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Abstract 
Data a r e given on t h e geotectonic position, enclosing rocks, dolomiti-

zation, minera l composition and succession of mine ra l fo rmat ion in the 
s t r a t i fo rm polymetal l ic deposits (of t h e "Sedmochis leni ts i" type) in the 
Balkanides. Specific f ea tu re s indicat ive of the i r epigenetic origin are 
pointed out. 

Introduction 

Bed-l ike o re deposits in Bulgar ia a re f o u n d in t h e Ba lkan ide region 
only in a small area of about 30 X 25 km. They d i f f e r to- a certain ex ten t 
f r o m t h e k n o w n bed-l ike lead-zinc deposits e l sewhere in t h e world and in 
t h e Eas te rn Alps in par t icular , owing main ly to t h e considerable content 
of copper, arsenic, silver, and par t ia l ly of cobalt, nickel and b ismuth . 
Consequent ly t h e a r e def ined as polymetall ic. O n e of the i r typica l 
f ea tu re s is t h a t they a r e fo rmed by t w o kinds of su lphide mineral izat ions 
— a lead-zinc and a lead-eopper one (with silver, arsenic and bismuth) . 
Whi le t h e f o r m e r minera l iza t ion is encountered in calcareous rocks of 
Middle Triassic age only, t h e lead-copper one is f o u n d almost un i fo rmly 
and has identical specific f ea tu re s both in t h e s ame calcareous rocks, as 
well as in calcareous sandstones and phyll i toid rocks of Lower Triassic, 
Lower Jurass ic and Paleozoic age. Tha t is w h y these deposits w e r e de-
scribed separa te ly as t h e "Sedmochisleni ts i" t y p e of deposits as ear ly as 
1961. They f o r m a pa r t of t h e Eas te rn Medi t e r ranean Ore Prov ince of 
P e t r a s c h e c k (1963). 

Geotectonic position of the ore deposits 

T h e wes te rn pa r t of t h e Ba lkan ide structural1 zone w h e r e t h e ore 
deposits u n d e r considerat ion are localized is fo rmed by t h e Berkovi tsa 
block-ant ic l inor ium s t ruc tu r e bui l t u p of a Paleozoic core and Mesozoic 
mant le . F r o m nor th and south th is s t ruc tu re is bound by la rge deep fau l t s 
of an old age, k n o w n as t h e S t a r a P lan ina f ron t a l s t r ip and Sub-Ba lkan 



fau l t respect ively (E. B o n č e v , 1961). They a re complex fau l t zones 
causing t h e fo rma t ion of addi t ional fo lded s t ruc tures and horizontal 
dislocations (along t h e bed surfaces). T h e vert ical displacement along the 
S ta ra p lanina f ron ta l s t r ip is abou t 4.000 m, and tha t along t h e Sub-Balkan 
fau l t over 1.500 m (E. B o n č e v , T r o n k o v). 

The ore deposits unde r considerat ion a r e spatially d is t r ibuted fol lowing 
these t w o s t ruc tu res (Fig. 1) f o rming dist inct ore-bear ing zones (M i n -
č e v a - S t e f a n o v a , 1962). T h e deposits in t h e region of t h e S ta ra 
p lanina f ron ta l s t r ip in par t i cu la r a re l inked wi th a pa i r of conjuga ted 
fau l t sys tems ( the Vra tsa and t h e Sokolez zones), t h e midd le p a r t of the 
r . tructure being raised horst-l ike. T h e o re deposits in t h e region of t h e 
Sub-Ba lkan fau l t a r e l inked wi th a sys tem of paral le l fold up th rus t s 
because of which several subzones a re dist inguished in t h e corresponding 
ore zone (the Izremez zone). T h e r e is a distinct direct propor t iona l de-
pendence be tween t h e degree of sh i f t ing along t h e fau l t s and t h e intensi ty 
of mineral izat ions. 

A typical f e a t u r e of t h e geologic re la t ions of the indiv idual ore 
deposits is t ha t t hey a r e localized in synclines in places w h e r e fau l t s of 
the main sys tem (in t h e direction of 120°—90°) a r e cut by obl ique or 
t r ansverse fau l t s of a lower order . In some places t h e ore deposits in the 
calcareous rocks a re bound by Carbon i fe rous aleurol i thes fo rming a n a r r o w 
band as a consequence of t h e f au l t displacements. T h e displaced par t of 
t h e s ame calCareous rocks on t h e o ther s ide of this band does not contain 
any o r e ( M i n č e v a - S t e f a n o v a , 1961,1965). 

Enclosing rocks 

T h e ore deposits a r e embedded main ly in Anisian calcareous sediments, 
par t ia l ly in t h e calcareous in te rbeds of t h e Rotian rocks or in Lower 
Triassic or Lo>wer Jurass ic sandstones, bu t only in those w i th a calcareous 
cement (for example , in the Izremez zone). Along t h e boundar ies of such 
sediments w i th Paleozoic phyll i tes as well as w i th Carboni fe rous calcareous 
aleurol i thes some inconsiderable o re deposits a r e also localized in the la t te r 
t w o k inds of rocks. 

Anisian sediments a r e chiefly l imestones and to a cer ta in ex ten t dolo-
mites which a re re la t ively m o r e f r e q u e n t l y found in t h e Lower Anisian 
levels ( T r o n k o v , 1960). In general , t h e calcareous beds a l t e rna t e wi th 
f ine c lay-mar ly in tercala t ions w i t h a th ickness usual ly of f r ac t ions of a 
mil l imeter . 

T h e dolomite areas in the calcareous rocks increase in direct propor t ion 
to t h e in tens i ty of t h e mineral izat ion. 

In some deposits l ike Rakov dol (Fig. 1) w h e r e t h e s t ra t ig raph ic prof i le 
is buil t u p of Paleozoic phyll i tes and of t h e sediments of L o w e r Triassic 
an L o w e r Ju rass ic age (with a no rma l sedimenta t ion absence of Middle 
Triassic sediments), t h e ore mineral iza t ions spread over t h e en t i r e s t ra t i -
graphic profile. They a r e concentra ted along t h e in te r fo rmat iona l surfaces 
and begin f r o m pronounced faults . 



Fig. 1. Geologie map shovving the region of ore deposits of the "Sedmochislenitsi" 
type according to T r o n k o v , D., N i k o l a e v , Gr., S t o i n o v , S., the 

author, et al. 
Symbols : 1 Paleozoic rocks , 2 L o w e r Triass ic sed iments , 3 and 4 Middle and Uppe r 
Triass ic sed iments , 5 Ju rass i c sed iments , 6 Cre taceous sed imen t s and Q u a t e r n a r y over -
b u r d e n , 7 Main fau l t s , 8 L ine of t h rus t i ng , 9 F lexure , 10 Ore deposits , 11 Names of t h e 
ore deposi ts (I — 1 Pž rv i rupi , 2 Vtor i rupi , 3 Leštaco, i Široko lice, 5 S tudeni te kor i ta , 
6 S t rašna ta voda, 7 Sedmochis leni ts i — old mine, 8 Sedmochis leni ts i — new mine, 
9 Gladna , 10 Borov k a m a k , 11 P laka ln i t sa , 12 Ka lamina ta - II — 1 Dolna b ja la r ečka , 
2 Debel r a t , 3 Mažo, 4 A n a t e m a , 5 Bal ič in pres lap , 6 and 7 Ravnio k a m a k , s Gar loto , 
9 Gladna , 10 Borov k a m a k , 11 P laka ln i t sa , 12 K a l a m i n a t a : II — 1 dolna b j a l a re£ka, 
15 Meča b a r a ; I II — 1 Veneza, 2 L a k a t n i k , 3 Brese, 4 Sassele, 5 "Hr i s to Botev" , 6 Koli-
biš te to , 7 Kotšuški v rah , 8 Baka ra , 9 I z remez — old mine , 10 Zapačiza, 11 Rakov dol, 
12 Svardelo , 13 Rogo, 14 Gradiš te , 15 Sabačevec , 16 Bresovo ba rdo , 17 Met leva padina , 
18 T r i t e k ladenc l , 19 Osenovlak, 20 Gabrovniza , 21 S t amenova ko r i j a , 22 Tan ina ta , 23 
R a v n o ussoe, 24 "Otečes tvo" , 25 Perovo) , 12 Bar i t e deposi ts of Alp ine age, 13 Ore -bea r ing 

zones: I — Vratsa- , II — Sokolez- and III — Iz remez zone 

F o r m of the ore bodies 

T h e ore bodies a re p redominan t ly bed-l ike ore lenses u p to or about 
50 m long, and vary ing f r o m 1 to 8 m in thickness. Bed- l ike ore bodies 
u p t o 360 m and rare ly u p to 500 m long and of va ry ing thickness, 2 m 
average, a r e also found. In t h e places of interseet ion of l a rger f au l t s t h e 



Fig. 2. Banded texture (čase 2) of 
galena-sphalerite mineralization, 
transitional to brecciated texture. 
Some of the bands formed by 
subparallel blind veinlets of ga-

lena metacrysts. Scale 10 : 1 

ore bodies a r e placed one above t h e o the r and f o r m a k ind of ore shoot. 
Impers is tent ore veins of small th ickness a r e found very rare ly . 

In t h e Anis ian sediments especially t h e mineral izat ions a r e spread over 
t h e ent i re profi le . It is typical, however , t ha t t h e lead-zinc ore bodies 
a r e found usual ly in t h e u p p e r levels of t h e Anisian complex; only at 
places of considerable fau l t d isplacements they occur in lower levels. 
Copper- lead ore bodies begin f r o m t h e base of t h e Anis ian complex and 
spread vert ical ly almost th roughou t it, t h e corresponding mine ra l occur-
rences be ing super imposed on t h e lead-zinc ones. 

Ore t e x t u r e s 

T h e follovving ore t ex tu res a r e f r e q u e n t : massive, brecciated, par t ia l ly 
cockade, banded, veinlet and impregna t ion t ex tu res ( M i n č e v a - S t e -
f a n o v a , 1965). 

The massive texture is typical of t h e f ine-gra ined metasomat ic min-
eralization represented most o f t en by spha ler i te and dolomite metacrys t s 
as well as of nest - l ike assemblages of mass ive su lphide aggregates amid 
t h e ca rbona te and sandstone, par t ia l ly phyl l i toid rocks. 

The brecciated texture is f o r m e d as a resul t of t h e cementa t ion of 
minera l ized or o re - f r ee ročk f r a g m e n t s w i t h sulphide and ca rbona te 
minera ls on one h a n d and, on t h e other, as a consequence of metasomat ic 
rep lacement of r e - sed imenta ry breccia in which t h e f r a g m e n t s and the 
cement a r e replaced in var ious degrees because of t h e d i f fe rences in the 
contents of calcareous, dolomitic and m a r l y const i tuents ( M i n č e v a -
S t e f a n o v a , 1965). 



The banded textures a r e of several varieties, fo rmed in d i f fe ren t ways: 
1. As a resul t of the rhy thmica l deposition of t h e col loform aggregates 
of su lphide minera ls : spha le r i te (Schalenblende type) and melnikovi te-
-py r i t e as well as marcas i t e and bravoi tes in subparal le l f rac tures , s i tuated 
close together in t h e ca rbona te rocks. 2. By rep lacement of the ca rbona te 
subs tance in beds of banded t ex tu re s (Fig. 2). In th is čase t h e ore t e x t u r e 
inher i t s t h e t e x t u r e of t h e enclosing ročk as is t h e čase described fo r 
one of t h e brecciated textures . 3. As a resul t of t h e displacement of the 
f ron t of metasomatosis . In this čase t h e bands a re undula t ing and aro 
f r equen t ly f o u n d amid the massive sphaler i te mineral izat ion (Fig. 3). 

Fig. 3. Banded texture 
(čase 3) in massive me-
tasomatic sphalerite. Ga-
lena metacrysts develo-
ped in some of the bands 
or as veinlets cutting the 

bands. Scale 1:1 

The veinlet texture is more f r equen t ly found in the p r imary (Fig. 4) 
and secondary dolomites and is typical of t h e mineral izat ions amid the 
sandstones and phylli tes. 

The impregnation texture is widespread among mineral izat ions in ali 
k inds of enclosing rocks, except in phylli tes. 

Mineral composition, types of sulphide mineralizations and mineral 
parageneses 

T h e minera ls of the ore deposits in the Balkanides under considerat ion 
can be divided in to t h e fol lowing groups: 

1. Main minera ls — sphaleri te , galena, pyri te , chalcopyrite, dolomite, 
calcite; 

2. Subord ina t e — tennant i te , borni te , chalcocite, marcasi te , quartz , 
bar i te ; 

3. R a r e •— arsenopyri te , wurtz i te , carrolli te, siegenite, b ravo i te 
(Fe,Co,Ni)S.,, cobalt pyr i te , nickel pyri te , nickel cathieri te , s t romeyer i te , 
pearceite, u n k n o w n si lver-arsenic mineral , acanthi te , s i lver cc-amalgam, 
freieslebenite?, dyscrasite?, pyrargyr i te , miargyr i te , s tephani te , polybasite, 
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t e t rahedr i te , wit t icheni te , cobalt smithsoni te , ul lmanite , c innabar , celestite, 
gypsum, f luori te , dickite, kaolinite, and others. 

Among t h e secondary minerals , t h e fol lowing a re establ ished: hydro-
zincite, smithsonite , cerussite, calcite, aragonite , azurite, malachi te , cupro-
zincite, rosasite, aurichalcite, bar i te , gypsum, anglesite, un ident i f ied copper 
sulphates, mimetesi te , tyrolite, zine olivenite, s t rashimir i te , adamite , cupro-
adamites, conichalcite, na t ive copper, chalcocite and others. 

T h e i ron content of sphaler i te is low, about 1 pe r cent. This minera l 
in t h e f o r m of f ine-gra ined and col loform aggregates respectively, is 
analogous wi th t h e sphaler i te f r o m Ble ibe rg-Kreu th ( S c h r o l l , 1953) 
in its content of a d m i x t u r e elements. Arsenic, thal l ium, si lver and ant i -
mony a r e established in galena, and arsenic, silver, tha l l ium and selenium 
in pyri te . The presence of silver, mercury , g e r m a n i u m and b i smuth is 
typical of t h e m a i n and subord ina te copper minerals . Ali these elements 
except f o r g e r m a n i u m so f a r h a v e been found in the i r own minerals . 

AH above ment ioned minera ls a lways contain cer ta in amoun t s of 
cobalt and nickel, t h e presence of which is d u e to the minera l s of cobalt 
and nickel ( f rom t h e bravoi te and l innei te groups) closely admixed in 
t h e ores. 

Fig. 4. Veinlet texture in part 
brecciated, of the sphalerite (scha-
lenblende) in primary dolomite. 

Scale 1:1 

T h e detailed s tudies of t h e mine ra l composition and of t h e age and 
paragenet ic re la t ionships of the ind iv idual minera ls show tha t t h e mine r -
alizations u n d e r considerat ion a r e f o r m e d by two k inds of su lphide 
minera ls — lead-zinc (galena-sphaleri te) and lead-copper (ga lena- tennan-
ti te-chalcopyrite) . They a re considered as products of t w o la rge and com-
plicated o re - fo rming stages, the lead-copper one being la ter (M i n č e v a -
Š t e f a n o v a , 1961, 1962). Each of t h e m is character ized by several 



minera l parageneses whose successive deposition wi th in each stage ref lects 
a def in i t e geochemical evolution of t h e corresponding mine ra l - fo rming 
solutions. 

T h e lead-zinc mineral iza t ion consists of t h e fol lowing minera l p a r a -
geneses (according t o t h e o rde r of deposition): 

1. Paragenes is of p re -ore dolomitization (found only occasionally), re -
presented by dolomite, py r i t e and calcite. 

2. P y r i t e paragenesis — wi th pyri te , marcasi te , bravoi tes and dolomite. 
3. Dolomite-sphaler i te paragenes is — wi th dolomite, sphaleri te, a rseno-

pyri te , py r i t e and galena. It de te rmines t o a grea t ex ten t t h e zine mine-
ral izat ion in the deposits. It has a massive t e x t u r e and is deposited m e t a -
somatically amid t h e p u r e l imestones. A t f i rs t dolomite metacrys ts a re 
fo rmed, folfowed by t h e f ine-gra ined sphaler i te replacing in va ry ing 
degrees t h e remains of t h e calcareous rocks be tween dolomite rhombohedra 
(Fig. 5). Galena metacrys t s su r rounded by py r i t e g row on these t w o 
minerals . 

Fig. 5. Sphalerite-dolomite mineralization represented 
by dolomite rhombohedral crystals and fine-grained 
sphalerite metasomatically replacing the limestones. 
Along the borders of the two minerals there are 

pyrite-bravoite aggregates. Scale 63:1 

4. Galena-spha le r i te paragenes is wi th spha ler i te (small-grained and 
Schalenblende type), galena, p y r i t e (metasomatic and melnikovi te-pyr i te 
type), marcasi te , bravoite, wurtz i te , arsenopyri te . T h e deposit ion of this 
paragenes is begins a f t e r in tens ive erushing and cracking of the enclosing 
sediments which de te rmine also t h e high supersa tu ra t ion of t h e solutions 
(Fig. 6). 

5. Galena paragenes is consist ing of galena, sphaler i te , py r i t e and 
dolomite. It is deposited in n u m e r o u s veinlets cross-cutt ing and paral le l t o 
the beds (Fig. 2). The re a re clear indicat ions t ha t sphaler i te , py r i t e and 
dolomite a r e redeposi ted on account of t h e ear l ier parageneses. 



6. Th ree carbonate , main ly dolomitic, parageneses w i th which t h e 
lead-zinc mineral iza t ion general ly comes to an end. Bari te , quar tz , cleio-
phane, galena, calcite, cobalt smithsonite , and sporadically f luor i t e pa r t i -
c ipate in t h e m toge ther wi th t h e med ium-gra ined dolomite. T h e minera ls 
fill veinlets and n u m e r o u s nests and can b e considered as a mani fes ta t ion 
of a post -ore dolomitizat ion subsequent to t h e lead-zinc mineral izat ion. 

The mineral iza t ions described a re cross-cut (Fig. 7) or brecciated by 
t h e minera l s of t h e nex t lead-copper mineral izat ion. It is f o r m e d by the 
fol lowing mine ra l parageneses: 

1. Borni te-chalcopyr i te-galena in which considerable amoun t s of ten-
nan t i t e and subord ina te amounts of carrolli te, siegenite, pearceite, sphale-
rite, arsenopyri te , pyr i te , dolomite and qua r t z also occur. T h e most 
considerable deposit ion of lead-copper ores is connected w i th th is p a r a -
genesis. Though rare ly , bar i te is deposi ted at its beginning. 

2. T w o s i lver-bear ing parageneses deposi ted in n u m e r o u s veinlets 
consisting joint ly of borni te , chalcopyri te , galena, s t romeyer i te , s i lver-
- an t imony sulfosalts*, pearceite, acanthi te , si lver a-amalgam*, chalcocite, 
neodigenite, t e t rahedr i te , witt ichenite*, cinnabar*, bari te , celestite*, calcite 
and others. 

Fig. 6. Schalenblende deposited 
in crevices of primary dolomite. 
In the latter sphalerite impre-

gnations. Scale 40:1 

T h e a m o u n t of dolomite gradual ly decreases in t h e l a t e r parageneses . 
In t h e latest parageneses t h e re la t ive a m o u n t of calcite increases. 

The in t e rg rowths of dolomite crystals w i th su lphide minera l s as well 
as t h e specific f ea tu re s of ore t ex tu re s clearly show t h a t t h e su lphide 
deposition in the ca rbona te rocks is accompanied by a secondary dolomiti-
zation. As a result , t h e l imestones in which t h e metasomat ic processes have 
been most intensive, h a v e changed in to dolomites. 

There is a dist inct vert ical zoning of bo th k inds of o re mineral izat ions. 
T h e fol lowing zones a r e developed f r o m bo t tom to top in t h e lead-zinc 
mineral izat ion: 1. pyr i te-sphalcr i te ; 2. sphaler i te ; 3. ga lena-sphaler i te ; and 
4. p redominan t ly ga lena zone. 

* These minerals are described by V. A t a n a s s o v (1964, 1971). 



T h e lead-copper mineral iza t ion shows t h e fol lowing zoning (from 
bot tom to top) regardless of w h e t h e r it is deposited in calcareous or 
sands tone rocks: 1. bo rn i t e zone; 2. cha lcopyr i te - tennant i te zone; 3. chalco-
pyr i te -ga lena wi th t ennan t i t e ; and 4. galena zone wi th small a m o u n t s of 
chalcopyri te and tennant i te . 

Fig. 7. Quartz-tennan-
tite-chalcopyrite vein-
let cutting the spha-
lerite-dolomite mine-
ralization. Scale 40:1 

Isotopic composition of lead 

T h e isotopic composition of lead f r o m t h e ore mineral izat ion in t h e 
Balkanides u n d e r considerat ion var ies g rea t ly ( M i n č e v a - S t e f a -
n o v a , A m o v , 1966, 1969). Some of the values obta ined correspond to 
t h e isotopic composit ion of lead f r o m t h e young (Tertiary) minera l deposits 
in Bulgar ia whi le others, t h e l a rge r par t , a re in t e rmed ia t e compared to 
t h e values of isotopic composit ion of lead f r o m t h e Ter t ia ry and f r o m 
t h e Young Paleozoic ore deposits in Bulgaria . 

Discussion of the genes?s of ore deposits 

T h e geotectonic position of t h e s t r a t i fo rm deposits unde r considerat ion 
showing a def in i t e s t ruc tu re control of the i r localization as well as t h e 
presence of t w o k inds of ore mineral izat ions wi th def in i te age re -
lationships, indicate t h e epigenetic origin of t h e ore deposits. The f o r m of 
o r e bodies has been controlled by t h e bedding of t h e enclosing rocks and 
by t h e d i f ferences of the i r chemical composition as well as by t h e presence 
of fau l t s and f r ac tu re s subparal le l to< the beds. Those ore t ex tu res which 
imi ta te a syn-sed imenta ry su lphide deposition a r e actual ly sed imenta ry 
t ex tu res of t h e enclosing rocks inher i ted dur ing metasomat ic replacement . 
The fact t ha t the lead-copper mineral izat ion is identical in degree and 
composit ion both in calcareous rocks and in sandstones shows t h e control-
l ing role of t h e ca rbona te sediments in t h e deposition of metals, and of 
zine in par t icular , f r o m very low t e m p e r a t u r e solutions connected w i th a 
f avourab le change of pH of the solutions a f t e r the i r inf i l t ra t ion into t h e 
ca rbona te rocks. 



There a re no outcrops of young igneous rocks nor manifestat ions of 
Triassic volcanism in the region of ore deposits. However, the re are 
quartz-diori te dikes to the east of this region in its immedia te vicinity 
vvhich (judging by the ročk outcrops) cut t rough Neocomian sediments also. 

Ali above considerations make it feasible to connect the genesis of the 
ore deposits with a young (Eocene?) hydrothermal activity which has also 
caused an extraction of mobilized metals f rom the Paleozoic basement 
( M i n č e v a - S t e f a n o v a , 1966). 

Comparison with the stratiform lead-zinc deposits in the Alps 

The features of the lead-zinc mineralization of the s t ra t i form deposits 
in the Balkanides which have been pointed out a re indicative of a 
definite resemblance to the lead-zinc mineralization representing the 
s t ra t i form deposits in the Eastern Alps. The typical, al though small, 
content of cobalt and nickel in the lead-zinc mineralization in the Bal-
kanides is indicative of specific geochemical peculiarities of the cor-
responding metallogenic region while the practical absence of f luor i te in 
them is a difference connected wi th the possibilities of enrichment of the 
ore-bearing solutions wi th f luorine before the mineral deposition because 
of which this difference cannot be of any part icular genetic importance. 
On the basis of the ore textures and sequences of the mineral formation 
described by various authors for the s t ra t i form lead-zinc deposits in the 
Alps ( S c h r o l l , 1953; D u h o v n i k , 1967 and others), regardless of 
the tendencies in the interpretat ion of the origin of the mineralizations, 
a general analogy can be found between these deposits and the lead-zinc 
mineralization in the Balkanide deposits. In both geotectonic regions the 
mineralizations considered have a poor metal and mineral composition. 

The basic dif ference between these deposits is certainly the super-
imposed lead-copper mineralization in the Balkanide deposits which is 
now characterized by a varied metal and mineral composition. Its forma-
tion cannot be at t r ibuted to an ore-forming activity having taken plače 
a f t e r a period which is very long in comparison wi th the period of 
formation of the lead-zinc mineralization. The plače of deposition of the 
two kinds of sulphide mineralizations in calcareous rocks is one and the 
same everywhere because of which they should be considered as products 
of a single but complex oreforming activity. The distinct connection of 
the later mineralization with r u p t u r e movements of a higher order is 
indicative of an inflow of solutions f rom deeper parts of a corresponding 
magma source or of the earth crust in general. 

The very occurrence of this mineralization in the Balkanides might 
also be used as an indication that the r u p t u r e movements in this geo-
structural zone have been more prolonged in t ime and stronger as a factor. 

The data on the occurrence of a "mixed" lead in the deposits under 
consideration both in the Alps ( S c h r o l l , 1965) and in the Balkanides 
( M i n č e v a - S t e f a n o v a , A m O ' V , 1965, 1969) a re indicative of an 
extraction of mobilized metals f rom older deposits and f rom older rocks 
in general. Ali specific features mentioned can be logically explained in 



t he light of t h e conceptions of fo rmat ion of genera ted m a g m a and ge-
nera ted ore-bear ing solutions in t h e ea r th crust dur ing t h e tectonic stresses 
(K o s t o v , 1968 and others, q. v.). Depending on t h e dep th a t which 
t h e solutions a re fo rmed, the i r composition will va ry owing to the crys-
tal lochemical seggregation of t h e elements in t h e ea r th crust (K o s t o v , 
1968). 
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S U M M A R Y 

T h e s t r a t i fo rm polymetal l ic ore deposits in t h e Balkanides occur in 
t h e Western Balkan Mounta ins a long t w o la rge and complex fau l t s de-
l ineat ing the Berkovi tza block-ant ic l inor ium f r o m n o r t h and south. The 
indiv idual ore deposits a r e located in synclinal folds w h e r e t h e main fau l t s 
a re cut by t r ansverse or oblique faul ts . The in tens i ty of mineral izat ion is 
controlled by t h e amoun t of fau l t movements . 



The enclosing rocks a re calcareous sediments of Anis ian and par t ia l ly 
of Rotian age. Al though inf requent ly , count ry rocks a r e also calcareous 
sandstones of Lower Triassic and Lower Jurass ic ages as well as Paleozoic 
phyl l i te and calcareous sil tstone in some places. 

T h e calcareous rocks in the regions of ore deposits a re main ly dolo-
mites. T h e par t ic ipat ion of l imestones increases rapidly wi th t h e dis tance 
f r o m t h e mineral ized areas. Su lph ide fo rma t ion is accompanied by dolomite 
resul ted f r o m secondary dolomitization. The intensi ty of th is process 
depends on t h e degree of mineral iza t ion and the amoun t of p r imary 
dolomites in the calcareous complex. 

T h e ore bodies a re most f r equen t ly elongated lenses, lying one above 
the other at some places. Ore veins occur only occassionally. 

The ore deposits a re of two k inds — a lead-zinc one and a lead-copper 
one overlying t h e fo rmer . 

The lead-zinc deposit is of metasomat ic origin. T h e f issures and cavities 
have been filled later . The ore is r epresen ted by f ine gra ined l ight-coloured 
sphaleri te , schalenblende, pyri te , marcasi te , galena, small amoun t s of 
arsenopyri te , b ravo i te [(Fe, Co, Ni)S2], and sporadic Ag-Sb-sulfosal ts . The 
lead-copper deposit is represented by one ma in borni te- tennant i te -chalco-
pyr i te -ga lena paragenes is wi th pearceite. T h e latest deposits a r e veinlets 
of several su lphide parageneses of silver, b i smuth and mercu ry minera ls 
and others . Cobalt and nickel also occur in t h e f o r m of b ravo i t e (in t h e 
Pb -Zn deposit) and of minera ls of t h e l innei te g roup or as sulphoarsenides 
(in t h e Pb -Cu deposit). 

Dolomite and, to a lesser extent , bari te , quar tz and calcite a r e typical 
gangue minerals . Celesti te and gypsum occur sporadically. Bar i te fo rms 
considerable masses in some deposits, b u t only in the initial s tages of t h e 
Pb -Cu mineral izat ion. 

According to i ts minera l composition and its complex m a n n e r and 
fea tu res of deposition, t h e lead-zinc mineral izat ion of t h e s t r a t i fo rm poly-
metal l ic deposits in t h e Balkanides is analogous to t ha t of t h e s t r a t i fo rm 
ore deposits in t h e Alps (despite t h e absence of celestite and fluorite). The 
main d i f f e rence of t h e ore deposits u n d e r considerat ion is the presence of 
lead-copper ore in t h e Balkanides m a r k e d by a complicated geochemical 
evolution. 

A signif icant genetic pecul iar i ty of t h e ore deposits in the Balkanides 
is the occurrence of t h e lead-zinc minera l s in calcareous rocks only, whi le 
t h e lead-copper ones a re found in ali k inds of count ry rocks. 

D I S C U S S I O N 

Duhovnik: Haben Sie die Schwefel iso topenanalysen durchgef i ihr t? 
Minčeva: Leider noch nicht, w i r we rden es aber versuchen. Her r 

R e n t z s c h aus Fre iberg ha t sich auch mi t diesen P rob lemen beschaf -
tigt, und z w a r am Beispiel unse re r Lagers ta t ten . E r ha t festgestell t , daB 
die Schwefe l i so topenzusammense tzung var i ie r t und daB das le ichtere 
Schwefel isotop in groBerer Menge vorkommt . Ich k a n n die Tatsache noch 
nicht in te rpre t ie ren , er selbst ha t aber einen Vergleich mi t den Vere rzun-
gen vom Fre ibe rger Typ gemacht . 



Duhovnik: Ich mochte noch wissen, ob irgendein Unterschied im Schwe-
felisotopengehalt zwischen Kupferkies und Bleiglanz besteht. 

Minčeva: Her r R e n t z s c h hat leider die Kupfermineral ien nicht 
untersucht, n u r Pyrit , Galenit und Sphalerit . Wir hoffen, diese Analysen 
in einigen Jah ren selbst ausfi ihren zu konnen. 

Maucher: Keine Frage, aber eine kleine Antvvort. In Lagerstat ten 
einheitlicher Entstehung, wo die einzelnen Mineralien sicher einem Bil-
dungsgang entsprechen, ist die Schwefelisotopenzusammensetzung in 
Bleiglanz, Zinkblende, Kupferkies und Pyri t , die gleichartig und gleich-
alterig enstanden sind, nicht dieselbe. Ein Unterschied dazwischen wiirde 
nichts genetisches besagen. 

Duhovnik: Das weiB ich. Aber wie groB sind diese Unterschiede? Denn 
wir haben auch Schwefelisotope bei uns untersucht und haben gefunden, 
daB auch bei demselben Mineral in derselben Lagers ta t te kleine Unter -
schiede in der Schwefelisotopenzusammensetzung vorkomrnen. die von 
der Tiefe der Mineralisation abhangig sind. 


