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PE3IOME

CrOXHUAT BBIIMLLEH NNacT (KOMMMeKC) B KXxHaTa YacT Ha Yykypeckus baceitH e onpobeaH no paspesa u ca B3eTv ABajeceT npobu. Wspabotenm ca aHwnwd-
OpuKkeT 1 e ycTaHoBeH meTporpadpckms CbCTaB Ha BbrAMLLATA. YCTaHOBEHW Ca Malepanu 1 OT TpuTe Malepantu rpynu. MauepanuTe ot rpyna XyMUHUT ca
TEKCTUHMT, TEKCTOYNIMUHWT, €Y-YNIMUHUT, aTpUHUT, AeHCUHNT, chrobaduHuT 1 ncespodnobaduHnT. Habniogasanu ca cnegHuTe NUNOWAHM MaLepani:CriopuHuT,
KYTUHWT, PE3NHNT, CYOEPUHWT, anmiHNT, NUTOAETPUHNAT U XIOPOPUIMHNT (?). WHepTWHUTOBMTE Malepanv Ca MpeAcTaBeHN caMo OT (PY3MHWT, CKNEPOLMHUT K1
VHEPTOAETPUHNT, KaTo KONMMYECTBOTO UM € MUHUManHO. :MuHepanuTe onpedeneHu B OTpaseHa CBETMMHA Ca [MWHECTW MUHepanu, nupuT (dppamboupane,
eBXefipaneH W MacvBeH) W enureHeTuyeH kanuut. Cnopes MalepanHus CbCTaB Ha BbIMMLLA TOPGeHOTO 6raTo Moxe Aa ce onpedeny kato 06BOJHEHO ropcko
Bnato. M34ncnenmnTe nHoeKkcy Ha BuIIMLLHKS dhaumec (MHAEKCUTe Ha rPYHTOBUTE BOAW W HA PaCTUTENHOCTTa) ONpeAensT Tuna Ha TopdeHoTo 6raTo KaTo NIMMHUYHO
omBpoTpodhHo ropeko 6nato. Cnope MHAeKCa Ha 3anasBaHe Ha pacTUTENHUTE ThKaHN U renndnKaLMOHHNA MHAEKC BNaToTo NpeacTaBnsBa ropcko TopauLye Ui
ropcko 6nato, B KOETO HUBOTO Ha BoAaTa HenpekbeHaTo ce noeuiwasa. On the basis of the vitrinite reflectance, the coal was determinate as lignite.

Krroyosu Oymu: nueHUMU, Mayepasnu, mun Ha mopgheHo 6namo, uHAeKcu Ha 8banuwHuUS ghayuec, HYykyposcku baceliH.

BbBELEHWE MATEPWAI M METOLMKA

UykypoBckusT BaceitH ce Hammpa Ha 40 km 1oronsTouHo ot OnpobBaH € CroXHUS BbIMULLEH NMAacT B KXHATa YacT Ha
rp. Cogwma. Tod e nonaga B LEHTparHWTE 4YacTu Ha BaceitHa. [IBageceT aHwWnud-OpukeT ca uM3cnedBaHu 3a
Cocuiickata  BbIMMIHA ~ NPOBMHUMS.  BbrneHocHute onpefensiHe Ha neTporpadickus CbCTaB Ha MUHUTUTE C
CEeOUMEHTU ca C XeneeTcka Bb3pacT (lManamapes, 1964). Te mukpockon “Leica” ¢ oTpaseHa cBeTnMHa (A=546 nm),
ca obocobeHn ot bn. KameHos B 3adpyea Ha enuHecmume (bnyopucLieHTHa CBETNMHA U KOMMIOTbpHA nporpama “Leica
NACBYHUYU U 2nuHU ¢ YyKkyposcku ebanuweH niacm (Kawkos, mpv_meas”. MUKPOCKONCKUTE U3CrneBaHns ce NpoBexaar B
Wnues, 1993). 3agpyrata BkMKOYBA FTUHW, NECHYIUBM TTIMHN, MacreHa uMmepcus ¢ WUMepcuoHHM obektuBn 50x/0.85 u
NPOCMONKM OT NACBLYHWLM W BBIULLHW NNACTOBE, KOUTO ca OT 100x/0.25. 3a onpegensiHe Ha MPOLEHTHOTO CbAbpXaHne Ha
12 no 18. B toxHaTa yacT obpa3syBar efiyH CMOXEH BbITMLLEH MaLepasnuTe e U3noN3BaHo aBTOMAaTUYHO HPOSYHO YCTPOICTBO
nnact (komnnekc) ¢ gebermHa go 40 m (Kaukos, Wnues, “Prior-G”. TlokasaTensiT Ha OTpaxeHue Ha BUTPUHUTA €
1993). BbrneHocHuTe Hacnarv 3ambnieat YykypoBckus rpabeH, n3mepsaH B 50 Touku BB BCsAka npoba. WsnonssaH e utpuit-
KOWTO € CbC CeBepo3anaa-toronsToyHa opueHTaums. B Hero Te anyMUHUI-TPAHATOB €TanoH C MnokasaTen Ha OTpaxeHue
ca crnabo CHMHKNMMHANHO orbHaTh. bperoBata uBMUa Ha 0,899%.

GaceiHa e w3rpageHa ot ckanm Ha [O®K - 3agpyra Ha
unutongHMTe  WMCTU M (UIUTK, CpedeH  Tpuac -
lMaHyepeBcka cBWUTA W cpedHa-ropHa topa - [MHCka cBuTa PESYNTATU U ONCKYCUA
(Kaukos, Mnues, 1993).
CpedHusT nokasaTen Ha OTPaXEHME Ha XyMUHUTa €

lMeTporpadcku M3cneaBaHNs Ha BbIMLLATa Ca NPOBEAEHN R.=0,23% npn Ry»=0,18% u Ryx=0,25% u craHgapTHo
oT [MnaykoB u CronHoea (1961), MwunueB (1963) wu oTknoHeHne +0,204. Criopeq TO3W MokasaTen YyKypoBCKUTE
KoHctaHTuHOBa (1969). Llenta Ha HacToswarta pabota e pa morar [a ce onpeaensT KaTo NIMrHNTY.
YCTAHOBM MaLleparHWs CbCTaB Ha MUIHUTATE OT CIOXHUS
BBIIMLLEH NnacT (KOMMIEKC) B toXKHATa YacT Ha baceiiHa 1 fa Mauepanu om epyna XymuHum. OBLWOTO CbabpkaHWe Ha
[OMbITHM JaHHUTE 32 NUNOWAHMTE Mauepanu ¢ u3crneaBaHus ¢ Te3n mauepanu e 82,23%, a Ha opraHudHa Mmaca — 84,82%
cbnyopucleHTHa CBeTNMHA. Bb3 0CHOBa Ha pesyntaTuTe OT (tabn. 1). Mauepanute oT nodepyna XymomenuHum
TE3W M3CNEeABaHUS Ce U3YMCNSABAT MHAEKCUTE Ha BBbIINLLHMS npeobnagaBat B W3CMeABaHUTE BbLIMULWA. TEKCTUHUTBLT €
thaumec 1 ce onpegens TMna Ha TopcheHoOTo 6nato, B KOETO € HabntogaBaH noa dopmata Ha MBMUM W newm. Acouunpa c
OTNIOXeH MaTepuana 3a obpasyBaHe Ha CMOXHUS BbITIMLLEH YIIMUAHWT, aTPUHUT W OEHCUHUT. B nymeHuTe My oCBeH
nnacr. [MMHECTM MUHEpann MoXe Aa ce Habnioaasa v peavHuT (dur.

2b) wnm dnobadmHuT. KonmyectBOTO My € CPaBHUTESTHO
ronsmMo (tabn. 1). YNMWHMTBLT € npefcTaBeH OT fABaTa Cu
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MauepanHu Tuna, Kato CbObpXaHUeTO My B W3CMEABaHUTE
BbIIMWA € Hal-Bucoko (tabn. 1). Mauepanhuar Tun
TEKCTOYNIMUHMT npeobnagaBa 3HaunTenHo. Toi marpaxaa
MBMUM CbC 3HaunTenHa febenuHa. JlymeHute My OCBEH C
MUHECT MuHepanmn (cur. 1d), 4eCTo ca 3ambfiHEHM C
conobaduHuT (cpur. 1a) unu pesnHuT (dur. 2a). Acounmpa ey-
YNIMUHWT, TEKCTUHWUT, aTPUHWUT U LEHCUHWUT. 3HauuTenHo e
MPUCHLCTBMETO U HA BTOPUSAT MaLepaneH TUM Ha YNMUHUTA —
ey-ynmuuimt. OcBeH nop copmata Ha  MBWLM, KOWTO
anTepHUpaT C TEKCTOYNIMUHWTA W TEKCTUHWTA, W3rpaxgallm
roOuLLHM KPbroBe, TO3M MalleparneH Tun ce Habniogaea 1 kato
newy C pasnuyHM pasmepu. B nymenute My e OTHOXeH
pesnHuT (cpur. 2d), pagko cdnobacuHmT.

KonnyectBoTo  Ha  maueparute  OoT  nodepyna
XymodempuHum €  CpaBHWUTENHO Manko  (tabn. 1)
MpeobnagaBa aTpUHUTBLT, KATO ChABPXKAHMETO HA AEHCUHUT €
HesHaunTenHo (Tabn. 1). Tean Mauepanu B acouuauus ¢
[MIMHECTUTE MWUHEPaNM LMMEHTMpAT OCTaHanuTe Mauepanu
(qur. 1c, €; 2¢, f).

Modzpyna XymokonuHUM e npeacTaBeHa camo OT Maliepana
kopnoxymuHuT. [Npeobnagasa Mauepantust Tun pnobaduHuT
(tabn. 1). Toit e OTNOXEH B NyMEHUTE Ha YNMUHWT (cpur. 1a),
no-psgko  Ha TEKCTMHWT. Bropuat mauepaneH Ttun -
nceBnohnobacHUT acouumpa ¢ aTpUHUT U LEHCUHUT (dour.
1c). ®opmaTa M Ha fABaTa MalepanHu Tuna € oBanHa Wnu
Kpbrna, a penedybT HUCHK (dur. 1a, ).

Crnopeg KopteHcku u  gp. (2001) Kkomm4yecTBOTO Ha
Mauepanute OT rp. XYMMHUT HapacTBa KbM LiEHTpanHuTe
yacTu Ha HacenHa.

Mauepanu om epyna JlunmuHum. KonuyecTBOTO Ha
MauepanuTte OT Tasu rpyna, C U3KMIOYEHNE Ha Pe3nHUTa, €
Manko (Tabn. 1). KyTMHUTBT € C MWHUManHO ChabpXaHue
(tabn. 1). HabrniogasaH e kato gobpe 3anaseHu U oopMeHU
Tena (dur. 2e) unu Kato OTAEMHM KbCYeTa C PasnuyHu
pa3mepun. Acouunpa C aTpUHUT U AEHCUHUT. CNOPUHUTBT ce
cpeLya MHoro psigko (Tabn. 1) u e npeacTaBeH U3KMIOYUTENHO
OT MWOCMOPWHUT. Hal-BepOATHO MpefcTaBnsiBa OCTaHkW OT
noneH. Acouumupa ¢ aTpUHMUT, LEHCUHWT, IMNTOAETPUHMT (dour.
2c), noHsikora cy6epuHnT (cpur. 2f) u KyTUHUT. CyOepuHNTLT €
4eCTO CpelyaH maueparn, KOeTo e TUMMYHO 3a Bbrmuwata oT
Codwmiickata npouHUms (KopTteHcku, 1993). KonuuectBoTto My
obauye B 13cneaBaHUTE BbIMMLLA He € roniamo. HabntoaasaH e
kaTo gobpe ochopMeHn MBMLM C scHa CTpykTypa (cur. 2b),
CUIHO HarbHaTW W NOLWO 3anaseHn usuumu (cur. 2f) wnm
KbcyeTa C pa3nnyHu pasmepu (cur. 2e). Acoummpa ¢ Lpyru
NNOMAHM  Mauepanu, aTpUHUT, [LEHCWUHUT, TEKCTUHUT W
YIMUHWT.  PE3NHUTBLT €  Hal-WMpOKO  pasnpoCTpaHeTHs
NUNoMaeH Mauepan M BWUCOKOTO My CbAbpxaHue (1abn. 1)
CBWOETENCTBYBA U1 3a y4acTue Ha kopudepHa pacTUTENHOCT B
npoueca Ha TopdoHaTpynBaHe. HabnogasaH e kato Tena ¢
3aKpbrmeHa, OBanHa UMW u3gbikeHa ¢opma NpeaumMHo B
NYMEHUTE Ha TeKCTUHUT (cpur. 1b), TekcToynMUHUT (dur. 1a;
2a) 1 ey-ynmMuHnT (our. 2d). Tosn Twn pesnHUT no-cnabo
dryopucumpa 0T  KbCOBUSI  PE3UHWT, KOWTO CblUO €
NpescTaBeH BbB BbIMLATA. YCTaHOBSABA Ce KaTo eauHUYHM
Tena cped aTpuHUT 1 OeHCUHWT (cur. 1c) u B acoumnaums ¢
ApYrM nunougHu mauepanu. KonuyectBoTO Ha anruHuta e
HesHaunTenHo (Tabn. 1), KOETO € TUNWYHO 3a ropCKUs TN
Bnata (Stach et al., 1982). HabniogasaH e kato Heronemm

newoobpasHn Tena Cped aTpuHWT, B acouMauus CbC
CMOPUHWT W NUNTOAETPUHUT (cpur. 2¢). JIMNTOOETPUHUTLT e
CbC CbabpxaHue oT 1 g0 2,5% B pasnuynute npobu.
Acoummpa C [OpyrMTe NWNOWGHM  Mauepanu, Hai-4ecto
cnopuHnT  cpeg  atpuHmta  (ur.  2c).  Mauepanbt
XNOPOUNMHUAT € onpeaenieH BbB (PryopucLIEHTHa CBETNNHA.
MpeAcTasnsBa Manku KbpBaBOYEPBEHW Tena B NPOCNONKA OT
NUNTEH C MHOTO HUcko oTpaxeHune (Ro=0,21%), noHsikora cbe
CMHBO W3MbYBaHe. AcoLumnpa ¢ KyTUHUT (cur. 2e). Taylor et al.
(1998) onuceat TO3M Mauepan kaTo penukTU OT Xnopodmn
OKOMO KYTMHWTOBW Tena.

LiBeTbT Ha noBeyeTo Malepanu OT rpyna JIMNTUHUT BbB
(hnyopuCLIEHTHA CBETNIMHA € XBNT C Pa3fiyeH WHTe3uTeT
(Gur. 2) nunu cBeTnoO OpaHXeB, Tbil kaTo BbIMMLWATA ca C
HUCBK paHr (Taylor et al., 1998). Camo xnopoMnnMHUTLT € ¢
KbpBaBOYEPBEH LIBSAT.

NunonpHute  Mauepanu  MMaT  nogobHO  MMOLHO
pasnpocTpaHeHue Ha Tesn OT rp. XYMUHUT U KONIMYECTBOTO UM
HapacTBa KbM LiEHTparHuTe Yactu Ha GaceiiHa (KopTeHcku u
ap., 2001).

Tabnuua 1. MeTporpadcku cbetas Ha YyKypOBCKIATE NINTHUTY

MeTtporpadicku cbecTas Cbabpxanue,% CbabpxaHue
Ha opraHu4Ha
maca,%
pyna XymuHum: 82,23 84,82
TEKCTUHUT 15,50
TeKkcToynMUHUT 31,30
Ey-ynMuHUT 20,24
ATpPUHUT 8,33
[leHCuHuT 1,8
®nobacuHnT 4,79
MceBgodnodbadnHnT 0,27
pyna Jlunmurnum: 14,44 14,90
KyTuHuT 0,13
CnopuHut 0,13
Pesnnut 10,38
CybepuHut 1,86
ANrvHuT 0,13
JIunToAeTpUHUT 1,6
XnopouamHNT 0,01
pyna UHepmuHum: 0,27 0,28
Oy3nHUT 0,01
CKpepoTuHUT 0,13
VHepTopeTpUHMT 0,13
Munrepanu: 3,06
Muput 0,13
EnureHeTnyeH kanuut 0,53
[MnHeCT! MUHepanu 24

Mauepanu om ep. MHepmuHum. Konu4ecTBOTO Ha Tesu
Mauepanu B W3CMeABaHuTE BbIMULWA He camo, Ye e Ha-
Manko, Ho 0610 e nog 1% (tabn. 1). dysMHUTLT e ¢ Han-HUCKO
cbabpkaHue (Tabn. 1). Toi e cunHO paskbcaH W ce
HabntogaBa kaTo Marnkv Kbcyeta cped atpuHuta. PysuHUTLT
acouumpa ¢ MHepToAeTPUHUT. CKNepoLUMHUTBLT € NpeAcTaBeH
NPeaNMHO OT MNEKTEHXMMUHWT, KOWTO ce HabniogaBa kato
CpaBHWUTENHO ronemu Tena cped atpunuta  (cur. 1c).
YCTaHOBEH € CbLUO efHO- W ABYKaMepeH (hYHrOCKNEPOLMHUT.
Kbcyetata MHEPTOAETPUHUT acoummpaT Han-4ecto C aTpUHUT
(ur. 1e) unm ysuHnT. KonmuectBoTo Ha MHEPTUHWUTOBUTE
Mauepann Hapactea kbM 6peroBata uBuua Ha GacenHa
(KopTeHcku u gp., 2001).

FOONIHNK Ha MurHo-eeonoxkus yHugepcumem “Ce. Msan Puncku’, mom 46 (2003), caumnk I, FTEOJIONMS U TEOOUINKA
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Queypa 1. lempozpaghcku cbemae Ha ueHUMUmMe om Yykypogckusi 6acellH, ompaseHa ceemiuHa, MacieHa UMepCust:
a) Texkcmoynmurum (TU), ¢pobagpuHum (Ph); b) Pesunum (R) @ mekcmurum, nupum (Py); ¢) Cknepouyurum (Sc) -
nnekmeHxumuHum, ncesdocpnobacpuHum (pPh), dexcurum (D); d) Tekcmoynmurum (TU); €) Mhepmodempurum (ID), enurecmo
gewjecmso (Sh), cybepurum (SB), ampurum (At); f) EnueeHemuyer kanyum (Cc).
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Queypa 2. lempozpaghcku cbemae Ha ueHUMUmMe om Yykypogckusi bacellH, ompaseHa ceemiuHa, MacieHa UMepCust:
a) Pe3aurum (R) 8 mekcmoynmurum; b) Cybepurum (Sb); ¢) Aneunum (A), nunmodempurum (LD), cnopuHum (S), ampuHum (At);
d) Pesunum (R) e ey-ynmurum; e) Kymurum (C), xnopogpunusum (?) (Ch); f) Cybepurum (Sb), cnopunum (S), ampuHum (At).

MupuT. CObPKAHMETO My € HUCKO. TOM € (PUHO3BPHECT.
MpeactaBeH OT (ppamboupaneH, eBxefpaneH M MacyBeH
nupuT. Te Cce cpelyaTt kaTo eAUHWYHW 3bpHa B atpuHuTa U
peHcuuuTa (cur. 1c,e). lMoHskora nuput ce Habriopasa B

MuHepanu

FuHecmu MuHepanu. Te 3ambnBaT NYMEHW HA TEKCTUHWT,
TEKCTOYNIMUHUT 1 (DYy3uHWT, oOpasyBaT newy ¢ Masnku
pasMepy Unn acoLmmupar ¢ atpuHuTa (dur. 1e).

FOONIHNK Ha MurHo-eeonoxkus yHugepcumem “Ce. Msan Puncku’, mom 46 (2003), caumnk I, FTEOJIONMS U TEOOUINKA
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NYMEHUTE Ha TeKCTUHUT (cour. 1b), TekcToynmMuHnT (cpur. 1d)
UM y3NHUT.

EnvreHeTyeH kanuuT. YCTaHOBEH € B €OMHUYHM
nykHaTuHK (cpur. 1f). CoabpkanmeTo My e Hucko (Tabn. 1).

WHaekcu Ha BBrUIWHKMA daumec

Bb3 ocHoBa Ha neTporpadckusi CbCTaB Ca OMpeaeneHu
WHOEKCcUTe Ha  BbruwHWMa  cauvec. MsnonseaHo e
CbObPXaHWeTO Ha MaLiepanuTe 1 MHepanuTe Ha obla maca.

WHpeke Ha rpyHToBuTte Boau no Calder et al. (1991):
GWI=renmHUT+KOPNOXyMUHWUT+MUHEPASTHO BeLLEeCTBO/
TEKCTUHMT

+YNMUHUT+AeHCMHUT=0,1

WHpekc Ha pactutenHoctTa o Calder et al. (1991):
VI=TEKCTUHUT+YNIMUHNT+DY3UHUT+CEMUGY3UHUT+CYDEPUHUT+
pesnHuT/
BEHCUHUTHUHEPTOLETPUHNT+aNTUHUT+HNUMTOAETPUHUT +
CNOPUHUT+KYTUHUT=22,35

Cnopep Te3u ABa MHAeKca Ce onpesens Tuna Ha TopdheHoTo
6naTo KoTo NUMHUYHO oMBpoTpOochHO ropcko Brato. Calder et
al. (1991) onpegenaT ycnosusta B 6naToTo, KouTO Ce
XapakTepuaupat ¢ no-cnabo rpyHTOBO MOAXpaHBaHe W Mo-
kucena cpepa.

MHpeke Ha 3ana3BaHe Ha TbkaHuTe no Diessel (1992):
TPI=TeKCTUHUT+YNIMUHUT+CEMUYINHUT+DY3UHUT/
LEHCUHUT+MaKPUHUTHUHEPTOAETPUHUT=78,76

FenndmkaumoreH nuaekc no Diessel (1992):
GI=TEKCTUHUT+YNIMUHUT+MaKpPUHWT/CEMNEY3NHUT+DY3UHUT+
UHepTO4EeTPUHNT=634,15

Cnopep Te31 aBa mHaekca TopdeHoTo b6nato ce onpeaens
KaTo ropcko TopdouLLe UK KaTo ropcko 6naTo, B KOETO HUBOTO
Ha BOAaTa HenmpekbcHaTo ce nosuwaea. Cnopen Diessel
(1992) pactuTenHuTe TbkaHM Ca MOANOXEHU Ha CpepHa
XyMUUMKaLMS U CUnHa renmdukams.

SAKITFOYEHNE

UyKypOBCKUTE NIUTHUTW Ce XapaKTepuaupaT ¢ MHOTO BUCOKO
CbabpXaHue Ha renuduLmMpaHi Malepani ¥ MUHUMAMHO Ha
hio3eHU3npaHn. [onemuTe KONMYeCTBa TEKCTUHUT W YAIMUHUT
ca pesyntat oT TopdOHaTpyrBaHe OT BUCIIA [AbpBECHA
pacTUTENHOCT U CpaBHUTENHO fobpa 3ana3eHoCT  Ha
pacTUTenHuTe TbKaHW. Mocnepnute ca cnabo
[E3VHTErpPUPaHu, NOPaam KOETO CbbPXaHUETO HA aTPUHUT
LEHCUHUT He € BUMCOKO. [pUCLCTBMETO Ha CyOepuHuT B
U3crneaBaHMTE BbITMILA CbLLO € CBbp3aHO C AbpBEecHaTa
PaCTUTENHOCT, YacT OT KOSTO e Ouna UrMonnucTHa, ako ce Cbau
Mo BMCOKOTO ChbAbpXaHue Ha peanHuT. Mo MalepanHus ce
CbCTaB YykypoBCKUTE BbImmWa nonagat B rpyna C (nogrpyna
Cs), otgeneHa ot Lwwkos (1988) B 3aBucumocT oOT
(hUTOLIEHO3HUS 1 BUAOBMUS CbCTAB HA BbrNeobpasyBaTernHnTe
naneobuoTunu. Kato ce cbauM N0 MauepanHus CbCTas,
TOPCHOHATPYNBAHETO CE € OCBLUECTBUNO B TUMMYHO TOPCKO
Gnato. To e 6uno cunHO 06BOAHEHO, MOpagM KOETo
KOMMYEeCTBOTO  HA  WHEPTWHUTOBMTE  Mauepann €
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HE3HaYUTENHO. YCTAHOBEHM Ca Masko MUHEPANHW NPUMECH —
TEPUrEHHN (IMUHECTUTE MUHEPANN) W CUHTEHETUYHM (MMPUT).
Mo nykHaTWHM BbB BLIMUWHUS NNAcT e OTNIOKEH €
€NUreHeTU4eH Kanuur.

W3umcnenute  WHAEKCM  Ha  BBIMMWHMA  haumec
NOTBbPXKAABAT 3aKMYEHUETO 3a TUMWYHO ropcko Bnato.
CTOMHOCTUTE HA WHOEKCUTE Ha [PYHTOBUTE BOAM U Ha
PacTUTENHOCTTA r0 ONPERENsT KaTo IMMHUYHO OMBPOTPOGHO
ropcko 6nato. Cnopeq WHOekca Ha 3anasBaHe Ha
PacTUTENHUTE TbKaHUM W TENUPUKALMOHHUA WHOEKC TO
NpeacTaBnsBa ropcko TopmLLe UM ropcko 6nato, B KOETO
HWBOTO Ha BOZaTa HEMPEKbCHATO Ce MOBMLLABA.

MeTporpadpckusT CbCTaB Ha YyKYPOBCKWTE MUMHUTK €
CXOOEH C TO3W Ha ocTaHanuTe BbrMwa ot Coduiickata
NPOBMHLNSA, XapakTepHW OCOBEHOCTM Ha KOWTO Ca BUCOKWTE
CbObPXaHUS HA TEKCTUHUT W YNIMUHWT, MPUCLCTBUETO Ha
KOPMOXYMWHUT U CYDEpUHUT,  CPaBHUTEMHO  ronemu
KOMMYeCTBa Ha PE3VHUT U HUCKOTO ChbAbpXaHue Ha
UHepTUHUTOBM MaLepanu (KopTeHcku, 1993). PasnuuusTa ca
B MPOLEHTHOTO CbAbpXaHWe Ha OTAenHUTe mauepanu U
Npeau BCWYKO MAnKoTO KOMMYECTBO aTPUHWT, OEHCUHWT W
(DY3MHUT U B YCTAHOBEHNS XNOPOUIMHMT. B 13BECTHa CTEneH
Ce pasnuuyaBaT M YCroBUsSiTa Ha TopdoHaTpynBaHe, 0cobeHo
oT Tean Ha Codmiickus GacenH no Kortenski and Sotirov
(2001).
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The complicated coal seam (complex) in the south part of the Chukurovo basin was sampled and 25 samples were taken. Polished block samples were prepared and
the petrographic composition of the coal was established. There were found macerals from the three maceral groups. Macerals from the Huminite group were
textinite, texto-ulminite, eu-ulminite, attrinite, densinite, phlobaphinite, and psudo-phlobaphinite. The following liptinite macerals were observed: cutinite, sporinite,
resinite, suberinite, alginite, liptodetrinite, and chlorophillinite (?). Fusinite, sclerotinite, and inertodetrinite presented the inertinite macerals. Their amount was very
vow. Minerals found with reflected light were clay minerals, pyrite (euhedral, framboidal and massive) and epigenetic calcite. The peat bog was determined as wet
forest bog according the maceral composition. According to the calculated indices of the coal facies (Groundwater Influence Index and Vegetation Index), the type of
the peat bog was determined as “limnitic ombrotrophic bog forest’. The Tissue Preservation Index (TPI) and Gelification Index (Gl) was determined peat bog as
“forested peatland”, where the water level was increasing continuously or in a forested, continuously wet raised bog. On the basis of the huminite reflectance, the coal

was determinate as “Lignite”.

Key words: lignite, macerals, indices of the coal facies, type of peat bog, Chukurovo basin.

INTRODUCTION

The Chukurovo lignite basin is located 40km southeast from
the city of Sofia. It is situated in the central part of the Sofia
coal province. The coal-bearing sediments have Helvetian age
Manamapes (1964). They are separated by bn. KameHos as a
Formation of the clay sandstones and shale with the
Chukurovo coal seam (Kaukos, Mnues, 1993). It is composed
by shale, sand shale, sandstone layers and coal seams, which
number is 12 to 18. Kaukos, Wnnes (1993), published data that
all coal layers make one complicated coal seam thick up to 40
m. The coal-bearing sediments fill Chukurovo graben, which
has Northwest-Southeast orientation. They are low banded.
The underlying rocks of the basin are diabase phillitoide
complex (DFK) with Middle Triassic (Pancharevska formation)
and Middle-Upper Jurassic (Ginska formation) (Kaukos,
Wrnues, 1993).

Petrographic investigations of the coal were done by
MnaukoB, CrtonHoBa  (1961), Mwunues (1963) and
KoHcTaHTuHOBa (1969). The main purpose of the study is to
determine the maceral composition of the lignite from the
complicated coal seam (complex) in the south part of the basin
and to update the data for the Liptinite macerals, using
fluorescent light. On the basis of the present investigations
were calculated the indices of the coal facies and the type of
the peat bog, where the plant tissue were accumulated.

METHODS

The complicated coal seam in the South part of the basin
was sampled. Twenty polished block samples were studied
with a microscope “Leica” with reflected light (A=546 nm),
fluorescent light, and a computer program “Leica mpv_meas”.

Table 1. Petrographic composition of the Chukurovo lignite.

Oil immersion objectives 50x/0.85 and 100x/0.25 were used
also. Automatic counter “Prior-G” was used for the counting of
the macerals. For determination of maceral percentage four
hundred macerals were counted and 50 points for vitrinite
reflectance were measured of each sample. Yitrium-
alluminium-granat with reflectance 0.899% was used for a
standard for determination of the vitrinite reflectance.

RESULTS AND DISCUSSION

Average huminite reflectance was measured as Ro=0.23%,
Rmin=0.18%, Rmax=0.25% with standard deviation +0.0204.
According to the huminite reflectance the coal was determined
as Lignite.

Macerals from the Huminite group. All amounts of these
macerals are 82.23% and 84.82% from the organic matter
(Table 1). The macerals from the subgroup Humotellinite are
prevailing in the studied coal. Textinite is observed as bands
and lenses. It associates with the ulminite, attrinite and
densinite. Clay minerals, resinite (Fig. 2b) and phlobaphinite fill
the textinite lumens. The textinite amount is relatively high
(Table 1). The two maceral types present the ulminite. Its
amount is highest in the coal (Table 1). The maceral type
texto-ulminite is prevailing significantly. It builds thick bands.
The texto-ulminite lumens are filled with clay minerals (Fig. 1d)
and phlobaphinite (Fig. 1a) or resinite (Fig. 2a). The texto-
ulminite associates with eu-ulminite, textinite, attrinite and
densinite. The eu-ulminite significantly presents in the
samples. It is like bands, which alternates with the texto-
ulminite and textinite. These bands make wood annual circles.
That maceral is observed as lenses with different sizes also.
Resinite (Fig. 2d) and rarely phlobaphinite fills the lumens of
the eu-ulminite.

Macerals Content, % Content in organic matter, %
Huminite group 82.23 84.82
Textinite 15.50
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Texto-ulminite 31.30
Eu-ulminite 20.24
Attrinite 8.33
Densinite 1.8
Phlobaphinite 4.79
pseudo-phlobaphinite 0.27
Liptinite group: 14.44 14.90
Cutinite 0.13
Sporinite 0.13
Resinite 10.38
Suberinite 1.86
Alginite 0.13
Liptodetrinite 1.6
Chlorophillinite 0.01
Inertinite group: 0.27 0.28
Fusinite 0.01
Sclerotinite 0.13
Inertodetrinite 0.13
Minerals: 3.06
pyrite 0.13
epigenetic calcite 0.53
clay minerals 2.4

The amount of the macerals from the subgroup
Humodetrinite is relatively lows (Table 1). The attrinite is
prevailing, as the densinite amount is insignificant (Table 1).
These macerals in association with clay minerals consolidate
all other macerals (Fig. 1c,e; 2c,f).

Subgroup Humocaollinite is presented only by the maceral
corpohuminite. The phlobaphinite is prevailed maceral type of
the corpohuminite (Table 1). It fills the ulminite lumens (Fig. 1a)
and rarely of the textinite. The second maceral type — pseudo-
phlobaphinite associates with attrinite and densinite (Fig. 1c).
The shape of the both maceral types is oval or circle and they
have low relief (Fig. 1a, c).

According to KopteHcku et al. (2001), the amount of the
macerals from the Huminite group increases in the central part
of the basin.

Macerals from the Liptinite group. The amount of the
macerals from this group, with an exemption of the resinite, is
low (Table 1). The cutinite has the lowest amount (Table 1). It
was observed as well-shaped and preserved bodies (Fig. 2e)
or as single particles with different sizes. Cutinite associates
with attrinite and densinite. The sporinite is rarely observed
(Table 1) and it is presented mainly from miosporinite. It is
probably pollen relicts. The sporinite associates with attrinite,

densinite, liptodetrinite (Fig. 2c), sometimes with suberinite
(Fig. 2f) and cutinite. The suberinite is frequently observed
maceral, which is typical for the coal from Sofia province
(KopteHckm, 1993), but its amount is low in the studied coal. It
was observed as well shaped bands with good structure (Fig.
2b), or bed preserved bands (Fig. 2f) or particles with different
sizes (Fig. 2e). It associates with the other Liptinite macerals,
attrinite, densinite, textinite and ulminite. The resinite is most
spread Liptinite maceral (Table 1) and it is a sign for
participation of Conifer plants at the time of peat accumulation.
It was observed as spherical, oval or long bodies mainly into
the textinite (Fig. 1b), texto-ulminite (Fig. 1a; 2a) and eu-
ulminite (Fig. 2d) lumens. The resinite has more weak
fluorescent color than the detrial resinite, which was observed
also into the studied coal. It is like single bodies among the
attrinite and densinite (Fig. 1¢) and with associations with other
Liptinite macerals. The alginite amount is insignificant (Table
1), which is typical for the forested swamps (Stach et al.,
1982). It was observed as small lenses-shaped bodies among
attrinite with an association with sporinite and liptodetrinite
(Fig. 2c). The liptodetrinite is from 1 to 2.5% in the samples. It
associates with the other Liptinite macerals, mainly sporinite
and attrinite (Fig. 2c). The maceral chlorophillinite is
determined, using fluorescent light. It is like small bloody-reds
bodies into the Lipten bands with low Huminite reflectance
(R0=0.21%). It associates with cutinite
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Figure 1 Petrographic composition of the lignite from the Chukurovo basin, reflected light, oil immersion:
a) Texto-ulminite, phlobaphinite (Ph); b) Resinite (R) into textinite; c) Sclerotinite (Sc)-plectenhiminite, pseudo-phlobaphinite (pPh),
densinite (D); d) Texto-ulminite (TU); e) Inertodetrinite (ID), clay minerals (Sh), suberinite (SB), attrinite (At); f) Epigenetic calcite
(Co).
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Figure 2 Petrographic composition of the lignite from the Chukurovo basin, fluorescent light, oil immersion:
a) Resinite (R) into texto-ulminite; b) Suberinite (Sb); ¢) Alginite (A), liptodetrinite (LD), sporinite (S), attrinite (At); d) Resinite (R) into
eu-ulminite; e) Cutinite (C), chlorophillinite (?) (Ch) attrinite (At); f) Suberinite (Sb), sporinite (S), attrinite (At).

(Fig. 2e). Taylor et al. (1998) wrote that the chlorophillinite
is relicts from chlorophill around the cutinite bodies.

The color of the most studied Liptinite macerals is yellow
with different intensity (Fig. 2) or orange, because of the low

rank of coalification of the coal (Taylor et al., 1998). Only the
chlorophillinite has bloody-red color. The Liptinite macerals
have similar surface distribution as the Huminite macerals and
their amount increases toward the central part of the basin
(KopteHckm et al., 2001).
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Macerals from the Inertinite group. The amount of the
Inertinite macerals in the studied coal is lowest, moreover it is
below 1% (Table 1). The fusinite has lowest content (Table 1).
It is highly destroyed and it was observed as small particles
among the afttrinite. The fusinite associates with the
inertodetrinite. The sclerotinite is presented mainly by
plectenhiminite, which was observed as relatively large bodies
among the attrinite (Fig. 1c). It was established also one-cell
and two-cell fungi-sclerotinite. The inertodetrinite particles
associate mainly with attrinite (Fig. 1e) or fusinite. The
Inertinite macerals increase their amount toward the periphery
of the basin (KopTeHcku et al., 2001).

Minerals

Clay minerals. They fill the lumens of the textinite, texto-
ulminite and fusinite and create small lenses or associate with
attrinite (Fig. 1e).

Pyrite. Its amount is low. It is fine-grained and it is presented
from framboidal, euhedral and massive pyrite. They were
observed as single grains among the attrinite and densinite
(Fig. 1c, e). Sometimes pyrite was observed into the lumens of
the textinite (Fig. 1b), texto-ulminite (Fig. 1d) or fusinite.

Epigenetic calcite. It was established into single cracks (Fig.
1f). Its amount is low (Table 1).

Indices of the coal facies

On the basis of the petrographic composition the indices of
the coal facies were determined. The maceral percentages,
calculated on the basis of all matter were used.

Groundwater Influence Index (GWI) by Calder et al. (1991):
GWI=gelinite+corpohuminite+mineral matter / textinite+
ulminite +densinite=0.1

Vegetation Index (V1) by Calder et al. (1991):

VI = ftextinitetulminite+fusinite+suberinite+resinite  /
densinite
+inertodetrinite+alginate+liptodetrinite+sporinite+cutinite=22.35

According to these two indices, the type of the peat bog
was determined as ‘limnitic ombrotrophic forested swamp”.
Calder et al. (1991) determined the conditions of this type as
low groundwater supplying and higher acidity.

Tissue Preservation Index (TPI) by Diessel (1992):
TPl = textinitetulminite+fusinite / densinite+macrinite+
inertodetrinite=78.76

Gelification Index (GI) by Diessel (1992):
Gl=huminite +macrinite / fusinite+inertodetrinite=634.15

According these two indices, the origin of the peat bog was
determined in a forested peatland or forested swamp with
continuing increasing of the water level. According to Diessel
(1992), the plant tissue was suffered of intermittently
humification and strong gelification.

CONCLUSION

The Chukurovo lignite is characterized with high content of
Huminite macerals and low content of Inertinite macerals. The
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high amount of textinite and ulminite is a result of accumulation
of wood plants and well preservation of the plant tissue. They
are low disintegrated and because of this reason the contents
of attrinite and densinite is low. The presence of suberinite in
the studied coal is related with wood plants and one part of
them was coniferous, which is seen from the high content of
resinite. According the maceral content, the Chukurovo lignite
is located into group C (subgroup C,), divided by LLnwkos
(1988) with accordance of the type of the coal-generated
paleobiotypes. According to the maceral composition, the peat
generation was developed in a typical forest swamp. It had
been continuously wet, and because of that reason the
Inertinite macerals are not many. There were established low
contents of minerals — clastic (clay minerals) and singenetic
(pyrite). The epigenetic calcite is accumulated into fractures of
the coal seam. The calculated indices of the coal facies prove
the conclusion for typical forested swamp. The values of
Groundwater Index and the Vegetation Index determine the
peat bog as limnetic ombrotrophic forested swamp. According
to the Tissue preservation Index and Gelification Index the
origin of the peat bog was in a continuously wet forested
peatland or swamp.

The petrographic composition of the Chukurovo lignite is
similar to the coal from Sofia province and they are
characterized with high contents of textinite and ulminite,
presence of corpohuminite and suberinite, relatively high
content of resinite and low content of Inertinite macerals
(KopteHcku, 1993). But the maceral percentages are different
for the Sofia coal. The Chukurovo coal is different than the
Sofia province coal, because of the low amount of attrinite,
densinite and fusinite and the presence of chlorophillinite.
Some conditions of peat forming were different also and
especially it relates for the Sofia basin after Kortenski and
Sotirov (2001).
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	Subgroup Humocollinite is presented only by the maceral corpohuminite. The phlobaphinite is prevailed maceral type of the corpohuminite (Table 1). It fills the ulminite lumens (Fig. 1a) and rarely of the textinite. The second maceral type – pseudo-phlobaphinite associates with attrinite and densinite (Fig. 1c). The shape of the both maceral types is oval or circle and they have low relief (Fig. 1a, c).

