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MHNPEATI'OBOP

I'eomomikara Hayka Ha TepUTOpHjaTa Ha
Pemry6iinka Makenonuja uMa  JoJra
Tpajuiyja, a € MoBp3aHa IMpeJl ce CO pyaap-
cKkaTa akTHBHOCT. [l03HATH ce JOKATUTETH
KaJe ce HajaeHd MOHETH of OakapHAaTa H
Oponzenara mob6a. CouyBaHM ce Tparm Ha
eKCIUI0aTalNyja Ha 3J1aTO O]l PEYHHOT HAaHOC Ha
Komcka Peka-I'eBrenucko u Ha Ipyru Mecra,
oJ BpeMeTo Ha Anekcanjap MakenoHcku. Bo
ucTouHa MakeqoHWja pylapemeTro  Ouio
WHTEH3UBHO 33 PUMCKO BpeMe.

[IpBH TEONIOMKH TOAATONM HAa HAy4YHA
OCHOBa 3a TepUTOpHjaTa Ha MakenoHHja ce
jaByBaaTr BO mpBaTa mosoBuHa Ha XIX Bek, a
NpPBUTE T[IEYATEHH TEOJIOIIKKH TPYJIOBU 32
HaIlIUTe TPOCTOPU Cce cpekaBaaT kaj A.bye
(1828-1870) u Bukcenen (1842). On kpajot Ha
XIX Bek 1ma ce 10 AeHec BO 3aBUCHOCT O WH-
TEH3UTETOT HAa UCTPAKYBAamATA HAMHUIIAHH CE
rojeM Opoj Ha TPYJOBU OJ CUTE O0JACTH Ha
reoJIorHjara.

AXTHUBHOCTHTE Ha CTPYYHHTE IUIA OJ
o0acTa Ha reoyoryjaTa ce U3BeayBaaT MpeKy
Makegonckoro I'eonomko /[pymrBo koe e
¢opmupano Bo 1952 ronuna.

Bo 2008 rommna ce ogapxa I[IpBuor
Konrpec na [I'eomosure Ha PemyOuuka
MakenoHuja of KOj u3ie3e 300pHUK CO TPEKy
50 mayuyHu TpyaoBW oA Kou gobap men Oea
MOJrOTBEHH O/ MET'yHapOJIHU THMOBH.

Bo nepronot momery 2008 u 2012 ronuna
BO HaIlaTa 3eMja ce H3Bemoa TojeM Opoj Ha
AaKTUBHOCTH BO CHTE TOJIE-a HA T'eOJIOTHjara.
Oco0eHo BayKHH Jja c€ CIIOMEHAT ce MHTEH3UB-
HUTE HUCTPAXyBama HA METAIMYHH H
HEMETAINYHU MUHEpaTHA CYPOBHUHH,
pETHOHAHUTE, TEOXEMUCKUTE M WHKEHEPCKO-
TCOJIONIKUTE, UTH.

Bropuor Konrpec na I'eonmo3utre Ha
Pemy6inka MakxkenoHnuja MPETCTaByBa
cyOmuMar Ha Hay4YHHTE CO3HaHHMja Oa3upaHH
Ha CIIOMEHATHTE TEOJIONIKH HCTPaKyBama U
UCIHTYBamka KOM C€ OJJBUBAaa Ha TEPUTOpHjaTa
Ha Hamrara 3emja Bo nepuonot on 2008-2012
roguHa. McTo Taka, Ha KOHTPECOT ¢
Mpe3eHTHpaHa 1 Jiel oJ paboTara Ha KOJerd
T'€0JI03U Off COCEIHHUTE 3€MjH, TaKa Jia U OBOj
maT co 3aJ0BOJICTBO MOXE Jla KOHCTaTHpaMe
JieKa KOHTPEeCcOT UMa Mel'yHapoIeH KapakTep.

PREFACE

Geological science on the territory of
Republic of Macedonia has long tradition, and
is mainly connected to the mining activities.
There are numerous localities where coins
from copper and bronze age are found. Traces
from exploitation of gold in the river Konjska-
Gevgelija and other places are known, in the
time of Alexander the Great. In eastern
Macedonia the mining was very intensive
during the Roman period.

First scientific geological data for the
territory of Macedonia are found in the first
half of XIX century, and the first printed
papers for our region are found at A.Bue
(1828-1870) and Viksenel (1842). From the
end of XIX century until today, depending on
the intensity of the investigations numerous
publications are presented in all fields of
geology.

The activities of geological scientists are
performed in the frame of the Macedonian
Geological Society which is formed in 1952.

In 2008 the First Congress of Geologists
of Macedonia was held. Proceedings with over
50 papers were published. Numerous papers
were prepared by international teams.

In the period between 2008 and 2012
investigations in all fields of geology were
performed. Especially important to mention
are the investigations of metallic and non-
metallic mineral resources, regional,
geochemical, engineering-geological, etc.

The Second Congress of Geologists of
Republic Macedonia presents sublimate of
scientific knowledge based on the mentioned
geological  investigations  which  were
conducted in the period 2008-2012. Also, the
congress presents part of the work of
colleagues from neighboring countries, so with
great pleasure we can once again confirm its
international character.

IIpercenaren
HA OPraHHU3aLMOHEH 0100p

President
of organizing committee

[Ipod. a1-p Musopan JoBaHOBCKH



COJPKHHA

CONTENTS

Pezuonanna 2eonozuja, wekuwonuxka u
uaneonwonouja

KPAMIITUAN BO PEITYBJIMKA MAKEJIOHUJA

Anexcanoap Cmojanos

GEOLOGICAL AND PETROLOGICAL
CHARACTERISTICS OF THE VOLCANIC CENTERS
FROM THE UPPER VOLCANOGENIC-SEDIMENTARY
UNIT FROM THE WESTERN SREDNOGORIE,
BULGARIA

Stefan Velev, Rossen Nedialkov, Irena Peytcheva, Albrecht von
Quadt

PALAEOZOIC EVOLUTION OF THE OGRAZHDEN
UNIT (SERBO-MACEDONIAN MASSIF, BULGARIA
AND MACEDONIA)

Ivan Zagorchev, Constantin Balica, loan Balintoni,

Evgeniya Kozhoukharova, Gavril Sabdau, Elena Negulescu

IMPUYMHN 1 HEOTEKTOHCKO CTPYKTYPUPABE
HA T'EOITPOCTOPOT HA P.MAKEJIJOHUJA

T'aspun Mupakoscku

I'EOTEKTOHCKHU PA3BOJ HA JIAKABUYKHNOT
I'PABEH BO AJIIMCKHNOT OPOI'EH IUKJIYC

Towe [lempos, Buonema Cmojanosa, Bojo Mupuoscku

METOJJOJIOI'NJA U [TIPUHIUIIN 3A U3PABOTKA
HA OI'K-2 HA PEOHOT ITJTAYKOBUIIA

3opan [ones, brnazojuo boswcunos

ITPOEKT 3A NM3PABOTKA HA OCHOBHA I'EOJIOIIKA
KAPTA OI'K 2 PEOH OI'PAXIEH-BEJIACHULIA
M 1:50.000

Cawo 'eopeuescru, Canoe Hones, Heop Mumes

BUOCTPATUI'PA®UNIA HA OBYEIIOJICKHNOT
I[TAJIEOTEHCKU BACEH, P. MAKE/IOHUJA

Buonrema Cmojanosa, 'owe [lempos, Buorema Cmeganosa

13

19

29

35

43

53



Mewanozenuja u naotaauwiua na
MUHEPAAHU CYPOBUHU

HYDROGEN ISOTOPIC STUDY OF THE BOROVIC
MINERALIZED SYSTEM, KRATOVO-ZLETOVO
VOLCANIC AREA

Todor Serafimovski, Goran Tasev, Tadej Dolenec, Nastja Rogan-
Smuc, Dalibor Serafimovski, Petra Vrhovnik, Matej Dolenec,
Timotej Verbovsek

PORPHYRY Cu-Mo-Au-Ag-DEPOSITS OF THE
NORTHEAST OF RUSSIA, COMPARISON WITH
SIMILAR DEPOSITS OF THE R. MACEDONIA
SEGMENT OF THE TETHYS BELT

Alexander Volkov, Todor Serafimovski, Goran Tasev

FLUID INCLUSIONS STUDY IN THE QUARTZ
FROM THE ZLETOVO MINE
Goran Tasev, Todor Serafimovski

THE POTENTIAL OF THE NONMETALLIC MINERAL
RESOURCES IN THE REPUBLIC OF MACEDONIA
Orce Spasovski, Daniel Spasovski

I[MTEPCIIEKTUBHMU I'EOJIOIIIKHY ®OPMAILINH KAKO
HOCUTEJIA HA CUJIMINCKHN CYPOBHUHU
BO PEIIYBJIMKA MAKEJIOHUJA

Kpcmo bnaoices, Anopej brasices

THE POSSIBILITIES TO USE THE TRAVERTINE AND
ONYX - GULABOVA CAVE, BESISTE VILLAGE
(WESTERN MACEDONIA) AS AN ARCHITECTURAL

STONE
Orce Spasovski, Zoran Kostovski, Daniel Spasovski

STRUCTURAL RESEARCH ON DOLOMITE MARBLES
IN BELOVODICA MINE FROM THE ASPECT OF
MARBLE EXPLOIATATION

Vasja Dameski, Blazo Boev

QUALITATIVE COAL FEATURES FROM DEPOSIT
NEGOTINO, R. MACEDONIA
Milica Nikolova, Orce Spasovski

[TPUMEHETA METOAOJIOTNJA HA
UCTPAXYBABATA HA HAOIAJIMIITETO HA
JATJIEH MAPUOBO, JIOKAJIUTET C. BEHIMIITE
3opan Jones

JATJIEHOBO HAOI'AJIUIITE “MAPHOBO”
ITPECMETKA HA KBAJIUTET 1 PE3EPBU

Enusabema Panesa, 3namxo Unujoscku, [lanue Toooposa

63

65

73

83

91

95

103

109

117

123

131



T'EOJIOLLIKU U CTPYKTYPHO -TEKTOHCKHA
KAPAKTEPUCTUKU HA JATJIEHOBOTO
HAOI' AJIMIITE , )KUBOJHO*

Jlacme Usanoecku, [lempe Ilackos, Exuzabema Panesa,
Braoumup Kocmoscku

KOMITAPATHBHU COI'JIEJYBABA HA I'EOJIOLLIKHA
N EKOHOMCKU [TAPAMETPU HA JATJIEHOBUTE
HAOI' AJIMIITA ,MAPUOBO"“ 1 , ) KUBOJHO"

Ilempe Ilackos, Jlacme Usanoscku, Tpughpyn Munescku,

Jlanue Toooposa, Hzop [lewescku

Huocenepcka 2eonozuja u zeowlexnuka

I'EOJIOIKA I'PAIBA HA TEPEHOT OKOJIY BPAHA
KHEXKEBO BO U3BEJEHA COCTOJBA

Mome Munanoscku

NMHXEHEPCKOI'EOJIOIIKA KITACU®UKALINIJA HA
HEBP3AHUTE KAPIIN OJ1 OKOJIMHATA HA
OXPUICKOTO E3EPO

Topeu JTumos, Bnazuya Jlonesa, Mapjan Jlenunempos, Tooop
Jenunempos

NHXEHEPCKO I'EOJIOLIKHW 1 TEOTEXHUYKHU
NCIIMTYBABA KAJ ©JIMITHU CEJUMEHTHU

Opye [lemkoscku

ITPUCTAII 3A AHAJIN3A HA CTABUJIHOCT BO
AHN3O0TPIIOHU KAPIIECTU MACH CO ITPUMEHA
HA METOJOT HA UHTEPAKIITMOHU MATPULIN

Hzop lewescku, Muropao Josanoecku, Haym I ankoscku

STANDARD PENETRATION TEST, HISTORICAL
DEVELOPMENT AND CURRENT USE OF THE TEST
Gareth Evans, Sasa Zivadinovi¢

ITIOJABA, ®OPMUPAILE U CAHALIMJA HA
CBJIEYMIITA BO YPBAHU CPEJAMHN HA
TEPUTOPUJATA HA OIIILITHUHA ILITHUII

Jbynue Kynakos , 3opan I oprueecxu , 3namxo Hnujoscku

CBJIEYMILITE BO ITOBPIHIMHCKHU KOIT CYBO/IOJI,
MUKPOJIOKAILIMJA - 7, HETOBA TIOJABA U
NCKYCTBA

Jbynuo [lempecku, Anuma Mapmunosux, Mapuja Manesa

METO/IOJIOI'NJA 3A U3PABOTKA HA
JMT'NTAJTHATA I'EOJIOIIKA KAPTA HA
PEITYBJIMKA MAKEJIOHUJA (PABMEP 1:100000)

brazoja Maprocku, Munopao Josanoscku, Ceemup Iopun, Heop
Ilewescku

139

147

155

157

163

169

175

181

189

195

203



4. Ileiupoaozuja u munepanouja e, 211

TEOXEMHCKU KAPAKTEPUCTHUKHU HA EITUJIOT -
(Pb), IMEMOHTUT — (Pb) O] ,MEIIAHATA CEPUJA“
BJIN3Y c. HEXXWJIOBO, MAKEJIOHUJA

Huxuma Yyxanos, Cumeon Janueg e 213

GEOLOGY AND MINERALOGY OF ALLCHAR
Sb-As-TI-Au DEPOSIT
Blazo Boev, Gligor Jovanovski, Petre Makreski 215

MUJHEPAJIOIIKU 1 XEMUCKU KAPAKTEPUCTUKU

HA KEPAMMWYKUTE I'JIMHU O/] HAOI'AJIULITETO

I'PAJELL, BUHUIA, P. MAKEJJOHUJA

Mune Unues, Opye Cnacoscku e 233

IR SPECTROSCOPICAL CHARACTERISTICS OF
METAMICT ALLANITE-(CE)
Andrea Cobi¢, Nenad Tomasié, Vladimir Bermanec — ooeeeceeeeeeeeenns 239

COLLOIDAL ORIGIN OF COLLOFORM-BANDED

TEXTURES IN THE LOW-SULFIDATION,

SEDIMENTARY ROCK-HOSTED AU-AG KHAN KRUM

(ADA TEPE) DEPOSIT, SE BULGARIA

Irina Marinova, Rositsa Titorenkova, Valentin Ganev e 245

ELECTRON BACKSCATTER DIFFRACTION-BASED

IDENTIFICATION OF MICROPHASES IN ALTERED

MONAZITE

Mihail Tarassov, Eugenia Tarassova e 253

SPHALERITE CYCLIC TWINS FROM STARI TRG

MINE, TREPCA, KOSOVO

Vladimir Zebec, Snjezana Mikulci¢ Pavlakovié¢, Zeljka Zigovecki

Gobac, Vladimir Bermanec 257

STAR-LIKE GALENA CRYSTALS FROM STARI TRG

MINE, TREPCA, KOSOVO

Zeljka Zigovecki Gobac, Vladimir Zebec, Snjezana Mikulcié

Pavlakovi¢, Vladimir Bermanec 261

MINERALOGICAL CHARACTERISTICS OF THE NI-

LATERITE WEATHERING CRUST ON THE

OPHIOLITES NEAR GORNJE ORESJE, MEDVEDNICA

MTS., CROATIA

Marta Kis, Sabina Strmi¢ Palinkas, Ladislav Palinkas, Vladimir

Bermanec 265

MINERALOGY AND THE FLUID INCLUSION DATA

OF THE BONCE TOURMALINE-BEARING

PEGMATITE, THE SELECKA MTS., REPUBLIC OF

MACEDONIA

Danijela Smajgl, Sabina Strmi¢ Palinkas, Ladislav Palinkas,

Stefica Kampi¢, Blazo Boev, Tamas Vaczi e 271



5. Teoxemuja u zeoxemuja Ha CPEOUHAMUA ~  ..cooeveveevennnnnnnns 277

I'EOXEMHUCKU KAPAKTEPUCTUKU HA BUHA

ITPOU3BEJEHHU BO JJOMAIILIHU YCJIOBU BO

OBJIACTA THUKBEIII

Usan boes, Comwa Jlenumxosa, Tena llujakosa, e, 279
Opye Cnacoscku, bnaosico boeg

GEOCHEMICAL CHARACTERISTICS OF THE

WATERS FROM THE GEOTHERMAL SYSTEM

ZDRAVEVCI

Orce Spasovski, Daniel Spasovski L 311

OIIPEJIEJTYBAISGE HA TEILIKU Y TOKCUYHU
METAJI BO BOJIUTE O/ TPAJICKHMOT BOJIOBO/T
BO LITHUIT CO TIPUMEHA HA METOJIATA HA ICP-
AES

Mapjan Maxcumos, bnasico boes, Becna 3ajkosa [lanosa oo 317

I'EOXEMUJA HA CTPUM CEIMMEHTUTE U HUBHA

I[TPUMEHA BO ITPOCITIEKIIMJATA HA

HAOTI'AJIMIITA BO P. MAKEJIOHNJA

Buonrema Cmeganosa, Bojo Mupuoscku, Pocen Hedenkog, —  .ccoveiceiieeinnnn, 325
Buonema Cmojanosa

INDOOR RADON AND SOIL RADIOACTIVITY IN
KRUSEVO, REPUBLIC OF MACEDONIA

Zdenka Stojanovska, Blazo Boev, Jovan Januseski, Mimoza ..., 331
Ristova
6. Xuopozeonoeuja u zeowiepmuja 00 337

KARST AQUIFERS CARACTERISATION

ON THE RESULTS OF TIME SERIES ANALYSIS —

CASE EXAMPLE OF SERBIAN KARST AQUIFER

IgorJemcov s 339

XNAPOI'EOJIOLIKA PEOHU3ALIMJA HA
ITOAPAYJETO HA I'PA/] CKOIIJE 1 MOXHOCTHU 3A
NCKOPUCTYBAILE HA ITOJA3EMHATA BOJIA 3A
HABO/IHYBAIGE HA 3EJIEHU ITOBPUIMHU

3namro Unujoscxku, Mome Munanoecku, Huxona [Jumos i 347

PHYSICOCHEMICAL CHARACTERISTICS OF MINE

WATERS AT ABANDONED MINING SITES IN SERBIA

Veselin Dragisi¢, Neboj$a Atanackovi¢, Vladimir Zivanovic,

Gordana Milentijevic 355

COMPARATIVE ANALYSIS OF APPLICATION OF

DRASTIC AND PI METHOD IN THE PROTECTION OF

NATIONAL PARK TARA GROUNDWATERS

Vladimir Zivanovi¢, Veselin Dragisi¢, Igor Jemcov, Nebojsa

Atanackovi¢ 361



XNUAPOT'EOJIOIIKU KAPAKTEPUCTHUKI HA
CYBAPTECKMOT BOJOHOCHHUK BO CEJIOTO
KPYIIEAHU — ITPUJIETL

Bojo Mupuoscku, Buonema Cmegarnosa, Tena [llujaxosa-
Hsanosa, Braoo Mupuoecku

MAJIA BOJI HA KAPCTHUOT W3BOP
CTYJIEHUHMIIA

Amanac Yepuncku, Bojo Mupuoscku, ['owe [lempos

THERMAL MATURITY OF THE MESOZOIC
SEDIMENTS IN THE CENTRAL SOUTHERN PART OF
THE MOESIAN PLATFORM

Nikola Botoucharov

METOOJIOI'NJA HA UCTPAXKXYBABE HA
ITIETPOTEPMAJIHA EHEPTUJA

Cmojanue Hukonos, Anexcandap byos, Josan [Ipgynosux,
Munopao Josanoscku

XUAPOT'EOJIOUIKH KAPAKTEPUCTHUKU HA
JAT'JIEHOBOTO HAOT'AJIMUITE ,)KMBOJHO*

Kocmaoun Josanoscku, /lanue Toooposa

METOAOJIOTMJA HA U3BEJIBA HA BYHAPCKH
CHUCTEM 3A OIBOAHYBAKE HA I1JC PEK BUTOJIA
oA ITOBPIIMHCKUA U ITOA3ZEMHU BOU

Cmojan Muxaunoscku, Huxona /fumos, Mupjana Tpnuescka,
Jbynuo Ilempecku

I'eopusuxa

I'EOEJIEKTPUYEH MOJEJI HA KOYUAHCKATA
JEITPECUJA

Bnaecuya Jlonesa, Jbynue Eguywes, I'opeu Jumos, Carva
Ilocmonosa

NHBEP3HA EKCTPAIIOJIALINJA HA BPAHOBO I10JIE

-MUI'PALINTA

Carva llocmonosa, bnazuya /lonesa, Mapjan /lenunempos, Tooop

Jlenunempos

I'eonowko u KyaiuypHo nacaeociiéo

I[TPUMEHA HA EJIEKTPOHCKATA MUKPOAHAJIM3A
BO AHAJIM3A HA ITPUMEPOLI O
KYJTYPHOTO HACJIEACTBO

Fnaowco boes

Vi

369

375

381

387

395

403

411

413

419

425

427



PHYSICOCHEMICAL CHARACTERISTICS OF MINE WATERS AT
ABANDONED MINING SITES IN SERBIA

Veselin Dragisi¢*, Nebojsa Atanackovié', Vladimir Zivanovié', Gordana Milentijevié?

Faculty of Mining and Geology, University of Belgrade, Djusina 7, 11000 Belgrade, Serbia,
n.atanackovic@rgf.rs
2 Faculty of Technical Sciences, University of Pristina, Kneza Milo$a 7, 38220 Kosovska Mitrovica, Serbia,
blagojenedeljkovic@yahoo.com

Abstract

Both exploration and mining of mineral resources in Serbia have been quite extensive. Over the past several
years, investigations of the physicochemical characteristics of mine waters were undertaken at several tens of
abandoned mining sites across Serbia, featuring different types of ore deposits.

Hydrochemical investigation revealed distinct variations in the chemical compositions of the mine waters.
Based on the results reported in this paper, mine waters originating from gold and magnesite deposits exhibit
chemical compositions identical to that of the groundwater in the extended area. Contrary to these, mine waters
which trace to abandoned copper, molybdenum and polymetallic deposits feature elevated total dissolved solids
(TDS) and low pH levels. With regard to their chemical composition, these are sulfate waters with elevated
heavy metal concentrations. Mine waters originating from abandoned stone coal mining sites exhibit chemical
properties which are similar to those of mine waters from polymetallic deposits.

Analyses of the dependency between pH levels and the chemical compositions of mine water samples revealed a
high correlation between the pH index and the concentrations of sulfates and metals.

Key words: mine waters, abandoned mines, hydrochemistry

INTRODUCTION heavy metals (Fe, Cu, Pb, Zn, Cd, Co, Cr, Ni,
Mine waters were sampled from 2009 to 2011 Hg), metalloids (As, Sb) and other elements
at abandoned mines in several tens of ore- (Al, Mn, Si, B, Li) (Lottermoser B., 2007). In
bearing deposits. Specifically, parallel, the activity of certain
physicochemical characteristics were analyzed microorganisms, primarily  Thiobacillus
of mine water samples from deposits of ferrooxidans and Thiobacillus thiooxidans,
metallic and polymetallic mineral resources accelerate processes which lead to the
(Cu, Fe-Ni, Pb-Zn, Sb, Mo, Au), radioactive deterioration of mine water quality. Depending
elements (U), non-metals (Mg, F) and stone on the pH/Eh conditions at the site and the
coal. The chemical composition of mine water composition of the mine waters, certain
is generally a result of several factors, the most secondary minerals are deposited on the mine
important being the geological makeup of the walls as sediment or film, whose composition
deposits, the mineral composition of the ore is dominated by iron oxides and hydroxides
and the surrounding rocks, the hydrogeological which give them a characteristic reddish-
characteristics of the rock masses, and the orange color. Similar processes take place in
mining technology applied. Mine waters which stone coal deposits. However, in certain other
circulate at a mining site come into contact deposits the hydrolytic reaction is the main
with primary and secondary minerals in process of disassociation of the ore and
oxidation conditions, whereby the minerals surrounding minerals, and the resulting mine
become dissolved. water does not differ significantly from
The oxidation of pyrite (FeS;) and other naturally occurring groundwater (DragiSi¢ V.,
sulfides plays a dominant role in the formation 2012).

of the chemical composition of mine waters, The objective of the research reported in this
during which hydrogen ions are released and paper was to identify, on a regional scale, the
cause the pH level to decrease and the physicochemical characteristics of mine waters
concentrations of certain elements in the mine originating from abandoned mining sites
water to increase, such as those of sulfates, associated with different ore deposits within
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the represented metallogenetic units. The
outcomes of this effort constitute the basis for
further, detailed investigations of certain mine
water occurrences from the environmental
perspective, and for analysis of geochemical
and hydrochemical processes which govern
the chemical composition of the mine waters.

SAMPLING AND CHEMICAL
ANALYSES

Mine water was sampled for chemical analyses
at the points of discharge from adits and from
pools at the lowest levels of opencast mines.
The investigations encompassed ore-bearing
sites in eastern, western and southern Serbia,
as well as in Kosovo and Metohija (Figure 1).
Measurements of pH, conductivity (uS/cm)

P -%n"" | NS

and temperature (°C) were conducted in-situ,
using a Mi805 unit with an MA851D/1
parametric probe. Chemical analyses of the
mine water samples were performed at
Hemolab in Belgrade. Water samples were
stored and transported in 1.5 | and 0.5 |
polyethylene (PET) bottles. Samples in smaller
bottles were acidified with 10-20 drops of a
50% HNO; solution to prevent the
sedimentation of metals from the water.
Among the basic physical quantities, T, pH
and Ep were determined in-situ, while dry
residue (at 180°C), total hardness and KMnO,
consumption were analyzed in the laboratory.

vPb—Zn

ﬂran]e s

Figure 1. Sampling location

With regard to macrocomponents, the analyses
included the main cations and anions (Na’,
Ca®*, Mg®, K*, COs* HCO3, SO,%, CI', NOs'
). The microcomponents analyzed were non-
metals (NH;*, NO;, P, SiO,) and metals and
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metalloids (Fe tot., Mn tot., Cr tot., Zn, Cu, Pb,
Cd, Ni, As). The concentrations of P, Cr, Cd
and Pb were below the limits of detection and,
as such, were not included in the study.



Table 1. Results of chemical analysis of mine waters
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RESULTS AND DISCUSSION
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Figure 2. Concentrations of the SO, ion in relation to pH.

The results of hydrochemical analyses of mine
water samples collected from abandoned
mining sites (Table 1) revealed considerable
differences in the chemical compositions, as a
result of highly complex conditions leading to
their formation. Some authors believe that the
composition of mine water at each mining site
is specific, due to the differences between the
mineral deposits. This claim seems to be
confirmed by the broad range of values of the
parameters analyzed within the scope of this
research. A pH index of 1.95 (Lipa opencast
mine) was indicative of a highly acidic
medium, while the mine water from the adit at
Liska was found to be alkaline, with a pH
index of 8.3. In addition to pH, the
concentrations of SO, also varied (Figure 2).

Figure 2 (a) shows that extremely high SO,*
concentrations were found in mine waters
whose pH was very low. However, with the
exception of the three extremely low pH
values (Figure 2 (b), this correlation was much
less pronounced in most of the analyzed
samples. Mine waters from the Cerova copper
mine and the Dobra Sre¢a stone coal mine
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exhibited elevated concentrations of the sulfate
ion, while their pH levels between 6 and 8
were similar to those of most of the samples.
Conversely, when mine waters were grouped
based on the dominant minerals in the
compositions of the ore deposits, a certain
correlation could be established. Cu deposits
and polymetallic Pb-Zn deposits were found to
be largely comprised of sulfide minerals.
Compared to the Cu and Pb-Zn deposits, mine
waters originating from the deposits of other
minerals exhibited much lower chemical
composition variations (Figure 3).

TDS values of most of the mine water samples
associated with stone coal, Sb, Mo, U, F, Mg
and Au deposits were found to be close to or
less than 1000 mg/l, while the TDS range of
the Cu and Pb-Zn deposits of the sulfide type
was considerably broader (Figure 3 (a)).
Similar to the concentrations of dissolved
substances, pH levels associated with sulfide
deposits varied to a large extent, while in mine
waters from other analyzed deposits they were
in the interval from 6.0 to 8.3, generally
around 7 (Figure 3 (b)).

b)

0

Other Sulfide denosits

Figure 3. Box & Whisker plot of TDS and pH for sulfide and other mineral deposits.
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The piper diagram (Figure 4) of the
concentrations of the main cations and anions
shows two distinct groups of mine waters.
With regard to the main anions, the
compositions of the mine water samples from

7 BQ 2.\\._30
w \

{3
W
\ .. %
S 60/ \60 ®
* A *
S 4/ 6340 %
.
20 .15 1 20

PR LT

Figure 4. Piper diagram.

Cu, Pb-Zn, Mo, Sh, F and stone coal deposits
were dominated by the sulfate ion, while the
deposits of Au, U and Pb-Zn (adit at Piste)
featured the highest concentration of the
HCOg ion. The cation compositions of all the
samples were dominated by the Ca®*, except
the mine waters associated with the Liska
magnesite mine and the Cerova opencast mine
where magnesium concentrations of more than
80%eqv were recorded.

Low pH values of mine waters are generally a
function of the geological characteristics and
mineral composition of the pertinent rocks.
Occurrences of acidic mine waters are
attributed to rocks which do not contain
carbonates. Deposits of metallic minerals
genetically trace to magmatic intrusions,
volcanic activity and the hydrothermal
solutions associated with these processes.
Acidic magmatic rocks which contain poorly
soluble silicate minerals provide a favorable
setting for the formation of mine waters with
low pH values, while in basic and ultrabasic
rocks made up of highly soluble silicate
materials, alkaline waters are formed. (C.A.J.
Appelo, 1996). Apart from carbonate minerals,
pH levels increase when gibbsite — Al(OH); is
dissolved, whereby the concentrations of
aluminium in the mine waters increase.

As minerals from the sulfide and oxide groups
dissolve, the concentrations of metals in mine
waters increase. This process primarily
depends on the pH level of the mine waters
(Wolkersdorfer C., 2008). The analyzed mine
water samples featured elevated Fe and Mn
concentrations.
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Extreme concentrations of Fe were recorded in
the samples collected from the Lipa copper
mine, as well as the Bobija lead and zinc mine
whose mine water samples also exhibited high
zinc  concentrations. Iron and  zinc
concentrations correlated with the pH index
(Figure 5). As the pH level increased, the
concentrations of these metals in the mine
water samples declined. The samples from
these two mines also featured elevated
concentrations of Cu and As. The mineral
composition of the respective deposits is
dominated by pyrite, where the paragenesis
exhibits other sulfides (galenite, sphalerite) as
well. In the zone of the abandoned Lipa mine,
in addition to pyrite, enargite (CusAsS,) also
occurs as a primary mineral ore (Jankovi¢ S.,
1990), which is the source of arsenic in the
mine waters. As the pH levels of the mine
water  samples  decreased and  the
concentrations of metals (primarily Fe and Zn)
increased, the concentration of arsenic rose
(Fig 5).

Very high concentrations of microcomponents
were found in the chemical composition of the
mine waters tracing to the Cerova opencast
mine, where the concentration of Mn was 45
mg/l, of Zn 52.1 mg/l and of Cu 1120 mg/I.
The mineral composition of the fluorite
deposits at Ravnaja, in addition to fluorite
(CaF,), features sphalerite, galenite and pyrite.
The mineral association at this site has caused
the mine waters from Ravnaja to correspond to
those tracing to polymetallic deposits.

At the Jerma mining site, mine waters are
discharged at a rate of 4-5 I/s from the
abandoned adit at the Kozarnik stone coal
mine, where iron concentration was found to
be 6.7 mg/l. The point of discharge is covered
with yellowish-red iron hydroxide film. In the
catchment area of the Veliki Pek River, within
the gold deposits at Blagojev Kamen, the
abandoned adit of the Sveta Barabara mine
discharges 4 I/s of low-TDS mine waters of the
hydrocarbonate class, calcium group, where
heavy metal concentrations equal natural
background levels. On Mt. Stara Planina, at
the Aljin Do site, there are gold deposits with
high concentrations of bismuth. Here the
abandoned llijin Grob mine discharges mine
waters whose chemical composition is of the
low-TDS HCO;-Ca-Mg type, with low
concentrations of metals and an elevated
concentration of arsenic (0.5 mg/l).



2000

° 2
1500
S
£ 1000
o = ']
w [ ] r=-0.79
500
NERaRS ammel 4 5
0 1 2 3 4 5 6 7 8 9
pH
3000
4 @
2500 4
2000
%} -
= 15004
< ® r=-0.73
1000
500 .
o e
0 1 2 3 4 5 6 7 8 9
pH

[~
o
(=]

Zn (mgll)

- h)
150
®
100+
i r=-0.71
50— [ ]
®
» e o-
ot
0 2 3 4 5 6 7 8 9

As (ugh)

3000

2500+
2000+

1500+

500

0

1000

0

r=0.83

— T
50000 100000 150000 200000
Zn (ug/l)

Figure 5. Correlation between pH levels and metal/metalloid concentrations in mine waters

CONCLUSION

Hydrochemical analysis of mine waters
originating from abandoned mines in Cu, Pb-
Zn, Sbh, Mo, Mg, F, U , Au and stone coal
deposits in Serbia revealed the following:

Mine waters tracing to deposits of metallic
minerals, whose composition is dominated by
minerals from the sulfide group, exhibit
pronounced TDS and pH variations. Based on
their macrocomponent composition, these
waters belong to the sulfate class, calcium
group. They feature elevated concentrations of
heavy metals and metalloids (Fe, Mn, Cu, Zn,
As).

Mine water samples collected from abandoned
stone coal mines belong to the neutral group,
based on their pH levels. Their compositions
exhibit elevated concentrations of sulfates and
iron.

Mine waters discharged from abandoned
mines in gold and magnesite deposits belong
to low-TDS waters of the hydrocarbonate
class, calcium and magnesium groups, with
metal concentrations corresponding to natural
background levels.

Analyses of the correlation between pH levels
and metal/metalloid concentrations showed
that as the pH level of the mine water samples
decreased, the concentrations of Fe, Zn and As
increased.
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