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ALTERATIONS IN THE BOR COPPER DEPOSIT AND THEIR SIGNI­
FICANCE FOR EXPLANATION OF THE ORE GENESIS 

(Tabs. 3) 

A b s t r a c t : In the area of the Bor copper deposit (East Serbia) 
existed dur ing t h e first volcanic p h a s e of the Timok igneous com­
plex a large volcanic complex w i t h t h e m a i n vent in the vicinity 
of Bor. 

This volcanic complex w a s not a regular s t ratovolcanic cone, 
but r a t h e r a deformed (by in terna l fault ing and blocksubsidence) 
and composed (because of deve lopment of paras i t ic cones or vents) 
one. In late phases of volcanic activity andes i te and quar tzdior i te 
p o r p h y r y dikes i n t r u d e d into deep levels of the volcano. In the 
same period h y d r o t h e r m a l solutions ascended, a l ter ing and mine­
ralizing the volcanic rocks. 

In t h e zone of t h e m a i n vent or in t h e zone of the most i m p o r t a n t 
ascent of h y d r o t h e r m s (the Tilva Roš column) zoned a l terat ion ori­
ginated. Later on dur ing cooling of the whole complex the first 
h i g h - t e m p e r a t u r e m i n e r a l associations w e r e replaced by lower- tem­
p e r a t u r e parageneses . 

T h e h y d r o t h e r m s w h i c h migrated la tera l ly from the m a i n vent 
or along paras i t ic c h a n a l e w e r e mixed w i t h descending w a t e r s and 
became sulphat ic, very acid and m i n e r a l associations rich in su lpha­
tes originated. In such cases the hor izonta l zonali ty of a l te ra t ions 
is wel l developed, but it is vert ical ly leas expressed or even absent. 

In some small la tera l c ra ter s the rocks w e r e a l te ra ted in a pe­
culiar m a n n e r (near surface) and Cu-ores of a corresponding cha­
r a c t e r w e r e formed (i. e. ore body " H " ) . 

The origin of minera l izat ion and related wal l rock a l tera t ions 
a r e possible to explain only if these processes a r e connected wi th 
a long living big volcanic complex, intensively f ractured and react i­
vated, which extended also lateral ly and vertical ly (to the ex tent 
of m o r e t h a n one ki lometer) facies. 

P C . T I O M C : B pafloHe Mtvinoro MecTopowaeHnsi Bop (BocTomiaíi Ccpúnsi) 
3a ispeMíi nepBoň By.iKaiiiiMecKoíi cpa3bi THMOMKOH MarMaTimecKoií oó.'iac-
TH oOpaaonan oOiniipiibni ByjiKammeCKiiíi KOMUJICKC C r.'ianiibiMii ncarpa-
M!l B HCIIOCpC'.U'TBC'liíIOÍl C.'1H30CTH Bopa. 

3'ľOT B}VlKalIII'l(.'CKIlíi KOMIl.'K'KC 1IC OTHOCHTCÍI K MO|)M a.'lblIOM y CTpaTO-
By.iKaucKOMY rany, a ÄeípopMiipoBaH (Biiyrpeimne pas.'ioMu, oaycKaaasi 
ÓJIOKOB) H yc.'iO/Kiicn napaíimmecKiiMn KpaTcpa.Mn n Kana.'iaMii. 

3a BpcMsi no.'JÄHeii cpa3bi ByjiKani-mecKoíí aKTHBHOCTH aincainb] 
H ;iaíii<n KBapnÄHopHTnopcpupa micinem,! n óo.iee rjiyóoi<iie ropii30HTbi 
Bv.aKana. CocniB nupoTcpiua.'ibHbix isocxo/mmnx pacTBopoB H3Mei-injicsi 
B 3T0 upevni. 3TH pacTBopbi Mi[ncp<a.11130i!.i.in ny.'iKaiinaccKne nopo.u.i. 

B 30HC r.'iaBiihix nojiso/uibix Kana.iois n.in n 30He caMoro aKTHBHoro 
.icíiťTBnsi niapoTepMa.nbHbix pacTBopoB (Tn.ibiia Poui) IIOHB.ISIIOTCH 30-
na.-n.líbíc BTOpniHbíc niMťHľnnH (a.'ii.rcpannsi). HO.'UIKT 3a npcvi;! 
fix.ia>K;u'iinii lU'.ioro KOMiuieKca ne p non a'i a.11.11 a n RbicoKOTCMncpaTypnafl 
accoiuiannsi vumepa.'ioB aaMencua HH3K0T<.>MiiepaTypiibiM naparcne3iicoM. 
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,'laTcpa.ibiio K nanpaB.icHiiio OCHOBHMX noABOUHbix ii.'in iiapaaiiTii-
qccKiix Kaim.ion nupoTepiubi Meuia.inct> c iiiicxo-ISIUÍHMII uojaMii n d a -
HOBii.mcb cy.ihtbaTIIIJIMII. Tai< oópa30Bbma.Tiicb ďieiib Kuc.ibie MHuepa.ib-
Hbic accounaunn. óoraruc cy.ibcpaTaMH. B TaKHx c.iyqasix rop11301iTa.11.-
Ilaíl 30Ha.1bHOCTb BTOpímHbiX 113M(>H(_'HIIÍ' OWHb íipKO npOHBJIHCTCH, H TO 
Bpt'MH i<ai< licpniKa.'ibHaíi loiia.ii.iiocTi, MCHee Bbipa>Kena H.TII OTCVT-
CTBycT. 

B HCKOTOpbiN Ma.Ti.ix ,'iaTepa.ibHbix KpaTcpax nopo;ibi ii3Mt>neni>i oco-
ói.iM oOpanoM (no/ubili nonepxnocTn) n o6pa30Baiibi MtUHbie py.Ti.i. 
oiviiľiaioiiuiecsi cneu,H(pH4ecKHMH ocoúeiuiocraMii (miiipiiMcp Py/iHoe Te.'io 
X). 

npOHCXOKACHMC MIIIR'pa.'lll3aUllll II ťOOTBCTCTIiylOIUIIC OKOJIOpy/XHblL* 
!13MťHeIlllSl MO>K110 OÓbílCHIlTb TO.lbKO TĽM, '110 3TH lipoUCCCbl CBH3aHbl 
c A.Tinv.Ti.iibiM iii'piio.ToM cynu'C'TBOBaiiiisi orpo.Miioro By.TKaHiľ-iecKoro 
KOMn/ieKca f [IHTCHCHIÍHI.IMII pa3.'iOMavin H HccKO.TbKHMH c|)a3aMii ni.ipo-
TcpMa.nbHoň aKTUBiiocTH. TaKiiM oópa lov c|)opMiipoBajiHCb .laTcpa.'ii.iibR' 
n BcpTHKa.nbiibie cpamiH, paciipocTpaneHHbie na npcmiwcHHH CBUUIĽ 
I KII.TOMťľpa. 

Introduction 

Systematic and detailed investigations performed during the last years in 
the Bor copper deposit and its surroundings gave new data on the mode of 
ore occurrence and alterations of rocks, and enabled a new explanation of the 
origin of this ore deposit. 

Long time ago L a z a r e v i c (1912) wrote that this ore deposit originated in 
a relatively shallow level. C i s s a r z (1956) was of a similar oppinion. When 
intrusive and dyke rocks were found in the neighbourhood of Krivelj (NW of 
Bor) the origin of the mineralisation in Bor was related to intrusive, or more 
preciously to shallow-intrusive rocks (D r o v e n i k. 1961. 1968). The study of 
wall rock alterations in the Timok eruptive area has shown that there are two 
types of alterations, and that these related to the Majdanpek type mineralisa­
tions (which are related to shallow intrusions), and these related to Bor type 
mineral isations clearly differ ( K a r a m a t a — M i l e n k o v i č , 1967, 1969). 
M i h a j 1 o v i č — V 1 a j i č (1967, 1969) studied the rock alterations in the Bor 
mine, and concluded that this ore deposit originated in a volcanic complex near 
to the surface. Explorations performed during last years gave new evidence 
for a volcanogenic origin of mineral isat ions in the Bor area (J a n k o v i č et al.. 
1980 a: J a n k o v i č et al.. 1980 b : G r u j i č i é — M i 1 i č i č. 1980). 

During the last five years the rock alterations, their distribution and zo-
nality in the Bor area have been studied systematically, especially because of 
their importance, as one of the criteria, for the explanation of the genesis of mi­
neralisations. The investigations were concentrated to the open pit and the mine 
at Bor. the Borská reka area, and arround the ore body " H " . In the Bor mine 
and the open pit the mineralisations are various, but it is possible to follow 
the vertical and horizontal distribution of alterations. The mineralisation at 
Borska reka is more uniform and it is possible to study in the drilling cores 
cutting it the alterations related to such a deeper seated mineralisation. Finally 
the alterations arround the ore body " H " exhibit many peculiarities, indicating 
a very shallow level of ore deposition. 

Three types of wall rock alterations have been distinguished: 
1. The principal alteration at the nor thern side of the Tilva Roš ore body 
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is silicification associated with sericitisation, grading by more intensive a l tera­
tion and depth to the occurrence of diaspoře, and finally of zunyite, andalusite, 
and corundum. 

2. The ore bodies " I " , "A", " B " , and "Tilva Ronton" in the Bor mine are 
surrounded by a halo of silicified, sericitised and alunitised rocks. The same 
alterations occur associated with the Borska reka mineralisation. 

3. The ore body " H " has an aureole of silicified and sericitised rocks, and 
further on of chloritised and calcitised ones. Characteristic are here breccious 
structures. 

Kaolinite occurs together with other minerals, more abundat ly in s tronger 
altered zones. Anhydri te and gypsum are present almost everywhere, even 
at depths of few hundreds meters, but always as late phases. 

The description of main features of each type of wall rock alterations follows 
in further text. 

The alterations at the northern side of the Tilva Roš ore body 

The wall rock alterations at the northern and northwestern side of the Tilva 
Roš ore body can be followed laterally only 200—250 meters, but their vertical 
distribution was studied for more than 200 meters, and if the original peak 
of Tilva Roš is considered the vertical column is about 500 m. The al terat ions 
are shown in the Table 1. 

The full sequence of alterations at middle levels (open pit, + 134 m) is from 
weakly altered andesites with preserved biotite to intensively silicified rocks 
with sulphide impregnations. Very instructive is the succession of alterations 
from top to the deepest levels in the central part of the altered column: 
— ( + 450 m) top of Tilva Roš (now removed), the characteristic mineral associa­
tion was: quartz — sericite — kaolinite (the association was part ly altered and 
leached by supergene solutions, but a reinterpretat ion of composition was 
possible): 
— ( + 134 m) the main level of studies in the open pit, the characteristic mineral 
association is: quartz — sericite — diaspoře — kaolinite + / — pyrophyllite in t h e 
very cent rum: 
— (— 78 m) the deepest studied level in the mine, the characteristic mineral 
association is: quartz — diaspoře — andalusite — corundum (only in the centre 
of the column). 

The type of alterations changes with depth : associations of higher tempera­
tures occur, and the leaching of all compounds, except silica (alumina remains 
only as corundum) becomes more intensive. 

It may be concluded that alterations were induced by high-temperature, acid, 
very active solutions, which cooled slowly by ascend. This points that here was 
one off the main vents along which the hydrotherms rose without reactions with 
descending waters. 

After these alterations, because of the cooling of the area and changes in the 
character of hydrotherms corundum, andalusite and diaspoře were altered to 
sericite and kaolinite, and alunite. followed much later by anhydri te and gypsum 
origin. 
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The alterations in Tilva Mika and arround analogous ore bodies 

The alterations occuring ar round the ore bodies " I " , "A" and " B " in Tilva 
Mika, the ore body "Tilva Ronton", and in the boreholes B—2, B—5 and B—6 
at Borska reka have been studied laterally (horizontally) in the open pit, and 
vertically in the open pit and in the mine, as well as in the boreholes. The alte­
rations are presented in the Table 2. 

The alterations show m a n y similarities with the first described group, but 
there are two clear differences: 
— alunite is always present in more intensively altered parts near to the ore 
bodies, and 
— the high-temperature mineral associations are absent even in the deepest 
and most intensively altered parts. 

The alterations in the Borska reka area exhibit some peculiarities, and 
approach in some aspects to the alterations of the Tilva Roš type. In this area 
diaspoře occurs instead or along with alunite, but oppositely to the Tilva Roš 
alterations even after passing more than 500 meters through strongly altered 
rocks h igh-temperature mineral associations were not found. In these depths 
sometimes the chlorite contents increases only. 

The alterations of this group are very intensive, they were induced by acid. 
sulphuric acid containing solutions. Characteristic is that the zonality of alte­
rations is here much better expressed laterally then with depth. 

The alterations arround the ore body "H" 

The alterations around the ore body " H " are restricted to its close neigh­
bourhood. The ore body is surrounded by a zone of very intensive silicification 
and sericitisation. but after a few meters the andesitic rocks are only weakly 
altered (chloritised, calcitised, weakly sericitised), even the biotite is preserved. 

In the ore. as well as in the surrounding rocks a breccious s t ructure is visible: 
unrounded fragments of intensively altered rocks occur in the ore or in the 
weakly altered material. 

The alterations were performed here by the influence of very active solutions, 
but in a very limited space, contemporaneously with breaking and redeposition 
of mineral. These alterations occured at or very near to the surface. 

Discussion 0} results and conclusion 

Considering all the afore mentioned results and the existing data on the geolo­
gy and ore deposits in the Bor area it is possible to propose the following 
succession of events. 

In this area existed during the first phase of the volcanic activity in the 
Timok eruptive area a large volcanic complex with (according to the present 
knowledge) the centre in the neighbourhood of Bor. This volcanic complex is 
now exposed only as a NNW-SSE streaking zone: its northeastern part is 
downthrown along the Bor fault (where the Bor conglomerates occur), and at 
the southwest the rocks of the volcanic complex are covered by younger volca-
nics of the first volcanic phase an by psammitic and pelitic rocks (later only 
slightly laumontitised and calcitised). Inbetween the Bor conglomerates and the 
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T a b l e 3 

Alterations around the ore body "H" 

Approaching to the ore body > 

Chlorite — calcite 
Sericite — biotite 

Quartz — sericite 
sulphides 

iuartz + — sericite 
— ore (ore body) 

slightly altered andesitic. psammitic and pelitic rocks is exposed only a elon­
gated slice of the ancient volcanic complex, with its centre, or a part of it. 

It is necessary to stress that this large volcanic complex should not be con­
sidered as a regular stratovolcanic cone, it was, as it is almost always the case 
in the nature, a volcanic complex deformed by faulting, subsidence of blocks, 
occurrence of parasitic cones and vents, volcanic explosions etc. Even when the 
volcanic activity began to clam, new small magma masses were intruded into 
andesites and pyroclastics, and andesite, andesiteporphyry and quartz diorite-
porphyry dykes originated. Simultaneously new portions of hydrothermal so­
lutions rose and altered the previously formed and more or less cooled volcanic 
rocks. The process of the growing as well as of calming of the volcano was 
a long lasting process with pulsations: intrusions or effusion of new magma 
/lava masses, ascend of hydrotherms and delivering of emanations. 

In the middle of the exposed slice of the volcanic complex is the Tilva Roš, 
which represents one of the main volcanic channels, where the hydrotherms 
most easily ascended. Therefore in this zone, or in the zone of the main volcanic 
channel the vertical zonality of alterations is best developed, and the early 
sulphates (i. e. alunite) are scarce. Later on because of cooling of the whole 
volcanic system, and therefore of the hydrothermal too, the pr imary high-tem­
perature mineral associations were replaced by younger associations stable at 
lower temperatures . In such parts of the volcanic complex massive to dissemi­
nated mineralisations may originate. 

The hydrotherms ascending laterally from the main channel, as well as the 
hydrotherms ascending along smaller or less important fissures mixed probably 
with supergene waters, become sulphatic (slightly oxidised), very acid, and 
along with middle tempera ture alterations (silicification + sericitisation + / — 
diasporisation) deposited was alunite. The mainly lateral migration and slow 
ascend of solutions was the reason that lateral zonality is better expressed than 
the vertical one, and that the leaching in the deep parts is not extreme. In and 
arround some smaller volcanic vents, especially if closed, the alterations will 
be similar to the afore mentioned. In these cases stockwork — disseminated mi­
neralisations may originate. 

In small parasitic craters a special rock alteration deposition of the ore. con­
temporaneous with breaking and redeposition of material occur, i. e. the de­
posits of the ore body "H" type originate. 

The origin of ore deposits in the Bor area may be explained only if they are 
related to long lasting processes occuring in a large volcanic complex with 
different developments in the central and in the lateral parts along a depth 
interval from some tens of meters to more than one kilometer (for central parts 
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with roots). Finally, except the faulting and breaking associated with the vol­
canic activity, the different properties of rocks (especially of the argillitised 
zones) enable during the volcanic activity and later on by tectonic processes 
very irregular fragmentation and displacement of blocks, what masks or even 
destoys the pr imary relationships in the volcanic complex. 

Acknowledgements: We express our thankfullness to the collegues from the Geolo­
gical service of the Institute for copper Bor and to prof. S. J a n k o v i č for help 
and usefull discussions. 

This work was supported by the RTB Bor and the grant "Geodynamics'' from the 
Serbian Academy of Sciences. 

REFERENCES 
BOWEN, R. — GUNATILAKA, A., 1977: Copper: Its geology and economics. Appl. 

Sci. Publ. London. 
CISSARZ, A., 1956: Lagerstätten und Lagerstätten bildung in Jugoslawien in ihrem 

Beziehungen zu Vulkanismus und Geotektonik: Belgrade, Raspr. Zav. za geol. i geof. 
istr., VI, 151 pp. 

DROVENIK, M., 1961: Geološko petrološka študija širše okolice rudnika Bor (Vzhodna 
Srbija). Doktorská disertacija, Ljubljana. 

DROVENIK, M., 1968: Razvoj magmatskih in piroklastičnih kameni v okolici Bakre-
vega-rudišta Bor. Geologija, Rasprave in poročila, knj. H, Ljubljana. 

GRUJlClČ, B. — MILlClČ, M., 1980: Prostorné i genetske veze izmedju tipova Cu-mi-
neralizacije u rudnom polju Bor. Savetovanje: Naučno tehnička i tehnološka do-
stignuca u rudarstvu, geologiji i metalurgiji. Neum. 

JANKOVIČ. S. — PETKOVIC, M. — TOMSON, I. N. — KRAVCOV, V., 1980 a: 
Porphyry Copper deposits in the Serbo-macedonian province, South-Eastern Europe. 
Proceedings of an International Symposium held at Bor, 18—22 September 1979, 
Belgrade. 

JANKOVIC, S. — TERZIC. M. — ALEKSIC, D. — KARAMATA, S. — SPASOV, T. — 
JOVANOVIČ, M. — MILlClC, M. — GRUBlC. A. — ANTONIJEVlC, I., 1980 b : 
Metallogenic Features of Copper deposits in the volcano-intrusive complexes of 
Bor District, Yugoslavia. Proceedings of an International Symposium held at Bor, 
18—22 September 1979, Belgrade. 

KARAMATA, S. — MILENKOVIČ, P.. 1967: Le caractěre des altěratiens de contact 
autour des roches intrusives quartzdioritiques dans le complexe ěruptif de Timok. 
Referati VIII. Kongres Karpatsko-balkanske geol. asoc. II, Beograd, pp. 247—253. 

KARAMATA. S. — MILENKOVIČ P., 1969: Clay minerals in hydrothermaľy altered 
and weathered zones in the Timok eruptive complex — their application to prospect­
ing of copper mineralizations. Travaux du comitě international pour l'etude des 
bauxites des oxydes et des hydroxydes d'aluminium, AYSA, Zagreb 6, pp. 47—56. 

LAZAREVIC, M., 1912: Die Enargit-Covellin Lagerstätte von Coka Dulkan bei Bor 
in Oslserbien. Zt. F. prakt. Geol., XX. 

MILOVANOVlC, D., 1979—1980: Proučavanje hidrotermalnih proměna u slivu Borske 
reke. Geol. análi Balkanskog poluostrva, Beograd XLIII—XLIV, pp. 511—529. 

MIHAILOVIC-VLAJIC, N., 1967: Izveštaj o izučavanju kriterijuma lokalizacije orud-
njenja i distribucije retkih i rasejanih elemenata Bor-Majdanpek. Fond stručnih 
dokumenata Bor. 

MIHAILOVIC-VLAJIC, N., 1968: Mineraloško geohemijski indikátoři orudnjenja 
bakra u timočkoj eruptivnoj oblasti. II Savetovanje o istraživanju bakarnih mine-
ralizacija u SFRJ. Bor. 

NAKOVŇIK, N. I., 1968: Vtoričnije kvarciti SSSR i svjazanie s njimi mestoroždenija 
poleznih iskopaemih. "Nedra", Moskva. 

NAKOVŇIK, N. I., 1970: Sostojanie, problemi i zadači izučenija vtoričnih kvarcitov. 
Problemi metasomatizma. "Nedra", Moskva. 

SILLITOE, R. N., 1980: The Carpathian-Balkan porphyry copper belt — a Gordillerian 
perspective. European copper deposits. Department of Economic Geol., Faculty of 
Mining and Geology, Belgrade pp. 26—35. 

Review by B. CAMBEL. C. VARCEK Manuscript received June 26, 1982 


