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Abstract 

The geological structure of coal formations of the Sukharysh syncline, which is located 

in the Kopeysk-Bredy subzone of the Alapaevsk-Adamovka structural-formational zone, was 

studied. The focus was specifically on the deposits of the Fedorovskaya sequence (C2fd) with 

outcrops in the sections along the Uvelka River and in few roadside pits. The width of the 

sequence is about 1000 m. The Middle Carboniferous (Bashkirian) age of the deposits was 

reliably dated based on the fossil faunal finds. It was shown that shales and aleurolites, which 

are widespread in the limestones of the Fedorovskaya sequence, belong to the low-carbon type 

and fall into the field of the siliceous-carbonate unit. The carbonaceous matter is developed 

in the form of scattered impurities, concentrated in the ultrafine veinlets and laminas, and corre-

sponds to higher kerites subjected to catagenesis and the early stage of green shales facies. 

The organic carbon content is up to 20%, and, thus, the rock appears to be opaque. Sedimentation 

process took place in the isolated local shallow-water depressions under the geodynamic condi-

tions of collision. The terrigenous material was formed as a result of the destruction of the under-

lying rocks of the major and average element composition of the Berezinskaya sequence. 

The maturity of the deposits consistently increases from the Tugundinskaya to Fedorovskaya 

sequences. 
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Introduction 

In the world’s largest gold deposits, carbonaceous shales often become the ore-

generating and -hosting strata and, therefore, hold promise for future research. As for 

the South Urals, these shales have remained overlooked here for many years, despite 

their widespread distribution along the structural-formational zones, the widest age inter-

val, and the ability to form in various paleogeographic conditions. Earlier exploration 

campaigns have found that the Carboniferous carbonaceous shales of the East Urals 

megazone host a number of commercial gold deposits (Kumakskoe, Svetlinskoe, Ka-

menskoe, Tetechnoe, etc.), thereby fostering greater research interest in this region [1–5]. 

This paper is based on the materials obtained from the study of carbonaceous shales 

of the Fedorovskaya sequence as part of the geological survey [6] and the thematic 

investigations of the Sykharysh syncline. 
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1. Materials and Methods 

Thermogravimetric analysis of the carbonaceous rock samples was performed 

using a Q-1500 derivatograph (analyst T.I. Chernikova, Institute of Geology, Ufa 

Federal Research Center, Russian Academy of Sciences). The samples were heated 

in air at a temperature of 20–1000 °С and at a rate of 10 °С/min. Only samples of the 

least silicified and sulphidized rocks outside the zones of intrusive exocontacts and 

intensive tectonic reworking were used for analysis to exclude their possible influ-

ence and determine the degree of regional metamorphism. Silicate analysis was car-

ried out by the standard methods (analyst S.A. Yagudina, Institute of Geology, Ufa 

Federal Research Center, Russian Academy of Sciences). 

2. Geological Structure of the Sukharysh Syncline 

The Sukharysh syncline is located in the Kopeysk-Bredy subzone of the 

Alapaevsk-Adamovka structural-formational zone. It borders on the Kosobrodsk an-

ticline to the south, being bounded by the Alapaevsk-Chelyabinsk deep fault to the 

east (Fig. 1). 

 

 

Fig. 1. Geological map of the Sukharysh syncline (according to B.A. Puzhakov [6], simplified 

by the author). Legend: 1 – Fedorovskaya sequence (organogenic-detrital pelitomorphic gray and 

dark-gray limestones, interbeds of carbonaceous-clayey shales), 2 – Birgil’dinskaya sequence 

(sandstones, gravelstones, carbonaceous-clayey shales, limestines), 3 – Tugundinskaya sequence 

(limestones, sandstones, aleurolites, often carbonaceous), 4 – Berezinovskaya sequence (lavas, 

lava breccias, trachybasalt tuffs interbedded with siliceous tuffites, clayey-carbonaceous-

siliceous shales), 5 – faults, 6 – finds of foraminifers, 7 – finds of brachiopods, 8 – location of 

the studied section 

The limbs of the structure are composed of the Tournaisian-Lower Visean vol-

canogenic rocks of the Berezinovskaya sequence (C1bz). Its deposits have unconformable 

contacts with the underlying units and are dominated by lavas, lava breccias, as well as 

trachybasalt, basalt, and andesite tuffs interbedded with sericite-chlorite-plagioclase-
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quartz shales. The total width of the sequence is 500–1500 m. The Tugundinskaya 

sequence (C1tg) rocks, mostly limestones (75%), overlie unconformably. In the deeper 

part of the section, arkose and polymictic sandstones, aleurolites prevail, whereas 

conglomerates and gravelstones are less common. The conglomerates often include 

clasts originating from volcanites of the underlying Berezinovskaya sequence. The Early 

Carboniferous (Visean) age of the Tugundinskaya sequence is reliably dated based 

on numerous foraminifers in its units. The sequence is up to 1800 m wide. The section 

shows a consistent thickening through the Birgil’dinskaya sequence (C1bg) dominated 

by limestones that are interbedded with shales (carbonaceous-clayey, clayey, and calca-

reous-clayey), aleurolites, and sandstones. The limestones are organogenic, pelitomor-

phic crinoidal-detrital, fine- and close-grained, and pelleted. The faunal finds confirm 

the Early Carboniferous (Late Visean – Serpukhovian) age of the sequence. Its width 

ranges up to 1000 m [6]. 

3. Description of Carbonaceous Shales in the Fedorovskaya Sequence 

The Fedorovskaya sequence (C2fd) was discovered during the geological sur-

vey of the Chelyabinsk area, a northward neighboring region, in 1995–1999 and 

named after the village of Fedorovka. Its deposits occur unconformably on the Bir-

gil’dinskaya sequence and are represented by organogenic-detrital pelitomorphic 

gray and dark-gray limestones interbedded with carbonaceous-clayey shales and car-

bonaceous argillites. The sequence outcrops in the sections along the Uvelka River 

and in few roadside pits (Fig. 2). The width of the sequence is about 1000 m. 

The following rich faunal assemblages pinpoint the Middle Carboniferous age 

(Bashkirian) for the sequence: brachiopods – Schisophoria resupinata (Martin), An-

tiguatonia nindi (Muir-Wood), A. cf. subcata (Sow.), Tirinifer cf. pseudolineatus (Hall.), 

Buxtonia ex gr. juresanensis (Tsch.) (identified by M.V. Postoyalko); foraminifers – 

Bradyina cribrostomata Raus. et Reitl., Eostaffella pseudostruvei (Raus. et Reitl.), Glo-

bivalvulina cf. moderata Reitl., Asteroarchaediscus pustules (Grosd. et Leb.), 

Pseudoendothyra luminosa (Durk.), Profusulinella ex gr. parva (Lee et Chen), Toly-

pammina sp., Plectostaffella sp., Ozavainella sp., Millerella umbilicata Kir. (identi-

fied by M.V. Postoyalko, R.M. Ivanova, B.I. Chuvashov); conodonts – Declinogna-

thoidus noduliferus (Ellison et Graves), D. lateralis (Higgins et Douckaert), D. nodu-

liferus inaegualis (Higgins), Paragnathodus ericiformis (Clarke) (identified by 

V.N. Pazukhin) [6]. 

Carbonaceous shales and aleurolites of the Fedorovskaya sequence are mostly 

gray or dark gray in color. Their stratified texture is determined by the presence of 

interbedded radiolarites and filamentous carbonaceous matter in the ground microcrys-

talline siliceous mass (Fig. 3, a, b). The clay matter (hydromica) is found in small pro-

portions and forms striated inclusions and short laminas. The rock contains thin (0.5–

2.0 mm) radiolarite interbeds with the large detrital accumulations (up to 60%) of radi-

olarians, sponge spicules (?), and shell fragments, up to 0.1 mm in size (Fig. 3, c, d). 

Such interlayers are generally porous and characterized by a much lower content of 

the carbonaceous matter, which is present as a scattered impurity. Phosphorized 

fragments of dirty brownish ichthyodetritus (?) occur rarely. They are thinly laminat-

ed, with the admixed carbonaceous matter (Fig. 3, e). Such fragments often have ir-

regular shape, jagged edges, and sizes of 0.5 to 2.5 mm. 
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Fig. 2. Photos showing the sections of carbonaceous shales of the Fedorovskaya sequence. 

Note: 1 – flagged sample positions for silicate and thermal analyses, 2 – sampling points 

where gold specks were registered 

The accessory minerals are short-prismatic idiomorphic corroded glauconite 

crystals (up to 0.1 mm), rarely oxidized pyrite crystals of cubic habit (up to 0.2 mm). 

Single grains of amphibole, garnet, staurolite, ilmenite, and chromite were recorded 

in the black sand. 

The brown carbonaceous matter is developed in the form of scattered impurities 

and concentrated as ultrafine veinlets and laminas. In certain areas, its content amounts 

to 20%, and the rock appears to be opaque. The cavities of organogenic detritus are 

filled with bitumen greases (Fig. 3, f). The thermal analysis showed that gray shales 

and aleurolites from the Fedorovskaya sequence have low contents of organic carbon (up 

to 0.5%). However, the section still displays dark-gray or black interbeds (up to 0.5 m 

thick) with the CTOC level up to 2.8% (Fig. 2, 4; Table 1). This indicates that the de-

posits belong to the low-carbon type, which is widespread in  the  South  Urals [7, 8].  
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Fig. 3. Photos of the microsections of carbonaceous shales from the Fedorovskaya sequence. 

Note: a – organogenic structure of carbonaceous aleurolite (microsection T-24-10); b – inter-

bed with the high content of carbonaceous matter in the detritus of radiolarians (microsection 

T-24-10); c, d – various concentrations of the carbonaceous matter in the aleurolite and radiolar-

ite interbeds (microsection T-24-3); e – fragment of phosphorized ichthyodetritus (?) (microsec-

tion Т-24-3); f – cavities in organogenic detritus filled with dark-brown bitumen greases (mi-

crosection T-24-9). All photos in parallel nicols 

The exothermic reaction of carbon with oxygen in the shales starts at low temperatures, 

from 490 °С (550 °С on average), thereby suggesting that the level of carbon metamor-

phism is low and corresponds to higher kerites subjected to catagenesis and the early 

stage of green shales facies [9, 10]. 

 

a b 

c d 

e f 
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Fig. 4. Characteristic thermograms (a) and positions of the analysis points on the thermal re-

sistance diagram (b) for the carbonaceous deposits of the Sukharysh syncline. Note: burn-off 

stages according to V.I. Silaev et al. [10]: I – recent plants, organic matter in unmetamor-

phosed sedimentary rocks, coprolites; II – asphalts, lower kerites; III – asphaltites, kerites; 

IV – higher kerites, anthraxolites, shungites; V – graphite, carbonado 

Table 1 

Results of the thermal analysis of carbonaceous shales of the Fedorovskaya sequence 

Sample no. 
Onset 

of effect (°C) 

Maximum 

effect (°C) 
TOC (%) 

T-24/1 590 610 0.3 

T-24/2 580 610 0.5 

T-24/3 550 610 0.5 

T-24/6 510 610 0.5 

T-24/7 520 610 0.2 

T-24/8 490 590 2.8 

4. Petrogeochemistry of the Sukharysh Syncline Rocks 

Carbonaceous deposits have proved their worth as reliable sources for reconstructing 

the sedimentation conditions. The chemical composition of sedimentary rocks can reveal 

a lot about the original source of clastic elements. The petrogeochemical features of car-

bonaceous shales and aleurolites in the Tugundinskaya (C1tg), Birgil’dinskaya (C1bg), 

and Fedorovskaya (C2fd) sequences were studied using the standard classification 

diagrams (Table 2, Fig. 5). 

On the A–S–C diagram [11] (Fig. 5, a), carbonaceous shales and aleurolites 

of the Tugundinskaya sequence fall into the field of terrigenous-carbonate unit, while 

those of the Fedorovskaya and Birgil’dinskaya sequences into the siliceous-carbonate 

unit. The increased S parameter, which is inversely proportional to the amount 

of terrigenous impurities in the sediment, indicates that the sedimentation process 

shifts to lower depths or that there are isolated local depressions, where the deposits 

of the Fedorovskaya sequence accumulated during the Middle Carboniferous. 

It is evident from the distribution of the imaging points showing the composition 

of carbonaceous deposits of the Sukharysh syncline on the DF1–DF2 and F1–F2  

diagrams (Fig. 5, b, c) that these rocks settled under the conditions of collision. 

The sources of terrigenous material supply must have been eroded underlying rocks of 

the major and  average  element  composition  of  the  Berezinovskaya  sequence  (C1bz).   

a b 
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Table 2 

Results of the chemical analysis of carbonaceous shales of the Fedorovskaya sequence 

Sample no. T-24/1 T-24/2 T-24/3 T-24/6 T-24/7 T-24/8 T-24/10 

SiO2 90.00 92.00 93.00 96.00 95.00 80.00 92.00 

TiO2 0.10 0.10 0.10 0.10 0.10 0.25 0.20 

Al2O3 6.40 0.90 3.60 0.90 0.90 7.82 3.00 

Fe2O3 0.70 0.60 1.00 0.70 0.32 0.70 0.40 

MnO 0.06 0.09 0.05 0.15 0.14 0.03 0.05 

MgO 1.00 3.00 1.00 0.20 1.00 2.00 2.00 

CaO 0.30 0.50 0.10 0.10 0.10 0.10 0.10 

Na2O 0.20 0.25 0.30 0.30 0.50 0.50 0.54 

K2O 0.20 0.10 0.20 0.20 0.20 1.00 0.12 

P2O5 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Other impurities 1.40 2.70 1.00 2.00 2.00 7.50 2.00 

Total 100.31 100.16 100.31 100.51 100.13 99.88 100.37 

 

 

Fig. 5. Positions of the composition points of carbonaceous shales of the Sukharysh syncline 

on the standard classification diagrams. Sequences: 1 – Birgil’dinskaya, 2 – Tugundinskaya, 

3 – Fedorovskaya. a – A–S–C classification diagram [11]. Fields of formations: I – carbonate-

carbonaceous, II – terrigenous-carbonaceous, III – siliceous-carbonaceous. Parameters: A = 

(Al2O3 – (CaO + K2O + Na2O))·1000 and S = (SiO2 – (Al2O3 + Fe2O3 + FeO + CaO + MgO))·1000 

expressed in molecular amounts, parameter C = CaO + MgO expressed in weight percent 

of oxides. b – DF1–DF2 [12], where: DF1 = –0.263 ln (TiO2/SiO2)adj + 0.604 ln (Al2O3/SiO2)adj − 

1.725 ln (Fe2O3общ/SiO2)adj + 0.66 ln (MnO/SiO2)adj + 2.191 ln (MgO/SiO2)adj + 0.144 ln (CaO/SiO2)adj 

− 1.304 ln (Na2O/SiO2)adj + 0.054 ln (K2O/SiO2)adj − 0.33 ln (P2O5/SiO2)adj  + 1.588; DF2 =       

a b 

c d 
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–1.196 ln (TiO2/SiO2)adj + [1.064 ln (Al2O3/SiO2)adj + 0.303 ln (Fe2O3общ/SiO2)adj + 

0.436 ln (MnO/SiO2)adj + 0.838 ln (MgO / SiO2)adj − 0.407 ln (CaO/SiO2)adj + 1.021 ln (Na2O/SiO2)adj − 

1.706 ln (K2O/SiO2)adj]  − 0.126 ln (P2O5/SiO2)adj – 1.068. The subscript “adj” indicates that the cal-

culation is based on the oxide contents normalized to 100% dry matter. Fields of the sedimentation 

environments: I – island-arc, II – collision, III – rift-driven. c – F1–F2 [13], where: F1 = 

30.638(TiO2/Al2O3) –12.541(Fe2O3total/Al2O3) + 7.329(MgO/Al2O3) + 12.031(Na2O/Al2O3) + 

35.402(K2O/Al2O3) – 6.382, F2 = 56.5(TiO2 / Al2O3) –10.879(Fe2O3total/Al2O3) + 

30.875(MgO/Al2O3) – 5.404(Na2O/Al2O3) + 11.112(K2O/Al2O3) – 3.89. Fields of clastic ma-

terial sources: I – sedimentary rocks rich in quartz, II – magmatic rocks of major element 

composition, III – magmatic rocks of average element composition, IV – magmatic rocks of 

acidic composition. d – log (SiO2/Al2O3) – log (Fe2O3total/K2O) [14] 

On the log (SiO2 / Al2O3) – log (Fe2O3 / K2O) diagram [14] (Fig. 5, d), the imaging points 

of carbonaceous deposits of the Tugundinskaya sequence form a compact area in 

the fields of shales and ferruginous shales, while the deposits of the Birgil’dinskaya and 

Fedorovskaya sequences spread over the rest of the fields. Along with the changes 

in the chemical weathering index CIA = 100Al2O3/(Al2O3 + CaO + Na2O + K2O) [15], this 

testifies that the degree of sediment maturity increases consistently over the time interval. 

Conclusions 

The study of carbonaceous shales and aleurolites, which are widespread in the lime-

stones of the Fedorovskaya sequence, leads to the following conclusions: 

1. These deposits belong to the low-carbon type and fall into the field of the sili-

ceous-carbonate unit. 

2. The carbonaceous matter that developed in the form of scattered impurities 

and concentrated in the ultrafine veinlets and laminas corresponds to higher kerites 

subjected to catagenesis and the early stage of green shales facies. 

3. Sedimentation occurred in the isolated local shallow-water depressions under 

the geodynamic conditions of collision. The terrigenous material was mainly formed 

as a result of the destruction of the underlying rocks of the major and average element 

composition of the Berezinskaya sequence. The maturity of the deposits consistently 

increases in time from the Tugundinskaya to Fedorovskaya sequences. 
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Геология каменноугольных углеродистых отложений  

фёдоровской толщи Сухарышской синклинали (Южный Урал) 

А.В. Сначёв 

Институт геологии – обособленное структурное подразделение Федерального  

государственного бюджетного научного учреждения Уфимского федерального  

исследовательского центра Российской академии наук, г. Уфа, 450077, Россия 

Аннотация 

В статье рассмотрено геологическое строение каменноугольных отложений Сухарышской 

синклинали, расположенной в Копейско-Брединской подзоне Алапаевско-Адамовской структурно-

формационной зоны. Особое внимание уделено отложениям фёдоровской толщи (C2fd), выходы 

которых наблюдаются в разрезах вдоль реки Увельки и единичных придорожных карьерах. 

Мощность толщи порядка 1000 м, возраст отложений принят как средний карбон, башкирский 

век на основании определения многочисленной фауны. Показано, что сланцы и алевролиты, ши-

роко представленные среди известняков фёдоровской толщи, относятся к низкоуглеродистому 

типу и попадают в поле кремнисто-углеродистой формации. Углеродистое вещество, развитое 

в виде рассеянной примеси и концентрирующееся в тончайших прожилках и слойках, соответ-

ствует высшим керитам, подвергшимся катагенезу и начальной стадии фации зеленых сланцев. 

Содержания органического углерода достигают 2.8%, что делает породу совершенно непрозрач-

ной. Осадконакопление происходило в локальных изолированных мелководных впадинах в колли-

зионной геодинамической обстановке. Терригенный материал формировался преимущественно 

за счет разрушения нижележащих пород основного и среднего состава березиновской толщи, 

зрелость осадков последовательно увеличивается во времени от тугундинской к фёдоровской 

толще. 

Ключевые слова: Южный Урал, Сухарышская синклиналь, фёдоровская толща, страти-

графия, палеогеография, углеродистые сланцы, черные сланцы, общий органический углерод, 
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