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AGCTPAKT 

Cn pooellCIII1TC COIlPCMCIIII .il1l6oPllTOPllCKII 11cm1TY0.1I1.a OnOJ'lOlI<l1ja ccc-rpallo 06jllC
Hynalhe lin nOCTallOKOT 11(1 MlIllepaJlllnTn 3COlllijoUl1ja 80 nOp(r11pCKOTO 6:IIWPIIO IIno taJll.IllJTe 
GOpOR )lon, K3KO H CytlLlccHjaTa lIa ft3J1110Jynalf,C1'O lin 110CllHIIHTe M11ltCpaJII1l1 RIIJlOn ... H 
MllIlepaJlI1I! JlaparellC~lH 011 XHJlPOTCp MOJIIIHTe PYJ101l0CIIJI paCllJOpll. nOCCOll3 OC06CIIOCT 
n OK3lKYIl3llT o.n.ae IIHTe reHCpaUHI1 lIa nl1PI-IT no nornc.ll liB 3rOJlCMCIII1TC COIlPlKlII lH na 
apcell (II .110 3.20% AS). nC~lKlIIlpnllaTa MIIlIepamla acoUlljallHjn DO OC IlOlla OllrOnapa lIa 
n opCrHPCKUTC HaotamlWTa II:! 6aKap. np~lnpYlKclla co OJlpellCIiH cnCUlIlIIII 'lIlOCHI. 

BOBEn 

TIOpqlHpCKOTO 6aKapHO HaOraJ1HWTe EOpOB .n0J1 e J10KarIH3HpaHO BO 
jY)I(HHTe lleJ10SH Ha PYJJ.HHOT peoH EY'HlM-)1,aMjaH-EopoB .nOJ1, OllHOCHO BO 
lleJIOSHTe WTO npOCTOpHO HM npHrrataaT Ha BapllapCKaTa 30l-la Ha OBa 
no.rrpa'lje. I1CTpa)l(YBal-baTa I-Ia OBue npOCTopH JJ.aTHpaaT YUlTe Oll npell 
BTOpaTa CBeTCKa BOjHa, Mer)'TOa, nOllp06HHTe reOJTOlll1<H HCTpa)l(YBal-ba ce 
3anO'IHaTH SO 1966 rO.!UIHa H THe, co H3BeCHH npelOlHH, ce 113se.rrysaaT ce 
llO lleHec. Hanope.nHO co reoJ10Wl(llTe I1CTpa)l(YBal-ba ce BpweHli H KOHTH
HyHpaHI-I J1a60paToplICKH HCnHTyaal-ba 11 npOY'fyaal-b3 Ha HaOranHUJTeTO, a 
ll06HeHlfTe pe3YJ1TaTH ce nproeHTllpaHH BO pa60Tl-rre Ha BETrnl{J(OBI1K 11 
TYUAPOB (1978), "lYJIEB (1978), \.fYJIEB H IIp. (1984), M11T.EI3CKH H \.fYJIEB 

(1986), CEPM>I1MOBCKI1 (1990) IIllp. 
Co HajHoBHTe JIa60paToplicKH HCnliTYBaH>a, 'HIH pe3YJ1TaT11 ce npH

Ka)l(aHI1 /30 paMKHTe Ha oDoj TpYll, noce6eH aKu.eHT e cTaDeH Bp3 npoY'fYBa
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lfIeTO Ha MHHepanHHOT COCTaB H napareHeTCKHTe OnHOCH BO HaOranHlllTe

TO, 'me OCOJHaBalfle e MOlllHe 3Ha'tajHo Ja nOBeponocTojHO TOJ1KYBalbe Ha 
YCJ10BHTe Ha nocTaHOKOT Ha HaotamullTeTO, MO)l(HOCTa Ja BanOpHJ3UHja H3 
OnneJ1HHTe KOMTIOHeHTH, K3KO H Ja HJR30falbe Ha aneKB3THI-t TeXHJ.1 t lKO

TeXH0J101IIKH peweHHja OBa e nOTonKY nO!3Ha'lajHo aKO ce HMa npeJlBHn 
lleKa nOB6xeTO nopct>HpCKH HaofaJIJ.1111Ta ce OllJU1KysaaT co nOJIHMeTaneH 
KapaKTep H KOMDneKCH3 MHHepaJ1Ha acouHjaUBja, lllTO e KapaKTepHCTHKa H 

Ha HaofanHlllTeTO bOPOD .n0J1. 

Pe3YJITaTH H nHCI(YCHja 

BpJ 6a3a Ha nOCeratllHHTe HcnHT)'B3J-ba H3BpllleHH on CTpaHa Ha 

ATAHACOB (1977), HllAHOB H CEPA<I>HMODCKU (1984) H IIp., KaKO H HajRoBH

Te PynHoMHKpocKoncKH HCDHTYBaH>a H aHanH3HpaH>a Ha eJ1eKTpOHCKa 

MHKpOCOHna, BO HaOr3nHll1TeTO EOPOB )J.on e YTBpneHa CnO)l(eH3 H pa3Ho

BHD.Ha MHHepaJlHa acollnjauHja, COCTaDeH3 on cnenHHTe pynHH MHHepann: 

n HpoTHH, X8J1KODHpOTHH, nHpHT, caMopOnHo 3J1aTO, neUHT, MarHeTHT, 

PYTHJ1, cct>eH, aHaTac, xeMaTHT, cnexynapHT, MapTHT, Mom16neHHT, xanKO

nHpHT, KY6aHHT, BanepHT, 6opHHT, cct>anepHT, raneHl-fT,.TeTpaellHT, TeH3H

nIT, KOBeJ1HH, nHreHHT, npyCTHT, XaJ1lC03HH, pOJe XllJll(03If}f, CH.IlepHT, 

TeHOp"T H nHMOHHT. Oll Hepy.nHHTe MHHep8J1H KaKO 'teCTH DPJ1,!lpy)l(HHUH 

Ha pYD.HHTe n apareHe:m ce KBapUOT H XaJ1UHTOT. 

C YKueCHBHHOT pell Ha H3JlBojysaH>e Ha PYJ{HHTe MHHepanH no CTa

llHyMH H ct>aJ", eKCTeRJHTeTOT iii HHTeH311TeTOT Ha DojaBYBal-be, xaKO H 

060pysali>eTO Ha eneMeHTHTe lOTO BJ1eryaaaT BO COCTaBOT Ha PYllHI1Te 

MHHepanH, ce n3JleHH Ha Cn. 1. HJIYCTpallHjara Ha MHKpOMOPIP0J101IIKHTe 

06J1J1llH H Ha!:JHHOT H3 jaBYS31f1eTO Ha n03Ha'fajHHTe PYllHH MHHepanH BO 

HaofanHlUTeTO bOPOB .non ce npHXa)l(aHH Ha Cn. 2, 3 H 4, non a, 6, D, r, .II., 

t. 
Tpe6a na ce HCTaKHe nexa Haj roneM neJ1 OA Ha6pojaHHTe PYJlHH 

MHHepaJIJ.l ce jaaYBa3T caMO KaKO MJiHepanOlllKH noj3BH H HeMaaT HeKoe 

noroneMo 3Ha'teH>e BO H30ranHlllTeTO. BaKBara KOHcTaTUHja MO)f{e Aa ce 

COfnena H Oll npernenOT lllTO cneJlH. 
IIHPOTJ-fHOT H xanKonHponlHOT ce nOCTa peTKH MHHepanH BO pynHa

Ta napareHeJa H Raj 'leCTO ce jaBysaaT BO Dtm H3 CHTHH 3pHa DO ITHpHnrre, 

ct>opMHpajKH KapaKTepHCTH'lHH CTPYKTYPH Ha H3,IJ,DojysaH>e HnM n OTHCHY

DaH>e DO BHJl Ha nTH'Ije OKO (C n. 4 a). 

TIHPHTOT, 3aellHO co xanKonHpHToT, e Haj3acTaneH pyneH MHHepan 

BO HaofaJ1HlllTeTo. Haj'feCTO ce jaBysa BO BHn H3 anOTpIlOMoPct>HH JPHa, 

3pHecTH arperaTH (co roJIeMHHa on HeKOJ11(Y MHKpOHH no 1,5 MM) H BO BHJl 

T. 

Ra TeHKH 

ce jaBYBa 

reHepaUHja. 

KOH BO ce6e 

Mepa 

en. 1. ,IlHjar 
Fig. 

MOP¢HH KPH( 

reHepauHja. E 
TeHK" HH;utB 

XaJJKOmlpHTO 

j aayaa DO XHnJ 

HH co XanKO 

XapaKTepHCnl 

Doce6HH MHH 

30KH (en. 3 6. 



89 T.Seraflmovski, N.Tudarov, D.Mitevski: Mineralcn sostav.. 

Ha TeHKH )f(MJ'lH'IKH H np0)f(IUIKH. Ce H3,1lBojyaa ao n ODeKe tPa:m (ell. 1) H 
ce j aaYBa ao HeKOJIK)' r eHepauHM. Haj3acTaneH e ""PI-ITOT OA "pBaTa 
reHepaUHja. Toj ce jaaYBa Haj 'feCTO BO BHll Ha allOTpHOMOPtPHM arperdTM 
KOM BO ce6e BKJJY'fYBaaT DHpOntH M XaJJKonMpOTMH (Cn. 4 a), aBO nOMalla 
Mepa caMOPOAHO 3llaTO U nelU1T. lJecTonaTH ce jaBYBa BO DpaBHnHM HllHO
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en. 1. JlHjarpa\l lUI CYKUecHja Ha py.l1l11tTe MI1Hepan~1 O.l1 l1aotamtWTC'TO SoPOR ROJ! 
Fig. 1. Diagram of succession or the ore mine rals from Borov Dol deposit 

MOPtPHH KpHCTaJJH (en. 2 t) BKllOlleHM BO XaJJKonHpJiTHTe OA BTopan 
reHepaUHj a BTopaTa reHepauHja Ha nHpMT ce jaBYBa Haj'feCTO BO BHll Ha 
TeHICH HHIDtBHllYaJJHH )f(UllH'IKH (Cll. 2 A) H npO)f(MllKH, a HaMeCTa M co 
XaJJKODHPHTOT, Kora nt M3rpa.nysaaT wToKBepUHTe. TpeTaTa reHepaUllja ce 
jaayaa BO xlmJ.i.IJ.MOMoPtPHl-1 no aJJOTpHOMop4>HM 3pHa, Haj'lecTo npMnpY)f(e
Rli co xaJJKonMpMT (Cll. 3 a, B). 3a nHpJ-tTOT OLl osaa reHepaUlija ce 
KapaKTepMCTM'fHH 3rDlleMeHH COnp)f(l1HM Ra apceH. Toa ce BCYWHOCT 
noce6H.u MHHep aJJHM 4>a3H BO nHpHTMTe, KOH e-e jaayaaaT HnH BO BIIA Ha 
30HH (Cn. 3 6) MH no HHTepCTHlU-IlUe Ha IlHPHTCKHTe 3pHa (Cll. 3 r). 
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OBMe MaHI 

Ha eneKTpOHCKa 

ceKYHnapHH enl 

BaHM ¢a3M e Me 

WTO HajTeMHH' 

¢a3U COnp)KHH 

KaKO M COCT3BI 

THTCKH arpera1 

Ta6cna 1 KnA 
ollI1EJ1I1l 

Table I 

Fe 
Cu 
Au 
Sb 
As 
Se 
Ni 
Zn 
S 

46.35 

0.30 
3.20 
0.25 

49.20 

99.30 

4. 

en.2. OKCllilIlO - 'YJltTll1.llJiii rlAPArElll!3l1. J lAO('AJIlIfJITE OOI'OU 110;1 
a - MaruCTIfTCKO·XCMaTHTCKH arpenlT 110 XHJ\POTCPMnJTJIO H3MCIICT3 CTCIla. 3r. U6x. 
6 - Jl3McnapIIO P33DHCHH XCMnTIITCKO·MnrHCTHTCkH arperaTH (6eJ10) 80 XHnpOTCpMaJ1HO 

H3MCIICT3 CTClla. 3r. 128)(. Il- MnrHeT1fTCKQ-xCM3THTCKH 3pll3 (6cJlo) pa3RHcIIII no HI ITCpCTH· 

UHHTC H3 JlcpyncH '/04 II IICP8J1. 3r. 128)(. r - AIITOMOPI~CII kPHCT3J1 113 M3nlCTHT (CHilO) 80 

XaJ1Kon HIHIT (6cJlo) H KIl3PU ( TCMHO). 3r. 128x. .II - nHpHTCK3 )f(H'IKa no CHJlll0 H3\1CIiCT3 

BYJlKIIIICKIl CTCH3. 3 r. I28x. t"-I1JlHOMOpcJ>c1l KPHCTaJI 1111 m1p~rr(6cJlo) DO MBCHOCI1 X8J1KOnHpHT 
( elIDO). 3r.128x. 
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OBHe MaHHcpeCTaUHI1 Kaj n llplHHTe ce 3a6eJ1e)l(aHr-J Ii perHCTp~tpaHH 
Ha eJ1eKTpOHCKa MHKpOCOH.o.a, HajnpBHH BO pe>ICHM COMPO, a nOToa H BO 

ceKyH.o.apHl-1 eJ1eKTp OHH. C Onp>ICHHaTa Ha apceHoT BO o.n.nemllne ncnHTy

BaHli cpa31i e MeHJ1Ima H ce nBl-DKIi BO rpaHHUHTe 0.0. 0.5 .no 3.20% As, npli 

WTO HajTeMHln e IPa3" co.o.p>ICaT HajMaJIKY apceH, .o.o.o.eKa Kaj nOCBeTJ1HTe 

CPalH CO.o.P>ICHH11Te Ha apceHoT ce nOH3pa3e·HIi. COCTaBOT HB OBHe mfpHTIi, 

KaKO H COCTaBHTe Ha xaIlKonHpHTHTe H nBoIPa3Hlrre TeTpae.o.pHT-TeHaH

TlnCKH arperaTIi, ce npHKa)l(aHH Ha Ta6eJ1a I. 

Tn6cn3 I KMT rnfTAnlBl 111 PO fITEJ IOCnD<TPNTIIVI MIfl(POAIWlH3H HA 

o,Wm.l1lill PYLU II1 MI'U rEPNl11 OJl I IAOr'AJTHlUTETO GOPon JlOJT (%) 


Table I QUANTITATIVE X-RAY SPECTRAL MICROANALYSES OF INDIVIDUAL 

ORE MINERALS FROM B(')ROV DOL DEPOSIT (%) 


2 3 4 5 6 7 

Fe 
Cu 
Au 
Sb 
As 
Se 
Ni 
Zn 
S 

46.35 

0 .30 
3 .20 
0.25 

49.20 

45.75 
0.20 
0.15 
0.25 
1.60 
0.22 
0.10 

51.40 

45.50 
0.35 
0.10 
0.20 
0.55 
0.10 
0.40 

52.80 

30.25 
34.30 
0.20 

0. 15 
0.20 
0.10 

34.20 

30.40 
34.35 
0.15 
0.15 
0.25 
0.20 

34.55 

0 .80 
42 .50 

14 60 
11-05 

6.20 
24 .70 

1.25 
43.20 

12 .70 
10.50 

6.60 
25.85 

99.30 99.77 99.90 99.40 100,05 99.80 100.1 0 

HanOMeHa: l. mlp HT ( cBCTn3 4)33a) 2. nHpHT ( n peOJltl3 lfJaJa)J. nHpHT (TCMIIa 413311) 
4. XaJlKOnHpHT (MCpCH UClrrpancH Jlcn) 5. XaJTKOnHpHT ( MepcH neplll~CpCI1 Ilen), 6 II 7 
JIllO</l3lCtl TCTpacJlPHT- Tel1311THTCKH arperaT 

Note: I. pyrite (Iishle phase) 2. pyrite (transite phase) 3. pyrite (dark phase) 
4. chalcopyrite (central pan measured) 5. chalcopyrile (rim pan measured) 6 and 7 
two-phase tetrahedrile-umnaotite aggregate 

CaMOp OnHOTO 3J1aTO BO BH.Jl Ha MJ.tKpOHCKH JpHa e 3a6eJ1e>ICaHO BO 

mrp l1THTe H XaJIKOn HpUTl1Te. a HerODOTO npHcYCTBO BO oOlle MI1HepaJ1H e 

n OTBpneHO H CO HCnHTYBaJ-baTa Ha eJ1eKTp OHCKa M"'KpOCOHna (Ta6eJ1a I). 
MCTO TaKa, CHTHH JPHU3 Ha caMopo.o.HO 3naTO ce perHCTpllpaHH H BO 

H3MeHenne Hepy.nHH MHHepaJlH. 

M arHeTHToT e peJ1aTHBHO cJ1a60 3aCTaneH. Toj ce jaByaa BO DH.o. Ha 

HnHOMOPCPHH JpHa (CJ1. 2 - r ), 8J10TPI10MOp<l>l-I H Jp HeCTH arperaTH HJ1H 

Haj'lecTo nOBp3aH co xeMaTHTOT BO XI1.o.poTepMaJIHO HJMeHeTHTe Ilapnm 

(CJ1. 2 - a). lJecTonaTH MarHeTHTOT H xeMaTHTOT ce pa3BHBaaT BO BHn Ha 

http:caMopo.o.HO
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Cn. 3. CKAlIIII Ir Eil.EJ<lllOIICKH MHKPO<l)OTOrpACI)HH, I IAO( 'AJllll1JTE oopon nOIl 
a - [blpHT (CIIDO) II X8JlKOnHpHT (6eno) DO PClKHM COMPO. 3r, 2OOx. 6-11l!Tan Oll cn. a, nHpHT 
CliHMeJ-/ DO CCk)'l IJ13PIIH eJlCKTPOIlH (HlJUlojYJl3I1.e H3 3011H CO JronCMCHH COJlPlKH~HI 1m 

A s-6eno). R -TIHPHT (CHDO) Ii 8rperaT Ha X3J1XOnHpHT (6eno) DO PC)f(HM COMPO 3r. 200x. r
lleT8Jl Oil CJl. 8, nHplfT CHIIMCII 80 ceKYliJluplIH enCKTpOl/1I (RCHCU Oil rmpHT CO 3rOnC\1CHH 
COJlPlKHHH lIaAs-6eno no nHpHT) 3 r .102x. JI- TeH8HTlfT-Te'TpnenpHTCkH arperaT(6eno HCHDO) 
no X8JlKonHpHT, DO PClKHM COMPO. 3r, 460x. t - neTan on: en. n:. 1'CTpaClipHT-TCHaHTHTCKH 
arperaT. 3r. 52x. 
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CIITHOJpHeCTU arperan1 OKO.11)' XHnpOTepManHO npOMeHenne HepYlIHH 
MHHepaJUI (Cn. 2 - B). MarHeUrrOT nOHeKoraw e JacjlaTeH CO MapTlITHJa
IJ.Hja no 060nOT Ha JpHaTa 

MUHepaJlHTe Ha THTaHOT HaCTanynaaT KaKO P)'THJl, CcJ>eH II aHaTac. 
THe ce nojasyaaaT Haj'feCTO BO BUll Ha CHTHH BnOTpl10MopcjlHH JpHa u ce 
nOCTa penH. PYTHJlOT HacTanyaa BO .!lBe reHepaLtIlJ111 Toa: KaKO 8}ICOKOTeM
nepaTypeH, KOj e 60raT co lKeneJO H HMa upBeHII BHaTpeWHH pectlJleKCH H 
HHCKOTeMnepaTypeH, CO )!{OJITH BHaTpeWHI1 pecPJJeKCH. MeCTHMH'l HO ce 
Ja6ene)l(YBaaT npeOlIH BO aHaTac. C<l!eHoT e nopeTKO 3aCTaneH on pYTHnOT 
H ce nojaBYBa BO KapaKTepJ1CTH'lHH KJ1JrneCTII <l!OPMH. 

MOJUl6neHHTOT e CO Man eKCTeH3HTeT, HO MeCTHMJ.f1lHO 1I0CTa HH
TeH3HBHO ce nojaBYBa HaCTanYBa BO BHn Ha J1J1CTeCTH, npa'fKaCTH H 
HenpaIllfmrn arperaTH, a Ha MeCTa H BO BH.!l Ha HnHOMopcllHO pa3BHeHH 
nnO'feCTH KpHCTaJlH (Cn. 4 - 6). 

XaJ1JCOnHpHToT e Haj3acTaneH H BoenliO HajJHa'laeH pyneH MHHcpan. 
3a Hero e 110Bp3aHa CKOPO uenoKynHaTa 6aKapHa MHHepaJJIIJallllja BO 
Hao t3JlHWTeTO. Ce nojaBYBa Haj'lecTo BO 3nOTpnOMOPcPHIi 1I0 XHnJ1nHO
MOPcP"" 3pHa H 3pHeCTH arperaTH BO paMKHTe Ha XH.!lpOTepManHO H3Me
HeTHTe BynKaHcKH CTeHH, MacKHpajKi1 rH npH Toa cPop~DiTe Ha H3MeHeTH
Te HepynHH MHHepanH . .nOCTa '1eCTO xanKonHpHTOT lfaCTanYBa BO BHn Ha 
lKHJ1JI'IKH L{ n pO)l(HnUH, Kora ce cPoPMllpa WTOKBepKTH HOT THn Ha Opy,nHy
B3J-be. r oner.mH3Ta Ha 3pH3Ta Bapl1pa all HeKonxy MHKpOHH ,no 0.5 MM, a 
npOCe'lHaTa roneMHHa e oKony 0.2 MM. 

CnpeMa OnTl1'IKJne CBOjCTBa, Ha'IHHOT Ha noj:myaal-beTo It O,nHOCOT 
CO OCTaHaTHTe PYlIHIt MHHep3J1H, MO)l(e,na ce KOHCTaTilpa lIeKa xanKonHpH
TOT HaCTanYBa ao nOBeKe reHepaUlfH (HajM3nKj' TpH). I1paaTa reHepaUHja 
BO coceMa MaJl 061fM HacTanyaa co DHCOKOTeMneparypHHTe MHHepanH. 
BTopara reHepaLtHja Hacranyaa Haj 'leCTO CO mlpl1TOT (HaMeCT8 ro BKnony
Ba) H ce KapaKTepH311pa co naMenapHa rpa,n6a ( Cn. 4 - r, t). HaMeCTa e 
paCI1YKaH H npece'leH co )f(~lmf1lKI1 on Hepy,nHH MHHepanH, a nOHeKoraw H 
BKJIOnytla HepynHri MHHepaml. TpeTaTa reHepauHja H3CTanyna BO BU,n Ha 
:If(1JJIJ.I'lKH H npO)l(JfnKM, a ce paJB~ma 06H'IHO BO M3CIUlHII XHnH.llHOMop!lJHH 
3pHa H arperaTil (Cn 4 - B). 'iecTorraTH no Hero MeTaCOM8TCKM ce pa3BHBaaT 
H.D.lIOMOpcPH H JpHa Ha KBapu (Cn. 4 - r , .n) If ce r ne,na CTpYKTypaTa Ha 
pacrran, Kora 3a CMena Ha Hero ce paJBlma 60pUHT. 

Bo X3J1KODrlplfTHTe on nocrapHTe reHepaUHH ce 3a6eneJKYBa nojaBa 
Ha eHapnlTH H <l!aMaTHHHTH, ,nOCTa '1eCTO Ha 6opHI1T II KOBeJlHH (Cn. 4 t ), 
KaKO H X3JTK03HH. BaI<BI1Te nojaoH ce KOHcTaTllpaHH BO nOBlICOKHTe nenOBl·1 
Oll HaotamfllITeTO, a C8MO Ha elI.HO MeCTO ce 3a6eJle)l(aHH XanKOJHH, .aHre
HHT H KOBeJIJIH BO xarrKOrmpHT Ha .a.na60'1HHa on 250 M. Bo npHnoBpwHH
CKHTe nenOBH oKony X3J1KOnHpI-ITOT ce paJBHBa H TeHopHT. 
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, 

en.4. CYJ1<JJHJlIIH H CY JlCt>OCOJ1IIH IIAI'Al "L1 lillil. I Ii\.OtAJU1Il1TE OOI'Ollll.OJl 
3 - H3llBojynall.e 113 ltlUlKOm1p0111H H nllpOTHH (TCilfllO CitRO no nHpHT (6cJJ0). 3r. 128x. 6 -

En~II1H'ICII npa'lKaCT KPHCTBJI lin MOnl16.nel IHT 80 ltHnnOTCpMMlIlO H3MClleTa CTeHa, nony ncclIO 

3pII0 on It:uJXomlpHT. 3r. 128x. 8 - JID0I/133CII KPHCT3J1 ellaprKT-IIJ3MnTHIIKT (CHDO) DO 
ltHmIJIHOMOP~ICH ltlUlKOnHplIT (6eno). 3r. 128 x. r - npa'lK3CT JHlMCpanclI CllaprllT-cl.Il'Aanl 

H~tTCK~1 arpcraT(CHDO) 80 It:uJXonlfpHT (6cn0) H K8apII (TCMHO). 3r. 128x. n -MCT3KPIICT3JI 113 
KBapu. ( TCMIIO CHilO). II 60PIliiT (CHRO) no X3J1KOmlp~1T (6en0). 3r. J28x. t -KODCJlHII (CHBO) II 
Koapn (Te~{HO) DO X3JlKOnllpIITCK3 OCHOBll (6CJIO) . 3r. 128x. 



95 T.Serafimovski, N.Tudarov, D.Mitevski: Mineralen sostav .. 

TeHaHTUTOT H TeTpaeppUTOT HMaaT Man HHTeH3HTeT H eKCTeH3HTeT 

H 06H'iHO ce jaBYBaaT BO CHTHH 3pHa H ffenpaBHnHH arperaTH BO xanKonH

PHTOT (en. 3 .n, t), K3KO H BO )!(HnHHTe <t>OPMH Ha nojaBYBaJi,e 3ae.nHO co 

ra.neHI1TOT H c4>aJlepIHOT, KO" HCTO TaKa ce cna60 3aCTaneH H, co HCKnY'IOK 

Ha HH.nJtBJI.nY3nHHTe KBapu-raneHHT- c<t>aneplITCKU )!(HnH. 

EHapnfTOT, t/JaMaTJ1HUTOT H 60PHUTOT Haj ' lecTo ce pa3BHB3aT BO 

x anKonllpHTOT, 11 Toa 111111 K3KO .nno<t>a3HI1 3rperaTH (en. 4 B, r) unl1 BO 

CTPYKTYPH Ha pacna.n (en. 4 .n). 

CUJrepuTOT e 3a6ene)!(aH DO )!(H.lTWIKH WTO C C03.naBaHH no cyn<t>H.n

HaTa <t>333 1I H3cTanyaa 3ae.nHO CO .npyrH (Haj'leCTO) Hepy.nHIl MlfHepa.I111, a 

npl1 nOBpWHHaTa e OKCIUlHp3H. 

JTUMOH1fTOT 11 TCHOPUTOT ce jaByna3T I1CKl1Y'IitBO BO npHnOBpWI1H

CKH YCJJOBI1, BO 30H3T3 Ha OKCHJlaul'lja, 11 HaCTanYBaaT 3a CMena Ha npHMap
H],fTe cyn<t>u.nHI1 MIIHep3mf. 

H3.nBOeHHTe XI1.npOTepMaJIRlI MHHepaJIHH BH.nOBIi BO Aaotam1wTeTO 
EOPOB .lI.on rpa.naT CJIO)!(eHIl napareHeTCKU O.nHOCI1, KOI1 MO)!(aT .na ce 

rpym1pa3T BO HeKonKY OCHOBH.11 TunOBH H3 MIIHep3nHU napareHe3I1: 

- BUCOKOTeMnepaTYPHCl CYJ1t/JUPH8 napareHC3a 
OHpOTlIH XaJIKOnUpOHIH, nHpIH, XaJIKOnUpIfT, caM. 3naTO 

- BJICOKOTCltmCp8TYPH8 OKCl-fpHa napareHC38 
MarHeTHT,pYTIIJI, XeMaTI1T,c<t>eH 

- CpejQIOrCMnepClTYPHa okcu,aHa napareHe3a 
M3rnenrr-n, pynln-II, cneKYnaplIT, MapnlT, aHaTac 

- Cpe.aHOTCMnepaTYPHa CYJTt/Ju,aHa (KBapu-nnprrr-XaJIKOOJIPHT- MD
JIH6.neHIITCKa) napareHe38 

mlpHT, XaJIKonHpHT-lI, MOJIH6.neHJ1T, caMopo.nHO 3JIaTO, Ky6aHHT, 
BaJIeprn 

- Cpe/lHU ,ao HUCKOTcMnep8TypH8 CYJ1t/JI1/lHD-CYJ1t/JOCOJTH8 napare
HC3a 

nllpHT-III, xaJIKoOJ1pHT-III. raneHOT, c<t>anepHT, TeHaHTHT, TeTpae.n

pin, eHaprHT <t>aMaTIIHHT, 60PHHT, XanK03liH 

- HucxoreMnepaTypHa. OKCu,aHo-xap6oHClTHa naparCHe3a 
KlJapu, Clt.D.eplfT, KaMIH 
- CynepreH8 naparCHC3a 
OKCI1.naUllOHa: nHMOHHT H TeHopHT 
ueMeHT3UJ-iOHa: X3JTK03HH H KOBenHH 

l'h.nBojYBaJi,eTO Ha py.nHUTe napareHe3H BO HaoranHWTeTO EOpOB 

.lI.OJI ~ 113BpWeHO BP3 6a3a Ha corne.naHHTe O.nHOCH Ha MHHepamne H 

HHBHHOT cYKueCHBeH pe.n Ha H3.nBojyaaJi,e, HO He H n peKy TeMnepaTy pHTe 

Ha XOMoreHII33UHja Ha nOKapaKTepHCTH'IHIITe MIIHepanH, 61-UlejKU TaKBH 

HcmnyaaJoba .nocera He ce Bpw eHH. 

http:OCHOBH.11
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3AKJl Y40K 

Co H3BpWeHIlTe Jla60parOpHcKH HcmHynatba BO Haot3JlIlWTeTO Eo
POB ,lJ,OJl e YTBplleHa pa3HOBlI,IlHa MHHepaJIHa acoIDIjaJlHja 1\ lle4>IlHl1paHH 
ce KOMnJleKCHH MHHepaJlHH napareHe3H HaCTaHaTH nOJlH4>aJHO BO PaMKH
Te H3 X1iD.pOTepMaJlHHOT npouec Ha 06pa3ynatbe KOH BO oeHOBa ollroBapaaT 
Ha nop4>HpCKHTe 6aKapHH H30ta.rlHwTa 

Oll KOHcTanrpaHHTe MHHepaJlHH nHJlOBH llOMI1HHpaaT CYJl4>HllHTe H 
cYJlcpocoJllue, a BO 3asHCHOCT Oll npoMeHara Ha pe)l(HMOT H3 xHllpoTepMaJJ
HHTe pacTBop", BO YCJlOBIHe Ha 3roJleMeH OKCHJl3UlJOHeH nOTeHUHjaJl, BO 
OD.D.eJJHH lleJlOmi Oll HaotanHwTeTo, perHcTpHpaHH ce 3roneMeHl1 HHTeH
311TeTH Ha OKCHllHHTe DapareHe3H, BO KOH lloMHHHpaaT MarHenrrOT H 
XeM3TI1TOT. CenaK, oeHODeH PYlleH MI1HepaJl H rnaBeH HOCHTen Ha 6aKap
HOTO 0pYllHYBatbe BO Haot3JlHIllTeTo EopoB ,lJ,on e xanKonHpHToT, pellOBHO 
npH,nPY)I(eH o,n m1pHT, HaMecTa Oll 60PHHT, eHaprHT, MOJlH6,neHI1T, 4>aMa
THHHT, CaMOpo,UHO 3naTO, nellllT, a BO CHJlH4>HUHpaHHTe )l(H'IHH napnrn Ii 
o,n raneHHT, c4>anepHT, TerpaellpHT H ,np. OKcH,naUHoHo-ueMeHTaUlioHaTa 
30Ha 80 HaOfa.rrnwreTo EOPOB ,lJ,on e cna60 pa3BHeHa na OTTaMY Ii KapaKTe
PHCTH'IHHTe MHHep3Jlli 3a OBaa 30Ha (K}'npHT, TeHopHT, X3JlK03HH, KOBe
JlHH H ,np.) ce co cna6 HHTeR3HTeT H eKCTeHJHTer. 

Bo ,nen Oll HcnHTyaaHHTe DHpHTH e KOHcTaTHpaH3 Hee,nHopO)lHOCT 
BO COcrasOT, liTO ce Ofne,na BO nojasaTa H3 3roneMeHH CO,nP)I(Jfl{H H3 apceH 
(o,n 0.5 ,no 3.20% As), '1Hja pacnpe,nen6a e perncTl'Hp aH3 no HHTepcTHUM
UlllITe Ha m1pHTCKHTe 3pHa HnM BO p3MKHre Ra o.n.nenHHTe JOHH Ha 
nnpHTCKHTe 3PHa. Bo 3aBHCHOCT o,n MI1KPOMop4>onoIllKIHe 06JlHUH Ha 
nojaBYBal-be, O}lHOCOT co ,npYrHTe MHHep3JlHH BH,nOBH H acouHjaUMjara H3 
eJleMeHTHTe, BaKBHTe HcnHryBaHIf nHpl'ITH o,nroBapaaT H3 nHpHTlfre o,n 
n o,nOUHe)l(HHTe reHepauuH, c03,nanaHH Ha nOHlICKH TeMneparypJi. 

T.Serafimovski, 
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SUMMARY 

MINERAL COMPOSITION AND PARAGENETIC RELATIONS IN THE 

PORPHYRY COPPER DEPOSIT BOROV DOL 


T. Seranmovskl·, N. Tudarov··, G. Mltevskl·. 

Faculty of 1\-1Ining and Geology, Stlp 


PRMB - Buchlm, Radovls 


Borov Dol ore deposit is situated in the southern parts of Buchim-Damjan
-Borov Dol ore district, in the area of the Damjan block, in other words, in the 
parts which spatially belong to the Vardar zone. The detailed geological investi
gations which lasted from 1966 till laday detemlined a porphyry copper minera
lization located in coarse porphyry hydrothermally altered neogene volcanics 
(Iatites, quartzlatites) but in the sbape of semi-ring round the andesitic neck that 
had cut across the alterated volcanics. Parallel to the geological investigations 
continuous scientific investigation and examinations were made and the obtained 
resul ts have been published in many editions and publications. 

The latest laboratory examinations deterntined heterogenous mineral asso
ciation and also defined complex mineral parageneses which fomled in many 
phases witllin the hydrothermal process of occurrance which arc assentially related 
to the porbyry copper deposits . 

Sulphides and sulphasalts prevail among tlle determined mineral types and 
depending on tlle change of me regime of hydrothermal solutes, in conditions of 
increased oxidation potentiality in certain parts of me deposi t, increased intensi
ties of oxide parageneses have been recorded with magnetite and hematite 
prevailing in them. 

Nevertheless, chalcopyrite is the essential ore mineral and the main carrier 
of the copper ore formation in me deposit. It is always accompanied by pyri te, 
sometimes by bornite, enargite , molibdenite, famatini te, native gold, petzite and 
in the silicified vein parts it is accompanied by galena, sphalerite, tetrahedrite etc. 

The oxidation-supergene-sulphide zone in the deposit is poorly developed 
and hence the characteristic minerals in this zone (cuprite, tenorite, chalcocite, 
covell ine etc.) are with slow intensity and extensi ty. 

Non-homogeneity in me composition was determined in part of the 
examined pyrites which reflects in the appearance of enlarged conteus of arsenic 
(from 0.5 to 3.20% As) whose distribution has been recorded along the interstices 
of the pyrite grains or within the individual zones of pyri te grains. Depending on 
the micromorphological forms of tlleir occurrance, the relation to other mineral 
kinds and the association of elements, such examined pyrites correspond to the 
later generation ones occurred at lower temperatures. 

7 Geologica macedonica 
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Distinguishing the mineral paragenescs into high temperature sulphide 
paragenesis, high temperature oxide paragenesis, medium temperature ox.ide 
paragenesis, medium temperature sulphide paragencsis medium to low tempera
tu re oxide-carbonate paragenesis and supergene paragenesis was made on the basis 
of the observed relations of minerals in the deposit and their successive order of 
distinguishing. 
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