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PE3IOME

Xenssocbabpxalmre kapboHaTW OT rpynata Ha [OMOMMTAa Ca OCHOBEH HepyfdeH KOMMOHEHT B MbpBUYHMTE pyau OT Haxopuwe Kpemukosuw. Te obpasysar
cObCTBEHN MMHEparnHK acoLuMaLm BbB (DNaHroBUTE Y4acTbLy HA CUAEPUTOBUTE PYAHW Tena, CbMbTCTBAT BCUYKW CyN(WAHM NapareHean W dopmupar 30HW Ha
OKONMOPYAHN M3MEHEHUs! BbB BMECTBaLLMTe nonumeTanHoto Pb-Cu opyasiBaHe ckamu M ce oTmaraT kaTo NoCTpyaHW obpasyBaHusi B MUHLANHU KyXvHU Cpef
[OMOMUTA3NPaHIUTE BapoBuLM. B 6e3cynngpudHume MuHepanHu acoyuayuu Te3n MMHepanin ca NpeAcTaBeH OT MUKPOKPUCTANHN arperatit ¢ MacvsHa, rHe3aoBnaHa
1 npoxunkoBa TekcTypa. [lomuHupat Fe-Mn ponomuTi, HO B cuAepuTOBaTa pyda € YCTaHOBEH W aHKepuT noj popMata Ha eapo3bpHecTa OCHOBHA Maca C
BKIIOYEHMS OT MuKpokpucTaneH Fe-Mn pgonomut. 3a cynpudHume napazeHe3u ca XapakTepHU 30HanHUTe MeTakpucTamu ¢ Mn-aHkepuToB CbCTaB W
npeobnafaBallo MOHWKEHWE Ha CbAbpXaHueTo Ha Fe KbM nepudepHuTe 30HM Ha 3bpHaTa. B MMHAANHMTE NMpa3HWHW cped BMeCTBALLMTE ckann ce obpasysat
ApY3v OT eapokpucTaneH Mn-aHKepuT ¢ MakCManHm 3a HaxoauLLEeTo ctoitHocTn Ha FeCOs (mo 23 mol%).

BBbBEJEHME

XKenssocbabpkawute kapboHaTV OT rpynata Ha AONOMUTa
(Fe-ponomuT, aHKepuT) NpeAcTaBnsiBaT OCHOBEH HepyaeH
KOMMOHEHT Ha MNONMMETanHOTO CynduaHO oOpyasBaHe B
Haxoguwe Kpemukosun (AtaHacos, 1977). Te ca Lwmpoko
pasnpocTpaHeHn U no hriaHroBeTe Ha CULEPUTOBUTE PYAHM
Tena (Damyanov, 1998), kakTo 1 cpef BMECTBALLUTE CPEHO-
TpUackm [ONOMWTM3MpaHu BapoBuuu. [ocera He ca Ownn
0DekT Ha no-geTaiiNiHW  M3CnedBaHWst B KOHTEKCTA  Ha
0CcOBeHOCTUTE UM B Pa3fnyHNTE TUMOBE MUHEparHu acouua-
LK, B U3rpakaaHETO Ha KOMTO B3emat yyacTue.

Llenta Ha HacTosiwaTa paboTa € W3y4aBaHETO Ha TEXHUS
XMMUYEH CbCTaB, CTPYKTYPHWU M MUHEPanoro-napareHeTUyHM
XapaktepucTuku. [IOKOMKOTO B nuTepaTypata funcea eamHHo
CTaHOBMWLLE 3a HOMeHKnaTypHata nogsanba Ha chasute B
npegenute Ha orpaHuyeHus TBbpg pasteop CaMg(COs),-
CaFe(CO;), u popu ce npeanara CbBCEM YCMOBHOTO MM
pasrpaHuyeHne Ha Hucko- (Fe-gomomuT) M- BUCOKOXKENe3HH
(aHkeput) (Reeder, 1983), B HacTodwata cTatua €
n3non3gaHa npegnoxeHara oT MwunueBa-CTtedaHoBa U
lopoea (1967) HomeHknatypa: Fe-gonomut - 10+30 mol%
CaFe(COs),; aHkepuT - > 30 mol% CaFe(CO;),.

MATEPWAN 1 METOOMKA HA U3CNEABAHE

3a uscnensaHus 6saxa noabdpaHu NpeacTaBUTENHU 0Bpa3Lm
OT Xena3ochbAbpxalm kapboHaT C  [ONOMMTOB TN
CTPYKTypa OT pasNM4HM NapareHea Ha nonvMeTanHata
cyndnaHa MWHepanusaunst B HaxoaumweTo, OT (iaHroBuTe
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yyacTbly Ha cuaepuToBaTa pyda, OT  CpeaHOTpUackm
OONOMUTHU BaposuLn n CcuBK no C1BOYEPHHU
npekpuctanuanpanu gonomutu. Obpasunte ca W3yyeHn ¢
KOMNNeKC OT aHanuMTU4yHKU MeTodu: HanpaBeHu Cca 58
KOMMYeCTBEHM PEHTreHOCNEKTPanHm MUKpOaHanuaa,
M3BBPLUEHN Ca MUKPOCKOMCKM HabmiogeHus B mpoxogsiia u
OTpaseHa CBeTNWHA, PEHTrEHOCTPYKTYpHW U [TA-aHanuau,
3acHeTM ca MbocOayepoBM M MH(PA4YEpPBEHN CMEKTPW Ha
MOHOMMHEpanH1 npoou.

KonuyecTBeHnTe XMMUYHM M3CTIEBaHWS Ca U3BBPLLEHN C
PEHTIreHOCNEeKTpanHM  MukpoaHanusatopn JSM-35-CF  u
EDAX PV 9100 cvoteetHo B A n LJIMK-BAH. Twi1 kaTo
BapuauMuTe B CbCTABUTE Ha aHanuaupaHute asum OT
OTAENHUTE MUHEparHu acouuauuu 1 30HaHW 3bpHa ca B
paMmKiUTe Ha eKCnepuMeHTarnHaTa [pellka Ha MeToga U
u3nornasaHata anaparypa, npeacraseHute B Tabn. 1 gaHHu ca
o606uwenn, kakto cnegsa: Ne 14 — cpegHo oT 11 aHanusa; Ne
1-016aH.;Ne2 3,5 6-0r5aH.;Ne17,4,15—-0T1 3 aH.; Ne
7, 8+11, 16 — oT 2 aH.; ocTaHanuUTe ca eAuMHNYHN aHanu3u.
PEHTTEHOCTPYKTYPHATE ~ @Hanuau Cca  OCbLUECTBEHM C
pudpaktometsp “OPOH-1" (CuKa mbyenme, Ni ountsp, | = 24
mA, U = 34 kV) u ¢ anapat TUR-M-60 (kamepa ¢ d = 57,3
mm) B MI'Y “Cs. MB. Punckn”. ITA-CneKkTpuTe ca 3acHETH Ha
anapartypa “Derivatograph” npu DTA = 1/10, DTG = 1/15, G =
200, n3xogHo Terno Ha npobara - 1 g, CKOPOCT Ha HarpsiBaHe -
10°/min, kakTo n ¢ anapatypa “Stanton Redcroft” STA-780 B
uutepeana 18-1200°C. MbocbayepoBute wu3cneaBaHus ca
N3BbpLLIEHN B kaTedpa ‘ATomHa ¢usmka’ Ha CY “Cs. Kn.
OXpuacku™ CbC CMEKTPOMETLP Ha MOCTOSIHHO YCKOPEHWe Tun
“YMC-3" ¢ W3TOYHMK Ha pesoHaHCHO mbyeHne *Co B
nanagveBa matpuua. [ama-u3TbyBaHETO € PerncTpupaHo ¢



nponopuuoHaneH Ar-Xe 6Gposu ¢ ycunsaten VA-V-100 u
MHorokaHaneH aHanuaatop SA-40. 3a kanubposka Ha cnekT-
pOMETbPa MO CKOPOCTM U M3YUCNSIBAHE HA WM3OMEPHOTO
OTMECTBaHe e u3non3eaH etanoH “Apmko” ot o-Fe. WHdpa-
YepBeHUTE CMekTpu ca 3acHeTu B Jlabopatopusta no morne-
KynHa cnektpockorus Ha BXMY ¢ aBymbyeB WHdpayepseH
cnektpometbp UR-10 Ha “Karl-Zeiss” B gnanasoHa 3800-400
cm™, kato ca M3non3saHM npuaMu cboTeeTHo ot LiF (3800-
2000 cm™), NaCl (2000-700 cm™) u KBr (700400 cm™).
lMpenapaTtuTe ca NOATOTBEHW MO CTaHAapTHa MeToAMKa uype3
npecoBaHe MOA BakyyM Ha CTPUTOTO Ha mpax W3CneaBaHo
BeLLeCTBO B Tabnetka ¢ KBr.

MWUHEPAJTHU ACOLMALIAN

BmecTBaLwm kapboHaTHM Ckanu 1 cuaepuToBa pyaa

Cnoper, Kanypkos (1988) Hait-paHHaTa reHepauusi aHKepuUT
npealecTtea 06pa3yBaHeTO Ha MbpBWYHATA MaHraHocuae-
puTOBA pyfda B HaxoauweTo. B ekcnnoatauuoHHaTa kapuepa
Ha pyAHWKA HEMHOTO pasnpocTpaHeHe Moxe fAa Obae
YCTaHOBEHO HaW-4eCcTO MO KOCBEHM MPWU3HALM Bb3 OCHOBA Ha
MPUCHCTBMETO Ha XbATU [0 KbNTO-KaSBM Ha LBAT NMMOHUTY
C HUCKW ChbPXaHusi Ha MaHraH.

Queypa 1. CmpykmypHO-meKcmypHU 0cobeHoCmU Ha xensizocbdbpxauyu kapboHamu om donomMumosama epyna om Haxoouwe
Kpemukosyu. a) mukpokpucmareH Fe-0oiomum 8 0cHo8Ha Maca om cpedHo3bpHecm aHkepum; b) cpedHosbpHecm Fe-domomum ¢
uMnpezHayuu om nupum (YacmuyHo npekpucmanu3aupanu pamboudu) e uHmepcmuyuume mexoy kapboHamHUMe 3bpHa; C)
€0po3bpHECM aHKepum, acoyuupauy ¢ xaaKkonupum, 8 0CHo8Ha Maca om OpebHo3bpHecm 0oromMum (emMecmeauy, 00IOMUMU3UpPaH
8aposuK); d) aHKkepumosu Memakpucmanu e 2aneHum, ) eGpokpucmaneH aHkepum om Apy308UOHU azpeaamu, ‘manuyupauiu”



CmeHUme Ha MUHOaIHU hpasHUHU 8 0oToMumu3upaHume saposuyu; f) npekpucmanuaupasn Fe-0onomMum om 30Ha Ha 0KOoPyOHO
usMeHeHue Ha cynghudHomo opydsieare. Ank — aHkepum; Ch — xankonupum; Fe-Dol — Fe-Oonomum; Ga — 2aneHum; Host —
emecmeauy, donromumu3aupaH eaposuk; Py — nupum. OmpaseHa ceemiua, Il N.
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Mo ¢naHroBeTe Ha CUOEPUTOBUTE PYAHM Tena W No-psgKo B
camarta pyga € YCTAHOBEHO HanuuueTo Ha crneuuduyHa
acounauus oT XenasoCbabpkalyy kapboHaT OT JOnoMUTO-
BaTa rpyna. Ts uarpaxga MOHOMWUTHM, MacuBHM (“nopLenaHo-
BMOHW") arperaty C TbMHOCMB LBAT U 3abenexumo ce
pasnuyaBa Ha (OHA Ha YEPBEHOOLBETEHUTE TpWacku
poromutn. lopobHu ca TekcTypHuTe U ocobeHocT M B
cugepuToBata pyda, KbAeTo obaye pasrpaHMYaBaHETO Ha
pBaTa TUNa MMHEparHW acouuauum e 3HauyuTenHo no-
3aTpygHeHo nopagu 6nm3ocTTa Ha LBETOBUTE MM OKPAaCKW.
Tasu acounaumst € NpakTM4eckn “MoHOMWHepanHa” 1 e npeg-
cTaBeHa OT pOMOWYHM Fe-JOnMOMUTOBM  MUKPOKpUCTa,
BKMIOYEHN B OCHOBHA Maca OT efpO3bpHECTW aHKEpPWUTOBU
arperatut (dwr. 1a). B cupepntoBata pyna Hail-4ecto € nog
chopmata Ha NPOXKUIKOBUAHM UK THe3J0BKUaHM obpasyBaHus
C SBHO HamoxeH xapakrep. B3aumooTHowennsTa U C
MbpBMYHATA CKana He HocaT Oenesute Ha  TOTanHa
XenssokapboHaTHa MeTacoMaTo3a C xapakTepHa 30HanHoCT W
“3paseH MeTacoMaTuyeH PPOHT, kouto Guxa ganu ocHoBaHue
pa bbae onpefeneHa kato xuapoTepManHoMeTacoMaTiHa, a
Mo-CKOpO Te3n Ha BEPOSTHO KbCHOAMareHeTHO obpasyBaHue
cbrnacHo onucanuTte ot Leeder (1982) kputepun.

MonumetanHa cynduagHa MuHepanusaums

Mpu n3yyaBaHeTO Ha MonMMeTanHaTa MUHepanu3aums ca
Pa3rpaHNYeHN  HSAKOMKO  reHepaumn  XenssoCbabpkally
kapboHaTh OT rpynata Ha [OMOMMTa, CbMbTCTBALLM pa3nuy-
HUTE CyndMaHW napareHesn (MMpUTOBA, XankOMMPUTOBA,
raneHuToa) (AtaHacos, 1977; AtaHacos u 0p., 1979, Heny6n.
fanHn'). Tbpeata e npeacTaseHa oT Fe-gonomuT, mpuapy-
KaBall, OTnaraHeTo Ha paHHW cynduan (MMpuT, MapkasuT,
Xankonuput) oT nupumosama napageHesa. [MpuTLT € eauH
OT  Hal-pasnpocTpaHeHuTe  CynduaHM  MuHepann B
HaxOAWLLETO, HO OCHOBHOTO MY KONIMYECTBO € KOHLIEHTPUpaHo
B cBO€0OPa3sHO NMPMTOBO PYAHO TAMO, paskpuBaLLO CE Ha Xop.
520 n 532. [MaBHUTE KOMMOHEHTW Ha pyAHOTO TAno ca Fe-
[ONOMAT M [OpebHO3bPHECT — MUPWUT,  pasnonoXeH B
MeXy3bpHOBUTE MPOCTPAHCTBA Ha kapOOHaTHUTE WMHAWBUAM

(cpur. 1b).

CrenBalyata reHepauusi e OT aHKepWT, CbmbTCTBaLY
MposiBUTE Ha MedHaTa MUHEepanu3auus B  HaXoauWeTo
(xarkonupumosa napaeeHesa). To 06pa3yBa MarnoMOLLHY
KWW UM MPOXMIKW € THE3da OT  XanmKonmupuT  cpep
BMecTBalmTE KapboHaTHM ckamu (dur. 1c). AHKepUTHT €
€[PO3bPHECT C FONEMWHA Ha OTAENHUTE MHAMBMAM O 1-2
mm, 4YecTo mamomopdeH, ¢ fobpe U3paseHa LIENUTENHOCT B
[AiBE MOCOKM. B uHTEpPCTMUMUTE MEXAY KapBOHATHWUTE 3bpHA Ha
MecTa Ce CbhAbpXaT BNpbCnewy oT cynduan (raBHO NUpuT) U
opraHuyHo BelecTBo. OCHOBHMST pydeH MuHepan B Tasu
napareHe3a — XankonupuTbT, € eAPO3bPHECT, NOYTA HAMbIHO
JMWEH OT BKMKOYEHMS UM acouuupaly B PasniuyHu
KOMMYECTBEHW CHOTHOLLEHNS NPEANMHO C TEHAHTUT.

lMo-KbCHa reHepauusa ot Fe-,ﬂ,OﬂOMMT-aHKepMT Cce oTnara B
caljieHumosama nhapaceHes3a, KoATo € N OCHOBHaTa 3a Mnonn-
MeTanHoTO OpyAsaBaHe. )Keﬂﬂ300'bﬂbp)l(a|.l.l|l/lTe Kap60HaTVI
(bOpMVIpaT Xunn C rHe3goBuAHW arperati OT €4pOo3bpHECT

! Atanacos, B., MapuwHos, T., CyntaHos, A., Bacunesa, M., Metpos, W.,
laHoBa, M. 1979. MuHepaneH cbCTaB Ha MbpBMYHATA M BTOpUYHATa
nonuMeTanHa MWHepanusauus B Haxoguwe Kpemukosuu w neTporpadcka
xapakTepucTuka Ha BmecTBawmTe ckanu. — Otyet no gor. Ne 599/77, HAC
BMI'W, 349 c.

raneHuT ¢ rofiemMnHa Ha OTAEeNHUTE arperaTvt 4o AeceTHa cm
CPpefl BMeCTBALMTE [OONOMUTU3VPaHN BapoBuUM. [TaBeH
PYAEH MWHEpan B Tasu fapareHesa e rareHuTbT, B Mo-
OrpaHMYEHO KOMMYECTBO Ca MPeACTaBeHM TeTpaeaput W
XankonupwT, 1 B €AUHIUYHM Cryyau ce YCTaHOoBABA ChanepiT.

Tabrmua 1. lMpencraBuTenHU XUMWYHW cbeTasu (mol%) u
(hOPMYIHM KOEULMEHTH HA XKENA30CHObPXALLMTE kKapboHaTy
OT [oromuToBaTa rpyna oOT Haxoguwe KpemukoBun -—
0000LLEeHN [aHHMW.






L — LEHTBbP, N — nepudrepnst Ha 30HaNHKU 3bpHa

CrepgawaTa reHepauust Fe-monomuT-aHkepuT ce cpelya
CPaBHUTENHO PsiaKo noa dopMaTa Ha ManoMOLLHW MPOXUIKM
WM [APY30BWAHO HApacTHanu arperat oT poMBoempU4HM
WHOVBUOM B  MUHOASHU KYXUHU Ha [ONOMUTU3MPAHUTE



BapoBULM. AHKEPUTBLT € €eApOKPUCTaneH, C ToNeMuHa Ha
oToenHute wHameuay oo 1-1,5 cm (dwr. 1e), 651 oo noutn
npo3payeH. Ha mecta Bbpxy Hero ce Habniopasat apebHu
WIMeCTM  KpucTanueta OT  kBapl, nnoyecT Gaput 1
kyGOOKTaeApUYEH raneHur.

Hait-kbcHaTa reHepaums Xens3ocbabpxaiyy kapboHatu ot
rpynata Ha gonoMuta € npepcraBeHa oT credpydeH Fe-
LONOMUT. YCTaHOBSIBA CE CPABHWUTEMNHO PsAgKO nog dopmata
Ha Herornemu pomboeapUYHA MHAMBUAN B MAHAAITHW NPA3HNHN
Ha BMECTBALUMTE CKanu, OTMIOKEHW BBPXY Kpuctamu OT
nnoyect GapuT, WM B cugepuTa B acoumaupsi C TIMHECTH
muHepanu (Damyanov and Vassileva, 2001).

XKensasocbabpkawure kapboHaTh ¢ [ONOMUTOB TwM
CTPYKTypa MpUCLCTBAT HE CaMO KaTO OCHOBHM HEPYAHM
MWHeparnu B NOMMMETANHOTO CynduaHO OpyasiBaHe, HO U kaTo
KOMMOHEHT Ha OKONOPYAHO NMPOMEHEHUTE BMECTBALLM CKanw.
OtnaraHeTo Ha cynduaHaTa MUHEpanu3aums B HaxoauLLeTo
ce npuapyxasa OT NnokanHa npekpuctanusaums (dur. 1f) n Fe-
LONOMUTM3aLMs OO aHKepUTM3auMs Ha BMeCTBalTe [OIo-
MWTHU BapoBuuM. [NpekpucTanuavpannute ckanu ca CvBu [0
TbMHOCVBM Ha LBSAT BCIeACTBME MMMpErHaumsra ot cynduan
W1 HaNMYNETO Ha OpraHNYHO BELLECTBO, YECTO 3aXapOBUaHM.

Mpouecn Ha Fe-gonomuTusaums, npeplecTeawa u
CbMbTCTBAWA  CyndMAHOTO  MuHepanoobpadyBaHe Cpen
CEANMEHTHN KapbBoHaTHW Ckanu ca YCTaHOBEHW B NOMMMe-
TanHuTe Haxoguwa tun “Cegmoumncnenuuun” B 3anagHa Crapa
nnaHuHa (MuHuesa-CtedbaHoBa, 1988, 1989). Mo muHepaneH
CbCTaB, 0CODEHOCTN Ha OKOMOPYAHWUTE M3MEHEHMS, CbCTaB M
Bb3pacT Ha BMecTBaLLuTe ckanu (Ty) cynduaHoTo opyasBaHe
B KpemukoBUM e TBbpAE CXOBHO C TsAX. 3a pasnuka oT
nocnegHute obaye, Tyk OCHOBHaTa OIOBHA MUHEpanu3auus e
no-KbCHa OT MegHara.

XVMWYEH CbCTAB

0606LLeHn faHHK OT NPOBEAEHUTE MUKPOCOHAOBK U3cnea-
BaHWS Ha XeNsA30CbabpXaly kapboHaTy OT rpynata Ha
ponomuta oT Haxoguwe KpemukoBUM Ca NpeacTaBeHu B
1abn.1. TonyyeHuTe pe3ynTaT NoKa3BaT $ICHO M3paseHa
TEHOEHUMS B W3MEHEHMETO Ha XMMW3Ma Ha u3crnedBaHuTe
kapOoHaTHW hasu. Hait-paHo obpasyBaHuTe cynduam (mupur)
Ce CbMbTCTBAT OT Fe-AonoMMT, a NO-KbCHUTE U Hal-LIMPOKO
3aCTbMEHM (XankonupuT, raneHuT, TEHaHTUT) Ce Npuapyxasar
oT Fe-0onomuTy ¢ NOBMLLEHO CbAbpxKaHue Ha Fe n TunuyHmM
aHkeputu. B kpas Ha cyndwugHOTO MuHepanoobpa3syBaHe
OTHOBO Ce M3BbLPLUBA OTNaraHe Ha Fe-gonomut. ChCTaBbT Ha
KbCHWS CieapyAeH [ONOMUT Ce OTNMYaBa OT TO3W Ha paHHUS
OT NupuUTOBaTa NapareHesa ¢ No-BMCOKOTO ChAbpkaHue Ha Mg
1 no-HuckoTo Ha Mn u Fe.

HabriogaBat ce U3BeCTHM BapuaLym B XuMuama Ha kapbo-
HaTHUTE MUWHepanu, acouumpali C OCHOBHWUTE CyndUaHM
napareHesu. C Hait-B1coko oTHoweHue Fe/Mg ce xapakTtepu-
31pa aHKEepUTLT OT XanKomMpUTOBaTa M KbCHaTa raneHuToBa
napareHesa (OpYy3OBWAHW arperatu OT  €OpOKpUCTaneH
aHKepUT B KYXWHM Ha BMeCTBawwmTe ckanu) (cdur. 2). B
CpaBHeHue ¢ kapboHaTute oT Haxoguwe Yunposum (Dragov
and Neykov, 1991) Tean 0T OCHOBHUTE CynduOHW NapareHesm
B KpemuKoBLM Ce OTNMYaBaT C No-BUCOKM ChAbpxaHus Ha Mn

(MnCO; go 8 mol%). B noseyeTo cnyyam Te ca NpencTaBeH
OT Pa3HOBUIHOCTU C MOBULIEHO CbabpxaHue Ha Ca (CaCO; >
50 mol%). B nutepatypHute u3TouHMuM ce oTOens3Ba, ue
[OMOMUTOBUAT  TUN  KapboHaTW MHOrO 4YecTo  MokaseaT
OTKMOHEHMSI OT CTEXMOMETPUYHWUS CbCTAB U NEK WU3MULIBK Ha
Ca (Deer et al., 1966; MuHueBa-CtedhaHoBa 1 oposa, 1967;
De Grave and Vochten, 1985; Reeder and Dollase, 1989;
Reksten, 1990). Cuuta ce, 4Ye MOBMLIEHOTO CbAbPXaHUE Ha
Ca BeposiTHO Ce BraronpusTCTBa OT BUCOKWUTE KOHLIEHTpaLum
Ha Fe n Mn, kaTo ce gonycka Bb3MOXHOCTTa 3a M30MOP(HO
3amecTBaHe Ha uYacT oT Mg kaTmoHn ot Ca?* Bbnpeku
pasnuumusTa B oHHUTe paguyck (Deer et al.,1966; MuHyesa-
CredaHoBa v 'opoBa, 1967; Reeder and Dollase, 1989).

CaFe(CO5),
O Non-sulfide mineralization

@ Sulfide mineralization

CaFe(CO,),

CaMn(C0Oy), CaMg(CO,),

Ankerite

40 60 80

CaMn(CO,), CaMg(CO,),

Queypa 2. Cbcmasu Ha xens3ocb0bpxauiu kapboHamu om
Oorlomumosama epyna om Haxoduuwe Kpemukosyu 8
cucmemama CaMn(CO,),-CaMg(CO;),-CaFe(CO;)
TeHAeHyuume 8 U3MEHEHUEMO Ha 30HaIHocmma Ha
Kpucmanume ca MapKupaHu cb¢ cmpenku. Ljughposume
0603HayeHus ca cbuume, kakmo 8 Tabn. 1. [lonemama Ha
HoMeHKnamypHa nodsnba ca no Munyega-CmechaHosa u
loposa (1967).

Cnopeg Kucha and Wieczorek (1984) HecTexvmomeTpuiHuUTE
Ca-aHKkepuT NokasBaT MUKPOHEEOHOPOAEH CTPOEX W Hanu-
une Ha pgomenu. Reksten (1990) cuuta, 4ye HecTexuome-
TPUYHWSAT CbCTAB Ha HAKOW HUCKoTemnepaTypHu Ca-aHKkepuTy
ce obycnaes OT cBOeObpasHUTE MUKPOCTPYKTYPHU 0COBEHOC-
TM Ha MWHepana W NPUCLCTBMETO HA MUKPOMPUMECHM
komnoHeHTW. 3a pasnuka oT Ca pasHOBWMAHOCTU CTEXMOMET-
PUYHUTE aHKepUTU CbC cbabpkaHue Ha CaFe(COs), po 66
mol%, uscnegsanu ¢ TEM ot Reeder and Dollase (1989), ca
HaMbIHO XOMOTEHHN W C eHOPOAEH CTpoex. PasuenBaHeTo
Ha HsKoM OT pediiekcuTe B 4acT OT  PEerucTpupaHuTe
AudpakTorpaMn Ha JONOMUTOBMS TN kapBoHaTV OT Haxoau-
we KpemukoBuw (cur. 3) maBa OCHOBaHME [a Ce AOMyCHE
Bb3MOXXHa MAKPOHEEIHOPOLHOCT B TAX.

Mpu m3yyaBaHe cbc CEM MHoOro 4ecto B kapboHaTHUTE
MUHepann OT HaxoauLLeTo Ce YCTaHOBABa XMMWYHa 30Han-
HOCT, KOSTO Cb34aBa TEPMMHOMOMMYHW 3aTpydHeHus. B
aHKepuTa OT XamnKonmWMpUTOBaTa napareHesa Hamp. ce Habnio-
[aBaT Mo-CBETNN Ha LBST MUKPONAMenu, XapakTepuaupaLyu
Ce C No-BUCOKO CbabpxaHue Ha Fe. XeTeporeHHa 30HaNHOCT,
NpeaAcTaBeHa OT MHOTOKpPATHO pefyBaHe Ha no-TbMHu (Fe-
[ONOMUTOBH) W MO-CBETNN (aHKEPUTOBM) 30HM CE YCTAHOBSBA



N B HAKOW edpoKpuctanHu Kap60HaTVI OT KyXMHU BbB
BMeCTBaLluTe cKanwu.

PEHTTEHOCTPYKTYPHW, TEPMOTPA®CKN U
CMEKTPOCKOIMNCKM OCOBEHOCTU

AHanu3bT Ha pesynTaTuTe OT PEHM2EHOCMPYKMYPHUS
aHasnu3 Ha Xenssocbabpxaly kapboHaT ¢ JOMOMMUTOB TWM
CTPYKTYpa OT pasnuyHWTE MWHEparnHu acouuauum B
HaxoaMLEeTO NoKasBa OTYETIMBO HapacTBaHe Ha d-CTOMHOCTM
Te B 3aCHeTUTE audpaktorpamu 1 febaerpamu, napanernHo ¢
yBenuyaBaHe CbabpxaHueto Ha Fe B uscnegsanute asu. B
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1.302(217)
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1.440(119)
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ST 1.819(018)
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CpaBHEHWE C eTarnoHHUTE PEHTTEHOBM AaHHW Ha Fe-gonomut
ot JlaHkawwwup, AHrnust (PDF Ne 340517), Tean Ha aHkepuTa oT
Haxopule KpemukoBLM Ce OTnM4YaBaT C No-ronemu 3HayeHms
Ha d-CTONHOCTUTE BEPOSTHO MOpagW No-BUCOKUTE CbOabpxa-
Husg Ha Fe u Mn (cwur. 3). HanuumeTto Ha nonoxutenHa
KopenaLMoHHa 3aBUCUMOCT MeXay CTOAHOCTUTE Ha napameT-
puTE @, U C, Ha eNleMeHTapHaTa KneTka U CbAbPXXaHUETO Ha
Fe* B KapboHaTuTe OT cepusTa [ONOMMT-aHKEPUT €
KOMeHTMpaHo oT peduua uscnegosatenu (Reeder, 1983;
Reeder and Dollase, 1989; Gil et al., 1992). Ha npepncra-
BEHWTEe TUNOBW audpaktorpamn (pur. 3) MHoro cnabo
uapaseHuTe pedpnekcy ¢ d-croitHocTy (A) 3.03, 1.909-1.914 n
1.620-1.623 ca cBbp3aHU C HANMYMETO HA HE3HAYMTEMEH MO
KONMYECTBO NMPUMECEH KOMMOHEHT OT KanuuT.
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Queypa 3. Jugppakmozpamu Ha edpokpucmarneH Mn-aHkepum om MuHOanHU KyxuHu 8 OoIoMUmu3UpaHume 8aposuuyu (a) u om
npoxurku ¢ eHe3da om xankonupum (b).

Peructpupanata DTA-kpusa Ha aHKepuT OT HaxoAWLLETO
(cur. 4a) e TMNMYHA 3a MUHepana U He ce OTnIMyasa OT
eTanoHhute  Tepmorpamn  (MBaHosa u  dp., 1974).
Xapaktepusupa ce ¢ HanmnumeTo Ha 3 eHgoedekTa, M3sBEHM
cvotBeTHO npu 740, 790 n 890°C. MMosBata Ha mbpBUS
OTpa3sBa pasnaraHeTo Ha aHkepuTa M AucoumaumsTa Ha
FeCO; n MgCOs, a eaHOBPEMEHHO C TOBA U OKUCMSIBAHETO Ha
FeO po Fe,0; Hanuuneto Ha eHgoedpekt npu 790°C ce
CBbp3Ba C 00pas3yBaHeTO Ha ABYKaNUMEB GepuT B peaynrart
Ha B3aumogencteueto mexgy Fe,O; u CaCO, Tpetnar
enoedekt npu 890°C cboTBETCTBA Ha AMcouMauusTa Ha
ocTaHanoto konnyecteo CaCO; (VBaHoBa u dp., 1974).

Msocbayepog cnekmbp Ha aHKEPUT OT HAXOAMLLETO, 3aCHET
npu cTaiHa Temnepatypa, e nokasaH Ha cur. 4b. Ton e
NpeacTaBeH OT  KBagpynonmeH [ybneT cbC  criegHuTe
napameTpu: M3OMEPHO OTMecTBaHe cnpsamo o-Fe - 1.19
mm/s; kBagpynonHo pasueneaHe — 1.49 mm/s. B rpaHuuute
Ha TOYHOCTTa Ha npoBepeHuTe wacnegsaHus (£0.05 mm/s)
nornyyYeHUTe  pesynTatM Ce  CbacyBaT HambiHO C
nybnukyBaHuTe B nuTepatypata MbOoCbayepoBu CMEKTpW Ha
aHkeput (De Grave and Vochten, 1985; Reeder and Dollase,
1989). EkcnepuMeHTanHuTe W3CnefBaHus Ha aHKeputu C
pasnnyHo CbabpxaHue Ha xensso (CaFe(CO;), ot 17 o 66
mol%) Ha Reeder and Dollase (1989) nokassat, ue
CTOMHOCTMTE Ha KBaApynoNIHOTO paslenBaHe Hamansisar
06paTHONPOMOPLMOHANHO Ha ChAbPXaHWeTo Ha Fe* B
aHanuaupanuTe asn. [aHuute oT MbocOayepoBuTe m3cnes-

BaHMA CBMOETENCTBaT 3a OKTaedpuyHa noauuus Ha Fe®
KaTUOHM U NEeKO TpUroHanHo u3kpuessaHe Ha (Mg, Fe)Oq
OKTaefpu. B cpaBHeHWE CbC CMEKTpUTE Ha Opyri Xensso-
CbabpXally KapboHaTW (Hamp. Ha cuaepwTa) TO3W Ha
aHKepWTa MoKa3Ba CWMHO 3aHWKEHW CTOMHOCTW Ha KBapapy-
MOSHOTO pa3LenBaHe, JOKaTo M3OMEPHUTE OTMECTBaHMS UMaT
Orm3km 3HauyeHus. lpn HanMMUMETO Ha B3aUMHOMPOpAacTHaNm
arperatu pasnnuusita B MbocbayepoBuTe mnapameTpy Ha
XENA30CbObPXKALLMTE MMHEpPanM C pasnuyHa CTPyKTypa
(aHkepuT, cupepuT) MoraT Aa GbaaTt M3NON3BaHM 3a TAXHOTO
pasrpaHuyaBaHe ¥ OMarHoCTWKa, KakTo M 3a onpefensHe Ha
TOYHMTE UM KOMWUYECTBEHW CHOTHOLLEHNS.

WHppadyepseHume cnekmpu Ha aHKepuTW OT HaxoauLue
KpemukoBUM Ce xapakTepuaupaT C TPW OCHOBHW MBMLM Ha
normbliaHe ¢ Makcumymu npu 1445, 880 u 729 cm”,
CbOTBETCTBALUM HA TPUTE HOPMANHM TpenTeHns Ys, Yo 1 Yy Ha
COs* rpyna B aHkeputa (MntocHuHa, 1977). Crnopeq Hsikow
nscnegosatenu (Dubrawski et al., 1989; Gil et al., 1992)
napanenHo C HapacTBaHe CbAbpXaHWeTo Ha Fe B cepusaTa
[ONOMUT-aHKEPUT B MH(ppayepBeHUTe CnekTpy ce Habnogasa
MoBMLIABAHE HA YECTOTUTe Ha apfcopOLUMOHHMTE  MBWLM,
oTroBapslLm Ha TpenteHusTa Y, u Y, Ha kapboHaTHaTa rpyna.

OCHOBHW PE3YNTATU 1 N3BOAN

Xenssochabpxaliute kapboHaTv oT rpynara Ha [onoMuTa
Ca OCHOBEH HepydeH KOMMOHEHT B MbPBUYHUTE pyau OT



Haxopuwe Kpemmkosuu. Te oBpasyBat coBCTBEHN MUHEPATHM
acoumMaunm BbB (PrIaHrOBMTE Y4acTbLM Ha CHUAEPUTOBMTE
PYBHW Tena — pesynTaT Ha AONOMWTU3aLMs Ha Tpuackute
BapoBuLn B NPUCBHCTBUETO Ha Fe un Mn, CbMbTCTBAT BCUYKU
CyndmaHu napareHesu, opMupaT 30HW Ha OKONOPYOHM
M3MEHEHMA BbB BMECTBALLUUTE MNONUMETANHOTO OpyAsBaHe
CKanu 1 ce oTnarar kato nocTpyaHu 0bpasyBaHist B MUHAAMHM
NpasHUHM Ha JOMOMUTU3NPaHUTE BapOBULM.

B 6e3cynhudHume MuHepanHu acoyuayuu XenssoCbabp-
XawwTte kapboHatM OT pgonomuToBaTa rpyna dopmupart
MMKPOKPUCTAaNHN [0 CPEAHO3bPHECTM MO3aeyHu arperatu ¢
MacuBHa,  rHe3OOBMOHA M MpOXUIKOBA  TeKCTypa.
MpeactaBenn ca npeawmHo o  Fe-gonomut, HO B
CUIepuTOBaTa pyaa e YCTaHOBEH U aHKEPUT Nog copmata Ha
€[po3bpHeCTa OCHOBHA Maca ¢ BKIMIOYEHMA  OT
MWKpOKpucTaneH Fe-gonomur.

790

740
890

Transmission %

Velocity(mm/s)

Queaypa 4. MpedcmasumenHu DTA-kpusa (a) u Mbocbayepos
cnekmup (b) Ha edpo3bpHeCcm aHkepum om MuHAanHu
npa3HUHU 8b8 BMecmBaLu O0OMUMHU 8apOBUYU.

B cynpudHume napazeHe3u JOMMHMPAT 30HANHU MeTa-
KpUCTanu ¢ aHKEpPUTOB CbCTaB M NpeobnagaBallo Hamansea-
He Ha CbabpkaHueTo Ha Fe KbM nepudepHUTE 30HM Ha
3bpHaTa — YyKasaHWe 3a MOHWXaBaHe TemnepaTtypaTa Ha
MWHepanoobpasyBalyns pasTBop U “U3ToLLaBaHE” Ha HEroBMS
MeTarneH ToBap B mpoueca Ha kpuctanusauws (MunyeBa-
CredaHoa u 'opoea, 1967), 3a ga ce CTUrHe BbB (hUHAMHUTE
asu 4o hopmmpaHe Ha 6eaHM Ha MPUMECH KanuuTy.

B MuHOanHu npasHuHu Cpep, BMeCTBALLMTE Ckanmu ce
obpasyBaT [pysu OT €efpOKPUCTANeH aHKepWUT, XapakTepw-
3upall ce C MakCUMarHm 3a HaxoauweTo cTonHocTh Ha FeCO;
(8o 23 mol%).

TunnyHo 3a xensasochabpkalymre kapboHaTu OT LONOMUTO-
BaTa rpyna e 3abenexumoTo W yCTOAYMBO NPUCLCTBME HA
TUNOMOPMHUSA 3a HaxoauweTo enemeHT — Mn, npu TOBa
yBennyaBaLlo ce oT 6espygHuTe MUHEpanHu acoumauun (2+4
mol% MnCO; BbB Fe-gonomuta) KbMm  cyndwugHuTe
napareHeau (4+8 mol% MnCO; B aHkepuTa). Mopagu ToBa OT
HOMeHKnaTypHa rnegHa Touka (Munuesa-CtedbaHoBa 1
FopoBa, 1967) OCHOBHaTa YacT OT W3y4YEHUTE B HACTOALLOTO
nscnegeaHe MuHepanu 6u criegsano ga ce OTHecaT KbM
pasHoBuaHocTute Fe-Mn doromum n Mn-aHkepum.
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ABSTRACT

The dolomite-group ferroan carbonates (ferroan dolomite, ankerite) are the main non-metallic component in the primary ores of the Kremikovtsi deposit. They (1)
formed carbonate assemblages in the transition zones between the siderite ore bodies and the host Middle Triassic dolomitic limestones, (2) accompanied all sulfide
assemblages, (3) constituted alteration zones in the carbonate rocks hosting the Pb-Cu sulfide mineralization, and (4) deposited as post-ore rhombohedral crystals in
cavities within the dolomitic limestones. In the non-sulfide mineral assemblages these minerals are represented by micro-grained aggregates of ferroan-manganoan
dolomite in a coarse-grained ankerite matrix. Zonal manganoan ankerites with decreasing Fe contents toward the rims are characteristic for the sulfide assemblages.
In cavities within the host carbonate rock linings from coarse-grained manganoan ankerite are formed with the highest FeCOjs content (up to 23 mol%) in the deposit.

INTRODUCTION

The dolomite-group ferroan carbonates (ferroan dolomite,
ankerite) are the main associated non-metallic components of
the polymetallic sulfide mineralization in the Kremikovtsi
deposit (Atanassov, 1977). They are also widespread in the
transition zones between the siderite ore bodies and the host
Middle Triassic dolomitic limestones (Damyanov, 1998). So far
this type of ferroan carbonates has not been an object of
detailed studies in view of their characteristics in the different
mineral assemblages they form.

The purpose of this work is to study the chemical
composition, structures and mineral associations of the
dolomite-group ferroan carbonates from the Kremikovtsi
deposit. Because there are no commonly adopted rules of
nomenclature differentiation of the minerals in the
CaMg(CO;),-CaFe(CO;), limited solid solution (even a
proposal of quite conventional sharing of type ‘low-Fe =
ferroan dolomite, high-Fe = ankerite” has been made by
Reeder, 1983), in this paper the nomenclature, proposed by
Minceva-Stefanova and Gorova (1967) is used as follows:
ferroan dolomite — 10+30 mol% CaFe(COs),; ankerite - > 30
mol% CaFe(COs),.

MATERIALS AND METHODS

Representative samples of dolomite-group ferroan
carbonates from different mineral assemblages (host Middle
Triassic dolomitic limestones, siderite ore, polymetallic sulfide
mineralization and pale- to dark-gray recrystallized dolomites)
were examined by electron microprobe (58 an.), optical and
scanning electron microscopy, XRD, DTA, Méssbauer and
infrared spectroscopy. The micromorphology, size and
chemical composition of different samples and minerals were
determined by a JSM-35-CF and a PHILIPS SEM-515 with an
EDAX PV 9100 EDS system (with an operating voltage of 15
kV and electron beam diameter of 1um). As the compositional
variations in the distinct mineral assemblages and zonal grains
are in the range of the experimental errors of the electron
microprobe method and the apparatuses used, the data
represented in Table 1 are summarized, as follows: Ne 14 —
average of 11 analyses; Ne1 —of 6 an.; Ne 2, 3, 5,6 —of 5 an,;

Ne 17, 4, 15— of 3 an.; Ne 7, 8+11, 16 — of 2 an.; the rest are
single analyses. X-ray diffraction (XRD) patterns were obtained
with a DRON-1 diffractometer (CuKa radiation, Ni filter, | = 24
mA, U = 34 kV) and a 57.3 mm Debye-Scherrer TUR-M-60
camera. DTA and TG curves were recorded with a
Derivatograph apparatus in static air, DTA = 1/10, DTG = 1/15,
G = 200, sample weight — 1 g, rate of heating — 10°min, as
well as with a Stanton Redcroft STA-780 series apparatus in
the 18-1200°C temperature range (10°C/min). A Mdssbauer
study was carried out by using an UMS-3 spectrometer with a
¥Co (in Pd) source. Isomer shifts were always calculated vs.
Fe metal. The infrared spectra were recorded in the 3800-400
cm” range with a UR-10 i.r. spectrometer. The samples were
prepared as KBr disks by standard methods. Used are prisms
of LiF (3800-2000 cm'), NaCl (2000-700 cm™) and KBr (700-
400 cm™).

MINERAL ASSEMBLAGES

Host carbonate rocks and siderite ore

According to Kanurkov (1988), the earliest ankerite
generation preceded the formation of primary Mn-siderite ore
in the deposit. Its occurrence in the Kremikovisi opencast
workings may be established most often by indirect criteria
based on the areal distribution of yellow to yellowish-brown
low-Mn limonites.

In the transition zones between the siderite ore bodies and
the host dolomitic limestones and rarely in the siderite ore, a
specific assemblage of dolomite-group carbonates has been
found. It forms massive, compact (porcelain-like), dark-gray
aggregates, well differentiated visually on the background of
the red Middle Triassic dolomitic limestones. Its textural
features in the siderite ore are quite similar but the
differentiation between the two mineral assemblages is very
complicated because of the identical coloring. The ferroan
dolomite-ankerite assemblage is represented by veinlets and
nest-shaped aggregates of a coarse-grained ankerite matrix
with inclusions of rhombic ferroan dolomite grains (Fig. 1a). Its
textural relationships with the host rock/ore suggest that the
assemblage was probably formed during the stage of
advanced diagenesis according to the criteria proposed by
Leeder (1982).



Figure 1. Textural features of dolomite-group ferroan carbonates from the Kremikovtsi deposit. a)fine-grained ferroan dolomite in an
ankerite matrix; b) medium-grained ferroan dolomite impregnated interstitially by pyrite (recrystallized framboids); c) coarse-grained
ankerite associated with chalcopyrite in a matrix of fine-grained dolomite (host dolomitic limestone); d) ankerite metacrystals in
galena; e) coarse-grained ankerite lining solution cavities in dolomitic limestones; f) recrystallized ferroan dolomite from an alteration
zone adjacent to the sulfide mineralization. Ank — ankerite; Ch — chalcopyrite; Fe-Dol — ferroan dolomite; Ga — galena; Host — host
dolomitic limestone; Py — pyrite. Reflected light, II N.

Polymetallic sulfide mineralization

Several types of dolomite-group ferroan carbonates, accom-
panying the main sulfide assemblages (pyrite, chalcopyrite and
galena) (Atanassov, 1977; Atanassov et al., 1979, unpubl.
data?), can be distinguished in the Kremikovtsi deposit. The
first one is represented by ferroan dolomite, associated with
the earliest deposited sulfides (pyrite, marcasite, chalcopyrite)
from the pyrite assemblage. Pyrite is one of the most
widespread sulfide minerals in the deposit, but it is concen-
trated mainly in an ore body located at the 520 and 532 m
levels in the opencast. Major components of this ore body are
ferroan dolomite and fine-grained pyrite (recrystallized

% Atanassov, V., Marinov, T., Sultanov, A., Vassileva, M., Petrov, |, Ganova,
M. 1979. Mineral composition of the primary and secondary polymetallic
mineralization in the Kremikovtsi deposit and petrographic cherteristics of the
host rocks. — Contract Report # 599/77, NIS MGU, 349 pp.

framboids) that are interstitially distributed in the carbonate
matrix (Fig. 1b).

The next type is of ankerite, accompanying the deposition of
copper mineralization in the deposit (chalcopyrite assemblage).
It forms small veins and veinlets with nests of chalcopyrite in
the host carbonate rock (Fig. 1c). The ankerite is coarse-
grained (up to 1-2 mm crystals), dominantly idiomorphic with
well-pronounced cleavage in two directions Interstitially of the
carbonate grains are located sulfide inclusions (mainly pyrite)
and organic matter. The main ore mineral in this assemblage,
chalcopyrite, is coarse-grained, monomineralic or associated
with tennantite. Galena and sphalerite are rarely observed.

Later type of ferroan dolomite-ankerites deposited in the
galena assemblage which is the main sulfide assemblage in



the deposit. The ferroan dolomite-ankerites form veins with
nests of coarse-grained galena (up to 10 cm) within the
carbonate host. Main ore mineral in this assemblage is galena,
associated with tetrahedrite, chalcopyrite and rarely sphalerite.

The last type of ferroan carbonates is occasionally
established as small veinlets or cavity linings in the dolomitic
limestones. The ankerite is coarse-grained, white to translu-
cent with up to 1-1.5 c¢m limpid sparry crystals (Fig. 1e) and
associated with tabular barite, needle-like quartz and cube-
octahedral galena.

The latest type of ferroan carbonate in the Kremikovtsi
deposit is represented by post-ore ferroan dolomite. It is rarely
established as fine rhombohedral crystals in solution cavities,
associated with barite crystals and authigenic phyllosilicates
(Damyanov and Vassileva, 2001).

The dolomite-group ferroan carbonates are not only
associated minerals of sulfide mineralization, but also a
component of host rock alteration. The sulfide ore-formation in
the Kremikovtsi deposit is accompanied by local recrystalli-
zation (Fig. 1f) and ferroan dolomitization-ankeritization of the
carbonate host. The recrystallized carbonate rocks are gray to
dark-gray due to the impregnation with sulfides and organic
matter.

Processes of ferroan dolomitization of the host carbonate
rocks, preceding and accompanying the sulfide mineralization,
have been established also in the Sedmochislenitsi-type
polymetallic deposits from the Western Balkan (Minceva-
Stefanova, 1988, 1989). These deposits are very similar mine-
ralogically and petrographically to the sulfide mineralization in
the Kremikovtsi deposit. In contrast to them however, the
galena assemblage in the Kremikovtsi deposit is subsequent to
the chalcopyrite one.

CHEMICAL COMPOSITION

Summarized microprobe data for the dolomite-group ferroan
carbonates from the Kremikovtsi deposit are represented in
Table 1. The results obtained show a pronounced tendency of
compositional variations of the carbonate studied. The earliest
formed sulfides (pyrite) are accompanied by ferroan dolomite.

Table 1. Representative microprobe analyses (mol%) and
structural formulae of dolomite-group ferroan carbonates from
Kremikovtsi deposit — summarized data.



c —core, r — rim of zonal crystals

The later ones (chalcopyrite, tennantite, galena) are
associated with high-ferroan dolomites to typical ankerites.
During the final stage of sulfide mineral-formation once again
deposited ferroan dolomite. The composition of late post-ore



ferroan dolomite is distinguished from that of the earlier pyrite
assemblage with higher Mg and lower Mn and Fe contents.

The highest Fe/Mg ratio is characteristic of ankerite from the
chalcopyrite assemblage and the later galena assemblage
(coarse-grained and cavity lining ankerites) (Fig. 2). In contrast
to the Chiprovtsi carbonates (Dragov and Neykov, 1991), the
Kremikovtsi ones are characterized by higher Mn contents
(MnCO; up to 8 mol%). They are mostly represented by Ca-
rich varieties (CaCO; > 50 mol%). Many authors noted
variations as compared to stoichiometric composition and
negligible excess of Ca in the dolomite-group carbonates (Deer
et al., 1966; Minceva-Stefanova and Gorova, 1967; De Grave
and Vochten, 1985; Reeder and Dollase, 1989; Reksten,
1990). The higher Fe and Mn concentrations are considered to
be a favorable prerequisite for formation of Ca varieties. Some
authors (Deer et al., 1966; Minceva-Stefanova and Gorova,
1967; Reeder and Dollase, 1989) supposed an isomorphic
substitution of a part of Mg?- cations by Ca* instead of the
differences in their cationic radii.
CaFe(CO;),
O Non-sulfide mineralization
@ Sulfide mineralization

CaFe(CO,),

CaMn(C0Oy), CaMg(CO,),

Ankerite

CaMn(CO,), CaMg(CO,),

Figure 2. Compositional variations of the dolomite-group
ferroan carbonates from the Kremikovtsi deposit in the
CaMn(CQ;),--CaMg(COs),-CaFe(COs), system. Zonal trends
of type “core—rim” are marked by arrows. The numbers of
analyses are as in Table 1. The fields of nomenclature
differentiation are after Minceva-Stefanova and Gorova (1967)

According to Kucha and Wieczorek (1984), non-
stoichiometric ~ Ca-ankerites are characterized by a
heterogeneous domain structure. Reksten (1990) considered
the non-stoichiometric composition of some low-temperature
Ca-ankerites as provoked by the microstructure features of the
mineral and the presence of impurities. In contrast to the Ca-
rich varieties, the stoichiometric ankerites, containing up to 66
mol% CaFe(COs),, are practically homogeneous (Reeder and
Dollase, 1989). The splitting of some peaks in a part of
diffractograms, obtained by the dolomite-group ferroan
carbonates (Fig. 3), gives us a reason to propose a possible
microheterogeneity in them.

Very often during the SEM studies of carbonate minerals, a
compositional  zoning is established, which provokes
terminological difficulties. In the ankerites from the chalcopyrite
assemblage e.g., pale-gray microlamellae with higher Fe
contents have been observed. Heterogeneous zonality,

represented by repeatedly alternating darker (ferroan dolomite)
and lighter (ankerite) zones, has been established in some
coarse-grained carbonates from solution cavities.

XRD, THERMAL AND SPECTROSCOPIC
CHARACTERISTICS

The XRD studies of dolomite-group ferroan carbonates from
the different mineral assemblages show a distinct increase of
the d-values in accordance with the increase of the Fe
contents in the minerals examined. In comparison with the
standard data of ferroan dolomite (PDF # 340517), these of the
Kremikovtsi ankerite have higher d-values probably because of
the higher Fe and Mn contents (Fig. 3). The positive correlation
between the cell parameters a, and ¢, and the Fe contents in
the dolomite-ankerite series has been discussed by many
authors (Reeder, 1983; Reeder and Dollase, 1989; Gil et al.,
1992). The weak reflections with d-values (A) at 3.03, 1.909-
1.914 and 1.620-1.623 on the typical diffractograms shown in
Fig. 3, are due to the presence of small quantities of calcite.

The DTA curve of ankerite (Fig. 4a) is characteristic for the
mineral and has no visible differences in comparison with the
standard one (lvanova et al., 1974). It is characterized by the
presence of 3 endothermic peaks at 740°, 790° and 890°C. The
first one reflects the ankerite decomposition and its
dissociation of FeCO; and MgCO; and simultaneous oxidation
of FeO toward Fe,O;. The second peak at 790°C is considered
to be a result of interaction between Fe,O; and CaCO; and
formation of Ca-ferrite. The third endothermic peak
corresponds to the dissociation of the rest CaCO; quantity
(Ivanova et al., 1974).

The Mdssbauer spectrum of ankerite from the Kremikovtsi
deposit consists of one quadrupole doublet with an isomer shift
near 1.19 mm/s and quadrupole splitting — 1.49 mm/s (Fig. 4b).
The results obtained conform to the data published in the
literature (De Grave and Vochten, 1985; Reeder and Dollase,
1989). The experimental studies of ankerites with different Fe
contents (17+66 mol% CaFe(CO;),) showed that the
quadrupole splitting values decrease inversely proportional to
the Fe contents. The Méssbauer data obtained testify to the
octahedral position of the Fe*-cations and weak trigonal
distortion of the (Mg, Fe)Os octahedrons. In comparison with
the spectra of other ferroan carbonates (e.g. siderite), that of
ankerite is characterized by a considerable decrease of the
quadrupole splitting values while the isomer shifts amounts are
very close. The distinctions in the Mé&ssbauer spectra of
ferroan carbonates with different structures (ankerite, siderite)
can be used to distinguish them qualitatively and quantitatively
in mixed aggregates.

The infrared spectra of Kremikovtsi ankerites are
characterized by 3 main bands at 1445, 880 and 729 cm’
indicating respectively the 3 normal vibrations (Y3, Y, and Y,)
of COs*-group in the ankerite (Plyusnina, 1977). According to
Dubrawski et al. (1989) and Gil et al. (1992) in parallel with the
increase of the Fe content in the dolomite-ankerite series
occurs an increase of the absorption bands frequencies of Y,
and Y, vibrations of the CO,*-group.
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Figure 3. Diffractograms of coarse-grained manganoan ankerite from cavity linings in the dolomitic limestones (a) and from veinlets
with chalcopyrite nests (b).

SUMMARY AND CONCLUSIONS

The dolomite-group ferroan carbonates are the main non-
metallic component in the primary ores of the Kremikovtsi
deposit. They (1) formed carbonate assemblages in the
transition zones between the siderite ore bodies and the host
Middle Triassic dolomitic limestones — the result of
dolomitization of the host rock in the presence of Fe and Mn,
(2) accompanied all sulfide assemblages, (3) constituted
alteration zones in the carbonate rocks hosting the Pb-Cu
sulfide mineralization, and (4) deposited as post-ore
rhombohedral crystals in cavities within the dolomitic
limestones.

In the non-sulfide mineral assemblages the dolomite-group
ferroan carbonates formed micro-grained to medium-grained
mosaic aggregates with massive, nest-like and veinlet textures.
They are represented mainly by ferroan dolomite but within the
siderite ore ankerite, as a coarse-grained mass with rhombic
inclusions of ferroan dolomite is established as well.

In the sulfide assemblages predominate zonal ankerite
metacrystals with decreasing Fe contents toward the rims — an
indication of drop in temperature of the mineral-forming
solution and exhaustion of its metal load in the process of
crystallization (Minceva-Stefanova and Gorova, 1967).

Typical for the dolomite-group ferroan carbonates is the
stable presence of Mn - a characteristic element for the
deposit, the contents of which increase from the non-sulfide
(2+4 mol% MnCO; in the ferroan dolomite) to the sulfide (4+8

mol% MnCO; in the ankerite) mineral assemblages. Thus, from
a nomenclature point of view (Minceva-Stefanova and Gorova,
1967) the main part of the minerals studied should be referred
to the varieties ferroan-manganoan dolomite and manganoan
ankerite.
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Figure 4. Representative DTA curve (a) and Méssbauer
spectrum (b) of coarse-grained cavity lining ankerite.
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