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FOREWORD

This volume of Conference Proceedings brings together written versions of most of the
contributions presented during the Golovkin¥gung Scientists Stratigraphic Meeting, which
took place at Kazan Federal Unisity, Kazan, Russia, October-26, 2020.

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

The conference provided a setting to discuss recent developments in a wideoVanieitys
concerning the Precambrian and Phanerozoic, including Biostratigr@peynostratigraphy,
Biogeography, Paleoclimate, Facies, Mineralogy, Lithology, Geophysical methods and
Resources. Furthermore, the contributions focused on issues of facipal@emgleographical
interpretations were also welcomed along with papers, regactimate, biota and changes in
the sedimentary environment during the Precambrian and Phanerozoic. Various aspects of
sedimentary successions and rock composition and piexpesere developed by high
precision methods and presented in contributions siéscg bedding patterns, grain size
changing, coal seams, carbonate deposition, incised valley formation, and conventional and
unconventional mineral resources prospects img@iiand Asia. The general topics and spirit
of the Golovkinsky meetings are inlffagreement with the high priority stratigraphic tasks of
the International Commission on Stratigraphy and cover such important aspects of its work as
GSSP selection, and dsweping highprecision regional stratigraphic schemes and interregional
correlatons.

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

Professor Danis Nurgaliev,
Vicerector for scientific activities,
Director of the Institute of Geology and Petroleum Technologies,
Kazan Federal University (RUSSIA)
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Late ViséanForaminiferal Assemblages of the 106 Oktyabrskaya
Borehole, SouthEast of the East European Platform

BASHLYKOVA Elena !, KULAGINA Elena 12

linstitute of Geology of the Ufa Federal Research Centre of the Russian Academy of ScicdEEJIRBAS),
Ufa (RUSSIA)

2 Kazan Federal UniversitjKazan(RUSSIA)

Email: duss_0O6@mail.ru

Abstract

Zonal foraminiferal assemblages from the Upper Viséan deposits of the 106 Oktyabrskaya
Borehole in the soutkast of the East European Platform are discussed. The Upper Viséan is
represented by bioclastic, foraminifeed@jae limestones andoldmites. The taxonomic
composition of the Endothyranopsis compressa Paraarchaediscus koktjubensis
Ikensieformis proikensis, lIkensiformis ikensisdikensiformis tenebroszoness discussed.

Keywords: Vigan, West European Platform, foraminiferalres
Introduction

Carboniferous deposits of the southeasteigions 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 westele of the Uralian Foredeep
(Orenburg region). The borelolincovered Devonian, Carboniferous and Permian deposits.

The lower Viséan deposits of the section (29 m thick) are characterized by assemblages of
foraminifers, ostracodes, conodonts, spores poiten [1]. About 240 m-thick series of
foraminiferatalgaelimestones 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 Paraarchaedscus koktjubensis lIkensieformis proikensis
Ikensiformis ikasis and Ikensiformis tenebrosaones [2]. These zones correspond to the
Endothyranopsis compressa Paraarchaediscus koktjubensikensieformis proikensi$
Archaediscus gigas, Eostaffellafigts andEostaffella tenebrosaEndothyranopsis sphaerica
zones, respectively, of the Moscow Basin, coinciding with regional substages (horizons):
Tulian, Aleksinian, Mikhailovian and Venevian [3].

Foraminiferal zonal assemblages

The assemblages of thillowing zones characterize Viséan deposits of the 106
Oktyabrskaya Borehole section.

The Endothyranopsis compressaParaarchaediscus koktjubengi®ne is set in the range
of 32533286 m (samples 16104). According to geophysical and paleontologicabdthe
thickness of the Tulian is about 50 m. The strataangposed of finely bioclastic wackestones
and packstones in the lower part, and foraminiferal limestamethe upper part. The
foraminiferal assemblage includd3araarchaediscus koktjubengRausetChernousova)p.
convexugGrozdilova and Lebedeva (Brozdilova, 1953)Planoarchaediscus eospirillinoides
BrazhnikovaEndothyranopsisf. compressgRauserChernousova et Reitlingepmphalotis
spp.,Endothyraspp., Palaeotextulariid&oparastdfella 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) stromatoltespm. P. ki Endothyranopsis compressa
i Paraarchaediscus koktjubensisi lIkensieformis

Thelkensieformis proikensigone is recognized in the range of 34882 m. It is composed
of bioclastic grainstones, bioclastic wackestones, and algal and sometimes crinoidal packstone.

The foraminiferal asemblage includesEndothyra obs | e RabserChernousova,
Omphalotis omphalotdRauserChernousova et Reitlingerfribrospira panderi Moeller,
Endothyranopsis and compresd@auseiChernousova et Reitlingerostaffellamosquensis
Vissarionovalkensieformigf. proikensisRausefChemnousova).

The Ikensiformis ikensigone is recognized in the range of 31AB8 m (samples 93. 90,
87-89) where it is represented by bioclastic algiakclastic and lithoclastic grainstones with a
bed of dolomite. The foraminiferal assemblage is supplezdenith Archaediscusex gr.
moelleri RauserChernousovaAsteroarchaediscuspp., Spinothyra pauciseptatéRauser
Chernousova) Endothyranopsis crasséBrady). Numerous alga&oninckoporaspp. are
present. This assemblage characterizes the Mikhailovsthjdkness is 47 m.

10
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Fig. 2. Foraminifers from the upper Viséan Substage of the 106 Oktyabrskaya Bof&tale bar = 0.2 mm.

(1, 2) Paraarchaediscus koktjubengRauserChernousova, 1948), axial sections, both from Sample 101(5
Paraarchaediscus amplu€onil et Lys, 1964), Sample 101(1); (Paraarchaediscus convex(@&rozdilova et
Lebedevain Grozdlova, 1953), Sample 97(2); (SAsteroarchaediscugx gr. baschkiricus(Krestovnikov et
Theodorovich, 1936), Sample 90(1); (6) mediantion Brunsia spirillinoidegGrozdilovaetGlebovskaya, 1948)
Sample 98(2); (7Brunsiasp., near axial sectio®ampe 98(1); (8)Vissarionovella donzellCézar and Vachard
2001, Sample 97(2); (¥ndothyra devexd&auserChernousova, 1948, Sampl&(®); (10) Endothyra prisca
RauserChernousova et Reitlinger in Rauséinernousovat al, 1936, Sample 98(1); (1BEndothya cf. apposita
Ganelina, 1956, Sample 104(2); (12, Tnphalotis exilifRauserChernousoval948), oblique sections, bot
from Sample 101(1); (18ndothyra expressaanelina, 1956, Sample 104(2); (E)dothyranopsisf. umbonata
(Ganelina, 1956); (1&xndothyranopsis compresggauserChernousova et Reitlinger in Rauseinernousovat
al., 1986), Sample 98(1); (1 Globoendothyra globuléd d 6 Ei c hwal d, 1860), brok
99(3); (18) Eoparastaffella sp., axial section, Sample 10119) Palaeotextularia sp., Sample 101(1)
Consobrinellopsis consobringipina, 1948), longudinal section, Sample 99(3); 21, B&nsieformis ikensis
(Vissarionova, 1948): 21 axial section, Sample 90(4); 22tangential section, Sample 93(1); (E)daffella
mosquensis Vissarionoyd948, axial section, Sample 98(2); (Akgnsieformiscf. tenebrosa(Vissarionova,
1948), tangential section; (2B)aplophragmella fallaxRauserChernousova et Reitlinger RauserChernousova
et al, 1936, median sectioBample 98(2); (26, 2 Dituotubella glomospiroideRauserChernousoval948: 26
axial sedbn, Sample103(1), 2i7 longitudinal section, Sample 99(4)

11
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The assemblage tensieformis tenebroséone is provisionally identified in Sample 86 of
coralalgal boundstone at a depth of 3120 m. The foraminigdothyranopsis umbonata

(Ganelina),Janischewskinap., Ikensieformiscf. tenérosa Vissarionova are found in this

limestone. The overlying beds (323819 m) are composed of highly recrystallized limestone

with rare foraminiferssloboendothyrap. andOmphalotissp. of poor state of presation.

The overlying interval of 3073117m is composed of dolomites may also be referred to the
Venevian.The ViséarSerpukhovian boundary is lithological and is defined at the base of the

stromatolite limestones.

Conclusions

The uppeliséanforaminiferal assemblages of the 106 OktyabrskagaeBole 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 egions of the Moscow Basin [6], Belgium],[and Montagne Noire (France) [8], [9].

The zonal assemblages correlate with the assemblages of theMiggaerof the Moscow
Basin [3], the South Urals [10], [11], and Kazakhstan [12].
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Permian Biota in Back-Arc Basins of theOkhotsk-Taigonos
Volcanic Arc (Northeast Asig)

BIAKOV Alexander?
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Magadan(RUSSIA)

KazanFederal UniversityKazan (RUSSIA)

North-Eastern State University Magadan (RUSSIA)

Email: abiakov@mail.ru

Abstract

The characteristics of Permian biota in bac& basins (Okhotsk, Ayaviuryakh,
Balygychan, Nyavlenga, and Taigonos) of the Okhdigiganos volcanic arc (OTVA) are
considered. The taxonomic composition of faunistic communities is in many 1espadar
and includes mainly representativesradceramug like bivalvesi kolymiids, some nuculids,
and gastropods. The most numerous and siv@ermian communities are from the Okhotsk
basin, where almost all groups of organisms known in the Peohiortheast Asia are found.

The relative diversity of the faunistic communities of the Okhotsk basin is probably due not
only to the shallower cdalitions for the existence of the fauna, but also to the mopero
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 clayeyeaafuihe 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 baaratisgphe basins
of Northeast Asia from the Pal€tacific. At theend of the Permian, this barrier was largely
eliminated, as evidence by the invasion of the Southern Verkhoyansk basin by Tethyan bivalves
(Claraioides, Eumorphotis,Myalina, Pterig, ammamoids (Qtocera3, and conodonts
(HindeodusandClarkina).

Keywords Biota, faunal community, baekrc basin, OkhotsRaigonos volcait arc, Northeast Asia, Permian
Introduction

In the Permian, Northeast Asia was a system of sea basins of varying gemdyna
belonging to the eastern part of the Boreal Superrealm [1], [2] (Fig. 1).

Of particular interest are the baakc basins of the Okhotskaigonos volcanic arc (OTVA),
which separated the entire system of Northeast Asian basins from the-Padda@ Cceani
Okhotsk (connected with the Okhotsk massif), Ayamyakh, Balygychan, Nyavlenga, and
Taigonos. These basins are characterized mainly bywagg conditions and an avaldec
predominantly clayey, character of sedimentation, which was largelynde&zl by the
connection with the volcanic arc.

Characteristics of biota in Permian basins of the Okhotskraigonos volcanic arc
The Permian fauna communities of the back basis of the OTVA are largely similar and

consist mainly ofinoceramusi like bivalvesi kolymiids, some nuculids and gastropods
euomphalids. To a large extent, such a taxonomic composition of the fauna is determined by
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deepsea environments and mainly clayeymposition of sediments. Kolymiids are a fairly
euryfacial group [4], ocauing in both shallowwater carbonate and degter sandiclayey
facies. Nuculids, being detrittgatherers, also prefer deejater clayey facies. Euomphalid
gastropods are founalmost exclusively in deewater clayey sediments, and not known in
shallowwater 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.

B2 B3 24 s [-e=»]7

Fig. 1. Paleogeography of Northeast Asia and barksedimentary basins of the Okhefsigonosvolcaric
arc in the Permian (Capitanian) (after [1], added and amended).

17 land, 21 shallow sea, 3 deep sea, 4 volcanic arc, 5 tectonic structure boundariesj edimentation
basin boundaries, i7 probable direction of the fauna migration frohetPale-Pacific. Tectonic blocks anc
massifs: OKi Okhotsk, OBi Omulyovka, OMi Omolon,{ i Prikolyma; sedimentary basing:Yu i Ayan
Yuryakh, Bi Balygychan, N Nyavlenga [ k1 Okhotsk i Taigonos; Vi Verkhoyansk marghepicontinen
tal sea. Paleotiude after [3]

The most numerous and diverse are the Rermommunities ofhe Okhotsk basin They
are represented by almost all groups of organisms known in Northeast Asia, with a sharp
predominance ofoceramudike bivalves [5]. However, in the Asselidviiddle Artinskian
benthonic communities, brachiopmiominant, primarily to productids, representatives of the
generaVerchojaniaandJakutoproductu$g].

Coral remains are very rare and are found only in the Upper Permian (tabulatomorphs
Cladochonusand indeterminigle single rugoses). The remains of bryaz® 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, Strophalosjarhynchonellids Rhynchoporg spiriferids
(Tumarinia, Olgerdia, Neospiriferand Crassispirife), athyridids Bajkuria, Cleiothyridina,
and Bajtuganig. However, in some places there are known quite dense piopslaf the
productids, which form thé&brachiopod banid consisting of representatives of the genus
Mongolosia

The most widespread are bivalves, primarilgoceramudike (genera Maitaia,
Intomodesma, Aphanaia, Kolymlass ofterCyrtokolymia, Okhotodang andCigarella).
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They are found in bbtrelatively shallow and deepater environments. In shallow marine
facies, kolymiids often formed limestonesquina. Other bivalve groups include vacunellines
(Pachymyonig undulomiines Rraeundulomyp nuculids (Nuculopsis, Phest)a and
aviculopectinads (Kolymopecten, Streblopteria, Guizhoupegten

Ammonoids are found in the Okhotsk basin, at least at three stratigraphic levels: Sakmarian
I a representative of the genusaloceras(possiblyU. ex gr.omolonensd&ogoslovskaya et
Boiko), Kunguriani the ParagastriocerasandBaraioceras and Roadiaf Sverdrupitesand
Pseudosverdrupitdd], [8]. Gastropods are rare throughout the section and include species of
the genera Mourlonia, Glabrocingulum, Ptychophalina, 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 peldgegmcamptocrinds and benthic
(Uniformicrinug genera. Blastoideltoblastussp. and a starfish were found at trestern
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 Beal Superrealm.

The diversity and abundance of thmta of the Ayan-Yuryakh basin are significantly
impoverished compared to the Okhotsk basin. This is largely due to thevdesmphabitat of
the fauna, which for most of Permian history correspondéaketéoot of the continental slope
[10]. Here, as wikas in the Okhotsk basitnoceramudike bivalves dominate, but their shell
rock accumulations are usually absent. Only occasionally they formsdeep fibi oher ms o
emergence of which may have beer do the influx of underwater fluids or methanepse A
certain confirmation of the hydrothermal nature of th@seherm® can be their very large
size: the length up to a few tens of meters, the thickhags to several meters and their
association vih deepsea sediments. TheBiioherm® consist ofclusters ofinoceramusdike
bivalves without signs of redeposition of the latter. BysstechedVaitaia andTrabeculatia
to a lesser extelitomodesmgand very rarel{KolymiaandAphanaia(the latter belong mainly
to semiinfaunal and fredying bentlos) predominateAlso, single nuculids Glyptoleda,
Phestia rarelyNuculopsisandPalaeoneilg occur, which are mobile benthos. Representatives
of other bivalve groups are extremely rare.

Gadropods are quite common for the Ay#noryakh basin, among whickhe genus
Straparolus dominates; Mourlonia, Glabrocingulum, Ptychomphalina, Peruvispirand
bellerophontids are less common. It should be noted that all the Permian gastropods of
northeastar Asia require monographic study. The fragments of stems andfarinoids, both
benthic Uniformicrinug and pelagic (Neocamptocrinus), are also quite common.

The role of other fauna groups in the Aydaryakh basin is very insignificant. Single small
foraminifers Frondina, Rectoglandulingaccamminidae) are kwon 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 fowvd at t
stratigraphic levels: Late Artinskiahéopronoritey and Rodian Sverdrupitel[8]. Colonies
of reticulated bryozoans are very rare. Brachiopods are also rare and are represented by single
productids Cancrinelloide$ and spiriferids Crassispiriferand Neospirife).

The Permian communities tife Balygychan basin where environmental conditions were
largely similar to the AyatYuryakh basin, are characterized by an even poorer taxonomic
composition compared to the Okhotsk and Ayamyakh basin [11]lt is also dominated by
kolymiids, mainly byssusittachedKolymia, Maitaia and large fredying Intomodesmaas
well as gastropodsuomphalids $traparolu3. The nuculid bivalvesPhestia gastropods
GlabrocingulumandPeruvispiraare occasionally found.RE single representative of Tethyan
pectinoidsClaraioideswas bund in the west of the basin, and in the east, small peculiar
fiStreblopteri® s p . I n t he eastern part of t he b a
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Rhynchoporaspiriferids AttenuatelleandNeospirife), athyridids Cleiothyriding, productids
(Stepanowella) and chonetids Lissochonetesand Tornquistig. Colonies of reticulated
bryozoans are very rare. We should also mention rare finds of small foramihiéetas@arig
andindeterminable radiolarians. A distinctive feature of the communities in theyygdign
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 dhe Nyavlenga aml Taigonos basindias been much lessudied well
than the three considered abogsin other basins, kolymiids are strikingly dominant here. In
the Nyavlenga basin, which includes shallower facies, there are many-bjtssireKolymia
that form shell ock; freelying Cigarella are less common [12]. Finds of cor@lldochonus
andTamnoporabrachiopod$piriferella aviculopectinoid bivalves, and bryozoans are known
in the lower part of the section [13]. In the Taigonos Basin, in addition to the kdlpgmélves,
which are especially numerous in the Upper Permian, where theypaesasted byaitaia
and largelntomodesmavery rare brachiopods are known in the middle part of the section:
Rhynchopora, NeospirifegndMagadania.

For both basins, as Wels for the Balygychan, the complete absence of cephalopods and
echinoderms is haracteristic, 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 Oklastak b
i's due not only to shall ower conditions of
flopennesscompared to other bagkc basins. The presence of such fagmalps as corals,
cephalopods, pelagic crinoids, blastoids, and starfish indicatestimal salinity of the basin.

Of particular interest is the presence of pelagic crinbidscamptocrinusfirst described
from the Permian of Eastern Australia. Itsregentatives were also found in Indonesia (Timor
Island), Eastern Transbaikalia, WestBnimorye, Mongolia, Omolon, Ayaxuryakh, and the
southern part of the Verkhoyansk basin [16]. Blastoids of the gealisblastusare so far
known only from the Perran of Timor [17]; their rare remains are also found in Oman [18].

Such @ ope n@kbosk lwasinocén bé éx@ained by the existence of a strait within
the OTVA, which served as a natural biogeographic barrier between the eastern Boreal and
Tethyan (Pathalassic) 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, thastatmoplete
disappearance of the arc considered (at least of its Okhotsk part) ocasresitience by the
invasion of the ammonoid3toceras bivalvesClaraioides Eumorphotis, Myalina, Pteriaand
conodontdHindeodus typicaligSweet) andClarkina cf. changxingensigWang et Wang) into
the southern part of the Verkhoyansk basin [20], [H].

The extreme taxonomic impoverishment of the communities in the Balygychan, Nyavlenga,
and Taigonosbasins is obviously largely due to theileepwater environments and
predominantly clayey character of the bottom with a relatively low diversitjotdes.

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 sane, the radiolarians are
known in the Balygychan and Taigonos basins, represented by indetermptadiea forms,
which could not exist under conditions of significant isolation from oceanic sea areas.
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Abstract

Shungites of the Shunga deposit of the Onega structure were studied. Stroghkgiteere
classified into two groups by the composition of their mineral component, namely, miosilites
and siallites. Some basic lithochemical features of gites within the Shunga deposit were
revealed, and they have been compared with shubgégrg rocks of the Melnichnaya deposit
of the Onega structure.

Keywords: shungite, peichemical modules, stratigraphy
Introduction

Onega basin, Russian Fennostian is stratotypical for shungH#searing rocks of
Precambrian (Fig. 1) [1]. The c. 2000 M@09n-thick, Zaonega Formation in the Onega basin
contains one of the greatest accumulations of organic matter (OM) in the early Precambrian
during the period knon as the worldwide Shunga Event [2]. Zaonega Formation rocks are
greenschistacies volcaniclatic greywackes, dolostones, limestones, shuitggging 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 8 consider the formation of
shungitebearing rocks within the framework of the diapir model. Depsndn 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 thehdiapir «hat» is
formed. The development of the diapir folda the hat occurs when the stdide 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,fete separation of the hat from the stock
and transformation to a local subconforming body is possible. Maksovites ((shubgieing
rocks containing from 10 to 45% of mixed OM) are confined to dome deposits, and shungites
(shungitebearing rocks coniaing from 45 to 80% of mixed organic matter with a
predominancef migratory matter) 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 conpogif shungites are quite large even
within the same stratifieded both vertically and laterally. With an average carbon content of
about 50 %, i n individual parts (Ainterl ayers
draw clear boundargebetween shungites with different carbon contents. The cusmnkt
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 trandgghitted
thustraditional optical petrography has a limited use for theirildetatudy 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 shungitehemi@l composition has been calculated on a @€ basis, and the rock
classification of Yudovich and Ketris [5] has been used to categories thefré®Chemical

composition of shungites.

Determination of the content of petrogenic (ireck-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 geatadjsetion 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 byA. E. Romashkin

The petrochemical modules were calculated to reveal the differences in the chemical
composition of shungites, namely, hydrolysate |
GM=(TiO2+Al203+Fe0s+FeO+MnO)/SiQ; titanium T  TM=TIiO2/AI20; iron
ZhM=(FeO3+FeO+MnO)/(TiQ+AI.0s3); femic i FM=(FeOs3;+FeO+MnO+MgO)/SiQ
normalized alkalinity module i NKM=(Na:O+K>0)/Al.O3; aluminumsilicon i
AM=AIl 205/SiO,; alkalinei SCHM=NaO/K>0, longterm practice of using which has shown
their effectiveness in the study of sedimentary rocksTbg aveage chemicatomposition
of shungites presented on Fiyand petrochemical modules are presented in Table 1. Based
on a GM, the classification revealed two groups, namely, miosilites (GM£€032) and
siallites (GM=0.310.55).
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Table 1.Petrochemical mades of shungites

N&aO+K20, % GM ZhM FM AM ™ NKM SCHM
t 992 5.51 0.36 0.53 0.17 0.21 0.12 0.43 0.03
t 992/ 3.10 0.20 0.34 0.07 0.13 0.09 0.31 0.05
t992/ 3.78 0.25 0.54 0.12 0.15 0.08 0.36 0.05
t 992/ 4.14 0.22 0.64 0.11 0.12 0.11 0.51 0.18
t992/ 519 0.37 0.57 0.21 0.21 0.10 0.48 0.15
t 997 514 0.46 0.63 0.54 0.25 0.12 0.49 0.12
t997/ 6.45 0.42 0.36 0.22 0.27 0.12 0.46 0.09
t997/ 5.05 0.41 0.41 0.45 0.26 0.10 0.45 0.12
t997/ 5.38 0.32 0.37 0.38 0.21 0.13 0.51 0.12
t997/ 5.26 0.32 0.24 0.13 0.24 0.10 0.37 0.11
t997/ 5.47 0.30 0.20 0.09 0.23 0.07 0.34 0.04
t997/ 6.18 0.36 0.28 0.12 0.26 0.09 0.37 0.03
t997/ 7.33 0.39 0.19 0.12 0.30 0.08 0.42 0.11
t997/ 6.75 0.38 0.17 0.13 0.30 0.10 0.40 0.17
t2s13 4.42 0.21 0.25 0.08 0.15 0.14 0.42 0.03

Inhomogeneities in the composition of the shungiteeral matter are due to the presence
of various micas. Three groups are distinguished, corresponding to samples from the bottom of
the lower layer (5.6.5 m), the roof of the upper layer 33.9 m), and rocks occupying an
intermediate position (fig.)3The 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 offte Melnichnaya deposit. It can be assumed that the loweritayer
the eighth shungiteearing horizon, and the overlying shungites are fluidolites that have risen
from the domdike body developed along the sixth shungigaring horizon.
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# shungite (Shunga)
® shungite-bearing rocks from VIII horizon (Melnichnaya)

A fluidolite (Melnichnaya)

Fig. 3. Correhtion between AM and (N&+K;0) 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 (Ma+K2>0) and (AbO3/SiOy).
2. There is no negative correlation betweenn@l and SiQ, 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 geochemicabularites have a potential to assist in correlation of distant
exposures, as well as, drilled section within Onega basin.
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Abstract

The stratigraphic and structural prerequisites for prospecting shimegitang rock deposits
were studied. This work shows how the geological features of shtbegtengrock deposits
manifest themselves in geophysical fields. The median gradient matidbdatural electric
field method as well as gamma spectrometric survey were used.

Keywords: maksovite, structure features, stratigragbatures, geophysical methods
Introduction

The Onega basin represents one of the largest fragmesastofental margin preserved on
the eastern part of the Fennoscandian Shield. It consists of a system of parallel, second order
synclinal structures trending N\&E (Tolvuiskaya (Fig. 1 Khmeleozerskaya, and others). The
c. 2000 Ma, 904n-thick, Zaonega Fmonation 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 Zaorga Formation was subdivided into Lower and Upperssiites [3].

The Lower subsuite is a c. 200n-thick succession composed mainly of clastic, horizontally
bedded, crosbedded and laminated rocks [3]. Member A of thesuibe comprise$00130m
of rhythmically interbedded feldspauartz sandstones and siltstones with a variable content
of carbonate and mica. Member B has a thickness ©06fh and consists dine-grained
sandstone, siltstone and shale.

The Upper sulsuite is 608650 m thick and diffes from the Lower suisuite in that it
contains several intervals obgrich sedimentary rocks interbedded with abundant lava flows
and intruded by gabbro sills. Member A is a c.-2®ghick unit [4] and casists mostly of
cyclically interbedded greywaek and mudstones with subordinate calcareous greywackes,
sandy limestones, and minor intraformational, magtipported conglomerates and breccias.

Member B is c. 300 m thick [4] and composed of greywackagkblg-bearing siltstone
and mudstone. The mdé@r contains six intervals obfgrich rocks (shungitéearing horizons)
ranging in thickness from 5 to 120 m. Maksovites are shubgideing rocks containing from
10 to 45% of mixed OM, and shungites dnaerggitebearing rocks containing from 45 to 80%
of mixed organic matter with a predominance of migratory matter [5]. The association of
dolomitechertshungite of Member B can potentially be used as a marker horizon for
correlation of Zaonega sections @lbere in the Onega Basin [6]. Member C is a-20B00
m-thick unit. Member C comprises siltstones, tuffite, quarttite-chlorite and biotitealbite-
quartz schists with beds of black&bearing dolostones. The member contains three shungite
bearinghorizons. The formation of shungibearing rock 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 formationesf dtouks, or
go to completion, when the diagirhat 6 i s formed. The devel opme
hat occurs when the stotike body that forms from the dome either comes to the surface or
reaches a strong impermeable layer or horizon wibhvarl density. In extreme cases, complete
separabn of the hat from the stock and transformation into a local subconforming body is
possible. Maksovites are confined to dome deposits, and shuingitesiblayer deposits [5].
Building upon the known geological features of the ZaonEgamation, the mai
stratigraphic objectives of the study are: (i) identification of the formation controls of dome
deposits on to the sixth shunghiearing horizon, and (ii) assessment of increased radioactivity
of the rocks of the seventh shungiteamng horizon withinthe shungitechertdolomite
association. The structural objectives include: (i) assessment of the shape of diearyiieg
horizons (dome structures), (ii) their confinement to toirder anticlines within the synclinal
structures offte second order (Tauiskaya, Khmelozerskaya and other synclines of the Onega
basin), and (iii) assembly of a system of domes located on the same wavelength.

X

Ogorovtsy
O

e

- mafic tuff, tuffite
- siltstone-dolostone
- shungite-bearing horizon
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l:l gabbro
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Fig. 1. Geological schemefthe North part of Tolvuiskaya syncline oh@ga basin [1]
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Methodology

Geophysical methods including the median gradient method and natural eleddric fie
method as wellsgamma 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 SdiRofler softwae.

Result and discussion

The main geological features can be identified within the Maksovo deposit (Fig. 2); namely,
the symmetric shape of dorike body, and the presence of a marginal syncline.

a marginal syncline

Fig. 2.3-D model of the maksovite body at Maksovo (Fig. 1): morphology of the upper (a) and lower (b) su

A complex of geophysical methods was selected baseteophtysical properties of the
maksovites and host rocks. Two areas of the Tolvuiskaya syncline were selected for
investigationOgorovtsy is located 2 km southeast of the village of Tolvuya (Fighgyevthe
rocks consist mostly of siltstone and of shigghertdolomite association. Exposing shungite
bearing rocks of seventighth horizons are overlain by a thin Quaternary cover. An intense
negative anomaly of seffotential was discovered, presushacaused by the shungibearing
rocks of the eighthdrizon (Fig. 3a). The isometric anomalous zone is distinguished on the
contour maps of the exposure dose of gamma radiation, apparently corresponding to the rocks
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of the seventh shungite horizon, thecalled gammaeference (Fig. 3b). Local faults were
identified by the median gradient method. The body of maksovite in Ogorovtsy was formed
along the sixth shungiieearing horizon and has a transitional contact to the overlying rocks.
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Fig. 3. Contou maps of: d difference of potential of the naturaketric field;
b1 exposure dose of gamma radiation

Tetyugino is located 2 km southwest of the village of TolVv{lig. 1). In the crossection
several reference strata are identified, throughout the Tolvuiskaya syncline, including
lithologicalgeochemich regional reference shungitechertdolomite association. In the
northwest, siltstones and shungiearing roks 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 andinth shungitebearing horizons. In the southwestern part of the area, a
linear boundary is well recorded, which characterizes the transgiovebn the anticline and
syncline. The central part of the diapir structure is recognized by the median gnaetieod.

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 ofshungite
bearing rocks deposits (the median gradient method, gespewrometric survey), their
confinement to thirébrder anticlines, and the presence of agimal synclire (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 gy@otimeters were made by
G. Ramberg and T. Bartin the 1950s. Perchuk [1], [2inade a great contribution to
geothermobarometry by developing a theory of phase correspondence baseddeaghof G.
Ramberg and V. S. Sobolev. He calibrated several codedirgeothermometers: garsimbtite,
garnetcordierite, garneamphibole, amphibolplagioclase, amphibolelinopyroxene, etc. The
garnetbiotite exchange equilibrium is one of the mostmmon parageneses. To date, there are
more than twenty calibration tpns. Nikitinads [3] thermometry is one of the latest developments
of the garnebiotite geothermometer. The formation temperatures of the Kozhim Massif granites
were calculated basexh Nikitinaés thermometry in the course of the study [3]. The datarsdata
show that the Kozhim granites are higimperature formations. The temperature regime of
crystallization of these rocks is from 71 to 815 °C according to the garnbiotite
gedhermometer.

Keywords: biotite, garnegranite,geothermometeozhim Massif, Subpolar Ural$\likitina
Introduction

The Kozhim Massif is located in the northeastern Subpolar Urals on the banks of the Ponyu,
Oseyu and Epkoshor rivers (Kozhbasin) (Fig. 1). This group of granite bodies forms one of
the interstratal intrsion cutting through the deposits of the Puvinskii Group (middle Riphean).

The rocks of the massif are strongly cataclazed shale and in places became sericite
dynamometamorphishales [4]. The Kozhim granites with the maximum preservation of the
primary stucture and appearance are dense gitigsssocks of pink color (an indicator of the
increased content of alkaline feldspar in the rock) with a-defihed greenisigray hue(a
characteristic sign of the presence of sericite and muscovite, small gfajogartz in the
granite). The structure of the studied rocks varies from granular hypidiomorphic (large
subidiomorphic grains of feldspars immersed in a medinmgrained mas consisting of
quartz grains, feldspars and mica flakes) to meeyuamed alleriomorphic [5], [6]. The
mineral composition of the granites is represented by potassidium feldspar (40%),
plagioclase (13%), quartz (35%), biotite (5%), muscovite (A¥g.rocks of the studied massif
belongtothe At ype accor di ragpificaton. Chappel 6s cl

Biotite is represented mainly by greenistown, small (up to 0.1 mm) scales in the main
mass of the rock, sometimes marked as inclusions in feldsgasions. According to its
chemical composition, the mineral is irdch 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 Inanslucent and transparent pink crystals of
rhombododecahedral habitus. The size of theenairgrains is 0-D.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 @mandine garnet. The average garnet content in Kozhim granites is 20
g/t according to Fighanet al [5].

Methodology
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igneous, bi tectonic;6 1 planar structures of bedding elememgssifs (numerals in circles):i1Kuzpuayu
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There are many variants of geothermometers based on the reactions of ion exchange of
elements in different media. The garbéttite equilibrium is the most popular due to the wide
prevalence of this paragenesis (in aliarocks and granites, Grt assoedtvith Bt is mainly
represented by a solid solution of Atthand 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, Holdawag Lee, Goldman and Albee, Lavrentieva and
Perchuk, Perchullyikitina, Blundy and Holland, etc.). In some variants, only the Fe/Mg ratio
in biotite and garnet is taken into account, while others consider the infloérica, Mg
impurities, the assumed range of temperatures and pressures, etc. One of the latest
developmentssi a garnei biotite thermometer, developed by Nikitina [3]. This temperature
indicator is based on the temperature correlation of the distribatiefficient of iron and
magnesium between garnet and biotite. The applied parameter does not dependmaterhe c
of calcium or manganese in garnets, titanium or aluminum in biotites, or the pressure, in
comparison with many other garriebiotite geothanometers [9].

Nikitina geothermometer is represented by the following formula:

T = (i 14811,25A + 60034,08% i 97177/& + 465004) / (LnKe*Mnj 10,95A + 48,24Ai
81,78~ + 43,80 + C + D + E),

G HA =11 Xge™g

C =12,55(X?1 0,100)i 2,70(X“®i 0,100% + 3,54(%“?7 0,100%,

D=7 4,08(X%™ 1 0,15)1 21,6(Xe i 0,157 7 634,5(%" i 0,15f + 3628,8(%"' i 0,15),
E=1,8:"i 0,033)i 1,8(Xs" i 0,033F,

G H j®1 the distribution coefficient of iron between biotite and garnet,

Xa ®™M97 the content of iron and magnesium in garnet, mass. weight,

Xa&“81 calcium content in gaet, mass. weight,

XeN 1 the aluminum content in biotite, mass. weight,

Xgt''i the content of titanite in biotite, mass. weight.
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Results and Discussion

Testng of the Kozhingranite Massif was carried out by the point method with the selection
of several samples of 10 units. Pieces of unaltered rock with an average weigHit5okd0
were selected for each sample. Biotite and garnet were taken from each sarappdy
Niktinads met hod. The contents of iron, magnes
biotite were obtained using a Vega3 energy dispersive spectrometer fisbiBhce Institute
of Geology, Komi science center URD RAS (Syktyvkar, anafyss. Shujski). The data
obtained allowed us to calculate the thermal parameter for each sample (Table 1).

Tablel.Temper ature of formation of the Kozhim Massif gr
The number of samples Temper at |

1 713

800
778
742
800
809
798
795
815
802
Average 785

Qo |IN|oO|O|h~|W|DN

=Y
o

The research showed that the temperature of formation of granites of the Kdaksii
according to the Nikitina garn#iotite geothermometer lies in ange from 713C to 815°C,
on average 78%C.

Conclusions

According to theNikitina garneti biotite geothermometer, the author calculated the
temperature regime for the garnet of the Kozhim Massif as froni@18 815°C. The rocks
of the massif undeconsideration are high temperature formations. The asthearlier
conclusions areanfirmed. 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. Tuco analysis [11].The studied granites were crystallized at temperatures from @2 °C t
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 MbBleHowever,
the results obtained refute the data of Fishetaal, [16] who clamed that the Kozhim massif
granites are lowetemperature rocks with a formation temperature not exceedingC720

REFERENCES
1. PerchukL. L. (1973).Termodinamicheskijezhim glubinnogo petrogenezZdauka, 318.
2. PerchukL. L., Ryabchikoy . D. (1976). Fazovoe sootvetstvie v minéngh sistemah. Nedra, 287.
3. Nikitina, L. P. (2005). Mezhfazovye geotermometry, geobarometry i geooksobaro®étrlp., -83tc. 17
4. Pystin A. M., Pysting Ju. I. (2008). Metamorfizm i granitoobrazovanie v proterozojsko
rannepaleozojskoj istorii formirovanija Pripoljarnoural'skogo segmenta zemnoj kory. Litddfera tc ts .
25-38.

32



®Filodiritto Editorei Proceedings

10.
11.

12.

13.

14.

15.

16.

FishmanM. V., JushkinN. P., Goldin B. A., Kalinin, E. P. (1968)Mineralogija, tipomorfizm i genezis
akcesornyh mineralov izverzhennyh porod severa Urala i Timislaaka, 251.

Udorating O. V., Shujskij A. S., KapitanovaV. A. (2020). Granitoidy kozhimskogo massiva
(pripolyarnyj ural): UPb, LuHf dannye.lzvestiya Kominauchnogo centra UrO RAN 4t ts . -105. 6

doi 10.19110/199465520201-96-105.

Denisova Ju. V. (2014). Tipomorficheskie i tipohimicheskie osobennosti akcessornyh cirkonov
granitoidov pripoljarnogo Urala. Vesitni k I nstitut
Mahlaey L. V. (1996). Granitoidy severa Centi@lo- Uraléskogo podnjatija (Poljarnyj i Pripoljarnyj

Ural). UrO RAN, Ekaterinburg, 189.

DenisovaYu. V. (2020). Akcessornye geotermometry granitov. Tendencii razvitiyki i obrazovaniya

61,tc tc12-15. doi: 10.18411/05-2020-22.

PupinJ-P. (1980). Zircon and granite p2¢rol ogy. Cont
Denisova Ju. V. (2016). Termometrija cirkona iz granitoidov Pripoljarnogo Urslestnik Instituta

geol ogi i Ko mi NC-2Bbr O RAN 12, tte. 11

Denisova Yu. V. (2019). Termometriya nasyshcheniya cirkona, apatita, monacita (Kozhimskij massiv,
Pripolyarnyj Ural). 1zvestiya Komi nauchnogo centra UrO RAN®B%s . -302d6i 10.19110/1998655

20193-47-52.

Watson E. B., HarrisonT. M. (1983). Zircm saturation revisitedremperature and composition effects

in a variety of crustal magma type804 Earth and Pl
Bea F., FershtatelG. B., CorretgéL. G. (1992). The geochemistry of phosphorus in granite rocks and

the effects of aluminiumLithos48, pp. 4356.

Montel, J. M. (1993). A model for monazite/melt equilibrium and application to the generation of granitic
magmas . Chem. Gld6 | . 110, ftots. 127

FishmanM. V., Goldin, B. A. (1963) Granitoidycentral'noj chasti Pripolyarnogo UrakiN SSSR,105.

33



®Filodiritto Editorei Proceedings

Changesin the CladoceraCommunity Within the Bottom Sediments
of a Small Tundra Lake (TheYamal Peninsulg Erkuta River Basin)

IBRAGIMOVA Aisylu 1, FROLOVA Larisa!, GAREEV Bulat?,
FROLOVA Anastasial, FEDOROV Grigory?, TUMANOV Oleg*

1 Kazan Federal University, Kazan (RUSSIA)
2 Saint Petersburg State University, Saint Petersburg (RUSSIA)
Email. AGlbragimova@kpfu.ru

Abstract

Climate change and technogenic impacts, mainly on the territories of oil and gas@xteae
particularly noticeable in the pristine territories of the Arctic. Results of the Cladocera analysis
from the bottom sediments of a small tundra lake refdobes K1 (within the Yamal Peninsula,
Erkuta River Basin) are presented in the curpapter. The Cladocera community is characterized
by low taxonomic diversity, consisting of typical northern species. In total 13 taxa of Cladocera
belonging to 3 familie§Chydoridae BosminidagDaphniidag were identified in 30 cm of bottom
sediments. Té Cladocera community of K1 was dominatedQiyydoruscf. sphaericus when
Bosmina(Eubosmina cf. longispinawas subdominant in the sedimeft the depth of 136 cm
an increased proportion &. (E.) cf. longispinawas observed along with a decreaseCotf.
sphaericusindicating climate change may have an impact on Cladocera. According to the values
of theShannorAWeaver index K1 has initial signs of eutrophication.

Keywords: Cladocera, bottom sediments, Holocene, Yamal Peninsula, thawing of psrmafro
Introduction

The Arctic region is one of the four regions of the world identified byirite¥governmental
panel on climate change as the most sensitive and vulnerable to environmental change [1].

Important changes occurred in the Arctic climatesrduthe 20th century [2]. Recent decades
have been characterized by noticeable climate charoyerang 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 avege annual temperature in the Arctic in 2011 reached a record maximum observed
over the last 13 years [3]. Warming occurs synchronously for the Western Arctic region with
shortterm fluctuations, with both increasing and decreasing average annual temgseratu
observed. Climate warming is accompanied by an increase in annual precipitation [} Sfudi
lakes bottom sediments are of particular importance for reconstructing the ecological and climatic
conditions of the past, whilst also assessing the custatd of lakes [5]. In the absence of leng
term climatic and environmental monitoring datagxy data from lakes bottom sediments can be
used to obtain a longitudinal perspective of environmental change. Siliceous algal and chitinous
invertebrate remaingChironomidae, Diptera and Cladocera, Crustacea) are among the most
common paleo indicators ilake 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 past2@Dyears [7]. However, only a single
study has been conducted in the territory of the Polar Ural [7][9B]The aim of this study is to
explore the Cladocera community from the bottom sedimééke 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 regon

The Yamal Peninsula is located in the north of the world's largest West Siberian plen in
tundra zone, beyond the Arctic Circle. The peninsula is a relatively flat-tylogvaccumulative
plain (heights of &0 m, with the highest point of 90 m)raposed of sand and clay deposits.
Factors such as a higéititude locationsmall influxes ofsolar 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 insummer and super cooled continental air in winter determines the
continentality and severitpf the peninsula [10]. Annual precipitation is 2800 mm. High
humidity, fog and cloud cover are typical for the region. The average annual temperature in the
sauth of the peninsula is 6.6 °C and in the northi 10.2°C. The duration of the polar day®ifin
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 deternhe 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 hydrobiolagatgsis.

Moreover, columns of bottom sediment were collected from the lakes to allow costyudgx

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 af€48 knt, with a maximum depth
reaching 6.5 m. In the sampling peri(®81.07.2014) 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 dethi ofi. For Cladocera
analysis 15 samples of the bottom sediments wedeeted using a method of sample preparation
improved by Korhola and Rautio [12]. Sample preparation and identification of Cladocera remains
were analysed in the laboratory i@aleodmatology, paleoecology, paleomagnetisof the
Kazan (Volga Region) Fedal 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 totalmber of specimens in the sample. Two samples of bottom
sediments (280 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 x10@00) light microscope along with apecializedkey for
identification subfossil [13] and modern Cladocera [14]. Changes in the diversity of biotic groups
were analysed using Shanr@feaver index and uniformity of each of ecologigadups by using
the Pielou index, consequently, determining the degreespecies richness, diversity and
dominance of Cladocera communities. Statistical and stratigraphic analyses were performed in the
program C2 version 1.5. Statistically significamaggraphic zones were identified using CONISS
cluster analysis of theilia/TiliaGraph software.
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Fig. 1. Location of the small tundra lake K1

Results and discussion

The Cladocera communities are characterized by low taxonomic diversity, consisting of typical
northern species. In total 1taof Cladocerdelonging to 3 familiesGhydoridae Bosminidae
Daphniidag were identifiedn the column of bottom sediments of K1. According to the Lubarsky
scale Cladocera community of the K1 was dominate@oydoruscf. sphaericug71.34%) with
Bosmna (Eubosminacf. longispinabeing subdominar{24.43%). According to Bogdani 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,anksdfithethicket zones have
not receied 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. BoBh (E.) cf. longispina(50.47%) ancC. cf. sphaercus(41.12%)
were dominant in the lowest layers of the bottom sediments at a depti26f@b: a sufficient
guantity of Cladocera specimens were found at this depth to allow for statistical analysis. Moving
up the column of bottom sediments (depth €&9 a significant increase in the proportion Gf.
cf. sphaericug80-99.12%) and a decrease in the proportioB.dE.) cf. longispina(0.8411%)
was revealed. The dominance@fcf. sphaericuss common in northern lakes and is often the
first to colonisesuch lake$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 alhae orgaic particles [19].

An increase o€. cf. sphaericusan be regarded as evidence of eutrophication [18].

Acroperus harpaandAlonella exiguaremains were identified in small quantities in Zone |1,
with complete absence in Zone M. harpaeis considered an Arctic species due to its frequent
occurrence in Arctic lakes. However, this taxon is sensitive to hydrological changes and
eutrophication18]. Alonella exiguais widely distributed in Europe, recorded in ponds, rivers,
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bogs and temporary wex bodies.This taxonprefers to reside between vegetation and prefers
waters with pH 3.8.0 with a higher concentration of calcium [18], [21].
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Fig. 2. Cladocera communjtof the bottom sediments of K1

In Zone Il, an increase in the proportionBf(E.) cf. longispina(15.8443%) and the decrease
of C. cf. sphaericug51.4983.17%) was observeB. (E.) cf. longispinais 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 °Chughigpical for oligotrophic and
moderately eutrophic reservoik3]. Changing the ratio of taxa in favor of increasing pel&gic
(E.) cf. longispinais often associated with an increase in areas of open water in a lake due to
thawing permafrost. Furthmore, similar changes were noted while studying subfossil Clealoce
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 resaltegher 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, Chironomidaetom&) have been
observed according to biological indicators inltdet 100150 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 exdampma study of thd i a t commausities of the bottom
sediments irFinnish Lapland lakes indicated increases in temperature [5].

In Zone Il remains oRhynchotalona falcatand Oxyurella tenuicaudisvere identified.R.
falcatai which are Palearctic benthspecies widely distributed in Europe, Kazakhstan, Siberia
and Magolia [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 sbstrate without vegetation. Ideal pH for these taxa is acidicantiZalcium (Ca 2+) [19],
[27]. AlsoR. falcatahas been reported in shallow marshes of Malozemelskaya tundra [28].
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O. tenuicaudisi a salt water tolerant taxare widely distributed in Ewpe and has been
recorded in oligotrophieutrophic lake littoralponds and shallow marshes with a preference to
inhabit areas between vascular plants, marginal vegetation and water with a [#98}%4.8

The Cladocera community of K1 is characterized by taxonomic diversity, consisting of
typical tundra lakepecies. Similarly, to those observed in previous investigations in other tundra
lakes within Russia [6], [17], [29]. The values of the Shannon index ranged fronrl.G,07
averaging at 0.88. While thRielou index values ranged from 0-066 averaging ab.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 ftleenbottom sediments of K1 an
increase in the proportion of the pelagic taBasminaEubosminacf. longispinawas observed.

These observed shifts in community nimyassociated with an increaseha pelagic section
of the lake due to the thawing oéqmafrost. 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 differemtidgical indicators, an increase in the proportion of
pdagic taxa has similarly been observed in the lastIfDyears in the Arctic lakes of Europe
and Canada.

Acknowledgments

The part of this study concerning paleolimnological work was supportedebgrémt of
RussianScienceFoundation (project 2@7-00135). Ibragimova A. research was supported by
the subsidy allocated to Kazan Federal University for the state assignme+2G2X1049 in
the sphere of scientific activities. The text of the artichs whecked by a native English speaker
Doctor of Philosophy (PhD) in Biology Robyn Geldard (Imperial College London, Beijing
Forestry University).

REFERENCES

1. Katcov, V. M., Porfireev, B. N. (2012). Klimaticheskie izmeneniya v Arktike: posledstviya dlya
okruzhayushchej sredy i ekonomiki. Arktika: ekologiya i ekonomikK&)2pp. 6679.

2. Moritz, E., Bitz, C. M., Steig E. J. (2002). Dynamics of Recent ClirmaChange in thdrctic. Science
297 (5586), pp. 14971502. DOI: 10.1126/science.1076522.

3. Birman B. A., BerezhnayaT. V. (2012). Osnovnye pogodnklimaticheskie osobennosti Severnogo
polushariya Zemli2011 god. Analiticheskij obzor, Gidrometcentr Rossii, 56.

4. Shirokoy R. S., Vasiliey A. A. (2019). Bathymetric and Bottom Temperatures GIS of the Barents a
Kara Seas. Natural Resource Management, GIS & Remote Sensing(1)apd. 2127.

5. Smol J.P., Wolfe A. P., Birks J., DouglasM., JonesV. et al, (2005). Climatedriven regime shifts in
the biological communities of arctic lakes. Proceedingh@®fNational Academy of Sciences 102 (12),
pp. 43974402. https://doi.org/10.1073/pnas.0500245102

6. Frolova L., Ibragimova A., Fedoroval. (2016). Stratigaphy of Cladocera in a core from A Yamal
Peninsula lake (Arctic Russia). Proceedings of" I&ternational Multidisciplinary Scientific
GeoConference, SGEM(2), STEF92 Technology LtdBulgaria pp. 579587.

7. Brooks S.J. (2003). Chironomid analysis to interpret and quantify Holocene climate change (Mackay
A.W., Battarbee R.W., Birks H.J.B. and OldfleF., Eds). Global Change in the Holocene, Arnold,
London, pp. 32&41.

8. Solovieva N., JonesV. J., Nazaroval., Brooks S. J., Birks H. J.B., GrytnesJ. A., Appleby, P.G.,
Kauppilg T., KondratenokB., Renbergl., PonomareyV. (2005). Palaeolimnlogical evidence for
recent change in lakes from the northern Urals, arctic Russia. Journal of Paleolimnolomy83.482.

9. Solovieva N., JonesV., Birks, J. H. B., Appleby, P., NazarovalL. (2008). Diatom responses to20
century climate warming itakes from the northern Urals, Russia. Palaeogeography, Palaeoclimatology,
Palaeoecology 259, pp6-106.

38



®Filodiritto Editorei Proceedings

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Kalinin, V. M., Kozin, V. V., Larin, S.I. (2001). Geografiya YANAO. Priroda, naselenie, hozyajstvo,

ekologiya. Uchebnoegsobie dlya obshcheobrazagnyh uchrezhdenij (Larina S.I., Eds), TGU, 327.
Morozova L. M., Magomedova MA. (2004). Struktura rastitélogo pokrova i rastitel'nye resursy
poluostrova YAmallzd-vo Ural. unta, Ekaterinburg, 63.

Korhola, A., Rautig M. (2001). Cladocera and othleranchiopod crustaceans. Tracking environmental

change using lake sediments 4, Zoological indicators, Dordrecht, Kluwer Academic Publishers; pp. 125

165.

Sz er o c, KyS@EmdaKorjonen K. (2007). Atlas of Subfossil Cladera from Central and Northern
of the Lower Vistul a

Europe, Swiecie:

Kotov, A., Forrg L., Korovchinsky N. M., PetrusekA. (2013). World checklist of freshwatetd@ocera
electronic

species. World Wide

http://fada.biodiversity.be/group/show/17
Bogdanoy V. D., BogdanovaE. N., Gogkova, O. A., Meltnhichenkq I. P. (2000). Retrospektiva
ihtiologicheskih i gidrobiologicheskih ikxlovanij. na YAmalelzd-vo «Ekaterinburg»Ekaterinburg,

88.

Smirnoy, N. N. (2010). Istoricheskaya ekologiya presnovodnyh zoocendkem nauchnyh izdanij

KMK, Moscow, 225.

Frolova L.A., Ibragimova A.G. (2015). Karcinologicheskij analiz donnyh otlorfj@zer Kilometrovoe

Web

Friends

publication. Available online

at

i Kotovo Harbejskoj sistemy (B&hezemksiaya tundra). Trudy Karel'skogo nauchnogo centra
Rossijskoj Akademii NaukSeriya Limnologiyas), pp. 517.

Flossner D. (2000). Die Haploga und Cladocera (ohne Bosminidae) MitteleuropaackBuys

Publishers|eiden,p. 428.

Fryer, G. (1968). Evolution and adaptive radiation in the Chydoridae (Crustacea: Cladocera): a study in

comparative functional morphology and ecology. Philosophical sketions of the Royal Societf

London 254 (795)pp. 221385.

Bgndlz Al Rybak J. I. (2016). Freshwater Crustacean Zooplankton of Europe, Cladocera and

Copepoda (Calanoida, Cyclopoida). Key to species identification, with notes on ecology, téistribu
methods and introduction to dataadysis.Springer,Germany, 918

Alonso, M. (1996). Crustacea Branchiopoda Fauna Iberlddadrid, Museo Nacioal de Ciencias

Naturales CSIC. 486.

Ibragimova A., Frolova L., Subetto D. (2017).Subfossil Cladocera from boreal lake Gahkozero (The

Republic of Karek, Russia) as paleoenvironmental proxies. Proceedings f Iriférnational

Multidisciplinary Scientific GeoConference, SGEM (13IEF92 Technology LtdBulgaria, pp. 589

597.

Ibragimova, A. G., Frolova L. A., SubettoD. A., Belking N. A., PotakhinM. S. (2017)The changes
in the composition of Cladocera community in bottom sediments of Lake Maloye Shibrozero
(Zaonezhsky Peninsula) as a consequence of shifts of environmentalirmaticctonditions. 10P

Conference Series: Earth and Enviramntal Sciace 107(012029), pp. 8.

Nevalainen, L., Luoto, TSarmajaKorjonen, K. (2008)Late Holocene wateevel changes in Lake Iso

Lehmalampi, southern Finland, reflected in subfossilatedans and chironomids. Studia Quaternaria

25, pp. 3342.

JensenT. C., Zawiska l., Oksman M.

Nevalainen L., Obremska M., Schartau A.K., Walseng B. (2019)Historical human impact on
productivity and biodiversity in a subalpine oligotrophic lake in Scandindwianal of Paleolimnology

63, pp. 1:20.

S §,dMy W@szdzyk M., Luoto, T. P., Tylmann W.,

SweetmanJ. N, LaFaceE., RuhlandK. M., Smol J.P. (2008). Evaluating the response of Cladocera to

recent environmental changesakés from the central Canadian Arctic treeline region. Arctic, Antarctic,

and Apine Research 4(B), pp. 584591.

Siney, A. Y., Kotov, A. A. (2014). Revision of the Holarctic genthynchotalonaNorman, 1903

(Anomopoda: Chydoridae). Zootaxa 382}, pp. 188210. DOI: 10.11646/zootaxa.3841.2.

CherevichkoA. V. (2017). Zooplanktonn water bodies of coastal marshes in Malozemelskaya tundra.

Inland Water Biology 1@2), pp. 203208. DOI:10.1134/S1995082917010047

Nigmatullin, N., Frolova L. (2019). Zooplankton community structure and environmental conditions of
tundra lakes in the Bhora River Delta (Northern Russia).M@ternational multidisciplinary scientific

geoconference, SGEM 19
10.5593/sgem2019/5.1/S20.101

(5.1),

pp.

39

824,

https://doi.org/10.5593/sgeni&)5.1  doi:

Soc



®Filodiritto Editorei Proceedings

Late Paleozoic OdonataAssemblages of the East Europm
Platform

FELKER Anastasiya’

Borissiak Paleontological Institute of RAS, Moscow (RUSSIA)
Moscow State University, Moscow (RUSSIA)
Email: felkafelka95@gmail.com

Abstract

Odonata are known from several Carboniferous and Permian localities of tligiEastan
Platform, from famous Lagerstatten and from relatively new localities where small numbers of
fossils have been found. Apparently, the paleoenvironment of theseiéscadis well as
taphonomic factors and the incompleteness of the fossil raofitisnced 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 odoaatemblages.

Keywords: Odonata, Permian, Carboniferous, East European Platform
Introduction

The Late Paleozoieistory 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 onestte systematic (suborder) and thar
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), amadiother is the petiolate wing sian 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 impssible to attribute to the sameotgical type permagrionids and
kennedyids, or meganeurids and ditaxineurids, sudeggneuropsis permian@arpenter,

1939 and the relatively small ditaxineuRérmaeschna dolldMartynov, 1931 with wingspans

up to 71 en and 14 cm, respectively [2], [Both of these odonates are Paleosgjuivalents

of modern dragonflies of the suborder Anisoptera, however, the cardinal differences in wing
size and venation do not allow them to be classified together ecologicalbyw Bed discuss

the main ecologicatypes 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 inseckdrchnerala treintamilP e t r w3 &CGutiédrez, 2016 and
Argentinala cristnaeP et r ul evi | i us & Guti ®rr ez, 2016 ar
Guandakol in Argentinpd]. In fact, they have few similarities with true Odonata and represent
a fitransitional fornd from Ephemeroptera torftodonata. In Pennsylvanian, odonatopteran
insects are found in maryagerstatterof Germany, Great Britain, China and Argent[d&
[5], [6]. Most of them are represented by laggged meganeurids, which have unspecialized
wing venation without nodusaraulus, 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 | oad on wing sections potential!/l
flappingflight[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 fApi&h

However, such a design could hardly be compared with the wings of modern Odonata, and
the predominant type of flight in meganeurids was apparently glj@inghis type of flight is
directly related to the habitat and accordingly, to the patdogical 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, Aeg8hnidae

Rare representatives of the secondagioal type of Odonata appeared in the same time
interval (late MiddlePennsylvanian These are mediwsized petiolatavinged damselflies of
the suborder Protozygopterd&echlya ericrobinsoniJarzembowskiet al., 20® and
Jacquesoudardia magnificdarokopet 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 fromngjjdiharacteristic of meganeurids,
toa 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 ieagrionidae) are known from many Péamlocalities of
the world. The best known of them are Chekarda (FRegion, Russia), Lodeve (France),
Soyana (Arkhangelsk Region, Russia) Kargala (Orenburg Region, Russia), Tikhie Gory
(Tatarstan, Russia), Isady (Mgda Region, Russia), Balgovan (KwadiZANatal, 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:
broadwinged ditaxneuroids (Ditaxineuridae and Permaadhr) and small petiolat@inged
Kennedyidae [19]. Small and meditsized ditaxineuroids with wide, ngretiolate wings have
a complete Atrueo nodus about 2/ 3 wing |l eng
meganeurids, but, like the latter, lack arculus, having a convergence of the radial, median
and cubital branches instead [7]. Apparently, modsmivalentsof this ecological type are
small dragonflies of the families Libellulidae and Corduliidae [7]. Mossil ditaxineuroids
are confinedd 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 pronouncedglanain vein stem at least 1/3 witength. The
distally widened wings of kennedyids are best suited for active, maneuverable but slow flight.

Modern ecologicakquivalentof this type are small zygopteran damselflies of the endemic
Australian family Henphlebiidae, the South American family Protoneuridae, and the
widespread family Coenagrionidae [19].

Late Paleozoic localities of the East European Platform

Fossils of Odona are quite rare and account for about% of total insects in most Late
Paleozat 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 stagvaaak
flowing and marginal water bodies, geologically interpreted as lacustrinr@ore rarely
lagoonal and marginaharine facies. Nine Late Paleozoic localities of fossil Odonata are
known from the East European platform. There are Kam8hskhtinskyBashkirian; Rostov
Region), Chekarda (Kungurian, Perm Region), Tyulkino (Ufimletm Region), Soyana
(Kazanian, Arkhangelsk Region), Tikhie Gory (Kazanian, Tatarstan), Kityak (Kazanian, Kirov
Region), Isady (Severodvinian, Vologda Region), Kargala dpazovka (Severodvinian,
Orenburg Region). The odonate assemblages of large iesaitch 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 tois¢cts and 40 odonate specimens) are quite rich
and diverse. In the remaining loites, with fewer than 1,000 total insects collected, the
number of odonate specimens varggeatly (from 1 to 30 specimens). In the localities of
Kargala, Tyulkino and Kitak, Odonata are few in number, and representatives of only one
ecological type pnreail. Only single specimens of Odonata are known from Vyazovka, Tikhie
Gory, and Kamenskshakhtinsky.

Among the above localities, we distinguished several varieties, shakhengelationship
between the ecological types of Odonata found in them [19] arekdumed conditions of their
formation. A similar distribution of Odonata is observed in the Soyana and Tyulkino localities,
though about 5000 total insects were colleaefoyana and only about 550 in Tyulkino. Thus,
large inhabitants of open spacegganeurids), 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 nubbers. In addition, almost the same number of both protozygopteran
types of Odonatavas recorded in Soyana locality. These types include both mesihaah
permagrionids (11 specimens) and small kennedyids (10 specif@elmg)ata, other than that
of the dominant type, are differently represented in Tyulki@mly one incomplete specimen
of kennedyid damselflyKennedya tyulkinensiBelker, 2020 is known [18]. That distribution
is quite consistent with the resemblance of the proposed paleoreconstructioasabbve
localities. Deposits of these localities are interpreted as marginabphrteckish lagoons [20],

[21]. Hence, the primary ecotopes were located within open wide areas suitable fgidadye
meganeurids.

The famous Permialbagerstatte of Chekarda shows another kind of Odonata assemblage.

The most productive fossil insect &g of Chekarda are reconstructed as deposits of
branches of a paledver 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 ohem (28 specimens) belong to the second ecological type [19], represented
by broadwinged mediunsized ditaxineuroids (Ditaxineuridae and Permaeschni&meall
kennedyids are less numerous (17 specimens) and quite diverse (presumably 3 undescribed
generaand 5 species). Lorginged Odonata of the two other ecological types, represented by
large-sized meganeurids and petiolatanged mediurrsized permagriaids, are rarer (11 and
6 specimens, respectively) (Fig. 1). The predominance of mesized and smalDdonata
with wide and petiolate wing bases indicates that the banks of the Chekarddgitdesere
covered with dense vegetation. The mod=gnivalens of these ecological types of Permian
Odonata, small Libellulidae, Hemiphlebiidae, and Protoneuridaabit similar ecotopes in
Australia and Argentina [23], [24].

Isady and Kityak localities represent the third group. These localities exclusiveincont
fossils of protozygopteran damselflies (Fig. 1). The richest (40 specimens) and most interesting
asemblage is found in the lIsady locality. Its peculiarity concludes in the noticeable
predominance (19 specimens) of the smallest petiolatged damselies of the family
Kennedyidae (similar to the genBeogoneura [19]. At the same time, 5 specimen®dfinary
representatives of the gerikkisnnedyaare known from this locality. In addition, two fossils of
damselflies formally referable to the same egatal type as kennedyids, but systematically
different from them were found here. They are similatyfmcal representatives of Triassic
protomyrmeleontoids of genuBerskejaPritykina, 1981 [25]. Apparently, they represent
undescribed ancestral forms thiese Triassic damselflies, possibly belonging to the family
Voltzialestidae [26]. The other fossil43 specimens) belong to the second meesizad
protozygopteran type represented by the families Permagrionidae and Permepallagidae.
Paleozoic equivalestof modern Anisopterous dragonflies, are not known from this locality.

Despite the general similaribf composition, the odonate assemblage of Kityak differs from
the previous in the number of damselflies (7 specimens) and the proportion of ecolpgisal ty
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Most of the odonates (6 specimens) belong to the family Permagrionidae, rsziam
damselflies wth long wings. The small protozygopteran damselfly type includes only one
specimen, described aBrogoneura kityakensig-elker, 2020 (Kennedyidae) [18]The
prevalence of petiolat@inged protozygopteran damselflies suggests that localities of this type
were formed by small, possibly sleflowing rivers surrounded by dense vegetation. This is
confirmed by paleoreconstructions, whereby these localities feaned in the marginal parts
of small riverbeds or their cuff meanders [19], [27], [28].

Odonata ee known from very few specimens in the remaining localities of Tikhie Gory,
Kargala, Vyazovka, and KamenS§khakhtinsky, so it is difficult to link thegcology and the
paleoenvironment. In the Tikhie Gory locality, odonates are represented by threeeseci
belonging to two ecological types. The first type is represented by an undescribed specimen of
the ditaxineuroid family Permaeschidae.

The second fye includes two specimens of protozygopteran damselflies of the genus
Sushkinia Martynov, 1930 (Fig. 1) Martynov originally assignedSushkinia elongata
Martynov, 1930 an&. parvulaMartynov, 1930 to the family Kennedyidae, but later transferred
them to Rrmolestidae [29], [30]. According to the latest revision of Late Paleozoic damselflies,
the genusSuslkinia was treated as a protozygopteran of an uncertain systematic position [17].

However, the rather large size and some venation charaétenso(nodus, shape of
pterostigma, length of the anal vein) suggest that this genus belongs to Permagrionidae
(=Permolestidae), that is, to the ecological type of meesizad protozygopteran damselflies.

Five odonate specimens of two ecological types are kriowm Kargala. The first type is
represented by meganeurids family Kargalotypidae (2 specimens) [31].

The seond type includes mediusized damselflies of the family Permagrionidge
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 Pennsylvaridtamensk
Shakhtinsky. In their wing shape and venation, they are d¢tw3be earliest Argentinian
ProtodonatairchneralaandArgentinalaand, accordingly, are referred to the ecological type
of large meganeurids (Fig. 1).
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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 accortiinghe predominant ecological type of
Odonata. (1) The assemblages of Soyana and Tyulkino preserved in lagoonal deposits show a
marked predominance of large&ed, longwinged Meganeuridae. (2) The assemblage of
Chekarda, formed in the zone transitionaWeen the river delta and brackish lagoon, shows
dominance of relatively small and meditsized odonates with different wing shape, from
broadwinged Ditaxineuridae to petiolateinged Kennedyidae. (3) The assemblages of Isady
and Kityak deposited in flual facies contain only Paleozoiequivalentsof modern
damselflies: small to mediwsized petiolatavinged 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 formatien (601
708m) of the Boca de Jaruco oilfield. A hypothesis was created #imtme 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, CaifParcel-Meibum-Gill, organic matter, themogravimetry, 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 productivetvesil| 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. Thgality 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
thesampleThe choice of methods for extracting and using combustion in the reservoir depends
on information about the thermal properties of the heavy oil and bitum8pdng with the
host rockdd. minerals [ 4,

This article proposes a new complex meilior 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 CarfPurcellMayboomGill (CPMG) sequence, with the subsequent determination of
their amplituderelaxation characteristics (deconvaluation), has demonstrated a high efficiency
at determining the group and phase composition of heavy oif$. [B this work, this method
was frst usel 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 organdgeestones
interlayered wth 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 materigb@) as the sum of rock ma losses (%
wt.) in the temperature rand2 40-200 % . A hypothesis has been
formation time of the studied object, the lithological composition of heterogeneities and
problems associated with oil recovertleese 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 jestbck companyiSKB Chromateg, Russia.

Rock samples were placed in an ampoule with a diameter of 10 mm and sealedbeth
stoppers. The resonance frequency for protons was 20 MHz. Theimkeadf the NMR
receiver was no more than 10 microseconds. The phase of th&rdugkency pulses waset
independently on the 4 channels to 00, 900, 1800 and 2700. Signals ioidfregon decay
(FID) and echo in the modified CapurcellMeiboomGill (CPMG) series were obtained in
phasesensitive mode. Subsequent quadrature detection provided an énicreélas signato-
noi se ratio by a factor oeuftfrofn2he possible dritt @ the nde p
high-frequency phase. Moreover, to reduce the influence of inhomogeneities of constadt B
high-frequency B magnetic fields on the accusaof setting 180° pulses in the detectable
volume, the sensor was placed ie thost homogeneous part of the magnetic gap (thdifealf
time of the glycerol FID was t1/201.6 ms) of
80% (01, 1 -ceight of fhe higirequeimay coh. The effectiveness of these measures
was evalated 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 ts&ability of a constant magnetic
field no worse than 5.16 per hour. The dewicautomatically adjusts resonant conditions based
on the phase detection of the fieduction signal of the standard sample, usually glycerin, or
the FID of the analyzed substz if it has a sufficiently intense slow component. All the rock
samples in tis 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 diffeent from the accuracy of the stabilization of spectrometers equipped witlateepa
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 TG209Mdré&c precision thermogravimeter combined
with an IRFourier Alpha attachment.

EPR-spectroscopy.The analysis of the Mii 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 perfornmedrfore 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 Cifuentesnfairons are the most important
reservoirs. These reservoirs are also the graddiydrocarbon producing horizons in the Boca
de Jaruco oilfield (Fig. 1).
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Fig. 1. Cuban Statigraphic Column [8]

The RondeCifuentes section is composed mainly of carbonate, cherts, and minor amounts
of shale that were deposited in both deep water and shallow water environmen&ébbthates
that form the reservoir in the Ron@afuentes are mainly light to mediubrown finegrained,
micritic to chalky limestones, bioclastic wackestones with bitumen laminations, and some
dolomite. Primary porosity is poor but secondary porosity besn developed through
fracturing, dolomitization and pressure solution. Vugs arguieatly visible along with
fractures and cavernous porosity may also be present. The cherts are mainly-brediam
gray, or white, translucent, and are fragmental mriaminated with limestones [8].

Hydrocarbons within the Rondaifuentes are trappestructurally due to a compressional
event during the Tertiary that created duplexes and anticlinal stacks as a result of thrust faulting
within the Mesozoic and Cenozdstrata (Fig. 2).

These structural traps are sealed by shales, cherts, limestonfiseaymdined sediments of
the thick Tertiary (Paleogene) Vega Alta formation that unconformably overlies the Veloz
Group. The unit of the Vega Alta that immediately oesrthe Veloz is informally known as
the ASeal Uni t 06 and nes,chedsiandbijumiocusbiack shalds widhf ¢ |
loose silicified radiolarians and minor serpentine fragments [8].

Thermogravimetric exploration. The TGA method in this worlas used to determine the
content of c¢clay mat er i adtesogenaity).t he sectionbs r

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 hizatirggrange of T=4200°C.

It is possible to directly correlate the loss of masg 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 detenation of clay matter along the section was
simultaneously determined by the ERRRthod (Ch. 3.3). The results of TGA exploration are
presented in Fig. 7.
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EPR-spectroscopy exploration. EPR spectroscopy is a method of rdwstructive
monitoring of the wte of a mineral and organic collectorden 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 weakfield EPR line of he Mr#* 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, cmsequently, to the OM content in the sample. The total initial NMR decay amplitude
(Ao) is determined as the sum of the amplitudes of the lighake (A.) and solidphase (As)
decay components, which in turn are calculated from the fitting tisengoght and Abraham
model functions, respectively.

For each of 10 rock samples taken from the depth interval88Im, the OM content was
determined by t he db rodnk/imawherelk is(thd BbRversion fagtay,
and m is the mass of theck sanple. The results of EPR exploration are presented irn7Fig

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 therock recovered 86.14% and 52.82% for samples 676 and 708, respectively.

When examining rock samples (#62708), two of them (#644, #708) had a ladegn
component, which indicates the oil content in large pores (Fig. 5).
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Interpretation of geological information

According to the data of the geological setting of the Boca de Jaruco oilfieltil[fL@&, can
be assumed that the studied object belongs to the upper part of the Jurassic system, which is
represented by an interlayer of -edtuated organogenic limestes 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 (Bi 6), in which the presee of the Vega Alta duplex is observed in
the form of oitsaturated 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 largeres with a small surato-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 tis-bafect
organic matter in solidnd highly viscous states.
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The data on the distribution of the Kfion 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, whichs observed by a decrease in NMR relaxation.

According to the data on the extraction ofamg 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 compositip 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.
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Fig. 6. Lithostraigraphic column obil-bearing Fig. 7. Distribution curves for organic matte
rocks of Boca de Jaruco oilfield (NMR), manganese ion (EPR), and firesence of

clay material (TGA)

Conclusion

In this article, the content of argic matter in the rocks was determined along the section
(601-708 m) of the Boca de Jaruco deposit using a newma@sive NMR relaxometry sthod.

A hypothesis was put forward for the problem of oil recovery, which is based on the content
of residual orgnic matter in large pores of smectite material, which does not allow dissolving
oil for its further extraction. Based on the TGA and EPR ougha study of the heterogeneity
of the section and its genesis was carried out, which showed the presengencditelaal at
depths (#642t644, #679684 and #69&708 m), which belongs to the Vega Alta duplex, a
lithological column was built, it was termined, 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
microspherulesound in the Roadian gypsum deposits (Guadalupian Series of theaRgohi
the Baymatskoye and Kamskistinskoye fields. Microspherules of both fields have similar
dendritic (wrinkly, lattice) and platy (feathery, scaly, fractured) structure and cpngisirily
of magnetite with admixtures of Al, Si, Mn, Ni, and Cu. Wealgzed 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 magnetitespherules in
sedimentary rocks can be used as an additionafdosetratigraphic correlation.

Keywords: Permian, Roadian, evaporites, magnetite microspher@edritic structure, correlation

Introduction

Biostratigraphi¢ lithological and geochemical methods, as well as absolute dating of
sedimentary rocks oftestio not provide enough data for correlation of productive zones within
a field [1]. As we have shown previously [2], [3], [4], extraterrestrial magnetic micragpber
(less than 1 mm in diameter) can be used as an additional tool for stratificationratetion
of coeval sedimentary rocks. Microspherules are well preserved for a long time (hundreds of
millions of years) [5] in marine and continental depositstrey can also be useful for
correlation of multifacies deposits. In the future, this carabelied to prospecting for stratified
extractable resources (gas, oil, etc.).

The objective of this study is to correlate the gypsum beds of the Kadstkimskoye and
Baymatskoye fields (Roadian deposits, Guadalupian series of the Perikankko
Ustyinskoye and Baymatskoye gypsum fields are locate8466m south of the city of Kazan
(on the right bank of the Volga River, European Russia). The fields belomg sowthern part
of the KazarKirov Depression of the Volgblral Anteclise We suggest thahe 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 morphologjeaineralogical ad chemical analysis. Previously, we
have studied gypsum samples taken from both fields [6], [7], [8], [9ayXcomputed
tomography revealed-¥ay-dense particles in the samples, including magnetic microspherules.

This excluded anthropegic sources frorthe list of possible origins of microspherules in
the evaporites undstudy.
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Methodology

In Baymatskoydield, we took 12 samples from the lower gypsum bed and 10 samples from
the upper one. 16 and 10 samples (respectively) were taken from thegaraén the Kamsko
Ustinskoye field. All the samples were powdered in an agate mortar. Then, magneti¢csminera
were extracted from each sample (the average weight of the samples was ~80g) with a
neodymium magnet. Microspherules were separated under ascope. More than 70
microspherules and 5 dregghaped particles (4 in the lower bed and 1 the upper bed of
Baymatskoye field) were found. A Phillips XBO scanning electron microscope (equipped
with an energydispersive spectrometer) was used to photogrdph surface of the
microspherules and perform the chemical analysis (accelerating voltage was 20 kV;ngeasuri
section was 8:45 mm; probing depth was 1.0.5 microns; measurement accuracy was 0.1%
(KFU, analyst B.M. Galiullin). In the end, 15 EDS an#&y®sults were obtained for the studied
microspherules: 7 for those found in KamsdUstinskoye field, and 8or the ones from
Baymatskoye field. The mineral composition of the microspherules was studied using the
confocal Raman spectrometer inViaQontoeiiighaw) equipped with the Leica dm2700m
microscope. The spectra were excited by a depblsed NdYAG lase (532 nm), 50x lens.

The accumulation time was 25 sec; spectral wavelength range wa2a0@m'.

Calibration was performed based on spectradiand the position of the laser beam on the
silicon standard. The mineral phases were identified usingRémeshaw spectrometer, the
«CrystalSleuth» software and the RRUFF.INFO database (KFU, analyst A.V. Nizamova). Two
microspherules from each field meestudied using this method (4 microspherules in total).

Results and Discussions

We found that microspherules had a size distributior1®® microns and different surface
types: Ai wrinkled (Fig. 1a, e), B lattice (Fig. 1b, f), G feathery (Fig. fj), D7 scaly (Fig.
1h), ET fractured (Fig. 1j), and implicit (Fig. 1d). Inside seraf the microspherules, voids
were found (Fig. 1b). Implicit texture (Fig. ldyas found to be scaly under a strong
magnification of the microscope.

Types A and B were themost common among the studied microspherules. Two transition
types were also obseret: GD (Fig. 1g) and BE (Fig. 1c, i). The presence of B-E and A
C transition types was not recorded.

According to other researchers [10], type A forms under theebiglemperature. Type E
corresponds to the lowest temperature [10].

The EDS resultéTable 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 spectraspy (Fig. 2) showed asymmetrical-Bebending (T2g) vibrations (~298
and 540 crt), symmetrical bending (Eg) vibrations and valence (Alg) vibrations (~319 and
668 cmt) indicating that the microspherules consist primarily of magnetite [11].
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Fig. 1.Electron microscopic images of microsphesui®m Roadian deposits of Kamskistinskoye field (a
d) and Baymatskoye fiel@-j)

Table 1.Surface chemical composition of microspherules from Permian evaporates
Elements, wt %

SiO; Al 03 CrO3 FeO NiO CuO MnO MgO CaO SO Total
KamskaUstinskoye field

1(Fig.1,0) 1.19 1.02 * 94.03 253 * 0.76 * 047 * 100

Sample

2(Fig.1,b) 2.19 * * 9286 * 156 1.62 * 1.32 045 100

3(Fig.1,c) 1.32 * * 96.38 * 129 1.01 * * * 100

4(Fig.1,d) 0.94 * * 96.52 * 1.60 094 * * * 100

5 0.79 * * 97.33 * 188 * * * * 100

6 * * * 100 * * * * * * 100

7 132 0.87 * 9781 * * * * * * 100
Baymatskoye field

8(Fg.1l,e) 2.17 * * 93.68 211 * 2.04 * * * 100

9(Fig.1,f) * * * 97.73 162 * 0.65 * * * 100

10(Fig.1,g) 1.32 * * 96.51 2.18 * * * * * 100

11(Fig.1,h) 2.60 * * 94.44 172 * 1.24 * * * 100

12(Fig.1,i) 1.36 * * 88.52 0.97 * 0.77 577 261 * 100

13 1.06 * * 97.47 1.47 * * * * * 100

14 230 1.17 * 94.13 0.89 * 1.51 * * * 100

15 * * * 100 * * * * * * 100

*- not detected
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Quantitative distribution of microspherules in the beds are shown in Fig. 3 and Fig. 4.
Microspherulesre quite numerous andexly distributed within the upper and lower gypsum
bed of Baymatskoye and Kamskistinskoye 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 orsample.

Intensity (arbitrary units)

| | | | | | | |
0 2(!0 400 600 800 1000 12000 200 400 600 800 1000 1200

Raman shift cm™?

Fig. 2. Raman spectra of the microspherukes:KamskaeUstinsloye field, b Baymatskoye field
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Fig. 3. Distribution of microspherules in the lowgypsum layer
The similarities in the structure and composition of magnetic microspherules from both the

upper and lower gypsum layers of two different fields in@i¢hat the microspherules share a
common origin. Spherical and drspape form, size, dendritexture and composition indicate
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a hightemperature environment [10]. All of the above suggests that the microspherules
originated from cosmic dust and were feardue to meteoroid ablation [12], [13], [14]. Si, Mg
and S found on the surface of the mgperules suggest that the meteoroid was probably a
chondrite [15], [12].
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Fig. 4. Distribution of microsperules in the upper gypsum bed

Conclusions

Themicrospherules 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. Quantilistivbution of
magnetic microspherules can serve as an indicator of the intensity oespatethat occurred
simultaneously with the formation of the evaporite basin. Other researchers [16], [14], [17] have
previously proposed an extraterrestrial biyyesis for the formation of microspherules similar
to those described above.

The microsphetes studied in this paper were numerous, clearly recognizable and well
preserved objects. This allows them to be used as an additional tool for stratigraplat@orre
and also yields information on the intensity of space events in the geological past.
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Abstract

Sulfide mineralization has been studied in the Upper Precambrian rocks in the Subpolar
Urals. The Pyva Formation, contains pyrrhotite and chalcopyrite, and the Khobeya Formation
contains pyrite. In the Puyva Formation, pyrrhotite is produced by breakdown tef ¢ghyring
metamorphism. Chalcopyrite formation is most likely associated with late oxigativesses.

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 metghism. The second type of pyrite
is represented by scattered fractured grains, which pipb@rmed in neasurface conditions.

Keywords: Sulfide mineralization, Subpolar Urals, pyrite, metamorphism
Introduction

The TimanNorthern Urals regiohas significant mineral resources: oil, gas, coal, bauxite,
titanium, and higkguality vein quartzThe discovery, development, introduction into industrial
development of deposits is a very urgent task [1]. Establishing the gehessminerals 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
Subpdar Urals (Fig. 1). The Puyva Formation unconformably overlies the rocks of the
Mankhobeya and Shchokurya formations J3je Puyva Formation is composed of madhite
quartz schists with interlayers of amphibole and calcareous schists and quartzitegalThe
thickness of the Puyva Formation is 140800 m. The Khobeya Formation unconformably
overlies the shale of the PugyFormationlt is represented by chlori@uscovitealbite-quartz
and muscovitalbite-quartz schists, quartzites and calcareous tgitar sandstones. The
thickness is 700000 m. The rocks of the Puyva suite underwent at least two stages of
metamorphisnin the Precambrian, the early stage reached the amphibolite facies, and the later,
greenschist. In the rocks of the Khobeya Formatiwaenschist metamorphism of moderate
pressure occurred [4], [5].0 determine the age of the Puyva Formation, isotdpidies of
detrital zircons U Pb LAT SFi ICPT MS were performed. The authors have shown that the
earliest age of the basal deposifsthe Puyva Formation does not extend beyond the Late
Riphean [6], [7].

Methods
Ore minerals of the Upper Proterozaieposits of the Subpolar Urals were studied. The
study of ore minerals in polished sections was carried out at the Center for Collective Use

fiGeonauka of Institute of Geology of Komi Scientific Center Ural Branch loé tRussian
Academy of Sciences. Théh@mical 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 XMax energy dispersive attachment (analysts S. Shevchuk, E. Togpnik
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Fig. 1. Schematic geological map of the River Pelingichey (Subpolar Urals) (Based on A. &®yatjr2]).
Legend:17 Khidey suite; 2 Telpos suite; 3 Sablegor suite; 4 Moroya suite, 5 Khobeya Formation; 6
PuyvaFormation; 7 granite, lipartite porphyry; 8 granodiorite; 9 dykes of gabbro, gabbmiabase, diabase
1071 dacite porphyry; 11 quartz porphyry; 12 tuffs; 137 boundaries of stratified and intrusive bodies;i 1+
boundaryof discordant stratigraph contact; 15 faults; 167 contact rocks; 17 elements of occurrence c
crystallization schistosityamination; 18 sampling points

Results and Discussions

Sampes 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 &ubadé
(Fig. 1).

We studied sulfides of the Puyva and Khobeya formations. Sulfides in the Puyva Formation
(B-202, B204) are represented by pyrrhotite and chalcopyrite. Pyrrhotite is observed as
inclusions in apatite, and individual grains are presenthBtite 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 Analyse1Chalcopyrite is represented by oxidized fractured
grains (Fig. 2 c), apparentlprmed after pyrrhotite. Chalcopyrite formation is most likely
associated with late oxidative processes.

Khobeya Formatior{B-206, B-206-2) pyrite, galena. Pyrite is presented in the form of
clearly defined characteristic cubic crystals (Fig. 2e, f) aokdn 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 rb%. 8
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Table 1.Chemical composition of sulfide minerafsthe rocks of the Puyva and Khobeya suite, atom%

The PuyvaFormation KhobeyaFormation
elements 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

Pyr

100 pm

200 um

Fig. 2. Sulfide mineralization in the rocks of the Puyva (a, b, ¢) and Khobeya (d, enfitfons. Pyii pyrrhotite,
Ccpi chalcopyrite, Py pyrite, Gali galena, Al albite, Msi muscovite, Ad apatite, Zrri zircon, QzZi quartz,
Ab 1 albite, Cali calcite,Kfs T potassium feldspar, Ilr ilmenite

Conclusions

In the deposits of the Puywormation, pyrrhotitas 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 gererations, the first isubic, 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 alreadydommneaisurface
condtions.
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Abstract

The six phoebodontidones proposed for the MiddleUpper Devonian are updated based
on new data ahdex species distributioifhe refinedPhoebodusophiaeZonecorresponds to
theLowervarcusi disparilisconodont zonefCZ), thePh.latusZonei theLower falsiovalis
i jamieaeCZ, thePh.typicusZonei theLoweri UppertriangularisCZ, thePh.gothcusZone
i the Lower crepidai UppermarginiferaCZ, and thePh. limpidus Zonei1 the Uppermost
marginiferai Middle praesulcataCZ.

Keywords:phoebodontid sharks, Devonian, zonation
Introduction

The phoebodontidare one of most taxonomically diversedawidely distributed group of
Devonian chondrichthyans. The family Phoebodontidae of the order Phoebodontiformes
includes three gener®iademodudHarris, PhoebodusSt. John et Worthen anthrinacodus
St. John et Widhen [1]. Phoeboduss the most speciesch genus, presently including 12
species:Ph. bifurcatusGinter et Ivanov;Ph. depressusGinter, Hairapetian et KlugPh.
fastigatusGinter et IvanovPh. gothicussinter;Ph. latusGinter et IvanovPh. limpidusGinter;
Ph. politus Newberry; Ph. rayi Ginter et Turner;Ph. saidselachus$rey, Coates, Ginter,
Hairapetian, Rucklin, Jerjen et Klugh. sophiaest. John et WortherPh. turneraeGinter et
Ivanov;Ph. typicusGinter et lvanov.

The sixphoebodontid zones were suggested for the Midédlpper Dewnian based on the
distribution of Phoebodusspecies in the Givetianh Famennian interval of the Holy Cross
Mountains (Poland) and South Urals (Rus§zd) They corresponded to the Middlarcusi
Middle praesulcatainterval of the conodont zonation (CZYhe oldestPh. sophiae
phoebodontid Zoneas correlated with thigliddle varcusi Lower hassiCZ of the Givetiari
Frasnian, théh. latusZonewascoincidingthe Upperassii jamieaeCZ, thePh. bifurcatus
Zonei therhenanai linguiformis CZ [2]. The FanennianPh. typicusZonecorresponded to
the Uppertriangularis i UpperrhomboideaCZ, the Ph. gothicusZonei to the interval of
Lower marginiferai UpperposteraCZ, and thePh. limpidus Zonei the Lowerexpansai
Middle praesulcata[2]. There were no mrds ofPhoeboduspecies in théoweri Middle
triangularis CZ.

Distribution of Phoebodusndex species

The oldest index specieBhoebodusophiae,is known mainly from the Givetian interval
of the Middle varcusi disparilis CZ of lowa, Indianavarcus CZ) and NewYork (varcusi
hermannicristatus CZ and probably earliest Frasnian), USA; Aragonian Pyrenees, Spain,
Portugal (Middle UppervarcusCZ); RhenistSlateMountains, Germanyhérmanricristatus
CZ); Holy Cross Mountains, Poland (Middikearcushermannicristatus CZ); Southern
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Mauritania bermannicristatusCZ); Australia yarcusC2) [1], [3], [4] [5], [6], [7], [8]. But
the species occums the Loweii Middle varcusCZ of Kuznetsk Basin, Western Siberia, Russia
[9]. The tooth described &h. shiaefrom the Upperhenanai linguiformisCZ of Iran[10]
differs from the teeth of the species in the close placed and more lingually diréstaldclasps,
the narrow labial edge of the base and the labial projection, and is similar to the teeth
Phoebodusp. C[11].

Phoebodudatus was previously reported from thépperhasstlinguiformis CZ, Frasnian
of Holy Cross Mountains, PolanthénanaCZ); South Urals (Uppérassii linguiformisCZz),
South Timan henanalinguiformis CZ), Gorniy Altay and Kuznetsk BasinrhenanaC2z),
Russia; Western Australia (UppeaissiLowerrhenanaCZz) [11], [12], [6], [9], [13]. However,
this taxon was recorded in the older interval of the MidalgovalishassiCZ in Iran[14].

Phoebodusifurcatus occurs in theLower rhenanalinguiformis 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 Mauritani@astern Iran; southern @fai; Western Australif], [11],

[10], [12], [13], [15], [16],[17], [18], [19].

The firstindex specie®hoebodusypicusof the Famennian was previously recorded in the
Upper triangularis-Lower marginifera CZ of the South Urals Russia (Uppetriangularis-
Lower marginifera CZ); Morocco (Uppermostrepida or Lower rhomboideaCZ); Iran
(crepidaCZz); Queensland, Australian@rginiferaCZz); probablyArmenia (2repidaCZz) and
Belarus {riangularisandrhomboideaCZ) [6], [7], [15], [20], [21], [22].Hairapetian and Ginter
[23] mentioned the occurrence of species also in the Middiegularis CZ of central Iran.

Phoebodusgothicus was reported until recently from thieower marginiferaMiddle
praesulcataCZ of lowa (marginiferaLower trachyteraCZ) andUtah (LowerexpansaCZz),

USA; Montagne Noire, France (Lowiddle expansy Germany (LoweiMiddle expansa
CZ); Holy Cross Mountains, Poland (LowearginiferaMiddle praesulcataCZ); South Urals,
Russia Lower posterai Middle expansaCZ); Anti-Atlas, Morocco (Uppermosharginifera
Lower expansaCZ); Algeria (lower or middle Famennian); IramérginiferaUpperexpansa
CZ); Armenia (possiblerepidaandexpansaCZ); southern ChingpfaesulcataCZ); probably
Vietnam (arginiferaCZz)[1], [10], [11], [15], [17],[20], [21], [24], [25], [26], [27], [28] TwoO
subspecie$h. gothicuggothicusGinter andPh. gothicustransitansGinter, Hairapetiarand
Klug were established for the speci@®]. The stratjraphic range of the first subspecies
includes the range of the second ¢hle

Phoebodudimpidus was known from thd.ower expansai Middle praesulcataCZ of
Nevada (Uppeexpansar LowerpraesulcataCZ), Wyoming (Middle or UppeexpansaCZ),

Utah (LowerexpansaandUpperexpanseor Lower praesilcataCZ), USA; Mexico gxpansa
CZ); Montagne Noire, FranceeXpansaCZ); Thuringian Slate Mountains, Germany (Middle
expansa Lower praesulcataCZ); Holy Cross Mountains, Poland (Uppexpansa Lower
praesulcataCZ); South Urals, l(lower expansd Lower praesulcataCZ) andNorth Caucasus
(Middle expansai praesulcataCZ), Russia; AntiAtlas, Morocco (UpperexpansaCZz);
southern ChingdLower expansaand praesulcataCz) (Ginter, 1990j1], [6], [15], [17], [20],
[26], [29], [30], [31], [32], [33] The recad of species in th&JpperpraesulcataCZ was not
confirmed but the range in some regions probably includes the pratagulcataCZ.

New information on the occurrence Bhoebodusndex species has appeared lately.
Diverse fish microremains were colledteecently from the Pokrovskoe sectioh 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 &dovskiy regional stages and correthto the interval of Middlgarcusi
norissi (Lower falsiovalig CZ [34]. The fish microremains are represented by plates of the
placoderm Ptyctodontidae; scales of the acanthodian Acanthodiformes; chondrichthyan teet
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of the phoebodontidBhoebodus fastigatuBh. latus,Ph. sophiaeandPh. sp. C[11]; various
chondrichthyan scales @ihiolepis Cladolepis,protacrodontid and ctenacanthid typeseth,
fragments of jaws and scales of a struniiform sarcopterygianh teatl scales of
actinoperygians resemblinlylimipiscisandMoythomasiaPhoebodus fastigaty&ig. 1 A-C)
andPh. sophiagFig. 1 D, E) occur in th#liddle varcusi norissiCZ of that section, buh.
latus (Fig. 1 F, G)is recorded only in thaorissiCZ. The discovery oPh. latusin the Lower
falsiovalisCZ is the oldest in the world?h. sophiaevas mentioned in the possibly earliest
Frasniar{4] but its definiteoccurrence in theowerfalsiovalisCZ is reported for the first time.

Fig. 1. The teeth oPhoeboduspecies fom the Pokrovskoye section:-@i Ph. fastigatusGinter et lvanov, 1992;
D, ET Ph. sophiaest. John et Worthen, 1875; F,iGh. latusGinter et hanov, 1995. Scale baisl00 pum

Phoebodugypicus Ginter et Ivanovwas found in theKosoy Ures Beds of Pescherka
Regional Stage in the Kuznetsk Basin (Western Siberia, Russia) correlated withwitre
Uppertriangularis CZ [9], [35]. Theindex species is recorded in the interval of the Lewer
Middle triangularis CZ wherethe occurrence d?hoeboduspecies was not known previously.

Ph. cf. typicus occurs also in thd?odonino Regional Stage in the Kuznetsk Basin
corresponding to thieower trachyteraUpperexpansaCZ [36].

PhoebodugothicusGinterin Iran and Morocco is kmwen also from thd.ower crepidai
rhomboideaCZ [20], [23], [37].

PhoebodudimpidusGinter was found in the wide interval of the Uppernmmastginiferai
Lower praesulcataCZ in the Carnic Alpsnorthern Italy[38]. Thus,this occurremre of the
index species is oldest in the world and considerably extend@&hthienpidusZone.
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New version of phoebodontid zonation

The phoebodontibased zonation based on a new data of distributi®fnoébodusndex
species was updated (FB). The ranges of five zones have been changed.
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Fig. 2. Thephoebodontiebased zonation and distributionifioebodusndex species (dotted line shows tr
range ofPh. cf. typicug

The new assemblage from the Pokrovskoe section allows the boundary betweéan the
sophiaeandPh. latuszones at the base of tfasiovalisCZ to be recognized. THeh.typicus
Zoneis corresponded witheLoweri UppertriangularisCZ due to the recoraf index species
in that interval in the Kuznetsk Basin. The range ofRhegothicusZonewaschanged orhe
Lower crepidaUpper marginiferaCZ based on occurrence of spedieghe interval ofthe
Lower crepidarhomboideaCZ in Iran and Morocco. FinallyhePh.limpidusZone now starts
from the UppermostnarginiferaCZ, based on a record of the species in the Carnic Alps.
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Conclusions

Thus, the refinegphoebodontidzones are defined as follow§he Ph. sophiaeZone is
corresponded to tHeowervarcusi disparilis CZ, thePh.latusZonei thelLowerfalsiovalisi
jamieaeCZ, thePh.typicusZonei theLoweri Uppertriangularis CZ, thePh. gothicusZone
i the Lower crepidai UppermarginiferaCZ, and he Ph. limpidus Zonei1 the Uppermost
marginiferai Middle praesulcataCZ.
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Abstract

Practical methodsof 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 seguadnated
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 neutregamma log and porosity data of core sampbe® been compared, to
define optimal core sizes for the analysis of the relationship between core and log data.

Keywords: representative elementary volume (REM)yancy methodhtergranular porosity, fracture porositgrainstone,
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 resarchwork 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 lolegare
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
boréhole # 4993 of the Ivinskoye heavy oil field located in the Republic of Tatarstan, Russian
Federation. The whole core segment was extracted in a depth interéd.0063.0 m. The
extracted rocks appeared to be Bashkirian limestones (grainstones) mghypearying from
17 to 21.8% according to the data of the neugramma well logging method.

Literature review
The routine core analysis allowgeoscientists to evaluate permeability, porosity and
lithotype.

It is important to choose the optimal sampgize to calculate accurate values of reservoir
properties. In American and European petrophysical laboratories, core {8ugsls long by
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1 (15) inch in diameter taken at regular intervals from the whole core segments (often every

25 cm) are used tvaluate porosity and permeability of homogeneous rocks [2].

In Russian laboratories homogeneous rocks are investigated using core samplesds18 inch
(3 cm) long by 1.18 inches (3 cm) in diameter [3]. Changes in lithology of heterogeneous rocks

have an nfluence on sampling interval. It should be smaller than 25 cm. Sometimes full
diameter core samples are used to estimate porosity and permeabiltgrbmnate
heterogeneous rocks [4], [5]. Investigations of eigint full-diameter core samples drilledtou

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 samplegtovide the accurate values of whole

core porosity.

The concept of representative elementary volumediszsissed by J. Bear and B. Prilous
[6], [7]. The representative elementary volume is the minimum volume describing significant
physical particularies of the porous media. P. Tomin described a practical technique for
representative elementary volume cidtion for core samples that is used in this research work

[8].

Methodology

In the first steplithological and mineralogical researches of drilled out core samples using
thin sections were used to identify lithotypes of limestones. It was concludedetam long

interval consists of grainstones [9].

In the second step, core samples were ctbasing the Soxhlet distillation extractor.

In the third step core samples were saturated with distilled water to compare the dry weight,

suspended weight asditurated weight in air for connected porosity determination.
The six 7.3 cm diameter core sangleere 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 cmintervals (Table 1). Core sample # | was damaged so a 3 cm long core sample was

used.

Table 1.0Original sizes of core samplésilled-in in the depth interval of 962.963.0 m

Core number Di amete LengthVol umé&| 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
Il 2.96 3.16 21.77 962.19
1 2.97 6.44 44.50 962.42
v 2.96 6.29 43.40 962.59
\Y 2.96 4.53 31.19 962.92

The buoyancy method was used for porosity determinationagpipfication of the special
equi pment kn-BMao

MC Course Not esoO

Results and Discussion

Results of labratory measurements are shown in Fig. 1. Average porosity values (calculated

asc@GNdpog to

[10] .

t he

approach

for every core volume) change fro?d to 27.2% in the volume range varying from 21.19 to
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222 .2l Mmnm he volume range c h ahthageragegordsitywvalues2 2 2 . 2
exceed 27%.

Core porosity values in function of core volume in the depth

35 interval 0£962.0-963.0 m
.l

30

o IV
.V

o —4-0(aver)

0 50 100 150 200 250

Fig. 1. Core porosity values in function of core volume in the depth interval of SB32D m

In Fig. 1, average values are connected with a green polyline. Consequently, intergranular
porosity occurs in core samples having volume less than 22&2vhile the complex of
fracture, intergranular and vuggy porosity occurs in big sameples. In Figl the first volume
range 21.12 2 2 . %is hightighted in purple while the second volume range 2238244
fn rhis marked in yellow. Porosity values of some whole core segmesta/ere calculated
using porosity data of 7.3 cm diametere 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 pexémtig. 2 andrig. 3.

Investigation of minimum increments of maximum deviations allow to define values of the
representative elementary volume (TablevBasurement inaccuracies dr@5% and 0.33%
for core samples having volume less and more thamé4espectively.

It was concluded thathe analysis of a core sample 6 m by 3 cm in diameter allows
investigation ofintergranularporosity of the whole core fragment, while analysis of a core
sample 44 cm by 10 cm in diameter allotve complex ofracture, intergranular and vuggy
porosity in the whole 1 m long core to be investigated.
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Fig. 3. Maximum deviations oporosity values from average values in function of the corenvelu

Table 2.Values of representative elemeantaolume

Type ofinvgstigated REV, Lengt| Di amet ¢ Range of representative
porosity fn vol umés,
Intergranular porosity 44 6 3 44-94
The complex ofracture,
intergranular and vuggy| 3455 44 10 34556518
porosity
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Data ofwell-logging methods ardemonstrated in Fig. 4. It isbvious that values of the
neutrongamma porosity log are not reliable in the depth interval of 98@300 m because
fluctuations of density are not significant enough. There are three zones in the depth interval:

1. The firg zone is in the depth intealvof 962.0962.1 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 3882.6 m. Porosity values of 7.8acheter
core samples exceednosity 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 complexradture, interganular and vuggy porosity
ocaurring 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 gammagamma logging (GGL) method.

3. The tlird zoneis in the depth inteal of 962.6963.0 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 Simailar.
porosity decrease of all core samples with depth increment is explained ley ity chcrease.

Lithologicd and mineralogical investigations of drilled out core samples show that

connected porosity clay content GGL
Depth | oo of core samples h=6 cm d=3 cm Vihak density Litho
m |13 % 35|0  frac 0.02|238g/em?243| logy
e of 7.3 cm diameter core samples
- =9 -9-0--0 -
15 "o 35
netron-gamma porosity log
13 % 33
theon of core samples h=d=3 cm
13 ¢ g oo 35
= 062 o
= 962.15 \ .o | /
T PN 7
= 962.2 5 .__‘.--" ¥ l Vi
Soszg o [ /
= 0624 ”/ h"l\
= 962,55 J:® N
= 962.65 \ T «
= e
= 962.7 o \ AN
= 962.8 / i’,"'
ey 4 : NG \
= — N
e ° AN ~

Fig. 4. The comparison of porosity log and porosity values of core samples. In the lithology column grair
marked in green. ®ftical scale is 1:15

limestones in the interval of 9629%3.0 m are grainstones [9]. The comparison of log and core
porosity data is not possible in this interval. It is necessary to analys@iaal porosity values
calculated with gammgamma wellogging method data.

Results of theonnected porosity of the 1 m long whole core segeantilated in two ways
are presented in Table 3. Dyks®arsons coefficients Mvere also defined to chootiee best
averaging technique (geometric or arithmetic) applying for the evaluation of the whole core
porosity.
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Table 3.Whole core porosity valugslculated in two ways

Porosity data of 7.3 cm diameter core| Porosity data of core samples 6 tbng by
samples 3 am in diameter
Vi 0.15 0.33
(con, %0 28.08 22.73

Conclusions

Results of laboratory porosity measurements demonstrate that the scale effect occurring in
Bashkirian limestones in the depth interval of 96263.0 m is explained by fracture and vuggy
porosty that is widely spread in big core samples. The investigati@ore 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 usingtpaaisi of core samples 6
cm long by 3 cm long is lower thahe whole core fragment connected porosity calculated
using porosity data of 7.3 cm diameter core samples by 19%.

Values ofthe neutrorgamma porosity log are shown not to be reliable in theiake
investigated. Another method sucheagammagamma wellogging methodhould be used to
define accurate porosity values.
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Abstract

The results of geophysical studies performed to assesffdutiveness and resolution of
electric exploration methods in the search for differank thawed zones and areas in frozen
sediments are presented and discussed. The changes are considered and values of the electrical
resistivity and induced polarizati of soils are given depending on the nature and degree of
freezing. The working prockire is proposed, objects of exploration are localized.

Keywords: permafrost, thawed zones, geophysical methods, electrical tomography, elezdratality,
induced polarization, Northeast Russia

Introduction

The complexity of hydrogeological conditis of permafrost development areas causes
significant problems in the exploration and development of placer deposits. To obtain
information abouthie geocryological state of rocks, it is necessary to drill a significant number
of wells with sampling andobging studies. The use of geophysical methods based on
measuring the properties of physical fields created by geological bodies can signifexdunthy r
the amount of drilling and the cost of work.

Methods of ground geophysics in the hydrogeological stidyre and placer deposits of
metals are effective in delineating differeank thawed zones, studying their morphology in
plan andsection, identifying areas of permafrost, searching for areas of increased fracturing in
bedrock (and, as a result, of theater encroachment rate).

The paper presents the results of the cryogenic state study for a rock mass of a placer gold
deposit locted 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 r&ks(dn

theterritory was carried out on the basis of the auihroegerials obtained in the course of field
operations in 2012018 (LCCGold Mining Corporation) and published data.
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OKHOTSK

Fig. 1. Overview of the research area. Schemes for isolines of SER (1), IP (II) and the interpretation scheme (lll)
17 Thawed zones in the depth range éflmeters; 2 Seasonally frozen rocks;i3Rocks @ patchy permafrost;

47 Permafrost; § Confirmatory gitters; 61 Site proposed due to geologgeophysical data (1) and measured
dredging site (2); 7 Development of the past years: Sites with concentrations of gold higher than 0.5%g8n

T Profiles of VESIP (electrotomography), their numbers and pisk 10i Temperature measurement points (1,

2) positive (1) negative (2); IilObservation points for symmetric VHB (Schlumberger), their numbers.
Explanation: SER Specific electric resistivityiP T induced polarization; VEE Vertical electrical sonding

To address these tasks, a range of geophysical techniques were used, including: electrical
profiling (subsurface symmetrical induced polarization electrical profiling) and electrical
sounding 8ing IRVES methods. A hardware system was used, dimgisef IPPM (IP pulse
method) measuring devices, MESM (multifunctional electrical survey meter) and an
ASTRA-100 ge

To address these tasks, a range of geophysical techniques were used, indkatingal e
profiling (subsurface symmetrical induced gitation electrical profiling) and electrical
sounding using IFVES methods. A hardware system was used, consisting of IPPM (IP pulse
method) measuring devices, MESM (multifunctional electrical suey meter) and an
ASTRA-100 generatoiRES2DINV and IP2win2 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 theiatural occurrence was measured in the confirmatory
trenches with an industrial thermometer TGIG4 (smaltsized digital thermohygrometer)
using a contact method with a probe.

Results and Discussion
The geological struate of the area includes Jurasggcrigenous deposits, represented
mainly by coalclay 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 theldodplain and high floodplain terrace is presented by (from
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top to bottom): topsoil, silt and peat (@34 m); silt and clay with pebbles and stones of
different composition and size (up to @24 m); loose sediment pdbb of various size with
sand andlay, small granite stones (B0%), ice lenses, gravel (21@.0 m); pebbles of various
sizes, and consolidated by clay, and gravel from destroyed-sayay slates (14:05.0 m).

The thickness of alluvial deposits 8.0-15.0 m. In general, these fations are
characterizé 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 presenceapkesuafrost and
subjacent thawedones has been established. According to the degree of mineralization, the
waters are fresh 30-100 mg/dm. Their composition is mainly hydrocarbonatedcalcium
and sulfateandsodium, acidic and slightly alkaline (pH varies from 4.2 to 7.8). In relation
the cryolithic zone, supfand intrapermafrost waters are distinguished among the subterranean
waters of the area. Seasonally thawed waters are ubiquitous and circalateial sediments
and fractured bedrock. The watesistant horizon for theims the permafrost layer.

Based on the comparative analysis of geophysical studies in plan and section, the following
geoelectric elements of the cryogenic structure of tledogecal terrain in the depth range of
1i 20 meters were established:

The search gbctsi thawed zone$ are registered due to specific electrical resistance
(resistivity) of less than 500 Ohmxm and values of the induced polarization parameter (IP) of
9t012 %.

Seasonally thawed rocks have a distribution in the-sedace layer up ta depth of 3
meters and have a resistance of-2000 Ohmxm and an induced polarization #%3.

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 presenceasturface thawed rocks within the
active layer, lensed frozen rocks among the thawed ones, og, nae@ly, the presence of
subpermafrost thawed zones on the border of loose rocks and bedrock. The complex nature of
the interaction of unfrozen water withe mineral skeleton and ice causes a wide range of
changes in the resistance from 3000 to 10006&h and an IP of 8% for frozen soils.

Permafrost rocks have a specific electrical resistance of more than 10,000 Ohmxm and the
IP of less than 5% (Figs-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 symnhétricalectrode electric sounding
record the most characteristic crggdrogeological conditions athe state of rocks from
thawed and seasonally frozen to focal and permafrost ones (Fig. 3).

The given electrical characteristics of rocks obtained witlierdint installations are
comparable to each other, which indicates the objectivity of the sele@ddtigns of the
cryogenic state of the upper part of the section.
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The close correlation between the geocryological parameters of rockbeangpecific
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).

PROFILE 1
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Fig. 2. Geoelectric sections of VEI® (electrical tomography) and their interpretation. Symbols in Fig.
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Fig. 3.Results of symmetricMES-IP (Schlumberger installation). Symbols in Fig.

As a result of the works, subjacent atbpermafrost thawed zones have been identified and
tests sites for dragging operations are planned for them (Fig. 1). Within the boundaries of the
dragging sk, several verification trenches with a depth of 3 to 6 meters were passed, which
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fully confirmed the esults of geophysical research in the absence of frozen rocks. Along the
trench bed and across the entire area, measurements were made of the saitusmipahe
natural occurrence. Their results are also consistent with the geophysical diagno#ties on
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
tenmperatures is naturally associated with the formation of ice in the pores and cracks, which
has a highrfore than 10,000 Ohmxm) resistivity [1], [3], [4], [6], [7], [8]-

The increase in the IP of thawed rocks in comparison with frozen oassdsiated 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 td teracteristic of ore inclusions [5]. The
second one is related to the existence of a functional relationshipelmepgemeability and
polarization.

In this case, it means the movement of liquid in the pores of the rock under the influence of
the superirposed field. In the aeration zone, polarization is supplemented by phenomena
related to free water transport, whee tielationship of the IP with the filtration properties of
the geological terrain is preserved.

When the soil is frozen, with medium andacge sand fractions present (0.3185 mm),
there is a sharp decrease in the values of polarization capacity (by tmaye times), which is
due to processes occurring in all three types of water (free, loose and consolidated),
simultaneously existing inomparable quantities at a given temperature [2].

The obtained results of geophysical research have demonstratadhhefficiency of the
applied complex of electrical methods for the purpose of separating thawed rocks in the
permafrost massif. Thesesearch methods can be recommended for studying the cryogenic
state of soilsas well as engineering andogeyologica 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 ameérmafrost statesOn 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 carbonacdesstha
the Bredinskaya Formation, which are widespread in this @leacarlonaceous matter, and
its distribution within the shales are studied. Thermal and isotopic analyses showed that the
carbonaceous matter was of biogenic nature and underwent mgitésnounder conditions of
high-temperature subfacies of greenschist facies.

Keywords:Southern Uralscarbonaceous shale, black shaBeedy Formation
Introduction

Black-shale deposits are widely distributed globally. They form a very favorable
geochental 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 #onn@:bd) 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 isectthee 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 Kumakskoeore field is located in the Anikhovsky Graben, whitnetches in the
meridional direction. It is filled with carbonaceous terrigercaibonate sediments; its side
parts are composed of wvolcanic sedimentary
the KumakKotansunskaya shear zoinpart of a largeectonic 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 nefault longitudinal compression foldingntense shearing masks the
layering of the folds, @ating 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, Tsentralnoyeldi®) (Fig. 1).
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Legend:171 Birgilda Series (conglomerates, sandstones, limestones, carbonaceous sliakyg}y Formation
(carbonaceous shales, sandstones, siltstones, conglomeratBgreznyaki Series (bisand acidic tuffs, lavas,
layers of siltstone and carbonaceous shalé) kbkpelky Series (basaltic lavas and tuffs, subvolcanic gabbro
dolerites, rhyolites), b DzhabykSanakaSeries (granite, leucogranite); &umak Series (diorite, plagiogranite),
771 gold occurrences and fields:i 1VostochneTykashinskoe, 2 Kommercheskoe3i Milya, 41 Tamara, 5
Zabaikalskoe, 6 Baikal, 71 Tsentralnoe, 8 Kumak, 91 Kumak-Yuzhny

The ore bodies gravitate towards a set of carbonaceous shal&§) itOthickand stretching
for several tens of kilometers. Carbonaceous shales are waddsin the Bredy Formation
(Cibd), which overlays the Bereznyaki Series-@bz) and is overlain by the Birgilda Series
(Csbr). Itis 350700 mthick [10]. The black shales diis region can be subdivided into several
groups depending on their composition: (1) serigui@rtzcarbonaceous; (2) quaitz
carbonaceoutourmaline; (3) ottrelitecarbonaceous; and (4) quadarbonaceousttrelite.

The first ones are the most widespde They are grayishlack (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 micratigblastic, 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 aggregatestiiedsecharacterized
by layersof quartzcarbonsericite, thin layers and elongated lenses of quartz, anddfine
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coarsegrained quartz alteration. The thickness of these layers varies widely. The banded texture
is complicated by a series of asymmetrisabparallel cleavage folds (Fi@). The average
mineral composition of black shale rocks is: quartz (up to 40%), seri€li@d, carbonaceous
matter (up to 50%), carbonatesi8%), sulfides (up to 5%).

Fig. 2. Banded texture of the rock weplicatedl by cleavage foldsaf, and quartanicatourmaline veins in
carbonaceous shalk)((without analyzer, 200x)

Results and Discussion

The carbonaceous matter is in a finely dispersed statethe form of a mass that cements
the rest of theninerals. 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 idten quite significant (Fig2a). Hydrothermal metamdnsm 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 0.10.3 mm in size along the long axis, clearly pleochroic, changing its color from dark
green to light green (Fi@b). Small particles of carbonaceous matter are constantly present in
the central parts of tourmaline grains (sealed inside duriogth). Itscontent ranges from
single grains to 1220% near tourmalingericite shales. The sulfide content does not exceed a
few tenths of a percent, reaching@% in the richest areas.

It is known that Gy content in typical black shales is 1% or abamed the roks can be
classified into three groups [11]: 1) lesarbon, 13%; 2) carbonaceous;10%; 3) highcarbon,
>10%. Thermal and gravimetric analysis showed that the shales of the Kumakskoe field have
on average a & content of 6.4% (with a maxinnu 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 measements wer carri ed out at the fAGeonaukado
Institute of Geology, Komi Scientific Center, Ural Branch of the Russian Academy of Sciences,
Syktyvkar).
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(Fig. 3), which indicates the biogenic nature of carbon. The minor variations are most probably
associated with varying intensity of taenorphism [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 withiehexothermic effect correspondito 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 leastltered samples of carbonaceouskeowere selected for the analysis, allowing
for determination of the degree of regional metamorphism. Thermal and gravimetric analysis
was performed on the-Q500 derivatograph (Hungary) (analyst T.l. Chernikova, Institiit
Geology, Ufa Federal Resear€Cknter 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 oméneal stability diagram
shows thaorganic carbon underwent higinade metamorphism, comparable to that of high
kerite, anthraxolite and shungite [16]. The maximum temperature of the exothermic effect falls
within the range of 63G70 °C (during metamorj@gm, temperature was around 5810 °C),
which corresponds to the epidaimphibolite subfacies of the greenschist facies [20].

Conclusions

The study of the Kumakskoe ore field showed that the rocks of the Bordyation are of
the carbonaceous type. The carbonaceous matter is repressntittle metamorphosed
sapropel diagenetic and metamorphic graphite, is of biogenic origin and underwent
metamorphism under conditions of hitgmperature subfacies of theegnschist 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 FBIEEP International Contimgal
Drilling Program (ICDP) revealed Upper Jatulian carbonate succession of the Onego
Paleoproterozoic sedimentary basin (Russian Karelia). We used laser ablddictivey
coupled plasmanass spectrometry (LACP 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 carbonatecks and the values of geochemical markers suggest that the
stromatolites were foning 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 oranalysis of the geochemical characteristics of the stromatolites, is consisketitewit
conclusion drawn earlier based on facies analysis.

The data based on analysis of the trace element composition of Paleoproterozoic Late
Jatulian stromatolites could lised to assess facies settings in the sedimentary basin.

Keywords: Rare earth eleents, Paleoproterozoic, stromatolites, dolomites, sedimentary basin, pateoenent,
geochemical markers

I ntroduction

More and more attempts to reconstruct the geological evolution of paleobasins are made
these days using geochemical criteria basesli@ence for the behaviour of chemical elements
in the water and sediments of modern water bodies. Various geochemicatidrslare widely
used to assess a paleogeographic depositional environment, because the trace element
composition of carbonate amdher rocks can be estimated. As the number of such markers
increases, the scholar inevitably faces problems in verifitatd, consequently, in the validity
of conclusions based solely on the use of geochemical indicators.

To assess the data obtainedhwiarious 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 Kagelig.

The lithofacies of growing shallow watemarine carbonate platform in the Upper Jatulian
sequences of the Onego paleobasin have been shown to be ubiquitous. Several recurring
carbonateevaporite cycles, sediments from sebkha and playa watéeshatissolution 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 epigental sea. On the presdenel
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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.
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Fig. 1. Stratigraphic position of the stromatolitic dolomite $d@s analyzed. A fragment ohe allRussia

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 FARDEEP InternationalContinental Drilling Progran{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 measureainog the samples analyzed
in the dark and light laminae of a stromatolitic buildup using the laser ablation inductively
coupled plasma mass spectrometry (LA 4IB) method in the Collective Ahdical Center
of Kar RC RAS (anal yst al élemenSconcdhmatioaswmeene estimated Ch e 1
on an XSERIES 2 quadrupole maspectrometer. The laser work energy was 0.133 mJ, the
scanning speed was 70 um/s and the impulse frequency was 10 He.frDat three
measurements at each point were obtained. &sultr the ablation crater diameter increased
to 70 um and its depth was up to 40 um. The first values obtained were used for calculation of
indicator ratios. Measurements were made using NISTsédndard. The measurement error
did not exceed 25% for K, &) 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%e€Tlaser sampling parameters (laser wavelength, impulse
duraton, 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 othe points in the same sample could be due to a differerice physical characteristics
of a stromatolite sample at different points (the crystalline structure of carbonate or an impurity
mineral, the absorption and reflection coefficient of radiatbc). The data obtained can thus
be used for qualitative atysis.
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The mineral composition of the stromatolite samples was studied on a Tescan VEGA Il LSH
scanning electron microscope with an INCA Energy 350 energy dispersion microanalyzer
(Oxford Instruments).

Results

The macroscopically studied stromatolitengdes 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 alsontain abundant sandyayey impurities.

Table 1.Characteristics oftromatolite 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, mi Stratigraphic | Lithological description
Drill hole unit
6255 107.491 Beds with Palepink dolomite with
DH11A Calevia red-brown layers of small
ruokanensis domeshaped and
(onz?) stratiform stromatolites
Stratiferaleswith aclotted
structure.
6258 115.35i Beds with Light-grey, paralle
DH11A Butinella(on,?) | laminated dolarenite with
the minicolumnar
stromatoliteKlimetia sp.
and weltdefined
sedimentary deformations
6260 127.43i Beds with Variegated indistinctly
DH11A Butinella(on,?) | laminated dolomite with
the stratiformstromatolites
Stratifera odinataMak.,
1983
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onic

Stratiferalesand flaser
layering. Asymmetrical
ripple marks, emphasized

6236 6230 65.58i Beds with Recrystallized mottled
) « 8. . DH10A Omachtenia | dolomite with the
:: kintsiensis columnarstratiform
! " & & (om?) stromatolitesOmachtenia
. % sp.
¥l 13312.“ P
®14
. 81615
17
o
0 ay.5ed
i o2
on1d
6 245| 62452 328,610 Beds with Light-brown dolomite with
DH10A Sundosia deformed layers of the
(om°) stratiformstromatolites

by dark clay, are

occasionally encountered

The carbonateocks discussed were recrystallized undertemperature greenschistcies
conditions. Primary sedimentary textures and structures were partly obliterated during
recrystallization, but all the rocks have retained easily identifiable layesmd 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 oftgpddlomite.
carbonate

Mo s t

of t he

r o c-kasbon@te impurtyiqsiliG@ami nat

both chemically precipitated and occurring as clastic quartz grains.
Feldspar grains, represented by microcline and orthoclase, as well as magndtitee, goe

sphene chalcopyrite, scarce biotite, muscovite and phlogopite grains, are encountered. The

stromat ol

calcite, it contains large quantities of fluorapatite, phlog-feldspa, goethite and rutile.

mi ner al

Scarce zircon, barite and sphene grains occur. Quartz, phlogopite and goethite are abundant

composition

of

t e

higher in the sequence (sample 6236). Apatite is occasionally encountered.
The purest dolomite occurs on the stratigraphicllef/beds wih Butinella (orn?).
The mineral composition of stromatolites from the unit of beds @dlevia ruokanensis
(on) is represented by dolomite and calcite. Scarce misied quartz, goethite, fluorapatite
and K-feldspar grains arebserved.
Stromatolitedrom the various levels of the stratigraphic sequence are similar in the mineral
composition of carbonatglt laminae, suggesting the scour of dominantly granitoid rocks.
Consequently, in the Paleoproterozoic terrigenous matesiats mainly supplied intahe

sedimentation basin by Archean basement granitoids. This assumption is supported by the trace

element composition of the stromatolites (Table 2).

sampl e

Table 2.Petrogenic (wt. %) and trace element (ppm) concentrations in stram#aolinae (median valyie
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
\Y 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 17400 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

* 1 average chemical element concentrationthimmcarbonate rocks (After [2])

The trace element behaviour (the median value for all determination points in a particular
sample ighen estimated) in all stratigraphic units of theusggge displays the same type.

In the lower part of the sequence Mg, Ca, K and Na are present in small quantities not
exceedinghe clarke values of these elements in the carbonate rocks (the clarke afédne
[2]). Their concentrations decrease upwardgcept 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 emuch smaller than their abundance ratios in thbocate 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 clarkvalues 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®amit. Ba concentrations ithis unit exceed clark
values, decreasing to lowerdke values upwards.

All the stromatolites contain Cs on the clarke value level.
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The distribution of some elements in theomatolite samples estimated in some of the
laminae is shown below (Fig. 2).
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Fig. 2. Trace element distributiom iJatulian stromatolite laminae

There is much in common in Fe and Mn distributionthe stromatolite laminae. Fe
concentrations in samples 62450, 6236, 6260
carlonates, varying from tens to hundreds g/t (ppm). Fe concentration in some laminae
increases, as indicated by the peaks (Fig. 2)disatto reach its clarke value. Fe concentration
increases sharply only in the Bmnit, either reaching clarke valueshming several times as
high.

Mn is present in all the laminae of all the samples in subclarke concentrations, increasing in
stromatdites from the stratigraphic level grbut not reaching clarke values.

Ba concentrations i n some -2thtens df émes therlarkea e i n
value. Its concentration drops upwards below the clarke value. Only in theurih Ba
concentrations in the laminae increase, reaching clarke values and esediegthem.

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 decreasarkedly only in the ohunit, 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 exceewrtiesponding clarke
value. Sc is B times the crustal abundance, except for sample 6255, where its concentration is
close to clarke values.

92



®Filodiritto Editorei Proceedings

Rb concentration is high in all the stromatolite laminae from the stratigraphic ufit on
(sampl e 6 2dsbs@pwardslbtt rech@ns Bimes the clarke value. In theBunit
Rb concentrations are below clarke values, except for some of the laminae.

Concentrations that exceed clarke values were observed for all the laminae of alust, Sn
Sb samples. Absote 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 erstratigraphic 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 postedimentation alterations of the carbonate rocks discussed can be reliably
estimated from the Mn/Sr ratio. This index, as well as Mg/Ca, Fe/Sr valuggest that the
stromatolites analyzed have suffered minor diagenetic alteratiomsefdle, 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 thrieen the mineral composition of
these stromatolites that micrgized goethite andematite are abundant. We believe that as a
result, some of the index values, used to assessedshentation alterations, increase. High
Mn/Sr ratios could be provekl by a rise in Mn concentration and a simultaneous decline in Sr
concentration, whiclinay 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
argunent is consistent with available geological evidence [3]. It has been assumed fearlier t
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 stitmmsdoiples
discussed.

An essential index, used to reconstruct a paleogeographigsettthe oxidatiosreduction
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 theglogical literature to describe redox conditions.

Analysis of V/V+Ni and U/Th ratiosugygests that the growth of stromatolitic buildups in
Jatulian time was paralleled by the alternation of dxdisoxici (seldom euxinic) settings.

Conclusions about rea conditions, drawn from the U/Th index, are not always consistent
with the results otained with other geochemical markers. This could be connected with two
uranium accumulation mechanisms: accumulation in a reduction medium and the supply of
pyroclastis into the basin. Mechanical enrichment in uranium, contributed to by accessories
(monaite 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 Nid&bal V/Cr suggest that these
stromatolites were formed in an oxic zone under good aguaegration conditions. The
formation of the stromatolitic buildups under elevated hydrodynamic activity conditions is also
indicated by subclark Sr concentrations intladl samples.

To measure the depth of a sedimentary basin, a Fe/Mn value is usethg Yhlue of this
index for the upper portion of the sequence suggests awhiep environment and sea
transgression.
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However, the lower portion of the sequence (gfraphic uniton®, s amp | evoveé® 45 0O)
in a shallowwater environment, as indicated by its raeagth distribution pattern (Fig. 3). Data
on rareeart h el ement s ( REE) wer e obtained for
concentrations decrease upwards from 11.21 to JpB® phis could belue to transgression,
which had begun by the accumulation of carbonates of tifeuait, and the reduction of the
supply of terrigenous material from land.

11
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Fig. 3.REE spectra in Jatulian stromatolites

The Ce anomaly sign changes upwards from positive (1.3) to negative (0.7) tisggipes
increasd contri bution of sea water to its format
was calculated using the formula Ce*=2*Cel€&/(La/LaV*SC+Pr/PNASC) [12].

The absence of positive Eu anomaly does not suggest the transgydratherms or
volcanogenic pyroclastics into the basin. However, this assumption seems to be inconsistent
with aboveclark Pb, Zn, Cu andsconcentrations in stromatolites on this stratigraphic level.

In addition to the above elements, the hydrotherrastzaracterized 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.

Theelevated concentrations of the above trace elements, together with NBe(3@p and
No, are associated with the transport of material from the eroded ggeatiestone area of the
Karelian Craton.

It should be noted that theiseactually no Early Jatian basalt destruction products formed
upon basalsea water interaction in the sedimentary basin.

Jatulian basalts are rich in sodium, while underlying Sumian andestdts are rich in
magnesium. However, Mg concentrations in stromatolitic dolostibmegghout 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
stranablites 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 charactarighiesstromatolites,
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 obtainechgssome geochemical markers. This has
led the authors to conclude that the data based on analysis of the trace element composition of

94



®Filodiritto Editorei Proceedings

Paleoproterozoic Late Jatulian stromatolites could be used to assess fduigs setthe
sedimentary basin. These camibns can be verified in reference areas by lithcfagees
analysis that takes more effort.
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Abstract

This paper presentse first results for carbon and oxygen isotopic compositions of Ludlow
(upper Silurian), as well as the Frasnian and Famennian (Upper Devonian) stromatolite
buildups from TimariNorth Ural region. A regularity was revealed in the chandke 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,rsitnlites, Silurian, Devonian, Chernov Swell, South Timan,
Khoreyver depression

Introduction

Stromatolites are usually considered as biogenic sedimentary formatipreducts of
mechanical capture, binding and sedimentation of particles that were fohyed
microorganisms, mainly cyanobacteria [1]. They have a wide stratigraphic range, from the
Proterozoic to the present.

Thier greatest abundance occurred during tleedmnbrian, before gradually waning during
the Paleozoic. In the geological history of thhanerozoic Earth, stromatolites are quite often
found during periods of geobiological crises and biodiversity reduction associated with climatic
changes, as well a&harp fluctuations in the global sea level [2], [3], [4], [5].

Analysis of the isotopicomposition of carbon and oxygen is currently widely used to
reconstruct the paleoecological conditions of the formation of sedimentary Strataatolites
as biogers-sedimentary formations may contain primary isotopic information about
environmental coditions in the past [6].

Currently, the stable isotopic geochemistry of Paleozoic stromatolite buildups in the Timan
North Ural region have not been studied. The psepaf this study is to analyze the first data
on the isotopic composition of carbon amd/gen in stromatolites of this region in the Upper
Ludlow (Silurian), Frasnian, and Famennian (Upper Devonian), to establish the
paleoenvironmental conditions of stratalite-forming organisms in the sea basin.

Material and methods

The object of the stly were the sections of the Upper Silurian and Upper Devonian, which
located in the TimaNorth Ural region (Fig. 1A). The Silurian stromatolites were studied in
outcrp 1 of the Padimeityvis (sample 1/6/2) (F
Ludlow horizons. This section is located in the central part of the Chernov Swell (Padimeityvis
River) (Fig. 1B). Frasnian (Upper Devonian) stromatolites (sample 12/1@) ZE) 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. H23mennian (Upper Devonian)
stromatolites (sample 19/14) (Fig. 2D) was studied fronbtiiehole 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 ngb4).

Russia

Naryan-Mar

\ 9 20k|m:. 19borehole]

& Syktyvkar
P
@

Fig. 1. Map of the studied localities: A tectonic zones of the TimaPechora province (according to: [6] with
simplifications and additions), Boutcrop 1, the Padimeityvis River;iCborehole 19 of Oshkotynskaya area; D
T outcrop 12, the SedyRiver

The lithological features of the stratigraphic sections, as well asntbescopic and

morphological diversity of stromatolite structures were studied by the authors earlier [7], [8],
[ 9], [10], as well as by G.[l1]@gnd ECGhRomomarenkoo n t F
on the Sedyu River [12].

Powdered samples (up tarig) 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 laylarsotal, 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
«Geonauka» of N.P. Yushkin Institute of Geology, Komi Scientific Centre, UBS,RA
Syktyvkar on a DELTA V Avantage mass spectrometer (analyst I. V. Smoldwa)sotope
coefficients were determined in ppm (-a) acec
limestone) standards for carbdrhe error in determining both coefficients did ngteed +
0.1a.
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Fig. 2. Silurian and Devonian stromatolite structures. sample 1/6/2 (LudlowGorstiaiPadimeityvis horizon,

the Padimeityvis River); B sample 17/429 (Ludlow,. ud f or di an/ Si zi m hori zdn, t he
sample 412/18 (Frasnian, Upper D e vsample 49114 (Famenn@m, o p 1 2,
Devonian, borehole 19 of Oshkotinskaya area).

Results

The values of the isotopic composition iretBilurian stromatolite of the Padimeityvis
horizon range from0.89403 . 77 a¥d oarndi fr om 21 .%OFFigt3€). Thg . 29 a
average values of sio2x.opd,¢2Bo0tadPaTadlstar e:
values show a slight negagicorrelation (r % 0.34). Atthe base of the buildup more weighted
value® &0. 45 to 0.894 were r ecoltud é&Etleltocompar e
3.774 in the upper pamgulaftithei ot tYevadld aesAl
was estalished for the light and dark layers of the buildup. So, in light layers, the oxygen
Il sotopic composition has more weighted value
to 21.85a. Brh 10 sop of the stramatolite buildup, wesalve 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 Sizwwrizon differs from the
stromatolite of the Padi mé® vayesofis6.3ticd 7i 248 by
andOltivalues from 22.87 to 25.%7&6 (%749, =8D) .
23.894% TehfBd Wial ues aghificant cerrelation (ri=066)iIn the middle
part of the buildup, there is atendencyfoan i nsi gni % caaltiu7e.sborde as e
and®]f Gvalues to 25.073% adafg walsues bwitiloinn odar
layers are irregular

98


https://www.multitran.com/m.exe?s=the+Gorstian&l1=1&l2=2

®Filodiritto Editorei Proceedings

In the Frasnian st!Comatngleist ¢ r otmh &Qfvefiestt ®n 10 . &
from 22.5 to 23.67a, which correspond to car
The av@éx aweel ule is 0.274a with®ai sile22a9808 wf
deviation of 0.43a. No correl ati-0.08).Despige f ound
the fact that the scatter of isotope data is insignificant, one can nevertheless observe some
regul arity in ¥ healdi s déurthebayersistghi basefof the buildup,
dark | ayers have sl i¥ht=l y2303872 aeigdhmear edl tu

(8 = 22..51). In tthisalcmse,tdrmek tio decrease
buildup.

Accordingtothe resulls of i sotope analysis of he Fan
valuesrange from0.8to15 a3, ®¥®ndabtges from 23 to 24.4&. Ba

say that the studied samples belong to nommaline carbonate3.h e aver ag’@isval ue
1184 with a deviation of . p&a, 28n848hwi ahena
0.4 a ( Fi Igshouldl Be)noted that a fairly strong direct correlation is revealed between
carbon and oxygen (r=0.73)espite the fact that the data form a cawetpdistribution in the

diagram [7] some regularity in the variation in isotope value isepteEhe lowest values of

UC  a n'% ard observed in the lower part of the buildup -0.82 & ; -2236 3,
respectively). In the middle part®®ofaf@dhel bui
increase to 1.5a dmtheugpdp. adrdt, orfe stpheec thbi wid!l dyu p,
an®Outudecrease to 1. 234 an cdtdtBendddlepart. Ehaspirespitei v e |
of the fact that the entire buildup was formed in a normal marine environment, three stages are
clearly distinguished, ding which insignificant fluctuations in the hydrochemistry of waters

are noted.

Discussion

Theresults of the studies showed that the character of the change in the isotopic values of
carbon and oxygen in stromatolites was influenced by the influptafpgcally light fresh water
into the shallow sedimentary basin saturated with dissolved sdibrtadioxide during
climatically humid periods and a corresponding increase in terrigenous flinetithological
sign of the influx of terrigenous materialglay matter on the surface and between stromatolite
buildups, which is well observed in the 8ens of the upper Silurian. The lighter isotopic
composition of carbon and oxygen may also be associated with sulfate reduction processes
occurring in microkal buildups, which results in the oxidation of organic matter and the
formation of isotopicallyight CQp [13], [14], [15]. The presence of pyrite aggregates in the
Ludlow stromatolites [10] indicates the presence of sulfadieicing bacteria in the anoafgjc
development zone, which is part of the cyanobacterial mat and is comparablentmdtieof
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 guativity 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 str omgt ah® thatsre tgpical ofc har a
normal marine carbonates of Phanerozoic age [17]. Asligntdeas e {[n viahe@e8 wup
through the buildup in the Frasnian may indicate the inflow of weakly detsalinater during
the growth of the stromatolite and an increase in the temperature grathisrstudy identified
aregularity in the distribution af3C  a K@ valiies within the Famennian stromatolite, which
made it possible to define the stages of thuildugs growth associated with possible
fluctuations in the hydrochemistry of waters [7]. The isotopic composition of carbon and
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oxygen of the Lulbw Silurian stromatolites is characterized by lighter values than those of the
Devonian.
Similar differences in carbon and oxygen isotopic composition between the Silurian and

A 8 BCcurb.%O
4r- B
LA
0
- O«
B D
-4 E
- Q-
8
A I O ) | >
14 18 22 26 30 6 lxOcz\rbA(%)o

Fig. 3. Distribution of the isotopic composition of carbon and oxygen in the Silurian and Upper Dew
stromatolites. AB i according to{17] with simplification: AT statistics for marine carbonate of Paleozoic a
B i sedimentary formations of the Middle Urals;FO auhordata: Ci sample 1/6/2, stromatolite buildup c
the Padimeityvis horizon, Ludlow; D sample 17/427, stromatolite badilp of the Sizim horizon, Ludlow; E
sample C12/18, Frasnian stromatolite buildujp;gample 19/14, Famennian stromatolite strrectu

Devonian were mentioned for thmiulk carbonates [18]. L. A. Anischenko and-authors
concluded that the isotopic composition of carbon and oxygen in the carbonate rocks of the
Silurian boreholes of the TimaRechora oil and gas province is characterized by the lightest
composition of arbon and oxygen, in contrast to the Devonian carbonates. In general, the
carbonate rocks of the Timdechora province are similar in isotopic chagdstics to the
Phanerozoic marine carbonate sediments that did not undergo significaliggestetic
transformations. This difference is possibly associated with different hydrochemical regimes of
sea waters during the Silurian and Devonian times.

Condusions

As a result of the isotopic analysis of the Silurian and Devonian stromatolite buildups,
systemat i &Cc & B@ispdpe values ang recognized both from the bottom upward
within the buildup and in their distribution over the dark agtitllayes. Low values of the
isotopic composition of carbon and oxygen in the Silurian stromatolites may indicate the

desalination of waters in the sea bX¥Csandn. The
U0 may also be associated with the qasses obulfate 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 thestages ofjrowth.
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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 microorganisntaem formation.
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Abstract

The Paleoproterozoic interval from52to 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 dajifeous formations
and bimodal magmaim 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 mardféstdf 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 sandstonesd beds, and aluminunch clay ro&s indicate
significant chemical weathering on continents following waed posilacial greenhouse
conditions. Sedimentary strata with an age of 22® Ga include carbonate rocks with
abnor mal | y h% gdluespiondiatingi avsignifiéant dation in the isotopic
composition of seawater. The end of the carbon isotope anomaly in the interval?idB Tda
matches with the accumulation of manganese, phosphorites, ferruginous formations and
carbonaceous sk, probably associated with the dpment of oceanic basins. This time
interval coincides with the final split of Kenorland.

Keywords: Paleoproterozoic, Fennoscandian Shield, esteatigraphy
Introduction

The emergence of the Eaflaerobic system and a number of interrelated glebahts 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 avironmental events remain only partially elucathtBy 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 isotopeSeveral ines of evidence suggest that Eéth
early atmosphere gradually became oxygenated between 2500 and 2000 million years ago. This
dramatic change is known as the Great Oxidation Event (GOE). The procesded tb it, as
well as their exact dating andrdtion, remain controversial. The appearand@&ed bedé and
sulfates in the stratigraphic sequences of the Paleoproterozoic sedimentary rocks is one of the
most convincing evidence reflecting the chamgexygen 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-iSotopes (MIF) in rocks older than 2360 Ma and the
disappearance of such fractionation raftes milestone. The disappearance of MIF is ligua
attributed to atmospheric oxygenation and related changes in photochemical reactions. In
ImandraVarzuga greenstone belt (Kola Peninsula), in the succession of the Seidorechka
Formation (ca. 2442 Ma), @mansition from MIF to masdependent fractionatnh of sulfur
sotopes was recorded [1].

2. Huronian global glaciatiorThe rapid onset of global glaciation about 2320 million years
ago is another important Paleoproterozoic ecological event. The trigfedirgsoglobal
glaciation are still poorly undersid. 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 foiorat, expressed at the beginning of th& 20
centuy by P. Eskola, was later confirmed by the finds of diamictites and dropsiodieating
the participation of glacial processes in sedimentation. According to drilling data carried out
within the framework of the FARDEEP project in the Imandidarzugagreenstone belt, the
Polisarka formation contains Huronian diamictites overgirspinifexstructured komatiites
and underlain by Sibearing limestones [2].

3. An unprecedented change in the global carbon cyclee | ar g el®Ctexcrsion i t i v e
in the history of the Earth recorded in sedimentary carbonates is known as the LdirJaguin
event. There is currently no consensus on the reasons for this event. The possible role of local
factors in amplifying thglobal signal remains unclear. Moreover, understanding of the causal
relationships of the Lomagundatuli event with otheglobal paleoecological changes in the
Paleoproterozoic remains incomplete [3]. In the east of the Fennoscandian Shield, carbonate
rocks enriched if*C are known in the successions of the Umba formation (Imavaizuga
greenst de =b &I RiNI2ei 1By et sjarvi formatdCen (Pec
7.4N0.7a4), and so in the thick carbonate su
paleobasin *@&i = ca. 10 &) .

4. Oxidized ocearabundant CaulfatesThe progressive oxygenation of the Eétbuface
environments has led to an increase in the oxidation of sulfides during continental weathering
and a concomitant increase in the concentrationasfne sulfate. To date, available estimates
of the size of marine sulfate reservoirs indicate that tedfim the ancient ocean were at least
10 pmol/kg.

This concentration corresponds to 23% of the oxidizing capacity of the modern ocean [4].

The resulivas obtained after analyzing sulfur isotopes in anhydrite from am8&aporite
sequence drilled by aapametric well in the Onego paleobasin. Pseudomorphs after gypsum
and anhydrite, with relics of primary minerals, have been described in large numbers
carbonate rocks of the Pechenga paleobasin (Kuetsjarvi and Kolasjoki formations), tmandra
Varzuga gremstone belt (Umba formation) and Onega paleobasin (Tulomozero formation) [5].

Detailed mineralogical and isotopic studies are underway to deciphereitw@ogical
significance.

5. Iron-rich volcanic rocks: upper mantle oxidative evéihy, how and wherme level of
oxygen in the atmosphere increased remains a fundamental problem: was it connected with the
appearance of oxygen producing organighstoynthetic or with the reduction of volcanic
emissions [6]. Volcanic rocks with an age of 2060 Ma have FglFe’* ratios, which
indicates a possible change in the redox potential of volcanic gases, which could cause
irreversible oxidation of the Eadhatmosphere. In the Jatulianccessions 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 havexposed more than 300 m oitensely 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 ma#téer the
LomagundiJatuli isotopic evet, about 2 billion yearsgm, 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 phosphoritesppear to be
absent in aler rocks. On the Kola Peninsula, in the sedimentary rocks of the limozero
formation (Imandravarzuga greenstone belt), carbonate and siliceous nodules wisa P
content of up to 1.2% are noted [8], and in the tuff schistzaabegrained sandstone$ the
Pilgujarvi formation (Pechenga paleobasin), th@sReontent reaches 8.2% [9]. In the Onego
paleobasin, the sedimentary cardmaring rocks of the upper part of the Zaonego formation
(ca. 2 Ga) contain phosphortsh intervals with abundant apati{®.0s>15%). They contain
phosphatized microfossils similar to modern methanotrophic and -sidizing
archaebacteria living in deapater environment and upwelling zones with low oxygen content
[10].

7.Shunga Black Shale Ent 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 Lomagunelatuli 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 CQ did not occur. In eastern Fennoscandia, this event is reprédgnitgack shale
strata accumulated on the continental slope or in the rift basin, and is reflected in the successions
of the limozero Formation (Imandhgarzuga greenstone belt), the Pilgujarvi formation
(Pechenga paleobasin), and is maximally developedheé Zaonego formation (Onega
paleobasin). Here, several hundred meters of orgaicsource rocks, a petrified oil field with
preserved oil migration routes, and several bodies of orgditeous rocks containing up to
40 wt. % organic carbon. Thessks were formed under the influence of hydrothermal fluids
or under conditions of hydrocarbon seepage simultaneously with basaltic volcanism and contain
highly depletedC organic matter [12].

Conclusions

The listed events can be consideretiaatingpoint 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, bgether with a comprehensive understanding of paleoenvironmental settings
and the geochemical characteristics of sedimentary and volcanic rocks on a global scale.
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Abstract

Electrophysical properties of shungite rocks of various stratigraphic levels datmega
formation have been studied. Electrical coritity and shielding effectiveness were the
electrophysical parameters evaluated. The shielding effectiveness and electrical conductivity of
shungite rocks were determined on powder samples by the coaxiatigsios line method.

Raman spectroscopy wasedsto 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 resofitthe study of the electrophysical
propertiesof 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. Tlesults obtained will allow us to use the ebshled 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 ks, stratigraphy, shielding effectivenessalpeemperature of metamorphism, electrical conductivity
Introduction

The shungitaocks of Karelia form a large, diverse group of Precambrian cdrbaring
rocks with poorlycrystallized carbon (shungite). The fundamental problem of searching for the
relationship between the structure, properties and genesis of carbonaceous mditgnhas
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 useadim-bearing rocks. There are
more than 20 developed methods for the use of shungidX]. Some of these methods relate
to the electrophysical properties of shungite rocks, particularly as fillers of composite materials
[2].

Shungite fillers give conduete properties to composite materials, also improving their
strength and antifrictio 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 @moento 99 wt%. The existing
classification of shungite rocks is based on dividingm 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 shiiengpcks with the same carbon content can differ
significantly.

The goalof our wak is to develop a more accurate geologiodustrial classification of
shungite rocks than the existing one. This classification should be based on linking geological
datawith the physicathemical properties of shungite rocks. To create this clagsficanult
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 efZtionezhskaya 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 horizamspl8s were specially
selected with a close percentage of carbon to assess tbeoéfteher controlled factors on
electrophysical properties.

Raman spectroscopy was used to evaluate structural characteristics of carbon in the shungite
rocks. Raman speaet of shungites were obtained using the Nicolet Almega XR dispersion
Raman spectroater (wavelength 532 nm). The quantitative characteristics of the spectra are
calculated in the OMNIC program. The peak metamorphism temperatures of the studied
samples were@stimated from carbon using the equation: T (°C) = 91.4(R®56.3(R2) +
676.3, which was previously proposed for carbonacemaserial [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
electophysical parameters. The shielding effectiveness shows how much the sample under
study is able to reduce the intensity of the electromagnetic field by reflecting andiadpsor
electromagnetic waves. The shielding effectiveness of shungite rocks wamiketeon
powder samples by the coaxial transmission line method of electromagnetic spectral analysis
in the frequency range from 100 kHz to 1 GHz (selective microvoltm&krg11l and
SMV8.5). The electrical conductivity was determined in the coaxial kivegua meter L, C, R
E7-8 at a frequency of 1 kHz.

Results and discussion

Using Raman studies of shungiteks of the second and sixth horizons with a close carbon
contert, peak metamorphism temperatures were determined (Fig. 1). The lowest peak
temperature of metamorphism (3287 °C) is typical for shungite rocks of the sixth horizon,
and the highest for a sample of the second horizon (379 °C). A wide range of vafys=a&
metamorphism temperature for samples of the sixth horizon indicates a significant structural
heterogeneity of carbonaceous matter of these shungite rocks and the presence of edaccount
geological factors in the division of shungite rocks by strafigjic 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 cartvatent 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 mgthisim. Rocks of the sixth horizon
have the lowest shielding eftaeness 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 shungitecks of various stratigraphic levels of the Zaonezhskaya formation, differing
in the peak metmorphism temperature
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Fig. 2. Dependence of the shielding effectiveness on the frequency of the electromagnetic field for shungite rocks
with a close carbonontent, but different peak metamorphism temperature

Previously, it was found that the shungiecks have some differences in chemical
composition [6]. Shungite rocks of higher horizons are less alkaline and more siliceous than the
lower ones. The predomance of NgO over KO is remarkable for the samples of the second
horizon. Such rocks shoule: lattributed to the rocks of the ftigpe. As was shown earlier [7],
Natype rocks are characterized by higher values of shielding effectiveness and electrical
conductivity than thosef K-type rocks. The use of Ngpe rocks allows to obtain composite
mateials 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 compedéaaats.
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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 caddmoperformed. It is shown
that the peak metamorphism temperature ofst#lected 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 obtainedlalv us to use the established regularities not only to determine the
indudrial 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 sarttie @restern slopef 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 alterathe and bodies anditumen 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 facteedjmestal processes,
river system, Republic gfatarstan

Introduction

The purpose of this paper is to study reservoirs of natural bitumens and heavy oils in sand
bodies, located in the Republic of Tatargtathe area between the Volga and Kama rivers and
the Ural Mountains. Thelastic Ufimian deposits unconformably overlie the Sakmarian sulfate
carbonate sediments [IThe deposits of natural bitumen are associated with the Sheshmian
sands and sandstone$ the Shehma Formation (Upper Permian, Ufimian Stagép
bituminous depsits formed as a result of the vertical migration of hydrocarbons from deeper
oil horizons of the Eartls crust. The bituminous sand horizon is located in the Sheshma River
valley inthe southern part of the Republic of Tatarstan (Fig. 1) in an arearokapptely 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 motarigin [2]. It
was carried to the platform by various water streams acdnadated there. The sands are
predominantly graywacke and are composed of fragments of igneous rocks, quartz, and
feldspar. [3]. Tectonic processes associated with the Uraliasioolin the Permian time were
responsible for vertical migration of hydasbons from the underlying Devonian and
Carboniferous oil deposits [1]. The accumulation of significant hydrocarbon reserves occurred
in the sandy Sheshma Formation, which has hégkemvoir properties and favorable conditions
for the formation of oil depsts (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 twoeldls: lower sandglayey and upper sandy. The upper bed is rich with
bitumen and heavy oilThe exploitation was first organized as a series of adits for bitumen
extraction near the village of Shugurovo. For a long time, bituocoataining rocks were
consicered only as raw material for the construction industry. However, withewwologies
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 picturei orange
the area of distribution of the bituminous Sheshma Formabilack deposits of bitumen in sedimentological
structures (I Ashalchinskoe Uplift, 2 NizhneKarmalskoe Uplift), dark blué the Sheshma River

The depositional settings of these beds were extremely complex and difficult to interpret.
can be assued that initially the entire Sheshrfarmation was sandglayeyin 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 terrestriahiddr{gi, [6],
[7], [8], and somas 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 impaon the studied sand strata [16] vedso suggested.

Object and methods

The objects of this paper were core samples from a dozen wells drilled within the most
studied Ashalchinskoe and NizhKarmalskoe uplifts. The samples were studied
microscopically m petrographic thin sections, usigganulometric 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 bodiesrhas b
altered tectonically, which reqgas usingpaleotectonic alignment for paleogeomorphological
analysis.

The method of paleotectonic alignment is based on the assumption that marine carbonate
sediments are initially subhorizontal. This means, that arbooate bed above the Sheshma
Formaton 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 ailitieitnaps located
in several parallel series. The sandyllas are overlain by a layer of Kazanian clay with remains

of brachiopods. This shale horizon has become an excellent fluid stop for fupttengrating
oils.
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Basic reservoir properties, such as porosity, are form all@pesitional stage. Often the
reasm 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
postdepositional processes such awmeatation or pore leaching [1&}lastic material of sandy
clay size was transported by water flows from the Ralled Mountains, which were eroded in
the Permian time.

For this reason, sandstones have some of the properties of fluvial deposition. dsiesdep
were accumulated in the westgrart 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 Permiasas located at 28\ [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 Sheshndasert wasormed [16]. The upper
part of the Sheshma Formation was affected by winds and formed a relief forms resembling
linear (seif) dunes-or the same reason, the clay component is absent in the upper part of the
Sheshmian Horizon. The lower sardgyey bed wa not exposed to wind because it was below
the groundwater level, i.e., was saturated with water and the wind could not aifeet fiact
that positive landforms were formed at the time of the formation of the Sheshma Formation is
confirmed ly paleotectaic 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 existeds Tidicded 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 conditiofi®ius, du¢o a sharp rise of the sea level, the Sheshmian
paleorelief was covered by seawai#ihen the seabed is uneven, sediments primarily fill the
relief depressions. This can be seen in the reconstruction from the inverse correlation between
the thcknesses ofandstones 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 trapsdiondm and hevy 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 deewater eastern Gulf of Mexicoy the moden 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 tes flows. This is because initially the clastic material was
transported by water flows, therefore, some statistical indicators are evidence dhéhis.
migration of hydrocarbons also influenced the mineral composition, for example, we associate
the formation of pyite with organic matter and the activity of sulfa&zlucing bacteria [21].

However, the mineral composition was influenced not only by oil migration but also by the
proximity of deposits to the eafsurface (and in some cases onto the sgyféhe praesses
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 considerablenguhe expbitation 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 formtion‘i‘r{ut.helqs')éf the Sheshma Formation: l&
adit, righti photograph of an outcrop

All studied deposits are located in the SheslRiveer basin at depths rarely exceeding the
first hundredof meters. Sheshma is a large river, it is a left tabuof the Kama. For the most
part, it flows over the zone of development of bitumen deposits, and the drainage zone of the
river system inflences the underlying rock complexes for many meters, up to hundreds of
meters [22].The river divides this zoneto 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 grea
importance. The river valley has an asymmetrical profile in which the right bank is bedrock and
high, compose@f dense Middle Permian depositshe left bank is accumulative, and low,
often terraced, composed of easily permeable alluvial sandstongss Typical for most large
rivers [23] and is caused by the Coriolis force and various effects of the rivesrfldve banks.

The excess of a high steep slope over a gentle low slope can reach up to 100Time[24].
rivers in the European part of Russia, particular, in the Republic of Tatarstan, are
characterized by the presence of Neogene incisions [25], whichlso filled with highly
permeable sands. The described circuit is shown in (Fig. 3).

Water exchange is important and can be accompaniedvhyiedy of processes, such as
leaching, oxidation, the formation of geochemical barriers, mechanical actiooksn etcAll
these processes can occur both in reservoir systems and in rocks and fluid seals. The integrity
of the seal is of particular ingptance for the Tatneft oil company. Hydrocarbons are developed
here by the thermal method, in particular, byrttethod of steangravity drainageThis method
involves pumping hot water vapor and creating a steam chamber. The uniformity and
permeability vithin the formation affect the uniformity of the steam chamber, but seals are also
of great importance. With adctured, weak clay cover, steam breakthroughs into the overlying
horizons are inevitabléAlso due to the shallow bedding, these breakthrowjhibe vapor
bitumen mixture can get into drinking water sources and even spill out onto the surface, which
can kad to difficultto-recover environmental consequences. Also, the inconsistency of the
fluid stop leads to even greater degradation of bituragrincrease in the proportion of the
heavy component in it, etc.

This directly affects the attractiveness of tfield 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 reserveiand rocksThis is because the lefankdeposits could
very likely be affected by migrating groundwaters because of high permeability &nd lo
thickness of covering rocks, but tmght-bankdeposits are covered by strong and thick
Permian deposits. This also confirmed by field data, according to which the deposits of the
second (right) group mostly hafigas capg which indicates the intedy of the seal rocks. Al
this imposes difficulties on the process of extracting natural bitumen, but it caed& select
rational development methods and select future industrial development facilities with
minimization of environmental and econammisks.
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Conclusions

Fig. 3. Schematic image of cross section of Sheslitheer valley. Blue arrows show poskbdirections 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 Sheshmarkwation relief. The shape of the satmte 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
theirrelationships with each othé@andstaes were formed in linear dunes and have formed a
series of uplifts almost simultaneously with neighboring ones. The Sheshma River system
divides the oibearing field into two parts differing in structure and compasitThis factor
has great geologicatconomic, and environmental importance in the development of deposits.
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