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MHNPEATI'OBOP
I'eonorujara xako mpupogHa (QyHIaMEHTaIIHA
HayKa ¥Ma HE3aMEHJIMBO 3Ha4Yemhe 3a
OIIIITECTBOTO M € OHOj KaMEH TEMEITHHUK Ha KOj
Ce 3acHOBaHM TojJeM Opoj TpaHKH Of
WH)XEHEPCTBOTO U MHIYCTpHjaTa.
Hej3uHOTO 3HAYCHETO Kaj HAC € MHOTY jacHO
MPENO3HACHO yIuTe BO JayieyHaTa
1944 ronguHa, Kora co oJJTyKa Ha
[Ipesumnymor Ha ACHOM e dopmupan
I'eonomknor wuHcturyr Ha HPM, 1pBa
MaKeJJOHCKa T'€0JIONIKa HHCTUTYIIH]a.
Jenec MakelOHCKOTO T€OJIOIIKO JPYIITBO
Kako elIeH OJf TIJIaBHUTe MPOMOTOPH Ha
TeoJIOIIKaTa HayKa BO Hamata 3emja, € Impeq
HOB TIPEIN3BHUK, OPTaHU3NpPameTo Ha TpeTHoT
Konrpec Ha reomo3ure Ha PenmyOimka
MakenoHuja.
Opranmzanuonnor u Hayunmor ombop Ha
Tpetnor Konrpec, umajku ja mpeaBu goarara
Tpaauidja Ha TeoJiolIKaTa Hayka, HO
HMCTOBPEMEHO COTJIEAYBajKU TO aKTyeITHHOT
MOMEHT, OJUIy4Hja HOCEYKHTE TEMH Ha
Konrpecor na 6uaar moBp3anu co:

— T'eonorujara u ONIITECTBOTO,

— @yHmameHTaHaTa Te0JI0THja 1

— Teonorujata v ekOHOMHjaTa.
3a oBue TeMHm BO OBOj 300pHHK ce
myoJNMKyBaHu  BKymHO 105  opuruHaIHH
HAayYHH TPYAOBH, KOW C€ TOJATOTBEHH O]
npeky 350 aBTOpH M KOaBTOpW O IOTOJIEM
Opoj Ha 3emMju. Hwusz TpymoBure ce
emabopupaHdl  pe3yiTaTd O BPEeOHH W
JONTOTPajHH UCTpaXKyBarma Ha HAIIUTE U
CTPaHCKUTE HHXEHEPU W Hay4YHH PabOTHHIIH.
Ox npucTUTHATHUTE TPYAOBH MOXE Ja ce
3a0eJIe)Kd MOBP3aHOCTA Ha TPAIUIMOHATHHUTE
WUCTPpaXXHU METOAM W TpPHMEHaTa Ha HOBU
COBpEMEHH TEXHOJOTHM W aJaTKu [pH
TCOJIOIIKUTE  MpOydyBama,  BKIYUYyBajKu
HajCOBPEMEHH TEPEHCKH U J1abopaTOpUCKU
WHCTPYMEHTAJTHH  METOAHM, CHCTeMH 3a
00paboTka, dyBame Ha TOMATONM H CIEACHHE
Ha TapaMeTpuTe Ha >KMBOTHaTa cpenuna. Ce
HazeBame, JleKka [pUKaXaHW  CTaBOBH,
pasMHUCIIyBamka W pe3yiTaTd ke TW 3alBpPCTaT
JIOCEeTAIlHUTE 3HAaeHka, M Ke Ce MOTTHKHAT
W7eH 3a 3Ha4ajHU HOBHU UCTPaKyBamba.
3aroa, OpraHu3aloHUOT OA00p MCKPEHO UM
ce 3a0iarofjapyBa Ha CHTE aBTOPH, YUYECHHIIH
u nomarayn Ha KoHrpecoT, kou cure 3aeqHO
CO  TMOXPTBYBaHOCTa  OBO3MOXHja  OBOj
300pHUK 1@ OMae HEMITO CO KOE CHTE Ke ce
ropaeeme.

PREFACE
Geology as a natural and fundamental science
is of great importance for the society and it is
the foundation of many engineering and
industry branches.
Its’ importance in our country was clearly
recognized in 1994, when the presidium of
ASNOM reached a decision to establish a
Geological institute of NRM, the first
Macedonian geological institution.
Nowadays, the Macedonian geological society
as one of the main promoters of the geological
science in our country, has accepted a new
challenge, the organization of the Third
Congress of Geologists of Republic of
Macedonia.
The Organizing and scientific committees of
the Third congress, given the long tradition of
the geological science, at the same time
looking at its’ current state, has decided that
the main topics of the Congress are related to:

— Geology and society

— Fundamental geology and

— Geology and economy
There is a total of 105 original scientific
papers published in these Proceedings,
prepared by over 350 authors and coauthors
from number of countries for these
proceedings. Results from valuable and long
investigations of our and the foreign engineers
and scientific workers have been elaborated
through the papers.
From the papers, it could be noted that there is
a strong connection between the traditional
investigation  methods and the new
contemporary technologies and tools in
geological explorations, including the latest
field and laboratory instrumental methods,
systems for processing and data storage, and
monitoring environmental parameters. We
hope that, the presented views, considerations
and results will strengthen the existing
knowledge, and will encourage ideas for new
significant research.
Therefore, the Organizing Committee would
like to sincerely thank all the authors,
participants and supporters of the Congress,
who along with their devotion helped making
us all proud of this Proceedings book.

IIpercenaTen President
Ha OpranuszannoHeH of Organizing
Onoop Committee

[Tpod. n-p Coma JlenmurkoBa



KHHTA 1
CONPKHHA
CONTENTS

I'eosorujarta u OmuTecTBOTO

KIIMMATCKUTE ITPOMEHU U JIOKA3UTE BO
I'EOJIOIKUTE 3AIIMCHU HA ITPUMEPUTE HA
HAJT'OJIEMUTE MACOBHU YHULLITYBAIA HA
BPCTUTE (P-T TPAHULIA, K-T TPAHUIIA)

Braoswco boes

I'EOJIOIIKHU 3ABO/] HA PEITYBJIMKA MAKEJIOHUJA

Kocmaoun Josanos

COCTOJBA U HATAMOIIIEH PA3BOJ HA OCHOBHUTE
TEOJIOLLIKH UCTPAXKYBAIbA BO PEITYBJIMKA
MAKEJIOHUJA

Hosuya Cmonux

PEAJIM3ALIMJA HA TEOIIPOCTOPHU MPEXXHU
YCJIYTY BO PAMKUTE HA TEOMH®OPMAIIMOHUOT
CUCTEM HA TEOJIOLIKHOT 3ABOJI HA PEITYBJIUKA
MAKEJIOHUJA

Jlyxa Joguuux

THE METHODOLOGY AND CONCEPTION OF
DEVELOPING GEOLOGICAL MAP (GK-50) OF
REPUBLIC SERBIA AND SYNTHESIS OF GEOLOGICAL
FORMATIONS AFTER FINISHED SHEETS

Rodoljub Gaji¢, Divna Jovanovié, Dejan Barjaktarovié, Petar
Steji¢, Mihailo Pandurov

INOAEJIBA 1 HOMEHKJIATYPA HA OCHOBHUTE
I'EOJIOIIKN KAPTU HA PEITYBJIMKA MAKE/IOHUJA

Hosuya Cmonux

TPAHCOOPMALIMJA HA OJJHOCOT IIOMEI'Y
TEOUHKEHEPUTE U JIOHOCUTEJIMTE HA OJUTYKU
[IPU YPEAHOTO TUTAHUPATLE

(COST ACTION TU1206 SUB-URBAN)

Hzop llewescxu, Diarmad Campbell, Muropao Josanoscku

INTERPRETING GROUNDWATER CHARACTER FROM
FLOOD PULSES AND ARTIFICIAL TRACER TEST-A
CASE STUDY OF THE SLATINSKI IZVOR SPRING
(REPUBLIC OF MACEDONIA)

Biljana Gicevski, Metka Petric, Janja Kogovsek

17

23

33

43

47

55

67



CROSS-CORRELATION ANALYSES OF KARST SPRING
DISCHARGES

Marina Cokorilo 1lié, Vesna Risti¢ Vakanjac, Sasa Milanovic,
Ljiljana Vasi¢, Kostadin Jovanov, Radisav Golubovi¢

AUTOCORRELATION ANALYSES OF KARST SPRING
DISCHARGE REGIMES

Vesna Risti¢ Vakanjac, Sasa Milanovi¢, Marina Cokorilo Ilié,
Kostadin Jovanov, Ljiljana Vasi¢

N3PABOTKA HA AXKYPUPAHA XNJIPOI'EOJIOLIKA
KAPTA HA MAKEJOHMJA 1 : 300 000

3namxo Hnujoscku

DETERMINATION OF SUBSURFACE THERMAL
PROPERTIES FOR HEAT PUMP UTILIZATION IN
CROATIA

Stasa Borovi¢, Kosta Urumovic, Josip Terzi¢

XNAPOI'EOJIOIIKN NCTPAXKHU PABOTU HA
INOA3EMHA BOJA 1 U3BEJIbA HA bYHAPCKH
CUCTEM 3A IIOTPEBEM HA CUCTEMOT 3A
KIIMMATU3ALNJA HA OBJEKTOT ,,HOBA bOJIHUALTA
OUJINIT BTOPU*“ — CKOIIJE

Cmojan Muxaunoscku, 3namko Hnujoscku

XNAPOI'EOJIOIKN KAPAKTEPUCTUKU U
ITPOT'HO3A HA ITPUJIMB HA BO/I1 BO PYIHUK 3A
JATJIEH ,,CYBOJOJI“-BUTOJIA

Kocmaoun Josanos, Becna Pucmuk Bakaray

3AIIITUTA HA PYJIHUKOT 3A TIOBPLHIMHCKA
EKCIUJIOATALIUIA ,,BPOJ] - THEOTUHO* O/
[MOJI3EMHU BOAU

Posema Janxosa, Canoo /[ones, Anexcanoap Mypuoscku

XUJAPOT'EOJIOLIKN KAPAKTEPUCTUKHN HA
[NOJIUMETAJIMYHOTO HAOI' AJIMIITE JIVKE -
KPUBA TTAJIAHKA

Jlacme Hsanoscku, Bojo Mupuoscku, I opru Jqumos,
Buonema Cmeghanosa, Cunsana Ilewoscka

NCTPAXXYBAIBA HA IIETPOTEPMAJIHA EHEPT'UJA
HA JIOKAJIMTETOT KPATOBCKO 3JIETOBCKA
OBJIACT

Cunsana Ilewoscka, Hosuya Cmonux, Jumumap [lempos,
Mapunxo E¢pmumos

CJIEJEBE HA KBAJIMTETOT HA [IOBPHIMHCKUTE
BOJH BO OKOJIMHATA HA MJTHUOT PYJITHHUK
»AJTOBULIA-IIITYKA®

Jlpazu Ienmeuxu, Bepa I'opeuesa, Teodopa Cmojanosa,
Jbybuya Ilanosa

i

77

105

111

121

127

135

145

155



XUAPOTEOJIOLLIKY UCTPAKYBATHA 3A
OBE3BE/IYBAILE HA IOTPEBHUTE KOJIMYMHU HA
MOJI3EMHA BOJIA 3A BOJIOCHAB/IYBAISE HA CEJIO
OPEJI, OIIITUHA CBETU HUKOJIE

Opye Cnacoecxu, [anuen Cnacoscku

SAMPLING AND CHARACTERIZATION OF RIVERINE
SUSPENDED PARTICULATE MATERIAL (SPM): THE
SAVA RIVER (CROATIA)

Neda Vdovi¢, Mavro Luci¢, Niko Baci¢, Nevenka Mikac

BIOACCESSIBILITY AND BIOAVAILABILITY OF
POTENTIALLY TOXIC ELEMENTS IN HEALING MUD
Hana Fajkovi¢, Esad Prohié, Ivan Nemet, Sanda Roncevic,
Drazen Kurtanjek, Ana Rosandié¢

MOHUTOPUHI" HA ITIOA3EMHUNTE BOJIHH TEJIA BO
PEYHHOT CJIMB HA PEKA BPET'AJIHUIIA

Pozema Janxosa, Canoo [ones

XUIPOTEOJIOLLIKY UCTPAYKYBAIbA 3A
OBE3BEJIYBAILE HA ITOJI3EMHA BOJIA 3A
MTIOTPEBUTE HA ,,CKU LIEHTAP BOJIHO*

Huxona [Jumos, Mapxo Mapkos, Braoumup Kocmoscku

LEVEL CHANGE IN VRGORAC LAKE - RESULT OF
NEOTECTONIC SUBSIDENCE AND INTENSIVE
SEDIMENT EROSION

Hrvoje Posilovié, Lidija Galovié¢

VERIFICATION OF CATCHMENT SIZE USING THE
WATER BALANCE EQUATION

Vesna Risti¢ Vakanjac, Veljko Marinovié¢, Zoran Nikié,

Dusan Polomcié, Marina Cokorilo Ili¢, Dragoljub Baji¢

FROM LANDSLIDE INVENTORY TO LANDSLIDE RISK
ASSESSMENT: METHODOLOGY, CURRENT PRACTICE
AND CHALLENGES

Milos Marjanovié, Uros Durié

BJIMJAHUETO HA CBJIEYHUIITATA BO IIK
“CYBOJOJI”- MUKPOJIOKAIIMJA 7 HA
KBAJIMTATUBHUTE ITAPAMETPU HA
[NPEOCTAHATHUOT JAI'JIEH BO UICTOUMEHATA
MUKPOJIOKALIJA

Jbynuo Ilempecku, Anuma Mapmunosux, Enuzabema Mumpescka

DATA ABOUT LANDSLIDES: ACQUISITION, EDITING,
USABILITY AT GEOLOGICAL SURVEY OF SLOVENIA
Spela Kumelj

i

163

169

171

173

183

189

191

199

209

217



THE PREVENTIVE AND URGENT ACTIVITIES TO
AVOID LANDSLIDE CONSEQUENCES - CASE
STUDYOF VOGOSCA MUNICIPALITY DURING THE
PERIOD OF FLOODS IN BOSNIA AND HERZEGOVINA
IN MAY 2014-

Toni Nikoli¢, JasminkaNikoli¢

ENGINEERING GEOLOGICAL MODEL OF LANSLIDE
DRAGODAN

Zeljko Miklin, Kosta Urumovic¢, Josip Terzi¢, Josip Halamic,
Tomislav Novosel

REMEDIATION OF SMALL LANDSLIDES AS
EMERGENCY MEASURES FOR THE PRESERVATION
OF STABILITY OF THE TERRAIN

Nedjo Djuric, Dijana Djuric
POTOSKA PLANINA LANDSLIDE (NW SLOVENIA)

Tina Peternel, Marko Komac

CAHAILIMJA HA OAPOHET AEJI OJ1 TYHEJI, IIPECEKA*
HA CTALL. KM 20+250, AEJI O ABTOIIAT KUYEBO-
OXPU/L

Mome Munanoscku, Cmojanue Hukonos, Anmonuo Kocmos,

bojan Janescku

OCUT'YPYBABE HA HECTABUJIEH BJIOK HA/JI
3ATBAPAYHUIA HA XEILI ,,CBETA IIETKA*

Mome Munanoecku, bojan Janescku, Ayo Benescku

3HAUYEKE HA MTH)XEHEPCKOI'EOJIOIIKUTE
KAPAKTEPUCTHUKHU N TEOTEXHWYKU YCIIOBU 3A
N3BEJIBA HA KOCHHH

Opye Ilemkoscku, Banuo Aneenos, Jlacme Heanoscku

NHXEHEPCKO-T'EOJIOIIKUN KAPAKTEPUCTUKHU
HATEPEHOT HA BOJJO3ADATOT 3A U3I'PAJIGA HA
MAJIAXUJIPOEJIEKTUPYHA LIEHTPAJIA HA
KJIEITAJICKA PEKA — BEPOBO

Coma ITaynosa, Bojo Mupuoscku, I'opeu JJumos

OU3NYKO - MEXAHNYKU KAPAKTEPUCTUKUA KAJ
[IO3HAYAJHU HAOI'AJIMILTA HA I'PAJIEKHO -
TEXHNYKHU KAMEH BO PEITYBJIMKA MAKEJOHWUJA
Jbynue Eguywes, 3opan Ianos, I'opfu JJumos

CTEPEOI'PA®CKA AHAJIN3A HA TNIAHAPHUTE U
PYIITYPHUTE CTPYKTYPU HA UCTOYHOTO KPMNJIO
HA BP2XKIAHCKATA AHTUKIIMHAJIA BP3 OCHOBA
HA TEOTEXHUYKHUTE UCTPAXYBAIBA 3A
XEJIE3HUYKA ITIPYT'A, KOPUJIOP VIII, AEJITHULTA
KMYEBO - JIMH (P. AJIBAHUJA)

Uzop Mumes, Anexcanoap Mypuoscku, Cauio I'eopeuescku

v

223

229

237

243

249

259

265

273

283

289



dynaamentanana I'eosioruja

GEOCHRONOLOGICAL DATA FROM SOME CAVES IN
MACEDONIA AND THEIR CONTRIBUTION TO THE
UNDERSTANDING OF THE REGIONAL GEOLOGICAL
EVOLUTION

Marjan Temovski

OAPEJYBAIBE HA AIICOJIYTHATA CTAPOCT HA
MAI'MATCKUTE KAPITN Ol OT'PAXXIAEHCKNOT
MACHUB

Emun Illempywes, Hosuya Cmonux

LITHO-, BIO- AND CHEMOSTRATIGRAPHIC
METHODS IN STRATIGRAPHY: SOME EXAMPLES
FROM THE DINARIDES (CROATIA AND SLOVENIA)
Dunja Aljinovié, Tea Kolar-Jurkovsek, Bogdan Jurkovsek,

Duje Smirci¢

POSTOROGENIC INTERPLAY OF TECTONIC AND
MAGMATIC PROCESSES WITHIN THE INTERNAL
DINARIDES

Ana Mladenovié, Viadica Cvetkovié, Branislav Trivi¢

CHARACTERISTICS OF MIDDLE TRIASSIC
VOLCANICLASTIC DEPOSITS IN THE EXTERNAL
DINARIDES (CROATIA AND BOSNIA AND
HERZEGOVINA)

Duje Smirci¢, Dunja Aljinovi¢, Vesnica Garasi¢, Tea Kolar-
Jurkovsek, Uros Barudzija, Hazim Hrvatovi¢, Bogdan Jurkovsek

VOLCANOLOGY OF KOZUF MOUNTAIN IN THE
REPUBLIC OF MACEDONIA

Blazo Boev, Ivan Boev, Sonja Lepitkova

SEDIMENTOLOGY AND BIOSTRATIGRAPHY OF THE
CAMPANIAN-MAASTRICHTIAN CALCICLASTIC
TURBIDITIES FROM THE LJIG AREA (CENTRAL PART
OF THE VARDAR ZONE)

Violeta Gaji¢, Milena Duncié, Nebojsa Vasi¢, Viadislav Gaji¢

RECONSTRUCTION OF PALAEOENVIRONMENT
DURING QUATERNARY SEDIMENTATION IN THE
VRGORACKO POLJE

Lidija Galovié¢, Hrvoje Posilovi¢, Petar Steji¢, Mihajlo Pandurov,
Rodoljub Gajic¢

A MONOSPECIFIC ASSEMBLAGE OF A NEW GIANT
RHYNCHONELLIDE BRACHIOPOD FROM THE
MIDDLE JURASSIC OF EASTERN SERBIA

Barbara V. Radulovié, Michael R. Sandy, Wagih Ayoub-Hannaa,
Peter Schaaf, Viadan J. Radulovi¢

297

307

313

317

319

323

335

339

343



PALEOECOLOGICAL CHARACTER OF ASIAN CLAMS
IN ESTIMATES OF THE ANTHROPOGENOUS EFFECT
ON RECENT ECOSYSTEMS

Barbara Radulovié, Drazenko Nenadi¢, Slobodan KnezZevic,
Momir Paunovi¢, Katarina Bogicevic

SQUAMATE REMAINS FROM THE EARLY AND
MIDDLE PLEISTOCENE SREM SERIES IN THE MUTALJ
QUARRY (BEOCIN, NORTHERN SERBIA)

Dragana Puri¢, Katarina Bogicevi¢, Drazenko Nenadic¢

SMALL MAMMALS FROM THE VELIKA AND MALA
BALANICA CAVES (NIS, SOUTHERN SERBIA)

Katarina Bogicevi¢, Drazenko Nenadié, Dusan Mihailovié

OOPAMUHUDPEPHA ®AYHA O/l ITAJIEOI'EHUTE
CEAMMEHTU HA TEPUTOPUJATA HA PEIIYBJIMKA
MAKEJJOHUJA

Buonema Cmojanosa, I'owe Ilempos, Kpcmo bnaces

Vi

347

351

357

361



KHHTA 2
COJPKHHA
CONTENTS

2.

dyuaamenrtaana I'eosioruja

PETROLOGICAL CHARACTERISTICS OF CLASTIC
SEDIMENTARY ROCKS IN SV. BARBARA MINE IN
RUDE NEAR SAMOBOR, SAMOBORSKA GORA MT.

Sime Bili¢, Vesnica Garasic

PETROLOGY OF GNEISSES FROM THE VRSAC
MOUNTAINS

Dragan Milovanovié¢, Danica Sreckovié-Batoéanin, Emin Memovié¢

MUHEPAJIOHIKO — ITETPOI'PA®CKHN U XEMUCKH
KAPAKTEPUCTUKU HA TPAHUTOMJHUTE KAPIIN
Ol IOKAJIMTETOT IIEILITAHH, 3AITAIHA
MAKEJIOHUJA

Cawo Cmojkos, [lanuen Cnacoecku, Opye Cnacoscku

MUHEPAJIOHIKO-ITETPOI'PA®CKU U TEOXEMUCKHU
KAPAKTEPUCTHUKH HA CKAPHOBUTE O/
HAOTI'AJIMIOTETO UBEPJIN

Kuka npumosa

GARNET-ANDALUSITE/SILLIMANITE-BIOTITE
XENOLITHS FROM THE DACITE OF SLAVKOVICA
(LJIG, SW SERBIA)

Nada Vaskovié, Danica Srec¢kovi¢é — Batocanin, Suzana Eric,
Vesna Matovic

BLADED QUARTZ TEXTURE AND ITS RELATIONSHIP
TO ELECTRUM MINERALIZATION IN THE EOCENE,
LOW-SULFIDATION KUKLITSA GOLD DEPOSIT, SE
BULGARIA PRELIMINARY DATA

Irina Marinova, Elena Tacheva

ASSOCIATION OF OXIDE MINERALS —
CONCENTRATORS OF CHALCOPHILE ELEMENTS (Pb,
Zn, Sb) FROM THE “MIXED SERIES” NEAR NEZILOVO
VILLAGE, MACEDONIA

Simeon Jancev, Nikita V. Chukanov, Vera N. Ermolaeva

LORANDITE AND ORPIMENTE FROM EDIT-25 NORTH
PART OF ALSHAR DEPOSIT

Ivan Boev, Blazo Boev

NEW INVESTIGATIONS ON DUNJE PEGMATITE,
MACEDONIA I: THE CONTRIBUTION TO THE
KNOWLEDGE ABOUT ALKALI FELDSPARS AND ITS
MINERAL PARAGENESIS

Viadimir Zebec, Snjezana Mikulci¢ Pavlakovi¢, Marin S'oufek,
Blazo Boev, Ivan Boev, Viadimir Bermanec

vii

369

371

373

379

389

393

401

405

413



NEW INVESTIGATIONS ON DUNJE PEGMATITE,
MACEDONIA II: RELATION TO HOST METAMORPHIC
ROCKS AND ADJACENT GRANITE INTRUSIONS

Nenad Tomasié, Andrea Cobié, Blazo Boev, Ivan Boev,
Viadimir Bermanec

MOISSANITE METEORITE
IN TERITORY OF THE REPUBLIC OF MACEDONIA

Blazo Boev, Velo Markovski, Ivan Boev

MUHEPAJIOHIKO-ITETPOJIOIIKU KAPAKTEPUCTUKHU

HA MUKAIIINCTUTE OJ1 OKOJIMHATA HA C.bOHUYE,
TTPUJIEIT

Quaun Josanocku, Tena Lllujaxkosa-Heanosa, brasco boes,
Buonrema Cmeganosa

WJIEHTU®UKAIIMIA HA MUHEPAJIUTE O]
HAOTAJIMILTETO 3A OJIOBO 1 ITUHK "3JIETOBO"
CO TIPUMEHA HA PEH/ITEHCKO JIU®PAKIIMOHA
METO/IA

Enena Haynosa, Tena Illujaxosa-Hearnosa, brasxco boes

GEOCHEMICAL FEATURES OF SILURIAN -
DEVONIANSECTION OF PELAGONIANE ZONE IN
ALBANIA

Irakli Prifti, llirAlliu, AgimYmeri

GEOMICROBIOLOGICAL OBSERVATION IN
MAJDANSKA REKA, ALLCHAR, MACEDONIA

Viadimir Bermanec,Jasna Hrenovic, Zeljka Fiket,
LadislavPalinkas, Ivan Boev, BlaZo Boev

RADIONUCLIDES IN SOIL, MOSSES, AND
MUSHROOM OF THE PRASNIK RAINFOREST
(CROATIA)

Gordana Mednuic, Gordana Marovié, Jasminka Sencar

SCANNING ELECTRON MICROSCOPY STUDIES OF
PARTICLES (PM-10) FROM THE TOWN OF
KAVADARCI AND VILAGE VOZARCI , REPUBLIC OF
MACEDONIA

Ivan Boev, Sonja Lepitkova, Blazo Boev

KBAJIMTET HA AMBUEHTAJIEH BO31VY X-
CYCIIEHANPAHU YECTUYKU (ITM-10) BO OBJIACTA
TUKBEII

Hean boes, /lejan Mupakoscku, Mapuja Xayu Huxonosa,

braoico bBoes

GEOTHERMOBAROMETRIC INVESTIGATIONS OF
HERCYNIAN GRANITOIDS OF EAST SERBIA

Dragana Bosi¢, Suzana Eri¢, Kristina Sari¢, Bojan Kostic,
Viadica Cvetkovi¢, Dragan Jovanovic¢

Viil

417

421

425

431

437

447

451

453

459

467



MIGRATION OF MICROELEMENTS B, NI, MO, AS, V IN
COAL FORMATION SIBOVC FIELD OF KOSOVO
BASIN

Agim Ymeri, Cer¢iz Durmishi, Irakli Prifti, Adil Januzi

CEM3MOTEKTOHCKH 30HU 11 CEU3MHNYKU XA3AP]]
BO PEIIYBJIMKA MAKE/IOHUJA

Huxona [{ymypuanos, 3opan Murymunosux, Paomuna [llanux

MAP OF THE MOHO DISCONTINUITY OF THE
REPUBLIC OF MACEDONIA
Todor Delipetrov, Krsto Blazev, Blagica Doneva, Risto Popovski

TEKTOHCKA PEOHU3AILIMJA 1 CEUSMHUYHOCT HA
PEITYBJIMKA MAKEJJOHHUJA

brazuya Jlonesa, Tooop /lenunempos, I opeu [Humoes, 3opan [lanos,
Paomuna K. Cmegarnoscka

I[MTPOEKT 3A M3PABOTKA HA JJUTUTAJIHU
I'EOOU3NYKHN KAPTU HA PEITYBJIMKA
MAKEJIOHUJA BO I'MC TEXHOJIOT'MJA CO
TOJIKYBAYUN

Hoeuya Cmonux, Heuya Anoos

HOBU CO3HAHUMJA 3A TEOMATI'HETHOTO IIOJIE HA
PEITYBJIMKA MAKEJJOHUJA

Mapjan Jlenunempes, Braoumup Manescku, Kpcmo bnasiceg

METOJl HA KOMBUHAIINJA HA I'EO — EJIEKTPYHO
COHAUPAKE U KAPTUPABE

Braoumup Manescku, Mapjan Jenunempes, Hsuya Koyes,

Fbnaeoj /lenunempes

KOENIGSBERGER RATIO AND TOTAL MAGNETIC
FIELD ANOMALY REDUCTION TO THE POLE FOR
THE AREA OF MACEDONIA

Vesna Cvetkov, Dragana Durié¢, Vesna Lesi¢, Miroslav Starcevic,
Mirko Petkovi¢, Snezana Petrovié

2D GEOPHYSICAL MODELS OF DEMIR KAPIJA
OPHIOLITE COMPLEX

Dragana Puric¢, Vesna Cvetkov, Ivana Vasiljevié,
Spomenko Mihajlovi¢, Viadica Cvetkovié

TPABUMETPUCKU MPEXXH HA PEITYBJIMKA
MAKEJIOHUJA

Hosuya Cmonux, Mupocnae Cmapuesuh, Cawo [umecku

COMPARING GEOMAGNETIC FIELD DAILY
ANOMALIES AND GEOSPATIAL SEISMICITY AND
ATMOSPHERE DATA IN BALKAN COUNTRIES
DURING THE BLACKSEAHAZNET PROJECT

Milena Cukavac, Strachimir Cht. Mavrodiev, Lazo Pekevski,
Spomenko J. Mihajlovic

ix

469

477

493

497

503

513

521

529

535

539

547



APPLICATION OF IP/RESISTIVITY “REAL SECTION”

TECHNIQUE IN SEARCH FOR SULPHIDE

MINERALIZATION IN SERBO — MACEDONIAN

MASSIF, KOSOVO

Pérparim Alikaj, Altin Karriqgi, Evjon Collaku 553

ORE MINERALIZATION AT STUDIED GEOMAGNETIC
ANOMALIES ON MT. GOLIJA

Jovan Kovacevi¢, Boris Vakanjac, Nikoli¢c Dusan,
Mihajlo Pandurov s 559

PETUCTPALIMJA HA IITYMAHOB PE3OHAHC
(TIJ1. TUTAUKOBHLIA)

Jlazo Ilexescku, Pucmo Ilonoecku, 3opan Ilarnos,
Cmpawumup Maspooues e 569

I'eosiornja u Exonomuja

STRUCTURAL-METALLOGENIC MAP OF THE
REPUBLIC OF MACEDONIA: PRINCIPLES AND

CRITERIA

Todor Serafimovski, Alexandr Volkov, Goran Tasev ... 573
THE AU/AG RATIO IN EPITHERMAL DEPOSITS

Alexander Volkov, Irina Chizhova, Anatoly Sidorov . 581

NEW DATA ON THE CENOZOIC VOLCANISM AND

ORE MINERALIZATIONS IN THE PETROSHNITSA

RIVER VALLEY, NW PART OF THE KRATOVO-

ZLETOVO VOLCANIC AREA, REPUBLIC OF

MACEDONIA

Slavcho Ivanov Mankov, Manol Stoyanov Antonov,

Dmytro Rostislavovich Siroshtan,Valentin Yordanov Grozdev —  .....cccooveveveennns 589

CHARACTERISTICS OF CHROMITE MINERALIZATION
ON MT. JELICA

Predrag Mijatovi¢, Boris Vakanjac, Dragan Jovanovic,

Bozidar Lukovic 597
3D MODELING OF SOME COPPER DEPOSITS IN THE

REPUBLIC OF MACEDONIA

Todor Serafimovski, Christos Christidis, Dalibor Serafimovski,

Goran Tasev,Mitko Ligovski, Igor Ivanovski, Lazar Gjorgjiev ~— .....ccccceveverieennns 605

THE VRSHNIK ORE BODY A POSSITIVE EXAMPLE
FOR EXPLORATION, EXPLOITATION AND FILLING IN
THE BUCHIM COPPER MINE, EASTERN MACEDONIA

Kiril Filev, Todor Serafimovski, Lazar Gjorgjiev, Goran Tasev,
Mite Mitev, Metodi Stojanov 613

THE OCCURRENCE OF IRON MINERALIZATION IN
VICINITY OF OSTENJAK (ARANDELOVAC), SERBIA
Nemanja Panteli¢, Bojan Kosti¢, Predrag Vulic =~ e 619



OVERVIEW OF THE NATURAL PARAMETERS FROM
THE GEOLOGICAL-ECONOMICAL EVALUATION OF
THE BOROV DOL ORE DEPOSIT, REPUBLIC OF
MACEDONIA

Lazar Gjorgjiev, Todor Serafimovski, Kiril Filev, Goran Tasev

COPPER ORECLASTS OF OLISTOSTROME ORIGIN AT
BOR, SERBIA

Ivan Antonijevi¢

PE3VIJITATHU O] TPEJINMMWHAPHUTE
[MPOCITEKIIUCKU UCITUTYBABA HA 3JIATO BO
AJIYBUOHOT HA IIEKJbBAHCKA PEKA, BUHUIIA
Buonema Cmeganosa, Mapurn Anexcandpos, Tooop
Cepagumoscku, I'opan Taces, Bojo Mupuoecku

SUPERGENE PROCESSES IN THE COPPER
MINERALISATION AT THE KRALJICIN ZDENAC ON
THE MEDVEDNICA MT.

Ladislav A. Palinkas, Danijela Smajgl, Andreja Cobi,
Viadimir Bermanec

THE CRVEN DOL ARSENIC-THALIUM
MINERALIZATION IN ALSAR DEPOST IN THE
REPUBLIC OF MACEDONIA

Ivan Boev, Blazo Boev, Sonja Lepitkova

PREBAIKAL FORMATION ON THE TERRITORY OF
THE REPUBLIC OF MACEDONIA AS SIGNIFICANT
BEARERS OF QUARTZ RAW MATERIALS

KrstoBlazev, Gorgi Dimov, Blagica Doneva, Marjan Delipetrov

GENESIS OF OIL IN THE DEEPEST MIOCENE SOURCE
ROCKS IN THE NORTH-WEST PART OF SAVA
DEPRESSION

Snjezana Blazekovi¢ Smoji¢, Vesna Hrzenjak, Darko Tomasic,
Tamara Troskot-Corbié, Marina Muzina

KBAJIMTATUBHU KAPAKTEPUCTKHU HA
AMOUBOJICKUTE IKPUJILN O JIOKAJIUTETOT
“ITOYNBAJIO* UICTOYHA MAKEJIOHMJA KAKO
OCHOBA 3A HUBHA VIIOTPEGA KAKO
APXUTEKTOHCKO - I'PAJJEXXEH KAMEH

Opye Cnacoscku, /lanuen Cnacogcku

DIMENSIONAL STONE DEPOSITS IN WESTERN
MACEDONIA
Ljupche Kulakov

MOXHOCTHN 3A KOPUCTEWBE HA OHHUKCOT WU
TPABEPTUHOT OJl JIOKAJIMTETOT  JJEKOBA
JABUIIA KAKO APXUTEKTOHCKH KAMEH

Opye Cnacoscku, /lanuen Cnacogcku

Xi

621

629

635

643

649

659

665

675

681

689



TEKTOHCKATA IIOBP3AHOCT HA PACEJJHATA
30HA XMBOJHO -bPOI THEOTHHO- CYBO/I0JI

Jbynuo Ilempecku, Mapuja Manesa, Anuma Mapmurosux

I'EOJIOIIKHM PE3EPBU HA JATJIEH BO IIE
“PYIHUIIN”- PEK BUTOJIA

Jbynuo Ilempecxu, Enuzabema Mumpescka, Mapuja Manesa

EHEPI'ETCKA ITIOTEHIIUJAJIHOCT HA BUTOJICKMOT
JEJI O ITIEJIATOHUCKATA KOTJIMHA HA
[IPOCTOPOT IIOMEI'Y CEJIATA JIOSHAHU U
KAHATJIAPII HA CEBEP 1 OPU3APU 11 HOBALI HA
yr

Huxona boeamunoscku, Cmojanye Huxonos, Ilempe Ilackog

MINING / MINERAL SUPPORT SERVICES PROJECT
Duska Rokavec, Tina Benda

Xii

695

701

709

719



Tpet KoHrpec Ha Feono3ute Ha Penybanka MakegoHuja
Third Congress of Geologists of Republic of Macedonia

VOLCANOLOGY OF KOZUF MOUNTAIN
IN THE REPUBLIC OF MACEDONIA

Blazo Boev, Ivan Boev, Sonja Lepitkova

University “Goce Delcev”- Stip, Faculty of Natural and Technical Sciences, Blvd.Krste Misirkov, 10-A,
P.O.Box 210. 2000 Stip Republic of Macedonia, e-mail: blazo.boevi@ugd.edu.mk

Abstract

The location of this volcanic complex in the Kozuf - Kilkis transverse zone) and the intersection with the
Vardar zone indicates a central type volcanism, activated on the tectonic intersection formed by the
reactivated regional fault structures of Vardar strike (NW - SE to N - S) and the Kozuf - Kilkis (E - W) fault

structure formed during the neotectonic period.
structures.

This type of volcanism is characterized by ring-radial

Key words: Kozuf, volcanology, neotectonic period

INTRODUCTION

The Kozuf volcanic complex is east-west
oriented being about 30 km long. On the east
the complex spreads to the Demir Kapija-
Gevgelija ophiolitic complex, whereas to the
west it reaches the overthrust structure which
separates the Pelagonian metamorphic
complex and Vardar zone (Boev, 1988). The
development and evolution of this volcanism
is closely related to the development and
evolution of the Vardar zone. Thereby the
labile geotectonic unit is formed in the period
from the Mio-Pliocene to the Quarter

(Arsovski, 1962). In the Neotectonic period
(from the end of Oligocene to the Pliocene)
the territory of the Republic of Macedonia is
characterized by the processes of radial
tectonics and formations of longitudinal and
transferzal grabens structures (Kocneva et al.,
2006; Volkov et al., 2006). Formation of
some of these grabens is related to the
activation of the neogen magmatism in the
territory of the Republic of Macedonia
(Boev, 1988) as well as with the neogen
volcanism in the Mtn. Kozuf region (Fig. 1).

Fig.1 Panoramic view of Kozuf volcanic mountain (Foto. 1.Boev, 2015)

GEOLOGY OF THE KOZUF DISTRICT

Geologically viewed the Kozuf district is
built of several geologic formations
distributed in several stratigraphic complexes
(Fig.2).

- A complex of Precambrian metamorphic

rocks

- A complex of Paleozoic metamorphic rocks

- A complex of Triassic-Jurassic sedimentary
rocks

- A complex of Upper-Cretaceous
sedimentary rocks

- A complex of Upper-Eocene rocks

- A complex of Pliocene sediments and
pyroclasts and

- A complex of Quaternary sediments
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The geologic structure also includes
magmatic rocks represented by
e A complex of metamorphosed rhyolites and
pyroclasts

e A complex of serpentinized ultramafic rocks

e A complex of basic igneous rocks, and
o A complex of volcanic of calc-alkaline
suites.
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Fig. 2 Geological map od Kozuf mountain (Boev, 1988)

The complex of Precambrian metamorphic
rocks is built of albitic gneisses and marbles
situated in the vicinity of the Mala Rupa
metamorphic block on the east. On the west
(Mount Kozuf) the complex is built of
gneisses and micaschists located in the Elen
Supe tectonic block.

Gneisses and marbles have been found in the
tectonically emersion block at Mala Rupa,
west of the village of Konsko. Rakicevic and
Pendzerkovski ~ (1970)  determined a
Precambrian age, but Mersier (1973)
reported Mesozoic or Triassic age for the
rocks.

Gneisses are developed in the lower, but
marbles in the upper parts of the complex.
The gneisses of the lowermost part are albites
with pronounced porphyroblastic texture,
whereas those of the upper parts have
amphibolite-biotitic composition with lenses
of micaschists and cipolines. Besides albite,
they contain potassium feldpar-microcline.
They also contain coloured minerals such as
amphibole, biotite, chlorite and mica.
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Marbles are medium to large-grained rocks
built of calcite. They overlie gneisses and
grade into cipolines and calc-schists and
along with  gneisses comprise one
metamorphic complex. The marble horizon is
estimated at 600 m, while the horizon of
gneisses at approximately 1000 to 1500 m
thick.

Besides the metamorphic rocks in the Mala
Rupa block in the western flank of the
Vardar zone and the Pelagon (Kozjak Mt), a
block of metamorphic rocks - Elen Supe
containing rocks of different composition,
but similar degree of metamorphism, was
also determined. The Elen Supe block is built
of gneisses and micaschists and its
composition is similar to that determined for
the lower parts of the Pelagonian
metamorphic complex.

The complex of Paleozoic metamorphic
rocks, unlike the Precambrian gneisses and
marbles, is of lower metamorphic degree. It
conformably overlies marbles of
Precambrian age.



Tpet KoHrpec Ha Feono3ute Ha Penybanka MakegoHuja
Third Congress of Geologists of Republic of Macedonia

Paleozoic metamorfic rocks are most
common in Adzibarica, between Keci Kaj
and Gladnica, Jelovarnik and Porta as a
phyllite horizon, a horizon of phyllitic schists
and cipolines, quartzporphyry, phyllites,
argilloschists and metasandstones with
marble interlations and finally a horizon of
quartzites, quartz schists and metadiabases.
The phyllite horizon also contains sericitic
and epidotic schists, cipolines and marbles
and metamorphosed quartzporphyry intruded
by quartz veins (Adzibarica, between Keci
Kaj and Gladnica). Graphitic schists have
also been noticed in the series of sericitic
schists. The horizon is approximately 750 m
thick. It was also revealed in Adzibarica,
Jelovarnik and Porta as well as in the vicinity
of the Dusnica River source.

Cipolines and marbles alternate phyllitic
schists in the horizon of cipolines and
phyllitic schists west of Flora, Alcak, Ursa
and Jelovranik along the River Dosnica
course. They are overlain by schistose quartz
porphyry distinguished as a separate horizon.
They possess micro porphyroblastic texture,
built of sericitized and kaolinized feldspars
of albitic composition. They also contain
potassium feldspar, quartz, epidote and
chlorite.

A horizon of quartzites and metasandstones
was determined in Boulska Reka near Dina,
Kalugjerica and Usevica. It also contains

meta diabases with sporadic sulphide
mineralization.
Rakicevic and Pendzerkovski  (1970)

determined these metamorphic rocks as early
Paleozoic. Mersier (1973) determined the age
of this series and that of Porta as Jurassic
based on the degree of metamoprhism and
because it concordantly overlies the Mala
Rupa - Tsena series which he determined as
Triassic.
Upper Cretaceous limestones overlie the
horizon of phyllites, argilloschists and
metasandstones ~ with  intercalations  of
marbles in the upper course of the River
Dosnica.
The complex of  Triassic-Jurassic
sedimentary rocks is subdivided into two
facies near the village of Uma (Rakicevic and
Pendzerkovski, 1970):

- A facies of poly coloured shales with
intercalations of limestones

- A facies of limestones and dolomite
limestones of Triassic age.
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The Jurassic is present as a facies of slab-like
stratified limestones and a facies of
limestones and clayey schists, quartzites and
cherts in the Dve Usi, Flora and Jelovarnik
localities. The rocks in the River Boula
valley are covered by a thick series of
pyroclastic rocks and tuffs.

The complex of Upper Cretaceous rocks is
present as a series of limestones and
conglomerates that corresponds to the
Barremian and Albian, as well as a series of
limestones of Turronian age.

The series of limestones is present in the
Cardak, Dudica and Gladnica localities and
in the Rzanovo and Studena Voda where
these sediments comprise the top part of the
nickeliferous-iron ores. The stratified
limestones in the lower parts consist of marls
with residues of Nerinea olisoponensis cf.
optuca, O. Turonica fauna. Temkova (1962)
considers them to be of Turronian age.
According to Maksimovic (1981) the top
stratigraphic border is outlined by the
transgression of Alb-Cennomanian and
Cennomanian when the weathering crust was
mostly destroyed and re-deposited as oolitic
sedimentary iron and bauxite ores.

Large portion of the Kozuf district is
occupied by massive limestones, particularly
in the Cardak, Dudica and Gladnica areas
where they transgressively overlie Paleozoic
rocks. Limestones are rather broken and
karstified and 400 to 600 m thick. This is the
largest thickness determined for the
Sennonian limestones found in the Republic
of Macedonia. Poorly preserved rudists are
discovered in them and based on that data the
age of these limestones was determined as
Sennonian. Because of the large fissure
density and karsification they represent water
collectors for the rich sources of the Rivers
Stara and Zarnica. The limestones of the
Dudica district are intensively
hydrothermally altered and intruded by
young subvolcanic rocks.

The complex of Upper Eocene sediments is
present as basal conglomerates overlain by
flysch sediments. The basal conglomerates
near the villages of Kumanicevo, Dragozel,
Gornikovo and Barovo are mainly built of
marly and limestone pebbles. Gabbro
pebbles, diabases and limestones
predominate in the conglomerates between
Kmjevo and Barovo. Conglomerates
alternate limestones and marly limestones or



Tpet KoHrpec Ha Feono3ute Ha Penybanka MakegoHuja
Third Congress of Geologists of Republic of Macedonia

marls. The Upper Eocene sediments near the
Barovo and Krnjevo villages are 800 m thick.
The complex of Pliocene sediments and
pyroclasts is widespread in the Kozuf district.
Essentially lacustrine sediments are built of
coarse-clastic sediments that overlie the
basement of various geologic formations.
They overlie Upper Eocenic sediments
between Barovo and Krnjevo. They are
present as large-grained conglomerates and
clayey sandstone sediments (between the
villages of Dolna Bosava and Krnjevo).
Gravel sediments have been determined in
the basement of the tuffs near the village of
Gorna Bosava in the valley of the River
Nistaica above the village of Cemersko.
There are sands and clayey sands with
intercalations of sand-clays or clayey
sediments over the series of conglomerates
near Krnjevo which itself is overlain by
clayey carbonate rocks.

Marls overlain by clayey sand and clayey
carbonate sediments with large amounts of
fossil residues, bones and fauna (of
mammals) occur near the village of Barovo.
The last skeletons of this fauna were found in
the topmost level of these clastic lacustrine
sediments in diatomaceous earth beneath
volcanic sediments - tuffs near Stukovi Orai
in the vicinity of the village of Barovo
(Garevski, 1960). The age of the sediments
was determined as lower part of the Upper
Pliocene based on the fauna (Izmailov,
1960). Radovanovic (1930) determined the
age of these sediments as Pontian.

The Pliocene clastic sediments in the
southern parts of the basin end with a
travertine and lie immediately beneath the
pyroclastic sediments (above the village of
Boula).

Pyroclastic sedimentary rocks cover Pliocene
lacustrine sediments in the south parts of the
basin near Vitacevo and Gatenovo. In the
southmost part they overlie the rocks of the
northern slopes of Mount Kozuf and extend
along the Macedonian - Greek border, south
of the village of Mrezicko. In the north they
extend close to the town of Kavardci and
Dolni Disan (south of Negotino). The final
tuffs and conglomerates can be seen in the
vicinity of the village of Radnja. The
volcanic sediments are from several meters
up to several hundred meters thick.

A horizon of aglomerative tuffs overlain by a
horizon of fine-grained volcanic ashes and
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glass occurs in close proximity to the
Kokliski Monastery in the valley of the River

Luda Mara over the clastic lacustrine
sediments present as carbonate clayey
material. The latest horizon of volcanic

sediments consists of brecciated well banded
volcanic tuffs - pyroclasts. The largest blocks
of volcanic rocks were found in the north
slopes of Mount Kozuf, beneath the volcanic
craters and domes (above the village of
Radnja and Bara, in the vicinity of Gladnica,
Ametkova Glava and Konopiste).

The complex of Quaternary sediments: Large
amounts of significant Quaternary terraces
are found right of the River Konska. The
layers are 20 to 30 m thick. They are large-
grained sediments consisting of rounded
fragments, built mainly of gneisses, marbles
and quartz that formed from crystalline rocks
from the vicinity of Mala Rupa and Keci Kaj.
These terrace sediments were completely
worked out - washed for gold during ancient
period that is noticeable in the terrain.

Larger terrace sediments are not noticed
along the valley of the River Dosnica
because of the steep river sides. However,
today's terrace layers can be found in the
river bed. Traces of washed out river terraces
can be seen in individual parts, particularly in
the lower river course at the end of the cliff
below the village of Dren.

Quaternary tuff sediments ( 20 meters thick)
can be seen near the village of Sermenin in
an area of approximately 200 to 300 meters
in size.They are located in the mouth of the
River Belica and the River Sermeninska.
Similar tuffs can be seen in the River
Boulska near Dina.

The River Bosava with its tributaries brings
mainly volcanic material, because it passes
through volcanic sedimentary seriez in its
upper and middle courses.

Deluvial coarse-grained clastic sediments
overlie the volcanic sediments near Vitacevo.
Redeposited volcanic glass and ashes, known
as pemza and pumice, as well as redeposited
aglomerative tuffs can be noticed along the
Mrezicko - Kavadarci road.

The complex of metamorphosed rhyolites
and quartzporhyry is located in Paleozoic
schists or Jurassic metasediments in
Adzibarica and Gladnica (Mersier 1973). It is
known that they are interstratified in phyllite
horizon  conditionally  determined  as
Paleozoic without any stratigrafic data.
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Quartzporphyry near Bel Kamen and Dve
Usi in the vicinity of the villages Konsko and
Dudica have also been identified.
Quartzporphyries are greyish-white to green
rocks and represent metamorphosed
magmatic rocks, or rhyolites and pyroclasts
developed, most probably, at the same time
period as the sedimentary rocks that formed
the phyllites. Such rocks have also been
established in the terrains of neighbouring
Greece in Kastaneri, south of the village of
Uma. Based on data reported by Mersier
(1973) they are of Upper Jurassic age.
Rakicevic and Pendzerkovski  (1970)
determined these rocks as early Paleozoic.
The complex of serpentinized ultramafic
rocks 1is situated in the Studena Voda -
Rzanovo - Kumanicevo zone. It represents a
tectonic structure on which serpentinites
along with Jurassic and Upper Cretaceous
metasediments cover Paleozoic and Triassic
metamorphic rocks.

Lateritic deposits of nickeliferous iron ore
developed over the Rzanovo - Studena Voda
zone and along with sediments of the top
parts were dynamometamorphosed in
conditions of prehnite pumpelite up to
greenschist facies (Boev, 1982).

A large mass of serpentinized ultramafic
rocks is located in the River Mrezicka above
the wvillage of Mrezicko. Serpentinized
masses are also found near Alsar. The
serpentinites near Mrezicko and wider are
highly tectonized grading, in some parts, into
serpentine and talcous schists. Smaal
chromite pods are known in the ultramaphic
rocks.

Large masses of serpentinized ultramafic
rocks are also located along the Rzanovo -
Studena Voda tectonic zone. Detailed
petrologic investigations determined these
rocks as dunites and harzburgites. They are
almost completely altered to serpentinites
and only in some places relicts of fresh
ultramafic rocks can be seen. Gabbro
pegmatites and rodingites have also been
found in the zone.

The complex of mafic igneous rocks is
present as gabbro diabase complex that
occupies the eastern and north-eastern parts
of Kozuf district. Gabbros, diabases and
spilites predominate in the complex. Minor
intrusions of leucocratic granitic rocks
quartzmonzonitic in composition like those
in Gornicet were determined in the bordering
parts between intrusive mafic rocks - gabbros
and effusive rocks - spilites. Granite
porphyry dikes were also determined in the
mafic rocks near Smokvica, Davidovo and
Dren.

Quartzdiorites and granodiorites  were
identified in the north-west part of the gabbro
diabase complex, near the village of Boula
and Radnja as well as near Milovan and
along the valley of the River Dosnica.
Smaller pegmatitic lodes intersecting
quartzdiorites or granodiorites were also
found near Radnja.

Tajder (1939) carried out detailed petrologic
investigations of the gabbros of this complex
and determined the following major types:
wehrlite, troctolite, olivine gabbro, gabbro-
eucrite, uralite-gabbro, diorite and
quartzdiorite, basalts and diabases.

The easternmost parts of the gabbro diabase
complex on both sides of the River Vardar
(from Demir Kapija to Udovo) and even
further to Gevgelija are represented by
diabases, spilites and keratophyre. Spilites
are the most abundant among them.
Karamata (1973) gave the basic genetic
assumptions related to this gabbro diabase
complex. He reports that Dren - Boula
gabbro diabase complex is a product of multi
stage extrusions of large amounts of basaltic
magma forming, first, the diabase spilite
parties. Later, the prompted new masses
intruded beneath the diabase crust (rarely
intersecting it) forming new diabase spilite
extrusions. The intruded igneous masses
partiallly differentiated, but the tectonic
processes and magma pulasations precluded
magma differentiation.

STRUCTURAL AND VOLCANIC CHARACTERISTICS OF THE KOZUF DISTRICT

The Kozuf district is a large volcanic
complex situated in the south of the Republic
of Macedonia. It spreads in the area of Mount
Kozuf. According to the regional geologic
setting of the Balkans, it is part of the Vardar
zone. In the east the Kozuf district is limited
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by a fault zone which is the west border of
the Demir Kapija - Gevgelija gabbro diabase
ophiolite massif. In the west it is bordered
by a fault zone that separates the Pelagonian
massif and the Vardar zone.
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The location of this volcanic complex in the
Kozuf - Kilkis transverse zone (Arsovski,
Ivanov, 1977) and the intersection with the
Vardar zone indicates a central type
volcanism, activated on the tectonic
intersection formed by the reactivated
regional fault structures of Vardar strike
(NW - SE to N - S) and the Kozuf - Kilkis
(E - W) fault structure formed during the

neotectonic period. This type of volcanism is
characterized by ring-radial structures.

A schematic morphostructural map of the
Kozuf district, was made using the anlaysis
of satellite scanograms, aerophotos and
geologic data obtained by field investigations
( Fig.3 ). The neotectonic fault structures
grouped into three systems.
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Fig. 3 Morphostructural Map of the Kozuf district - Schematic (Boev, 1988)

In the east the Kozuf district is limited by a
fault zone which is the west border of the
Demir Kapija - Gevgelija gabbro diabase
ophiolite massif. In the west it is bordered by
a fault zone that separates the Pelagonian
massif and the Vardar zone.

The location of this volcanic complex in the
Kozuf - Kilkis transverse zone (Arsovski,
Ivanov, 1977) and the intersection with the
Vardar zone indicates a central type
volcanism, activated on the tectonic
intersection formed by the reactivated
regional fault structures of Vardar strike
(NW - SE to N - S) and the Kozuf - Kilkis
(E - W) fault structure formed during the
neotectonic period. This type of volcanism is
characterized by ring-radial structures.

A schematic morphostructural map of the
Kozuf district, was made using the anlaysis
of satellite scanograms, aerophotos and
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geologic data obtained by field investigations
(Fig.3). The neotectonic fault structures
grouped into three systems.

A fault system of Vardar strike are
reactivated fault structures, the oldest being
those of NW - SE and the youngest of N - S
orientation. Products of both incipient and
major phases of volcanic activity are located
along these faults. Intensive hydrothermal
activity (in the area of Dudica and Alsar) of
N - S strike took place affecting the products
of incipient volcanic activity.

A system of faults of NE - SW to E - W
strike. This system is relatively younger than
the Vardar system manifesting recent seismic
activity. The intersection between this fault
system and faults of Vardar strike points to
the younger and final volcanic activity in the
Kozuf district.



Tpet KoHrpec Ha Feono3ute Ha Penybanka MakegoHuja
Third Congress of Geologists of Republic of Macedonia

Ring structures are represented by several
morphologically negative shapes (that can be
seen in scanograms) and a positive structure
in the area of Dudica. The area of the most
striking negative ring structure ( Vasov Grad-
Mrezicko-Topli Dol-Rozden-Alsar) is built
mainly of volcanic material but it also
includes Pliocene as well as Triassic and
Cretaceous sedimentary material. This
composition, the concentric shape and radial
pattern of internal rupture structures, the type
of drainage indicate that this large ring
structure is a collaps caldera.

The Dudica positive ring structure cannot be
seen in scanograms, but it can clearly be
defined by field investigations and analyses
such as drainage system. Most probably the
volcanic activity started in the area of this
positive structure (Stara Mircevica). The
products of initial volcanic activity are
hydrothermally altered and covered by the
products of later and final volcanic activity.
The volcanic activity in the Kozuf district
started in the Miocene and the isotopic age of
rocks was determined as 12.1 m.y. (Troesch
and Frantz, 1994).

The volcanic characteristics of the Kozuf

district  were  determined by field
investigations and analyses of plane
photographs.  The  volcanic  activities

produced volcanic necks, frozen supply
channels, large quantities of pyroclastitic
material. Lava flows and development of
typical volcanic domes have not been
identified. This results from the nature of the
magmatic activity and the composition of
magma that gave the material for the rocks
during the final phases of differentiation.

The magmatic activity included intermediary,
occasionaly acidic, magma which was
immobile and fairly rich in volatile
components. This led to a rapid closure of
supply channels resulting in a large explosive
phase during volcanic activities. This is
proved by the large presence of pyroclastic
and epiclastic material such as lacustrine
tuffs, conglomerates, volcanic glass and
ashes. The large amounts of borone and
fluorine in the volcanic rocks from Kozuf
points to the existence of a long duration of
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emanation phase in the evolution of this
volcanism.

A review of some specific geologic cross-
sections through products of volcanic activity
will be given for better interpertauion of the
volcanologic characteristics of the volcanism.

The Katuniste geologic cross-section
(Fig. 4) is most distant from the centres of
volcanic activity and starts from the marginal
parts of the Tikves valley (in the vicinity of
Kavadarci) and extends to the Vitacevo
plateau.

Lacustrine Neogene sediments with no
volcanic materials in them, present as sands
and sandy clays (with carbonate or limestone
parties in the top parts) can be noticed along
the Luda Mara River valley up to the
Vitacevo plateau.

Neogene lacustrine sediments with no
volcanic material disappear at peak of about
470 meters. They are overlain by epiclastic
sediments and rocks present as
conglomerates. Fragment in the
conglomerates are rounded and partially
sorted. They are present as volcanic rocks
that correspond to latites and quartzlatites.
The series of epiclastic conglomerates is
overlain by lacustrine deposited tuff with
pemsa. Pronounced stratification can be
noticed in the series. Pemsa is a redeposited
material and epiclasts are rounded and
partially sorted. They are overlain by a series
of lacustrine deposited tuff with epiclasts of 2
mm to 64 mm in size and clearly pronounced
stratification. Epiclasts are represented by
fragments of volcanic rocks. This series
underlies a lacustrine deposited white tuff of
pronounced stratification.

A horizon of conglomerate tuffs with
epiclasts present as large fragments of
volcanic rocks occurs before reaching the
Vitacevo plateau. Epiclasts are not rounded
in shape and their size has not been sorted.
Based on general geologic characteristics it
can be inferred that the material was
deposited in water environmnet with
pronounced redeposition due to the large
distance of the profile from the centres of
volcanic activity.
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Fig. 4 Geological cross-section of Katuniste (Boev, 1988)
1.Conglomerate tuff; 2. Lacustrine deposited tuff; 3. Lacustrine deposited tuff with epiclaste larger than
2 mm but smaller than 64 mm in size; 4. Lacustrine deposite tuff with pemsa; 5. Epiclastic conglomerate;
6. Sands, clays and limestones; 7. Alluvium

The Parnapes - Vitacevo geologic cross-
section, (Fig. 5) is located close to the
centres of volcanic activities. From the River
Parnapes valley further on to the Vitacevo
plateau, Neogene lacustrine sediments with
no volcanic material are identified. They are
found as sands, sandy clays and limestones in
the top parts.

Neogene sediments disapear at
approximately 470 m sea level. They are
overlain by lacustrine deposited tuff with
epiclasts of 2 mm to 64 mm in size. Epiclasts

z

PARNAPES

are present as fragments of volcanic
materials of clearly pronounced stratification.
This series is ovrelain by white lacustrine
deposited tuff overlain by a series of
conglomerate tuff. The epiclasts vary in size
and are mainly unrounded. Stratification is
pronounced in the lower parts of the series,
whereas in its upper parts (above the level of
900 meters) stratification cannot be noticed
and the series has characteristics of
pyroclastic breccia.
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Fig. 5 Geological cross-section of Parnapes-Vitacevo (Boev, 1988)
1.Conglomerate tuff; 2. Lacustrine deposited tuff; 3. Lacustrine deposited tuff with epiclaste larger than
2 mm but smaller than 64 mm in size; 4. Sands, clays and sandy clays
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The Barovo-Vitacevo geologic cross-
section (Fig.6) is located near the village of
Barovo. It is not close to the centres of
volcanic  activity. Neogene lacustrine
sediments with no volcanic material can be
seen in the area between the village of
Barovo and the Vitacevo plateau. Sediments
are found as clays, sands and sandy clays
with carbonate sediments occurring in some
of them. Sediments are overlain by a horizon

650
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of lacustrine tuff with epiclasts of over 2 mm
to 64 mm in size. Stratification is distinctly
pronounced and epiclasts are partially
rounded. The horizon is overlain by a series
of white lacustrine tuff with clearly
expressed stratification that itself is overlain
by a series of conglomerate tuff of unrounded
and unsorted epiclasts. Presence of epiclastic
breccias can be noticed in the top parts of the
series.
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Fig. 6 Geological cross-section of Barovo-Vitacevo (Boev, 1988)
1.Conglomerate tuff; 2. Lacustrine deposited tuff; 3. Lacustrine deposited tuff with epiclaste larger than
2 mm but smaller than 64 mm in size; 4. Neogene lacustrine sediments; 5.Tuffs; 6.Eocene
marls;7.Quartzites

The Bosava geologic cross-section (Fig. 7) is
situated close to the centres of volcanic
activities near the village of Bosava. A series
of Neogene sediments with no volcanic
material represented by sands, sandy clays
and carbonate travertine on the top was
established near the village of Bosava. The
series is overlain by a deposited lacustrine
tuff with epiclasts of various sizes. The
stratification is clearly pronounced. There are
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horizons with pemsa intercalations of
epiclastic provenance. It is overlain by a
series of lacustrine tuff. The uppermost party
of the cross-section consists of conglomerate
tuffs without pronounced stratification that
look like pyroclstic as breccia. The absence
of stratification in the series is due to filling
of the lacustrine basin and transportation of
the material by the violent flows.
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Fig. 7 Geological cross-section of Bosava (Boev, 1988)
1.Conglomerate tuff; 2. Lacustrine deposited tuff; 3. Lacustrine deposited tuff with epiclaste presence of
various sizes; 4. Pemsa; 5.Tufas,; 6.Neogene lacustrine sediments
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The Studena Voda - Prasnik geologic cross-
section is located close to the centres of
volcanic activity and to the Prasnik volcanic
neck (Fig.8).

The area of the Studena Voda deposit is
composed of serpentinites overlain by a
horizon of lacustrine tuff with unrounded
epiclasts of 2 mm up to 64 mm in size,
represented by fragments of volcanic rocks.
The series is overlain by a horizon of white

PRAISNIK
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lacustrine tuff, which itself is overlain by a
series of lacustrine tuff with epiclasts of
various sizes. The epiclasts are unrounded
and unsorted with clear stratification. The
series is overlain by lacustrine tuff with
presence of pemsa. The uppermost part of the
cross-section consists of blocks of volcanic
rocks formed as a result of weathering of
volcanic necks or frozen supply channels.
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s

Fig. 8 Geological cross-section of Studena Voda-_ Prasnik (Boev, 1988)
1.Epiclast blocks of volcanic rocks, 2. Lacustrine tuff with pemza; 3. Lacustrine deposited tuff with
epiclaste presence of various sizes, 4.Lacustrine tuff; 5.Lacustrine tuff with epiclaste of 2 to 64 mm in
size, 6.Serpentinite; 7.Primary volcanic rocks

Based on the composition of the
aforementioned geological cross-sections that
pass through the volcanic-sedimentary
materials the following conclusions can be
drawn:

1. Recurrence of individual series of
epiclastic and pyroclstic materials within the
volcanogene sedimentary series in the Kozuf
district indicates the polyphase or repetition
volcanic activities.

2. Deposition of voluminous quatntities
of volcanic material took place in water

CONCLUSIONS

The multistage activity of the volcanoes or
the recurrence of volcanic activities is due to
the mnature of volcanoes and magma
characteristics. Magma was intermediary to
acid in nature and fairly immobile and rich in
volatile components. The slight mobility
resulted in very rapid closing of supply
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environment and successive filling of
Tikves Lake.

3. The level of the Vitacevo peneplane
or peak 900 meters, is the highest mark in the
Neogene Tikves Lake within the vertical
movements in the last 5 million years.

4. Based on analyses carried out of
volcanic activities it can be inferred that
these volcanoes had an increased explosive
phase in their evolution.

channels and in an increase of concentration
of wvolatile components inside volcanic
sources. When internal pressure due to
increased amount of volatile components
became very high, a phase of destruction of
volcanic domes and increased volcanic
activity followed as a result. Large amounts
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of pyroclastic material came down the
volcanic slopes as voluminous hot masses of
broken material, hot gases and vapours. This
volcanic material flowed into Lake Tikves
and started its filling. The lack of typical
volcanic bombs in the sedimentary series
indicates that there was no lava throws in the
air, nor catchment of molten lava along the
volcanic slopes.

Volcanic destruction or the moment of
volcanic opening is accompanied by an
explosion of gases forming silicate foam that
is more acid than the volcanic material. This
foam or pemza along with the pyroclastic
material erupted into the air and the
surrounding slopes and deposited in the
coastal portions of the lake.

When volatile components come out, the
internal pressure decreases due to volcanic
destruction. This will result in a decrease in
the intensity of explosive activity and grade
into poor emanation phase or a phase of
eruption of gases, vapour and volcanic ashes
and complete the volcanic activity due to a
closure of supply channels.

The period of weak emanation phase and
termination of volcanic activity is followed
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