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KyTHaxopuTbT ce cuuTa 3a psigbk MUHepan ¢ npeobrnajasallo xuapoTepmaneH unv metamopdeH reHesuc. OBekT Ha n3cnedBaHe U CpaBHEHME B HacTosiata
paboTa ca ABa reHEeTUYHW TUNa KyTHAaXOpWT: EHAOTEHEH - OT ONOBHO-LIMHKOBATa MMHepanu3aums B Haxoguwe PubHuua, MagaHcko pyaHO nore, 1 eK30reHeH - oT
nuMoHuTUTE B Haxopwwle KpemukoBuu. B Haxoauiie PuBHMUA MuHepambT € yCTAHOBEH B LiEHTpanHaTa YacT Ha KBapli-rareHuT-chaneputoBu Xunu unv nog
chopmata Ha CaMOCTOSITENHM XuHU obpa3yBaHus ¢ kpemas 0 6nefopo3os LBAT. B Haxopuwie KpeMuKoBLIM KyTHaXopuT, acouumpall, CbC CynepreHHn kapboHatu
(cdhepocupepnT, poOJOXPO3NT, KamwuuT), HEOTOKUT, TbOTUT W CynepreHeH GapuT, ce cpelja B Hail-HUCKATE HMBA Ha OKMCNWTENHAaTa 30Ha noj copmara Ha
KoromopthHM MreyHobenu o GnesokpemMaBu UMW CHeXXHOBenW duHournecTw arperatv. 3a U3yyaBaHETO Ha MUHepana Cca W3BbPLUEHWU PEHTTEHOCTPYKTYPHU M
XUMUYHK n3cneaBanus, ATA-aHanusu, CEM n TEM. MonyyeHnte pesynTatute nokasgar, Ye JBaTa reHeTUYHM TUNa KyTHaXopWT Ce pa3nnyaBat No XMMUYEH CbCTaB
1 CTPYKTYpHa NoapeneHoCT. EHAOreHHUSIT KyTHaxopuT € npeactaBeH oT nogpeaeHu Fe-Mg pasHoBMAHOCTY, @ ek3oreHHNST — oT Ca pasHOBMAHOCTM C YacTUYHO

noapesieHa CTpyKTypa.

BBLBEAEHME

KyTHaxopuTbT ce cuuTa 3a psgbk MuHepan C
npeobraaa.allo XvapoTepmManeH Wim MeTaMopdeH reHesuc.
B nuTepatypHuTe M3TOWHMUM Ce CbobluaBa 3a eAMHWUYHM
HaXO[KW Ha eK30reHeH KyTHaxopuT, acouuupaly, C aparoHuT B
CEOVNMEHTHWN OTNIOXEHMS M kapcToBu obpasysaHus B tanus
(Bini and Menchetti, 1985; Cancian and Princivalle, 1991). B
bbrrapus MuHepanbT e yCTaHOBeH B Haxoguwarta PyeH
(OparoB, 1965), Pwbnuua (KombkoBckm u dp., 1980) wu
MapTuHoBo (Dragov and Neykov, 1991).

O6eKT Ha n3crnefBaHe M CpaBHEHWe B HacToswwaTa pabota
Ca [iBa reHeTUYHU TUNA KyTHAXOPMT: EHOOrEHEH - OT ONOBHO-
LMHKOBaTa MUHEpanu3aums B Haxopuwe PubHuuya, MagaHcko
PYOHO NOME, U €K30reHeH - OT NUMOHUTUTE B HaxOoAwLle
KpemukoBuu. [poBegeHnte u3cneaBaHust umat 3a  Len
N3yyaBaHe Ha TEXHUS XMMUYEH CbCTaB, MOPCOCTPYKTYPHU
0COBEHOCTM M TEPMUYHO NOBEAEHME.

Pb-Zn Haxoguuwe PubHMUa e pasnonoxeHo B 3anagHata
yacT Ha MapaHckoto pyaHo none, LleHntpannu Popgonu.
KonbkoBckn u  dp. (1980) otmenst 6 cragus Ha
MWHEpanu3auns B HEro, KaTo KyTHaXxopuT € YCTaHOBEH B
neTust — KyTHaXOpUT-POAOXPO3UT-MaHraHOKamNLMTOB CTagui.
MuHepanbT ce cpelja 06MKHOBEHO B LIEHTPAmNHMTE YacTh Ha
PyOHUTE XWMW B acoumaums ¢ MaHraHokanuwt. Cnopepn
KonbkoBcku u dp. (1980) kapboHaTHUTE (hasu OT TO3M CTapuii
Ca OTNIOXEHW B TeMnepaTypHus uHTepsan 275-220°C.

Haxoguwe KpemukoBLM € KOMMMEKCHOPYOHO U Ce
XapakTepuaupa C HanuuMeTo Ha 3 TUMA KenesHu pyau
(cupepuTOBa, XemMaTMTOBa M MMMOHMTOBA), 3HAUMTENHA MO
3anacu 6apuToBa CypoOBWHA U HEKOHAMLMOHHA MONMMMeTanHa

muHepanmu3auus  (MaHaiotos, 1974; AtaHacos, 1977;
Damyanov, 1998). To e pasnonoxeHo BbB BpayaHcko-
KpemukoBckust  pyoeH  paroH o  CrtaponnaHuHckata
MeTaroreHHa 30Ha. JIokanuaupaHo e cpeg LONOMUTU3NPaHNTE
BapoBuUM Ha Vckbpckata kapboHatHa rpyna (T,). Moutn 2/3
oT obemMa Ha HaxogumLLETO 3aemaT NIMMOHWUTUTE, KOMTO ca
¢hopMMpaHm Npe3 NPOABLIMKUTENEH EK30reHEH eTar, BKITIOYBALL
3 cTagus: NpegnnmMoLEHCKM, MIMOLEHCKN M MOCTMAMOLEHCKM.
[rvoueHCKMAT — cTaguii  Ha  CynepreHesa npotuya B
CPaBHUTENHO PedyKUMOHHW YCNOBMS MPU 3anuBaHETO Ha
OKWUCTEeHUTe pyau OT BoauTe Ha e3epo. lpes To3u cTagui ce
M3BbPLUBA OTNAraHeTO Ha BTOPUYHM KapbOHATHU MUHepany,
Baput 1 cynduamn. KyTHaxopuTsT € YCTaHOBEH B Hal-HUCKUTE
HWBA Ha OKUCMUTENHATa 30Ha B acoumaups CbC CynepreHHu
kapOoHaTh, HeOoTOKMT, rboTUT M Oaput. Cpewa ce nog
chopmata Ha KONOMOP(HN U CTanaKTUTOBWAHM MevHobenm
po  OnepokpemaBu  06pa3yBaHMs UM CHEXHOGenm
(DMHOMIMECTY arperaTu, OTIIOKEHN B KyXWHM B IMMOHUTUTE.

MATEPWAN 1 METOOMKA HA N3CNEABAHE

MacnegpaHn ca  XMMUYHUST CbCTaB, CTPYKTYPHUTE
XapaKTEPUCTUKN 1 TEPMUYHOTO MOBEAEHWE HA pasnuyaBalLy
ce no Mopchonoxku 0coBEHOCTM NpeacTaBnUTeNHU 0bpasuy ot
[BaTa reHeTUYHM TUNA KyTHaxopuT. KonuyecTBeHNTE XUMUYHN
aHanmau ca nposegeHun B LIHUN “Teoxumusa”, MY “Ce. Us.
Punckw” n B CY “Ce. Kn. Oxpuackn”. MscnegeaHo e
pasnpedeneHMeTo Ha  [MaBHWTE  MUHepanoobpasysally
enemeHTnt (Ca u Mn) B XxapakTepuCTUYHN PEHTIEHOBM UM U
Ca HanpaBeHW KONMYECTBEHM PEHTTEHOCMEKTParHN aHammam
Ha KyTHaxopuT ¢ MukpoaHanusatop JEOL JSM-35-CF (Tracor
Northem TH 2000) Bbve dwupma “EBPOTECT AL
PeHTreHorpacdpckute  m3credBaHnst ca  OCbLIECTBEHNW C
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pudpaktometsp “OPOH-1" (CuK, nbuenne, Ni duntsbp) 1 ¢
anapat TUR-M-62 (kamepa ¢ d = 57,3 mm) B MI'Y "Cs. V8.
Punckn” n CY “Ce. Kn. Oxpugcku’. [TA-kpuBuTe ca
peructpupann Ha anapatypa ‘Derivatograph” npu crnegnute
ycnosus: a) DTA = 1/10, DTG = 1/15, TG = 500, u3xogHo
Terno Ha npobata - 1g, ckopoct Ha HarpssaHe 10°/min, u b)
DTA = 1/10, DTG = 1/10, TG = 1000, u3xogHo Terno Ha
npobarta - 1g, ckopocT Ha HarpsisaHe 5°/min. Mopdonoxkute
ocobeHocTM 1 (ha3oBaTa HeeaHOPOLHOCT Ha MuHepana ca
“3cneaBaHM CbC CKaHMpaLl, enekTpoHeH mukpockon “JSM-T
20" 1 TPaHCMUCWOHEH enekTpoHeH Mukpockon “EMB 100/T" B
MY "M. B. JlomoHocos”, Pycus.

PESYNTATA U ANCKYCUA

®opmu Ha cpelyaHe

B Haxopuwe PubHMLA KyTHaxopuTbT € yCTaHOBEH B MO-
HUCKUTE HMBA Ha pyaHWTE XurM B acouvaums ¢
MaHraHokanuut. O6pasysa 6negopo3oBu [0  Kpemasu
3bPHECTW arperaTy W Ha MecTa CriosiBa MMM npecuya
cyndmaHu MuHepanu. Hain-4ecto 3aema LigHTparnHaTta 4acT Ha
pyaHute xunu. OTNOXEH € Cred OCHOBHWTE MPOLYKTWBHM
napareHeau - KBapu-raneHuToBata W kBapl-ccanepur-
raneHuToBara.

B Haxoguwe KpeMuKoBUM KyTHAXOpPUTBLT Ce cpela B Haii-
HUCKMTE HMBa Ha OKUCMMTENHATa 30Ha, Ha rpaHuuyata ¢
Heokucnenust cupeput. OBpasyBa KonomopdHW, Ha MecTa
CTanakTMTOBMOHK,  MneyHobenn o Bnepokpemasu
nopuenaHoBMaHW arperatn ¢ guametsp o 3-4 mm u
AbIxuHa 4o 15 mm. B HanpeyeH npepes arperatute nokassar
(OMH KOHLEHTPWUYHO-30HamNEH CTPOeX, a no nepudepusta —
thuHournect (cpur. 1a). Hail-4ecto KyTHaXopuTbT € OTMOXeH
BbpXy CynepreHeH cuaeput (ccepocupeput) B KyXWHU B
MMMOHWNTMTE M acouumMpa C MIbTEH W BRAKHECT [bOTHT,
HEOTOKWT, CynepreHeH GapuT W KanuuT. YcTaHoBsBaT Ce U
CHeXXHOGEeNN PMHOMINECTV MMM PaaManHoNbYecTy arperatu,
Ha MecTa C OXpecToxbnTa [0 KadsiBa MOBBbPXHOCTHA
nUrMeHTauus. GuHoMrnecT 6an KyTHaXopuT, HapacTHan Bbpxy
POAOXPO3NT Ce Ccpella B Mmo-pedkn cnyyan. Mpu usyvasaHe
mopcpornorusita Ha MuHepana csc CEM ce Habniogasat
arperatin OT pomMboeapuyHIN MHAMBUAK (dour. 1b).

XumuyeH cbeTaB

B 1abn. 1 v Ha cur. 2 ca npeacTaBeHu JaHHM 3a CbCTaBa Ha
KyTHaxoputuTe OT Haxoguwata Pubhuua u Kpemukosup,
KaKTO M OT pyrv Haxodwila OT CTpaHaTta 1 Yyx6uHa — PyeH u
MapTtuHoBo; ®panknuH, CALL, KytHa Xopa u XBaneTuue,
Yexusi; Anonns (Oparos, 1965; Dragov and Neykov, 1991;
Frondel and Bauer, 1955; Trdlicka, 1963; Zak and Povondra,
1981; Tsusue, 1967). [lokasaHn ca M CbCTaBUTE Ha
CpaBHUTENHO ManobpoiHuTe Haxogkn Ha Ca-KyTHaxopuTw,
otbenssaHu focera B nutepatypata (Gabrielson and Sundius,
1966; Tanida and Kitamura, 1982; Bini and Menchetti, 1985).

EHOOreHHMAT KyTHaxXopuT OT Haxoguwe PubHuua ce
XapaKkTepuaupa ¢ noBULLIEHO ChabpxaHue Ha Mg (14,64-19,34
mol.% MgCO;) n cbrnacHo knacudmkaupsTa Ha MuHueBa-
CredpaHoBa, lopoa (1967) e npegcraseH oT Fe-Mg
Pa3HOBWAHOCTM Ha MuHepana. Cnopen CbluTe aBTopu C
HaWMEHOBaHWEeTO  KyTHaxopuT  cnegBa fda  Obaar
obo3HayaBaHM camMo kapboHaTWTE CbC CbAbPXaHME Ha

CaMn(CO;), ot 70 pgo 100%. Kapbowatute C nO-HUCKM
CbObPXaHUs Ha TO3M KOMMOHEHT M CbOTBETHO MO-BUCOKA Ha
CaMg(CO;), u CaFe(CO;), e no-ymectHo pa 6wbpar
pasrnexgaHn kato Fe-Mg pasHOBMOHOCTM Ha MuHepana,
KOETO MO-TOYHO OTPa3siBa 0COBEHOCTUTE B TEXHUS XUMUIBM.

Tabrmuya 1. XumuyHn cbetasu (mol.%) Ha kyTHaxoputu ot
pasnuYHN HaxoauLLa B cTpaHaTta W vyxbuHa
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* Konm4yecTBeH peHTreHoCneKTpaneH MMKpoaHanma.

1 - PubHuya; 2 - PubHuua (Konbkoscku u dp.,1980); 3 - PyeH
(Oparo., 1965); 4 - MaptuHoBo (Dragov and Neykov, 1991); 5
— ®panknuH, CALL (Frondel and Bauer, 1955); 6, 7 - KyTHa
Xopa, Yexus (Trdlicka, 1963); 8 - XsaneTuue, Yexvs (Zak and
Povondra, 1981); 9 - Rydijima, fAnonna (Tsusue, 1967); 10 -
NoHrGaH, LWeeumns (Gabrielson and Sundius, 1966); 11 - T.
BangapHo, Uranus (Bini and Menchetti, 1985); 12 - Fujikura,
fAnonna (Tanida and Kitamura, 1982); 13 - Kpemukosuu.

EauHuaT oT aHanuaupanute o0pasuy € CpaBHWUTEMHO
Bnn3bK NO CLCTAB 10 KyTHaxopuTa oT XBaneTuue, Yexvs (Zak
and Povondra, 1981), a ApyrusiT noka3sa W3BECTHO CXOLCTBO C
Mg-kyTHaxoput oT AnoHust (Tsusue, 1967). Banosute
aHanu3u Ha W3CreABaHUTe OT Hac KapboHaTw ca C Marnku
OTKMOHEHMS OT TEOPETWYHWS CbCTaB Ha MWHEpana U nek
nannwek Ha Ca (tabn. 1). HECTEXMOMETPUYHUST CbCTAB Ha
KyTHaxoputa € KOMEHTUPaH HeegHOKpaTHO B nuTepartypata,
kaTo € 0Tb6ens3aHo HanMuMeTo Ha MpUpoaHKM (hasn KakTo C
ussecteH fecmunt (Ca < Mn+Mg+Fe), Taka 1 ¢ u3nuwsk Ha
Ca (Reeder, 1983; Goldsmith, 1983; Essene, 1983; Anuyk u
0p., 1991). Cuuta ce, Ye B HECTEXMOMETPUYHUTE KapboHaTh ¢
AonomuToB TvN CTpykTypa M Ca > 1 yacT oT kaTnoHuTe Ha Ca
ce pasnonarat B B-nosuuuute. Hskom wuscneposatenu
npuemar, 4Ye  He3aBUCUMO  OT  NPeanoyUTaTenHoTo
pasnonaraHe Ha Mn?" B OTHOCUTENHO No-Mankute B-noauiuu,
YacT OT Hero e Bb3MOXHO Ja 3amecTBa Ca® B CTPYKTypHa
nosuuus A, KOeTo Ce peanuaupa nNpy no-BUCOKM TEMNEPATYPX.
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QOueypa 1. MopghocmpykmypHu ocobeHocmu Ha KymHaxopum om HaxoOuwe Kpemukosyu: a) uenecmu agpezamu om
kymHaxopum, CEM; b) aepecamu om pomb6oedpuyHu KymHaxopumosu Mukpokpucmanu, CEM; c) usobpaxeHue Ha
KymHaxopumoso 3bPpHO 8 06pamHo ompaseHu elekmpoHu; d) pacmposo U3obpaxeHue Ha KymHaxopumoso 3bpHo 8 MnKa-byu,
CEM; e) pacmpogo u3obpaxeHue Ha KymHaxopumoso 3bpHo 8 CaKa-nbyu, CEM; f, g) MukpoHeeOHOpoOeH cmpoex Ha
KymHaxopumosa nosbpxHocm, peniuku, TEM; h, i) Mukpopeneg Ha ceexo omyyneHa KymHaxopumoga nogbpXHOCM, PENSTUKU,

Ca Fe(CO3)2
100

100 90 80 70 60 50 40 30 20 10

CaMn(CO;), CaMg(COs),

Queypa 2. Cbcmasu Ha KymHaxopumu (mol. %) Ha
mpubebiiHama Ouazpama CaMn(COs),-CaMg(CO;),-
CaFe(CO;),. Homepama Ha moykume cbomeemcmeam Ha
aHanusume npedcmaeeHu 8 mabii. 1.

BbamoxHoCTTa 3a pasnoraraHe Ha Mn* u B aBeTe
kaTuoHHM nosuuun (A, B) ce obycnaBs OT MEXOUHHWS

pa3Mep Ha oHHMA paguyc Ha Mn* B cpaBHeHWe C TO3M Ha
katuonute Ca* u Mg (Lumsden and Lloyd, 1984; Reeder,
1983; Goldsmith, 1983). C ToBa obcTosTencTso ce 0bscHsBa
HanM4MeTo Ha NPUPOLHM hasu C HECTEXMOMETPUYEH ChCTaB,
c ussecteH aedmumt Ha Ca, kakTo M obuvaitHata, 4ecTo
cpeliaHa 4acCTMYHa CTPYKTypHa  HenogpeneHocT  Ha
MWHepana.

KyTHaxopuTbT OT HaxoauLle KpeMukoBLW € NpescTaBeH ot
kanuuesa pasHoBuaHocT (Tabn. 1). CrabpxaHneto Ha Ca B
Hero € Mo-HUCKO, OTKONKOTO B KamnuueBusi KyTHAaxopuT OT
JloHrbaH, WBeuus. Mo cbcTaB aHanM3uMpaHUsT MUHepan e
TBbpAe OMM3bK B0 EeK30TeHHUS KyTHaXopuT, acouuupaly ¢
aparoHuT B CEAMMEHTHUTe OoTnoxeHus oT JlesaH, T.
BanpapHo, Wranua (Bini and Menchetti, 1985). MMpu
“3cnepBaHe Ha MMOLLHOTO pasnpoCcTpaHeHue Ha rnaBHUTE
enemeHt (Ca u Mn) B XapakTepUCTUYHW PEHTIEHOBM
Mbyn ce Habnogasa SICHO M3paseHa 30HaNHOCT B MUHepana
(dur. 1d, e). B HskoM yyacTbuu Ce yCTaHOBSIBA eAHAKBO
pasnpegenedne Ha Ca u Mn, gokato B gpyrv ca Hanuue
BMCOKM KOHLEHTpaLuu Ha Ca v MoyTy MbIIHO OTCHCTBME Ha
Mn (BX. DONMHMA AECEH Bbrbn Ha kagpute ot dwmr. 1d, e).
XapakTepbT Ha pasnpefeneHneTo Ha enemeHtute Ca n Mn
cBMAETENCTBA 3a (has3oBa HeegHopogHocT. [MpoBeaeHuTe
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nscnepsanua ¢ TEM no meToga Ha BbrnepogHUTe pennmku
MOTBbPKAABAT HANMYMETO HA MUKPOHEEAHOPOAEH CTPOEX B
N3y4aBaHUs eK30TeHeH KyTHaxopuT. B Hsakou oT obpasuute
ce HabriogaBaT MUKDOMYKHAaTMHW M OTYETNMBO M3paseHa
LenuTenHocT, MO0 KOATO Ha MecTa ca NoKanusvpaHu
BrIOBATU N0 OPMa MUKPOBKITIOYEHUS C ObIKUHA A0 OKONO
1 um (pur. 1f, g). fAcHo wu3paseH Mukpopened ce
YCTaHOBSABA W B PENIMKUTE OT CBEXO OTYYNEHa NOBLPXHOCT
Ha MuHepana (cur. 1h, i). ®asoBata MUKPOHEEOHOPOAHOCT €
XapaKkTepHa 3a KyTHaxoputa u e otbensisaHa OT peauua
u3cnegosarenu (Zak and Povondra, 1981; Goldsmith, 1983;
Peacor et al., 1987).

PeHTreHorpadckm u Tepmorpacdckm 0co6eHocTH

MpaxoBy PEHTTEHOCTPYKTYPHU [aHHWN Ha KyTHaXOpuTh OT
Haxopuwarta PubHuua n Kpemmukouy ca nokasaHu B Tabn. 2.
Te ca CpaBHEHM C eTanOHHMTE 3a MOAPELEH KyTHAXOpUT W
Ca-pasHoBMOHOCTN Ha MuHepana. [lomyyeHuTe pesynTaty
nokaseaT, Y€ aHanu3MpaHUsST MWHEpan OT Haxogwiie
PubHuua ce oTnmyaBa ¢ Marnko NO-HUCKW 3HayeHus Ha d-
CTOWHOCTUTE B CpaBHEHWE C eTanoHa OT ®paHknuH, Hio
Mxbpen, CALL, nopagn pasnuunsita B XUMUYHUS CbCTaB U
Mo-BUCOKOTO ChbpKaHue Ha Mg?".

[laHHuTe 3a KyTHaxopuTa OT Haxopulle KpemukoBuu ce
cbrnacysat aobpe ¢ Tesn Ha Ca-pasHOBWAHOCTM Ha
MWHepara, onucanu gocera B nutepatypata (Gabrielson and
Sundius, 1966; Tanida and Kitamura, 1982; Bini and
Menchetti, 1985). PeHtreHorpadckata  kapTuHa Ha
aHanuaupaHute kapboHaTHu (hasu cBuaeTencrea 3a
YaCTMYHO  mogpedeHa  cTpykTypa. Pegwnua  aBTopw
otbens3gar, Ye Ha gebaerpamute U audpakTorpamMnTe Ha
NoapeaeHUTe  NPUPOAHM  KYTHAXOpPUTW, KaKTO UM Ha
CUHTETUYHUTE (pa3n cbe cbeTaB CaMn(CO;), yecTo He ce
nposBaBaT pedriekcy, NokassaLuy NoapeAeHoCT OT JaneyeH
nopsgbk (Winter et al., 1981; Essene, 1983; Reeder, 1983;
Goldsmith, 1983; Peacor et al., 1987; Axuyk u dp., 1991). B
TO3M CMMCBbIT Bb3HUKBAT TEPMUHOMOMMYHU 3aTPYAHEHNS,
BOKOMKOTO HaWMEHOBAHMETO ,,KyTHaXOpWUT" € BbBEAEHO 3a
NpbB MbT 3a nogpeAeHa dasa ¢ AONOMMTOBA CTPYKTypa W
Mn > Mg. MNpe3 nocregHuTe roguHU € Bb3NPUETO TOBA
HauMeHoBaHWe Aa ObAe M3NOn3BaHO 3a BCUYKM CbCTaBM,
Ormskm pgo CaMn(CO;),, kaTo 3a pasrpaHuyaBaHe Ha
HenoapeneHnTe MpUPOaHM (hasu CbC ChblUMsS CbCTaB Ce
pobaBs nmpunaraTenHoTo “‘kanuueB” WnM  “HenoapedeH’
(Essene, 1983; Peacor et al., 1987).

Tbil KaTO PEHTTEHOBMTE AaHHW W XUMWYHWST CbCTaB B
HAKOW Crlyyam Ca HEOOCTAaTbYyHM 338  HALEeXOHOTO
pasrpaHM4aBaHe Ha KyTHaxoputa OT Apyru kapBoHaTu,
QVarHoctukata Ha MuHepana moxe Aa Obae obnekyeHa
ype3 npunaraHeto Ha [ATA-aHanus (MasnuwmH, Cnueko,
1962; Anuyk u dp., 1991). KyTHaxopuTbT npuTeXaBa
[ONOMWTOB TUM CTPYKTYpa W HeroBata TEpMMYHA KpUBa,
nofoBHO Ha AONOMUTOBATA, Ce XapakTepusupa C HanmumeTo
Ha [OBa eHgoedbekTa, CbOTBETCTBALM HA [BaTa €Tana Ha
pasnaraHe Ha ABOMHWTE kapboHaTw (MasnuwwH, CrvBko,
1962). Cropep Anuyk u Op. (1991) npu TepMuyHuTE
nacnegsanus Ha Ca-Mn kapboHaTi BbB Bb3ayLluHa cpefa €
Bb3MOXHO YCMOXHSIBAHe Ha hopmaTta Ha TEPMUYHUTE KpUBK
nopagn eLHOBPEMEHHOTO MPOTMYAHE Ha [Ba npoueca —
pucoumMaums Ha kapboHaTMTE U OKMCIIEHME Ha MONyYeHuTe

npofyKTI. 3aToBa Te3u aBTOPY NPErnopbYBAT perucTpaLmaTa
Ha TepMorpamuTe fja ce M3BbpLUBA B Cpeaa OT Xemuii.

B nybnukysanute B nutepatypata [OTA-kpuBu Ha

pasnuyaBali Cce N0 XMMWYEH CbCTaB  MPUPOAHN
KyTHaxopuT ce HabniogaBaT WM3BECTHW Pa3nnyus, kato B
HAKOW Cryyau Tepmorpamute ca OT JONMOMMTOB TuM, a B
apyrm - ot aHkeputoB (Frondel and Bauer, 1955; Trdlicka,
1963; Tsusue, 1967; Tanida and Kitamura, 1982; Bini and
Menchetti, 1985; Oparos, 1965; Koctos, 1993). XuMuuHusAT
CbCTaB OKa3Ba BIMSHWE BbPXY XapakTepa Ha TEPMUYHUTE
KpuBW Ha kyTHaxopuTta. Cnopeg Trdlicka (1963) no-Bucokute
CbAbpXaHua Ha Mn? BogsT [0 nNposBa Ha MbpBUS
€HOOe(EKT MpWU MO-HUCKM TeMMepaTypy, a NO-HUCKUTE
CbAbpxaHua Ha Fe*+ - 0o no-cnaba MHTEH3WBHOCT Ha
XapakTepHuTe 3a MuHepana ABa eHgoedekta. 3a pasnuka
OT NpUpoaHNTE (hasn TEPMUYHITE KPWUBI HA XMOPOTEPMAITHO
CUHTE3MpaH KYTHaXOpWUT MOKasBaT camo eduH eHOoedekt
npu 862°C, CbOTBETCTBALL Ha €OWH eTan Ha pasnaraHe Ha
MWHepana npu HarpsiBaHe CbrNacHo peakuusTa:
CaMn(CQ;), + O, — CaMnO; + 2CO, (Fazeli and Tarean,
1982). BeposiTHO wu3cnedBaHata OT CblUMTE aBTOPU
CMHTETMYHa (hasa npuTexaBa HenogpedeHa CTPYKTypa OT
KanuuToB Twn.

900

(¢

760

Queypa 3. ITA-kpusu Ha KymHaxopumu om Haxoduwama
Pu6bruua (a) u Kpemukosyu (b).

TepmorpamaTta Ha KyTHaxopuT OT Haxoguwe Pubruua
(dwr. 3) nokassa ABa MHTEH3WBHK eHgoedekTa npu 760° n
900°C u mHoro crnabo 3araTHaT eHpgoedpekt mpu 820°C,
koeTo A npaBm 6nM3ka 4O Ta3n Ha CTaH4apTHUS obpasel oT
®panknuH, Hio Dxbpey, CALL, (Frondel and Bauer, 1955) u
Ha nybnukyBaHaTa ot KoctoB (1993) eTanonHa [ATA-kpuBa
Ha MuHepana. TepMuWyHaTa KpMBa Ha  €K30reHHWs
KyTHaxopuT oT Haxoguwe KpemukoBun (cur. 3) e ot
JONOMUTOB TUM M Ce XapaKTepuaupa C HanuyuMeTo Ha fBa
eHpoedekta npu 760° n 850°C, mbpBMAT OT KOWUTO € Mo-
cnabo m3paseH. Habniogaea ce M MHOro cnabo 3araTHat
eHpoedekt mpu 800°C. Ta ce cobrmacysa pobpe ¢
TEPMOrpaMUTE Ha MWUHEPANa OT KNacU4eCKOTO HaxoauLye B
KyTHa Xopa, Yexus (Trdlicka, 1963).
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Tabinwya 2. Npaxosit PEHTIEHOBK AGHHI Ha KyTHAXOPYTY OT Haxoawiata PybHuua n Kpemyxosuy

KyTHaxoput GepomarHesues depomarHesnes Kanyues KyTHaxoput, Kanuues Kamyues Kanuwes
Opankniad, CAUL KyTHaxopur, KYTHAXOPHT, TNowrban, Waeeuns KyTHaxXopuT, KyTHaxXopuT, KyTHaXopHT,
(ASTM 11-345 Puinya PubHiua (ASTM 19-234 Kpemmkosup Kpemmkosum | Kpemukosum
nd ] dA) | W | d(A) 1l d{A) Vo hkd d(A) o d(A) o d(h) Mo | d(A) | o |
01 | 427 | 6 101 413 10 ] ; T
012 375 | 2 373 1 374 2 012 378 40 3.80 8 38 4 3. 2|
104 |- 294 | 100 | 2902 10 2,916 10 104 | 2981 100 2.986 100 296 10 296 10
006 2.73 6 008, 015 2771 10 2786 2 o ]
015 259 | 4 - ] o o - ]
110 | 244 | 14 | 2429 | 2 | 2475 3 110 2462 | 40 2464 | 9 248 |5 246 3
13| 223 | 20 | 2210 | 2 2210 5 113,021 | 2248 | 50 2253 10 225 224 L4
021 210 | 4 " R o T
107 | 204 | 20 | 1982 3 2030 4 202 2.062 50 2067 10 2.06 6 1 205 |5
024 1.876 | 10 ) 1870 1 024 1.896 20 1.899 4 ]
018 1837 | 25 1.828 5 018 1.869 50 1.875 12 1.878 6 1867 2
009 1814 | 30 1.803 5 1.813 7w o
116 1840 60 1844 12 1839 | 7w | 1831 |3 |
211 | 1588 | 6 21 1601 | 20 1606 2 |
122 1.566 | 4 1.556 2 1.556 3 122, 1010 1.578 30 1.584 4 1586 | 4 1575 1
212 1540 | 4
214 1486 | 8 1.477 2 1482 1 214 1.501 20 1.503 3 1.500 3 _ 1499 1
028 1.469 4 208 1.487 10 1492 3
119 1465 | 4 19 1478 10
125 | 1400 | 6 | 1394 | 3 1397 2 175, 1011 | 1448 10 ) T
300 1418 30 1.422 3 1.424 2 1414 1
0.0.12 | 1.363 6 1.358 1 0012, 217 1.386 20 1.391 2 o
2040 | 1.294 | 4 0210 | 1311 0|
18 | 1268 | 4 | 1246 | 1 1.246 1 128 1273 P R R D R
2011 [ 1183 | 4 2011 1228 10 -
2110 | 1145 | 4 )
1.141 4 1.137 1 1.138 1
134 1.126 6 1.119 2 1.119 2
0015 | 1.089 | 4 1.108 1 7
2014 | 1.022 6 1.016 5 1.013 2 1.033 1 1.029 v 1
nudp. Fek, (Ni} FeK,, (Mn) FeK, (Mn} pudp. CoK,, andp. Cuk,, (Ni} CuK,, (NY) CuK,, (Ni}
MunueBa-Crecpaosa, W., Toposa, M. 1967. CmecumocT u
13BOON HOMEHKNaTypa Ha kapOoHaTuTe C [ONOMMTOB  TWN

Pesyntatute oT NpoBeAeHUTe M3CnedBaHUs MOKasBarT, Ye
[BaTa reHeTUYHM TUMa KyTHaXOpuT Ce OTNNYaBaT Mo CTeneH
Ha CTPYKTYpHa NOAPELEHOCT U XUMUYEH CbCTaB. EHgoreHHnsT
KyTHaXxopuT OT Haxoauiie PubHuua e npeacraeeH ot Fe-Mg
PasHOBMOHOCTM C  BWCOKA  CTPYKTYpHA  MOAPELEHOCT.
EK30reHHUAT  KyTHaxopuT OT Haxoguile KpemukoBun e
OTIOXEH B YCNOBWSATa HA NOABOAHA CynepreHesa B acouuaums
NpeauMHO C  BTOPUYHM KapboHaTHM hasn. MwuHepansT
npuTexasa YaCTUYHO nogpeneHa CTPYKTYpa,
MWKPOHEeJHOPO4EeH CTpoex UM e npedctaBeH or  Ca-
pa3sHOBUOHOCTM.
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The kutnahorite is considered to be a rare mineral with dominant hydrothermal or metamorphic origin. Two genetic types of kutnahorite (endogenic — from the Pb-Zn
mineralization in Ribnitsa deposit, Madan ore field, and supergene — from the limonite ore in Kremikovtsi deposit) are objects of examination and comparison in the
present paper. The mineral was found in the central parts of the quartz-galena-sphalerite veins, or as creamy to pale rose coloured monomineral veinlets in the
Ribnitsa deposit. Kutnahorite, associated with supergene carbonates (spherosiderite, rhodochrosite, calcite), neotocite, goethite and supergene barite, was
established at the lowermost levels of the oxidation zone in the Kremikovtsi deposit as colloform milk-white to pale creamy coloured, or snow-white fine needle-like
aggregates. The mineral was studied by XRD, chemical and thermal analyses, SEM and TEM. The data obtained show that the two genetic types of kutnahorite
studied are distinguished by their chemical composition and structural ordering. The endogenic kutnahorite is represented by ordered Fe-Mg varieties and the

exogenic kutnahorite — by partially ordered Ca varieties.

INTRODUCTION

The kutnahorite is considered to be a rare mineral with
dominant hydrothermal or metamorphic origin. Single finds of
exogenic kutnahorite, associated with aragonite in sediments
and karst terrains in Italy were reported by Bini and Menchetti
(1985), Cancian and Princivalle (1991). In Bulgaria this mineral
was found in several deposits: Ruen (Dragov, 1965), Ribnitsa
(Kolkovski et al., 1980) and Martinovo (Dragov and Neykov,
1991).

The morphology, structure, chemical composition and
thermal behaviour of two genetic types of kutnahorite
(endogenic — from the Pb-Zn mineralization in Ribnitsa deposit,
Madan ore field, and exogenic — from the limonite ore of
Kremikovtsi deposit) are objects of examination and
comparison in the present paper.

The Ribnitsa Pb-Zn deposit is located in the western part of
Madan ore field, Central Rhodopes. Kolkovski et al. (1980)
distinguished 6 mineralization stages in the deposit describing
the kutnahorite as developed in kutnahorite-rhodochrosite-Mn-
calcite stage. The mineral has been found in the central parts
of the ore veins in association with Mn-calcite. According to
Kolkovski et al. (1980) the carbonates from this stage are
formed in the 275-220°C temperature interval.

The Kremikovtsi complex-ore deposit is composed of three
types of iron ores (siderite, hematite and limonite), large
reserves of barite ore and low-grade polymetallic sulphide
mineralization (Panayotov, 1974; Atanassov, 1977; Damyanov,
1998). It is situated in the Vraca-Kremikovtsi ore district from
the Stara planina metallogenic zone. It is hosted in the
dolomitic limestones of the Iskar Carbonate Group (T>). A large
part of the deposit is occupied by limonite formed during a
prolonged three-stage (Pre-Pliocene, Pliocene and Post-
Pliocene) secondary alteration. The Pliocene stage of
supergene alteration took place under relatively reducing
conditions, when secondary ores were overflowed by lake
water. During these stages secondary carbonates, barite and
sulphides were formed. The kutnahorite was established at the
lowermost levels of the oxidation zone in association with
supergene carbonates, neotocite, goethite and barite as
colloform and stalactite—shaped milk-white to pale creamy

coloured or snow-white fine needle-like aggregates in cavities
within the limonite.

MATERIALS AND METHODS

The chemical composition, structural characteristics and
thermal behaviour of morphologically different representative
samples from the two genetic types of kutnahorite were
studied. The quantitative chemical analyses were performed in
CNIL “Geochemistry” (UMG “St. I. Rilski") and SU “St. K.
Ohridski”. The distribution of the major elements (Ca and Mn)
in characteristic X-rays and the microprobe data were obtained
using a JEOL JSM-35-CF device (Tracor Northem TH 2000) in
“EUROTEST” Plc. X-ray diffraction (XRD) patterns were
obtained with a DRON-1 diffractometer (CuKa radiation, Ni
filter) and a 57.3 mm Debye-Scherrer TUR-M-62 camera in
UMG “St. I. Rilski” and SU “St. K. Ohridski”. DTA curves were
recorded with a Derivatograph apparatus in static air at the
following conditions: (a) DTA = 1/10, DTG = 1/15, TG = 500,
sample weight — 1 g, rate of heating — 10°/min, and (b) DTA =
1110, DTG = 1/10, TG = 1000, sample weight — 1 g, rate of
heating - 5°min. The morphology and the phase
inhomogeneity of the mineral were studied by a SEM “JSM-T
20" and TEM “EMV 100L” in MSU “M. Lomonosov”, Russia.

RESULTS AND DISSCUSSION

Mode of occurrence

Kutnahorite, associated with Mn-calcite, has been
established at the lower levels of the ore veins in the Ribnitsa
deposit. It forms pale rose to creamy coloured grain
aggregates and partially cements or crosscut sulphide
minerals. As a rule, the mineral occupies the central parts of
the ore veins. It is formed after the main ore parageneses
(quartz-galena and quartz-sphalerite-galena).

The kutnahorite from the Kremikovtsi deposit has been found
at the lowermost levels of the oxidation zone near the
boundary with the primary siderite. It forms colloform, rarely
stalactite—shaped, milk-white to pale creamy coloured
aggregates (3-4 mm in diameter and up to 15 mm in length). In
cross-sections these aggregates show fine concentric-zonal
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structure and are needle-like at the periphery (Fig. 1a). The
kutnahorite is deposited most often over supergene siderite
(spherosiderite) in cavities within the limonite and associates
with massive or fibrous goethite, neotocite, supergene barite
and calcite. Snow-white fine needle-like or radial-fibrous
aggregates with rare yellowish to brown surface pigmentation
were also found. Fine fibrous white kutnahorite overgrowths
over rhodochrosite have been observed rarely as well. SEM
observations show rhombohedral habit of kutnahorite
individuals (Fig. 1b).

Chemical composition

Chemical compositions of kutnahorite from the present study
as well, as from other deposits — Ruen (Dragov, 1965) and
Martinovo (Dragov and Neykov, 1991), Franklin, USA (Frondel
and Bauer, 1955), Kutna Hora (Trdli¢ka, 1963) and Chvaletice,
Czech Republic (Zak and Povondra, 1981), Rydjima, Japan
(Tsusue,1967), are presented in Table 1 and Fig. 2. The
compositions of some rare finds of Ca-rich kutnahorite
(Gabrielson and Sundius, 1966; Tanida and Kitamura, 1982;
Bini and Menchetti, 1985) are also shown.

The endogenic kutnahorite from Ribnitsa deposit is
characterised by increased Mg contents (14,64-19,34 mol%
MgCO;) and according to the classification, proposed by
Mincheva-Stefanova and Gorova (1967), should be described
as Fe-Mg variety of this mineral. According to these authors,
only carbonates containing CaMn(CQO;), in the range 70-100%
have to be denoted by the name “kutnahorite”. Carbonates
with lower contents of this component and respectively with
higher CaMg(CO;), and CaFe(CO;), content should be
considered as Fe-Mg varieties of kutnahorite that reflects more
appropriately their chemical features.

The analysed samples from Ribnitsa deposit show
compositions relatively close to the kutnahorite from Chvaletice
(Zak and Povondra, 1981) and Rygjima, Japan (Tsusue,1967).
The bulk analyses of the carbonates studied have insignificant
deviations from the standard composition of this mineral and a
slight excess of Ca (Table 1). The kutnahorite compositional
non-stoichiometry has been debated many times in the
literature. It has been noted presence in nature of both phases
with Ca deficiency (Ca < Mn+Mg+Fe) and Ca excess (Reeder,
1983; Goldsmith, 1983; Essene, 1983; Yanchuk et al., 1991). A
part of Ca cations in the non-stoichiometric carbonates with
dolomite-type structure and Ca >1 is considered to be in B-
positions. Some authors accepted that instead of the
preferable disposition of Mn? in the relatively smaller B-
positions, a part of it at least is possible to substitute Ca® in
the A-position at higher temperatures.

The possibility of Mn? disposition in both cationic positions (A
and B) is determined by the Mn?*ionic radius, the size of which
is between those of Ca* n Mg* (Lumsden and Lloyd, 1984;
Reeder, 1983; Goldsmith, 1983). This fact explains the
presence of natural phases with non-stoichiometric
compositions and some Ca deficiency as well, as the
conventional and often established partial structural disorder of
the mineral.

Table 1. Chemical compositions (mol%) of kutnahorite from
different deposits.
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* Microprobe data.

1 - Ribnitsa; 2 - Ribnitsa (Kolkovski et al.,1980); 3 - Ruen
(Dragov, 1965); 4 - Martinovo (Dragov and Neykov, 1991); 5 -
Franklin, USA (Frondel and Bauer, 1955); 6, 7 — Kutna Hora,
Czech Republic (Trdlicka, 1963); 8 - Chvaletice, Czech
Republic (Zak and Povondra, 1981); 9 - Rydjima, Japan
(Tsusue, 1967); 10 - Langban, Sweden (Gabrielson and
Sundius, 1966); 11 — Levane, Upper Valdarno, Italy (Bini and
Menchetti, 1985); 12 - Fuijikura, Japan (Tanida and Kitamura,
1982); 13 - Kremikovtsi.

20KV X43 2183 100.90 JEOLS 20KV %43

Figure 1. Morphological features of kutnahorite from Kremikovtsi deposit. a) needle-like aggregates of kutnahorite, SEM; b)
aggregates of rhombohedral kutnahorite microcrystals, SEM; ¢) backscattered electron image of kutnahorite grain, SEM; d) MnKa
image of kutnahorite, SEM; e) CaKa image of kutnahorite, SEM; f, g) heterogeneous fabric of kutnahorite surface, TEM; h, i)
microrelief of fresh-broken kutnahorite surface, TEM.
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Figure 2. Compositional variations of kutnahorite in the
CaMn(CQ;),-CaMg(CO;),-CaFe(COs), system. The numbers
of analyses are as in Table 1.

The kutnahorite from the Kremikovtsi deposit is
represented by Ca-rich varieties (Table 1). The Ca content is
lower than that in the Ca-rich kutnahorite from Langban,
Sweden. Compositionally, the mineral studied is very similar
to the supergene kutnahorite, associated with aragonite in
sediments from Levane, Upper Valdarno, Italy (Bini and
Menchetti, 1985). The observed area distribution of the major
elements (Ca and Mn) in the mineral is characterised by well-
developed zoning (Fig. 1d, e). In some areas the Ca and Mn
distribution is almost equal, whereas in other areas high Ca
concentration and absence of Mn are apparent (see lower
right corners in Fig. 1d, e).

The Ca and Mn distribution is an indication of phase
inhomogeneity in the exogenic kutnahorite studied that was
supported by the TEM examinations. In some of the samples
micro-fissures and well-expressed cleavage planes were
observed, along which irregular micro-inclusions about 1 um
in length (Fig. 1f, g) were observed. Well-expressed micro-
relief is visible also in Fig. 1h, i (fresh broken kutnahorite
surface). The phase micro-inhomogeneity is typical for the
kutnahorite and has been noted by many authors (Zak and
Povondra, 1981; Goldsmith, 1983; Peacor et al., 1987).

XRD and thermal data

XRD data of kutnahorite from Ribnitsa and Kremikovtsi
deposits are presented in Table 2. They are compared with
standards for ordered kutnahorite and Ca-rich kutnahorite.
The data obtained show that the mineral from Ribnitsa
deposit is distinguished by slightly lower d-values in
comparison with the standard from Franklin, USA, because
of the differences in chemical composition and higher Mg
content.

The XRD data of kutnahorite from Kremikovtsi deposit are
similar to those of Ca-rich varieties, described in the literature
(Gabrielson and Sundius, 1966; Tanida and Kitamura, 1982;
Bini and Menchetti, 1985). The XRD patterns are an
indication of partially ordered structure. Many authors noted
that very often there are no reflexes of distant order on the
XRD patterns of ordered natural kutnahorite and synthetic
phases with CaMn(CQOs), composition (Winter et al., 1981;
Essene, 1983; Reeder, 1983; Goldsmith, 1983; Peacor et al.,
1987; Yanchuk et al., 1991). This resulted in terminological
difficulties, because the term “kutnahorite” was used the first
time for an ordered phase with dolomite-type structure and
Mn > Mg. Recently it has been adopted, this term to be
applied for all the compositions close to the end member
CaMn(CO;),. Distinguishing of disordered natural phases
with the same composition is complete by appending an
adjective “calcian” or “disordered” (Essene, 1983; Peacor et
al., 1987).

As the XRD data and chemical composition are not good
enough to distinguish adequate kutnahorite from other
carbonates mineral diagnostics can be substantially
improved by means of the DTA analysis (Pavlishin and
Slivko, 1962; Yanchuk et al., 1991). The kutnahorite has a
dolomite-type structure and its DTA curve is characterised by
two endothermic peaks related to the two stages of double
carbonate decomposition (Pavlishin and Slivko, 1962).
According to Yanchuk et al. (1991) at thermal examinations
of Ca-Mn carbonates in air complication of shape of the
thermal curves, because of the practically simultaneous
development of two processes — carbonate dissociation and
oxidation of the products obtained is possible. Therefore
these authors recommend registration of DTA curves in
helium.

Published DTA curves of chemically different natural
kutnahorites show some differences: in some cases they are
of dolomite-type, in other — of ankerite-type (Frondel and
Bauer, 1955; Trdlicka, 1963; Tsusue, 1967; Tanida and
Kitamura, 1982; Bini and Menchetti, 1985; Dragov, 1965;
Kostov, 1993). The chemical composition of kutnahorite
reflects on the character of the DTA curves. According to
Trdlicka (1963) the higher Mn? contents leads to appearance
of the first endothermic effect at lower temperatures, whereas
the lower Fe?* contents — decreases intensity of the typical
for the mineral two endothermic effects. In contrast of the
natural phases, the thermal curves of hydrothermally
synthesised kutnahorite show an endothermic peak at 862°C
only, corresponding to one-stage decomposition at heating
following the reaction:
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CaMn(CQO;), + O, — CaMnO; + 2CO, (Fazeli and Tarean,
1982). It is possible, that the synthetic phase studied by
these authors was with disordered structure of calcite-type.

850

900

(&)

760

Figure 3. DTA curves of kutnahorite from Ribnitsa (a) and
Kremikovtsi (b) deposits.

Table 2. XRD data of kutnahorite from Ribnitsa and Kremikovisi deposits.

The DTA curve of kutnahorite from Ribnitsa deposit (Fig.
3a) shows two intensive endothermic peaks (at 760° and
900°C) and very slightly expressed another one (at 820°C)
greatly resembling both the standard curve from Franklin,
USA (Frondel and Bauer, 1955), and the curve published by
Kostov (1993).

The DTA curve of exogenic kutnahorite from Kremikovtsi
deposit (Fig. 3b) is of dolomite-type. It is characterised by the
presence of two endothermic peaks at 760° and 850°C, the
first one being slightly expressed. It is also scarcely visible
endothermic peak 800°C. This DTA curve is very similar to
the curve from the classic deposit Kutna Hora, Czech
Republic (Trdlicka, 1963).

CONCLUSIONS

The results from the present study show that the two
genetic types of kutnahorite examined differ in their chemical
composition and structural ordering. The endogenic
kutnahorite from Ribnitsa deposit is represented by Fe-Mg
varieties with high structural ordering. The supergene
kutnahorite from Kremikovtsi deposit is formed under
subaqueous supergene conditions in association with
secondary carbonates. The mineral has partially ordered
structure and is represented by calcian varieties.
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