algae indicate a 
predominantly warm (tropical) climate. The presence of Charophyta usually indicates shallow water.  

Hence it is possible to interpret the host Middle-Upper Devonian rocks as lagoonal or peritidal 
facies. 
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Abstract 

 

This paper describes methods for identifying annual laminations in Middle Permian shales. 
Laminations were studied by analyzing scans of polished samples of shale. Spectral analysis of 

couplets showed harmonic elements with periods that are multiples of 11, indicating the seasonal 
nature of lamination and providing an opportunity for determining the sedimentation rate. 

The sedimentation rate is estimated at 0.15 mm per year and differs significantly from estimates 
obtained earlier. Perhaps not all couplets should be considered annual. The question of which layers 
should be considered as annual and which should not, remains open, and requires further study. 
 

Keywords: annual laminations, depositional cycle, thin-laminated shales, Late Permian, image processing 

 

Introduction 

 

Annual (or seasonal) layering – a special type of periodic layering – is characteristic of many fine-
grained rocks. The best known of these are varves, i.e. layers of lake sediments with contrasting color, 
mineral composition and organic content. The interest in varved lake sediments has increased, 
because of their potential as records for studying environmental and climate variability at a precise 
and high-resolution time-scale [1], [2], [3], [4], [5], [6], [7]. Annual values of minerogenic and organic 
matter accumulation rates can reveal specific information about variability of past processes, and their 
relationship to changing climate. Studies of climate variations using modern lake sediments are 
commonly limited to the Holocene. However, climate changes have also occurred much earlier, and 
little is known about those changes. 

In the meantime, thin-layered rocks older than Holocene age are very common, and their study 
appears reasonable and justified. For example, if one knows the time interval during which the ancient 
sediments were accumulated, one can use it in a paleomagnetic study to determine the periods of 
geomagnetic variations [8], [9]. Correlations between global climate change and geomagnetic 
reversals, in turn, provide important information that assists with development of science and 
scientific knowledge about the evolution of the Earth's core and mantle [10], [11]. 

For this project, thin-layered rocks of Middle Permian age known as Lingula Shale Member 
(Lower Kazanian Substage) were studied. This paper discusses the nature of layers in Lingula Shale 
Member and addresses the methods that can be used to determine the thickness of contrasting layers 
and identify different sedimentation cycles. 
 

Study site and materials 

 

The samples from Lingula Shale Member were taken from the outcrop along the right bank of the 
Kama River, near the mouth of the Tanaika River (55°44’N, 51°51’E, Tatarstan, Russia) (Fig. 1a, b). 

The sediments are of Middle Permian (P2) age. They are thin-layered green-gray calciferous shales 
with reddish-brown and yellow interlayers and can be found in the Ufimian (uppermost Kungurian 
of the International Chronostratigraphic Chart) – Kazanian boundary beds. X-ray diffraction analysis 
and chemical analysis showed that light layers are composed of carbonates (primarily calcite). Dark 

mailto:inna.chernova@kpfu.ru
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layers consist of shale minerals containing organic material. Brown layers are made up of sediments 
enriched with iron oxides and hydroxides (that explains the color). The term “Lingula Shale Member” 
refers to the brachiopod Lingula orientalis Gol., the remains of which are often found in these rocks. 

As an experiment, the sample with the most distinct layering was selected, and an image of its 
polished surface was analyzed (Fig. 1c). To obtain the image, the sample was placed into a scanner. 

Scanning resolution was 1200 dpi (the rest of the settings were left at their defaults, because they 
did not affect the image quality). 

Visually, several layer types can be observed (Fig. 1e): 
• light (almost white) layers about 1 mm thick, usually not even, thinning lengthwise; 
• light layers about 0.1 mm thick (some of them are bright and easily traced along the entire 

sample, others are hardly noticeable); 
• dark layers 0.1-3 mm thick; 
• brownish-yellow and red layers, combining several light and dark interlayers. 

The thickest light layers were on further examination found to be inhomogeneous, formed by 
sequencing white layers 0.07 mm thick, and much thinner dark layers. 
 

Methodology 

 

The task of determining the nature of varves was, initially, solved as a more focused problem of 
distinguishing couplets, determining their number, and measuring the thickness of each couplet. 

There are several image processing applications (including freely distributed ones) that can be of 
use: MultiSpec, ImageJ, Scion Image, etc. Many of them are widely used in biology and medicine. 

There are also commercial software products (such as DendroScan) developed for measuring tree-
ring width and density. Cybis Coordinate Recorder and BMPix and PEAK tools [12] are also often 
used in image analysis and estimation of varve thickness. Some of these software products can be 
tailored to our needs. However, the images used in this project are much more complex than the 
images of annual tree-rings or varves. Therefore, their processing requires a larger tool set. 

ERDAS Imagine has tremendous capabilities for useful-signal isolation, raster compression and 
display, so it was used to process the images of the shale samples and layer thickness evaluation. 
 

Filtering 

Since shale is a soft material, it is impossible to obtain a perfectly flat mirror-like surface when 
grinding and polishing it. 

There are always some scratches and imperfections that produce spots and lines on the final image. 
Uneven scanner lighting also affects image quality. 
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Fig. 1. Study site and materials: (a) study area, (b) studied section part, (c) studied sample, (d) noise free fragment cut 
from the original scan, (e) detailed description of layers. 
 

It is impossible to filter high-level noise like cracks, spots or wide strips on the image without 
losing useful information. Therefore, such areas are not included in the analysis. So, a noise free 
fragment was cut from the original image and further analyzed (Fig. 1d). All further filtering and 
image analysis operations were performed using this fragment only. 

A grinding wheel always leaves slight scratches on the sample’s surface. On the image, they appear 
in the form of circular chaotically oriented lines, which can, however, be filtered out. ERDAS Imagine 
has many tools for image quality enhancement [13]. Of all filtering methods, Fourier transformation 
is best suited to our needs. Experiments with filters have shown that: 
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• a low-pass filter removes “ripples” appearing on the image due to surface imperfections; 
• a rectangular filter enhances the contrast of layer edges; 
• a high-pass filter adjusts the image contrast and emphasizes the boundaries of the light layers; 
• a wedge filter removes noise in the form of subvertical stripes. 

A well-chosen combined filter can significantly improve the original image (Fig. 2). 
 

 

Fig. 2. Main stages of image processing. 
 

Data compression 

The next step of the image processing is principal component analysis (PCA). Prerequisites for the 
use of PCA are as follows. The scanned image is in RGB mode, and all three bands of the image 
contain the same information (this can be seen visually, simply comparing the bands of the image). 

A high correlation coefficient (0.68-0.92) between the bands also indicates information 
redundancy. 

Principal component analysis is a recognized data compression method [13] and has produced 
interesting results.  

The image of the principal components is shown in (Fig. 2). It contains three bands displaying the 
values for the 1st, 2nd and 3rd components, respectively. 

The most important are the two components with a total weight of 99.1% (Table 1). The influence 
of the third component on the values is not significant, so it was excluded from the analysis. 
 

Table 1. Factor-variable correlations (factor loadings). 
Factor-variable correlations (factor loadings) 

Variable Factor 1 Factor 2 Factor 3 
RED 0.59 -0.74 0.32 
GREEN 0.61 0.14 -0.77 
BLUE 0.52 0.65 0.54 
% Total variance 88.6 10.5 0.9 

 
Looking at the 1st component (Fig. 3), its meaning is obvious: the 1st principal component clearly 

shows the sequencing of light and dark layers, i.e. lamination. 
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Fig. 3. Principal component analysis results. 

The second principal component reliably correlates with the oxidation zones. This can be seen 
visually when comparing the images (Fig. 3): dark areas of the 2nd principal component corresponds 
to the areas of dominating red on the original image. This is also evidenced by the high factor loading 
(-0.74) of the 2nd component (Table 1). 

The possibility of defining oxidation zones on the images may be also useful for further studies, 
since there is a perception that oxidation zone formation is a periodic process following an 11-year 
solar cycle [14]. 
 

Thickness of couplets 
Returning to the first principal component: (Fig. 4) shows the distribution of pixel values along 

AB for the original image (on the left) and the first principal component (on the right). It is clear that 
the right graph is more differential and easier to read than the left one. Each spike corresponds to a 
light-colored layer. Therefore, it is quite easy to determine the number of light layers, their location, 
as well as to differentiate them by brightness (it should be noted here that this term does not imply 
spectral brightness; it is referred to the values of the first principal component on the basis of which 
the pixels were classified, so the word “brightness” is used for convenience, since the larger the value 
of the principal component, the more vivid a color the pixel obtains). 
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Fig. 4. Original (on the left) and processed images (on the right). 
 
A detailed comparison of the original image and the 1st principal component showed that image 

processing cuts a very small number of light layers from the image. These are the layers with almost 
the same brightness as the dark ones. 

Further calculations are simple mathematical procedures. Because the bedding is horizontal, each 
raster column can be used as an input to calculate the number of couplets and determine their total 
thickness: differences in the neighboring spikes’ dH coordinates (Fig. 4) give the thickness of a 
couplet in pixels. In most cases, the layers are interrupted by gaps along their entire length (this 
happens because pixels representing the same layer can be bright in one place and dark in another 
despite their location – on the same horizontal line). Therefore, in order to cover all the layers, mean 
pixel values calculated for each row of the raster were used. Knowing the number of millimeters in a 
pixel enables one to determine the thickness of a couplet. 

The results of the calculations are as follows: there are 453 couplets in a sample 7.2 cm thick. The 
average thickness of the couplet is 0.15 mm. 
 

Results and discussions 

 

The area in (Fig. 1a) was located at ≈20-30° latitude during the Late Permian, so the sedimentation 
process took place in a warm climate that had no winter [15]. We believe that in arid climates, lighter 
layers (chemogenic) formed during dry seasons, while darker ones (consisting of clay and organic 
material) accumulated during rainy seasons. Brown interlayers indicate that sometimes (maybe 
periodically) sedimentation took place under oxidizing conditions. 

Assuming that a couplet of light and dark layers represents a seasonal cycle of sedimentation 
(driven by annual climate variations), the number of such couplets gives the number of years captured 
in the studied sequence. The laminations can be not only of a seasonal nature, but may also relate to 
local climate features, geomorphology and other factors. It is also possible that dry and rainy seasons 
repeated many times within a year, or rainy seasons occurred once every few years. Therefore, the 
problem of identifying the nature of lamination in the Lingula Shales still stands. 

The seasonal nature of laminations, if proved, is sufficient for sedimentation rate evaluation. 
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The most common, simple and reliable way of proving it is finding a correlation between 
laminations and climatic changes or solar activity. A more feasible approach for varved records is to 
detect periodicities in time series that can be matched to well-known solar cycles, like the 11-year 
Schwabe, the 22-year Hale or the 80-90-year Gleisberg cycles) [9]. 

Solar cycles of ≈5.5 and ≈8.5 years are also well known. Undoubtedly, all these cycles are reflected 
in the sediments. In modern lake sediments, the following cycles were observed: 2.6-3.3 years, 5-5.9 
years, 10.6-12.6 years. A detailed study of microlaminations in sedimentary rocks of various ages 
indicates that 11-year cycles are most vividly reflected in seasonal microlaminations. These cycles’ 
duration in the Phanerozoic was quite constant: from ≈10 to ≈13 years. This is a fundamental feature 
in proving the seasonal nature of microlaminations. Periodical variations in the thickness of couplets 
(repeated every ≈10-13 couplets) indicates the seasonal nature of laminations and provides 
opportunities for determining the sedimentation rate. The calculations usually have a 15-20% margin 
of error, which is close to the required level for determining the periods of secular geomagnetic 
variations. 

The maximum entropy method (MEM) [16] was used for spectral analysis of the couplet thickness. 
In contrast to the Fourier, MEM is more suitable for identifying short-term cycles within small 

data sets. On the MEM spectrum (Fig. 5), in a high-frequency band, variations 0.15 mm per year, 
considering all the layers. Based on general ideas about the accumulation rates for such sediments, 
this value is very small, and it differs significantly from estimates obtained earlier [14]. Although the 
spectral analysis of the couplet thickness showed harmonics with periods that are multiples of 11, not 
all couplets should be considered annual. 

Assuming that the layer brightness is an indicator of certain sedimentary environments, 
classification of the layers by their brightness can greatly help in the interpretation of results. 
 

 

Fig. 5. Maximum entropy method spectrum. 
 

The brightness values vary from 0 to 57. Dividing the entire range of values into equal intervals 
(0-10, 10-20, 20-30, 30-40, 40-50 and 50+) reveals that starting from the 20-30 interval the number 
of layers falling into each interval increases by 10 times. Selecting this interval as a threshold for 
classification allows the layers to be divided into 2 groups. The first group includes the brightest 
layers. They comprise ≈1/6 of all layers. The other group includes all the rest (their brightness is 2-5 
times less than the brightness of the first group). 

If the layers of the first group are considered to be seasonal ones, and the rest represent noise not 
related to seasonal climate variations, the estimate of sedimentation rate would be 1 mm per year, 
which is more believable. 

Thus, the question of which layers should be considered annual and which should not, remains 
open and requires further study. 
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Conclusions 

 
The proposed method for studying laminations produced satisfactory results and has a number of 

advantages: 
1) two-dimensional Fourier filtering improves the original image significantly, which simplifies 

the recognition of microlaminations. Thus, the problem is solved without loss of useful 
information. 

2) original image derivatives obtained using the principal component analysis showed that the 
sediment coloring depends on 2 factors: sediment composition and climatic conditions, which 
is quite obvious. However, the very fact that the sediment color can be divided into 
components relating to 2 types of laminations of different scales and natures is of scientific 
interest. 

It is also clear that it is much harder to determine the nature of laminations in ancient sediments 
than to reveal seasonal layers in modern lake sediments. To reveal short-period paleoclimatic 
variations, detailed mineralogical, magnetic and isotope (oxygen and carbon) studies are needed. 
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Abstract 

 
The present work discusses the origin of grain-size markers used for identification of the Ufimian 

and Lower Kazanian sediments within the Karkali section (south of Tatarstan) using histograms, 
cumulative curves, statistical values (asymmetry, excess, sorting) and a genetic diagram. The markers 
obtained confirm the deltaic origin of the Ufimian formation as well as shallow-marine genesis of the 
Lower Kazanian deposits. 
 
Keywords: Ufimian and Lower Kazanian sandstones, grain size analysis 
 

Introduction 

 
The area under consideration is located in the basin of Sheshma and Inesh Rivers and includes 

outcrops of Ufimian – Lower Kazanian deposits (Fig. 1). 
Paleogeographic conditions of the research area include deltaic Ufimian deposits and shallow-

marine Kazanian deposits (e.g. [1], [2]). 
Red clays and sandstones of the Sheshmian Horizon of the Ufimian Stage are exposed on the 

surface in the lower part of the right slope of the Sheshma River, near the road between Karkali and 
Shugurovo. They are transgressively overlain by marine carbonate-terrigenous sediments of Lower 
Kazan Substage. In this paper, the granulometric characteristics of the Ufimian – Lower Kazanian 
sequence are described, represented by packages 1-8 (Fig. 1). According to (e.g. [1], [2]), the 
description of these packages is as follows: 

Package 1. Sandstone: brownish-red, polymictic, calcareous-muddy, fine-grained and medium-
grained, cross-bedded or with disorderly structure, solid. Clastic grains: effusive rock (50%), quartz 
(35%), feldspar (10%) and sporadic flakes of biotite. Most grains are coated with a film of iron 
hydroxide. Thickness (visible) 5.0 m. 

Package 2. Sandstone: from brownish greenish-grey in the lower part to light greenish-grey in the 
upper part; fine-grained (0.1-0.25 mm), polymictic, cross-bedded, solid. Clastic grains: effusive rock 
(35%), quartz (50%), feldspar (10%) and sporadic flakes of biotite. Quartz grains are slightly 
corroded, isometric, angular and subrounded. The uppermost part of the bed (0.1m) is represented by 
light-grey calcareous solid sandstones textured by branching fissures of desiccation. Thickness 2.0 
m. 

Package 3. Limestone: pinkish-grey, grey, fine-grained, solid, with numerous small branched 
columns resembling micro-stromatolites. The columns are filled by sessile foraminifers Tolypammina 
sp. The bed top is uneven and contains rare marine bivalves. In the uppermost part of package 3, the 
sandstone is greenish-gray, lighter, solid, fine-grained polymictic (0.03 cm). Thickness 0.1 m. 

Package 4. Shale: greenish-grey, calcareous, soft, flexible, with numerous (up to 40% of bulk 
rock) well preserved shells of brachiopods and fragments of branched bryozoans. Top part of the 
formation has a layer of gray calcareous, fine-grained polymictic sandstone (2 cm) with rare 
brachiopod shells. Thickness 0.35 m. 

mailto:E
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Package 5. Limestone: grey and dark-grey with slight reddish and greenish tints, fine-grained, 
solid. The top surface is uneven which is caused by the shells of Dielasma in situ (hence the name 
“Dielasmovyi izvestnyak” – “Dielasma Limestone”) and small algal-microbial mound. 

Some bedding planes contain assemblages of foraminifers, ostracodes, gastropods, brachiopods 
and fragments of branches of bryozoans. Thickness 0.05 m. 

Package 6. Shale: grey and dark-grey with slight greenish and yellowish tints, thinly bedded, platy. 
Thin interbeds (5 cm) of concretionary limestones and marls occur at different levels. From the 
bottom to top, the lamination changes from thinly to medium and thick bedded. Some bedding planes 
contain assemblages of marine ostracodes, inarticulate brachiopods of the genus Lingula, bivalves, 
branched and fenestrated bryozoans and charred plant debris. The lowermost part of the package 
contains brachiopods and conodonts. Thickness 13.0 m. 

Package 7. Limestone: yellowish-grey, bioclastic, coquina, medium-bedded, with numerous small 
foraminifers, ostracodes, gastropods, brachiopods. In some places the rock is overwhelmed with 
brachiopod spines (hence the name “Spiny Limestone”). Thickness 1.0 m. 

Package 8. Alternation of yellowish-grey sandstones, medium-bedded marls, limestones and 
mudstones. Several bedding planes contain pavements of brachiopods. The rock also contains 
ostracodes, bivalves and brachiopods. Some bedding planes contain only charred plant fragments 
with rare Lingula, while others contain only subhorizontal trace fossils and plant debris. Thickness 
11.7 m 
In the present study, in order to obtain sedimentation environment grain-size markers, 28 samples of 
sandstones from sandy interlayers no. 1-8 were subjected to grain-size analysis by a mechanical sieve 
method to a fraction of 0.025 mm. Three samples were obtained from the Ufimian formation (Nos. 
1, 2, 9), and other samples were taken from the Lower Kazanian formation (Figs. 1, 2). 
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Fig. 1. Composite section of the Lower Kazan sediments in the basin of the Sheshma and Inesh Rivers. 
Karkali section [2]. Legend: (1) sandstone, (2) siltstone, (3) siltstone and sandstone, (4) clay, (5) limestone, (6) carbonate 
rocks with stromatolites and algae, (7) coquinae limestones, (8) bioturbation, (9) vertical strokes, (10) shell pavement, 
(11) horizontal bedding, (12) diagonal bedding, (13) fissures of desiccation, (14) marine ostracodes, (15) bivalves, (16) 
brachiopods, (17) branched and fenestrated bryozoans, (18) conodonts, (19) foraminifers, (20) plant debris; 
Environments: I-Delta, II-Regression. Shallow water. Littoral, III-Shallow water. Littoral, V-Transgression. Sublittoral. 
Below base of waves. 
 

Results 

 

Graphical processing of grain-size analysis data according to the methodology described in [3] 
allowed us to construct histograms and cumulative curves of the grain composition in order to study 
and determine the changes in rock characteristics along the section. 

The following main granulometric characteristics were calculated: asymmetry (A), measures of 
excess (E), median (Md), sorting factor (S0) and asymmetry coefficient (Sk). 

According to [4], samples from Ufimian sediments refer to riverbed, point bar and delta 
environments by the values of the sort factor of 1.22-2 (average median 0.22) and the average 
asymmetry value of -0.48. Samples from the Lower Kazanian deposits refer to the shallow-marine 

https://www.multitran.ru/c/m.exe?t=2299922_1_2&s1=%E1%E8%EE%F2%F3%F0%E1%E0%F6%E8%FF
https://www.multitran.ru/c/m.exe?t=1057917_1_2&s1=%F4%EE%F0%E0%EC%E8%ED%E8%F4%E5%F0%E0
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sediments of the tidal and the shelf zones (average asymmetry coefficient value of 0.65÷1.3, poor 
sorting and asymmetry – average value of 0.28). 

 According to [5], most of the samples belong to the coastal-marine facies zone (average measures 
of excess value of -0.68÷-1.46, average asymmetry value of -0.01÷-0.66): turbidity and channel 
flows, coastline. 

(Fig. 2) shows the genesis of sandstones according to [3], [5] for all samples taken from package 
No.1-8, which is consistent with the genetic interpretation presented in (e.g. [1], [2]). 

 

Fig. 2. Genetic interpretation according to (e.g. [3], [5]). Legend: (1) Littoral or delta environments; (2) Delta 
environment; (3) Littoral environment. Above fair-weather wave base. 
 
Conclusions 

 

The grain-size markers studied from the sandy interbeds of the Ufimian – Lower Kazanian 
sequence of the Karkali section confirm that the Ufimian deposits were formed in the conditions of 
river channels and deltas (values of the sort factor of 1.22-2 and the average asymmetry value of –
0.48), while the Lower Kazanian deposits were formed in shallow marine sediments of the tidal and 
the shelf zones (average asymmetry coefficient value of 0.65÷1.3, poor sorting and asymmetry – 
average value of 0.28). All samples belong to the coastal-marine facies zone: turbidity and channel 
flows, and coastline. 
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Abstract 

 

The most pernicious consequence of Early Aptian Oceanic anoxic event 1a (OAE-1a) in the north-
eastern Peri-Tethys for benthic and plankton fauna was widespread contamination by toxic metals, 
which can be regarded as one of the main causes of biota distress and even their total disappearance. 

The extent of contamination the low Aptian bituminous rocks by ten toxic metals (As, Cd, Se, Pb, 
Zn, Ni, Mo, Cu, V, and W) was evaluated and compared with the results from the upper Jurassic 
black shales. High-carbon sediments of the low Aptian Ulyanovsk Fm are considered to be of very 
high contamination, as the cumulative toxic effect of the selected metals exceeds four times the 
currently permissible level. 
 

Keywords: black shales, Oceanic anoxic events, toxic metals, Early Aptian, Volgian, Russian platform, Siberian Platform 

 

Introduction 

 
As anoxic events have been well studied and described in many studies, the general presentation 

of the consequences of these events is characterized by: (a) a climatic maximum, leading to extensive 
transgressions and the migration of biophilic elements from the continent to the ocean leading to a 
significant increase in the oceanic productivity; (b) stagnation of hydrodynamic regime of basins and 
stratification of water masses; (c) decrease in dissolved oxygen in the water; and (d) conditions under 
which organic matter (OM) does not dissolve and persist in the sediment arise [1]. 

In addition to the above-mentioned consequences, it should be mentioned that the most pernicious 
outcome for benthic and plankton fauna was widespread hydrogen sulfide and toxic metal 
contamination in anoxic basins, i.e., very toxic conditions in which marine biota could not exist [2]. 

The problem to solve was to estimate the extent of contamination in the low Aptian bituminous 
rocks during the OAE- 1a in the north-eastern Peri-Tethys and to compare the results with those in 
the upper Jurassic black shales from the north-eastern Peri-Tethys and the West Siberian basin. 
 

Geologic setting, chronostratigraphy and paleogeography 

 

Samples of bituminous rocks from two anoxic levels (the Early Aptian Ulyanovsk Formation (Fm) 
and the Mid Volgian Promzino Fm) from the Tatar-Shatrashany borehole (eastern Russian Platform) 
and from the Volgian Bazhenov Fm from Borehole 8227 (West Siberian Platform) were studied, to 
address the problem under discussion. 

The Tatar-Shatrashany borehole is located on the northeastern Peri-Tethys within a strait 
connecting the Ocean with the Boreal-Arctic Sea in the Mid Volgian (Late Tithonian) and in the Early 
Aptian. The borehole 8227 is situated within the Krasnoleninsk petroleum deposit in the West 
Siberian basin, the largest petroleum basin in the world, covering an area between the Ural Mountains 
and the Yenisei River. 
 

https://www.multitran.ru/c/m.exe?t=3372312_1_2&s1=%EF%EE%EB%ED%EE%E5%20%E8%F1%F7%E5%E7%ED%EE%E2%E5%ED%E8%E5
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Results and discussions 

 

Geochemical data 

According to the ICP-MS results obtained from 60 samples, the mean concentrations of toxic trace 
elements in black shales from the Ulyanovsk Fm in comparison with those in black shales from the 
upper Jurassic-lower Cretaceous Bazhenov Fm (Western Siberia), upper Jurassic Promzino Fm 
(Russian Platform), modern Black Sea sapropels [3], and average terrigenous black shales [4], are 
obtained. Concentrations of trace elements As, Cd, Se, Pb, Zn, Ni, Mo, Cu, V, and W were chosen 
for further handling based on the Russian general toxicological standard for soils [5] as these elements 
are classified as highly hazardous (As, Cd, Se, Pb, Zn), moderately hazardous (Ni, Mo, Cu), and low 
hazardous (V, W) metals [6] (Table 1). 

 

Table 1. Mean concentrations of toxic elements accumulated in black shales (above the line, in ppm), Enrichment 
factors (under the line, in bold) and Enrichment index Zc. 

 
The extent of the toxic level of each element is evaluated by comparison between the mean 

concentration of the element and that of average mudrocks (clay rocks, according to Grigor’ev [8]). 
Mudrocks were considered due to the prevalence of mudrocks in the lithology of the studied 

successions, including black shales, abounding in benthic microfauna [9]. 
The enrichment factor values (EF) obtained are shown in (Table 1) and in (Fig. 1). Regarding the 

Ulyanovsk black shales, the mean concentrations of most selected elements (As, Cd, Se, Pb, Zn, Ni, 
Cu, V) are 1.19-2.79 times higher than those in the clay rocks [8]. It is noteworthy that the mean 
concentration of Mo is 64.35 times higher in black shales from the Ulyanovsk Fm (103 ppm) than it 
is in clay rocks (1.6 ppm). This means the highest level of toxicity of the rocks studied is due to a 
very high concentration of Mo. Similar enrichment in Mo is reported to be observed in lower 
Cambrian black shales in southern China [10]. 
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Fig. 1. Enrichment factors of toxic metals in Ulyanovsk black shales normalized by element concentrations in 

average clay rocks [8] in comparison with several black shales (see the Legend above). 
 

The visual representations of the EF calculated for selected black shales show approximate 
similarity, except the picture for the Bazhenov black shales. Unlike other selected black shales, the 
Bazhenov black shales contain the highest As (EF- 5.02), Zn (6.47), and Cu (17.72) concentrations 
(Table 1) probably due to the intense influx from the Westward Ural mountain range abounding in 
ore deposits and existing favorable conditions for organometallic complexes in an anoxic 
environment. 

The cumulative toxic effects of selected elements are evaluated by calculating the Enrichment 
index values (Zc) for all the black shales compared. This is provided by the Saet equation (1) [11]: 

(1), 
 
where n is the number of analyzed elements; Cblackshale – means element concentration in the black 
shales of the studied Formations; Cclayrock – means element concentration in the clay rocks [8]. 

The results obtained are shown in Table 1. According to [11], [12], the following categories of 
total soil contamination are recognized (Table 2). 
 

Table 2. Categories of total soil contamination [11], [12]. 
 
 
 
 
 
 

According to the Zc values obtained, the highest level of toxicity is found in the Ulyanovsk black 
shales (Zc – 72.3) and it is a little lower than that in the modern Black Sea sapropels (89.7). 

Both sediments are regarded as unsuitable for benthic fauna, due to very high environmental 
toxicity. 

Contamination category of soils Zc 
Permissible 1-8 
Low 8-16 
Average 16-32 
High 32-64 
Very high 64-128 

 

1) -(n   - )/C(Z clayrockc = n blackshaleC

https://www.multitran.ru/c/m.exe?t=3237718_1_2&s1=%E2%E8%E7%F3%E0%EB%E8%E7%E0%F6%E8%FF
https://www.multitran.ru/c/m.exe?t=7301932_1_2&s1=%E2%20%EE%F2%EB%E8%F7%E8%E5%20%EE%F2%20%E4%F0%F3%E3%E8%F5
https://www.multitran.ru/c/m.exe?t=6111930_1_2
https://www.multitran.ru/c/m.exe?t=5820865_1_2&s1=%EE%F0%E3%E0%ED%EE%EC%E5%F2%E0%EB%EB%E8%F7%E5%F1%EA%E8%E9%20%EA%EE%EC%EF%EB%E5%EA%F1
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In comparison with other selected black shales, the Bazhenov black shales (Zc – 35.05) can be 
regarded as sediments with high toxicity wherein normal existence of sea floor inhabitants is next to 
impossible. Only the Promzino sediments (Zc – 3.78) appear to be suitable and favorable for benthic 
inhabitants. 
 
Conclusions 

 
Toxic environments are reconstructed during the OAE-1a in the northeastern Peri-Tethys. High-

carbon sediments of the low Aptian Ulyanovsk Fm are considered to be of very high contamination 
as cumulative toxic effect of ten selected metals exceeds 4 times the permissible level for soils. The 
combination of a toxic background with absence of oxygen could therefore result in conditions 
unsuitable for benthic fauna dwelling. 

The Bazhenov black shales can be regarded as sediments with high toxicity wherein normal living 
of inhabitants of the sea floor is also impossible. 

The Promzino black shales were probably suitable and favorable for benthic inhabitants. 
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Abstract 

 

Data on the structure of the Kungurian salt-bearing series and on the mineral compositions of 
polyhalite ores from the Sharlyk field have been refined. The section of the halogenic series comprises 
polymineral varieties with various contents of rock-forming minerals – halite, anhydrite, dolomite 
and polyhalite. Potassium salts are represented by polyhalite with K2О contents from 6 to 13%. 

This is present mostly as admixtures in anhydrites and rock salts; less frequently, it makes nearly 
monomineral interbeds among them. In the Sharlyk field, the major practical interest lies with the 
polyhalite–enriched marker beds: f1p – interlayering rock salt and polyhalite, rarely sylvinites, and 
f1 – interbedded polyhalite and anhydrite. 
 

Keywords: potassium–sulfate salts, polyhalite, Sharlyk field, Caspian Depression, Kungurian stage 

 

Introduction 

 

At present, potassium salts are mined mostly in the form of chloride varieties. In 2013, however, 
the export of potassium-chloride raw materials from the mined fields (Verkhnekamskoye, 
Narimanovskoye, Svetloyarskoye, Gremyachinskoye, Nepskoye) was almost 30% lower than in the 
previous year. Moreover, potash-chloride fertilizers, resulting from processing, tend to be 
incompatible with agriculture that is sensitive to high chlorine contents. Sulfate-potassium and 
sulfate-potassium-magnesium fertilizers prove to be more efficient in this case. A certain increase of 
their production has been noticed in recent years. Recovery of chlorine-free potassium ores is 
hindered by the limited scale of their geological occurrence and by various technical-economic 
reasons. To solve the specified problems, the priority objects for mining potassium-sulfate polyhalite 
ores should be selected. The highly prospective Sharlyk field may be regarded as the priority object 
for polyhalite exploration. Geostructurally, the area refers to the southeastern margin of the East 
European Platform within the East Orenburg swell-like elevation of the Volga-Ural Anteclise, with 
its eastern border adjacent to the Cis-Uralian marginal trough [1]. 
 

Stratification of the salt-bearing series 
Potassium-bearing sulfate-halogenic rocks of the Irenian Horizon (Kungurian Stage) have been 

studied in prospect-appraisal wells 1 and 2. A productive polyhalite horizon has been revealed in 
intervals of 663-688 m and 830-842 m, respectively. According to Tikhvinsky’s chart [4], 13 cycles 
of salt accumulation and, correspondingly, strata of rock salt and potassium salts are distinguished. 

The first layer is assigned to the Lower Irenian subhorizon, all the rest – to the Upper Irenian one. 
The first cycle was named the Ulagan layer, the II-VI – the Elton beds, the VII-IX – the Chelkar, 

X-XIII – the Indenbor beds. The salt-bearing series is overlain by covering anhydrite (roofing 
anhydrite). 6 sedimentation cycles are recognized in the Upper Irenian subhorizon within the Sharlyk 
area. According to Tikhvinsky’s chart, the first cycle corresponds to the Ulagan beds, the II-VI cycles 
– to the Elton ones (Fig. 1). 
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Division of the Permian deposits, specifically of the carbonate-sulfate and the Kungurian salt-
bearing series, was made by means of the rhythmic-stratigraphic chart, developed in the NVNIIGG 
by Yu. A. Pisarenko [2]. The Kungurian salt-bearing series has been paleontologically studied from 
spore-pollen assemblages. It has been dated back to the Irenian. The salt-bearing series is 
rhythmically structured due to interlayering sulfate–carbonate, sulfate, halite, potassium and 
magnesium rocks. The distinguished formations (rhythmic members) – the Volgograd, Balyklei, 
Lugovskoye, Pogozhskoye, Antipovka and Pigarevskoye – correspond to regressive cycles of 
sedimentation (Fig.1). Mostly sulfate and sulfate–carbonate rocks from transgressive sedimentation 
cycles are determined in the bases of the rhythms, while potassium and magnesium beds of regressive 
stages are recognized in the roofs. 
 

Fig. 1. Principal chart for comparing cycles and beds according to I. N. Tikhvinsky [4] with the units (formations) 
proposed in Yu. A. Pisarenko’s [2] chart. Legend: 1-9 massive material: (1) carbonate of lime, magnesian lime, (2) 
anhydrite with interbeds of terrigenous material, (3) salt rock, (4) sylvinite-carnallite, (5) gypsum-anhydrite, (6) 
terrigenous, (7) anhydrite with interbedded polyhalite, (8) potassium-magnesium salt, (9) magnesium salts (bischofite). 
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Research result 

 
The Balyklei rhythmic member  

The Balyklei rhythmic member (the Ulagan beds, I cycle according to I.N. Tikhvinsky, fig.1) 
consists of two structural units. The lower part at its base is generally represented by a 5-10 m thick 
layer of anhydrite-polyhalite composition (datum mark f1), grading upwards into a halite-polyhalite 
layer (marker f1р). The entire zone is peculiar for the marker gamma log characteristics. In various 
parts of the Sharlyk field, the anhydrite layer is characterized by diverse ratios of admixtures of halite, 
dolomite, polyhalite, bituminous substance and by a diversity of textural features.  

Streaks and intercalations of grayish white rock salt, from 1-5 to 60 cm thick, occur in the lower 
half of the interval. Anhydrite sampling in well № 2, from the 840-850 m depth interval, has shown 
the content of anhydrite to be from 87.3 to 88.2%; halite admixtures comprise from 1.8 to 4.9%, 
dolomite – from 0.2 to 2.9%, polyhalite – from 0.3 to 1.2% and kieserite – up to 3%. In wells № 1 
and 2, at the base of the stratum, a layer of halite-polyhalite rock occurs – light gray, pinkish-gray 
and gray, of brecciform and porphyric structure due to the occurrences of streaks, lenticules, 
concretions and inclusions of halite, polyhalite and anhydrite minerals in various combinations. Light 
gray, pelitomorphic, tight polyhalite occasionally forms kinked or curvy streaks that join to make 
interbeds as thick as 1.0 to 5-10 сm, less frequently up to 20-30 сm. The rock salt is dull pinkish gray, 
rarely translucent, from fine to coarsely crystalline, with veinlets around large crystals of polyhalite 
and, less frequently, of anhydrite, up to 1 mm thick. The laminated structure is visible due to variously 
colored halite streaks and interbeds, from 2–3 to 10 cm thick. According to the data of chemical 
sampling of the salt bed, the contents of polyhalite there vary within a wide range, from 25.4 to 76.4%, 
those of halite – from 8.3 to 69.3%, of anhydrite – from 0 to 28.8%. The polyhalite content reduces 
rapidly upwards in the section from 17.7 to 0.15% due to the increasing role of halite and, to a lesser 
extent, of anhydrite (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Mineral composition of rocks of the Irenian horizon, %. А – Well 1, В – Well 2. Marker bed: f1, f1p, f2, f3 – the 
Balyklei Formation, g1, g1

1, – the lower part of the Lugovskoye Formation, g3 – the upper part of the Lugovskoye 
Formation, h1, h2 – the Pogozhskoye Formation, i1, i2-3 – the Antipovka Formation, k1, k2 – the Pigarevka Formation. 
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The markers characteristics of those zones are traceable quite reliably in the majority of wells over 
the Orenburg Region. The Sharlyk polyhalite field is associated with those marker beds. The f1p 
marker represents mostly rock salt interlayered with polyhalite, less frequently, with sylvinites; 
marker f1 – interbeds of polyhalite and anhydrite. 

The bottom of the f1p marker makes the bottom of the salt-bearing series of the Balyklei rhythmic 
member and of the salt-bearing series as a whole (when the Volgograd Formation is not available). 

The f1а marker is represented by interlayering anhydrites and rock salt. The former ones dominate 
in the lower part of the marker, which is clearly determined by sonic logging. Markers f2 and f3 are 
represented by rock salt enriched with polyhalite, less frequently, with sylvinite. 
 

The Lugovskoye rhythmic member 

The Lugovskoye rhythmic member (Elton beds, cycles II and III). The base of the formation 
comprises a characteristic marker – “double” or “paired” anhydrite (g1), readily traceable in the 
western and northern fringes of the Caspian Depression. The lower bed is represented by frequently 
alternating 1-3 mm thick interbeds of clayey dolomite and anhydrite. The upper bed is composed of 
fine-grained light anhydrite. In some cases, especially in the zone of facies wedge–out of the 
rhythmic-member salts, the g1 marker unites into one stratum. According to I.N. Tikhvinsky, this 
marker is identified as the chief anhydrite one. The anhydrite contents in the bed varies in the range 
of 65.8-97.4%, the amount of halite admixture changes from 0.4 to 21.0%, that of dolomite – from 
1.6 to 6.9%, of polyhalite – from 0.2 to 3.1%, of kieserite – from 0 to 2.8%. In the anhydrite-halite 
rock, the content of anhydrite varies between 13.0 and 36.2%, that of halite – from 59.0 to 77.2%, of 
dolomite – from 0.3 to 2.4%, of kieserite – from 0.8 to 2.9% and of polyhalite – from 0.7 to 0.9% 
(Fig. 2). 

The rock salt that divides the beds and makes up the rhythmic member is represented by coarse-
crystalline translucent halite varieties (70-80%) with anhydrite interbeds. The upper part of the 
formation is enriched in carnallite-polyhalite rock that makes up the g3 marker, clearly traceable from 
the well logging data. 

The g11 marker is frequently recognized from reduced values of neutron gamma logging, lateral 
logging and sonic logging. In this marker, the rock salt is enriched with interbeds and beds of 
anhydrite, or rarely of polyhalite. In the north of the Orenburg Region, rocks in that interval are almost 
entirely substituted with anhydrites. The Lugovskaya rhythmic member is observed there, frequently 
composed of anhydrites with polyhalite interbeds. Meanwhile, that zone comprises the h1 marker of 
the Pogozhskoe rhythmic member, as well. 
 

The Pogozhskoye rhythmic member 

The Pogozhskoye rhythmic member (Elton Beds, cycle IV). A 8-15 m thick dolomite-anhydrite 
layer (h1 marker) lies in the base. The contents of anhydrite in the relatively homogenous anhydrite 
beds vary from 78.2 to 93.0%, those of halite – from 0.2 to 3.9% and of dolomite – from 0 to 4.3%. 

In the anhydrite-halite and halite-anhydrite rocks, the contents of anhydrite vary from 27.8 to 
81.7%, those of halite – from 4.7 to 67.5%, dolomite – from 0.4 to 4.3%, kieserite – from 0.6 to 7%, 
polyhalite – from 0.3 to 2.8% (Fig. 2). 

The h1 bed is overlain with rock salt peculiar for alternating light fine–grained and dark coarse-
grained (3-4 cm) halite varieties. Higher in the section, the h1

1 reference stratum is recognized, 
registered from decreasing values of neutron gamma logs and represented by rock salt with increased 
content of anhydrite, occasionally, of polyhalite. The bed of rock salt is relatively consistent in its 
mineral composition. The rock salt is light gray, grayish white, or gray in some interbeds, fine to 
coarse-crystalline, with thin parallel, undulating and discontinuous anhydrite streaks, 1 to 4 mm thick, 
producing a lamellar structure. 3-10 cm thick interbeds with admixtures of dark-gray clayey and 
bituminous substance occur; those account for the laminated structure. Interbeds of mottled salt result 
from irregular crystallization and various admixtures. Halite contents vary from 78.8 to 94.4%, 
anhydrite – from 0.5 to 12.8%, dolomite – from 0.1 to 1.2%. Minor polyhalite admixture is recorded 
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in wells No 1 – up to 5.5% and № 2 – up to 0.9% (Fig. 2). Sylvinite and carnallite presence is probable 
in the uppermost part of the rhythmic member in other parts of the field (h2 marker). 
 

The Antipovka rhythmic member 

The Antipovka rhythmic member (Elton beds, cycle V). The rhythmic member starts with the 3-7 
m thick anhydrite-dolomite bed (i1). The anhydrite contents vary from 72.8 to 88.9%, those of halite 
– from 1.4 to 7.1%, of dolomite – from 1.0 to 11.3%, of kieserite – from 0 to 3.3%. 

The rock salt, occurring higher in the section, is represented by semi-translucent, medium, 
occasionally coarse-gained varieties. As for the core material, higher sulfate contents in the rock salt 
are recorded, as compared to the above–described rhythmic members. Sulphates in the rock salt 
appear as clear 1-3 mm thick interbeds; those make packets, 1-2 cm, rarely 3-4 cm thick. Higher in 
the section, the i2 and i3 marker beds are specified. Those are represented by carnallite-sylvinite rock, 
occasionally enriched in kieserite and polyhalite. The i3 marker often has high gamma log values and 
background neutron-gamma log values, which is indicative of sylvinite composition. 
 

The Pigarevka rhythmic member 

The Pigarevka Formation (Elton beds, cycle VI). The basal bed of the formation (k1), 7-17 m 
thick, is represented by dolomite-anhydrite rock, frequently with an admixture of terrigenous 
material. The rock salt in the formation lower part is represented mostly by alternating light, semi-
translucent, medium-grained rock salt and coarse-grained spathic halite fringed with sulfate material. 

The salt grain sizes decrease upwards in the section. Like the underlying Antipovka Formation, 
the salt saturation with sulfate material may be as high as 25-50%. An anhydrite layer (k1

1), up to 10-
15 m thick, occasionally appears in the middle part of the formation. The section of the Upper Irenian 
Horizon terminates with an anhydrite series. The anhydrite is gray, light gray, bluish gray, 
cryptocrystalline, with dolomite and aleurolite admixtures, numerous fractures filled with clayey-
dolomite and gypsum material, with rare caverns from dissolved inclusions of rock salt. The rock 
contents of anhydrite vary from 73.2 to 92.6%, of dolomite – from 2.0 to 12.1%, of halite – from 0.1 
to 0.6%. 
 
Conclusions 

 
Thus, the cyclic character of sedimentation of the Kungurian halogenic series allows the sections 

from various structural-formation zones of the western Orenburg Region and of the Peri-Caspian 
Depression to be correlated. In the halogen-bearing sections, the sedimentation cycles that comprise 
potassium mineralization are regarded as complete depositional cycles. In the Sharlyk Field, those 
include the Balyklei (Ulagan beds, cycle I), Pogozhskoye (Elton beds, cycle IV) and Antipovka (Elton 
beds, cycle V) formations. 

The following polyhalite-enriched marker beds are of primary practical interest in the Sharlyk 
Field: f1p – alternating rock salt and polyhalite, rarely sylvinites, and f1 – alternating polyhalite and 
anhydrite. 

The paleogeographic setting during salt accumulation was favorable for potassium salt 
accumulation. Analysis of the lithological-facies features reveals the source areas providing for the 
halogen basin and discharging hypergenic waters. Sea water came from the northwest, from the 
northern Boreal Basin, while hypergenic water arrived from the elevated areas of the Tatar and the 
Zhiguli-Orenburg swells, which were eroded and enriched the water with halogenic components. 

It was the inflow of marine solutions of hypergenic waters enriched in potassium, calcium and 
sulfate-ions, that has led to polyhalite deposition within the Sharlyk Field. This is also indicated by 
geochemical signals, in particular, by the bromine/chlorine ratio calculated from bromine and 
chlorine contents in polyhalite monomineral fractions. According to the X-ray fluorescence analysis, 
the bromine/chlorine ratio in polyhalite varies from 1.98 to 2.75, which corresponds to the initial 
potassium stage of crystallization [3]. 



© Filodiritto Editore – Proceedings 

349 

The research refined the data on the structure of productive intervals of polyhalite ore within the 
Sharlyk Field. 

With the current knowledge of the salt-bearing section within the northern and the northwestern 
fringes of the Peri-Caspian Depression, the Sharlyk Field is most promising for looking for the sites 
to be used for exploration of polyhalite deposits. 
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Abstract 

 

A geological cross-section of the sedimentary cover of the Republic of Tatarstan area was 
constructed and the tectonic elements were identified. The paleotectonic profiles along the regional 
seismic profile “Tatseis” for different geological times were created. The purpose of this work was 
to analyze the rhythms of the epeirogenic movements of the sedimentary cover. Authors described 
four structural highs from Middle Devonian to Upper Permian. The Eifelian-Middle Frasnian 
(Eifelian-Mendymian) structural high demonstrated tendency for more active deflection in the field 
of the modern South Tatar Arch, which led to an increase in sedimentation thickness here. 

This tendency saved in the beginning of the next Voronezhian-Tulian structural high. 
The activation of the Kama-Kinel Troughs System from the Middle Famennian time causes by the 

regime of the immersing of north-western part of South Tatar Arch and the south-eastern part of North 
Tatar Arch. The Upper Visean-Lower Permian structural high was characterized by a weak 
development of its own structure-forming processes and a considerable thickness of sediments. The 
Middle-Upper Permian structural high indicated the dominance of positive movements in the relevant 
time. 
 
Keywords: Tatseis, Republic of Tatarstan, paleotectonics, seismic profile, cross-section, sedimentary cover, South Tatar Arch, 

Romashkino oilfield 

 

Introduction 

 
The area of the Republic of Tatarstan is located in the eastern margin of the Eastern-European 

platform. On its territory there is the largest oil field in the Volga-Ural province – Romashkino oilfield 
that has produced over 15.9 billion barrels (2016). The south-eastern region of this area contains more 
than 100 oil and gas fields and more than 40,000 deep exploration wells. The Devonian and 
Carboniferous deposits contain the main oil reserves. 

To understand the structure of the sedimentary cover and basement, the regional seismic profile 
“Tatseis” was conducted in 2003 [1]. It had a length of more than 1000 km and was located on the 
line Vorotilovskaya – Tansy – Yaransk – Mari-Turek – Kukmor – Almetyevsk – Sterlitamak (Fig. 
1). 

The profile was located on the territory of the Nizhny Novgorod and Kirov Regions, the Republic 
of Mari El, Tatarstan, Bashkortostan [1], [2]. 

Platov et al., [2] interpreted the Tatarstan part of the regional seismic profile (total length 192 km) 
and 25 wells located next to it. The authors of this work made the paleostructural analysis of 
sedimentary succession along “Tatseis” profile. 
 
Tectonic zoning and stratigraphy of the Republic of Tatarstan 

 
The territory of the Republic of Tatarstan includes the following main tectonic elements (Fig. 1): 

the Tokmov Arch (eastern slope), the North Tatar Arch, the South Tatar Arch with the largest 
Novoelhovskoe and Romashkino oilfields, the Kazan-Kirov trough (southern extremity), Melekess 
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depression, Upper Kama depression (south-western margin) and Prikamsky fault (Saraylin trough in 
a sedimentary cover). Large tectonic elements contain smaller positive and negative structural forms 
[3]. 
 

 

Fig. 1. Position of the regional seismic profile “Tatseis” and the wells, used for the interpretation [1], [2]. 
 
The sedimentary cover of Tatarstan along the seismic profile includes deposits of Devonian, 

Carboniferous and Permian systems and reaches in some places 1890 m. 
All stratigraphic units of the General Stratigraphic scale of Russia (GSS) [4], as well as their 

analogues in the International chronostratigraphic chart (ICС) [5] and regional units used for the 
sedimentary cover in the territory of Tatarstan are presented in Table 1. 
 

Table 1. Stratigraphic units of sedimentary cover of the Republic of Tatarstan [4], [5]. 

System Series (ICС) Series (GSS) Stage (ICС) Stage (GSS) Substate Horizon 

Used 

index 

P
e
rm

ia
n

 

Lopingian Tatarian 
Changhsingian Vyatkian    
Wuchiapingian    

Guadaiupian 
Capitanian Severodvinian     

Biarmian Wordian Urzhumian    P2ur 
Roadian Kazanian    P2kz 

Cisuralian Cisuralian 

Kungurian 
Ufinian  

 
Irenian P2uf 

Kungurian Filippovian  

Artinskian Artinskian  

Saraninian  
Sarginian  
Irginian  

Burtsevian  

Sakmarian Sakmarian  Sterlitamakian P1s Tastubian 

Asselian Asselian  Shihanian P1a Sokolyegorian 
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C
a

r
b

o
n

if
er

o
u

s 

Upper 

Upper 

Gzhelian Gzhelian  

Noginskian 

C3 

Pavlovoposadskian 
Amerevian 

Rusavikinian 

Kasimovian Kasimovian  

Yauzian 
Dorogomilovian 

Khamovnichevian 
Krevyakinian 

Middle 

Moscovian Moscovian 
Upper Myachkovian C2mch 

Podolskian C2pod 

Lower Kashirian C2ks 
Vereiian C2vr 

Bashkirian Bashkirian 
Upper Melekesian 

C2b Cheremshanian 

Lower Prikamian 
Severo-Kelmenian 

Lower Lower 

Serpukhovian Serpukhovian 
Upper Protvinian 

C1s Lower Tarusian 
Steshevian 

Visean Visean 

Okian 
Venevian 

C1ok Mikhailovian 
Aleksinian 

Yasnopolyanian Tulian C1tl 
Bobrikian C1bb 

Malinovian Radaevkian C1rd 
Elhovian C1el 

Tournaisian Tournaisian 
Upper Kizelovian 

C1t 
Cherepevian 

Lower Upinian 
Malevkian 

D
e
v
o

n
ia

n
 

Upper Upper 

Famennian Famennian 

Upper Zavolzhian  D3fm3 
Middle Dankovo-Lebedyanian D3fm2 

Lower Eletsian D3el 
Zadonian D3zd 

Frasnian Frasnian 

Upper Evlano-Livenian D2ev 
Voronezhian D2vr 

Middle 

Rechitsian (Mendymian) D2mnd 
Semilukian 

(Domanikovian) D3sm 

Sargaevian D3sr 

Lower Timanian (Kynovian) D3kn 
Pashiyian D3ps 

Middle Middle 
Givetian Givetian  

Mulinian 

D2 

Ardatovian 
Vorobyovian 

Eifelian Eifelian  Mosolovian 
Biyian 

 
Methods 

 
Based on the interpretation of the seismic profile of “Tatseis” [2], a geological cross-section of the 

present sedimentary cover of Tatarstan was constructed (Fig. 2). The following tectonic elements in 
its boundaries were identified: North Tatar Arch, the axial zone of Kama-Kinel Troughs System, 
Nizhnekamsk trough and modern Saraylin trough, South Tatar Arch with Kuzaykin, Novo-Elhov and 
Altunino-Shunak troughs. The last one divides the biggest Novoelhovskoe and Romashkino oilfields. 

To analyze the rhythms of the epeirogenic movements of the sedimentary cover of the Republic 
of Tatarstan in the geological time, the method of paleotectonic profiles were used. The basis for their 
reconstruction is the statement that the immersion of a basin is compensated by the accumulation of 
sedimentary strata. When constructing a paleotectonic profile, the surface, below which sediments 
accumulates (bathymetric level, compensation level), is taken as a horizontal line. Thus, the top level 
of each stratigraphic units is taken as a horizontal line and the thickness of the underlying deposits 
are postponed below [6]. As a result, the position of the boundaries of the stratigraphic units (stages, 
formations, horizons) are reconstructed at a certain moment of the geological history (Fig. 3). 
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Results and discussions 

 
The geological cross-section of Tatarstan includes six structural highs: the crystalline basement, 

the Riphean-Vendian, the Eifelian-Middle Frasnian (Eifelian-Mendymian), the Voronezhian-Tulian 
(Upper Frasnian – Middle Visean), the Upper Visean – Lower Permian (Okian – Lower Permian) and 
the Middle-Upper Permian [3]. In this paper, we consider only the last four highs of sedimentary 
cover. 

The Eifelian-Middle Frasnian structural high takes the entire terrigenous stratum of the Devonian 
(D2), as well as the terrigenous-carbonate (D3kn-D3sr) and carbonate deposits of the Semilukian and 
Mendymian (D3sr-D3mn) [3]. The deposits of this structural high are widespread and characterized 
by unequal thickness and stratigraphic completeness within various facial areas (Fig. 3A, B). 

There was a tendency for more active deflection in the area of the South Tatar Arch, which led to 
an increase of the thickness. Almost all positive and negative forms of the second and lower orders 
coincides with the prominence of the surface of the platform basement. The structural plan of the 
terrigenous strata of the Devonian is considerably flattened. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Geological cross-section with interpretated tectonic elements along the “Tatseis” profile. 
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Fig. 3. Paleotectonic profiles for the sedimentary cover of Tatarstan along the “Tatseis”. 
 

The Voronezhian-Tulian structural high includes the succession from the base of the Voronezhian 
to the top of the Tulian. A significant dynamic deflection and sedimentary compenstaion for the South 
Tatar Arch area at the paleoprofiles from the Voronezhian time were observed (Fig. 3C-D). The 
activation of uncompensated Kama-Kinel Troughs System beginning from the Middle Famennian 
time was noted. It led to the qualitative transformations of the paleostructural plan of the territory, 
dividing it into two large paleostructures – the northwest and the southeast [7]. 

The Nizhnekamsk trough began to form from this time, which was controlled by the mobile zones 
in the crystalline basement, leading to compensatory sedimentation (Fig 3E). Almost throughout the 
Tournaisian age, the immersing of the territory predominated in the northern slopes of the Kama-
Kinel Troughs System in comparison with the southern slopes (Fig. 3F). The development of the 
Kama-Kinel Troughs System was finished and all troughs were leveled completely in the Tulian time. 

Since that a great Visean transgression has begun, spreading from the Ural mobile belt to the depths 
of the Eastern-European platform [7]. The structural plan of this high differs sharply from the 
structure of the underlying deposits. In general, the tectonic morphology of this structural high is 
distinguished by considerable dissection and can be traced with a smoothing out in the overlying 
sediments up to the Permian inclusive. 
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The Upper Visean – Lower Permian structural high is characterized by a weak development of its 
own structure-forming processes and the flat stratification of supporting layers, however, with a 
considerable thickness of sediments up to 900 m (Fig. 3G). The structural forms of the complex are 
in most cases inherited from the lower high [3]. The negative structures of the Kuzaikin, Novo-Elhov 
and Altunino-Shunak troughs are observed in the sedimentary cover from the crystalline basement to 
the top of Lower Permian (Fig. 3A-G) that indicates their synsedimentary character. 

The Middle-Upper Permian structural high is characterized by the flattening of the sedimentary 
cover structures (Fig. 3H). The Upper Permian deposits lie with erosion on various stratigraphic 
horizons of underlying deposits. The Kazanian indicates the next major stage of the restructuring of 
the tectonic plan [8]. The absence of Mesozoic rocks on the territory indicates the dominance of 
positive movements in this period. The significance of this high is the general leveling of inherited 
structural plans, as well as the formation of small erosion-sedimentary local forms of superimposed 
type [3]. 
 
Conclusions 

 
The geological cross-section and paleotectonic analysis along the “Tatseis” profile shows the main 

stages of the sedimentary cover formation. Active deflection in the area of the South Tatar Arch 
throughout from Middle Devonian to the Middle Famennian time resulted in a significant 
compensatory sedimentation here. Activation in the Middle Famennian time and development Kama-
Kinel Troughs System in the Late Frasnian-Tournaisian time led to considerable dissection and 
smoothing out of sedimentary profile. Until the end of the Early Permian time throughout the entire 
profile, there was a uniform accumulation of thick sedimentary strata. Positive movements until the 
Late Permian determined the general leveling of inherited structural plans of sedimentary cover. 
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Abstract 

 
Permian coals have a specific composition of minerals and organic matter, resulting from 

environmental features of their accumulation. Organic and mineral composition of the coals directly 
depends on features of peat sedimentation and the accumulation of terrigenous material. The Permian 
coal measures of the Volga-Ural Basin were formed in the coastal part of the Kazanian (Middle 
Permian) shallow marine basin. 
 

Keywords: coal, deposits, Permian, composition, organic matter, minerals, sedimentological environments 
 

Introduction 

 

The Permian of the Volga-Ural Basin (East European Platform) is characterized by the 
intercalation of marine, evaporitic and non-marine red-bed formations. The frequent interbedding of 
these formations in the stratigraphic section was influenced by changes of the paleogeographic 
environments. Some formations include coal-bearing strata. Permian coals have a specific 
composition of mineral and organic matter caused by the environmental features of their 
accumulation. The coal deposits and occurrences are located in the eastern part of the Volga-Ural 
Basin between the Vyatka and Belaya Rivers [1]. The major coal deposits are concentrated in a 
relatively small area that covers the south of the Republic of Udmurtia and the north-east of the 
Republic of Tatarstan. The Permian coal-bearing formation is confined to the lower part of the 
Kazanian Stage (middle Permian) which is tentatively correlated with the Roadian Stage of the 
International Chronostratigraphic Chart. The coal-bearing measures include up to 4-6 thin coal seams. 

The coal deposits are small in size and lenticular in external form. 
Generally, the Permian coal-bearing deposits are used for paleogeographic and sedimentological 

reconstructions. The lithological and facial structures of the Permian deposits are very diverse. The 
Permian succession contains evaporates, marine, shallow marine, lagoonal and continental sediments. 

The facial structure of the Permian reflects the complicated geological evolution of the East 
European Platform [2]. According to Ignatiev [2] the Permian of the East European Platform is 
represented by two superformations: the Carboniferous-Lower Permian and the Middle Permian-
Lower Triassic. Each of these superformations was formed under certain conditions. 

The Carboniferous-Lower Permian Superformation represents an ‘integral system’ of marine and 
a closed lagoon (evaporate) formations. The Middle Permian-Lower Triassic Superformation consists 
of predominantly continental red-bed terrigenous succession. This group of terrigenous formations 
includes a short stratigraphic interval of the continental coal-bearing measures. These coal-bearing 
measures coincide spatially and stratigraphically with the gray-colored marine deposits of the lower 
part of the Kazanian Stage, enriched with organic matter. These intervals are known as the Baitugan 
Beds of the Lower Kazanian. 
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Material 

 

Permian coals are humic. Bludorov [1] distinguished the following lithotypes: clarain, durain-
clarain, clarain-durain and durain-fusain. Semi-gloss and semi-matt varieties of coal occur in the 
Lower Kazanian of Udmurtia area. Usually, the coals contain a considerable amount of resinite which 
is located dispersedly in the matrix along with other microcomponents and occasionally occurs in the 
vitrinite strips. Exinite (organic material that is composed mainly of spores, their debris, and cuticular 
matter) is found in small amounts and sometimes forms clusters in the coal matrix. 

Mineral inclusions in the coal are represented by clay and pyrite. Clay minerals are closely 
intertwined with organic components, indicating their syngenetic origin with coal. Pyrite occurs in 
the form of microspheres (0.01 mm in size) and in the form of minute crystals (cubes and octahedra) 
or their aggregates. 

Permian coals, according to their parameters, refer to brown coals. In an unchanged form, they are 
black, matt or semi-matt. Permian coals are of medium-high-sulfur type (the content of is 2-9%), 
oxidized (the content of humic acids is up to 66%), rarely striped. The content of ash varies from 45 
to 80% and the average moisture content is about 20-25%. Usually, they are classified as 
carbonaceous shales or carbonaceous rocks. 

Unchanged specimens of the coal are found only at depths of more than 15 meters. In the 
hypergenesis zones, the coals are changed by weathering and destroyed; their properties are 
transformed. The main mineral substance of weathered coal is represented by a clay mass of mixed 
illite-montmorillonite composition, which cemented the iron sulphides, silicon oxides and organic 
microcomponents. 

The coal-bearing measures contain numerous interlayers of carbonaceous shales, also impregnated 
with humic acids. Organic and mineral composition of the coals directly depends on the features of 
peat sedimentation and the accumulation of terrigenous material. To determine the mineral 
composition of the inorganic part of the coals, optical microscopic and electron microscopic studies 
are carried out. This study is combined with determination of the content of the chemical elements. 

As a result, we are able to identify in the Permian coals, fossilized objects unusual for coals that 
characterize the environment of their accumulation. 
 

Results and discussions 

 

Permian coals contain fossil remains which can provide important information, not only about the 
age of the coal-bearing rocks, but also about the conditions of coal accumulation. The main mineral 
inclusions of Permian coals are represented by quartz, potassium feldspar, calcite, albite, pyrite, 
gypsum. The clay minerals of mixed-layer montmorillonite/illite prevail in the clayish substance of 
coals. Some coal specimens also contain the grains of barite, galenite, sphalerite, zircon, titanium and 
the minerals of iron oxides. The composition of the mineral inclusions coincides with terrigenous 
sedimentation during peat accumulation. The Permian peat bogs were located on the periphery of the 
areas in which terrigenous sediments of the red-bed formation were accumulated. The clastic 
materials from these areas were transported and accumulated in peat bogs. Generally, this clastic 
material is the product of the weathering of the Ural magmatic complexes, which have been 
transported to the East-European Platform during the Permian. 

Permian coals are characterized by a high content of iron sulfide minerals, represented by pyrite 
framboids. The formation of pyrite framboids is associated with the activity of sulfate-reducing 
bacteria and indicates the presence of excess iron. Excess iron was transported to the area of the peat 
bog accumulation from the Urals. 

The electron microscope studies revealed a number of exotic fossilized objects, the presence of 
which indicates specific conditions of peat accumulation. The most important exotic fossilized objects 
are represented by foraminifers, fish scales and resin bodies transformed into amber. 

The coals of the Golysherma deposit contain foraminifers [3]. This coal seam is confined to the 
Baitugan Member, lying at the base of the Kazanian Stage. This is the first case where foraminiferal 
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pseudopodia are preserved (Fig. 1); these soft parts of foraminifers are usually easily destroyed. The 
presence of foraminifers suggests that they were transported into a wetland environment by seawater, 
indicating the proximity of the Kazan sea basin and periodic flooding of the peatlands. 
 

 
Fig. 1. Fragment of a foraminiferal shell [3]. 

 
The high degree of preservation of the foraminifers indicates that during flooding, the organisms 

were apparently alive. Fossilization occurred so quickly that the pseudopods, consisting of 
cytoplasmic outgrowths, were not exposed to the processes of biological destruction. The periodic 
flooding of peat bogs by sea water is also confirmed by the presence of intercalations of carbonate 
rocks in the Permian coal-bearing measures and coal seams [1]. 

The periodic flooding of coastal bogs by the sea and, possibly by river waters is confirmed by the 
presence of fish scales (Fig. 2) in the coal matrix [4]. The presence of resin bodies and amber extracts 
(Fig. 3) indicates a wide distribution of resin-bearing plants which served as coal-forming agents. 
 

 
Fig. 2. Fish scales in the brown coal [4]. 

 
The Permian coals contain high concentrations of a number of metals. The copper – silver – 

germanium metal association is the most typical [5]. The reason for the unusual geochemical 
specialization of the Permian coals is their intermediate stratigraphic position between gray-bed 
marine and red-bed continental formations of the Kazanian Stage. This position creates a geochemical 
barrier for metal elements. The coal-bearing measures represent a continental analogue of the marine 
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Lingula Shale Member of the Baitugan Beds, which, based on a high content of organic matter (from 
1 to 5%), can be provisionally attributed to the “black shales”. 
 

 
Fig. 3. Amber (a) and resin bodies (b) in the coal. 

 
The coal-bearing deposits were formed in conditions of local humidization of the coastal area of 

the Kazanian Sea during the early Kazanian transgression. In the east, the peat bogs were in close 
contact with red-colored Kazanian succession (Belebey Formation). 
 

Conclusions 

 

Permian coals are characterized by a high content of mineral inclusions, indicating low-lying 
Permian peat bogs with considerable influx of mineral grains. The mode of peat accumulation was 
not constant. Periodically, the area of peat bogs was flooded by sea waters from the west, where the 
main basin of the Kazan Sea existed. During the periods of floods, the area of peat bogs was flooded 
by river waters from the east, where the Pre-Uralian lowland was located. The coal deposits are 
characterized by a low degree of gelification, which led to good preservation of organic matter. 

The Permian coals typically contain a high content of resin bodies, the origin of which is associated 
with the filling of the channels by resinous substances of the plants that represent the main coal-
forming agents of the Permian period. The Permian coal-bearing strata are located in an intermediate 
position between the gray-colored marine and red-colored continental (Belebey Formation) 
successions of the Kazanian Stage and represent an effective geochemical barrier for copper and other 
chalcophile elements. 
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Abstract 

 

This paper reports on the structural and geochemical differences in diagenetic calcites from oil-
water contacts determined by various methods. The differences in calcites were revealed by electron 
paramagnetic resonance (EPR) spectroscopy on the basis of the ratio of sulfur-oxygen radiation 
centers and impurity of manganese ions. The data obtained correlate well with the results of the 
analysis of extracted calcite grains divided using cathodoluminescence microscopy. A relationship 
was established between important diagenetic events in the basin history, and calcite structural 
features were established. Content of manganese Mn2+ in the lattice of calcite and the color of 
luminescence allow parameters of the oxidation-reduction potential of the calcite precipitation to be 
evaluated. According to EPR studies, there is a steady increase in the proportion of Mn2+ from the 
early stages of diagenesis to changes in rocks associated with oil migration and oil charge events, 
including time of stabilization of the oil-water contact zone. The same tendency is valid for the 
relation of SO3

− paramagnetic centers with respect to SO2
− centers, where the share of SO3

− centers 
is increasing. 
 

Keywords: diagenesis, calcite cement, carbonate reservoir, oil-water contact 

 

Introduction 

 

Oil-water contacts are the most reaction-prone areas of oil deposits [1], [2], [3], where the rocks 
show significant changes in the mineral composition and structure. Chemical and biochemical 
reactions at the boundary between water and oil produce CO2 and organic and inorganic acids, which 
significantly affect the mineral dissolution and precipitation processes in rocks [4], [5], [6]. Carbonate 
rocks from oil-water contacts are characterized by enhanced intensity of diagenetic processes, such 
as leaching, recrystallization, calcite cementation, dolomitization, and silica cementation [1]. 

Oil-water contacts are rarely well characterized by core material, since they have no economic 
interest due to the lack of prospects of oil recovery from them. 

The study area was the Akanskoe oilfield located in the Nurlatsky district of the Republic of 
Tatarstan, in the east of the European part of the Russian Federation. Tectonically, the oil field is 
located in the east of the Russian Platform, within the Volga-Ural Anticline, on the eastern side of 
the Melekesskaya Depression (Fig. 1). We studied core samples represented by shallow-marine 
limestones of the Bashkirian Stage of the Carboniferous System, which were collected from a depth 
of 992-997 m. The samples contained oil reservoir rocks and an oil-water contact. The study primarily 
focused on the oil-water contact zone. 

https://e.mail.ru/compose/?mailto=mailto%3aAnton.Kolchugin@kpfu.ru
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Fig. 1. Schematic geological profile of the Melekesskaya depression: (modified after Gorunova, 2009). 

 

Methods 

 

Investigation of sedimentary rocks involves paying particular attention to post-sedimentary 
changes in the rocks. This enables determination of the direction and staging of diagenetic processes 
during the development of the sedimentary basin [7]. Conventional optical microscopy studies, which 
are frequently used for this purpose, do not provide a complete picture of the environment and 
chemistry during the processes of mineral formation. Therefore, it is necessary to use other analytical 
methods to identify the typomorphic features of secondary minerals. These methods include electron 
paramagnetic resonance (EPR) spectroscopy and cathodoluminescence microscopy (CL). EPR is 
often used to study the diagenetic transformations of the structural components of limestone. 

The method allows the identification of subtle crystallochemical features of genetically distinct 
calcites [8], [9], [10], [11], [12]. These crystallochemical features in calcites include the paramagnetic 
centers SO2

−, SO3
−, and Mn2+, which are isomorphically incorporated into the calcite structure to 

position of СО3
2- and Са2+ and provide important genetic information about the environment of 

mineral formation. 
EPR studies were conducted at the Kazan Federal University (Kazan, Russia) on a CMS8400 

spectrometer (frequency 9.4 GHz, room temperature). The specimens were ground in an agate mortar 
to approximately 0.1 mm particles. EPR patterns were recorded at room temperature both electron-
hole and Mn2+ centers EPR spectrum at range of magnetic field 5 mT and 80 mT respectively. 

The EPR spectrum of Li+ was used as a reference for the position of the lines, with a G-factor of 
2.0023. 

In addition to EPR, the same calcites were analyzed by cathodoluminescence microscopy. 
The method is based on identifying the extent and nature of calcite luminescence caused by the 

excitation of atoms of the mineral crystal lattice by bombarding electrons. The method is quite good 
for the identification of the zonal structure and spatiotemporal sequence of calcite cement formation. 

In addition, the nature of grain luminescence allows some genetic interpretation of the conditions 
in the calcite cement growth environment. 

CL was conducted with a “hot cathode” CL microscope (type HC1-LM) at the Ruhr-University 
Bochum, Germany. The acceleration voltage of the electron beam was 14 kV and the beam current 
were set to a level gaining a current density of ~9 μA mm−2 on the sample surface. Further details of 
the analytical procedure are provided in Christ et al. [13]. 
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Results 

 
Prior to the analyses, the most representative specimens with a clearly visible sequence of calcite 

cement alterations that could be reliably isolated for investigation were sampled. Usually, these were 
sample fragments with large leaching caverns in which the alteration of calcite types from the walls 
to the centers of the chambers was clearly visible. 

Macroscopically, a sequence of calcite deposition from dense rock areas to chamber cavities is 
readily observed in samples (Fig. 2): 

• calcite grains in dense limestones (Ca-1, Ca-2, Ca-3); 
• intensively recrystallized dense calcite (Ca-4a); 
• calcite with abundant hydrocarbon inclusions (Ca-4b); 
• transparent calcite covering the chamber walls (Ca-5). 

 

 
Fig. 2. The positions of morphologically different secondary calcites in limestones from oil-water contacts. 

 

EPR studies 

EPR studies of samples demonstrated that the identified morphological types of calcite grains are 
characterized by certain defects in their crystal structure (Table 1). 
 
Table 1. The content of Mn2+ isomorphous impurities and paramagnetic SO2

− and SO3
− centers in the crystalline textures 

of morphologically distinct calcites (by amplitude, arbitrary units per gram of rock). 
Types of calcite grains The content of paramagnetic centers (Rd / mg) 

Mn2+ SO2
− SO3

− 
Calcite grains of dense, least modified 

limestone (Ca-1, Ca-2, Ca-3) 
1008.9-1128.2 121.4-129.6 39.7-81.4 

Calcite grains of dense, strongly 
recrystallized limestone (Ca-4a) 

2363.0 38.34 318.1 

Calcite grains with hydrocarbon 
inclusions (Ca-4b) 

3029.3 0.00 279.6 

Transparent calcite grains (Ca-5) 3181.9-4569.3 0.00 396.3-526.9 
 

Sedimentary and diagenetic calcites (Ca-1, Ca-2, and Ca-3) obtained from slightly altered rock 
areas are characterized by the predominance of SO2

− centers over SO3
− centers (Fig. 3). 

The manganese lines of these calcites in the EPR spectra are narrow. Importantly, in dense rock 
areas, it is impossible to distinguish the calcites that constitute the structural components of 
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limestones and the cements formed during the early and late diagenesis of sediments. Identification 
is only possible by analysis of thin sections under an optical microscope and by investigation of thin 
sections using cathodoluminescence microscopy. For calcite grains, similar data were obtained in the 
areas of manifestation of the secondary leaching process and partial recrystallization. However, the 
content of SO2

− centers is noticeably reduced, and the concentrations of Mn2+ ions that isomorphically 
replace Ca2+ in the mineral crystal lattice are increased (Table 1). 

In the areas of intensive rock recrystallization, in which calcite provides complete metasomatic 
replacement of components of limestones (including cement and organic residues), much higher 
levels of isomorphic Mn2+ ions are observed in the grains of newly formed calcite (Ca-4a). 

Simultaneously, a change in the ratio of the content paramagnetic centers occurs. 
The concentrations of SO2

− centers in the crystal structure of calcites are significantly reduced. 
In contrast, the concentrations of SO3

− centers are increased and become dominant. An EPR 
analysis of large, transparent, scalenohedral calcite crystals (Ca-5) grown on the chamber walls 
showed that the crystals are characterized by the lack of SO2

− centers. In this case, the concentrations 
of SO3

− centers are significantly higher than those in the sedimentary–diagenetic (Ca-1, Ca-2, Ca-3) 
and metasomatic (Ca-4a) calcites discussed above. Furthermore, the content of impurity Mn2+ ions 
replacing Ca2+ in the structure is increased by several orders in scalenohedral calcite grains (Ca-4). 

 
Fig. 3. EPR spectra of studied calcites: (a) calcites from dense, least modified, areas of limestones (Ca-1, Ca-2, Ca-3); (b) 
intensively recrystallized grains of calcite (Ca-4a); and (c) and (d) grains comprising transparent crystals of calcite (Ca-
5). 
 

Cathodoluminescence microscopy 

Investigation of selected calcite types by cathodoluminescence microscopy clarified some patterns 
in the qualitative content of Mn2+ ions in calcites, which defines the nature of the luminescence. 

For example, it was determined that at least two calcite types sequentially alternating with each 
other can be distinguished in limestone areas (that are not affected by secondary processes) in the 
cement that binds the structural elements (Ca-1) (Fig. 4A and B). For example, the first cement type 
identified by cathodoluminescence microscopy is ubiquitous and nonluminescent calcite (Ca-2). 

In general, the presence of this calcite in carbonate rocks formed in normal shallow-marine 
environments is quite typical and common, and the lack of luminescence is usually caused by the 
presence of Fe3+ ions in the calcite structure [14]. In addition, bright orange luminescence of calcite 



© Filodiritto Editore – Proceedings 

364 

(Ca-3) is observed in the spatiotemporal sequence of calcite cement formation. The bright 
luminescence is caused by the presence of Mn2+ ions in the calcite structure. This alternation of calcite 
cement is also commonly observed and is a characteristic of marine carbonate sediments [15]. 

This calcite often shows the evidence of corrosion. 
 

 
Fig. 4. Cathodoluminescence properties of different paragenetic phases placed against transmitted light 
photomicrographs. (A/B) Host sediment (Ca-1), nonluminescent blocky spar calcite (Ca-2), and bright orange 
luminescent blocky spar calcite cement (Ca-3). Note the complex zoning of Ca-3. (C/D) Cement phase Ca-4a, 4b, and 5. 
Note the sharp boundary between phases 4a and 4b and the corrosive boundary with the overlying phase Ca-5. Ca-4b is 
interpreted as a paragenetic phase coeval with oil migration based on numerous hydrocarbon inclusions. Note the complex 
zoning of phase Ca-5. 
 

The next calcite type in the sequence of post-sedimentary mineral formation is blocky calcite (Ca-
4). 

This calcite type typically forms rather coarse-grained aggregates that are clearly distinguishable 
both under the microscope and in hand specimens. This cement type usually has dark red and brown-
red luminescence. We suggest that this calcite is divided into two types: Ca-4a (true blocky calcite) 
and Ca-4b (calcite with abundant hydrocarbon inclusions; Fig. 4C and D). In this case, the external 
borders of this calcite toward younger calcite are always heavily corroded. Slit voids with 
hydrocarbons adsorbed on their walls can be often observed. The next and final stage of calcite 
cementation is blocky sectorial calcite (Ca-5) with bright orange luminescence. This type of calcite 
is clearly distinguishable both in thin sections and hand specimen in the form of drusy aggregates 
covering the walls of chambers and pores. The bright luminescence results from an increased 
concentration of Mn2+ ions in the structure, which is confirmed by the EPR data [15]. 
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Interpretation and Discussion 

 

Based on these findings, it is possible to establish the sequence of carbonate rock transformations 
that occurred along with post-sedimentary changes. For example, the major diagenetic stages are well 
tracked. After accumulation of the sediment, structural limestone elements underwent minor changes, 
whereas the cement was already subjected to the active influence of pore solutions during the early 
stages of diagenesis. For example, the lack of luminescence in calcite Ca-2 is caused by the presence 
of Fe3

+ and indicates an early stage of rock diagenesis in an oxidizing or nearly oxidizing environment 
[16]. 

This is confirmed by the presence of breccia and carbonates with traces of subaeral exposure. This 
type of limestone strata confirms the possibility of diagenetic cementation under the influence of 
meteoric fluids saturated with oxygen. The next important, quite natural stage in the history of post-
sedimentary rock transformation is the change from an oxidizing environment to a reducing 
environment. This stage is probably associated with the time of late sediment diagenesis. This is 
evidenced by the appearance of calcite cement with bright orange luminescence. The inability to 
reliably confirm the difference between Ca-2 and Ca-3 cements by EPR results from the difficulty in 
recognizing these two calcite types, because they are visually indistinguishable in samples (they are 
only recognizable using cathodoluminescence microscopy). In this regard, the EPR data on the 
content of Mn2+ and SO2

− and SO3
− centers in these calcites were averaged. 

In our opinion, Ca-4a and Ca-4b cements were formed during the oil migration and accumulation 
stage. 

For example, metasomatic calcite (Ca-4a) was formed during the stage preceding migration of 
hydrocarbons and was probably associated with the CO2-rich fluids that dissolved some of the 
calcium carbonate and redeposited it on the chamber walls. Almost ubiquitous corrosion of the 
preceding, late-diagenetic cement (Ca-3) indicates dissolution processes resulting from a high content 
of CO2. The same processes probably caused the metasomatic alteration of original limestones and 
intensive recrystallization. Subsequently, during the stage of active migration and accumulation of 
hydrocarbons, a calcite was formed that contained abundant oil inclusions and bitumen adsorbed on 
the faces of growing grains. The high degree of similarity between the Ca-4a and Ca-4b calcites, both 
in hand specimen and in the luminescence color under the microscope, suggests that these calcites 
are associated with the same stage of post-sedimentary basin history. However, the absence of 
hydrocarbons from one calcite (Ca-4a) and the presence of hydrocarbons in the other (Ca-4b) enable 
their division into separate subtypes. Formation of the coarsely crystalline calcite (Ca-5) covering the 
cavernous walls may be associated with the formation and stabilization of the oil-water contact zone. 

A significant portion of the active oxygen was consumed by the oxidation of hydrocarbons, which 
facilitated the development of a reducing environment and inclusion of Mn2+ into the calcite structure. 

This is confirmed by the EPR data and the bright orange luminescence observed in 
cathodoluminescence microscopy. 
 

Conclusions 

 

The crystallochemical differences observed between genetically different calcites of oil-water 
contact zones suggest the following conclusions: 

1. The calcite cements Ca-2 and Ca-3 formed during early and late diagenesis and were observed 
almost ubiquitously in all studied samples. 

2. The predominance of SO2
− centers over SO3

− centers from the least altered rock areas, and 
generally indicates the predominance of reducing conditions during sedimentation and 
diagenesis of sediments. However, the cathodoluminescence data demonstrate that oxidizing 
environments associated with the formation of calcite cement Ca-2 could also have been 
present during early diagenesis. 
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3. The elevated content of Mn2+ ions in secondary, clearly grained calcites Ca-4a, Ca-4b, and 
Ca-5, indicates a stronger reducing environment during their formation compared to that of 
sedimentary–diagenetic calcites Ca-1, Ca-2, and Ca-3. 

4. Large calcite crystals covering the cavernous walls (Ca-4a, Ca-4b, and Ca-5) formed during 
deep diagenesis with the involvement of hydrocarbon fluids. The presence of compositional 
variations in the calcite suggests that the mineral-forming medium actively evolved as a result 
of periodic carbonation and migration and accumulation of hydrocarbons. 
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Abstract 

 

The processes of fluid lithogenesis (burial diagenesis) in the oil-saturated quartz sandstones of the 
Bobrikian horizon of the Visean stage are considered. It has been established that processes of quartz 
grain dissolution proceed under the influence of oil-water fluids in the lower and middle parts of the 
Demkin oil field sandstone reservoir. Dissolved silica is precipitated in the form of chalcedony on the 
top of the sand layer. In pore spaces, chalcedony forms radial-radiant aggregates of various shapes. 

The inhomogeneity of the crystallization environment in the form of concentration gradients 
facilitated the formation of single spherulites in some pores, and agate-like aggregates in others. 

The newly formed chalcedony is enriched by paramagnetic E’-centers, due to oxygen deficiency 
in the mineral-forming environment and increased radiation background in the reservoir. In the zone 
of precipitation of dissolved silica, there is a metasomatic substitution of plates of allothigenic 
muscovite with authigenic chalcedony. The thermodynamic calculations presented in the work 
showed that the process of occurrence of metasomatic changes due to silica-acid proceeded under 
acidic conditions at pH <3.0. 
 
Keywords: Bobrikian horizon, oil reservoir, quartz sandstone, fluid diagenesis, chalcedony, silica cementation 

 

Introduction 

 

The Visean terrigenous complex is one of the most promising objects for oil production within the 
Tatar oil-bearing region. According to preliminary estimates, about 30% of recoverable oil reserves 
are concentrated in them [1]. The most productive oil reservoirs are the oil-saturated sandstones of 
the Tulian-Bobrikian age. However, the processes of oil reservoir formation in them are not 
adequately considered, in spite of their practical significance. The facies conditions of psammitic rock 
formation and how sedimentary factors influence their reservoir properties are well studied [2], [3], 
[4]. 

The influence of secondary diagenetic processes, which formed oil-saturated sandstone reservoirs, 
was shown only in rare articles [5]. In most of them leaching of carbonate cement is only noted inside 
the oil reservoir, and it precipitates on contact with oil-water [6]. Usually, diagenetic changes of 
allothigenic components (derived constituents) of oil-saturated sandstones of the Tulian-Bobrikian 
horizon under the influence of water-oil fluids are not considered. The main reason for this is the 
monomineral composition of sandstones – quartz is an externally stable mineral for environment 
change in a wide range of physicochemical conditions. This work shows how quartz and other 
associated minerals of sandstones are actively involved in the process of mineral component 
redistribution in the formation of oil-saturated sandstone reservoirs, despite the high chemical 
stability of mineral components. 
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Objects 

 

The study of silica redistribution in quartz sandstone took place on the Demkin oil field reservoir. 
This arch, located within the eastern edge of the Melekess depression. Here, sand layers of the 

Bobrikian horizon superpose directly on the immature surface of Tournaisian stage limestones. 
The top boundary of the sandstone is clay siltstones, replaced by argillites higher in the succession. 
The leached limestones of the Kizelian horizon (C1kz) with the Tulian-Bobrikian age sandstones 

(C1bb) form a single oil reservoir, the cap of which is dense siltstones and argillites. The carbonate 
part of the reservoir has a thickness of 4.0 m, terrigenous -1.5 m. The relatively small thickness of the 
terrigenous layers of the oil reservoir excludes the possibility of dissolved elements being widely 
diffused in the space. Elements are formed as a result of water-oil fluids exposure on the reservoir 
mineral component. Therefore, there is a high probability of finding authigenic siliceous minerals 
precipitated from fluid solutions. 

The sandstone reservoir itself is characterized by uneven distribution of hydrocarbons. In the 
lowermost and middle sections of reservoir formation, oil saturation is uniform, which is why the 
sandstone color here is uniform dark brown. In the superface of the sandstone stratum, the color of 
the rocks is spotted-banded due to the presence of dark gray densified areas. The sandstone is quartz; 
fine-grained in structure; silty; clayey in the top; unevenly calcareous; highly softening, which makes 
it easily crumble under weak mechanical action. 

According to optical-microscopic data, sandstones comprises 85-90% of clastic fragments and 10-
15% of cement. The clastic part is grains of quartz (99.0%), to a lesser extent muscovite scales and 
fine-dispersed feldspar grains. Allothigenic component range in size from 0.05 to 0.5 mm (prevailing 
0.1-0.25 mm), and are characterized by an isometric and elongated appearance, mainly subrounded 
outlines of external borders. The mineral grains are densely packed and touching by edges. Convexo-
concave orthomorphic contacts of mutual adaptation are dominant. Allotigenic fragments are 
cemented by carbonate-argillaceous cement, the carbonate part of which is represented by calcite and 
clayey part is kaolinite. The cement type is vein-clot; it is not evenly distributed in volume of rock, 
forms straticules and veins with a thickness of up to 0.25 mm. The structure of the clay cement is 
pelitic, for calcite – fine-grained. 

The filtration-capacitive properties (FES) of the sandstone reservoir is characterized by uneven 
porosity. In the lowermost and middle sections, the porosity is 18-22%, bedding reservoir 
permeability stratification is 56.8-123.5 mD, vertical reservoir permeability is 51.2-110.6 mD. In the 
top of section, the porosity is 10-15%, bedding reservoir permeability stratification is 0.69-68.3 mD, 
vertical reservoir permeability is 0.47-58.6 mD. Pores are intergranular, communicating, up to 0.1 
mm in size. 
 

Result and discussion 

 

Analysis of porosity and permeability distribution across the section shows a decrease in FES 
properties of sandstone layers from bottom to top. Such a tendency can be interpreted as “damping” 
of the dissolution processes upwards along the section, taking into account the relatively uniform 
composition of the quartz sandstone. This is also supported by the gradual increase of C1bb oil-
bearing stratum in the same direction, through carbonatization of terrigenous rock. 

A detailed study of the sand reservoir at 400 times magnification made it possible to reveal features 
of peripheral structure changes of mineral grains in different parts of the collector. In the lower and 
middle parts, quartz grains have an even, smooth surface with weak traces of corrosion, without any 
new authigenic mineral outgrowths. Traces of plastic deformations in the form of parallel microcracks 
are fixed in the areas of densely-contacting quartz grains, on their periphery. These cracks break the 
quartz surface into a series of submicroscopic plates, as a result of which grains in the contact areas 
show undulating extinction. On the periphery of many quartz grains are Böhm lines, micro-zones of 
parallel gas-liquid and dust micro inclusions. According to [7], Böhm lines or “Böhm striations” are 
sliding planes in minerals that arose as a result of microshifts and have inclusions from the 
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environment. However, similar inclusions, only less pronounced, are also found in areas of closely 
located quartz grain twinning, which forms cluster aggregates with isotropic extinction. The accretion 
process of isolated mineral individuals is also accompanied by the capture of components from the 
mineral formation environment. Muscovite scales, unlike quartz, bear insignificant traces of post-
sedimentation deformation. The morphology of the surface of most of them is smooth, plates are of 
uniform thickness, only with gradual thinning towards the edges. Relatively large plates at the 
junction of quartz grains are slightly bent under the action of an uneven load. Cleavage of muscovite 
scales at the periphery zones is not observed. 

At the top of the sandstone stratum, the morphogenetical structure of the mineral skeleton varies. 
This is primarily due to the development of a relatively intensive authigenic siliceous 

mineralization. In practically all pores, chalcedony aggregates of various sizes are noted (Fig. 1). 
The centers of aggregate crystallization are zones of quartz grain contact. In fact, the growth of 

chalcedony begins on the surface between two neighboring quartz grains, on their contact. The 
relationship between twinning line length and chalcedony aggregate morphology is well traced. 

In the very small contact zone between the growing grains of quartz, an acute angle is formed, 
from the top of which chalcedony radially fibrous druse aggregates develop. Due to geometric 
selection, acicular crystals form narrow bundles of intergrowths, which gradually expand away from 
the center of growth in a fan-like manner. The length of acicular chalcedony crystals does not exceed 
0.1 mm. All of them are spirally twisted along the elongation axis (L2). This is indicated by features 
of the undulating extinction of crystals in aggregates. There are no breaks in their growth. 

If the contact line between the quartz grains is long, an obtuse angle formed. An incipient 
chalcedony aggregate has the opportunity to develop in lateral directions. The growth surface includes 
intergrowth contact and the adjacent areas of the quartz grains surfaces. Due to this, the dimensions 
of chalcedony aggregates reach 0.2 mm. Aggregates have a more complex structure, due to mineral 
matter stadial receipt. One large, radially fibrous splice of chalcedony acicular crystals is their base. 

This splice is the first generation of the authigenic siliceous mineralization process. On its surface, 
several other radial-radiant aggregates are growing, which together form the next inner chalcedony 
layer of the second generation. Similarly, the peripheral layer is formed. Due to the gradual growth 
of new aggregates, chalcedony increases in size. In rare cases chalcedony, which develops in 
relatively large pores, completely fill the cavity. Here an agate-like aggregate is formed, which 
consists of several growth layers of siliceous minerals. Clay cement is gradually squeezed from the 
pore walls and concentrates in the central cavity. 



© Filodiritto Editore – Proceedings 

370 

 
Fig. 1. Thin-sections of sandstones in polarized (PL) and nonpolarized light (NL); in pore spaces, radially fibrous 

chalcedony aggregates are developing (A, B). 
 

At the top of the sandstone oil reservoir, the metasomatic replacement processes of initial 
allothigenic minerals on silica are also observed. This is most noticeable on muscovite plates. 

Many of them bear traces of a partial transformation into quartz-chalcedony. Only the edge parts 
of the muscovite plates are affected by the transformation; the central – as usual, are not changed. 

This is clearly seen in the character of the color of mineral polarization. It is brightly colored at 
the centers of scaly laminae, and light gray along their periphery (Fig. 2a). In the siliceous 
metasomatosis process, the secondary quartz-chalcedony inherits the morphology of the primary 
muscovite, preserving cleavage cracks. Contacts between the silicified parts and unchanged 
muscovite are sharp, often jagged. This is often preceded by the cleavage of muscovite laminae from 
the ends by separation of micaceous laminae from each other along the cleavage planes. When they 
are subsequently replaced by chalcedony, along the periphery of muscovite formed siliceous 
aggregates, they take a “horse tail” shape. Muscovite scales, encased in quartz grains, also undergo 
metasomatic replacement into quartz-chalcedony, especially those located in the peripheral, most 
defective and fractured part of the grains. Twinning lines and microcracks, being the most weakened 
zones in the quartz, served as migration paths for soluble silicon compounds. If muscovite scales are 
present in the migration channel or near it, a complete metasomatic replacement of mica with quartz-
chalcedony occurs, with inheritance of structural and morphological features of the primary mineral 
(Fig. 2b). Other micro inclusions of muscovite in quartz, which are outside the defect areas of mono-
grains, remained unchanged. 
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Fig. 2. Thin-section of sandstones in which muscovite is replaced by chalcedony: (A) muscovite plate with a multicolored 
interference coloring around the periphery is replaced by light gray chalcedony; (B) muscovite plate encased in quartz 
grain, completely replaced by light gray chalcedony. 
 

Peculiarities of the distribution of pores and authigenic mineralization in the section of the 
sandstone collector indicate differentiation of the epigenetic processes in it. Dissolution processes 
prevailed in the lower and middle parts, secondary mineralization – in the upper part.  
Although quartz in a weakly acidic environment has low solubility, the geological time periods allow 
gradual enrichment of pore solutions with silicic acids using the formula: 
 

SiO2 + 2Н2О = H4SiО4 = Н+ + H3SiO4
- 

 
This is due to defectiveness of quartz grains, acquired at the stage of sandstone consolidation. 
Concentrating in the zone of recrystallization-blastic replacement, along the structural grain 

boundaries, microcracks and slippage planes contribute to an increase in the specific surface area of 
quartz individuums. On such fractured surfaces, silica is more readily dissolved and produces silicic 
acid compounds to the environment [8]. On dissolution of quartz grains, indicated by electron 
paramagnetic resonance data, that showing relatively low concentrations of radiation paramagnetic 
centers in the sandstone dissolution zone (E’= 30.4-35.3 ard. un.). For comparison, in the Bobrikian 
quartz sandstones and siltstones which are isolated from the influence of water-oil fluids by claystone 
layers, the concentration of the E’-centers is 55.7-119.0 ard. un. Apparently, in the lower and middle 
parts of oil-saturated sandstone layer due to dissolution processes, quartz individuums were cleared 
of microdefects, acquiring a more perfect crystalline structure. 
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Under standard conditions, the Gibbs free energy of the quartz dissolution reaction in the molecular 
form is ΔrGO = +22.83 kJ/mol, in the ionic form ΔrGO = +78.91 kJ/mol: 
 

SiO2 + 2H2O = H4SiO4   ∆rGO = +22.83 kJ/mol 
SiO2 + 2H2O = Н+ + H3SiO4

-  ∆rGO = +78.91 kJ/mol 
 

In nature, molecular solubility is background of and irrespective of the pH of the environment. 
Its value is 62 mg/l. Ionic solubility appears only in an alkaline environment at pH> 9. With an 

increase to pH = 9.8, equilibrium is achieved by the formula: 
 

H4SiО4 = Н+ + H3SiO4
-; 

 
which does not proceed under standard conditions, since its Gibbs free energy is ΔrGO=+56.08 

kJ/mol. At pH = 10, the ionic solubility of quartz reaches 95 mg/l. 
Thus, for the dissolution of quartz grains in sandstone, a necessary condition was the creation of 

alkaline environments in pore solutions. 
Dissolved siliceous material, introduced to the top of the sandstone layers, precipitated. 
Apparently, the silica precipitation process contributed some extent the increased content of clay 

material here. If we assume that the main form of silica migration was ionic, then the role of clay 
aggregates becomes clear. All of them possessing high sorption properties and played the role of 
fixing siliceous compounds. Upon reaching a certain concentration of dissolved silica in porous 
solutions, the system will begin to form radicals of polysilicate salts [9], which will later form the 
basis for the formation of chalcedony aggregates. As can be seen in the thin-sections, the primary 
centers of chalcedony crystallization coincide with the areas of linear and concave-convex contacts 
of quartz grains. This is for several reasons: higher surface activity of quartz due to microdefects, 
chemical affinity and the same structure of silica-oxygen tetrahedral units of quartz and chalcedony, 
as well as a smaller amount of clay material. 

Judging by the texture of siliceous aggregates within the top of the sandstone layer, chalcedony 
formation processes in each pore were carried out individually. In some pores, due to the relatively 
weak saturation of the solution with silica, all the material was used to form single aggregates 
consisting of numerous twisted chalcedony fibers, fan-like in shape, diverging away from the 
crystallization center (Fig. 3a, b). In other pores, where conditions were created for periodic 
fluctuations in a solution of H4SiO4 concentrations, chalcedony spherulites were formed, 
consolidating into agate-like aggregates (Fig. 3c). Each layer in the agate is a consequence of a further 
increase in the content of silicic acid in a semi-insulated pore space system. Considering the relatively 
high concentrations of oxygen vacancies (E’=130-135 ard.un.) in the structure of silica minerals 
composing the top of the sandstone layer, it can be assumed that chalcedony was formed in conditions 
of oxygen deficit. The effect of natural radiation of the oil deposit on the formation of E’-centers in 
chalcedony will not lead to a similar effect, because natural gamma radiation logging showed only 
1.24-1.52 μR/hr of natural radioactivity in oil. For comparison, the clay rocks of the Bobrikovsky 
terrigenous complex show values of natural radioactivity of 5.29-7.65 μR/hr. However, the content 
of E’-centers in quartz grains of argillites does not exceed 120 ard. un. 
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Fig. 3. Schematic overview of chalcedony single aggregates. Gray – chalcedony, yellow – quartz grains, dark green – 
clay cement material. (A) acicular chalcedony crystals; (B) twisted chalcedony fibers, divergent fan-shaped; (C) 
chalcedony spherulites consolidating into agate-like aggregates. 

 
Chalcedony metasomatism of muscovite aggregates indicates acidic environmental conditions at 

the top of the sandstone layer during the silica deposition. Only at acidic pH values will interlayer 
potassium cations be removed from the muscovite structure, and then the aluminum cations, by the 
reaction: 
 

KAl2[Al, Si3O10] (OH)2 + H3SiО4
- + 10Н+ = 3SiO2 + K+ + 3Al(OH)3 + 3H2O 

 
Thermodynamic calculations showed the profitability of the course of such a reaction with the 

Gibbs free energy gain in ΔrGo = -174.75 kJ/mol. Other variants of muscovite decomposition, 
according to calculations, were not possible, since their Gibbs energy had positive values. 

Knowing the ΔrGO of the proposed reaction, the pH of the environment at which the process of 
muscovite replacement with chalcedony is possible, was calculated: 
 

lgaH+≥
-174.75
57.079

 ≥3.06 
 

According to the data obtained, the above metasomatic conversion reaction can only occur at pH 
<3.0. Only with this environment acidity is the removal of K+ and Al3+ ions from the muscovite crystal 
structure possible, followed by the precipitation of aluminum in the form of hydrargillite-gibbsite. 

Diffusion conversion of layered aluminosilicate to chalcedony went in advance, in the form of a 
so-called “acidity wave.” As a result, in the muscovite plates a sharp interface boundary formed 
between the primary and secondary minerals. Judging from the substitution by chalcedony of 
muscovite scales encased in quartz grains, the diffusion of silica was not only on the surface, but also 
inside the allothogenous components of rocks. Microcracks, which violate the integrity of the 
structure of mineral grains, served as migration paths for the derived components of silicic acid. In 
the presence of muscovite scales near the microdefects, the latter were completely replaced by 
chalcedony. 
 

Conclusions 

 

Taking into account the obtained results of studying the lithogenesis of the Visean quartz 
sandstones by influence of oil-water fluids, the following conclusions can be drawn: 

1. In the sandstone collectors of the Bobrikian horizon, the formation of oil deposits was 
accompanied by the redistribution of silica due to the dissolution of quartz grains in the lower 
and middle parts of the reservoir and the deposition of chalcedony in its top. 

2. Dissolution of quartz grains was facilitated by microdefects concentrated at their periphery, 
caused by plastic deformations of minerals at contacts in the zone of recrystallization-blastic 
replacement, and an increase in the alkalinity of the pore space environment to pH 9-10. 

3. The processes of chalcedony formation occurring at the top of the sandstone layer are 
characterized by spatial inhomogeneity due to the uneven receipt of mineral matter into the 
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porous space. The inhomogeneity of the crystallization environment in the form of 
concentration gradients facilitated the formation of single spherulites in some pores, and 
agate-like aggregates in others. 

4. Secondary authigenic chalcedony in the top of the sand layer has an increased content of 
paramagnetic E’-centers, caused by oxygen deficiency in the mineral formation environment 
during their formation. 

5. The chalcedony formation occurred at an acidic ambient at pH <3.0, which led to the 
occurrence of metasomatic changes due to silica-acid at the top of the sand layer, which was 
expressed in the replacement of muscovite plates with silica minerals. Metasomatism affected 
both the single plates of clastic muscovite, and muscovite, which formed inclusions inside 
quartz grains. In this case, both surface and bulk diffusion of silica appeared, which influenced 
all secondary allothogenous components of the rock. 
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Abstract 

 

As the global methane budget is poorly constrained, we evaluate the greenhouse gas footprint by 
estimating the volume of methane released from the Mesozoic bituminous formations for the time 
horizons of their accumulation. Samples of bituminous rocks from the lower Aptian Ulyanovsk 
Formation corresponding with OAE 1a, the upper Tithonian Promzino Formation (both from the 
Russian Platform), and the upper Tithonian-Berriasian Bazhenov Formation (West Siberian Platform) 
were studied by ICP-MS and by gas liquid chromatography. The following methane emissions (in 
teratons) were obtained: for the Ulyanovsk Formation – 4.2 Tt, for the Bazhenov Formation – 128 Tt, 
and for the Promzino Formation – 55.7 Tt. The calculated methane emissions should be taken into 
account along with methane hydrate emissions when estimating the greenhouse effect in the Late 
Tithonian-Berriasian and the Early Aptian. 
 
Keywords: Oceanic Anoxic Events, black shales, greenhouse gas, methane emissions, upper Jurassic, lower Cretaceous 

 

Introduction 

 

Deposits rich in organic matter are of increasing interest since they are a potential source of 
hydrocarbons and an indicator of climate change, but also a source of greenhouse gases, such as 
methane. 

The late Jurassic-late Cretaceous is considered to be a period of increasing temperatures, 
“greenhouse” conditions [1] and episodes of widespread anoxia in the oceans in the Cretaceous, 
known as Oceanic Anoxic Events (OAE), that resulted in black shale deposits [2]. Isotopic data 
suggest that the onset of global anoxia coincided with both the beginning of significant warming and 
a short-term drop in d13C values in marine carbonates [3]. 

Methane is a powerful greenhouse gas, with a global warming potential that is far greater than that 
of carbon dioxide. The contribution of methane to the global greenhouse effect relative to other gases 
is at least 15%, and its ability to shield thermal radiation is 20-40 times higher than in CO2 [4]. 

Considering the above, we attempted to estimate the volume of released methane from the 
Mesozoic bituminous rocks occurring on the Russian and West Siberian Platforms for the time spans 
of their accumulation. 
 

Sections and methods 

 

Samples of bituminous rocks from three anoxic levels from two sections were studied to address 
this problem. The studied sections are cores from the Tatar-Shatrashany borehole (eastern Russian 
Platform) and Borehole 8227 from the Krasnoleninsk petroleum deposit (West Siberian Platform) 
(Fig. 1). 
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Fig. 1. Location of studied sections: on the Tithonian-Berriasian (a) and on the Early Aptian (b) Paleogeographic Maps 
(simplified from [5], [6]. Legend: 1, 2 - Tatar-Shatrashany Borehole in the NE Peri-Tethys: (1) the Upper Jurassic 
Promzino Fm; (2) the Low Aptian Ulyanovsk Fm; (3) Borehole 8227 in the West Siberian basin. 
 

The Tatar-Shatrashany borehole is located on the northeastern Peri-Tethys within a strait 
connecting the Ocean with the Boreal-Arctic Sea in the Tithonian (Fig. 1a) [5] and in the Early Aptian 
(Fig. 1b). 

The borehole 8227 is situated in the West Siberian basin [6], the largest petroleum basin in the 
world covering an area between the Ural Mountains and the Yenisey River (Fig. 1a). 

The section from the Eastern Russian Platform includes two anoxic levels: the middle Volgian 
(upper Tithonian) Promzino Formation (Fm) and the lower Aptian Ulyanovsk Fm (Fig. 2). 

The Promzino Fm consists of dark-brown laminated bituminous shales, 6 m in thickness, including 
layers extremely enriched in organic carbon reaching a maximum of 40-50 wt. % [7]. Sediments 
contain numerous ammonites from the Dorsoplanites panderi Zone (Fig. 2). This studied high-carbon 
formation may be a manifestation of the late Jurassic global anoxic event, sedimentary expressions 
of which are reported from different regions of the World; in particular, the Bazhenov Fm of the West 
Siberian Platform [8], and voluminous sulfide deposition in Panthalassa [9] can be considered to be 
such manifestations. 

The duration of the late Tithonian anoxic D. panderi phase is estimated about 3.7 My (Gradstein 
et al., 2012); according to Gavrilov et al., (2002), the Promzino Fm covers an area of almost 493,041 
km2 (Table 1). 
 

Table 1. Basic data for estimations of methane emission from the black-shale Formations. 

Platform Black-shale 
Formation 

Sub- 
stage 

Anoxia duration, 
My 

Formation 
distribution, 
Mkm2 

Russian Ulyanovsk K1a1 1 0.256 
Promzino J3t3 3.7 0.493 

West Siberian Bazhenov J3t3-K1b 13 1 
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Fig. 2. The Upper Jurassic - Low Cretaceous part of the Tatar-Shatrashany Borehole section (Eastern Russian Platform) 
[10]. Legend: (1) sandstones; (2) claystones; (3) marls; (4) bituminous shales; (5) bituminous claystones; (6) normal 
polarity; (7) reverse polarity; (8) anoxic event. 
 

The lower Aptian Ulyanovsk Fm includes bituminous shales, 4.2 m in thickness, reported to 
correlate with OAE1a [10, 11] (Fig. 2). It consists of dark brown thinly-laminated bituminous 
siltstones (1-5 mm thick) with pyrite interlayers, the proportion of organic matter varies from 3.2-
7.8% [11]. The bedding surfaces of the laminae are covered by numerous ammonites from the 
Deshayesites volgensis Zone. Gavrilov and coauthors [11] estimate the OAE1a duration as about 1 
My, the Ulyanovsk Fm distribution is 256,560 km2 (Table 1). 

The borehole 8227 section includes the mid-upper Volgian (upper Tithonian-Berriasian) Bazhenov 
Fm (Fig. 3). Rocks of the Bazhenov Fm, 60 m thick, are thinly laminated to massive, siliceous, 
carbonaceous shales with layers of argillaceous siliciliths [8]. The TOC content averages 5.1% over 
the entire formation [12]. The formation covers an area of almost one million square kilometers and 
contains about 18 trillion tons of organic matter [12]. The duration of the Bazhenov anoxia is 
considered to have been, according to [13], [14], about 13 My (Table 1). 
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Fig. 3. The Tithonian-Berriasian part of the Borehole 8227 section (Western Siberian Platform). For Legend, see Fig. 2. 
 

Geochemical investigations of carbon isotope ratio, and gas composition of samples from three 
mentioned anoxic levels were undertaken at Institute of Geology and Petroleum Technologies of 
Kazan Federal University (Russia). Samples were analyzed by inductively coupled plasma – mass 
spectrometry (ICP-MS) and by gas liquid chromatography (GLC). The data obtained, coupled with 
estimated duration of anoxia and black shale series distribution were used to estimate methane 
emissions during two anoxic events that affected three sedimentary basins: the early Aptian and the 
late Tithonian anoxic basins in the Eastern Russian platform and the late Tithonian-Berriasian anoxic 
basin in West Siberia. 
 
Results and Discussion 

 

According to the ICP-MS results, Corg in the Ulyanovsk Fm is equal to 9.98%, in the Promzino 
Fm -27.3%, in the Bazhenov Fm -9.96% (Table 2). All the samples studied are enriched in the light 
isotope 12C, thus, the δ13Corg value in the sample from the Ulyanovsk Fm -29.19 ‰; in that from the 
Promzino Fm -23.37‰; from the Bazhenov Fm is equal to -30.6 ‰ (Table 2). 
 

Table 2. Geochemical data from the black-shale formations. 

 
The GLC data showed that all samples are represented by a high content of methane and a small 

amount of ethane (Fig. 4). To calculate a quantitative ratio of the methane content in the samples, 

Black-shale series Corg, % δ13Corg, ‰ Ethane, % Methane, 
% 

Methane 
emission 
intensity 
coefficient 

Methane 
emission, 
Tt 

Ulyanovsk Fm 9.98 -29.19 0.69 99.31 1.64 4.2 
Promzino Fm 27.3 -23.37 0.72 99.28 3.1 55.7 
Bazhenov Fm 9.96 -30.6 1.30 98.70 1 128 

https://www.multitran.ru/c/m.exe?t=2685_1_2&s1=%EA%EE%FD%F4%F4%E8%F6%E8%E5%ED%F2
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areas of peak intensity were taken into account. As the lowest intensity for Bazhenov Fm is accepted 
as 1, the ratio of the intensity is as follows: Bazhenov Fm/Ulyanovsk Fm/Promzino Fm = 1/1.64/3.1. 

 
Fig. 4. Chromatograms of studied samples 

 
Estimation of methane emissions (V, t) was carried out according to the following formula (1): 

 
(1) 

 
where S is area of the Fm distribution (km2), A is anoxia duration (My), v is methane emission rate 
(t/y), and k is intensity coefficient obtained from the chromatographic results. 

For the methane emission rate, results obtained from the Black Sea region by [15] are used, 
because they reflect the most appropriate conditions for the studied environments (vCH4 is 9.85 t/km2 
per year). The formation distribution areas and the anoxia durations of each event were calculated 
according to published data (Table 1). 

In accordance with formula (1), the following methane emissions (in teratons) were obtained: for 
the Ulyanovsk Fm – 4.2 Tt (1 Tt – 1012 t), for the Bazhenov Fm – 128 Tt, and for the Promzino Fm 
– 55.7 Tt. 

The results obtained indicate the enrichment all the samples in organic carbon and the high content 
of methane in the studied bituminous rocks. The calculated methane emissions should be taken into 
account along with methane hydrate emissions while estimating the greenhouse effect in the Late 
Tithonian-Berriasian and Early Aptian. Reconstructions of the methane emissions may help to better 
understand modern climate changes and decipher the environmental conditions during anoxic events 
in the past. 
 

Conclusions 

 

The calculated methane emission volumes are as follows: for the lower Aptian anoxic basin of the 
Russian Platform (OAE 1a) about 4.2 Tt; for the Upper Tithonian anoxic basin of the Russian 
Platform about 55.7 Tt; for the Upper Tithonian-Berriassian anoxic basin of the West Siberian 
Platform about 128 Tt. The obtained methane emissions should be considered as a contribution to the 
global methane budget during the late Jurassic and early Cretaceous (OAE 1a) anoxic greenhouse 
episodes. 
 

 

kASV = 

https://www.multitran.ru/c/m.exe?t=7131018_1_2&s1=%EE%E1%FA%B8%EC%20%FD%EC%E8%F1%F1%E8%E9
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Abstract 

 

Since the beginning of the exploitation of high-viscosity oil fields, interest in the study of 
bituminous sands and sandstones of the Sheshmian horizon (Cisuralian, Ufimian Stage of the General 
Stratigraphic Scale of Russia) has increased. Bitumen deposits are associated with terrigenous-clastic 
rocks with high reservoir properties, due to the composition, structural and texture features of the 
rocks. The main characteristic features of such rocks are formed at the stage of sedimentation under 
the influence of primary sedimentary factors. The Sheshmian horizon has a two-layered structure and 
is characterized by the presence of two layers that differ in composition. Features of the composition 
of sand and sandstone layers can be due to the influence of various factors in the process of their 
formation. 
 
Keywords: bitumen sands, bitumen sandstones, Permian bitumen, tar sands, genesis, Aeolian sediments 

 

Introduction 

 

The exploitation of deposits of high-viscosity oils in the productive layers of tar sands and 
sandstones led to the need for a detailed study of their composition and genesis. Bituminous sands 
and sandstones are confined to the Sheshmian horizon in the upper part of the Ufimian [1], [2], [3]. 

Bitumen deposits are associated with terrigenous-clastic rocks with high reservoir properties, 
which are due to the composition, structural and texture features of the rocks. They are distributed on 
the western slope of the South Tatar arch, which lie in the form of a strip with a length of up to 180 
km and a width of about 40 km. Numerous accumulations of natural bitumens are associated with the 
sand and sandstone of the Sheshmian horizon, which lie in near-surface conditions (to depths of about 
400 m). 

Sites with a bitumen substance of reduced viscosity are of interest for the production of petroleum 
fractions. Their extraction is carried out by the TATNEFT Public Joint Stock Company using the 
steam gravity drainage method [2]. In this connection, great importance is attached to the composition 
and internal structure of the object. The Sheshmian horizon is divided into sandy-argillaceous and 
sandy packets that differ in composition. A feature of the upper packet is the almost complete absence 
of the clay component [3], which indicates formation conditions different from the lower packet. 

Regularly oriented morphology of the surface of sands and sandstones of the Sheshmian horizon 
also indicates specific conditions of formation. As can be seen in (Fig. 1) [4], the bitumen deposits 
form a series of linear elongated bodies. 
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Fig. 1. Regular location of bitumen deposits in Republic of Tatarstan: (1) bitumen deposits in Kazanian; 
(2) bitumen deposits in the Sheshmian horizon of the Ufimian Stage; (3) borders of the tectonic structures [4]. 

 
The state of the problem and the methods of research 

 

The issue of the origin of the Sheshmian bitumen-bearing sands and sandstones has remained 
controversial for many years. Almost all researchers unanimously associate the formation of 
terrigenous Ufimian rocks with the destruction of the Ural magmatic complexes and the removal of 
clastic material to the plain. At the same time, there are significant differences in the evaluation of 
the facial conditions of their formation. A review by Uspenskiy [3] shows a wide range of opinions 
among researchers. Hence, Nechayev [5], Noinskyi [6] attributed sandstones to continental deposits 
that arose in conditions of a hot arid climate. Tikhvinskaya [7] assumed that the deposits are also 
continental, but formed in a humid climate. Ignatiev [8] considered them deluvial, alluvial, delta 
formations. Pustovalov [9] wrote about the delta origin of sandstones, and Forsh [10] attributed them, 
in general mass, to alluvial deposits. Petrov and Pavlov [11] consider them to be the remnants of 
erosion from the pre-Kazanian time. A number of researchers ([12], [13], [14], etc.) suggested their 
bar origin, Baturin [15] and Ellern [16] considered them to be deposits of “dry deltas”. Based on the 
granulometric analysis of the Sheshmian sand and sandstone Uspenskiy [3] suggested their coastal-
marine and delta origin. 

The analysis of published works suggests that the studied sandstone strata are of complex origin 
and cannot be the product of only one process. The studied sands and sandstones have many signs of 
subaquatic origin, but at the same time they contain features of various types of facial settings, not 
fully satisfying any of them. They also cannot be assigned to intermediate delta formations because 
of their uncharacteristic spatial arrangement. Deltas have tree-like branched bodies, which are not 
observed here. Under certain conditions these tree-like bodies can “coalesce” among themselves, 
forming linearly elongated sand bodies, also called “bar fingers” [17]. But similar bodies, as a rule, 
have a crescent morphology in their plan, which delineates the front of the delta advance, which is 
also not observed in the morphology of the Sheshmian sands and sandstones. In order to clarify the 
formation conditions of the Sheshmian sands and sandstones, we carried out a complex of studies 
involving the investigation of the composition and morphological features of detrital minerals, as well 
as an analysis of their internal structure and surface morphology. The results of petrographic and 
paleogeomorphological analysis make it possible to introduce corrections into the mechanism of 
formation of the Sheshmian sands and sandstones. 
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Results and discussion 

 

An important sign of certain formation conditions is the mineralogical and petrographic 
composition of sands and sandstones. The Sheshmian horizon is divided into sandy-argillaceous and 
sandy packets. According to the mineral composition, the sands and sandstones of both packets are 
polymictic, belong to the greywacke group [18], sometimes subgreywack (Fig. 2). Quartz 
predominates in the mineral composition of their detrital material; albite, calcite, chlorite and pyrite 
are less common. In all sandstones, there are also fragments of magmatogenic (intrusive and effusive) 
rocks, femic (pyroxenes, amphiboles) and accessory (magnetite, zircon, etc.) minerals. 

The composition of rocks is due to the destruction of magmatogenic complexes in the Urals and 
to the removal of material to the plain. The clastic material is not sufficiently sorted, which indicates 
the short duration of its transfer. The fragments of grains are characterized by their angular shape. 

Cement in sandstones has a clay-carbonate composition with a clearly expressed subordinate value 
of clay minerals, with clay minerals disappearing up at the top or rarely encountered up the section 
[18]. 
 

 

Fig. 2. Sandstone subgreywack with carbonate cement: (a) a single Nicol; (b) crossed Nicols. 
 

According to the nature of the discharge and filling of the void space, the carbonate cement is 
secondary, and the clay component is syngenetic to the detrital material. A specific feature of the 
upper packet is the almost complete absence of a clay component [3], which is not characteristic of 
subaqueous deposits. Delta deposits are usually composed of coarse-grained particles 
(conglomerates), aleurite and even pelitic dimension [19]. The absence of clay minerals is 
characteristic of aeolian deposits, from which they are removed by the wind [20]. 

Another characteristic feature is the morphology of the surface. Geomorphological analysis of the 
surface of the Sheshmian deposits shows that the spatial arrangement of sandstone bodies also does 
not fully correspond to marine sediments that are characterized by a high degree of turbulence and do 
not lead to the formation of subparallel structures. According to geomorphological features, this type 
of sand distribution is typical of landforms formed by wind in deserts, particularly, in coastal deserts. 
Indeed, similar forms of relief can be observed in modern coastal deserts. A vivid example is the 
Namib Desert (Fig. 3), which is located along the coast of the Atlantic Ocean of southern Africa. 

Due to the constant activity of the wind blowing from the ocean, a series of sand dunes with very 
similar structures have been formed. 

a b 
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Fig. 3. Namib desert. Aeolian forms of the landforms. 
(http://fotostranik.com/pustyinya-namib-vstrecha-s-okeanom.html) [21]. 

 
Using the uniformity approach, it can be assumed that during the Sheshmian period, after extensive 

demolition of detrital material and the accumulation of sandy-argillaceous strata in subaquatic 
conditions, a regression of the sea occurred, which exposed the previously accumulated sands. 

According to the reconstruction [7], [14] at the end of the Sheshmian time on the border with the 
Kazanian stage, the territory under investigation was occupied by the red Sheshmian desert. And not 
just a desert, but a seaside alluvial or alluvial-lacustrine plain, located between demolition areas and 
a shallow sea basin [22]. Thus, part of the sand layer was above sea level and underwent aeolian 
processing, which resulted in the removal of the clay component. As a result of aeolian activity in the 
coastal zone, aeolian landforms, similar to the modern Namib Desert, were formed. The lower layer, 
bounded by the Stokes surface (a mirror of groundwater, which corresponded to the level of the 
Sheshmian sea and served as the local level of erosion basis [20]) was not subjected to aeolian 
redeposition. For this reason, it retained the original sandy-clay composition. The angularity of the 
debris, characteristic of the sands and sandstones of the upper packet, can also be observed in sands 
of aeolian origin. The angularity of the debris is affected by a variety of factors, ranging from particle 
size, the type of particle movement, the wind speed, its direction, and generally the duration of 
redeposition by the wind. An example is the Sahara desert, whose sands are markedly angular [15]. 

As a result of the Kazanian transgression, the aeolian structures (dunes) underwent partial erosion 
and were overlapped with the Baitugan Member (the Lingula Shale Beds). Paleotectonic 
reconstructions show that the depression between the aeolian heights was filling with silt [23]. 
 

Conclusions 

 

The initial accumulation of the Sheshmian sands occurred in subaquatic coastal-marine conditions. 
In the pre-Kazanian time, as a result of a short-term regression of the Ufimian basin, the upper part 
of the sands was found above the sea surface and underwent aeolian redeposition, which caused the 
separation of a layer of uniformly distributed sands into two packets that differ in the content of clay 
minerals. As a result of the Kazanian transgression, the upper part of the Sheshmian sands underwent 
partial erosion and redeposition, and was afterwards overlapped by Baitugan clayey shales. 
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Abstract 

 

This paper deals with the lithology and facies of the upper part of the Permian succession within 
the western part of the Volga-Ural Oil Basin (East European Platform) and the composition of 
Permian underground water. It is shown that the composition of springwater with mineralization up 
to 250 mg/l depends on a short-term interaction between atmospheric precipitation and soils and 
Permian rocks. The gradients of the concentrations of the main groundwater components, which are 
revealed by downward filtration, are calculated. The relationship of these gradients to the parameters 
of the aquifers is determined. 
 
Keywords: Permian, fresh underground water, concentration gradients, downward filtration 

 

Introduction 

 
The Volga-Ural Oil Basin is located on the east of the Eastern European Platform and has an area 

of about 700 thousand km2. The Permian, Neogene and Quaternary deposits form the upper part of 
its platform cover. Underground waters of various composition and mineralization occur in these 
sedimentary successions. The composition of groundwater initially depends on the interaction of 
infiltrating precipitation with exposed sedimentary rocks. The purpose of this work is to analyze the 
initial phase of the formation of fresh underground water within the area of exposed Permian rocks. 
 

Objects and methods of research 

 

The research objects include the composition of fresh groundwater, the major varieties of Permian 
rocks and the geological sections within the territory of the Republic of Tatarstan. The Republic of 
Tatarstan is located in the basin of the lower reaches of the Kama River. It has an area of 68 thousand 
km2. 

Within this area, the thickness of the fresh groundwater zone reaches 250 m. The total amount of 
resources is 5.4 million m3/day. 

The main methods of our studies included the water extraction method and complex 
hydrogeochemical analysis of the Permian succession in watershed areas. 

The Permian deposits in the near-surface zone (above the river’s edge) include deposits from the 
Sakmarian (Lower Permian) to the Vyatkian (Upper Permian). The successions of the Kazanian and 
Urzhumian Stages (Middle Permian) occur on more than 2/3 of the territory of the Republic of 
Tatarstan. The Kazanian deposits are usually exposed in the lower and middle parts of the watershed 
slopes, while the Urzhumian sediments are exposed in the upper part of most watersheds. 

The Kazanian deposits characterized by clear performed vertical and lateral lithological and facial 
zonality. Eastward from the western boundaries of the Republic of Tatarstan, the marine terrigenous-
carbonate (sulfate-terrigenous-carbonate) succession is replaced by the continental carbonate-
terrigenous formation; this pattern is also observed along the section from bottom to top [1], [2]. 
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In addition, the Kazanian successions are characterized by a clearly expressed rhythmicity. 
The rhythms of sedimentation usually begin with sandstones and end with carbonate rocks. 
In complete sections of the Kazanian Stage, there are at least 7 rhythms. Marine deposits are 

distinguished by the predominant carbonate and shale components, and also have a grey color; the 
thickness of separate beds can be as high as 8-10 m, rarely more. Continental formations usually 
consist of red-colored sandy-clayey rocks; the thickness of the separate beds rarely exceeds 3-5 m. 

Terrigenous and carbonate Urzhumian rocks alternate irregularly in the succession. Terrigenous 
rocks predominate and have a variegated coloration. The thickness of the separate beds does not 
usually exceed 3-5 m. The total thickness of the Kazanian reaches 160-200 m, and the Urzhumian ‒ 
120 m. 

The development of underground waters depends on the features of the Middle Permian 
succession. Aquifers are recharged from the watershed areas, and discharge areas are represented by 
river valleys. Within the recharge area, there is a descending flow and lateral filtration. Mean annual 
rainfall in the Republic of Tatarstan is about 500 mm/year, of which percentage of effective rainfall 
is 12-15%. 

The composition and mineralization of underground water of the Permian aquifers vary widely. 
Their mineralization naturally increases from 0.15-0.2 to 0.6-1.0 g/l (2-2.5 g/l) downwards along 

the section and toward the discharge zones. Their composition varies from HCO3/Ca and HCO3/Mg-
Ca to HCO3/Na and SO4/Mg-Ca. It is explained by the different interaction time between the water 
and carbonate-terrigenous (sometimes sulphate-carbonate-terrigenous) water-bearing mineral matrix. 

Technogenic factors play a significant role in the formation of the composition of underground 
water in the territories of settlements, within large industrial zones, in areas of surface landfills for 
disposal of various wastes, as well as in areas of large oilfields that have been developed for more 
than 50 years. Mineralization of underground water here reaches a value of 5-12 g/l, and water 
hardness is 80-135 mmol/l [3]. 

In the last 50-60 years, hydrogeochemical changes have not been noted in the areas where 
formations of underground water composition depend on natural factors. It is connected with two 
factors: firstly, with the decrease of anthropogenic impact on the underground hydrosphere due to the 
economic crisis in Russia, and secondly, with the high buffer capacity of the aeration zone which is 
characterized by carbonate and clay content. 

Natural factors determine the development of such hydrogeochemical processes as carbon dioxide 
leaching of carbonate-terrigenous rocks, leaching and dissolution of gypsum, hydrolysis of 
terrigenous rocks, sorption and ion exchange, etc. These processes occur with varying intensity in 
aquifers of various compositions and ages. Further analysis is based on more than one hundred water 
extracts from the main varieties of the Permian rocks, Quaternary cover sediments and modern soils, 
to analyze the nature of these processes in the water-rock system. Samples were taken from different 
regions of the Republic of Tatarstan. The process of extract preparation is as follows: 100 grams of 
crushed rock is poured into 1 liter of water. After one day the extract is filtered and analyzed. 

The authors used different kinds of water to prepare the extracts ‒ distilled, melted snow and spring 
water. Snow melt water is characterized by the composition SO4-HCO3/Na-Ca, its mineralization 
varied in the range 0.016-0.07 g/l, and pH is 5.86-6.64. Spring water has a composition HCO3/Ca and 
SO4-HCO3/Mg-Ca and mineralization of 0.3 and 0.47 g/l. The pH, electrical conductivity, turbidity, 
chromaticity, permanganate oxidability, contents of HCO3

-, SO4
2-, Cl-, NO3

-, NO2
-, F-, PO4

3-, Ca2+, 
Mg2+, Na+, K+, NH4

+, Li+, as well as the concentrations of Fe, Mn, Pb, Ni, Cd, Cu, Co, Cr, Zn are 
determined on the basis of the extraction analysis. The ionic composition was analyzed using Dionex 
ICS-1600 ion chromatographs, and metals were detected on the ContrAA700 Atomic Absorption 
spectrometer. The composition of the water extracts was compared with the composition of the waters 
of the springs located in the upper part of the watershed slopes outside the zones of intensive 
technogenic impact. Such springs are downward and usually characterized by minimal mineralization 
(127-250 mg/l) and rigidity (1.9-5.4 mmol/l). The formation of their composition is determined by 
the short-lived interaction of atmospheric precipitation with soils and Permian rocks. 
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The authors analyzed the data from the hydrogeochemical study of watershed areas to determine 
how the water composition is influenced by lithological and facial factors. In watershed areas, the 
main hydrogeological process is represented by downward filtration, because surface watersheds are 
simultaneously watersheds of underground water. In these areas, the interaction between the 
lithogenic components of rocks and atmospheric precipitation, and then ‒ with their transformed 
“derivatives” ‒ determine the water composition. This interaction is shown through the formula [4]: 

12

12

hh

CC
gradC

−

−
= , 

where gradC is the concentration gradient (mg/l*m, mmol/L*m, etc.); C2 and C1 are the 
components concentrations (parameter values) in the underground water at the depths h2 and h1. 

The authors chose the following depths: 50, 50-100 and more than 100 m. For the first depth 
interval, C1 shows characteristics of atmospheric precipitation, and h1 = 0. Figure 1 shows the location 
of the wells where several different aquifers are tested. The wells are located in the axial parts of the 
surface watersheds. The received data are used to calculate the concentration gradients. Most aquifers 
occur in the stratigraphic interval between the Urzhumian and the Kazanian Stages. 

Concentration gradients were determined for 44 watersheds for three deep levels, and for different 
types of sections ‒ predominantly terrigenous, carbonate-terrigenous, with and without gypsum 
(separate nodules and veins, rarely beds with thicknesses up to 1-2 m), as well as sections that are 
affected by oil production. Additionally, the values obtained of the concentration gradients of all the 
main components of the groundwater composition were subjected to a correlation analysis. In this 
analysis, the depth, age, thickness and lithological features of aquifers were taken into account. 
 

 
Fig. 1. Well locations in the Republic of Tatarstan: (1) large oil fields; (2) springs with water mineralization less than 

250 mg/l; (3) wells; (4) points of sampling of the Permian rocks. 
 

Results and discussions 

 

As a result of the research, it was found that atmospheric precipitation and distilled water have the 
maximum leaching activity (Table 1, 2). Tables show that soils, clays and carbonate rocks are the 
main agents of water mineralization. 
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Table 1. Characteristics of water extracts from melted snow water. 

Lithologic types Age 
index 

Number of 
samples 

Mineralization, 
mg/l 

Rigidity, 
mM/l 

Soil Q 20 116-310 (78-241) 1.4-2.9 (1.0-2.6) 
Clay loam Q 16 107-266 (86-197) 0.6-1.6 (0.3-1.4) 
Sandstone Р1-3 22 33-230 (26-204) 0.25-1.1 (0.14-1.0) 
Siltstone Р2 5 101-186 (64-117) 1.2-1.5 (0.9-1.1) 

Clay Р2-3 18 72-410 (31-394) 0.6-4.1 (0.3-4.0) 
Marl Р2 5 102-228 (65-159) 1.1-1.5 (0.8-1.2) 

Limestone Р2 7 141-285 (72-216) 1.4-2.8 (1.1-2.5) 
Dolomite Р2 4 174-227 (105-158) 2.4-3.0 (2.1-2.7) 

Note: In the last two columns, the first figures reflect absolute values, and the numbers in parentheses are increments of 

the corresponding parameters relative to the characteristics of the primary (snow) water. 
 

Even short-term interactions between atmospheric precipitation and soils, clays and carbonate 
rocks are forming solutions, the chemical compositions of which are similar to the compositions of 
spring waters. The composition of water extracts from rocks of the same lithological type but differing 
only in facial features is approximately the same. 
 

Table 2. Comparison of the compositions of spring waters with the compositions of water extracts using distilled and 
melted snow water. 

 
Samples 

Number 
of 

samples 

Nonvolatile 
residue, 

mg/l 

Rigidity, 
mM/l 

Oxida-
bility, 
mgО/l 

Components, mg/l 
HCO3

- SO4
2- Cl- NO3

- (Na+K)+ 

Spring 
waters (P2-3) 

100 127-250 
222-26 

1.9-5.4 
4.1-0.6 

0-8.5 
2.6-1.8 

92-317 
225-48 

0-46 
9.7-9.0 

0-41 
7.4-7.1 

0-24 
7.9-5.9 

0-24 
7.2-5.8 

Soil (Q) 43 27-226 
99-51 

0.3-3.5 
1.2-0.7 

1-17 
9.2-3.5 

12-214 
100-56 

0.5-37 
4.8-6.0 

0.6-29 
2.9-4.3 

0-94 
3.0-14 

2-36 
8.3-8.4 

Clay loam 
(Q) 

24 42-182 
95-36 

0.4-2.3 
1.1-0.6 

0-15 
8.0-5.1 

24-160 
83-40 

1.4-35 
10-9.4 

0.4-6.9 
2.1-1.8 

0-3.4 
0.6-0.5 

2.4-31.2 
10.6-9.3 

Sandstone 
(P1-3) 

36 26-165 
73-28 

0.2-2.1 
0.9-0.5 

1.1-11 
4.9-2.8 

12-134 
65-30 

1.0-29 
5.2-7.9 

0.4-6.6 
1.1-0.9 

0.2-6.8 
1.3-1.1 

2-57 
6.1-9.5 

Clay (P2-3) 28 41-411 
113-119 

0.5-4.3 
1.4-1.3 

0-9.0 
4.1-2.8 

36.6-104 
74-23 

1.3-224 
14-28 

0.7-3.5 
1.3-0.6 

0.2-13 
2.2-3.7 

2.2-32 
8.1-10.4 

Carbonate 
rocks (P2) 

28 76-285 
151-38 

0.8-3.0 
1.8-0.6 

0-4.5 
1.5-0.3 

37-220 
110-44 

14-100 
30-15 

0.4-11 
2.2-1.4 

0-13.2 
2.5-2.4 

2.3-26 
4.2-6.3 

Note: The limiting values (minimum‒maximum) are given in the numerator; the mean and standard deviation are in the 

denominator. 
 
Compliance is noted for all components and parameters, except for water hardness and HCO3

- 
concentrations. The maximum content of hydrocarbonates in the extracts is 220 mg/l, with the 
prevailing values of 50-160 mg/l, and their prevailing content in spring waters exceeds 180 mg/l. 

This is because the formation of the composition of extracts under laboratory conditions took place 
at a concentration of CO2 in the ambient air of 300 ppm. The chemical composition of groundwater 
emerges at a higher content of CO2. According to the gas survey using the Ecoprobe-5 analyzer 
conducted by authors in many regions of Tatarstan, the CO2 content in the soil and subsoil horizons 
(at depths up to 1.5 m) is 800-120000 ppm. Consequently, the groundwaters of the aeration and 
saturation zones are characterized by both higher contents of hydrocarbonates, and by higher carbon 
dioxide aggressiveness and leaching power. The duration of interaction of such waters with the 
mineral matrix can explain almost all features of the chemical composition of fresh groundwater in 
the technologically weakly disturbed regions of the Republic of Tatarstan. 

Such components as Fe (up to 7.4 mg/l); Mn (up to 0.5 mg/l) and Pb (up to 0.27 mg/l) often pass 
from the rocks to the distilled and melted snow water interacting with them. In this case, they mainly 
come from sod-podzolic and chernozem soils and the Permian clays. 

Table 3 shows vertical concentration gradients according to geological and hydrogeochemical data 
from the wells drilled in the watershed areas of the oil region of the Republic of Tatarstan. Similar 
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values of the gradients were obtained for the study of wells in the western part of this area. The 
following should be noted. 

• The basic level of groundwater mineralization is already formed in the uppermost 50 m 
interval, where the maximum gradients of major chemical components are fixed. This pattern 
is typical for non-gypsum sections located outside developed oil fields. 

• In gypsiferous successions, a sharp increase in the salt content of the groundwater is usually 
observed from a depth of 40-70 m, whereas the upper intervals are fairly well washed. 

• Technogenic factors such as the development of oil deposits can have a strong influence on 
the formation of groundwater composition, an order of magnitude greater than the role of 
natural factors. 

 
Table 3. Values of concentration gradients with vertical downward filtration in the Permian deposits of the oil region of 

the Republic of Tatarstan. 

Paramete
rs 

Depth of 
occurance, 

m 

Terrigenous sections Carbonate-terrigenous 
sections 

Sections with the influence of 
oil processing 

“normal” with 
gypsum “normal” with 

gypsum “normal” with gypsum 

Minerali 
zation 

to 50 3.3-7.2 6.3 4.3-7.0 4.6-16.3 11.4-34 6.4-60.5 
50-100 (-1.1)-1.7 4.1-44.9 0.1-2.8 1.6-79.2 (-35)-(-4.4) (-4)-63.2 
>100 0.1-0.6 1.2-17.6 (-2)-3.9 0.9-149 (-28)-17.7  

Rigidity 
to 50 0.06-0.1 0.1 0.07-0.1 0.1-0.32 0.11-0.51 0.1-0.76 

50-100 (-0.1)-0 0-0.64 (-0.1)-0.1 0-0.84 (-0.7)-0.1 0-0.4 
>100 0.003 (-0.1)-0.1 (-0.03)-0 0.01-1.7 (-0.2)-0.2  

HCO3
− 

to 50 3.6-7.4 to 4.9 4.5-6.8 4.2-5.3 2.5-7.0 0.5-3.8 
50-100 (-1.2)-1.8 (-2.7)-(-1.6) (-1.1)-2.4 (-4.7)-3.5 0.6-3.7 (-6.4)-0.9 
>100 (-0.8)-0.4 (-1.7)-1.6 (-1.6)-0.1 (-6.6)-(-0.2) (-11.1)-3.7  

Cl− 
to 50 0.08-0.26 0.3 0-0.29 0-0.26 4-17.5 0.82-24.5 

50-100 0-0.12 0.12-0.3 0-0.17 0-1.2 (-25)-0.9 5.4-6.9 
>100 0.01-0.08 0-1.2 0-0.6 0-1.66 (-2.8)-12.9  

SO4
2− 

to 50 0-0.21 1.2 0-0.33 0.9-5.8 0-0.8 1.67-4.7 
50-100 (-0.3)-0.5 3.4-33.6 (-0.1)-0.7 1.1-59.3 (-0.2)-1.1 1.2-43.0 
>100 (-0.1)-0.1 1.7-11.5 (-0.3)-0.2 0.9-112.3 (-1.9)-3  

Ca2+ 
to 50 0.1-1.22 1.2 0.5-1.1 0.9-4.8 0.94-6.4 0.9-18.0 

50-100 (-1.1)-0.1 0-11.3 (-0.2)-0.5 0-15.1 (-9.3)-0.7 1.6-4.1 
>100 (-0.1)-0.1 (-0.5)-0.6 (-0.2)-0.1 0-23.4 (-1.6)-5.1  

Mg2+ 
to 50 0.03-0.94 0.4 0.3-0.95 0.54-0.93 0.8-2.3 0-4.2 

50-100 (-0.2)-1.2 0.8-0.9 (-0.3)-0.26 0-1.53 (-2.4)-0.5 (-1.2)-2 
>100 0-0.12 (-0.4)-0.4 (-0.2)-0.05 0.02-18 (-1.2)-0.4  

Na++K+ 
to 50 0-0.66 0.7 0.13-0.8 0.01-0.6 0.1-6.0 0.8-1.5 

50-100 0-1.0 0.4-2.2 0-1.0 0.3-7.5 (-3.0)-1.1 0.1-12.3 
>100 0.03-0.19 1.5-6.4 0-1.7 0.05-12.1 (-5.6)-2.7  

Note: Units of rigidity measurement ‒ mM/l*m, other parameters ‒ mg/l*m; the gradient values for the first deep level 

are determined taking into account the composition of atmospheric precipitation. 
 
• In areas of oil processing, oil (chloride) pollution can occur “from the top” (due to infiltration 

of associated oil water) and “from the bottom” (due to ascending flows). In the first case, the 
maximum gradients of mineralization and concentrations of chlorides and other components 
are noted in the uppermost part of the section. In the second case, the increased values of the 
gradients are fixed from a depth of 100-120 m. The depth interval of 50-100 m is usually 
characterized by less mineralization and lower hardness of underground waters. 

• Negative values of concentration gradients are mainly related to sorption processes and 
precipitation of calcium carbonates from solution; within the oil fields, the possibility of 
chloride contamination in the uppermost part of the section is added to this process. 

• In non-gypsum successions and outside oil production zones, rigidity ceases to increase (and 
possibly decreases) from a depth of 80-100 m. The concentration of hydrocarbonate ions is 
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often reduced (this decrease is more active when there are gypsums in the section) from the 
same level. This directly indicates partial precipitation of calcium and magnesium carbonates. 

The values of most concentration gradients are determined primarily by the lithological features 
of the groundwater reservoirs and the influence of the oil production processes; a lesser role is played 
by depth (Table 4). The role of age and thickness of water-bearing rocks is minimal. Significant 
negative relationships between the gradients of hydrocarbonates and the age parameter of rocks are 
associated with the character of its coding – each stratigraphic subdivision was assigned a numerical 
value, which increases down the section. In this regard, these negative correlations are determined by 
the depth at which the rock occurred. 
 

Table 4. Correlations between the values of the concentration gradients of the main components of the groundwater 
composition with parameters of the aquifers. 

Parameters of the 
aquifers 

Mineralisat
ion Rigidity HCO3

- Cl- SO4
2- Ca2+ Mg2+ (Na+K)+ 

Depth of the top 0.07 -0.07 -0.73 -0.17 0.52 0.03 -0.27 0.12 

Depth of the bottom -0.03 -0.14 -0.68 -0.23 0.41 -0.06 -0.30 0.02 

Thickness -0.23 -0.19 -0.06 -0.19 -0.14 -0.20 -0.14 -0.20 

Age 0.08 -0.01 -0.57 0.07 0.25 0.06 -0.16 0.17 

Terrigenous rocks 
(continental facies) -0.24 -0.19 0.23 -0.02 -0.44 -0.26 0.00 -0.09 

Terrigenous rocks 
(marine facies) 0.06 0.00 -0.35 -0.05 0.31 0.07 -0.13 0.03 

Clay rocks -0.33 -0.46 -0.21 -0.21 -0.22 -0.46 -0.26 0.21 

Carbonate rocks 0.43 0.43 0.18 0.16 0.35 0.43 0.26 0.11 

Sulphate rocks 0.41 0.29 -0.49 0.10 0.66 0.37 0.01 0.23 

Sections with the 
influence of oil 
processing 

0.51 0.53 0.02 0.76 -0.08 0.49 0.45 0.32 

Note: Significant coefficients of pair correlation are marked in bold. 

 
The terrigenous rocks, in which clayish rocks are also included, do not have a particularly 

significant effect on the variation of concentration gradients. If we consider clayish rocks separately, 
it turns out that they (as well as carbonate and sulphate rocks) play a decisive role in the formation of 
groundwater composition. It is necessary to note the dual role of clayish rocks. In the aeration zone, 
they are the main mineralizers of infiltrating groundwaters. In the carbonate and (or) sulfate 
successions of aquifers, the clayish rocks play the role of sorption barriers, which help to reduce the 
concentration of most components and the mineralization of water as a whole. Directly opposite 
changes in hydrocarbonate and sulfate gradients are very important. These changes are primarily 
determined by a deep factor and are associated with the saturation of groundwaters with calcium 
carbonates and the possibility of their precipitation in the leaching of gypsum. 
 

Conclusions 

 

The interaction between atmospheric precipitation and the mineral matrix of rocks determines the 
features of the groundwater composition in the upper part of the stratigraphic succession of the 
Republic of Tatarstan within areas where there is no intensive technogenic impact. Present-day soils, 
as well as the Permian clayey, carbonate and sulfate rocks, have a maximum mineralizing role. 
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Lithological features of aquifers (the ratio of sulfate, carbonate and clayey rocks, as well as the depth 
of their occurrence) determine the mineralization and composition of underground water. 

Based on the concentration gradients obtained, we can predict the hydrogeochemical conditions 
and the nature of their changes in areas where geoecological conditions are known and where the 
main process is represented by downward filtration in the upper part of the succession. This is 
necessary for choosing locations for drilling, and arranging drinking water wells, as well as for 
estimating the forecast and prospects for the development of technical and possibly mineral waters. 
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Abstract 

 

This paper deals with permeability variations of the Lower Kazanian (Middle Permian) succession, 
which is a major drinking water producing interval within the Volga-Ural Oil Basin (East European 
Platform). The main result of our research is that pore porosity affects filtration coefficients up to 
value of 10 m/day, while the higher values of water permeability are dependent on fracture porosity. 

Filtration anisotropy of the Lower Kazanian is dependent on the geomorphological and geological 
conditions of the territory, the facial features of the rocks, and the depth of their occurrence. On the 
basis of the regularities of the filtration field, the most probable values of reservoir rock permeability 
have been calculated for major possible conditions of their occurrence. 
 
Keywords: Permian, Lower Kazanian, drinking groundwater, sandstones, limestones, filtration coefficients, filtration field 

 

Introduction 

 
The Volga-Ural Oil Basin is located in the eastern part of the East European Platform. The Permian 

marine-continental succession forms the upper part of the sedimentary cover of this area. The Middle 
and Upper Permian rocks make up the surface exposures over most of the territory and determine its 
major geological and ecological features such as the type and distribution of mineral deposits, nature 
and intensity of exogenic processes, protective properties of the geological environment, etc.  

The Middle and Upper Permian aquifer contains the most important groundwater resources of 
various composition and quality. The porosity and filtration parameters of the water-bearing rocks 
determine the potential groundwater resources. The main purpose of this article is to discuss the main 
features and causes of the filtration heterogeneity of the Middle Permian aquifer. 
 

Objects and methods of research 

 

The territory of research is located in the central part of the Volga-Ural Oil Basin (Fig. 1) and has 
an area of about 20,000 square km. This region is characterized by active oil field exploitation and 
high economic development. Numerous petrochemical plants and the largest automobile corporation 
(KAMAZ PTC) are located here. Geological knowledge of this territory is fairly detailed [1], [2], [3], 
[4], etc. The natural waters of this territory are characterized by large-scale pollution of different types 
[4, [5], [6]. 
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Fig. 1. The territory of research in the boundaries of the Republic of Tatarstan: (1) the territory of research; (2) areas of 
large oil fields and their numbers: (I) Bavlinskoye, (II) Novo-Elhovskoye, (III) Romashkinskoye. 

 
The Permian aquifer and the overlying Neogene-Quaternary aquifer include most of the important 

fresh water fields. The Permian succession, in general, consists of sulfate, carbonate and terrigenous 
rocks which are characterized by a wide range of facies (from shallow marine to continental lacustrine 
and alluvial facies). Their total thickness reaches 400 m. 

The Neogene-Quaternary succession has a maximal thickness (up to 210 m) in the ancient and 
modern river valleys. The width of these valleys rarely exceeds 5-6 km. 

The total thickness of the fresh groundwater zone varies from 20 to 250 m. Its minimum values 
are fixed in large river valleys, and the maximum values are recorded within the watersheds composed 
of Upper and Middle Permian formations. The fresh water fields are usually localized in permeable 
sandstone and carbonates forming typical interfluvial flows. The watershed zones represent the main 
catchment areas, whereas the river valleys represent areas of groundwater discharge. 

The filtration heterogeneity of the Middle Permian aquifer is discussed further on the basis of a 
detailed study of the Lower Kazanian succession. Within the studied area, the Lower Kazanian 
usually crops out in the lower parts of the watershed slopes and is the wateriest stratigraphic unit. 

The Lower Kazanian aquifer consists of rhythmic succession formed by rocks of different facies. 
Sandstones, limestones and dolomites (thickness is about 0.5-6.0 m, rarely more) are aquiferous. 
They are interbedded with marls, siltstones and clays, which form impermeable seals. The total 

thickness of the Lower Kazanian aquifer is 50-100 m, with an effective thickness of about 40 m. The 
Lower Kazanian top surface lies at levels from 0 to 180 m deep. The Lower Kazanian aquifer is 
underlain by an impermeable seal formed by the Lingula Shale Member. This Member occurs at the 
base of the Lower Kazanian and predominately consists of shallow marine gray-colored shales with 
numerous remains of inarticulate brachiopods Lingula orientalis. The thickness of the Lingula Shale 
Member is usually about 10-15 m. Below the base surface of the Lingula Shale Member, the brackish 
waters of the Lower Permian aquifer are widespread. 

The recharge of the Lower Kazanian aquifer includes atmospheric infiltration and overflow from 
the overlapping beds. Water discharge includes numerous springs and filtration in the river 
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paleovalleys and modern river valleys. A flattened form of the piezometric surface repeats the modern 
relief. The water content of the deposits is average: discharge rates of springs are 0.5-5.0 liters/second 
(l/s), the specific well rates are 0.3-2.0 liters/(second*meter) (l/(s*m)) [5]. 

The filtration heterogeneity of the Lower Kazanian aquifer was revealed based on significant 
evidence. These data include the results of experimental filtration testing of 552 wells and 122 
laboratory determinations of all major rock types for water permeability (Table 1). The method of 
nuclear magnetic resonance (NMR) was used as the main laboratory method. A special filtration 
device (Henry Darcy upgraded equipment) for measuring of the filtration coefficient was used as the 
second method. 
 

Table 1. Water permeability of the Lower Kazanian aquifer 
 

Lithological types 
Determination methods of water permeability 
Laboratory Experimental filtration tests 

(single and cluster pumping, 
m/day) NMR (mD) 

Using special filtering device 
(tube) for measuring the 

filtration coefficient (m/day) 
Clay 10–71 (23) – Reaches 0.5 (3) 

Siltstone 103–395 (28) – 0.09–3.7 (12) 
Sandstone 13–1007 (32) 0.5–6.0 (30) 0.003–150 (483) 

Marl 20–48 (3) – 0.34–8.8 (15) 
Limestone and 

dolomite 
1–182 (6) – 0.006–610 (343) 

Note. The number of water permeability determinations is given in parentheses. 

 
Furthermore, the authors take into account the data of experimental-filtration well testing. Main 

attention is paid to the permeability of sandstones and carbonate rocks (limestones and dolomites) as 
the main reservoirs of groundwater. The Lower Kazanian aquifer mainly consists of fine-grained 
sandstones with different cement stabilization and micritic limestones (dolomites). The filtration 
coefficients of sandstones and carbonate rocks vary widely. The prevailing values are usually below 
10 m/day. So, filtration coefficients up to 10 m/day for sandstones are noted in 80-90% of cases, and 
for limestones ‒ in 65-80% of cases during a fairly high variability of water permeability. 

The maximum water permeability of sandstones generally does not exceed 30 m/day, and 
limestones ‒ 50 m/day. Higher values are abnormal and amount to about 3%. According to the data 
from laboratory analyses, filtration coefficients of up to 6-10 m/day mainly coincide with porous and 
porous-cavern types of porosity. The laboratory determinations of water permeability of weakly 
cemented sandstones confirm this conclusion. Fractures in the rocks cause additional porosity that 
increases permeability. 

Rock fracturing depends on processes of diagenesis, tectonic stresses, and exogenous processes. 
Geomorphological and structural features of the territories depend on the last two factors. 

Therefore, we can determine the degree of fracturing of rocks and their water permeability, based on 
orographic and geological-structural parameters. The authors analyze the following parameters to 
identify the main factors affecting the filtration capacity of rocks. 

1) The Hypsometric parameter is represented by four levels of depth of water-bearing rock 
occurrence. 

2) The Geomorphological parameter considers seven elements: from the largest river valleys to 
the axial zones of the main watersheds. 

3) The Structural parameter is represented by four types of position within the local geological 
structures defined by the basement of the Lingula Shale Member. 

4) The Geological parameter takes into account the Neogene incised paleovalleys. It is 
represented by three variants of the spatial arrangement of aquifers relatively to these 
palaeovalleys. 

5) The Facies parameter is represented by three facial types of the Lower Kazanian rocks. 
6) The Morphometrical parameter takes into account four forms of surface slopes. 
7) The Technogenic parameter takes into account three methods of oil field development. 
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On the basis of experimental filtration tests, the formalization (calibration) of each specified 
parameter was performed for all studied wells. Arabic numerals mean a certain value or qualitative 
characteristic of each parameter. 

Hypsometric parameter; occurrence depth of water-bearing intervals: (1) does not exceed 50 m; 
(2) 50-100 m; (3) 100-150 m; (4) more than 150 m. 

Geomorphological parameter (shows the location of the well): 1) river valleys of the first and 
second orders (the valley length is more than 50 km); 2) river valleys of the third and fourth orders 
(valley length 10-50 km); 3) river valleys of the fifth order and pronounced ravines; 4) lower and 
middle parts of watershed slopes of valleys of the first and second orders; 5) lower parts of watershed 
slopes of valleys of the third and fourth orders; 6) middle parts of watershed slopes of valleys of the 
third and fourth orders, and the slopes of valleys of the fifth order; 7) the upper parts of the watershed 
slopes and the axial zones of the watersheds. 

The Structural parameter: (1) axial parts of negative structures; (2) axial parts of positive 
structures; (3) the slopes of the structures are flat; (4) the slopes are steep and of average steepness. 

The Geological parameter: (1) wells are located at a considerable distance from the Neogene 
incised paleovalleys; (2) wells are in the nearest 2-3 km zone from the paleovalleys; (3) the Lower 
Kazanian beds underlie Neogene sediments. 

The Facies parameter (facies of water-bearing rocks): (1) marine facies (gray-colored deposits); 
(2) transitional facies (gray-colored and variegated deposits); (3) continental facies (variegated and 
red-colored deposits). 

The Morphometrical parameter: 1) subhorizontal slopes; 2) gentle slopes (angle is up to 10°); 3) 
average slopes (angle is 10-25°); 4) steep slopes (angle is more than 25°). 

The Technogenic parameter: (1) wells are located outside the area of oil fields; 2) the wells are 
located in the area of a small, developed oil field; 3) wells are located within the areas of a large oil 
field (Romashkinskoe, Novo-Elkhovskoye and Bavlinskoye). 
 

Results and discussions 

 

A correlation analysis of filtration coefficient values of sandstones, limestones and specific 
formalized (calibrated) parameters was carried out to determine the main factors of the filtration 
capacity. This analysis was performed both for the entire data set and for each tectonic unit of the 
South Tatar Arch (STA) (Fig. 2). 

Water permeability of rocks is significantly associated with hypsometric, geomorphological, 
structural, geological and facial parameters (Table 2). These parameters are the main factors of the 
filtration field changes. Further, they will be called filtration anisotropy factors of the hydrogeological 
section. The role of each of the factors, in the case that the values of other factors are unchangeable, 
could be described as follows. 

Hypsometric factor: a sharp decrease in water permeability is noted below the depths of 80-100 
m, the coefficients of difference in permeability values for depth intervals of 0-50 m and 100-150 m 
can reach the value of 8. 



© Filodiritto Editore – Proceedings 

397 

 
 

Fig. 2. Tectonic scheme of the central part of the Volga-Ural Oil Basin in the Republic of Tatarstan [2]: (1) boundaries 
of structural elements and their numbers: (I–VII) structures of the South Tatar Arch: (I) north-eastern slope, (II) eastern 
slope, (III) southern slope, (IV) south-eastern slope, (V) northern slope, (VI) the crest (central) part, (VII) the western 
slope, (VIII) the south-eastern slope of the North Tatar Arch; (2) contours of large oil fields. 

 
Table 2. Correlation of the filtration capacity of rocks and individual parameters of the Lower Kazanian aquifer 

Parameters 

Structural elements, lithology 
The western slope of the South Tatar 

Arch 
The crest of the South Tatar Arch 

Sandstones Limestones Sandstones Limestones 
Hypsometric –0.21 ––0.40* –036* –0.25 
Geomorphological –0.37* –0.20 –030* –0.39* 
Structural 0.23 0.20 0.21* 0.14 
Geological 0.56* 0.51* 0.52* 0.58* 
Facial –0.38* –0.33 –0.36* –0.26 
Morphometrical –0.0 –0.17 0.07 0.07 
Technogenic –0.15 –0.02 –0.05 0.03 
Number of data (pumping 
out) 

45 33 95 48 

Note. * Significant coefficients of pair correlation. 

 

Geomorphological factor: the value of water permeability decreases up to five times from the 
largest river valleys to the central parts of the watershed slopes. The increased filtration capacity of 
rocks is also observed in the zones of intersection of several river valleys. 

Structural factor: the maximum filtration coefficients are noted in the highs of positive structures 
and on their steep wings; the coefficients of difference, in comparison with other structural positions, 
reach values of 2-3. 

Geological factor: water permeability increases in more than 3-5 times in the distance of 2-3 km 
from the boundaries of the Neogene incised paleovalleys. Water permeability of the Lower Kazanian 
rocks lying under these paleovalleys changes in two ways. High filtration capacity is noted within the 
structures where the thickness of Neogene sandy-argillaceous deposits is usually low. The low 
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filtration capacity is fixed within semi-closed structures that are distributed over large areas and 
characterized by a large thickness of Neogene formations succession. The last is probably influenced 
by the colmatation of the pore- fractured space of the rocks. 

Facial factor: the Lower Kazanian gray-colored marine formation are characterized by greater 
water permeability than the synchronous red-colored continental formation. The dissimilarity 
coefficients of these formations reach a the value of 1.5. This factor is significant for sandstones. 

The influence of the first four factors on the water permeability could be easily explained. 
They depend on the degree of rock fracturing. The porosity and fissuring of rocks decrease while 

the depth increases. Rivers are formed along the weakened zones with high values of fracture and 
porosity. In addition, cracks occur within the river valleys due to the lack of a geostatic load. Neogene 
formations often mark the valleys of ancient rivers. According to geophysical data, the direct 
connection of ancient and modern rivers with faults of the platform basement is fixed. The data 
indicate tensile stresses in the central parts of the structural highs, and a more intense stretching is 
noted on the steep structural wings. 

The facial factor determines the amount of porosity. Sandstones of continental facies, in contrast 
to marine sandstones, are granulometrically more heterogeneous and clayish, which causes a decrease 
in their effective porosity and, accordingly, water permeability.  

The role of the above-mentioned factors in the filtration heterogeneity of the geological section is 
clearly revealed at depths of up to 100 m. Water permeability is gradually smoothed with increasing 
depth below 100 m. The filtration coefficients of the rocks lying below 150 m practically do not 
exceed 0.13 m/day, and do not depend on the examined geological-geomorphological conditions. 

Maximum values of the filtration capacity of rocks (including anomalous ones) are revealed with 
a certain combination of all the above mentioned factors. Zones with such a combination of factors 
and possessing optimal hydrogeochemical conditions represent the fields (already explored or 
predicted) of drinking groundwater. 

The calculations of the most probable values of the sandstone and limestone filtration coefficients 
for various conditions of their hypsometric, geomorphological, geological and structural position are 
carried out on the basis of the filtration anisotropy factors of the Lower Kazanian aquifer. The 252 
values of filtration capacity of each of the lithological types of reservoir rocks within the limits of 
each structural unit of the STA were determined. Table 3 shows the real and calculated coefficients 
of the filtration of the rocks of the Lower Kazanian aquifer. Geological conditions are represented by 
three factors: the first shows the geomorphological factor (seven types of qualitative character), the 
second – the structural factor (four types of qualitative character), the third – the presence of Neogene 
paleovalleys (three types of qualitative character). The depth levels are represented by only three 
gradations, since below 150 m the filtration coefficients do not exceed 0.13 m/day. 

The data of Table 3 represent the real changes in the coefficients of filtration in reservoir 
conditions. They allow the water permeability of specific rocks in any geological and 
geomorphological conditions to be determined without carrying out expensive experimental filtration 
work. 

Geological structures could be divided by hydrogeological (hydrogeodynamic) parameters, using 
the average values of the filtration coefficients of sandstones and carbonate rocks under different 
geological and geomorphological conditions. The most open structures of the STA are represented 
by its high (central) part and the southeast slope. The western slope is less open. High filtration 
characteristics are noted in the open structures and anomalously high-water permeability values are 
recorded. The remaining tectonic elements of the STA include semi-closed structures. Within these 
semi-closed structures, the main reservoirs of groundwater have low values of the filtration 
coefficients. These changes depend on the structure of the STA and the facial features of the Lower 
Kazanian deposits. Open structures of the STA are associated with the final process of its formation 
in the post-Permian time. This mechanism involves maximum tensile stresses within the steepest 
slopes of the structural highs [7]. These structures are widespread in the south-eastern and western 
slopes of the STA. Compression across the layering and stretching along the structure occurs in the 
central part. Cracks of separation are formed and, consequently, the permeability of rocks in the high 
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of the STA is increased. The facies factor acts similarly to the tectonic factor. The Lower Kazanian 
deposits were formed in different environments (from the marine lowland to the continental lakes and 
alluvial channels). In this case, the facies zones extend northwestward [1]. Marine deposits with 
higher water permeability are widespread within the south-eastern and western slopes of the South 
Tatar Arch. 
 

Table 3. Filtration coefficients (m/day) of the Lower Kazanian sandstones and limestones under some geological 
conditions within the high of the South Tatar Arch 

Litology Conditions 
Levels of depth, m 

Conditions 
Levels of depth, m 

to 50 50–100 100–150 to 50 50–100 100–150 
Sandstone 1-1-1 12.0 7.5 3.0 1-2-1 13.0 8.1 3.2 

Limestone 13.0 8.0 3.1 14.0 8.0 3.1 

Sandstone 1-3-1 12.0 7.5 3.0 1-4-1 13.5 8.4 3.4 

Limestone 13.0 8.0 3.1 14.0 8.5 3.4 

Sandstone 1-1-2 13.2 9.8 3.3 1-2-2 14.3 10.5 3.5 

Limestone 52.0 32.0 6.2 56.0 32.0 6.2 

Sandstone 1-3-2 13.2 9.8 3.3 1-4-2 14.9 10.9 3.7 

Limestone 52.0 32.0 6.2 56.0 34.0 6.8 

Sandstone 1-1-3 25.2 15.8 4.5 1-2-3 27.3 17.0 4.8 

Limestone 32.5 20.0 4.0 35.0 20.0 4.0 

Sandstone 1-3-3 25.2 15.8 4.5 1-3-4 28.4 17.6 5.1 

Limestone 32.5 20.0 4.0 35.0 21.3 4.4 

Sandstone 7-1-1 3.3 2.1 0.6 7-2-1 3.8 3.0 0.6 

Limestone 3.2 2.0 0.8 3.2 3.0 2.0 

Sandstone 7-3-1 3.9 2.1 1.0 7-4-1 4.0 3.1 1.1 

Limestone 5.0 4.0 1.5 6.0 4.0 1.5 

Sandstone 7-1-2 4.0 2.9 0.7 7-2-2 4.6 4.0 0.7 

Limestone 12.8 8.0 1.5 12.8 12.0 3.5 

Sandstone 7-3-2 4.7 2.9 1.1 7-4-2 4.8 4.2 1.2 

Limestone 20.0 12.0 3.0 24.0 16.0 3.0 

Sandstone 7-1-3 6.9 4.4 0.9 7-2-3 8.0 6.3 0.9 

Limestone 8.0 5.0 1.0 8.0 7.5 2.4 

Sandstone 7-3-3 8.2 4.4 1.5 7-4-3 8.4 6.5 1.7 

Limestone 12.5 10.0 2.0 15.0 10.0 2.0 

Note: Filtration coefficients which are obtained by averaging the actual values of water permeability are marked in bold 

font; values which are obtained on the basis of real and calculated values are shown in normal font; the calculated data 

are marked in italics. 
 

Conclusions 

 
The filtration field of the Lower Kazanian aquifer in the oil region of Tatarstan Republic varies 

sharply. Water permeability of sandstones and limestones with dolomites varies from 0.003 to 610 
m/day. These variations are fairly regular. Up to a depth of 150 m they are controlled by five main 
factors – by the depth of occurrence of groundwater reservoirs, their geomorphological and structural 
location, the facies of reservoir rocks, and their location relative to Neogene paleovalleys. To a depth 
below 150 m, the filtration coefficients of water-bearing rocks usually do not exceed 0.13 m/day. 

The geological-geomorphological conditions examined do not affect their change. 
Data on the nature and conditionality of the filtration heterogeneity of the aquifer of the oil region 

of Tatarstan Republic can be used for adjacent parts of the succession of both this and adjacent 
territories in the Volga-Ural Oil Basin. 

The results obtained can be applied in: rational hydrogeological prospecting; optimal placement 
of water intake wells and landfills for storing various types of waste; reliable assessment of fresh 
groundwater resources; as a primary material necessary for the formation of numerical geofiltration 
models, for carrying out hydrodynamic calculations of the distribution of real or potential pollution, 
for identifying zones of sanitary protection of water occurences, etc. 
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Abstract 

 

The Lower Carboniferous of the Volga-Ural Basin contains a large number of oil reservoirs which 
are confined to carbonate and terrigenous rocks. 

The territory of the South Tatar arch is located in the central part of the Volga-Ural Basin and 
contains many Visean incised valleys which are filled by terrigenous sediments and are underlain by 
Tournaisian carbonates. Visean incised valleys are characterized by increased thicknesses of 
terrigenous deposits and often contain thick intervals of sand reservoirs with high hydrocarbon 
potential. We studied 39 wells that were drilled in the Visean terrigenous deposits and in the 
underlying Tournaisian carbonates. The Lower Visean (Bobrikian) incised valleys represent the main 
object of our study. The correlation of the wells based on well logging datasets was carried out, to 
define the thickness of eroded Tournaisian carbonates and the thickness of the Bobrikian terrigenous 
beds filling the incised valleys. Based on the thickness analysis, the structural map of the Tournaisian 
top surface was reconstructed for the time before the erosion began (the topography of pre-eroded 
Tournaisian surface). Different types of geological section in relation with lithology are discussed. 
The types of incised valleys are defined according to the ratio of the thickness of eroded Tournaisian 
carbonates and the thickness of terrigenous material filling the erosional cuts. The studied incised 
valleys are suggested to be of erosion-karst origin. 
 
Keywords: Tournaisian, Visean incised valleys, Bobrikian, erosion, karst 

 

Introduction 

 

From a regional tectonic point of view, the studied area is confined to the South Tatar arch which 
belongs to the central part of the Volga-Ural Oil and Gas Basin located in the east of the East European 
Platform. The rather flat relief of the Tournaisian top surface is complicated by local uplifts 10-30 m 
in amplitude. In some areas, the Tournaisian carbonates are intensively eroded; in some cases, the 
erosion affects the upper part of the Famennian. [1]. 

The incised valleys that eroded into the Tournaisian carbonates rocks are filled with the Lower 
Visean (Bobrikian) terrigenous series. 

The Tournaisian Stage is represented by limestones with interlayers of dolomites and dolomitized 
limestones.  

The lower part of the Visean (Bobrikian) unconformably overlies the Tournaisian carbonate rocks 
and consists of terrigenous series – mudstones, siltstones, sandstones, and coal interlayers. It is 
believed that the Bobrikian terrigenous rocks were deposited in continental and subcontinental 
conditions as a result of general emergence of the East European Platform, that occurred after 
deposition of the Tournaisian carbonate rocks [1]. 

The successions of the Visean (Bobrikian) incised valleys are highly variable in vertical and lateral 
directions, and are characterized by the absence of reliable stratigraphic markers. 
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The shape of the incised valleys is very diverse. An important feature of the Visean deposits is the 
presence of interlayers of coal-argillaceous shales and coals, indicating that the sedimentation was 
irregular and occurred in continental conditions [1], [2]. Basin-fill material came from adjacent 
elevations. Obviously, the erosion was accompanied by karst processes [3]. 

The most intensive karst processes were usually confined to zones of excessive fissuring of rocks. 
Due to the water movement in the zones of excessive fissuring, caverns have been formed in the 
Tournaisian carbonate rocks. These caverns subsequently led to collapse of the overlying rocks. Karst 
processes could be caused by a change in the hydrodynamic regime and the level of groundwater, and 
the formation of zones of increased filtration. It is possible that the infiltration of atmospheric 
precipitation into the ground also played an important role [4], [5]. 

The incised valleys contain highly permeable sandstone reservoirs of Bobrikian age representing 
promising zones for oil exploration. 

The spatial distribution and structure of the Visean incised valleys depends on their origin. 
The origin of incised valleys can be related to fluvial erosion, karst, erosion-karst or karst-erosion 

denudation. 
The incised valleys are generally represented by terrigenous bodies which are elongated and 

sinuous in external outline and linear in different directions [6]. The lateral boundaries of the incised 
valleys represent a variety of shapes from isometric to sinuate (Fig.1). 

We studied 39 wells that were drilled in the Visean terrigenous deposits and in underlying 
carbonate rocks of the Tournaisian stage. The incised valleys are locally distributed within the area 
and are studied, as a rule, by one or two wells (Fig. 1). An exception is the erosional channel in the 
south-western part of the territory, which is drilled and studied by nine wells. 

 

 
Fig. 1. The modern upper surface of the Tournaisian stage 

 
Methodology 

 

The interwell correlation of Visean (Bobrikian) and Tournaisian deposits and the definition of 
modern (eroded) and pre-eroded thickness of Tournaisian succession were conducted using well 
logging data (spontaneous potential log, resistivity log, caliper, gamma ray log, and neutron log). 
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Firstly, based on the interwell correlation of around 3000 wells [7], [8], [9], the modern 
Tournaisian upper surface was reconstructed (Fig. 1). Then, a reconstruction of the pre-eroded 
Tournaisian top surface was performed [10]. 

The eroded surface of the Tournaisian carbonate rocks obtained by well logging interpretation is 
taken as the bottom boundary of the Visean (Bobrikian) terrigenous succession of an incised valley. 
The top surface of coal-argillaceous shales or argillites which separate the Bobrikian sediments filling 
the incised valley and Bobrikian sediments covering the area outside of incised valleys is usually 
taken as the top boundary of an incised valley. 

Geological sections of the study area were divided into two types: the “normal” (without erosion) 
and “eroded” (with incised valleys). The thickness of the terrigenous body and the detailed age of the 
underlying carbonate rocks are the main criteria for identifying the succession of incised valleys [11], 
[12]. 

The technique for reconstruction of the Tournaisian surface after its formation and before the 
active denudation process (hereinafter referred to as “pre-eroded Tournaisian surface”) consists of 
the determination of the thickness of the Tournaisian carbonate rocks and could be described as 
following: 

1. The reference layers are defined by well logging interpretation in both normal and eroded 
successions (Fig. 2). The wells where the Tournaisian is not eroded are considered as 
reference ones. 

2. Initially, the thickness of the Tournaisian carbonate rock was calculated as the distance 
between the lower Tournaisian reference layer and the Tournaisian top surface in normal well. 
This process was repeated for all the normal successions situated in vicinity of each incised 
valley. The obtained normal thicknesses of the Tournaisian carbonate rock were averaged. 
Within the studied area, the “averaged normal thickness” of the Tournaisian carbonate 
deposits was calculated in this way. 

3. Secondly, the thickness of the Tournaisian carbonate rock was calculated as the distance 
between the lower Tournaisian reference bed and the bottom of the Visean terrigenous 
deposits in the “eroded” wells. Doing so, the “residual thicknesses” of the Tournaisian 
carbonate deposits were obtained. 

4. Then, the “eroded thickness” of the eroded Tournaisian carbonates was obtained as the 
arithmetic difference between the “averaged normal thickness” and the “residual thicknesses” 
of the Tournaisian. 

5. Afterwards, the “average eroded thickness” of Tournaisian carbonates was calculated using 
the log data of “normal” wells. The obtained value was added to the absolute altitude of the 
bottom suface of an incised valley to define the absolute altitude of a reconstructed (pre-
eroded) Tournaisian top surface. 

The line between the areas of incised valleys and areas of “normal” Tournaisian successions is 
drawn approximately depending on the magnitude of the Tournaisian erosion. If the incised valley 
has a large depth of erosion and large linear dimensions, the line bordering the incision is drawn 
closer to the well with a normal succession. 
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Fig. 2. Examples of “normal” and “eroded” sequence. (a) “normal” sequence, (b) “eroded” sequence (Tournaisian 
carbonates partially eroded), (c) "eroded" sequence (Tournaisian carbonates fully eroded). 
 
Results 

 

Based on the well logging interpretation, the Tournaisian-Visean succession of the studied area 
divided into “normal” and “eroded” types (Fig. 2): 

1. The “normal” type of succession. The thickness of the Bobrikian and Tournaisian deposits are 
approximately stable vertically and laterally. The average thickness of the Tournaisian is 
about 60 m. The thicknesses of the Lower Tournaisian and Upper Tournaisian are 
approximately equal (averagely 30 m). In the carbonate sequence, the reference layers in the 
top of Kizelian (Rp C1-5), Cherepetskian (Rp C1-4), Upinian (Rp C1-3), Malevkian (Rp C1-
2) regional stages and in the bottom part of Malevkian regional stage (Rp C1-1) are the most 
distinguishable by well logging [10], [13] (Fig. 2). 

2. The “eroded” type of succession. The wells belonged to the eroded area are characterized by 
reduced thickness of Tournaisian carbonates and increased thickness of Bobrikian terrigenous 
rocks. The thickness of eroded Tournaisian carbonates varies from 5 to 73 m. 

The reconstruction of the pre-eroded Tournaisian top surface reveals that the Visean incised 
valleys are confined to the highs and their peripheral areas in 80% of studied wells (31 wells out of 
39). The 20% of studied wells (8 wells out of 39) refer to the periclines and interstructural depressions 
of the pre-eroded Tournaisian surface. 
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The opposite picture is observed in the modern relief of the Tournaisian top surface. In 87% of 
cases (34 wells out of 39), the incised valleys are confined to periclinal and interstructural 
depressions, and only 13% of cases (5 wells out of 39) are confined to the highs and their peripheries 
(Figs. 3, 4). 
 

 
Fig. 3. Modern Tournaisian top surface map with well no. 1-1 – well no. 1-6 profile location. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Interwell correlation scheme from well no. 1-1 – to well no. 1-6. Wells 1-1 and 1-6 represented by “normal” 
sequence, wells 1-2, 1-3 and 1-5 represented by “eroded” sequence with partially eroded Tournaisian carbonates, well 1-
4 represented by “eroded” sequence with fully eroded Tournaisian carbonates. 
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The amplitude of erosion of the Tournaisian carbonates varies mainly from 5 to 20 m. The deepest 
incised valleys are recorded south-westward, sometimes reaching a depth of erosion of 73 m (Figs. 
3, 4). 

The change in the thickness of erosion occurs at short distances of about 200-300 m. 
As a rule, the thickness of the Bobrikian of the incised valleys does not match the amplitude of 

erosion of the Tournaisian carbonate rocks. The thickness of the sediments that fill the incised valleys 
can be greater or less than the magnitude of erosion [14]. 

Based on the thickness of Bobrikian sediments, the incised valleys can be divided into three types 
(Fig. 5): 

• First type (Fig. 5a) – the thickness of Bobrikian terrigenous deposits is less than the thickness 
of the eroded Tournaisian carbonate rocks. This type is characterized by significant thickness 
of the eroded Tournaisian carbonates and by the presence of collapsed limestone blocks in the 
geological section. This type is represented by an incised valley studied in nine wells in a 
south-westerly direction. The reconstruction shows (Fig. 5a) that the pre-eroded Tournaisian 
top surface is characterized by low topography. The amplitude of eroded Tournaisian rocks 
varies from 21 to 73 m (Figs. 3, 4). The Bobrikian deposits do not fully fill the depression 
caused by destruction of Tournaisian carbonate rocks. 

• Second type (Fig. 5b) – the thickness of terrigenous Bobrikian deposits is similar to the 
thickness of eroded Tournaisian carbonate rocks. 

• Third type (Fig. 5c) – the thickness of terrigenous Bobrikian deposits is higher than the 
thickness of the eroded Tournaisian carbonate rocks. 

 
Fig. 5. Types of Visean incised valleys divided by the magnitude of incised valley filling by Bobrikian sediments. 

(a) first type, (b) second type, (c) third type. 
 

The first and the third types are the most common in the studied area, while the second one is rare. 
 

Conclusions 

 

The source of the material filling the negative topographic forms is from series including 
sandstones, siltstones, mudstones with interlayers of coals, carbonaceous shales and occasional 
carbonate rocks mainly fill [1], [12], [14]. 
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The interwell correlation conducted in the area of study showed that in the in the “eroded” wells, 
terrigenous Bobrikian deposits lack lateral consistency and are lithologically heterogeneous. 

The incised valleys were outlined based on a comparative analysis of the thickness of terrigenous 
Bobrikian deposits filling the incised valleys and the magnitude of the erosion of the Tournaisian 
carbonates. 

The pre-eroded Tournaisian surface was reconstructed. The incised valleys are associated with 
different structural elements of the pre-eroded Tournaisian surface and of the modern Tournaisian 
surface after erosion took place. The studied incised valleys are confined to the crestal zones of pre-
eroded Tournaisian structures. This can be evidence of a significant role played by karst processes 
that actively occur in fractured zones of carbonate deposits, which also often occur near the crestal 
zones [13], [14]. 

The genesis of incised valleys in the area of study was suggested basing on the types of incised 
valleys according to the ratio of the thickness of Tournaisian succession eroded and the thickness of 
terrigenous material filling the eroded cuts. 

In particular, the predominance of incised valleys of the first type is likely to indicate the 
dominance of karst in the erosion processes. The number of first type incised valleys increases with 
the amplitude of erosion [14]. 

Alternatively, karst processes apparently had less intense effect in the areas represented by the 
third type incised valleys. It is possible that when this region subsided, the terrigenous sediments were 
deposited in a hydrodynamically unstable environment, as evidenced by the absence of coal beds in 
geological sections of incised valleys of the third type. 

Thus, the complex of studies including the geometry of incised valleys, the ratio of the Tournaisian 
and the Bobrikian deposits and the lithological features of the incised valleys considered suggests the 
predominance of karst-erosion processes in the development of the incised valleys studied. 

In conclusion, it should be noted that in the karst-erosion type of incised valleys, carbonatization 
of the marginal parts of the terrigenous deposits of the incised valley takes place, expressed in a 
decrease in their reservoir properties [14]. Also, there is an improvement of the reservoir properties 
in carbonate sections adjacent to the incised valley, due to the washing out of the carbonate substance. 

The information obtained on the genesis of the Visean incised valleys can be used to select 
locations for oil exploration well drilling, for the best reservoir properties. 
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Abstract 

 

The composition of Permian sections is known to indicate the proximity of sedimentation 
environments to the shoreline, which is an important condition for selecting sequence stratigraphy 
approaches to reveal facial and cyclical geometry of the sections. The absence of systematic seismic 
data on subsurface Permian strata in the Volga-Kama rivers region leads, in the main, to analysis of 
well data, firstly gamma-ray (GR) log data, reflecting grain size changes during sedimentation stage 
alteration. To account for an influence of the facies on GR signatures it is necessary to normalize the 
oscillations of the GR signal. It can be processed by the local fractal dimension on GR-logs. 

The values of the local fractal dimension of the physical parameters of the medium in this case can 
serve as a quantitative characteristic of the complexity of sedimentation processes. Hence, it is a 
criterion separating the different phases of sea level fluctuations. At the same time, the vertical 
derivative of local dimension turns out to be the most informative characteristic, which makes it 
possible to reveal isochrones of sedimentation. The configuration of the boundaries of zones with 
different fractal dimensions makes it possible to identify the sequences and to detect the characteristic 
lines, the features of which are similar to the reflections of progradation series of coarse sediments of 
river channels and deltas. These series correspond to hydrocarbon traps, as in the example of the 
bitumen deposits of the Republic of Tatarstan. 
 
Keywords: Gamma-ray logs, fractal, sequence 

 

Introduction 

 
The basis of most of the geological reconstructions used to study the structure of oil-bearing natural 

reservoirs consists of performing the correlation of subsurface space based on the lithology of the 
beds, the shapes of the geophysical well logs, or characteristics of seismic records. 

Chronocorrelation is only possible if the compared units’ age equivalence is verified [1], [2]. 
Correlation on a lithological basis [3] may coincide with the chronostratigraphic correlation at the 

local scale; however, the chronoboundaries are crossed by many lithostratigraphic units in the case of 
regional tracing. Stratigraphic units formed during major transgressions and regressions are 
remarkable examples of such isochron and lithological boundaries crossing, which is a result of 
implementation of different correlation criteria, namely, chronological and lithological. Therefore, if 
one uses different correlation methods (lithocorrelation, biocorrelation, chronocorrelation) for the 
same system, they may yield different results. 

Another point that needs to be clarified is the difference between the simple coincidence of units 
and the correlation of these units. Coincidence is defined as the correspondence of data irrespective 
of the stratigraphic position [4]. For example, two lithologies in different locations are identified as 
similar lithological units (black shales), coinciding lithologically. However, they can have different 
ages; one bundle can lie over the other in a stratigraphic sense. In this case, the lithological 
equivalence does not imply a correlation equivalence. In lithology, correlation has a different degree 
of reliability in different cases. The success of correlation depends on the choice of correlative 
lithological parameters, the nature of the stratigraphic sequence, and the type of lithological changes 
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when moving from one point to another. Facies changes in lithostratigraphic units complicate the 
lithological correlation. Lithological correlation becomes more reliable if it is possible to identify not 
one or two beds, but a complex of beds, or an association of beds. This reliability increases if the 
correlation is approved by statistical methods [5]. 

All of the above is true for cores used in the study of subsurface space, along with well logs that 
reflect changes in the overall lithology of beds, mineralogy, fluid saturation, radioactivity, porosity 
etc. 

In the present work, Permian sedimentary units of the Republic of Tatarstan, which contain heavy 
oils and bitumens in small traps of anticlinal and non-anticlinal types, are used to develop correlative 
criteria based on well logs. 

Absence of seismic data on Permian subsurface sediments mainly leads to analysis based on well 
data. At the same time, such analysis is somewhat limited by the distances between the wells, the 
small diameter of the cores which affects the observation of the features of large-scale stratification, 
and the difficulties in comparing the log and facies data extracted from the well cores. Well cores are 
valuable, especially if they are selected in a continuous way and expose the contacts between the 
facies. The analysis of cores is similar to the analysis of outcrops. It represents a reliable method for 
studying subsurface facies, interpreting geophysical data and logging, aimed at identifying 
sedimentation environments. The difficulties lie in the fact that the core selection is usually carried 
out only for intervals of economic interest; as a result, one loses important information about the 
relationship of these strata with the neighboring ones. Because of this, log records, continuous along 
the entire length of the well, are of special significance. On the other hand, for a successive analysis 
of the beds and the corresponding sedimentation conditions, measurements that reflect the 
sedimentological parameters of the rocks rather than the pore fluid properties or other secondary 
characteristics, should be used. Gamma-ray logging is a method which meets these requirements. It 
measures natural gamma radiation of rock strata, which indicates the concentration of potassium, and 
in some cases uranium and thorium. Usually GR data are taken as indicators of the granulometric 
composition of rocks, since clays usually correspond to high values of radiation. 

Visual comparison of GR curves is similar to lithological correlation and identifies lithological 
boundaries, which intersect with chronostratigraphic boundaries or isochrones. 

Real isochrones, the mapping of which gives information on the configuration of the surface of 
the sedimentation basin bottom, can be detected only when events or sequences of events correlate 
with the sedimentation along the entire profile of the sedimentation basin bottom. The real isochron 
passes through rocks of different lithological composition: sands near the shore and clays further out. 

As events and sequences of events for which isochrones can be detected, we propose to use the 
environmental changes (climate, tectonics, biosphere, and also fluctuations caused by the interaction 
of these factors). It is assumed that there are two states of environmental changes: stable and excited. 

This separation is relative, and can be looked at from many points of view (sedimentation 
interruptions, turbidites, diagenetic changes, etc.), but it makes it easier to register the nature of the 
influence of the environment on sedimentation. Additionally, the excitation of the environment is 
reflected differently in different facial conditions, different types of environmental oscillations are 
reflected differently in the indications of different well log methods etc. Thus, we must perform a 
normalization of the oscillations, taking into account the amplitude of the background signal (the 
effect of the facies dependence of the GR data). We carry out this procedure by calculating the local 
fractal dimension of the GR diagrams. 

Well sections were surveyed for 213 points on two long profiles, crossing a significant part of the 
Republic of Tatarstan (Fig.1). All GR logs were linked to each other by the area and stratigraphic 
position of the wells on the profiles. 
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Fig. 1. Map of objects of research within the Republic of Tatarstan. Profiles lines: I-I (107 points), II-II (106 points) 

 
Analysis of geological well journals with core information allows us to get a generalized regional 

description of the Permian system rock composition. 
The Asselian rocks are composed of yellowish-gray, fine-grained dolomites, with a mass of voids 

and imprints from fusulinides (tuff- like dolomite) and schwagerins (schwagerin horizon), with 
imprints of pelecypods, syringopores, corals and other fossils, silicified, with large nests and veins of 
gypsum. The thickness varies from 36 m to 163 m with an average value of 82 m. Bitumen is marked 
as traces and weak saturation in four wells. 

The Sakmarian stage is mainly represented by the Tastubian horizon and is composed of limestones 
and dolomites with interbeds of gypsum and anhydrite. Carbonate rocks are brecciated, karstic, silicic 
and clayey. Among fossils, pelecypods and gastropods are characteristic. The thickness of the 
Sakmarian stage ranges from 8 m to 105 m (average power 56 m). Bitumen is marked by traces and 
weak saturation in seven wells. 

The Ufimian stage is represented by the Sheshminskian horizon and lies on the intensively erroded 
surface of the Sakmarian rocks. The Sheshminskian horizon is represented by a spectrum of sandy-
siltstone and argillaceous rocks with subordinate interbeds of limestones, marls and gypsum. 

The thickness of the Ufimian stage varies from 0 m to 107 m (average thickness 40 m). 
The thickness decreases in a westerly direction. The Ufimian is characterized by bitumen 

manifestations from traces to intensive saturation in eight wells.  
The Kazanian stage is composed of Lower Kazanian and Upper Kazanian substages. 
The Lower Kazanian substage is represented by limestones and dolomites with interbeds of 

sulphates, marls, sand-siltstone rocks, clays with a predominance of laminated textures; with 
brachiopods, pelecypods, gastropods. The thickness of the Lower Kazanian substage varies from 0 to 
165 m (mean value 56 m). Bitumen accumulations were detected in 11 wells. 

The Upper Kazanian substage is composed by dolomites and limestones with beds of silicified, 
sandy-siltstone rocks and sulphates. The thickness of the Upper Kazanian substage varies from 0 to 
190 m (mean value 80 m). Bitumen is found in 16 wells. 

The Tatarian series are composed mainly of terrigenous rocks with subordinate interbeds of 
limestones, marls, dolomites and gypsum. The thickness of the series varies from 0 to 233 m (mean 
value 62 m). Bitumen accumulations are not found. 

Neogene rocks consist of mainly clayey and sandy-siltstone rocks. Their thickness varies from 0 
to 176 m (average value 54 m). Bitumen manifestations are not typical. 

Quaternary sediments are composed mainly of loams, with interbeds of sandy loam. Their 
thickness varies from 0 to 20 m (average value of 6 m). Bitumen is not found. 
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Results and discussions 

 

The calculation of the fractal dimension of GR logging data 

The introduction of the concept of fractal dimension allows us to give a quantitative description of 
some terms intuitively perceived in geology, such as “instability”, “heterogeneity”, “variability”, 
“complexity” [6-8]. There are various ways to calculate fractal dimension. Fractal dimension can be 
calculated if the studied object is a monofractal or multifractal, namely, if its individual parts are 
similar to the whole, which means the completeness of fractal properties of the object. For example, 
physical-geological properties of the sedimentary medium vary with depth, which should be reflected 
in the local fractal dimension of the physical parameters. To study the structure of geological objects 
it is necessary to know their local characteristics, and in that case classical methods of fractal theory 
are limited. However, we can use the concept of fractal sets having the spatial distribution of local 
fractal properties; these are non-stationary fractal sets. 

The classical theory of fractals considers objects whose individual parts have the same fractal 
characteristics. When studying various objects which are traditionally considered to be fractals, it is 
found that many of them have the ability to change their fractal properties in space or time. A good 
example of that would be the dimensions of the coastlines of the coasts of Britain, Portugal and 
Germany, calculated by Mandelbrot [9]. Despite the coasts being located close to each other, the 
fractal dimension of the coastlines is different. Such objects are naturally called non-stationary 
fractals; their fractal characteristics are locally inhomogeneous. 

The calculation of the local Minkowski dimension for non-stationary fractal sets is briefly 
summarized below; the theoretical justification is given in [10]. 

If the dimension is a function of the coordinates: 
 

)(rdd =       (1) 
and has nonstationary properties, and trial functions number N (ε) depends on the function (1) then 
asymptotic dependence 

dN −  )(        (2) 
cannot be used in a general case. 

Let us consider a simple case E = 1, when in the function is linear in a neighborhood of a point 0x : 
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Then the fractal dimension (in this case it is more suitable to use Minkowski one) does not depend 

on α and is equal to 0dd = . To show this, let us calculate the average value of the number of trial 
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In a more compact way: 
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The value of the measure DB  in a neighborhood of the point 0x  of the non-stationary fractal set 

will be the same as for the usual fractal set with the Minkowski dimension 0dd = if the following 
condition is satisfied: 
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It can be easily seen that ε → 0 implies T (ε) → 0. The obtained result can also be similarly derived 
for spaces of greater dimension (2-d and 3-d cases). 

Thus, the calculation of the local Minkowski dimension for non-stationary fractal sets can be 
performed, for example, by the cellular method when condition (6) is satisfied. The value of the 
constant in this expression then is determined empirically, depending on the choice of the maximum 
and minimum values of cell size of the covering. 

A result analogous to the result (6) can be obtained by calculating the average value of the number 
of trial functions using the convolution integral. The expression (4) is rewritten in the following form: 
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where the function K(x) is non-negative and normalized: 
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The estimate of the value of the local dimension will be not offset if 

)ln(


const
=       (11) 

These results can be easily adapted to fractal sets which are represented by graphs of functions of 
one-dimensional Brownian random walk. To estimate the fractal dimension of such functions, it is 
convenient to use the power-law dependence of the average value of the absolute increments of the 
function on the increment of the coordinates ∆x: 

HxxN  )(      (12) 
Here H is the Hurst exponent, which is related to the fractal dimension by d = 2 − H. For non-

stationary Brownian functions, we obtain an expression analogous to (5): 
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The conditions under which the local dimension can be correctly determined coincide with (6): 
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The introduction of the concept of non-stationary Brownian functions allows us to generalize the 
case: starting from ordinary Brownian functions with the Hurst exponent H = 0.5, we then turn to 
generalized Brownian functions (0< H =const < 1), and, finally, to Brownian trajectories, for which 
the Hurst exponent is a function of the coordinates: 0< H = H(x)<1. Initial non-stationary functions 
of Brownian type are generated, for example, by using a modified Foss algorithm. 

The processes of sedimentation depends on many factors (climatic, tectonic, biological, etc.) and 
are of a complex non-stationary nature. The values of the local fractal dimension of the physical 
parameters in this case can serve as a quantitative characteristic of the complexity of sedimentation 
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processes; hence, it is a criterion separating the different phases of sea level fluctuations. At the same 
time, the vertical derivative of the local dimension (the Hurst index) turns out to be the most important 
characteristic, as it allows to identify real isochrones of sedimentation: 
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Algorithmically, the fractal analysis of gamma-ray logging data consists of the following: first, the 
functions of the local dimension of the gamma logging curves H(z) are calculated for each well; then 
one computes the function of the vertical derivative of the local dimension Hz(x, z). 

The coordinates of the wells for which the calculations were made were projected onto the profile 
line, taking into account the altitude of the wells. A section was constructed in the“Surfer” program 
(“Golden Software”) depending on Hz(x, z); when constructing the section, the Kriging interpolation 
method was used with the following parameters: search ellipse R1=10000; search ellipse R2=100; 
number of sectors to reach is 4; maximum number of data to use from each sector is 6; minimum 
number of data in all sectors is 5. 
 

GR local fractal dimension tracing and sequence stratigraphic features 

In Fig.2, GR logs are shown for the profile I-I, which after calculating the fractal dimension is 
transformed into a tracing of fractal patterns (Fig. 2b), recognition of sequence boundaries (Fig. 2c) 
and a chronostratigraphic diagram (Fig. 2d) by the sequence stratigraphy concept from [11]; the type 
of the change and correlation of the zones with high (dark color) and low (light color) fractal 
dimension of the GR curves are demonstrated (Fig. 2b). Thus, in (Fig. 2) the excited (dark color) and 
stable (light color) states of the environmental conditions are singled out, while intermediate states 
are highlighted with white. The separation of intermediate states is due to the continuity of natural 
processes and some averaging of data during mathematical calculation. 

Fig. 2c offers an interpretation of the picture obtained: possible sequence boundaries (A, B, C, D) 
and characteristic lines (X lines) of the extension of the progradation series (the Ufimian sandstones), 
which can not be distinguished by classical correlation (Fig. 2a), are identified. These series form a 
low sea level sedimentary complex and contain deposits of heavy oils and bitumen. 
 

 
 

Fig. 2. A transformation of a routine correlation (a) into a correlation of local fractal dimension (b), a sequence recognition 
(c) and a chronostratigraphic diagram (d) (profile I-I). Legend: in (a) and (c) – a – the top of the Asselian stage; s – the top 
of the Sakmarian stage; uf – the top of the Ufimian stage; kz1 – the top of the Lower Kazanian substage; kz2 – the top of 
the Upper Kazanian substage; tat – the Tatarian series; Q – the Quaternary sediments; r – relief; IV – incised valleys; in (b) 
and (c) A, B, C, D – the boundaries of the sequences; in (c) and (d) numbers in circles – arbitrary numbers of beds; in (c) 
X – characteristic lines, reflecting the extension boundaries of the progradation series of LST: beds 13-24, corresponding 
to the Ufimian bituminous sandstones. 
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In Fig. 3, judging by the eastern part of the profile II-II, it is also possible to recognize 
characteristic extension lines of the progradation series of the Ufimian sandstones (marked by white 
arrows). 
 

 
Fig. 3. A transformation of a routine correlation (a) into a correlation of local fractal dimension (b), (c), and a 
chronostratigraphic diagram (d). This can be best seen in beds 2-10 (white arrows and numbers in (b) and (c) and vertical 
coordinate in (d)), which correspond to LST (the Ufimian sandstones) (profile II-II). Legends: a – the Asselian stage; s – 
the Sakmarian stage; uf – Ufimian stage; kz1 – the Lower Kazanian substage; kz2 – Upper Kazanian substage; Q – the 
Quaternary sediments. 
 
Conclusions 

 
The results obtained show the basics of local fractal dimension calculation for GR-logging data 

and using these fractal terms for sequence stratigraphy purposes. This may be useful not only for 
subsurface space without seismic records, but also for strata provided by seismic reflection data. 

It will be interesting to combine seismic data with fractal images of sedimentological well log data 
to study the nature of isochrones and how they occur. The identification of low sea level sedimentation 
complexes will develop lithological-facies mapping and, in particular, will allow localizing of zones 
of development of low paleo sea levels associated with hydrocarbon reservoir rocks. 
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Abstract 

 

This article discusses problems of identification of Viséan paleo-channels on the territory of the 
Republic of Tatarstan, using 3D seismic data attributive analysis. Significant hydrocarbon resources 
are associated with paleo-channel sediments and their identification is a challenging task. According 
to well data, the area surveyed includes zones with increased thickness of Bobrikian age sediments, 
and these zones are associated with the areas of development of paleo-channels. The authors used a 
set of seismic attributes, such as “chaos”, “dominant frequency”, and “iso-frequency component” in 
order to interpret a 3D seismic cube and determine the spatial position of paleo-channels in the areas 
between drilled wells. The results obtained from seismic attributes are confirmed by well data. 

Identification of paleo-channels is a rather complex task. It can be solved by using seismic 
attributive analysis, according to the methodology proposed by the authors. 
 

Keywords: Viséan paleo-channel, seismic attributes, complex attributive analysis, 3D seismic interpretation 

 

Introduction 

 

Erosion paleo-channels of the Bobrikian-Radaevkian time are widespread on the territory of the 
Republic of Tatarstan. Many known oil reservoirs are associated with paleo-channel sediments, which 
has resulted in increased interest in the study of these sediments [1], [2]. 

Paleo-channels are represented by zones of Tournaisian sediment erosion, filled with terrigenous 
material of Bobrikian age. The thickness of the Bobrikian sediments within paleo-channels can be 
several times the thickness of the same sediments outside the paleo-channel zones. The most probable 
origin of paleo-channels, is through the erosion of Tournaisian sediments in the Bobrikian time, and 
their filling in with riverine terrigenous sediments [3], [4]. 

Paleo-channels can be identified in well logging data by increased thickness of the Bobrik 
formation (up to 30 m and more). 

In order to identify Viséan paleo-channels in a seismic record, it is required to trace the following 
seismic reflecting boundaries: “U” (associated with the top of the Tula horizon) and “T” (associated 
with the top of the Tournaisian stage). An area of thick (more than 30 m) paleo-channel is 
characterized by an additional reflection, which appears between these boundaries. It is not possible 
to identify thin paleo-channels in a seismic record as in that case, there is no additional reflection due 
to limited vertical resolution of seismic data [5]. 

Proper identification and mapping of such structures is important for calculating reserves and 
developing oil and gas fields [6]. 

Seismic data from Tatarstan were studied by different authors [7], [8]. 
 

Methodology 

 

Identification of paleo-channels from seismic data is a challenging task. Such paleo-channels are 
represented by additional reflection in seismic cross-sections, that complicates the seismic picture. 

A paleo-channel looks like a meandering river in a plan view [3]. 
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In this paper, we consider the application of seismic attributes to facilitate the identification and 
tracking of thin paleo-channel formations (up to 30 m) that cannot be distinguished using the standard 
approach. 

For initial data, we used a 3D seismic cube (5 x 6 km) covering the territory with the development 
of Viséan pale-channels, as well as well log data from 41 wells. 

At the first stage, according to well logging data, the top of the Bobrik and Elkhov formations were 
identified and their thickness was calculated. Paleo-channels can be identified in zones of increased 
thickness of terrigenous sediments (more than 25 m) (Fig. 1). 

 

Fig. 1. Identification of Viséan paleo-channels along the line of wells No. 310-309-26-15-16-18-306-317-307. Yellow 
colour indicates wells that cross the paleo-channel; blue color indicates wells that are located outside the paleo-channel. 
The depths are flattened along the top of the Tula formation. 
 

Attribute analysis of seismic data was used to trace the boundaries of the paleo-channels. The 
following attributes were calculated: “chaos”, “iso-frequency component” and “dominant 
frequency”. 

Paleo-channels were identified on the well logs at a depth of about 900 m, which corresponds to a 
time of about 570 ms in the seismic record. For this reason, to compare the results, we used time 
slices of 570 ms. 
 

Results 

 

At the first stage, we considered a slice of the original time cube. As can be seen from (Fig. 2), it 
is practically impossible to identify paleo-channel from these data. 
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Results of attributive analysis implementation: 
1) “Chaos” attribute. 

This attribute is calculated as a measure of the record randomness in the analyzed window [9]. 
The more regular the record, the less the value of the attribute. As can be seen from (Fig. 3), paleo-

channel formation boundaries can be traced from the maximum values of the attribute, since a sharp 
change in the seismic record occurs at the edges of the erosion paleo-channel (an additional positive 
reflection), which leads to an increase in record randomness. 

Fig. 2. Time slice at time of 570 ms. Black line shows the position of the wells from Fig.1. 
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Fig. 3. Paleo-channel identification with the use of “chaos” seismic attribute. 
Green color indicates the boundaries of the proposed Viséan paleo-channel. 

 
2) “Dominant frequency” attribute. 

This attribute is widely used to solve various geological problems [10], [11], [12]. 
The thickness of the Bobrikian sediments (the distance between the bottom of the Tula and the top 

of the Tournaisian formation) is different within and outside the paleo-channel, which in turn affects 
the frequency response of the seismic signal [13]. As can be seen from (Fig. 4), the “dominant 
frequency” attribute clearly identifies the boundaries of the paleo-channel development. 
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Fig. 4. Paleo-channel identification with the use of the “dominant frequency” seismic attribute. 
Green color indicates the boundaries of the proposed Viséan paleo-channel. 

 
3) “Iso-frequency component” 

This attribute separates the original signal into frequency components by means of the Fourier 
transformation [13]. 

Seismic wave propagation through different facies generates reflections at different frequencies, 
so the frequency characteristic within the paleo-channel zone (river facies) differs from the frequency 
characteristic obtained outside the paleo-channel zone (flood plain facies). (Fig. 5) shows a slice 
obtained by using “iso-frequency component” attribute with a frequency of 50 Hz, which provided a 
more reliable picture of paleo-channel sediments. 
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Fig. 5. Paleo-channel identification using the “Iso-frequency component” seismic attribute, frequency of 50 Hz. 
Blue color indicates the boundaries of the proposed Viséan paleo-channel. 

 

Conclusions 

 

A seismic attributive analysis implemented to identify paleo-channel sediments of the Bobrik 
formation showed that: 

1) Since the seismic signal changes at the edge of the paleo-channel formation (increased 
heterogeneity, changes in frequency characteristics), the use of “chaos”, “dominant 
frequency” and “iso-frequency component” seismic attributes make it possible to identify 
even thin paleo-channels (less than 30 m in thickness). 

2) When interpreting seismic data, it is necessary to use the maximum information contained in 
the signal, and the interpretation should include not only geophysical (in the sense of 
anomalies) but also geological (in the sense of geological interpretation of anomalies) 
comprehension. If anomalies in the form of meandering river channels are identified in the 
seismic signal or in the seismic attributes, these can be interpreted as paleo-channels. In the 
case of 3D seismic data (i.e. if it is possible to represent the data as a map) it is necessary to 
use seismic attributes in order to identify continuous paleo-channels. 

It is obvious that the identification of zones of paleo-channel formation development in the seismic 
signal remains a challenging task, which can only be solved by an assembly of geophysical methods; 
however, the application of seismic attributes facilitates and speeds up the process of seismic 
interpretation. 
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Abstract 

 

This article investigates the main mineral associations developed in a well-known ore region, the 
Ural Emerald Mine (Middle Urals). Mineral associations have different spatial positions relative to 
each other and differences in age. All of them are genetically related to the Late Permian granite 
massifs. Various mineral deposits are associated with different mineral assemblages. 
 
Keywords: Ural Emerald mines, mineral associations, ore formations, Late Permian granites 

 

Introduction 

 

The Ural Emerald Mines (UEM) is a classic ore and mineralogical object that has been studied for 
more than 185 years. During this time, dozens of deposits and occurrences of various mineralizations 
have been discovered; 198 minerals were found and studied; tons of unique mineralogical specimens 
of emeralds and alexandrite, hundreds of tons of stone-colored and collection raw materials, and tons 
of ore concentrates were extracted. Recently, Russian emeralds and alexandrites began to appear more 
and more in the in the Global Jewellery Market. The main feature of the UEM deposits is the 
extremely uneven distribution of rare metal and precious stone mineralization in the ore zones. 

The study area is located on the eastern slope of the Middle Urals, in the Asbestovsky district of 
the Sverdlovsk Region. The deposits and occurrences of the Emerald Mines are located within an 
elongated strip 2 km wide and about 40 km long. In total, this territory contains 42 deposits and 
occurrences of emeralds. Some of them, such as the Mariinskoe (old name Malyshevskoye; 
alexandrite-emerald-beryl deposit), Troitskoe (emerald deposit) and Sretenskoe (alexandrite-emerald 
deposit), are among the largest deposits and are known worldwide. The Mariinskoe deposit (Fig. 1, 
no. 1) is the first in Europe and the fourth in the World after Colombia, Zambia and Brazil, based on 
reserves of jewelry emeralds. 

The aim of this work includes a general mineralogical analysis of the major ore mineral 
associations, their distinctive features and the justification of the forecast criteria for the search of 
new objects. 

The main mineral associations of UEM are described in detail based on analysis of original and 
literature data. 
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Fig. 1. Geological and structural position of deposits on the territory of the Ural Emerald Mines 
Legend: (1) granitoids of leuco- and mesocratic Aduysky massif; (2) leucogranites of the Malyshevsky massif; (3) diorites 

of the Lesozavodsky massif; (4) granite-gneiss frame of the Aduisky massif; (5) gabbro-norites of Bazhenov’s ophiolite 

complex; (6) harzburgites, websterites, serpentinites of the Bazhenov ophiolite complex; (7) high-talk ultrabasic 

metasomatites with associated mica complexes; (8) volcanogenic-sedimentary strata; (9) zones of faults and tectonic 

melange (established); (10) zones of faults and tectonic mélange (presumed); (11) emerald-beryl and chrysoberyl-

alexandrite deposits (in figures: 1 - Mariinsky, 2 - Pervomaiskoye, 3 - Sretenskoe, 4 - Cheremshansky, 5 - 

Krasnoarmeyskoye) and small ore occurrences; (12) beryllium deposits; (13) rare metal Ta-Nb pegmatites (in figures: 6 

- Kvartalnoe, 7 - Lipovyi Log, 8 - Red Army-Krasnoarmeyskoye); (14) molybdenum deposits (in figures: 9 - Yuzhno-

Shameyskoye, 10 - Krasnoarmeyskoye); (15) gold ore objects (Rudnichnoye); (16) settlements. 
 

The Mineral Association is a group of minerals occurring together in rocks of a certain district. 
It can contain several mineral parageneses that are replaced over time. The Ore Formation is a 

group of deposits (or ore occurrences) similar in element and mineral composition of ores. Usually 
the deposits and ore occurrences of one Ore Formation are characterized by the same geological 
conditions of distribution and genesis [1]. 
 
Materials and methods of research 

 

This work is based on materials collected by the authors in the field seasons from 1998 to 2017. 
Most of the material was collected during the study of the Mariinskoe alexandrite-emerald-beryl 
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deposit. 
The studies of the ontogeny of minerals and their properties were carried out visually, with the use 

of MBS-10 binoculars and a JCXA-733 Superprobe scanning microscope (Fersman Museum of the 
Russian Academy of Sciences). The quantitative analysis of mineral composition is carried out using 
the Cameca SX 100 electron probe microanalyzer (Institute of Geology and Geochemistry, 
Academician A.N. Zavaritsky Ural Branch, Russian Academy of Sciences, Ekaterinburg). 

The analysis of the isotope composition of the contents of rubidium and strontium (for Rb-Sr 
isotope dating of micas) was performed by isotopic dilution using the TRITON (Thermo) 
multitracked high-resolution mass spectrometer at the All-Russian Scientific Research Geological 
Institute named after AP Karpinsky (St. Petersburg). Gas-liquid inclusions were studied using a 
Linkam THMS600 thermocouple with an operating temperature range from -196°C to +600°C; 
cooling was performed using liquid nitrogen. 
 

Brief geological description 

 

The Ural Emerald Mines are located in the middle part of the Ural fold system and cover a small 
fragment of the zone of conjugation of the East Ural uplift with the advanced structures of the East 
Ural trough. They represent a geological-tectonic structure that is a part of the East Urals rare metal 
metallogenic province and is genetically related to the intrusion of the Late Permian granite massifs. 

A special feature of the geological structure of the region is the widespread development of 
magmatic formations, among which various intrusive complexes of rocks. Based on age and spatial 
confinement, intrusive formations of the region are grouped into three separate associations reflecting 
the main stages of tectono-magmatic activation in the history of geological development of this part 
of the Urals geosyncline (Fig. 1). The Early Silurian intrusions are represented by serpentinized 
harzburgites, gabbro-norites of the Bazhenov complex, developed in the southeastern and eastern 
parts of the area. The Middle Devonian intrusions are represented by diorites of Lesozavodsky massif, 
located in the center of the area. The Late Permian granite formations occupy the main part of the 
area and are represented by the Aduisky leuco-mesocratic granitoids and the Malyshevsky Massif. 

The deposits of this ore region are grouped into a strip that is elongated in the meridional direction 
along the eastern contact of the Aduisky granite massif. There are three structural zones in the district. 

The western zone is the edge of the middle massif, which includes the Aduisky and Kamensky 
intrusive massifs. The central zone corresponds to the Susan deep fault, which is the eugeosynclinal 
seam (Fig. 1). Within the eastern zone sedimentary-volcanogenic deposits of siliceous-diabase and 
albitophyre-diabase formations predominate. The tectonic environment of the Emerald Mines area is 
characterized by an abundance of different ages and different orders of tension and compression 
structures, powerful crushing zones and intensive block movement [2]. The UEM area is 
characterized by a metamorphic zonation from the high stages of the amphibolite facies to the weakly 
metamorphosed rocks of the greenschist facies. Under the influence of pneumatolytic-hydrothermal 
processes associated with granitic intrusions, the entire complex of rock deposits and the entire region 
underwent metasomatic changes to varying degrees. The alkaline (potassium) metasomatism acquires 
the most complete development, in the course of which almost all the rocks are subjected to varying 
degrees of phlogopitization. In the contact zones of granites together with amphibolites, biotite rims 
are formed, the mineralization of actinolite, tremolite and albitization of potassium feldspar 
(microcline) takes place. The ultrabasic rocks, experience processes of talc-carbonation, associated 
with the hydrothermal impact and with the afflux of F and CO2 [2]. 
 

Research results 

 

Various geological and structural environments with the corresponding mineral associations can 
be distinguished. Their formation is associated with pneumatolitic-hydrothermal metasomatism, 
affecting the surrounding rocks after the formation of the Late Paleozoic granite massifs, whose age 
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is 300-260 million years (K-Ar and Rb-Sr - studies of mica mono fractions) [3]. There are three major 
mineral associations: 

The first quartz-muscovite-feldspar mineral association, in which one can distinguish rare metal 
(Ta-Nb-Be) and sulfide (Mo-Bi-Te) ore formations. This association refers to the pegmatitic and 
greisenic genetic type, which combine rare-metal granites and rare-metal apogranite metasomatites 
(albitites and muscovitized granite differences). 

The pegmatites of the exocontact zone in the form of separate veins or their clusters (bundles) are 
traced along the entire eastern contact of the Aduisky massif. As a rule, the maximum distance from 
the granite massif does not exceed 1-1.5 km. The rubbing of the veins in most cases is consistent with 
the general orientation of the enclosing rocks and is subject to the prevailing direction of cracking 
and peeling cracks. Pegmatite bodies have a plate-like shape or a lenticular shape with numerous 
apophyses, clamps and blows. The most frequently observed veins with a thickness from 1 to 30 m. 
are traced along the strike from 10 to 300 m. The majority of pegmatite veins according to 
classification refers to the albite-microcline type. In their mineral composition, there are distinct signs 
of horizontal zoning, caused by the gradual displacement of microcline by albite as they move away 
from the granite massif [4]. The classical object of this formation is a group of deposits of rare-metal 
pegmatites Kvartalnoe (no. 6) Lipovyi Log (no. 7 in Fig. 1). The formation temperature of rare metal 
(Ta-Nb-Be) ore formation corresponds to 600-450°С. Based on the chemical dating of uraninite and 
monazite from the rare-metal pegmatites of the Kvartalnoe and Lipovyi Log deposits, the age of these 
veins was determined in the range 268-262 million years (obtained by Th-U-Pb chemical dating) [5]. 

Sometimes deposits of rare-metal granites are formed together (in one ore field) with emerald-
beryl ones, for example, Krasnoarmeyskoye (Fig. 1, no. 8). 

Quartz-plagioclase veins were formed later than pegmatites and micaceous complexes. They are 
removed somewhat further from the massif and are also confined to blocks of competent (hard) rocks, 
where they perform sub-latitudinal fracture cracks (usually gently sloping) 290°-350°, angle 40°-45°, 
less steep. All these ore bodies are in close genetic connection with the bodies of emerald-bearing 
micas but are located in a different geological and structural situation, they seem to cut the mica veins 
[6]. 

The formation of the Mo-Bi-telluride occurred at lower temperatures 400-250° in quartz-
plagioclase and quartz-muscovite veins, the Yuzhno-Shameiskoye deposit of molybdenite (no. 9 in 
Fig. 1). 

The superposition of the Mo-Bi-telluride formation on the earlier rare metal (Ta-Nb-Be) and 
emerald-beryl formation is observed, which leads to the formation of small deposits with an industrial 
Mo content (no. 10 of Fig. 1) or the appearance of various minerals Mo and Bi on beryl-emerald and 
rare-metal deposits [7], [8]. 
 

The second talc-actinolite-phlogopite mineral association, in which it is possible to distinguish a 
stone-colored formation (emerald-beryl, alexandrite-chrysoberyl, phenacite) forms specific 
micaceous complexes and veins, which belong to the greisen facies along with the ultrabasites of the 
Bazhenov Complex. Ultrabasic rocks with the introduction of solutions associated with the granite 
massif served as a contrast geochemical barrier on which precipitation of beryllium and 
accompanying characteristic elements occurred. Throughout the UEM, ultrabasic rocks are most 
often represented by dunites, peridotites, as well as their metasomatic derivatives (serpentinites, talc-
olivine rocks, talc, tremolite-talc and actinolite-talc schists). Serpentinites are diverse in mineral 
composition: chrysotile, clinochrizotil, antigorite. The morphology and dimensions of the micaceous 
complexes (veins) are determined by the intensity of the metasomatic processes, the thickness of 
tectonic faults and shale zones, over which the solutions circulate, and the intensity of crushing of 
rocks in the areas of intersections of tectonic disturbances. Mica complexes and veins on most 
manifestations and deposits of UEM are usually grouped into zones (suites), traced along strike and 
fall from tens to hundreds of meters. The morphology of the micaceous complexes is difficult-
branched, veined with blowing in the central parts alternating with the clamps (Fig. 2). Blows are 
more often confined to the intersections of tectonic disturbances of different orientation and are 
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perceptible to the areas of compression of the ore zone by large diorite dikes. The dimensions of 
individual micaceous veins do not exceed 30-50 m, (rarely 100 m) along the strike. Most ore bodies 
have a strike length of no more than 15 m. The thickness of the micaceous veins varies from 0.05 to 
8.5 m. 

The stretching of the veins varies within the limits of N-W 300° – N-E 30°. Deviations from 
individual ore bodies do not disrupt the general submeridional strike of the ore zone in most deposits 
and manifestations [2]. It is established that the beryl-bearing micaceous veins and complexes were 
formed much later than the last phases of the Aduisky granitic pluton introduction. Their age, in the 
main deposits, ranges from 190-230 million years, (Rb-Sr isotope dating of the mica), which 
corresponds to the Early Jurassic time [9]. 
 

 
Fig. 2. Geological section of the Pervomaiskyi emerald-beryl deposit. 

 
In this mineral association, a stone-semicolored formation develops (emerald-beryl, alexandrite-

chrysoberyl, phenakite). It was formed as a result of a regressive pneumatolitic-hydrothermal process 
at temperatures from 450 to 200 degrees. Chromium spinels from the derivatives of the Bazhenov 
ophiolite complex served as a source of chromium for the coloring of emeralds from UEM. Similar 
types of emerald mineralization are described from world objects known in sufficient detail [10], 
[11], [12], [13]. 

According to the content of the main chromoforms (Сr3+, V3+, Fe2+) and spectral-luminescent 
parameters, emerald mineralization with PEC differs from the leading emerald deposits of the world 
[14], [15]. 

Phenakite mineralization is intensively developed and described in detail at the Mariinskoe 
alexandrite-emerald-beryl deposit (no. 1 in Fig. 1) and Sretensky (no. 3 in Fig. 1) [16]. 
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The third carbonate-chlorite-sericite-epidote mineral association, in which a gold-sulfide 
formation is released, was formed in the volcanic-sedimentary rocks of Middle Devonian age. These 
rocks underwent regional metamorphism and metasomatism under conditions of epidote-amphibolite 
subfacies of metamorphism under the influence of fluids of a granite massif of late Permian age. 

A typical representative of this mineralization is the Rudnichnoye gold deposit (no. 15, Fig. 1). 
It is located in the exocontact zone of Malyshevsky Massif, at a distance of 400-600 meters. All 

rocks are unevenly carbonated (foliated to form listwanite) and silicified. Often there is a complete 
substitution of primary volcanogenic-sedimentary rocks for pyrite-sericite-quartz, sericite-albite-
quartz, and chlorite-epidote-quartz schists. Five stratified vein-stockwork zones with variable 
capacity in the plan from 3 to 12 m were revealed on the deposit. In the conventional boundaries of 
the deposit, they are traced along the strike for 250-280 m. The angle of incidence is 55-75°. Seven 
ore bodies with an average gold content of 0.8 to 3.8 g/t have been identified. There are also intervals 
with a high content of up to 10.5 g/t. The deposit’s ores are of the gold-polysulfide type and are 
characterized by the presence of a variety of ore minerals (magnetite, ilmenite, hematite, pyrite, 
chalcopyrite, sphalerite, galena and tellurides) [3]. 
 

Discussion 

 

As a result of the studies, the age of the main mineral associations of the UEM area was obtained. 
All of them were formed after the formation of the Late Permian granite intrusions (Aduisky and 

Malyshevsky massifs) and are in the range from 268 to 190 million years. The earliest (late Permian) 
is the quartz-muscovite-feldspar mineral association, because its formation occurred at the end of the 
formation of the Aduisky pluton. Further, a talc-actinolite-phlogopite mineral association was formed 
(Triassic-Early Jurassic). The duration of its formation is associated with repeated exposure to fluid 
solutions formed after the formation of the Late Permian granites. Emerald-beryl, alexandrite-
chrysoberyl, and phenacite subformations crystallized at a late stage of mineralization formation. 

The following relationship is observed in the formation temperature: high-temperature mineral 
associations (rare-metal granites and albitites) are formed closer to the contact of the granite massif, 
then a talc-actinolite-phlogopite mineral association with beryl, emerald and phenakite was formed. 

The lowest temperature is the carbonate-chlorite-sericite-epidote mineral association. A similar 
pattern is observed in known emerald-beryl objects [10], [12], [13]. 

The geological and structural position determines the manifestations of the deposits confined either 
to the areas of elevation or immersion of the roof of the Aduisky Pluton. In the areas with kinks and 
transitions from one structural element to another, complex mineralization is often observed. In terms 
of the scale and relative size of beryllium and emerald reserves, the quality of ores and jewelry raw 
materials, paragenetic associations, the relationship between vein performance and metasomatic 
rocks, known objects vary considerably depending on the geological structure, structural position, 
and composition of the enclosing rocks. The geological and structural features of the region, the 
separation of the main mineral associations of promising rare-metal (Be-Nb-Ta-Mo) mineralization 
within the exocontact of the Aduisky granite massif can be regarded as search criteria for geological 
exploration work. 
 
Conclusions 

 

Data obtained indicate that at the present time, the entire complex of deposits, ore occurrences 
and mineral associations genetically associated with the Aduisky granite massif and spatially 
combined in one strip within its eastern exocontact can be considered under the name of the “Ural 
Emerald Mine”. 
• Mineral associations are younger than granite massifs and have different age. They have a 

different spatial position relative to the granite massifs and are located in various tectonic 
disturbance systems. 
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• The mineral association formation is associated with the sequential supply of pneumatolite-
hydrothermal fluids enriched with beryllium, tantalum, lithium, cesium, molybdenum, and 
fluorine. 
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Abstract 

 

Metal microspheres from the deposits of the Kashirian Regional Substage of the Moscovian Stage 
of the East Russian Plate were explored using electron microscopy, microprobe analysis and X-Ray 
microtomography. The microspheres, 130-200 μm in diameter, have a metallic luster and specific 
composition features that distinguish them from technogenic microspheres. The microspheres from 
the Middle Carboniferous deposits, in comparison with the technogenic microspheres, have only two 
basic elements: iron and oxygen. Based on the comparative analysis we suggest that the microspheres 
under study are of cosmic origin. These finds in sedimentary rocks can be used for stratigraphic 
correlation and may help in interpretation of biotic crises, and in the search for mineral resources. 
 
Keywords: metal microspheres, technogenic spherules, correlation, electronic microscopy, microprobe analysis, chemical 

composition, X-Ray microtomography, Moscovian Stage, Russian Plate 

 

Introduction 

 

Biostratigraphic and geochronological methods are not always sufficient to correlate marine and 
nonmarine sediments. Metal microspheres found in sedimentary rocks may provide a useful tool. 
Studying these objects can be used to correlate various sections and may help in the search for mineral 
resources (e.g. [2], [4], [8]). The origin of these metal microspheres can be associated with terrestrial 
[2], cosmic (e.g. [2], [4], [8], [9], [10], [11]) or technogenic processes and phenomena (e.g. [5], [7]). 

The diagnostics of cosmic and technogenic spheres, their composition, structure, and the 
conditions of their formation are still poorly understood. 

It is not sufficient to describe their external morphology in order to reveal their origin. It is also 
necessary to study their chemical composition and internal structure. This could probably help to 
outline criteria useful to determine their origin. Considering the small size of the microspheres, it is 
only possible to study them using up-to-date physicochemical methods of analysis. 

For five years, we collected and studied metal microspheres from hundreds of samples of 
Phanerozoic sedimentary rocks of the Volga-Ural Anteclise, the Preuralian Foredeep and the Peri-
Caspian Depression (e.g. [8], [9], [10], [11]). 

The following major criteria (e.g. [2], [4], [9]) are considered to be evidence of their cosmic origin: 
an almost perfect spherical shape with an intense metallic luster, characteristic textures (tablets, 
triangular depressions, dendrites, takyrs), a limited number of chemical elements (4-5) with the 
overwhelming predominance of iron and oxygen (more than 95% of the sum of all elements), the 
presence of native iron and nickel, their intermetallides (taenite, kamacite) and the absence of titanium 
[6]. 

We have also studied some objects of technogenic origin: spherules produced by a steel sheet 
being cut with a welding machine, as well as microspheres found in drill bits (crowns, casing). The 
main criteria for the technogenic origin of these objects are [1]: 

(1) along with small microspheres (diameter 75-150 μm), there are also large objects (diameter 
300-1500 μm, which are 2-5 times larger than “cosmic spheres”; 
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(2) mostly smooth surface; 
(3) a large number of chemical elements (about 10), which is 2-3 times higher than in cosmic 

microspheres; 
(4) the main chemical elements are C, O and Fe, which account for more than 90% of the total of 

all elements; 
(5) increased oxygen level, indicating oxidative conditions; 
(6) often a high content of titanium. 

The above suggests possible origins of the microspheres. 
 

Methodology 

 

We studied (externally and internally) metallic microspheres from the sedimentary rocks 
(limestone, shale) of the Middle Carboniferous (Moscovian Stage) extracted from the Well no. 33 in 
the Ust-Cheremshansky trough of the eastern part of the Russian Plate (Fig. 1). The metallic 
microspheres were selected from powder samples using a permanent magnet and a preparation 
needle. 

The microspheres were studied using a range of physical methods. At the beginning, studies were 
carried out using a Phillips XL-30 scanning electron microscope equipped with an energy dispersive 
spectrometer at an accelerating voltage of 20-25 keV and an operating segment of 8.9-10.3 mm; the 
probe depth was 1 μm; the measurement accuracy was 0.1-1%. The samples were not sprayed, a low 
vacuum was used. To study the chemical composition of the inner part of the microspheres, thin 
sections were made (Fig. 2), on the polished surface of which microprobe analyses were carried out. 
Each sphere was placed in a checker piece made of epoxy resin. Next, we abraded it on a grinding 
machine. 

To study the internal structure of microspheres, the X-ray computed tomography (XRCT) method 
was used, which does not destroy the internal structure of the object. The method is based on 
measuring the attenuation of X-rays by different areas of the object, which differ in density, 
composition and thickness. A Phoenix V | tome | X S 240 x-ray micro tomograph equipped with two 
X-ray tubes was used: a micro focus with a maximum accelerating voltage of 240kV / 320W and a 
nano focus with a maximum accelerating voltage of 180kV / 15W. The accelerating voltage was 
70kV and emission current was 170mA. The resolution was 0.9 μm. Computer processing of data 
sets over a set of its two-dimensional shadow X-ray projections using the software “datos | x 
reconstruction” was used to form three-dimensional images of the internal structure of the object. 2D 
images were made using the VG Studio MAX 2.1 software, 3D images – Avizo Fire 7.1 software. X-
Ray Computed Tomography has not previously been used to study such microscopic objects. 
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Fig. 1. Metal microspheres (a-f) from the rocks of the Moscovian Stage, Well no. 33, (g, h) technogenic microspheres: 
(g) crust on the drill bit, (h) microspheres within the process of welding. 
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Results and discussions 

 

All microspheres from Well no. 33 have an intense metallic luster; their diameter varies from 130 
to 200 μm (Fig. 1). The chemical composition of the microsphere surface shows (Table 1) that the 
main elements of the microspheres are iron and oxygen, which account for 95-99% of the weight of 
all elements. An insignificant amount of Si and Al impurities are associated with surface 
contamination of the microsphere shell. The recalculation of the chemical composition into minals 
shows that the surface of the microspheres is predominantly represented by magnetite, which is 
confirmed by the characteristic textures of the intergrowth of magnetite crystals (Fig. 1). Some of the 
magnetite crystals have a fairly large size (up to 10-20 μm), which indicates a prolonged cooling of 
the surface of micro particles. Two samples do not have an ideal spherical shape (Fig. 1e, f), they are 
teardrop-shaped formations that are similar to other objects [10]. 
 

Table 1. Composition of the surface of microspheres from the rocks of the Moscovian Stage 
Sample 
(Fig. 1) Spectrum Elements, weight % 

Fe Mn Ca Ti K Si Al Mg O 

a 1 65.69 - - - -  1.20 - 33.11 
2 65.20 - - - - 0.60 1.25 - 32.95 

b 1 58.92 - - - - 0.63 0.87 - 39.58 
2 77.66 - - - - 1.05 0.91 0.53 19.85 

c 1 66.84 0.68 - 0.75 - 0.77 0.90 - 30.07 
2 57.81 0.61 0.20 0.70 - 0.87 0.94 - 38.87 

d 1 61.61 0.45 - - - 1.32 1.18 0.61 34.83 
e 1 59.53 - - - - - 1.06 - 39.40 

f 1 57.16 - 0.46 - 0.19 1.67 1.69 0.80 38.03 
2 62.97 - 0.59 - 0.17 1.40 1.43 0.67 32.78 

Average 63.34 0.17 0.01 0.14 0.03 0.83 1.14 0.26 33.94 
 
When studying the inner part of the microspheres, it was found that there were both whole and 

hollow microspheres (Fig. 2). The analysis of the chemical composition showed that the main 
elements were also represented by iron and oxygen, which account for 93.65-100% of the weight of 
all elements (Table 2). Comparison of the chemical composition of the surface and the inner part of 
the microspheres (Tables 1, 2) shows an increase in the amount of iron (on average by 2%) from the 
surface to the center of the microsphere, which may indicate the presence of internal differentiation 
of the substance. 



© Filodiritto Editore – Proceedings 

435 

 

Fig. 2. Polished sections of metal microspheres, Well no. 33 (a-d) spherical; (e, f) teardrop-shaped, «white» – 
accumulation of mud. 
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Table 2. Composition of the inner part of microspheres from the rocks of the Moscovian Stage 
Sample 
(Fig. 2) 

Spectru
m 

Elements, weight % 
Fe O K Cl Na Mg Al Si Ca 

a 
1 65.90 34.10 - - - - - - - 
2 67.38 32.62 - - - - - - - 
3 65.00 24.62 1.96 1.30 7.12 - - - - 

b 
1 62.89 37.11 - - - - - - - 
2 64.36 34.67 - - - - 0.46 0.52 - 
3 68.50 31.50 - - - - - - - 

c 
1 67.13 31.84 - - - - - 0.41 0.62 
2 68.00 32.00 - - - - - - - 

d 

1 56.61 40.56 - - - 0.57 0.66 1.59 - 
2 61.69 37.16 - - - - 0.42 0.74 - 
3 64.28 33.54 - - - - - 1.71 0.47 
4 64.46 32.85 - 0.24 - - - 2.00 0.44 
5 64.98 34.32 -  - - - 0.70  
6 70.35 28.64 - 0.22 - - - 0.53 0.26 

e 

1 61.28 38.72 - - - - - - - 
2 64.19 35.41 - - - - - 0.40 - 
3 59.95 33.87 0.51 0.56 1.79 - 1.22 1.74 0.38 
4 69.29 30.35 - - - - - 0.37 - 
5 65.79 33.48 - 0.28 - - - 0.44 - 

f 

1 70.61 23.45 - 0.63 - - 1.47 2.63 1.20 
2 60.87 33.94 0.20 - - 0.36 0.77 2.98 0.88 
3 61.37 34.16 - - - - 0.69 2.80 0.98 
4 65.72 27.93 - - - - 1.51 3.39 1.45 
5 61.86 33.80 - - - - 0.81 2.65 0.88 
6 65.92 30.37 - - - - 0.87 2.17 0.68 
7 75.42 22.51 - - - - - 1.41 0.66 

Average 65.15 32.44 0.10 0.13 0.34 0.03 0.34 1.12 0.34 
 

When studying the inner part of one of the microspheres using X-Ray Computed Tomography 
(Fig. 3), it was found that there were both whole and hollow microspheres. The possibility of isolating 
the “core”, “mantle” and “crust” of the microspheres was revealed. Shelling (“stratification”) was 
also revealed in some technogenic microspheres (Fig. 4) with different chemical compositions of 
individual shells: inside – steel, on the surface – titanomagnetite. 
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Fig. 3. 3D visualization (upper left image) and ortho-slices across the axis X, Y and Z. Well no. 33 
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Fig. 4. Polished section of a technogenic microsphere (see Fig. 1, h) [1]. 
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Conclusions 

 

1. The studied microspheres are of an ideally spherical and less tear-drop shape, have an intense 
metallic luster, and various surface textures formed by intergrowths of magnetite crystals. 

2. The diameter of the microspheres varies from 130 to 200 μm. 
3. The main elements are iron and oxygen, the content of which can reach 100%. 
4. In microspheres there is virtually no titanium, which confirms their “cosmic nature”. 

By comparing the studied objects with technogenic microspheres, the authors concluded the 
natural (cosmic) origin of micro objects from the Carboniferous deposits studied. Perhaps this was 
due to meteorite bombardment of the Earth in the Kashirian time, and the intense precipitation of 
cosmic dust, as well as the result of impact events [11]. The presence of such micro-objects can 
become a new additional tool for stratigraphic correlation, and help in the search for natural resources. 
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Abstract 

 

The problem of a methodical approach to assessment of the oil and gas potential of shale is an 
important and challenging state task. Potentially productive layers are widespread within the entire 
Volga-Ural oil and gas Basin. 

Considering this problem, the majority of researchers proceeded from the concept of hydrocarbons 
accumulation in traditional traps (reservoir − seal rock). Our study mostly focuses on the oil and gas 
potential assessment of the Devonian and older, Riphean and Vendian, shale. 

Lithological analysis of rocks from the Upper Devonian (Frasnian, Semilukian and Mendymian 
regional stages or horizons) and the Riphean − Vendian, obtained from well no. 20005 
(Karachevskaya), no. 203 (Mikhailovskaya) and well no. 183 (Suranchanskay), in addition to 
geochemical studies of the core samples from previously drilled wells, indicate that on the 
southwestern side of the Kama-Belsk aulacogen these successions contain mudstone layers, which 
can be considered as prospective for shale hydrocarbons. 
 
Keywords: Riphean, Vendian, shale hydrocarbons, prospects, aulacogen, mudstone, depth, reservoir properties 
 

Introduction 

 

Assessment of shale oil and gas potential located in the territory of the Volga-Ural Basin using 
contemporary innovations in science and technology, foreign and domestic, is a challenging task 
aimed at stabilizing oil production in the region and developing new unconventional hydrocarbon 
reserves. 

Sedimentary cover includes successions of shales and similar rocks enriched with organic matter, 
which according to preliminary estimates can be considered as an unconventional source of oil and 
gas. 

The oil and gas potential of the Domanik Formation and adjacent shale successions has been 
repeatedly discussed. It has acquired particular urgency recently, because traditional resources of 
Devonian and Carboniferous hydrocarbon reservoirs have largely been exhausted. The results of 
Semilukian, Mendymian and Riphean − Vendian studies by various researchers indicate that the oil 
content of the sediments is significant. Oil and bitumen are generated by processes of deep 
transformation of organic matter in the sediments during the diagenesis and epigenesis stages. 

Hydrocarbons then migrate to surrounding fractured and porous reservoir rocks ([1], [2], [3]). 
Considering this problem, the above-mentioned authors proceeded from the concept of 

hydrocarbon accumulation in traditional traps (reservoir − seal rock). This article shows a new 
approach to the assessment of the oil and gas potential of the Semilukian, Mendymian and Riphean 
− Vendian. 
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Geological background 

 

The most consistent study of the Semilukian, Mendymian and Riphean-Vendian formations in 
Kama-Belsk aulacogen began in the 1970s. Twelve deep wells were drilled into pre-Paleozoic 
formations during this time. Of these exploration and appraisal wells, nos. 20005, 183 and 203 were 
drilled within the Menzelinsk-Aktanysh area. The exposed thickness of the Riphean-Vendian 
sediments in well no. 20005 is 1892.4 m; the thickness reaches 880 m in well no. 183 and more than 
1717 m in well no. 203. 

In accordance with the features of tectonic development, two blocks are distinguished in the 
structure of the Kama-Belsk aulacogen: Kadybash-Kuchukovо and Aktanysh. The northeast-striking 
Prikamsky fault was formed in the early Riphean time and divided the edge into two large blocks. 

Various paleotectonic environments of the Kadybash-Kuchukovo and Aktanysh blocks in the early 
Riphean stage affected [3] the stratigraphic completeness of the section within their boundaries. 

Comparison of the Riphean thicknesses shows that in the region with the most significant 
submergence of Riphean sediments (the northern part of the Kadibash-Kuchukovo block) their 
thickness reaches 2.8 kilometers; it varies from 3.0 to 6.5 kilometers in the zone of the Prikamsky 
fault and reaches 4.0 kilometers in the southern part of the Aktanysh block (Fig. 1). 

The scale of Prikamsky graben development is evidenced by the thickness of the Riphean 
sediments, which varies from 3.0 km between blocks up to 9.0 km along its axis in a northeasterly 
direction, within the territory of Bashkortostan and Udmurtia. The area of its penetration into the side 
zone of the aulacogen is indicated by a shallow wedge-shaped graben, through which pre-Paleozoic 
sediments penetrate in the body of the crystalline basement. 

There was a sharp change in the sedimentation regime in the Vendian time. The shallow marine 
regime and a calm hydrodynamic environment is characterized by fine-grained and sorted 
sedimentation, uniform alternation of mudstones and siltstones, and the absence of coarse material 
and breccias. The thickness of the Vendian varies from 0 to 90-100 meters (Fig. 2). The maximum 
subsidence occurred in the near-axis zone of the aulacogen. The minimum thicknesses of the Vendian 
were identified along the side zone of the Aktanysh block. 
 

Distribution of shale formations 

The absolute majority of the researchers consider the sedimentation environment within the Kama-
Belsk aulacogen as quite favorable for the formation of reservoirs and caprocks; however, most of 
the surveys were devoted to the study of the reservoir characteristics, while caprocks are not studied 
in such detail. 

As shown in [5] for all studied regions, the fluid storage capacity of the Domanik formation and 
shale rocks is low and the porosity in the vast majority of cases is less than 5%. The filtration 
properties of the reservoir rocks of Domanik and Lower Silurian sediments within the Sichuan 
depression are mainly determined by fracturing. Fluid Storage Capacity and filtration properties are 
improved by the formation of leached pores along the open fractures. 
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Fig. 1. Thickness map of the Lower Riphean by I.A. Larochkina [4] with additions. 

The Kama-Belsk aulacogen (the Republic of Tatarstan). (1) boundary of the Republic of Tatarstan; (2) wells and their 
numbers drilled into the Riphean – Vendian; (3) west boundary of the Riphean – Vendian distribution. 

 
According to the results of studies [2] conducted in Bashkortostan, it was noted that a decrease in 

reservoir properties of terrigenous rocks mainly occurs with increasing depth. Alongside this trend, 
an increase of micro- and macro-fracturing not only for the reservoirs but also for the caprock 
formations is observed. The development of fracturing in dense rocks is usually associated with the 
activation of faults and fault zones. According to core data analysis from wells no. 20005 
(Karachevskaya), no. 203 (Mikhailovskaya) and no. 183 (Suranchanskay), the studied territory is 
characterized by both sealed and new fractures, while the latter are capable of providing increased 
permeability of rocks and forming additional pore space. 
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Fig. 2. Thickness map of the Vendian period, after I.A. Larochkina [4] with additions. 

Kama-Belsk aulacogen (the Republic of Tatarstan). (1) boundary of the Republic of Tatarstan; (2) wells and their 
numbers drilled into the Riphean – Vendian; (3) west boundary of the Riphean – Vendian distribution; (4) Vendian 

system sediment pinch-out zone. 
 

Caprocks of the Riphean lithological-stratigraphic section have extremely high heterogeneity and 
occupy a much smaller part of the section. They are developed selectively and have different 
thicknesses, varying from 197 meters in the Kurmashevo formation in well no. 20005 
(Karachevskaya) to 14 m in the bottom of the Ziyashevo formation in the same well. Often, bundles 
of mudstone are substituted by intercalation of mudstones and siltstones with a predominance of the 
former, but in these cases, they cannot be considered as a good caprock. 

According to well logging data and the description of the core and sludge of well no. 20005 
(Karachevskaya), there is a layer of mudstones with a thickness of 197 meters in the bottom of the 
Kurmashevo formation. This layer contains insignificant interlayers of sand material, overlaying a 
bundle of interbedded sandstone and thin intercalations of mudstones of the bottom of Kurmashevo 
formation, 8 meters in thickness. There is a bundle of mudstones, which has a thickness of 31 meters, 
at the top of Kuzyakino formation over an interbedded bundle of siltstones and sandstones with a 
thickness of 66 meters. 

The analysis conducted in [4] shows that the above-mentioned Riphean mudstone layers from the 
well no. 20005 (Karachevskaya) may be of interest as a caprock formation and as a reservoirs of shale 
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hydrocarbons. The presence of mudstone in this section of the well no. 20005 (Karachevskaya) 
indicates the potential, if other factors are suitable, for accumulation of hydrocarbons in the sediments 
of the Kuzyakino, Kurmashevo and Ziyashevo formations. 

In the section of well no. 203 (Mikhailovskaya), the upper part of the Ziyashevo formation includes 
a bundle of mudstones and a bundle of interbedded mudstones, siltstones and quartzite-sandstones 
with a thickness of 50 meters. Mudstones are reddish and dark brown with gray-green interlayers, 
and sometimes silty. 

Wells no. 20005 (Karachevskaya) and no. 203 (Mikhailovskaya) are located in close structural-
tectonic conditions. The relatively large thickness of the mudstone layers present in the well sections 
and at the same time, the impossibility of their correlation, allow us to suggest they developed locally. 

Well no. 183 (Suranchanskaya) is drilled in the south-west of the second stage. The section is 
characterized by a significant reduction in the thickness of the Riphean-Vendian. In the Kurmashevo 
formation, a 48-meter-thick layer of mudstones lies over the interlayer of coarse-grained sandstones 
of the Kuzyakino formation, which have a thickness of 38 meters. 

Mudstones are silty, dark gray with a brownish tinge. Sandstones are pinkish-gray quartz-feldspar, 
medium-grained with mudstone interlayers which have reddish brown areas, from medium to coarse-
grained with grain size up to 2.0 mm. 

Taking into account the results of the Semilukian, Mendymian and Riphean-Vendian rocks studies 
[2], when predicting the oil and gas potential it is necessary to take into account the fact that the 
tectonic diversity of Riphean rocks, which causes high fracturing of both reservoirs and caprocks, 
increases down the section. It is also notable that according to the laboratory data, existing fractures 
are not sealed; this reduces the sealing properties of caprocks, but enhances their potential to 
accumulate oil and gas.  

Another factor that confirms the increased fracture density is their lithological composition: 
Riphean mudstones are composed of hydromicaceous shale varieties. It is obvious that mineralogical 
composition determines the different plasticity of shales, which in turn determines their ability to 
form fractures. By decreasing plasticity, shales of different mineralogical composition, all other things 
being equal, are interbedded in the following sequence: montmorillonitic, alternating-layer, 
montmorillonite-hydromicaceous and kaolinitic [3]. For comparison, the following mineralogical 
types of rocks represent the Paleozoic caprock formations of the Volga-Ural Basin: Ardatovian, 
Timanian, Sargaevian and Tulian caprock formations are composed of hydromica and kaolinite, while 
the Vereyian formation is consisted of hydromica. 

Research on the physicochemical composition of shales (complex of absorbed cations and the 
absorption capacity), one of the most important indicators of caprock quality, of Paleozoic caprocks 
has shown that all Paleozoic caprocks, regardless of their depth, have high fracturing capabilities and 
are significantly inferior in their sealing properties to West Siberian oil and gas Basin caprocks. 

Hydrocarbon properties of any basin depend on reliability of caprock, as was shown in examples 
of known oil and gas basins. As a rule, high-quality continuous and thick caprocks are able to 
accumulate light types of oil within the oil and gas basin. Poor-quality irregular caprocks having low 
thickness, and are only able to accumulate heavy hydrocarbons. Based on the established regularities, 
the distribution of hydrocarbons within the Paleozoic sedimentary cover of the Volga-Ural oil and 
gas basin according to their physical-chemical properties becomes understandable. The abundance of 
oil shows within the section is spatially associated with poor-quality caprocks.  

The heavy oil deposits discovered within the Riphean-Vendian on the north and northwestern 
edges of the Kama-Belsk aulacogen indicate medium-quality caprocks, while the presence of light 
oil shows indicates the existence of high-quality local sealing zones. Both the first and second facts 
are evidence of the existence of caprocks within the Kama-Belsk aulacogen. These caprocks have 
different properties; mostly they have irregular distribution and variable thickness, which determines 
their low quality as sealing-rocks, however their increased fracture density testifies to their 
productivity as shale reservoirs. Moreover, within the Kama-Belsk aulacogen there were separate 
tectonic zones with a sedimentation environment favorable for the accumulation of thick, continuous 
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shale formations and, in the presence of other factors, these formations become a medium for the 
accumulation of light hydrocarbons. 
 

Conclusions 

 

Thus, according to some researchers, all oil and gas source rocks enriched with organic matter 
composed of pelites and characterized by a not very high organic matter maturity should be 
considered as promising shale reservoirs. According to these criteria, Semilukian, Rechitsian and 
Sargaevian horizons should be considered as primary targets for shale hydrocarbons within the Volga-
Ural Basin. Upper Proterozoic terrigenous rocks are characterized by secondary alterations due to the 
considerable depth of occurrence and the long formation time of the Riphean-Vendian rocks within 
the Kama-Belsk aulacogen, as well as due to the effects of high temperature, pressure and tectonic 
deformations. Core samples obtained from parametric wells are characterized by high diversity of 
rocks having macro- and micro-fractures, which increases the permeability both for the reservoirs 
and for the caprocks. Inflows of highly mineralized water saturated with hydrocarbon gases from the 
Riphean-Vendian indicates the existence of promising oil and gas bearing layers both among 
reservoirs and caprocks in individual tectonic zones. 

Lithological analysis of Riphean-Vendian rocks obtained from well no. 20005 (Karachevskaya), 
no. 203 (Mikhailovskaya) and no. 183 (Suranchanskya), as well as the geochemical composition of 
organic matter of rocks [6] indicate that on the southwestern side of the Kama-Belsk aulacogen, this 
formation contains bundles of mudstone layers, which can be considered as promising for the 
presence of shale hydrocarbons. 
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