
Geol vjesitik I Vol. 421 istr. 333-345 Zagreb 1989. 

uoc 553.446.550.812 Izvorni znanstveni clanak 

The Zinc Deposit Agios Elefterios (Glyka Nera) South-East of 
Athens in Greece 

Iivan JURKOVIC 

Rudarsko-geolosko-naftni fakultet SveuciliSta u Zagrebu, Pierottijeva 6, 
YU--41000 Zagreb 

In 'this p31J>er the author reports the results of a survey of the Agios Elefae­
J1ios (Glyika INera.) zinc deposit sowth-east of :Athens in Greece. On it.he basis of 
chemical analyses of numerous systematicaHy sampled ore specimens in the 
underground mine wor.kings the author maintains the hypothesis .that the 
depos.ilt is of magmatic origin. 

U ovom radu autor .irmosi r~ulrtate proufavanja leZis.ta cmkia .Aigios Elef­
terios {Glytka Nera) jugoisrtoeno od. A:tene u Gr&oj. Na 'temelju kemijskih 
analiza brojnih, sistematSki iuzetih uzo-raka rude u podzemnim rudarskim ira­
dovima autor podrZava hipoteru magmatS\kog porije!kla ldlista. 

IiNTRODUCT.ION 

The zfinc deposit of Agios Elefterios 1(Gl}4ca Nera) is part of the wider 
lead-zdnc area represented iby tlhe Lwrium ore district located on tlhe pen­
!insula of Athica isoutheast of Athens (Eig. 1). The Lauruum ore deposits 
have the following iparagenesis: galena, sphalerite and pyrite are the maiin 
ore minerals, the .gangue mine11als are fluorite, ibanite, anker1te and calcite. 
Small quantities of Mn, J\g, Cu, Bi, ks, Nd, Co and Au are very often 
present in these ores. The content of metals '(tPb + Zn) ii.slow, the ore is 
low•grade. The greater part of the ore deposits ds oxiidized mto anglesite, 
cerussite, smlithsonite '(calamine) and hyclroiincite. The [Jaiurium ore dis­
trict is built up of Mezozodc maroles and sdhists. The mineralization is 
related genetiically to stocks, :siUs and dykes of .granodiOilites and grano­
diorite1>0nphy.res of young Tertiary age. (Ma rd nos, 1982). In Hellenic 
tlimes {from the 10th to the 5th century B. C.) the silver~bearing ores 
were eX!ploited and isilver coinage manufactured. The mines were re­
opened in the 19th centwy, but recently sU'sipended. 

GEOOR!APHIC PO SITION . 

The ore deposit of AgiOl.S Elefterios occurs some ten lkiilometers south­
east of the city of At1hens, and >is situarted in 1lhe immediate vicinity of 
the a:sphaLted road Atlhens-Koropi. The ore deposit stretches on gentle 
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slopes, which rise out of the Koropi valley in the direction of the west. 
The undergroU111d water-table is situated at about g._,10 meters ibeneath 
the valley surface, or ast about 50 meter.s beneaith the ore outcrops. 

GEOLOGY OF :A&BA 

According to die data of the »Geological map of Greece« (1954) on the 
scale 1: 500.000 issued lby the Institute for Geology and Sulbsurface 
Researcih, the Koropi valley ds built Up from laky or continental diiluvial 
(Plei-stocene) sediments. The wes·tem and northwestern slopes and hills 
are built up of metamorphosed rocks: marbles i(more or less metanior­
phosed limestones) and crystalline schists !(mainly micaschists, sometimes 
ma11bles, a'S well a1s gneisses). 

Our microscopic investtlgations of the rodk specimens iproved that the 
zinc ore occurrences are placed ·in a series of metamonphosed limestones, 
or ifiinegraiined rna11bles. iln the malllbleis, local interca:lations of schists 
are noticeable. The marbles are lamina1:ed or as islaibs. The extension of 
the mar1ble series in the northeaist part of the ore area is NiE-SW, with 
a very steep dip (65-75°) to SE, and in ;the southwest part, the extension 
changes to the soU1!h. in the shape of an arrow, thus forniing an oh1iquely 
shaped anticlinal. At several places, tectonic distur.bances such as faults, 
differential sdhiifting of 'blocks, etc. have been surveyed. 

MINiEIRALiil.A TION 

The ore 1bodies are iinserted iin parallel (concordantly) in series of 
mairbled limestones. The ore bearing zome is sh~ed llilke an dblliqrue anti-
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clinal, with the extension axis NE-SW. So far, only the northwest flanik 
of the iSaddle of the anticlinal li.s !known, while the .southeastern flank of 
the saddle, as well as the southeast -wing of ithe anticlinal ore bearing 
zone, 1is not sufficiently known, although on t!he site there are outcrops 
of ores on ·the presumed territory. The saddle of the anticlinal and iits 
flanks extend Ito a length of 150 metens, from which it may be concluded 
that the anticlinal dis sightly arched. 

The saddle of the anticlinal with its •slightly bent flan1ks, is mineralized 
to. the maximum. The local tihicknesses of the ore body are of several 
meters, even up to more than 5 meters. In that part of the ore bearing 
zone, very little minling prospecting has been carnied olllt iby means of 
shallow trenches. 

The northwest Wing of the antliclinal is ]mown in more detruil, having 
been investigated by mining. The extreme northeast part of rthis wing 
of the antidinal has been opened up ;by underground mining works to 
a length of 150 meters, and a depth of 30 meters. A vein-like ore body 
has been discovered, the thidlmes'S of whi:ich varies from 1 to 2,5 meteris, 
the average being 1,5-2,5 meteilS. Further to the SW, the ore outcrops 
have been followed by means of shall<>w ipits and •trenches to a distance 
of 100 meters. In the pam of t!he ore 1bealiing rone, hit!herto opened up to 
a total length of 400 mete11S, several tectonic di·st:iurbances have been 
noticed, ·this tectonic being epigenetic. 

UNDERGROUND MINING WORJKS 

· From the attached map (Fig. 2) on tfu.e scale. of 1: 500, the scope and 
nature of mining wades ilil tthe extreme northeastern part of the northwest 
Wling of the anticlinal may be seen in ·the .ground~lan and crosssectiion 
plan. By means of these undergrotJ[ld wonks 1the ore bearing zone •i'S 
opened up to a lengilli of about 150 mete11S and to a ma:xlimum depth of 
30 meters below .the su.rface. On the ground-plan, the thickness of the 
ore body is indicated. The 1thicknesses vary from 1,05-2,40 meters, blllt 
the thidknesses generally recorded are between 1,5-2,5 meters. In the 
middle part of the mine, the thidlmesises are greaitest and amount to 
about two meters, or even more. 

CHEMICAL OHARiACTBRISTICS OF THE ORES 

The first 31 ipartiial quantitative chemical analyses of calamine (siLica, 
ziinc, lost of ignlition) ipresented in Taible 1, received from the owner of 
the mine {Georges Alexandridis, A:thens), were carried out in the chemical 
laboratory '°f Dr. S. Vrahamd'S, Athens in 1962. 

At our diS1posal were a}so three cJO.IIllplete qmntital:l.ive chemical ana­
lyses made 1by the State commerdial entenprise, Rudmetal rin Soiphia 
(Bulgaria). The first was taken from the best oxidized ore, the second 
one from the ore of second qua1i ty, and the third from zinc ore concen­
tra1:e. The resuits are presented in Table 2. 

Our first ivi1si:it {Ju r k o vi c, 1963) to the underground mine workings 
and a suvvey of 1the open ipa.r1ts and outcrops of the ore deposit at Gly'lca 
Nera convinced us 1:hat the albove mentioned analyses refer to selected 
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Table (tabela) 1 

Partial chemical analyses of the zinc ore 
Parcijalne kemijSlke anaHze cinkove rude 

No Si02 Zn lost of No Si02 Zn lost of No Si02 Zn lost of 
ignit. ignit. ignit. 

50,00 4,50 19,10 11 4,60 18,50 20,70 21 6,80 26,50 10,50 
2 13,40 4,80 31,60 12 2,60 18,50 29,30 22 2,60 27,50 36,45 
3 2,20 6,00 3,80 13 7,00 19,00 35,80 23 7,30 32,00 15,10 
4 10,70 7,00 26,05 14 1,90 22,00 34,80 24 5,85 36,25 30,40 
5 3,00 7,00 28,10 15 9,00 22,50 27,80 25 2,00 38,50 36,90 
6 7,80 8,00 32,70 16 2,40 24,00 35,70 26 6,00 43,50 32,35 
7 6,20 8,75 33,80 17 9,40 25,00 15,70 27 1,30 45,50 35,00 

8 2,80 10,00 29,15 18 12,80 26,00 13,00 28 1,20 46,50 34,80 

9 2,45 12,10 28,10 19 11,60 26,00 3,70 29 2,60 47,70 13,70 

10 23,10 15,25 34,80 20 3,10 26,50 17,90 30 1,05 47,50 35,50 
31 5,70 53,50 1,45 

pieces of :zJinc ore, and that the ore occurrence in this main pa:rt consi·sts 
of a considerably lower metal content. Because of the very strong limo-
niitrization of the ore body in the oxdclation rone, which has been only 
opened up by mining wonks, it was not possible without chemical analyses 
to evaluate the actual zinc content of the opened part of the depos1it. 

Table 1(1tabela) 2 
Comrplete chemical analyses of the zinc ore 
Kompletne ikemijSlke analize cin:kove rude 

I J.I III I !JI III 

sm, 4,00 1,85 1,32 Zn 37,10 35,20 49,00 
Al,Oa 1,84 0,86 Pb 0,52 0,38 0,47 
CaO 7,80 16,20 20,00 Cd 0,15 0,13 0,17 
MgO 0,14 0,19 0,20 Cu 0,02 O,ot5 0,007 

Fe.01 - - 1,34 As 0,(Yl O,H 0,05 
Fe 4,00 0,90 0,66 Sb 0,002 - trace 
Mn 0,20 0,08 0,014 Co 0,005 0,002 0,003 

co. 36,37 37,00 17,61 Sn - - trace 

In order to obtain a coNeot sampliing of the ore body, a method in­
volving ohannel samples taken perpendioularly to the ore body thick­
ness was employed. Where possible, we cropped out a channel either 
at the bott:tom or at rthe roof of the ore vein. The :part of the vein left 
in the flank of the gallery was sampled by underground diril]irng. In 
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some positions, we were aJble to sarn!ple on'ly by channels, in other posi­
tions iby a oombination of channel and ibore boles, or 1by drillli.ng alone. 
16 position's were selooted in the under:ground works for sampling, 
arranged acoo11ding to eX1:ension and the dip in the ore body dn a way 
which permitted the most accurate disposition of the samp'les, as far 
the act:ual minling woliks allowed. thls. 

It was observed 1that the ore vein 1i1s of varying quality, and even of 
different oonSli.stency in lits bottom, ror in its roo.fy part. In 10 positions 
therefore we took two, or even three channel samples, or boreholes 
and analysed them separately. Chemicia:l analyses confirmed our pre­
sumption ,that <the bottom part of the ore !body ds of ibetter quality. 

The material obtalined iby sampling, was reduced by quartering and 
analysed in ,the Institute for Analytical Che1ni'stry of the Technoliogica:l 
Faculty at the University lin Zagreb {analysts Hlavaity Mi:roslav and 
Maruranic Karmen). 

On the attached mining map, iscale 1 : 500, a'll the sampled positions 
are desiignated '~Fig. 2). On the cross-section plan of the mine at each 
numbered sample, ,the percellltage 2linc content has been given, and in 
some samples the contents of Zlinc and lead. On tihe ground-1plan of the 
mine, the positions of the 'Samples talk.en are recorded and designated 
by num!ber, as also are the channel and bore hole lengths. 

REISUL'JIS OF THE CHEMICAL A1NiAILYSES 

In TaJble 3 the iresu1ts of all the analyses have been given. 26 pariti.al 
quantitative chemical analyses were carried out on three components 
(H2Q+ios•, lost of ignition and zinc) taken at 15 different positions in the 
mine. 

One sample of zinc ooncellltrate, dbtaine<l. by roasting the ore, has 
also ibeen analysed. This analysis was performed in the Institute for 
Mining Chemistry IOf the Faculty for Mining, Geology and Oil Engineer­
ing at ·the University of Zagreb {analyst tDubravko Sdftar). 

The five samples recorded as numbers 1, 7/1, 7/2, 13/1 and 14 were 
sulbmitted 1to a complete quallltitative chemical analySis ipe1formed in the 
Institute !for Mining Chemistry of the Faculty for Mlining, Geology and 
Oil Engineering, University of Zagreb {analyst Dubravko Siftar). The 
results aire given ~n Talble 4. 

To determine the ·tmce elements (oligoelements), eslpecially of cad­
mium, six isem!i-qruantitative spectrograiphk analyses were carried out in 
the Institute of Nuclear Raw Material in 'Belgrade (Table 5, samples 
1, 7/1, 7/2, 13/1, 17 allld 18). 

From the chemdoal analyses we obtadned the fullowfing results: (a) 
tJhe zinc content is distributed within the deposit very irregularly, the 
zinc wlues vary from 0,6 O/o to 11,64 °/o. The computed weighed average 
is 3,82 °/o Zn; ~b) the Pb content is less irregular 1than the zinc content. 
The ~ values vary ifrom 0,30 O/o Pih to 1,30 O/o 1Ph. The weighed average 
is 0,76 O/o Plb; (c) the rparts of ore closer to the smface contain a hiigher 
metal oontent (~b + Zn) than the l<>wer parts of the deposrut; (d) the 
footwall rpart of tlhe ore !body {vein), which is harder, more compact and 
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Table (tabela) 3 

Partial chemical analyses of ithe zinc ore •taiken by sampling in 'the undel1gl'Ouru:l 
mine workings 

Djelomiate tkemijske anailize cinikove rude uzoiikovane u podzemnim 
irudamkim nidovima 

Sam- +io5• lostof Sam- +t05' lostof Sam- +to5' lost of 
iple HrO Zn ignit. tple H 20 Zn ignit. tple HrO Zn iignit. 

1 3,30 9,56 16,20 6/1 0,35 5,51 28,20 10/2 0,70 1,68 16,40 

2/1 0,98 3,68 11,40 612 0,66 2,63 16,30 11/1 0,87 0,60 27,60 

1J2 1,04 1,76 10,60 7/1 0,70 tJ,75 29,90 11/2 3,30 0,60 18,20 

3/.1 2,30 1,81 15,00 7/2 0,26 2,43 13,50 12 2,60 1,60 20,90 

3/2 1,50 0,95 22,59 7/3 0,94 2,11 20,20 13~1 1,40 1,()2 20,80 

4 0,50 3,48 18,81 8/.1 0,42 1,23 21,23 14 0,47 1,66 29,40 
5;,1 1,60 11,35 21,50 &!2 0,47 3,02 29,81 is;,1 0,80 0,93 26,80 

512 4,60 11,86 13,80 9 3,30 3,28 18,30 15/2 0,60 0,31 21,30 

513 0,53 1,27 24,80 10/.1 0,45 1,29 27,81 17 1,59 12,78 17,91 

Taible (itaibela) 4 

Complete quantitative chema.cal analyses 
Kompletne ikvantirtativne lkemijske analirze 

Sani.ples 
1 7/11 1/2 13/1 14 

Components 

Si02 16,6 4,9 .12,s 13,7 5,1 

AliPa 4,6 1,8 6,5 5,5 1,6 

Fe10 1 33,8 23,7 52,9 27,3 24,2 

MnO 0,2 0,2 0,3 0,2 0,2 

Cao u 23,4 4,0 21,9 26,3 

MgO 1,4 2,0 0,5 u 5,5 

Bao :1,8 0,5 0,9 1.,1 0,3 

SO a 0,9 0,3 0,5 o.s 0,2 

ZnO 9,2 9,7 3,2 1,4 3,'1 

PbO 1,4 0,6 1,0 0,6 0,3 
Hp--11oe 0,9 o.~ 1,6 0,8 OP 

lost of ignit. 17,6 29,7 12,6 22,2 31,4 
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massive is usually of ibetter quality '(higher Zin content) ·than the hanging 
wall portion of the vetin, which iis softer, banded and more limoinHized; 
(e) the hanging wall portfions of the ore !body contain a higher ipericentage 
of Fe2

1Ds, BaS04, P,b, Si.02, A'1203 while the footwall partis contain more 
CaO, MgO, 002, lost of Jgnition, Zn; (f) the mining wariks .that have 
lbeen carried out are situated at those rpoints within ore body, where, 
according to our sampliing, the best chemical results were obtained. 
The adjacent .satellitiic ore veins contain high grade ore with a ·relatively 
high Zn content; but the veins a:re no more than 5-45 om thick. 

Samples 
Elements 

Plb 
Cd 
Cu 

Ni 
Mn 
Ba 

not detec­
italble {nd) 

1 

1% 

Table (•ta!bela) 5 
Semi-quantitative spectr0ographic analyses 
Semikvantitartiivna s.pektrografSka ana[iza 

7/:1 7/2 13/1 

> 3160 ippm 3160 !PJ>m 3160 ppm 

17+ 

1 O/o 
563 ppm :1'1 ()() !PPlll nd 470 ppm 1800 ppm 

16 ppm 
28 ippm 

563 wm 
> 1 O/o 

Sn, As, Sb, As, Sb 
In, Tl 

18++ 

400 ppm 

5 ppm 

8 ppm 

502 ppm 

n.d 
Sn, As, Sb, 

In 

Sample (uzorak) 17+ = concentrate ·~koncentrat); sample (uzora!k) 18++ = rpure 
zinc ore (Cista cinikova rada) 

THE GENESJ1S OF THE IAURIUM ORE DiEIPOSllTS 

Schne1iderhohn (1941) considers that •the Laurium lead~inc de­
posits are metasomatic, located in tectonic rones of the underly)ing 
crystalline Attic mountaiin range whiich oonsists of several series of 
marbles wtith intercalations of mica schists. Individual ore deposits are 
situated li.n the marbles at the interfaces with other :rooks. Marinos 
and Petr as check (1956) consider that these deposits are hydro­
thermally metasomatic and 'linked to a graruitic 1stodk, zonally distri­
buted round it accordring to the temperature at which they were formed. 
J ru r k o vi c 1(1963) describing the Aglios Elefterios deposit, writes that 
the hydrothermal metasomatlic deposition of the primacy ore (sulfides) 
was accompanied iby processes of isi'lti.ftcation, ankenitiization, dolomiti­
zation and ibanitization. The open part of the d~sit is in the oxidization 
zone, with lead, zinc and iron a'S secondary minerals. Le 1 e u (1966) 
and B er n a .rd-Le I e u (1967) put forward an exogenic~descedent 
hypothesis for the origin of the l .. a1wrimn deposits. The iprimary metall.ic 
content derives from ·volcanogenic-seidimentary deposits laid down in 
mica sdhi.sts, .from which it 'WlaS carried and deposited dn the .karstifiied 
spaces of the mruibles via a descedent route. Petr as check :(1982) 
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favours the hydrothermal hyipothesis which he had already desacibed 
in a joint publication with Marinos (1. c.). The deposits are zonally 
dlistrJbuted round a .granitic stodk aibout ten million years old, with 
which· tJhey are genetlioally linked, just as numerous granite-porphyry 
veins are linked with it. Ascending hydrothermal 1solutions todk advant­
age of the penetration of these eruptive veins iin oroer to spread and to 
deposit their metallic content. Overlying mica schists and phyllites acted 
as a screen in the locaUsat:iion of 1he ore-1bearing zones. Marinos 
(1982) writes that the lead-zinc deposits of La.uni.um are of meso-t'o epi­
the:rm.al origin. The mineral solutions were constlituted during Vhe cry­
·stallization of the eastern Laurium granite massif, which dates iback to 
the Miocene period. '11he numerous occurrences of stocks, sills and 
dykes of granodiorutes and granite-porphyres indicates the eX!istence of 
deeply emipfaced grarllites. The most Jntens1ve mineralisation came a!bout 
in the eastern Laurium in the vertices of an asymmet11ical meridlionally 
situated anticline. The deposits are in the form of lodes, layers or 
massive metasomatic bodies in the maribles at interfaces with schists 
or porphyres. In his most recent itextbook (P et r a sch e k -Po h 1, 
1982) W. E. 1Petraschek deploys iboth hypotheses concerning the or1igin 
of the Lauriwn deposits, the exogenic-<lescedent and the hydrothermal, 
but is personally inclined to fiavour ~he latter. In his studies of the 
teotonic-metallogenic units of the Mediterranean area, and hence of the 
Laurium d~sits, the same author connects the lead-zinc deposits of 
the Aegean Sea with a zone of neogene actJivizati.on saying »the lead 
and zinc appears to have been inhenited from the ·Pb-Zn enriched Her­
cynian cn.vst, rejuvenated by palingenesis« . 

HYPOGBNIC .Mm HYPERGENIC .PIROCESSES 

Mine wookings on the Agios Elefterios {Gly'ka Nera) deposit merely 
opened wp the oxidization zone, because they are located isorne ten meters 
above die underground water-table. The p rim a r y (hypo gen d c) 
z o n e of the ore occurrences was not discovered, ibut .the numerous 
chemical analyses 1given in Talbles 1, 2 and 4 iindicate that the deposits 
concerned are hydrothermal. Themnal springs used tectonically disturbed 
zoneis m the ma11bles, as well as diaclastic planes and the interfaces of 
marble and thin strata of mica schists iin order to ascend, leavling de­
posits in them and simultaneously extending them by metasomatosiis. 
The deiposittion of pnimary sulfides, principally pyrite, sphalerite and 
galena was acoompanied iby other hyickotermal processes of alteration: 
silification, dolomitization, ferro-dolomitization, anikerutization and bari­
tization r(see Table 4). In the metasomatic process the marble yielded a 
certain amount of non-soluble residue (day-like 1suJbstance), and there 
was a partial decomposition of the thiin schists intercalations. 

In the h y p e r g e n ii c p ha s e a major geochemical and spatial se­
paration of lead and 7linc took place. The author :is of tthe opinlion that 
hyrpergenesios developed in two phases. In the fir.st phase sulfate solutions 
of 'lead, rzinc and iron were formed hy the oxidation of sulfides, while 
goethite (»limonite«) was formed by the oxidation of ferrodolomite and 
ankerite. Ferrosulfote ffs very rapidly oxidi1sed into ferrisulfate, and then 
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hydro1ised, 1being precilpitated as goethite and lepidocrooite. Lead sulfate, 
which iis not .readily ,solu!ble and only 1slightly mobile reacted with per­
colating vadose water enriohed with 002 by its passage through ca:ribo­
nate rooks, and was :precipitated rpractkally »in situ« as insoluble ce­
russite. Because of its high degree of solulbility in water, and its conse­
quent greater potential for migratlion, zinc sulfate penetrated descend­
antly through ithe ore-bea:ring zone into its lower regions, separating 
out from the lead and reacting mainly with percolating ca:ribonic acid 
and only partially wlith silicic acid, gli.'Vling smithsonite and hydrozincite 
(calamine). Conversion of the chemical .analyses under numbers 1, 7/1, 
7/2, 13 and 14 from Table 4 into ipossilble mlinerals as shown in Table 6 
indicates that the calculated quantitative loss in heating best corresponds 
when the ~nc its entirely or mostly ireoomputed into hydrooinoite. We 
have represented the clay-Hke oomponent as illite. The oxidizatJiJon ore 
of ithe f.irst phase of hypevgenesis which occupies the major :part of 
the ore body in tihe oxidation zone ii.is of rpoor qua1ity on account of the 
very low lead content, a relatively liow zinc content, a consideraible 

Table <(talbela) 6 

Conversion of the chemical analyses into ;possible minerals 

PreraOuna.vanje kemijskih analirza na mineralni sastaiv 

I II la lb 7/ila 7/lb 712a 7/2b 13a 13b 14a 14b 

Q 1,83 0,84 11,20 7,76 2,77 0,99 5112 3195 7).0 6,69 3,21 2,06 

11 5,03 2,39 12,60 12,60 4,91 4,91 17,75 17,75 15,02 15,0Z 4,37 4,37 

Cc 6,32 26,85 10,97 10,97 36,80 36,80 5,78 5,78 36,33 36,33 33,23 33,23 

Dol 0,61 0,&1 6,40 6,40 9,20 9,20 2,30 2,30 5;10 5,10 25,30 25,30 

Aillk 15,65 3,47 

Smt 71UO 67,50 

Cer 0,67 0,50 1,68 1,68 0,65 0,65 1;16 1,16 0,65 0,65 0,39 0,39 

Hyd - - '.Ll,75 - 13,10 - 4,37 - l,85 - 4,20 

Hem - - - '13,62 - 14,36 - 4,74 - 2,07 - 4,59 

Rod 0,42 0,17 0,32 0,32 0,32 0,32 0,48 0,48 0,32 0,32 0,32 0,32 

Gth - - 38,19 3M9 26,38 26,38 58,88 58,88 30,38 30,38 26,93 26,93 

Ba - - 2,70 2,70 0,80 0,80 1,40 1,40 1,60 1,60 0,50 0,50 
H_o--110• - - 0,90 0,90 0,90 0,90 1,60 1,60 0,80 0,80 0,90 0,90 

2 101,63 ,102,53 96,7'1 96,14 95,83 94,41 98,84 98,04 99,25 98,96 99,35 98,59 

L.of . 36,37 37,00 '17,60 17,60 29,70 29,70 12,60 12,60 22,20 22,20 311,40 31,40 ign. 
--
(T-2,4) 35,24 37,74 16,55 114,53 28;13 25,81 '13,02 12,25 23,84 23,51 31,20 30,46 (Cale.) 

Legend: Q = quam, 11 = illirte , CC = calcite, Dol = dolom~rte, AM = anikerite, 
Smt = 1Smithsonite, Cer = cerussite, Hyid = hydror.zincite, Hem = hemianor­
phite, Rod = rodochrosite, Gth = goethite, Ba = barite, 1. of ign. = lQst of 
iigil!iition, T~,4 'PO Taibles 2, 4, calc. = oakula:ted {computed) 
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Fig. (31.3). Cross-section of the 
ore deposit Agios Elefterios (Pop­
recni profil rudnog lezista) 

,, Hypergenic zones 
first phase (prva faza) 
second phase (druga faza) 
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quantity of clay component and a high percentage rproportlion of »limo· 
nite«. In the second phase of hyrpergenesis, a proportion 
of the dissolved zinc sulfate used for ~ts descent the satellite planes of 
the »litage«, diaclasis and the previously formed cavities in the marble 
on the flan!ks of the ore body. In these areas a descedent metasomatosis 
of the marble took rplace, during which high quality smithsonite (possi:bly 
also to some extent ferro~smithosonite-nonhei:mite) was deposited. The 
analyses under nos. I and II in Table Z, converted to the possible mineral 
compositlion shown in Table 6, clearly dndioate the qualitative difference 
between this ore lin the satellite veins and nests (1Fiig. 3) and the ore in 
.the maiin part of the oxidation 2J0ne of the deposit. 

Received: 05. OJ. 1989. 
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Lefilte cinkove rude Agios Elefterlos (Glyka Nera) 
jugoistocno od Atene u Grf koj 

I. Jurkovic 

LeZiste cinka Agios Efofterios je diio sire olovmx:inkane oblasti Lauriona koja 
se nalazi na poluotoku .Milka SE od Atene {sl. 1). U tim leZis.tima glavni su rudni 
minerali galenit, sfalerit i pirit, a od minerala jalovine fluorit, barit, antkedt i 1kal­
cit. Sadrlaj olova i cinka je nizak. Ruda sadrli male kolicine {cesto samo u trago­
v:iima) Mn, Ag, Cu, Bi, As, Ni, Co, Au. Veei diio tih lefi:Ma je oksidiran u hipe11gene 
(seilrundame) minerale od lk:ojih su najvaZ.niji smitsorut, cerurz:iit i .iolimonit«, a ima i 
katlamine i hidrocinlkita, te anglezita. Mineralizacija je prostomo vezana za pore­
meca>jne zone u seriji mezozojskih mramora i tinj'Castih S:kriljaca, a genetski na 
granitsike stokove ite silove i dajkove granodioriita i granodiorit-porl.iira miocenske 
starosti (!Marinos, 1982). U helensko doba vadio se srebronosni galenit i iz srebra 
kov·ao novae. Rudnici su danas u mirovanju. 

LeZiMe Agios Ele£terios se nalazi oko 15 ·km SE od grada Atene, na zapadnim 
obroncima doline Koropi ikoji su izgradeni od serije P.loeasto razvijenih mramora 
s tanjim uloscima tinjeastih skriljaca. Prufanje semje u sjeveroistocnom dijelu 
zone mineraHzacije je NE-SW sa strnnim ipadom od 65-75° ka SE, a u jugoza­
padnom diljelu N-S izgra<1ujuci tako koso poloienu antiklinalu. Rudna ipoJ:ava je 
konkordantna slojev1tosti (litl1Zu) mramora i slijedi wnu tektonskog poremecaja. 
Podzemnim rudarskiim radovima otikrivena je ·na NE krilu antrklinale slojna Zica 
promjenljive debljine od l,O do 2,5 m na dufini od 150 i do dub1ne od 30 m. Orud­
njenje je praeeno po iroancima dal:jnjih 100 m na SW. Ostali dijelovi rudne zone 
istrafivani su isamo manjim raskQpima ii nisu dovoljno poznaiti ~sl. 2.). 

!Prije nego sto smo pregleda.Li rudarske radove raspolagali smo sa 31 parcijal­
noon analirom uzorail!Ja rude izraltenim u Atemi. ikao i s dvije ·kom:pletne analize na 
glavne komponente i neike mi.!lcroelemente madene u Sofiji (tabele 1 i 2). Sredn:ji 
ponderirani sadrlaj cinka parcijalnih analiza iznosio je 24,40/o .Zn, a lk:ompletruh 
36,150/o Zn. IKao Sito smo .to kasniJe dokJazali, te :izuzetno visoke vrijednosti dobi'Vene 
su na uzoroima rude u dijelovima lefista ikoji ISll nastali descedentnom metasoma­
tozom (sl. 3.). 

Deitalj!Dim pregledom svih rudarslkih radova (sl. 2.) ;potvrc:tena je na5a pretipos­
tavika da se glavnina oksidadione zone sa:stoji od rude znatmo nifug kvaliteta te smo 
pri§li sistematskom uzol1lrovanju dostupnih dijelova rudnog tijela. Uzo11kovanje je 
izvvkno na 16 pozicija, pretemo dzbijanjem brazdi, rjede to&asto, a u nepriJSitupac­
nim dijelovima u botkovtlma, tkrovini i podini podzenmim busenjem rudarslkom bu­
silicom. Rezultati analiza p:cikazani SU na tabelama 3, 4 i 5. 

Iz analiza zaltlja'.fujemo: (a) da je satkmj cinlk:a vPlo nepravilno raspored:en_ u 
rudnom rtijelu .j po padu i po ipruZanju s time .da su :pli6i dijelovi oksidacione zone 
bogatfrji od o~ d~1!b~jih. Srednji saddlaj __ za cije!o, :podz~ radovima. ~oreno 
rudno tijelo, iznos10 Je 3,82"/o Zn. (!b) vn~ednost1 sadrla!)a olova .su pravlilmJe ras-
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poredene, ali je sadrfaj vrlo nizak, srednja vrijednost je 0,76'/1 .Rb; {c) ipodini bli.Zi 
dijelovi rudnog itijela su tvrdi, kompa:ktmiji, s vtisim sadriajem cinka, CO:, gubitlka 
mrenja, CaO i MgO, ikrovini blif.i drjelovi su siroma§niji na cin'ku, sadrle vise SiOr, 
Atlr03, BaSO,, limomtske supstance; (d) povadeni dijelovi Ieima nal~ se oko pooi­
dj.a tkvaliitetn.i:jih lkemijSlkih analiza Sto rupu6uje na ~epove, sart:elitSke zice i gnijez­
da tbo1je smirtJsOillitSke rude iz kojih !J?Otjeeu i rezultati analdza navedeni u tabelaima 
1 i 2; (e) od. elemenata u tragovima dokazaina je prisutnost Ni, Co, Ou, As, Sb, Cd i 
Mn sto je lkaraikteristieoo za laurionska leiiSta olOIVa i cma. 

Reru!Jtart:i kem~jskih analiza. potvn1uju da je hipogena mineraltizadja ascedentna, 
hidrotermaln~ ipostianlka, da isu temne korlstile tekrt:onSke poremeeaje duf litafa 
mramora iprosmujuci ih metasomatozom. Proces odlaganja rude ibio je praeen sla­
bijom ili JaOOm siliifikacijom, dolomitizacijom (tferodolomit), an!keritizacijom i ba­
ritizacijom. U toku •tih procesa hidrotermalnim ipotiskivanjem mramora zaostao je 
glinoviirti itafog netopivog osta'tlka stijene, a izvrsena je u manjem opsegu :i mace­
rizacija §k:ril:jaca. 

u tok.u hipeiigeneze izvrSena je vrlo znaeajna geokemijSka :prerasipod:jela i sepa­
racija olova od cinka. Autor je misljenja da se hipergeneza vclila u dW.je faze. U 
prvoj fazi odvijala se dksidaoja .suUiida u sulfate, a ferodolomita i ankenta u getiit 
(.»limonit«). Ferosulfait naistao iz pirlita iwfo brzo je presao u ferisulfat i zatim hidro­
lizom 111 rgetit i l.epidok.rokit. Olovnd suMart lkao rteSko topiv reagirao je s pe~kolira­
jueim vad07J:Ilim vodama o'bogaeenim na COt rllalozeei se prakticlci »in situ« u neto­
piivi ceruzit. Cinikov sulfat ikao jalko topiv u vodi i migrativan prodirao je lkroz rud­
no •tijelo u niZe dijelove reagiraju.Ci s perkoliirajucim vodama formirajuCi smitsoni't 
i hidrooinikit, a sa isilicijSkom kiselinom i manje kolicine kalamine (hemimorfita) 
(Tabela 6). 

Dio cink()vog .sulfart:a izvrSio je descedentnu metasomatozu relikata mramora unu­
tar rudnog tijela lkao i u salband.ima duf isattelitSkih prlina, pukotina, ·po plohama 
sJ.ojevitosti ih powSina. karsti.filkacijom nastaHh ~upljina stvarajuci bogate tkarbo­
natne rude u Vlidu sartelitskih tanjih Zica te •manjih iii veCih gnijezda (Tabela 6 i sl. 3). 


