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OCOBEHOCTW HA Pb-Zn MUIHEPANU3ALIUA B HAXOOMULLIATA OT HOrOBCKOTO
PYOQHO NONE
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PE3IOME

V3cneaBaHu ca obpasum OT KBapL-raneHuT-canepuToBata MuHepanu3aums (rasHoO OT pyaonposiBneHusiTa bpaiikosuua n KomuH gepe) B KOrosckoto pyaHo none.
MuHepanusaumsTa e cBbp3aHa C HEronemu Tena OT paHHOannUACKM TpaHNTOWAW, BHEAPeHN B MeTamopcduTuTe oT [lobpocTaHcka cBuTa U € C npepnonaraema
KbCHOKpeAHa Bb3pacT. OnucaH € MUHEpanHUAT CbCTaB U Ca MPUBEAEHU AaHHM 33 CbAbPXAHWETO HA enemMeHTU-NPUMECH B raneHuTa (aToMHo-abcopOLvoHeH
aHanua). MsomopchHOTO BKMiouBaHe Ha Ag 1 Bi B raneHnTa e nOTBBbPAEHO C MOMOLLTA HA PEHTTEHO-CNEeKTpaneH MukpoaHanua. MiacneasaH e cbCTaBa Ha ailkMHUTOBM
3bpHa B raneHnTa. YCTaHOBEH e TeMNEepaTypHUAT MHTepBan Ha MuHepanoobpasyBaHe Mo METOAA Ha XOMOreHU3aLusi Ha ra3oBO-TEYHW BKITKOYEHMS B KBapua OT

npogyKTUBHaTa napareHesa (360 — 300° C).

Kntouosu gymm: — Pb-Zn MuHepanu3aaums, ra3oBo-TEYHN BKIIOYEHWS, ENEMEHTU-NPUMECH.

BBLBEAEHME

tOroBCKkOTO PYAHO None e pasnonoxXeHo B CeBepHaTa vact
Ha LleHTpanHopogonckusi pyaeH panoH (P. dumutpos, 1988),
Cropes fpyr aBTopu B pamkuTe Ha T.H. OroBo-HapeyeHcku
pyaeH panoH (Maneva et al, 1989). PygHoTo none obxsalla
paiioHa oT KOroBckis pasknoH Ha ceBep [0 Ip. JTbku Ha tor. To
BKIOYBA MONMMOGAEHNTOBA, ONOBHO-LMHKOBA W (briyoputoBa
MWHepanu3auum. Mo MuHepanusauusi ce OTHacs KbM KBapLi-
MonnbaenuToBaTa  hopmaums  (pyaonposiBnenuss  HKOroBcko
xaH4e, CB. leopru, JTbku), Pb-Zn — KbM KBapu-raneHuT-
chaneputoata (pygonposienenus bpaitkouya u  KomuH
gepe), a ryoputoBata — KbM KBapL-(hiyoput-cynduaHaTa
chopmauus (Haxogue KOroso, pyaonposieneHusTa MyrnboBo,
Mponyna, boposo).

OpyasBaHusiTa ca CBbp3aHu C Maskv rpaHUTOMAHU UHTPY3uK
C TOpHOKpeOHa Bb3pacT — NEBKOKPAaTHU MnaruorpaHuTi Ao
rpaHoanoputit (T.H. FOroBcku rpanuTomam — Stoynova et al.,
1984, Hensnkos u gp., 1998).

KBapu-monubaeHuToBuTe *nnm ca Hempomuwnenu. Keapu-
raneHuT-chanepuToata MMHEpPanU3aLms € rmaBHO OT XWUNeH
TMN — CTPbMHO3anagawy xumm cbe cybeksatopuanHa u CU
nocoka cpeg LWWUCTUTE M MpamopuTe Ha SBpoBckaTa U
[obpocTaHckata cauth (dur. 1), HO ce cpeLat M meTacoma-
TUYHU PYAHM Tena (B CkapHUTe Ha pynonposereHve KomuH
aepe). PyaHuTte xunu ce npocneasasar Ha gbmxuHa 4o 700 m,
kaTo aebennHata UM 0BKUKHOBEHO He Haaxebpns 1 m. dnyo-
PUTOBUTE KMUMTW Ca NPeguMHO Cbc  CyDekBaTopuanHa
OpWEHTALMS U Ca 3aMb/IHEHN OT KBapL,, MOHAKOra OT KBapL 1
kapOoHaT ¢ BNpbCreum, rHeaga W no-psako newy ot bapur,
hryopuT M LENeCTuH cbeC cynduan. YCTaHoBSBaT Ce U neLwlo-
BUOHW MeTacoMaTW4HU pyaHWM Tenma B Mpamopu. Pb-Zn

MWHepanu3auns Moxe fAa ce npueme Kkato (auuec Ha
crnyopuT-6apuT-cynduaHata, nposiseHa B Haxogue Koroso.
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Que. 1. CxemamuyHa 2e0/10xKa kapma Ha K0208ckomo pyoHoO
none (no Stoynova et al. 1984, Ivanov et al. 2000).

Ha epeskama: MP — Musuticka nnova; B — bankaHudu; SG -
CpedHozopcka 30Ha; R — Podonu; Y — KOz2oscko pydHo nore.
1. onu2oyeHcKU mpaxupuoaumu u puodayumu (a- cybeys-
KaHcKu mena, b- 0aliku); 2. namumu; 3. 0UeH-0MU20UEHCKU
8Y/IKaHO2EHHO-CEOUMEHMHU CKasu; 4. 20pHOKPEOHU
epaHumoudu; 5. napamemamopghumu om [Jobpocmancka u
Aeposcka ceumu; 6. opmomemamopgumu om baykoecka
ceuma; 7. pasnomu; 8. Haxoduwa u pydonposguHus: 1-



02080, 2- Bpatikosuuya, 3- KomuH depe, 4- [Tbku, 5- Mponyna,
6- boposo, 7- Cs. ['eopeu, 8- H0208cK0 XaHye.

[NaBHW PyaHU MUHEpanu B KBapL-MONMB4EHUTOBUTE XMMK
ca MUPUT 1 MONMWOAEHNT, YECTO MPUCHLCTBAT apCEHOMMUPUT U
nupuT. MUHEPaNHUAT CbCTaB Ha kBapu-tnyopuT-6aputoBuTe
KWNM € KBapl, cnyoput, GapwT, KanuuT, MaHraHoKamnuut
(Togopos, 1989), a kaTo peakn MuHepanu — 6acTHE3NT, TMNC 1
Marko KOnM4YecTBO Cynchuam (MouTH BCUUKUTE, YCTAHOBEHM B
OOBHO-LMHKOBUTE PYLONPOSIBAEHMSI).

Pb-Zn MUHEPAJTIU3ALINA

B «kBapu-cthaneput-raneHuToBata MUHepanusauus ce
obocobsBaT TPU MUHEpanHW napareHesu: Ksapu-nupuToBa,
KBapL-chanepuT-raneHnuToBa (NPOAYyKTMBHA) W kapboHaTHa. B
npogyKTWBHATa napareHesa OCBEH KBapl, raneHut u
cthaneput, ca  yCTaHOBEHM  (hnyoput,  MONMBZEHUT,

XanKonupWT, TETPAELPUT, TEHAHTUT, alKMHUT W KaTo PEedKH
OMCMYTUHWT,  KOCamuT, raneHoBuCMyTUT U TeTpaaumuT
(CromHoBa, 1988).

XapaKTepHo 3a pyanTe € NOBULLEHOTO ChAbpkaHue Ha F, Ba
n Mo, a cblWo M Hanuumeto Ha Sr. B kBapu-raneHut-
chaneputoBata  MuHepanusaums  OBMKHOBEHO  OMOBOTO
npeobnagaBa Hag LUuHKa  (reoxummyeH Tun  Pb>>Zn).
FaneHnTbT 06MKHOBEHO € ApebHO- 40 CPeAHO3bPHECT, KaTo
Han-4yecTo e nog popmarta Ha BNpbCreuy cpeq keapua. Psako
0bpa3syBa 1 MacyBHM arperatii C eApO3bPHECT CTPOEX.

[MaBHWUTe enemeHTU-Npumech B ranexuta ca Ag u Bi, kouto
Ce YCTaHOBSIBAaT BbB BCWYKM aHanuaupanu npobu (tabn. 1.).
CbobpkanueTo Ha Ag e oT 661 1o 5610 ppm (cpeaHo 4015), a
Ha Bi ot 942 o 25400 ppm (cpegHo 15783). CpaBHuTENHO
BMCOKUTE CbabpxaHus Ha Cu (ot 225 go 3730 ppm, cpegHo
2117) kopenupaT cbC CbabpxaHusiTa Ha Bi. OT ocTaHanute
ereMeHTU-NpUMecH cneaBa Aa ce otbenexar OTHOCUTENTHO
BUCOKMTE CbabpkaHusa Ha Te u Cd (Hama kopenauus mMexay
cbabpxaHusta Ha Cd u Zn), a Lo 1 HannymeTo Ha Tl v Se.

Tabrnuua 1. EnemeHTU-npuMecy B raneHnTy oT bpaiikouua (aToMHO-abcopbLMOHEH aHanu3 Ha MOHOMMHeparHK Npobn)



W3BbpLueH e peHTreHocnekTpaneH MukpoaHanua (PCMA) Ha
XOMOTEHHU  TaneHWToBM  3bpHa B Mpenapatu  OT
pygonposieneHne Bpaiikosuuya (Tabn. 2). XomoreHHoCTTa Ha
rafieHnToBUTE 3bpHa € MpoBepsiBaHa He CaMO C OMTUYEH
MUKpockon, HO 1 B pexum CEM (CH. A). 3a cblynte yyacTbum
Ce yCTaHOBsIBa paBHOMEpPHO pasnpenenerne Ha Ag (CH. B), a
Cblo U Ha Bi. Ag n Bi bsixa fokasaHu BbB BCUYKM MPOBM CbC
cpenHu cbabpxkanus cbotBeTHO 0.55% wu 0.18%. Te ce
yCTaHoBsIBa Mpw ABa OT aHanuaute. CbhabpxaHuata Ha Sb u
Cd ca nog npara Ha 4yCTBUTENMHOCT Ha MeToda.
CbabpxaHusTa Ha Ag ca OT Nopsigbka Ha Te3, YCTaHOBEHM C
aToMHoabcopbLUMOHEH aHanu3, JoKaTO CbhAbpkKaHusTa Ha Bi
ca 3HauMTENHO no-Hucku. ToBa Moxe Aa Obae 06siCHEHO C
1306MNMETO OT BKIIOYEHMS HA alikMHUT Cpef raneHuTa, KouTo
ce HabnoaBaT 1 B 0TpaseHa CBET/MHA.

Tabnuua 2. PCMA* Ha raneHuTm

* Sb 1 Cd He ce ycTaHoBsBaT

BanaHcbT Ha atomuuTte konudecta Ag, Cu, Sb u Bi B
raneHnTa nokasea rpynupaHe Ha otHoweHusaTa Ag:(Sb+ Bi) u
Cu:(Sb+ Bi) okoro cTonHocTTa 1:2 (tabn. 3). Mopagy HUCkuTE
CbabpxaHua Ha Sb, Tean oTHoweHus dakTudeckn ca Ag:Bi un
Cu:Bi. OTHoweHusATa Ha aToMHuTE Konuyectea (Ag+ Cu):(Sb+
Bi) ce rpynupart okono cToitHocTTa 1:1, k0eTo CbOTBETCTBA Ha

cBbp3BaHeTo Ha Ag 1 Cu ¢ Bi kato Matunaunt u ankuint (dur.
2). TpUCBCTBMETO Ha TE3W ENEMEHTU B raneHuTa Moxe fa ce
0DSICHM MMEHHO C OrpaHWyeHMs TBBPA pasTBOpP MaTUIAWT-
raneHuT, obpasyeaw, ce npu Temnepatypa Hag 216° C
(Vaughan and Craig, 1978) 1 BKMHOYEHUS OT AWKUHUT
(BEPOSITHO CYOMMKPOCKOMUYHY).

Tabrmua 3. AtomHu konmyecTa Ag, Cu, Sb u Bi B ranexutu
0T bpaiikoBuLa 1 aTOMHU OTHOLIEHMS (N0 aHanuauTe B Tabn.1

ATOMHM Konn4yecTBa
No x 100 000 Ag:(Sb+Bi) [ (Ag+Cu):(Sb+Bi)
Ag |Cu | Sb | Bi
11139 | 55 - | 385 | 1:2.77 1:1.98
2161 [3 | 4 87 1:15 1:0.95
3 520 |587 | 2 [1192 | 1:2.29 1:1.08
4 1516 |414 | - | 833 | 1:1.61 1:09
5 (496 [526 | 4 [1215 | 1:2.46 1:1.19
6 [501 (382 ] 1 [1072 | 1:2.14 1:1.22

Owe TlamkeBa (1972) cbobwasa 3a alkUHUT B
pyoonposisnenue bpaitkouua, a no-kbcHo CTOiHOBA K
Berusos (1982), upe3 peHTreHOCTpykTypeH aHanu3 u PCMA,
[0Ka3BaT alikMHWT B pyaonposBerierne KomuH gepe.

Mpn wumscnegBaHe Ha MOMMpaHM npenmapatv  OT
pyoonposerenne bpaiikoBuua B 0TpaseHa CBETNMHA U 4pe3
PCMA OGelle yCcTaHOBEH aMkWHWUT — MO nepudpepusTa Ha
raneHntoBu 3bpHa (CH. C), MoHsKora Kato CEKyLy MPOXMIKMA
(CH. D). OuHM BKMIOYEHUS AlKMHMT C HempaBumHa gopma
CblWo ce Habniogasat, HO nopagn Mankute pasmepu bele
M3BBPLUEH CaMO edunH aHanM3 Ha CPaBHUTENHO Malnko 3bpHO
alkuHNT (aHanus 1, Tabn. 4). OctaHanuTe aHanusm ca Ha no-
rofileMu 3bpHA UMK Ha MPOXMIKY, CEKYLLM raneHnTa (aHanusm
9,10, Tabn. 4).
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QOueypa 2. AmomHu omHoweHus (Ag+Cu):(Sb+Sb) no mabn. 1

TUNMYHO 3a U3CNEeABaHUTE ailKUHUTU € NOYTU MBIHOTO
OTCbCTBUE Ha NpuMecy. KpuctanoxumuyHute dopmynn ca
Onu3kyM [0 TEOPETMYHATa, C W3KIIOYEHUe Ha NOCneaHUTe ABa
aHanu3a, HanpaBeHy Ha NPOXUIKA CEKYLLM raneHuTa.

bsaxa NnpoBeAeHN MUHEPaNTEPMOMETPUYHIN U3cneaBaHna no
MeToda Ha XOMOreHu3auusa Ha ra3oBO-TEYHW BKITHOYEHUA B



kBapua OT MpoAykTMBHaTa napareHesa.  dnymaHuTe
BKMIOYEHUS Ca CbC CPaBHUTENHO Heronemu pasmepu (20-30,
psgko Ao 50 um) ¢ oTHOWeHMe ras : TeqHocT oT 1:8 go 1: 3,
MoHsIKOTa M MO-ToNsAMO.  BCMUYKM  ra30BO-TEYHM  BKITIOYEHMS
XOMOreHuaupaT B rasoea (asa B uHTepeana 250 — 370° C.
XucTorpamu MokasBally TeMnepaTypute Ha XOMOreHW3aLus
Ha rasoBO-TEYHUTE BKITIOYEHMS B KBapLa OT PyaonposiBiieHue

Bpaitkouua u KomuH gepe ca npusegequ Ha covr. 3 v 4.

3a pyponposiBneHne KomuH pepe e pobpe u3paseH
MakcuMmyma B uHTepeana 350-310° C. B pygonposiBneHue
Tabnuua 4. PCMA Ha aikuHuTK OT pyaonposisneHue bpaiikosuua

BpaiikoBuia ce ouyepTaBat ABa Makcumyma: 290-270° C u
350-310° C. Toau npu Mo-HUCKM TemnepaTypu BeposiTHO e
CBbp3aH C BTOPWYHM BKMtoveHusi. Cropen KpbcteBa M
Topopos  (1986) obpasyBaHeTo Ha  KBapu-GryopuT-
BapuToBaTa MMHEpanu3aLms e NPOTEKIO Npyu TemnepaTypu oT
270° po 100° C, mokato hopMMPaHETO Ha KbCHUTE KBapL, W
kapboHaT — B TemnepatypHus uutepean 150 — 50° C.

Coabpxanus [tern. %] ®opmvna
Ne [ Po [ Cu [Fe | B [Sb] Te | s 5 Py
1 36.64 | 11.90 - 34.00 - - 1712 | 99.66 Pb1.60CU1.06Bi0.2S3.00
2 3546 | 11.12 - 36.71 - 16.17 99.46 Pb1.00CU102Bi1.03S2.05
3 3482 | 11.86 - 36.96 - - 16.41 | 100.05 Pbo.g7CU107Bi1.02S2.04
4 33.04 | 11.84 - 3717 - - 17.29 99.34 Pbo.goCU1.05Bi1.00S3.04
5 3414 | 11.37 - 38.01 - - 16.71 | 100.23 Pbo.9sCU103Bi1.04S2.99
6 3471 | 11.94 - 36.01 [ 0.50 - 16.15 | 99.31 Pbo.g7CU1.00(Bi1.00S00.02)1.0252.92
7 36.69 | 11.48 - 35.55 - - 16.65 | 100.37 Pb1.01CU104Bioge7S2.0
8 33.83 | 11.05 - 38.20 | 0.39 - 16.68 | 100.15 Pbo.94Cu1.00(Bi1.05500.02)1.0752.99
9 3556 | 11.39 ] 0.22 [ 35.31 | 0.56 043 ] 1642 | 99.89 Pbo.ss(Cu1.03F€0.02)1.05(Bio.s7SP0.03)1.00(S2.94T€0.02)2.96
10 34.16 10.99 0.14 37.31 - 0.25 17.32 100.17 Pbo_gg(CUo,ggFeom)0{99Bi1,01(Sg,05Teo‘01)3‘05
20 20
10 10
280 300 320 340 360 380 280 300 320 340 360 380
T hom[deg. C] T hom{deg. C]

Que. 3. Xucmoepama Ha pa3npedeneHuemo Ha
memnepamypume Ha XOMO2eHU3ayusi Ha 2a3080-MeYHU
8KITOYEHUS 8 K8apy, om npodykmugHama napazeHesa 8

pydonposieneHue KomuH depe.

Que. 4. Xucmoepama Ha pasnpedesieHuemo Ha
memnepamypume Ha XOMO2eHU3ayus Ha 2a3080-MeqHU
8KITOYEHUS 8 KeapL, om npo0ykmueHama napazeHesa 8

pydonposieneHue bpalikosuya.

3AKMIOYEHNE

Pb-Zn muHepanusaums B pygonposieneHusTa bpaikosuua n
KomuH pepe ficHO ce pasnnyaBa OT MuHepanusauusTa B
TepumepHute Pb-Zn Haxoguwa ot JTbKMHCKOTO pyaHO nore,
KaKTO B MMHEparoxKko, Taka W B TEOXMMWUYHO OTHOLUEHME.
®opMUPaHETO W € TEHETUYHO CBBP3aHO C BHEPSBAHETO Ha
Tena OT rPaHUTOMAM W MarMeHa kamepa B [gbnbounHa -
npouecy, NpoTMyanu npeau OPMUPaHETO Ha TepLUEpHUs
LienTpanHopogoncku kynon (lvanov et al., 2000).




MogenHata Bb3pacT, onpefeneHa no U30TONHUS CbCTas Ha
OMOBOTO B raneHuTa CpefHo e CbOTBETHO: ypaHoreHHa 76 Ma
1 ToporeHHa 68 Ma (Amos u fp., 1993).

[eHeTMyHaTa Bpb3ka Ha Pb-Zn MuHepanusaums ¢
TOPHOKPEOHNTE WHTPY3UM Ce [Jokasea W OT NopobHMS
T R e T e i g

28KV X188 1326 19.8U JEOLS

168.8U JEOLS

20KV XZ27a 32

U30TOMEH CbCTAB HAa OMOBOTO B WHTPY3MBHUTE CKanmu W
ranenuta. OTHoweHusiTa 26Pb/2Pb, 27Pb/?Pb u 28Pb/Pb
3a rpaHutonaute ot JTbkuHckus 1 FOTOBCKMS NMyTOHM ca
cboTBETHO: 18.624, 15.669, 38.800 1 18.641, 15.651, 38.738.

B

CHUMKu:

CH. A. XomoeeHeH 2aneHum. OmpaseHu enekmpoHu, pexum COMPO. CH. B. Cvwomo none, kamo Ha CH. A. PasnpederneHue Ha
Ag 8 xapakmepucmuyHu meyu. CH. C. ManeHum-alikuHUMo8 agpezam cped HepydHU MuHepanu. AGKUHUM — cus, 2aneHum — bs.
OmpaseHu enekmporu, pexxum COMPO. CH. D. Xunka om atikuHum (1), ceve 2aneHum (cug 0o 6551 nopadu HepagHOMEPHOMO
nokpumue ¢ ebanepod). Ompa3seHu enekmpoHu, pexum COMPO.

CbluMTe M30TOMHM OTHOLUEHWS B raneHUTW OT ONOBHO-
LiMHKOBaTa M KBapL-(hnyopuUT-CyndmuaHaTa MuHepanuaaums ca
cpeaHo 18.664, 15.680, 38.815 u 18.683, 15.661, 38.813
(AmoB u ap., 1993).

BNATOJAPHOCTHU

Bux nckan ga nskaxa cBoute 6narogapHocT Ha npodecop
b. KomnbkoBcku, OT €OHa CTpaHa 3a npefocTaBeHuTe obpasuy,
a CbLLUO 1 3a 00CHXAAHETO Ha cTaTusTa.
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PECULIARITIES OF Pb-Zn MINERALISATION IN DEPOSITS FROM YUGOVO ORE FIELD

Sergey Dobrev



University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Bulgaria; E-mail: sergey@staff.mgu.bg

ABSTRACT

Samples from quartz-galena-sphalerite mineralisation in Yugovo ore field have been studied (from ore occurrence Braikovitza and Komin dere). The mineralisation is
related to small Early Alpine granitoid bodies, probably of Late Cretaceous age, intruded in metamorphic rocks from Dobrostan formation. The mineral composition of
the ore is described and data on trace elements content in galena (atomic absorption analyses) are presented. Isomorphic presence of Ag and Bi in galena is proved
through microprobe investigations. The composition of aikinite inclusions in galena is also studied. The temperature interval of mineral crystallisation (homogenisation
of fluid inclusions in quartz from productive mineral paragenetic association) is in the range of 360 — 300° C.

Key words: — Pb-Zn mineralisation, fluid inclusions, trace-elements.

INTRODUCTION

The Yugovo ore field is situated in the northern part of the
Central Rhodope ore district (Dimitrov, 1988) and according to
some authors — within the confines of the so-called Yugovo-
Narechen ore district (Maneva et al., 1989). The ore field is
located from Yugovo road fork on the North to the town of Laki
to the South and comprises molybdenite, lead-zinc and fluorite
mineralisatons. The Mo mineralisation is of quartz-molybdenite
type (ore occurrences Yugovsko hanche, St. Georgi, Laki), the
Pb-Zn one is of quartz-galena-sphalerite type (ore occurrences
Braikovitza and Komin dere) and the F mineralisation is of
quartz-fluorite-sulphide type (deposit Yugovo, ore occurrences
Gugliovo, Propula, Borovo).

The ore mineralisation is related to a small granitoid intrusive
bodies of Late Cretaceous age - leucocratic granite and
granodiorite (the so-called Yugovo granitoids — Stoynova et al.,
1984; Nedyalkov et al., 1998).

Quartz-molybdenite veins are not of economic interest.
Quartz-galena-sphalerite mineralisation is mainly of vein type —
steep dipping veins with sub-equatorial and northeastern
direction, cross-cutting schists and marbles of Dobrostan and
Yavrovo formations (Fig. 1). Metasomatic replacement ore
bodies are also present (in skarns of ore occurrence Komin
dere). Ore veins could be traced on the surface to 700 m, with
thickness usually not exceeding 1 m. Fluorite veins are mainly
of sub-equatorial orientation and represent infillings of quartz,
sometimes quartz plus carbonate with dissemination, nests
and rarely lenses of barite-fluorite-celestine and sulphide
mineralisation. Metasomatic lens-like fluorite bodies in marble
layers also occur. The lead-zinc mineralisation could be
assumed as a subfacies of fluorite-barite-sulphide
mineralisation, well manifested in Yugovo deposit.
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Figure 1. Schematic geological map of Yugovo ore field (after
Stoynova et al. 1984, Ivanov et al. 2000).

Abbreviations on inset map: MP — Moesian
Plate; B — Balkanides; SG — Srednogorie Zone;

R — Rhodopes; Y — Yugovo ore field.

1. Oligocene trachyrhyolite and rhyodacite (a- subvolcanic
bodies, b- dykes); 2. latite; 3. Eocene-Oligocene volcano-
sedimentary unit; 4. Upper Cretaceous granitodes; 5.
parametamorphites from Dobrostan and Yavrovo formations;
6. orthometamorphites from Bachkovo formation; 7. faults; 8.
ore deposits and ore occurrences: 1- Yugovo, 2- Braikovitza,
3- Komin dere, 4- Laki, 5- Propula, 6- Borovo, 7- St. Georygi, 8-
Yugovsko hanche

In quartz-molybdenite veins, main ore minerals are pyrite and
molybdenite, arsenopyrite and pyrrhotite are abundant
(Stoynova, 1988; etc.). The mineral composition of the quartz-
fluorite-barite veins is quartz, fluorite, barite, calcite,
manganocalcite (Todorov, 1989); rare minerals are bastnesite,
gypsum plus small amount of sulphides — almost all of the
established in the Pb-Zn mineralisation.

Pb-Zn MINERALISATION

Three mineral paragenetic associations (mpa) in the quartz-
galena-sphalerite mineralisation can be distinguished: quartz-
pyrite, quartz-sphalerite-galena (productive) and carbonate
one. In the productive mpa besides quartz, galena and



sphalerite, also fluorite, molybdenite, chalcopyrite, tetrahedrite,
tennantite and aikinite are established and as rare ones
bismuthinite, cosalite, galenobismuthite and tetradymite
(Stoynova, 1988).

Typical for the ores is higher content of F, Ba and Mo and
also presence of Sr. In the composition of quartz-galena-
sphalerite mineralisation, lead strongly prevails (geochemical
type Pb>>Zn). Galena usually is fine- to medium-grained, most

often as nests and dissemination in quartz, rarely forming
massive aggregates with coarse-grained texture.

Main trace elements in galena are Ag and Bi - established-
in all analysed samples (Table 1). The content of Ag is in the
range from 661 to 5610 ppm (average 4015 ppm), while Bi is
from 942 ppm to 25400 ppm (average 15783 ppm).

Table 1. Trace elements in galena from ore occurrence Braikovitza (atomic absorption analyses of monomineral samples).

The content of Cu is relatively high and correlates well with
the content of Bi. It is in the range from 225 to 3730 ppm
(average 2117 ppm).

Among the other trace elements, a relatively constant and
high content of Te and Cd should be mentioned (no correlation
between Cd content and presence of Zn is observed), as well
as presence of Tl and Se.

Microprobe analyses of homogenous galena grains were
provided (Table 2). The homogeneity of analysed galena

grains was investigated — not only under optical microscope,
but also in scanning electron microscope (Plate A). For the
same area, data for regular distribution of Ag were obtained
(Plate B), as well as for Bi, but with lower density. Ag and Bi
were proved in all samples with average content 0.55% and
0.18% respectively while Te was found in two cases. Sb and
Cd in analysed samples are in quantities under the threshold of
response of the method. The contents of Ag correspond to
those established by atomic absorption analysis, while the
content of Bi is significantly lower. This could be explained by



presence of numerous small aikinite inclusions in galena, the
larger of them being observed in reflected light microscope.

Table 2. Microprobe analyses* of galena

* Sb and Cd not found

Balance of atomic quantities of Ag, Cu, Sb and Bi in galena
shows atomic ratios Ag:(Sb+Bi) and Cu:(Sb+Bi) close to 1:2
(Table 3). Due to the low content of Sb, these are practically
atomic ratios Ag:Bi and Cu:Bi. Atomic ratios (Ag+Cu):(Sb+Bi)
are close to ratio 1:1, which correspond to bonding of Ag and
Cu with Bi as matildite and aikinite (Fig. 2). The presence of Ag
and Cu could be explained with limited solid solution matildite-
galena, formed at temperature over 216° C (Vaughan and
Craig, 1978) and inclusions of aikinite (probably even of
submicronic size).

Table 3. Atomic quantities of Ag, Cu, Sb and Bi in galena from
ore occurrence Braikovitza and atomic ratios (according to the
analyses in Table 1)

Atomic quantities
No x 100 000 Ag:(Sb+Bi) | (Ag+Cu):(Sb+Bi)
Ag |Cu | Sb [ Bi
11139 155 [ - | 385 | 1:277 1:1.98
61 135 [ 4 87 1:15 1:0.95

3 [520 [587 | 2 |1192 | 1:2.29 1:1.08
4 1516 |414 | - | 833 | 1:1.61 1:0.9
5 [496 [526 | 4 |1215 | 1:246 1:1.19
6 (501 (382 | 1 1072 | 1:2.14 1:1.22

Presence of aikinite in ore from Braikovitza was reported by
Gadjeva in 1972. Later Stoynova and Begizov (1982), using
microprobe analyses and powder diffraction method, proved
aikinite in mineralisations from ore occurrence Komin dere.

Investigation of polished sections from ore occurrences
Braikovitza and Komin dere through reflected light microscope
and microprobe analyses show presence of aikinite in the ore —
most often at the periphery of galena grains (Plate C) or as
cross-cutting veinlets (Plate D). Small aikinite inclusions with
irregular shape in galena were also observed in some cases,
but due to their small size, only one microprobe analysis of
comparatively fine aikinite inclusion was provided (analysis 1,
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Fig. 2. Atomic ratios (Ag+Cu):(Sb+Sb) — according to Table 3

ChTable 4). Other analyses show the composition of larger
grains or veinlets of aikinite in galena (analyses 9, 10, Table
4).aracteristic for the aikinite studied is almost absolute
absence of impurities and constant crystallo-chemical formula,
close to the theoretical one, with an exception of the last two
analyses, made on aikinite veinlets that cross-cut galena.

Fluid inclusion studies were provided using method of
homogenisation of vapour-liquid inclusions in quartz from
productive quartz-sphalerite-galena mpa. Fluid inclusions are
relatively small in size (up to 20-30, rarely 50 pym) with ratio
vapour : liquid from 1 : 8 to 1 : 3, rarely higher. All fluid
inclusions studied homogenise in vapour phase in temperature
interval from 250 to 370° C. Column chart showing distribution
of temperatures of homogenisation of fluid inclusions for ore
occurrences Komin dere and Braikovitza are given on figures 3
and 4.



Table 4. Microprobe analyses of aikinite from ore occurrence Braikovitza

Element content [wt. %] Formula

No Pb Cu Fe Bi Sb Te S X

1 36.64 | 11.90 - 34.00 - - 1712 | 99.66 Pb+.00CU1 06Bio.92S3.00

2 | 3546 | 1112 36.71 16.17 | 99.46 Pb1.00CU1 0Bi1 035205

3 | 3482 11.86 36.96 16.41 | 100.05 Pbo g7CU1 07Bi1.00S2.04

4 ] 33.04 | 11.84 3717 1729 | 99.34 Pbo g0CU1 05Bi1.00S3.04

5 | 3414 | 11.37 38.01 - 16.71 | 100.23 Pbo gsCU1 03Bi1.04S2.09

6 | 3471 | 11.%4 36.01 ] 0.50 16.15 | 99.31 Pbo o7CU1 09(Bi1.00Sb0.02)1.0252.00

7 | 36.69 | 11.48 35.55 - 16.65 | 100.37 Pb+.01CU1 04Bio.g7S2.08

8 | 33.83 | 11.05 - 38.20 | 0.39 - 16.68 | 100.15 Pbo g4CU+ 00(Bi1.05Sb0.02)1.07S2.9

9 | 3556 | 11.39 [ 0.22 | 3531 | 0.56 043 | 1642 | 99.89 Pbo.go(CU+.03F €0.02)1.05(Bio.s7Sbo.03)1.00(S2.04 T€0.02)2.96
10 | 3416 | 1099 | 0.14 | 37.31 - 0.25 | 17.32 | 100.17 Pbo.g3(CUossFe001)0.99Bi1.01(S3.05 T€0.01)3.08

In ore occurrence Komin dere, a well expressed maximum is
observed within the temperature interval 350-310° C. In ore
occurrence Braikovitza, two maximums of homogenisation
temperatures are present: 290-270° C and 350-310° C. The
maximum at lower temperature is most probably connected
with secondary inclusions. According to Krasteva and Todorov
(1986), deposition of quartz-fluorite-barite mineralisation took
place from 270° to 100° C, while deposition of late quartz and
carbonate was within the temperature interval 150-50° C.

CONCLUSIONS

The Pb-Zn mineralisation in ore occurrences Braikovitza and
Komin dere is quite different from the mineralisation in Tertiary
Pb-Zn deposits from Laki ore field both mineralogically and
geochemically.

The mineralisation in Yugovo ore field is genetically related
to granitoid intrusive bodies and a magma chamber in depth —
processes, which took place before the formation of the
Tertiary Central Rhodope Dome (Ivanov et al., 2000).

Model ages, based on isotope composition of lead in galena,
are in average as follows: uranogenic — 76 Ma, thorogenic — 68
Ma (Amov et al., 1993).

A genetic connection of the Pb-Zn mineralisation with Upper
Cretaceous igneous rocks is proved by similarity in lead
isotope composition both in granitoids and galena from ores.

Ratios 25Pb/?Pb, 2"Pb/**Pb and *®Pb/Pb for granitoid
rocks from Laki and Yugovo plutons are as follows: 18.624,
15.669, 38.800 and 18.641, 15.651, 38.738, respectively. The
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Figure 3. Histogram showing temperatures of homogenisation
of fluid inclusions in quartz from productive mpa in ore
occurrence Komin dere.
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Plates:

Plate A. Homogenous galena. Backscattered electron image, COMPO regime. Plate B. The same observation field as on Plate A.
Distribution of Ag in characteristic rays. Plate C. Galena-aikinite aggregate among gangue minerals (black). Aikinite is grey in colour,
galena — white. Backscattered electron image, COMPO regime. Plate D. Aikinite veinlet (1), cross-cut galena (with different shade
from light grey to white due to uneven carbon coating. Backscattered electron image, COMPO regime.
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Figure 4. Histogram showing temperatures of homogenisation
of fluid inclusions in quartz from productive mpa in ore
occurrence Braikovitza.

same isotope ratios for galena from lead-zinc mineralisation
and from quartz-fluorite one are 18.664, 15.680, 38.815 and
18.683, 15.661, 38.813 (Amov et al., 1993).
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