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Abstract
The paper presents the results of studying the geological structure of the Ludlowian boundary 
sediments and data on lithology, bio- and chemostratigraphy, and large-scale biotic reconstruction 
at the boundary Ludlow-Pridoli. The results obtained make it possible to draw a conclusion about 
the stratigraphic incompleteness of the Ludlow section in the Subpolar Urals and the interruption 
in sedimentation at the end of the Ludlow.
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1. Introduction
The evolutionary replacement of the brachiopods 

Didymothyris didyma (Dalman) and the Collarothyris 
canaliculata (Wenjukov), and the renewal of the taxonomic 
composition and a significant increase in the diversity of the 
biota observed in the characteristic lumpy limestones that form 
the bottoms of the Belush’ya stage of the Pridoli, is the basis 
of the paleontological study of the boundary Ludlow-Pridoli 
in Severouralsk region. The boundary Ludlow-Pridoli was 
adopted at the base of these lumpy limestones of the Belush’ya 
stage, in which the terrigenous or terrigenous-carbonate 
member is universally distinguishable, as reflected in the Ural 
stratigraphic scheme [1].

It should be noted that there is another point of view on 
the position of the boundary Ludlow-Pridoli in the Ural cuts, 
according to which this boundary lies above the carbonate-
terrigenous member, in the thickness of the lumpy limestones 
of the Belush’ya stage of the Pridoli [2].

The results of the newly conducted study of the boundary 
layers of the Ludlow-Pridoli in the Upper Silurian base section 
on the western slope of the Subpolar Urals, during which the 
previously unknown interval of the 16 m cut was uncovered, 
allow us to conclude that there is a break in the sedimentation 
that separates the Ludlow and Pridoli deposits.

The complexity of solving the problem of determining the 
boundary Ludlow-Pridoli in the North Urals region within 
the Mikhailovsky-Vaigach structural-facies zone is that the 
complex of brachiopods and other fauna characterizing 
stratotypic sections of the regional stages of Pridoli (Belush’ya 
and Karpov) do not contain species that are characteristic for 
Pridoli deposits in the global stratotype of the Czech Republic 
[1].

2. Geological settings

In the current structural-tectonic plan, the investigated 
section (236) lies within the Pre-Ural foredeep of the West Ural 
structural zone. Paleozoic deposits in this region belong to the 
Yelets (shelf) structural-formational zone and form natural 
outcrops, traced for more than 100 km along the right and left 
banks of the river Kozhym, and are confined to the periclinal 
closure of the Obeiz anticline (latitude 65°40’0.86”C, longitude 
59°45’2.09”B) [3, 4].

3. Materials and methods

The interval of 24 m boundary Ludlow-Pridoli deposits 
considered here, in the terrigenous-carbonate section (236), 
chosen as the reference for the whole of the European North-
East of Russia, is located on the western slope of the Subpolar 
Urals, on the Kozhym river (Fig. 1). The biostratigraphic 
separation of the Upper Silurian deposits in the Severouralsk 
region is based primarily on the zonal scale for brachiopods. 
Zonal dominant species have the narrowest stratigraphic and 
wide lateral ranges of distribution in Severouralsk region and 
beyond it (Fig. 2) [5].

The material for the article was presented by the authors’ 
previously published brachiopod collections from the section 
236, the published definitions of ostracods studied by A.F. 
Abushik and conodonts studied by S.V. Melnikov [6]. The 
definitions of brachiopods were made by T.M. Beznosova, 
vertebrates - by T. Märss and conodonts - by L.V. Sokolova and 
P. Männik.
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 Fig. 1. Scheme of the location of the studied section in the Kozhym river basin 
(latitude N65°40’0.86”, longitude E59°45’2.09”). Designations: (1) 
Polygnathoides siluricus (Branson and Mehl), (2) shell Pentamerid in the Reef 
Ecosystem, (3) railroad

 1. ábra A vizsgált terület sémája a Kozhym folyó medencéjében (szélesség N65°40’0.86”, 
hosszúság E59°45’2.09”). Jelölések: (1) Polygnathoides siluricus (Branson és 
Mehl), (2) kagylóhéj Pentamerid a zátony ökoszisztémában, (3) vasútvonal

During the field work, P. Männik and V. Matveev carried 
out a layer-by-layer description of the section and made 
new collections – more than 100 rock samples and with the 
remains of fossil macrofauna, 22 samples for conodonts and 
other microfauna, 98 samples for the isotope δ13 Ccarb. Also, 
a previously uncovered interval of the Upper Ludlow section 
was uncovered, with a thickness of more than 16 m.

The history of the study and the significance of the results 
of earlier studies of this section (236), selected as a reference 
for the Upper Silurian of the entire territory of the European 
North-East of Russia, are given in of monographs [5, 6, 7].

Determination of the isotope δ13 Ccarb in carbonate rocks was 
carried out at the Geonauka Center of the Institute of Geology, 
Komi Science Center, Uralian Division of the Russian Academy 
of Sciences, on the DELTA V Avantage mass-spectrometer 
(analyst I. V. Smoleva). The value of the isotopic coefficients 
was determined in ppm (‰) by the standards PDB NBS18 and 
NBS19 (TS-limestone) for carbon. The error in determining 
both coefficients did not exceed ± 0.1 ‰. The isotope δ13 Ccarb 
is determined in 98 samples (a sampling step of 50 cm). All 
analytical works were carried out at the Institute of Geology, 
Komi Science Center, Uralian Division of the Russian Academy 
of Sciences named after academician N.P. Yushkin.

Collections are stored in the Museum of A.A. Chernov of the 
Institute of Geology, Komi Science Center, Uralian Division of 
the Russian Academy of Sciences named after Academician N.P. 
Yushkin (collection № 514 – lithological specimens and sections, 
№ 368 – brachiopods, 693 – conodonts, № 654 – vertebrates).

4. Results and discussion
The late Ludlow (Ludlow) age of the Sizim stage determines 

the remains of the vertebrates Phlebolepis elegans Pander, 
pandemic conodonts Polygnathoides siluricus (Branson and 
Mehl) and brachiopods Didymothyris didyma (Dalman), 
which can be found in its sediments.

The sediments of the 15.5 m of the Upper Sizim stage are 
characterized by a gradual reduction in the taxonomic diversity 
of the biota, the disappearance of the Ludlowian brachiopods 
Didymothyris and the conodonts Adctenognathodus (Fig. 2). 
10 genera of the ostracods of 18 disappear at the end of the 
Ludlow. The sedimentation signs of shallowing upwards along 
the section are clearly manifested - the alternation of limestones 
of stromatolitic, oolitic, microbial-clotting and dolomites 
with interlayers of flat-pebbled conglomerates, with cracks 
of desiccation, biomorphic, organogenic detritus, litho- and 
bioclasts with redeposited pebbles of limestone composition 
(Fig. 2.A). The maximum of the relative sea level falls on the 
end of the Ludlow. Reduction of the taxonomic diversity of 
fauna, replaced by the dominance of stromatolite-forming 
biota, observed in the section, indicates a major ecosystem 
restructuring at the end of the Ludlow (Fig. 2.B).

The upper boundary of the Ludlow Sizim stage was 
determined from the top of the interlayer of reddish-mottled 
clays, which fix the final regressive phase of the basin 
development at the end of the Ludlow and the characteristic 
features of the break in sedimentation (Fig. 2.C). [8, 9].

The transition from Ludlow to Pridoli deposits is 
lithologically fixed by a dolomite interlayer with large lithoclasts 
(break breccias, overlapping reddish-mottled clays) and thick 
lumpy dolomites with interbeds of calcareo-argillaceous 
black carbonaceous shaly mudstones corresponding to a new, 
transgressive sedimentation cycle. The transgression at the 
beginning of Pridoli facilitated the transportation and mass 
burial of organic matter at the base of the Belush’ya stage.

Paleontologically, this transition is characterized by a 
completely renewed composition of brachiopods [10] and 
ostracods [11]. The conodont complex of the lower part 
of the Belush’ya stage is mainly represented by the wide 
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geographical distribution of Wurmiella excavata (Branson and 
Mehl), Ozarkodina confluens (Branson and Mehl), Pedavis cf. 
latialata (Walliser), Oulodus cf. siluricus (Branson and Mehl), 
Panderodus unicostatus (Branson and Mehl) [12] (Fig. 2). 

The Belush’ya stage of Pridoli (8.5 m) in the same section 
(236) in the base is composed of limestone dolomites with 
large lithoclasts (break breccias), oriented along the bedding of 
rocks (Fig. 2.D). Above are the limestones with intercalations of 
black calcareous-carbonaceous shaly mudstones and greenish-
gray mudstones with the brachiopods of Hemitoechia distincta 
Nikiforova, which overlap limestones lumpy (Fig. 2.E) with 
brachiopods Collarothyris canaliculata (Wenjukov), Atrypoidea 
sheii (Holtedahl), Howellella pseudogibbosa Nikiforova [5]. 
This shelly layer forms distinct marking brachiopod layers in 

 Fig. 2.  Distribution of brachiopods, conodonts and vertebrates, isotopes δ13 Ccarb and lithological features in the boundary deposits of Ludlow and Pridoli on the Western slope of 
the Subpolar Urals (section 236). Designations: A– dolomites with interlayers of flat-pebbled conglomerates (layer 24, Sisim stage); B– shaped stromatolite buildups (layer 
64, Sisim stage); С– ludlov and pridol border (layer 68); D– interlayer with coarse material layer 68a (Belushinsky stage); Е– interlayering of black carbonaceous argillites, 
siltstones of limestone and cloddy limestones with brachiopods Hemitoechia distinctа Nikiforova and Collarothyris canaliculata (layer 72, Belushinsky stage)

 2. ábra Pörgekarúak, konodonták és gerincesek, izotóp δ13 Ccarb litológiai jellemzők a ludlovi-pridoli határán a szubpoláris Ural nyugati lejtőjén (szekció: 236). Jelölések: A– dolomitok 
lapos kavicsos konglomerátummal (réteg 24, Sisim stádium); B– alakos sztromatolit felépülések (réteg 64, Sisim stádium); С– ludlovi-pridoli határ (réteg 68); D– köztes réteg 
durva anyag réteggel 68a (Belushinsky stádium); Е– köztes réteg; fekete széntartalmú agyagpalák, iszapkövek, mészkövek és rögös mészkövek pörgekarúakkal (Hemitoechia 
distinctа Nikiforova és Collarothyris canaliculata; réteg 72, Belushinsky stádium)

the lower part of the Belush’ya stage, which can be traced in the 
sections of the Subpolar and Northern Urals, on the Chernov 
and Chernyshev uplifts, as well as numerous wells drilled 
on the territory of the Timan-Pechora oil and gas province. 
Similar layers with a complex of brachiopods, differing only in 
a large variety of representatives of the genus Atrypoidea, were 
first described by O.I. Nikiforova from the lower stratum of 
Pridoli of Vaigach island [13, 14]. The complex of conodonts is 
represented mainly by species of wide geographical distribution 
and long-term existence of Wurmiella excavata (Branson and 
Mehl), Ozarkodina confluens (Branson and Mehl), Pedavis cf. 
latialata (Walliser), Oulodus cf. siluricus (Branson and Mehl), 
Panderodus unicostatus (Branson and Mehl).
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4.1 The isotope δ13 Ccarb

The isotopic characteristics of carbonates of the boundary 
Ludlow-Pridoli deposits in section 236 have shown that they 
are characterized by δ13Scarb values, in range from –7.9 to 
–1.8 ‰. Two intervals with sharp negative peaks δ13 Ccarb 
in the section of the Upper Ludlow are distinguished on the 
isotope-carbon curve (Fig. 2).

The Pridoli part of the section is characterized by δ13 Ccarb values 
from -3.6 to -0.6 ‰. In the lower part of the Pridoli, a sharp shift of 
the curve from negative values of δ13Ccarb is recorded in the direction 
of positive values with an amplitude of oscillations of 3 ‰. Higher 
the values of δ13 Ccarb are fairly constant. They are characterized 
by gradual weighting of the isotope δ13 Ccarb to –1.0 ‰, which 
determines the trend of the positive direction of the curve. The values 
of this interval fall on the layers of limestones with characteristic 
lumpy detachment enclosing diverse fauna of Pridoli age (Fig. 2). 

Thus, the curve of the isotope δ13 Ccarb lies in the region of 
negative values of δ13 Ccarb with two negative excursions. The 
sharp decreases of δ13 Ccarb in the first and second interval 
(down to –7.9 ... –7.4) indicate significant changes in the 
characteristics of the sedimentation environment in Timan-
Northern Urals marine basin.

Thus, the boundary Ludlow-Pridoli is determined by the contact 
of variegated clays and dolomites with large and lithoclasts (break 
breccias), above which dark gray lumpy limestones with interlayers 
of black carbonaceous and greenish-gray mudstones lie. 

The major ecosystem restructuring associated with the 
Lower Pridolian Event is traced in sections in the North-East 
of Eurasia, the Arctic islands of Russia (Vaigach, N. Zemlya, 
Dolgiy) and Canada, Alaska [15, 16, 17, 18, 19].

5. Conclusions
The obtained results indicate the global character of the 

biotic rearrangements at the end of the Ludlow and at the very 
beginning of the Pridoli, the traces of which were preserved in 
the reference section of the Upper Silurian in the Subpolar Urals. 

The decline in sea level, the widespread development of 
stromatolite-forming biota, the reduction of biodiversity, the 
disappearance of conodonts of the genus Adctenognathodus at 
the end of the Ludlow and the change in the dominants in the 
biota at the beginning of the Pridoli reflect the general response 
of organisms of different hierarchies (brachiopods, ostracods, 
conodontophorides and microbials) to habitat conditions 
late Ludlow and at the boundary Ludlow-Pridoli in Timan-
Northern Urals marine paleobasin. The significant shallowing 
of Timan-Northern Urals marine basin at the end of Ludlow 
caused the death of a large mass of microbial communities, as 
well as abundant and diverse biota of the Ludlow reefs.
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