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The geotectonic regime of the Western Donbass determined the conditions for peat accumulation, changes in phyto-
coenoses, formation of petrographic composition, and the nature of the transformation of organic matter, which affected
the quality of coal. Hercynian tectogenesis determined the geothermal conditions of the region and the degree of coali-
fication of organic matter, and activation of the hydrogeological regime as an additional factor of desalting of coals.
In the Early Carboniferous on the swampy lagoon coast of the shallow sea, grassy vegetation was formed, which
was the initial material for coals with a low and medium content of vitrinite. In the Middle Carboniferous, the tree-
like vegetation grew on the coastal-marine lowland, from which coals with a high and moderately high content of
vitrinite were formed. The thickness of coal-bearing strata and the degree of coalification (metamorphism) increases
in the eastern direction. A characteristic feature of coal is salinity as a result of the influence of sea water on the or-
ganic matter during peat formation. Salinity of coals decreases with increasing degree of coalification. Hercynian
tectogenesis led to the erosion of Upper Paleozoic deposits with a thickness of about 3 km.

Key words: Western Donbas; geotectonics; coal-bearing capacity; coal petrography; geothermics; coal metamor-
phism; sodium; chlorine.
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Ieotexroniunmii pesxum 3axigHoro Jlonbacy BU3HAYMB yMOBH TOP(POHAKOIUICHHS, 3MIiHHU (PITOLIEHO31B, XapaKTep
MIEPETBOPEHHS OPTraHiYHOT PEIOBHHH, (POPMYBaHHS IETPOrpadiyHOTO CKIIamy Ta IKOCTI ByTUUIs. [ epIiuHChKI TeK-
TOTCHE3 BH3HAYHMB I'e0TepPMalibHI YMOBH PETiOHY 1 CTYITHB ByIiiedikallii OpraHiyHOi peYOBUHH, aKTHBI3AIII0 TiIpo-
T'€OJIOTIYHOTO PEKIMY SIK JOAATKOBOTO (haKTOpa 3HECOJICHHS ByTLIIL. B paHHROMY KapOoHi Ha 3a00I0YCHIX JTaryHaxX
MLJIKOTO MOPCBKOTO y30epexcks (hopMyBasacs Tpas’ IHUCTA POCIMHHICTS, IO CIyTyBajla HOXiAHUM MaTepianoM s
BYTLIS 3 HU3BKUM 1 CepeIHIM BMICTOM BITpHUHITY. B cepeanbomy kapOoHi Ha mprOepeKHO-MOPChKili HU30BUHI Oyra
MOILIMPEHA IEPEBOBUIHA POCIUHHICTB, 3 IKOi (POPMYBaJIOCS BYT1JLIS 3 BUCOKHM 1 IOMIPHO BUCOKHUM BMICTOM BIiTpH-
HiTy. [ToKa3HUKH SIKOCTI BYT1JIS SIK HIXKHBOTO, TaK 1 CEPETHHOTO KapOOHY 3aJIeXkKarh Bijl CTYICHs Byredikarii (me-
TaMopizMy), SIKHH POCTE y CXITHOMY HAIIPSIMKY. XapaKTEPHOK OCOOJMBICTIO BYTULIS € 3aCOJICHHS B PE3yJIbTaTi
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BIUIMBY MOPCHKHX BOJ Ha OPTaHIYHY PEUOBUHY i yac TophoyTBopeHHs. CONOHICTh BYT LIS 3MEHITYETHCS 13 3pOC-
TaHHsIM Byrie(ikanii. [eplrHChKUI TEKTOTeHE3 CIPHUSIB PO3MHBY BEPXHbOKAPOOHOBUX-HUKHBOIIEPMCHKUX Bi KA~
JIB TIOTYKHICTIO TIPUOITU3HO 3 KM.

Kurouosi crosa: 3axinnuit Jlondac; re0oTeKTOHIKa; BYIJIEHOCHICTb; BITPUHIT; JINTHHIT; IHEPTHUHIT; reoTepMis; MeTa-
MOp}i3M; AKICTh BYTLLIS; BIAHOBICHICTh BYTLULISL; CONOHE BYT1JLIS.
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['eorexrornueckmii peskim 3amagHoro JJondacca onpenemnw ycroBus TOp()OHAKOILICHUS, I3MEHEHHS (DUTOIIEHO30B,
XapakTep mpeoOpa3oBaHUsl OPraHUIECKOTO BEMIeCTBa, (POPMUPOBAHUS METPOrpadUIecKOro COCTaBa M KauecTBa
yrneld. [epIMHCKUIA TEKTOTE€HEe3  OINpeneNui TeoTepMalbHBIC YCIOBHS PErHOHA W CTENCHb YIIe(QUKAIHA
OPTaHHYECKOTO BEIIECTBA, AKTHBHU3AIMIO THIPOTEOJOTHYECKOTO PEeKMMa KakK JOIONHUTENHFHOrO (akropa
obecconmBaHus yIiiei. B panHeM kapOoHe Ha 32a00I09CHHOM JTaTYHHOM ITOOEPEKBE METKOTO MOPsI ()OPMHUPOBATACH
TPaBAHUCTAs PACTUTEIILHOCTD, KOTOPas Obljla MCXOIHBIM MaTe€pUaoM JJIs yIJIed ¢ HU3KUM U CPEAHUM COZiep KaHUEM
BUTpPHHHTA. B cpemHeM kapOoHe Ha NPHOPEKHO-MOPCKOH HH3MEHHOCTH MpoW3pacTaja IpeBOBUIHAS
PacTUTEIBHOCTD, U3 KOTOPOH (POPMHUPOBAIHCEH YIIH C BHICOKAM M YMEPEHHO BBICOKAM COZCPIKAHWEM BUTPHHUTA.
[lokazarenn kadecTBa yIiield Kak HIDKHETO, TaK M CpPEJHEro KapOOHa 3aBHCAT OT CTEICHH YIIe(pUKAIHA
(Meramopdu3ma), KOTopasi BO3pacTaeT B BOCTOYHOM HAIlpaBICHUH. XapaKTePHOH 0COOCHHOCTRIO YITICH SBISIETCS
3aCONICHUC B pE3yJbTaTe BIMSHHUS MOPCKHX BOA Ha OPTaHUYCCKOE BEIIECCTBO BO BpeMs TOp(ooOpa3oBaHUS.
ConeHocTh yIiield YMEHBIIACTCS C POCTOM CTEICHU yrnedukanuu. [epluHCKHN TEKTOTCHE3 MPHUBET K Pa3MbIBY
BEPXHENAJICO30MCKUX OTIOKEHUH MOLTHOCTBIO OKOJIO 3 KM.

Knrouesvle cnosa: 3anannelil JloHOacc; reOTEKTOHUKA; YIIIGHOCHOCTb; BUTPUHUT; IMITUHUT; HHEPTHHUT; TEOTEPMHUSI;

MeTamMop(u3M; Ka4ecTBO yIIIel; BOCCTAHOBICHHOCTh YIJICH; COJICHBIC YTIIH.

1. Introduction

The Western Donbass is located in the Dnipropetro-
vsk region in the Samara river basin and borders
with the South-Western Donbas of the Donetsk
region. The influence of geotectonics on peat accu-
mulation conditions and formation of the matter
petrographic composition of the Lower and Middle
Carboniferous coals was studied in the Petrykivsky,
Novomoskovsky and Pavlogradsko-Petropavlivsky
coal industrial areas in 80s years of the XX centure.
The studies were carried out on the cores of the
wells and the samples of operating mines. The re-
sults of these investigations they were lighted up in
the published papers [MBanoBa, 1985; Banosa,
Kpusera, 1985; Isanona, 3aiinieBa, 2014 etc.]. An
analysis of petrographic and chemical composition
of coal and its quality shows a relationship between
the matter and petrographic composition, type of
coal on reduction (Reduktionsfaktor) and its enrich-
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ment with sodium and chlorine, with the condi-
tions for the accumulation of peat and subsequent
transformation of organic matter, depending on the
tectonic development of the region.

The position of the Western Donbass with coal-
mining regions is shown on the geological map with
the zones of metamorphism of coals on the Paleozoic
surface (Fig. 1). This map is the result of summary
basin geological and cartographic works carried out
in the late 1980s [JIeBenmreiin, Criupuna, 1991; Jle-
BeHmTeliH, Crimpuna, Hocosa u np., 1991]. The gra-
dations of metamorphic changes of coal on the map
are presented in accordance with a three-level meas-
urement system (to pre-inversion depth, vitrinite re-
flection index, a traditional set of coal quality indi-
cators used in normative classification documents),
which is reflected on the Standard scale of coal meta-
morphism, built in the middle of the 80°s of the twen-
tieth century [Levenshtein, Spirina, 1984].
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Gradation (zones) of the claraine coal metamorphism
(coalification) in terms of vitrinite reflectance R°max
according to Donbas Standard Scale
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Fig. 1. The geological map with the metamorphism zones of coal over the Donbas Paleozoic surface [JleBeHLITENH,
CnunpunHa1991; JleBeHwTenH 1 gp., 1991]

Areas: 1 — Petrykivsky; 2 — Novomoskovsky; 3 — Pavlogradsko-Petropavlivsky; 4 — Lozovsky

In the Western Donbas salt coals study included
the description of thin sections in transmitted polar-
ized light and definition of microcomponent com-
position of coals on the basis of 260 samples. The
determination of vitrinite reflectance was performed
on polished sections and polished sections-bri-
quettes in oil immersion and in air (120 samples).
It was investigated the quality of coal (technical
analysis, elemental composition, chemical compo-
sition of the ash) and the composition of the aque-
ous extracts on sodium content (204 samples) and
chlorine and sodium content (107 samples). The re-
sulting material was multidisciplinary treated in-
volving mathematical apparatus of statistics and
modeling.

Previous investigators have quite fully identi-
fied the role of geotectonics in the formation of the
geological structure and geostructural outline of the
Western Donbas, but the question of the influence
of the geotectonic regime on the conditions of the
accumulation of peat and the formation of the mat-
ter and petrographic composition of coal, in partic-
ular saline, as well as on the geothermal conditions
of the transformation of coal organics, resolved. The
authors consider it expedient to provide additional
materials on this subject.
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2. Geotectonic development

The tectonic features of the Western Donbass are
due to its location on the north-eastern slope of the
Ukrainian crystalline shield, which, along the
Mikhailovsko-Yurievsky fault, is attached to the
southwestern part of the Dnipro-Donets Depression
(DDD).

The history of the tectonic development is con-
nected with the beginning of the formation of the
Dono-Dnieper trough at the end of the Middle De-
vonian. During the Upper Devonian era, a thick
stratum of continental-marine and effusive sedi-
ments accumulated in the Donetsk basin. During the
Upper Devonian, a thick stratum of continental-ma-
rine and effusive sediments accumulated in the
Donetsk basin. In the Western Donbass, only conti-
nental terrigenous clay deposits of low thickness
(2-17 m) are known, which are preserved from
erosion in depressions and in lowered blocks.

In Tournaisian age and the Early Visean times,
carbonate rocks with a thickness of up to 600 m
(suite C;") were deposited on the northern slope of
the Ukrainian Shield in conditions of shallow sea
with variable contours. This stratum lies uncon-
formably on the rocks of the crystalline basement
or the Devonian.
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During the Late Visean and Serpukhovian the
subsidence of the northern slope of the Ukrainian
Shield and southern margin of DDD occurred as a
result of the activation of tectonic regime. The poly-
facial terrigenous strata with limestone and coal in-
terlayers (C;2-C,* suites) were formed in marshy
lowland of the lagoon landscape. The Samarska Suite
(C1®) up to 800 m thick is the most coal-bearing.

The Sudeten phase of the Hercynian tectogenesis
was manifested by the uplift of the southern margins
of the Dono-Dnieper trough and the increase in the
lowering of its central part. Differentiated movements
began from the western part of the Ukrainian shield.
This led to interruptions in sedimentation, which was
recorded in the Western Donbas [Illynera u ap.,
2010], as well as in the DDD. Unlike the early Car-
boniferous in the Middle Carboniferous, further sub-
sidence was more intensive, which led to more fre-
quent marine transgressions. The terrigenous strata of
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rocks with thin interlayers of limestones and coals
with a total thickness of 1400-1800 m (suites C,°-C,")
.formulated mainly in coastal-marine conditions [I'eo-
norus..., 1963; 3akonomepHocTH. .., 1963; [lynbra,
1981; Mynera u ap., 1987; Bakapuyk, ['aBpu,
1991; Jlykunos, [lumonenko, 2008 etc.].

During the Late Carboniferous and Early Per-
mian the sedimentation regime remained close to
that of the Middle Carboniferous. But the inversion
of the Donets Basin at the Carboniferous-Permian
boundary [MBanoBa, 2016; [Ipusanos, 2002 etc.]
resulted in erosion of the Upper Carboniferous
deposits on the elevated places.

According to Lukinov V.V. and Pimonenko L.1I.
[JlykunoB, [Tumonenko, 2008], the Zaal phase of
tectogenesis (P;-P,) in the Western Donbass was ac-
companied by the of reverse faults formation and
an increase in the fracture amplitudes spatially as-
sociated with submeridional deep faults.
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Fig. 2. Tectonic scheme of the Western Donbas [3akoHomepHocTu..., 1963] with the points of sampling of coal samples
Units of the first order: A — Prydniprovsky, B — Samarsky. Blocks of the second order:

| — Central; Il - Western; lll — Eastern. Blocks of the third order: a — Seredniy, b — Samarsky, ¢ — Pavlogradsky, d — Bulakhivsky, e — Ka-
rabinovsky, f — Petropavlivsky, g — Mezhevsky. 1 — Fault of the first order; 2 — second order; 3 — third order; 4 — fourth order; 5 — domes;
6 — salt domes; 7 — limestone; 8 — Devonian; 9 — Precambrian; 10 — wells for calculating the erosion of Upper Paleozoic sediments;
11 — mines for which samples of coals for petrology study and for determination of their salinity have been selected: B — Blagodatna,
T — Ternovska, S — Samarska, D — Dniprovska, P — Pershotravneva
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3. Tectonic structure of the region

The territory of the Western Donbass corresponds to
the southern side of the DDD. The Mikhailovsky-
Yuryivsky deep fault (fracture) is a natural boundary
with the DDD in the north, and the Krivorizko-
Pavlovsk deep fault (fracture) is a natural boundary
with the South-Western Donbass in the northwest.
Sedimentary rocks of the Carboniferrous form a
monocline with a fall to the northeast at an angle of
3-12. The monoclinal is subdivided by sublatitudinal
(Mykhaylivsko-Yuryivsky, Orlovsky et al.) and sub-
meridional faults (Vorsklynsky, Karabinovsky, Tsen-
tralny, Petropavlovsky, Kryvorizko-Pavlovsky et al.)
of predominantly fault type, which form a complex
step-block grid both over the crystalline rocks of the
basement and so over the sedimentary rocks that
overlap it. With large disturbances connected plika-
tivnye dislocations in the form of gentle anticlinal
uplifts, synclinal troughs, flexural flexural worries.
The Karabinovsky block divides the monocline into
the first order two large blocks: Prydniprovsky and
Samara. Petrykovsky and Novomoskovsky coal-
bearing geological industrial areas are located within
the Prydniprovsky block, which is bounded in the
west by the Vorskla fault. The Pavlograd-
Petropavlovsk geological and industrial region is lo-
cated on the Samara block (Fig. 2).

Most of major tectonic disturbances, the forma-
tion of which began in early Paleozoic have inher-
ited and consedimentation character of development.
As aresult, the entire sedimentary sequence, includ-
ing the Permian sediments, is dissected by faults.

4. Geothermic conditions

Geothermc conditions of the region were determined
by geotectonic regime. The values of recent geother-
mic gradients within the Western Donets Basin
range from 2,3 to 4,0°C/100 m [['eomorusi..., 1963].
Earlier it was stated [MBaHoBa, 2016; IBanosa, 3aii-
nieBa, 2014], that paleogeothermic gradients of Mid-
dle Carboniferous in the limits of the Southwest
Donbass practically did not differ from the modern
ones. This confirms the idea of M.L. Levenshtein
[[eonorusi..., 1963] about the comparability (prox-
imity) of the values of modern geothermal gradients
and paleogradients of the Donets Basin Paleozoic
[[eonorusi..., 1963]. Proceeding from this, it can be
assumed that the paleogeothermal gradients of the
carboniferous stratum of the Pavlograd-
Petropavlovsk region did not exceed 4.0°C/100 m.
The transition of gas to fat coals was fixed at a depth
of 700 m in the wells 1905, 1012. According to A.V.
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Ivanova (1992) calculations paleodepths boundary
between gas and fat coals was 3,700 m. This indi-
cates that the Upper Paleozoic deposits with a thick-
ness of about 3 km were eroded within the Eastern
Block. These results coincide with the data of the
scheme of paleotectonic reconstructions in the whole
of the Donbas, according to research conducted by
Yu.V. Nagorny and V.V. Nagorny (1976) for Car-
boniferous and Lower Permian deposits.

Modern geothermal anomalies established on
the territory of the Pavlograd-Petropavlovsk and
Lozov regions of the Western Donbas [[Iumonenko
u 1p., 1992] have not affect on the degree of cata-
genetic changes in the carboniferous stratum, since
the heat flux and temperatures in the Earth’s crust
during the Hercynian tectogenesis period were sig-
nificantly higher than in the period Cimmerian and
Alpine tectonomagmatic activation [Kyrac, [[Bs-
meHko, 1993].

5. Peat accumulation conditions.

Coal-bearing capacity

Coal-bearing capacity of the Western Donbas is con-
fined to the terrigenous strata of the Lower and Mid-
dle Carboniferous. According V. Shulga [Illynsra,
1981], the Lower Carboniferous marsh-lagoon coal-
bearing formation, is subdivided into three subfor-
mations. Lower poor coal bearing marsh-transgres-
sive subformation lies in the lower part of C,? suite
up to the limestone Byy. It is composed of sandstones
and argillites with thin limestone and coal interlay-
ers. The middle high coal bearing, regressive-trans-
gressive marsh-lagoon subformation lies in the
upper part of the C;? suite up to limestone Cs of C;3
suite. It is represented by siltstone and argillite strata
with numerous coal seams and thin clayey limestone
interlayers. Upper poor coal-bearing marsh-marine
subformation of the upper part of the C;? suite (up
to D% limestone of the C;*suite), is composed of
the mudstone and sandstone strata with limestone
interlayers and thin coal seams (Fig. 3).

The high coal bearing subformation that de-
veloped mainly in sustainable lagoon environment
contains deposits of Cy? suite (bs-bg seams of
0.45-0.75 m) and C;3 suite (cy-c;7 seams). The ¢;,
cs-cj; seams with average thickness of 0.7-0.8 m
have industrial significance. The depth of the seams
occurrences increases from 100 m to 1500 m north-
ward. The majority of seams are categorized as thin,
they are characterized by constant occurrence over
the area, but unstable thickness. Seams tops and soils
are mainly composed of argillites and siltstones.
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Fig. 3. The section of Lower and Middle Carboniferous coal-bearing formations [3akoHomepHocTu..., 1963; Lynbra,

1981; Teteptok, 1984; Ctpaturpadis..., 2014]

1 — working coal bed; 2 - unworkable coal bed; 3 — limestones; 4 — sandstones; 5 — mudstones, siltstones

Within the seams are interlayers of argillites (from
0.03-0.05 to 0.20 m) and kaolinite (0,02-0.03 m).
Kaolinite interlayers have been identified in coal
seams c;, ¢g, €7, o', ¢y [JleckeBuy, CaBuyk, 1961;
YepnosbsHil, 1992]. The seams have a simple and
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a complex structure. The complex structure is the
result of the splitting due to uneven subsidence of
peat accumulation area in result of the tectonic
processes. Sometimes splitting of layers is associ-
ated with the paleorivers activity [ILlymsra, 1981].
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In the Middle Carboniferous the sedimentation,
according to the calculation of accumulation rates,
was almost 2 times faster than in the Early Car-
boniferous. The sedimentation took place in the
estuaries parts of a river valleys in subordinated
lagoon environment [®eodumosa, JleBenmTeiiH,
1963], which were changing into shallow-marine
and marine ones due to the intensity of marine trans-
gressions.. In Middle Carboniferous deposits (C,°-C5’
suites) there are up to 70 coal seams [3akoHomep-
HOCTH. .., 1963]. Coal seams f; (C,! suite), g/ > (C,?
suite), i5 (C,? suite) reach the working capacity in
the northwest. The roof and soil of coal seams are
mainly composed of mudstones and siltstones. In
the strata are observed interlayers of argillite, coal
argillite. Investigations [UepHoBbsiHu, 1992] re-
vealed the kaolinite interlayers in the coal seams
g’ and g, of the C,? suite. The thickness of such
layers is 0.02-0.20 m. The structure of the layers is
often simple and its lie at depths of 200 to 1000 m.

The kaolinite interlayers (tonsteins) have been
indentifisd in the Middle Carboniferous deposits
practically throughout the entire Donbass region
[Vaurok, 1992; Yepnoswsinu, 1992; 3apunkuii,
2012]. The wide spreading of the tonsteins over the
area of the basin, the synchronicity of the formation,
their mineralogical and petrographic features prove
its a volcanogenic origin and the possibility of using
them as marking horizons. Most likely the delivery
of lava ash material was from the North Caucasus.
The presence of a powerful volcanism in the early
and middle Carboniferous is evidenced by the wide-
spread development of volcanogenic rocks in the
Carboniferous deposits of the Caucasus Advanced
Range [['eonorus..., 1968]. There were no centers
of active volcanic activity, which could serve as a
source of ash material on the territory of Ukraine in
the Caroniferous [[oi>keBckuii u np., 1977].

Calculations of the ratio of continental and
marine facie in the Lower and Middle Carbonifer-
ous deposits showed that in the Middle Carbonif-
erous epoch a greater influence of marine condi-
tions was observed. According to V.F. Shulga
[[ymera, 1981], in the Lower Carboniferous coal-
bearing formation, marine sediments average 44%.
The content of the marine facies of the C,° and C,’
suites of the middle Carboniferous of the south-
western Donbas is on average 54% [Tumodees,
1953].

The Leifman-Vassoevych coefficient calcu-
lated according to the elemental composition of the
organic matter was used to refine the Lower and
Middle Carboniferous coal-bearing formation en-
vironments. For the Lower Carboniferous this ratio
averages 0.45 in the Novomoskovsky area and
0.49-0.55 in Pavlogradsko-Petropavlivsky area.
For the Middle Carboniferous in Pavlogradsko-
Petropavlivsky area (Uspenivka sites) the ratio is
0.48. These data prove that during the early and
middle Carboniferous peat formed from the rem-
nants of vegetation of terrestrial origin under the
influence of marine conditions [Baccoesuy, Jleiid-
MmaH, 1979].

Paleogeographical environments during the
Early and Middle Carboniferous caused paralic
type of this accumulation, which contributed to the
development of salt coal in the Western Donets
Basin [MBanosa, Kpusera, 1985; YrineHnocHsie...,
1990].

6. The conditions of coal petrographic composi-
tion formation

Geotectonic regime, characterized by different rates
of subsidence of peat accumulation area during the
early and middle Carboniferous, largely have caused
a different petrographic composition of coal (Table 1).

Table 1. Petrographic composition of Lower and Middle Carboniferous coals (averaged data, %)

The composition of coal by microcomponent groups
Area e [ 0
Lower Carboniferous
Petrykivsky 52 24 24
Novomoskovsky 54 24 22
Pavlogradsko-Petropavlivsky 56 23 22
Middle Carboniferous
Petrykivsky 78 10 12
Novomoskovsky 80 10 10
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In the Early Carboniferous epoch, peat accu-
mulation occurred in the swamps and forest-
swamps, flowing, periodically drained, with a lim-
ited intake of terrigenous material in a warm humid
climate on the lagoon seaside coast, which was sub-
jected to periodic transgressions of the shallow sea.
The main representatives of plant associations of
bogs were _grassy Plauniforms (Selaginella) and
Pteridosperms, less often Arthropods. Such condi-
tions contributed to the accumulation of coals with
low and medium contents of vitrinite and strongly
decomposed plant material.

In the Middle Carboniferous, the formation of
forest and forest-fens flooded bogs occurred mainly
in a more stagnant regime on the coastal-marine
lowland, which was subjected to frequent transges-
ses of the deeper sea. The watering of the marshes
increased laterally from land to sea. Flora, in com-
parison with the early Carboniferous, was enriched
by a large number of new species. The treelike Plau-
niforms (Lycopsida), Pteridosperms, Arthropods
(Sphenopsida) and seed Ferns (Pteropsida) were the
starting material for the subsequent formation of vit-
rinite coals with sufficiently good preservation of
plant structure [@eodunosa, JleenmreiH, 1963;
Hoguk, 1974; Teteprok, 1984; Eropos, 1985; Tumo-

Fig. 4. Microphotographs of coals have been carried out
in transmitted light, x146. Macerals of the Lower Carboni-
ferous coals of the Western Donets Basin

1. Telinite. Mine Pershotravneva, seam ¢;. 2. Vitrodetrinite (Vd),
(mio)sporinite (Sp), corpogelinite (Cg), cutinite (Cu). Mine Ter-
novska, seam ¢,/. 3. Semifusinite (Sf) and vitrodetrinite (Vd). Mine
Ternovska, seam c,!. 4. Fusinite (Fu), (mio)sporinite (Sp) in iner-
todetrinite (Id). Mine Blagodatna, seam cg. 5. (Mega)sporinite
(Sp). Mine Dniprovska, seam c;y. 6. Microsporangia (Sp). Mine
Blagodatna, seam cg
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dees, 2006; Llynpra u mp., 2010]. A similar upward
trend in the formation of coals of dendritic form coal
from suites C13-C;* to C,°-C,° is observed for South-
ern and Southwestern Donbas [3akoHOMepHOCTH. . .,
1963; Sachsenhofer et al., 2003].

In accordance with ICCP System 1994 [Inter-
national..., 2005] organic coal microcomponents
are subdivided into three groups: vitrinite, inertinite,
liptinite (Fig. 4, 5).

Vitrinite. The unequal initial material and var-
ious processes of its accumulation and transforma-
tion influenced the characteristics of the compo-
nents of the vitrinite group of the Lower and Middle
Carbon coals: quantity, the ratio of structural and
structureless components, and the difference in
color shades.

The number of components of the vitrinite
group in the coals of the Lower Carboniferous does
not on average exceed 52-58%, sometimes in the
lower part of the layers the amount of vitrinite in-
creases to 80-85%. The vitrinized components are
represented mainly by vitrodetrinite, collothelinite.
A characteristic feature of this group is the presence
of rare large fragments of telinite formed from peri-
derm, tissues of sporulation organs. The color of the
components is more often reddish-brownish. A slight

Fig. 5. Microphotographs of coals have been carried out
in transmitted light, x146. Macerals of the Middle Carbo-
niferous coal of Western Donets Basin

1. Telinite (T), Lozovsky area, b/h 11086, seam /5. 2. Telinite (T),
cutinite (Cu), Lozovsky area, b/h 11098, seam ;. 3. Collotelinite
(Ct), collodetrinite (Cd) and (mio)sporinite (Sp), Lozovsky area,
b/h 11071, seam [4. 4. Fusinite (Fu) and semifusinite (Sf), Lo-
zovsky area Zapadno-Uspenovsky site, b/h 14707, seam g;. 5.
Collotelinite (Ct), (mio)sporinite (Sp) and inertodetrinite (Id), Li-
vensky-Myhaylivsky area, b/h 24, seam /,. 6. Collodetrinite (Cd)
and (mio)sporinite (Sp), Lozovsky area, b/h 11094, seam /,. x57,5
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increase of vitrinite in the Lower Carboniferous
coals southeastwards (from Petrykivsky to Pavlo-
gradsko-Petropavlivsky areas) should be noted. This
corresponds to marine facies increase [Illysnsbra,
1981] in deposits of this age.

In the coals of the Middle Carboniferous, the
vitrinite group components amount to 78%, with
predominance of vitrodetrinite, collotellinite. Si-
multaneously, in comparison with the coals of the
Lower Carboniferrous, the amount of structural
components increases. They are represented by
small fragments formed by periderm, xylem,
parenchyma. The color of the components is bright,
red or orangeish-reddish.

Inertinite. This group combined semifusainized
and fusainized components, the amount of which
in the Lower Carboniferous coals on average is
20-30%, reaching 55% in coal of low vitrinite con-
tent. Often there is semifusinite and fusinite, iner-
todetrinite, and less macrinite and funginite (scle-
rotinite). The fusainized components in the Middle
Carboniferous coals are 4-16%. They are mainly
fusinite, semifusinite, inertodetrinite, funginite.

Liptinite plays an important role in the Lower
Carboniferous coals. The average content of com-
ponents is 18-23%, in spore coal of low vitrinite
content it rises up to 50%. The most common is
sporinite, represented by yellow mio- and megas-
porinite. In Middle Carboniferous coals the content
of lipoid components generally does not exceed
17%. This groups the light yellow miosporinite
dominates, there is a small amount of cutinite and
resinite. The presence of alginite is characteristic of
the Lower Carboniferous coals. They are repre-
sented by the light yellow talomo-alginite and
colo-alginite.

Mineral components of coals are quite diverse.
They were brought in during peat accumulation of
plant material (alothigenic minerals) or formed by
diagenetic and katagenetic processes (authigenic
minerals). Inorganic components are observed as
lenticules, individual grains and clusters, scattered
material, pseudomorphs after plant tissues, cracks or
cell cavities fills. In the Lower Carboniferous coals
the most common is pyrite, marcasite, calcite,
quartz, clay formations, kaolinite. In the Middle Car-
boniferous coals the most common are pyrite, kaoli-
nite, clay material, calcite, quartz and chalcedony.

Petrographic types of coal are distinguished ac-
cording to the content of vitrinite: clarains — coal
with high vitrinite content (vitrinite >80%), durain-
clarains — coal with moderately high vitrinite content
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(vitrinite 60-80%), clarain-durains — coal of medium
vitrinite content (vitrinite 40-60%), durains — coal
of low vitrinite content (vitrinite <40%) [bepto-
KoBa u JIp., 1964; International..., 2005].

Quantitative petrographic analysis has shown
that in the Lower Carboniferous coals of Western
Donets Basin clarain-durainous and durain coals
dominate (43% and 27%), less common are durain-
clarain (18%) and clarain (12%). Clarain and du-
rain-clarain are observed mainly in the lower parts
of coal seams. Sometimes cannel and boghead-can-
nel coal occur in the upper parts of coal seams.

The Middle Carboniferous humic coals are
mainly represented by clarain (50%) and durain-
clarain (35%). Clarain-durain is observed (15%) in
the form of thin lenticular interlayers.

Except of coal types based on the petrographic
composition the coal types were identified by re-
duction (Reduktionsfaktor).

The authors of the concept of reduction degree
of coal are V.V. Vidavski, N.Ya. Ryabokoneva [Bu-
naBckuii, Psbokonesa, 1941]. Reduction degree of
coals is determined by the qualitative difference of
vitrinite in the coals of the same degree of metamor-
phism, which is associated with a redox peat bog
environment. At the same degree of metamorphism
the “reduced” coal gives more volatile, contains
more hydrogen and carbon, less oxygen, differs
somewhat higher ash and sulfur, characterized in
comparison with weakly “reduced” coal by the less
degree of decomposition of organic matter, more
bright color and less reflectance index of vitrinite.
Geotectonic factor plays a key role in the formation
of coals of different reduction degree. It is mani-
fested in peat subsidence rate and determines the fa-
cies environment of peat accumulation [Bnacos,
WBanos, 1968; Tumodees, 2006; Bsutos, 2006 etc.].

Thus, during the Lower Carboniferous the coals
of transitional and poorly reduced type were distrib-
uted. They were characterized by vitrinite of brown-
ish-reddish color, by the presence of a large amount
of vitrodetrinite and collodetrinite, i.e. almost com-
plete decomposition products. It should be noted
that the higher Leifman-Vassoevych [Baccoesuu,
Jletipman, 1979] coefficient obtained for the Lower
Carboniferous coal of Pavlogradsko-Petropavlivsky
area (see above) compared with Novomoskovsky
area coal, probably confirms a higher degree of its
reduction. The Middle Carboniferous coals are
more reduced, their vitrinite components have
bright yellowish-red color and better preservation
of plant material structure.
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7. Some features of quality of coals

The quality of coal depends on the petrographic
composition, the type by reduction ratio and the de-
gree of coalification. The degree of coalification
varies from the brown stage to the gas one in the
southeast direction as the increasing of the Carbo-
niferous strata thickness. The vitrinite reflection in-
dexes respectively increase in the direction from
Petrykivsky area (0.40-0.49%) to the Pavlograd-
Petropavlovsk one (0.75-0.84%) for both the Lower
and Middle Carboniferous [3akoHOMEpPHOCTH...,
1963; I'eonorus..., 1963; UBanosa, Kpusera, 1985;
VYrnenocnsle..., 1990] (Table 2).

For low-reduced coals of the Lower Carbonif-
erous, a smaller content of ash, hydrogen, volatile
substances and sulfur and a greater oxygen content
are characteristic. For the reduced isometamorphic
coals of the Middle Carboniferous, the listed quality
indices have higher values only the oxygen content
and reflection rate become smaller.

According to N.A. Ignatchenko [Yrmenoc-
HbIE. .., 1990], low ash content in Lower Carbona-
ceous coal is associated with their formation on a
vast coastal plain. On its periphery was a wide belt
of forest peat bogs. This belt was the place of the
main unloading of sluggish river flows.

A higher yield of resin in semi-coking is ob-
tained from coals of the Lower Carboniferous, in
comparison with coals of Middle Carboniferous, is
associated with an increased content of liptinite
components.

In the Western Donbas and in the adjacent areas
of the DDD the so-called “salt coals” are widespread
in the Lower and Middle Carboniferous. The main
feature of “salt coals” is the release of significant
amounts of sodium and chlorine, which was the re-
sult of seawater influence during accumulation of the
peat bog [MIBanoBa, Kpusera, 1985; Banosa, 2016].

On the basis of the data obtained, the ash from
coals of the Western Donbass is characterized by a
regular decrease in the sodium content in the direc-
tion east-southeast as the degree of coalification in-
creases. The saline coals of the most productive
suite of the C;® suite are most studied. The ash of
these coals contains from 8.5% Na,O in the
Petrikov district to 1.5% and less one in the eastern
part of the Pavlograd-Petropavlovsk area. The most
interesting are the coals of the Novomoskovsk re-
gion. According to the main qualitative indicators,
they are a valuable energy source, but they are not
used because of the high content of sodium and
chlorine in them. The content of sodium oxide in

Table 2. Average quality indices of the Lower and Middle Carboniferous coals of the Western Donets Basin

Coal metamorphism )
Area phase R,% | A%, % [V % $% % | Qs> | co 0| o R'eslhn
s /0 s 70 , /0 ts 70 MJ/k s /0 , /0| Yi€ld,
GOST ISO € %
21489-76 | 11760:2005
Lower Carboniferous
Petrykivsky 05 Rubatin: %j%‘ 14 | 45 | 1,6 | 299 | 74 | 52 | 105
Novomoskovsky | 1 | Bituminous | 30-1 19 | 44 | 19 309 | 76 | 53 | &b
Pavlogradsko- S—
Petropavlivs o | Bituriinous | 005\ o | 41 | 16 |334 | 80 | 53 | -
(western part 2
Pavlogradsko- .
Petropavlivsky I Brmimous |45 | 8 | 40 | 19 | 344 | 88 | 54 | A%
(eastern part) d 2
Middle Carboniferous
Petrykivsky 05 Aubbi: %j% 21 | 45 | 46 | 277 | 69 | 55 | -
Subbitu-
Novomoskovsky | 01 | fminous- | Q80| 45 | 45 | 51 | 293 | 71 | 55 | 100
D 3
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the ash of coals of the Lower Carboniferrous varies
from % to 18.3%. The content of sodium oxide in
the ash of coals of the Middle Carboniferrous varies
from severa 1% to 15%.

The content of Na,O on dry coal of the most
studied of seam ¢, of the Novomoskovskoy deposit
varies from 0.3 to 1.5% and proves the uneven
salinity of the coal caused by heterogeneity of geo-
chemical conditions of peat accumulation [MBa-
HoBa, Kpusera, 1985].

The eastern boundary of the distribution of
salty coals is in the western part of the Pavlograd-
Petropavlovsk region. A significant decrease in the
amount of Na,O in the eastern part of the Pavlog-
rad-Petropavlovsk region could be caused not only
by an increase in the degree of coalification, but also
by the uplift of the Eastern Bloc and activation of
the hydrogeological regime, which contributed to
the removal of metamorphic products and the de-
salting of coals. The average Na,O content with
0.08 and 0.05% in the gas coals of the ¢; of Samara
and Pershetravnev mines is illustration of this thesis
[UBanosa, Kpusera, 1985].

8. Conclusions

The regime of geotectonic development of the Wes-
tern Donbas formed the conditions of the peat ac-
cumulation, the change of phytocoenoses, the nature
of the transformation of organic matter, pre-inver-
sion depth of coal seams, the geothermal conditions
of the region and the degree of coalification of or-
ganic matter. These factors have determined of pe-
culiarities of composition and quality of coal. In the
conditions of the warm humid climate, the geotec-
tonic evolution of the Western Donbass was different
in the Early and Middle Carboniferous.

In the Early Carboniferous there was accumu-
lation of turf in the tumultuous and forest-boggy
marshes, flowing, periodically drained, with a lim-
ited supply of terrigenous material on the seaside
lagoon coast, undergoing periodic transgressions of
the sea. The main representatives of plant associa-
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tions of marshlands were herbaceous Planuniform
(Selaginella) and Pteridosperms. Such conditions
contributed to the formation of coals with low and
medium vitrinite content, highly decomposed plant
material.

In the Middle Carboniferous, the formation of
forest and forest-fens flooded bogs occurred mainly
in a more stagnant regime on the coastal-marine
lowland, which was subjected to frequent trans-
gresses of the deeper sea. The watering of the
marshes increased laterally from land to sea. Flora,
in comparison with the Early Carboniferous, was
enriched by a large number of new species. Tree
shapes Planuniform (Lycopsida), Pteridosperm and
also Arthropods (Sphenopsida) and seed Ferns
(Pteropsida) were the initial material for the subse-
quent formation of vitrinite coals with sufficiently
good preservation of plant structure.

The parameters of the quality of coals of both
Lower and Middle Carboniferous are dependent on
the petrographic composition, type of reduction
ratio and degree of coalification (metamorphism),
which increases in the east direction.

The characteristic feature of coals is salinization
as a result of the influence of sea water on the organic
matter during peat formation. Salinity of coals de-
creases with increasing degree of coalification.

Hercynian tectogenesis led to erosion of Upper
Carboniferous — Lower Permian sediments with a
thickness of about 3 km. Activation of the hydroge-
ological regime as a result of tectogenesis was an
additional factor of desalting of coals.
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