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INTRODUCTION 

Minerals of the PbCu-Bi-Ag-S-system are typical of epi- 
thermal gold deposits, but their complexity and wide variation 
in chemical camposition have prevented accurate determina- 
tion of their correlation with Au and base metal ores. The vari- 
able mineral composition of such associations bas usually been 
explained in terms of multistage orefunning prowssm. 

The Beregovo ore field is situated in the Catpathian 
province of Neogene AwAg deposits, which extend from the 
Stiavnica stralovolcano (Slovakia) to south o f  the Apuseny 
Mountains deposits (Romania). These deposits are connected 
with the Intracarpathian volcanic belt. Most of tlle deposits of 
the northern segment are of epithermal, gold-base metal, 
adular-sericitic type (Koptuh, 1992). Ores of these deposits are 
characterized by the antagonism of Zn and Pb sulphides on the 
one hand and Cu on the other, caused by a gradual transition 
fiom an epitl~ermal to a copper-porphyry type of oreformation. 

In anumber of ore bodies in the Stiavnica ore district, partic- 
ularly in ores with poor but systematic content of chalcopyrite, 
bismuttlinite and various Bi-sulphosalts have been observed. 
Bi-minerals are found in a similar situation in many epitl~ennal 
deposits in Nevada and California (Foord P/ a[., I 958; Fmrd 

and Shawe, 1989). Literature review of deposits of such type 
(Foord et a!., 1988; Kovalenker et a/., 1993) indicates a de- 
crease in the variety ofbisrnuthinite and Bi-sulphosaIts with an 
increase in the cllalcopyrite content of tlte ores. 

11e ores of Bcregovo ore field provide good material f o r m  
search on this problem, as their composition gradually changes 
from pure Pb-Zn-Ag ores to Cu-At1 ores. Our goal was to study 
changes in the composition of paragenesis of Bi-minerals 
duting such a transition. 

GEOLOGICAL SETTING OF BEREGOVO ORE FIELD 

The Besegovo ore field includes two gold-silver-base metal 
deposits - Beregovo and Muzievo (Skakun r-r al., 1992) (Fig. 
1). These are situated in an explosion caldera of Samlatian age, 
which is filled with fused tuffs and ignirnbcites. The caldera 
walls are composed of alternating layers of Neogene rhyolite 
tuffs and sedimentary rocks, lying on a TrimicrCretaceous 
basement (sandstones, limestones, phyllites, spilites), The ig- 
nimbrites are covered by maar sediments (clays, argillites, 
tufites), Tlie overlying rhyolite agglomerate tuffs frame the 
rhyolitic domes wllich are intruded along the western and south- 
ern steep rims of the caldera 
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T a b l e  I 

The chemicnl composition oFBi-sulphwalh and bismnthinite from ores of Beregovo ore field 
(X-ray microprobc analysis data) 

No. Localiw Ag Cu Pb Bi Se S Sb Au As Zn Fe Total 
Min- 

analy- depth Phase 
sis hole weight % 

(m) ----- 
1 2 3 I 5 6 7 g 9 10 11 12 13 14 15 16 17 -- - -- a - - . . - - 
I Or 13453 414.5 (3)-1 14.97 - - 

8 Or 13451 414.5 3-2 10.51 0.03 35.92 38.44 0.10 12.20 0.08 0 02 I.E2 0.00 0.00 98 4 - . . -. - - - - - - - I.-I_- ----I _ _ "-.- -- 

9 Or 1343 334.5 2 14.42 0.66 23.94 43.29 0.08 16.02 0.00 0.00 0.43 0.08 .0.40 94.3 ---- -- 

0.20 0.03 0.00 0.32 98.5 

0.00 0 00 0.04 0.05 99.2 

0.18 1001 - . .  

- . - _ _ _ _  - .  - . - -  - 

25 Bis 1345 414.5 3-1012 0.06 11.48 0.00 78.43 0.03 18.43 0.00 0 00 0 72 0.06 1.38 99.6 
- - - - - . - - - -- - -. -- _- - I  . - . I _ _  - -  -- - 

26 Bls 1345i 4t4.S 3-1W1 0.00 0.84 1.05 75.22 0.29 L8.l l 0 03 0.00 1.47 0.06 1.83 9R '3 ------- ----- 
27 Bis 1347 556 2 2 0.16 2.26 73.67 0.46 18 02 0.04 0.00 0.67 

-. 

3-3 0.87 0.14 82.24 1 81 0.05 027 0.15 0.00 0.05 99.8 
- - . - - - - . . - - - - --- -- - - - " -. .- - - 

2 4.34 0.50 71.33 8.66 0.02 0.06 0.00 0.00 0.38 99.5 ----- 
- 3.00 0.57 39.10 40.90 ----- 

3r 
" - -. -- - 
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n.d. - not determined; lr-St- froin the paper by MatkovsLy eer crl. (1987) and Remeshilo etnl. (1988); minerals: Bis - bismuthinitc, Ga- galena, Or- 
ouroyite, Gu - girshvite, Ber - berryite, Trs - treasurite, S -schirmeritc, GI - gladik, Bnj - benjaminile, M1 -matiIdite 

MINERALIZATION AND ALTERATION 

Due to intensive metasomatic transformation no unaltered 
volcanic roch are found in the region. They are altered to 
quark-adularia, quartz-scricites and argillic metasomatites. 
They contain sulphides, quartz-sulph ide, quartz-barite and 
carbonak veit1.s and veinless zones. We divide the liydrotl~ennal 
processes tllat caused ore formation into four stages. Thy difkr 
in mineral parageneses of veiiiless and metasomatic alterations. 

During the first stage (sulphide) the following sequence of 
parageneses occurred: siderite+ankerite-t-pymhotite - py- 
rite-!-rnarcasite -pyritej-sphnlerite - sphalerite+galena+ bouIan- 
gerite - bo~~rnonite+pyrafitefpoIybasite-l; in host rocks 
adulaia is intensively replaced by sericitc. In this stage c m -  
lnercial deposits of Pb-Zn-Ag ores were formed. 

The seco~~d stage (quambarite) is chamcterized by sequen- 
tial formatioil o f  the following mineral parageneses: 
ilvaitegarnet (andradite)+carbonate+fluorite - cl~alcopy- 
r i te-kfahle~ Bi-sulphosalts-l-eI~ctmrn1-quartz-I- barite-[. This 
stage i s  acconlpanied by dissoli~tion ofsulpliide PbZn-Ag min- 
erals md mass deposition of the fine-grained quartid, that 
forms quartz (-!-barite + sulphide) veins with patchy kaolinite al- 
teration in the bost rocks. In this stage commercia1 deposits of 
Au-ores were formed (Au-sulphide ore type). 

The third stage (carbonate-quartz) is characterized by 
formation of: caIcite - quartz-11 - barite-TIqnative Ag-l-acan- 
thite+polybasite-11). This stage was accompanied by quartz- 
kaolinite and quartz-smectite alteration. 

During the Fourfh stage (carbonawgoetl~ite) carbonates 
(calcite, dolomite, siderite), chalcedony+qua~-lV, jarosite, 
goethite, native Au, barite-111, cinnabar were formed 

sequentially. Formation of veins was accompanied by qua&-. 
alt~nite, quartz-kaolinite-dickite and quark-illite metasomatites. 

BISMUTH MINERALIZATION IN THE BEREGOVO 
ORE FIELD 

Ri-mineralizations in the Beregovo ore field appeared was 
first described by Matkovsky eta!. [I 987) and Remeshilo et a/. 
(1989). In two samples they described bismuthinite and 
Bi-sulphosalts, whose chemical composition corresponded 
with benyite, gustavite-lillianite series minerals, scl~imerite 
and cosali te. 

Our investigations show that bismuthinite and Bi-suIpho- 
salts are widespread in the central part of the ore field. In the 
western part they are rare and in the eastern part they are lacking 
completely. The depth interval of Bi-minemb distribution is 
more than 500 m and they are (lot found at higher levels. 

Bi-suIphosalh are genei4aIIy associated with fmsgrained 
qua*-I (Skatcun, t 994). Aggregates with Bi-minerals always 
contain chatcopyrite, which, together with pyrite, is the main 
sulphide mineral. Bi-sulphosalts are not found in areas with sig- 
nificant co~~cenhtians of galena and (or) chalcopyrite. 

The quartwhalcopyrite-bismuthinite-Bi-sulphosalts asso- 
ciation marks cl~c beginning of quark vein for~natian. This asso- 
ciation replaced earIier pyrite-sphaterite-galena aggregates. 
Dissolution of sulphides occurred in the sequence: sphalerite- 
galena-pyrite (Skalcun, 1994). In completely deyeloped aggre- 
gates ofthis association sphalerite is practically absent; dissern- 
inated mineralization of fine xenomorphic grains of galena is 
relict. Pyrite is observed both in the form of relict aggregates, 
banded by druses, and in the form of idiomorphic grains of a 
new generation which occur in quartz and chalcopyrite. 



Fig. 1. S~hemati~geolo~ic map and cmsp-seclian of the BGmgova ore kid shnwhg the spatial dimibutlon orbismuth rninerulka~ion 

1 -uppertuffunit(rhyoliteW, iawbrecci~seam~ o f a t e )  ~ l S ~ & - h i i o ~ e n e ,  Smatim s e  Upper Darobratov $eFiea]; 2 -uppxsedimenhry unit 
( 4 1 k 3 ,  ~)(MlSt&2-FPliddltX)O~bmlovSwies); 3-middle hffuni! (rRyollte tuffs, ignimbrites) (N~S~drl -LowerDt~obmt~vSe~);4-toww 
=dim- unit (argifliks, ~ ~ G s )  Vlbd - Miocene, Badmian stage); 5 - l o w ~ r  tuff unit (rhyol b tua) Wlk- Miocene, Ka@m ?itage); 6 - 
domes and Aows ofrhyolh, perIite and perlitic law brdiamISt -Sarmatian SnbvdcanicFnmlation); 7 - Au-quark-base metal ore. veins of the Mu&a 
 and Wit number, 8 - ~ d s h o t v c i n l ~ s m i n C r a l i z a t i o n ~ e ~  &posit), withhirn&;9-borehoIea withnumber, in bra&&- tht In- 
terval with Bi-sulphosab (rn) 

B h t h  s d p h d t s  mwr a6 fine (0.00 1-035 mmj grains 
in fine@ed quarlq hqueatly as intergrowths with c h a b  
pyrite and galena, rarely wilh pyrite and bismldbinite. 

Bismuth sufphasdh are very diffrdt to identify ap-fly. 
n~iridentificationandstudywas donetrsingx-raymicroprobe 
CAMEBAX under the Wowing dtim: accelexating voh- 
age20 kV,mmt lOr&andytkaI linesLforAg,P4Sb,Bi, 
S,Aq Se,Zt+Cu, FeandG-for As. Thefohwingshndards 
we= used PbS pb), FeSs (S), AsSe (As, Se) and pure m e w .  
The tiny s k  of many grains prevented their X-ray iden* 
tion. 

Bmhg on their chemical composition these sdphosalts 
(Tab. 1) can be subdivW into three systems: Ag-Pb-Bi-S, 
Ag-Cu-PbBi-S and PbCu-BiS, each characterized by varia- 
tions in contents of the major and minor cbmponents. Se k d- 
ways present at up up to m%. In hge number ofsamples ad- 
m i W s  of%, As, Zn, Fe, Au OCCUT~ Contents o€&, Au, Fe 
vary widely. 

The commonest minerals belong to the Ag-Fb-Ei-S sy- 
tem. Ag md Bi contents display a wide W t f o n  (5-&205 and 
34.8-56.5 m%, repctive1y) whereas the content of Cu is in- 
signihnt (0.14.8 wt.93). These sulphmdts are observed only 
in galena grains, forming mymekites and lamella pins pigs. 
2a, b). They weit formed as a result of exchange of Fb to Bi and 
Ag in &en& On the diagram of Ag(Cu>Pb-Bi (Fig. 3) the 
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Fig. 2. The forms and assenlbfages of sulphide and Bi-sulpl~osalts from thc Bercgovo ore field 

a- ovcrgrowtl~ of mctacrystol pyrite by galena-ounyite aggregates in a matrix of  he-gmined quark, reflected I ight, oil immersion, b - lil~nellae ofouray ite 
in gnIeoa, part A on the Pig. a; c- interstitial graiiis ofgustavite in fine-grained quartz, light phases are relicts o f  arse~lopyritc; d - intergrowth of cha2copyrite 
and benyite (analysl.: 19);~-intergmwH1 ofgladitesnd bisrnuthinitein chalcopyrite (analyses24 nnd27); T- twinsof bismuthinite in pyrite (analysis 25) 
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Pig. 3. Triangular plot (atomic) showing compositions orgalena and sufpho- 
saltsofAg-Bi-Pb-S analysed in thisstudy in termsofthesystem Ag-Bi-Pb 

Grcy circles - theoretical compositions of some minerals and sy~ltlletic 
phases: Ga- galena, Bis - bismuthinite, Mt - matirdih, Gb - gleno- 
bismutite, Cs - cosnlite, Lil - lillianitc, Or - ol~rayite, Fie - 
IieyrovsLyite, Mrn - mummite. Gu - gustavite, Tr - treasurite, V - 
viking~tc, Sh- schirmerite, E -eskimoite; black circIes minerals anaIysed 
in  this study. The numbers correspond to thase of al~alyses in Table 1. H =  
NChem-number of  octahedrons in galenasimilardornains o f  the unit cell in 
the plane roughly pm l l e l  Lo (001) amand ah projection. Analysis 2r, 3r, 4r, 7r 
fi.orn the papcr by Matkovslry etal. (1987) and Remcshilo ef nt. (1984) 

cbemical composition of diese sulphosalts lies in the field con- 
strained by lines o f  galena-matildite, gustavite-Iillianite, 
matildik-galenobisn~~~tik and argentite-cosalite. 

Our sulpltosaits represent several groups, identification of 
which is uncertain due to the lack of X-ray data. 

Minerals ofthe galena-rnatildite group are represented by 
two g i n s  of galena solid solution (Pbd (Foord ef al., 1989) of 
composition Galg4Mat6 (analyses 28 and 29) and intermediate 
phase Galz ,Matw (Matkovsky ef a/., 1987). Generally, minerals 
of the Ag-Pb-Bi-S system are less com~non in the Bel-egovo ore 
field LIlan in other deposits of the Carpathian Neogene volcanic 
zone (Mato, 1992; Kovalenker et a/., 1 993). 

Deviation of sulphosalts analyses points from the matil- 
ditegalena line is a result of increasing content oFBi in Ag-Pb- 
l3i sulphosaIts Fig. 3). This is caused by a change of galena type 
supetxtruchtre into a domain structure which is typical for 
lil l ianik 11omoIogi~es (Makovicky and Kap~ir-Maller, 1 9770). 
In this structure Iayers of gaIena type interchange with ga[enc- 
bismutite type layers. N - number o f  octahedrons in galena 
type layers is a determinant chmcteristic of smh a structure. N 
is calculated by the formula NCl,, ,  = 1 + [l/[Bi + Pb12 - 0.5)] 
(Makovicky and Kapur-Moiler, 1977a, 6) and it i s  the only cri- 
terion for identification of the mineral-homalogtles o f  lillianite 
based an chemical composition. Therefore, most of the phases 

investigated in the galena can be referred to rnineraIs of the 
ourayik-mummite series (analyses I4 and 45-9). 

SuIphosalts of this group are characterized by stable val- 
ues, of N,,,, = 11-13 wit11 significant fluctuatioits of Pb and 
Ag contents and, to a smalIer degree, Bi. Their cornposi- 
tion can be approximated by the series Ag4Pb7Bi3S Id- 

AgPbsBi6S IrAgGPbBi6S [?. Admixture of Se (up to I wt.%) 
and Cu (up to 0.8 wt.%) was systematicalfy detected. Admix- 
ture of As (LIP to 1.5 wt.??), AU (0.0-0.34 WL.~%), Fe and Zn were 
found in single phases. These admixhues are not consistent. The 
content of Sb is with in the limits of system analysis error. 
Ourayites with similar composition were described in 
Stiavnica-Hodnrsa ore field (Slovakia) (Kovalenker el a/., 
1993) and in some epithermaI deposits of Nevada (Foord ef al., 
1988) 

The phase with Ncl,,,, between 10 and 6 was not determined. 
Three phases in a single sample (analyses 10-1 2) have a similar 
value of Nd,, and their Pblhg ratio corresponds to hemurite. A 
phase that corresponds to analysis 12 with a coniposition 
Ag,j3C~0,3Pb6 4Bi closely resen~bles tmasurite. 

Another two phases (analyses 10 and 1 I )  are ~Iinracterized 
by significant levels of As (1-2 formula units - fi~.), a low 
content of Ag and S and high levels of Pb. Cu is always prese~~c 
in amounts of 0.34.5 f.u. The phase corresponding to analysis 
I 0  may be considered as intermediate bemeen treasurite and 
the gustavite-lillianitc minewl series (Nd,, = 4. I). 

Minerals of gustavite-lillianitc series were described eai.iie~. 
(Matkovsky et al., 1987; Remesl~iiIo et al., 1989) (analyses 3r 

h'rt Lil 

Fig. 4. Triangular plot {atomic) showing compositions orgnlena and sulplro- 
saltsofAg-Cu-Bi-Pb-S aiidCu-Bi-Pbb onalysed in  this study in terlnsofthe 
.system Ag(Cu)-Bi-Pb 

Grey circles: Bnj - bcnjaminitc, Pe - pekoitc, Pa - padcroilc. GI - 
gladitc, K - lirupknite, En) - e~nplectile, L - lindsti%niilc, Iim - 
Iiarnmarik. Pr - prouditc, Bcr - berryile, W - witt~clicnite, F - 
friedrichite, S-soucekite, A- aikinite, Nu -nurfilditc; analysis 5r and 6r 
from pnpcr by Remesliilo et al. (1989): for othcr cxl~lnnotions see Fig. 3 
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Fig. 5. Dependence of a parity (ratio) AgKu to Pbmi for Ag-bearing 
sutphosalts o f  a Beregovo ore field 

I - sulphosalts o f  the aurnyite series; 2 -Ag-Cu-Bi-Pb-sulphosalts; 3 - 
sulphosatls or the guslavilc-lillianile series; I and 11 -trends of changc in 
sulphosalt composition; numbers of the p i n t s  correspond to thosc or the 
analyses in Tab. I 

and 4r in Tab, 1). Analyses 1 r and 2r with N , h  = 35-3.9, that 
were described as cosalit~~ can be also referred to these series. 
Our recent investigations revealed one more phase (Fig. 2c, 
analysis 131, which lies on the gustavite-lillianite line and which 
corresponds to Gus6,t3~. In most of the grains high concenba- 
tions of Cu (0.2- 1.1 w%) and Au (0.28 a%, analysis 13) are 
noted. 

SulphosaIts of Ag-Cu-Pb-Bi-S system are represented as 
single grains or as intergrowths with galena, chalcopyrite and 
Ag-Pb-Bi-sulphosalts in quartz (Fig. 2d). The size of grains is 
0.002-0.3 mm. Tlieir chemical composition is determined by 
variations of PblBi (0.04-0.42) and Ag/Cu = 0.7-9.3 ratios. As 
shown on the diagram Ag (CukBi-Pb (Fig. 4) the analyses of 
these minerals form two series, 

The first series is parallel to the Bi-Pb axis. It is formed by 
three separate groups of analyses with a nearly constant sum of 
Ag-Ku. These can be tentatively referred to Ag-bearing 
soucekite (analyses 14 and IS), berryite (analyses 18,19,5r, 6r) 
and Pb-bearing benjarninite (analyses 1 6 and 17). The similar- 
ity o f  the compositions of phases 14 and 15 to soucekite is con- 
firmed by big11 Se concenlracions (3 -9-4.4 wt.%). 

The second series o f  analyses extends from the benjaminite 
field in the direction af increasingAg(Cu) content almost paral- 
lel to the Ag-Ei axis. Analyses 20 and 2 1 are wi th in the Ag-Cu- 
Pb-Bi-S system. Any natural minerals or synthetic analogs of 
this system are unknown. An empirical fornula, calculated us- 
ing the results of chemical analyses with independent positions 
for Ag and Cu and approximate for sulphur and selenium, is 
close to AgsCuBi4Pb[S, Se), ,. A number of similar phases was 
described in copper ores from the Stiavnica-Hodrusa ore field 
(Slovakia) (Kovalenker et al., 1993). 

Pb-Cu-BiS sulphosalts have not been found earlier in the 
Beregovo ore field. We have found two phases with sucl? a com- 
position. These form an intergrowth with chalcopyrite and bis- 
muthinite (Fig. 2 ~ ) .  T h y  occupy an intermediate position be- 
tween gladite and hpkaite. Their composition can be de- 
scribed by the empirical formula CuPbBi3S6 (xnatyses 23 and 
24). These sulphwalts are characterized by admixtures of AS 
(up to 0.8 wt.%) and Se (up to 0.6 wt.%). The PblBi ratio i s  var- 
ies from 0.17 to 0.3. 

Bismuthinite is found mostly as fme inclusions in sulphidic, 
essentially pyritic aggregates (Fig. 2f) in constant association 
with chalcopyrite. The same association is distinguished in case 
of observation of bismuthinite in fine-grained quartz aggre- 
gates. The chemical composition of bismuthinite phases is char- 
acterized by a wide variety of a h  ixttres (Pb, Ag, Cu, Se, Fe, 
As) to significant levels (Tab. 1, analyses 24-27, Sg). The Pb 
content changes from 0.0 to 3.7 wt?h, Ag - from 0.0 to 0.16 
wL%, Se - h r n  0.0 to 3.7 W%, Fe - from 0.7 to 1.8 wt.% 
and As -from 0.7 to 1.5 wt%. For three recently investigated 
phases of bismuthinite the direct dependence between Cu and 
Se contents was established. Basing on the mntent of Cu (2.3 
wt.%) and Se (0.46 wt.O/o) analysis 27 (Tab. I )  approximates 
pekoite. 

DTSCU SSION AND CONCLUSIONS 

In general, the association of PbBi-Ag-Cu-sulphosalts in 
the Beregovo ore field is typical for gold-rich epithermal ores 
(Fmrd ei a!., 1988). In the Beregavo ore field the con~plex 
sulpkosalts described above are found in the same samples, or 
with narrow intervals of ore bodies. [n all cases the mineral as- 
sociations arc uniform with fme-grained quartzalways present, 

Quartz was the earIiest phase. It reptaced various unstable 
aggregates of carbonates and sulphides. Chalcopyrite was 
formed a little later, replacing remaining sulphide aggregates. 
The recrystallization of qu- occurred simultaneously and 
was accompanied by formation of fmegtained aggregates and 
extrusion of chalcopyrite to the periphery of the recrystalli- 
zation zone. Intensive development of such processes caused 
formation of continuous chalcopyrite aggregates in the periph- 
ery of fine-grained quartz areas. Crystallization of Bi-minerals 
occurred prior to the crystallization of chalcopyrite and took 
place peripheral ta quartz aggregate formation. Bi-sulphosalts 
gradually disappear with the approaching chalcopyrite crystal- 
lization wave. In areas with a maximum development of clalcc- 
pyrite Bi-minerals are absent. 

Fine-grained aggregates of quartz are very sensitive to 
latestage bydrothennal processes, expressed as recrystalliza- 
tion zones and changes in sulphide and quartz grain morphol- 
o g .  Absence of recrystallization effects caused by sulphosalt 
formation shows that the association of fine-grained 
quaMchalcopyritet.bhnuthinite+Bi-sulphsa is the result 
of a single process superposed on the sulphide aggregates. 

We noted the relationship of sulphosalt composition to the 
associated minerals. In quartz with widespread relict galena 
minerals of the ourayite groups are dominant. Where such ga- 
lenarelicts are absent from quartz, mineral grains with acompo- 
sition close to treasurite and gustavit~lillim~ite are observed. 
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The appearance of chalcopyrite is aceompanidby the develop- 
ment of Ag-Cu-sulphosalts. Complete disappearance of galena 
from the quam-chalcopyrite-bismufiinite association is ac- 
companied by the formation of gladite-krupkaite minerals. 1n 
massive chalcopyrite and chalcopyrite-pyrite aggregates where 
the replacement processes are clear, Bi-sulphosalts are not 
found. Bismuthinite is detected in pyrite-chaIcopyrite aggrs- 
gates. These observations prove that Bi-minerals accompany 
the formation of chalcopyrite aggreptes with their maximum 
development at the chalcopyrite crystallization front. Bi- 
sulphosalts can also be cansidered as metastable phases, form- 
ing in the early stages ofreplacement of galena by chalcopyrite 
under the influence of solutions with a high activity of Bi and 
Ag. Distribution ofBi-sulphosalts in the Beregovo ore field was 
controlled by the kinetics of several interconnected processes 
(Fig. 5) that finally led to the formation of copper ores and 
quartz veins. 

At an early stage the replacement of carbonate-sulphide ag- 
gregates by cryptocrystallic quartz causes the isolation of single 
galena grains in a quartz matrix. A diffusion wave of Bi 

outpaced copper at: the incipient stage of the chalcopyrite crys- 
tallization. Bismuth is localized in the most favourable geo- 
chemical traps - in galena grains. Its gradual accumulation in 
the galenasbucture caused changes in the phase composition of 
the galena-matildite-ourayite path. The increase of Cu activity 
which followed led to the expulsion of Pb from the sulphosalts 
and changed their composition towards Ag-Cu-Bi and Cu-Bi 
phases. More detailed analyses of the causes o f  sucl~ variations 
in the composition ofthis association are not yet possible due to 
the insuficient study of phase equilibrations in Ag-Cu-Pb-S 
system. The final chatcopyrite crystallization was developed in 
conditions of instability for most of the Bi-minerals. This 
caused the disappearance of Bi-sulphosalts and bismuthinite 
from pure chalcopyrite aggregates. 

Our observations indicate that we are dealing with me@ 
stabIe phases - intermediate links in the chain of galena- 
chalcopyrite replacements that were preserved owing to their 
jsolation in a tight quartz makix. Their appearance, evolution 
and preservation was determined by kinetic factors and circula- 
tion of hydrothermal solutions through the heterogen~us and 
constantly changng substrate of evolving mineral aggregates. 
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