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Abstract: In the area of the Bor copper deposit (East Serbia)
existed during the first volcanic phase of the Timok igneous com-
plex a large volcanic complex with the main vent in the vicinity
of Bor,

This voleanic complex was not a regular stratovoleanic cone,
but rather a deformed (by internal faulting and blocksubsidence)
and composed (because of development of parasitic cones or vents)
one. In late phases of volcanic activity andesite and quartzdiorite
porphyry dikes intruded into deep levels of the wvolecano. In the
same period hydrothermal solutions ascended, altering and mine-
ralizing the volcanic rocks.

In the zone of the main vent or in the zone of the most important
ascent of hydrotherms (the Tilva Ros column) zoned alteration ori-
ginated. Later on during cooling of the whole complex the [irst
high-temperature mineral associations were replaced by lower-tem-
perature parageneses.

The hydrotherms which migrated laterally from the main vent
or along parasitic chanale were mixed with descending waters and
became sulphatic, very acid and mineral associations rich in sulpha-
tes originated. In such cases the horizontal zonality of alterations
is well developed, but it is vertically leas expressed or even absent.

In some small lateral craters the rocks were alterated in a pe-
culiar manner (near surface) and Cu-ores of a corresponding cha-
racter were formed (i. e. ore body “H").

The origin of mineralization and related wall rock alterations
are possible to explain only if these processes are connected with
a long living big voleanic complex, intensively fractured and reacti-
valed, which extended also laterally and vertically (to the extent
of more than one kilometer) facies.

Peswowe: B paiione seanoro mectoposciems Bop (Bocrounas Cepiins)
s ppess nepsoii syakannieckoin Gaze THMoukoil MarMartiieckoil odaac-
TH 0OpasoBat OOLIPHBHT BYARAIINCCKIT KOMILICKC ¢ FAaBHLIMIE HeHT]a-
Mi B HenocpeiaceTaeninoil Oansoctn Bopa,

ITOT BYJARMIMYCCKITT KOMILICKC 11E OTHOCHTC! K HOPMAaALHOMY ¢TPiTo-
BYJRAHCKOMY THIOY, @ Achopasuposait (BIVTPeHNte pasjoMnl, onyckaing
OJOKOB) 1 YCAOANCH T PASHTIHUCCKUMIE KPATCPAMIL 11 Kaua aMit.

3a spemn nosjmeli  azu BYAKARINCCKOT  AKTHBHOCTIE  aliCsITh
Ak ksapiaopnrnopdupa BHcApens B 6oace LAYOOKIC FOPIIONTLH
BYAKana. Cocran MIPOTePMAILHLIY BOCXGUIIUIN PACTBOPOR 1EMCHIICS
B 91O BpeMst. T PACTHOPLE MIHCPAIBOAI BY.IKANHYCCKIE HOPOL,

B 30o0e FAannbx G0ABOAHLIY KAHAJI0E 10 B I0HC CAMOFO AKTHBIONO
aciiersis rwaporepyaniny pactsopor (Tnanra Pow)  noswasiores so-
HAABHLIC - BTOpudnpe aessenenis (aanrepatin ). Tlozance  sa npems
OXJAALCIIBE 1CT0T0 KOMILICKC TCPBONAMAIALIG BHCOKOTCMICPATY PHsI
ACCORTIANLITE MEHCPAIOB SMCHCHL WHIROTCMUCDATVPHBM 11 ParcHe3neoM.
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Jlarepasniio £ HanpanIcHitio  oCHoRILIN  HOABOAHLIN WAL HapasiTi-
ECKIN KAIAI0B TIAPOTEPMBL MCIEANICH ¢ HICNOAAULIMI BolaMil i CTa-
nosies evabhariusie Tak 00pas0BLBAICH OUCHL KHCIBIC MHHEPaTh-
Hpe accotmatun, Horartue evabsharazin BoTakux cayuanx ropusoHtain-
WAt 3OIAILHOCTE BTOPHYILIN HAMCHCHHTT 0UCHE SPRO HPORBINCTC, B TO
BPCMS KK BOP THKAILIAH  30HAABIOCTL  MCHCC  BUPAMCeHa 1 oTeyT-
CTBYCT.

B HEROTOPBIN M JaTCPAJALHBY KDATCPAX NOPOAL HIMCHCHL 0CO-
OLM - 00pasoM (B0 BOBCPXHOCTI) 1 00patoBalbl MCAHBIC  PYVILLL
oTanMaonecs cneipiucckimi ocotenoctamit (nanpumep Pyanoe teao
NJ.

TIPOHCeXOACICHIe  MUITCPAIHAAI 1 COOTBETCTRYIONLIEC  OKOJ0PYHBIC
HEMOHCHIH MO0 OOBSCHITL TOJLKO  TeM, "T0 9TH IPOLECCH CBAZANDI
CUHTCALIDIM  ICPHOLOM  CYILCCTBORANI  OFPOMHIOTO  BYJAKAHIUECKOTO
KOMIICKCA € [HTCHCHBHLIMIL PA3JIOMAMI 11 HCCKOJILRHME azamin ripo-
TepMadbioil axtipnocti. Takny ofpasoy QopMIDOBAIHCE JaTepaabible
N sepTHRAgbibe  Qalli,  pacipocTpaneHibie g NPOTIECHI  CBBIIC
| wkiiomerpa.

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 Lazarevié¢ (1912) wrote that this ore deposit originated in
a relatively shallow level. Cissarz (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 (Drovenik. 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
mineralisations clearly differ (Karamata — Milenkovic¢, 1967, 1969).
Mihajlovi¢ —Viajié¢ (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 mineralisations in the Bor area (Jankovic et al.
1980 a; Jankovicetal, 1980 b: Gruji¢ié¢ — Milicic¢ 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 Borska 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 northern side of the Tilva Ro§ ore body
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is silicification associated with sericitisation, grading by more intensive altera-
tion and depth to the occurrence of diaspore, 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 abundatly in stronger
altered zones. Anhydrite 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 Ros ore body

The wall rock alterations at the northern and northwestern side of the Tilva
Ros 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 Ro§ is considered the vertical column is about 500 m. The alterations
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 Ro$§ (now removed), the characteristic mineral associa-
tion was: quartz — sericite — kaolinite (the association was partly altered and
leached by supergene solutions. but a reinterpretation of composition was
possible):

— (+ 134 m) the main level of studies in the open pit. the characteristic mineral
association is: quartz — sericite — diaspore — kaolinite +/— pyrophyllite in the
very centrum:

— (— 78 m) the deepest studied level in the mine. the characteristic mineral
association is: quartz — diaspore — 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 diaspore were altered to
sericite and kaolinite. and alunite. [ollowed much later by anhydrite and gypsum
origin.
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The alterations in Tilva Mika and arround enalogous ore bodies

The alterations occuring arround 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 many 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 Ro$ type. In this area
diaspore occurs instead or along with alunite, but oppositely to the Tilva Ros
alterations even after passing more than 500 meters through strongly altered
rocks high-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 structure 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 of 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 voleanic complex with (according to the present
knowledge) the centre in the neighbourhood of Bor. This volecanic 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 voleanic complex are covered by younger volea-
nics of the first voleanic phase an by psammitic and pelitic rocks (later only
slightly laumontitised and calcitised). Inbetween the Bor conglomerates and the
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Table 3
Alterations around the ore body “H”

Approaching to the ore body >
Chlorite — calcite Quartz — sericite | Quartz + — sericite |
Sericite — biotite sulphides [ — 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 voleanic 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 Ros,
which represents one of the main volecanic 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 primary 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 temperature 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 volecanic 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 primary relationships in the volcanic complex.
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