I

W artt
(P o Il MOV
/,

o W WKl ‘
N ' b .'~":g'y'r! '*‘;L?’&i\l' .

o A e

’ Ly AV e vg' " 8

 ATA ‘A 4
;&?ln\”}%{“!. 0
"S‘_,

M
bl s RO




[TocebHO n3ganue Ha
Geologica Macedonica,
No 5

MAKE/IOHCKO I'EOJIOIIKO APYIOTBO — Ckomnje, 1952

YETBPTU KOHI'PEC
Ha
I'EOJIOBUTE HA PEIIYBJIMKA CEBEPHA MAKEJTOHHNJA

3bOPHHK HA TPY10OBU

Oxpun, 2021



N3naBa: MakenoHcko reosomiko apymrTo — Ckorje, 1952

I'J1aBHM ¥ OITOBOPHM YPeTHHIIH
[Ipod. n-p brnaxxo boes

IIpod. n-p Tomop CepadumoBcku

OpranusaunoHeH oa00p:
[Tpod. a-p I'opan Taces
n-p baapa Hayad
1n-p Kocraguu JoBaHoB
Hou. n-p Urop IlemeBcku
M-p @aopent Unue
Kupun ®Ounes
M-p 3natko [lenTekoBcku
Jbymyo Ilerpeckn
Hou. n-p iBan boes
M-p [anuena bom6on
Banuo AHnrenos

Muue Tpkanecku

Cexperap:
n-p. 3natko UnujoBcku

HN3BpuieH cexkperap:
Ouimn JoBaHOCKU

TexHnYKHN ypeaHuK:
bnaroja boratunocku



Opranusarop Ha Konrpecor
Makenoncko reossomko aApymrso Ckomje 1952

Hocurtenu Ha KoHrpecHr akTHBHOCTH

IIpercenarenu:
[Ipod. n-p brnaxxo boes
[Tpod. n-p Togop CepadumoBcku

Hayuen oxoop
[Ipod. n-p Banuo Yuduuranen
[Ipod. n-p Kpcto brnaxes
[Ipod. n1-p Opue CriacoBcku
IIpod. n-p I'omre IleTpor
[Ipod. n-p Tena lllnjakosa-NBanosa
[Ipod. n-p Musopan JoBaHoBCcku
[Tpod. n-p Bnagumup bepmanen
[Ipod. n-p Coma JlenutkoBa
[Ipod. a-p Hejpua Annepron
[Ipod. n-p Bojo MupuoBcku
[Ipod. a-p Bnaauna [{BeTkoBHUK
[Ipod. a-p Hejan IlpeneBuk
[Ipod. n-p Buonera Credanona
1n-p. Anekcannap Bonkos
[Tpod. n-p Buonera Crojanosa
[Ipod. n-p EBrennja Tapacosa
[Ipod. n-p Cabuna Ctpmuk-Ilanunka
[Ipod. n-p Arapej My
ITpus. Jlou. a-p YBe Konnu

ITouecen oadop
[Tpod. n-p Hukomna dymypuanon
[Ipod. n-p Msan 3aropuen
[Ipod. n-p Mapun Anexcanapos
[Ipod. n-p Tomop Jenumnerpon
[Tpod. n-p Ianne Jlazapos
[Ipod. a-p bopue AHnpeeBcku
[Ipod. a-p Cumeon Januen
[Tpod. a-p Tanej Honenery
IIpod. n-p Jlanucnas ITanuakar



Konrpecor (puHAHCHCKHM I'0 MOAP:KAA:
HIITY ,,byuum*, nooen — PagoBuin
KoxyBuanka, 1oo —Kasamapiu

Makenoncka ABTopcka AreHnuja, 100 — Ckomje
Asto-Hckpa, nooen — Ckomje
XUJIPOUHKEHEPUHT, 100ei — bruTona

I'panexen Uactutyt Makenonuja — Ckorje
I'panexen dakiarer — Ckomje

Pynaunm 3a osioBo u nuHK ,,Caca“ — Makenoncka Kamenuna
['eonnkenepunr — Ckorje
['eonHXE€HEPUHT-KOHCAITUHT, 100 — CKomje

I'eunr — Cxkorje



YeTBPTN MaKeJOHCKM re0noLLKN KOHrpec
Four Macedonian Geological Congres

COAOPXHWHA — TABLE OF CONTENTS

MPEATOBOP — PREFACE ....coiiiiiiiiiiiiiiii ittt ba s s sbas e s saba s e s sanans 1-2

MGK-2021-0-PL-01-

IIVIEPHAPHH

bnaxo boes,
NEPMA®POCT - TEO/TOLLKU NOTEHUMIAN U XA3AP[,
Permafrost — Geological potential and hazard.........ccccoveeeeiiiiiccee e, 3-8

1. OCHOBEH U ®YHIAMEHTAJIEH JIEJI

T'eoxpononotuja u usowiouna teoxemuja, Matmaiuwusam u eyakanonotuja, Muneparoltuja u ieiwiporotuja,
Ilaneonimonotuja u aseoanivipoinionotuja, CiupyridypHa teoiotuja u TeoitleKioHUKa,

MGK-2021-1-OF-01-

MGK-2021-1-OF-02-

MGK-2021-1-OF-03-

MGK-2021-1-OF-04-

MGK-2021-1-OF-05-

Iranettiapnu Hayku, Teogusuxa, Teoxemuja

Elena Angelova, Vlatko Sesov, Silvana Dimitrijevi¢, Vojka Gardic,

CHEMICAL CHARACTERIZATION OF FLY ASH SAMPLES FOR FURTHER USE IN

SEISMIC GEOTECHNICAL ENGINEERING

XeMucKa KapaKTepu3alumja Ha NpUMepoLm oa nNeTedka nenen

3a NoHaTamoLlHa ynoTpeba BO CEM3MUUYKOTO re0TEXHUYKO UHMKEHEPCTBO ............. 11-17

Blazo Boev, Ilvan Boev

NEW INFORMATION ABOUT THE AGE OF THE PELAGONIAN METAMORPHIC

COMPLEX (??)

Hosu nHdpopmaumm 3a ctapocTta Ha MenaroHUCKMOT meTamopdeH

KOMITIIEKC (22) 1teeiiiitiiie ittt e eeitte e e e ettt e e e e tte e e esteeeeeebaeeeseabteeeeeseseesestesaeanssneasenssenansnns 19-24

Ivan Boev

PETROGRAPHY OF THE DREN-BOHULA MASSIF AS A PART OF THE OPHIOLITIC
COMPLEX DEMIR KAPIJA-GEVGELIJA

MeTtporpaduja Ha macmeoT OpeH—Bboxyna Kako gen og odUOAUTCKUOT

KOMMNNEKC JeMUP KaNMja—TEBIreNIMJA ....uuvueeeerererninrereiereiereeeiererernnnenennnnnennnnnnnnnnnnnnane 25-34

Sase Mitrev, Mitko Popov

PETROLOGICAL AND GEOCHEMICAL CHARACTERISTICS OF THE TERTIARY

VOLCANIC ROCKS FROM THE LOCALITY GOLEMA CUKA, BOGDANCI DISTRICT,
REPUBLIC OF NORTH MACEDONIA

MeTpoNOLWKN U TEOXEMUCKM KaPAKTEPUCTUKM Ha TEPLIMEPHUTE BY/IKAHCKU

Kapnu og fnokanuteTtoT Flonema Yyka, onwTtuHa borgaHum, Penybaunka

CEBEPHA MAKELOHMIA oeveeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeee e s eese e s e s eeeseseseeeeesesasssssesssssssessnsennennns 34-42

Kujtim Onuzi, Agim Ymeri
CORRELATION OF THE GEOLOGICAL MAPS 1:50 000 SCALE OF THE ALBANIAN
— NEIGHBOURING COUNTRIES BORDER AREA



YeTBPTU MaKeJOHCKM reOnOLLIKN KOHrpec
Four Macedonian Geological Congres

Kopenauuja Ha reonowkute Kaptu co pasmep 1:50 000 Ha anbaHcKaTa

rPAaHNUYHE OBNACTU CO COCEIAHMUTE BEMJM.uerecrreeereeerreeereeeeteeeeiseeenseeessreeensesesseeeens

MGK-2021-1-OF-06- Kujtim Onuzi, Friedrich Koller
SOUTH-EASTERN ALBANIAN OPHIOLITES

JYFOUCTOUHM aNOAHCKM OPUOMIUTU . ccceeiiieeieiiieeeeciiieeeecieeeeesitee e s srreeessvaeeessnseee s

MGK-2021-1-OF-07- Irakli Prifti, Gjergji Stoja, Agim Ymeri
OPINIONS ON GEOLOGICAL SETTING OF ALBANIAN-THESSALIAN BASIN
IN KORCA-POGRADECI REGION
Mwucnetra 3a reosiowwKaTa rpagba Ha AnbaHcKo-TecanncKMoT baceH Bo

KOPYa-TIOArPAAELL PEIMOHOT ccevveeieeieeiteeettereeererererererererererererererererererererererereaereree

MGK-2021-1-OF-08- KatepuHa AporpeluKa, JacmuHa HajgoBcka, iparaHa YepHux,
MoHuka AHgpeecKa, Jbybuo JoBaHoB
CEM3MWYHOCT HA MAKEZOHMIA BO MEPUOAOT 2010-2020 TOAMHA
Seismicity in the Republic of North Macedonia during the period

201072020 ..ccii ittt e et e e e

MGK-2021-1-OF-09- Barbara Radulovi¢, Drazenko Nenadi¢, Katarina Bogicevi¢, Slobodan
Knezevic
PALEO-ECOLOGICAL CHARACTERISTICS OF MOLLUSCS OF THE PLEISTOCENE
CORBICULA BEDS IN THE SAVA RIPARIAN AREA IN BELGRADE (SERBIA)
ManeoeKoNOLWKN KapaKTEPUCTUKN Ha MEKOTEN 04, NIEUCTOLEHCKUTE
Corbicula Hacnarm Bo KpajbperkHaTa 06n1acT Ha pekaTa CaBa Bo benrpag,

(@101 Z V=) PR ST

MGK-2021-1-OF-10- Buoneta CrojaHoBa, lNowe MeTpos, Buonera CrepaHosa
MWKPO N HAHO®OCUNTHA ACOLUMIALMIA O NMANEOTEHUTE CEAMMEHTU
BO KOYAHCKATA KOT/IMHA, PENYB/TMKA CEBEPHA MAKEAOHWMIA
Micro and nanophosylic association of paleogenic sediments in the Koc¢ani

valley, Republic of North Macedonia .......c.cceeoeiiiiieciiee e

2. AHKEHEPCKHU JEJI
Hucenepcka teoaotuja u teotiexnuxa, IIpumeneinia Teogpuzuxa, Ypbana teoroluja,
Xugpoteonotuja u teoiiepmuja

MGK-2021-2-1D-01- Opue NeTtkoBcKkK, BaHyo AHrenos, Jlacte UBaHOBCKU, EneHa AHrenosa,
Harawa HepgenkoBcKa
MHHKEHEPCKOTEO/IOLLKN UCTPAXKYBAHA U UCMUTYBAHA HA
NOKATUTETOT BANTALLUHUUA — CACA, MAKEOOHCKA KAMEHNLA
Engineering-geological investigations and tests at locality Baltasnica — Sasa,

Makedonska KamENICa.......uuuuuurureeiiiiiiiiiriiiiiieiiiirereraiererereiererererarararararaaa—a—a——————————

MGK-2021-2-ID-02- Urop MNeweBckn, JoBaH Manuk, bojaHa Hepgenkoscka, Tamapa JoBaHOBCKa,
Mapuja MaHeBa, Ceap Aba3u
MHMKEHEPCKO-TEONOLWKN U TEOTEXHUYKU UCTPAXKYBAHA
N NCMUTYBAHA BO ®YHKUWMIA HA PYAAPCTBOTO BO MAKEOHUIA
Engineering-geological and geotechnical investigations

in function of MINING iN MacedoNia.......ccueiieiiiiiecciee e



YeTBPTN MaKeJOHCKM re0noLLKN KOHrpec
Four Macedonian Geological Congres

MGK-2021-2-ID-03-

MGK-2021-2-1D-04-

MGK-2021-2-1D-05-

MGK-2021-2-1D-06-

MGK-2021-2-1D-06-

byneHt Cynoouya, Ceag A6asu

NOoArPAAYBAHE N OCUTYPYBAHE HA NMOA3EMHUTE PYAAPCKH

MPOCTOPUN CO TEXHMUKA HA NMPCKAH BETOH

Upgrading and securing the underground mining premises with shotcrete

L0=Tol o1 01T [T UURROE 105-109

Urop Mewescku, Munopag JosaHoBcku, 3opaH MaHoB, JoBaH Manuk,

Ceap A6asn, AnekcaHgpa Hukonoecka ATaHacOBCKa

TPETMAH HA MHXEHEPCKATA TEO/NOTNJA U TEOTEXHUKATA

MPU NCTPAXYBAHE U EKCMTOATALMIA HA MUHEPAJTHU CYPOBUHU

Treatment of engineering geology and geotechnics in investigation and

exploitation of MINEral reSOUICES.........cocciiiiiiiiie e 111-122

CrojaH Muxannoscku, 3natko Ununjoscku, Usmua AHgos, Bojo MupuoBcku

M3BEABA HA MUME3OMETPU 3A JEDUHUPAHE HA MOXKHU NATULLITA HA

ABUNKEHE HA LLECTOBANIETEH XPOM CO NOA3EMHUTE BOAN HA3

KEAEHCKUOT MACKB KOH U3BOPOT PALLYE

Construction of piezometers to define possible routes of movement of

hexavalent chromium with groundwater through the zheden massif towards

the SPriNg RASNCNE ....oviiiee e et 123-134

Mome MunaHoBcku, Muna KpynaHoBuk, Ceprej MoneKkwuk
MHXEHEPCKO-TEOJTIOWKN NCTPAXKYBAHA U NCMTUTYBAHA

HA NMPUCTAHULUTETO BAP, LLIPHATOPA

Engineering geological research and testing to the port of Bar, Montenegro......135-143

Bojo Mupuoscku, lapko Muxos, Fopfn fiumos

MPOLEEHA HA PAH/IMBOCTA O 3ATAlYBAHE HA NMOA3EMHUTE BOAU

BO BOAOHOCHUKOT NrPA0OBCKMN OPMAH CO NPUMEHA HA METOOUTE

“GOD” U “AVI”

Assessment of the groundwater vulnerability of pollution in the aquifer

Grdovski Orman with the application "GOD" AND "AVI" method .........ccccuuveee.... 145-154

3. EKOHOMCKA I'EOJIOTHJA

Meinanotenuja, Munepaanu pecypcu, Enepteiticku pecypcu, Texnolenu naotawwwitia

MGK-2021-3-EG-01-

MGK-2021-3-EG-02-

Todor Serafimovski, lvica Ristovi¢, Blazo Boev, Goran Tasev,

Ivan Boev, Dalibor Serafimovski Matej Dolenec

SOME GEOCHEMICAL AND MINERALOGICAL FEATURES OF SAMPLES

FROM OLD BOR’S TAILING DAM

HeKkou reoXxeMnCKM 1 MUHEPAIOLW KN KapaKTEPUCTUKM Ha NPMMEpPOLM

Of1, CTaPOTO BOPCKO XUAPOJANIOBULLTE .....uvveeeeerieeeeerreeeeereeeeeeseeeeeeseeseeaseessessenss 157-164

Buoneta CredaHoBa, opfu lumos, Buonera CrojaHoBa

MOP®O/TIOLLUKO-XEMWNCKN KAPAKTEPUCTUKW HA 3NATHU ATPETATU

o4 MMnNoBAOOJICKA PEKA, UCTOYHA MAKEAOHUMIA

Morphological-chemical characteristics of golden aggregates

from Lipovdolska river, Eastern Macedonia........cccoeccvvveeeeeeeeccciniiiieee e, 165-172

Vi



YeTBPTU MaKeJOHCKM reOnOLLIKN KOHrpec
Four Macedonian Geological Congres

MGK-2021-3-EG-03- Goran Tasev, Kiril Filev, Dalibor Serafimovski, Todor Serafimovski
TECHNO-ECONOMIC PARAMETERS OF THE NORTHEASTERN PART
OF CENTRAL PART ORE BODY, BUCIM COPPER MINE, REPUBLIC OF NORTH
MACEDONIA
TexHO-eKOHOMCKW NMapameTpu Ha CEBEPOUCTOYHMOT AeN Of LLEHTPANIHOTO
PYAHO Teno, pyaAHuK 3a 6akap byunm, Penybnnka CesepHa MakegoHuja.......... 173-178

MGK-2021-3-EG-04- Aleksandar Gadzhalov, Irina Marinova
STYLES OF EPITHERMAL MINERALIZATION IN THE SURNAK DEPOSIT,
KROUMOVGRAD GOLDFIELD, SE BULGARIA. DATA FROM SURFACE
OUTCROPS
TunoBu Ha enuTepmasiHa MuHepanmlaumja Bo SURNAK HaofanumwteTo,
Kpymosrpag 3n1aToHOCHO noae. Noaatouun o4, NOBPLUMHCKU M3AAHOUM ............. 179-189

MGK-2021-3-EG-05- Mihail Tarassov, Eugenia Tarassova, Alexey Benderev, Milen Stavrev,
Elena Tacheva, Alexandar Nikolov, Mila Trayanova
TUNGSTEN IN SOILS, SEDIMENTS AND WATERS IN THE AREA
OF THE GRANTCHARITSA TUNGTEN DEPOSIT, WESTERN RHODOPES,
BULGARIA

Bondpam Bo noysu, ceaMmMeHTU 1 BOAA BO NOLUMPOKMUOT PETMOH Ha
HaofanuwTeTo 3a Bondpam MpHUapuua, 3anagHu Pogonu, byrapuja................. 191-195

MGK-2021-3-EG-06- Hazim Hrvatovié, Ladislav Palinkas, Tola Merza, Petar Katanic,
Enve Kamberovi¢
LISTWANITES OF DINARIDE AND CENTRAL VARDAR ZONE OPHIOLITES
A Review
JlnctBaHMTUTE Ha odmnonuTute oA AuHapmamte n BapgapckaTta LeHTpanHa
BOHA. TTPOIJIOA, oo s e e e s e e e e e s e e e e e e e e e s e e e s e ennnsanenns 197-202

MGK-2021-3-EG-07- Lazar Gorgjiev, Todor Serafimovski, Marin Aleksandrov, Goran Tasev
OVERVIEW OF THE NATURAL PARAMETERS FROM THE GEOLOGICAL-
ECONOMIC ASSESSMENT OF THE ORE DEPOSIT BALTASNICA, ORE FIELD SASA
Mpernea Ha HaTypanHWUTE NApaMeTPU O, reoI0WKO-eKOHOMCKaTa
oLeHa Ha pyaHOTo HaofanuMwTe banTawHuua, PygHo Mone Caca...........eeeeeeeee. 203-210

4. MPOI'PECUBHA I'EOJIOT'NJA
Ipumena na I'UC, I'eounpopmainuxa, Matuemaiuuuxa teoxotuja, Hanoteonotuja, Meguyuncka I'eosotuja

MGK-2021-4-PG-01- Dalibor Serafimovski, Goran Tasev, Todor Chekerovski
THE ACCESS DATABASE FOR THE NORTHEASTERN PART OF THE CENTRAL
PART ORE BODY AT THE BUCIM MINE, REPUBLIC OF NORTH MACEDONIA
AKLec 6a3a Ha NO4ATOLM 33 CEBEPOUCTOYHMOT AEN Of LIeHTPAIHOTO PYAHOTO
TeNo BO PyAHMKOT Byunm, CeBepHa MaKEAOHU]A..c.cccuveeeeecieeeeecreeeeecieeeeeeaeeeeans 213-219

MGK-2021-4-PG-02- AnekcaHpap byos, AHeTa Pucroscka
PE3YNITATU O PETMOHANTHUTE NMPOCMNEKUNCKU NCTPAXKYBAHA
HA OEN O4 TEPUTOPUIATA HA PENYB/INKA CEBEPHA MAKEAOHUIA
Results from the regional prospective research part
of the territory of the Republic of North Macedonia........cccoccccvviieeeeiiiicccnniennnnn. 221-230



YeTBPTN MaKeJOHCKM re0noLLKN KOHrpec
Four Macedonian Geological Congres

MGK-2021-4-PG-03- Mapuja MaHeBa, Urop Mewescku, Jbynuo MeTpecku
M'EOQJ/TOLLKO MOAENTUPAHE HA HAOTFAJINLLTETO 3A JAT/IEH BPO/A-
MT’HEOTUHO CO NPUMEHA HA COBPEMEHW KOMIJYTEPCKN TEXHUKU
Geological modeling of the coal depost Brod-Gneotino with application of
contemporary computer teChNIQUES ......ueeviiiiieeiiiiee et 231-240

MGK-2021-4-PG-04- AnekcaHpap byos, AHeTa Pucroscka
OKOHTYPYBAHE HA PYAHO TE/IO BO MOP®UPCKUN UCTEM,
HA MPUMEP HA HAOIAJZINLUTE 3A Cu, Au U Ag “6OPOB Ao1“
Contouring ore body in a porfy system an example mineral deposits
for Cu, Auand Ag ,Borov Dol ...t 241-249

5.TEOJIOIIIKH XA3APJIU U 3ALLITUTA,
Kau,atacku dpomenu, I'eoxasapg, I'eoexonrotuja u 3auiiiuimla Ha HCUGOHAIA CPEQUHA

MGK-2021-5-GH-01- Ivan Boev, Sonja Lepitkova
BARIUM IN AIRCONDITIONER FILTERS IN THE CITY OF SKOPJE
(REPUBLIC OF NORTH MACEDONIA)
Bapuym Bo GuUNTpUTE Ha KAMMaTM3epuUTe BO rpagoT Ckonje
(CeBEPHA MAKEAOHMJA) ..cuveeeireeiieeeieeeciteeeteeestteesteeeetaeesateessaeessseessreeasseesaseeanes 253-266

MGK-2021-5-GH-02- Toni Nikoli¢, Samir Huseinbasi¢, Suad Spago
NATURAL DISASTER IN BOSNIA AND HERZEGOVINA OVER 2014. WHAT WE
LEARN — PREVENTION, DISASTER MANAGEMENT AND INTERVENTION
Natural disaster in Bosnia and Herzegovina over 2014. what we learn —
prevention, disaster management and intervention ..........ccccceeiiiiiiiiiiiieeee e, 267-272

6. TEOJIOKO KYJITYPHO HCJIEJCTBOMH,
Kynmypuo ucmopucku cnomenuyu, I'eonaprosu u mypuzam, I'aonacnedcmeo u nayuonannu my3eu

MGK-2021-6-GK-01- lvan Boev
CHEMICAL COMPOSITION OF ROMAN COINS FROM PELAGONIA
(NORTH MACEDONIA) DETERMINED BY THE SEM-EDS METHOD
XeMWCKM CcoCTaB Ha PUMCKMTE MOHeTU o, MNenaroHuja
(CeBepHa MakepoHuja) oapeaeH co metogata CEM-EAC..........ccccvveeecveeeeennneen. 275-279

MGK-2021-6-GK-02- lvan Boev, BlaZzo Boev
SHOCKED QUARTZ IN THE SAMPLES FROM ARCHEOLOGICAL LOCALITY STOBI
Lok KBapL, BO NPUMEPOLUTE OZ, aPXEONOLKNOT N0OKAAUTET CTOOM ................... 281-295



YeTBPTU MaKeJOHCKM reOnOLLIKN KOHrpec
Four Macedonian Geological Congres

MHOEKC HA ABTOPU — AUTHORS INDEX

Abasun, Ceap, 2-1D-02, 2-ID-03, 2-1D-04,
Aleksandrov, Marin, 3-EG-07,

AHrenos, BaHnuvo, 2-1D-01,

Angelova, Elena, 1-OF-01, , 2-1D-01,

HepenkoBcka, HaTawwa, 2-ID-01,

Nenadi¢, Drazenko, 1-OF-09,

Hukonoscka AtaHacoBcka, Anekcangpa, 2-1D-04,
Nikoli¢, Toni, 5-GH-02,

Anpos, VMBuua, 2-ID-05,

Benderev, Alexey, 3-EG-05,

Boev, Blazo, 0-PL-01, 1-OF-02, 3-EG-01,

6-GK-02,

Boev, Ivan, 1-OF-02, 1-OF-03, 5-GH-01,

6-GK-01, 6-GK-02,
Bogicevi¢, Katarina, 1-OF-0,

byos, AnekcaHngap, 4-PG-02, 4-PG-04,

Gadzhalov, Aleksandar, 3-EG-040,
Gardi¢, Vojka, 1-OF-01,
Gorgjiev, Lazar, 3-EG-07,

Dimitrijevic, Silvana, 1-OF-01,
Owumos, Nopru, 2-1D-07, 3-EG-02,
Oporpewka, KatepuHa, 1-OF-08,

Eugenia Tarassova, 3-EG-05,

MBaHoBcku, JlacTte, 2-ID-01,
Wnwujoscku, 3natko, 2-1D-05,

Filev, Kiril, 3-EG-03,

JoBaHoBcka, Tamapa, 2-1D-02,
JoBaHoBckn, Munopag, 2-1D-04,

Kamberovi¢, Enve, 3-EG-06,
Katanié, Petar, 3-EG-06,
KpynaHoBuk, Muna, 2-1D-06,
Knezevi¢, Slobodan, 1-OF-09,
Koller, Friedrich, 1-OF-06,

Lepitkova, Sonja, 5-GH-01,

Manesa, Mapwja, 2-ID-02, 4-PG-03,
Marinova, Irina, 3-EG-04,

Merza, Tola, 3-EG-06,
MwunaHosckn, Mowme, 2-1D-06,
Mupuoscku, Bojo, 2-1D-05, 2-ID-07,
Mitrev, Sase, 1-OF-04,
Mwuxaunnoscku, CtojaH, 2-1D-05,

HajooBcka, JacmuHa, 1-OF-08,
Hepenkoscka, bojaHa, 2-ID-02

Nikolov, Alexandar, 3-EG-05,
Onuzi, Kujtim, 1-OF-05, 1-OF-06,

Hrvatovi¢, Hazim, 3-EG-06,
Huseinbasié¢, Samir, 5-GH-02,

MaHoB, 3opaH, 2-1D-04,

MNanuk, JoBaH, 2-1D-02, 2-1D-04,
MeTkoBcku, Opue, 2-1D-01,
MeTpecku, Jbynyo, 4-PG-03,
MeTpos, lNowe, 1-OF-10,
Mewescku, Urop, 2-1D-02, 2-1D-04, 4-PG-03,
Mwxos, dapko, 2-1D-07,
Monekwwuk, Ceprej, 2-1D-06,
Palinka$§, Ladislav, 3-EG-06,
Popov, Mitko, 1-OF-04,

Prifti, lrakli, 1-OF-07,

Radulovié, 1-OF-09,
Ristovi¢, lvica, 3-EG-01,
PuctoBcka, AHeTa, 4-PG-02, 4-PG-04,

Serafimovsk, Todor i, 3-EG-01, 3-EG-03,
3-EG-07,

Serafimovski, Dalibor, 3-EG-03, 4-PG-01,

Spago, Suad, 5-GH-02,

Stavrev, Milen, 3-EG-05,

Stoja, Gjergji, 1-OF-07,

CtedaHoBa, Buonera, 1-OF-10, 3-EG-02,

CTtojaHoBa Buonerta, 1-OF-10, 3-EG-02,

Cynooya, bynenr, 2-1D-03,

Sesov, Vlatko, 1-OF-01

Tacheva, Elena, 3-EG-05,
Tarassov, Mihail, 3-EG-05,

Tasev, Goran, 3-EG-01, 3-EG-03, 3-EG-07,
4-PG-01,
Trayanova, Mila, 3-EG-05,

YepHux, OparaHa, 1-OF-08,
Chekerovski, Todor, 4-PG-01,

Ymeri, Agim, 1-OF-05, 1-OF-07,



YeTBPTN MaKeJOHCKM re0noLLKN KOHrpec
Four Macedonian Geological Congres

MPEJATOBOP

Yerptot Konrpec Ha I'eono3ure nHa Make-
JOHWja Tpebame 1a ce oapxu muHatata, 2020 ro-
IvHA, HO mopanu mnangemujata Ha KOBUWJI-19,
Konrpecor 6eme oanoxen 3a oBa 2021 roauHa, co
HaJeX JIeKa MaHAeMHjaTa Ke IIOMUHE U IeKa Ke Mo-
KeMe BO HOPMAIHU OKOJHOCTH Ja TO OJAPKUME
Konrpecor. Meryroa naniemujata Ha KOBUJI-19
MPOJIOJKU U BO TekoT Ha 2021 roguHa a co Toa u
olpxyBameTo Ha KoHrpecot Ha reosio3ute Ha Mak-
¢JI0HHUja CTaHa Heu3BeceH U Bo TekoBHara 2021 ro-
IIMHA, 3aT0A OPraHU3aLHMOHUOT 0A00P Ha KOHIPECOT
OJUTy4r COOpaHHUTE KOHTPECHU MaTepujainu na Ou-
naT o0jaBeHHu BO nocebno mzganue Ha 'EOQJIOI' M-
KA MAKEJOHUKA (2021) u co Toa na Oumar
3aTBOPEHU aKTUBHOCTUTE OKONy 4-oT KoHrpec Ha
I'eonosure Ha MakesoHuja.

4-ot Konrpec Ha ['eono3ure Ha Makenonuja
nNpeTCTaByBa KOHTUHYUTCT BO KOHI'PECHUTEC aKTHB-
HocTH Ha MakenoHckoto I'eonomko JpymrTBo u
OCHOBA TIpaBM MpeceK Ha JOCTHTHYyBamaTa Ha reo-
morujaTa BO MakenoHuja MoMery JBaTa KOHTpeca.

MakeIOHCKOTO T'€OJIOIIKO JAPYIITBO KaKo
acolyjalyja Ha CUTE Ie0j03U U MCTPaXyBaud OX
cdepaTa He Teo-HayKuTe BO MakeaoHHja yIiTe o
cBoeTo hopmupame Bo 1952 rouHa na ce 70 IeHecC
BO CBOJOT (JOKYC Ha MHTEPEC I'M UMa I'€0 HAyKHUTE
KaKO MHTETpajIeH A€ BO Pa3BOjOT Ha OMILUTECTBOTO
W BO pa3BOjOT Ha TUIaHeTaTa 3eMja BO IIeJIMHA.

I'eo-HaykuTe BO MIHUHATA KE€ C€ 3aHMMaBaat
CO U3yUYyBamkETO Ha TUHAMHUKATA HA caMaTa IJIaHe-
Ta 3eMja, OAHOCHO KIIyYHUTE JBUraTeIH U IIPOLecH
KOHM YIpaByBaaT CO €BOJNYIHjaTa W OJHECYBAmHETO
Ha MJIaHeTaTa, KaKo KIyYHU eJIEMEHTH 3a CTpaTell-
KHTE TUIaHMpama 3a pa3BojoT Ha [lnanerara u 3a-
YyBYBaE€TO HA HEj3MHHUTE MOCEOHOCTH KaKo IITO
CC: IMHaMHUKaTa Ha ABMXKCHCETO Ha nyfeTo, JUHa-
MHUKaTa Ha NPOMEHUTE BO JWBEP3UTETOT Ha (IIo-
pata u ¢ayHara (€KoJoruja), a moceOHO BHUMaHHE
Ke ce MIOCBETH Ha OHHME €KO-CUCTEMH KO 'l Hace-
JyBaaT HEKOJKYTE HajoJIaiecdeHd MecTa Ha oBaa
uaHera, 4uj paguyc e 6370 km, ke 3azemaar ueH-
TPaJHO MECTO BO MIHMHATA Ha 3eMjaTa, HAYHMHOT Ha
KOj pearupaar Ha (rjo0ajHHUTE) XUBOTHU U KIIHU-
MaTCKH MTPOMEHA.

Kako pesynrat Ha IIpBroT 3aKk0H Ha TepMOAU-
HaMHKa KOj ce OJJHeCyBa Ha 3a4yByBame€ Ha eHep-
rujata BO CHCTEMOT, CUTE MOJU(PUKAIIUN HA OaaH-
COT Ha €HeprujaTa (M Macara) BO BHATPEITHOCTA Ha
IUTaHeTaTa MOpa Ja uMaaT e(eKkT Ha MOBpIIMHATA
Ha IJIaHeTaTa ¥ Hej3uHara Onocdepa, BKITyqIyBajKu
ro u ommTecTBOTO. [loceqyBameTo Ha COOJBETHO

PREFACE

The fourth Congress of the Macedonian geol-
ogists was supposed to take place last year, 2020,
but due to the COVID-19 pandemic, the Congress
was postponed for this year, 2021, hoping that the
pandemic will pass so that we could hold the Con-
gress under normal conditions. However, the
COVID-19 pandemic continued to spread in the
course of 2021 and as a result of it, the holding of
the Congress of the Macedonian geologists proved
to be uncertain in the current 2021. So, the Organ-
izing Committee of the Congress decided to publish
the collected Congress materials in a separate pub-
lication GEOLOGICA MACEDONICA (2021) and
with that, to close the activities around the fourth
Congress of the Macedonian geologists.

The fourth Congress of the Macedonian geol-
ogists presents a continuity in the Congress activi-
ties of the Macedonian Geological Society and ba-
sically shows the achievements of geology in Mac-
edonia between the two Congresses.

The Macedonian Geological Society, as an
Association of all the geologists and researchers in
the field of the geological sciences in Macedonia,
has had the geological sciences in their focus of
interest since its establishment in 1952 until today,
as an integral part in the development of the society
as well as within the development of our planet in
general.

In the future, the geological sciences will be
focused on studying the dynamics of the very planet
Earth, i.e. the key moving forces and processes that
govern the evolution and the behavior of the planet,
as crucial elements for the strategic planning of the
development of the Planet and preserving its parti-
cularity, such as the movement of the people, the
dynamics of the changes in the diversity of the flora
and fauna (ecology). A special attention will be paid
to those eco-systems that have been populated at the
most distant places on this Planet, whose radius is
6370 km. They will take the central place in the
future of the Earth, the way in which they react to
the (global) living and climatic changes.

As a result of the First Law of the thermody-
namics, which refers to preserving the energy within
the system, all the modifications of the energy
balance (and the mass) in the interior of the planet
must affect the surface of the planet and its bio-
sphere, including the society as well. Possessing the
appropriate knowledge and better understanding of
such processses at a higher level is a precondition
for comprehending the processes of the occurrence
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3Haeme ¥ N0J00p0 pazdupame Ha TAKBUTE MPOLIECH
Ha TOU1a00K0 HHBO € MPEIyCclIOB 3a pa3doupameTo
Ha TpOIECUTE 3a I0jaBaTa HAa YOBEUYKH U APYTH
(dhopmu Ha )XUBOT Ha ToBpmuHaTa. O cute chepu
BO 3eMjUHHUOT CUCTeM, eHa (reo cdepara) € oco-
OCHO TpeManKy 3acTareHa BO MPOTPaMUTE 32 HC-
TpaKyBame Ha IaHeTaTa 3emja Bo uaHuHaTa. Ce-
Koja ambuirja mogoopo ma ce pazdepar MexaHW3-
MUTE KOU TH IOKPEHYBaaT MPOMEHUTE BO )KUBOTHA-
Ta CpelluHa, IITO € OYUTIICTHO BAXKHO, € HEIIEIIOCHO
W HajBEPOjaTHO MOTPEIIHO aKo He ce BKIy4YaT Haj-
pelieBaHTHUTE JHUCUUILIHHU 07 cdepata Ha Treo-
HaykuTe OWICjKHM MPOMEHUTE BO reo cdepara ru
MOKPEHYBaaT MPOMEHHUTE BO KMBOTHATA CpPEIWHA
Ha OBaa IUIaHeTa.

MHory acrekTH MoBp3aHu co 3eMjaTa 4ecTo ce
riaBeH (oKyc 3a MUPOK CIEKTap Ha reo HayYHUIH
KOM CEKOJTHEBHO C€ 3aHMMAaBaaT CO HAyKHTE 3a
3emjara. 3a BpeMe Ha MUHATHTE JICKaJH, I'eo Ha-
YYHUIMTE MPOYYyBaJIe IIUPOK CIIEKTap HA TEOPET-
CKHU M IPUMEHETH acTieKTH Ha 3eMjaTa U U3rpaauie
orpoMHa 0asa Ha 3Haeme, Koja MOXe Ja 00e30emu
MHOT'Y OJITOBOPH Ha IMpallamaTa 32 UCTPaKyBarbe
KOHM Ce PEJICBaHTHH 3a re0 HAYKUTE BO WIHWHATA.
Jen o1 oBaa 0a3a Ha 3HACHE CE TEOJIOIIKUTE 3aMUCH
KOH CE OTKPUCHHU MPU UCTPAXKYBAHATA HA AHTAPK-
TUKOT BO HCKOJIKYTC MPETXOAHU ACKAAH, U KOj MO-
ke J]a ce KOPUCTAT KaKO COOJ[BETHA MPHUPOJIHA pe-
(bepeHua 3a UIHU KJIIMMATCKU IMTPOMEHHU BO OJHOC Ha
OTIOPHOCTA HA €KOCUCTEMHUTE U YOBEIITBOTO O]
rojieMa pa3HOBHJIHOCT Ha aTMOC(EPCKU U KIMMaT-
CKH YCIIOBH.

I'eo HayuHWIIMTE HANpaBUIIe 3HA4YaeH Harpe-
JIOK BO Pa3B0jOT HA OCOOCHO PENIEBAHTHUTE MOJICITU
3a [peJIBU/IyBambe Ha CITydyBambaTa BO JJuTochepara
u arMocdepaTta ¥ NPEeKy THE OTPOMHU JOCTHTHY-
Bamba BO UCTPAKYBAHETO Cera I'M pa3doupaaT Hajro-
JIEMHOT JIeJ OJ] MEXaHU3MHUTE U BPEMETO Ha CIy4y-
BamaTa Ha IOTOJEMHUTE, MOMAaJHWTE 10 OHHE Ha
HaHO-HMBO Tiporieck Ha 3emjata. Kora nuckyru-
pame 3a MIHUHATA Ha 3eMjara, Hej3uHaTa reocgepa,
atMocgepa, xuapochepa u 6rnochepa, He MOXKAT J1a
ce UTHOpHpaaT pe3yiTaTHTe Ha TaKBUTE 3HAYAjHU
HCTPaXKyBamba.

['eo-HayyHHMIIMTE MOXXKE 3HAYajHO Ja AONPHU-
Hecar Jia ce JIajie OCBPT HAa CUTE MPHOPUTETH TIOJ
temara: JluHamnyna manera. BeymHocT, He Moxke
Jla ce Jajie OCBPT Ha HajroJeMHUOT JeNl O]l OBHE
npuoputetd (>65%) mon temara [luHamuvHa ra-
HeTa, 0e3 BUTAIHUTE 3HACH¢ Ha 3a¢/IHUIIA HA Hayd-
HHUTE 01 00J1acTa Ha T€0 HAyKHTE.

3atoa u IV-or Konrpec Ha reono3ure Ha
MakxkenoHnuja Tpeba 1a Ouie MOCBETEH HA TEMH KOU
C€ UCKITYIHUTEITHO BaXKHU 32 €BOJTyIIHjaTa U Pa3BojoT
Ha camaTa IulaHeTa 3emja.

OpranuzanoHes 0160p

of human and other forms of life at the surface.
Considering all the spheres within the Earth system,
one of them (the geo-sphere) has been particularly
little represented in the programs for the exploration
of the Earth system in the future. Each ambition and
effort to better understand the mechanisms that are
moving forces for the changes in the environment,
which is obviously very significant, is incomplete
and most probably wrong if the most relevant
disciplines in the sphere of the geological sciences
are not included, because the changes within the
geo-sphere are moving the changes within the envi-
ronment of this planet.

Many aspects related to the Earth have been a
major interest for a wide spectrum of geo scientists
who are continually working on the sciences about
the Earth. In the course of the past decades the geo
scientists were studying a wide scope of theoretical
and applied aspects of the Earth and they have
established an enormous knowledge base which can
provide many answers to the questions considering
the exploration, answers that are relevant for the geo
sciences in the future. A part of this knowledge base
presents the geological records that were found out
in exploring the Antarctic during the last decades.
They can be used as an adequate natural reference
for the future climatic changes in relation to the
resistivity of the eco-systems and the humanity
under a great diversity of the atmospheric and
climatic conditions.

The geo scientists have achieved a significant
advancement in the development of the particular
relevant modules for predicting the occurrences
within the lithosphere and the atmosphere. Owing to
that vast achievement in exploring, they can now
understand the greatest part of the mechanisms and
the time of the occurrences of the greater, the small-
ler to those at the nano level processes of the Earth.
When we discuss about the future of the earth, its
geosphere, atmosphere, hydrosphere and biosphere,
we cannot ignore the results of such significant
exploration.

The geological sciences can significantly con-
tribute for providing a review to all the pri-orities of
the Subject: Dynamic planet. In fact, a review
cannot be provided to the greatest part of these
priorities (>65%) under the subject the Dynamic
planet, without taking into consideration the essen-
tial knowledge of the association of the scientists
from the field of the geo sciences.

Accordingly, the fourth Congress of the Mace-
donian geologists should be dedicated to subjects
that are exceptionally important for the evolution
and the development of the very planet Earth.

Organizing board
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SHOCKED QUARTZ IN THE SAMPLES FROM ARCHEOLOGICAL LOCALITY STOBI

Ivan Boev, Blazo Boev

Faculty of Natural and Technical Sciences, Institute of Geology, “Goce Delcev” University in Stip,
Blvd. Krste Misirkov 10-A, P.O, Box 210, 2000 Stip, Republic of Macedonia
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A bstract Shock quartz (shock metamorphic quartz) occurs in the processes of shock metamorphism or
impact metamorphism. Shock metamorphism or impact metamorphism describes the effects of shock-wave related
deformation and heating during impact events. The formation of similar features during explosive volcanism is gener-
ally discounted due to the lack of metamorphic effects unequivocally associated with explosions and the difficulty in
reaching sufficient pressures during such an event. The paper presents the results of examinations on a sample from the
archaeological locality Stobi and they indicate that it is a shock quartz, occurrence of spherical shapes in the sample.

Key words: quartz, shocked, metamorphism

IIOK KBAPLI BO IPUMEPOIIUTE O APXEOJIOIIKHUOT JIOKAJIUTET CTOBH

AncrtpaxkT: Hlok kBapot (a1ok MeTaMOp()HHOT KBapII) ce I0jaByBa BO MPOLIECHTE HA IOK METaMOP(PHU3MOT
WIM UMIAKT (YAapHHOT) MeTamopduzaM. Bo TpyZOT ce NMpUKaKHH PE3YNTaTHTE OJf MCIIUTYBamka Ha MPHUMEPOK OJf
apxeoNoImKNoT JokamuTeT CTOOM M HCTUTE yKaKyBaaT Ha Toa JeKa ce paboTH 3a IIOK-KBapll, 1ojaBa Ha CHEpHH

00N BO IPUMEPOK

Koyunn 36opoBu: kBapi, Mmetamopduzam, IIoK

INTRODUCTION

Stobi is one of the most researched archaeolog-
ical localities in the Republic of North Macedonia
located in the central part of the country, at the
mouth of Crna Reka (Erigon) into Vardar (Axios), a
few kilometers south of the settlement Gradsko. It
covers an area of about 20 hectares. The oldest data
is found in the records of the Roman historian Titus
Livius, according to which Stobi originates from the
Hellenistic period, more precisely from 197 BC.
(Wiseman, 2004, 1973). According to archaeologi-
cal data from previous research, this urban settle-
ment was built at the earliest in 3-2 century BC, alt-
hough there are some ceramic findings that point to
a much earlier period (7-5 century BC) (Mikul¢i¢,
2003).

Due to its favorable location, on the Via
Egnatia road, which led from the Danube to the Ae-
gean, this urban settlement was a significant strate-
gic, military, economic and cultural center (Ale-
ksova, 1997).

The old episcopal basilica is the first church
that was built in the ancient city of Stobi. The
church was built literally in the shadow of the an-
cient theater, which at the time, in the first half of

the fourth century, was still active and served the
ancient inhabitants of Stobi for performing various
theatrical performances. That was the period when
all the religions in the Roman Empire were equal,
and in Stobi the pagan temples, the theater, the Jew-
ish synagogue and the oldest Christian church func-
tioned at the same time.

The Christian religion was declared equal to
the others in 313, with the publication of the Milan
Edict by the Roman Emperors Constantine | the
Great and Licinius. Immediately afterwards, episco-
pal centers throughout the Roman Empire began to
be formed and temples of the new religion were
built. In Stobi, as early as the first quarter of the cen-
tury, the bishopric was founded, which was led by
Bishop Budius - one of the participants of the first
ecumenical council held in 325 in Nicaea.

The Old Episcopal Basilica headed by Bishop
Budius was most probably built then. After the con-
struction of this church, the era of mass baptism and
acceptance of the Christian religion began in Stobi.
The old church, as early as in the second half of the
fourth century, was remodeled and extended to the
east in order to receive more believers.
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The interior of the Old Episcopal Church was
lavishly decorated with floor mosaics and wall

paintings that visually and symbolically transferred
Biblical messages to believers (Figure 1)

g

Fig. 1. Part of the mosaics in Stobi

In the explored part of Stobi, several architec-
tural objects have been discovered and studied,
which are profane and sacred buildings with public
function, then private houses (palaces), baths,
thermal baths, the antique theater, part of city walls,
streets, the forum, main entrance to the city, as well
as the casino where the sample analizyed in this
paper was found.

The casino represented a hall the floor of
which was covered with a mosaic with geometric
motifs. In the middle there was an eight-angled
fountain, covered with marble plates and gambling
chairs arranged around it. In its composition, the
casino also had a bath with sitting places and a small
swimming pool with running water to refresh the
guests (Figures 2 and 3).

Fig. 2. View of the casino in Stobi
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Fig. 3. Remains of intarsia in the casino in Stobi

METHODS OF TESTING

The analyses were made with a scanning elec-
tron microscope TESCAN SEM VEGA3 LMU with
an Oxford EDS detector.

X-ray tests were performed on the Siemens D
500 diffractometer with computer software support,
with Cu monochromatic radiation at 40 KV /30 mA
with an automatic variable input shutter. The
determination of the mineral phases was carried out
using the DIFRAK 11 program package in the
EVAL and IDR programs.

The quantitative determination of the presence
of the mineral phases was performed by using the
Peter and Kalman method with predefined calibra-
tion coefficients for certain mineral phases.

The preparations for X-ray diffraction were
recorded in the range 2 0 = 3- 60°.

Thermal research was done on the Derivato-
graph Q-1500-D under the following conditions:

— Sample weight 500mg

— Sensitivity by TG 200 mg

— Sensitivity by DTA 250 pV, DTG 500 pV
— Heating speed 10 ° C / min

— Temperature range of measuring from 15-
20° C to 1000°C

— Inert matter Al,O3

— Environment in the furnace - air without tur-
bulence

OBTAINED RESULTS AND COMMENTS

For a detailed mineralogical examination, a
single blue-green sample was taken and examined
using the methods of electronic microanalysis
(SEM-EDS) and X-ray diffraction (XRD).

From the examinations that were carried out

with the methods of electronic microanalysis (Table

1, Figure 4) it can be concluded that it is a SiO;

compound having Na, Mg, K impurities

Table 1
Chemical composition of quartz (SEM-EDS)
Element % 1 2 3 4 5 6
Si 45.71 46.33 45.98 45.32 46.23 46.11
0 52.21 51.55 52.43 52.92 51.76 51.34
Na 0.50 0.70 0.83 0.91 0.89 0.65
Mg 0.32 0.40 0.44 0.51 0.55 0.39
K 0.81 0.92 0.88 0.79 0.95 0.96
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Fig. 4. SEM-EDS of the SiO2 compound from the sample from Stobi

Figure 5 shows the roentgenogram of this clearly visible circular shapes present in this samp-
sample and from it it can be clearly seen that it is le.The occurrence of these circular shapes unambi-
quartz. Figures 6 and 7 show SEM-EDS photo- guously points to the fact that it is the so-called
graphs of the quartz sample from Stobi, with very shock-quartz (Figure 8).

4000 4 sample 1 RA 17485 | PR
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;; ]
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Fig. 5. Roentgenogram of quartz from the archaeological locality Stobi

= x
Spectrum 1

SEM HV: 20 kV SEM MAG: 894 x | VEGA3 TESCAN

WD: 15.00 mm Det: BSE 50 pm
View field: 212 ym  Date(m/dly): 05/10/19

100pm Electron Image 1

Fig. 6. SEM-EDS photograph of quartz Fig. 7. SEM-EDS photograph of quartz
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Fig. 8. Shock quartz (shock metamorphic quartz)

CONCLUSION

The conducted trials of the sample originating
from the casino on the Stobi archaeological lo-
cality using the X-ray diffraction methods and
methods of electronic microanalysis indicate

that this is a sample constructed from quartz - a
particular kind of quartz that occurs in the pro-
cesses of shock -metamorphism (impact meta-
morphism).
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