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FOREWORD 
 

 

 

This volume of Conference Proceedings brings together written versions of most of the 

contributions presented during the Golovkinsky Young Scientists Stratigraphic Meeting, which 

took place at Kazan Federal University, Kazan, Russia, October 26-30, 2020. 

The conference aimed to create a forum for further discussion on the integration of a range 

of geological information on the Precambrian and Phanerozoic. 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 Precambrian and Phanerozoic, including Biostratigraphy, Chemostratigraphy, 

Biogeography, Paleoclimate, Facies, Mineralogy, Lithology, Geophysical methods and 

Resources. 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 Precambrian and Phanerozoic. 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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Abstract 
 

Zonal foraminiferal assemblages from the Upper Viséan deposits of the 106 Oktyabrskaya 

Borehole in the south-east of the East European Platform are discussed. The Upper Viséan is 

represented by bioclastic, foraminiferal-algae limestones and dolomites. The taxonomic 

composition of the Endothyranopsis compressa ï Paraarchaediscus koktjubensis, 

Ikensieformis proikensis, Ikensiformis ikensis, and Ikensiformis tenebrosa zones is discussed. 
 

Keywords: Viséan, West European Platform, foraminiferal zones 

 

Introduction  

 

Carboniferous deposits of the southeastern regions of the East European Platform were 

studied in a series of oil and gas exploration boreholes. The 106 Oktyabrskaya Borehole is at 

the junction of the East European Platform and the western side of the Uralian Foredeep 

(Orenburg region). The borehole uncovered Devonian, Carboniferous and Permian deposits. 

The lower Viséan deposits of the section (29 m thick) are characterized by assemblages of 

foraminifers, ostracodes, conodonts, spores and pollen [1]. About 240 m-thick series of 

foraminiferal-algae limestones and dolomites is assigned to the Upper Viséan (Fig. 1). The 

upper Viséan of the southeastern regions of the East European Platform contains the 

Endothyranopsis compressa ï Paraarchaediscus koktjubensis, Ikensieformis proikensis, 

Ikensiformis ikensis, and Ikensiformis tenebrosa zones [2]. These zones correspond to the 

Endothyranopsis compressa ï Paraarchaediscus koktjubensis, Ikensieformis proikensis ï 

Archaediscus gigas, Eostaffella ikensis, and Eostaffella tenebrosa ï Endothyranopsis sphaerica 

zones, respectively, of the Moscow Basin, coinciding with regional substages (horizons): 

Tulian, Aleksinian, Mikhailovian and Venevian [3]. 

 

Foraminiferal zonal assemblages 

 

The assemblages of the following zones characterize Viséan deposits of the 106 

Oktyabrskaya Borehole section. 

The Endothyranopsis compressa ï Paraarchaediscus koktjubensis Zone is set in the range 

of 3253-3286 m (samples 101-104). According to geophysical and paleontological data, the 

thickness of the Tulian is about 50 m. The strata are composed of finely bioclastic wackestones 

and packstones in the lower part, and foraminiferal limestones in the upper part. The 

foraminiferal assemblage includes: Paraarchaediscus koktjubensis (Rauser-Chernousova), P. 

convexus (Grozdilova and Lebedeva in Grozdilova, 1953), Planoarchaediscus eospirillinoides 

Brazhnikova, Endothyranopsis cf. compressa (Rauser-Chernousova et Reitlinger), Omphalotis 

spp., Endothyra spp., Palaeotextulariida, Eoparastaffella spp. (Fig. 2). 
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Fig. 1. Distribution of selected foraminifers in the Upper Viséan deposits of the 106 Oktyabrskaya Borehole. (1) 

Limestone; (2) argillaceous limestone; (3) dolomite; (4) stromatolites; E. com. P. k. ï Endothyranopsis compressa 

ï Paraarchaediscus koktjubensis. I. ï Ikensieformis 

 

The Ikensieformis proikensis Zone is recognized in the range of 3186-3252 m. It is composed 

of bioclastic grainstones, bioclastic wackestones, and algal and sometimes crinoidal packstone. 

The foraminiferal assemblage includes Endothyra obsoletʘ Rauser-Chernousova, 

Omphalotis omphalota (Rauser-Chernousova et Reitlinger), Cribrospira panderi Moeller, 

Endothyranopsis and compressa (Rauser-Chernousova et Reitlinger), Eostaffella mosquensis 

Vissarionova, Ikensieformis cf. proikensis (Rauser-Chernousova). 

The Ikensiformis ikensis zone is recognized in the range of 3121-3168 m (samples 93. 90, 

87-89) where it is represented by bioclastic algal-bioclastic and lithoclastic grainstones with a 

bed of dolomite. The foraminiferal assemblage is supplemented with Archaediscus ex gr. 

moelleri Rauser-Chernousova, Asteroarchaediscus spp., Spinothyra pauciseptata (Rauser-

Chernousova), Endothyranopsis crassa (Brady). Numerous algae Koninckopora spp. are 

present. This assemblage characterizes the Mikhailovian, its thickness is 47 m. 
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Fig. 2. Foraminifers from the upper Viséan Substage of the 106 Oktyabrskaya Borehole. Scale bar = 0.2 mm. 

(1, 2) Paraarchaediscus koktjubensis (Rauser-Chernousova, 1948), axial sections, both from Sample 101(5); 3) 

Paraarchaediscus amplus (Conil et Lys, 1964), Sample 101(1); (4) Paraarchaediscus convexus (Grozdilova et 

Lebedeva in Grozdilova, 1953), Sample 97(2); (5) Asteroarchaediscus ex gr. baschkiricus (Krestovnikov et 

Theodorovich, 1936), Sample 90(1); (6) median section, Brunsia spirillinoides (Grozdilova et Glebovskaya, 1948), 

Sample 98(2); (7) Brunsia sp., near axial section, Sample 98(1); (8) Vissarionovella donzelli Cózar and Vachard, 

2001, Sample 97(2); (9) Endothyra devexa Rauser-Chernousova, 1948, Sample 98(1); (10) Endothyra prisca 

Rauser-Chernousova et Reitlinger in Rauser-Chernousova et al., 1936, Sample 98(1); (11) Endothyra cf. apposita 

Ganelina, 1956, Sample 104(2); (12, 13) Omphalotis exilis (Rauser-Chernousova, 1948), oblique sections, both 

from Sample 101(1); (14) Endothyra expressa Ganelina, 1956, Sample 104(2); (15) Endothyranopsis cf. umbonata 

(Ganelina, 1956); (16) Endothyranopsis compressa (Rauser-Chernousova et Reitlinger in Rauser-Chernousova et 

al., 1936), Sample 98(1); (17) Globoendothyra globula (dôEichwald, 1860), broken test, oblique section, Sample 

99(3); (18) Eoparastaffella sp., axial section, Sample 101; (19) Palaeotextularia sp., Sample 101(1); 

Consobrinellopsis consobrina (Lipina, 1948), longitudinal section, Sample 99(3); 21, 22 Ikensieformis ikensis 

(Vissarionova, 1948): 21 ï axial section, Sample 90(4); 22 ï tangential section, Sample 93(1); (23) Eostaffella 

mosquensis Vissarionova, 1948, axial section, Sample 98(2); (24) Ikensieformis cf. tenebrosa (Vissarionova, 

1948), tangential section; (25) Haplophragmella fallax Rauser-Chernousova et Reitlinger in Rauser-Chernousova 

et al., 1936, median section, Sample 98(2); (26, 27) Lituotubella glomospiroides Rauser-Chernousova, 1948: 26 ï 

axial section, Sample103(1), 27 ï longitudinal section, Sample 99(4) 
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The assemblage of Ikensieformis tenebrosa Zone is provisionally identified in Sample 86 of 

coral-algal boundstone at a depth of 3120 m. The foraminifers Endothyranopsis umbonata 

(Ganelina), Janischewskina sp., Ikensieformis cf. tenebrosa Vissarionova are found in this 

limestone. The overlying beds (3118-3119 m) are composed of highly recrystallized limestone 

with rare foraminifers Globoendothyra sp. and Omphalotis sp. of poor state of preservation. 

The overlying interval of 3070-3117 m is composed of dolomites may also be referred to the 

Venevian. The Viséan-Serpukhovian boundary is lithological and is defined at the base of the 

stromatolite limestones. 

 

Conclusions 

 

The upper Viséan foraminiferal assemblages of the 106 Oktyabrskaya Borehole includes 

species preliminary described by Vissarionova [4], [5] from the deposits of the western slope 

of the South Urals, boreholes of the eastern regions of the East European Platform, from east-

western regions of the Moscow Basin [6], Belgium [7], and Montagne Noire (France) [8], [9]. 

The zonal assemblages correlate with the assemblages of the Upper Viséan of the Moscow 

Basin [3], the South Urals [10], [11], and Kazakhstan [12]. 
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Abstract 

 

The characteristics of Permian biota in back-arc basins (Okhotsk, Ayan-Yuryakh, 

Balygychan, Nyavlenga, and Taigonos) of the Okhotsk-Taigonos volcanic arc (OTVA) are 

considered. The taxonomic composition of faunistic communities is in many respects similar 

and includes mainly representatives of Inoceramus ï like bivalves ï kolymiids, some nuculids, 

and gastropods. The most numerous and diverse Permian communities are from the Okhotsk 

basin, where almost all groups of organisms known in the Permian of Northeast Asia are found. 

The relative diversity of the faunistic communities of the Okhotsk basin is probably due not 

only to the shallower conditions for the existence of the fauna, but also to the more ñopenò 

nature of this basin, which can be explained by the existence of a nearby strait within the OTVA. 

The taxonomic composition of communities in other basins of the OTVA is much poorer, 

evidently largely due to their deep water and predominantly clayey nature of the bottom with a 

relatively low diversity of biotopes. During most of the Permian, the OTVA apparently 

represented a high land and played the role of a large biogeographic barrier separating the basins 

of Northeast Asia from the Paleo-Pacific. At the end of the Permian, this barrier was largely 

eliminated, as evidence by the invasion of the Southern Verkhoyansk basin by Tethyan bivalves 

(Claraioides, Eumorphotis, Myalina, Pteria), ammonoids (Otoceras), and conodonts 

(Hindeodus and Clarkina). 
 

Keywords: Biota, faunal community, back-arc basin, Okhotsk-Taigonos volcanic arc, Northeast Asia, Permian 

 

Introduction  

 

In the Permian, Northeast Asia was a system of sea basins of varying geodynamics, 

belonging to the eastern part of the Boreal Superrealm [1], [2] (Fig. 1). 

Of particular interest are the back-arc basins of the Okhotsk-Taigonos volcanic arc (OTVA), 

which separated the entire system of Northeast Asian basins from the Paleo-Pacific Ocean ï 

Okhotsk (connected with the Okhotsk massif), Ayan-Yuryakh, Balygychan, Nyavlenga, and 

Taigonos. These basins are characterized mainly by deep-water conditions and an avalanche, 

predominantly clayey, character of sedimentation, which was largely determined by the 

connection with the volcanic arc. 

 

Characteristics of biota in Permian basins of the Okhotsk-Taigonos volcanic arc 

 

The Permian fauna communities of the back-arc basins of the OTVA are largely similar and 

consist mainly of Inoceramus ï like bivalves ï kolymiids, some nuculids and gastropods-

euomphalids. To a large extent, such a taxonomic composition of the fauna is determined by 
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deep-sea environments and mainly clayey composition of sediments. Kolymiids are a fairly 

euryfacial group [4], occurring in both shallow-water carbonate and deep-water sandy-clayey 

facies. Nuculids, being detritus-gatherers, also prefer deep-water clayey facies. Euomphalid 

gastropods are found almost exclusively in deep-water clayey sediments, and not known in 

shallow-water communities. 

At the same time, the systematic composition, taxonomic diversity and frequency of 

occurrence of the fauna in the considered basins (especially in the Okhotsk one) have a number 

of differences. 

The most numerous and diverse are the Permian communities of the Okhotsk basin. They 

are represented by almost all groups of organisms known in Northeast Asia, with a sharp 

predominance of Inoceramus-like bivalves [5]. However, in the Asselian-Middle Artinskian 

benthonic communities, brachiopod is dominant, primarily to productids, representatives of the 

genera Verchojania and Jakutoproductus [6]. 

Coral remains are very rare and are found only in the Upper Permian (tabulatomorphs 

Cladochonus and indeterminable single rugoses). The remains of bryozoans are also sporadic 

and are represented by indeterminable reticulated colonies. Brachiopods are sporadically found 

throughout the section. Representatives of almost all orders of articulate brachiopods are 

known: productids (Cancrinelloides, Strophalosia), rhynchonellids (Rhynchopora), spiriferids 

(Tumarinia, Olgerdia, Neospirifer, and Crassispirifer), athyridids (Bajkuria, Cleiothyridina, 

and Bajtugania). However, in some places there are known quite dense populations of the 

productids, which form the ñbrachiopod banksò consisting of representatives of the genus 

Mongolosia. 

The most widespread are bivalves, primarily Inoceramus-like (genera Maitaia, 

Intomodesma, Aphanaia, Kolymia, less often Cyrtokolymia, Okhotodesma, and Cigarella). 

Fig. 1. Paleogeography of Northeast Asia and back-arc sedimentary basins of the Okhotsk-Taigonos volcanic 

arc in the Permian (Capitanian) (after [1], added and amended). 

1 ï land, 2 ï shallow sea, 3 ï deep sea, 4 ï volcanic arc, 5 ï tectonic structure boundaries, 6 ï sedimentation 

basin boundaries, 7 ï probable direction of the fauna migration from the Paleo-Pacific. Tectonic blocks and 

massifs: OK ï Okhotsk, OB ï Omulyovka, OM ï Omolon, ʈ ï Prikolyma; sedimentary basins: ɸ-Yu ï Ayan-

Yuryakh, B ï Balygychan, N ï Nyavlenga, ʆk ï Okhotsk, ʊ ï Taigonos; V ï Verkhoyansk margin-epicontinen-

tal sea. Paleolatitude after [3] 



©Filodiritto Editore ï Proceedings 

16 

They are found in both relatively shallow and deep-water environments. In shallow marine 

facies, kolymiids often formed limestones-coquina. Other bivalve groups include vacunellines 

(Pachymyonia), undulomiines (Praeundulomya), nuculids (Nuculopsis, Phestia), and 

aviculopectinoids (Kolymopecten, Streblopteria, Guizhoupecten). 

Ammonoids are found in the Okhotsk basin, at least at three stratigraphic levels: Sakmarian 

ï a representative of the genus Uraloceras (possibly U. ex gr. omolonense Bogoslovskaya et 

Boiko), Kungurian ï the Paragastrioceras and Baraioceras, and Roadian ï Sverdrupites and 

Pseudosverdrupites [7], [8]. Gastropods are rare throughout the section and include species of 

the genera Mourlonia, Glabrocingulum, Ptychomphalina, Peruvispira, and rare 

bellerophontids. 

The remains of echinoderms are often found almost throughout the entire section. Crinoids 

are represented by fragments of stems of the pelagic (Neocamptocrinus) and benthic 

(Uniformicrinus) genera. Blastoid Deltoblastus sp. and a starfish were found at the eastern 

periphery of the Okhotsk basin [5]. In the lower part of the Permian, R.B. Umitbaev [9] 

mentions finds of sea urchins, typical representatives of the Tethyan communities, 

uncharacteristic for the Boreal Superrealm. 

The diversity and abundance of the biota of the Ayan-Yuryakh basin are significantly 

impoverished compared to the Okhotsk basin. This is largely due to the deep-water habitat of 

the fauna, which for most of Permian history corresponded to the foot of the continental slope 

[10]. Here, as well as in the Okhotsk basin, Inoceramus-like bivalves dominate, but their shell 

rock accumulations are usually absent. Only occasionally they form deep-sea ñbiohermsò, the 

emergence of which may have been due to the influx of underwater fluids or methane seeps. A 

certain confirmation of the hydrothermal nature of these ñbiohermsò can be their very large 

size: the length up to a few tens of meters, the thickness ï up to several meters and their 

association with deep-sea sediments. These ñbiohermsò consist of clusters of Inoceramus-like 

bivalves without signs of redeposition of the latter. Byssus-attached Maitaia and Trabeculatia, 

to a lesser extent Intomodesma, and very rarely Kolymia and Aphanaia (the latter belong mainly 

to semi-infaunal and free-lying benthos) predominate. Also, single nuculids (Glyptoleda, 

Phestia, rarely Nuculopsis and Palaeoneilo) occur, which are mobile benthos. Representatives 

of other bivalve groups are extremely rare. 

Gastropods are quite common for the Ayan-Yuryakh basin, among which the genus 

Straparolus dominates; Mourlonia, Glabrocingulum, Ptychomphalina, Peruvispira, and 

bellerophontids are less common. It should be noted that all the Permian gastropods of 

northeastern Asia require monographic study. The fragments of stems and cirri of crinoids, both 

benthic (Uniformicrinus) and pelagic (Neocamptocrinus), are also quite common. 

The role of other fauna groups in the Ayan-Yuryakh basin is very insignificant. Single small 

foraminifers (Frondina, Rectoglandulina, Saccamminidae) are known here. As well as in the 

Okhotsk basin, there are rare corals represented by the same taxa. Single remains of 

indeterminable nautiloids and scaphopods (?) are known. Ammonoids are found at two 

stratigraphic levels: Late Artinskian (Neopronorites) and Roadian (Sverdrupites) [8]. Colonies 

of reticulated bryozoans are very rare. Brachiopods are also rare and are represented by single 

productids (Cancrinelloides) and spiriferids (Crassispirifer and Neospirifer). 

The Permian communities of the Balygychan basin, where environmental conditions were 

largely similar to the Ayan-Yuryakh basin, are characterized by an even poorer taxonomic 

composition compared to the Okhotsk and Ayan-Yuryakh basin [11]. It is also dominated by 

kolymiids, mainly byssus-attached Kolymia, Maitaia, and large free-lying Intomodesma, as 

well as gastropods-euomphalids (Straparolus). The nuculid bivalves Phestia, gastropods 

Glabrocingulum and Peruvispira are occasionally found. The single representative of Tethyan 

pectinoids Claraioides was found in the west of the basin, and in the east, small peculiar 

ñStreblopteriaò sp. In the eastern part of the basin, there are also rare brachiopods: 
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Rhynchopora, spiriferids (Attenuatella and Neospirifer), athyridids (Cleiothyridina), productids 

(Stepanoviella) and chonetids (Lissochonetes and Tornquistia). Colonies of reticulated 

bryozoans are very rare. We should also mention rare finds of small foraminifera (Nodosaria) 

and indeterminable radiolarians. A distinctive feature of the communities in the Balygychan 

basin is the complete absence of cephalopods and echinoderms (an exception is a single find of 

a starfish from the Upper Permian). 

The Permian biota of the Nyavlenga and Taigonos basins has been much less-studied well 

than the three considered above. As in other basins, kolymiids are strikingly dominant here. In 

the Nyavlenga basin, which includes shallower facies, there are many byssus-attached Kolymia 

that form shell rock; free-lying Cigarella are less common [12]. Finds of corals Cladochonus 

and Tamnopora, brachiopods Spiriferella, aviculopectinoid bivalves, and bryozoans are known 

in the lower part of the section [13]. In the Taigonos Basin, in addition to the kolymiid bivalves, 

which are especially numerous in the Upper Permian, where they are represented by Maitaia 

and large Intomodesma, very rare brachiopods are known in the middle part of the section: 

Rhynchopora, Neospirifer, and Magadania. 

For both basins, as well as for the Balygychan, the complete absence of cephalopods and 

echinoderms is characteristic, but there are known finds of indeterminable spherical 

radiolarians [14], [15], [13]. 

 

Possible causes of differences in communities of different basins 

 

In our opinion, the above noted relative diversity of fauna communities in the Okhotsk basin 

is due not only to shallower conditions of the faunaôs existence, but also to its greater 

ñopennessò compared to other back-arc basins. The presence of such faunal groups as corals, 

cephalopods, pelagic crinoids, blastoids, and starfish indicates the normal salinity of the basin. 

Of particular interest is the presence of pelagic crinoids Neocamptocrinus, first described 

from the Permian of Eastern Australia. Its representatives were also found in Indonesia (Timor 

Island), Eastern Transbaikalia, Western Primorye, Mongolia, Omolon, Ayan-Yuryakh, and the 

southern part of the Verkhoyansk basin [16]. Blastoids of the genus Deltoblastus are so far 

known only from the Permian of Timor [17]; their rare remains are also found in Oman [18]. 

Such ñopennessò of the Okhotsk basin can be explained by the existence of a strait within 

the OTVA, which served as a natural biogeographic barrier between the eastern Boreal and 

Tethyan (Panthalassic) basins [19]. During most of the Permian, this arc was, apparently, a high 

land (perhaps, to some extent, the Kamchatka Peninsula and Kuril Islands can serve as a modern 

analogue of the OTVA). At the end of the Changhsingian, it seems, that almost complete 

disappearance of the arc considered (at least of its Okhotsk part) occurred, as evidence by the 

invasion of the ammonoids Otoceras, bivalves Claraioides, Eumorphotis, Myalina, Pteria, and 

conodonts Hindeodus typicalis (Sweet) and Clarkina cf. changxingensis (Wang et Wang) into 

the southern part of the Verkhoyansk basin [20], [21], [22]. 

The extreme taxonomic impoverishment of the communities in the Balygychan, Nyavlenga, 

and Taigonos basins is obviously largely due to their deep-water environments and 

predominantly clayey character of the bottom with a relatively low diversity of biotopes. 

However, the absence in them of such a nektonic faunal group as ammonoids, as well as 

crinoids, which characterize the normal salinity of the basin, suggests they were to some extent 

isolated from the main water area of the World Ocean. At the same time, the radiolarians are 

known in the Balygychan and Taigonos basins, represented by indeterminable spherical forms, 

which could not exist under conditions of significant isolation from oceanic sea areas. 

 

 

 



©Filodiritto Editore ï Proceedings 

18 

Acknowledgments 

This work was supported by the Russian Foundation for Basic Research (project no. 20-05-

00604) and by the State Russian Government Program for competitive growth of the Kazan 

Federal University among Worldôs leading scientific and education centers. 

 

REFERENCES 

 
1. Biakov, A. S., Prokopiev, A. V., Kutygin, R. V., Vedernikov, I. L., Budnikov, I. V. (2005). 

Geodinamicheskiye Obstanovki Formirovaniya Permskikh Sedimentatsionnykh Basseynov Verkhoyano-

Kolymskoy Skladchatoy Oblasti. Otechestvennaya geologiya 5, pp. 81-85. 

2. Biakov, A. S. (2010). Zonal Stratigraphy, Event Correlation, and Paleobiogeography of the Permian of 

Northeastern Asia (Based on Bivalves). SVKNII DVO RAN, Magadan, pp. 1-262. 

3. Lawver, L. A., Dalziel, I. W. D., Gahagan, L. M., Kygar, R., Herber, B. (2004). The Plates 2004. Atlas 

of Plate Reconstructions (750 Ma to Present Day). Plates Progress Report no. 290-0804. Report N 191 

University of Texas, pp. 1-88. 

4. Biakov, A. S. (2006). Permian Bivalve Mollusks of Northeast Asia. Journal of Asian Earth Sciences 26(3-

4), pp. 235-242. 

5. Biakov, A. S. (2007). Permian Biostratigraphy of the Northern Okhotsk Region (Northeast Asia). 

Stratigraphy and Geological Correlation 15 (2), pp. 161-184. 

6. Klets, A. G. (2005). Verkhnii Paleozoi Okrainnykh Morei Angaridy. Geo, Novosibirsk, pp. 1-240. 

7. Andrianov, V. N. (1985). Permskie i Nekotorye Kamennougolnye Ammonoidei Severo-Vostoka Azii. 

Nauka, Novosibirsk, pp. 1-181. 

8. Kutygin, R. V., Biakov, A. S. (2015). Permian Ammonoids of the Okhotsk Region, Northeast Asia. 

Paleontological Journal 49 (12), pp. 1275-1281. 

9. Umitbaev, R. B. (1963). Stratigraphiya Verchnepaleozoiskih Otlozhenyi Tsentralnoi Chasti Okhotskogo 

Massiva. Uchenyie zapiski NIIGA, Seriya Paleontologiya i Biostratigrafiya 2, pp. 5-15. 

10. Biakov, A. S., Vedernikov, I. L. (1990). Stratigraphiya Permskih Otlozhenii Severo-Vostochnogo 

Obramleniya Okhotskogo Massiva, Tsentralnoi i Yugo-vostochnoi chastei Ayan-Yuryakhskogo 

Antiklinoriya. SVKNII DVO AN USSR, SVPGO, Magadan, pp. 1-69. 

11. Biakov, A. S. (2004). Permian Deposits of the Balygychan Uplift. NEISRI FEB RAS, Magadan, pp. 1-

87. 

12. Biakov, A. S., Vedernikov, I. L., Ivanov, Y. Y., Kolesov, E. V. (2018) New Data on Permian Bivalves 

and the Age of Volcanogenic Beds of the Arman-Viliga Folded Zone, Northeastern Asia. Paleontological 

Journal 7, pp. 65-71. 

13. Skibin, Y. P. (1977). Gosudarstvennaya Geologicheskaya Karta SSSR Mashtaba 1:200000. Seriya 

Magadanskaya. List ʈ-55-XXXIV. Mingeo SSSR, Moskva, pp. 1-84. 

14. Zhulanova, I. L., Petrov, A. N., Byalobzhesky, S. G., Likman, V. B. (1997) K stratigraphii i Genezisu 

Verhnepermskih Otlozhenii Poluostrova Taigonos. Magmatizm i Orudenenie Severo-Vostoka Rossii. 

NEISRI FEB RAS, Magadan, pp. 135-154. 

15. Kuznetsov, V. M. (1989). Gosudarstvennaya Geologicheskaya Karta SSSR Mashtaba 1:200000. Seriya 

Verhnekolymskaya. List ʈ-56-XVI. Soyuzgeolfond, Moskva, pp. 1-106. 

16. Stukalina, G. A. (1990). Harakteristika Pelagicheskih Krinoidei Neocamptocrinus iz Permskih Otlozhenii 

Severo-Vostoka SSSR. Opornyi Razrez Permi Omolonskogo Massiva. Nauka, Leningrad, pp. 134-142. 

17. Charlton, T. R., Barber, A. J., Harris, R. A., Barkham, S. T., Bird, P. R., Archbold, N. W., Morris, N. J., 

Nicoll, R. S., Owen, R. M., Sorauf, J. E., Taylor, P. D., Webster, G. D., Whittaker, J. E. (2002). The 

Permian of Timor. Journal of Asian Earth Sciences 20, pp. 719-774. 

18. Webster, G. D., Sevastopulo, G. D. (2007) Paleogeographic Significance of Early Permian Crinoids and 

Blastoids from Oman. Palaeontologische Zeitschrift 81 (4), pp. 399-405. 

19. Biakov, A. S, Shi, G. R. (2010). Palaeobiogeography and Palaeogeographical Implications of Permian 

Marine Bivalve Faunas in Northeast Asia (Kolyma-Omolon and Verkhoyansk-Okhotsk Regions, 

Northeastern Russia). Palaeogeography, Palaeoclimatology, Palaeoecology 298, pp. 42-53. 

20. Kozur, H. W., Ramovs, A., Zakharov, Y. D., Wang, C. (1995). The Importance of Hindeodus parvus 

(Conodonta) for the Definition of the Permian-Triassic Boundary and Evaluation of the Proposed 

Sections for a Global Stratotype Section and Point (GSSP) for the Base of the Triassic. Geologija 37, 38, 

pp. 173-213. 

21. Zakharov, Y. D. (2002). Ammonoid Succession of Setorym River (Verkhoyansk Area) and Problem of 

Permian-Triassic Boundary in Boreal Realm. Journal of China University of Geosciences 13 (2), pp. 107-

123. 



©Filodiritto Editore ï Proceedings 

19 

22. Biakov, A. S., Kutygin, R. V., Goryachev, N. A., Burnatny, S. S., Naumov, A. N., Yadrenkin, A. V., 

Vedernikov, I. L., Tretyakov, A. V., Brynko, I. V. (2018). Discovery of the Late Changhsingian Bivalve 

Complex and Two Fauna Extinction Episodes in Northeastern Asia at the End of the Permian. Doklady 

Biological Sciences 480, pp. 78-81. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



©Filodiritto Editore ï Proceedings 

20 

Lithochemical Features of Shungites from Shunga Deposit 

(Onega Basin, Russia) 

 
DEINES Yulia1 

 
1 Institute of Geology, Karelian Research Centre, Russian Academy of Science (RUSSIA) 

Email: deines@krc.karelia.ru 

 

 

 

Abstract 

 

Shungites of the Shunga deposit of the Onega structure were studied. Shungite rocks were 

classified into two groups by the composition of their mineral component, namely, miosilites 

and siallites. Some basic lithochemical features of shungites within the Shunga deposit were 

revealed, and they have been compared with shungite-bearing rocks of the Melnichnaya deposit 

of the Onega structure. 
 

Keywords: shungite, petrochemical modules, stratigraphy 

 

Introduction  

 

Onega basin, Russian Fennoscandia, is stratotypical for shungite-bearing rocks of 

Precambrian (Fig. 1) [1]. The c. 2000 Ma, 900-m-thick, Zaonega Formation in the Onega basin 

contains one of the greatest accumulations of organic matter (OM) in the early Precambrian 

during the period known as the worldwide Shunga Event [2]. Zaonega Formation rocks are 

greenschist-facies volcaniclastic greywackes, dolostones, limestones, shungite-bearing rocks, 

mafic tuffs and lavas intruded by numerous mafic sills. Several sedimentary beds are enriched 

in OM with the overall content of total organic carbon (TOC) ranging from 0.1 to 16 wt.%. The 

shungite-bearing rocks occur in nine stratigraphic levels [3]. We consider the formation of 

shungite-bearing rocks within the framework of the diapir model. Depending on the rheological 

properties of the system (layer and overburden), the development of diapirs can be suspended 

either at the stage of formation of domes, stocks, or go to completion, when the diapir «hat» is 

formed. The development of the diapir fold into the hat occurs when the stock-like body that 

forms from the dome either comes to the surface or reaches a strong impermeable layer or 

horizon with a lower density. In the extreme case, complete separation of the hat from the stock 

and transformation into a local subconforming body is possible. Maksovites ((shungite-bearing 

rocks containing from 10 to 45% of mixed OM) are confined to dome deposits, and shungites 

(shungite-bearing rocks containing from 45 to 80% of mixed organic matter with a 

predominance of migratory matter) ï to sublayer deposits [4]. 

The chemical composition of shungites of the Shunga deposit has been studied by many 

researchers. It was noted that variations in the composition of shungites are quite large even 

within the same stratified bed both vertically and laterally. With an average carbon content of 

about 50%, in individual parts (ñinterlayersò), it rises to 80%. At the same time, it is difficult to 

draw clear boundaries between shungites with different carbon contents. The current work 

attempts to reveal some major lithochemical features of the shungites within Shunga deposit. 

Due to a high content of OM, the maksovites appear to be opaque under transmitted-light, 

thus traditional optical petrography has a limited use for their detailed study and classification. 

Hence, a geochemical approach has been employed for classifying the rocks and for 

revealing their major geochemical features. 
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Fig. 1. Geological map of the Palaeoproterozoic Onega basin [1] 

 

Methodology 

 

The shungite chemical composition has been calculated on a TOC-free basis, and the rock-

classification of Yudovich and Ketris [5] has been used to categories the TOC-free chemical 

composition of shungites. 

Determination of the content of petrogenic (i.e., rock-forming) elements in the samples was 

carried out by the methods of chemical analysis [6]. The work was carried out in the Analytical 

laboratories of the Institute of Geology, KarRC RAS (Petrozavodsk). 

 

Result and discussion 

 

15 samples were taken from the geological section through the Shunga deposit (Fig. 2) and 

18 samples from the geological section through the Melnichnaya deposit (see Tetyugino on fig. 

1). 
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Fig. 2. Lithostratigraphic column of the Shunga deposit and chemical composition of shungites. 

Sampling was by A. E. Romashkin 

 

The petrochemical modules were calculated to reveal the differences in the chemical 

composition of shungites, namely, hydrolysate ï 

GM=(TiO2+Al2O3+Fe2O3+FeO+MnO)/SiO2; titanium ï TM=TiO2/Al2O; iron ï 

ZhM=(Fe2O3+FeO+MnO)/(TiO2+Al2O3); femic ï FM=(Fe2O3+FeO+MnO+MgO)/SiO2; 

normalized alkalinity module ï NKM=(Na2O+K2O)/Al2O3; aluminum-silicon ï 

AM=Al 2O3/SiO2; alkaline ï SCHM=Na2O/K2O, long-term practice of using which has shown 

their effectiveness in the study of sedimentary rocks [6]. The average chemical composition 

of shungites presented on Fig. 2 and petrochemical modules are presented in Table 1. Based 

on a GM, the classification revealed two groups, namely, miosilites (GM=0.21-0.30) and 

siallites (GM=0.31-0.55). 
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Table 1. Petrochemical modules of shungites 

 Na2O+K2O, % GM ZhM FM AM TM NKM SCHM 

ʈ992 5.51 0.36 0.53 0.17 0.21 0.12 0.43 0.03 

ʈ992/1 3.10 0.20 0.34 0.07 0.13 0.09 0.31 0.05 

ʈ992/2 3.78 0.25 0.54 0.12 0.15 0.08 0.36 0.05 

ʈ992/3 4.14 0.22 0.64 0.11 0.12 0.11 0.51 0.18 

ʈ992/4 5.19 0.37 0.57 0.21 0.21 0.10 0.48 0.15 

ʈ997 5.14 0.46 0.63 0.54 0.25 0.12 0.49 0.12 

ʈ997/3 6.45 0.42 0.36 0.22 0.27 0.12 0.46 0.09 

ʈ997/4 5.05 0.41 0.41 0.45 0.26 0.10 0.45 0.12 

ʈ997/9 5.38 0.32 0.37 0.38 0.21 0.13 0.51 0.12 

ʈ997/10 5.26 0.32 0.24 0.13 0.24 0.10 0.37 0.11 

ʈ997/11 5.47 0.30 0.20 0.09 0.23 0.07 0.34 0.04 

ʈ997/12 6.18 0.36 0.28 0.12 0.26 0.09 0.37 0.03 

ʈ997/13 7.33 0.39 0.19 0.12 0.30 0.08 0.42 0.11 

ʈ997/14 6.75 0.38 0.17 0.13 0.30 0.10 0.40 0.17 

ʈ2ʂ13/5 4.42 0.21 0.25 0.08 0.15 0.14 0.42 0.03 

 

Inhomogeneities in the composition of the shungite mineral matter are due to the presence 

of various micas. Three groups are distinguished, corresponding to samples from the bottom of 

the lower layer (5.7-6.5 m), the roof of the upper layer (3.3-3.9 m), and rocks occupying an 

intermediate position (fig. 3). The rocks of the bottom of the lower layer are similar to shungite-

bearing rocks of the eighth shungite horizon of the Zaonega Formation; the remaining samples 

are similar to fluidolites of the Melnichnaya deposit. It can be assumed that the lower layer is 

the eighth shungite-bearing horizon, and the overlying shungites are fluidolites that have risen 

from the dome-like body developed along the sixth shungite-bearing horizon. 

 

 
Fig. 3. Correlation between AM and (Na2O+K2O) in shungites 

 

Conclusions 

 

The free groups of shungites from Shunga deposit exhibit the following geochemical 

features: 
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1. A positive correlation between (Na2O+K2O) and (Al2O3/SiO2). 

2. There is no negative correlation between Al2O3 and SiO2, which is typical for 

maksovites [7]. 

3. No distinct boundaries between shungites with different content of carbon. 

4. Shungites differ from maksovites in all lithochemical parameters, excluding the iron 

module. 

The established geochemical regularities have a potential to assist in correlation of distant 

exposures, as well as, drilled section within Onega basin. 

 

Acknowledgements 

The study was conducted as part of a state project accomplished by Institute of Geology of 

the Karelian Research Centre of the Russian Academy of Sciences. I would like to express my 

gratitude to Dr. A. E. Fallick (University of Glasgow) for his help in preparing this article and 

correcting it in English. 

 

REFERENCES 

 
1. Melezhik, V. A., Fallick, A. E., Filippov, M. M., Larsen, O. (1999). Karelian shungite ï an indication of 

2.0-Ga-old metamorphosed oil-shale and generation of petroleum: geology, lithology and geochemistry. 

Earth-Science Reviews 47, pp. 1-40. 

2. Melezhik, V. A., Fallick, A. E., Rychanchik, D. V., Kuznetsov, A. B. (2005). Palaeoproterozoic 

evaporites in Fennoscandia: implications for seawater sulphate, the rise of atmospheric oxygen and local 

amplification of the ŭ13C excursion. Terra Nova 17 (2), pp. 141-148. 

3. Kupryakov, S. V. (1988). Report on the results of prospecting works conducted in the Onega structure in 

1985-1988. Petrozavodsk, 148. 

4. Filippov, M. M. (2002). Shungite-bearing rocks of the Onega structure. KarRC RAS, Petrozavodsk, p. 

280. 

5. Yudovich, Ya. E., Ketris, M. P. (2000). Fundamentals of Lithochemistry. Nauka, St. Petersburg, p. 479. 

6. Ponomarev, A. I. (1961). Methods of Chemical Analysis of Silicate and Carbonate Rocks. AN SSSR, 

Moscow, 414. 

7. Deines, Yu. E. (2018). Lithochemical features of shungite rock horizons in the Onega structure. Trans. 

KarRC RAS 11, pp. 111-115. doi: 10.17076/geo846. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



©Filodiritto Editore ï Proceedings 

25 

Correlation of Geophysical Search Features of Shungite-Bearing 

Rock Deposits with Geological Prerequisites for Prospecting 

(Onega Basin, Russia) 

 

DEINES Yulia1 

 
1 Institute of Geology, Karelian Research Centre, Russian Academy of Science (RUSSIA) 

Email: deines@krc.karelia.ru 

 

 

 

Abstract 

 

The stratigraphic and structural prerequisites for prospecting shungite-bearing rock deposits 

were studied. This work shows how the geological features of shungite-bearing rock deposits 

manifest themselves in geophysical fields. The median gradient method and natural electric 

field method as well as gamma spectrometric survey were used. 
 

Keywords: maksovite, structure features, stratigraphic features, geophysical methods 

 

In troduction 

 

The Onega basin represents one of the largest fragments of continental margin preserved on 

the eastern part of the Fennoscandian Shield. It consists of a system of parallel, second order 

synclinal structures trending NW-SE (Tolvuiskaya (Fig. 1), Khmeleozerskaya, and others). The 

c. 2000 Ma, 900-m-thick, Zaonega Formation in the Onega basin contains one of the greatest 

accumulations of organic matter (OM) in the early Precambrian during the period known as the 

worldwide Shunga Event [2]. 

The Zaonega Formation was subdivided into Lower and Upper sub-suites [3]. 

The Lower sub-suite is a c. 200-m-thick succession composed mainly of clastic, horizontally 

bedded, cross-bedded and laminated rocks [3]. Member A of the sub-suite comprises 100-130 m 

of rhythmically interbedded feldspar-quartz sandstones and siltstones with a variable content 

of carbonate and mica. Member B has a thickness of 60-90 m and consists of fine-grained 

sandstone, siltstone and shale. 

The Upper sub-suite is 600-650 m thick and differs from the Lower sub-suite in that it 

contains several intervals of Corg-rich sedimentary rocks interbedded with abundant lava flows 

and intruded by gabbro sills. Member A is a c. 200-m-thick unit [4] and consists mostly of 

cyclically interbedded greywackes and mudstones with subordinate calcareous greywackes, 

sandy limestones, and minor intraformational, matrix-supported conglomerates and breccias. 

Member B is c. 300 m thick [4] and composed of greywacke, black Corg-bearing siltstone 

and mudstone. The member contains six intervals of Corg-rich rocks (shungite-bearing horizons) 

ranging in thickness from 5 to 120 m. Maksovites are shungite-bearing rocks containing from 

10 to 45% of mixed OM, and shungites are shungite-bearing rocks containing from 45 to 80% 

of mixed organic matter with a predominance of migratory matter [5]. The association of 

dolomite-chert-shungite of Member B can potentially be used as a marker horizon for 

correlation of Zaonega sections elsewhere in the Onega Basin [6]. Member C is a 200- to 300-

m-thick unit. Member C comprises siltstones, tuffite, quartz-biotite-chlorite and biotite-albite-

quartz schists with beds of black, Corg-bearing dolostones. The member contains three shungite-

bearing horizons. The formation of shungite-bearing rocks is within the framework of the diapir 

model. Depending on the rheological properties of the system (layer and overburden), the 
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development of diapirs can be suspended either at the stage of formation of domes, stocks, or 

go to completion, when the diapir ñhatò is formed. The development of the diapir fold into the 

hat occurs when the stock-like body that forms from the dome either comes to the surface or 

reaches a strong impermeable layer or horizon with a lower density. In extreme cases, complete 

separation of the hat from the stock and transformation into a local subconforming body is 

possible. Maksovites are confined to dome deposits, and shungites ï to sublayer deposits [5]. 

Building upon the known geological features of the Zaonega Formation, the main 

stratigraphic objectives of the study are: (i) identification of the formation controls of dome 

deposits on to the sixth shungite-bearing horizon, and (ii) assessment of increased radioactivity 

of the rocks of the seventh shungite-bearing horizon within the shungite-chert-dolomite 

association. The structural objectives include: (i) assessment of the shape of shungite-bearing 

horizons (dome structures), (ii) their confinement to third-order anticlines within the synclinal 

structures of the second order (Tolvuiskaya, Khmelozerskaya and other synclines of the Onega 

basin), and (iii) assembly of a system of domes located on the same wavelength. 

 

 

 

 

Fig. 1. Geological scheme of the North part of Tolvuiskaya syncline of Onega basin [1] 
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Methodology 

 

Geophysical methods including the median gradient method and natural electric field 

method as well as gamma spectrometric survey were used on two areas within the Tolvuiskaya 

syncline (Ogorovtsy and Tetugino, Fig. 1) to identify geological and structural features of 

maksovite deposits. Contour maps and sections were made using Surfer and Profiler software. 

 

Result and discussion 

 

The main geological features can be identified within the Maksovo deposit (Fig. 2); namely, 

the symmetric shape of dome-like body, and the presence of a marginal syncline. 

A complex of geophysical methods was selected based on the physical properties of the 

maksovites and host rocks. Two areas of the Tolvuiskaya syncline were selected for 

investigation. Ogorovtsy is located 2 km southeast of the village of Tolvuya (Fig. 1) where the 

rocks consist mostly of siltstone and of shungite-chert-dolomite association. Exposing shungite-

bearing rocks of seventh-eighth horizons are overlain by a thin Quaternary cover. An intense 

negative anomaly of self-potential was discovered, presumably caused by the shungite-bearing 

rocks of the eighth horizon (Fig. 3a). The isometric anomalous zone is distinguished on the 

contour maps of the exposure dose of gamma radiation, apparently corresponding to the rocks 

Fig. 2. 3-D model of the maksovite body at Maksovo (Fig. 1): morphology of the upper (a) and lower (b) surfaces 
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of the seventh shungite horizon, the so-called gamma-reference (Fig. 3b). Local faults were 

identified by the median gradient method. The body of maksovite in Ogorovtsy was formed 

along the sixth shungite-bearing horizon and has a transitional contact to the overlying rocks. 

 

 
Fig. 3. Contour maps of: a ï difference of potential of the natural electric field; 

b ï exposure dose of gamma radiation 

 

Tetyugino is located 2 km southwest of the village of Tolvuya (Fig. 1). In the cross-section 

several reference strata are identified, throughout the Tolvuiskaya syncline, including 

lithological-geochemical regional reference ï shungite-chert-dolomite association. In the 

northwest, siltstones and shungite-bearing rocks of the ninth horizon appear in the section. 

Combining the information from the contour map of the difference of potential of the natural 

electric field with the known geological context of the area, it is possible to distinguish the 

seventh, eighth and ninth shungite-bearing horizons. In the southwestern part of the area, a 

linear boundary is well recorded, which characterizes the transition between the anticline and 

syncline. The central part of the diapir structure is recognized by the median gradient method. 

Regional and local faults are traced across the entire area, most likely formed as a result of 

the development of the diapir structure. 

 

Conclusion 

 

Thus, using geophysical methods, it is possible to determine the shape and size of shungite-

bearing rocks deposits (the median gradient method, gamma-spectrometric survey), their 

confinement to third-order anticlines, and the presence of a marginal syncline (the natural 

electric field method), as well as the presence of local block tectonics (the median gradient 

method). 
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Abstract 

 
The first attempts to use individual minerals or mineral pairs as geothermometers were made by 

G. Ramberg and T. Barth in the 1950s. Perchuk [1], [2] made a great contribution to 

geothermobarometry by developing a theory of phase correspondence based on the ideas of G. 

Ramberg and V. S. Sobolev. He calibrated several coordinated geothermometers: garnet-biotite, 

garnet-cordierite, garnet-amphibole, amphibole-plagioclase, amphibole-clinopyroxene, etc. The 

garnet-biotite exchange equilibrium is one of the most common parageneses. To date, there are 

more than twenty calibration options. Nikitinaôs [3] thermometry is one of the latest developments 

of the garnet-biotite geothermometer. The formation temperatures of the Kozhim Massif granites 

were calculated based on Nikitinaôs thermometry in the course of the study [3]. The data obtained 

show that the Kozhim granites are high-temperature formations. The temperature regime of 

crystallization of these rocks is from 713 °C to 815 °C according to the garnet-biotite 

geothermometer. 
 

Keywords: biotite, garnet, granite, geothermometer, Kozhim Massif, Subpolar Urals, Nikitina 

 

Introduction  

 

The Kozhim Massif is located in the northeastern Subpolar Urals on the banks of the Ponyu, 

Oseyu and Epkoshor rivers (Kozhim basin) (Fig. 1). This group of granite bodies forms one of 

the interstratal intrusion cutting through the deposits of the Puvinskii Group (middle Riphean). 

The rocks of the massif are strongly cataclazed shale and in places became sericite 

dynamometamorphic shales [4]. The Kozhim granites with the maximum preservation of the 

primary structure and appearance are dense gneiss-like rocks of pink color (an indicator of the 

increased content of alkaline feldspar in the rock) with a well-defined greenish-gray hue (a 

characteristic sign of the presence of sericite and muscovite, small grains of quartz in the 

granite). The structure of the studied rocks varies from granular hypidiomorphic (large 

subidiomorphic grains of feldspars immersed in a medium-fine-grained mass consisting of 

quartz grains, feldspars and mica flakes) to medium-grained allotriomorphic [5], [6]. The 

mineral composition of the granites is represented by potassium-sodium feldspar (40%), 

plagioclase (13%), quartz (35%), biotite (5%), muscovite (7%). The rocks of the studied massif 

belong to the A ï type according to Chappelôs classification. 

Biotite is represented mainly by greenish-brown, small (up to 0.1 mm) scales in the main 

mass of the rock, sometimes marked as inclusions in feldspar inclusions. According to its 

chemical composition, the mineral is iron-rich biotite biotite. Zircon, apatite, garnet, orthite, 

titanite, etc. are the most common accessory minerals of the Kozhim Massif rocks [7]. The 

Kozhim Massif garnet is represented by translucent and transparent pink crystals of 

rhombododecahedral habitus. The size of the mineral grains is 0.1-0.50 mm. Often garnet grains 

contain inclusions of biotite, apatite and titanite. According to the results of microprobe 
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analysis, the mineral is almandine garnet. The average garnet content in Kozhim granites is 20 

g/t according to Fishman et al. [5]. 

Methodology 

 

 

 

 

 

 

There are many variants of geothermometers based on the reactions of ion exchange of 

elements in different media. The garnet-biotite equilibrium is the most popular due to the wide 

prevalence of this paragenesis (in alumina rocks and granites, Grt associated with Bt is mainly 

represented by a solid solution of Alm-1) and increased sensitivity to changes in the temperature 

of the distribution of Mg and Fe between biotite and garnet. Currently, more than 10 calibration 

options are used (see Thompson, Holdaway and Lee, Goldman and Albee, Lavrentieva and 

Perchuk, Perchuk, Nikitina, Blundy and Holland, etc.). In some variants, only the Fe/Mg ratio 

in biotite and garnet is taken into account, while others consider the influence of CA, Mg 

impurities, the assumed range of temperatures and pressures, etc. One of the latest 

developments is a garnet ï biotite thermometer, developed by Nikitina [3]. This temperature 

indicator is based on the temperature correlation of the distribution coefficient of iron and 

magnesium between garnet and biotite. The applied parameter does not depend on the content 

of calcium or manganese in garnets, titanium or aluminum in biotites, or the pressure, in 

comparison with many other garnet ï biotite geothermometers [9]. 

Nikitinaôs geothermometer is represented by the following formula: 

T = (ï 14811,25A + 60034,08A2 ï 97177A3 + 46500A4) / (LnKFe+Mn ï 10,95A + 48,24A2 ï 

81,78A3 + 43,80A4 + C + D + E), 

ʛʜʝ A =1 ï XGr
Fe+Mg, 

C = ï2,55(XGr
Ca ï 0,100) ï 2,70(XGr

Ca ï 0,100)2 + 3,54(XGr
Ca ï 0,100)3, 

D = ï 4,08(XBt
Al ï 0,15) ï 21,6(XBt

Al ï 0,15)2 ï 634,5(XBt
Al ï 0,15)3 + 3628,8(XBt

Al ï 0,15), 

E = 1,8(XBt
Ti ï 0,033) ï 1,8(XBt

Ti ï 0,033)2,  

ʛʜʝ KFe ï the distribution coefficient of iron between biotite and garnet, 

XGr
Fe+Mg ï the content of iron and magnesium in garnet, mass. weight, 

XGr
Ca ï calcium content in garnet, mass. weight, 

XBt
Al ï the aluminum content in biotite, mass. weight, 

XBt
Ti ï the content of titanite in biotite, mass. weight. 

 

Fig. 1. a) Overview map of the area of the Subpolar Urals (rectangle shows area of study). b) Layout of granite 

massifs (according to L. V. Makhlaev [8]).  
1 ï isinglass-quartz shales, green orthoshales, quartzite; 2 ï isinglass-quartz shales, porphyries, porphyrites, 

interlayers of marbles and quartzites; 3 ï granites; 4 ï gabbro; 5 ï geological boundaries: stratigraphic and 

igneous, b ï tectonic; 6 ï planar structures of bedding elements. Massifs (numerals in circles): 1 ï Kuzpuayu 

Massif; 2 ï Kozhim Massif 
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Results and Discussion 

 

Testing of the Kozhim granite Massif was carried out by the point method with the selection 

of several samples of 10 units. Pieces of unaltered rock with an average weight of 10-15 kg 

were selected for each sample. Biotite and garnet were taken from each sample to apply 

Nikitinaôs method. The contents of iron, magnesium, calcium, aluminum, garnet, titanite and 

biotite were obtained using a Vega3 energy dispersive spectrometer in NBI ñScienceò Institute 

of Geology, Komi science center URD RAS (Syktyvkar, analyst A. S. Shujskij). The data 

obtained allowed us to calculate the thermal parameter for each sample (Table 1). 

Table 1. Temperature of formation of the Kozhim Massif granites according to Nikitinaôs geothermometer 

The number of samples Temperature, Üʉ 

1 713 

2 800 

3 778 

4 742 

5 800 

6 809 

7 798 

8 795 

9 815 

10 802 

Average 785 

 

The research showed that the temperature of formation of granites of the Kozhim Massif 

according to the Nikitina garnet-biotite geothermometer lies in a range from 713 °C to 815 °C, 

on average 785 °C. 

 

Conclusions 

 

According to the Nikitina garnet ï biotite geothermometer, the author calculated the 

temperature regime for the garnet of the Kozhim Massif as from 713 °C to 815 °C. The rocks 

of the massif under consideration are high temperature formations. The authorôs earlier 

conclusions are confirmed. The formation of the Kozhim Massif occurred at a temperature of 

700 °C to 900 °C based on the study of the Kozhim zircon morphology using the J. Pupin and 

G. Turco analysis [11].The studied granites were crystallized at temperatures from 722 °C to 

856 °C according to a complex study of accessory minerals (zircon, apatite, monazite) [12] of 

the massif using saturation thermometry of Watson [13], Bea [14] and Montel [15]. However, 

the results obtained refute the data of Fishman et al., [16] who claimed that the Kozhim massif 

granites are lower-temperature rocks with a formation temperature not exceeding 720 °C 
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Abstract 

 

Climate change and technogenic impacts, mainly on the territories of oil and gas extraction, are 

particularly noticeable in the pristine territories of the Arctic. Results of the Cladocera analysis 

from the bottom sediments of a small tundra lake referred to as K1 (within the Yamal Peninsula, 

Erkuta River Basin) are presented in the current paper. The Cladocera community is characterized 

by low taxonomic diversity, consisting of typical northern species. In total 13 taxa of Cladocera 

belonging to 3 families (Chydoridae, Bosminidae, Daphniidae) were identified in 30 cm of bottom 

sediments. The Cladocera community of K1 was dominated by Chydorus cf. sphaericus, when 

Bosmina (Eubosmina) cf. longispina was subdominant in the sediment. At the depth of 13-16 cm 

an increased proportion of B. (E.) cf. longispina was observed along with a decrease of C. cf. 

sphaericus, indicating climate change may have an impact on Cladocera. According to the values 

of the Shannon-Weaver index K1 has initial signs of eutrophication. 
 

Keywords: Cladocera, bottom sediments, Holocene, Yamal Peninsula, thawing of permafrost 

 

Introduction  

 

The Arctic region is one of the four regions of the world identified by the intergovernmental 

panel on climate change as the most sensitive and vulnerable to environmental change [1]. 

Important changes occurred in the Arctic climates during the 20th century [2]. Recent decades 

have been characterized by noticeable climate change occurring in the Arctic faster and on a larger 

scale than in the rest of the world [1]. According to the data of the Hydrometeorological Center of 

Russia the average annual temperature in the Arctic in 2011 reached a record maximum observed 

over the last 130 years [3]. Warming occurs synchronously for the Western Arctic region with 

short-term fluctuations, with both increasing and decreasing average annual temperatures 

observed. Climate warming is accompanied by an increase in annual precipitation [4]. Studies of 

lakes bottom sediments are of particular importance for reconstructing the ecological and climatic 

conditions of the past, whilst also assessing the current state of lakes [5]. In the absence of long-

term climatic and environmental monitoring data, proxy data from lakes bottom sediments can be 

used to obtain a longitudinal perspective of environmental change. Siliceous algal and chitinous 

invertebrate remains (Chironomidae, Diptera and Cladocera, Crustacea) are among the most 

common paleo indicators in lake sediments that provide reliable records of changes in water 

quality, habitat and catchment processes [5], [6]. Complex studies of lake bottom sediments in 

Canada, Arctic, Scandinavia and Fennoscandia have shown that changes in their ecosystems are 

mostly associated with climate warming over the past 150-200 years [7]. However, only a single 

study has been conducted in the territory of the Polar Ural [7], [8], [9]. The aim of this study is to 

explore the Cladocera community from the bottom sediments of lake K1 (an unnamed lake on the 
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Erkuta River Basin) whilst attempt to reconstruct the ecological and climatic conditions for the 

Yamal Peninsula. 

 

Research region 

 

The Yamal Peninsula is located in the north of the world's largest West Siberian plain in the 

tundra zone, beyond the Arctic Circle. The peninsula is a relatively flat a low-lying accumulative 

plain (heights of 0-70 m, with the highest point of 90 m) composed of sand and clay deposits. 

Factors such as a high-latitude location, small influxes of solar radiation, significant distance 

from the warm air of the Atlantic and Pacific oceans; moreover, flat terrain open to the invasion 

of air from the Arctic in summer and super cooled continental air in winter determines the 

continentality and severity of the peninsula [10]. Annual precipitation is 230-400 mm. High 

humidity, fog and cloud cover are typical for the region. The average annual temperature in the 

south of the peninsula is ï 6.6 °C and in the north ï 10.2 °C. The duration of the polar days from 

north to south varies from 92 to 47 days and the duration of polar nights from 75 to 21 days. 

Continuous distribution of permafrost on the lands surface determine the widespread 

development of cryogenic and thermokarst landforms [11].  

 

Methodology 

 

In 2014 during an expedition to the Yamal Peninsula 13 Arctic lakes located along the 

temperature gradient of the Erkuta River Basin were sampled for hydrobiological analysis. 

Moreover, columns of bottom sediment were collected from the lakes to allow complex study. 

The object of the research was the thermokarst lake K1 (68°09'12.0"N, 69°04'36.0"E), located 

in the Erkuta River Basin (Fig. 1). The lake covers an area of 0.43 km2, with a maximum depth 

reaching 6.5 m. In the sampling period (31.07.2014) the transparency and pH of the water was 

assessed using a Secchi disk, transparency was 3 m and pH 6.93. 

A 30-cm column of the bottom sediments was sampled from a depth of 6.1 m. For Cladocera 

analysis 15 samples of the bottom sediments were selected using a method of sample preparation 

improved by Korhola and Rautio [12]. Sample preparation and identification of Cladocera remains 

were analysed in the laboratory of ñPaleoclimatology, paleoecology, paleomagnetismò of the 

Kazan (Volga Region) Federal University. In each sample 100 specimens were identified at 

minimum. The maximum number of headshields, carapaces or postabdomens of a single taxon 

was used to calculate the total number of specimens in the sample. Two samples of bottom 

sediments (27-30 cm) were excluded from the statistical analysis due to an insufficient amount of 

Cladocera remains. Identification of Cladocera remains was carried out using an Axiostar Plus 

Carl Zeiss (magnification x100-400) light microscope along with a specialized key for 

identification subfossil [13] and modern Cladocera [14]. Changes in the diversity of biotic groups 

were analysed using Shannon-Weaver index and uniformity of each of ecological groups by using 

the Pielou index, consequently, determining the degree of species richness, diversity and 

dominance of Cladocera communities. Statistical and stratigraphic analyses were performed in the 

program C2 version 1.5. Statistically significant stratigraphic zones were identified using CONISS 

cluster analysis of the Tilia/TiliaGraph software. 
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Results and discussion 

 

The Cladocera communities are characterized by low taxonomic diversity, consisting of typical 

northern species. In total 13 taxa of Cladocera belonging to 3 families (Chydoridae, Bosminidae, 

Daphniidae) were identified in the column of bottom sediments of K1. According to the Lubarsky 

scale Cladocera community of the K1 was dominated by Chydorus cf. sphaericus (71.34%) with 

Bosmina (Eubosmina) cf. longispina being subdominant (24.43%). According to Bogdanov et al., 

[15] plankton of different ecological groups are noted in all reservoirs of the Yamal Peninsula, but 

pelagic species are the most diverse and numerous. However, inhabitants of the thicket zones have 

not received sufficient development [15]. 

The stratigraphic diagram was divided into 2 faunal zones (Fig. 2). The remains of 11 Cladocera 

taxa were identified in Zone I. Both B. (E.) cf. longispina (50.47%) and C. cf. sphaericus (41.12%) 

were dominant in the lowest layers of the bottom sediments at a depth of 25-26 cm: a sufficient 

quantity of Cladocera specimens were found at this depth to allow for statistical analysis. Moving 

up the column of bottom sediments (depth <25 cm) a significant increase in the proportion of C. 

cf. sphaericus (80-99.12%) and a decrease in the proportion of B. (E.) cf. longispina (0.84-11%) 

was revealed. The dominance of C. cf. sphaericus is common in northern lakes and is often the 

first to colonise such lakes [16], [17], [18]. Moreover, this taxon can successfully develop in both 

eutrophic and oligotrophic reservoirs [18] as its adaptations for living in littoral, allow it to develop 

on mass as a plankton species in the presence of suspended algae or other organic particles [19]. 

An increase of C. cf. sphaericus can be regarded as evidence of eutrophication [18]. 

Acroperus harpae and Alonella exigua remains were identified in small quantities in Zone I, 

with complete absence in Zone II. A. harpae is considered an Arctic species due to its frequent 

occurrence in Arctic lakes. However, this taxon is sensitive to hydrological changes and 

eutrophication [18]. Alonella exigua is widely distributed in Europe, recorded in ponds, rivers, 

Fig. 1. Location of the small tundra lake K1 
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bogs and temporary water bodies. This taxon prefers to reside between vegetation and prefers 

waters with pH 3.8-9.0 with a higher concentration of calcium [18], [21]. 

 

 
 

 

In Zone II, an increase in the proportion of B. (E.) cf. longispina (15.84-43%) and the decrease 

of C. cf. sphaericus (51.49-83.17%) was observed. B. (E.) cf. longispina is a typical representative 

of species found in the open pelagic areas of reservoirs, of northern and central latitudes. The 

optimum temperature for this species ranges from 4 to 12 °C, which is typical for oligotrophic and 

moderately eutrophic reservoirs [18]. Changing the ratio of taxa in favor of increasing pelagic B. 

(E.) cf. longispina is often associated with an increase in areas of open water in a lake due to 

thawing permafrost. Furthermore, similar changes were noted while studying subfossil Cladocera 

communities in the bottom sediments of the unnamed lake, located on the catchment of the 

Pyasedayakha river (the Yamal Peninsula) and the Harbey lakes system (Bolshezemelskaya 

tundra) [17]. An increase in the effective moisture consequently has resulted in higher water level 

of lakes aiding the development of pelagic fauna which have been observed in the last 100 years 

within Russia [22], [23]. Similar changes (Cladocera, Chironomidae, Diatoms) have been 

observed according to biological indicators in the last 100-150 years in Finland [12], [24], Norway 

[25] and Canada [26]. An increase in the proportion of pelagic species in Arctic regions is often 

associated with climate warming. For example, a study of the diatomôs communities of the bottom 

sediments in Finnish Lapland lakes indicated increases in temperature [5]. 

In Zone II remains of Rhynchotalona falcata and Oxyurella tenuicaudis were identified. R. 

falcata ï which are Palearctic benthic species widely distributed in Europe, Kazakhstan, Siberia 

and Mongolia [27]. Furthermore, these taxa are often reported in both lowland and highland. 

Moreover, with preference for shallow stagnant areas of oligotrophic and mesotrophic lakes with 

sandy substrate without vegetation. Ideal pH for these taxa is acidic >4.2 and calcium (Ca 2+) [19], 

[27]. Also R. falcata has been reported in shallow marshes of Malozemelskaya tundra [28]. 

Fig. 2. Cladocera community of the bottom sediments of K1 
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O. tenuicaudis ï a salt water tolerant taxa are widely distributed in Europe and has been 

recorded in oligotrophic-eutrophic lake littoral, ponds and shallow marshes with a preference to 

inhabit areas between vascular plants, marginal vegetation and water with a pH>4.8 [20]. 

The Cladocera community of K1 is characterized by low taxonomic diversity, consisting of 

typical tundra lake species. Similarly, to those observed in previous investigations in other tundra 

lakes within Russia [6], [17], [29]. The values of the Shannon index ranged from 0.07-1.3, 

averaging at 0.88. While the Pielou index values ranged from 0.07-0.66 averaging at 0.38. In 

accordance with the obtained index values K1 indicates initial signs of eutrophication with the 

community structure of Cladocera not sufficiently aligned with these conditions. 

 

Conclusion 

 

According to the analysis of the Cladocera community from the bottom sediments of K1 an 

increase in the proportion of the pelagic taxon Bosmina (Eubosmina) cf. longispina was observed. 

These observed shifts in community may be associated with an increase in the pelagic section 

of the lake due to the thawing of permafrost. Similar changes were also observed while studying 

other lakes of the Yamal Peninsula and Bolshezemelskaya tundra. Moreover, according to other 

studies of bottom sediments using different biological indicators, an increase in the proportion of 

pelagic taxa has similarly been observed in the last 100-150 years in the Arctic lakes of Europe 

and Canada. 
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Abstract 

 

Odonata are known from several Carboniferous and Permian localities of the East European 

Platform, from famous Lagerstätten and from relatively new localities where small numbers of 

fossils have been found. Apparently, the paleoenvironment of these localities, as well as 

taphonomic factors and the incompleteness of the fossil record, influenced the composition of 

their insect fauna. In this paper, we discuss the most significant Late Paleozoic localities for 

fossil Odonata and the features of their odonate assemblages. 
 

Keywords: Odonata, Permian, Carboniferous, East European Platform 

 

Introduction  

 

The Late Paleozoic history of Odonata is quite interesting. First, it covers the origins and the 

earliest stages of evolution of the order Odonata. Second, Late Paleozoic Odonata, in contrast 

to the Mesozoic taxa, differ from modern ones at the systematic (suborder) and partly 

paleoecological level [1]. In their morphology, the wings of Late Paleozoic Odonata, like 

modern ones, have two main types. One of them is the wing with a wide base, as in modern 

dragonflies (suborder Anisoptera), and another is the petiolate wing similar to modern 

damselflies (suborder Zygoptera). However, the great variety in venation and size doubles the 

number of Late Paleozoic ecological types of Odonata. Thus, despite the similar shape of the 

wing base, it is impossible to attribute to the same ecological type permagrionids and 

kennedyids, or meganeurids and ditaxineurids, such as Meganeuropsis permiana Carpenter, 

1939 and the relatively small ditaxineurid Permaeschna dolloi Martynov, 1931 with wingspans 

up to 71 cm and 14 cm, respectively [2], [3]. Both of these odonates are Paleozoic equivalents 

of modern dragonflies of the suborder Anisoptera, however, the cardinal differences in wing 

size and venation do not allow them to be classified together ecologically. Below we discuss 

the main ecological types of Late Paleozoic Odonata and their distribution in the insect 

assemblages of the East European Platform. 

 

Ecological types of Late Paleozoic Odonata 

The first odonatopteran insects, Kirchnerala treintamil Petruleviļius & Gutiérrez, 2016 and 

Argentinala cristinae Petruleviļius & Guti®rrez, 2016 are known from the Serpukhovian of 

Guandakol in Argentina [4]. In fact, they have few similarities with true Odonata and represent 

a ñtransitional formò from Ephemeroptera to Protodonata. In Pennsylvanian, odonatopteran 

insects are found in many Lagerstätten of Germany, Great Britain, China and Argentina [4], 

[5], [6]. Most of them are represented by large-sized meganeurids, which have unspecialized 

wing venation without nodus, arculus, or pterostigma. In modern odonates, these wing 

structures are responsible for the wing bending during flapping and pronation by reducing the 
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aerodynamic load on wing sections potentially at risk of ókinkingô, and are necessary for active 

flapping fli ght [7]. In meganeurids, damping of dangerous aerodynamic effects and creating lift 

on the underside of the wing were apparently achieved through the sharp bending of most 

branches of the anal, cubital and median veins towards the posterior wing margin [7], [8]. 

However, such a design could hardly be compared with the wings of modern Odonata, and 

the predominant type of flight in meganeurids was apparently gliding [9]. This type of flight is 

directly related to the habitat and accordingly, to the paleoecological reconstructions of 

meganeurid fossil sites. According to the latter, meganeurids lived in open spaces, above large 

rivers and lakes, and were ecological equivalents of modern hawker predators, Aeschnidae [8]. 

Rare representatives of the second ecological type of Odonata appeared in the same time 

interval (late Middle Pennsylvanian). These are medium-sized petiolate-winged damselflies of 

the suborder Protozygoptera, Bechlya ericrobinsoni Jarzembowski et al., 2002 and 

Jacquesoudardia magnifica Prokop et al., 2014 from Great Britain and France, respectively 

[10], [11]. Their venation characters, such as the wing petiole, nodus and arculus, indicate that 

the type of flight in these damselflies has changed from gliding, characteristic of meganeurids, 

to a more active flapping. Their reconstructed habitats were dense lycopsid forests or overgrown 

banks of swampy river deltas. Damselflies of this ecological type (mainly relatively large 

protozygopterans of the family Permagrionidae) are known from many Permian localities of 

the world. The best known of them are Chekarda (Perm Region, Russia), Lodeve (France), 

Soyana (Arkhangelsk Region, Russia) Kargala (Orenburg Region, Russia), Tikhie Gory 

(Tatarstan, Russia), Isady (Vologda Region, Russia), Balgovan (KwaZulu-Natal, South Africa), 

Bodie Creek Head (Falkland Islands) etc. [12], [13], [14], [15], [16], [17], [18]. 

Two more specialized derivatives of both the above ecological types appear in the Permian: 

broad-winged ditaxineuroids (Ditaxineuridae and Permaeshnidae) and small petiolate-winged 

Kennedyidae [19]. Small and medium-sized ditaxineuroids with wide, non-petiolate wings have 

a complete ñtrueò nodus about 2/3 wing length and an enlarged pterostigma, in contrast to 

meganeurids, but, like the latter, lack an arculus, having a convergence of the radial, median 

and cubital branches instead [7]. Apparently, modern equivalents of this ecological type are 

small dragonflies of the families Libellulidae and Corduliidae [7]. Most fossil ditaxineuroids 

are confined to marginal lagoonal facies. 

The fourth ecological type is represented by the family Kennedyidae, small damselflies with 

petiolate wings having sparse venation (some longitudinal veins reduced), arculus, pterostigma, 

an incomplete nodus, and a pronounced long main vein stem at least 1/3 wing length. The 

distally widened wings of kennedyids are best suited for active, maneuverable but slow flight. 

Modern ecological equivalents of this type are small zygopteran damselflies of the endemic 

Australian family Hemiphlebiidae, the South American family Protoneuridae, and the 

widespread family Coenagrionidae [19]. 

 

Late Paleozoic localities of the East European Platform 

Fossils of Odonata are quite rare and account for about 1-4% of total insects in most Late 

Paleozoic localities [19]. This is due to both the peculiarities of the habitat and the setting of 

the burial of odonates. Odonata are usually buried in sediments of small stagnant, or weak-

flowing and marginal water bodies, geologically interpreted as lacustrine or more rarely 

lagoonal and marginal-marine facies. Nine Late Paleozoic localities of fossil Odonata are 

known from the East European platform. There are Kamensk-Shakhtinsky (Bashkirian; Rostov 

Region), Chekarda (Kungurian, Perm Region), Tyulkino (Ufimian, Perm Region), Soyana 

(Kazanian, Arkhangelsk Region), Tikhie Gory (Kazanian, Tatarstan), Kityak (Kazanian, Kirov 

Region), Isady (Severodvinian, Vologda Region), Kargala and Vyazovka (Severodvinian, 

Orenburg Region). The odonate assemblages of large localities such as Chekarda (more than 

6,500 total insects and 62 odonate specimens), Soyana (about 5,000 total insects and 65 odonate 
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specimens) and Isady (more than 7,000 total insects and 40 odonate specimens) are quite rich 

and diverse. In the remaining localities, with fewer than 1,000 total insects collected, the 

number of odonate specimens varies greatly (from 1 to 30 specimens). In the localities of 

Kargala, Tyulkino and Kityak, Odonata are few in number, and representatives of only one 

ecological type prevail. Only single specimens of Odonata are known from Vyazovka, Tikhie 

Gory, and Kamensk-Shakhtinsky. 

Among the above localities, we distinguished several varieties, showing the relationship 

between the ecological types of Odonata found in them [19] and the assumed conditions of their 

formation. A similar distribution of Odonata is observed in the Soyana and Tyulkino localities, 

though about 5000 total insects were collected in Soyana and only about 550 in Tyulkino. Thus, 

large inhabitants of open spaces (meganeurids), prevail in both of these localities (28 specimens 

in Soyana and 29 specimens in Tyulkino) (Fig. 1). Other types have fewer specimens, in 

approximately equal numbers. In addition, almost the same number of both protozygopteran 

types of Odonata was recorded in Soyana locality. These types include both medium-sized 

permagrionids (11 specimens) and small kennedyids (10 specimens). Odonata, other than that 

of the dominant type, are differently represented in Tyulkino. Only one incomplete specimen 

of kennedyid damselfly, Kennedya tyulkinensis Felker, 2020 is known [18]. That distribution 

is quite consistent with the resemblance of the proposed paleoreconstructions of the above 

localities. Deposits of these localities are interpreted as marginal parts of brackish lagoons [20], 

[21]. Hence, the primary ecotopes were located within open wide areas suitable for large-sized 

meganeurids. 

The famous Permian Lagerstätte of Chekarda shows another kind of Odonata assemblage. 

The most productive fossil insect layers of Chekarda are reconstructed as deposits of 

branches of a paleo-river delta, gradually transformed into a brackish lagoon [22]. The Odonata 

fossils (62 specimens) make up less than one percent of the total insects (more than 6500 

specimens). Most of them (28 specimens) belong to the second ecological type [19], represented 

by broad-winged medium-sized ditaxineuroids (Ditaxineuridae and Permaeschnidae). Small 

kennedyids are less numerous (17 specimens) and quite diverse (presumably 3 undescribed 

genera and 5 species). Long-winged Odonata of the two other ecological types, represented by 

large-sized meganeurids and petiolate-winged medium-sized permagrionids, are rarer (11 and 

6 specimens, respectively) (Fig. 1). The predominance of medium-sized and small Odonata 

with wide and petiolate wing bases indicates that the banks of the Chekarda paleo-delta were 

covered with dense vegetation. The modern equivalents of these ecological types of Permian 

Odonata, small Libellulidae, Hemiphlebiidae, and Protoneuridae, inhabit similar ecotopes in 

Australia and Argentina [23], [24]. 

Isady and Kityak localities represent the third group. These localities exclusively contain 

fossils of protozygopteran damselflies (Fig. 1). The richest (40 specimens) and most interesting 

assemblage is found in the Isady locality. Its peculiarity concludes in the noticeable 

predominance (19 specimens) of the smallest petiolate-winged damselflies of the family 

Kennedyidae (similar to the genus Progoneura) [19]. At the same time, 5 specimens of ordinary 

representatives of the genus Kennedya are known from this locality. In addition, two fossils of 

damselflies formally referable to the same ecological type as kennedyids, but systematically 

different from them were found here. They are similar to typical representatives of Triassic 

protomyrmeleontoids of genus Terskeja Pritykina, 1981 [25]. Apparently, they represent 

undescribed ancestral forms of these Triassic damselflies, possibly belonging to the family 

Voltzialestidae [26]. The other fossils (13 specimens) belong to the second medium-sized 

protozygopteran type represented by the families Permagrionidae and Permepallagidae. 

Paleozoic equivalents of modern Anisopterous dragonflies, are not known from this locality. 

Despite the general similarity of composition, the odonate assemblage of Kityak differs from 

the previous in the number of damselflies (7 specimens) and the proportion of ecological types. 
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Most of the odonates (6 specimens) belong to the family Permagrionidae, medium-sized 

damselflies with long wings. The small protozygopteran damselfly type includes only one 

specimen, described as Progoneura kityakensis Felker, 2020 (Kennedyidae) [18]. The 

prevalence of petiolate-winged protozygopteran damselflies suggests that localities of this type 

were formed by small, possibly slow-flowing rivers surrounded by dense vegetation. This is 

confirmed by paleoreconstructions, whereby these localities were formed in the marginal parts 

of small riverbeds or their cut-off meanders [19], [27], [28]. 

Odonata are known from very few specimens in the remaining localities of Tikhie Gory, 

Kargala, Vyazovka, and Kamensk-Shakhtinsky, so it is difficult to link their ecology and the 

paleoenvironment. In the Tikhie Gory locality, odonates are represented by three specimens 

belonging to two ecological types. The first type is represented by an undescribed specimen of 

the ditaxineuroid family Permaeschidae. 

The second type includes two specimens of protozygopteran damselflies of the genus 

Sushkinia Martynov, 1930 (Fig. 1). Martynov originally assigned Sushkinia elongata 

Martynov, 1930 and S. parvula Martynov, 1930 to the family Kennedyidae, but later transferred 

them to Permolestidae [29], [30]. According to the latest revision of Late Paleozoic damselflies, 

the genus Sushkinia was treated as a protozygopteran of an uncertain systematic position [17]. 

However, the rather large size and some venation characters (ñtrueò nodus, shape of 

pterostigma, length of the anal vein) suggest that this genus belongs to Permagrionidae 

(=Permolestidae), that is, to the ecological type of medium-sized protozygopteran damselflies. 

Five odonate specimens of two ecological types are known from Kargala. The first type is 

represented by meganeurids family Kargalotypidae (2 specimens) [31]. 

The second type includes medium-sized damselflies of the family Permagrionidae (3 

specimens) [32] (Fig. 1). Only one small protozygopteran of the family Kennedyidae is known 

from Vyazovka [18]. 

Two undescribed dragonflies are known from the Lower Pennsylvanian of Kamensk-

Shakhtinsky. In their wing shape and venation, they are close to the earliest Argentinian 

Protodonata Kirchnerala and Argentinala and, accordingly, are referred to the ecological type 

of large meganeurids (Fig. 1). 
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Fig. 1. Distribution of ecological types of Late Paleozoic Odonata in the localities of the East European Platform 

(the size of the circle graphs represents the abundance of the Odonata assemblages; scale bar 5 mm) [13], [15], 

[18], [20], [26], [29], [30], [31], [32]. 

 

Conclusions 

 

The paleoenvironment of fossil localities often significantly affects the composition of their 

insect assemblages. In the Permian of the East European Platform, there are three main groups 

of odonate assemblages, distinguished according to the predominant ecological type of 

Odonata. (1) The assemblages of Soyana and Tyulkino preserved in lagoonal deposits show a 

marked predominance of large-sized, long-winged Meganeuridae. (2) The assemblage of 

Chekarda, formed in the zone transitional between the river delta and brackish lagoon, shows 

dominance of relatively small and medium-sized odonates with different wing shape, from 

broad-winged Ditaxineuridae to petiolate-winged Kennedyidae. (3) The assemblages of Isady 

and Kityak deposited in fluvial facies contain only Paleozoic equivalents of modern 

damselflies: small to medium-sized petiolate-winged protozygopterans Kennedyidae and 

Permagrionidae. 
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Abstract 

 

This article describes a new method for determining the content of organic matter (OM) by 

NMR (Nuclear magnetic resonance) relaxometry in the rocks of the productive formation (601-

708m) of the Boca de Jaruco oilfield. A hypothesis was created about the time of formation of 

the object under study, the composition of the heterogeneity of the productive section and its 

genesis, as well as about the problem associated with the extraction of organic matter from 

rocks. 
 

Keywords: NMR relaxation, Carr-Parcel-Meibum-Gill, organic matter, thermogravimetry, EPR spectrometry 

 

Introduction  

 

The main parameters affecting profitability during the exploitation of oilfields are the 

distribution of organic matter along the reservoir section of the productive well, the oil recovery 

factor, and heterogeneity. 

Currently, there are thermal methods that have proven themselves in determining the above 

parameters [1]. Thermogravimetry (TGA) is one of the main methods for determining the 

organic matter in rocks. The quality of the reservoir depends on the amount of organic matter, 

its transformation, and the thermal stability of minerals in the rocks. The quality is diagnosed 

simultaneously by thermogravimetry methods based on weight loss during the combustion of 

the sample. The choice of methods for extracting and using combustion in the reservoir depends 

on information about the thermal properties of the heavy oil and bitumen [2, 3] along with the 

host rockôs minerals [4, 5]. 

This article proposes a new complex method for determining the organic matter in rocks, 

based on NMR relaxometry. The new NMR relaxometry method, including the simultaneous 

registration of the decay of free induction (FID) and the decay of the transverse magnetization 

of the Carr-Purcell-Mayboom-Gill (CPMG) sequence, with the subsequent determination of 

their amplitude-relaxation characteristics (deconvaluation), has demonstrated a high efficiency 

at determining the group and phase composition of heavy oils [6, 7]. In this work, this method 

was first used to estimate the content of total OM, and OM typing, in rock samples taken along 

the section of the productive formation of the Boca de Jaruco oilfield. 

In addition, the heterogeneity of the section, which consists of organogenic limestones 

interlayered with clay rocks, was studied by determining the manganese ion in the rocks by the 

EPR method, and the thermal parameters of the rock, which were used to determine the content 

of light fractions of organic matter and clay material (TGA) as the sum of rock mass losses (% 

wt.) in the temperature range D 40-200 0ʉ. A hypothesis has been put forward about the 

formation time of the studied object, the lithological composition of heterogeneities and 

problems associated with oil recovery in these rocks. 
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Material and Methodology 

 

Low-field (LF) NMR measurements. LF NMR measurements were conducted by a Proton 

20M NMR analyzer, manufactured by the joint-stock company ñSKB Chromatecò, Russia. 

Rock samples were placed in an ampoule with a diameter of 10 mm and sealed with rubber 

stoppers. The resonance frequency for protons was 20 MHz. The dead-time of the NMR 

receiver was no more than 10 microseconds. The phase of the high-frequency pulses was set 

independently on the 4 channels to 00, 900, 1800 and 2700. Signals of free induction decay 

(FID) and echo in the modified Carr-Purcell-Meiboom-Gill (CPMG) series were obtained in 

phase-sensitive mode. Subsequent quadrature detection provided an increase in the signal-to-

noise ratio by a factor of ã2 and the independence of the result from the possible drift of the 

high-frequency phase. Moreover, to reduce the influence of inhomogeneities of constant B0 and 

high-frequency B1 magnetic fields on the accuracy of setting 180° pulses in the detectable 

volume, the sensor was placed in the most homogeneous part of the magnetic gap (the half-life 

time of the glycerol FID was t1/2Ó1.6 ms) of the glycerin and filled the ampoule no more than 

80% (Ò1,1 cm) from the height of the high-frequency coil. The effectiveness of these measures 

was evaluated by checking the differences between the amplitudes of the first odd and even 

echo signals in the CPMG series [6]. 

Thermostabilization of the magnet at 40 °C provided the instability of a constant magnetic 

field no worse than 5.10-6 per hour. The device automatically adjusts resonant conditions based 

on the phase detection of the free-induction signal of the standard sample, usually glycerin, or 

the FID of the analyzed substance if it has a sufficiently intense slow component. All the rock 

samples in this study met this requirement. Thus, the resonant conditions in the process of 

measuring and accumulating NMR signals (FID and echo) were maintained with accuracy not 

much different from the accuracy of the stabilization of spectrometers equipped with separate 

NMR magnetic field stabilizers [6]. 

Thermogravimetric method. Analysis of the oil content of rock samples along the section 

of an oil reservoir was performed on a TG209F1 Librec precision thermogravimeter combined 

with an IR-Fourier Alpha attachment. 

EPR-spectroscopy. The analysis of the Mn2+ ion content was performed by electron 

paramagnetic resonance (EPR) on a CMS8400 spectrometer (ADANI, 9.4 MHz) at room 

temperature. 

 

Results and discussions 

 

Geology. Primary production in Cuba has been performed for more than 30 years from large 

overthrusted carbonate structures along the north coast of Cuba between Havana and Varadero. 

Within the Veloz Group, the Ronda and Cifuentes Formations are the most important 

reservoirs. These reservoirs are also the principal hydrocarbon producing horizons in the Boca 

de Jaruco oilfield (Fig. 1). 
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The Ronda-Cifuentes section is composed mainly of carbonate, cherts, and minor amounts 

of shale that were deposited in both deep water and shallow water environments. The carbonates 

that form the reservoir in the Ronda-Cifuentes are mainly light to medium-brown fine-grained, 

micritic to chalky limestones, bioclastic wackestones with bitumen laminations, and some 

dolomite. Primary porosity is poor but secondary porosity has been developed through 

fracturing, dolomitization and pressure solution. Vugs are frequently visible along with 

fractures and cavernous porosity may also be present. The cherts are mainly medium-brown, 

gray, or white, translucent, and are fragmental or interlaminated with limestones [8]. 

Hydrocarbons within the Ronda-Cifuentes are trapped structurally due to a compressional 

event during the Tertiary that created duplexes and anticlinal stacks as a result of thrust faulting 

within the Mesozoic and Cenozoic Strata (Fig. 2). 

These structural traps are sealed by shales, cherts, limestones, and fine-grained sediments of 

the thick Tertiary (Paleogene) Vega Alta formation that unconformably overlies the Veloz 

Group. The unit of the Vega Alta that immediately overlies the Veloz is informally known as 

the ñSeal Unitò and is mainly composed of claystones, cherts, and bituminous black shales with 

loose silicified radiolarians and minor serpentine fragments [8]. 

Thermogravimetric exploration. The TGA method in this work was used to determine the 

content of clay materials in the sectionôs rocks (section heterogeneity). 

The TGA technique for the determination of light fractions and clay materials is based on 

the determination of the mass loss of a substance during heating in the range of T=40-200 0C. 

It is possible to directly correlate the loss of mass and clay matter only if the organic matter 

throughout the studied section has the same component composition (the content of light and 

heavy fractions). That is why the determination of clay matter along the section was 

simultaneously determined by the EPR method (Ch. 3.3). The results of TGA exploration are 

presented in Fig. 7. 

Fig. 1. Cuban Stratigraphic Column [8] 
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EPR-spectroscopy exploration. EPR spectroscopy is a method of non-destructive 

monitoring of the state of a mineral and organic collector under thermochemical influences 

without the use of chemical solvents, without burning a sample. 

During testing, the EPR technique was used to study carbonate sediments by the amplitude 

of the weak-field EPR line of the Mn2+ ion [8, 9]. The results of EPR exploration are presented 

in Fig. 7. 

LF NMR exploration. The NMR relaxometry method is based on the fact that the initial 

amplitude of relaxation decays is strictly proportional to the number of protons in the sample 

and, consequently, to the OM content in the sample. The total initial NMR decay amplitude 

(A0) is determined as the sum of the amplitudes of the liquid-phase (A0L) and solid-phase (A0S) 

decay components, which in turn are calculated from the fitting using the Voight and Abraham 

model functions, respectively. 

For each of 10 rock samples taken from the depth interval 601-708 m, the OM content was 

determined by the formula ʆɺ (NMR) = (ɸ0S + ɸ0L) *k/m, where k is the conversion factor, 

and m is the mass of the rock sample. The results of EPR exploration are presented in Fig. 7. 

A study was carried out to determine the residual organic matter after extraction with 

deuterated chloroform for samples #676 and #708 (Fig. 3, 4). The results showed that extraction 

from the rock recovered 86.14% and 52.82% for samples 676 and 708, respectively. 

When examining rock samples (#627-#708), two of them (#644, #708) had a long-term 

component, which indicates the oil content in large pores (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Cuban Overthrust Schematic [8] 
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Interpretation of  geological information 

 

According to the data of the geological setting of the Boca de Jaruco oilfield [10, 11], it can 

be assumed that the studied object belongs to the upper part of the Jurassic system, which is 

represented by an interlayer of oil-saturated organogenic limestones and shales, with 

heterogeneity (interlaying) being represented by the Vega Alta duplex. Thus, using the EPR 

and TGA methods, a lithostratigraphic column of the Jurassic deposits of the Boca de Jaruco 

oilfield was constructed (Fig. 6), in which the presence of the Vega Alta duplex is observed in 

the form of oil-saturated shales with the presence of clay material. 

The long relaxation time of the samples from depths of 644m and 708m indicates that the 

rock contains a system of large pores with a small surface-to-volume ratio. As a result, the 

surface of the walls has little effect on the mobility of molecules and the relaxation of protons 

in them. These layers are surrounded by rocks with thin pores, in which there is hard-to-extract 

organic matter in solid and highly viscous states. 

Fig. 3. Experimental KPMG decay curves from 

native (nativ) and deuterated chloroform-filled (in 

cd) rock #676, extract from rock (Sliv) and rock 

after extraction (Ae) 

Fig. 4. Experimental KPMG decay curves from 

native (nativ) and deuterated chloroform-filled (in 

cd) rock #708, extract from rock (Sliv) and rock 

after extraction (Ae) 

Fig. 5. KPMG decays of samples (#627-#708), normalized to the maximum amplitude, were taken as 100% for 

each sample 
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The data on the distribution of the Mn2+ ion shows that the organic matter contained in the 

large pores is in the shale. It is possible that the OM in smectites, which have large systems, is 

ported, which is observed by a decrease in NMR relaxation. 

According to the data on the extraction of organic matter, it can be assumed that the Vega 

Alta duplex rocks have a low oil recovery coefficient due to a decrease in the content of 

smectites in their composition, seeing as OM does not dissolve during extraction. 

This assumption can be used for further planning of oilfield development (provided that 

enhanced oil recovery is applied) for more efficient oil recovery. 

Conclusion 

 

In this article, the content of organic matter in the rocks was determined along the section 

(601-708 m) of the Boca de Jaruco deposit using a new non-invasive NMR relaxometry method. 

A hypothesis was put forward for the problem of oil recovery, which is based on the content 

of residual organic matter in large pores of smectite material, which does not allow dissolving 

oil for its further extraction. Based on the TGA and EPR methods, a study of the heterogeneity 

of the section and its genesis was carried out, which showed the presence of clay material at 

depths (#642-#644, #679-#684 and #698-#708 m), which belongs to the Vega Alta duplex, a 

lithological column was built, it was determined, that the rocks belong to the upper Jurassic 

system. 
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Abstract 

 

This paper addresses the morphology and mineral and chemical composition of magnetic 

microspherules found in the Roadian gypsum deposits (Guadalupian Series of the Permian) of 

the Baymatskoye and Kamsko-Ustinskoye fields. Microspherules of both fields have similar 

dendritic (wrinkly, lattice) and platy (feathery, scaly, fractured) structure and consist primarily 

of magnetite with admixtures of Al, Si, Mn, Ni, and Cu. We analyzed the distribution of 

microspherules in gypsum beds and demonstrated that they originated from cosmic dust and 

were formed due to meteoroid ablation. We also suggest that magnetite microspherules in 

sedimentary rocks can be used as an additional tool for stratigraphic correlation. 
 

Keywords: Permian, Roadian, evaporites, magnetite microspherules, dendritic structure, correlation 

 

Introduction  

 

Biostratigraphic, lithological and geochemical methods, as well as absolute dating of 

sedimentary rocks often do not provide enough data for correlation of productive zones within 

a field [1]. As we have shown previously [2], [3], [4], extraterrestrial magnetic microspherules 

(less than 1 mm in diameter) can be used as an additional tool for stratification and correlation 

of coeval sedimentary rocks. Microspherules are well preserved for a long time (hundreds of 

millions of years) [5] in marine and continental deposits, so they can also be useful for 

correlation of multi-facies deposits. In the future, this can be applied to prospecting for stratified 

extractable resources (gas, oil, etc.). 

The objective of this study is to correlate the gypsum beds of the Kamsko-Ustyinskoye and 

Baymatskoye fields (Roadian deposits, Guadalupian series of the Permian). Kamsko-

Ustyinskoye and Baymatskoye gypsum fields are located 66-84 km south of the city of Kazan 

(on the right bank of the Volga River, European Russia). The fields belong to the southern part 

of the Kazan-Kirov Depression of the Volga-Ural Anteclise. We suggest that the correlation 

can be based on magnetite microspheres sometimes found in evaporites. The project tasks 

included detection of microspherules in the rocks (gypsum, anhydrite and dolomite) of the fields 

mentioned above and their morphological, mineralogical and chemical analysis. Previously, we 

have studied gypsum samples taken from both fields [6], [7], [8], [9]. X-ray computed 

tomography revealed X-ray-dense particles in the samples, including magnetic microspherules. 

This excluded anthropogenic sources from the list of possible origins of microspherules in 

the evaporites under study. 
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Methodology 

 

In Baymatskoye field, we took 12 samples from the lower gypsum bed and 10 samples from 

the upper one. 16 and 10 samples (respectively) were taken from the same layers in the Kamsko-

Ustinskoye field. All the samples were powdered in an agate mortar. Then, magnetic minerals 

were extracted from each sample (the average weight of the samples was ~80g) with a 

neodymium magnet. Microspherules were separated under a microscope. More than 70 

microspherules and 5 drop-shaped particles (4 in the lower bed and 1 the upper bed of 

Baymatskoye field) were found. A Phillips XL-30 scanning electron microscope (equipped 

with an energy-dispersive spectrometer) was used to photograph the surface of the 

microspherules and perform the chemical analysis (accelerating voltage was 20 kV; measuring 

section was 8.9-15 mm; probing depth was 1.0ï1.5 microns; measurement accuracy was 0.1% 

(KFU, analyst B.M. Galiullin). In the end, 15 EDS analysis results were obtained for the studied 

microspherules: 7 for those found in Kamsko-Ustinskoye field, and 8 for the ones from 

Baymatskoye field. The mineral composition of the microspherules was studied using the 

confocal Raman spectrometer inViaQontor (Renishaw) equipped with the Leica dm2700m 

microscope. The spectra were excited by a double-pulsed Nd: YAG laser (532 nm), 50× lens. 

The accumulation time was 25 sec; spectral wavelength range was 100-2000 cm-1. 

Calibration was performed based on spectral lines and the position of the laser beam on the 

silicon standard. The mineral phases were identified using the Renishaw spectrometer, the 

«CrystalSleuth» software and the RRUFF.INFO database (KFU, analyst A.V. Nizamova). Two 

microspherules from each field were studied using this method (4 microspherules in total). 

 

Results and Discussions 

 

We found that microspherules had a size distribution of 5-150 microns and different surface 

types: A ï wrinkled (Fig. 1a, e), B ï lattice (Fig. 1b, f), C ï feathery (Fig. 1g), D ï scaly (Fig. 

1h), E ï fractured (Fig. 1j), and implicit (Fig. 1d). Inside some of the microspherules, voids 

were found (Fig. 1b). Implicit texture (Fig. 1d) was found to be scaly under a strong 

magnification of the microscope. 

Types A and B were the most common among the studied microspherules. Two transition 

types were also observed: C-D (Fig. 1g) and D-E (Fig. 1c, i). The presence of A-E, B-E and A-

C transition types was not recorded. 

According to other researchers [10], type A forms under the highest temperature. Type E 

corresponds to the lowest temperature [10]. 

The EDS results (Table 1) showed that all the microspherules consist of iron oxides with an 

admixture of Si, Al, Ca, Ni, Cu, Mg, Mn (both on the surface and inside of them). 

Raman spectroscopy (Fig. 2) showed asymmetrical Fe-O bending (T2g) vibrations (~298 

and 540 cm-1), symmetrical bending (Eg) vibrations and valence (A1g) vibrations (~319 and 

668 cm-1) indicating that the microspherules consist primarily of magnetite [11]. 
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Table 1. Surface chemical composition of microspherules from Permian evaporates 

Sample 
Elements, wt % 

SiO2 Al 2O3 Cr2O3 FeO NiO CuO MnO MgO CaO SO Total 

Kamsko-Ustinskoye field 

1(Fig. 1, ʘ) 1.19 1.02 *  94.03 2.53 *  0.76 *  0.47 *  100 

2(Fig. 1, b) 2.19 *  *  92.86 *  1.56 1.62 *  1.32 0.45 100 

3(Fig. 1, c) 1.32 *  *  96.38 *  1.29 1.01 *  *  *  100 

4(Fig. 1, d) 0.94 *  *  96.52 *  1.60 0.94 *  *  *  100 

5 0.79 *  *  97.33 *  1.88 *  *  *  *  100 

6 *  *  *  100 *  *  *  *  *  *  100 

7 1.32 0.87 *  97.81 *  *  *  *  *  *  100 

Baymatskoye field 

8(Fig. 1, e) 2.17 *  *  93.68 2.11 *  2.04 *  *  *  100 

9(Fig. 1, f) *  *  *  97.73 1.62 *  0.65 *  *  *  100 

10(Fig. 1, g) 1.32 *  *  96.51 2.18 *  *  *  *  *  100 

11(Fig. 1, h) 2.60 *  *  94.44 1.72 *  1.24 *  *  *  100 

12(Fig. 1, i) 1.36 *  *  88.52 0.97 *  0.77 5.77 2.61 *  100 

13 1.06 *  *  97.47 1.47 *  *  *  *  *  100 

14 2.30 1.17 *  94.13 0.89 *  1.51 *  *  *  100 

15 *  *  *  100 *  *  *  *  *  *  100 

* - not detected 

Fig. 1. Electron microscopic images of microspherules from Roadian deposits of Kamsko-Ustinskoye field (a-

d) and Baymatskoye field (e-j) 
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Quantitative distribution of microspherules in the beds are shown in Fig. 3 and Fig. 4. 

Microspherules are quite numerous and evenly distributed within the upper and lower gypsum 

bed of Baymatskoye and Kamsko-Ustinskoye fields. The number of microspherules is greater 

in the lower bed of Baymatskoye field than in the upper bed. Often there are more than 5 

microspherules found in one sample. 

 

The similarities in the structure and composition of magnetic microspherules from both the 

upper and lower gypsum layers of two different fields indicate that the microspherules share a 

common origin. Spherical and drop-shape form, size, dendrite texture and composition indicate 

Fig. 2. Raman spectra of the microspherules: a ï Kamsko-Ustinskoye field, bï Baymatskoye field 

 

Fig. 3. Distribution of microspherules in the lower gypsum layer 
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a high-temperature environment [10]. All of the above suggests that the microspherules 

originated from cosmic dust and were formed due to meteoroid ablation [12], [13], [14]. Si, Mg 

and S found on the surface of the microsperules suggest that the meteoroid was probably a 

chondrite [15], [12]. 

 

 

Conclusions 

 

The microspherules discovered in the course of this study may be the product of the fall of 

space objects (meteoroids) to the Earth during the Roadian Age. Quantitative distribution of 

magnetic microspherules can serve as an indicator of the intensity of space events that occurred 

simultaneously with the formation of the evaporite basin. Other researchers [16], [14], [17] have 

previously proposed an extraterrestrial hypothesis for the formation of microspherules similar 

to those described above. 

The microspherules studied in this paper were numerous, clearly recognizable and well-

preserved objects. This allows them to be used as an additional tool for stratigraphic correlation 

and also yields information on the intensity of space events in the geological past. 
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Fig. 4. Distribution of microspherules in the upper gypsum bed 
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Abstract 

 

Sulfide mineralization has been studied in the Upper Precambrian rocks in the Subpolar 

Urals. The Puyva Formation, contains pyrrhotite and chalcopyrite, and the Khobeya Formation 

contains pyrite. In the Puyva Formation, pyrrhotite is produced by breakdown of pyrite during 

metamorphism. Chalcopyrite formation is most likely associated with late oxidative processes. 

In the rocks of the Khobeya suite, pyrite is represented by two generations, the first cubic 

without admixtures, most likely formed at the stage of metamorphism. The second type of pyrite 

is represented by scattered fractured grains, which probably formed in near-surface conditions. 
 

Keywords: Sulfide mineralization, Subpolar Urals, pyrite, metamorphism 

 

Introduction  

 

The Timan-Northern Urals region has significant mineral resources: oil, gas, coal, bauxite, 

titanium, and high-quality vein quartz. The discovery, development, introduction into industrial 

development of deposits is a very urgent task [1]. Establishing the genesis of ore minerals is of 

great importance for determining the patterns of ore formation and identifying industrially 

significant objects in the north of the Urals. 

Samples for research were taken from the rocks of the Puyva and Khobeya formations of the 

Subpolar Urals (Fig. 1). The Puyva Formation unconformably overlies the rocks of the 

Mankhobeya and Shchokurya formations [3]. The Puyva Formation is composed of mica-albite 

quartz schists with interlayers of amphibole and calcareous schists and quartzites. The total 

thickness of the Puyva Formation is 1400-1600 m. The Khobeya Formation unconformably 

overlies the shale of the Puyva Formation. It is represented by chlorite-muscovite-albite-quartz 

and muscovite-albite-quartz schists, quartzites and calcareous quartzite sandstones. The 

thickness is 700-1000 m. The rocks of the Puyva suite underwent at least two stages of 

metamorphism in the Precambrian, the early stage reached the amphibolite facies, and the later, 

greenschist. In the rocks of the Khobeya Formation, greenschist metamorphism of moderate 

pressure occurred [4], [5]. To determine the age of the Puyva Formation, isotopic studies of 

detrital zircons U ï Pb LA ï SF ï ICP ï MS were performed. The authors have shown that the 

earliest age of the basal deposits of the Puyva Formation does not extend beyond the Late 

Riphean [6], [7]. 

 

Methods 

 

Ore minerals of the Upper Proterozoic deposits of the Subpolar Urals were studied. The 

study of ore minerals in polished sections was carried out at the Center for Collective Use 

ñGeonaukaò of Institute of Geology of Komi Scientific Center Ural Branch of the Russian 

Academy of Sciences. The chemical compositions and photographs of ore minerals were 
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obtained using a Tescan Vega 3 LMH scanning electron microscope equipped with an 

Instruments X-Max energy dispersive attachment (analysts S. Shevchuk, E. Tropnikov). 
 

 

Results and Discussions 

 

Samples for research were collected in the summer of 2019 on the left bank of the 

Pelingichey River at the mouth of the Erkusey River in the Subpolar Urals from the rocks of 

the upper part of the Puyva and lower part of the Khobeya formations of the Subpolar Urals 

(Fig. 1). 

We studied sulfides of the Puyva and Khobeya formations. Sulfides in the Puyva Formation 

(B-202, B-204) are represented by pyrrhotite and chalcopyrite. Pyrrhotite is observed as 

inclusions in apatite, and individual grains are present. Pyrrhotite is often oxidized (dark gray 

inclusions against a background of bright, light pyrrhotite, Fig. 2a, b). The composition of 

pyrrhotite is shown in Table 1 Analyses 1-5. Chalcopyrite is represented by oxidized fractured 

grains (Fig. 2 c), apparently formed after pyrrhotite. Chalcopyrite formation is most likely 

associated with late oxidative processes. 

Khobeya Formation (B-206, B-206-2) pyrite, galena. Pyrite is presented in the form of 

clearly defined characteristic cubic crystals (Fig. 2e, f) and broken aggregates of grains (Fig. 2 

d). Most often confined to cracks, and inclusions of galena are observed (Fig. 2f). The chemical 

composition of pyrrhotite is presented in Table 1, analysis nos. 8-11. 

 

 

 

 

 

 

 

Fig. 1. Schematic geological map of the River Pelingichey (Subpolar Urals) (Based on A. Pystin et al., [2]). 

Legend: 1 ï Khidey suite; 2 ï Telpos suite; 3 ï Sablegor suite; 4 ï Moroya suite, 5 ï Khobeya Formation; 6 ï 

Puyva Formation; 7 ï granite, lipartite porphyry; 8 ï granodiorite; 9 ï dykes of gabbro, gabbro-diabase, diabase; 

10 ï dacite porphyry; 11 ï quartz porphyry; 12 ï tuffs; 13 ï boundaries of stratified and intrusive bodies; 14 ï 

boundary of discordant stratigraphic contact; 15 ï faults; 16 ï contact rocks; 17 ï elements of occurrence of 

crystallization schistosity, lamination; 18 ï sampling points 
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Table 1. Chemical composition of sulfide minerals in the rocks of the Puyva and Khobeya suite, atom% 

 

Conclusions 

 

In the deposits of the Puyva Formation, pyrrhotite is associated with the replacement of 

pyrite under metamorphic conditions; chalcopyrite arose later and its formation is associated 

with late oxidative processes. Pyrite in the rocks of the Khobeya Formation is represented by 

two generations, the first is cubic, having clear outlines and a cubic shape, without admixtures, 

most likely formed at the stages of metamorphism. The second type was found in the form of 

scattered grains, mainly confined to cracks; probably, it was already formed in near-surface 

conditions. 

 

Acknowledgments 

The study was carried out within a framework of State Program no. AAAA-A17-

117121270035-0 FITZ Institute of Geology Komi SC UB RAS. 

 

 

 

The 

elements 

Puyva Formation Khobeya Formation 

pyrrhotite chalcopyrite pyrite 

1 2 3 4 5 6 7 8 9 10 11 12 

S 39.62 40.11 40.36 38.61 38.81 39.07 36.7 35.19 53.43 53.9 53.55 53.79 

Fe 60.19 60.06 57.21 61.15 60.54 60.83 31.4 30.5 46.19 46.54 46.26 46.53 

Cu - - - - -  32.82 34.01 - - - - 

Ni  0.57           

Total 99.81 100.74 97.57 99.76 99.35 99.89 100.92 99.69 99.62 100.44 99.81 100.32 

Fig. 2. Sulfide mineralization in the rocks of the Puyva (a, b, c) and Khobeya (d, e, f) formations. Pyr ï pyrrhotite, 

Ccp ï chalcopyrite, Py ï pyrite, Gal ï galena, Ab ï albite, Ms ï muscovite, Ap ï apatite, Zrn ï zircon, Qz ï quartz, 

Ab ï albite, Cal ï calcite, Kfs ï potassium feldspar, Ilm ï ilmenite 
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Abstract 

 

The six phoebodontid zones proposed for the Middle ï Upper Devonian are updated based 

on new data of index species distribution. The refined Phoebodus sophiae Zone corresponds to 

the Lower varcus ï disparilis conodont zones (CZ), the Ph. latus Zone ï the Lower falsiovalis 

ï jamieae CZ, the Ph. typicus Zone ï the Lower ï Upper triangularis CZ, the Ph. gothicus Zone 

ï the Lower crepida ï Upper marginifera CZ, and the Ph. limpidus Zone ï the Uppermost 

marginifera ï Middle praesulcata CZ. 
 

Keywords: phoebodontid sharks, Devonian, zonation 

 

Introduction  

 

The phoebodontids are one of most taxonomically diverse and widely distributed group of 

Devonian chondrichthyans. The family Phoebodontidae of the order Phoebodontiformes 

includes three genera, Diademodus Harris, Phoebodus St. John et Worthen and Thrinacodus 

St. John et Worthen [1]. Phoebodus is the most species rich genus, presently including 12 

species: Ph. bifurcatus Ginter et Ivanov; Ph. depressus Ginter, Hairapetian et Klug; Ph. 

fastigatus Ginter et Ivanov; Ph. gothicus Ginter; Ph. latus Ginter et Ivanov; Ph. limpidus Ginter; 

Ph. politus Newberry; Ph. rayi Ginter et Turner; Ph. saidselachus Frey, Coates, Ginter, 

Hairapetian, Rücklin, Jerjen et Klug; Ph. sophiae St. John et Worthen; Ph. turnerae Ginter et 

Ivanov; Ph. typicus Ginter et Ivanov. 

The six phoebodontid zones were suggested for the Middle ï Upper Devonian based on the 

distribution of Phoebodus species in the Givetian ï Famennian interval of the Holy Cross 

Mountains (Poland) and South Urals (Russia) [2]. They corresponded to the Middle varcus ï 

Middle praesulcata interval of the conodont zonation (CZ). The oldest Ph. sophiae 

phoebodontid Zone was correlated with the Middle varcus ï Lower hassi CZ of the Givetian ï 

Frasnian, the Ph. latus Zone was coinciding the Upper hassi ï jamieae CZ, the Ph. bifurcatus 

Zone ï the rhenana ï linguiformis CZ [2]. The Famennian Ph. typicus Zone corresponded to 

the Upper triangularis ï Upper rhomboidea CZ, the Ph. gothicus Zone ï to the interval of 

Lower marginifera ï Upper postera CZ, and the Ph. limpidus Zone ï the Lower expansa ï 

Middle praesulcata [2]. There were no records of Phoebodus species in the Lower ï Middle 

triangularis CZ. 

 

Distribution of Phoebodus index species 

 

The oldest index species, Phoebodus sophiae, is known mainly from the Givetian interval 

of the Middle varcus ï disparilis CZ of Iowa, Indiana (varcus CZ) and New York (varcus ï 

hermanni-cristatus CZ and probably earliest Frasnian), USA; Aragonian Pyrenees, Spain, 

Portugal (Middle ï Upper varcus CZ); Rhenish Slate Mountains, Germany (hermanni-cristatus 

CZ); Holy Cross Mountains, Poland (Middle varcus-hermanni-cristatus CZ); Southern 
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Mauritania (hermanni-cristatus CZ); Australia (varcus CZ) [1], [3], [4] [5], [6], [7], [8]. But 

the species occurs in the Lower ï Middle varcus CZ of Kuznetsk Basin, Western Siberia, Russia 

[9]. The tooth described as Ph. sophiae from the Upper rhenana ï linguiformis CZ of Iran [10] 

differs from the teeth of the species in the close placed and more lingually directed lateral cusps, 

the narrow labial edge of the base and the labio-basal projection, and is similar to the teeth of 

Phoebodus sp. C [11]. 

Phoebodus latus was previously reported from the Upper hassi-linguiformis CZ, Frasnian 

of Holy Cross Mountains, Poland (rhenana CZ); South Urals (Upper hassi ï linguiformis CZ), 

South Timan (rhenana-linguiformis CZ), Gorniy Altay and Kuznetsk Basin (rhenana CZ), 

Russia; Western Australia (Upper hassi Lower rhenana CZ) [11], [12], [6], [9], [13]. However, 

this taxon was recorded in the older interval of the Middle falsiovalis-hassi CZ in Iran [14]. 

Phoebodus bifurcatus occurs in the Lower rhenana-linguiformis CZ, Upper Frasnian of 

Utah, USA; Dinant Synclinorium, Belgium; Holy Cross Mountains, Poland; Moravia, Czech 

Republic; South Urals, South Timan, Central Devonian Field, Kuznetsk Basin and Gorniy 

Altay, Russia; Southern Mauritania; eastern Iran; southern China; Western Australia [9], [11], 

[10], [12], [13], [15], [16], [17], [18], [19]. 

The first index species Phoebodus typicus of the Famennian was previously recorded in the 

Upper triangularis-Lower marginifera CZ of the South Urals, Russia (Upper triangularis-

Lower marginifera CZ); Morocco (Uppermost crepida or Lower rhomboidea CZ); Iran 

(crepida CZ); Queensland, Australia (marginifera CZ); probably Armenia (?crepida CZ) and 

Belarus (triangularis and rhomboidea CZ) [6], [7], [15], [20], [21], [22]. Hairapetian and Ginter 

[23] mentioned the occurrence of species also in the Middle triangularis CZ of central Iran. 

Phoebodus gothicus was reported until recently from the Lower marginifera-Middle 

praesulcata CZ of Iowa (marginifera-Lower trachytera CZ) and Utah (Lower expansa CZ), 

USA; Montagne Noire, France (Lower-Middle expansa); Germany (Lower-Middle expansa 

CZ); Holy Cross Mountains, Poland (Lower marginifera-Middle praesulcata CZ); South Urals, 

Russia (Lower postera ï Middle expansa CZ); Anti-Atlas, Morocco (Uppermost marginifera-

Lower expansa CZ); Algeria (lower or middle Famennian); Iran (marginifera-Upper expansa 

CZ); Armenia (possible crepida and expansa CZ); southern China (praesulcata CZ); probably 

Vietnam (marginifera CZ) [1], [10], [11], [15], [17], [20], [21], [24], [25], [26], [27], [28]. Two 

subspecies Ph. gothicus gothicus Ginter and Ph. gothicus transitans Ginter, Hairapetian and 

Klug were established for the species [20]. The stratigraphic range of the first subspecies 

includes the range of the second one [1]. 

Phoebodus limpidus was known from the Lower expansa ï Middle praesulcata CZ of 

Nevada (Upper expansa or Lower praesulcata CZ), Wyoming (Middle or Upper expansa CZ), 

Utah (Lower expansa and Upper expansa or Lower praesulcata CZ), USA; Mexico (expansa 

CZ); Montagne Noire, France (expansa CZ); Thuringian Slate Mountains, Germany (Middle 

expansa ï Lower praesulcata CZ); Holy Cross Mountains, Poland (Upper expansa ï Lower 

praesulcata CZ); South Urals, (Lower expansa ï Lower praesulcata CZ) and North Caucasus 

(Middle expansa ï praesulcata CZ), Russia; Anti-Atlas, Morocco (Upper expansa CZ); 

southern China (Lower expansa and praesulcata CZ) (Ginter, 1990; [1], [6], [15], [17], [20], 

[26], [29], [30], [31], [32], [33]. The record of species in the Upper praesulcata CZ was not 

confirmed but the range in some regions probably includes the entire praesulcata CZ. 

New information on the occurrence of Phoebodus index species has appeared lately. 

Diverse fish microremains were collected recently from the Pokrovskoe section of the 

Givetian/Frasnian boundary beds in the eastern slope of the Middle Urals, Russia (collecting of 

A. Z. Bikbaev and M. P. Snigireva, Ekaterinburg). The deposits of this section are referred to 

the Vysotinka and Brodovskiy regional stages and correlated to the interval of Middle varcus ï 

norissi (Lower falsiovalis) CZ [34]. The fish microremains are represented by plates of the 

placoderm Ptyctodontidae; scales of the acanthodian Acanthodiformes; chondrichthyan teeth 
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of the phoebodontids Phoebodus fastigatus, Ph. latus, Ph. sophiae and Ph. sp. C [11]; various 

chondrichthyan scales of Ohiolepis, Cladolepis, protacrodontid and ctenacanthid types; teeth, 

fragments of jaws and scales of a struniiform sarcopterygian; teeth and scales of 

actinopterygians resembling Mimipiscis and Moythomasia. Phoebodus fastigatus (Fig. 1 A-C) 

and Ph. sophiae (Fig. 1 D, E) occur in the Middle varcus ï norissi CZ of that section, but Ph. 

latus (Fig. 1 F, G) is recorded only in the norissi CZ. The discovery of Ph. latus in the Lower 

falsiovalis CZ is the oldest in the world. Ph. sophiae was mentioned in the possibly earliest 

Frasnian [4] but its definite occurrence in the Lower falsiovalis CZ is reported for the first time. 

 

 
 

 

 

Phoebodus typicus Ginter et Ivanov was found in the Kosoy Ures Beds of Pescherka 

Regional Stage in the Kuznetsk Basin (Western Siberia, Russia) correlated with the Lower-

Upper triangularis CZ [9], [35]. The index species is recorded in the interval of the Lower-

Middle triangularis CZ where the occurrence of Phoebodus species was not known previously. 

Ph. cf. typicus occurs also in the Podonino Regional Stage in the Kuznetsk Basin 

corresponding to the Lower trachytera-Upper expansa CZ [36]. 

Phoebodus gothicus Ginter in Iran and Morocco is known also from the Lower crepida ï 

rhomboidea CZ [20], [23], [37]. 

Phoebodus limpidus Ginter was found in the wide interval of the Uppermost marginifera ï 

Lower praesulcata CZ in the Carnic Alps, northern Italy [38]. Thus, this occurrence of the 

index species is oldest in the world and considerably extended the Ph. limpidus Zone. 

 

 

 

 

 

 

 

 

 

Fig. 1. The teeth of Phoebodus species from the Pokrovskoye section. A-C ï Ph. fastigatus Ginter et Ivanov, 1992; 

D, E ï Ph. sophiae St. John et Worthen, 1875; F, G ï Ph. latus Ginter et Ivanov, 1995. Scale bars ï 100 µm 
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New version of phoebodontid zonation 

 

The phoebodontid-based zonation based on a new data of distribution of Phoebodus index 

species was updated (Fig. 2). The ranges of five zones have been changed. 

 

The new assemblage from the Pokrovskoe section allows the boundary between the Ph. 

sophiae and Ph. latus zones at the base of the falsiovalis CZ to be recognized. The Ph. typicus 

Zone is corresponded with the Lower ï Upper triangularis CZ due to the record of index species 

in that interval in the Kuznetsk Basin. The range of the Ph. gothicus Zone was changed on the 

Lower crepida-Upper marginifera CZ based on occurrence of species in the interval of the 

Lower crepida-rhomboidea CZ in Iran and Morocco. Finally, the Ph. limpidus Zone now starts 

from the Uppermost marginifera CZ, based on a record of the species in the Carnic Alps. 

 

 

 

 

Fig. 2. The phoebodontid-based zonation and distribution of Phoebodus index species (dotted line shows the 

range of Ph. cf. typicus) 
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Conclusions 

 

Thus, the refined phoebodontid zones are defined as follows: The Ph. sophiae Zone is 

corresponded to the Lower varcus ï disparilis CZ, the Ph. latus Zone ï the Lower falsiovalis ï 

jamieae CZ, the Ph. typicus Zone ï the Lower ï Upper triangularis CZ, the Ph. gothicus Zone 

ï the Lower crepida ï Upper marginifera CZ, and the Ph. limpidus Zone ï the Uppermost 

marginifera ï Middle praesulcata CZ. 
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Abstract 

 

Practical methods for representative elementary volume calculation of core samples is 

investigated. Different methodologies of core sampling in petrophysical laboratories in Russia 

and abroad are analysed. The connected porosity of a 1 m long whole core segment is evaluated 

in two ways, using porosity data of the 7.3 cm diameter core samples in the first approach and 

porosity values of the core samples 6 cm long by 3 cm in diameter in the second way. Porosity 

values from the neutron-gamma log and porosity data of core samples have been compared, to 

define optimal core sizes for the analysis of the relationship between core and log data. 
 

Keywords: representative elementary volume (REV), buoyancy method, intergranular porosity, fracture porosity, grainstone, 

scale effect 

 

Intro duction 

 

The relevance of the problem is that core porosity values depend largely on sample size. 

This phenomenon is known as the scale effect [1]. The scale effect has a great influence 

estimates of the sizes oil and gas reserves. 

The goal of the research work is to analyse changes in connected porosity values depending 

on the sizes of samples drilled out from the Bashkirian whole core segment 1 m long by 10 cm 

in diameter. 

The tasks of the research work are to compare porosity values of a 1 m long whole core 

fragment evaluated in two ways, and analyse the relationship between core and log porosity 

data. Articles focused on core sampling have been analysed. 

 

Object 

 

The whole core segment used is 1 m long by 10 cm in diameter and was recovered from the 

borehole # 4993 of the Ivinskoye heavy oil field located in the Republic of Tatarstan, Russian 

Federation. The whole core segment was extracted in a depth interval of 962.0-963.0 m. The 

extracted rocks appeared to be Bashkirian limestones (grainstones) with porosity varying from 

17 to 21.8% according to the data of the neutron-gamma well logging method. 

 

Literature review  

 

The routine core analysis allows geoscientists to evaluate permeability, porosity and 

lithotype. 

It is important to choose the optimal sample size to calculate accurate values of reservoir 

properties. In American and European petrophysical laboratories, core plugs 2-3 inches long by 
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1 (1.5) inch in diameter taken at regular intervals from the whole core segments (often every 

25 cm) are used to evaluate porosity and permeability of homogeneous rocks [2]. 

In Russian laboratories homogeneous rocks are investigated using core samples 1.18 inches 

(3 cm) long by 1.18 inches (3 cm) in diameter [3]. Changes in lithology of heterogeneous rocks 

have an influence on sampling interval. It should be smaller than 25 cm. Sometimes full-

diameter core samples are used to estimate porosity and permeability of carbonate 

heterogeneous rocks [4], [5]. Investigations of eight-ten full-diameter core samples drilled out 

of the 1 m long whole core segment take much liquid (chloroform) for fluid extraction, so it is 

necessary to define minimum sizes of core samples the provide the accurate values of whole 

core porosity. 

The concept of representative elementary volume was discussed by J. Bear and B. Prilous 

[6], [7]. The representative elementary volume is the minimum volume describing significant 

physical particularities of the porous media. P. Tomin described a practical technique for 

representative elementary volume calculation for core samples that is used in this research work 

[8]. 

 

Methodology 

 

In the first step, lithological and mineralogical researches of drilled out core samples using 

thin sections were used to identify lithotypes of limestones. It was concluded that the 1 m long 

interval consists of grainstones [9]. 

In the second step, core samples were cleaned using the Soxhlet distillation extractor. 

In the third step core samples were saturated with distilled water to compare the dry weight, 

suspended weight and saturated weight in air for connected porosity determination. 

The six 7.3 cm diameter core samples were drilled out of the whole core segment 1 m long 

perpendicular to its axis. Then five core samples 6 cm long by 3 cm in diameter were taken at 

0.2-0.3 cm intervals (Table 1). Core sample # I was damaged so a 3 cm long core sample was 

used. 

 
Table 1. Original sizes of core samples drilled-in in the depth interval of 962.0-963.0 m 

Core number Diameter, ʩm Length, ʩm Volume, ʩm3 Depth, m 

1 7.34 5.25 221.91 962.12 

2 7.35 5.21 220.79 962.22 

3 7.34 5.43 229.84 962.34 

4 7.34 5.31 224.67 962.49 

5 7.34 5.23 221.44 962.64 

6 7.34 5.83 247.05 962.8 

I 2.96 6.49 44.67 962.03 

II  2.96 3.16 21.77 962.19 

III  2.97 6.44 44.50 962.42 

IV 2.96 6.29 43.40 962.59 

V 2.96 4.53 31.19 962.92 

 

The buoyancy method was used for porosity determination with application of the special 

equipment known as ñNapor-RMò according to the approach described in the ñPetrophysics 

MC Course Notesò [10]. 

 

Results and Discussion 

 

Results of laboratory measurements are shown in Fig. 1. Average porosity values (calculated 

for every core volume) change from 24 to 27.2% in the volume range varying from 21.19 to 
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222.2 ʩm3. In the volume range changing from 222.20 to 238.44 ʩm3 average porosity values 

exceed 27%. 

 

 

In Fig. 1, average values are connected with a green polyline. Consequently, intergranular 

porosity occurs in core samples having volume less than 222.2 ʩm3 while the complex of 

fracture, intergranular and vuggy porosity occurs in big core samples. In Fig. 1 the first volume 

range 21.19-222.2 ʩm3 is highlighted in purple while the second volume range 222.2-238.44 

ʩm3 is marked in yellow. Porosity values of some whole core segments ◖con were calculated 

using porosity data of 7.3 cm diameter core samples. 

The representative elementary volume of the 1 m long whole core segment is calculated 

using values of the maximum deviation of connected porosity from the average value estimated 

for every core volume. Results of maximum deviations are presented in Fig. 2 and Fig. 3. 

Investigation of minimum increments of maximum deviations allow to define values of the 

representative elementary volume (Table 2). Measurement inaccuracies are 1.25% and 0.33% 

for core samples having volume less and more than 44 cm3 respectively. 

It was concluded that the analysis of a core sample 6 m by 3 cm in diameter allows 

investigation of intergranular porosity of the whole core fragment, while analysis of a core 

sample 44 cm by 10 cm in diameter allows the complex of fracture, intergranular and vuggy 

porosity in the whole 1 m long core to be investigated. 

 

 

 

 

 

Fig. 1. Core porosity values in function of core volume in the depth interval of 962.2-963.0 m 
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Table 2. Values of representative elementary volume 

 

 

 

 

 

 

Type of investigated 

porosity 

REV, 

ʩm3 
Length, ʩm Diameter, ʩm 

Range of representative 

volumes, ʩm3 

Intergranular porosity 44 6 3 44-94 

The complex of fracture, 

intergranular and vuggy 

porosity 

3455 44 10 3455-6518 

Fig. 2. Maximum deviations of porosity values from average values in function of the core volume (less 

than 238.44 cm3) 

 

Fig. 3. Maximum deviations of porosity values from average values in function of the core volume 
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Data of well-logging methods are demonstrated in Fig. 4. It is obvious that values of the 

neutron-gamma porosity log are not reliable in the depth interval of 962.0-963.0 m because 

fluctuations of density are not significant enough. There are three zones in the depth interval: 

1. The first zone is in the depth interval of 962.0-962.1 m. Porosity values of core samples 6 

cm long by 3cm in diameter and core sample 3 cm long by 3 cm in diameter are similar. 

2. The second zone is in the depth interval of 962.1-962.6 m. Porosity values of 7.3 diameter 

core samples exceed porosity data of 3 cm diameter core samples and constantly increase with 

depth increment. The maximum difference is equal to 8%. Bigger porosity data of 7.3 diameter 

core samples are explained by the complex of fracture, intergranular and vuggy porosity 

occurring in large core samples. The porosity increase of large core samples with depth 

increment is closely related to the density decrease. Density data were calculated with the use 

of gamma-gamma logging (GGL) method. 

3. The third zone is in the depth interval of 962.6-963.0 m. Porosity values of core samples 

6 cm long by 3cm in diameter and core sample 3 cm long by 3 cm in diameter are similar. The 

porosity decrease of all core samples with depth increment is explained by the density increase. 

Lithological and mineralogical investigations of drilled out core samples show that 

limestones in the interval of 962.0-963.0 m are grainstones [9]. The comparison of log and core 

porosity data is not possible in this interval. It is necessary to analyse additional porosity values 

calculated with gamma-gamma well-logging method data. 

Results of the connected porosity of the 1 m long whole core segment calculated in two ways 

are presented in Table 3. Dykstra-Parsons coefficients Vk were also defined to choose the best 

averaging technique (geometric or arithmetic) applying for the evaluation of the whole core 

porosity. 

 
 

Fig. 4. The comparison of porosity log and porosity values of core samples. In the lithology column grainstones 

marked in green. Vertical scale is 1:15 
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Table 3. Whole core porosity values calculated in two ways 

 Porosity data of 7.3 cm diameter core 

samples 

Porosity data of core samples 6 cm long by 

3 cm in diameter 

Vk 0.15 0.33 

◖con, % 28.08 22.73 

 

Conclusions 

 

Results of laboratory porosity measurements demonstrate that the scale effect occurring in 

Bashkirian limestones in the depth interval of 962.0-963.0 m is explained by fracture and vuggy 

porosity that is widely spread in big core samples. The investigation of core samples 44 cm by 

10 cm in diameter allows a reliable porosity value for the 1 m long whole core segment to be 

defined. 

The whole core segment connected porosity evaluated using porosity data of core samples 6 

cm long by 3 cm long is lower than the whole core fragment connected porosity calculated 

using porosity data of 7.3 cm diameter core samples by 19%. 

Values of the neutron-gamma porosity log are shown not to be reliable in the interval 

investigated. Another method such as a gamma-gamma well logging method should be used to 

define accurate porosity values. 
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Abstract 

 

The results of geophysical studies performed to assess the effectiveness and resolution of 

electric exploration methods in the search for different-rank thawed zones and areas in frozen 

sediments are presented and discussed. The changes are considered and values of the electrical 

resistivity and induced polarization of soils are given depending on the nature and degree of 

freezing. The working procedure is proposed, objects of exploration are localized. 
 

Keywords: permafrost, thawed zones, geophysical methods, electrical tomography, electrical resistivity, 

induced polarization, Northeast Russia 

 

Introduction  

 

The complexity of hydrogeological conditions of permafrost development areas causes 

significant problems in the exploration and development of placer deposits. To obtain 

information about the geocryological state of rocks, it is necessary to drill a significant number 

of wells with sampling and logging studies. The use of geophysical methods based on 

measuring the properties of physical fields created by geological bodies can significantly reduce 

the amount of drilling and the cost of work. 

Methods of ground geophysics in the hydrogeological study of ore and placer deposits of 

metals are effective in delineating different-rank thawed zones, studying their morphology in 

plan and section, identifying areas of permafrost, searching for areas of increased fracturing in 

bedrock (and, as a result, of their water encroachment rate). 

The paper presents the results of the cryogenic state study for a rock mass of a placer gold 

deposit located in the middle reaches of river Debin in the Central Kolyma area of the Magadan 

region, Northeast Russia (Fig. 1). 

 

Materials and methods of research 

 

The study of the cryogenic state of the upper part of section of permafrost rocks (0-20 m) in 

the territory was carried out on the basis of the authorsô materials obtained in the course of field 

operations in 2015-2018 (LCC Gold Mining Corporation) and published data. 
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Fig. 1. Overview of the research area. Schemes for isolines of SER (I), IP (II) and the interpretation scheme (III) 

1 ï Thawed zones in the depth range of 1-20 meters; 2 ï Seasonally frozen rocks; 3 ï Rocks of patchy permafrost; 

4 ï Permafrost; 5 ï Confirmatory gutters; 6 ï Site proposed due to geologic-geophysical data (1) and measured 

dredging site (2); 7 ï Development of the past years; 8 ï Sites with concentrations of gold higher than 0.5 g/m3; 9 

ï Profiles of VES-IP (electrotomography), their numbers and pickets; 10 ï Temperature measurement points (1, 

2) positive (1) negative (2); 11 ï Observation points for symmetric VES-IP (Schlumberger), their numbers. 

Explanation: SER ï Specific electric resistivity; IP ï induced polarization; VES ï Vertical electrical sounding 

 

To address these tasks, a range of geophysical techniques were used, including: electrical 

profiling (subsurface symmetrical induced polarization electrical profiling) and electrical 

sounding using IP-VES methods. A hardware system was used, consisting of IPPM (IP pulse 

method) measuring devices, MESM-24 (multifunctional electrical survey meter) and an 

ASTRA-100 ge 

To address these tasks, a range of geophysical techniques were used, including: electrical 

profiling (subsurface symmetrical induced polarization electrical profiling) and electrical 

sounding using IP-VES methods. A hardware system was used, consisting of IPPM (IP pulse 

method) measuring devices, MESM-24 (multifunctional electrical survey meter) and an 

ASTRA-100 generator. RES2DINV and IPI2win2 programs were used for interpretation of the 

sounding materials. In order to control the geophysical data obtained, several confirmatory 

trenches were examined. 

The temperature of rocks in their natural occurrence was measured in the confirmatory 

trenches with an industrial thermometer TGZ-MG4 (small-sized digital thermohygrometer) 

using a contact method with a probe. 

 

Results and Discussion 

 

The geological structure of the area includes Jurassic terrigenous deposits, represented 

mainly by coal-clay shales, less often siltstones, sandstones and tuffites. Poorly consolidated 

alluvial deposits are divided by age into upper quaternary and recent ones. The lithological 

composition of alluvium for the floodplain and high floodplain terrace is presented by (from 
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top to bottom): topsoil, silt and peat (0.0-0.4 m); silt and clay with pebbles and stones of 

different composition and size (up to 0.4-2.0 m); loose sediment pebbles of various size with 

sand and clay, small granite stones (10-20%), ice lenses, gravel (2.0-14.0 m); pebbles of various 

sizes, and consolidated by clay, and gravel from destroyed sandy-and-clay slates (14.0-15.0 m). 

The thickness of alluvial deposits is 8.0-15.0 m. In general, these formations are 

characterized by a fairly high ice content. 

According to hydrogeological conditions, the physical state of loose sediments is mostly 

permafrost. In the core of the watercourse channel part, the presence of suprapermafrost and 

subjacent thawed zones has been established. According to the degree of mineralization, the 

waters are fresh ï 30-100 mg/dm3. Their composition is mainly hydrocarbonate-and-calcium 

and sulfate-and-sodium, acidic and slightly alkaline (pH varies from 4.2 to 7.8). In relation to 

the cryolithic zone, supra- and intrapermafrost waters are distinguished among the subterranean 

waters of the area. Seasonally thawed waters are ubiquitous and circulate in alluvial sediments 

and fractured bedrock. The water-resistant horizon for them is the permafrost layer. 

Based on the comparative analysis of geophysical studies in plan and section, the following 

geoelectric elements of the cryogenic structure of the geological terrain in the depth range of 

1ï20 meters were established: 

The search objects ï thawed zones ï are registered due to specific electrical resistance 

(resistivity) of less than 500 Ohm×m and values of the induced polarization parameter (IP) of 

9 to 12 %. 

Seasonally thawed rocks have a distribution in the near-surface layer up to a depth of 3-4 

meters and have a resistance of 500-1000 Ohm×m and an induced polarization of 7-9%. 

Locally frozen rocks or focal (insular) permafrost, which is alternate in the section of thawed 

and frozen rocks. As a rule, this is due to the presence of near-surface thawed rocks within the 

active layer, lensed frozen rocks among the thawed ones, or, more rarely, the presence of 

subpermafrost thawed zones on the border of loose rocks and bedrock. The complex nature of 

the interaction of unfrozen water with the mineral skeleton and ice causes a wide range of 

changes in the resistance from 3000 to 10000 Ohm×m and an IP of 5-8% for frozen soils. 

Permafrost rocks have a specific electrical resistance of more than 10,000 Ohm×m and the 

IP of less than 5% (Figs. 1-3). 

The results of electrical sounding by the electrotomography method are presented in the form 

of geoelectric sections (Fig. 2). They reflect the distribution of various degrees of frozen and 

thawed rocks in the section. The presented data of symmetrical four-electrode electric sounding 

record the most characteristic cryo-hydrogeological conditions of the state of rocks from 

thawed and seasonally frozen to focal and permafrost ones (Fig. 3). 

The given electrical characteristics of rocks obtained with different installations are 

comparable to each other, which indicates the objectivity of the selected gradations of the 

cryogenic state of the upper part of the section. 
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The close correlation between the geocryological parameters of rocks and their specific 

electrical resistance and IP allows us to create a clear picture of the structure of the geological 

terrain laterally and to the depths determined by the linear dimensions of the measuring lines 

(spacings). 

 

As a result of the works, subjacent and subpermafrost thawed zones have been identified and 

tests sites for dragging operations are planned for them (Fig. 1). Within the boundaries of the 

dragging site, several verification trenches with a depth of 3 to 6 meters were passed, which 

Fig. 2. Geoelectric sections of VES-IP (electrical tomography) and their interpretation. Symbols in Fig. 1 

Fig. 3. Results of symmetrical VES-IP (Schlumberger installation). Symbols in Fig. 1 
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fully confirmed the results of geophysical research in the absence of frozen rocks. Along the 

trench bed and across the entire area, measurements were made of the soil temperature in the 

natural occurrence. Their results are also consistent with the geophysical diagnostics on the 

presence of thawed and frozen rocks (Figs. 1, 2). 

A sharp increase in the specific electrical resistance of watered soils in the zone of negative 

temperatures is naturally associated with the formation of ice in the pores and cracks, which 

has a high (more than 10,000 Ohm×m) resistivity [1], [3], [4], [6], [7], [8]. 

The increase in the IP of thawed rocks in comparison with frozen ones is associated with a 

number of mechanisms of natural electrochemical processes. The first one is the content of clay 

material. Rocks containing fine clay substance have a noticeable polarization and may have an 

increased induced polarization comparable to that characteristic of ore inclusions [5]. The 

second one is related to the existence of a functional relationship between permeability and 

polarization. 

In this case, it means the movement of liquid in the pores of the rock under the influence of 

the superimposed field. In the aeration zone, polarization is supplemented by phenomena 

related to free water transport, when the relationship of the IP with the filtration properties of 

the geological terrain is preserved. 

When the soil is frozen, with medium and coarse sand fractions present (0.315-1.25 mm), 

there is a sharp decrease in the values of polarization capacity (by two or more times), which is 

due to processes occurring in all three types of water (free, loose and consolidated), 

simultaneously existing in comparable quantities at a given temperature [2]. 

The obtained results of geophysical research have demonstrated the high efficiency of the 

applied complex of electrical methods for the purpose of separating thawed rocks in the 

permafrost massif. These research methods can be recommended for studying the cryogenic 

state of soils, as well as engineering and geocryological processes. 

 

Conclusions 

 

Thus, within the research area, pronounced patterns of the cryohydrogeological state of rocks 

with different values of specific electric resistance and IP have been established, i.e., thawed, 

seasonally thawed, locally frozen and permafrost states. On the basis of the obtained 

geophysical materials, thawed zones and zones suitable for dredging and mining of commercial 

blocks, as well as areas of permafrost distribution, have been identified. 
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Abstract 

 

This paper addresses the geological structure of the Kumakskoye ore field located within the 

Anikhovsky Graben (Southern Urals). Special attention is given to the carbonaceous shales of 

the Bredinskaya Formation, which are widespread in this area. The carbonaceous matter, and 

its distribution within the shales are studied. Thermal and isotopic analyses showed that the 

carbonaceous matter was of biogenic nature and underwent metamorphism under conditions of 

high-temperature subfacies of greenschist facies. 
 

Keywords: Southern Urals, carbonaceous shale, black shale, Bredy Formation 

 

Introduction  

 

Black-shale deposits are widely distributed globally. They form a very favorable 

geochemical environment for the sorption of noble and rare metals. They can also be a source 

of such metals while undergoing metamorphic transformations [1], [2], [3], [4], [5], [6], [7]. In 

the Southern Urals, black shales can be found in the Bredy Formation (C1bd) along with gold 

and quartz ore bodies [8], [9]. The stratigraphic section is dominated by carbonaceous 

terrigenous sedimentary rocks: siltstone, carbonaceous clay shale and sandstone, and rare beds 

of limestone and coal. At the base of the section, there are subdominant effusive rocks (dacite 

and andesite porphyrites and tuffs). 

The Kumakskoe gold deposit is one of the most promising objects within the Bredy 

Formation 

 

Geological Setting 

 

The Kumakskoe ore field is located in the Anikhovsky Graben, which stretches in the 

meridional direction. It is filled with carbonaceous terrigenous-carbonate sediments; its side 

parts are composed of volcanic sedimentary rocks. The grabenôs geometry is complicated by 

the Kumak-Kotansunskaya shear zone ï part of a large tectonic fault (Chelyabinsk Deep Fault), 

which can be traced along the East Ural Uplift. In the adjacent zones of the Anikhovsky Graben, 

there is a pronounced near-fault longitudinal compression folding. Intense shearing masks the 

layering of the folds, creating the appearance of monoclinal bedding. In the central part of the 

shear zone, at 10 km along its strike, there are a number of gold occurrences (Kumak, Kumak-

Yuzhny, Zabaikalskoye, Tsentralnoye fields) (Fig. 1). 
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Fig. 1. Geological map of the Kumakskoe ore field (Southern Urals) (modified after [10]). 

Legend: 1 ï Birgilda Series (conglomerates, sandstones, limestones, carbonaceous shales), 2 ï Bredy Formation 

(carbonaceous shales, sandstones, siltstones, conglomerates), 3 ï Bereznyaki Series (basic and acidic tuffs, lavas, 

layers of siltstone and carbonaceous shale), 4 ï Kokpeky Series (basaltic lavas and tuffs, subvolcanic gabbro-

dolerites, rhyolites), 5 ï Dzhabyk-Sanarka Series (granite, leucogranite), 6 ï Kumak Series (diorite, plagiogranite), 

7 ï gold occurrences and fields: 1 ï Vostochno-Tykashinskoe, 2 - Kommercheskoe, 3 ï Milya, 4 ï Tamara, 5 ï 

Zabaikalskoe, 6 ï Baikal, 7 ï Tsentralnoe, 8 ï Kumak, 9 ï Kumak-Yuzhny 

 

The ore bodies gravitate towards a set of carbonaceous shales, 70-120 m thick and stretching 

for several tens of kilometers. Carbonaceous shales are widespread in the Bredy Formation 

(C1bd), which overlays the Bereznyaki Series (D3-C1bz) and is overlain by the Birgilda Series 

(C1br). It is 350-700 m thick [10]. The black shales of this region can be subdivided into several 

groups depending on their composition: (1) sericitic-quartz-carbonaceous; (2) quartz-

carbonaceous-tourmaline; (3) ottrelite-carbonaceous; and (4) quartz-carbonaceous-ottrelite. 

The first ones are the most widespread. They are grayish-black (sometimes black) fine-

grained rocks with poor schistosity, easily splitting along cleavage planes. In the western part 

of the field, there are mostly rocks with a significant ottrelite content. 

Carboniferous shales have microlepidoblastic, lepidogranoblastic or heterogranoblastic 

structure and mostly shale texture. The structure is conditioned on the presence of quartz and 

tourmaline grains, and also scales, laths and scaly mica aggregates. The texture is characterized 

by layers of quartz-carbon-sericite, thin layers and elongated lenses of quartz, and fine-to-
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coarse-grained quartz alteration. The thickness of these layers varies widely. The banded texture 

is complicated by a series of asymmetrical sub-parallel cleavage folds (Fig. 2). The average 

mineral composition of black shale rocks is: quartz (up to 40%), sericite (5-10%), carbonaceous 

matter (up to 50%), carbonates (5-10%), sulfides (up to 5%). 

 

 

Results and Discussion 

 

The carbonaceous matter is in a finely dispersed state or in the form of a mass that cements 

the rest of the minerals. It is dominated by sapropel in the form of irregularly shaped fragments; 

however, in metamorphic parts, it is represented by large flaky graphite veins. The amount of 

carbonaceous matter is often quite significant (Fig. 2a). Hydrothermal metamorphism is 

expressed in layers of sericite, recrystallized quartz, and carbonate, cementing (and sometimes 

consuming) the quartz. Tourmaline is also constantly present in the shales. It forms prismatic 

crystals 0.1-0.3 mm in size along the long axis, clearly pleochroic, changing its color from dark 

green to light green (Fig. 2b). Small particles of carbonaceous matter are constantly present in 

the central parts of tourmaline grains (sealed inside during growth). Its content ranges from 

single grains to 15-20% near tourmaline-sericite shales. The sulfide content does not exceed a 

few tenths of a percent, reaching 2-3% in the richest areas. 

It is known that Corg content in typical black shales is 1% or above, and the rocks can be 

classified into three groups [11]: 1) low-carbon, 1-3%; 2) carbonaceous, 3-10%; 3) high-carbon, 

>10%. Thermal and gravimetric analysis showed that the shales of the Kumakskoe field have 

on average a Corg content of 6.4% (with a maximum of 11.1%), and this allocates them to the 

carbonaceous group. 

A Delta V Advantage mass spectrometer, together with a Flash Elemental Analyzer, was 

used to study the carbon isotope composition and identify the genesis of the carbonaceous 

matter. The measurements were carried out at the ñGeonaukaò CCU (analyst I.V. Smoleva, 

Institute of Geology, Komi Scientific Center, Ural Branch of the Russian Academy of Sciences, 

Syktyvkar). 

 

 

 

 

 

 

 

Fig. 2. Banded texture of the rock complicated by cleavage folds (a), and quartz-mica-tourmaline veins in 

carbonaceous shale (b) (without analyzer, 200x) 
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Fig. 3. Carbon isotope composition (a) and the black shales of the Bredy Formation (blue points) on the diagram 

of thermal stability of carbonaceous materials (b). 

a: typical values of carbon isotopes in marine carbonates (I), mantle carbon (II) and biogenic carbon (III) according 

to Javoy et al. [12]. 

b: burn-off stages according to Silayev et al. [16]: I ï modern plants, organic matter in unmetamorphosed 

sedimentary rocks, coprolite; II ï asphalt, low kerite; III ï asphaltite, kerite; IV ï high kerite, anthraxolite, shungite; 

V ï graphite, carbon diamond; VI ï diamond 

 

The accuracy was Ñ0.15ă. ŭ13C (vs. PDB) values fall within the range of (-19.07) ï (-22.80) 

(Fig. 3), which indicates the biogenic nature of carbon. The minor variations are most probably 

associated with varying intensity of metamorphism [12], [13], [14], [15]. 

Black shales are convenient for determining the degree of metamorphism [17], [18]. This is 

because carbon reacts to metamorphic transformations only by changing its structure and 

aggregate state. The temperature at which the exothermic effect corresponding to the graphite 

burn-off is observed changes abruptly by about 100 °C in the rocks of each subsequent facies 

as metamorphism intensifies. It is also assumed that graphitization is an irreversible process 

[19]. The least altered samples of carbonaceous rocks were selected for the analysis, allowing 

for determination of the degree of regional metamorphism. Thermal and gravimetric analysis 

was performed on the Q-1500 derivatograph (Hungary) (analyst T.I. Chernikova, Institute of 

Geology, Ufa Federal Research Center of the Russian Academy of Sciences, Ufa). Heating was 

carried out in air, from 20 to 1000 °C at a rate of 10 °C/min. The ratio between the initial 

temperature of the exothermic effect and its maximum value on the thermal stability diagram 

shows that organic carbon underwent high-grade metamorphism, comparable to that of high 

kerite, anthraxolite and shungite [16]. The maximum temperature of the exothermic effect falls 

within the range of 630-770 °C (during metamorphism, temperature was around 560-700 °C), 

which corresponds to the epidote-amphibolite subfacies of the greenschist facies [20]. 

 

Conclusions 

 

The study of the Kumakskoe ore field showed that the rocks of the Bredy Formation are of 

the carbonaceous type. The carbonaceous matter is represented by little- metamorphosed 

sapropel diagenetic and metamorphic graphite, is of biogenic origin and underwent 

metamorphism under conditions of high-temperature subfacies of the greenschist facies. 
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Abstract 

 

Major, trace and rare earth element (REE) analyses were carried out on stromatolitic 

dolomites collected from drill cores of the project FAR-DEEP International Continental 

Drilling Program (ICDP) revealed Upper Jatulian carbonate succession of the Onego 

Paleoproterozoic sedimentary basin (Russian Karelia). We used laser ablation-inductively 

coupled plasma-mass spectrometry (LA-ICP MS) to measure trace and REE element 

concentrations in both dark and light stromatolite laminae. 

Comparison of the trace element composition of the stromatolites with corresponding clarke 

values for the carbonate rocks and the values of geochemical markers suggest that the 

stromatolites were forming in an open system in the Late Jatulian and upon transition to the 

Ludikovian. The evolution of transgression in the Onega paleobasin by the early Ludikovian, 

based on analysis of the geochemical characteristics of the stromatolites, is consistent with the 

conclusion drawn earlier based on facies analysis. 

The data based on analysis of the trace element composition of Paleoproterozoic Late 

Jatulian stromatolites could be used to assess facies settings in the sedimentary basin. 
 

Keywords: Rare earth elements, Paleoproterozoic, stromatolites, dolomites, sedimentary basin, paleoenvironment, 

geochemical markers 

 

Introduction 

 

More and more attempts to reconstruct the geological evolution of paleobasins are made 

these days using geochemical criteria based on evidence for the behaviour of chemical elements 

in the water and sediments of modern water bodies. Various geochemical indicators are widely 

used to assess a paleogeographic depositional environment, because the trace element 

composition of carbonate and other rocks can be estimated. As the number of such markers 

increases, the scholar inevitably faces problems in verification and, consequently, in the validity 

of conclusions based solely on the use of geochemical indicators. 

To assess the data obtained with various geochemical markers for carbonate rocks well-

studied by geological methods, we used Paleoproterozoic stromatolites from the various 

stratigraphic levels of the Jatulian succession of the Onego paleobasin in Karelia (Fig. 1). 

The lithofacies of a growing shallow water-marine carbonate platform in the Upper Jatulian 

sequences of the Onego paleobasin have been shown to be ubiquitous. Several recurring 

carbonate-evaporite cycles, sediments from sebkha and playa water bodies, dissolution and 

collapse breccias and surface and submarine karst phenomena have been reported. This 

evidence is indicative of frequent sea level fluctuations, numerous drainage episodes in an 

oxidative environment and sedimentation in a shallow epicontinental sea. On the present level 
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of the erosion section, Late Jatulian carbonate rocks, up to 800 m in thickness, have been 

documented from some local sequences of the Onego paleobasin. 

 

 

Fig. 1. Stratigraphic position of the stromatolitic dolomite samples analyzed. A fragment of the all-Russia 

stratigraphic scale for Paleoproterozoic (a) and the Jatulian succession (b) are shown 

 

A collection of stromatolite samples from cores, obtained by drilling under the international 

project FAR-DEEP International Continental Drilling Program (ICDP) at the northwestern 

closure of the North Onegian Synclinorium which intersected the carbonate sequence of the 

Jatulian Onego horizon (Tulomozero formation) [1], was studied. 

 

Methodology 

 

Trace element concentrations in g/t or ppm were measured in each of the samples analyzed 

in the dark and light laminae of a stromatolitic buildup using the laser ablation inductively 

coupled plasma mass spectrometry (LA ICP-MS) method in the Collective Analytical Center 

of KarRC RAS (analyst ɸ. S. Paramonov). Chemical element concentrations were estimated 

on an X-SERIES 2 quadrupole mass-spectrometer. The laser work energy was 0.133 mJ, the 

scanning speed was 70 µm/s and the impulse frequency was 10 Hz. Data from three 

measurements at each point were obtained. As a result, the ablation crater diameter increased 

to 70 µm and its depth was up to 40 µm. The first values obtained were used for calculation of 

indicator ratios. Measurements were made using NIST 612 standard. The measurement error 

did not exceed 25% for K, Mg, Ca, Sr, Nb, Zn, Co, V, Cr, As, Ge and Ga at most of the points 

of the samples. The measurement error for Na, Fe, Ti, Cu, Ba, Zr, Y and especially U and Th 

at most of the points was over 25%. The laser sampling parameters (laser wavelength, impulse 

duration, etc.), affecting analytical results, remain constant for all the points in all the samples 

analyzed. Therefore, an increase in the measurement error of some element concentrations in 

some of the points in the same sample could be due to a difference in the physical characteristics 

of a stromatolite sample at different points (the crystalline structure of carbonate or an impurity 

mineral, the absorption and reflection coefficient of radiation, etc.). The data obtained can thus 

be used for qualitative analysis. 
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The mineral composition of the stromatolite samples was studied on a Tescan VEGA II LSH 

scanning electron microscope with an INCA Energy 350 energy dispersion microanalyzer 

(Oxford Instruments). 

 

Results 
 

The macroscopically studied stromatolite samples consist of individual alternating light and 

dark laminae (Table 1). The laminae differ in either the size of dolomite crystals or the quantity 

of impurities. The dark laminae also contain abundant sandy-clayey impurities. 

 
Table 1. Characteristics of stromatolite samples from the Upper Jatulian sequence of the Onego paleobasin, 

Karelia. Dots indicate the sites at which trace element concentrations in a sample were measured 

Sample  Depth, m ï 

Drill hole 

Stratigraphic 

unit 

Lithological description 

6255 

 

107.49 ï 

DH11A 

Beds with 

Calevia 

ruokanensis 

(on2
b) 

Pale-pink dolomite with 

red-brown layers of small 

dome-shaped and 

stratiform stromatolites 

Stratiferales with a clotted 

structure. 

6258 

 

115.35 ï 

DH11A 

 

Beds with 

Butinella (on2
a) 

Light-grey, parallel-

laminated dolarenite with 

the mini-columnar 

stromatolites Klimetia sp. 

and well-defined 

sedimentary deformations 

6260 

 

127.43 ï 

DH11A 

Beds with 

Butinella (on2
a) 

Variegated, indistinctly 

laminated dolomite with 

the stratiform stromatolites 

Stratifera ordinata Mak., 

1983 
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6236 

 

65.58 ï  

DH10A 

Beds with 

Omachtenia 

 kintsiensis 

(on1
d) 

Recrystallized mottled 

dolomite with the 

columnar-stratiform 

stromatolites Omachtenia 

sp. 

6245ʘ 

 

328,61 ï 

DH10A 

Beds with 

Sundosia  

(on1
c) 

Light-brown dolomite with 

deformed layers of the 

stratiform stromatolites 

Stratiferales and flaser 

layering. Asymmetrical 

ripple marks, emphasized 

by dark clay, are 

occasionally encountered. 

 

The carbonate rocks discussed were recrystallized under low-temperature greenschist-facies 

conditions. Primary sedimentary textures and structures were partly obliterated during 

recrystallization, but all the rocks have retained easily identifiable layering and fine 

stromatolitic lamination. Micritic dolomites are fairly scarce. Most carbonate microstructures 

display granulated, crystalline and microsparitic dolomite. Late carbonate phases, which fill 

cavities and veins and support breccia, consist of sparitic dolomite. 

Most of the carbonate rocks ʘre contaminated. The main non-carbonate impurity is silica, 

both chemically precipitated and occurring as clastic quartz grains. 

Feldspar grains, represented by microcline and orthoclase, as well as magnetite, goethite, 

sphene, chalcopyrite, scarce biotite, muscovite and phlogopite grains, are encountered. The 

mineral composition of stromatolite sample 6245ʘ is most diverse: in addition to dolomite and 

calcite, it contains large quantities of fluorapatite, phlogopite, K-feldspar, goethite and rutile. 

Scarce zircon, barite and sphene grains occur. Quartz, phlogopite and goethite are abundant 

higher in the sequence (sample 6236). Apatite is occasionally encountered. 

The purest dolomite occurs on the stratigraphic level of beds with Butinella (on2
a). 

The mineral composition of stromatolites from the unit of beds with Calevia ruokanensis 

(on2
b) is represented by dolomite and calcite. Scarce micron-sized quartz, goethite, fluorapatite 

and K-feldspar grains are observed. 

Stromatolites from the various levels of the stratigraphic sequence are similar in the mineral 

composition of carbonate-silt laminae, suggesting the scour of dominantly granitoid rocks. 

Consequently, in the Paleoproterozoic terrigenous materials was mainly supplied into the 

sedimentation basin by Archean basement granitoids. This assumption is supported by the trace 

element composition of the stromatolites (Table 2). 

 
Table 2. Petrogenic (wt. %) and trace element (ppm) concentrations in stromatolite laminae (median value) 

 6236 6245A 6255 6258 6260 *  

Li  1.597 16.66 13.02 5.5 1.21 5 

Na (%) 0.10 0.28 0.03 0.27 0.09 (0.25) 

Mg (%) 5.92 5.81 4.57 8.95 4.83 4.6 

K (%) 0.11 0.45 0.13 0.08 0.10 0.28 

Ca (%) 30.61 14.37 11.95 46.09 23.89 32.5 
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Sc 28.54 34.19 16.45 38.09 34.11 1 

Ti 38.39 45.08 486.90 36.66 18.21 1200 

V 33.44 46.37 14.68 31.82 34.21 20 

Cr 33.66 36.90 20.99 29.75 35.70 11 

Mn 107.30 73.94 210.60 53.54 80.40 400 

Fe 136.20 761.30 6829.00 143.95 48.80 8600 

Co 9.72 22.26 6.51 14.57 12.90 0.1 

Ni 28.88 40.76 11.83 31.06 26.57 2 

Cu 56.07 48.60 89.07 48.26 59.37 4 

Zn 71.55 68.17 84.98 39.96 74.13 20 

Ga 25.98 39.90 9.71 28.76 28.40 4 

Ge 22.67 29.25 10.50 26.84 25.43 0.2 

As 26.35 32.21 14.33 28.94 30.44 1 

Rb 3.89 38.52 1.83 5.82 4.27 3 

Sr 362.40 218.00 84.93 174.00 78.23 610 

Y 2.94 8.22 3.25 6.55 4.28 30 

Zr 3.52 9.63 9.76 8.18 4.47 20 

Nb 5.13 10.02 2.07 8.69 5.44 0.3 

Cd 5.07 10.35 2.16 10.69 7.86 0.035 

Ba 3.56 70.36 12.10 8.06 4.26 10 

Pb 6.95 0.97 1.79 5.20 4.49 9 

Th 0.14 0.44 0.60 0.33 0.09 1.7 

U 0.08 0.35 0.53 0.58 0.14 2.2 

* ï average chemical element concentrations in the carbonate rocks (After [2]) 

 

The trace element behaviour (the median value for all determination points in a particular 

sample is then estimated) in all stratigraphic units of the sequence displays the same type. 

In the lower part of the sequence Mg, Ca, K and Na are present in small quantities not 

exceeding the clarke values of these elements in the carbonate rocks (the clarke values after 

[2]). Their concentrations decrease upwards, except for a local increase in Na and Ca 

concentrations to the clarke value in sample 6258. 

Mn, Fe, Ti, Sr, Y, Zr, Pb, Th and U concentrations in stromatolites from all levels in the 

Jatulian sequence are much smaller than their abundance ratios in the carbonate rocks. Fe 

concentration on the on2b level (sample 6255) increases sharply to 6829 ppm in comparison 

with Fe in stromatolites from the lower part of the Jatulian sequence, but does not reach the Fe 

clarke value in the carbonates (8600 ppm). 

The clark values are three times as high for Cr, ten times as high for Ni, Sc, Cu, Ge, Ga, As, 

Nb and Sn and hundreds of times as high for Co. 

Rb exceeds clarke values only in the on1
c unit. Ba concentrations in this unit exceed clark 

values, decreasing to lower clarke values upwards. 

All the stromatolites contain Cs on the clarke value level. 
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The distribution of some elements in the stromatolite samples estimated in some of the 

laminae is shown below (Fig. 2). 

 

There is much in common in Fe and Mn distribution in the stromatolite laminae. Fe 

concentrations in samples 6245ʘ, 6236, 6260 and 6258 do not reach its clarke value in the 

carbonates, varying from tens to hundreds g/t (ppm). Fe concentration in some laminae 

increases, as indicated by the peaks (Fig. 2), but fails to reach its clarke value. Fe concentration 

increases sharply only in the on2
b unit, either reaching clarke values or being several times as 

high. 

Mn is present in all the laminae of all the samples in subclarke concentrations, increasing in 

stromatolites from the stratigraphic level on2
b but not reaching clarke values. 

Ba concentrations in some of the laminae in sample 6245ʘ are 2-3 to tens of times the clarke 

value. Its concentration drops upwards below the clarke value. Only in the on2
b unit Ba 

concentrations in the laminae increase, reaching clarke values and even exceeding them. 

Strontium is present in all the samples in subclarke concentrations, in spite of variations in 

concentration in some of the laminae. 

V, Cr, Co and Ni concentrations are several times more the corresponding clarke in 

carbonate rocks and decrease markedly only in the on2
b unit, V is below clarke values for most 

of the stromatolite laminae. 

Zn, Cu, Ge, Ga, As and Nb in all the laminae of all the samples from the various levels of 

the sequence display similar concentrations that markedly exceed the corresponding clarke 

value. Sc is 2-3 times the crustal abundance, except for sample 6255, where its concentration is 

close to clarke values. 

Fig. 2. Trace element distribution in Jatulian stromatolite laminae 
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Rb concentration is high in all the stromatolite laminae from the stratigraphic unit on1
c 

(sample 6245ʘ). It decreases upwards but remains 2-3 times the clarke value. In the on2
a unit 

Rb concentrations are below clarke values, except for some of the laminae. 

Concentrations that exceed clarke values were observed for all the laminae of all Sc, Sn and 

Sb samples. Absolute Li concentrations in the lower part of the sequence considerably exceed 

clarke values and drop below subclarke values upwards. Li concentrations increase to clarke 

values only on the on2 stratigraphic level in some of the laminae of all the samples. 

Zr and Y are present in small quantities throughout the carbonate sequence. 

 

Discussion 

 

The degree of post-sedimentation alterations of the carbonate rocks discussed can be reliably 

estimated from the Mn/Sr ratio. This index, as well as Mg/Ca, Fe/Sr values, suggest that the 

stromatolites analyzed have suffered minor diagenetic alterations. Therefore, they can be 

analyzed using geochemical data. Sample 6255 showed high Mn/Sr and Fe/Sr ratios, and the 

Fe/Sr value for sample 6245a in many laminae is over three. It is in the mineral composition of 

these stromatolites that micron-sized goethite and hematite are abundant. We believe that as a 

result, some of the index values, used to assess post-sedimentation alterations, increase. High 

Mn/Sr ratios could be provoked by a rise in Mn concentration and a simultaneous decline in Sr 

concentration, which may occur in an alkaline medium because more fresh water is supplied 

from land into the basin. Such a situation would arise upon the advance of transgression. This 

argument is consistent with available geological evidence [3]. It has been assumed earlier that 

most of Sr in a Late Jatulian basin has derived from the mantle [4], [5]. However, this 

assumption is not supported by the trace element composition of the stromatolite samples 

discussed. 

An essential index, used to reconstruct a paleogeographic setting, is the oxidation-reduction 

environment of a sedimentary basin. Several markers, such as V/(V+Ni) [6], [7], U/Th, Ni/Co 

[8], V/Cr [9] and Mo/Mn [10], are used in the geological literature to describe redox conditions. 

Analysis of V/V+Ni and U/Th ratios suggests that the growth of stromatolitic buildups in 

Jatulian time was paralleled by the alternation of oxic ï disoxic ï (seldom euxinic) settings. 

Conclusions about redox conditions, drawn from the U/Th index, are not always consistent 

with the results obtained with other geochemical markers. This could be connected with two 

uranium accumulation mechanisms: accumulation in a reduction medium and the supply of 

pyroclastics into the basin. Mechanical enrichment in uranium, contributed to by accessories 

(monazite and zircon) in the carbonate analyzed, is not discussed because there are no such 

minerals in the stromatolites. 

The values of such geochemical indicators as Ni/Co and V/Cr suggest that these 

stromatolites were formed in an oxic zone under good aquatic aeration conditions. The 

formation of the stromatolitic buildups under elevated hydrodynamic activity conditions is also 

indicated by subclark Sr concentrations in all the samples. 

To measure the depth of a sedimentary basin, a Fe/Mn value is used [11]. The value of this 

index for the upper portion of the sequence suggests a deep-water environment and sea 

transgression. 
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However, the lower portion of the sequence (stratigraphic unit on1
c, sample 6245 ʘ) evolved 

in a shallow-water environment, as indicated by its rare-earth distribution pattern (Fig. 3). Data 

on rare-earth elements (REE) were obtained for two samples: 6245ʘ and 6236. REE 

concentrations decrease upwards from 11.21 to 1.59 ppm. This could be due to transgression, 

which had begun by the accumulation of carbonates of the on1
d unit, and the reduction of the 

supply of terrigenous material from land. 

The Ce anomaly sign changes upwards from positive (1.3) to negative (0.7), suggesting the 

increased contribution of sea water to its formation, i.e. the onset of transgression. ʉʝ anomaly 

was calculated using the formula Ce*=2*Ce/CeNASC/(La/LaNASC+Pr/PrNASC) [12]. 

The absence of positive Eu anomaly does not suggest the transport of hydrotherms or 

volcanogenic pyroclastics into the basin. However, this assumption seems to be inconsistent 

with above-clark Pb, Zn, Cu and as concentrations in stromatolites on this stratigraphic level. 

In addition to the above elements, the hydrotherms are characterized by elevated uranium 

concentrations, but in the stromatolites discussed, except for some of the laminae in a sample 

from the upper portion of the sequence, uranium is present in subclarke concentrations and 

often below detection limits. 

The elevated concentrations of the above trace elements, together with Nb, Ga, Ge, Co and 

No, are associated with the transport of material from the eroded granite-greenstone area of the 

Karelian Craton.  

It should be noted that there is actually no Early Jatulian basalt destruction products formed 

upon basalt-sea water interaction in the sedimentary basin. 

Jatulian basalts are rich in sodium, while underlying Sumian andesite-basalts are rich in 

magnesium. However, Mg concentrations in stromatolitic dolostones throughout the sequence 

are below clarke values, as are Na concentrations. 

Comparison of the trace element composition of the stromatolites with corresponding clarke 

values for the carbonate rocks and the values of geochemical markers suggest that the 

stromatolites were forming in an open system in the Late Jatulian and upon transition to the 

Ludikovian. This conclusion about the evolution of transgression in the Onega paleobasin by 

the early Ludikovian, based on analysis of the geochemical characteristics of the stromatolites, 

is consistent with the conclusion drawn earlier based on facies analysis. 

 

Conclusions 

 

Data on trace element distribution in stromatolitic dolomites are consistent with the results 

of lithologo-facies analysis and with data obtained using some geochemical markers. This has 

led the authors to conclude that the data based on analysis of the trace element composition of 

Fig. 3. REE spectra in Jatulian stromatolites 
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Paleoproterozoic Late Jatulian stromatolites could be used to assess facies settings in the 

sedimentary basin. These conclusions can be verified in reference areas by lithologo-facies 

analysis that takes more effort. 
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Abstract 

 

This paper presents the first results for carbon and oxygen isotopic compositions of Ludlow 

(upper Silurian), as well as the Frasnian and Famennian (Upper Devonian) stromatolite 

buildups from Timan-North Ural region. A regularity was revealed in the change in the isotopic 

values of carbon and oxygen in the studied buildups. These changes are possibly associated 

with different hydrochemical regimes of sea waters, as well as with the processes of sulphate 

reduction in stromatolites. 
 

Keywords: carbon isotope, oxygen isotope, stromatolites, Silurian, Devonian, Chernov Swell, South Timan, 

Khoreyver depression 

 

Introduction  

 

Stromatolites are usually considered as biogenic sedimentary formations ï products of 

mechanical capture, binding and sedimentation of particles that were formed by 

microorganisms, mainly cyanobacteria [1]. They have a wide stratigraphic range, from the 

Proterozoic to the present. 

Thier greatest abundance occurred during the Precambrian, before gradually waning during 

the Paleozoic. In the geological history of the Phanerozoic Earth, stromatolites are quite often 

found during periods of geobiological crises and biodiversity reduction associated with climatic 

changes, as well as sharp fluctuations in the global sea level [2], [3], [4], [5]. 

Analysis of the isotopic composition of carbon and oxygen is currently widely used to 

reconstruct the paleoecological conditions of the formation of sedimentary strata. Stromatolites 

as biogenic-sedimentary formations may contain primary isotopic information about 

environmental conditions in the past [6]. 

Currently, the stable isotopic geochemistry of Paleozoic stromatolite buildups in the Timan-

North Ural region have not been studied. The purpose of this study is to analyze the first data 

on the isotopic composition of carbon and oxygen in stromatolites of this region in the Upper 

Ludlow (Silurian), Frasnian, and Famennian (Upper Devonian), to establish the 

paleoenvironmental conditions of stromatolite-forming organisms in the sea basin. 

 

Material and methods 

 

The object of the study were the sections of the Upper Silurian and Upper Devonian, which 

located in the Timan-North Ural region (Fig. 1A). The Silurian stromatolites were studied in 

outcrop 1 of the Padimeityvis (sample 1/6/2) (Fig. 2ɸ) and Sizim (sample 17/429) (Fig. 2B) 

Ludlow horizons. This section is located in the central part of the Chernov Swell (Padimeityvis 

River) (Fig. 1B). Frasnian (Upper Devonian) stromatolites (sample 12/18) (Fig. 2C) were 

studied in outcrop 12 along the Sedyu River. This section is located within the Ukhta anticlinal 
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fold of the East Timan megaswell of South Timan (Fig. 1D). Famennian (Upper Devonian) 

stromatolites (sample 19/14) (Fig. 2D) was studied from the borehole 19 in the Oshkotynskaya 

area (Khoreveyskaya depression) (Fig. 1C). The collection of stromatolites is kept in the 

Geological Museum of A. A. Chernov in N. P. Yushkin Institute of Geology, Komi Scientific 

Centre, UB, RAS, Syktyvkar (collection no. 654). 

 

 
Fig. 1. Map of the studied localities: A ï tectonic zones of the Timan-Pechora province (according to: [6] with 

simplifications and additions), B ï outcrop 1, the Padimeityvis River; C ï borehole 19 of Oshkotynskaya area; D 

ï outcrop 12, the Sedyu River 

 

The lithological features of the stratigraphic sections, as well as the microscopic and 

morphological diversity of stromatolite structures were studied by the authors earlier [7], [8], 

[9], [10], as well as by G. ɸ. Chernov on the Padimeityvis River [11] and E. S. Ponomarenko 

on the Sedyu River [12]. 

Powdered samples (up to 1 mg) obtained from polished tiles using a diamond drill 3.5 mm 

in diameter served as the material for the analysis of the isotopic composition of carbon and 

oxygen. 

Samples were obtained sequentially in layers. In total, 54 samples (15 from specimen 1/6/2, 

11 from specimen 17/429, 12 from specimen 12/18 and 16 from specimen 19/14) were collected 

and prepared for carbon and oxygen isotopic analyses, which was conducted at the ʉKP 

«Geonauka» of N.P. Yushkin Institute of Geology, Komi Scientific Centre, UB, RAS, 

Syktyvkar on a DELTA V Avantage mass spectrometer (analyst I. V. Smoleva). The isotope 

coefficients were determined in ppm (ă) according to the PDB NBS18 and NBS19 (TS-

limestone) standards for carbon. The error in determining both coefficients did not exceed ± 

0.1ă. 
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Fig. 2. Silurian and Devonian stromatolite structures. A ï sample 1/6/2 (Ludlow, Gorstian/Padimeityvis horizon, 

the Padimeityvis River); B ï sample 17/429 (Ludlow, Ludfordian/Sizim horizon, the Padimeityvis River); ʉ ï 

sample ʉ12/18 (Frasnian, Upper Devonian, outcrop 12, the Sedyu River); D ï sample 19/14 (Famennian, 

Devonian, borehole 19 of Oshkotinskaya area). 

 

Results 

 

The values of the isotopic composition in the Silurian stromatolite of the Padimeityvis 

horizon range from 0.89 to ï 3.77ă for ŭ13C and from 21.85 to 27.29ă for ŭ18O (Fig. 3C). The 

average values of isotopic coefficients are: ŭ13ʉ ï 2.02, ŭ18ʆ ï 25.11ă. The ŭ13ʉ and ŭ18ʆ 

values show a slight negative correlation (r = ï0.34). At the base of the buildup more weighted 

values of ŭ13ʉ = ï 0.45 to 0.89ă were recorded, compared to the values ŭ13ʉ = ï 1.61 to ï 

3.77ă in the upper part of the structure. Also, the regularity in the distribution of ŭ18ʆ values 

was established for the light and dark layers of the buildup. So, in light layers, the oxygen 

isotopic composition has more weighted values up to 27.09ă, whereas in dark layers it is up 

to 21.85ă. Thus, from bottom to top of the stromatolite buildup, we observe a lightening of 

the isotopic composition of carbon and an increase in the values of oxygen isotopes. 

The isotopic composition of the stromatolite of the Sizim horizon differs from the 

stromatolite of the Padimeityvis horizon by possessing lower ŭ13ʉ values of ï 6.3 to ï 7.54ă 

and ŭ18O values from 22.87 to 25.07ă (Fig. 3D). Average values are ŭ13ʉ = ï 6.57ă, ŭ18ʆ = 

23.89ă. The ŭ13ʉ and ŭ18ʆ values also show insignificant correlation (r = -0.66). In the middle 

part of the buildup, there is a tendency for an insignificant increase in ŭ13ʉ values to ï 7.54ă 

and ŭ18ʆ values to 25.07ă. The distribution of ŭ13ʉ and ŭ18ʆ values within dark and light 

layers are irregular. 

https://www.multitran.com/m.exe?s=the+Gorstian&l1=1&l2=2
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In the Frasnian stromatolite, the content of ŭ13C ranges from 0.06 to 0.57 ă, and ŭ18O varies 

from 22.5 to 23.67ă, which correspond to carbonates of normal marine composition (Fig. 3E). 

The average ŭ13C value is 0.27ă with a deviation of 0.16ă, and ŭ18O is 22.98 ă with a 

deviation of 0.43ă. No correlation was found between carbon and oxygen (r=-0.08). Despite 

the fact that the scatter of isotope data is insignificant, one can nevertheless observe some 

regularity in the distribution of ŭ18ʆ values throughout the layers. At the base of the buildup, 

dark layers have slightly more weighted values (ŭ18ʆ = 23.37-23.67 ă) compared to light ones 

(ŭ18ʆ = 22.21-22.5ă). In this case, the ŭ18ʆ values tend to decrease upward through the 

buildup. 

According to the results of isotope analysis of the Famennian stromatolite samples, ŭ13C 

values range from 0.8 to 1.5ă, and ŭ18O ranges from 23 to 24.4ă. Based on these data, we can 

say that the studied samples belong to normal-marine carbonates. The average value of ŭ13C is 

1.18ă with a deviation of 0.2ă, and the average value of ŭ18O is 23.94ă with a deviation of 

0.34ă (Fig. 3F). It should be noted that a fairly strong direct correlation is revealed between 

carbon and oxygen (r=0.73). Despite the fact that the data form a compact distribution in the 

diagram [7] some regularity in the variation in isotope value is present. The lowest values of 

ŭ13C and ŭ18O are observed in the lower part of the buildup (0.8-1.2ă; 23.3-23.6ă, 

respectively). In the middle part of the buildup, the isotopic composition of both ŭ13C and ŭ18O 

increase to 1.5ă and 24.4ă, respectively. In the upper part of the buildup, the values of ŭ13C 

and ŭ18O decrease to 1.2ă and 23.8ă, respectively, compared to the middle part. Thus, in spite 

of the fact that the entire buildup was formed in a normal marine environment, three stages are 

clearly distinguished, during which insignificant fluctuations in the hydrochemistry of waters 

are noted. 

 

Discussion 

 

The results of the studies showed that the character of the change in the isotopic values of 

carbon and oxygen in stromatolites was influenced by the influx of isotopically light fresh water 

into the shallow sedimentary basin saturated with dissolved soil carbon dioxide during 

climatically humid periods and a corresponding increase in terrigenous runoff. The lithological 

sign of the influx of terrigenous material is clay matter on the surface and between stromatolite 

buildups, which is well observed in the sections of the upper Silurian. The lighter isotopic 

composition of carbon and oxygen may also be associated with sulfate reduction processes 

occurring in microbial buildups, which results in the oxidation of organic matter and the 

formation of isotopically light CO2 [13], [14], [15]. The presence of pyrite aggregates in the 

Ludlow stromatolites [10] indicates the presence of sulfate-reducing bacteria in the anoxygenic 

development zone, which is part of the cyanobacterial mat and is comparable to the model of 

their structure [16]. 

The heavier values of the isotopic composition of carbon in the dark layers can be explained 

by an increase in the primary biological productivity of the basin [5]. The isotopic composition 

of stromatolite structures generally confirms the participation of microorganisms in the 

distribution of carbon isotopes. 

The Upper Devonian stromatolites are characterized by ŭ13C and ŭ18O that are typical of 

normal marine carbonates of Phanerozoic age [17]. A slight decrease in the ŭ18ʆ values up 

through the buildup in the Frasnian may indicate the inflow of weakly desalinated water during 

the growth of the stromatolite and an increase in the temperature gradient. This study identified 

a regularity in the distribution of ŭ13C and ŭ18O values within the Famennian stromatolite, which 

made it possible to define the stages of the buildupôs growth associated with possible 

fluctuations in the hydrochemistry of waters [7]. The isotopic composition of carbon and 
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oxygen of the Ludlow Silurian stromatolites is characterized by lighter values than those of the 

Devonian. 

Similar differences in carbon and oxygen isotopic composition between the Silurian and  

 

Devonian were mentioned for the bulk carbonates [18]. L. A. Anischenko and co-authors 

concluded that the isotopic composition of carbon and oxygen in the carbonate rocks of the 

Silurian boreholes of the Timan-Pechora oil and gas province is characterized by the lightest 

composition of carbon and oxygen, in contrast to the Devonian carbonates. In general, the 

carbonate rocks of the Timan-Pechora province are similar in isotopic characteristics to the 

Phanerozoic marine carbonate sediments that did not undergo significant post-diagenetic 

transformations. This difference is possibly associated with different hydrochemical regimes of 

sea waters during the Silurian and Devonian times. 

 

Conclusions 

 

As a result of the isotopic analysis of the Silurian and Devonian stromatolite buildups, 

systematic changes in ŭ13C and ŭ18O isotope values are recognized both from the bottom upward 

within the buildup and in their distribution over the dark and light layers. Low values of the 

isotopic composition of carbon and oxygen in the Silurian stromatolites may indicate the 

desalination of waters in the sea basin. The lightening of the isotopic composition of ŭ13C and 

ŭ18O may also be associated with the processes of sulfate reduction occurring in microbial 

buildups. 

The Upper Devonian stromatolites were formed in normal marine environments. In the 

Famennian stromatolite structure, an analysis of the distribution of isotope data made it possible 

to trace the stages of growth. 

Fig. 3. Distribution of the isotopic composition of carbon and oxygen in the Silurian and Upper Devonian 

stromatolites. A-B ï according to: [17] with simplification: A ï statistics for marine carbonate of Paleozoic age; 

B ï sedimentary formations of the Middle Urals; C-F ï authorsô data: C ï sample 1/6/2, stromatolite buildup of 

the Padimeityvis horizon, Ludlow; D ï sample 17/427, stromatolite buildup of the Sizim horizon, Ludlow; E ï 

sample C12/18, Frasnian stromatolite buildup; F ï sample 19/14, Famennian stromatolite structure. 
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The study of the isotopic composition of carbon and oxygen in the Silurian and Devonian 

stromatolites provided additional information on the conditions of their formation in the marine 

paleobasin and the participation of microorganisms in their formation. 
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Abstract 

 

The Paleoproterozoic interval from 2.5 to 2.0 billion years ago was a time of significant 

changes in the history of the Earth. The expansion of the Kenorland supercontinent, which 

began about 2.48 billion years ago, coincided with the accumulation of ferruginous formations 

and bimodal magmatism on the continental margins, which was recorded by the first thick 

sedimentary successions on cratons. After the accumulation of ferruginous formations, rifting 

gives way to a compression process, which also manifested itself on other Archean cratons. 

Soon the climate changed dramatically, ice sheets emerged, reaching low latitudes and 

consisting of three glacial epochs. The increase in oxygen content in the atmosphere coincided 

with this glaciation. Mature sandstones, red beds, and aluminum-rich clay rocks indicate 

significant chemical weathering on continents following inter-and post-glacial greenhouse 

conditions. Sedimentary strata with an age of 2.22-2.10 Ga include carbonate rocks with 

abnormally high positive ŭ13ʉ values, indicating a significant deviation in the isotopic 

composition of seawater. The end of the carbon isotope anomaly in the interval of 2.11-2.06 Ga 

matches with the accumulation of manganese, phosphorites, ferruginous formations and 

carbonaceous shales, probably associated with the development of oceanic basins. This time 

interval coincides with the final split of Kenorland. 

 

Keywords: Paleoproterozoic, Fennoscandian Shield, event-stratigraphy 

 

Introduction  

 

The emergence of the Earthôs aerobic system and a number of interrelated global events in 

the Paleoproterozoic, which led to irreversible changes in the Earth's surface environments, 

represent one of the most complex fundamental problems of geology. The causal relationships 

of these environmental events remain only partially elucidated. By now, it has become possible 

to recognize these events in the Paleoproterozoic successions of the eastern part of the 

Fennoscandian Shield. 

 

The main geological events in Paleoproterozoic time 

 

1. Change in fractionation of sulfur isotopes. Several lines of evidence suggest that Earthôs 

early atmosphere gradually became oxygenated between 2500 and 2000 million years ago. This 

dramatic change is known as the Great Oxidation Event (GOE). The processes that led to it, as 

well as their exact dating and duration, remain controversial. The appearance of ñred bedsò and 

sulfates in the stratigraphic sequences of the Paleoproterozoic sedimentary rocks is one of the 

most convincing evidence reflecting the change in oxygen conditions. Additional support for 

oxygenation was obtained from the study of S isotopes, which showed the presence of mass-
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independent fractionation of S-isotopes (MIF) in rocks older than 2360 Ma and the 

disappearance of such fractionation after this milestone. The disappearance of MIF is usually 

attributed to atmospheric oxygenation and related changes in photochemical reactions. In 

Imandra-Varzuga greenstone belt (Kola Peninsula), in the succession of the Seidorechka 

Formation (ca. 2442 Ma), a transition from MIF to mass-dependent fractionation of sulfur 

sotopes was recorded [1]. 

2. Huronian global glaciation. The rapid onset of global glaciation about 2320 million years 

ago is another important Paleoproterozoic ecological event. The triggers of this global 

glaciation are still poorly understood. On the Fennoscandian Shield, the Huronian glaciation is 

traditionally associated with polymictic conglomerates and tillites of the Sarioli group. The 

hypothesis of the glaciogenic origin of these formations, expressed at the beginning of the 20th 

century by P. Eskola, was later confirmed by the finds of diamictites and dropstones, indicating 

the participation of glacial processes in sedimentation. According to drilling data carried out 

within the framework of the FAR-DEEP project in the Imandra-Varzuga greenstone belt, the 

Polisarka formation contains Huronian diamictites overlain by spinifex-structured komatiites 

and underlain by Sr-bearing limestones [2]. 

3. An unprecedented change in the global carbon cycle. The largest positive ŭ13C excursion 

in the history of the Earth recorded in sedimentary carbonates is known as the Lomagundi-Jatuli 

event. There is currently no consensus on the reasons for this event. The possible role of local 

factors in amplifying the global signal remains unclear. Moreover, understanding of the causal 

relationships of the Lomagundi-Jatuli event with other global paleoecological changes in the 

Paleoproterozoic remains incomplete [3]. In the east of the Fennoscandian Shield, carbonate 

rocks enriched in 13C are known in the successions of the Umba formation (Imandra-Varzuga 

greenstone belt, ŭ13C = 3.2Ñ2.1ă), the Kuetsjarvi formation (Pechenga paleobasin, ŭ13C = 

7.4Ñ0.7ă), and so in the thick carbonate succession of the Tulomozero formation (Onego 

paleobasin, ŭ13C = ca.10 ă). 

4. Oxidized ocean-abundant Ca-sulfates. The progressive oxygenation of the Earthôs surface 

environments has led to an increase in the oxidation of sulfides during continental weathering 

and a concomitant increase in the concentration of marine sulfate. To date, available estimates 

of the size of marine sulfate reservoirs indicate that sulfates in the ancient ocean were at least 

10 µmol/kg. 

This concentration corresponds to 23% of the oxidizing capacity of the modern ocean [4]. 

The result was obtained after analyzing sulfur isotopes in anhydrite from an 800-m evaporite 

sequence drilled by a parametric well in the Onego paleobasin. Pseudomorphs after gypsum 

and anhydrite, with relics of primary minerals, have been described in large numbers in 

carbonate rocks of the Pechenga paleobasin (Kuetsjarvi and Kolasjoki formations), Imandra-

Varzuga greenstone belt (Umba formation) and Onega paleobasin (Tulomozero formation) [5]. 

Detailed mineralogical and isotopic studies are underway to decipher their ecological 

significance. 

5. Iron-rich volcanic rocks: upper mantle oxidative event. Why, how and when the level of 

oxygen in the atmosphere increased remains a fundamental problem: was it connected with the 

appearance of oxygen producing organisms-photosynthetic or with the reduction of volcanic 

emissions [6]. Volcanic rocks with an age of 2060 Ma have high Fe3+/Fe2+ ratios, which 

indicates a possible change in the redox potential of volcanic gases, which could cause 

irreversible oxidation of the Earthôs atmosphere. In the Jatulian successions of Karelia and the 

Kola Peninsula, signs of the process of mantle oxidation of basalts are recorded. In the 

volcanogenic part of the Kuetsjarvin formation in the Pechenga paleobasin wells of the FAR-

DEEP project have exposed more than 300 m of intensely oxidized basalts, which can be 

interpreted as signs of magma oxidation in the upper mantle chambers [7]. 
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6. A revolution in the biological cycle of phosphorus and organic matter. After the 

Lomagundi-Jatuli isotopic event, about 2 billion years ago, the emergence and then worldwide 

distribution of diagenetic carbonate nodules, significantly depleted by the heavy carbon isotope 
13C, is recorded. 

They are associated with other diagenetic products such as phosphorites, which appear to be 

absent in older rocks. On the Kola Peninsula, in the sedimentary rocks of the Ilmozero 

formation (Imandra-Varzuga greenstone belt), carbonate and siliceous nodules with a P2O5 

content of up to 1.2% are noted [8], and in the tuff schists and coarse-grained sandstones of the 

Pilgujarvi formation (Pechenga paleobasin), the P2O5 content reaches 8.2% [9]. In the Onego 

paleobasin, the sedimentary carbon-bearing rocks of the upper part of the Zaonego formation 

(ca. 2 Ga) contain phosphorus-rich intervals with abundant apatite (P2O5>15%). They contain 

phosphatized microfossils similar to modern methanotrophic and sulfur-oxidizing 

archaebacteria living in deep-water environment and upwelling zones with low oxygen content 

[10]. 

7. Shunga Black Shale Event. The most significant accumulation of sediments rich in organic 

matter (OM) and the generation of oil in the Precambrian occurred about 2 billion years ago 

after the Lomagundi-Jatuli event [11]. Numerous data suggest that the most probable source of 

OM were planktonic microorganisms, and the reasons for its unprecedented accumulation were 

high bioproductivity and favorable preservation conditions, under which complete oxidation of 

OM to CO2 did not occur. In eastern Fennoscandia, this event is represented by black shale 

strata accumulated on the continental slope or in the rift basin, and is reflected in the successions 

of the Ilmozero Formation (Imandra-Varzuga greenstone belt), the Pilgujarvi formation 

(Pechenga paleobasin), and is maximally developed in the Zaonego formation (Onega 

paleobasin). Here, several hundred meters of organic-rich source rocks, a petrified oil field with 

preserved oil migration routes, and several bodies of organic-siliceous rocks containing up to 

40 wt. % organic carbon. These rocks were formed under the influence of hydrothermal fluids 

or under conditions of hydrocarbon seepage simultaneously with basaltic volcanism and contain 

highly depleted 13C organic matter [12]. 

 

Conclusions 

 

The listed events can be considered a starting point for using the event stratigraphic method 

in the subdivision and correlation of the Paleoproterozoic sequences in the eastern part of the 

Fennoscandian Shield. Successful application of this method requires accurate dating of the 

identified events, together with a comprehensive understanding of paleoenvironmental settings 

and the geochemical characteristics of sedimentary and volcanic rocks on a global scale. 

 

Acknowledgements 

The research was financed from the federal budget for the fulfilment of the state assignment 

of the KarRC RAS (Institute of Geology). 

Prave A.R., Department of Earth and Environmental Sciences, University of St. Andrews, 

St. Andrews, KY16 9AL Scotland/UK 

 

REFERENCES 

 
1. Reuschel, M., Strauss, H., Lepland, A., Melezhik, V.A., Cartigny, P., Kaufman, A. J. (2009). Multiple 

sulfur isotope measurements from the 2.44 Ga Seidorechka Sedimentary Formation. Geochimica et 

Cosmochimica Acta 73, p. A1091. 

2. Brasier, A. T., Martin, A. P., Melezhik, V. A., Prave, A. R., Condon, D. J., Fallick, A. E. (2013). Earthôs 

earliest global glaciation? Carbonate geochemistry and geochronology of the Polisarka Sedimentary 

Formation, Kola Peninsula, Russia. Precambrian Research 235, pp. 278-294. 



©Filodiritto Editore ï Proceedings 

105 

3. Melezhik, V. A, Fallick, A. E., Martin, A. P., Condon, D. J., Kump, L. R., Brasier, A. T., Salminen, P. E. 

(2013). The paleoproterozoic perturbation of the global carbon cycle: The Lomagundi-Jatuli isotopic 

event. In Reading the Archive of Earthôs Oxygenation: Global Events and the Fennoscandian Arctic 

Russia - Drilling Early Earth Project (Melezhik, V.A., Kump, L.R., Strauss, H. Hanski, E.J., Prave, A.R., 

Eds). Springer, Heidelberg, vol. 3, pp. 1111-1150. 

4. Blättler, C. L., Claire, M. W., Prave, A. R., Kirsimäe, K., Higgins, J. A., Medvedev, P. V., Romashkin, 

A. E., Rychanchik, D. V., Zerkle, A. L., Paiste, K., Kreitsmann, T., Millar, I. L., Hayles, J. A., Bao, H., 

Turchyn, A. V., Warke, M. R., Lepland, A. (2018). Two-billion-year-old evaporites capture Earthôs great 

oxidation. Science 360, pp. 320-323. 

5. Strauss, H., Melezhik, V. A., Reuschel, M., Fallick, A. E., Lepland, A., Rychanchik, D. V. (2013). 

Abundant Marine Calcium Sulphates: Radical Change of Seawater Sulphate Reservoir and Sulphur 

Cycle. In Reading the Archive of Earthôs Oxygenation: Global Events and the Fennoscandian Arctic 

Russia ï Drilling Early Earth Project (Melezhik, V.A., Prave, A.R., Hanski, E.J., Fallick, A.E., Lepland, 

A., Kump, L.R., Strauss, H., Eds). Springer, Heidelberg, vol. 3, pp. 1169-1194. 

6. Kump, L. R., Fallick, A. E., Melezhik, V. A., Strauss, H., Lepland, A. (2013). The Great Oxidation Event. 

In Reading the Archive of Earthôs Oxygenation: Global Events and the Fennoscandian Arctic Russia - 

Drilling Early Earth Project (Melezhik, V.A., Kump, L.R., Strauss, H. Hanski, E.J., Prave, A.R., Eds). 

Springer, Heidelberg, vol. 3, pp. 1517-1533. 

7. Rybacki, K. S., Kump, L. R., Hanski, E. J., Melezhik, V. A. (2013). An Apparent Oxidation of the Upper 

Mantle versus Regional Deep Oxidation of Terrestrial Surfaces in the Fennoscandian Shield. In Reading 

the Archive of Earthôs Oxygenation: Global Events and the Fennoscandian Arctic Russia ï Drilling Early 

Earth Project (Melezhik, V.A., Prave, A.R., Hanski, E.J., Fallick, A.E., Lepland, A., Kump, L.R., Strauss, 

H., Eds). Springer, Heidelberg, vol. 3, pp. 1151-1167. 

8. Lepland, A., Melezhik, V. A., Papineau, A. E., Romashkin, A. E., Joosu, L. (2013). The Earliest 

Phosphorites ï Radical Change in the Phosphorus Cycle during the Palaeoproterozoic. In Reading the 

Archive of Earthôs Oxygenation: Volume 3: Global Events and the Fennoscandian Arctic Russia ï 

Drilling Early Earth Project. (Melezhik, V.A., Kump, L.R., Strauss, H. Hanski, E.J., Prave, A.R., Eds.). 

Springer, Heidelberg, vol. 3, pp. 1275-1296. 

9. Joosu, L., Lepland, A., Kreitsmann, T., Üpraus, K., Roberts, N. M. W., Paiste, P., Martin, A. P., Kirsimäe, 

K. (2016). Petrography and the REE-composition of apatite in the Paleoproterozoic Pilgujarvi 

Sedimentary Formation, Pechenga Greenstone Belt, Russia. Geochimica et Cosmochimica Acta 186, pp. 

135-153. 

10. Lepland, A., Joosu, L., Kirsimäe, K., Prave, A.R., Romashkin, A. E., Ļrne, A. E., Martin, A. P., Fallick, 

A. E., Somelar, P., Üpraus, K., Mänd, K., Roberts, N. M. W., Van, Z., Wirth, R., Schreiber, A. (2014). 

Potential influence of sulphur bacteria on Palaeoproterozoic phosphogenesis. Nature Geoscience 7, pp. 

20-24. 

11. Strauss, H., Melezhik, V. A., Lepland, A., Fallick, A. E., Hanski, E. J., Filippov, M. M., Deines, Y. E., 

Illing, C.J., Ļrne, A. E., Brasier, A. T., (2013). Enhanced Accumulation of Organic Matter: The Shunga 

Event. In Reading the Archive of Earthôs Oxygenation: Global Events and the Fennoscandian Arctic 

Russia ï Drilling Early Earth Project (Melezhik, V.A., Prave, A.R., Hanski, E.J., Fallick, A.E., Lepland, 

A., Kump, L.R., Strauss, H., Eds). Springer, Heidelberg, vol. 3, pp. 1195-1273. 

12. Paiste, K., Lepland, A., Zerkle, A. L., Kirsimäe, K., Izon, G., Patel, N. K., McLean, F., Kreitsmann, T., 

Mänd, K., Bui, T. H., Romashkin, A. E., Rychanchik, D. V., Prave, A. R. (2018). Multiple sulphur isotope 

records tracking basinal and global processes in the 1.98 Ga Zaonega Formation, NW Russia. Chemical 

Geology 499, pp. 151-164. 

 

 

 

 

 

 

 

 

 

 

 

 



©Filodiritto Editore ï Proceedings 

106 

Electrophysical Properties of Shungite Rocks from Different 

Stratigraphic Levels 

 
MOSHNIKOV Igor 1, KOVALEVSKI Vladimir 1 

 
1 Institute of Geology, Karelian Research Center, Russian Academy of Sciences, Petrozavodsk (RUSSIA) 
Email: igorm@krc.karelia.ru 

 

 

 

Abstract 

 

Electrophysical properties of shungite rocks of various stratigraphic levels of the Zaonega 

formation have been studied. Electrical conductivity and shielding effectiveness were the 

electrophysical parameters evaluated. The shielding effectiveness and electrical conductivity of 

shungite rocks were determined on powder samples by the coaxial transmission line method. 

Raman spectroscopy was used to evaluate structural characteristics of carbon in shungite 

rocks. 

The peak metamorphism temperature was used as a criterion for ordering carbonaceous 

matter associated with its transformation. The results of the study of the electrophysical 

properties of shungite rocks indicate that there is a general tendency to increase the electrical 

conductivity and shielding effectiveness of shungite rocks with an increase in the peak 

temperature of metamorphism. The results obtained will allow us to use the established patterns 

not only to determine the industrial types of shungite rocks in the context of their most effective 

use, but also to pay attention to the subtle patterns of their genesis. 
 

Keywords: shungite rocks, stratigraphy, shielding effectiveness, peak temperature of metamorphism, electrical conductivity 

 

Introduction  

 

The shungite rocks of Karelia form a large, diverse group of Precambrian carbon-bearing 

rocks with poorly-crystallized carbon (shungite). The fundamental problem of searching for the 

relationship between the structure, properties and genesis of carbonaceous matter has been 

developed for a long time. Interest in this problem is connected not only with the study of the 

evolution of the lithosphere, but also with the industrial use of carbon-bearing rocks. There are 

more than 20 developed methods for the use of shungite rock [1]. Some of these methods relate 

to the electrophysical properties of shungite rocks, particularly as fillers of composite materials 

[2]. 

Shungite fillers give conductive properties to composite materials, also improving their 

strength and antifriction properties [3]. 

The electrical conducting properties of shungite rocks are due to the carbon content in their 

composition. The carbon content of shungite rocks varies from one to 99 wt%. The existing 

classification of shungite rocks is based on dividing them into groups based on the carbon 

content in the rock [1]. However, at the moment this classification does not meet production 

requirements, since the properties of shungite rocks with the same carbon content can differ 

significantly. 

The goal of our work is to develop a more accurate geological-industrial classification of 

shungite rocks than the existing one. This classification should be based on linking geological 

data with the physical-chemical properties of shungite rocks. To create this classification, multi-

stage studies are required. At this stage, the aim of research is to study the electrophysical 
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properties of shungite rocks of various stratigraphic levels of the Zaonezhskaya formation, 

which differ in their peak temperature of metamorphism. 

 

Methodology 

 

The objects of research were samples selected from three deposits of shungite rocks of the 

Onega synclinorium, located on different shungite bearing horizons. Samples were specially 

selected with a close percentage of carbon to assess the effect of other controlled factors on 

electrophysical properties. 

Raman spectroscopy was used to evaluate structural characteristics of carbon in the shungite 

rocks. Raman spectra of shungites were obtained using the Nicolet Almega XR dispersion 

Raman spectrometer (wavelength 532 nm). The quantitative characteristics of the spectra are 

calculated in the OMNIC program. The peak metamorphism temperatures of the studied 

samples were estimated from carbon using the equation: T (°C) = 91.4(R2)2 ï 556.3(R2) + 

676.3, which was previously proposed for carbonaceous-material [4]. This equation was 

optimized for regional metamorphism conditions and tested on metamorphic rocks of Japan [5]. 

Electrical conductivity and shielding effectiveness were used as the evaluated 

electrophysical parameters. The shielding effectiveness shows how much the sample under 

study is able to reduce the intensity of the electromagnetic field by reflecting and absorbing 

electromagnetic waves. The shielding effectiveness of shungite rocks was determined on 

powder samples by the coaxial transmission line method of electromagnetic spectral analysis 

in the frequency range from 100 kHz to 1 GHz (selective microvoltmeters SMV11 and 

SMV8.5). The electrical conductivity was determined in the coaxial line using a meter L, C, R 

E7-8 at a frequency of 1 kHz. 

 

Results and discussion 

 

Using Raman studies of shungite rocks of the second and sixth horizons with a close carbon 

content, peak metamorphism temperatures were determined (Fig. 1). The lowest peak 

temperature of metamorphism (316-347 °C) is typical for shungite rocks of the sixth horizon, 

and the highest ï for a sample of the second horizon (379 °C). A wide range of values of peak 

metamorphism temperature for samples of the sixth horizon indicates a significant structural 

heterogeneity of carbonaceous matter of these shungite rocks and the presence of unaccounted 

geological factors in the division of shungite rocks by stratigraphic levels. 

We have evaluated the electrophysical properties of samples of shungite rocks from the 

second and sixth horizons with a close percentage of carbon. The results of the study of 

electrophysical properties of shungite rocks with a close carbon content indicate that there is a 

general tendency for the electrical conductivity and shielding effectiveness of shungite rocks to 

increase with an increase in the peak temperature of metamorphism. Rocks of the sixth horizon 

have the lowest shielding effectiveness and electrical conductivity, and for the sample of the 

second horizon, they are observed to increase (Fig. 2). 
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Fig. 1. Raman spectra of shungite rocks of various stratigraphic levels of the Zaonezhskaya formation, differing 

in the peak metamorphism temperature 

 

 
Fig. 2. Dependence of the shielding effectiveness on the frequency of the electromagnetic field for shungite rocks 

with a close carbon content, but different peak metamorphism temperature 

 

Previously, it was found that the shungite rocks have some differences in chemical 

composition [6]. Shungite rocks of higher horizons are less alkaline and more siliceous than the 

lower ones. The predominance of Na2O over K2O is remarkable for the samples of the second 

horizon. Such rocks should be attributed to the rocks of the Na-type. As was shown earlier [7], 

Na-type rocks are characterized by higher values of shielding effectiveness and electrical 

conductivity than those of K-type rocks. The use of Na-type rocks allows to obtain composite 

materials with improved RF shielding [7]. Thus, it can be noted that shungite rocks of the 

second horizon, the genesis of which is associated with higher metamorphism temperatures, are 

preferable as raw materials for the manufacture of RF shielding composite materials. 
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Conclusion 

 

A Raman study and evaluation of the electrophysical properties of samples of shungite rocks 

of the second and sixth horizons with a similar percentage of carbon was performed. It is shown 

that the peak metamorphism temperature of the selected samples varies from 316 to 379 °C, 

while the higher it is, the higher the electrical conductivity and shielding efficiency of the 

shungite rocks are. 

The results obtained allow us to use the established regularities not only to determine the 

industrial types of shungite rocks for their most effective use, but also to pay attention to the 

identification of subtle features of their genesis. 
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Abstract 

 

This article describes some aspects of the formation of the Sheshmian sandy bitumen 

deposits. 

The Permian Sheshma Formation (Sheshmian Regional Substage) is recognized in the 

Ufimian of the East European Platform. The Sheshmian sands on the western slope of the South 

Tatar arch are reservoirs for bitumen and heavy oil. These sands have features of a very complex 

depositional environment, with traces of fluvial, marine, and aeolian processes and 

redeposition, and are tectonically altered. The sand bodies and bitumen deposits are also 

influenced by the Sheshma River system, which flows directly over the bitumen deposits. 
 

Keywords: bituminous sands, oil sands, tar sands, Sheshmian sands, sedimentary factors, post-sedimental processes, 

river system, Republic of Tatarstan 

 

Introduction  

 

The purpose of this paper is to study reservoirs of natural bitumens and heavy oils in sand 

bodies, located in the Republic of Tatarstan in the area between the Volga and Kama rivers and 

the Ural Mountains. The clastic Ufimian deposits unconformably overlie the Sakmarian sulfate-

carbonate sediments [1]. The deposits of natural bitumen are associated with the Sheshmian 

sands and sandstones of the Shehma Formation (Upper Permian, Ufimian Stage). The 

bituminous deposits formed as a result of the vertical migration of hydrocarbons from deeper 

oil horizons of the Earthôs crust. The bituminous sand horizon is located in the Sheshma River 

valley in the southern part of the Republic of Tatarstan (Fig. 1) in an area of approximately 100 

x 50 km at shallow depths rarely exceeding a few hundred meters. The clastic material of the 

Sheshmian horizon was brought from the rocks eroded from the Ural mountain range [2]. It 

was carried to the platform by various water streams and accumulated there. The sands are 

predominantly graywacke and are composed of fragments of igneous rocks, quartz, and 

feldspar. [3]. Tectonic processes associated with the Uralian collision in the Permian time were 

responsible for vertical migration of hydrocarbons from the underlying Devonian and 

Carboniferous oil deposits [1]. The accumulation of significant hydrocarbon reserves occurred 

in the sandy Sheshma Formation, which has high reservoir properties and favorable conditions 

for the formation of oil deposits (positive structures and impermeable clayey rocks at the top). 

These hydrocarbons occur as natural bitumen and heavy oils. The Sheshmian horizon is a 

stratum consisting of two beds: lower sandy-clayey and upper sandy. The upper bed is rich with 

bitumen and heavy oil. The exploitation was first organized as a series of adits for bitumen 

extraction near the village of Shugurovo. For a long time, bitumen-containing rocks were 

considered only as raw material for the construction industry. However, with new technologies 

it has become possible to recover natural bitumen and heavy oil. 
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Fig. 1. Bottom right picture: The Republic of Tatarstan (green) on the map of Russia. Right top picture: orange ï 

the area of distribution of the bituminous Sheshma Formation, black ï deposits of bitumen in sedimentological 

structures (1 ï Ashalchinskoe Uplift, 2 ï Nizhne-Karmalskoe Uplift), dark blue ï the Sheshma River 

 

The depositional settings of these beds were extremely complex and difficult to interpret. It 

can be assumed that initially the entire Sheshma Formation was sandy-clayey in composition 

like its lower horizon. Formation of these sand bodies is still debatable, with a variety of 

opinions published. Many authors interpret these sand bodies as terrestrial in origin [4], [5], [6], 

[7], [8], and some as of deltaic [9], [10], [11] or fluvial [12] origin. The theory of their marine 

bank origin is very common [13], [14], [15]. The sand bodies could be the product of more than 

just one process. 

A possible aeolian impact on the studied sand strata [16] was also suggested.  

 

Object and methods 

 

The objects of this paper were core samples from a dozen wells drilled within the most 

studied Ashalchinskoe and Nizhne-Karmalskoe uplifts. The samples were studied 

microscopically in petrographic thin sections, using granulometric analysis, while morphology 

of sand bodies was studied using paleogeomorphological analysis. One of the main problems 

of the paleogeomorphological analysis is that the current morphology of sand bodies has been 

altered tectonically, which requires using paleotectonic alignment for paleogeomorphological 

analysis. 

The method of paleotectonic alignment is based on the assumption that marine carbonate 

sediments are initially subhorizontal. This means, that any carbonate bed above the Sheshma 

Formation can be used as a zero point when modeling the section of wells and the entire uplift 

[19]. 

 

Results and discussions 

 

The Sheshma Formation in the studied region occurs in a series of anticline-like traps located 

in several parallel series. The sandy bodies are overlain by a layer of Kazanian clay with remains 

of brachiopods. This shale horizon has become an excellent fluid stop for bottom-up migrating 

oils. 
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Basic reservoir properties, such as porosity, are form at the depositional stage. Often the 

reason for the high porosity of sands is that the debris grains are loosely in contact, leaving 

communicating voids [17]. However, the reservoir properties are also influenced by various 

post-depositional processes such as cementation or pore leaching [18]. Clastic material of sandy 

clay size was transported by water flows from the Paleo-Ural Mountains, which were eroded in 

the Permian time. 

For this reason, sandstones have some of the properties of fluvial deposition. The deposits 

were accumulated in the western part of the South Tatar arch, which was then still rising, in a 

basin at the border with the Melekess depression. The Sheshmian horizon combines two units, 

reflecting the complex history of sand deposition in this area. 

The studied region in the Permian was located at 25 °N [1] (which roughly corresponds in 

modern coordinates to Northern Africa (Sahara) and the Arabian Peninsula), hence the climate 

was arid [4], [5]. In an arid climate, the coastal Sheshmian desert was formed [16]. The upper 

part of the Sheshma Formation was affected by winds and formed a relief forms resembling 

linear (seif) dunes. For the same reason, the clay component is absent in the upper part of the 

Sheshmian Horizon. The lower sandy-clayey bed was not exposed to wind because it was below 

the groundwater level, i.e., was saturated with water and the wind could not affect it. The fact 

that positive landforms were formed at the time of the formation of the Sheshma Formation is 

confirmed by paleotectonic reconstructions. This reconstruction is based on a 3D model of one 

such uplift, using core material and geophysical data [19]. It was shown that at the time of clay 

deposition, positive forms of the Sheshmian paleorelief already existed. This is indicated by the 

inverse correlation of the thicknesses of clays and sandstones (in places where the thickness of 

the sand bed increases, the thickness of the clay decreases). The presence of brachiopod shells 

in the clays indicates marine conditions. Thus, due to a sharp rise of the sea level, the Sheshmian 

paleorelief was covered by seawater. When the seabed is uneven, sediments primarily fill the 

relief depressions. This can be seen in the reconstruction from the inverse correlation between 

the thicknesses of sandstones and clays. Reconstruction of paleofacies shows the existence of 

various depositional settings. The general conditions of transportation and sedimentation were 

studied using particle size analysis [20]. Thus, the existing traps for bitumen and heavy oils are 

sedimentological. It was found that the formation of sediments took place in conditions of 

coastal marine facies and beaches with coastal dunes [20], such as the Jurassic Norphlet 

Formation in the deep-water eastern Gulf of Mexico, or the modern environment of the Namib 

Desert: [16]. The results obtained confirm the proposed model of the formation of the horizon; 

however, some ratios of the parameters do not show a 100% aeolian impact, but indicate, for 

example, transportation by water flows. This is because initially the clastic material was 

transported by water flows, therefore, some statistical indicators are evidence of this. The 

migration of hydrocarbons also influenced the mineral composition, for example, we associate 

the formation of pyrite with organic matter and the activity of sulfate-reducing bacteria [21]. 

However, the mineral composition was influenced not only by oil migration but also by the 

proximity of deposits to the earthôs surface (and in some cases onto the surface). The processes 

of modern mineral formation (Fig. 2) associated with moving groundwater are widely 

developed. We recorded extensive processes of calcite and iron oxide formation. The impact of 

this modern mineral formation could be very considerable during the exploitation of bitumen 

deposits. Uneven distribution of carbonate zones could have very negative affect to the steam 

chamber which is created in reservoir system according to SAGD exploitation method. 
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Fig. 2. Modern processes of mineral formation in the rocks of the Sheshma Formation: left ï photograph from an 

adit, right ï photograph of an outcrop 

 

All studied deposits are located in the Sheshma River basin at depths rarely exceeding the 

first hundred of meters. Sheshma is a large river, it is a left tributary of the Kama. For the most 

part, it flows over the zone of development of bitumen deposits, and the drainage zone of the 

river system influences the underlying rock complexes for many meters, up to hundreds of 

meters [22]. The river divides this zone into two parts: the right bank and the left bank. This 

division is due to the different composition of the rocks down the section and is of great 

importance. The river valley has an asymmetrical profile in which the right bank is bedrock and 

high, composed of dense Middle Permian deposits. The left bank is accumulative, and low, 

often terraced, composed of easily permeable alluvial sandstones. This is typical for most large 

rivers [23] and is caused by the Coriolis force and various effects of the river flow on the banks. 

The excess of a high steep slope over a gentle low slope can reach up to 100 m [24]. The 

rivers in the European part of Russia, in particular, in the Republic of Tatarstan, are 

characterized by the presence of Neogene incisions [25], which are also filled with highly 

permeable sands. The described circuit is shown in (Fig. 3). 

Water exchange is important and can be accompanied by a variety of processes, such as 

leaching, oxidation, the formation of geochemical barriers, mechanical action on rocks, etc. All 

these processes can occur both in reservoir systems and in rocks and fluid seals. The integrity 

of the seal is of particular importance for the Tatneft oil company. Hydrocarbons are developed 

here by the thermal method, in particular, by the method of steam-gravity drainage. This method 

involves pumping hot water vapor and creating a steam chamber. The uniformity and 

permeability within the formation affect the uniformity of the steam chamber, but seals are also 

of great importance. With a fractured, weak clay cover, steam breakthroughs into the overlying 

horizons are inevitable. Also due to the shallow bedding, these breakthroughs of the vapor-

bitumen mixture can get into drinking water sources and even spill out onto the surface, which 

can lead to difficult-to-recover environmental consequences. Also, the inconsistency of the 

fluid stop leads to even greater degradation of bitumen, an increase in the proportion of the 

heavy component in it, etc. 

This directly affects the attractiveness of the field as a development target. Since 

asymmetrical river valleys and opposite banks of rivers are composed of rocks of different 

permeability, we conclude that at present the Sheshma river system is one of the most 

significant factors influencing reservoirs and rocks. This is because the left-bank-deposits could 

very likely be affected by migrating groundwaters because of high permeability and low 

thickness of covering rocks, but the right-bank-deposits are covered by strong and thick 

Permian deposits. This is also confirmed by field data, according to which the deposits of the 

second (right) group mostly have ñgas capsò, which indicates the integrity of the seal rocks. All 

this imposes difficulties on the process of extracting natural bitumen, but it can be used to select 

rational development methods and select future industrial development facilities with 

minimization of environmental and economic risks. 
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Conclusions 

 

 
Fig. 3. Schematic image of cross section of Sheshma River valley. Blue arrows show possible directions of 

movement of groundwater (large arrows) and atmospheric waters (small arrows) 

 

According to the proposed model, aeolian redeposition of sands played a significant role in 

the formation of the Sheshma Formation relief. The shape of the sandstone bodies is controlled 

by sedimentological factors. The wind impact factor explains the reason for the division of the 

Sheshmian Horizon into two layers, and explains the general morphology of sand bodies and 

their relationships with each other. Sandstones were formed in linear dunes and have formed a 

series of uplifts almost simultaneously with neighboring ones. The Sheshma River system 

divides the oil-bearing field into two parts differing in structure and composition. This factor 

has great geological, economic, and environmental importance in the development of deposits. 
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