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PE3IOME

Bbrivia ¢ pasnuyeH paHr (T IMrHATY [0 aHTpauuTy) oT 14 Gbnrapcku BaceitHa 1 HaxoauLLa ca M3cnenBaHu 3a npuckbCTeieTo Ha Be, Sc, Y 1 Yb. KoHueHTpaumsTa
Ha BCWYKW enemMeHTH e No-BUCOKa OT Knapka caMo BbB BbrnMwaTa v TaxHata nenen ot Codusi, otyacTvt n CamokoB. ChabpkaHMeTo UM BbB BbITMLLATA W TAXHATA
nenen ot Mapuua 3anag, berm 6psr, CtaHsHuy, Opanoso, Katpuie, Cyxoctpen n bankan6ac e nogknapkoBo. B octananuTe 6aceitHin KoHLeHTpauusTa camo Ha
HAKOW eNeMEHTI e HaaknapkoBo. TOBa Ce OTHACA 1 {0 BBIMULLHUTE Ckanu ¢ u3knioyenmne Ha Yb B Camokos, Katpuiue v bankaH6ac. KopenauvoHH1Te koeduumeHTn
MeXay CbObpKaHUETO Ha eneMeHTUTEN nenenTa ca cxofHu 3a Mapuua 3anag, benm 6psr, Cocus, Kapnoso, Camokos, OpaHoBo u MepHuKk (oTpuLaTenHM) 1
Katpuwe n Cyxoctpen (nonoxuTennn). 3a ocTaHanuTe BbIMMLa Tean koednLmMeHTn ca pasnuynmn. OTpuaTenHnTe KopenaLmoHHN KoeuULMEHTH ca Hail-BUCOKM (OT
-0,7 po -0,8) 3a Be (Mapuua 3anag u Cocpms), Y (Kioctengun) and Yb (Kapnogo). Be, Sc, Y, Yb ce kopenupat MHoro Yecto nomexay cv. B uscnegsaquTe Burimwia
ca ycraHoseHu acouauumute Sc-Y (Codousi, Mapuua 3anap, Benm 6psr), Y-Yb-Be (Mephuk, Ceore, Kioctenaunl), Be-Sc (Camoks, Cyxoctpen), Yb-Be (OpaHogo,
Codwms), Be-Sc-Yb-Y (Kapnoso). Be, Sc, Y, Yb acouuupat v ¢ Ge, Ga, Zr, P3E, Al, Si, noHskora ¢ Ca, Mg, S. ®aktopute, onpeaensiiy npucbCTBMETO W
KOHLIEHTPUpapaHeTo Ha uacrefBaHuTe enemMenT B 6bnrapcku BbrMWa ca: 1) NpUCHLCTBMETO B CkanuTe OT NOAXpaHBaLyaTa NPOBUHLMS W 2) KNCEMMHHOCTTA Ha
cpepfata B fipeBHUTE TopdeHn Onata, OT KOATO 3aBUCK (DUKCUPAHETO HA €NeMEHTUTE KaTo MeTanoopraHMyHU CbeSMHEHUS! UMM B [MMHECTUTE MUHepanu.
HanykaHoCTTa Ha BbIMULHUTE NIAcTOBE W MOCTBIIIEHNETO U CbCTaBa Ha MUHEPAIHI Pa3TBOPY, OT KOUTO Aa CE OTMaraT eNUreHETYHN MUHEpani B MyKHaTUHUTE He
0Ka3BaT BMNSHWE BbPXY MPUCLCTBUETO HA N3y4aBaHUTE eNeMeHTH.

Knrovosu Oymu: ebenuwa, bepunut, ckaHoud, umpud, umepbuti, eneMeHmu-npumecy, aguHumem Ha efemeHmume.

BBLBELEHUE 1,4 po 7,9 mbTn oT knapka Ha KOposuy u ap. (1985) (tabn. 1).

5 BbB BbrmMwata oT cbluute GaceiiHW, KakTo M Tesu OT

3a _CBABPXAHNETO W PAsNPEAEneHneTo Ha bepunmi, CamokoB 4 CBore, KOHLEHTpaLMsiTa Ha €neMeHTa Cbllo
CKaHOWA, WTpUA W WTepbuid ca mcnedsaHu BbIMIATa ¢ HafBMLWaBa krapkosaTa (Tabn. 1). Ts CbLo Taka e no-Bucoka
BbITULIHWUTE CKanu OT 14 6bnrapCKV| baceiiHa u HaxoauLla. M OT WHTEpBana Ha CbabpXaHue, OnpedeneH oT Swaine
Boruwara ca ¢ pa3nuyHa Bb3pacT U paHr. Mscnedsanu ca (1990). B octHanuTe GaceitHn Konmm4yectBOTO Ha Be e no-
NUFHUTA  OT OCEM HeoreHcku GaceiHa W Haxopuwa - Marnko OT KrapkoBOTO, KaKTO BbB BbIMMWATa, Taka U B
Cocpuiicku, Benobpexkn, 3anagHomapuwku, —Kaproscku, TAXHaTa nenen (tabn. 1). ToBa ce oTHacs 0coBeHo 3a
Camokoscku, — Kioctenauncku, [abposuya u  Katpuwe. BenobpexkuTe, OPaHOBCKATE W CYXOCTPENCKUATE BBITMLG, B
Kacsieute Bbma ca  muoueHckn ot OpaHoBo ¢ KOWUTO CbABbPXAHMETO Ha Be e 3HauMTenHO NoA Knapka 1 nog
naneoreHckn ot I'IepHVILUKVISI GaceVlH, a YepHUTE - EOLIEHCKN OT [OrHaTa rpaHuLa Ha MHTepBana Ha CpPeaHNs paHr Mo Swaine
CyXOCTpeJ'I 1 LleHOMaHCKK oT BankaHbac. AHTan'VlTVl Ca B3eTU (1990) OKOHOKJ'IapKOBa € KOHLEHTpauusiTa Ha Be B
or  CsoreHckuss  kapOBoHcku — DacedtH.  BwrmpochT — 3a 3anagHoOMapuiLKUTe  NUTHUTM. 33 MOBEYeTo  GaceilHu
PasnpenfeneHneTo Ha Tesn enemeHT BbB BbNWa OT APy KOHLieHTpaLusaTa Ha Be B nenenTa Ha BbIMWLLHUTE Ckanu e no-
Gbnrapcku Gaceithu e pasrnexpaH B pabotute Ha EckeHasn HWUCKO OT TOBa BbB BBLIMMLIHATA Menern, HO e Mo-BUCOKO OT
(1965), Eskenazy (1970, 1978, 1987a,b, 1995). knapka (tabn. 1, 2). MoaKNapkoBO e KOMMYECTBOTO CaMo B
sanagHoMapuiknte,  GenobpexkuTte,  CTaHsHCKUTE W

MATEPVIAN U METOMMKA HA M3CTERAHE OPaHOBCKUTE BBINLLHK FIMHU. KaTo Usno KoHUeHTpauusiTa Ha

Be e BucOka W BbB BbIMMLWATA M BbB BITMLLHUTE CKanu OT

Wacnemsakm ca 770 npobu OT BBLIMMIE W BBLIMMLHM Kapnoeo, labposuya u KiocTeHaun, koeto moxe Aa ce

CBBbPXe C NO-BMCOKO CbAbpXaHWe Ha efnieMeHTa B ckanute oT

ckanu. Te ca onenenenn npu Temnepatypa ot 8000 C.
nofxpaHsaLlara npoBUHLMS.

Menenta e aHanuaupaHa 4Ype3 HEYTPOHHO-aKTMBALMOHEH U
ICP-MS aHanuaun. MonyyeHnte pesyntatm ca obpaboTeHn
CTATUCTMYECKN, KaTo Ca OrnpedeneHn KoeduUMeHTUTE Ha
Kopenauus Mex[y enemMeHTuTe 1 NenenHoTo ChAbpXaHKe.

Penuua asTopu npuBexgaT AaHHM 3a aduHuTeTa Ha (Tabn.
3). Eskenazy (1970) nybrnukya gaHHW 3a Bpb3kata Ha Be ¢
OpraHu4HUTE  KUCenuHW. B noseyeTo OT u3cnensaHuTe
BbrMLWa Be nma otpuuaTteneH koeuUNEHT Ha Kopenaums ¢

PE3YNTATWU 1 ONCKYCKA nenenta, Kato KOHUeHTpauuaTa My Hamansea C yBenumyasaHe

Ha nenenHoctTa. Camo BbB BbrMwarta oT Katpuwe u

Bepunuil. CbabpkaHneto Ha Be BbB BbMMLHATA nenen CyxocTpen To3n KoedhVLMEHT e NONOXNUTENEH U KONMYeCTBOTO

ot Codhusi, Kapnoso, KiocteHaun n Mabposuua e no-B1coko ot Ha Be HapacTBa ¢ yBenuyaBaHe Ha NenesiHOTO CbabpKaHue
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(dur. 1). B GankaHCKUTe YepHM BbIMULIA KOpEnaLnoHHWST
KoehUUMEHT C nenenTa € CbC CTOMHOCT Mog CTaTUCTUYECKM
3HauMMarta, a CbObPXaHWeTO Ha efleMeHTa Bapupa B TECHU
rpaHuuy npu pasnuyHa nenmenHocT (cdur. 1). Be npucbcTea
NPEAUMHO B HUCKOMEMENHWUTE  BbrMvwa. Tom  uma

nonoxuTeneH koedmuMeHT Ha kopeneuust cee S (+0.57), Ca un
Mg (+0.45) v HeraTuBeH cbe Si u Al B coduinckute NUrHUTY
(Kortenski and Sotirov, 2002). BeposTHO no-ronsma yact o1
Be e cBBp3aH cbe cyndmanTe umnum cyngatumte.

Ta6nmua 1. CpeuHo CbAbpXaHWe Ha eleMEHTUTE BbB BbITULHATA nenen

Baceihn BpoitHa | CbabpkaHue B nenenta Ha: CbabpkaHue BbB BbIIMLLATA Ha:
npobute Be, ppm Sc,ppm | Y,ppm | Yb,ppm | Be,ppm [ Sc,ppm | Y,ppm | Yb, ppm
3anagHoMapuLLIKu 38 11,1 4,6 10,1 H.[0. 2,0 0,81 1,8 H.0.
Benu Bpsr 38 2,0 1,0 0,87 H.O. 0,4 0,2 0,2 H.0.
CraHsHum 39 7,7 H.04 H.4. H.4. 1,3 H.4. H.A. H.4.
Codpuiickn 59 15,0 42,2 80,1 5,0 43 19,4 174 2,2
CaMOKOBCKM 31 8,4 26,0 31,0 1,6 29 9,1 10,8 0,6
Kapnoscku 23 54,7 8,0 435 6,6 11,0 1,6 8,8 1,3
labposuua 40 86,6 41 41 5.2 32,6 1,5 1,5 2,0
KiocteHauncku 39 37,9 15,2 21,2 3,2 11,5 46 6,4 1,0
OpaHoBCKM 61 3,27 H.A. 0,73 1,82 0,3 H.0. 0,1 0,2
Katpuie 22 5,1 H.0. 0 0 1,5 H.0. 0 0
MepHuLLKN 35 7,6 18,7 24,1 25 1,8 45 5,9 0,6
Cyxoctpen 17 4.1 6,8 H.A0. H.A. 12 2,0 H.A. H.A.
BankaHcku 58 58 438 8,3 6,0 1,6 1,2 2.1 1,5
CBOreHcku 90 7,0 22,8 3,0 6,5 29 9,3 1,2 2,7
Knapk 3a nurHntv 1 kadsien
BbrMwa’ 11,0 15,0 37,0 5,0 24 2,0 7,0 0,9
Knapk 3a YepHu BbrauLLa 1 21,0 20,0 47,0 7,0 21 3,0 6,0 0,8
aHTpauuty '
CpefieH paHr 3a Cbabpxa-
HWe BbB BbIMuLLa’ 1,5-2 1-10 2-50 0,3-3

1-no KOgoeuu u ap. (1985); 2 - no Swaine (1990); H.4. - HAMa AAHHN.

KonuyectBoTo Ha Be BBB BbrnMwata He 3aBuCKM OT
CbObPXaHNETO My B PacTUTENHUTE OCTaHku, koeTo e easa 0,1
ppm (Bowen, 1966). KucenuHoctTa Ha cpefata BeposTHa He
urpae peluaBalla pons 3a ukcupaHeTo Ha Be, Tbil kaTo B
BaceiHuTe, KbETO ENEMEHTBT € C Han-BUCOKA KOHLIEHTpaL s
TS Bapupa B Wupokm rpanuum (Codus -3,5-7; Kapnoso - 3,5-
6,5; Mabposuua - 5-7,5; - Kortenski, 1992; KopTeHcku u ap.,
1997). HanykaHocTTa M CbCTaBa Ha  ENUIEHETUYHUTE
MWHEpanu3MpaHy pasTBOpU SBHO CbLIO He OKa3Bsa
CbLLECTBEHO BNUSHME BbPXY KOHLEHTpaLusTa Ha Be, Thil kaTo
TA € HUCKa B CUIHO HamnykaHUTe M C  EemureHeTnyHa
MWHEpanu3aunst  CBOTEHCKM  aHTpauuTh, OamkaHckn 1
CYXOCTPENCKM YepHU BBINMWA W NEPHUWKATE  Kadssu
BbMMLWa. [MaBHaTa NpUyMHa 3a BMCOKAaTa KOHLEHTpauus Ha
efleMeHTa e NPUCLCTBUETO My B OrpagHuTe ckanu. Hanpumep
3a Codwmiickus BaceliH e yCTaHOBEHa 3aBUCUMOCT MeEXIy
cbapxaHueTo Ha Be u koHueHTpauusTta my (13,2 ppm) B
aHgesutute OT BWTOWKMA  NAyTOH, KOUTO  W3rpaxaart
Bperosata nBuLa oT tor (KopTeHcku, 1986).

Tabnuua 3. JlutepaTypHn oaHHW 3a admHuTeTa Ha Be, Sc, Y u Yb

Tabnumua 2. CpegHo cbabpkaHue Ha
Ha BBIWLLHITE TIIMHW W apruanTy

enemMeHTuTe B nenenta

Baceithu Bpoii Ha | Be Sc Y Yb
npobute |ppm| ppm | ppm | ppm
3anagHoMapuLLKu 9 16| 20 6,5 H.0.
Benu bpsar 8 111 04 0,5 H.0.
CraHsHum 10 20 | H.A. H.AO. H.0.
Codhuiickm 19 75| 335 | 415 3,8
Kapnogcku 9 132 43 17,3 1,1
CaMOKOBCKM 10 6,2 | 240 | 23,0 1,5
labposuua 8 71,7] 6,0 55 56
KiocteHauncku 9 14,6| 14,8 9,2 1,3
OpaHoBCkK 19 0 | Hao 0 0
Katpuiue 10 10,2 H.4. 3,2 71
[MepHULLKM 9 411 158 | 16,9 1,8
Cyxoctpen 8 101] 8,6 H.0. H.A.
BankaHcku 31 6,0 | 16,5 6,5 4,0
CBoOreHckm 21 57| 26,8 7,7 4.4
Knapk 3a rmuHm’ 40| 130 [ 26,0 2,6

1 - no Turikian and Wederpohl (1961); H.A. — HAMa faHHW.
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Ere- TuTepaTypHN AaHHW 33 adMHUTETA HA ENEMEHTUTE

MEHT OpraHnyeH

CmeceH HeopraHuyeH

Bardhan (1985); Miller and Given (1987); Querol
et al. (1992, 1997a); Warwick et al. (1997).

Be  [Oposckuin (1960); CmupHos (1968); Gluskoter et|Kojima and Kurusawa (1986); MwuHyeB n EckeHasm (1972); Beaton et
al. (1977); Kuhn et al. (1980); Perrek and Querol et al. (1996). al. (1991); Querol et al. (1997b).

Crowley et al. (1997).

Sc  [MwunyeB n Eckenasn (1965); KOpoBuu u FOposckuii (1960); Kojima and Pippiringos (1966), MuHyes, EckeHasu
[LlacTkeBuy (1965); CmupHoB (1966); Parrek and [Kurusawa (1986); Beaton etal.  [1972), EckeHa3sn, Munyesa (1994);
Bardhan (1985) (1991); Warwick et al. (1997); Querol et al. (1997a,b)

HOgoBsuy 1 ap. (1985); Miller and Given (1987); fal. (1997).
Querol et al. (1997a).

Y Gluskoter et al. (1977); MuHueB n EckeHasu Kojima and Kurusawa (1986), FOposckuit (1960); Pippiringos (1966);
(1965, 1972); EckeHasn u Munuesa (1983, 1994);Crowley et al. (1997), Warwick et  [Spears, Martinez-Tarazona (1993);

Querol et al., (1996; 1997b).

Yb  [Epwos (1961); Miller and Given (1987); Querol et al. (1992); Crowley et al. Beaton et al. (1991); Querol et al.
Eskenazy (1995). (1997); Warwick et al. (1997). (1997a,b); EckeHasu, Munuesa (1994).

CkanOul. 3a HAKOW OT W3CMeABaHMTE BBLIMMWA HAMA
[aHHW 3@ MPUCHCTBMETO Ha TO3M enemeHT. B nenenta Ha
MOBEYETO BBMMLA KOHLEHTpauusta Ha Sc e no-Hucka OT
knapka (ocobeHo B benobpexkute nurHuTy) (tabn. 1). banso 3
MbTW HAOKNApKkoBO € CbObpXaHWeTo B nenenta Ha
COpUIACKMTE NUrHWTW, fokaTo B Tasn oT Camokos, MepHuK
CBore He3HauMTenHo HagBuwaBa knapka. OKOMOKNapkoBo €
KONMYECTBOTO Ha SC B NenenTa OT KIOCTEHANCKUTE BbIMNLLA
(tabn. 1). Bve BbrnuMwara konuyecteoto Ha Sc B Codus,
Ceore, CamokoB, KiocteHaun wu [lepHWK e no-ronsMo oT
Knapka, HO caMO TOBa B CO(UACKUTE JMTHUTUM € Hafj
MakcumanHoTo no Swaine (1990) (tabn. 1). CbabpxaHneTo Ha
Sc B nmenenta Ha BBIMULHMTE CKanW € HaAKMapkoeO 3a
Codus, Camokos, KrocteHgun, MepHuk, bankaHbac n Ceore
(Tabn. 2).

3a pasnuka ot Be, npu Sc B MHOro noBeye BbIMMLA
KoeUUMEHTBT Ha Kopenauusi ¢ nenenta € MOnoXUTeneH
(Tabposuuya, Cyxoctpen, bankad, Ceore) wn nog
ctatuctyeckn  3Haummma  (CamokoB 1 Kioctengun).
OtpuuaTtenHuTe KoeuLUMEHTU Ha Kopenauus ¢ nenenTa He ca
C 0COBEHO BUCOKM CTOMHOCTW. TOBA, KaKTO W MOMNOXWTENHaTa
Kopenauus C anymocurvkaTHaTa 4acT Ha HeOpraHU4HOTO
BELLECTBO [JaBa OCHOBaHWe fda Ce Npeanorioxu, Ye Aopu v B
HUCKOMNEMNENHUTE BbIMNLA 3HAYNTENHA YacT OT KONMYECTBOTO
Ha SC e CBbp3aHO C HEOPraHMYHOTO BellecTBo. BbB
BbIMMWATa, B KOWTO OTPULATENHWST KOe(UUMEHT Ha
kopenauus c nenenTta (3anagHomapuiiku, 6enobpexku,
KapnoBckM) e C MO-BUCOKA CTOMHOCT Ce Habmiogasa
HamansBaHe Ha KOHLEHTpaLUMSTa C HapacTBaHe Ha NenenHoTo
cbabpxaHue (ur. 1). 3a TAX MOXe Ja ce npueme, ye
npeobnafaBa OpraHUYHUAT adMHMTET Ha Sc. B noseveto
BbMwa (U 0CODEHO Tean, B KOWTO KOpEenaLuoOHHWST
KoepMUMEHT C nenenta e NonoXuTteneH) e npeobnagasaly
HEOPraHWYHUAT UNU CMECEeHUAT aduHUTET Ha enemeHTa. C
yBENMYaBaHe Ha MenemnHocTTa KOHUEHTpauusTa Ha Sc He ce
NPOMEHs 3HauMTENHO Mnm Hapactea (cpur. 1). [daHHn 3a
admHuTeTa Sc ca npuBedeHM OT peduua asTopu (Tabn. 3).
Querol et al. (1997a,b) ycraHoBsiBaT NonoxuTENHa Kopenawuus
Ha enemeHTa CbC cspata W anymocunukaTHaTa 4acT Ha
nenenra.

KonuyectBoTo Ha Sc B pacTUTENHUTE OCTaHKM €
HesHauuTenHo - 0,008 ppm (Bowen, 1966) n He oka3sea
BMMSHUE BBbPXY CbAbPXAHWETO HA eNEMEHTA BbB BbrmmwiaTa.
OT 3HayeHWe e NPUCLCTBMETO Ha Sc B ckanuTe OT Operoeata
MBMUAQ Ha [OpeBHOTO TopdeHo Onato. [lo-Bucoko e
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CbObPXaHMETO Ha EneMeHTa KakTo BbB BbIMMLATa, Taka M
BbB BbrMLHUTE ckanu oT Codoms, Camokos, MepHuk 1 CBore,
a MuHumanHo B Mapuua 3amag u Berm Gpsr. Toea ce
onpegens OT KOHUEHTpauusiTa Ha Sc B OKONHWTE CKamu.
tOpoBuy u ap. (1985) cBbp3BaT KOHUEHTpauum Hag 50 ppm ¢
Mo-BUCOK OpraHuyeH admHuTET. BMCOKOTO CbabpkaHue (HO
noa 50 ppm) Ha enemeHTa e Hai-Be4ye BbB BbITMLLA, B KOUTO
npeobnagasa HeOPraHMYHUAT My admuuTeT. KncenuHHoctTa
Ha cpegata B TopdpeHute Onata Ha  Codwmiickus,
CamoxkoBckusl, TNepHulwkns n CBoreHckus 6aceitH, KosTo ce
awkuna B wupoku rpaHuum (Kortenski, 1992), e 6buna
ONTUMAarHa 3a CBbP3BaHe Ha Sc ¢ rMUHecTUTe MuHepanu. Mo-
BMCOKATa OT Knapka KOHLUEHTpauwWs B NEPHULKUTE K
CBOTEHCKMTE BBITINLLA € BB3MOXHO 1a CE AbITKW 1 Ha CUNHaTa
MM HanykaHocT M enureHeTuyHata  kapboHaTHa
MuHepanuaauus. KOposckuit (1960) ycTaHoBsBa, Ye Sc 4ecTo
y4acTByBa B CbCTaBa W Ha kapboHaTHW MUHEpany.

Mmpud. 3a cTaHsHCKIUTE U CYXOCTPENCKUTE BbIMMLLA HAMa
[aHHW 33 CbObpkaHueTo Ha Y, a B Tean oT Katpuwe He
ycTaHoBeH (Tabn. 1). KoHueHTpauusTa Ha enemeHTa B
MOBEYETO OT U3CMEeABaHMTE BBIMLLHYM nenenu e Hucka. Camo
B nementa Ha COUACKATE W  KApMOBCKUTE  JIUTHUTK
cbabpxaHueto Ha Y e HagknapkoBo. BbB Bbrmuwara e
HapKIapkoBO KOMWYECTBOTO Ha enemeHTa B Te3n ot Codms,
CamokoB 1 KaprnoBo, a B ocTaHanuTe e nogknapkoso (Tabn.
1). Mon ponHata rpaHMUa Ha MHTEpBana Ha CbAbpXaHue,
onpegeneH ot Swaine (1990) e koHUeHTpauusTa Ha Y BbB
Bbrvwara ot Mapuua 3anag, Benn 6psar, Tabposuua,
OpaHoeo u CBore. B octaHanuTe BbIMMLLA KONMMYECTBOTO Ha
eneMeHTa nonaga B rpaHuuyuTe Ha TO3W MHTepBan (tabn. 1).
Camo B nenenta Ha BbIMMLWHNTE rMnHM 0T Coduiickus baceinH
CbObPXaHWeTo Ha Y e HagKnapkoBo. BbB BLINLWHUTE CKanu
OT NMOBeYeTo HaceliHN KOHLEHTPpaLMsTa Ha enemMeHTa € MHOro
Mo-HWCka OT Krmapka (C w3kmioyeHne Ha Kaprmoscku u
CamokoBcku GaceiH), kato B OpaHoBO He € ycTaHoBeH Y
(tabn. 3). YcraHoBsBa ce, Ye KONMYECTBOTO Ha enemeHTa e
no-ronsiMo  BbB BbIMMWATA W BbLIMWUWHMTE CKanu  OT
Cocpuircku, Kapnoscku n CamokoBcku 6aceitH, KOeTo Moxe aa
Ce AbMKM Ha MO-3HAYMTENHO NPUCHCTBUE Ha Y B CkanuTe OT
noaxpaHeaLLaTa npoBUHLKS.
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Queypa 1. PasnpedeneHue Ha cpedHOmMO cbObpxaHue Ha Be
u Sc 8 3agucumMocm om nenesHoOmo CbObPXaHUe.
4-Cogpusi; 6-Camokos; 11 — MepHuk; 12 - Cyxocmpen;

13 - bankaH; 14 - Ceoze

NutepatypHn gaHHM 3a npeobrnagasaly auHuteT Ha Y
ca uanoxenu B Tabrmua 3. OT u3cneaBaHnTe BLIMMLLA CaMO B
Tean oT [abposuua, Katpuie n Ceore Y e ¢ nonoxuteneH
KoedMLMEHT Ha Kopenauws C nenenTa, [OKaTo B OCTaHUNIUTE
BbrMwa Te3n koedmumeHtn ca oTpuuatentu. OcobeHo
BMCOKM Ca CTOMHOCTUTE Ha OTpULATenHWTE KoeduuueTn c
MenernHoTO CbAbpXaHWe 3a KIOCTEHAWUNCKUTE, OpaHOBCKUTE,
KapfoBCKUTE M COCOUICKUTE BbIMNLA. [Mpu TAX KONMYECTBOTO
Ha Y 3HauMTenHo HamansBa C HapacTBaHe Ha MenerHocTTa
(ur. 2). Tpu ocTaHanuTe BbIMMWA C OTpULATENEH
KOpenawmoHeH KOeULMEHT KOHLEHTpauusTa Ha Y Hamansea
no-cnabo ¢ HapacTBaHe Ha MenenHoOTO CbAbpxaHue. Bba
Bbrvwara ot Mabposuua, Katpuwe n Ceore KonW4ecTBOTO
Ha enemeHTa HapacTBa S3HAUYMTENHO C YyBenuyaBaHe Ha
nenenta.

CbaobpxaHneTto Ha Y B pacTUTENHUTE OCTaHKW e
HesHauuTenHo - 0,03 ppm (Bowen, 1966), Taka ue B
KOHLIEHTPMPAHETO Ha eNemMeHTa BbB BbIMMLLATa TO He 0Ka3Ba
BnmusHue. OT 3HayeHWe e KOrM4yecTBOTO Ha Y B ckanuTte OT
noaxpaHBallata npoBuHUMS. YcnosusaTa B TopdeHuTe bnata
ca 6unn He ocobeHo 6narompuaTHM 3a (PUKCMPaHETO Ha
eneMeHTa, Tbil KaTo KOHLIEHTpaLMsiTa My B MOBEYETO BbITNLA
e Hucka. Wskniovenus npasar Codomickus, Kapnosckus u
otyact CamokoBckust 6aceiH. B TopcheHute bnata 3a Te3u
BaceitHn KMCENWHHOCTTa Ha cpefaTta e Bapupana B LUMPOKA
rpanuum - ot 3,5 1o 6,5-7 (Kortenski, 1992). HanykaHoctTa Ha
BBLIWLLHUTE MNacToBe W enureHeTMYHaTa MuHepanuaaums
CbLLO He OKa3BaT BAMSHME BbPXY KOHLEHTpauusTa Ha Y BbB
BbIMWaTa. TUNUYEH NMPUMEP Ca Hal-CUITHO HamykaHuTe W
MWHepanuanpaHu Bbrmmwa ot bankaHckus 1 CeoreHckus
BaceiH, B KOMTO CbbpKaHWETO Ha enemeHTa e oT 8 go 12
MbTU NO-HWCKO OT KNapKoBoTO (Tabn. 1).
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Queypa 2. PaznpedeneHue Ha cpedHomo cObpxaHue Ha Y
U Yb 8 3agucumocm om nenesiHomo cvObpxaHue.
4 - Cogpusi; 5 - Kapnoso; 6 - Camokos; 8 - KiocmeHoun;
9 - OpaHoso; 11— lepHuk

Mmepbudl. 3a Bbrnmwiata ot YeTvpu HaceiHa HaMa gaHH!
3a NpucbCTBMETO Ha Yb, a B Tean OT KaTpuLle eneMeHTsT He
e ycraHoBeH. Camo BbB BbrmuLHaTa nenen ot Kapnosckus
faceH  koHueHTpauusita Ha Yb e  Hagknapkoea.
OKOnoKNapkoBY Ca CbAbPXaHUATA Ha enemMeHTa B nenenta Ha
Bbravwara ot Codus, Mabposuua, bankaH u Ceore (Tabn. 1).
B Te3u net baceiiHa e HagKnapkoBO KONMYecTBOTO Ha Yb u
BbB Bbrmwara (tabn. 1). C usknioueHne Ha Bbravwara ot
OpaHoBo 1 KaTpuile KOHLEHTpauusiTa Ha enemeHTa € B
WHTEpBana Ha CPEOHNS paHr Ha CbAbpXaHue BbB BbIMLATa
no Swaine (1990). B nenenta Ha BBLIMMWLLHATE CKanu OT NOYTH
cowmte 6HacenH (Codms, BbankaH, Ceore u [abposuua)
KOHUEeHTpauwmsTa Ha Yb e no-Bucoka ot knapka (tabn. 2). Hai-
BMCOKa € T BbB BbITMLLHWTE MMuHK OT KaTpuie, 4OKaTo npy
BbITIMLLATA ENEMEHTBLT He Ce ycTaHoBsBa (Tabn. 1, 2).

BvB Bbruwara ot Katpuwe KoeuUMEHTHLT Ha
Kopernauus ¢ nenenta € C BUCOKA MONIOXMTENHA CTOMHOCT.
CbabpxanneTo Ha Yb HapacTea ¢ yBenuyaBaHe Ha nenenta.
fIBHO €, ye B Te3u Bbrmuwa Yb e CBbp3aH NouTH M3UAro ¢
HEOPraHMYHOTO BELIECTBO W MO-CMELManHo C [IMHECTUTE
MuHepanu. C uaknioveHne Ha Bbrmuwata or Mabpoeuua, B
OCTaHanuTe BbIMMWLLA, KbOETO € YCTAHOBEH ereMeHTa, TOW
“Ma oTpuuaTeneH Koe(MLMEHT Ha Kopenmauus ¢ NenenHoTo
cbabpkaHue. Korato TO3M KoeMUMEHT € C  BMCOKa
oTpuuatenHa cronHocT (Kapnoeo, KiocteHaun n OpaHoso), ce
HabniogaBa 3HauMTENHO HamansaBaHe Ha Konm4ecTBoTo Ha Yb
C HapacTBaHe Ha MenenHoOTO CbabpxaHue (cur. 2). Mpw
Bbrnmwara ot CamokoB W [abposuua koeduumeHTUTe Ha
kopenauus ¢ nenenta ca CbC CTOMHOCTW MO CTaTUCTUYECKM
3HayMmata, a KOHLEHTpauuaTta Ha efneMeHTa ce MpoMeHs
HEe3Ha4UTENHO NpU Pa3nUYHO NenerHo ChabpxaHue (ur. 6).
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[aHHu 3a admHnTeTa Ha Yb ce npusexgaT oT peauua asTopu
(Tabn. 3).

HeBucokata KoHueHTpauuss Ha Yb B u3crnegBaHuTe
BbITMLLA MOXe Aa Ce AbITKM Ha HUCKOTO My CbbpXaHue B
cKanuTe OT NoAxpaHBaLlaTa NPOBMHLUMS W HA HenoaxoaswiaTa
cpepna B TopcheHuTe 6nata 3a HeroBoTo (pukcupaHe. Ckanure
oT Bperoeata uBnua Ha Coduickus 6acenH coabpxar ot 0,7
£o 1,5 ppm Yb (KopteHcku, 1986).

3AKMIOYEHNE

Camo B COUICKATE NIUTHATW U YETUPUTE ENIEMEHTA C C
HafKIapkoBa KOHLEHTPaUMs BbB BbIMWATA UM TAXHATa
nenen, a B CaMOKOBCKUTE MMIHUTW M3KITKOYEeHWe npaBu Sc.
MogKnapkoBM Ca  KOHUEHTpaUMWUTE Ha enemMeHTUTEe BbB
Bbrimwara or Mapuua 3anap, benn Opsr, CraHsHuw,
OpaHoBo, Katpuwe, Cyxoctpen u BankaHckus GaceinH. B
OCTaHanuTe BLITIMLLA HAKOW €neMeHTU ca C MOAKNapkoBM, a
APYIM C HafKnapkoBM KOHLUEHTpauuu. [outm cbwoTto e
BanMaHO W 3a BLITMLLHUTE CKanW C Hsikou pasnuuns 3a Yb
(CamokoB, Katpuwle, bankaH). YeTupute enemeHta ca CbeC
CXOQHM  KoeDUUMEeHTM Ha  Kopenmauus C  MemnerHoTo
CbObpXaHue BbB Bbrmuwata ot Mapuuya 3anag, Benn Gpsr,
Cocusa, Kapnoso, CamokoB, OpaHoBo 1  [lepHuk
(otpuuatentu) u Katpuwe u Cyxoctpen (nonoxutenHu). B
OCTaHanuTe BbIMuLLa ce HabniogaBaT W3BECTHW Pasnnyus B
KopenauusTa Ha enemeHTuTe ¢ nenenHocTTa. Hai-Bucoku ca
OTpuLaTenH1Te KOpenaumoHHM KOedULUMEHTH ¢ nenenta Cbe
cromnHoct ot -0,7 go -0,8 3a Be (Mapuua 3anag n Codwms), Y
(Kioctengun) u Yb (Kapnoso). 3a Tax CbC cUrypHOCT MOXe Aa
ce TBbPAW, Ye ca ¢ npeobnagaeally opraHuyeH aduHuTeT. B
MHOTO OT OCTaHa/uTe BLITMILA € Bb3MOXHa MNposiBa Ha
OpraHuyeH aduHUTET 33  BCUYKM  EMEMEHTM, Nopagu
oTpuLaTenHata Kopenauusi C MenefiHoTO CbAbpxaHue (C
KopenaumoHHu koeduumentn Hag -0,5) (Kaprnoso, OpaHoBo,
Mapwua 3anag, Codms). 3a YeTpUTE ENEMEHTU € Bb3MOXEH
W HeopraHuyeH WM CMeceH aduHuTeT. HeopraHUyHWST
auHMTET MOXE Oa Ce MpUeme CbC CUIypHOCT 3a BCUYKM
enemeHTV BbB Bbrimwata ot Katpuwe v Cyxoctpen, 3a Sc B
yepHuTe BankaHcku BbrnMWa M Y B CBOTEHCKUTE aHTpauuTH,
TbA KaTo KOpenauuoHHWUTE KOeUUMEHTM C MEenenHoTo
CbObpXaHWe Ca MOMOXMTENHU CbC CTOWMHOCT Hag +0,6.
UeTnpute enemeHTa 4ecto acouuupar nomexagy cu. Hai-
yecTo cpeljaHute acoumaumm ca Sc-Y (Codwms, Mapuua
3anap, Benn 6psr), Y-Yb-Be (Mephuk, Csore, Kioctengun),
Be-Sc (Camokos, Cyxoctpen), Yb-Be (OpaHoso, Codoms) Be-
Yb-Sc-Y (Kapnoso). B Hskon oT baceiiHuTe Te He acouuvpar.
OcBeH nomexay cu Te y4acTaysat B acoumauus ¢ Ge, Ga, Zr,
P3E, Al, Si, paako n camo Hsikom ot 151X - ¢ Ca, Mg u S.

C'b,El‘bp)KaHVIeTO Ha eneMeHTUTe B PaCTUTENTHUTE OCTaHKU
€ HesHauntenHo (Bowen, 1966). OcHOBEH W3TOYHMK ca
cKanute OT nofxpaHsallaTa NPOBWHLMA, @ KOHLEHTpaTop Ha
enemMeHTUTe ca TMUHECTUTE MUHEpanu, a npu MoAxXoaslla
cpeja M OpraHWYHOTO — BEWECTBO  Ha  BbIMMwarta.
HanykaHocTTa ¥ enureHeTMyHaTa MUHepanu3auus  He
OKa3aBaT CbILECTBEHO BNUSHWE BbPXYy MPUCHCTBUETO W
KOHLIEHTpaLMsATa Ha U3CNeaBaHNTE eNeEMEHTU.
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ABSTRACT

The occurrence of Be, Sc, Y and Yb in the coals of different rank (ranging from lignite to anthracite) from fourteen Bulgarian basins and deposits were investigated.
The concentrations of all elements in the coal and coal ash were higher than the Clarke values from the Sofia Basins and partly from the Karlovo Basin only. The
element content in the coal and coal ash from the Maritza-West, Belibreg, Stanyantzy, Oranovo, Katriste, Suhostrel and Balkan basins were lower than the Clarke. In
other coals the concentrations of some elements only were high than the Clarke values. These relations were applied and to the coal shale (with exception of Yb from
Samokov, Katriste and Balkan Basin). The correlation coefficients between element concentration and ash content were identical in the coal from Maritza-West,
Belibreg, Sofia, Karlovo, Samokov, Oranovo and Pernik (negative coefficients) and Katriste and Suhostrel (positive coefficient). For the other coals the correlation
between element and ash content was different. The negative correlation coefficients with ash was highest (from -0.7 to -0.8) for Be (Maritza West and Sofia), Y
(Kyustendil) and Yb (Karlovo). Beryllium, Sc, Y, Yb were correlated very often. The associations Sc-Y (Sofia, Maritza West, Belibreg), Y-Yb-Be (Pernik, Svoge,
Kyustendil), Be-Sc (Samokov, Suhostrel), Yb-Be (Oranovo, Sofia), Be-Sc-Yb-Y (Karlovo) were established in the investigated coals. Beryllium, Sc, Y, Yb were
associated with Ge, Ga, Zr, REE, Al, Si, sometimes with Ca, Mg, S also. The occurrence and concentrations of the investigated elements in Bulgarian coals were
depend on some factors: 1) occurrence in the rocks from the peat bog feeding province and 2) the pH values in the ancient peat bogs, which control the fixation of
elements in the metal-organic compounds or clay minerals. The degree of fissuring of the coal seams and the presence and composition of mineral waters, which
precipitate infiltrational minerals into the fissures of the coal beds were not influenced of the occurrence of the studied elements.

Key words: beryllium, scandium, yttrium, ytterbium, coal, occurrence of elements, factors for accumulation.

Introduction higher (1.4-7.9 times) than the Clarke values after OpoBuy 1
ap. (1985) (Table 1). The Be content in the coal from the same

The concentration and distribution of beryllium, scandium, basins and the Samokov and Svoge basins is higher than the
yttrium and ytterbium in the coal and coal shale from 14 Clarke values and world-wide averages from Swaine (1990)
Bulgarian basins and deposits were investigated. The coal age also (Table 1). The concentration of Be in the coals and coal
and rank were different. The lignite from eight Neogene basins ashes from the other basins is lower of the Clarke values
and deposits (the Sofia, Beli Breg, Maritza-West, Karlovo, (Table 1). The Be content is very below the Clark and the
Samokovl Kyustend” basins, Gabrovitza and Katrishte world-wide averages from Swaine (1990) in the coal from Beli
deposits) were studied. The studied sub-bituminous coal was Breg, Oranovo, Balkan and Suhostrel. The Be concentration in
from the Oranovo-Simitli Basin with Miocene age and Pernik the Maritza-West lignite is about the Clarke values. The
Basin with Paleogene age. The bituminous coal was from the concentration of the Be in the coal shale ashes is less than its
Suhostrel deposit with Eocene age and Balkan Basin with concentration in the coal ashes, but it is higher than the Clark
Cenomanian age. The studied anthracite was from the Svoge (Table 2). The Be concentration is lower than the Clark only in
Carboniferous Basin. Data for the concentration and the Maritza-West, Beli Breg, Stanyantzi and Oranovo coal
distribution of these elements in other Bulgarian coals were shale ashes. Probably the Be concentration in the rock
published by EckeHasn (1965), Eskenazy (1970, 1978, formations from the waterside line of the ancient peat bogs is
1987a,b, 1995). high because the element content in the coal and coal shale

from the Karlovo, Gabrovitza and Kyustendil is higher than the
Clarke values.

METHODS

Many authors report data for beryllium affinity (Table 3).
Seven hundred and seventy coal and coal shale Samp|es ESkenaZy (1 970) pUb“Shed data for the Be connection with the
were studied. All samples were ashed at 800°C and analyzed organic acids. The Be has negative coefficient of correlation
using Instrumental Neutron Activation Analysis (INAA) and with the ash content in the most studied coals. ls
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) concentration decreases, when the ash content increases, with
analysis. The results were examined statistically and the an exemption of the Katrishte and Suhostrel coal (Fig. 1). The
correlation coefficients between the ash content and the correlation coefficient of the element with the ash content in the
element concentration were determined. Balkan bituminous coal is below the statistical mean value and
the concentration of the element varies in short interval (Fig.
1). Beryllium presents mainly into the low-ash coals. It has
positive coefficients of correlation with the S (+0.57), Ca and
RESULTS AND DISCUSSION Mg (+0.45) and negative coefficient with the Si and Al in the
Sofia lignite (Kortenski and Sotirov, 2002). Probably one part of

Beryllium. The Be concentration in the coal ash from the Be amount is connected with the sulfides and/or sulphates.

Sofia, Karlovo, Kyustendil basins and Gabrovitza deposit is

Table 1. Average content of the elements in the coal ash
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Number Content in the coal ash of; Content in the coal of:
Basins of the Be, ppm Sc, Y, Yb, Be, Sc, Y, Yb,
samples ppm ppm ppm ppm ppm ppm ppm
Maritza-West 38 11.1 4.6 10.1 n.d. 2.0 0.8 1.8 n.d.
Beli Breg 38 2.0 1.0 0.9 n.d. 04 0.2 0.2 n.d.
Stanyantzi 39 7.7 n.d. n.d. n.d. 1.3 n.d. n.d. n.d.
Sofia 59 15.0 422 80.1 5.0 4.3 194 174 2.2
Karlovo 23 54.7 8.0 43.5 6.6 11.0 1.6 8.8 1.3
Samokov 31 84 26.0 31.0 1.6 2.9 9.1 10.8 0.6
Gabrovitza 40 86.6 4.1 4.1 5.2 32.6 1.5 1.5 2.0
Kyustendil 39 37.9 15.2 21.2 3.2 11.5 4.6 6.4 1.0
Oranovo 61 3.3 n.d. 0.7 1.8 0.3 n.d. 0.1 0.2
Katrishte 22 5.1 n.d. n.d. n.d. 15 n.d. n.d. n.d.
Pernik 35 7.6 18.7 24.1 25 1.8 45 5.9 0.6
Suhostrel 17 4.1 6.8 n.d. n.d. 1.2 2.0 n.d. n.d.
Balkan 58 5.8 4.8 8.3 6.0 1.6 1.2 2.1 1.5
Svoge 90 7.0 22.8 3.0 6.5 2.9 9.3 1.2 2.7
Clark for lignite and
sub-bituminous coal’ 11.0 15.0 37.0 5.0 24 2.0 7.0 0.9
Clark for bituminous 21.0 20.0 47.0 7.0 2.1 3.0 6.0 0.8
coal and anthracite'
World-wide averages? 1.5-2 1-10 2-50 0.3-3
1 - after KOgoBuy n gp. (1985); 2 - after Swaine (1990); nd - no data.
Table 2. Average content of the element in the coal shale ashes
Number Be Sc Y Yb

Basins samples ppm ppm ppm ppm
Maritza-West 9 1.6 2.0 6.5 n.d.
Beli Breg 8 1.1 04 0.5 n.d.
Stanyantzi 10 2.0 n.d. n.d. n.d.
Sofia 19 7.5 33.5 415 3.8
Karlovo 9 13.2 43 17.3 1.1
Samokov 10 6.2 24.0 23.0 15
Gabrovitza 7.7 6.0 55 5.6
Kyustendil 14.6 14.8 9.2 1.3
Oranovo 19 n.d. n.d. n.d. n.d.
Katrishte 10 10.2 n.d. 3.2 7.1
Pernik 4.1 15.8 16.9 1.8
Suhostrel 10.1 8.6 n.d. n.d.
Balkan 31 6.0 16.5 6.5 4.0
Svoge 21 5.7 26.8 7.7 4.4
Clark for shales by (Turekian 4.0 13.0 26.0 2.6
and Wedepohl, 1961)

n.d.-no data

Probably Be in the coal is not connected with the plants,
because it is only 0.1 ppm into them (Bowen, 1966). The
acidity of the environment probably had not been important
factor for the Be accumulation. Basins with high Be content in
the coal had different acidity (Sofia 3.5-7; Karlovo 3.5-6.5;
Gabrovitza 5-7.5) (Kortenski, 1992; Kortenski et al., 1997). The
fissures and the epigenetic mineral solutions obviously had not
influenced on the accumulation and concentration of Be,
because the Be concentration is low in the high-fissured and
mineralized Svoge anthracites, Balkan and Suhostrel
bituminous coal and the Pernik sub-bituminous coal. Probably,
the main reason for the high concentration of the element had

been the presence of the Be in the rocks around the basins.
For example the relationship between the Be concentration in
Sofia lignite and the Cr concentration in the rocks from the
waterside line (Vitosha pluton) is established. The Cr content in
the andesites from Vitosha pluton is 13.2 ppm (Kortenski,
1986).

Scandium. The concentration of Sc in the most of the studied
coals is lower than the Clark by KOgosuy n gp. (1985) (Table
1). The Sc concentration is about 3 times higher than the Clark
in the ash of the Sofia lignite and it is little higher than the Clark
in the ash from the Samokov, Pernik and Svoge coal. The Sc
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is approximately to the Clark value in the ash of the Kyustendil
lignite (Table 1). The Sc concentration is higher than the Clark
by HOgoeuy n gp. (1985) in the coal of the Sofia, Svoge,
Samokov, Kyustendil and Pernik basins. Only the Sofia lignite
contains Sc more than the maximum level of the interval by
Swaine (1990) (Table 1). The scandium concentration in the
coal shale ashes from the Sofia, Samokov, Kyustendil, Pernik,
Balkan and Svoge basins is higher than the Clark (Table 2).

The Sc has positive coefficient of correlation with the ash
content in the coals from Gabrovitza, Suhostrel, Balkan and
Svoge basins. The element concentration increases with ash
content increasing (Fig. 1). The Sc has positive correlation with

Table 3. Reference data of the Be, Sc, Y and Yb affinities

the aluminum-silicate part of the inorganic matter in the Sofia
lignite (Kortenski, Sotirov, 2000). The Sc has negative
correlation with the coal ash from the West-Maritza, Beli Breg,
Sofia, Pernik and Karlovo basins and Figure 1 shows that with
the increasing of the ash content; the Sc concentration is
decreasing. The correlation coefficient with the ash is lower
than the statistical mean value in the coal from Samokov and
Kyustendil. The Sc concentration nearly not changes many
with the ash contents change (Fig. 1). Many authors report
data for affinity of the Sc (Table 3). Querol et al. (1997a,b)
established positive correlation of the element with the sulphur
and the aluminum-silicate content of the coal.

Ele- Reference data of the element affinities
ment Organic Intermediate Inorganic
Be HOposckuit (1960); CmupHos (1968); Kojima and Kurusawa (1986); Mwunue n Eckenaau (1972); Beaton
Gluskoter et al. (1977); Kuhn et al. (1980); Querol et al. (1996). et al. (1991); Querol et al. (1997b).
Perrek and Bardhan (1985); Miller and Given
(1987); Querol et al. (1992, 1997a); Warwick
et al. (1997).
Sc MwHues n EckeHasm (1965); KOnosuy v tOposckuit (1960); Kojima and Pippiringos (1966), MuHueB u
LWacrkesuy (1965); CmupHoB (1966); Parrek | Kurusawa (1986); Beaton et al. EckeHasu (1972), EckeHasu n
and Bardhan (1985) (1991); Warwick et al. (1997); MuHuesa (1994); Querol et al.
Crowley et al. (1997). (1997a,b)
Y Gluskoter et al. (1977); MunueB n Eckenasn | Kojima and Kurusawa (1986), tOposckuit (1960); Pippiringos
(1965, 1972); EckeHaan u Munyesa (1983, | Crowley et al. (1997), Warwick et al. | (1966); Spears, Martinez-Tarazona
1994); tOpoBm 1 ap. (1985); Miller and (1997). (1993); Querol et al., (1996); Querol
Given (1987); Querol et al. (1997a). et al. (1997h).
Yb Epwos (1961); Miller and Given (1987); | Querol et al. (1992); Crowley et al. | Beaton et al. (1991); EckeHaau 1
Eskenazy (1995). (1997); Warwick et al. (1997). Munuesa (1994); Querol et al.
(1997a,b).

The concentration of the Sc in the plants is 0.008 ppm
(Bowen, 1966) and it is not important for the accumulation of
the element in the coal. But the presence of the element in the
rock formations, which build the coal basin waterside, is
important. The concentration of the element is higher in the
coal and coal ashes from Sofia, Samokov, Pernik and Svoge
basins, but it is not so high in the coal from the Maritza-West
and Beli Breg basins. It depends from the Sc concentration in
the rock formations. KOgosuy n gp. (1985) suggest that if the
concentration of the Sc is higher than 50 ppm the element has
organic affinity. It has mainly inorganic affinity when the Sc
concentration is high, but less than 50 ppm. The environmental
acidity of the peat bogs of the Sofia, Samokov, Pernik and
Svoge basins had been very different (Kortenski, 1992), but
the acidity had been optimal for connection of the Sc with the
clay minerals. FOposckuin (1960) was established that Sc
frequently presents in the carbonate minerals. The higher Sc
concentration in the Pernik and Svoge coals probably is a
result of the high fissuring and presence of the epigenetic
carbonate mineralization.

Yttrium. The concentration of the element in the most of the
studied coal is low. Only the ash from the Sofia and Karlovo
lignite contains Y higher than the Clark value (Table 1). The
concentration of Y is below the interval determined by Swaine
(1990) in the coal from Maritza-West, Beli Breg, Gabrovitza,
Oranovo and Svoge. The concentration of the element in all
other coals is into that interval (Table 1). The concentration of
the element in the coal shale is much lower than the Clark with
an exemption of the Karlovo and Samokov basins (Table 2). It
is established that the concentration of the element is high in
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the coal and the coal shale from the Sofia, Karlovo and
Samokov basins, which is probably a result of the presence of
Y in the rock formations around the basin.

The reference data for prevailing affinities of Y is shows by
Table 3. The Y has positive coefficient of correlation with the
ash content only in the coal from Gabrovitza, Svoge and
Katrishte, but it has negative coefficient in all other coals. The
concentration of Y significantly decreases, when the ash
content increases in the coal from Kyustendil, Oranovo,
Karlovo and Sofia (Fig. 2). The Y concentration decreases
insignificantly, when the ash content increases in all other
coals with negative correlation between Y and ash content.
The Y content increases when the ash content increases in the
coal from Gabrovitza, Katrishte and Svoge.
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Figure 1. Distribution of average Be and Sc content versus ash
content:
4-Sofia; 6-Samokov; 11-Pernik; 12-Suhostrel; 13-Balkan;
14-Svoge.

The yttrium concentration in the plants is insignificant, about
0.03 ppm (Bowen 1966) and it had not been important factor
for the concentration of the element in the coal. The presence
of the element in the rock formations, around the basin had
been important. The conditions of the peat bogs had not been
appropriate for the accumulation of the element. The acidity of
the peat bogs for studied basins had been between 3.5 and 7
(Kortenski, 1992). The fissuring and the epigenetic
mineralization had not influenced on the Y accumulation also.
For an example the coal seams from the Balkan and Svoge
basins have high fissuring and epigenetic mineralization, but
the concentration of the Y is 8-12 times lower than the Clark
(Table 1).

Ytterbium. The concentration of the element is higher than the
Clark only in the coal ash from Karlovo. It is about the Clark in
the ashes from the Sofia, Gabrovitza, Balkan and Svoge
basins (Table 1). The concentration of the element is into the
interval of the average rank by Swaine (1990) with an
exemption of the Oranovo and Katrishte coal. Some coal shale
ashes (from the above-mentioned four basins - Sofia, Balkan,
Svoge and Gabrovitza) contain more Yb than the Clark (Table
2). The content of Yb is higher from the Clarke values in the
coal shale from the Katrishte deposit, but the element is not
established in the coal from that deposit (Table 1, 2).
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Figure 2. Distribution of average Y and Yb content versus ash
content:
4-Sofia; 5-Karlovo; 6-Samokov; 8-Kyustendil; 9-Oranovo;
11-Pernik

The coefficient of correlation of the Yb concentration with the
ash content in the Katrishte coal has high positive value. The
Yb concentration increases, when the ash content increases.
Probably the Yb into that coal has inorganic affinity and it is
connected mainly with the clay minerals. The Yb has negative
correlation coefficient with the ash content for all studied coals
with an exemption of the coal from the Katriste and Gabrovitza.
The concentration of the Yb decreases significantly with the
increasing of the ash content, especially in the coal with high
negative coefficient of correlation (Karlovo, Oranovo and
Kyustendil) (Fig. 2). The correlation coefficients between the
element and the ash content have values below the statistical
mean value and the concentration of the element changes
insignificantly with the changing of the ash content in the coal
from Samokov and Gabrovitza. The reference data for
prevailing affinities of Yb is shows by Table 3.

The concentration of the Yb is low in the studied coals. The
major probable reason is the low content of the element in the
rock formations from ancient waterside line or inappropriate
conditions for Yb accumulation in the ancient peat bogs. For
example the rocks from waterside line of Sofia basin contain
from 0.7 to 1.5 ppm Yb (KopTeHcku, 1986).

CONCLUSIONS
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Berilium, Sc, Y, Yb concentrations are higher than the Clarke
values in the Sofia lignite and coal ash. This is valid and for the
Karlovo coal (with exception of Sc). The contents of the four
studied elements are below that the Clark and the interval of
World-wide averages by Swaine (1990) in the coals from the
Maritza-West, Beli Breg, Stanyantzy, Oranovo, Katrishte,
Suhostrel and Balkan. The concentrations of the four elements
are higher or lower than the Clark in the other coal. The same
is valid for the coal shale, with an exemption of Yb
concentration in the Samokov, Katrishte and Balkan coal
shale.

The elements have similar coefficients of correlation with the
ash content in the coal from Maritza-West, Beli Breg, Sofia,
Karlovo, Samokov, Oranovo and Pernik (negative) and
Katrishte and Suhostrel (positive), but the coefficients are
different for all other coals. The negative correlation
coefficients are highest (from -0.7 to -0.8) for the Be (Maritza-
West and Sofia), for the Y (Kyustendil) and for the Yb
(Karlovo). The organic affinity of these elements is high. The
elements, which have negative correlation coefficients with the
ash content, are with prevailing organic affinity. Al studied
elements show the inorganic affinity in the coal from Katriste,
Suhostrel and Gabrovitza (with exception of Be), Sc has
inorganic affinity in the Balkan and Svoge coal and Y - in the
Svoge, because its correlation coefficients with the ash content
are positive. Be (in Balkan coal), Sc (in Samokov and
Kyustendil coal) and Yb (in Samokov and Gabrovitza coal) has
the intermediate affinity, because its correlation coefficients
with the ash content are below the statistical mean value
(positive or negative).

The four elements frequently associate between one with
another. The frequently established associations are Sc-Y
(Sofia, Maritza-West, Beli Breg), Y-Yb-Be (Pernik, Svoge,
Kyustendil), Be-Sc (Samokov, Suhostrel), Yb-Be (Oranovo,
Sofia) and Be-Yb-Sc-Y (Karlovo). The elements frequently
associate with Ge, Ga, Zn, Al, and Si and sometimes with Ca,
Mg and S.

The presence of the elements in the plants is insignificant.
Probably the rock formations from the ancient waterside line of
the basins had been the main source of the Be, Sc, Y and Y.
The clay minerals and sometimes the organic matter had been
the main concentrator of the elements, when the conditions
had been appropriate. The fissures and the epigenetic
mineralization had not been much important for the presence
and the accumulation of the studied elements.
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