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Geological setting

The Bourgas basin is situated in eastern Bulgaria,
close to the city of Bourgas, and forms a broad,
roughly extended in E-W direction syncline with a
maximum width of 15 km to 20 km. The basin was
filled with thick Paleogene sediments, which were
deposited unconformably on top of Upper Cretaceous
andesites and andesitic tuffs (Yovchev, 1960). The
Paleogene sediments were divided into the coal-
bearing Ravnec and the overlying Mugris Formations
(Juranov, 1992). The base of the Ravnec Formation
is represented by conglomerates with andesite
pebbles. The conglomerates grade upwards into
medium to fine grained sandstones, and finally into
sandy clays and clays with locally abundant
carbonates (Juranov, 1992). Several seams with sub-
bituminous coal occur being concentrated in two coal
levels. The lower coal level contains up to 4 coal beds,
interbeded with thin layers of clays, forming a coal
packet up to 4.5 m thick. The upper level is composed
of two seams, named “A” and “B”, respectively. Only
the topmost seam “A”, 2 to 3 m thick, has economic
significance.

The thickness of the Ravnec Formation increases
from 25 m to 30 m along the basin margins to more
than 300 m in the basin center (Juranov, 1992). The
Middle-Late Eocene age of the Ravnec Formation
was proven by spores and pollen, bivalves, gastropods,
foraminifers and ostracods (Juranov, 1992). The
depositional environment was interpreted as a brackish
lake (Yovchev, 1960) separated from the sea by
exposures of the andesitic basement. The Ravnec
Formation is overlain by the Upper Eocene
(Priabonian) Mugris Formation, represented by up to
150 m of marine marls with local limestone layers
and conglomerates (Juranov, 1992). The Paleogene
sediments are covered by Neogene and Quaternary
clays, limy-clayey sands and pebbles.

Data regarding the petrographic features and
composition of the Bourgas coal have been published
by Valceva & Siskov (1982).
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Material and methods

The present study is based on 24 core samples, which
were collected from coal seam “A” in the Bourgas
deposit. The samples originate from the face of
“Black Sea” mine gallery and each sample is
representative for 10 cm to 25 cm.

The coals were characterized using the following
analyses: proximate analysis, total sulphur and sulphur
form contents, maceral analysis, semi-quantitative
mineral (X-ray diffraction) analysis, SEM observa-
tions and reflectance measurements. The quantitative
maceral analysis was performed in reflected light and
oil immersion using a microscope equipped with an
automatic point counter. About 300 points were
counted on each sample. Maceral percentages were
used to calculate facies indicators. The Tissue
Preservation Index (TPI) and Groundwater Index
(GWI) were calculated according to the formulas
proposed by Diessel (1986) and Calder et al. (1991).

Results and discussion

Ash content in the Bourgas deposit ranges from 8§ to
13 wt. % (db), except in the uppermost and lowermost
samples. Because the coal maturity is within the sub-
bituminous stage (0.43 %R, and T, ~ 425°C), C,,,
contents vary from 44.1 to 70.3 wt. %.

The average total sulphur content for Bourgas coal
is 4.6 wt. % and ranges from 3.0 to 11.6 wt. %. The
average organic sulphur content is 2.8 wt. % (ranging
from 1.2 to 10.0 wt. %), while the average pyrite
sulphur is 1.6 wt. % (ranging from 0.5 to 5.5 wt. %).
High sulphur amounts in the Bourgas coal are
consistent with marine to brackwater environment
of the coal formation. Maximum sulphur contents are
observed near the basement and the top of the seam.
The positive correlation between ash and sulphur
contents suggests that this is due to enhanced influx
of sulphate-rich water, probably from the nearby sea,
during the early and late stages of peat formation.

Huminite macerals (84-97 vol. %) are almost
totally dominated by densinite (up to 90 %) in all
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Fig. 1. Representative photomicrographs of Bourgas coal. a) densinite (D), suberinite (Sb), marcasite (Mz) and pyrite-
marcasite spheroidal aggregates. Oil immersion, reflected light; b) densinite (D), sporinite (Sp), cutinite (Cu), detrital
resinite (RY), funginite (F). Oil immersion, reflected light; ¢) sporinite (Sp). Oil immersion, fluorescent light; d) octahedral
pyrite crystals (Py), plates of epigenetic compact pyrite and marcasite (Py-Mz) and clays (Cl). SEM image; e) syngenetic
octahedral pyrite crystals covered with gypsum and clay minerals. SEM image; f) epigenetic mineralization of pyrite

(Py), marcasite and quartz (Qz). SEM image;

samples (Fig. 1 a, b). Ulminite (average 6 %),
corpohuminite (average 5 %), gelinite and attrinite
(average 3 %) are present in smaller amounts. In
contrast, liptinite percentages are low (2-12 %) and
are dominated by sporinite (up to 8 %) (Fig. 1 ¢) and
suberinite (up to 5 %)(Fig. 1 a). The amounts of
cutinite and resinite are usually below 2-3 % (Fig.
1b). Inertinite percentages range from 1 % to 8 %
and are dominated by funginite (up to 7 %) (Fig. 1 b).
In general, pure coal contains more inertinite than
ash-rich coal.

The clear dominance of humodetrinite macerals
results in very low TPI values, which decrease from
about 0.62 to 0.02. This indicates a high proportion
and an upward-section increase in the relative
abundance of plants with poor preservation potential.
In contrast to the TPI, the GWI is rather constant
along the entire profile.

The minerals identified in the coal samples are
pyrite, marcasite, quartz, chlorite, muscovite, dolomite,
gypsum, plagioclase and K-feldspar. Pyrite, marcasite,
quartz and chlorite are the most widespread minerals
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being present in nearly all samples (3-5 %). The other
minerals were detected in smaller amounts (1-3 %).
The minerals were precipitated during the syngenetic
and epigenetic stages of mineral formation (Fig. 1 a,
d, e, f). The epigenetic mineralization predominates
over than the syngenetic one and comprises mainly
pyrite, marcasite, quartz and clays (Fig. 1 a, d, f).

Conclusions

Huminite macerals, and especially densinite, predominate
in all samples, while ulminite, corpohuminite, gelinite and
attrinite are present in smaller amounts. Liptinite
percentages are low and are dominated by sporinite
and suberinite. The amounts of cutinite and resinite are
usually below 2-3 %. Inertinite percentages range from
1 to 8 % and are dominated by funginite.
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OPITAHUYHA ITETPOJIOI'USA, MUHEPAJIOTI'US1 U OBCTAHOBKA HA OTJIATAHE
HA BUCOKOCEPHUTE, EOHEHCKU BYPTACKHU BbIJIMIIA B BBJITAPUSA

HUpena Kocmosa, Kanunka Mapkosa

Byprackus BprmmeH O6aceiiH ce HaMupa B U3TOU-
HaTa JacT Ha bearapus, B HemocpeacTBeHa OJI1M30CT
1o rp. byprac n npunaanexu kpm [lonbankaHckaTa
BBIVIMIIHA NMPOBUHLHUS. BacelHBT € 3ambiiHEH C
MAJIEOT€HCKH CEAMMEHTH, KOUTO Ca OTJIOKEHH BBPXY
TOPHOKPEAHHU aHAEC3UTH M aHAE3UTOBU Ty(]H.
[laneorenckuTe CEIUMEHTH B palOHa ce MOMEISAT
Ha PaBHeuka cButa (BbIJIEeHOCHA) U Myrpucka
CBHTA, KOATO Ce pasnojara BbpXy Hesd. B ocHoBara
cu PaBHelkaTa cBUTa € MPEACTAaBEHA OT KOHITIOMeE-
patu ¢ aHae3uToBU ¢parMeHTu. Bbpxy Tax ca
Pa3noiIoKeHH ISIChYHULM, a Hall-oTrope B pa3pesa
Ha CBUTaTa ce HaOmoJaBaT NECHhWIMBHU INIUHU H
Ooratu Ha kKapOoOHaTH IIMHU. B paMkuTe Ha cBUTaTa
Ce YCTaHOBSIBAT HSKOJIKO BBIJIMIIHM IUIACTa OT
Ka(sBH BBIVIMILA C HUCKA CTEIECH Ha BbIyieuKanus,
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KOMTO Ca Pa3MOJIOKEHH B JIB€ BBHIIICHOCHU HUBA.
J10ITHOTO BBITIEHOCHO HABO ChIbPIKa J10 4 BBIITUIIHA
TJ1acTa, pa3ieieHu OT THhHKH TIIHHECTH TPOCTIONKH C
obmra nebenmmHa 10 4,5 m. [OpHOTO BBITIGHOCHO HUBO
BKJIIOYBA 2 BhINIMIIHU m1acta “A” u “b”. [Ipenmer
Ha ekcmjoaTtamusa ¢ caMo miacT “A”, uuara
nebenrHa Bapupa B paMkuTe Ha 2-3 m. [lebenmmHaTa
Ha PaBHenkata cBHTa B IIEHTpajHaTa 4acT Ha
Oaceiina mocrura 300 m, a B3pacTTa it € onpenene-
Ha KaTo cpeneH-KbceH eoleH. [lameocpenara, B
KOSITO C€ € M3BBPIIIIIIO OTIATaHETO CE OMPEEIs KaTo
OpaknyHa, B HEMOCPEACTBEHA OJM30CT A0 MOPCKH
Oaceiin. PaBHeIkaTa cBUTa ce TOKPUBA OT CEIIMEH-
THUTEe Ha MyTrpucKaTa CBUTA, YHSATO BB3PACT €
TOpHOEOIeHCKa (TpraboHCKa) U € TIpeAcTaBeHa OT
MOPCKHU CeAMMEHTH ¢ aedenuHa 10 150 m.



[Ipenmer Ha HacTosimiaTa pabora ca BbIIMIIATA
oT I1acT «A» Ha 6aceitHa. OnpoOBaHETO € U3BBPIICHO
B rajiepusi Ha pynHuK «H4epHo Mopey, KaTo B3eTtute 24
poOU NMPEACTaBAT LEAUAT BhIJIMILEH TJIACT, BKIFOYHU-
TETHO TOPHUILETO U AoiHUIIETo My. C Len ycraHo-
BsBaHE Ha KauecTBEHAaTa XapaKTepPUCTUKA H TETpo-
rpadckusaT chbeTaB Ha Byprackure Bbrimma Osxa
W3BBPLICHH PENulia W3CIENBaHMUs, KOUTO BKITIOUBAT:
TEeXHUYECKU aHaJIN3; ONpeleNnsHe Ha olmara,
NUpHUTHATA, OpraHuYHaTa U cyidaTHara cspa;
KOJIMYECTBEH MallepaJieH aHallu3; PpeHTreHo-au(pak-
uuoHHeH 1 CEM aHanu3 3a xapakTepuCcTHKa Ha
MUHepallHaTa 4JacT. B pe3ynrar Ha mpoBeaeHUTE
u3cnenBanus 04xa YCTaHOBEHH CJICOHHUTE IETPO-
rpacKu XxapaKTeprCTHKU 1 3aKOHOMEPHOCTH.

Bbrumara ot miuact «A» ca HUCKOIENnenHu (8-
13 %) u xadsaBYU, C HUCKA CTEIICH HA BhINIe()UKAIIIL
(maroBu kadsiBu). XapaKTepu3upar ce ¢ BHCOKO
cbIbpiKaHue Ha obmIa cspa (4.6 %), kaTo opraHuy-
Hata (2.8 %) npeobnanaBa Hax muputHaTa (1.6 %).
[omy4enure pe3yaTaT ca O4aKBaHU U 3aKOHOMEPHH
KaTo ce MMa IpeABHJ MapaindHaTa oOCTaHOBKa,
KOSITO € OKa3Bajia BJIMSHHE NPH (HOPMHPAHUTO HA
TOPHOTO BBITICHOCHO HWUBO. B oTnmenHu eramu oT
pa3BuTHETO Ha TopdeHoro GnaTo mpu mpeodiua-
JaBAaHETO Ha ajKajHa cpela ca ce Cbhb3IaBalH
OaronpuATHH YCIOBHS 3a pa3BUTHETO Ha cyndar-
penyuupamuTe OaKTepuu U HEOIarOmpHUsITHH
YCIIOBHS 32 CBBP3BaHE Ha csApara ¢ XyMHHOBHTE
kucenunu. llpe3s ToBa Bpeme MOCTHIBAIIHUTE B
TopduineTo cyindaru ca ce CBbP3BaIU MPEIUMHO
nox ¢popmara Ha TUPUT U MapkasuT. C IOHIKaBaHe
croitHocTuTe Ha pH Ha cpemata m HaMansBaHE HA
XUIpOOUHAMHUKATa Ha TopheHuTe Boau cyipaTHUTE
HOHM ca aTaKyBalM XUIPOKCUIIHNUTE, KApOOKCHUITHUTE

1 KapOOHMITHHUTE (PYHKIIMOHATIHHU TPYIH Ha KUCIOPOa
1 XYMHUHOBHTE KUCENMWHH. Te, n3MecTBaiiku BoIopoaa
OT TsIX, ca 00pa3yBalld CAPOCHIBPIKAIIM EIEMEHT-
opraHuyHu cheauHeHus. [Ipe3 To3u mepuox or
pa3BuTHETO Ha TOopdeHoTo OaTo PA3KO € HapacT-
Bajio 00pa3yBaHETO Ha OpraHUYHa Cspa.

KonnyecTBeHUAT MaliepaieH aHaIu3 OKa3Ba, ue
MalepajnTe OT rpynara Ha XyMHHUTA IpeobiagaBaT
(84-97 %) kaTO KOMMYECTBOTO HAa JCHCHHHTA
(moctura 90 %) HanBHIIaBa MHOTOKPAaTHO TOBA Ha
ocTaHaJguTe Manepaiau oT rpymara. Cieagsar
yIMHHUTA U KopnoxymuHura (5-6 %), mokaro
reIMHUTa U aTpUHHUTa He HaaBumasaT 3 %.
MarnepanuTe OT rpynara Ha JUINITHUHUTA CE CpemaT
B KOIu4ecTBO OT 2 10 12 % u ca mpeacTaBeHH
OCHOBHO OT CTIOPUHUT U CyOEpUHHT, 8 KOTHYECTBOTO
Ha KyTMHUTA U pe3nuHuTa e ensa 2-3 %. Cpabpxa-
HUETO Ha WHEPTHMHHUTOBM Malepalii ce Konedae B
pamkuTte Ha 1-8 %, kato QpyHruHUTa Ipeodnagasa.
CrnenoBaTelHO, OCHOBHUTE OMOXMMUYHH TPOLIECH,
KOUTO ca MPOTHYaIN B TOpQeHoTo Onaro ca Ouim
ren3anus U NenTH3anus Ha QUTOreHHUTE OCTAHKH.
Heoprannunara gact Ha Byprackute BhImma ce
CBCTOW OCHOBHO OT IUPHT, MAPKa3MT, KBapLl, XJIOPHT,
MYCKOBUT, IOJIOMHT, THIIC, muarnoknas u K-demn-
mmaT. YCTaHOBSIBAaT Ce€ ABE TeHEepalui MUHEPaIn —
CHHTCHETHYHH W eNureHeTHyHUu. [IbpBHTE ca ce
¢dopmupanu 1o BpemMe Ha TopdoreHesara 1 paHHaTa
nuaresesa (IUPUT, MapKas3HT, XJIOPUT, MyCKOBHT,
marnoknas, K-genmammnar), a BTopute (IUPUT, Map-
Ka3uT, KBapll) ca ce OTIAOKUIIN 10 EHJIOTEHHHU U €K30-
TeHHH IyKHATUHU U KIMBAKHU IUIOCKOCTH B PE3YATaT
Ha LUPKYIalus Ha HUCKOTEMIIEpaTypHH XHUIPO-
TEpMaJHU Pa3TBOPH II0 BpeMe Ha KbCHATa jAuare-
He3a M KaTareHesa.
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