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The copper deposits of Bor, eastern Serbia:
Geology and Origin of the Deposits
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Abstract. The copper deposits of Bor, volcanic activities in the area and relationship of minerals through time
are presented by formations within the Cenomanian—Turonian range. Geology and age of the deposits are given
in the geological-time order based on superposition of the Timok mineral-ore Formation and the underlying
(Cenomanian) and fossiliferous overlying (Senonian) strata. The concept of dating Bor deposits the Turonian is
discussed in this context. Bor deposits lie between the Cenomanian Krivelj Formation and the Senonian epiclas-
tic Metovnica Formation. Embedded between the two formations is the Timok volcanogenic Formation.
Described in this paper are principal members of the Timok Formation strata: volcanogenic and subvol-
canogenic-intrusive rocks, a zone of hydrothermally altered rocks and main types of the Bor ore deposits: (a)
Deposits of massive sulphide coppers; (b) Vein and stockwork-disseminated type of mineralisation; (c) Porphyry
mineralisation; and (d) Reworked ore-clasts of copper sulphides of the Novo Okno deposit. Identified deposits,
according to the Bor Geological Service records and published works, are systematized and summarized into
three geographic units: (1) Group of deposits Severozapad (Brezanik); (2) Central Bor Deposits (Tilva Ro§, Coka
Dulkan, Tilva Mika, Borska Reka, and Veliki Krivelj) and many ore bodies; (3) Copper deposits Jugoistok (ore
bodies X and J) and olistostrome deposit Novo Okno. Information given in this paper, the discussion on relative
geologic age of the Bor deposit’s floor and roof in particular, support our concept that the process ceased before
the Upper Turonian, and that age of the primary copper mineralization is Turonian.

Key words: Turonian, volcanism, copper deposits, Bor, floor (Cenomanian), roof (Senonian), formation,
superposition, deposit age.

Ancrpakr. bopcka nexwuinra 6akpa, ByJIKaHU3aM M BPEMEHCKU OIHOCH HACTaHKa PyIHE MHUHEpalu3aluje
NpHUKa3aHu ¢y (GopMalMoHO y XpOHOCTpaTurpad)ckoM JIijana3oHy IEHOMaH-TypoHa. [eonoruja u crapoct Je-
JKHIITA W3JI0KEHN Cy TE€OXPOHOJIOCKH Ha OCHOBY cymepriozunuje Tumouke pymoHoc-opmarmje u docuio-
HOCHUX Hacjara mnofauHe (IIeHOMaH) U ToBiare (CEHOH) oBe ¢opMarnuje. Y TOM KOHTEKCTYy (OpMYIIHCaHa je
KOHIIETIIIHja O TYPOHCKOj MO3UIMjH 6opckux Jexkuira. [ToquHy THX nexunmnTa u3rpalyje neHomancka Kpusess-
cka (opmaryja, a TOBJIaTy CEHOHCKa eNuKiIacTnIHa MetoBHIYKa opmannja. Mzmely THX OCHOBHMX CTEHCKHX
Maca ((opmarmja) CMEIITeHa je ITIaBHA PYAOHOCHA jeAMHUIA OOPCKUX JiemuinTa TruModka BylkaHOTeHa (op-
Manyja. Y oxBupy oBe (Tumouke) dopmanuje mprka3zaHe Cy IIaBHE acOIHjalliijeé BYJIKAHOTEHHUX H CyOBYII-
KaHOTEHO-MHTPY3UBHHUX CTCHA, 30HE XUAPOTEPMAIIHE alTepanyje U BaKHUJU TUIIOBH JIEKHCTA OJHOCHO PyIHE
MuHepanuzanyje y bopy: a. Jlexucra 6akpa MmacuBHUX cyndua, 6. KUamuacTo-ITOKBEPKHA UMIIPETHAITMOHN
tumn, 1. [lopdupcka pyaHa MuHepaiuM3alvja ¥ 7. PenernoHoBaHM pymoKiacTH MacuBHHX cyidunma Oakpa,
nexumTa “Hoso OkHo”. [Ipema nokymenTaruju bopcke reosomike ciayxoe 1 00jaB/beHUM PaIoBHMA, JISKHUIIITA
Cy CHCTEMaTH30BaHa M CAKETO M3JIOKEHA Yy OKBUPY Tpu Treorpadceke uenune: 1. [pyna nexwuiura Ceeposanan
(bpezanux), 2. Llentpanna nexumra bopa (Tunsa Pom, Yoka Jlynkan, Tunsa Muka, bopcka pexa, Benuku
Kpugsess) u 6pojua pynna Tena, 3. Jlexumra 6akpa Jyroucrok (pyana tena “X” u “1”’) u OianucTocTpoMcKo Jie-
xumre “HoBo Okno”. [Ipukasanu pesyiratd y 0BOj CTyIHMjU MOCeOHO AWCKyCHja O PENAaTUBHO] I'EOJIOIIKO]
CTapOCTH IMOAMHE W TOBJaTe OOPCKUX JISKHUINTA, MOTBPlYjy Hally KOHLENIHjy Aa je CBE 3aBpILICHO jOII Tpe
TOPH-ET TYPOHA U JIa j€ CTapoCT JIeXKHUIITa Oakpa MpuMapHe 00pCKe MUHEpaIu3alyje TYPOHCKA.

Kibyune peun: TypoH, ByJIKaHHU3aM, JIexuiTa 0akpa, bop, moauna (1ieHomaH), mosyiara (CeHoH), Gopma-
1I{je, CyMepro3uilija, CTapOCT JICHKHUIIITA.
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Introduction

Bor area has been explored for copper deposits
over hundred years. New large porphyry deposits
were found and worked parallel with the earlier
opened ones and the known copper ore of massive
sulphides. Some of porphyry bodies (e.g. Borska
Reka) are expected to be economic, both in reserve
and recovery, more than all the deposits known so far
in Bor area.

History of exploration (1902-2005) and geological-
economic evaluation of the excavated and potential
deposits, ore reserves, average Cu, Au, Ag, et al. metal
concentrations are reported in monographs by
JANKOVIC (1990, 2002) and DROVENIK (2005). Many
geological-metallogenic studies, analyses and mono-
graphs on metallogeny of the Bor deposits, paragenetic
sequences and types of mineralization have been pub-
lished but have not yet finally solved the original rela-
tion (age, porphyry mineralization, massive sulphide
copper deposits, the Novo Okno ore clast deposit, etc.).

Formational approach last few years to the issue
helped an accurate geological presentation of the
time-stratigraphic relationship of ore minerals, origin
and development of the Bor deposits. Considered in
this context are processes of the Upper Cretaceous
(Turonian) volcanism and mineralization in the area,
relationship between the fossiliferous Cenomanian
floor and the Senonian roof of the Bor ore-bearing
rocks in particular.

Interpretation of the likely Turonian age of the Bor
deposits and the abandoned Laramian concept of
Paleogene metallogeny are supported by a more
recent fundamental scenario and published geological
and metallogenic data, viz.:

— Location of the ore-clast deposit Novo Okno at

the Upper Turonian—Lower Senonian boundary,
a turning point in dating the Bor deposit and its
geology;

— Metallogenic zone Bor, Bor copper deposit, No-

vo Okno and other bodies;

— Pyroclastics and epiclastics from the first phase

of the Timok Magmatic Complex;

— Copper and gold Bor deposits — hundred years of

exploration;

— Volcanogenic Turonian and epiclastic Senonian

in the Timok Magmatic Complex;

— Origin of the Bor and other copper deposits;

— Formational base of the Bor copper-gold de-

posits;

— Novo Okno copper deposit of olistostrome ori-

gin; etc.

Further treatment of the Bor copper deposits, be-
sides the mentioned and adopted information, inclu-
des some conventional prospecting methods used in
his geological dating:

a. Superposition in the Timok volcanogenic com-
plex;

b. Time-stratigraphic relationship between the un-
der- and over-lying strata of the Timok complex and
deposits;

c. Reworked ore-clasts of the primary Bor deposits
and epi-clasts of the Upper Turonian and Lower Se-
nonian, an olistostrome-like deposit;

d. Discordances, transgressions and the like.

Investigation data on geology, origin and age of the
Bor copper deposits are presented within the above
given frame.

Geology

Geology of the Bor copper deposits is described by
superposition of strata in a model of homogeneous
lithogene units, formations, underlying and overlying
the mineral deposit (Tab. 1):

—underlying Krivelj Formation,

— Timok ore-bearing Formation,

— overlying Metovnica Formation, and

— Bor conglomerates and pelite.

The Underlying Krivelj Formation

Geological basement of the deposits northeast of
Bor consists of clastic-pelitomorphic rocks of the Kri-
velj Formation (Cenomanian/Lower Turonian). The
formation is transgressive and unconformable over
Urgonian limestone of the Veliki Kr§ monocline (Ve-
liki Krivelj—Kvarnana).

The Krivelj Formation began to form in the Middle
Cretaceous (Vraconian) with rifting and volcanic
events, uplifting and stretching of the east-Serbian
paraplatform and strong Albian-Cenomanian trans-
gression (ANTONUEVIC 2010).

Strata of the underlain Krivelj Formation were
found in 1958 (Krivelj-Kvarnana, Fig. 1) at the base
of the Veliki Krivelj porphyry copper deposit, begin-
ning with Albian-Cenomanian glauconitic ferruginous
sediments and conglomerates and grading upwards
into Cenomanian pelitomorphic fossiliferous sedi-
ments equivalent to the Lenovac Beds of TupiZnica
south of Veliki Kr§ and Bor.

In the east of Veliki Krivelj area, the Krivelj For-
mation penetrates deep into the floor, where metamor-
phised in contact with quartz diorite and partly trans-
formed into skarn (ALEKSIC 1979). An exotic block of
Krivelj limestone, with Albian-Cenomanian rocks, is
also metamorphic and partly transformed into skarn.
Hydrothermally altered andesite and quartz diorite
with porphyry copper mineral identical to that of
Veliki Krivelj were found deep in the block on the
Veliki Krivelj side.

In the local geological columns, three members
were differentiated of about 125 metres total thick-
ness. How deep is the intrusion of the upper metamor-



The copper deposits of Bor, eastern Serbia: Geology and Origin of the Deposits 61
Table 1. Formational model of the Bor copper deposits
FORMATION ENVIROMENT COMPOSITION MINERAL EPOCH
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Fig. 1. Krivelj Formation and Veliki Krivelj copper deposit. Map left: 1, Albian—Cenomanian (Vraconian); 2, Cenomanian—
—Turonian; 3, Volcanogenic Turonian; 4, Veliki Krivelj deposit; 5, Hydrothermally altered rocks (3, 4, 5 the Timok Forma-
tion); and 6, Fault. Photo right: Dark Albian—Cenomanian, Light Urgonian.
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phic member (pelite) of the Formation upwards into
the volcanogenic Turonian and the Krivelj deposit is
conjectural; the contact is probably discordant
(ANTONUEVIC 2010, p. 3).

The Timok Ore-Bearing Formation

Basic lithologic unit in the volcanic Bor structure is
the volcanogenic, ore-bearing Timok Formation hun-
dreds of metres thick. It is largely subaerial, with
notable amounts of hornblende-biotite andesite (Ti-
mozite) and pyroclastics, and locally with subvolcanic
intrusive deep-seated rocks (dykes). Hydrothermally
altered rocks and metasomatic copper deposits also are
extensive. The Formation controls main copper deposits
of massive sulphides and porphyry copper mineralisa-
tion of Bor (volcanogenic Turonian, in PORPEVIC 2005).

Rock associations or members identified in relation
to the complexity of the Timok Formation, processes
of volcanism and hydrothermal alteration, and the
types of ores and deposits are the following:

1. Hornblende-biotite andesite association;

2. Diorite and quartz diorite; and

3. Hydrothermally altered rock zones, deposits or

ore occurrences.

Hornblende-biotite andesite association includes
hornblende-biotite dacite and other volcanic rocks such
as hornblende andesite pyroclastics subaerially consol-
idated. These are products probably of the earliest vol-
canic phase, the so-called Timozite rock association in
Bor (DROVENIK 1968). DORBEVIC (1994) notes essential
differences in the association, resulting from the com-
position, complexity and formational environment of
rocks, and divides it into the groups of epiclastic and
pyroclastic rocks. This classification reduces the pro-
portion of true volcanic rocks (Timozite and pyroclas-
tics) in the first volcanic phase products.

Volcanic products of the Timok Formation build up
the entire Bor structure. They are located largely in the
eastern marginal area and less in the rest of the Bor
complex, because most rocks, previously taken for py-
roclastic material (Timozite), are in fact reworked epi-
clasts of the Metovnica Formation (PORPEVIC 1994).

The entire complex of the Timok rock association
is discordant over the Krivelj Formation, bounded by
the reversed Brestovac dislocation and Senonian
andesite basalt in the west and by Bor conglomerate

and Bor fault in the east (Fig.
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Diorite, quartz diorite as-
sociation includes biotite, horn-
blende, dacite, etc. (hypabyssal
rock association) and porphyry
copper of the Borska Reka and

N Veliki Krivelj. It is related in
| time and petrochemistry to the
above described association of

volcanic rocks (MARIC 1975).
The association occurs in small
dykes and vein bodies in pyro-
clastics (Bor, Krivelj).
Petrology and relationship
of the Upper Cretaceous igne-
ous rocks in the Bor area are
studied by MARIC (1957), Dro-
VENIK (1961, 1968), DORPEVIC
G. (1985, 1995), DORBEVIC M.
(1994, 2005), BANIESEVIC
(2010), et al.
Hydrothermally altered
rocks and deposits, provision-
ally members or subunits,
within volcanic and subvol-
canic-intrusive rock associa-
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Fig. 2. Sketch geological map of Central Bor ore bodies. 1, Timok volcanogenic
Formation (Timozite); 2, Hydrothermally altered Timozite; 3, Bor conglomerates;
4, Massive copper sulhide minerals (pyrite ore bodies); 5, Impregnated ore bodies

(DrROVENIK F. & DROVENIK M. 1956, modified).

tion of the Timok Formation
are potential environments
and important prospecting cri-
teria for prediction, explo-
ration and monitoring copper
ore mineralization in the Bor
mineral ore field.
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Large ore bodies of massive sulphide coppers and
porphyry are associated with hydrothermal alteration
zones, major dislocations and igneous structures and
related to pyritisation, silicification, sericitisation,
argillisation, and similar low-temperature alterations,
as well as to chloritisation, carbonization, etc. in the
lower part of deposits (PORPEVIC 1997).

sedimentary Novo Okno copper deposit of olis-
tostrome derivation (ANTONDEVIC 2011) formed at the
depth of 270 metres.

Discordantly laid over the volcanic Turonian, in-
cluding zones of hydrothermal alteration and massive
sulphide copper deposits (e.g. Tilva Ros), this unit
resembles in composition the parent Timok pyroclas-

tic association of rocks. It is a
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unit of Senonian reworked epi-
clastics. In stratigraphy and
formation it is equivalent to the
Metovnica Formation south of
Bor, where the petrology and
formation are well studied and
described (PORBEVIC 1997).
Epiclasts and pyroclasts in
the eastern Timok Magmatic
Complex were undistinguished
for a long time, taken for a uni-
fied association of volcano-
genic rocks and even in Bor
treated and mapped as (Timo-
zite) the first volcanic phase.
Rocks of the Bor Complex
formed and were eroded in the
Turonian and later under the
- |2 submarine conditions. The
2 final product is a very thick
Senonian epiclastic unit, com-
posed of different reworked
pyroclastics, which was not

Brestovac interpreted to be epiclastic in

= . L, L

Fig. 3. Sketch tectonic map of Bor province: fault system and three hydrothermally
altered zones with copper deposits Bor, Mali Krivelj and Veliki Krivelj. 1, Hydro-
thermally altered zone; 2, Ore bodies with different pyrite and copper sulphide pro-
portions; 3, Thrust; 4, Fault (DROVENIK F. & DROVENIK M. 1956, modified).

Drovenik focuses on the hydrothermal alteration
and identifies three notable alteration zones in the
main massive sulphide copper deposits of central Bor
(Fig. 3). The alterations are obviously related with
dykes and dislocations (e.g. Bor fault) extending
NNW to SSE (DROVENIK 2005, p. 19).

The Overlying (Metovnica) Formation

Senonian epiclastic unit (PORPEVIC 1994) overlies
the Timok Formation and copper deposit transgessive-
ly lain with conglomerate and breccia of hornblende-
biotite andesite, reworked tuff and fragments of the
underlying rocks locally including Cenomanian glau-
conite sandstone and ore-clasts of massive sulphide
coppers. In the Jugoistok orebody, south of Bor, the

the Bor area. Erosional rem-
nants of this unit in the roof of
the Tilva Ro$ ore body, how-
ever, were proposed (Srasov
1972) and confirmed (DORDE-
VIC 2005, p. 69).

Additional mapping and
map revision must separate
epiclastics and pyroclastics as
it has been done for the Novo Okno olistostrome cop-
per deposit (ANTONIDEVIC 2010).

The Superlain Formation
Pelite, Tuff and Bor Conglomerates

The superlain units in geology of the Bor mineral
area are obviously young and not directly relevant to
the interpretation and to the Turonian position of the
Bor mineral deposits.

Pelite associated with tuff at Bor is generally
referred to as the alternating volcanogenic-sedimenta-
ry rock association of Campanian age. This group of
rocks overlay discordantly the ore-bearing Timok
Formation and Senonian epiclastics. The upper units
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of the group form a succession of pelite and tuff alter-
nating with fine pyroclastics dominantly of andesite-
basalt phreatic tuff. DORPEVIC et al. (1997, p. 87) treat
Bor pelite and tuff as members of the andesite-basalt
Dumbrava Formation, west of Bor.

Bor Conglomerates is the newest (Maastrichtian)
formational unit of the Bor deposits, which is discor-
dant on the Senonian (epiclastic) Metovnica Forma-
tion and over other orebody units. It is inversed in
relation to the Turonian ore-bearing formation and to
almost all copper bodies of Central Bor along the east-
ern reverse contact (Fig. 2).

Conglomerates formed during shallowing and likely
regression of the Senonian sea; they contain fragments
of older surrounding rocks, mainly from crystalline
bedrock, and of ore (“secondary quartz derived from
the Bor mineral resource area, formed through hydro-
thermal mineral alteration”, in DORBEVIC 1997, p. 126).

Lower units of the Conglomerates bear Middle
Maastrichtian foraminiferal fauna (PORBEVIC et al.
1997, p. 126).

Types of Ore Mineralisation

Geological Service records of Bor list four types of
copper mineralisation: (1) Massive sulphide copper
mineralisation; (2) Hydrothermal-filiform mineralisa-
tion, (3) Porphyry mineralisation, and (4) Ore-clasts
of massive sulphide copper mineralisation.

Mineralisation of each type is auriferous, especial-
ly the massive sulphide copper mineral, with commer-
cial concentrations of Cu, Au, Ag, etc. The mineral
types were controlled by hydrothermal alterations and
subvolcanic intrusive rocks produced by Turonian
volcanic events, all but the reworked massive sul-
phide copper ore-clasts.

JankoviC (1990) mentions frequent occurrence of
“two-mineral” ores: massive sulphide copper in the
upper and stockwork-impregnated mineral in the
lower or lateral deposit units.

Massive sulphide copper Mineralisation

This is the commonest widespread type of mineral
in Bor, a metasomatic product in the hydrothermally
altered rocks, dominantly hornblende andesite and
hornblende-biotite andesite (Timozite) of the Timok
Formation. Occurrences of the mineral are noted on
the periphery of similar hydrothermally altered deep-
seated rocks (diorite, quartz diorite, and the like).

DROVENIK (2005, p. 19) draws attention to the struc-
tural control of massive sulphide copper mineraliza-
tion in most deposits (Bor fault, for example). Massive
sulphide concentrations usually occur in the upper vol-
cano-tectonic structures in NNW to SSE strike direc-
tion and in volcanic vents and fissures (Fig. 3).

Ore bodies are oblong, mainly columnar, contain-
ing metasomatic massive or stockwork-impregnated
(‘reticulate”) copper mineral (JANKOVIC 1990).

Massive sulphide mineral is composed dominantly
of pyrite and different copper sulphides (enargite, bor-
nite, covellite or chalcocite) sulphides and accessory
chalcopyrite, neodigenite, etc.

This type of mineralisation is prevailing in almost
all copper ore bodies of Central Bor (Coka Dulkan,
Tilva Mika, Tilva Ros, etc.) and the Jugoistok deposit.

Hydrothermal-Vein Type Copper
Mineralisation

This type of mineralization evolved dominantly in
faults and systems of parallel fractures and fissures.
Mineral bodies vary in thickness from a few cm to
half a metre and from 300 to 340 metres in length
(DROVENIK 1956; GRUIICIC 1979; JANKOVIC 1990).
Mineralisation occurs mainly in veins, locally in mi-
nor nests and lenses of massive sulphide (Fig. 4). Ore
bodies of this type are Tilva Ronton and Brezanik and
the orebody L of the Severozapad deposit.

Mineral occurrences resembling veinlets are Kraku
Bugaresku and local impregnations diffused in mas-
sive sulphide rock of the Tilva Ros, Central Bor
(JaNkOVIC 1990).

Porphyry Copper Mineralisation

Lower units of the massive sulphide deposits and
stockwork-impregnated ore bodies contain apprecia-
ble copper concentrations of porphyry ore (e.g. Bor-
ska Reka). They also occur in the structures that con-
trol mineralization of massive sulphides and hydro-
thermally altered andesite and pyroclastics.

The grade of mineral concentration in the men-
tioned deposits is controlled by the presence of intru-
sive dyke diorite, quartz diorite porphyry and related
hypabyssal rocks.

Porphyry mineralisation includes large porphyry
copper deposits of Veliki Krivelj and Bor (Borska
Reka etc.).

Interrelation of the shallow-seated porphyry ore
mineral and the massive sulphide deposits, and of the
volcanic rocks similar with intrusive dykes, is not yet
completely explained (JANKOVIC et al. 2002). Minor
lens like concentrations of massive sulphides occur in
some layers of the Borska Reka porphyry mineral.

Ore-Clasts of Massive Sulphide
Mineralisation

Ore mineralization of the olistostrome derivation in
Bor is a type apart; it forms chaotic mechanical as-



The copper deposits of Bor, eastern Serbia: Geology and Origin of the Deposits 65

semblages of ore and non-ore fragments, ore-clasts, in
continental or olistoliths in marine environment. Ore-
clasts are formed by explosive destruction of the pri-
mary massive sulphide copper deposits of Bor, their
ejection onto the surface and gravity slide down the
volcanic land-slopes (“slumping phenomenon™) into a
sea basin (ANTONUEVIC 2011).

Given the high grade of the ore mineral concentra-
tions in olistoliths, size of ore blocks up to 50 cubic
metres, this type of copper mineral was found to be
valuable.

A unified mineral deposit of this type is Novo
Okno; its ore reserve is 2.250,000 tons, average cop-
per concentration 4.85% (JANKOVIC 2002, p. 119).
There are also some occurrences of ore-clasts near
Metovnica and north of Bor town (Coka Bare, Ujova).

Geological basement under all these deposits is
made up of identical hydrothermally altered and min-
eralized andesites and hornblende-biotite pyroclastics
and locally minor dykes of intrusive rocks.

Copper Deposit Severozapad

Brezanik is one of the Severozapad deposits. It
consists of two ore bodies of notable veinlet-fissure
and lens like mineralization on which it was classified
as a “separate” morphogenetic type (Fig. 4).

The deposit Brezanik is geologically well explored.
Its formational environment, hydrothermal alterations
and paragenetic ore sequences are described by MIL-
ICIC & GRUICIC (1979), JANKOVIC et al. (2002),
DROVENIK (2005).
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Fig. 4. Types of vein mineralization in the Brezanik deposit. 1, Hydrothermally altered andesite; 2, Sulphide mineralization
(pyrite-chalcopyrite); 3, Adjacent impregnations (MILICIC & GRUJICIC 1979).

Geological Overview of Deposits

The overview of the Bor mineral deposits outlines
three geographic entities based on published works,
particularly the conclusive geological studies of
JANKOVIC (1990), JANKOVIC et al. (2002), and Dro-
VENIK (2005). These are:

— Severozapad copper deposits,

— Central Bor deposits, and

— Jugoistok copper deposits.

Mineral occurs in minor massive sulphide nests and
lenses and impregnations. Main rocks of the deposit
are hydrothermally altered andesite and pyroclastics
of the hornblende-biotite andesite (Timozite), with
local occurrence of quartz diorite porphyry.

DROVENIK (2005, p. 26) mentions erosional rem-
nants of pelite and pyroclastics at the top of Brezanik
deposit, which, by analogy with Tilva Ro§, seems to
represent parts of the similar, epiclastic Senonian
rocks from the roof.
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JANKOVIC et al. (2002) describe several ore miner-
als, of which pyrite-covellite is of economic interest.
Pyrite is the dominant Fe sulphide in all types of the
ore minerals.

In the Brezanik ore, Cu grade is 1.23%, and the
excavated volume about 500,000 tons (JANKOVIC et al.
2002, pp. 119, 174).

Central Bor Deposits

Most of copper deposits are ore bodies (twenty) of
all types and classes, and the largest volume of ex-
tracted and potential ore is located in the Central Bor
(Tilva Ros, Coka Dulkan, Tilva Mika, Borska Reka,
Veliki Krivelj).

Near in distance and origin to volcanic vents and
dislocations, the deposits formed in the zones of
hydrothermal alteration where the formational condi-
tions and environments were similar to those of the
overlying Timok Formation.

Geological-economic value of the deposits, hun-
dreds of millions of tons in volume, which bear com-
mercial Cu, Au, Ag, and some other metals, in gener-
al, and the types of ore minerals and main copper
deposits of massive sulphides and porphyry in partic-
ular, give the Central Bor deposits a broader metallo-
genetic importance.

Massive Sulphide Copper Deposits

Tilva Ros§ the largest copper deposit of massive
sulphide: about 100 million tons mined ore with
0.66% average copper content (JANKOVIC et al. 2002,
p. 119, Tab. 8). It is mentioned as the richest copper
ore body in Bor.

The deposit formed along the principal volcanic
structure, Bor dislocation, in NNW to SSE strike
direction, in a length of 2 km. It has been mined in the
same direction to a depth of 800 metres (JANKOVIC
1990).

Mineral is located in hydrothermally altered horn-
blende-biotite andesite (Timozite) like in other depo-
sits of the Central Bor. It passes with the depth into
stockwork-impregnated or porphyry type of minerali-
sation.

Interesting geological information on the Tilva Ros
deposit about its Upper Cretaceous age (our italics) is
given in SPASOV et al. (1972); it states that the overly-
ing rocks include erosional remnants with ore breccia
and clasts of the destroyed primary copper deposits.
DPorpEVIC (2005, p. 69) accentuates this information
and explains that ore breccia, in tuffogene cement, are
remains of Senonian epiclastics reworked with ore-
clasts and laid transgressively over Turonian volcanic
rocks of the Tilva Ros deposit. A similar occurrence is
reported by DROVENIK (2005) at the Brezanik deposit.

Published information by Spasov (1972) and Por-
PEVIC (2005) and the tuffite occurrence over the Bre-
zanik deposit (DROVENIK 2005) add supportive evi-
dence to the Upper Cretaceous Turonian age of the
Bor copper deposits.

Coka Dulkan is a major copper ore body of 13 mil-
lion tons extracted ore, with average Cu 3.80%, men-
tioned as the best known massive sulphide copper ore
in Bor (JANKOVIC et al., 2002, p. 124). Types of min-
erals uncovered in the Coka Dulkan, according to
JANKOVIC et al. (2002, p. 128), are the following:

a. Siliceous ‘cap’ at the top of mineral rocks;

b. Cementation zone, under the ‘cap’, (zone of sec-

ondary or supergene sulphide enrichment);

c. Massive sulphides in the upper part of the ore-

body;

d. Stockwork-impregnated type of mineral; and

e. Hydrothermal ore veins.

Tilva Mika system is a group of small ore bodies
(A, B, C, D. J, L) in the hydrothermally altered horn-
blende-biotite andesite and the surrounding ore bodies
of the southeastern Bor.

Vertical and horizontal ‘regularity’ in the distribution
of some facies of mineralization and alteration is
observable in this deposit as well. Massive sulphide
mineralisation is prevailing, and ordinarily stockwork-
impregnated mineral lower in the deposit (Fig. 4).

Orebody C, smallest in the Tilva Mika group, is a
mineral of the stockwork-impregnated type.

Mineral reserve of all the Tilva Mika bodies is a
comparatively modest amount; the largest and richest
is orebody A of 11 million tons excavated ore with
average Cu 3.03% (JANKOVIC et al. 2002, p. 130).

Other ore bodies of massive sulphide coppers and
disseminated stockwork-impregnated deposits in
Central Bor (Sistek, Tilva Ronton, Kamenjar, Krpe, et
al.) are described in the Geological Service records of
Bor and in monographs by JANKOVIC (1990, 2002)
and some other publications.

Porphyry Copper Deposits

Two almost identical porphyry copper deposits in
the Bor mineral resources, Borska Reka and Veliki
Krivelj, (differ slightly in size, gold content, skarn,
etc.). Principal deposits, especially Veliki Krivelj, ha-
ve been studied for the origin of mineralization and
the Turonian position of copper deposits.

Paragenetic sequence of the porphyry copper minera-
lisation is simple, like most deposits of this type. Pyrite
and chalcopyrite form the major proportion of the min-
eral, and the minor proportion consists of bornite, enar-
gite, chalcocite and covelite (JANKOVIC 1990, p. 306).

Borska reka is the largest deposit of the Bor cop-
per district, a volume of about 557 million tons and
average Cu 0.6%. At a copper metal recovery of 3.6
million tons, this deposit is expected to produce more
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than the total amount of the copper ore extracted so
far from all the mined ore bodies in Bor (DROVENIK
2005, p. 29)!

This deposit falls (by size) into the group of porphyry
bodies with elevated copper and gold. It formed in
somewhat different geochemical environment from
those of the massive sulphides (JANKOVIC et al. 2002, p.
160).

It is localized in rocks underlying sulphide ore bod-
ies and in stockwork-impregnated ores, in the same
volcanic structure as the Bor mineral resource. The
mineral and the accessory hydrothermally altered horn-
blende-biotite andesite low in the deposit are associat-
ed with intrusive diorite, quartz diorite porphyry dykes
(Fig. 5B). Some units of the Borska Reka porphyry
mineral include minor lenses and massive sulphides,
elevated copper, and locally skarn (JANKOVIC 2002).

JANkOVIC (1990, p. 306) mentions impregnated-
metasomatic veinlets and nests of copper mineral in
the Borska Reka deposit.

The deposit is currently being prepared for explo-
itation. More details on the paragenetic sequence, me-
tallogenetic and geological evaluation of the Borska
Reka porphyry deposit can be obtained by referring to
the Bor Mine Works records and publications by MILI-
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CIC & GRUJICIC (1979), BRAJKOVIC & PAVLOVIC (1989),
JANKOVIC (1990, 2002), DROVENIK (2005), etc.

Veliki Krivelj is the second largest porphyry cop-
per deposit of the Bor ore field; its reserve is about
465 million tons, average Cu rate 0.34% and much
lower gold than in the Borska Reka. It is located some
3.5 km north of the Central Bor (The Veliki Krivelj
deposit is not part of the Central Bor proper, but
belongs to the Bor mineral resource; it is present-
ed in this paper together with the porphyry depo-
sit of the Borska Reka.).

The deposit lies within the zone of hydrothermally
altered hornblende-andesite and pyroclastics, associ-
ated with intrusive diorite and quartz diorite dykes
and skarn in the Krivelj dislocation.

Absolute age of the deposit varies within the range
from 77 to 91 million years (Tab. 2, in: JANKOVIC et al.
2002).

Explorations in the deposit were carried out from
1965 to 1979 (OGNJENOVIC 1976; ALEKSIC 1979; POR-
PEVIC 1980; etc.). It is intensively worked at present
(Monograph by Jankovi¢ (1990, p. 316) in the
chapter Ore Deposits of Serbia (Bor Copper De-
posits) gives a complete description of the Veliki
Krivelj deposit.).
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Fig. 5. Porphyry copper deposits Borski Potok (A) and Borska Reka (B). 1, Pyroxene andesite; 2, Bor pelite and tuff, (1-2)
Dumbrava Formation; 3, Bor Conglomerate; 4, Massive sulphide copper (orebody X); 5, Porphyry copper mineral; 6,
Hydrothermally altered minerals; 7, Hornblende andesite, (4—7) Timok Formation; 8, Fault [Schematic presentations by
MILICIC & GRUJICIC (1979) and by BRAIKOVIC & PAVLOVIC (1989) from DROVENIK 2005, modified].
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The deposit Veliki Krivelj (east) rests on Cenoma-
nian/Turonian Krivelj Formation (ANTONUEVIC 1957,
1973) underlain by glauconite sandstone and fosslifer-
ous siltstone. A part of the Formation is widely affect-
ed by Timok andesites and quartz diorite dykes, local-
ly metamorphosed and transformed into skarn and
skarnoids. Similarly mineralized is the block of
Urgonian limestone, ‘The Krivelj Stone’. The whole
group of the Veliki Krivelj porphyry deposit units, its
Cenomanin floor, intrusive dykes and skarn, are
southwest inclined (Fig. 7).

Aleksi¢, Drovenik et al. have long believed and
wrote without evidence that metamorphic sedimenta-
ry rocks underlying the Krivelj deposit were Seno-
nian; consequently, mineralisation with skarn is post-
Senonian, Paleogene. On the basis of this dating and
the previous prevailing opinion the copper deposits of
the entire Bor metallogenetic zone is interpreted to be
Laramian or Paleogene (DROVENIK 1956-2005).

DROVENIK (2005, p. 44) finally concluded: “As far
as I know, the Veliki Krivelj copper deposit is typical
deposit of the whole Timok igneous complex, where
the linkage of copper mineralization with the
Laramian thrust fault and with dykes, especially the
quartz diorite porphyry dykes, is best expressed.”

Jugoistok Copper Deposit

The Jugoistok group of deposits extending from
Central Bor includes copper bodies X and J, occur-
rences (I.LM.N.), and Novo Okno olistostrome copper
deposit. The group also includes the before mentioned
Borska Reka porphyry deposit.

Ore Bodies X and J, studied in detail by MILICIC
& GRruCIC (1979), Miskovic¢ (1995), and JANKOVIC
(2002), are localized in the same rocks as the hydro-
thermally altered hornblende-biotite andesite of Bor.

Products of pyritisation and silicification, and less
of sericitisation and kaolinitisation, according to JAN-
KOVIC (2002, pp. 186—188) are extensive within the
zone of hydrothermal alteration in Jugoistok. Pyrite,
with copper minerals, is massive in the upper, and
porphyry minerals (Borski Potok) in the lower part of
the orebody X (Fig. 5a).

Copper mineralization in the orebody X was a
staged process; the two principal stages, according to
MILICIC & GRUJIICIC (1979), being: older, dominantly
pyrite-enargite bornite mineralization, and younger,
including chalcopyrite-pyrite veinlets and gold.

Porphyry mineralization in the lower part of the
orebody X is of stockwork-impregnated type in thin
veinlets and “specific products of hydrothermally
altered” surrounding rocks. Copper content is vari-
able, between 0.3% and 1% (JANKOVIC, 1992, p. 15),
whereas chalcopyrite is the commonest copper miner-
al in the orebody X.

Orebody J is composed of a few minor lens-like
massive sulphide concentrations, marginally stock-

work-impregnated, and a lower proportion o copper.
The question: Was the ‘deeper’ part of this orebody
affected by disseminated mineralization of the stock-
work-impregnated type X? (JANKOVIC 1990, p. 316) is
left open.

Geological explorations in the Jugoistok and even-
tual location of new mineral occurrences similar to
those of the ore bodies X and J may be expected in the
rift structure of the Veliki Kr§ and Stol monocline
sunken to southeast.

Ore-clast deposit Novo okno is a new genetic type
of olistostrome derivation in the Bor Metallogenetic
Zone. It was uncovered in the seventies of the last
century south of Bor in Turonian-Senonian epiclastics
of the Metovnica Formation.

The olistostrome-derivation of the deposit was first
reported at the 15th Congress of Serbian Geologists,
2010, and described later (ANTONUEVIC 2011) in the
Geological Annals of Balkan Peninsula, vol. 72.

Morphogenetic characteristic of an olistostrome
body is a chaotic mass of mechanically mixed ore-
clasts, olistoliths, Classes A and B, in a sedimentary
deposit of a basin. Ore-clasts of massive sulphide cop-
pers, from 0.5 to 50 m3 in size, associated with amphi-
bole andesite pyroclastics and fragments in matrix
from the country rock are the main lithological mem-
ber of the Novo Okno olistostrome or deposit (Fig. 7).

The olistostrome mass of the Novo Okno indicates
two specific phases of formation:

(1) Turonian (pre-olistostrome) volcanic and

(2) Senonian (olistostrome) submarine phases.

The volcanic phase includes volcanic explosion of
the Central Bor structure, breaking the primary ore
bodies and volcanic rocks into blocks and fragments,
their partial ejection to the surface and deposition on
land (ore-clasts).

The submarine phase at the boundary Upper Turo-
nian/Lower Senonian includes slumping of a semi-
consolidated mass in the form of a unified gravity
slide (olistostrome 320x140x30 m) down volcanic
slopes into normal sediments of the basin and
mechanical accumulation of ore and non-ore clasts,
olistoliths (ANTONIEVIC 2011, p. 103).

Mining, drilling and detail laboratory data and the
paragenetic sequence of ore-clasts, the Novo Okno
olistolite, indicate three mineral associations:

— Pyrite-covellite-chalcocite (Olistolith Class A

from 0.5 to 50 m3);

— Chalcopyrite-bornite (Olistolith Class B from

0.5 to 10 m3); and

— Pyrite-chalcopyrite (ore-clasts and small rock

fragments);

and rocks overlying the olistostrome sequences
Classes A and B.

Ore-clasts of the Novo Okno deposit and their olis-
tostrome derivation strongly indicate an older age of
the primary massive sulphide copper deposits, most
likely Middle Turonian, because the Novo Okno
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Table 2. Absolute age of magmatic rocks in the Bor mineral resource (from JANKOVIC 2002, p. 29).

Location Rock Analysed Age m.y.| Method Source
Veliki Krivelj H-B andesite Amphibole 91+4 K-Ar JANKOVIC et al. 2002
Veliki K13 H-B andesite Amphibole 7743 K-Ar JANKOVIC et al. 2002
Put Bor—Krivelj H-B andesite Biotite 88 Rb-Sr JANKOVIC et al. 2002
Kriveljska reka Andesite breccia Amphibole 84,16 K-Ar LovriC 1986
Kriveljska reka Timozite breccia Amphibole 80,56 K-Ar LovRIC 1986
Bor village Dacite Amphibole 65,70 K-Ar LovRIC 1986
Bor village B-2 Dacite Amphibole 70,04 K-Ar JANKOVIC ef al. 2002
Bor river H-B andesite Rock 7844 K—-Ar JANKOVIC ef al. 2002
Tilva Mika pit H-B andesite Biotite 74 Rb—Sr JANKOVIC ef al. 2002
Bor, Bor river H-B andesite Rock 66,85 K—Ar JANKOVIC , unpbl
Bor, Bor river H-B andesite Rock 6656 K—Ar JANKOVIC , unpbl
Bor pit H-B andesite Amphibole &9 K—Ar | BANIESEVIC in PORPEVIC 2005
“Novo Okno” H-B andesite Amphibole +90 K—Ar MISKOVIC 1989
Todorov potok—Krivel] Diorite Rock 75.33 K-Ar
Veliki Krivelj Diorite-Porphyry Rock 7776 K—-Ar JANKOVIC et al. 2002

deposit was formed in the Upper Turonian/Lower
Senonian epiclastics (ANTONIEVIC 2011, p. 108).

The interpretation of MISKovIC (1995) of the “dis-
tal” Novo Okno copper deposit in the Jugoistok mas-
sive sulphide mineral (ore bodies X and J) is therefore
untenable.

Discussion of the Deposit Formation and
Origin

Absolute age of the Bor mineral deposit was deter-
mined mainly using the K-Ar method on a relatively
small number of rock and mineral samples. The pro-
cess of mineralization, interpreted by Jankovi¢ (2002,
p. 30), evolved within the range from 91 m.y. to 66
m.y. Translated into the language of relative age, Bor
volcanic rocks (first phase volcanism) and their
hypabyssal equivalents (diorite, quartz diorite, etc.)
may be taken for pre-Senonian, formed in the interval
Turonian-Senonian.

Porphyry copper deposit of Veliki Krivelj formed in
the hornblende-biotite andesite environment, from 88
m.y. to 91. m.y. absolute age, and partly in its pyro-
clastics and quartz diorite (JANKOVIC 1990, p. 316).

Some intrusions, however, such as the Todorov
Potok diorite, are 76 m.y. K-Ar dated.

DoRrRBEVIC (2005, p. 87) mentions the age of +90 m.y.
using Banjesevi¢’ (K-Ar) data for two hornblende
grains from pyroclasics of the Bor Mine (Tab. 2).

Absolute age of hornblende andesite from under
the Novo Okno olistostrome, south of Bor, also was
+90 m.y. by K-Ar method (MISKoVvIC 1989).

Summarizing the research results and the new deter-
minations of the absolute age of volcanogenic intrusive
rocks in the Timok region, BanjeSevi¢ writes: “Volca-
nism in the Timok Magmatic Complex has a long his-
tory of ten million years. It began at the Turonian/Se-
nonian boundary. The oldest rocks are dated Upper
Turonian; shallow-seated rocks formed up to the Upper
Senonian. Copper porphyry ore minerals in Bor and
Krivelj are Santonian.” (BANJESEVIC 2010, p.3).

JANKOVIC et al. (2002, p. 30) discuss further the
absolute age of the Bor complex and conclude:

“The determined age of magmatic rocks varies
within a wide range even of one and the same type.
Any result that deviates much from the relative rock
age cannot be taken into consideration.

“Age determination of the Bor magmatic rocks
therefore should be taken for preliminary; further sys-
tematic examination is needed, especially of the strati-
gaphic relationship between porphyry ore minerals in
the lower and massive sulphide minerals in the upper
parts of the deposits.”

It needs to be noted, however, that none of the sub-
volcanic-intrusive rocks of the Bor Complex analysed
so far were identified as Laramian or the Paleogene
absolute age.

Relative age. Without reliable evidence of the geo-
logic age of magmatic rocks in the Bor Complex, con-
ventional prospecting methods were used, some of
which, in our opinion, are crucial in addressing the
age issue. These are:

— Superposition,

— Biostratigraphy, and

— Reworked ore-clasts.



70 IVAN ANTONIIEVIC & PREDRAG MIJATOVIC

Superposition. Recent investigations have con-
firmed that the ore-bearing volcanogenic rocks of the
Bor Complex rest on the Krivelj Formation (Cenoma-
nian—Lower Turonian) and under the Metovnica For-
mation of epiclastics (Upper Turonian—Lower Senoni-
an) (ANTONDEVIC 2010).

The Krivelj Formation, for example, is character-
ized by fossiliferous pelitomorphic rocks and the
associated glauconitic sandstone and conglomerate at
the base. It is transgressively underlain by the Veliki
Kr§ carbonate monocline (Vlaole, Veliki Krivelj,
Kvarnana) and the Krivelj Stone (Fig. 6). The upward
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mentions stratigraphic position and age of the later
uncovered Novo Okno deposit as evidence of the
Upper Cretaceous Bor mineralization.

Biostratigraphy. Relative ages of the Bor mineral
resource subjacent and superjacent rocks are deter-
mined using the non-abundant but characteristic fos-
sils of macro- and micro-fauna.

Rocks, for example those underlying the Krivelj
deposit, are dated Vraconian (Albian—Cenomanian) on
zonal cephalopods Turrilites bergeri, Montoniceras
inflatum, etc., and the rocks over the Vraconian Beds
bearing Montoniceras rostratum, Anisoceras, Guadry-
ceras, etc. are dated Lower and
Middle Cenomanian (ANTO-
NIEVIC 1973, 2010).

Rocks overlying the Bor
deposits are dated Upper Tu-
ronian—Lower Senonian on the
microfossil globotruncanid as-
sociation of Marginotruncana
coronata, Globotruncana linei-
nana, etc. (SLADIC & GAKO-
vi¢, 1988) in pelites of the
Metovnica Formation. Fossili-

ferous pelites rest on Turonian
andesite (Timozite) immedi-
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Fig. 6. Compiled section of the Veliki Krivelj porphyry copper ore bodies (ANTO-
NUEVIC 1953, 1973, OGNJANOVIC 1976, ALEKSIC 1979). 1, Epiclastics of the Metov-
nica Formation; 2, Hydrothermal alteration zone; 3, Copper deposit; 4, Diorite,
Quartz diorite porphyry; 5, Skarn; 6, Hornblende andesite (K,!-2 Cenomanian—Tu-

ronian, K,—J Jurassic—Cretaceous, P,l Paleosoic); 7, Fault.

extent and relationship of this deposit (Cenomanian—
—Lower Turonian) into and with the volcanogenic Tu-
ronian is a conjucture.

In the Veliki Krivelj porphyry copper deposit, at the
contact with volcanic rocks and quartz diorite, the un-
derlying rocks, dominantly pelite, are locally meta-
morphic and transformed into skarn, and together
with the deposit are generally westward inclined
(ALEKSIC 1979, Fig. 6).

The superjacent epiclstics (Upper Turonian—Lower
Senonian), variable in thickness and well stratified,
are transgressive over the volcanogenic Turonian and
Bor mineral deposits (Tilva Ros for one). Epiclastics
are composed of the older subjacent rock fragments,
mainly amphibole andesite clasts including Cenoma-
nian sandstone pebbles and ore-clasts of the primary
massive sulphide deposits.

The described stratigraphic relationship has been
located long before even in Bor, at the top of the Tilva
Ros deposit (SpAsoV et al. 1972), and explicitly con-
firmed in field (PorRBEVIC, 2005, p. 69). In a contro-
versial argument with DROVENIK (1973) Dordevi¢

olistostrome (Fig. 7).

Copper deposits of the Bor
mineral resource are taken,
through evidence of superpo-
sition and biostratigraphy, to
be older than the epiclastic
Metovnica Formation (Upper
Turonian—Lower Senonian)
and the Novo Okno deposit.

Reworked Ore-Clasts in Bor are angular frag-
ments/blocks of hornblende-biotite andesite and pyro-
clastics, in similar bodies, reworked with other rede-
posited material from the Cenomanian—Turonian sub-
jacent unit, which indicate a younger age than the Bor
deposits. The lowermost parts of the deposits and the
olistostrome Novo Okno include some fossiliferous
rocks from the Upper Turonian and Lower Senonian
as mentioned before.

Erosion remnants of epiclastics with ore clasts over the
Tilva Ros§ are mentioned particularly as a contribution to
the discussion of Spasov (1972) on the Upper Cretaceous
pre-Senonian age of the Bor mineral resource.

The age of hornblende andesite from under the
Novo Okno, K-Ar determined £90 m.y. (MISKOVIC
1989), is overlain immediately with the Novo Okno
deposit and epiclasics of the Senonian Metovnica For-
mation, which is additional evidence of the strati-
grahic relationship of rocks and of the origin of Bor
mineral deposits.

Accordingly, the mentioned investigation data in
general and the relative geologic age (based on super-
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Fig. 7. Ore-clast deposit Novo Okno, K,2-3 (schematic). 1, Olistoliths Class A; 2, Olistoliths Class B; 3, Matrix; 4, Subjacent
pelite; 5, Hornblende-biotite andesite; 6, Superjacent epiclastics.

position, biostratigraphy, Cenomanian subjacent and
Senonian superjacent rocks, reworked ore-clasts) in
particular, support the argument of Spasov (1972),
DorpEVIC (1994, 1997, 2005) and our studies (2010,
2011) that mineralization ceased before the Upper
Turonian and that the Bor mineral resources are prob-
ably Middle Turonian.

Summary

Bor copper mineralization is dated Cenomanian—
—Turonian on evidence of the ore-bearing Timok For-
mation and its subjacent Cenomanian and superjacent
Senonian units. Relative age of ore minerals in the For-
mation are considered here for the first time Turonian.

Reworked ore-clasts of the primary Bor copper
minerals and their derivation from olistostrome in the
Novo Okno orebody (Upper Turonian—-Lower Seno-
nian) are an even stronger argument that the Laramian
model of the Paleogene copper metallogeny in Bor is
no longer tenable.

Bor mineral ores are underlain by the fossiliferous
(Cenomanian) Krivelj Formation (Veliki Krivelj,
Bucje, Kvarnana) and overlain with (Turonian—Lower
Senonian) epiclastics and ore-clasts of the Metovnica
Formation (Tilva Ros, Novo Okno, et al.).

The Krivelj Formation is transgressive over Lower
Aptian carbonate rocks (Veliki Kr$) NE of Bor. This is
the oldest formational unit that underlies volcano-
genic Turonian and Bor ore minerals. Within the Veli-
ki Krivelj porphyry extent, it is intruded deeply at the
base, metamorphised and partly transformed into
skarn.

Volcanogenic Turonian of the Timok Formation is a
complex intermediate subaerial unit, locally compo-
sed of calc-alkalic, mainly volcanic rocks and pyro-
clastics (Timozite), hydrothermal alterations and sub-
volcanic-intrusive deep-seated dykes (diorite, quartz
diorite porphyry, etc,).

Rocks of the Timok Formation generate ore miner-
alization and formation of massive sulphide and por-
phyry copper minerals in Bor and Veliki Krivel;.

Senonian superjacent unit (epiclastics of the Me-
tovnica Formation), transgressive over the ore-bear-
ing Timok Formation (volcanogenic Turonian) and
Bor mineral deposits (Tilva Ro$), includes fragments
of almost all reworked subjacent rocks and locally
reworked ore-clasts of the primary massive sulphide
copper rocks.

The Novo Okno ore-clast body of olistostrome der-
ivation (Upper Turonian—Lower Senonian) formed in
deepest pelite of the Metovnica Formation, the Ju-
goistok deposit south of Bor.
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Erosional remnants of epiclastics and mineralized
tuff breccia and clasts of the destroyed primary mas-
sive sulphide copper rocks over the copper bodies
(Tilva Ros, Brezanik et al.) clearly indicate strati-
graphic relationship and pre-Senonian, Turonian age
of the Bor copper deposits.

Copper ore minerals of Bor are products of several
types of mineralization: Massive sulphide coppers,
hydrothermal veinlets (stockwork-impregnated), Por-
phyry, and Ore-Clasts olistostrome.

Each type of ore mineral is auriferous, massive sul-
phide coppers more than the others. Amounts of the
contained Cu, Au, Ag and other minerals have com-
mercial value. The process of mineralization was con-
trolled in time and space by volcanic and subvolcanic
intrusive rocks and products of hydrothermal alter-
ation of Turonian volcanic rocks. An exception is
Novo Okno, a younger copper deposit reworked from
olistostrome.

Copper deposits of the Bor metallogenetic ore field
are divided into three ‘geographic’ units: Severozapad
(Brezanik), Central Bor deposits and ore bodies (20),
and Jugoistok (ore bodies X, J, Novo Okno, et al.).
The porphyry orebody Veliki Krivelj, NW in the
province, is treated within Central Bor, with the Bor-
ska Reka deposit.

Most deposits and ore bodies of massive sulphide
coppers are uncovered and mined in the Central Bor
(Tilva Ros, Coka Dulkan, Tilva Mika, et al.). They
formed in similar geological settings and were close-
ly related to volcanic structures and dislocations (Bor
and Krvelj faults, for example), and to hydrothermal-
ly altered hornblende-biotite andesite and minor
dykes of deep-seated, hypabyssal intrusive rocks.

Largest porphyry copper deposits, Borska Reka and
Veliki Krivelj, located in the Central Bor area, are stu-
died for the period of mineralization and for Turonian
position of minerals. These deposits are found by dril-
ling low in massive sulphide rocks and in stockwork-
impregnated mineral ore, in the same structures but in
somewhat different geochemical environment (e.g.
Borska Reka) in relation to massive sulphide mineral-
ization.

Veliki Krivelj is the second largest copper deposit
in Bor, localized in a zone of hydrothermally altered
hornblende-biotite andesite and pyroclastics, 88-91
m.y. K—Ar absolute ages, in association with intrusive
Turonian quartz diorite dykes and skarn. Stratigraphy
of Turonian volcanic and similar deep-seated rocks
(diorite, quartz diorite, etc.) of the Krivelj deposit is
yet to be studied. Copper deposits Jugoistok (massive
sulphide ore bodies X and J) are almost identical with
the Central Bor deposits. The only open question is:
Did the porphyry stockwork-impregnated mineraliza-
tion of the orebody X type evolve in the lower part of
the orebody J?

The Jugoistok group includes the Novo Okno cop-
per orebody of a different derivation, from an olis-

tostrome. Morphogenetic characteristics of the ore-
body and its position in Upper Cretaceous sedimenta-
ry deposits indicate a particular composition, a clastic,
mechanical accumulation of ore-clasts, olistoliths,
from 0.5 m3 to 50 m3 in size Classes A and B, slumped
in sea basin (Upper Turonian—Lower Senonian).

All the reported research results about Bor mineral
deposits, their origin and relationship with the subja-
cent and superjacent units, and interpretation of the
Novo Okno deposit formation, are supporting the dis-
cussed Turonian age of the Bor mineral source.

None of the analysed rocks or rock deposits in the
Bor complex was of (absolute or relative) age that
corresponds to the Laramian, Paleogene metallogeny.
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Pe3nme

bopcka gexxumra 6akpa: reosiormja,
NMOCTAHAK U CTAPOCT JIESKMIITA

I'eonormja GOPCKUX IIEKHINTA, TTPOIECH BYIKAHH-
3Ma W BPEMEHCKH OJHOCH pyIHE MHUHEpaIu3aiuje
(crapoct nexwuimTa), TpUKa3aHu cy (OPMAIFOHO Y
JIjana3oHy I[eHOMaH—TypoH. Ha ocHOBy cymnepro-
sunuje Tumouke pymoHocHe (popMalije 1 reoIOIIKNX
OZIHOCA HhCHE IICHOMAHCKE TMOJMHE M CEHOHCKE IO0-
BJIaTE, pellaTUBHA CTAPOCT OOPCKUX JIKUINTA M OBE
(hopmarmje mpBU MyT ce MPHUKA3yjy Kao TYpOHCKa.

PenennoHoBaHM PyIOKIACTH MPUMAPHUX OOPCKUX
JISKUINTA U OJUCTOCTPOMCKA HHTEpIpeTandja THX
pynoxiacra y nexumry 6akpa “HoBo OkHO” (Topmu
TYPOH—/IOEK-HM CEHOH), TOCE0HO YKazyjy /la HUje BHUIIe
OJIP3MB JIAPaMHUjCKH KOHIIENT O MMajeoreH0j MeTajore-
HUju OaKkpa y pyaHOM T0Jey bop.

I'eonomky ocHOBY THMOUKe (popMarije U GOPCKIX
nexumTa mrpahyje pocunonocua Kpusesscka ¢op-
Mmarja (nenoman) (Bemuku Kpusess, bydje, Ksapna-
HA), a MIOBJIATY EMHUKIACTUTH Ca PYAOKIACTHMA METOB-
HU4Ke Gopmarje (TypoH—I0mH ceHoH; Tumsa Porr,
“HoBo OxHO” 1 ap.).

Kpusesscka dhopmariuja exxu TpaHCTPECHBHO TTpe-
KO KapOOHaTHHX CTeHa nomer anrta (Bemmku Kprr)
ceBepouctouHo of bopa. To je Hajcrapuja dhopmarm-
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OHa jeJIMHUIIA, TOINHA BYJKAHOTEHOT TypOHa U 0O0p-
CKHUX JISKUIITA. Y JOMEHY HoppHupcKor nexumTa Be-
nukn KpuBess 1y00Ko 3aiia3n y OCHOBE JICXKHINTA TIE
je MetamopducaHa 1 JIeIIOM IPETBOPEHA Y CKapHOBE.

Bynkanorenn typon Tumouke Qopmaruje mpen-
CTaBJba CIOXKEHY PYINOHOCHY jEMHHITY Y BYIKAHCKO]
cTpykTypu bopa, nHTEpMEHjapy cydaepcKy ca Beoma
M3paKeHUM KaJKOAIKAJIHUM CTeHaMa, HapOUUTO BYJI-
KaHUTUMa W THUPOKIACTUTHUMA (TUMOIUTH), XUIPO-
TEPMaJHUM ajiTepanrjamMa CyOBYIKAaHCKO-HHTPY3HB-
HUM [ajKOBUMa ayOJbe KOHCONHIAIHje (TUOPHUTH,
KBapIIHOPHUTIIOPPUPHUTH H JIP.).

Crene Tumouke Qopmanyje TeHEpUITy PYIHY MHU-
Hepalu3alijy ¥ HaCTaHaK JICKHINTA MACUBHUX CYJI-
¢buna u mopdupckux nexucra 6akpa y bopy u Benn-
koM Kpugespy.

[ToBaTHa CeHOHCKA jeUHUIIA JISKUIITA (SIHKIA-
ctut MeToBHUYKE (popMaIje) e TPaHCTPECHB-
HO TIpexo pynoHocHe Tumouke ¢opmaruje (BylIkaHO-
TeHH TypoH) u Oopckux nexumra (Twumsa Pomr). Y
EMUKIIACTUTHMA TTOBJIaTe (CEHOH) Hayla3e ce (hparMeH-
TH CKOpPO CBHX CTapHjHX MpPETaJOKeHWX CTEHa II0-
IUHE, YKJbY4yjyhr JTOKaITHO peerloHOBaHEe PyTOKIIa-
CTe MacHBHUX cyduaa 6akpa MpuMapHUX JIEKHUIITA.

Ha motesy nexwurra “Jyrouctox”, jyxHo on bopa,
y HajayO/bMM TENUTCKUM HaciaramMa MeTOBHHYKe
¢dhopmarnmje, ca moOOTpyHKaHaMa, POPMHPAHO je Jie-
xumte pynoknacra “HoBo OKHO” OIHCTOCTPOMCKE
redese (TOpmHH TYPOH—IOKBH CEHOH).

CauyBaHM €pO3MOHM OCTaIll ENMUIKAacTHTa, ca
pymHUM Tyo3HUM Opedama M KIAaCTHMa Pa3opeHUX
MacWBHUX CylnduIa IpUMapHAX JIeXHITa 0akpa, y
noBnatu Oopckux pyaHux Tema (Twunsa Pom, bpesa-
HUK W JIp.), JaCHO yKazyjy Ha mel)ycoOHe omHOCE |
MIPECEHOHCKY TYPOHCKY CTapoCT JIEKHUIITa Oakpa y
pyaHoM nioJey bop.

Mehy nexumruma 6akpa y bopy mo3Hato je Heko-
JIUKO THIIOBA pPyIHE MHHEpalM3aluje: JIexHmTa Oa-
Kpa MacHBHHX Cyl(duIa, XUAPOTEPMATHO-KAITHIACTH
THT (CTOKBEPKHO-MUMIIPETHAITNOHHM), TIOPPUPCKU THIT
Y PYIOKJIACTH OJHCTOCTPOMCKE TeHe3e.

CBH THUNOBH pyIHE MUHEpaju3allyje Cy 3JaTOHO-
CHH, HapOYHTO JISKUINTAa OaKpa MacHBHUX cyaduaa,
ca KomepiijarauM caapxkajuma Cu, Au, Ag u 1pyrux
Metana. CTporo Cy T€HEeTCKHM M MPOCTOPHO KOHTPO-
JUCaHW BYJIKAaHCKHM M CYOBYJIKaHCKO-MHTPY3HUBHHM
CTeHaMa M MPOAYKTHMa XUAPOTEpPMaJHE aiTepainuje
TYpPOHCKOT ByNKaHHM3Ma. M3y3eTak je Miamo pemero-
HOBaHO, Jnexwumre Oakpa “HoBo OxHO”, omucTO-
CTPOMCKE TeHe3e.

Jlexxnmra 6akpa y pyaHoM mojsy bop rpymnmcana
cy y Tpu “reorpadcke” menuHe: exucra oakpa Ce-
Bepo3anaz (bpesanuk), IlenTpanna nexumra bopa u
pyaHa Tema (+ 20) uw mexumra 6akpa “Jyrouctok”
(pymHa tena “X” u “J” “HoBo OxHO” 1 1p.). [Topdup-
cko Jjexumrte Benuku Kpupess, Ha ceBeposzamany,
MpuKa3aHo je y rpymnu jgexumra LlearpamHnor bopa,
ca rmopdupckum nexumTeM bopcka Peka.

Hajsehu 6poj nexwumTa u pygHux Tena Oakpa ma-
CHUBHUX CyJA(Haa OTKPHUBEH jeé W OTKONAaBaH y IIEH-
TpaxHoM aeny bopa (Tunsa Pomr, Yoka dymkan, Tw-
Ba Muka u np.). Hactana cy y CIIMYHUM TEOJIOIIKUM
cpearHaMa M TECHOj TEHETCKOj Be3U ca CTPYKTypama
BYJKAaHCKOT amapara W Auciiokanijama (OOpcKkd u
KPUBEJFCKH pacel, Ha TPUMEP), Y XUAPOTEPMAITHO
aJNTEpUCAHNM 30HaMa XOpPHOJEHIA-OMOTHT aHAE3UTa
Y MambUX J[ajKOBa HHTPY3UBHUX CTE€HA XHUIT0aOMcaIHe
KOHCOITUAIIH]e.

VY uenrpannoj 30Hu bopa Hamaze ce m HajBeha
nmopdupcka nexumra 6akpa: bopcka Pexa n Benmku
Kpusess. Kipyuna nmexumra, mocedbno Bemukn Kpu-
BeJb, 3a pellaBame BpeMEHCKe IpoodiieMaTHKe Oopcke
MUHEpaIn3allije U TypOHCKY MO3UIIH]Y JSKHUIITA.

OTkpuBeHa cy OymIeHeM y HIDKUM JelOBHMA Jie-
KHIITAa MACHBHHX CYI(HUAA U CTOKBEPKHO-UMITPETHA-
[IMOHUX pPyda, Y UCTHM CTPYKTypama ajid y HeITo
JpyradnjuM reoxeMujckuM cpeanaama (bopcka peka,
Ha IMPUMEP) Y OAHOCY Ha MHHEPATU3aIljy MAaCHBHHUX
cyadunaa.

[opdupcko pynumre Bennku Kpusess apyro je mo
BEITMIMHM JISKHIITE Oakpa y pyaHoM noJby bop. Ha-
Jla3W Ce HENITO CEBepHHje Y 30HH XHIPOTEPMAITHO
MIPOMEHCHUX XOPHOJICHIA-OMOTUT aHIIe3UTa U ITHPO-
KJacTuTa, amncojyTHe crapoctu 88-91 wMuimon
roguHa (Ka/Ar), y aconujanuju ca HHTPY3UBHUM TY-
POHCKHM JajKOBUMa KBAapIIMOPHUTa M CKapHOBHMA.
MeljycoOHM OTHOCH TYPOHCKHUX BYJIKAaHUTA M MaTEPH-
jalTHO CIMYHUX CTEeHa MyOJpe KOHconmumanuje (Auo-
PUTH, KBapIIMOPUTH U JIp.), KpHUBeEIbCKOT JIeXKUIITA 1
IIp., IPEIMET Cy TTOCEOHMX, JaJbUX UCTPAKUBAA.

JlexxumTa 6akpa Jyrouctok (pymHa Tella MaCHBHUX
cyndpuma “X” u “J”’) MOTIyHO Cy WHACHTUYIHA JICHKM-
mrumMa Lenrpanaor bopa. OTBOpeHO je, MehyTum, m-
Tamke J1a JIM je U Y HIDKAM JIeJIOBUMa pymHOr Tena “J”
JTOIITO /IO CTBapama Mmop(upcke IITOKBEPKHO-UMIIPET -
HaIlMOHE MUHepalu3aluje Tima pyaHor Tena “X” (7).

I'pynu nexumra Jyrouctoxk y bopy mnpumnaga u
“HoBo OkHO”, moceOaH THIT JISKHINTA OaKpa OJIMCTO-
cTpoMcke rere3e. MopdoreHeTcKe OJUIHKe JIeKHUIITa
U HETOB TOJIOKA] y CEOUMEHTHUM TOPH-OKPEIHHM
Hacliarama, yKa3yjy Ha Crieu(HIHy TeolomKy rpahy
M MEXaHWYKYy XaOTHYHY aKyMyJalujy pydoKiacTa -
omuctonuta (Slumping phenomenon), Benmnuunae 0,5
10 50 m3, “A” u “B” kmace, y MOpcku 6aceH (TopmH
TypOH—IOHU CEHOH).

CBu mpuKazaHu pe3yNTaTH UCTPAKHBakHa OOPCKUAX
JIEKUIITA, TOCEOHO TUCKYCHja O FbUXOBOj CTAPOCTH H
MehaycoOHMM OmHOCHMMa TTOIWHE W IIOBJIATE JICHKH-
mMTa ¥ TEHEeTCKa OJIMCTOCTPOMCKA WHTEpIIpeTalyja
nexnmTa “HoBo OkHO” mOTBplyjy M3IOKEHY KOH-
HEeNIujy 1a cy Jexucra 6akpa y pygHOM moJby bop
TYOpPHCKE CTapOCTH.

Hu y jennoj mo cama aHanu3upaHOj CpEeIVHH HUjE
yTBpheHa cTapocT OOPCKUX CTEHA M JICKHINTA (aIco-
JyTHA U peJlaTUBHA), KOja OW oAroBapaa JIapaMujcKoj
OTHOCHO TIAJIEOTE€HO] METaJOTeHHU]H.





