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In this paper t!he author reponlls 1the results of investigations of the oopper 
ore deiposil1ls Gradlski potak, Svinica and iKatalrina of the Gradski potak ore 
field in the middle par,t of the Northern Trgov.ska igara ore district buHt up 
from Upper !Palaeozoic sediments. Tile author describes ithe history of ml· 
ning and geological !investigations, the mmiphology of ore occurrences, the 
microph}'lfilography of hyipogene and hypergene millleral:s and the succession 
of mlineradisatioo. 

U ovom radu autor iznosi re7JU!litate istrafivanja .baikamih rudnih leti~ta 
Grads'.lci potok, Svinica m Katarina u :rudnom podruCju Gradski patok u sre­
diSI1jean dijelru sjeveme T~ovsike gor,e izgra<1ene od gornjopaleozojSikih sedi­
menata. 1Autor je lizloti.o h11stori:jat dosadanijih -rudamkih i geoloSikih i!strafi­
vanja, ~ao naeilll pojaivl~ivanja balka:rmog orudn.jenja, izlofio rerzultate 
detalJjlllih miklro.skqpskih ispit1vainja h.ilpogenih i hlpergenilh minerala sa sulk­
cesijom mineralizacije. 

IN11RODUCT10N 

The copper4bearing siderite depos'its in the Gradski ipotdk area are 
situated further east than the silver-<beaiiing galena deposits in the Zirin 
area {Ju r ik o vi c & Du r n, 1988) and the Catrnja area (J u r k o v i c, 
1989) 'hitherto rdescribed. The area extends in the South as far as 
the Velebit ibrook £rom point + 230 to point + 162 ibelow the villag~ of 
Stambolije, on the West along the Hasanov Grob spur ( + 385 m), in the 
East along the Stamibolije brook, a left bank tributary of the V elebit brook 
ais far as point + 381, and on the North oo 1!he uipper readhes of the Svi­
nioa water-course, a tributary of the Sredorak, anrd the Dragtiisevac brook, 
a tributary of the Lesser Maj.dlanski brook. The central part of the ore 
district is 3.5 1bn fl'orn the vtillage of Bes1linac (Fig. 1 and 2). Three oop­
per deposits were located here and partrially exploited: the largest is the 
Gradski potok mine {August), with woI'lkiings from no. 27 to no. 37 on 
Fig. 2, then ithe Svjuica mine (worlkings nos 38 and 39), and the Katarfoa 
mine {wor.klings nos 40 •and 41). 

HISTORY 

In Hlyri~ and Romain times mining was carried out in the GradSiki potok area 
for haro liimonite ore from the oxidation Z<>ne of the siderite deposilts. With the 
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collapse of the Roman Bmpire mining activity came to a stop. Millin~ for limonite 
was resumed by Sax.an miners du00g rt:he 1tenth and eleventh centunes. At a -ti me 
of intensive mming unde1r the Counts Zrinsiky between 1453 and ·1577 only silver­
-bearing lead ore was extracted (mainly in the 2rin and Catimja districts), :while the 
copper ore, which was ithe !p11inciipal ore ilil Grad~i potdk, remained untouched. 
At the beginning of ·the eighteenth century the :Aiust:rian oourt financed small scale 
prospecting works. Following the Ioss of ·the Saxon mines, the Empress Maria 
Theresia encomaged mining in Croatia ~rom 1768 onward, and according to W o j­
t an e :k .(1772) copper deposits in iKatari.na and Gradski potdk were iprospeoted, 
while iH a c q u e .t (11789) reports prospecting for copper ore ·in Komelija and some 
other Jocalities. The emphasis in mining was neverthelesis on iron ore, and the 
»TII'govi 1Lron Works« foUIIlded in 1794 went on producing nothing but iron ore and 
smel1Ji!Ilg crude i!l:'on until 1832. It was •the IKJageofurt merchants, 1Planker and Jager, 
who converted production t o copper ore, having purchased the mining rights from 
the Aus•triian state. These included concessions for Grad.ski potdk, Katarina, Upper 
and Lower Breunner, Upper G!radski potok and Komelija (S,zedelm y, 1845; 
Lipold, 1855). The ore was smeLted .in a oop!J>er s:mellting plant ilil Beslinac which 
had been buiilt by ,the iAiUstrian government in 1842. From 1858 to 1870 the mining 
and smelting rights were in the hands of the Viennese business man Desiire Gilain, 
who founded ·the »TII'goVISki mines and smelting WOI"ks BeSlinac«. v. Hau er (1870) 
gives an account of :this period. Follow.ing a fall in the price of copper on .the world 
market, 1the new propvietor Frohm and his S1UCCessor Mulay stopped 1producing 
copper ore and co111Verted .the smel.t•ing works 1nto a blast furnace for ·the produc­
tion of crude iron (Z loch, 1897). From 1894 uillti1l 1901 this mining activity was 
at a standstill, and the blast furnaces and ithe m ining Tights were taken over by the 
»SocTetC anonyme des hauts fot11'1leaux;-mines et fOrets-- en Croatie, 'Ilrgovo-Br-0-
xellesc. This company resumed millling for copper ore, deepened ithe Gradiina and 
Grads'ki ipotok pits and weillt on producing ore until. 1914. Wo11k ceased in that year, 
because ithe mine wortkings Tevealed that the ore·beairing level deteriorated d-own-
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wards on accotliJlJt of major faults m :the NW and SE parts of the deposits which 
ran counter to the direction of the deoline, and also because of an impoverishment 
in the copper content of the ore-bearing zone. This period is described by Re u t e r 
(1910) and v. Papp {1919). Between '1914 and 1945 the mining 1rights changed hands 
several .times, but mi.n.ing operations were not resumed, except d\l["ing ·the period 
1936-1941, when ithe remaining mining rnach.iinery was removed from the main 
extractiOIIl gmilery. ilt was not until! 1952 rthat <llhe »Siisaik Iron Works« cleared the 
maiin adiit art Lower BreUD!!ler i(IIlO. 30) in GradSlci potok and .the Lower Katarina 
adit (no. 30), but these Qperations were s{)()n abandoned. 

THE GEOLOGICAL STRUCTURE OF TRGOVSKA GORA 

The central parts of T.11goviska <glOra, where iron, copper and lead ore 
deposits occm, are formed from Upper Paliaeozooc sediments. Palaeonto­
logical analyses oaxried out to date hwve established Lower Devonian i(D1) 
in the valley of the Lju:bina brooik, then Lower Carboniferous {C1) near the 
oonfluence of the Lj,uJbina wdth the 1Jirovac brodk and near the junction 
of the Majdanski brook and the Zirowc, Middle Carboniferous (C2) in 
the SE part of Tirgovska gora, and Upper Carboniferous (Cs) near the V'il­
lage of Kosna and at point K1upica and the Meterize area. The Devonian 
and Carboniferous stratia consist maii.nly of ·shales, with 'layers of graru­
wacke, ·9Ulbgrauwaoke and other tyipes of sandstones of varying thidkness. 
No fosSils were detected 1in the roof series, which is generally of a sand­
stone character (more detailed account in Ju r'k o v ic' study, 1988). 
In a tectonic sense, Trgovska gora rq>resents a unit constructed from 
the ·Pa1aeozoic, the Triassic and reduced Jura&Sique and Cretaceous. It 
is alloohthoniic in isi!itJation, 10verlying a base of Cretacoows sediments in 
the SW and W direction {Sp a rii ca, 1981). 

THE MORPHOLOGY OF THE CORPBR iDEiPOSITS 

The Kat a r in a o ire ib e d (40 and 41) is situated 1by the upper 
reaches of the Draigisevac brook in Upper Palaeozoic {Carboniferous) 
shales with interoalations of sandstones. The mineralisation is represen­
ted by two ore-ibea:ring 7JC>nes runnling parallel to each other in a NW-SE 
chi1rec1liion, with a gradient downwards of 35° to 55° ttowaros the SW, the 
first thidk:er and richer lin ore 240 m long, opened uip iby the Lower ~ata­
rina adit (40), 'tlb.e other a thinner, poorer ore bed, 120 min 1length, opened 
Uip by the Upper Kiatarina adit {41). Wiithin the me~bearing zone the mine­
rallisation - takes the form af stratified veiillS ,@>eds), or else lenses con­
cordantly embedded ~n shales (Wo j tan ek, 1772; S zed e Im y, 1845; 
v Andrlian, 1868; Tucan, 1907; Reuter, 1910; Reithofer, 
1910; J ru r ik o vi c, 1962). The main paragenetic mine11al is isider.ite with 
varying quantities of quartz and sulfides, amongst whloh pyrite is most 
frequent, foMowed by chalooipyrilte, a great deal less tetrahedrite, and on­
ly here ancl there some sphalerite and very rarely galena. 

The S v i n i c a o re - b e d {workings 38 and 39) is located on the upper 
reaches of the Svinica brook, a right bank trilbutary of the Sredora1k brook, 
which flows into the Zirowc water-oourse near the 'Villiage of Trgovi. 
Investigations have establiished the existence of two parallel ,Jll!ineralised 
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zones concordant!ly embedded r.ial. oarbon'iferous shales wi'th dntercalations 
of sandstones. The extension of the series is rill a NW-SE directiion, de­
clining t01Wards SW. Tihe foot-wall of the ore~bearang zone was exiplored 
by the Lower Svinioa adit extending for 140 m (38), while ;the ·hanging 
wal~ zone was opened to a di·stan<:e of 80 m by the Upper Svdnica aclit 
(39) {Sze de 1 my, 1845; Reuter, 1910). The iparagenesiis and the forms 
of the ore bodies are very similar 1o those in Ka tarina. 

The G r ·ad s k i p o to lk o re fi e ~ d (workings 27 to 37) is located 
beneath the Gradina spur round the source and the upper reaches of 
the :brook of the same name and its tributaries, amongst them the Bap­
tista and Nova Nada brooks. On the Gradirra sipur numerous ·sipdil heaps 
with limonite ore may 1be observed, signs of mining operatoions in Illyrian, 
Roman and Sax.on periods. There is no :re!liaib'le evidence of attempts to 
mine silver-ibearing tetrahedrites and galena, which are accessory mine­
ral•s tin the GradSki potok ore ifd~d, ibecause at that toime 'the miners did 
not extract oqpper ore. Gradsikii potok was itihe largest copper mine of 
the Austro-Hungarian monarchy in the nineteen'tlh century 1~Li ip o 1 d, 
1855). The basic mmiphological characteristics of the Gr.adski rotak ore 
fiields may be reconstructed from the :relatively lairige number o accounts 
given hy mining engineers and gedlogists in the eighteenth, nineteenth 
and twenttieth centuries: W o j tan e k, 1772; H a c q u e t, 1789; S z e­
d elm y, 1845; Lipold, 1855; v Zepharovich, 1859; v Andrd­
an, 1868; iv Hauer, 1'870; Zloch, 1897; KHipatic & Tucan, 
1914; v P arp:p, 1919; A 1 elks i j e vie, 1922; T11ir i na, 1933; Tu can, 
1941; Nedela-nevide, 1953; Jurikoviic, 1962; Sinkovec, 
(1962) and Br au n (1977). 

The ore body is conooroantly dntruded 1in a series of Call'!boniferous 
shales with intercaila1lions of ,sandstones, graiu'Wladkes and subgrau~ckes 
(Ned e 1 a - Dev d de, 1953 and Majer 1964) eXtending generally !NW­
.SE, or alternatively NNW.SSE, With a dip of 4~2° towards SW, or 
alternatively WSW. OutcrQps of the ore body aire found at various 'albso­
lute afltitudes on the Gradina spur, because erosion has penetrated deep 
into the ore~bearing zone in the bed of the Baptista hrooik, as far as the 
first homon level at point + 265 m, whille an even broader area or ero­
sion is located in the ·bed of the Gradski brook, where erosion also ex­
tends to the level of the first hor~e>n (sector C). Because af these eroded 
areas on the Gradina spur, the first phases in the eJCI>loitation of the ore 
took place in separate sectors A, B and D. It WalS only from the level of 
horizon I that a coordilllated mine was developed. 

In itlhe first phase of prospecting and openilllg ithe Gradski potok mine, which 
lasted from •1768 to 1832, the mineral reserves were investigated to an absolute 
altitude of + 265 m, i.e. between 33 and 80 m above the excavation levels, depenwng 
on 1:he configuration of !the iteITrain. The exitreme NW 1Pal1t of the ore-hearing zone, 
which was ltlhe highest on ·the site, was opened up by the Gliiokauf ad.it (33) at point 
+ 312 m. By means af aidits Nova Nada (27) at point + 283 and Upper :Baptista at 
poil11t + 278 and + 285, the rz:ero horizon of Gradski ipotdk was ~ned to a length 
of 575 m . The maJjor p.au:t of this adit embraced illhe iprimary zone with siderite, sd­
fides and su.lifosal!tis . .Aoo:>rdiing to reoorded dwta it was hlghly productive along 
SfYJ/o of ~ts leongth. The 1thiokness of rthe orebearing zone is between 5 and 6 meters, 
richer in chalcqpyrite in :its NW pant ithain in the SIE part, where the incidence 
of chalcopyrite declines in .favOIUII' of IPYrite. By means of extended prospeoting in 
depth, the first horizon of 1:he mine was opened up, wli.tlh adits Upper Gradski (35), 
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Lower Haiptista (29) alild Lower iBreunner (34), all at points on level + 265 rn. At 
this horizon the ore•bearing zone was 540 min length, exitending to the NW ifuult 
rone, ·with a dip ito SE, and the SE fault zone, wiith a dip to 1the NW, which curtai­
led the ore-bearing slab wedgewisely. 

To that level of the ·filrst horizon the Gradski potdk deposiits were richest in 
chakopyrite, and the ore-bearing zone thiclrest, iw1th a massiive »Ore shoot«. Before 
the construction of a 1second horicwn at point + 232 m, rthe ore was exitracted via 
intermediate hori7.0lls, with the adits Lower Grads!ki (36) at poi.nit + 248, aind Kem­
pen (32) at + 238, and Komelija 1(3.1) at point + 236. The confligumtion of the gtr0-
und in ithe valley of the Gradski potOik birook permitted 1the economic wotldng of 
the lowest extraction acHt Lower Breunner at point + 236. This adirt ran N 40° E, 
and having traversed the orebea:riing zone at 300 m, opened ~t by ex.tensions on both 
·flanks to a cliistance of 490 m, as far as the !two major . faulit ilones. At a later 
period !it served as the main ad.it for rthe e:ictraotion of ore, being ·liniked by 9 .4 km 
of narrow gauge railiway with the ·smelting woiiks in Beslinac. In ~he first phase 
of the development of the Gradslki ipotok mine as described here, the main mining 
effort was concentrated on \Pl"Ospeoting 1the albundance and the quality of the copper 
ore, while exiploitattion was concenwaited on the productlion of lilmoniite and siderite 
that were poor in chalcopyrite, with a ·vti.ew to obtaining crude ·iron. There are no 
daita concerning ,the production of oopper ore, and it was on a negligible scale. 

Dll'l"ing .the second phase in the development of rthe Grac!Ski potok im:ine, 
which lasted from 1832 ito 1870, copper ore began rtlo be produced from 1the firs't and 
second horizon, rpa.rti.oularly during •the period from 1832, a copper smelting l}>laa::tt 
was constructed in BeSlinac (.1842), while in 1862 the construction of the Gradina 
(Emilija) shaft was begun at point + 287 m, in the hanging wall part of the ore-ibea­
ring zone. Of the planned 180 m depth of the shaft, 120 m were completed by 1870, 
as fa:r down as + 167 m, when WOllk was suspended. because of ithe fall in the price 
of copper lin the iworld mal1ket. The Gradina shruft was 'linked by a lateral galery 
110 m long with either ithe second horizon or the Breunner adit (30) at + 232, 
as well as by an 80 m long lateral gallery with rth.e fourth level at + 167 m, which 
ran for 350 mas far as both fault zones. The th:iJrd horizon at + 187, I1tU1Iling 380 m 
to lboth fuults, was not llinlked ito the shaiit, but rto :the fuunth horizon by means of 
drifts. During •the period :firom 1858 .to 1870 .the development of rthe Grad.in.a shallt 
permitted initensiive e:xiploi.tation of rthe coipper ore. From 1839 to 1858, it was mainly 
iron ore thait was e~tmoted, arong iwith S]derites poor in copper minerals, and li­
momtes. 

In the third phase, from 1870 until 190\1, .the production of copper ore 
ceased, while on the upper horizons, in the Nova !Nada and Upper Baptista adits, 
where the deposits were IIDOS1: !Plellltiful, the remaining limonite and siderite with 
low oopper content were to some e~tent e~d. (Zloch, .189.7). 

In a fourth phase, tfrom 1901 until ,1914, a Be1gian company rr-esumed work 
in Gradski potdk, following a 1renewed rise in ,the 1Price of copper. The Gradina shaft 
was deepened to + 140 m, and reached a total depth of .147 m. The shaft as pro­
vided IWlith electricity, and linked by means df a ·t11ansve11se gallery 55 m long with 
the fifuh horiaJon alt 140 m., whioh ran 260 m. to both fault zones. From this 1liiith 
hor1izon on~y six short drifts were :run downwards Ito aibout 15 m. in each case, 
the negati.ive yield of which Jed to rthe cessation of attempts to sink fuiither wor­
kings. Dming thls period, siderites rich in chaloop~e were extracted from hori­
zons IV and V, whiie on horirons I, II m1d lLI, only rthe SE par.ts of the NW sector 
(B) and the hitherto unexipldi.ted rparts of rthe A 1seotor in the SE seotor ~A) were 
wol'lked. Ex.traction was carried out lby rthe pillar imetJhod. 

After 1914 the GradSllci ipotok mine was no longer in production. 

Through these mine workings it was established that there were 
three ore-bearing zones running parallel to each other, with siderite 
and variaible quantities of quartz, 1sulfides ·and 1suaifosa1!ts, amongst whioh 
chakopyrite was the main ore mlineral. The lowest strati1graphica1l zone 
was the-11i.chest and lthe tb:idkest (~ to 3 m.). Its foot-wall 1salband indu­
ded an ii.ntterpolatlion of aLmost pure chailcapyrite firom 30 to 50 cm. thick 
on average (up to 1.2 m. in ipliaces) of a ist:iratified texture, blending into 
the central part of th~s footwall rone consisting of siderite with siprintk-
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lings, irnpregnat!ions and smahl nests of obaloopyri.tte. Larger nests of chal­
copy:riite may also .be observed locally .in ~he siderite, while there are also 
similar nests 1in the hanging wall and foot-wall shales. In the hanging wall 
and the foot-wall of tthe ore•bearting 2J0ne, a relatively 11al'ge num.lber of 
slender ohakopyri'te strart:a may be seen, 1several mitllimeters thiidk, with 
local networks of chalcopyrite lamellae up to 4 cm, in thickness (Re u­
t er, 1910). This lowest cre~bearing !Zone is separated from ·the central 
ore.1bearlng zone by an intenposed layer of shale of 1.4 m. th:idkness on 
average; it is 1-2 m. thick on average wid is si~tly poorer d.n ore 
conrtent. The interspersed deposits of ch.alco;pyrite were 1 to 10 cm. thick. 
Thls zone was again separatted from the uper ore.ibearning zone by an in­
terpolated layer of 1sbale 1.4 m. thiok. The hanging walll rone was the 
thinnest, ·a/bout 1 m., with row sulfiide content, ·and the least \known dn 
terms of dts emension. The extension of ithe entire trllparti'te rone of mi-
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neralisation was NE.JSE,with a dip of 45-62° towarids SW. The ore~bearing 
zones on the 11.l!pper levels were fiai'l1ly :regular and oonsistent in their ex­
tension. As they went deeper they grew progressively thinner and became 
less regular in the direction in which they ran. Minor faults were encoun­
tered, a relatively ·rapid reduction fa th:iokness with a relatively great 
increase in the ooourrence of quartz and noticeaibly less chalcopyrl te 
while the productive length was reduced downwarid ait both ends of :the 
mineraltsaoon zone on account of the two fuullt zones previously men­
tioned. As a .resullt the ore-lbeari.ng isurface acquiored a traipezoidlaJ. shape. 
I ts upper side was 575 m. long at lthe !Surface of the Gradina spur, but 
was of an drreguliar shape because of the erosion clefts represented by tihe 
Gradski brook and the Bapt1i1sta ibrooik. I ts 1iower 1surface at the fiflth 
horizon level was isigniificantlly shorter, no more tihan 322 m. From 1these 
measurements we dbtain a trapezoidal surface of about 90,000 m2 • 

While on the upper horizons the richer ipartts of the ore4bearing zone 
(6.5 % Cu) oonstituted up to 50 O/o of the rtotal extent of the ore-bearing 
zone, on the lower horirons thiis was :reduced to 30 O/o and even less. 
According to the classification of Sm i r no v (1967), the ore field 
of Gradski potdk most nearly 01pproxi:rruaites in its morphology to »·mul­
tiple strata with interoaJations of oountry rock, di'V'ided dnto benches se-

. parated by intercalaltion of :rodk. The ibenches are, in turn, broken localily 
into layel'IS.« 

QUMJITY OF THE ORiE IFIBLD 

According to v. H ia u e ,r ~1870), !in ithe case of undeq~round workiings 
in the nineteenth century, the Gradski potOlk ore oontaining 9.38 °/o of 
Ou on average was considered to 1be of ;fiirst-class qmHlty. Such ore oonsti­
tuted aibout 10 O/o of rthe excavated ore. Seccmd-dlass ore with 6.18 O/o 
Cu made Ulp 90 % of the ore mined. Acoo:ridiingly, the average Cu oontent 
in the production of that periiod was 6.55 O/o. The same author claims 
that lby 1859, 1945 tons of copper ore wi!th 6.77 O/o, d. e. 131.8 tons of 
copper had been extracted, and ltlhen, down to 1870, 8,600 tons of ore 
with 6.97 °/o Cu, d. e. 600 tons of oopper. rv. Andrian {1868) writes 
that the richest ore was on the higher homzxms, !the zero and the first 
horiron, where a very ri.ch ore shoot (Enmittel) was discovered; of a 
total length of 380 m. on 1tihe third horizon, only 50 m. contained rioh ore, 
the remaining segments were ei!ther sterile, or el•se ipoor in ohalcopyrite, 
in place of which an increase ~n pyrite was found. The thiro horizon 
yielded only 1.3 tons of ore per 1 m.2, with lllhe fourth horiron giving 
p.o more than 1 ton of ore per 1 m.2 of lthe ore-hearing rone on average. 
Reserves were estimated at 4,000 itons, with 7.12 O/o Cu. l't is oonsidered 
that the rone a few meters above rthe fifth hornzon, as well as the drifts 
below rthe horizon are sterile. Li ip o 1 d ~1855) estJi:ma'ted the Gradski 
potok resevves at 2,400 itons of cawer metail, oonsddering it to he at 1that 
time the largest copper mine in the Alus'tro-Hungarian domains. Re u­
t er (1910) gives an ·anailysis of the rich and :the poorer ores .from GI1a<is.ki 
poto:k. The trich ore co:nltalins: 7.10 O/o 1Si02, '8.70 O/o Ou, 9.63 O/o S, 35.60 O/o 
Fe, 0.840/o OaO, 0.2'1 O/o MgO, 2.30 O/o !A.120 3 , 1.55 O/o Mn, and 34.07 °/o C02 
and ignition lost. The low-wade ore ocmtalined 16.85 O/o SJ.02 , 3.88 °/o Cu, 
3.42 O/o S, 33.80 O/o Fe, 1.70 O/o CaO, 0.30 O/o MgO, 2.66 °/o Al20 3, 1.21 O/o 
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Mn, and 36.10 °/o 002 and ignition Jost. Ju r k o iv d c .(1962) gives an 
analysis of the composiltlion of the copper 'Siderite ore found on the 
mine"s main spoil heap: 15.40 O/o Si02, 3.77 O/o Ou, 3.45 °/o S, 31.50 °/o Fe, 
0.55 °/o CaO, 1.50 O/o MgO, 0.44 O/o Allz03, 1.12 O/o MnO, 0.33 °/o Pb, 0.03 °/o 
P, strong !traces of Ni, :traces of Co. 'Th'is oompO'sition would correspond 
tJO it.he so-oalled low-igrade ore of 'the eat1ier periods of exploitation. 
Analyses .of the copper content fro.m 'the Nova Nada (27) spoil heap 
were also oarried out, wi'th ithe full01Wing ·results: 6.51 O/o Cu and 9.41 O/o 
Cu, whi1e •samples from the Breunner adilt yielded 2.14 O/o Cu and 3.67 O/o 
Cu. 1Panticuliarly finteresting were the results of an analysis of siderilte 
ore oontad.ning rvery littlle su.Lmdes such as was formerly used as an iron 
ore in rthe Grads!Qi 1potok outlpU!t: 6.6-10.00/o Si02, 0.4--0.56 O/o Cu, 
0.1-0.2 °/o S, 37-38 O/o Fe, 0.6-0.8 °/o CaO, 0.3-0.5 O/o MgO, 1.5-3.0 O/o 
Alz03, 1.17-1.240/o MnO, 0.02-0.03 °/o P, 27-290/o ignition 'lost. Aflter 
r~ting lthe same ore yiielded 17.7 °/o Si02 and 43.6 O/o Fe. According to 
v. Papp 1(1919), output in 19()<) amounted itJO 2,086 tOOIS of copper, and 
in 1912 to 229 tons of CQPPer. 

PiARAGEIN1BSl!S OF THE CORP.BR DBPOSITS 

The majority of earllier investigations quote only the basic character­
istics of ·the mineral composition of the copper deposits. Li ip o 1 d 
(1855), for instance, considers the daposits dn the wider Gradski potak 
airea to be siderite deposits, wiith chaloopyrite as the pmnciipail ore 
mineral; v. Andrian 1(1868) writes ·that the main ore minerals are 
siiderite and chalCQPyrite, with quartz as the pllinciJpal gangue mineral. 
In the rpoorer sectors of the deposits, pyrite rprevaliled over ohalcopyirilte. 
There is ~i ttile .galena in the iparagenesis. v. Hau e ·r (1870) enumerates 
in •tihe rpamigenesis s'ideriite, chalcopyrite, quartz and a little galena and 
pyrite. Re u It er (1910) w.rti.ites that, apart from 1Siderite, chaloopyrite, 
pylliite and quartrz, the rparagenesi:s 'involves lbornite. 

Only a few researcheI1S write in more detail of ia paragenesis esta1JHshed 
by The naked eye: on ·the spoil heap of the Kornelija adit iand other 
prospecting sites for copper ore Ha c q u et {1789) detected: chalco­
pyiUte (minera oupri cinerea) m quartz with a 1SIDall amount of schists, 
a brown oopper ore (minera cwpri crlnerea) in quiartz, oocasiiomlly in 
cailcite and sidedte, less frequently >Leberkwpfer1kies« (pyrite cupri.) in 
schists. Even rarer was »minera cupri versiooloraita« or a mixture of 
various copper mlineraJJs. v. Z e !Ph a r o vi ch (1859) iproviided ;tihe 
most detailed account of the Grads'kii pdtok minerals: borrute as dense 
masses in association with chalcopyrite, quartz, calcite and malaohlte, 
then chalOO!,Pyrite in drusy ~aces of :siderite or else as close-grained 
maJSses, or ·spllinlklings !in s'iderate, Joca:lly in ~ssoaialtion with malachiite 
and »ZiegeleITZ«. He ak> refers to the presence of cuprite with ochre and 
matlachite in its cavities, ais well as elemental CQPPer in the form of 
fine films on the cuiprous materials. As for sidellite, he says thait it is 
fine- to c01aI1Segrali.ned and contains crystals or 1spllinklings of galena, 
py11ite, chalcQPyrite, talc or dense quar.tz. In the drusy spaces of the 
sidellite he O'bserved small, filait irhomibohedrails of siderite, isolated or 
polyisyn.thetJically assodiaited. He writes that !the talc iils foliate, silvery 
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iwhite in oolour in the drusy 'spaces of :siderite, together w!ith other 
~neraJl.,s, amongst whioh there is also roliate or fine crystalline ipyro­
fos4te. Among die primary minerals KiSpa tdc {1901) enrumera1:es 
iside:r1ite, chalcopyrite, ibornliite, tetrahedrite, sphale11ite, •pyrite, gersdorf­
fite, calcite. He gives the following composition for the beautiful crystal­
line gersdo:rffite on the basis of a chemical analysis: ~Ni,Fe,Co)12As10S11 • 
Amongst hyper.genie imineral1s he notes oovellHe (131S a coating on chalco­
pyri.te), cuiprirte of a dark red oolour, \W1th ·minute needles or coatings 
of malachite, as well as »dimonite« of rki.dney~sihaped, clustered, stalaot­
itic or fibroid struoture. 

MICROSCOPIC EXAMINATION OF THE RAIR!AGENESIS 

The fi11St micrioscopic analysis of ore samples from the Gradski po­
tok d~osits was provided hy Ju riko vi c (1962). iln this paper we 
give a ·detailed account of eX'aminations of thin ground and polished 
sedtions with the microphysiograiphic characteri!stics of 'all ,the hyipo­
genic and hyipergelllic minera/11s identifiled, along with an account of 'their 
succession in the course of mlineral1isatlion.. 

Paragenes iis 
Hy 'Po gen d c m i: n er ah : ;siderite I, pyrite, qltl!a•ntz, gersdonf.fite, 

millerite, spha:lemte I, chalcopyrite I, ohalooipyTite LI, sphalerite II, bor­
.ndte, 1tetrahedrl:te, ibravolite, galena, cafoite. 

H yip e r g e n d c mi n e r a 1 s : .goethi te, lepidocroci1:e, elemental cop­
per, elemental silver, chaloocite, covellite, ouprite, malachite, .azurite. 

Metamorphic minerals: sdderite II, hematite, talc. 

THE MLOROP,HYSIOGRiAIPHY OF ·HYtPOGEN1IC MINBRA!LS 

S i d e :r & It e I is the madn mineral of hyipogenic paragenesis in the 
ore deposlrt's of t:he Gradski ipotak regtlon. I.ts •structure ranges from 
finegrained ro ooarse~ained. The cleavage is distinctly rhomhohedrat 
It ds silicified ro varying degrees of intens4ty, ·Si]i£ioatdon talking place 
along the plane af cleavage, aJt mlicro cracks, or in intergranular spaces. 
Many samples of siderite are of brown or rreddish brown colour, so­
-called »Braunspat«, which display red and reddish brown internal 
reflectlilons With crossed Illiools, arising from sub-microscopically fine 
.particles of hematite dust. At the [ower levels of the Gradski p ·otak 
,deposits, mdidation is barely perceptible, and <is Vlis~ble then along the 
rhombohedral plane of cleavage or at cracks, while in ·the uwer parts 
of the deposits it is ·tot.ail. Acoording :tJo True an {1907), a quant:Jitati:ve 
analy!.Sis of •sidenite from the KaltaTina mine giive the ful}owing resrults: 
59.60 °/o FeO, 0.87 °/o OaO, 0.10 O/o MgO, C>.87 O/o MnO, 37.73 °/o C02, 0.78 O/o 
insoluble residue and 0.20 O/o A120 3 , which on reoa}oula'tlion indicates 
.the folllowing oonstituttion for siderite: 96.75 O/o Fe003 , 1.55 O/o -OaC-03 , 

\1.48 O/o MnC03, 0.21 •/o IMgC03• An analysis of coarrsegrained s•iderite 
from Gradski potldk gave the following resulrs: 57.61 O/o .FeO, 0.79 °/o 
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In.t:ennt ey(I) an4 F.xteneivenese(E) of hypogen!'.c and hypergenic 
minPTals 1.n the Gr"daki potok brook ore district of Tr,,oTska gor:i 
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I!: 6 • •·p11rar;,,neznmR rurlnih po;la'Y1'. podrul!.1" Grl\dAki potok 
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CaO, a trace af Mg{), 1.15 °/o MnO, 36.39 O/o 002, 3.57 O/o insoluble in HCI, 
0.31 O/o Al~3 , whl.ch indicates the fufillOWling constitution on recalcula­
tfon: 96.03 °/o FeC03, 1.98 °/o Ca003, 1.98 O/o MnC03, and a trace of Mg003• 

Q u a r ;t z is an important oonsttltuent of these ore deposits. There 
is 5 to 15 °/o on average, ibut on rthe lower horizons, with aittenua1ted. 
ore.fuearing zones, there is consideralbly more, to the :point where it 
matches the quantity IOf siderite. It replaces 1Siderite ilil the rol'IIJl of 
systems of relaitlively tHinner or dnclcer veins, nests and 'Small mas·ses 
pf varying dimen&ions. Quartrz ~n the furm of veins is typimiilky white 
in colour, fine 1to moderately grained lin structure. It is associated. w:ith 
sulfides and sulfosalts. Corroded ·grains of quartz may be observed in 
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chaloopyrnte. Pa 1 ink as (1988), investigating inclusiolliS 1in quartz 
from Gradsiki potok, established that tw.in 1phase inclusions of a very 
i:riregular shape 1~L + V) were predominant, while single phase 1nclus­
ions (L) played a suborddnate ipart. Low temperature research gave 
TFM = -20 QC, which 1indioaites an almost pure NaCl-H20 system. The 
sal1inity varies from 0 °/o to H O/o NaCl ekv. with a maximum around 
$ 0/o. By homogenising samples H was pos,siible to obtain a wide distri­
bution, wlith two max1fa:m1m values of + 1500 and 250 °C. There was no 
indication of iboi1ling. 

P y ir i t e is a subordinate ore mineral in the richer sectors of the 
deposits, hut there is more of it in the SE parts 1of the ore ... bearing zones, 
as well as on 1the lower horizons. It [s more often present in the attenuated 
parits of the ore .. bearing zones, where ~ariger iamounts of quartz malke 
their appearance at the e~ense df side:riite, and 1the amount of chalco­
.pyrite diminishes. A:s regards the paragenesis of Gradski potok overall, 
pyrite is 1the most abundant sulfide after ch!aloopyrrte. We observe h in 
the form of corroded gra~ns in S!i:derite, chaloopyriite and quartz, hut also 
as individual idioblasts of hexahedral halbit, or alternatiively as clusters 
of 1such crystak Many ididblas'ts (ipo:riphy;rdblasts) of pyrite are envel­
O!ped in iatigned incrustations of gersd<>rffi.te. In some pyrite crystals 
bravoite even selectiively replaces ce:ritalin zones or segments of the 
crystals, particularly at the edges, which indicates the position of Ni 
minerals in the 'sequence of mineralisation. Chalcopyiri1te replaces pyrite 
enveloped in gersdorffite incrustatlions, foI1IIlling iinsufar ·structiures. The 
larger aggregations of the more coarsely crystiamsed 1pyrite are oataclas­
ed, the caitaclases being cemented by qua~ and here 1and there by 
sphalerite. 

G e 'r s d o ir f if i t e was iflirst observed 'With the naked eye 1by K i s p a­
t i c {1901) 1as smahl crystals of 1 ·to 2 mm. On the basis of chemical 
analysis he wo11ked out the formula (Ni,Fe,Co)12A:s10S11• Through rnicro­
·Scopic examlinart:ion we established that 1gersdotlifilte is 1a very prevalent 
mineral, we found 1it in almost all the specimens e:icamined, but allways 
in microscopic quantities. 1't occurs either in the form of dtdiomorphic­
ally developed small crystals wi:th a diameter ranging from severnl 
micrometers up to 50 micrometers, or else in 1the shape of relaitively 
coarse grains, the la11gest of them measui:iing 1 mm X 0.5 mm .. Ml the 
la11ger crystals are very finely structured in zones, these zones being 
numerous and varying with minute cli£ferences in outline and lin colour 
tones. At points individual ~ones or segments of the crysitals have ibeen 
selectively replaced by chaloopyrite O!f more recent origin. In thi:s way, 
skeletal fo:rans of gersdorffite arise within chaloopy11ite. We also obsel'Ved 
pseudomo:riphosis of chalcopyrite and galena on ·gersdoclifite. In some 
crystals alf.a and beta oomponents may Jbe deteoted which differ maiI11ly 
in confJguraiti!on and in 1s1ighit discreipanaies of colour and brilliance. Ac­
:eo:riding to Ramdohr (1983, p. 836) the brighter and harder com­
ponent is the alpha variety, while the darker and softer component is 
ithe 100t:a nrodifioatiion. Gersdorffite evolves symmetricatlly in the form 
of incrusltatJiorrs on largeir pyrlite 1idioblasts, these accrued crystals have 
1very regular outer surfaces of octohedral haibit. At points gersdorifite 
emibodlies clusters of pyrite grains, especially when it is si1tuated in ·side-
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rite. A characteristic phenomenon is the accretion of siphallerli!te on gers­
do:rf.fiite, which Jeads to the conclusion that gersdorffJ.te is older than 
sphalerite I in the sequence of mineralisation. In rvarious specimens 
,we observed worm-lijike reSidues, fil.Hbonshaiped cluslters and 1isolated 
·Structures of igersdorffite in ohaloopyrite, 1in association with corroded 
grains of pyrite and quartz. The coarser .grains and crystals of gers­
dorffi te are fissured, and the cataclases are filled with quartz and chalco­
pyrite. A clearvage of {100) was dbserved. The relief of gersd~nfHlte ds 
considera:bly lower than the reHef of pyrite, but hiigher tha111 that of 
·Siiderite a'lld chailcopydte. In reflected light it i·s white in oolour, with 
a creamy hue. Its lustre is greater than of chaloopyrite, but rather 
less than that of pyrite. In a number of specimens it was associated with 
~~. . 

:Sp ha I er it e I is of mamiatite tytpe, its internal reflections are 
brown or ·reddi-sh brown. Quantitatively, iit is a accessory component 
in the deposits, but it is found in rnore than 80 °/o of the ·spedi.mens, 
which indioates the slgn1ificant extensiveness. A ibaSic characteristic of 
sphaleri.te ·I i's the very common occurrence of •SU!b-microsropic and 
microsoopic droplets ~fobs) of ohailcopyrite in the central parts of 
masses of 1sphalerite I, especially in the larger masses. Sphalerite 1I is 
very unevenly drstdbuted dn the individual rspedmens examined, in 
some vei:y thidly scattered, very small masses of sphale.riite I may be 
seen, in other 1specimell's there are very n'lllffierous, but ipredomin:antly 
microscopic :small maisses. Sphalerit-e I oan raTely be observed with 
the naiked eye. It is associated with tetrahedrite arnd ga1lena. At points 
it adheres to gersdorffite, enveloping d<t:. It cements cataclaises in pyrite 
and gersdoriiii:ite. 

Ch a I c o p y r i .t e I is found exduSii.vely in the form of exsolutions 
in sphalerite '1, in its central parts, which indicates that ·these are in 
fact exolu·tions and not generated by subsequent diffusion from the 
surrounding chalcopyrite. These e:icsdlutiions are on a microscopic scale, 
at the limit 1of visibility wilth large magn.ificatli.on. 

S rp h a 11 e r fi t e I I lis obserrved in a smaller number df specimens as 
small starlets in ohaloopyrite II. These exsolutilonis suggest a relatli.vely 
high rtemperature for thek formation. 

C h a 1 c o :p y r i t e I I is ithe .principal sulfide mineral of the Grad&ki 
potok ore field. The laJ1gest amounts of this mineral are fooated at the 
foot-wall rinte:rface of the lowest ore rone between siderute and shale, 
where fit forms almost pure oompadt .masses of 30--50 om. in size, there 
is conSiderably 1Iess of it within siderite, where it is in the shape of 
impregnations, small nests or irregular :masses of viarying 1size, replac­
ing siderite, or even as larger nests in the han~ng wall and foot-wali 
salband of •sh~le. At .the salbands in the cenltral and hanging waM ore­
-bearing zone there are significantly smaller amounts of chaloopyrite, 
and sldente itsei1f as also rarer on chalcopyrite II. As a younger mineral 
it Teplaces siderite, pyrite, quartz, gersdorfifite, sphalerite I, it is de­
posited almost at the same time as tetrahedrite, while it is older than 
galena, which i1t replaces. In chalcopyri.te we dbserve ·skeletal!, wo:rm­
-Hke forms, or corroded gralins of gersrlorfifite, corroded grains of pyrite, 
minutely small masses, which minerals are subject 1o repfacement lin 
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varying degrees. At ce11tain points it selectively replaces 1gersdorififite, and 
there are also pseudomonphioses of chalcopyrite M on gersdorlifite. At 
the edges of small masses of chalcopyrtlte II, and sometimes within it, 
miHe:rli.te of a ·granular structure may be 'Seen. Larger masses of chafoo­
pyrite are regulaTly lin •assodation with itetrahedrite, or embody it, while 
,they aliso enclose smaill masses of ·sphalerite I with exsdlutions of 
phalcopyrite I. In places the chaloopyr.ilte II i<S crumbled into •sharp­
-edged fragments. It is changed in va:riious degrees of 1ntens.ity into 
hyper-genie minera1s iby processes of oxiidaition and cementation. Amongst 
oxddation m'inerals we detected goethite, ma1'acMte, 0U1pri.te, and among 
cementation minerai1s were ·chaloocite, covellite and elemental copper. 
In catacla'sed part'S of chafoopyrite H, microsoopically minute masses of 
elemental silver were oibse!'Ved. The weathering of chalcopyrilte II pro­
ceeds iby planes (111) or :ailong systems of very fiine cradks, forming net­
works of microveins of ibruken down products, of which the commonest 
are gioethite and descendant, low-temperature chaloocite. As they iproceed, 
these veins ooafosce, formling irregular small masses of secondary mi­
nerals. At places minme ~eaves of covellite may he seen along (111) 
pbnes of chalcopyriit:e II. 

M 1i 11 er d. t e is intimately associated with chalcopyriite II, we find 
it on the edges of simaM masses of chalc01pyrite hut also corroded inside 
it. lt is rniicrogranu~ar in •structure, rthe grains being allotriomorip·hic. 
l•ts contur dis rather higher •than that o-f chalcopyrite II, its fostre is 
also somewhat greater, it is yellow dn tthe ref.ilected light of the polarised 
microscope. It has distinct reflective pleochroism and powerful aniso­
tropic effects. H tis rare in the ore bed. olbserved iin a few speci:mens 
only. 

Born i te was first noticed lby rv. Zepharovdch (1859), who 
observed it with \the naked eye dn the upper sectors of the Gradskii potodc 
pre•fidd (August), as dense masses associated with chaloopyrite II, 
quartz, ca1lcite and malachite. Later on, K i 1s rp a it i c (1901) refers to 
the presence of borniite in assoai.ati'On wtlth ·siderilte, chalcopyrite, tetra­
hedri.te, sphalertlte, pyrite, gersdortffite and ca'ldte. In specimens Otf ore 
from Gradski . potok and in polished sections prepared from them we 
were unable ·to identify bornite. 

Te t r a he d r i ·t e is round d.n halif of the specimens examlined. It 
is small iin quantity, and is mainly 1linlked wti·th chalcorpyiiite II. It may 
be observed with the n:aiked eye, and by microscope as minute masses 
of microscopic dimenSions. It ds ipartmUy weathered d.nto the secondary 
minerals ohalcocite and goeiliiite, less frequently dnto lepidocrocite and 
covellite, while there is also malachite and very rarely azurite. Weathering 
is reticular, evolves along microcra(jks <>r octahedral rplates (111), this 
applying especially to microplates of oove1lite. 

G a 1 en a is a <relatively rare is.wlfiide >in the ore filed and very ·sub­
ordinarte in amount. It is silver-bearing. It .is the youngest mineral in 
the •sequence, replaces ail ;the other minerals, esipeoiiailly chalcopyriite II, 
which is the most abundant sulfide dn Gradski potok. We observe it 
in the form of relatively large, 'irregular iJilasses and nests, whfiile pseudo­
moriphoses were observed Qn gersdorffi te. It was found ·in half of the 
specimens examin(Xi. 
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B r a v o i t e wa:s observed in one prepared 1sample from Gradski po­
tok. It :replaces rporiphyroblasts of pyrite of a hexahedral habit, along 
its edges or along certain zones of .zonal crystals of pyrite, or even 
!in certain parts of ipyrite crystals. It h·as the customary optical features. 

MIOROPHYSIOORAPHY OF H:Y:PBRGENIC MJ!NEJMLS 

G '<>et h ii t e i's the moslt aibundan t hypergenic mineral. In the swper­
f.icial secrors of the Gradski potoik deposits, all the siderite and all the 
iron .. beari.ng sul:f.iides and sulfosalts (pyrite, chaloopyrite, sphalerite, tet:ria­
hedrite, ibravoite) ibreaik down totaUy or paTtially dnto goethlite, and a 
limonite ore as formed which was the object of min!ing operations with 
the aim of producing crude iron. At the lower horizons, mdidatii.on has 
only partly affected the hyipogenlic minerals. The oXlid:ation of siderite, 
which is the ma~n mineral in 1the ore !f1ield, develops ~long ·the rhombo­
hedral planes of cleavaige, in networks of cradles and in relatively rare 
inter;granular spaces. In the chalcopyrite II masses, goethite is associa­
ted with descendant chaloocite, and where there are vi:Sible accumula­
tJions of ipynite and lepli.docroci'te. Ooethite ~s cryipto- or microcrystalline, 
of frequentJly oolloidal structure. In the oxidation belt of the 1imonite 
mass there are ikidney.1shaiped, clustered 1and stalactitlic structures for­
med from •small iflibrous crystals. 

Le pi d ·O c r o c i t e is predominantly a product of the oxidat'ion of 
pyrite and is very much su!bo11dinate to goethite. 

M a 1 a c h Ii t e and :a z 11.1 r i t e are main'ly visible in the Sll.lperlliciail 
parts of the deposits, with malach!ite being oonsiderably commoner 
and more abundant than azuriite, which arises maiinly from the wea:ther­
Jng of tetrahedrite, while !II)lalaohite iis fonmed from chaloopyrite II. 
Malachite is clustered, kidney-shaiped, in the form of films and coatings: 
Its i~ternal strudture 1is fliibrous. Azurite /is observed only as a very fine 
coating. 

Cup rd t e was first noticed by v. Z e p ha r o vi ch (1. c.) and his 
data. were quoted by iK is pat d c {l. c.). Seen with the naked eye, it 
consistis of dark /brownish-red •small masses in assodation wtith »ochre« 
~d .. m~lac~i!te. Seen ~der tihe :rmcI"?scope, cup:riite is fine-grained and 
IS diis~mgu1shed by hrfight ib'loodred mternal refilectlions. 

E 1 e m ~ ~ t ~ 1 . co p ip e r. is found only ~n association with ouprJte, 
oharactenstic m Its roliour m the reflected faght of the microscope. 

C h a .I c o c d t e is most frequentlly tfiound \i.n the cementation zone, 
where it iis deposited directly on chakJOpyrite or tetrahedrite as 1a margin 
of varyling thickness. Thiis excep1!ionally ifline-grained chalcocite is trans­
formed by subsequent oxidation 1intJo cuprite, malachl'te and elemental 
oopper, and mixes with goethite. OhaJc.ocite al·so arises a1ong craciks dn 
chalcopy:rite 1and tetrahedrite, along with goethite, weathering rel:a'tlively 
rapidly into tetrahedrli1te. Here and there along the octohedral plane of 
these two minerals chailcocite is associated with the occurrence of 
oovel1lite in the form of microscopically minute plates. 
Cove~ I 1i t e iis rvery rare, observed in ohafoopyrite II and tetra­

hedrite affected by cementation processes, in wh!ioh challcocite and oo-
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veUite are produced iby the reduction •of descendant Ou-su]Jfate. It is 
developed as small plates w!ith characteristlic optical quaHties. 

E 1 e iIIl e n 't a 1 is di v e T ds observed in 'several specimens, i. e. in the 
cataelased segments of siderJte I, or el1se of chalcopyrite l'I, as micro­
scopiically minute small masses of very high metallk !rustre, creamy 
yedlow in coiour. It arose by extruSion from 1slilrver~bearing galena, but 
possibly also from silver-1bearing itetrahedrite . 

. p yr o I u s i t e, foliate or micro-crystalline, is very uncommon. 

THE MlOROPHYSIOGRIAIPHY OF MI!NBRALS PRODUCED 
BY AiDDITION:AiL METAMC>RiNilC OHANGES 

S i de r i t e I I is micro-granular, ar.ising through the precrystallisa­
tion of si.de:xiite I in tectonically drsturbed parts of the ore bed. 

H e m a t d t e is found in slideri!te I in ithe form of sulbmicroscoplically 
fine dust i(»dust-]ike iinclusions of hematite«), which gives the siderite 
the appearance of so-called »red spar or Braunspat«. Such siderite 
displayis !internal reflections of a ibrownish-red or dark ired colour. 

Talc was descdbed ·by v. Zepharovdch (1859) as a mineral 
of foliate te~ture, silvery white in colour on siderite or ,in the drusy 
spaces of siderite, dn association wdth other sulfides and quartzes. In 
rllhe course of our microscopic investiga11ions and examination of the 
specimens we did niot detect any talc. 

SEQUENCE OF MINERAUSA11ION 

The f i r s t p h a is e o If m i n e r a l!i. s a t i o n is also the m a j o r 
p ha s e, an Wiblich two or three sub..pariallel sidenite zones were fur.med. 
Masses o;f siderite are clearly crystalLised out, the structure ranging 
from £line-grained 1to coarse~grained. An occaslional corroded grain of 
quartz and pyrite dn the siderite suggests the possibility that a very 
small amount of these two mlinerals was secreted in thiis phase. Low 
manganese content an the siideTHe !(from 0.9 to 1.2 9/o MnO) ind~cates the 
probaible epithermal character of dilis main phase df mineralisation . 
. The second phase of miner aldsation has a rejuvenative 
character. It begins with a :mesotherma~ firs t s u 1b • p ha is e, the 
basic charactenistk of which Js represented by a process ·of si1ificatlion 
with mesothermal quartz, or 1so-called veined quar~, for whdoh P a I i n­
k as (1. c.) girves 1a formation temperature of +250 oC. Slililfication :ilS 
accompanlied by coarse crystalline pyriite I and gersdoiff.ite tyipicail of 
these mesothermal conditions, along with very small quantities of sphale­
nite I and with a clear exsolution of chaioopyrite I in the central part1s 
of the sphalerite cryista'ls. The succeeding s e co n d s u ib - ip h a s e ii.s 
characterised iby considerable crystaUisatfon of chalcopyrite II of a 
mesothermal characte~, as indlicated iby the starJlike exsolutions of spha­
leriite 11 with a little tetrahedrite and ,bornite, and very rarely :alloTrio­
morphically gralined mHlerite. In this s.ubi>halse crystaltisation of quartz 
continues right down to a temperature of + 150 CIC. Towards the end of 
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the mine:ralisation iprocess a small quant1ity of silver~bearing .galena c~­
talHses, ,the replacement of pyrite With ibravdite begins. 

Because of tectonic stres,ses in the c.ouiise of ·the more recent orogenic 
phase, certain optlical anoma1lies in the h}'!pfOgenic minerals were caused, 
cataclasing, recrystallisat!ion of relatively small quantities of siderite 
and 'Siderite n, hematitisati.on in siderite I and itls conivers)ion dnto »red 
spare. 

In the younger Tertiary period goethite .is formed through oxidation pro­
cesses, while goethite, lepidocrodite, malachite, azurite and pyrolusite 
are produced by the o:x.idation of sulfii<les and sulfosaltJs. In the cementia­
tion ~e ohalcocite and covfillite are produced from descendant sulfate 
solutions, rand through their oxidati.lon elemental copper, cuiprite, elemen­
tad Silver, malachite, a2lurite, goethite and lepidocrooite are produced. 

Received: 6. 01. 1989. 
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Bakama rudna leZiAta u rudnom podru~ju Gradski potok 
Trgovske gore u H rvatskoj 

I. Jurkovic 

U gomjim tokoviima potolka Dragisevac, Svinica i Gradski potok nalaze se 
bakama leZista Katariina, Sv-inica i Gradsld potok. Podrucje je izgradeno od 
gornjopalemojsikih 8ejfova s tianjim im deblljim proslojcima grauvaka, subgrauvaka 
i drugih tiipova pjescenjalka. 

Orudnjenje je lkonlkordantno ulozeno u 1sedimentnu seriju. OpCe .prufanje 'Sedi· 
menata i minerallimcije je NW-SE s ipadom ta SW. iRudne pojaive imaju obHke 
slojevitih leea promjeinlj!Lve debljine i ikvalitete. U rudi§tima Katarina ti Svindca 
postoje dva orudnjena horizonta, a 111 GradSlrom pot~u tri. U K.atarini donji, 
bogatijd horizont ipracen je na c:kmni od 240 m,, gomji na dmini od 120 m. U ntdistu 
Svmica donja rzona je bila !PraCena na duzini od 140 m, a gomja samo na 80 m. 
Rudi.Ste GradSki ,potok je matno vece i bogatiije. IIStTaZenO je do dubine od 147 m 
vertitkalne visine s oilmom Gradina koje ·je istraZn.i prostor porvezalo s pet hori­
zonata i izvoznim potlkopom iDonji Breunner. Orudnjena povrsina imala je oblik 
kosog ltmperzoida nagnutog pod lwtem od 45-62° Ilea jugozaipadu, s go:rnjom 
sitranirom du.fine 575 m i donjom dugom 322 m. BoCne strandce •trapezoid.a su 
o.grandeene s diva vrlo jaka (l"asjeda su.protnog smjera pada. Iza tih prelomni.ca nije 
naden nastavalk orudnjen1ja. Minemlirzacija je ibi1a najibogatija u prva 1tri hori­
zonta, iprema dubini 1k'Valitet je slabio, ruda je sadrmva«ia sve manje balkairne irude, 
a sve viSe lkvarca i pirita. Najibo~atiji je bio u •strati<graf:Skom sm1s1u najdonji nivo 
orudnjenja, debeo do 3 m, klOjit je u donjem sa1baindu sadrfavao 0,3 do 0 ,5 m 
debeo masivni, kompalktni ha]kopirit rprelazeOi prema gore u glavni dio izgraden 
od siderita s 5-15 O/n kvarca 1te uprskanja gnirjezda i zilica halkopwi<ta, pil'ita, :malo 
sfalerita, tetrneddta i vrlo rijetiko galenita. Donjti horizont bio je odideljen od 
srednjeg, tanjeg (1-2 m), slabije orudnjenog s 1,4 m debelim proslojkom sejla. 
Nakon iponovnog ul<>Ska od 1,4 m sejla razvio se gomji rudonosni horizont Olko 1 m 
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debeo s Ces.tnn listanjiivanjem, 1s1:abo orudnjen sulfidima. U sva 1Jri horizonta ooeeni 
su vrlo brojrni epigenets!ki tdk!tonski iporemeeaji. Oksidaoiona zona rudiSta bila je 
predmet eks.ploatacije oa iJMl!litetain Jiimonit rzibog proizvodrnje sirovog zelje.za u 
ropionidi u seillu Beslioou, a primama ~>na ili na zeljezo u diijdlovima k.oji su 
sadrfarvali 1sideriit s vrlo malo su.Ifida iii na bakarnu rudru u bogaitiij~m dijelovima 
lefi~ta kojilb je bilo do SO O/o :prostiranja lefii.Sta u gom}im horizontima odnosno 
15-30 8/1 u donjlim dijelovima JeZista. 

U peniodu najintenziivnije e!k.splootacije baikaxne rude {od 1838 do 1870 te od 
1901 do 11913 god.) prosjeean sadrlaj rovne rude bio je 6,55 °/a Cu, a sideritne rude 
za pro1zvodmlju ielje.za 37-38 O/o Fe i 0,4-0,60/a Cu. 

Detaljrum nrlkros1ropsk!im istirafivanjem utv.r<1ena je ova ~'l'aigeneza: .(a) hip o­
gen i mi a. e r al Ii : siderit I, pirit, k!vta.rc, gersdartfiiit, milerit, sfalerirt I, hail!kopirit 
I, halkopi.ri't .m, sfaleriit Iii, born.it, tetraedrilt, lbraivoilt, galemt i kalcit; (b) hip er· 
gen i m :i n e 'I' al i : getit, lepidokroldt, elementam'i ibaikiar, elemenitamo srebro, 
h~lkozin, kovelin, ilmprit, maliahi-t i ammt; {c) met am o 'I' f n i miner a Ii : 
siderit II, ihematilt. 

U prvoj fazli mineraHzaci1e koja je ujedno i glavna faza, kniistali­
zirao je srednJe do ikrupnozmati sideriit s nis1cim sad:rZajem mangiana. U d r u go j 
fa z i prva podtfurm je karaflcterirzirana procesom silifi:kadje Sliderita, odfaganjem 
pi.rita 1 ger:sdcmfilta ite vrlo malili koliOi.na sfalerita s izdvajwjem haskopinita I u 
sredimjim dijelovima mi.a sfalerita. U sli:jedeeoj ipoclifazi kristalizira halikopirit II, 
glavni rudll!i mineral rudiSita baikira u itom podrucju, s malo sfalerilta LI, bornita, 
miJ.erita i tetraedrita. Na k:raju procesa mineral~acije javljaju se male kolicine 
srebronosnog galenilta. U toku narednih orogenih faza dolazi do naprezanja u 
kristalima, ikataklaziranja, djelomiane r~ris:talilzadje te hematitizacije siderita 
~red spair illi Branusipat). U mlac:!em tercije.ru razvili su se u naJgomjilm dijelovima 
sva mi l~ta snaZni prooesi oksidacije i u ma1ljoj mjeri procesi cementacije. 


