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SÜLFÜR THROUGHOUT GEOLOGİCAL TIME IN BALKAN PENINSULA**

Radule POPOVİC*

ABSTRACT.- During investigations for a long time it has been remarked that the oldest metallogenic epochs in
Balkan Peninsula include a limited number of, occurrences with sülfür as one of the chief chemical elements. Thus
it could be said that in these epochs the deposits with sulphur compounds either have not been formed or in
some cases there were only rare showings. So, for instance with the Grenvilian epoch, according to date know-
ledge, only one occurrence in Pelagonids (Nezilovo) could be associated. In the Baikalian metallogenic epoch,
characterized by formation of greenschists in western Macedonian only traces of sulfide mineralizations, then one
deposit of lead, zinc and copper sulfides, as well as one pyrite impregnation in the larger Popcevo - Dojran area
(eastern Macedonia), exhibiting sülfür content less than 0,11% are present. In contrast to Pelagonian-Rhodopean
massif, in the Green complex (Vlasina) of eastern Serbia numerous deposits and occurrences of pyrite and lead,
zinc and copper sulfides are present, indicating a more remarkable sülfür yield in this district during Baikalian
metallogenic epoch. Thanks to this fact it could be estimated this epoch to be much more enriched in sülfür in
Balkan Peninsula, compared with the Grenvilian epoch. In the next epochs (Caledonian and Hercynian) the sülfür
yield had become more and more intensive. This is especially related to the phytlitic volcanogenic-sedimentary
origin formation of western Macedonian. in which fifteen deposits and occurrences of lead. zinc, copper and
molybdenum sulfides have been registered, indicating numerous richer and poorer, certainly irregular pyrite
impregnations. Compared with all previous epochs, the Alpine (early and late) time is characterized by great
number of deposits of lead, zinc, copper, iron, arsenic, mercury sulfides and other metals, then by sulphates in
sedimentary complexes, thus geochemically very sharply differing Alpine time from all previous epochs. On the
basis of these facts, one could ascertain that the Cretaceous-Tertiary period could geochemically be characterized
as the Sulphur Epoch. Judging by all these facts this is only the feature of Balkan Peninsula, but is probably of
Global importance (phenomena).

Key words: Sülfür, epoch, sulfates, green complex, phyllitic formation, Cretaceous - Tertiary, intrusive-vol-
canogenic complex, Balkan Peninsula.

İNTRODUCTİON

During geological investigations lasting
several years in the territories of Macedonian,
Serbia, Bosnia-and-Herzegoniva, Montenegro
and Turkey, as well as the visits to other regi-
ons in Balkan Peninsula, it was noticed that
sulfide deposits are very rare in the oldest for-
mations of these regions, and going throughout
time they are more and more freguent so that
in the Cretaceous and Tertiary time there.
occur numerous smaller or larger suifide de-
posits of iron, copper, lead, zinc, antimony,

arsenic and other metals, as well as sulphate
deposits. This appearance has induced certa-
in curiosity, resulting in some attempts this
phenomenon to be deciphered. In that sense
some investigations were undertaken, but
these couldn't be studious and more universal
because of limited financial support and other
circumstances. In that way, ideas presented
in this paper are based upon incomplete evi-
dences, although sufficient, according to our
opinion, the problem to be opened and some
distinct observations to be presented.

Geoinstitute, Rovinjska 12, 11000 Belgrade, Yugoslavia
** The paper has been realised under the Project 07M04 funded by Ministry of Science of Serbia.
*** Translated from Serbian by Antonije Antonovic
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SHORT REVIEW OF GEOLOGİCAL EVO-
LUTİON OF BALKAN PENINSULA

In aim the phenomenon of geochemical
evolution of sülfür to be perceived in the best
way, it is necessary to present in brief some
newer comprehensions on geotectonical evo-
lution and some magmatic events related to
certain geochemical processes.

According to knowledges to date the ol-
dest formations in the Balkans occur in the
eastern part of the Pelagonian-Rhodopean
massif or in Rhodopeans, including highly
metamorphosed rocks constituting the geo-
tectonical block, which is confined, according
to all features, to continental type of the earth
crust. Numerous characteristics of Pelagonian-
Rhodopean massif have indicated that its ori-
gin and evolution during longer span of geolo-
gic time cannot coincide with formation and
evolution of the Morava massif* and other
crystalline complexes in Balkan Peninsula.
Just during the younger Paleozoic and in
Mesozoic time the Pelagonian-Rhodopean
block entered along with other geotectonical
blocks, a part of the unique assemblages of
Balkan Peninsula.

According to available data the Pelagoni-
an-Rhodopean massif originated 2.5 billion
years ago, being in that time a part of the
Gondwana supercontinent. From the other si-
de, it is considered (Popovic, 1991, 1995,
1998) that the Morava massif (crystalline
complexes in the Juzna Morava and Velika
Morava valleys) is composed of two complex-
es formed in various geotectonical settings. It
is under discussion, accordingly, the Gneiss
complex and the Green-or Vlasina complex
respectively. The Gneiss complex exhibits
properties of continental type of the earth

crust and initially it was a part of Bohemian or
Middle European massif (Popovic, 1988), be-
ing formed 700 million or more years ago (Ba-
logh et al., 1994), and the other, Green or Vla-
sina complex respectively, according to all its
features is restricted to the ocean type of the
earth crust. This part had originated in the
area Paleoasiatic ocean (as named by Zo-
nensain et. al., 1976), nearly in the same time
as the Gneiss complex. The Vrvi Kobila struc-
ture, şeparating these two complexes, as far
as concerned all facts represents a rudiment
of a Collision structure, one part of it being ori-
ginated between Paleoasiatic ocean and
Middle European continent.

By separation of Mediterranean subcon-
tinent from the Gondwana, and Morava mas-
sif from the Middle European continent (Popo-
vic, 1998), and their motion in later times, they
were included into the contemporaneous
geotectonical mosaic of Balkan Peninsula.

Such a dynamic evolution of geotectoni-
cal blocks of the Balkans, as well as geotec-
tonic processes, which have been developed
during the younger Paleozoic, Mesozoic and
Cenozoic (including the modern time as well)
or after creation of the contemporaneous Bal-
kan Peninsula respectively, have been ac-
companied by corresponding magmatism,
which played an impressive role in geoche-
mistry of individual elements in the same
area, one of these being sulphur.

GEOCHEMİCAL EVOLUTİON OF SÜLFÜR
IN BALKAN PENINSULA

Taking into consideration the indepen-
dent pre-Mesozoic evolution of individual
geotectonical settings of their origin, being
specific for each of individual blocks in a

The Serbo-Macedonian mass is divided into Pelagonian-Rhodopean and Morava massifs (Popovic. 1991)



SULFUR THROUGHOUT GEOLOGICAL TIME IN BALKAN PENINSULA 3

corresponding way, one of the features, besi-
de other individualities, is the sülfür as a che-
mical element, exhibiting his own geochemi-
cal and metallogenic evolution. In the same
time this is a common feature of all unified
geotectonical blocks in frames of Balkan
Peninsula during Mesozoic and especially
Cenozoic time.

These Studies are based first of all on re-
latively limited and non-systematic investigati-
ons of sülfür contents, in conditions of defici-
ency of detailed Studies on distribution of this
element throughout metallogenic epochs in

Balkan Peninsula, concerning the Proterozoic
complexes of Pelagonian-Rhodopean massif
(Macedonia), then Drina, Ivanjica and Jadar
metamorphics (western Serbia), area of sout-
hern Serbia, the Vlasina or Green complex of
eastern Serbia. These facts are supported by
presence of numerous sulfide and sulfate de-
posits originated during Mesozoic and Ceno-
zoic epochs, in which the sülfür percentage
varies mostly from 1 % to 20%.

In the oldest petrogenetic complexes in
Balkan Peninsula (Pelagonian-Rhodopean
massif) are not known some more important
occurrences of sulfides and other sülfür com-
pounds, thus the pre-Grenvilian epochs could
be considered as depleted in this element.
Just in the Grenvilian epoch in Pelagonides
(Nezilovo at Mt. Babuna) some smaller sulfide
occurrences are preserit, which could be as-
sumed as the first traces of increased sülfür
concentrations in the area of Balkan Peninsu-
la. The Origin of this sülfür cannot be discus-
sed since these investigations have not been .
completed, and from the other side the occur-
rence itself had several times undergone the
hydrothermal, tectonical and all other geologi-
cal transformations, which affected this part of
Pelagonides throughout the geological time.

In the next, Baikalian epoch the green

schists had been formed, whose protoliths are
confined to the rocks originated in the area of

oceanic type of the earth crust. Formations of
this complex occur in the Pelagonian-Rhodo-

pean and Morava massifs, then in western

Serbia, Zagrebacka Gora and elsewhere.

In greenschists of western Macedonia,

as a part of Pelagonian-Rhodopean massif,
trending form Sar Planina, across Kicevo, De-
mir Hisar and Pelister, Continuing further to

Greece, some low order, until recently not in-

vestigated sulfide mineralization have been

registered. In contrast to them, in the district

occurring between Strumica and Dorjan in
eastern Macedonia occur much larger con-

centrations of iron, lead, zinc and copper sul-

fides. This has particularly been manifested
by the lead-zinc deposits near Dojran, with in-

dicated ore reserves of about 25 million tons

averaging 3.8% lead-and-zinc and 0.1% cop-

per. The chief minerals in this deposit are
pyrite, galena, sphalerite, chalcopyrite, arse-

nopyrite, marcasite, enargite, pyrrhotite and
others. Although the lead-zinc and copper
contents are low, it is stili to be ascertained,
according to frequency of all sulfides, inclu-

ding the pyrite impregnations in concentrati-
ons of 0.3% covering a large area of greensc-

hists, that in the mean sülfür content in these

schists is higher than the mean value in basic
magmatic rocks (0.03% after Vinograd ov,

1962). The investigations in the district betwe-

en Strumica and Dojran (Popovic, 1993) exhi-

bited the sülfür content (according to 100

analyzed samples) in greenschist from
0.042% to 0.11%, evidently speaking about

sülfür increase from about 1.5 to 4 times (ave-

raging about 2 times) compared with basic
magmatic rocks.
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In contrast to Pelgonian-Rhodopean
massif, where in greenschists took place rela-
tively limited concentrations of sülfür compo-
unds in the same rocks of the Vlasina comp-
lex or the Morava massif respectively, which
extends from Carpathians in Romania. Conti-
nuing across eastern and SE Serbia, to NE
Macedonia and further throughout Bulgaria.
The sulfide mineralizations are widespread in
the whole area. They were formed during Ba-
ikalian tectono-magmatic cycle in the area of
oceanic type of the earth crust. These are
most commonly poor or rich sulfide impregnati-
ons as well as smaller or iarger suifide ore
deposits in which the pyrite is predominant,

accompanied by chalcopyrite. sphalerite, ga-
lena and others. The most important sulfide
occurrences and deposits appear near Golu-
bac, at Veliki Bubanj and Mali Bubanj nearby
Petrovac na Mlavi, then occurrences near
Aleksinac and at Bukovik and Rozanj, in the
iarger area of the Crna Trava and Blagodat
(Ljubata) district, near Trgoviste etc. (Fig. 1).
Considering the length and width of the gre-
enschist zone with sulfide impregnations and
higher concentrations in form of deposits, and
according to investigations to date (drilling),
extending more than 200 m depth, the sülfür
mean content in greenschist could be estima-
ted at about 0.08%, which is about 3 times
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higher than the average (clarke) content in
basic magmatic rocks after Vinogradov
(1962). Taking this information into considera-
tion, including also the mentioned sulfide de-
posits only in the area of eastern Serbia, it co-
uld be concluded that this tract of land is very
promising for discovery of lead, zinc, copper
and most probably gold deposits, the last
ones otherwise coinciding with the Green
complex of this region.

The Caledonian and Hercynian metallo-
genic epochs in Macedonia or in Pelagonian-
Rhodopean massif respectively are characte-
rized by relatively higher sulfide concentrati-
ons, most commonly represented by pyrite,
galena, sphalerite, chalcopyrite, molybdenite,
and lesser arsenopyrite, pyrrhotite, marcasite,
antimonite and others, bearing in mind that
higher concentrations could be consıdered as
ore deposits and occurrences. In western Ma-
cedonia following occurrences and deposits
of sulfide mineralizations are known: molyb-
denurn - Strelci (near Kicevo) and Vrutok (ne-
ar Gostivar), copper, zinc and iron at Beriko-
vo, copper at Padaliste, lead and zinc near
Kolari, copper near Judovo, lead and zinc at
Openica, as well as numerous pyrite concent-
rations in the Phyllite compiex of volcanic-se-
dimentary Origin. On the basis of distribution
and local sampling, it could be estimated that
the average sülfür content varies in the pyhlli-
tic formation complex from 0.014% to 0.37%
(according to only 50 analyses of rocks of this
formation), thus evidentfy indicating the incre-
ased content of this element, denoting that
both Caledonian and Hercynian epochs are
markedly enriched in sülfür, compared with
previous epochs. especially in amount of sul-
fide deposits and occurrences (about 15). Si-
milar features as in mentioned two epochs
are in other parts of Balkan Peninsula. aitho-
ugh in some districts the sulfide concentrati-
ons in the Phyllitoid complex are lower than in
western Macedonia (as for instance in the Dri-

na river region, Polimlje, SE Bosnia, eastern
Serbia ete.), but essentially not changing the
impression on the sülfür content in general.

The Alpine (early and later) time has be-
en defined, after Haq and Eysinga (1987), as
early, middle and Late one, including the who-
le Mesozoic and Cenozoic era. When consi-
dered the distribution of intrusive-volcanic
complex accompanied by sulfide ore deposits
and occurrences, in such cases in the Bal-
kans have existed vast areas occupied by
these complexes (Fig. 2). In addition of wi-
despread anhydrite and gypsum sedimentary
deposits in Dinarids and in other areas of the
Balkans it could be comprised that during the
Mesozoic and Cenozoic took place remarkab-
le sülfür enrichment. Considering only sulfide
ore deposits one could say that 90% of Pb,
Zn, Cu, Mo etc. deposits in Balkan Peninsula
originated in that period. In lack of other in-
vestigations (on sülfür contents and distributi-
on) this is the most important criterion for
estimation of the sulfur yield throughout
Mesozoic and Cenozoic time in the Balkan
Peninsula. If compared with older epochs an
evident difference is remarkable, not only in
freguency of deposits, but in the total reser-
ves of Pb, Zn, Cu and other sulfides as well.
If the pyrite impregnations in rocks are added,
locally being the genuine pyrite ore deposits
with reserves of several million tons, conside-
ring gypsum and anhydrite in Sediments, rela-
tively simple and real estimations are achi-
evable, but it should be noticed that during Al-
pine time the sülfür yield was not Uniform. Na-
mely, in the Mesozoic the largest sülfür con-
centrations are related to anhydrite and gyp-
sum, lesser to sulfide deposite. From the ot-
her side. at the end of Mesozoic and Cenozo-
ic epochs extremely great number of the Fe.
Pb, Zn, Cu and other metals took place. Ta-
king into account the roughly calculated ore
reserves of all sulfides in the area of the for-
mer SFR Yugoslavia, quantities are greater
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than 2 billion tons. The calculated sulfur gra-
de has exhibited more than 5%, from that
amount minimum 0.5% sulfur is restricted to
disseminations in dacite-andesitic rocks, thus
indicating the huge sülfür quantities. Similar
situation is in the other Balkan areas, particu-
larly in Rumania and Bulgaria. However, it
should not be neglected that during these ti-
me s the active subaerial volcanoes had emit-
ted also great amounts of sulfur, as it could be
compared with contemporaneous volcanoes.

Some of these volcanoes have extruded, for
extample, 50 tons of sülfür per year or more,
and the others extruded during a single day
100 tons of sulfur or more, as emanations.
The best illustration for it is the Mount St. He-
lena volcano, which emitted from June, 6-22,
1980 between 950 and 1300 tons SO2, inclu-
ding periodical 15 minutes paroxysms emit-
ting 40 tons SO2 or recalculated at 3800 tons
SO2 per 24 hours (Lipman, Donald, 1980).

All the presented data are in favour of
the fact that in the intrusive-volcanic complex
of Balkan Peninsula during Alpine epoch in-
tensive enrichment in sulfur took place. Ac-
cording to roughly estimated sulfur amounts
in rocks (complexes) it has averaged about
1 %. Such a content of this element is 30 times

higher, compared with the mean (clarke) valu-
es in similar or same magmatic rocks (Vinog-
radov, 1962), and 10-15 times higher in rela-
tion to the older metallogenic epochs. These
are features distinguishing the Mesozoic-Ce-
nozoic time as an extraordinary geochemical
appearance.
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ORİGİN OF SULFUR IN THE BALKAN
PENINSULA DURING THE ALPİNE TIME

If compared number of sulfide ore depo-
sits and disseminated sulfides of iron, copper,
lead, zinc, arsenic, and others, as well as va-
rious sulfates originated in sedimentary
complexes in the Balkans during Mesozoic
and Cenozoic periods with the same or simi-
lar complexes of Paleozoic or older time,
enormous differences are evident. This is par-
ticularly characteristically for the period of the
latest Mesozoic and Tertiary or better to say
the whole Cenozoic time. In that way the Up-
per Cretaceous, Paleogene, Neogene, and
Quaternary times should be defined as the
Sülfür Epoch in the Balkan Peninsula. But this
phenomenon has opened numerous prob-
ems, among them the most important being
origin of sülfür. This is not all an Uniform and
unilateral problem, especially bearing in mind
limited amounts of direct geochemical and
other informations and that this phenomenon
was not to date in focus of corresponding

Studies.

If this complicated problem would be
open to be solved, especially in frames of ac-
tual knowledge, it is necessary to start from
Alpine geotectonical events in Balkan Penin-
sula. In that regard the most important prob-
lem to be analyzed is the so called Tertiary
tectonomagmatic activation. The authors of
this concept (Grubic, 1974b; Jankovic and
Petrovic, 1974), although being seriously oc-
cupied by problem of geotectonical events
and related metallogenic manifestations cha-
racterising the mentioned activation, have not
been occupied neither by the problem of sul--
fur origin nor by its enormous yield and depo-
sition in the intrusive-volcanic complexes of
that period. However, the concept of origin-of.
large intrusive-volcanic complexes in the pro-
cess of tectonic-magmatic activation in the

Balkans has indirectly suggested the assump-
tion that this process resulted from subducti-
on of the ophiolitic belt and Inner Dinarids be-
low the continent (in this case these are the
Morava and Pelagonian-Rhodopean massifs
or Serbo-Macedonian mass, after Grubic
(1974b), Jankovic and Petkovic (1974). Such
an unilateral explanation is hard to be accep-
ted if considered only one segment (Inner Di-
narids and ophiolites of the Vardar zone), be-
cause a simple explanation is that the tract of
subduction is not remarkable compared with
the span of time of its activity.

In fact, the numerous sulfur emanations
and pyritizations (Vranje Spa, Sijarina Spa
etc.) speak that ophiolites and Inner Dinarids,
sometimes being active segments of subduc-
tion of the earth crust, ended this activity, but
that the sülfür yield has continued. This fact is
of primordial importance for these tracts. If to
these considerations is added the fact that
sülfür in the area Carpatho-Balcanids is also
abundant, but not being related to the same
geological processes of tectono-magrnatic
activation, an-other problem has been ope-
ned: of what kind and which mechanisms we-
re producing sulfur in that area; And then ap-
pears a common problem of the total sulfur yi-
eld. This problem or huge guantity of the sül-
für introduced during Alpine time is not restric-
ted only to Balkan Peninsula but has continu-
ed from one side to the Aegea, Asia Minör
and further to the east and, and from the other
side, across the Carpathians to middle Euro-
pe as well.

The conception of the authors for the
Tertiary tectono-magmatic activation uncle-
arly has defined the causes and direct factors
of the tectono-magmatic activation. Only Ka-
ramata (1983), Grubic (1974) and partly
Auboin, Blanchet (1981) have been more
concrete in that sense, especially Karamata
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(Fig. 3), who has analyzed, throughout geoc-
hemical features, the direct relation of ophioli-
tic complexes with Tertiary dacite-andesitic
volcanites in the tract of Tertiary tectono-mag-
matic activation. Namely, he has observed,
from one side, the Inner Dinarids including so
called Drina-lvanjica block and ophiolites of
the Vardar zone, being subducted as a who-
le, and from the other side, the Outer Dina-
rids, which also had parallel entered into the
process, leading to distinct magmatic proces-
ses, being reflected to the earth surface: eit-
her at the border of Morava massif or inside

the Pelagonian-Rhodopean massive or the
Serbo-Macedonian mass respectively, and in
frames of the Drina-lvanjica block and Vardar
zone or the ophiolitic zone respectively. This
model is acceptable if it would be taken into
consideration that subduction of the menti-
oned blocks is a conseguence of another sub-
duction, much more widespread, being stili
active in the present days. Thsi is subduction
of the Mediterranean bottom or African conti-
nent respectively, which also contains high
sulfates concentrations, beneath the Europe,
i.e. Balkan Peninsula in our case.

In such circumstances one could suppo-
se that formerly deposited sulfur (in form of
gypsum and anhydrite) in Dinarids could be
the chief source of sulfur that area. So called
tectonomagmatic activation is not autochto-
nous in this case, but had resulted from a
complex spacious and longtherm process ha-
ving lasted from jurassic time (Auboin, Blanc-
het, 1981, Fig. 4).

The subducting evidently commenced
with ophiolites of the Vardar zone and meta-
morphites of Inner Dinarids below the Morava
massif (in the southern part of the Balkans,
beneath the eastern segment of the Pelagoni-
an-Rhodopeans or Rhodopean massive in
this case), accompanied by another subducti-
on related to the western ophiolitic zone and
Outer Dinarids beneath Inner Dinarids (as



SULFUR THROUGHOUT GEOLOGICAL TIME IN BALKAN PENINSULA 9

reported by Karamata, 1983), and further in
the district of Hellenic trench initiated by
subduction of the Tethyan ocean bottom or
remains of the oceanic crust and African
continent beneath the Europe or Balkan
Peninsula in such a case (Underhill, 1989). All
these very intricated processes had initiated a
vigorous magmatism, partly reflected as so
called Tertiary tectono-magmatic activation
(Grubic, 1974b; Jankovic and Petkovic, 1974),
accompanied by corresponding geochemical
masifestations. One could say, neglecting ot-
her phenomena, which otherwise follow all

geodynamic processes of such complexity,
and retaining only at so called Tertiary tecto-
no-magmatic activation or at the magmatism
introducing large sulfur amounts into Balkan
Peninsula, that the zone of Tertiary intrusive-
volcanic complex stretches across the Bal-
kans in the northwest-southeast direction,
cutting all older structures and the Vardar
zone as well, as formerly reported by numero-
us authors. This zone strikes in length of se-
veral hundred kilometres and probably across
the Aegean sea continues to Asia Minor, thus
measuring more than 2000 km in total length.

Differing from the zone of tectono-mag-
matic activation, in Rumania, eastern Serbia
and Bulgaria the Carpatho-Balkanids are pre-
sent, also characterized by abundant intruzi-
ve-volcanic complexes with the outstanding
sülfür enrichment. We don't enter now in
their origin since various opinions have exis-
ted. Some authors such as Grubic (1974a)
have proceeded from rifting, the others, Bog-
danov (1977) for instance, have taken into ac-
count the subdictioh of Moesian plate bellow
the Balkans, the third ones - Vukasinovic,
Antonovic (1989) have considered impacts as
a cause etc. The fact is that in this belt also

occur extremely spacious intrusive-volcanic
complexes, with high concentrations of (iron,
copper, lead, zinc etc.) sulfides, lesser sulfa-
tes. This region evidently has similar, not only
petrogenic but also geochemical characteris-
tics of sulfur, as the trans-Balkan intrusive-
volcanic complexes (the zone of Tertiary tec-
tono-magmatic activation).

For geochemical Studies of the sülfür ex-
cess during the Cretaceous-Tertiary period, a
partial assistance may offer the tests of the
sülfür isotopic composition, as reported by
Putnik (1981) in the zone of Diabase-Chert
Formation in western Serbia, then by Alek-
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sandrov (1992), Efremov (1993) and Serafi-
movski (1993) for districts of the Lece massif
and in deposits of NE Macedonia, as well as
former Studies by Drovenik et al. (1975) in sul-
fide deposits of N.E Serbia. Their interpretati-
ons of the sülfür isotopic composition are rat-
her Uniform, although with some reserves.
Certainly, numerous measurements of 34S ha-
ve varied around values linked to magmato-
genic sulfur, which most of authors have rela-
ted to the upper mantle. However, when the
cited results presented by them are observed,
it is to be noticed that most of these could not
be connected with the mentioned concept.
They actually have not an obvious explanati-
on for the isotope values higher than +7 %0

and lesser than -7%0. So for example for the
Markov Karnen in NE Serbia Drovenik et al.
(1974/75) have cited the 34S values starting
from -20%o., which is evidently characterized
for enrichment in the light sülfür isotope. Simi-
lar results have been obtained for the ore de-
posits of NE Macedonia as well. Such appe-
arances would be rather interpreted as a con-
sequence of various Origin of the primitive sül-
für. One could, namely, suppose that one part
of sülfür has originated from the upper mant-
le, but for the other part would be rather assu-
med to originate from the former Sediments
entering during subduction in the zone of
magma generation, as well as from lovver
parts of the continental crust, affected by par-
tial melting. Such a 34S fractionation from the
melt created in the mentioned manner depen-
ded on physical-chemical conditions, pH va-
lue, transport length, thermodynamical and
other terms.

it has been considered that such factors
would improve the fractionation of heavy iso-
topes, but in the case of light isotopes the
ımproving would be partial. But results repor-
ted by the mentioned authors could not be
simplified as they did. Intricated processes,

which took place in the tract of formation of
the magma melt and the yield of sülfür from
sedimentary rocks during subduction, introdu-
cjng it into the magmatic melt, show much
more complicated processes of the sülfür iso-
tope fractionation. In that manner, sülfür from
the upper mantle, then from the subducted
Sediments and from lovver parts of the earth
crust represent the reaj primitive sources of
sülfür. All these processes have together con-
ditioned the high heterogenity of the sülfür
isotopic composition in individual sulfide ore
deposits in Balkan Peninsula. This phenome-
non has especially been focused by Drovenik et
al. (1974/75) in an attempt to find out a satis-
factory solution considering the horizontal zo-
nality around the magmatic body, while other
authors have mostly neglected this phenome-
non. It is possible that Sediments in Dinarids
or from another geotectonic block, then the
bottom of Mediterranean sea, and African
plate would not be the primary source at least
of one part of sülfür in sulfide deposits and
impregnations occurring in the zone of tecto-
no-magmatic activation? Wen the Carpatho-
Balkan arc in question, it is hard to favour eit-
her the subduction process, although Bogda-
nov (1977) postulated this way, or other pla-
netary geotectonical process, as reported by
Grubic (1974a) and Vukasinovic, Antonovic
(1989). In all such cases the Sediments or
continental crust in this district respectively
occur as primordial source of one part of sül-
für, entering into composition of sulfide depo-
sits in Carpatho-Balkanids.

If duration of the subduction process,
then the phase of magmatic melt, introduction
of sülfür into Cretaceous-Tertiary intrusive-
volcanic complexes, and certainly continuati-
on of its yield till the present days would be ta-
ken into consideration, it is evident that this is
included in a relatively longterm process, ha-
ving lasted for about 140 million years.
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If this period would be better focused one

should get to the judgement that this geoche-

mical feature of the Balkan Peninsula is not of

a local importance. Contrary, it could be said

that in guestion is a global phenomenon,

which in the best way reflects distribution of

the Cretaceous-Tertiary sulfide deposits aro-

und the Pacific, in Mediterranean regions and

ın districts with contemporaneous active vol-

canoes. This is related to the so called cir-

cumpacific fire belt, then to the middle- sout-

hern and SW Pacific, middle America, Medi-

terranean, southern and SE Asia, Malaya arc-

hipelago, middle oceanic rifts (in Atlantic, Indi-

an ocean etc.). All together it has led to an

unigue conclusion that the Cretaceous-Terti-

ary period could be announced as the Epoch

of Sülfür from the geochemical point of view,

not only for Balkan Peninsula but in larger

sense as well, representing a global geoche-

mical epoch.

Manuscript received April 4, 2001
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