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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,
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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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IV KoHrpec Ha leono3ute Ha Penybanka MakeaoHuja

MAKELOHCKO MEONOLUKO APYWITBO — Cxonje 1952
MACEDONIAN GEOLOGICAL SOCIETY - Skopje 1952

NEPMA®POCT - TEONOLUKKU NOTEHUWUIAN U XA3APA

NneHapHo npegaBarbe

Mpod. a-p Bramo Goee

30.1X.2016 - Crpyra

IV Konrpec Ha leonosure Ha Peny6auka MakeaoHuja

LLito npetctasysa Mepmadpoct?

* Mepmadppoct ce pgeduHupa Kako
MaTepujan Koj OCTaHyBa 3amp3HaT

(<0°C) BO TekoT Ha ABe WM noseke AxTuBeN

: cnoj
roavHW. AKTMBHMOT €/10j (nouBaTta BO ‘
6nM3!4Ha Ha NoBpLUIMHATA KOja ce ToMnwu el Al «nkon
cekoja roauHa) u pebenuHata Ha o mpas3
nepmadpocToT 3aBUCAT 04, IOKANHUTE Ry
KNMMaTCKU  yCNoBW, BeretatMsHaTta Nepmadpoct

NOKPMBKA, TUNOT Ha no4ysBata W
COAPXXUHATa Ha Bnara, u 6Guno Kowm
epeKkTM oa TononuHaTa Koja Aoara of
LeHTapoT Ha 3emjaTa.
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IV Kowrpec Ha [ Ha Peny6 M It 0

LUTto npetcrasysa Nepmadpoct?

* 58% op cesepHata xemwucdepa
3aMp3HYBa CE30HCKU ~55M Km2

* 24% e nog nepmadpocrt, T.e. ~23M Km2

* Hajronemute npocTpaHcTBa ce BO
Cubup, TubertckoTo nnato, Asbacka,
KaHaacknMoT ApKTUK U Apyry NOBUCOKKU
NAAHUHCKM PETMOHU.

* Bo ogHoC Ha jyxHaTa xemucdepa,
3acTaneHocta e fJaneky nomana, co
AOMMWHAHTHO pacnpocTpaHyBakbe BO
MNaTaroHuja-lyxxHa AmepuKa v JyxxkHUTe

Annu Ha Ha Hos 3enaHa.
Ahwhoew
) ot s
[~ - =
R oo
B oo i e Seded i
4
IV Kowrpec Ha [ Ha Peny6. M It
LUto npercrasysa Nepmadpoct?
* MNogBoaeH nepmadpocT ce Haofa noa,
noBpLWMHATA HA OKeaHuTe.
* dopmupaH e npu NocNeaHOTO NeaeHo
pob6a npeg, 11.000 roguHw.
* [leHec, pen oA MOPCKOTO AHO e
noKpueHo co  nepmadpoct  co
pebenvHa n oo 100m.
* Ha jyxHaTa xemucoepa He noctou
noasoaeH nepmadpocr.
5
IV Kowrpec Ha l Ha Peny®. M j
LLto npercrasysa Nepmadpoct?
* OnabuHata Ha nepmadpocToT e PyHKuuja Temperature ("C)
o4, TemnepaTypata Ha BO34yXOT W 03 A4 -3 2 - 0 1 2 3
reoTepmanHuoT rpagueHT. | Adtive tayer—onu_" \
5
* Knacu Ha nepmagpoct cnopep, Average Annual
Temnepatypara: 10 o Taspoleturs b Warmost
Coolest — Temperature
-nageH (-12 po -1°C) 15} Tomperature !
Level of Zero —> =
-Tonon (MmuHumanHo nog 0°C) 20} Annual Amplitude
-6orat co mpas (20-50% Bnanuns mpas) = =t A
Knacu Ha nepmadpoct cnoped ycnosu Ha g .|
. Q
cTabuNHOCT Ha TEPEHOT: gl S
-cTabuneH npu Tonetbe
-HecTabuneH Npu Tonere 4053
451 Permafrost Base
50+
6
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IV KoHrpec Ha l' Ha Peny6. M j @
"

LTto npetcrasysa Mepmadpoct?

* TepmOKapcT — TepeH Koj ce co3zaea co
Toneke Ha nepmadpocToT

IV KoHrpec Ha Ha Peny®. M It

LUto npercrasysa Nepmadpoct?

* MepmadpocTOT Ce MeHyBa NPOCTOPHO U

[ANabUHCKM BO TeK Ha reoNOLWKOTO Bpeme,
a BO 3aBUCHOCT OZ KAMMATCKUTE NPOMEHM 100Yer Chage P Rogons i o A Tenpeote
80 pa3mep Ha AeLeHNM [0 BEKOBU U et Chag s el A
Munennymu. NMepmadpocToTce ) 4 :

3ronemyBa npu NonagHa KNMMa, AoaeKa g

T

Tonnata pesynTupa o 3aebenysatbe Ha gﬁ_b
aKTUBHMOT C/10j 1 UCTEHUYBAE MM AYPU © o
ry6erbe Ha nepmadpocTorT. n:

3a BpemeTo Ha cpeaeH XonoueH, npea
6,000 8o 9,000 roguHu, jy)xHaTa rpaHuua
Ha nepmadpocToT 6una Ha cesep oA T Ragons i average sutce o angerahres bekowfoeg (i 2001 - Dec 2010
HeroBara AeHelluHa No3uumja U akTUBHUTE I otrat e rmiusy blowFesting Jan 1901 - D 1610)
cnoesu bune nogebenn. Cnepgen nonageH

nepuog npea 3,700 ao 5,000 rogmHum, Koj

pe3ynTupan co 3rofiemyBarbe Ha

npocTpaHcTBaTa Ha nepmadpocT.

IV Konrpec Ha Ha Peny MakeaoHuj

LUto npercrasysa Nepmadpoct?

* 3a Bpeme Ha ManoTo fieaeHo poba
nomery 1550 AD 1 1850 AD,

TemnepaTypuTte Ha Bo3ayxoT bune o — e B
nonagxuv 3a okony 1°Cu s s Temp. Trend -
nepma¢poc1' ce yasun u ywrte UsA Trans-Alaska pipeline route (20 m), +0.6to Romanovsky and Osterkamp,
NOjyXHO O AA€HELHUTE rPaHULM. docnncass FLE0 Srioomhee
UsA Barrow Permafrost Observatory (15 m), “mce Brewer 1958; Romanovsky et
* Bo noHoBO Bpeme, T.e. 19002000 oyhatd
MocnepgHnte 2 A0 3 AEUEHNUU, BO  Russia Northwest Siberia (10 m), 1980-1900 | 1030 Paviov, 1994
0.7 C
cute nepmadpocT perMoHu ce European North of Russia (6 m), 1973- | +1.810 S
3abenexysa TpeHz Ha Heroso e 1992 28 ¢ ;
3aTonnysare. Canada Alert (15 m), 1995-2000 +40.16" Cyr' | smnotal. 2003
e ::l:-::o!.mme (10 m), late 1980s - _‘1.0," Alard ot ol.. 1906
Norway Janssonhaugen, Svalbard +1° t0#2" C | Isaksenotal, 2001
+0.2" to
Kazakhstan Northern Tien Shan (1973-2003) +0.6° C Marchenko, 1999 and 2002
Tibet Qinghai-Tibet Plateau (19705-90s) 3‘0 Huijin et al_, 2000
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IV KoHrpec Ha MeonosuTe Ha PenyBaika MakegoHuja
|

leonowku noteHymjan Ha nepmadpocrTor

MwuHepanHu pe3sepsu

5.9% op BHYMHWTE CBETCKM pe3epeM Ha
HadTa

24.3% op  CBETCKATE  pe3epBM  Ha
npupogeH rac (99% Pycuja)

1.5-2 Tpunavonn US nonapu — npougHeta
BPEAHOCT Ha Pycku pesepeu Ha MUHepanu

Assacka 67M TOHM UMHK, 67M TOHU 0N10BO

KaHaga: gujamaHTw, 3n0aTo, r1nc, weneso,
ONOBO, YPaHUYM, CON, LMHK

Weeacka: 2.413 M TOHM eneso
Hopeewka 1.000 M ToHM #eneso

I'|:}eH.ﬂ1aH,rJ,|:2 anato, monubaeH, HuKen,
nnatuHa, REE

IV KoHrpec Ha MeonosuTe Ha Peny6anka MakegoHuja

MoTewKoTMKN NpU eKcnaoaTaumja

CMp3HaTUHKW N0 TeNoTo, MoAapHM
MEYKH, MeXaHWYKK Aedekry,
bnoKkuparbe Ha KaHanuTe 3a BpoacKM
TpaHcnopT

WarpageHata nHdpacTpyKTypa
nponara npu TONeHeTo Ha
nepmadpocToTt

CaHT  mpas  ro  nonpeyyeaar

TpaHcnopToT

OTnoYHyBakbeTO Ha NPOLECOT Ha
pPyA2peHe YUHW OrPOMHMK cpeacTea

MNepmadpocT M KAMMATCKM NPOMEHH

Cnopeg, UNEP, emMcHMTE Ha CTaKNEHUYKK
racoBM Ce CO TPeHA Az ja 3ronemart rnobanHata
TemnepaTtypa 3a 3 Ao 5 ctenedu go 2100

Osa e MHOrY NoBeKe of NOCTaBeHaTa rpaHuLa
of, okony 200 HaLWK 33 OrpaHuyyBatbe Ha

3roNemMyBareTo Ha Nog 2cTeneHu, a co uen aa
ce oaberHaT noseke NoNAasK, cyluu, TONAOTHK
6paHOBM M NOKaKyBare Ha HWBOTO Ha MOPEeTo.

MefyHapogHWOT — MaHen 33 KAMMaTcku
npomeHn (IPCC) Bo 5THOT M3BeWTaj rv Aasa
cueHapujaTa 3a WOHWHaTa, CMopej Kou
TemnepaTtypata Ha ApKTUKOT Ke ce 3rofemu 3a
1.5n2.5°C oo 2040 mop 2 go 7.5°C po 2100.

B Annual mean terparaiur .
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IV Konrpec Ha Ha P

Hekou op edpekTuTe o Tonere Ha
nepmagpocTor ce:

MHory cena Ha CesepHaTa xemucdepa ce
n3rpaaexn 8p3 nepmadpoct. Co Tonerero ce
YHULITYBAAT KYKK, NaTULLITa U Apyra
uHdpacTpyKTypa.

MNocneguunTe MoXaT Aa 6uaaT aesacTUpayku
3a oKonnHaTa. Kako npumep e 1omMoT Ha
ueskosoa Bo 1994 Bo HadpTHOTO none Bosen
B0 Pycumja, Kora ce usnejaa 160,000 ToHM
HadTa, Hajronemara xaBapuja co HadTa Ha
KOMHO.

[en oa nucTaTa Ha HajronemuoT
MHTEepHaUMOHaNeH aepoapom Ha peHnaHa,
Kangerlussuaq 8o 2018 6ewe owTeTeH nopaau
Tonere Ha NepmadpocT, a npoueHeraTa wWreTa
e noseke oa 170M aonapwu.
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Xasapam og TonerweTo Ha nepmadpocToT

I 1

Nepmadpocror coapu ckopo 1700B ToHK
OpraHCcKu matepujan, T.e. ¥ o4 BKYNHUOT
OpraHCK1 maTepujan Ha cuTe NOYBMU Ha
3emjara.

OpraHcKMOoT jarnepop Koj ce coctou Bo
MaTepujanoT o4 pacTeHujaTa novHyea A4a ce
AEKOHMNOHMPa 04, MuKpobuTe. Taka, ce
ocnobopysat u CO, n CH, 8o aTmocheparta

KonuumHata Ha jarnepog 2 natu noronema of, L
OHaa Koja ce coapXu Bo atmocdepara.

« Co Tonewero Ha nepmappocTor  Cce
ocnobopnysaaT ApesHu BaKTepumn U BUPYCH KON
™ w“ma BO Mpas3oT M nouysata. Osue
0A4MP3HATU MUKPOBW MOXe fa AonupHecar 3a
nojasa Ha 6onectu Kaj NyreTo U XKUBOTHUTE
(T.H. ,30mM6u“ natorenu). Hekoun MUKpobu
ctapu u ao 400K roa. ce OTKpueHuW BO

oamp3HaT nepmadpocr.
IV KoHrpec Ha MeonosuTe Ha Peny6anka MakegoHuja @
o

Xasapawu og Tonereto Ha nepmadpocToT

HajHoBuWTe NpoLeHKW nokaxysaaT aexka 110-
231 B ToHM Ha CO, exeuBaneHTn (nona op CO,
nona of, TpaHchopmaumja Ha CH,) ke 6uaat
mcnywTeHn go 2040, u 850-1400 B ToHuW po
2100. OBa ogroeapa Ha NpocevHa rogMwHa
emucuja of 4-8 B ToHu CO, eHBUBANEHTH 33
nepnogoTt 2011-2040 W roguwHo 10-16 B TOHK
3a nepuopot 2011-2100 Kako pe3ynTat Ha 8

TONeHe Ha nepmadpocToT. o0 00 2000 oD 200 00 00 00

Perrmiiost dres (0 ki)

- RCPBS /

= RCP 6.0

- RCP45 /
RCP 25

3a cnopepnba, aHTponoreHaTa emucKja Ha cute
cTakneHnykm racoew o 2010 e okony 48 B
ToHM Ha CO, ekBuBaneHT. Mcnwrareto Ha
CTaKNEHUYKW racoBu of NepmadpocToT ke

€0, aquivalent (ppm)
GEBFBBEEHE

[onpuUHece 3a roBaNHOTO 3aToN/yBakbe. ya
A —"
* AKO Ce 3eme BO NpeaBua U O4eKyBaHOTO F i
BeTpeerse Ha CyNdGUAHUTE MUHEPANM KOM Sl
COAPXKM, KonMunHUTE Ha CO, Moxe aa buaar o — T
AaneKy noronemu g

IV KoHrpec Ha [ Ha Peny6. M. ji

Xasapau oa Tonerweto Ha nepmadpocroT

.

Cnopep, HeOAAMHELWHO UCTPaXKyBarbe
cnposefeHo Ha ApKTMKoT Bo 2018 roauHa,
OTKPUEHO € AeKa BO nepmadpocToT ce
COAPMAT OFPOMHU KONUYMHU HaA XKKUBA BO
3amp3Hara coctojba. Moeeke og 57000M
NUTPW 3KKMBa Camo BO cesepHaTa xemucdepa,
wTo e okony 10 naTu noseke og BKYNHO
ocnobopgeHara ¥uea Bo nocnegHute 30
FOANHM.

Bo netoro 2015, neteH aHTpaKc rewe KobeH 3a
12 roguwHO Momye BO AaNeyHUTe Kpaesu Ha
Cunbup. Hajmanky 20 apyrv nvua og
nonyoctposoT Jaman 6ea agnjarHo3upaHm co
noTeHuujanHo CMpTOHOCHaTa bonecr. MNoseke
oz 2300 eneHu yrruHaa nopagu 6onecra
npeausBMKaHa of OTonyBakbe Ha
nepmadpocTot u ocnobogysarbe Ha

cnopwre Bacillus anthracisi Bo BogaTta u
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IV Konrpec Ha Ha Peny6

3aknyyouu

APKTUYKMOT PEerMoH ce 3arpesa gganati noabpso o4
OCTaTOKOT Ha NnaHeraTa

3ronemysarbeTo Ha emucumute Ha CO, 1 meTaH
ocnoboaeHu og nepmadpocToTr 8o KombuHaumja co
abcopnuuja Ha TONAIMHA Of COHLLETO Nopag, Nnomana
KONMYMHA Ha Mpa3s Koj ja pedpnekTupa op,
noBpLIMHATa Ha 3emjaTa, Ke AoBeae A0 3ronemeHu
Tpowouu oa rmobanHoTo 3aTonnysarse 3a $70
TpuAMoHu ponapu. Toa e 10 natv noseke og
6eHeduTOT KOj MOXKe Aa ce aobue co noneceH
NpUCTan A0 MUHEPaNHUTE CYPOBUHMU BO APKTUKOT U
NOHUCKUTE TPOLIOLM 33 TPAHCNOPT HKU3 CBeToT.

VICKOPUCTYBAETO Ha MUHEPaNHWUTE CYPOBUHU OA
nepmadpoctor, 6e3 npuToa Aa ce uma BanjaHue Bp3
3roNemyBarbeTo Ha epekTUTe Ha KAMMaTCKUTe
npomeHu ke Buge egeH o4 HajronemuTe NpeaussuLm
33 YOBELUTBOTO BO UAHWHA.




1. OCHOBEH U ®YHAAMEHTAJIEH JAEJI

['eoxpoHOIOTHja ¥ N30TOIHA FEOXEMH]ja
MarmaTu3am U BYJIKaHOJIOTHja
MuHepainoruja u neTposoruja
[TaneoHTonoruja v NajgeoaHTPONOIOTHja
CTpyKTypHa reosioruja 1 reoTeKTOHUKA
[TnanerapHu Hayku, reopU3nKa, reoxemMuja
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Abstract: Flyash is a product resulting from coal burning. Usually, it is deposited in landfills and some
portion is used in cement industry. Worldwide there is tendency for greater use of these materials for various purposes
to reduce such landfills. It has been greatly examined for use in civil engineering, especially for soil improvement in
road construction. While the physico-mechanical properties are widely researched, there are less studies for the aspect
of soil dynamics. The chemical properties of fly ash depend on the composition of coal, as well as the technology of
burning. Therefore, the chemical composition of fly ash must be examined for its suitability for further use. This paper
represents the first experimental stage consisting of chemical characterization of fly ash samples, before their further
use in the second experimental stage dedicated to dynamic properties of soils improved with fly ash.

Key words: fly ash, chemical characterization, suitability, soil improvement

XEMUCKA KAPAKTEPU3ALINJA HA IIPUMEPOLIM O/l IETEYKA IIEIIEJI
3A IIOHATAMOIIIHA YIIOTPEBA BO CEU3BMNYKOTO 'EOTEXHUYKO
NH)KEHEPCTBO

AncTpakT: JleTeuka rernen e IPOAYKT Ol COTOPYBAETO jarieH. BooOH4YeHo ce enoHupa, a el ce KOpUCTH
BO IICMEHTHATa WHAyCTpHja. Bo CBEeTCKHM paMKH MMa TEHJACHIMja 3a MOToJieMa yrnoTpeda Ha BaKBH MaTEPHjaId 3a
Pa3IMYHM LIeJH 3a Jla Ce HaMaJlaT JeOHUKTE cOo BakoB Matepujai. OBOj MaTepHjall € MHOTY HCTPaXyBaH 3a ynorpeda
BO I'PaJIeKHUILITBOTO, 0COOEHO 3a MO100pyBamke Ha MOYBH BO HUCKOTpanba. Jloneka Gpu3nuko-MeXxaHMIKHUTE CBOjCTBA
ce ONIIMPHO UCTPAXKYBAHH, O ACIIEKT HAa ANHAMHYKH CBOjCTBA HAa OYBUTE UMa NOMAJIKY CTYANH. XeMUCKUTE CBOjCTBA
Ha JIeTeUKa IeIeN 3aBUCaT OJl COCTABOT HA jarJICHOT, KAKO M OJ] TEXHOJIOTHjaTa Ha COrOpyBame. 3aT0a XEMHUCKHOT
COCTaB Ha JIETeYKara IIerell MoOpa Ja ce UCIIUTA Al € COOJIBETEH 3a MOHaTaMoIIHa yrorpebda. OBOj TpyX ja mpercra-
ByBa NpBaTa eKCIEpUMEHTaNHa (a3a Koja ce COCTOHM O] XeMHCKa KapaKTepH3alija Ha MPHUMEPOLH 0] JeTedKa Mere,
npe]] HUBHA NMOHATAMOIIIHA YroTpeba BO BTOpara eKCIepHUMEeHTanHa (a3a MOCBEeTeHA Ha JMHAMHUYKHMTE CBOjCTBA Ha

II0YBH HOIIO6p€HI/I CO JICTCYKA IICIICII.

Key words: nereuka memer; XxeMrucKka KapakTepu3aliiija; moJo0pyBame Ha TI0UYBU

INTRODUCTION

In North Macedonia, the greatest parof the
produced electricity is from the Coal Power Plants
(CPP) in Bitola and Oslomej. Furthermore, the
geological investigations show that in the country
there are new potential coal detabtabposits. It means
that more fly ash will result from the electricity pro-
duction before turning to massive energy produc-
tion from renewable resources such as solar energy.
It can be concluded that for protection of the
environment, a solution has to be found for the use

of coal ash, which is produced in the country,
instead of its deposition. It would mean reduction of
costs for the Public Enterprise for Power Plants in
North Macedonia (ESM), which otherwise must do
expropriation for landfills, transportation and depo-
sition of the coal ash.

The regions of the cities Skopje and Ohrid are
the most interesting from aspect of investigation of
the seismic properties of the materials and their
improvement, due to dense population, composition
of the natural soil and the degree of saturation.
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Considering that it is of high importance to detect
the problems before large catastrophes occur and to
find solutions for them, it is recommended to
convey investigation of the potential of the fly ash
as improvement material to natural soils. The
Institute of Earthquake Engineering and Engine-
ering Seismology (1Z11S) has performed numerous
studies for these regions and owns significant data
for the properties of the natural ground.

The results in this paper are part of PhD study
which involves laboratory tests for chemical
characterization of the materials in the first stage, as
well as seismic tests at a later stage which will help
to estimate the dynamic properties of fly ash soil im-
provement for seismically vulnerable structures in
critical tectonic zones.

FLY ASH FROM CPP BITOLA

At the moment the fly ash in CPP Bitola origi-
nates from coal deposits “Suvodol” and “Brod Gne-
otino”, which belong to the Pelagonian Tertiary ba-
sin. According to Andreevski (1995), based on the
comparison of the qualitative parameters of the coal
from the deposits “Suvodol” and “Brod Gneotino”,
it is almost identical. The coal from “Suvodol” is
classified as lignite with variable content of resinite
with vitronite, xylite, clayey component and pyrite
in its petrographic composition (Rudproekt, 2009;
Geohydroconsulting (2018) prepared a geological
elaborate based on thorough investigations for the
deposit “Brod Gneotino”. The elaborate classifies
the coal in the deposit as soft brown coal — lignite,
with organic and inorganic origin and low heat con-
tent. It is very important to note that Andreevski
(1995) mentioned the high variation of the content
of fly ash from coals especially lignite and the big
amount of fly ash resulting from this type of coal.
The fly ash in CPP Bitola is mixed and it is not
known exactly in which order it has been deposited,
S0 it can be expected to have different properties at
different locations of the landfill. The power plant
Bitola burns 5-6 million tons coal per year, resulting
in 1-2 million tons per year of fly ash, boiler ash
and bottom ash, from which the bottom ash is being
burnt twice for better use of the coal potential (Mur-
tanovski et al., 2019). At present, only 10-15% fly
ash is regularly used only by the cement industry
(Vladicevska and Momirov, 2019).

Different authors (Angjusheva et al., 2019;
Vladicevska and Momirov, 2019) mention the fac-
tors influencing the valorization of fly ash: physico-
chemical properties, technical performances and
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ecological compatibility. Therefore, it is needed to
characterize the fly ash from geometric, structural
and chemical point of view. The fly ash is a hetero-
geneous material, and it must be characterized be-
fore each use (Angjusheva et al., 2019).

The sampling for the current study was done in
August 2019. Two types of fly ash were sampled,
old fly ash from a deposit more than 5 years old and
new fly ash at the place of current deposition of the
fly ash from the power plant. The sampling was
done with representatives from ESM.

In order to have a detailed description of the
material, chemical and mineralogical characterizati-
on of the fly ash was done at the Mining and
Metallurgy Institute (IRM) in Bor, Serbia, at the end
of October and the beginning of November in 2019.
The testing program included the most important
features for which knowledge is necessary. The
main reason for these tests is to determine the
following: class of the fly ash and thus its cementing
ability, consisting minerals in order to know the
stability of the material from aspect of further
chemical weathering which affects the physico-
mechanical properties of the materials, presence and
quantity of any hazardous elements which might
cause contamination to the environment.

CHARACTERIZATION OF FLY ASH

For detailed physical characterization of the
samples, the particle size distribution is determined.
The new fly ash is sandy silt with a little clay. For
comparison the old fly ash is also sandy silt, but
contains higher percentage of sandy fraction, lower
percentage of silt, and has no clayey component.

In order to determine the potential of the fly
ash to pollute the environment, tests were conveyed
in order to detect the presence of toxic elements.
There are different methods to register macro
elements for example Cu, As, Pb, Cd and a separate
method to determine the value of trace elements
present such as Hg.

For both new fly ash and old fly ash duplicate
samples were prepared as well as one control
sample. The prepared samples were tested with
Spectro Blue ICP-OES (Inductively coupled plasma
— optical emission spectrometry) and Spectro Ciros
Vision ICP-OES. Using these instruments, the
presence of heavy metals is determined, and the
results are expresses as content of oxides, which
helps define the class of the new and the old fly ash.

According to the standard for definition of the
fly ash class ASTM C618 (2019), both new and old
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fly ash fulfil the requirements for the amount of
oxides (Al:0s, Fe;03, SiOy) for Class F (Table 1).
Further more, considering that quartz is the most
present mineral and it is stable mineral, it refers to
resistance of the fly ash to further weathering.

Table 1

Amount of major and minor elements present
in the tested samples

Oxide New fly ash Old fly ash
(%) (sample #1) (sample #2)
Al203 23.85 27.28
BaO 0.073 0.066
CaO 3.49 5.30
Fe203 8.14 7.28
K20 3.00 2.24
MgO 1.95 2.37
MnO: 0.31 0.18
Na20 0.89 0.49
P20s 0.20 0.16
SOs 0.60 0.70
SiO2 54.61 52.18
SrO 0.035 0.035
TiO2 0.84 0.88

Based on the amount of present trace elements
(Table 2), it can be said that the trace elements
present in the new fly ash are within the maximal
allowed limits, however the arsenic in the old fly ash
(177.7 ppm) is above the allowed value of 50 ppm.

Table 2
Trace elements in the tested fly ash
Element New fly ash Old fly ash
(ppm) (sample #1) (sample #2)
Be 7.3 6.1
\% 128.8 142.0
Cr 105.9 108.7
Mn 1852.3 1044.8
Co 255 18.8
Ni 63.1 62.5
Cu 477 60.4
Zn 150.0 111.3
As 48.2 177.7
Cd 0.36 0.25
Pb 54.8 32.9
Mo 15.9 10.8

Hg <0.1 <0.1

Trace elements were determined also for both
the new and old fly ash, accompanied by a control
sample. According to the obtained results, the fly
ash is not toxic.

Polycyclic chlorinated biphenyls (PCBs) and
Polycyclic aromatic hydrocarbons (PAHS) are toxic
organic compounds, which are known to be carcin-
ogen. Therefore, they were also subject to testing.
The samples are analysed with gas chromatogra-
phy-mass spectrometric detector by the method of
internal standard. The instrument used for analyses
is gas chromatography Agilent 7890B with mass
spectrometric detector Agilent 5977A and auto-
injector Agilent G4513A. The same instruments are
used for analyses of both samples from solid waste
and from eluates. Preparation and analysis of eluate
is with the aim to determine leachability of harmful
elements from ash, and to predict the possibility of
negative impact of ash disposal or usage in the
environment. Eluate represents extraction of certain
elements from the solid samples by means of wash-
ing the sample with a solvent. To define the fluid for
testing, the pH of the sample has to be determined.
The measured pH is 6.89 for the new fly ash and
6.82 for the old fly ash. For leachability testing the
moisture content of the samples was determined.
The obtained values for the moisture content are
14.35% for the new fly ash and 9.88% for the old
fly ash. This can be justified by the fact that the new
fly ash contains moisture in order to be transported
from the power plant to the location for deposition
without producing dust in the air. The registered
PCBs and PAHSs in the samples are very low and
negligible, which means that the fly ash does not
represent a pollutant.

Loss on Ignition (LOI) is “the loss in mass of
the test specimen when heated under controlled con-
ditions of temperature, time, atmosphere, specimen
mass and equipment specifications” (ASTM D7348-
13, 2013). It is determined with the apparatus LECO
TGA 701 which is thermogravimetric analyser. The
samples do not need any complicated preparation
procedure and the use of this apparatus is rather sim-
ple. However, the testing conditions need to be set
in advance according to the standard ASTM D7348-
13 (2013). The results are presented in Table 3.

Table 3
Results from TGA

Sample Average LOI (%)
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New fly ash 2.875
Old fly ash 6.820

The amount of Carbon and Sulfur is determined
with HORIBA Scientific EMIA — 920V2 Carbon
Sulfur Analyzer (Table 4)

Table 4

Percentage of present carbon and sulfur
Sample C (%) S (%)

0.643649 0.256627

New fly ash
0.701711 0.282582
1.087061 0.301886

Old fly ash
1.190053 0.276291

From the results it can be noticed that the
presence of sulfur is rather low, and it is similar in
the two materials. However, considering presence
of coal, even though it is low the old fly ash shows
higher residue of coal than the new fly ash. This

refers to insufficient burning of the coal in past and
lost coal potential. The difference in color of the two
samples also supports this result, more exactly the
old fly ash is darker in color.

For determination of the types of minerals
present in the crystal phase of the material, XRD
method was used. The used apparatus was Rigaku
MiniFlex 600 with D/teX Ultra 250 high speed
detector and copper anode x-ray tube. According to
the obtained graphs which have a lack of peaks, it
can be concluded that the material has low
crystalinity and is highly amorphous (ures 1 and 2).
Both samples have shown presence of SiO, — Quartz
(red), Fe,Os3 — Hematite (magenta), NaAlSizOs —
Albite (dark blue) and CaSO,4-2H,0 Gypsum (light
blue). Quartz is the only mineral that survives the
coal burning. The rest of the minerals convert into
other minerals depending on the burning
temperature. Due to the high presence of amorphous
particles, significant amount of the present minerals
could not be determined with the XRD
methodology.

2000

1500+

Intensity (counts)

1000+ l

MMMWW WﬁM‘JL

Meas. data:New Fly Ash

Quartz, low, Si O2, 00-005-0490

Hematite, syn, Fe2 O3, 01-076-4579

Albite, Na ( Al Si3 O8 ), 01-089-6423
Gypsum, Ca (S O4) (H2 O )2, 01-070-098
a

20

60 80

2-theta (deg)

Fig. 1. Results from XRD testing of new fly ash
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Meas. data:Old Fly Ash
Quartz, syn, Si O2, 01-085-0794

Albite, Na ( Al Si3 O8 ), 01-072-1245
Hematite, Fe2 O3, 01-085-0599

Gypsum, Ca (S O4) ( H2 O )2, 01-076-872
7

60 80

2-theta (deg)

Fig. 2. Results from XRD testing of old fly ash

Scanning Electronic Microscopy (SEM) was
used in parallel with Energy Dispersive Spectro-
metry (EDS). More exactly SEM is used for close
observation of the sample particles under different
magnification levels. This test is useful to discover
the shape of the particles as well as the range of their
size. The results from this test can be compared to
the XRD results, in order to confirm if the elements
discovered with EDS are constituent elements of the
minerals registered with XRD. In this study the used
apparatus is JEOL JSM-6610LV. It should be noted
that since the samples are intentionally coated with
gold, this element should be eliminated in the EDS
analyses. The idea was to observe the shape of
particles. At 500x magnification generally irregular
flocculations of particles can be seen, as well as
small part of individual particles, with irregular
shape, as well as spherical and elongated particles
(Figures 3 and 4). However, the SEM images for the

Fig. 3. New fly ash observed with SEM
under 500 magnification

analysed fly ash considerably differ from images for
fly ash from the literature, mainly lacking majority
of spherical cenospheres. As the magnification in-
creases more regular shapes of particles can be ob-
served, solid or hollow (Figures 5 and 6). The un-
burnt carbon particles are presumably angular.

From the observation of the newly prepared
samples with Ultrasound dispersion, it can be con-
cluded that there are still group of attached particles.
(Figures 7 and 8) Therefore, it can be said that this
method is not applicable for dispersing fly ash
particles.

After testing these solid samples, new samples
were prepared. Ultrasound apparatus was used with
the aim to disperse the flocculation of particles and
observe the particles individually. The used
apparatus for this is Sonis 3 by Iskra PIO from
Slovenia.

Fig. 4. New fly ash observed with SEM
under 10000% magnification
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Fig. 5. Old fly ash observed with SEM Fig. 8. Old fly ash after ultrasound observed with SEM
under 500x magnification under 500x magnification

RESULTS AND CONCLUSION

The physical properties of the fly ash refer to a
fine material, that is silt. This means that the fly ash
can complement the particle size distribution of the
natural soil to be improved, such as Skopje Sand.
By filling the voids of the sand, the fly ash can
provide stability of the soil’s skeleton, that is less
rearrangement of the particles.

The chemical tests were done to characterize
the fly ash. It should be noted that the same tests
were conveyed on new and old fly ash.

According to the amount of oxides (Al2Os,
: . Fe20s, SiOy) present in the fly ash, the two samples
Fig. 6. Old fly ash observed with SEM belong to Class F. However, based on the value for
under 10000 magnification loss on ignition which for both Class C and Class F
should be lower than 6%, the new fly ash is
categorized into Class F, whereas the old fly ash is
an off-specification (does not meet the requirements
for Class C or Class F).

Resulting from the leaching tests, it can be
concluded that the samples do not contain organic
toxic elements and compounds, which means that
from this aspect the fly ash is not a pollutant for the
environment in which it will be used. Furthermore,
based on the comparison between the amount of
present trace elements in the samples and the
maximal allowed limits, it can be said that the new
fly ash does not contain excessive trace elements
and can be further used. However, due to the value

of arsenic present in the old fly ash, it is not
Fig. 7. New fly ash after ultrasound observed recommended to further use this sample.

with SEM under 500x magnification . .
By conducting a test to determine the per-
centage of sulfur and carbon present in the samples,
it was found out that sulfur is present with less than
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1% in both samples, whereas in the old fly ash
carbon is around 1% and in the new fly ash it is
lower than 1%. Considering that the fly ash will be
used in small quantities to improve the natural soil,
it can be concluded that the fly ash will not be a risk
for the concrete elements of the structures founded
in such improved soils and there is no risk for
expansion of the soil due to sulfur presence.

Quartz is the only mineral that survives the
coal burning. The rest of the minerals convert into
other minerals depending on the burning tempera-
ture. These conditions in which the minerals convert
from primary to secondary are too violent, meaning
that normally the materials will not be exposed to
very high temperatures or pressures. As shown with
multiple tests, quartz is the most present. From
mineralogical aspect it is stable mineral, thus it
refers to resistance of the fly ash to further weat-
hering. This property of the material is very import-
ant for the variability of the physico-mechanical
properties with time.

From the observation of the samples with SEM
it was noticed that the fly ash consists mainly of
groups of attached particles, called flocculations.
Ultrasound dispersion was used in order to separate
the particles from one another; however, it was
concluded that this method is not suitable for
dispersing fly ash particles.

Acknowledgements: Many thanks to ESM for
allowing sampling as well as for making fly ash
documentation available for this PhD study. Also,
special gratitude to IRM Bor and all its staff for sup-
porting the entire testing with their expertise free of
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Abstract: Regarding the problem of the age the Pelagon, two questions can be asked: the first question is the
age of the metamorphic rocks (??) and the second one is the age of the consolidation of the massif (?). The metamorphic
complex of the Pelagon is polymetamorphic and polydeformational, and the age of the oldest relics has not been deter-
mined yet. This information paper for the first time presents information about determining the age of metamorphic
rocks using the U / Pb method of samples representing titanites from the lower metamorphic complex (gneisses). The
information obtained indicates an age in the range of about (1840 £25 m/y. This is the first information that has been
received and, in any case, it should be rechecked in some further research. The second question concerning the age of
the consolidation of massifs has been documented in more detail in almost all crystalline massifs on the Balkans and
that age ranges from about 550 to 600 million years, and this consolidation ends with an intense granitic (Herzinian)
magmatism of about 300 million years of age.

Key words: age, Pelagonian, metamorphism, metamorphic rocks

HOBHU UTH®OPMAIIMHA 3A CTAPOCTA
HA NEJJATOHUCKHUOT METAMOP®EH KOMIUIEKC (??)

Bo oaHOC Ha po0IeMOT 3a crapocTta Ha IlearoHoT, MoKe Za ce MOCTaBaT JBe Mpalllamba | Toa: IPBOTO € Koja
e crapocTa Ha MeTamop¢HHUTE Kapmu (??) 1 BTOPOTO Ipalame Koja € CTapoCcTa Ha KOHCONUIANKjaTa Ha MacuBoT (?).
MepramophHHOT KOMIUIeKe Ha IleraroHoT e mosmMeramopdeH U monuaeOpMaIlMOHEH, NP LITO CTapocTa Ha
HajCTapuTe PEIMKTH JI0CeTa He € yTBpAeHa. Bo 0B0j HH(pOpPMAIIOHEH TPy 3a IPB I1aT ce MPHKaKyBaaT HHPOpMAIHN
3a OfipeyBame Ha CTapoCTa Ha MeTaMop(HHTE Kapmu co npuMena Ha U/Pb Merona Ha npuMepoly Koy mpeTcTaByBaaT
TUTaHWUTH O JOJTHUOT MeTaMopdeH KoMIuleke (rHajceBy). MHbopManmuTe Kou ce 100MeHN yKa)KyBaaT Ha CTapOCT BO
rparunuTe of okoury (1840 £25 m.y.). OBue ce npBu HHGOPMAIMU KO ce JOOHUEHH U BO CEKOj cydaj Ou Tpedaso Bo
HEKOU MOHATaMOLIHH HCTPaXKyBama Ja OMIaT IIOBTOPHO NPOoBepeHH. BTopoTo nparmame Koe ce 0JjHeCyBa Ha CTapocTa
Ha KOHCOJIMJAIMjaTa Ha MAacCHBHTE € JI0Cera MOJETaHO JOKYMEHTHPAaHO BO CKOPO CHUTE KPHUCTAJECTH MacHBH Ha
0aJKaHOT M Taa CTapoCT Ce JBMXKM BO TpaHHIUTE 0f okoiy 550 mo 600 MUIHOHM TOAMHU W MCTAaTa KOHCOJMAAIN]ja
3aBpIyBa CO HHTCH3WBEH I'PAHUTCKH (XEPLUUHCKH) MarMaTi3aM oJ] okoiy 300 MAIMOHHU TOUHU.

Kiyunu 36opoBu: crapoct, [lenaron, Meramopdusam, MeTaMOpGHH KapIu

INTRODUCTION The major lithostratigraphic features of the
Pelagonian metamorphic complex result from the
primary accumulation of petitic-psamitic and car-

bonate sediments accompanied by poorly expressed

The Pelagonian massif is the largest unit of the
belt. It is situated between the Vardar zone and the

Dinaride (West Vardar) ophiolite belt on the territo-
ries of North Macedonia and Greece (Florina “ter-
rane”) (Arsovski, 1960, Stojanov, 1958, 1960), (Ja-
cobshagen, 1986; Pe-Piper & Piper, 2002; Yarwood
& Aftalion, 1976; Mountrakis, 1984; Koroneos et
al. 1993; Katerinopoulos et al. 1998; Vavassis et al.
2000; Reischmann et al. 2001; Anders et al. 2003;
Most, et al. 2001; Zagorchev, 2020.

initial magmatism. Over the Grenville orogenesis
the complexes were affected by metamorphic-mag-
matic and tectonic processes when they metamor-
phosed into metamorphic rocks of epidote-amphib-
olite facies. Present day understanding of the geo-
logical composition of the geological-geotectonic
unit makes it possible to divide the complex into
two parts: northern and southern. The northern part
is an asymmetric structure whose eastern portion is
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raised and contains gneiss and micaschist formati-
ons, whereas the formations of the socalled mixed
series and the series of marbles have been found in
the western portions of the segment. Plicative
structures are mainly of west and northwest
extensions. The south part of the Pelagonian meta-
morphic complex is also asymmetrically built with
uplift of the western wing where numerous plicative
structures of sub meridian direction that bend to the
north and north-west. The middle parts are built
mainly of granidiorite masses, so the part of the area

is rather raised or deeply eroded. The transition
from gneisses to marbles in the eastern margin of
the Pelagonian metamorphic complex is gradual,
with absence of micaschists and mixed series, which
have been preserved only as relicts. There, the mar-
ble series in the eastern rim is present as a band with
thickness almost twice smaller than that in the
northern part. The lithostarigraphic position of some
formations differs from that of the formations in the
northern part of the Pelagonian metamorphic com-
plex (Figure 1).
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Fig. 1. Litostratigraphic map of Pelagonian metamorphic complex
(Scale 1: 200 000, Base Geologal map of Macedonia)

Lithostarigraphic characteristics
of the northern part of the Pelagon

Besides, the lower part of the metamorphic
complex is connected with granitoid bodies of the
Prilep granitoids which in this part of the Pelagonian
metamorphic complex are connected mainly with
the terrains of Mt Babuna. In the series of gneisses
which make up the deepest parts of the Grenville
metamorphic complex several lithofacial types have
been distinguished: augen two-mica amygdaloidal,
band like, leucocratic muscovite and epidot-
muscocite-biotite gneisses. Augen two-mica amyg-
daloidal gneisses are connected with the contact
parts of the granitoid intrusions and gradually grade
into two-mica biotite-muscovite gneisses. In the
lower parts gneisses are massive and stratified
pseudo layered and schistose owing to the presence
of mica. On the surface they erode into various ir-
regular, oval shapes or sporadically there are half a
meter thick gneiss arenite. Gneisses are light red so
the portions that contain more quartz and feldspar-
albite are brighter and those with more mica are
grey-greenish. As a rule, the lower parts of gneisses,
present as biotite muscovite gneisses, are character-
ized by prevalence of microcline, whereas in the up-
per parts most abundant are albite and microcline.

Porphyroblastic gneisses are closely related to
the contact parts of the granites or the gneiss-gran-
ites in the valley of the river Babuna (at Teovo). The
thickness of the gneiss series in the northern part of
the Pelagonian metamorphic complex is estimated
at 5000 to 7 000 meters. The series of micaschists
is less widespread than the gneiss series. It was dis-
covered at Plaven-ski Rid, Osoj and Silegarnik, Be-
govi Virovi and Kadino Pole, Ubava, north-west of
the Kadina Reka basin and Mt Kitka. To the east of
Prilep they were distinguished in Mts Prisoj, Viorila
and some other places. As a whole, the series of mi-
caschists is present as micaschists, quartzites and
graphite schists, which facially grade one into other
both latterly and vertically. Unlike gneisses, micas-
chists possess clearly pronounced dark brown to
dark schistose texture depending on the graphite
material in them. In addition to quartz, micaschists
also contain micas (muscovite, biotite, paragonite),
chlorite and garnets (of up to 30% in some parts),

Upper and lower parts have been distinguished
in the northern part of the Pelagonian metamorphic
complex in the Grenville metamorphic complex.
The lower part is present as a series of gneisses and
micaschists, whereas in the upper part a mixed se-
ries and a series of marbles have been determined.

distene, staurolite, albite, amphibole, tourmaline
etc. There are also garnet micaschists rich in garnet
with crystals attaining several centimeters in size.
They are abundant in Mt Viorila, north of Kozjak.
Large distene crystals of 10 cm in size have been
found in the micaschists in the area. The mixed se-
ries in the north part of the Pelagonian metamorphic
complex occupies a sequence of metamorphic rocks
of variable petrographic composition: augen schists,
feldspatised chlorite schists, cipolines, talc schists
and marbles where rocks grade one into other both
laterally and vertically. Of all lithological variet-ies
gneisses (mainly albite) prevail (the area of Mar-
kova Reka, Kitka, Ruen, the village of lzvor etc).
Metarhyolites are also present. The marble series
comprises the top parts of the Precambrian complex
in the Pelagon. In the north, the series of marbles
comprises the mountain masses of Jakupica,
Karadzica and Dautica and the River Treska valley.
Some areas north of Prilep (Sivec, Platvar and
Kozjak) are also made up of this carbonate for-
mation. Relicts of it are present in the northern
slopes of Kitka and in the eastern marginal part of
the Pelagon (the village of Izvor, Veles). The gran-
itoid formation is less present in the north part of
the Pelagon. It occurs as smaller granite bodies lo-
cated in the gneiss and micaschists series. The bod-
ies are 0.5 km? to several square kilometers in size.
Larger granitoid bodies have been found in the north
parts of Mt Babuna. Granodiorites prevail in the
north, and granites are less present in the formation.
A small diorite occurrence has also been found.
Pegmatites, aplites and quartz veins occur as lode
rocks.

Lithostratigraphic features of the south part
of the Pelagonian metamorphic complex

The Precambrian metamorphic complex in the
south part of the Pelagonian metamorphic complex
extends south of the Pelagon to Mt Selecka, Dren,
Nidze and Kajmakealan. The complex is deeply
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eroded that can be seen from the metamorphic fa-
cies’ characteristic of the deeper parts of the am-
phibolite facies, then from the position of the micas-
chist series and the absence of mixed series. The
Precambrian metamorphic complex was formed in
conditions of regional metamorphism of pelite-
psamite sediments, basic and acid volcanic intrusive
rocks and carbonate rocks. The rocks are located in
three lithostartigraphic levels: gneiss-micaschist se-
ries (lower metamorphic complex), mixed series
and a series of marbles. The gneiss-micaschist
series (gneisses and micaschists) comprises the
lower stratigraphic level of the metamorphic com-
plex and is made up of gneisses, micaschists, metad-
iabases, quartzites and granodiorites. Different tem-
perature and pressure conditions during metamor-
phism, different levels and the influence of poly-
phase of granodiorite magmatism, resulted in zonar
structure of the gniess micas-chist series. This made
it possible to distinguish:A lower zone present as
homogenized mass, made up of muscovite-biotite
gneisses, seldom amphibolite bands.An upper
zone, lithologically present as a fairly heterogeneo-
us mass in which various types of gneisses, mica-
schists, amphibolites and quartzites alternate both
vertically and horizontally. The mixed series is
well built and is present as a thick mass of layers in
the north part of the Pelagonian massif. In the south
the thickness of the massif decreases. Only partially
preserved relicts of mixed series occur in the slope
of the marble series. The marble series is well
preserved and has been found as a 1 500 to 2 000
meters thick mass in the margin of the south part of
the Pelagon, It is transgressively overlain, with an
angle discordance, by Riphean Cambrian low meta-
morphic rocks and Upper Cretaceous sediments that
are characteristic of the Vardar Zone. At the Nidze-
Labnica-Melnica-Vepréani-Belovodica strike the
marble series is present as two superposition hori-
zons. Dolomites and dolomite marble prevail in the
lower horizon, whereas quartzite marbles in the up-
per.

METHODOLOGY

From the lower metamorphic complex of Se-
lecka Mountain from the series of gneisses, samples
of gneisses were collected from which small grains
of titanium were extracted. The determination of
age is made nn two samples with the following
methodology.

22

Analytical Methods for LA-ICPMS Attom
(Laser Ablation Inductively Coupled Plasma Mass
Spectrometry) U-Pb dating analyses were per-
formed using a Nu Plasma AttoM single collector
ICPMS connected to a Photon Machine Excite laser
ablation system. Samples were ablated in He gas
(gas flows = 0.4 and 0.1 I/min) within a HelEXx ab-
lation cell (Miiller et al., 2009). The He aerosol was
mixed with Ar (gas flow= 0.9 I/min) prior to entry
into the plasma. The gas mixture was optimized
daily for maximum sensitivity. Ablation conditions
were: beam diameter: 35 um, pulse frequency: 5 Hz,
beam energy density: 2.0 J/lcm? A single U-Pb
measurement included a short preablation, 20 s of
He flushing 10 s of on-mass background measure-
ment, followed by 30 s of ablation with a stationary
beam. 2°U was calculated from the signal at mass
238 using a natural 2%U/?*U = 137.88. Mass num-
ber 204 was used as a monitor for common Pb. The
contribution of 2*Hg from the plasma was elimi-
nated by on-mass background measurement prior to
each analysis. In an ICPMS analysis, 2**Hg mainly
originates from the He supply. The observed back-
ground counting-rate on mass 204 was 200-250 cps
and has been stable at that level over the last two
years. Age related common lead (Stacey and
Kramers, 1975) correction was used when the anal-
ysis showed common lead contents significantly
above the detection limit (i.e. >50 cps). Because of
very high common Pb contents, a modern common
Pb correction was tested as well (Sheet “common
Pb T = 07). Signal strengths on mass 206 were typ-
ically 100000 cps, depending on the uranium con-
tent and age of the titanite.

Calibration standard MKED-1 (1518 +1.4 Ma;
Spandler et al., 2016) and in-house control sample
A1756 (1857 +3 Ma, unpublished) were run at the
beginning and end of each analytical session, and at
regular intervals during sessions. Raw data were
corrected for the background, laser-induced ele-
mental fractionation, mass discrimination and drift
in ion counter gains and reduced to U-Pb isotope
ratios by calibration to concordant reference zir-
cons, using the program Glitter (Van Achterbergh et
al, 2001). Further data reduction including common
lead correction and error propagation was per-
formed using an inhouse excel spreadsheet. Errors
include measured within-run errors (SD) and quad-
ratic addition of reproducibility of standard (SE). To
minimize the effects of laser-induced elemental
fractionation, the depthtodiameter ratio of the ab-
lation pit was kept low, and isotopically homogene-
ous segments of the timeresolved traces were cali-
brated against the corresponding time interval for
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each mass in the reference zircon. Plotting of the U-
Pb isotopic data and age calculations were per-
formed using the Isoplot/Ex 4.15 program (Ludwig,
2011). All the ages were calculated with 2o errors
and without decay constants errors. Data-point error
ellipses in the figures are at the 2 o level.

Titanite samples did not show signs of zoning,
hence they were not extensively imaged with a
SEM. U-Pb ages were obtained along traverses
across the grains. After analysis, a backscattered
electron image was obtained on grain A of sample
A20-02856-1 to confirm the internal homogeneity.

All titanite data are severely hampered by very high
levels of common Pb, hence numerical results can-
not be given. The standard data processing involves
age-related common Pb-correction. As the ages
used for the common Pb composition are based on
measured 207Pb/206Pb ratios, they are obviously
unrealistically high in extreme common Pb concen-
trations. Therefore, a modern common Pb correc-
tion was attempted also. While it does produce more
concordant results, the data are too scattered for a
definitive age result to be given. As a summary
weighted average age of 206Ph/238U was calcu-
lated.

RESULTS AND COMMENTS

The results obtained and the concordance dia-
grams are shown in Figure 2. The values indicate an
age in the interval from 1840 £25 million years. In
the paper by Anders et al, 2014, several points were
obtained on the terrains in Greece that had values up
to 1777 £13 million years; the determinations were
performed on the mineral zircon, and they are men-
tioned only as points, without going into a more de-
tailed comment. These age values indicate Gren-

villian age (1.5-1.8 GA), although all published re-
sults indicate Neoproterozoic age (699-713 m/y)
(De Leon, 1966, he presents the age of granitoid of
Prilep area around 1 GA). However, it should be
mentioned that, although certain problems were ob-
served during the measurements of age and that the
obtained values should be rechecked in further
work, still these values may arouse interest for fur-
ther research on the age of the Pelagonian metamor-
phic complex.
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Fig. 2. Concordia age of Pelagonian metamorphic complex
REFERENCES

Anders, B., Reischmann, T., Poller, U., Kostopoulos, D.
(2003).:. First zircon ages from South Pilion and Skiathos
Island, Greece. Berichte der Deutschen Mineralogischen
Gesellschaft, Beiheft zum European Journal of Mineral-
ogy, 15 (1), 5.

Anders, B., Reischmann, T., Kostopoulos, D., Poller, U. (2006):
The oldest rocsk of Greece: First evidence for a Precam-
brian terrane within the Pelagonian Zone, Geol. Mag. 143
(1), pp. 41-58.

ApcoBckr, M. (1960): Hekon 0coOEHOCTH Ha TEKTOHCKHOT
CKJIOII Ha HEHTPAJIHUOT ACJ Ha IlemaroHMCKUOT XOpCTaH-
TUKJIMHOPUYM U HETOBHEO OJHOC co Bapnapckara 30Ha,
Tpyoosu na I'eonowkuom 3aeo0 na CPM, Cs. 7., 1960,

Je Jleown, P. (1966): Ilornen Ha reojomikaTa CTapocT Ha rpa-
HUOTOM/IHUTE CTEHH BO IIeJIarOHKCKaTa 30Ha Bo Makeno-
HUja Ha OCHOBa Ha HHBHATa M30TOIICKAa CTAapoCT, Peghe-
pamu na 6 Cogemysare na I'eonozume na Jyeociasuja,
Oxpuz, 1966,

Jacobshagen, V. (1986): Geologie von Griechenland. Berlin/
Stuttgart: Gebrueder Borntraeger, 363 pp.

Katerinopoulos, A., Kyriakopoulos, K., Del Moro, A., Kok-
kinakis, A., Giannotti, U. (1998): Petrology, Geochemis-
tryand Rb/Sr Age Determination of Hercynian Granitic
Rocks from Thessaly, Central Greece. Chemie der Erde,
58, pp 64-79.

Koroneos, A., Christofides, G., Del Moro, A., Kilias, A. (1993):
Rb—Sr geochronology and geochemical aspects of the
Eastern Varnountas plutonite (NW Macedonia, Greece).
Neues Jahrbuch f'ur Mineralogie, Abhandlungen 165 (3),
pp 297-315.

Ludwig, K.R. (2011). User’s manual for Isoplot/Ex, Version
4.1. A geochronological toolkit for Microsoft Excel. Berke-
ley Geochronology Center Special Publication No. 4.

Most, T., Frisch, W., Dunkl, 1., Kadosa, B., Boev, B., Avgeri-
nas, A. & Kilias, A. (2001). Geochronological and struc-
tural investigations of the Northern Pelagonian Crystalline
Zone. Constraints from K/Ar and zircon and apatite fission
track dating. Bulletin of the Geological Society of Greece,
XXXV (1), pp 91-5.

Miiller, W., M. Shelley, Miller, P., Broude, S. (2009). Initial
performance metrics of a new custom-designed ArF ex-
cimer LA-ICPMS system coupled to a two-volume lase-
rablation cell. Journal of Analytical Atomic Spectrometry,
24: pp 209-214

24

Mountrakis, D. (1984). Structural evolution of the Pelagonian
Zone in Northwestern Macedonia, Greece. In: The geolog-
ical evolution of the Eastern Mediterranean (eds J. E.
Dixon and A. H. F. Robertson), pp. 581-90. Geological
Society of London, Special Publication no. 17.

Pe-Piper, G. & Piper, D. J. W. (2002): The igneous rocks of
Greece. The anatomy of an orogen. Berlin/Stuttgart: Ge-
brueder Borntraeger, 573 pp.

Reischmann, T., Kostopoulos, D. K., Loos, S., Anders, B.,
Avgerinas, A., & Sklavounos, S. A. (2001): Late Palaeo-
zoic magmatism in the basement rocks southwest of Mt.
Olympos, Central Pelagonian Zone, Greece: remnants of a
Permo-Carboniferous magmatic arc. Bulletin of the Geo-
logical Society of Greece XXXIV (3), pp 985-993.

Crojanos, P. (1958): IIpeTxoqHu pe3yNITaTh O T€OJIOMIKUTE U
nerporpadckure HcTpaxyBama Ha Ceneuka [lnmanuHa,
Tpyoosu na I'eonowxuo 3a600 na HPM, Cs 6, 1958,

CrojaHoB, P. (1960): [IpeTxoaHu pe3yaTaTH O/ FCOJOMIKUTE U
TeTporpaCKuTe UCTPaXKyBarkba Ha BUCOKO METaMOp(hHHUTE
CTCHU BO LCHTPAJIHUOT JCJI Ha IlemaroHMCKUOT MacCusB,
Tpyooesu ua ceonowkuom 3ago0 na HPM, Cs, 7, 1960,

Spandler, C., Hammerli, J., Sha, P., Hilbert-Wolf, H., Hu, Y.,
Roberts, E., Schmitz, M. (2016). MKED1: A new titanite
standard for in situ analysis of Sm—Nd isotopes and U-Pb
geochronology. Chemical Geology 425, pp. 110-126.

Stacey, J. S., Kramers, J. D. (1975): Approximation of terres-
trial lead isotope evolution by a two-stage model. Earth
and Planetary Science Letters 26, pp 207-221.

Vavassis, I., De Bono, A., Stampfli, G. M., Giorgis, D., Val-
loton, A. & Amelin, Y. (2000): U-Pb and Ar-Ar geo-
chronological data from the Pelagonian basement in Evia
(Greece): geodynamic implications for the evolution of
Palaeotethys. Schweizerische Mineral

Van Achterbergh, E., Ryan C., Jackson, S. and Griffin W.,
(2001): Data reduction software for LA-ICP-MS, in: La-
ser-Ablation ICPMS in the Earth Sciences — Principles and
applications, Mineralogical Association of Canada short
course series, 29, St John, Newfoundland, Sylverster P.
Ed., 239-243.

Yarwood, G. A., Aftalion, M. (1976): Field relations and U-Pb
geochronology of a granite from the Pelagonian Zone of
the Hellenides (High Pieria, Greece). Bulletin de la
Soci’et’e G eologique de France 18 (2), 259— 264.



YeTBPTN MaKeJOHCKM reOMnOLLIKN KOHrpec
Four Macedonian Geological Congress

1-OF-03
UDC: 552.4.086(497.715)

PETROGRAPHY OF THE DREN-BOHULA MASSIF
AS A PART OF THE OPHIOLITIC COMPLEX DEMIR KAPIJA-GEVGELIJA
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Abstract: The Dren-Bohula massif covers the western parts of the ophiolite complex Demir Kapija Gevgelija
and geologically it does not represent a separate tectonic segment. It is built of the following rocks: verlite, troctolite,
olivine gabbro, gabbro, Uralite gabbro, diorite, basalt, diabase, and quartz-diorite. The interrelationships of these types
of rocks, as well as their mineral composition, indicate a continuous magmatic differentiation of basic magma.

Key words: ophiolitic complex, Dren-Bohula, gabro

HETPOI'PA®UJA HA MACHUBOT JIPEH-BOXYJIA
KAKO AEJ O OPUOJIUTCKHOT KOMIIVIEKC JEMHUP KAIIMJA-T'EBI'EJINJA

Macusor [pen-byxyna ru 3adaka 3amagHute AeI0BH 01 0puOMUTCKUOT Komruieke Jemup Kammja ['eBrenmja u reonomku
IJIEIaHO HE IPECTaByBa MOCEOCH TEKTOHCKH CerMEHT. M3rpajieH € 0/ CIeHUBE KapIIH: BEPIIUT, TPOKTOJIHUT, OJUBHH-CKU rabpo, radpo,
YPAJIUTCKH rabpo, THOpHT, Ga3ant, nujada3, KBapIAHOpUT. MefyceOHHTE OJHOCHM HA OBHE THIIOBH Ha KapiH, KAKO W HUBHHUOT
MHHEpaJIeH COCTaB YKa)KyBaaT Ha KOHTHHYHpaHa MarMarcka qudepeHiujanmja Ha 6a3uaHa Marma.

Kiyunu 360opoBu: oduonurcku komiuiekce, Jpen-boxyma, rabpo

INTRODUCTION

The Demir Kapija-Gevgelija ophiolite com-
plex is the largest remnant of oceanic crust within
the Vardar Zone in the Republic of North Macedo-
nia. The Vardar Zone is centrally located on the ter-
ritory of the Republic of North Macedonia (along
the river VVardar) and it consists of the Western Oph-
iolite Belt (Schmid et al., 2008) or the Dinar Ophi-
olite Unit (Karamata, 2006) and the Eastern Ophio-
lite Belt. The Eastern ophiolite belt is locateds in the
SE part of the Republic of North Macedonia and the
ophiolite complex Demir Kapija-Gevgelija (Figure
1) is located in it. The Eastern ophiolite belt is a sep-
arate part of the Vardar zone, different from the Di-
naric ophiolite belt or the western ophiolite belt of
the Vardar zone (Karamata, 2006; Schmid et al.,
2008), Bozovi¢ et al, 2010, Prelevi¢ et al, 2017,
Prelvi¢ et aa, 2014, Boev et al, 2013.

The complex extends in the NW-SE direction
and to the north the ophiolite complex of Klepa
joins, while to the west there is the massif called the
gabbro-diabase complex Dren-Bohula. On the terri-
tory of the Republic of North Macedonia this com-
plex is about 50 km long and 25 km wide. The com-
plex continues to the south into neighboring Greece
where it is called the Gevgelli series (Zachariadis,

2007). In the northwestern part of this complex in
the region of Tikves it is covered with Upper Eo-
cene and Pliocene sediments and volcanic clastic
sediment rocks, and in the southern parts of the ter-
ritory of Greece this complex is covered with Plio-
cene and Quaternary sediments. The research of ge-
ology, tectonics and lithostratigraphy of the ophio-
lite complex so far has determined the presence of
the following lithological formations: a formation
of gabbros and accompanying plutons; a vein com-
plex; a formation of massive basalts; a formation of
spilitized pillow basalts; a spilite — keratophyre level;
a basalt chert formation; a flysch formation, and a
carbonate formation with titonic age (Lepitkova,
2002).

The gabbroic formation is composed predomi-
nantly of fine — grained and medium — grained cli-
nopyroxene gabbros, rarely of olivine gabbros, py-
roxene gabbros with olivine, troctolites and amphi-
bole gabbros and quite rare are serpentinized duni-
tes and hornblende peridotites as well as dikes of
basalts, gabbropegmatites, aplites, granite — porphy-
ry and quartzdiorites. This formation of various
types of intrusive and vein type rocks is a result of
magmatic differentiation and the processes of
amphibolitization.
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Fig.1. Ophiolitic complex Demir Kapija-Gevgelija (Bozovic et al, 2010, modified by I. Boev, 2021)

Ultrabasics are present as tectonically forced
masses along fault structures or they occur along
with troctolites. They are present as serpentinized
dunites, amphibolized peridotites as well as weh-
rlites. They are made up of hornblende, serpentine,
actinolite, olivine and accessory magnetite.

A vein complex occurs in the contact parts of
the gabbroic formation and the formation of mas-
sive basalts as a well-developed 200 to 300 (maxi-
mum 500) meters zone made up of basalt — dolerite
dikes and segmented gabbro masses. The miner-
alogical composition is similar to the massive basalt
and gabbroic mass.

Massive basalts are found in the central and
eastern portions of the ophioltite complex. They are
present as fine-grained ophiolite and intersertal
composition with occasional occurrences of entire
recrystallization of the glass groundmass. They are
altered rocks in which feldspars are heavily al-
bitized. Basic plagioclases occur as relic kinds (Lab-
rador — bytownite), whereas albite — oligoclase —an-
desine are present as plagioclases. Femic minerals
as found in augite, hornblende, secondary chlorite,
epidote, magnetite, apatite.

26

Spilite — keratophyre level occurs in the top
most portions of the formation of basaltic pillow la-
vas. It is present as a concentration of dikes and out-
pourings of keratophyre masses, quartzkera-
tophyres, rhyolites and seldom andesites which
form keratophyre level together with spilitized bas-
alts. These acid differentiates occur as pink to red,
grey — green to grey — white rocks with micro por-
phyritic to porphyritic structure composed of alter-
ated feldspatic mass with relics of plagioclase (oli-
goclase — albite), K — feldspar, also chlorite, quartz,
epidote, seldom crystals of hornblende, chloritized
biotite and calcite (Saric et al, 2009).

Upper parts of ophiolitic complex are com-
posed of chert formations, flysch formations and on
the complex there are massive carbonate rocks of ti-
tonic age.

METHODOLOGY

In the summer of 2020, in the part from the vil-
lage Dren (west of Demir Kapija) to the village Bo-
hula, samples of basic and acid rocks were collected
that appear in this part of the ophiolite complex. Mi-
croscopic transmissions and chemical analyses were
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made on the collected samples using the ICP-AES
method. The microscopic preparations were pro-
cessed in detail using a Leica polarizing microscope
and microscopic preparations were made.

MICROSCOPIC ANALYSES

1. Verlite

Verlite is made of serpentinized olivine, ser-
pentinite, augite (dijalag) and accessory minerals
(hypersthene, chlorite, feldspar, uvarovite and a

small amount of magnetite). Due to the processes of
serpentinization, the primary structure is changed in
some places and in other places the whole rock is
built of serpentinite, which has a typical network
structure.

Olivine occurs in allotriomorphic grains (about
1 mm in size) is mainly serpentinized and there are
some veins of magnetite. In some places the occur-
rence of small tiny crystals of augite (dijalag) and
amphibole is often observed, which in places form
a typical kelephite structure (Figure 2).

Fig. 2. Microscopic photography of verlite (crossed Nicols)

Pyroxene, augite (dijalag) occurs in much
smaller amounts. These are usually large individu-
als (about 5 mm) that almost always contain olivine
grains. Prismatic cleavage is not very pronounced.
Rhombic pyroxene, hypersthene, sometimes occurs
with the dialogue.

Magnetite occurs in irregular grains or in the
form of veins.

Chlorite occurs in larger piles and is character-
ized by blue interference colors.

Feldspar is very rare and belongs to the group
of basic plagioclases.

Uvarovite occurs in fine green isotropic grains,
especially in association with chlorite.

The normative composition (Table 1, analysis
1) does not correspond to the modal composition,

because serpentine does not belong to the group of
normative minerals (NORM minerals). In the mi-
croscopic examination there are less plagioclases
than in the normative composition (13%). Other
normative minerals are in accordance with the
modal mineral composition determined under a
microscope.

Olivine grains that are not related to augite (di-
jalag) have irregular shapes, while olivine grains
that are embedded in augite (dijalag) have a rounded
shape. This structural relationship of the rounded ol-
ivine grains that are incorporated in the augite (dija-
lag) is the consequence of the genesis of these peri-
dotite varieties within the ophiolitic complex Demir
Kapija—Gevgelija.
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2. Troctolite

Macroscopically, this rock is of greenish color
with a pronounced dark shade, it has a speckled tex-
ture where the speckles are represented by black
grains of olivine and white grains of plagioclase.
Under a microscope it can be seen that the rock is
made up of irregular olivine grains, mostly involved
in the serpentinization process and irregular grains
of plate plagioclase. Around some grains of olivine
there is an edge of augite (dijalag) (symplectite).

The presence of actinolite as well as the presence of
small green isotropic grains of uvarovite are noticed
in the rock. Magnetite also occurs in the serpentin-
ized olivine grains themselves. Feldspar occurs
rarely and is involved in transformation processes
(Figure 3).

The normative composition (Table 1, analysis
2) corresponds to the calculated modal composition
in terms of the presence of olivine, plagioclase,
magnetite and pyroxenes.

Table 1
Normative minerals composition of the rocks from Dren-Bohula Massif

Niggli Norm 1 2 3 4 5 6 7 8 9 10 11 12 13 14
quartz - - - - 3,397:10,562: 25,983 35,487, — - - - 8.510:13.399
orhoclase 0.060; 0.060; 0,466 0,943 1,422 3,216 1,686 0,365 0,118 0.479. 0.830: 0.958 1.315; 0.984
albite 2171, 5.547; 6,991 6,757 17,563 26,00 35,148:38,888:20,506:11.375. 9.548:17.289 28.671:31.315
anorthite 10.842:35.471:46,109:61,439:46,731:39,206: 23,866 18,835 34,705 32.456:43.677 46.572: 30.344 22.987
corundum - - - - - - - 1,032 - - - - - 1.414
nepheline - - - - - - - - - - - - - -
leucite - - - - - - - - - - - - - -
kaliophilite - - - - - - - - - - - - - -
Na2Si03 - - - - - - - - - - - - - -
calcite - - - - - - - - - - - - - -
apatite - - - - - 0,301 - - - - - - 0.223. -
pyrite - - - - - - - - - - - - - -
ilmenite - - - - - - — 0659 1424 - — 1638 2211 2.988
magnetite 8.246: 4.934: 2,957 0,907: 2,758 4,553 2,121: 1,764 3,173 3.602; 1.898: 1.949 2.893 3.744
hematite - - - - - - - - - - - - - -
rutile - - - - - - - - - - - - - -
titanite - - - - - - - - - - - - - -
perovskite - - - - - - - - - - - - - -
diopside 13.118: 3.702:25,788 21,885:21,784: 3,480: 0,088: — 20,901:27.555 28.575:11.940 6.626: -
hyperstene 19.625 6.734: 7,207, - 6,345 12,673:11,109: 2,969:17,973:12.305 7.550:15.283:19.207 22.169
olivine 45.936:43.553.10,481; 7,824 — - - - 1,199:12.198 7.921 4371 - -
wolastonite - - - - - - - - - - - - - -
larnite - - - - - - - - - - - - - -
acmite - - - - - - - - - - - - - -
norm En 99.0: 985 957: 942 929 785 747 775 83,7 852 862 738 692 779
Norm An 833 865 868 896 72,70 601 404 326 629 741 821 729 514 423
Norm Color 869 589 464 306 309 20,7 133 54 44,7 557 459: 352 309 289
CIPW Norm 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Quartz - - - - 3.656; 11.10i27.516:37.240: - - - - 9.494:13.895
Orthoclase 0.059: 0.059: 0.473: 0.945; 1.418 3.132: 1.655: 0.355; 0.118 0.473: 0.827. 0.945 1.359: 0.945
Albite 2.031 5.161 6.684: 6.38316.499 23.86:32.491 35.622 19.291:10.576 8.969 16.076:27.922 28.345
Anorthite 10.761:35.020:46.774:61.580:46.578 38.16:23.407:18.306:34.642:32.049:43.529:45.947:31.353.22.076
Corundum - - - - - - - 0919 - - - - - 2.124
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Niggli Norm 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Nepheline - - - - - - - - - - - - - -

Leucite - - - - - - - - - - - - -

Kaliophilite - - - - - - - - - - - - - -

NazSiO3 - - - - - - — — - - - - -

Calcite - - - - - - - - - - - - -

Apatite - - - - - 0.348 - - - - - - 0274 -

Pyrite - - - - - - - - - - - - -

limenite - - 4161 - - - - 0.874 1937 - - 2.203; 3.115: 3.913
Magnetite 11.353; 6.757 1.261 3.813: 6.148 2.885: 2.378 4.393! 4.930 2.624: 2.668: 4.147: 4.988
Rutile - - - - - - - - - - - - - -

Titanite - - - - - - - - - - - - -

Perovskite - - 25611 - - - - - - - - - - -

Diopside 12.686: 3.564: 6.684:21.520:21.343: 3.398: 0.087 . — :20.781.27.018:28.264:11.898 6.960: —

Hypersthene 17.627: 6.025; 9.133 - 5.832:11.877:10.609;: 2.787:17.013:11.459; 7.082:14.721:19.635:20.535
Olivine 38.603:36.485 6.780: - - - - 1.083:10.815 7.065 4.062: - -

Wollastonite - - - - - - - - - - - - -

Larnite - - - - - - - - - - - - -

Acmite - - 95.7 - - - - - - - - - - -

Norm En 996 986 875 941 927 751 702 73.4; 817 832 846 700 69.4 739
Norm An 841 872 456 90.1. 738 615 419 339 642 752 829 741 529 438
Norm Color 8.03. 528 29.6. 310 214 136 6.00 452 542 450 356; 339 294
Indices

Mg/(Mg+Fe) 0.834: 0.859 0.817: 0.870: 0.707: 0.485 0.544 : 0.324: 0.668 0.730: 0.774. 0.617: 0.513. 0.533
Mg/Mg+Fe?+1/MgO 0.933: 0.940 0.907: 0.918: 0.844: 0.656: 0.667 : 0.484: 0.752: 0.809: 0.832. 0.671: 0.588 0.630
Mod.larson -36.25 -28.40: -17.57: -13.36. -6.666: 0.246: 0.333 | 1.216: 0.109! 0.076: 0.098: 0.138: 0.179: 0.161
Thort. Tutt. 2.090 5.220: 7.157: 7.538 21.574:38.093:61.662:73.217:19.410:11.049; 9.796 17.022:38.775:43.185
Ratios

(Na+K)/Al 0.093: 0.073. 0.075: 0.062: 0.169: 0.272: 0.436 : 0.478: 0.229. 0.154: 0.106: 0.164: 0.331 0.358
Na+K+2Ca/Al 2371 1.121 1.647: 1.416: 1.484: 1.098 1.00 : 0.937: 1.580: 1.897: 1.731 1.268: 1.198 0.866
K/(K+Na) 0.027: 0.011 0.062: 0.116: 0.075: 0.110: 0.046 : 0.009: 0.006: 0.040: 0.080 0.052: 0.044 0.030
Mg/Fe 13.971:15.790; 9.708 11.235: 5.424; 1.907: 1.999 . 0.938! 3.037: 4.240 4.951: 2.037: 1.426: 1.701
Niggli Endmembers

Olivine - - - - - - - - - - - - -

FO 45473 42.893:10.030: 7.372 - - - - 1.004:10.392: 6.828. 3.226: — -

FA 0.466: 0.661 0.451: 0.452: - - - - 0.196: 1.805 1.093: 1.145 - -

Dipside - - - - - - - - - - - - - -

DI 12.985: 3.646:24.680 20.620:20.737; 2.733: 0.066 . — 17.487:23.477 24.632: 8.811 4584 -

HD 0.133 0.056: 1.109: 1.264 1.547 0.747.0.022 - 3.414 4.078; 3.943; 3.129 2.042. -

Hypersthene - - - - - - - - - - - - - -

EN 19.426: 6.632: 6.897. 0.00; 5.894: 9.953: 8.301  2.301:15.037:10.484: 6.509:11.278 13.288:17.281
FS 0.199: 0.102. 0.310: 0.00 : 0.451: 2.720: 2.808 : 0.667: 2.936: 1.821: 1.042. 4.005: 5.918 4.888
CIPW Endmembers

Olivine - - - - - - - - - - - - - -

FO 38.036 35.688: 8.575: 6.227 - - - - 0.844 8.641 5.735 2.682 — -

FA 0.565: 0.796. 0.558: 0.553; — - - - 0.239; 2.174 1.330; 1.380: - -

Diopside - - - - - - - - - - - - - -

DI 12.539: 3.502:24.358:20.108:19.625: 2.588: 0.063 . — 16.98222.534:23.884: 8.457 4.608: -

HD 0.147: 0.062. 1.254; 1.412. 1.719: 0.810 0.024 @ - 3.799: 4.484 4.380: 3.441 2351 -

Hypersthene 17.392: 5.906: 6.311. 0.00; 5.300: 8.739: 7.344  2.018:13.539 9.330: 5.851:10.036 12.385:14.970
EN 0.234: 0.120. 0.373; 0.00: 0.532: 3.158 3.265 : 0.769: 3.474. 2.130: 1.231 4.684; 7.250 5.565
FS - - - - - - - - - - - - - -
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Fig. 3. Microscopic photograph of troctolite (crossed Nicols)

3. Olivine gabbro

Olivine gabbro is built up of plagioclases of
the bitovnite-anorthite type, augite (dijalag) and a
very variable amount of olivine. There are very few
accessory minerals and they are represented by am-
phibole-actinolite, magnetite, and sometimes hyper-
sthene. In some specimens of olivine gabbro, biotite
is also present.

The rock is very coarse-grained, it has a typical
gabbroic structure (allotriomorphically granular),
crystals are presented with different sizes, as fol-
lows: feldspar are up to 2 mm in size, while pyrox-
enes and olivines are up to 1 mm in size.

Feldspars are fresh and they build the main
mass of the rock. They have isometric shapes, regu-
larly appearing as twinned individuals or in the form
of polysynthetic lamellae (Figure 4).

Augite (dijalg) occurs in allotriomorphic forms
with a pronounced occurrence of prisms after the
first pinacoid and with very weakly pronounced
prismatic cleavage.

Olivine occurs in xenomorphic grains with
small dimensions and is not very common in quan-
tity. It is almost always involved in serpentinization
processes, and, as a result, magnetite veins occur.
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The normative composition (Table 1, analysis
3) fully corresponds to the modal mineral composi-
tion.

In the decomposed specimens of the olivine
gabbro, biotite and green hornblende occur.

4. Gabbro

The central place in the ophiolite complex
Demir Kapija-Gevgelija is occupied by gabbro
(sensu stricto); it is built of a mineral association of
anorthite and augite (dijalag). Occasionally there is
a small occurrence of olivine which is associated
with the ultrabasic parts of the complex, and some-
times there is an occurrence of amphibole with
which it associates with the diorite part of the ophi-
olite complex.

It has a typical gabbro structure (allotriomor-
phic granular). Xenomorphic grains of one mineral
enter incorrectly into another mineral. The grain
size is variable. Pyroxenes occur up to 2 mm in size
while plagioclase occurs up to 1 mm in size.

Feldspars are quite fresh, and they belong to
the group of basic plagioclases (anorthite). They
very rarely occur as individuals, usually as twinned
crystals of one or more individuals (polysynthetic
lamellae) (Figure 5).
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P %

Fig. 5. Microscopic photograph of gabbro (crossed Nicols)

Pyroxene, based on its microscopic character- There is no olivine in the modal composition,
istics, can be determined as augite (dijalag). It oc- while in the normative composition (Table 1, anal-
curs in allotriomorphic grains, often in groups. Pris- ysis 4) there is olivine, which is understandable if
matic cleavage is weakly pronounced. we have in mind the method of calculations accord-

31



YeTBPTU MaKeJOHCKM reOnOLLIKN KOHrpec
Four Macedonian Geological Congress

ing to the CIPW method. The amount of anorthite
determined in the normative composition is in ac-
cordance with the modal composition (microscopi-
cally determined composition).

It should be mentioned that in the field within
the ophiolitic complex Demir Kapija-Gevgelija
there are certain zones in which there are pro-
nounced metamorphic changes of the gabbros.
These metamorphic changes are represented by a
process of uralitization (the occurrence of a uralite
that develops with a change of pyroxene). Pyroxene,
augite (dijalag)) gradually turns into fibrous or
compact amphibole along the edges of the augite or
on the surfaces of the augite cleavage.

5. Uralite gabbro

Within the complex, the gabbro affected by
metamorphic changes occurs in several places, and
it has turned into uralite gabbro. In the microscopic
preparation it can be seen that the rock has a gab-
broic structure (made of pyroxenes and plagio-
clases). Pyroxene is intensively modified into ural-
ite which has the properties of actinolite. Plagio-
clases are slightly more acidic, mainly having a la-
mellar structure.

The normative composition (Table 1, analysis
5) does not fully correspond to the modal composi-
tion. Pyroxene appears in the normative composi-
tion and amphibole in the modal composition. The
normative composition of the plagioclase has a
higher percentage of anorthite, while in the modal
composition the plagioclase has optical characteris-
tics that indicate a more acidic plagioclase (with a
smaller amount of anorthitic component).

6. Diorite

It is made of plagioclase, hornblende, quartz,
and magnetite. It has a hypidiomorphic granular
structure. Plagioclases appear in hypidiomorphic to
idiomorphic crystalline shapes and in elongated
forms. They have a pronounced zonal structure as a
consequence of rapid cooling of the magmatic melt.
The rock is made of plagioclases, hornblende,
quartz and magnetite. Plagioclases appear in hypidi-
omorphic to idiomorphic shapes, and they have a
pronounced zonal structure.

7. Basalt

This rock can also be called anorthitic-uralite
basalt. It is dark gray to black in color, it has a char-
acteristic fine porphyric structure in which in places
there are larger phenocrysts of plagioclase. The
basic mass is holocrystalline, composed of basic
plagioclases and pyroxene of the pigeonite- augite
type, which are involved in the uralitization pro-
cesses. Plagioclases appear in twined individuals
and are elongated in the direction of the main axis,
idiomorphic in shape. Around the pyroxenes in
some places there are kelephite edges made of am-
phibole-actinolite. Magnetite and epidote occur as
accessory minerals.

8. Diabas

The rock is dark green, it is very hard and is
made up of rod-shaped albites and amfiboles that
occur in the form of sticks and irregular grains, epi-
dote, magnetite, and a little quartz (Figure 6).

Fig. 6. Microscopic photograph of diabase (crossed Nicols)
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9. Quartzdiorite

The rock is dark gray in color and it occurs in
the form of veins that in places intersect the ophio-
litic complex. Under a microscope the rock has
pseudo-porphyric  structure  with  plagioclase

phenocrysts and sometimes amphiboles. In addition
to these minerals, quartz also occurs in the rock. In
its optical characteristics, amphibole corresponds to
hornblende. Magnetite and epidote occur as acces-
sory minerals (Figure 7).

Fig. 7. Microscopic photograph of quartzdiorite (crossed Nicols)

CLASSIFICATION OF ROCKS

The classification of magmatic rocks from the
Dren-Bohula section is made based on the Middle-
most nomenclature (1994) (Figure 8), as well as on
the nomenclature of calculation of the normative
mineral composition (Norm Calculation) (Table 1).

From the diagram in Figure 8 it can be con-
cluded that this is a differentiation of a basic magma
which in a continuous sequence of differentiation
gave the following magmatic rocks: peridotite gab-
bro-gabbro-gabbrodiorite-diorite-granodiorite.

These rocks are part of the sequence of oceanic
crust that developed during the Jurassic in this part
of Tethys (the Tethyan Eastern Vardar ophiolitic
unit in the Eastern Mediterranean).

From the data presented on the normative com-
position of rocks (Table 1), it can be concluded that

there is a typical continuous differentiation of one
ultrabasic to basic magma with a classic series of
differentiation from basic plagioclases-intermediate
plagioclases-acid plagioclases-feldspar to quartz
and differentiation from olivine-pyroxenes-amphi-
boles-mica.

CONCLUSION

Within the ophiolitic complex Demir Kapija
Gevgelija, its western part called the Dren-Bohula
massif is built of the same rocks from which the
other part of the ophiolitic complex is built: verlites,
gabbros, troctolites, gabbro-diorites, diorites,
quartzdiorites, grandoirites. The classification made
and the nomenclature of rocks indicate a continuous
differentiation of an ultrabasic magma to basic
magma.
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PETROLOGICAL AND GEOCHEMICAL CHARACTERISTICS
OF THE TERTIARY VOLCANIC ROCKS FROM THE LOCALITY GOLEMA CUKA,

BOGDANCI DISTRICT, REPUBLIC OF NORTH MACEDONIA
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‘Faculty of Natural and Technical Sciences, ““Goce Delcev” University in Stip,
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Abstract The Locality Golema Cuka in the Republic of North Macedonia is of particular interest as a
volcanic dome. It is built of Miocene rocks that are the subject of the present study. The rocks belong to trachydacites
of the high-K calc-alkaline series with porphyritic to fluidall structure and parallel to massive texture. Ten of twenty
collected samples were thoroughly examined by thin section microscopic observations, major and trace element anal-
yses. On three of the samples were performed mineralogical observations and two of the samples were also analyzed
for Sr and Nd isotope compositions and U-Pb dating. The zircon age is measured as Miocene (app. 11 Ma). Initial Sr
isotopic ratios indicates that the melt originated mainly from the upper mantle.

Key words: volcanic rocks, Golema Cuka locality (North Macedonia), petrology, zircon dating,
Sr and Nd isotope data

HETPOJIOIIKU U TEOXEMUCKHU KAPAKTEPUCTUKHA HA
TEPOUEPHUTE BYJIKAHCKH KAPIIN O] TOKAJIUTETOT I'OJIEMA YYKA,
OIIIITUHA BOT'JAHIIM, PEITYBJINKA CEBEPHA MAKEJIOHUJA

Amncrtpacxk T Jlokamureror ['onema Yyka Bo Peryonmka CeBepHa MakenoHuja e ox moceGeH HHTepec Kako
ByJKaHCKa Kymona. M3rpageH e ox MUOLGHCKM Kapru KOW ce NMpeAMeT Ha oBaa cryauja. Kaprnute mpumaraat Ha
TPaxUAAIUTH O] BECOKO-KAIMyMCKa KallK-aJKaJIHa cepuja co mopdupcka 10 ¢irynaanHa cTpyKTypa U HapanenHa 10
MacuBHa TekcTypa. Ox 1BaeceT coOpaHH IPUMEPOIIH, eceT 6ea TEMETHO HCIIUTAHN CO MUKPOCKOIICKH HAabJbyayBamba
Ha TeTporpad)CKH MpemnapaTy U 1Ba O IpUMeponuTe Oea MCTO Taka aHaJM3UPAaHU 32 H30TOIHM cOcTaBh Ha St 1 Nd u
3a U-Pb marupame. Crapocta 1o HUpKOHU € U3MepeHa kako MuorneHncka (okory 11 munmmonu roguan). [louetHute

HU30TOIMHHU OJHOCH Ha Sr TNMOKa)KyBaat JI€Ka paCTONOT IIOTEKHYBA IJIaBHO OJf rOpHaTa MaHTI/Ija.

Kayunn 360poBu: BynkaHCcKH Kapnu,;tokanuteT ['onema Uyka (CeBepHa MakeoHHja); METPOJIOTH)a,;
JaTHpame UPKOHH, U30TONCKUHU mofarorm 3a St u Nd.

INTRODUCTION

The site Golema Cuka falls in the Bogdanci
municipality and is situated between the villages
Selemli and Stojakovo, about 6 km South from the
town of Bogdanci, 7 km East from the town of
Gevgelija and 1.8 km from the North Macedonian -
Greek border. The area of this site is about 280 m
by 220 m. It is in the Vardar zone of the tectonic
setting of the Dinaric-Hellenic belt (lvanovski,
1996; Zelic et al., 2010), (Figure 1). On the top of
the locality Golema Cuka has been built an Ortho-
dox church.

Twenty samples from this location were col-
lected and ten of them were subjected to petrologi-
cal examination. All 10 samples have been observed
by microscope in thin sections and analyzed by XRF
for chemical composition of the major, trace and
light rare earth elements. Three samples have been

analyzed for mineral composition by microprobe
analyses and two of them have been analyzed and
by XRD, X-ray spectral microanalyses and chemi-
cal analyses of minerals. In two samples have been
measured 8’Sr/%Sr and in one of them “**Nd/**Nd
isotopic compositions and calculated their initial
values; the same samples have been dated by U-Pb
method.

GEOLOGICAL SETTING

In the Gevgelija Sheet of the Socialist Repub-
lic of Macedonia, Geological map in M 1:100 000
(Ivanovski, Rakichevich, 1963) the rocks of
Golema Cuka location (North Macedonia) are
related to Tertiary volcanic activity in the Vardar
zone (Figure 1). The site Golema Cuka embraces a
part of the southern end of the territory of North
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Macedonia. The rocks occur as a small volcanic
dome in which there are blocky to platy jointings
(Gunter, 1977; Majer, 1958). The colour of the
rocks is light gray to light green depending on the
extent of surface weathering.

The Gevgelija Sheet embraces a part of south-
eastern territory of North Macedonia between
41°07’ and 41°20° latitude and 22°30” and 22°48’
longitude. There are diverse lithological units in it:
Precambrian, Lower Paleozoic and Mezozoic to
Tertiary and Quaternary formations. Within the ter-
ritory of the Gevgelija Sheet two basic geotectonic

Greece

units are presented: the major NE part belongs to the
Vardar zone, and a very small part to the Serbo-
Macedonian Mass. Within both units, the geological
evolution of the area has undergone three main
phases: Precambrian, Hercynian and Alpine.

The basic structural units in the Precambrian
structural stage are the Bogdance anticline (in the
Vardar zone) and the Belasica anticline (in Serbo-
Macedonian Mass); both strike NW-SE and are
built up of gneisses (Ivanovski, 1966).

Greece
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Fig. 1. Geological map of the locality Golema Cuka. (After: lvanovski and Rakichevich, 1966).
Legend: Quaternary: 1 — alluvium; 2 — terrace material; 3 — proluvium; 4 — deluvium; 5 — proluvium and deluvium; Tertiary:

6 — trachydacites of Golema Cuka; 7 — sandstones, conglomerates, clays, limestones, carbonates and clay sandstones; Triassic —
Jurassic: 8 — orthophyres, keratophyres and quartz-keratophyres; 9 — diabases; 10 — gabbro; Old Paleozoic: 11 — middle-grained por-
phyritic granites; 12 — serpentinites; 13 — amphibole-pyroxene schists; 14 — argiloschists, phyllites and sandstones; Precambrian: 15 —

porphyroblastic gneisses and fine-grained biotite gneisses; 16 — fine-grained biotite gneisses.

ANALYTICAL METHODS

Thin sections from 10 volcanic samples have
been made at the University “Goce Delchev” in
Stip, Republic of North Macedonia (Figure 2). Ma-
jor, trace and light rare earth elements of the same
10 samples have been analyzed by XRF method in
the Geological Institute — Johannes Gutenberg
University in Mainz — Germany (Table 1, Table 2
and Table 3). The mineral composition from three
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of the same 10 samples have been analyzed by
microprobe analyses in the Institute of Mineralogy
and Crystallography — BAS, Sofia, Bulgaria, and
two of them have been analyzed and by: XRD
method at the University “Goce Delchev” in Stip,
Republic of North Macedonia, X-ray spectral
microanalyses and chemical analyses of minerals at
the University of Mining and Geology “St. Ivan
Rilski” in Sofia, Bulgaria.
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Fig. 2. Photomicrographs of thin sections from Golema Cuka volcanics
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Two samples have been analyzed for 8/Sr/%6Sr
and one of them for 243Nd/**4Nd isotopic ratios at the
Institute for Geochemistry and Petrology in Zurich,
Switzerland (Table 4). U-Pb measurements of zir-
cons from two samples have been performed at the
LA-ICP-MS laboratory in the Geological Institute —
BAS, Sofia, Bulgaria, after scanning the zircon
grains with Cathode Luminescence at the Faculty of
Mining and Geology — University of Belgrade, Ser-
bia — respectively (Figure 6).

PETROLOGICAL CHARACTERISTICS,
MINERALOGICAL COMPOSITION, ISOTOPE
COMPOSITION AND AGE OF THE ROCKS

The microscopic studies of the 10 thin sections
show identical mineral composition of all of them.
The rocks consist of groundmass and phenocrysts.
The phenocrysts are presented of opacitized amphi-
bole and biotite. The amphibole phenocrysts are
zonal (Figure 2). Both the amphibole and biotite
phenocrysts show opacitic rims. Secondary ferric
oxides also can be seen. The groundmass is mainly
microlitic. The microlites are represented by plagi-
oclase among the mass of volcanic glass. The mi-
croscope studies of all thin sections show porphy-
ritic to fluidal structure. The rocks show parallel to
massive texture. The parallel texture often follows
the contacts of phenocrysts.

From the mineral observations by microprobe
analyses of the samples No. 1, 5 and 10 are deter-
mined the following minerals: In sample No.1: am-
phibole, plagioclase, sanidine, biotite, magnetite
and titanite; in sample No. 5: amphibole, biotite,
plagioclase, sanidine, magnetite and titanite and in
sample No. 10: amphibole, biotite, plagioclase,
magnetite and sanidine. With XRD analyses of the
samples No. 1 and 5 have been determined the fol-
lowing minerals: In whole rock sample No.1: opal,
orthoclase, anorthite, muscovite, microcline, biotite,
amphibole and quartz. From feldspar of sample No.
1 have been determined: albite, anorthite, bytownite
and labradorite; from amphibole of sample No. 1
has been determined: magnesio-hornblende and
from mica of sample No. 1 has been determined: bi-
otite. In whole rock sample No. 5: orthoclase, mag-
nesio-hornblende, opal, sanidine, ferro-pargasite,
guartz, muscovite, biotite, albite, anorthite and am-
phibole. From feldspar of sample No. 5 have been
determined: albite, anorthite and labradorite; from
amphibole of sample No. 5 has been determined:
magnesio-hornblende and from mica of sample No.
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5 has been determined: biotite. With x-ray spectral
microanalyses of the samples No. 1 and 5 in both
samples have been determined the following miner-
als: feldspars, amphiboles and mica. Sample No. 4.
(a-f) Microlitic to glassy groundmass. Structure:
subporphyritic to porphyritic and microlitic, tex-
ture: massive to parallel. Amph — amphibole, Pl —
plagioclase, Bi — biotite, Fe — hydrooxides: (a)
opacitized zonal amphibole (green), opacitized
zonal biotite (brown) and plagioclase (white) //P
(X10); (b) zonal amphibole (green), plagioclase
(white) and biotite (brown) +P (X10); (c) zonal am-
phibole (green), plagioclase (white), biotite (brown)
and magnetite (black) //P (X10); (d) plagioclase
(white), zonal plagioclase (white), biotite (brown),
amphibole (green) +P (X10); (e) phenocrysts of am-
phibole (green), plagioclase, microphenocrysts of
plagioclase (white), biotite (brown) //P (X10); ()
Phenocrysts of amphibole (green), plagioclase, mi-
crophenocrysts of plagioclase (white), biotite
(brown) +P (X10); Sample No 5. (g, h) Microlitic
groundmass. Structure: porphyritic, texture: fluidal.
Amph — amphibole, Pl — plagioclase, Ap — apatite
and Mt — magnetite: (g) amphibole (green), plagio-
clase (white), apatite (white) and magnetite (black)
I[P (X20); (h) amphibole (green), plagioclase
(white), apatite (white) and magnetite (black) +P
(X10).

Major element compositions are shown in Fig-
ure 3. According to the TAS (Na2O+K;0 vs SiO,)
classification diagram (Le Bas et al., 1986) (Figure
3) all analyzed rocks, after recalculation of major
oxides to 100% on a volatile-free basis, fall in the
field of trachydacites. Their plots on the KO vs
SiO, diagram of Peccerilo and Taylor (1976),
(Figure 4) show that the rocks belong to the high-K
calc-alkaline series.

The Primitive-mantle normalized trace ele-
ment patterns of the rocks (Figure 5) show high en-
richment from Cs to U and in K and Pb contents. A
decrease in Nb and from P to Y with minima of Ti
and Gd is also seen on this figure, typical for high-
K calc-alkaline magmas (Figure 5). The geological
body has low values of Gd and Ti. Nb is constantly
present in an amount of 8 to 10 ppm. The spider dia-
gram (Figure 5) shows that Nb, Ti, Gd (especially
in sample No. 2) and Y has negative anomaly. It is
also characteristic the negative anomaly of Gd in
sample No. 2. The Primitive-mantle normalized
trace element patterns of the rocks (Figure 5) show
typical high-K calc-alkaline signature.

Only light rare earth elements (LREE) have
been analyzed by XRF (Table 3).
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Table 1
Major oxides of Golema Cuka volcanics determined by XRF (%)
Normalized Oxides Sample No.
1 2 3 4 5 6 7 8 9 10
SiO2 62.68 64.87 65.06 65.02 63.37 65.31 62.29 62.77 64.23 61.27
TiO2 0.54 0.46 0.46 0.46 0.51 0.46 0.54 0.49 0.50 0.53
Al203 16.06 15.70 15.73 15.69 15.34 15.64 16.40 16.68 15.56 16.66
Fe203 3.70 3.27 3.18 3.16 3.61 3.21 3.78 3.43 3.60 3.79
MnO 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.04 0.04 0.05
MgO 3.43 2.80 2.78 2.78 3.34 2.79 3.44 2.96 3.21 3.37
CaO 4.33 4.00 4.05 4.19 4.48 4.02 4,61 4.25 4.24 4.48
Na20 3.74 3.95 3.96 3.98 3.62 4.06 3.88 3.98 3.87 3.81
K20 3.49 3.78 3.81 3.75 3.79 3.79 3.48 3.57 3.71 3.41
P20s 0.27 0.24 0.26 0.26 0.26 0.22 0.28 0.25 0.26 0.28
Cr203 0.005 0.004 0.004 0.004 0.004 0.003 0.004 0.004 0.005 0.005
NiO 0.007 0.006 0.005 0.006 0.007 0.006 0.007 0.006 0.006 0.007
SO3 0.021 0.019 0.021 0.021 0.021 0.018 0.023 0.022 0.025 0.024
LOI 1.68 0.85 0.64 0.64 1.59 0.45 1.23 1.55 0.74 1.85
Sum 100 100 100 100 100 100 100 100 100 99.54
F 0.083 0.070 0.072 0.105 0.096 0.092 0.078 0.054 0.077 0.069
Cl 0.015 0.007 0.010 0.017 0.032 0.018 0.008 0.022 0.016 0.017
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Fig. 3. TAS (Na20 + K20 vs SiO2) classification diagram of Golema Cuka volcanic rocks (After Le Bas et al., 1986).
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Fig. 4. K20 vs SiO2 diagram (Peccerilo and Taylor, 1976); series boundary lines after different authors (in Rollinson R. H.).

Trace elements of Golema Cuka volcanics determined by XRF

Tracg elements (in ppm) normalized Sample No.

(ot Mo Donough et a1 1992 1 2 3 4 5 6 1 8 9 10
Cs 0 250 406 406 469 344 94 188 438 281
Rb 128 197 195 180 195 192 115 129 181 137
Ba 277 272 272 263 244 266 272 284 264 284
Th 313 332 309 294 291 322 316 305 304 353
u 419 429 467 438 505 429 410 433 319 376
Nb 8 8 10 8 8 8 8 10 8 8
K 116 126 127 125 126 126 116 119 124 114
La 7 80 80 70 70 73 82 73 79 73
Ce 60 59 59 57 56 59 56 54 59 59
Pb 432 476 416 400 427 416 422 449 416 454
Pr 36 40 36 33 36 36 36 43 40 36
Sr 76 82 81 84 78 81 84 82 75 82
P 12 11 12 12 12 10 13 11 12 13
Nd 32 30 30 30 30 30 32 29 34 35
Sm 22.52 0.00 4.50 6.76 9.01 9.01 15.77 1126 1351 11.26
Zr 20 17 17 17 17 16 17 16 15 17
Ti 25 21 21 21 2.3 21 25 2.2 2.3 24
Gd 3.36 1.68 5.03 3.36 8.39 5.03 5.03 3.36 5.03 8.39
Y 3.1 3.1 3.1 3.1 3.1 3.3 3.1 31 3.1 31
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Fig. 5. Trace elements distribution spider diagram: primitive

Table 3
Light rare earth elements (LREE) of Gol

Sr P Nd Sm Zr Ti Gd Y

mantle normalized patterns (After Mc Donough et al., 1992)

ema Cuka volcanics determined by XRF

Determined LREE (in ppm),

normalized with values of C1 Sample No
chondrite (after Sun, S. - S. & 1 2 3 4 5 6 7 8 9 10
Mc Donough, W. F., 1989)
La 223.63 232.07 232.07 20253 20253 210.97 236.29 21097 227.85 210.97
Ce 17484 169.93 17157 166.66 163.39 169.93 161.76 15523 17157 171.57
Pr 105.26 115.79 105.26 94.74 10526 105.26 10526 126.32 115.79 105.26
Nd 92.08 87.79 85.65 87.79 87.79 85.65 94.22 83.51 98.50 100.64
Sm 65.36 0 13.07 19.61 26.14 26.14 45.75 32.68 39.22 32.68
Gd 9.73 4.87 14.60 9.73 24.33 14.60 14.60 9.73 14.60 24.33
The measured and age-corrected initial mainly from material of the upper mantle (Gunter,

87Sr/88Sr isotopic compositions for two of the sam-
ples and initial **3Nd/***Nd isotopic compositions
for one of the samples are listed in Table 4. The in-
itial Sr isotopic ratios ranges between 0.702855 and
0.703699. The values point that the melts from
which the volcanic rocks were formed, originate

Table 4

1977).

U-Pb age determination yielded 10.9+0.96 Ma
(sample No.5) and 11.04+0.34Ma (sample No.10),
demonstrating that the Golema Cuka volcanic ac-
tivity is of Miocene age (Figure 6).

Sr and Nd isotope data for samples No.5 and No.10 from Golema Cuka; ¥Rb/®°Sr and **’Sm/***Nd ratios are
calculated using the Rb and Sr content from the XRF analyses and the distribution
of the isotopes ®'Rb, #Sr, *’Sm and **Nd.

Sample Rb, Sr, 8 Rb/%Sr 87Sy/8Sy 20 (87Sr/%8Sr)
No. ppm ppm error at 11Ma
5 124 1654 21.82606 0.706190 0.000013 0.702855
10 87 1740 14.556530 0.706012 0.000015 0.703699

i Sm, Nd, *Sm/***Nd “*Nd/***Nd 26 (*3Nd/***Nd)i
ppm Ppm error at 11Ma
4 41 0.058951 0.512385 0.000006 0,512381

Notdetermined
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Fig. 6. Concordia age diagrams using the U - Pb dating method: a) for sample No.5 and b) for sample No. 10.

CONCLUSIONS

The volcanic rocks from the locality Golema
Cuka (North Macedonia) were formed about 11 Ma
ago, during the Miocene volcanic activity (Figure
6). The rocks form a volcanic dome (lvanovski,
1966), and remains now as a hill in the relief. The
microscopic examinations and the major elements
analyses determine the rocks as trachydacites of
High-K calc-alcaline series (Figures 2, 3and 4). The
following minerals have been determined: feldspars
(orthoclase, microcline, sanidine and plagioclase:
albite, anorthite, bytownite and labradorite), amphi-
boles (Mg-hornblende and Fe-pargasite), mica
(biotite and muscovite), opal, quartz, magnetite and
titanite. Primitive-mantle normalized trace elements
distribution (Figure 5) shows typical High-K calc-
alcaline signature. The 8/Sr/%Sr isotope analyses
indicate that the magma of the Golema Cuka
volcanics originated from the upper mantle but
contained also admixtures of crustal material
(Gunter, 1977), (Table 4).
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CORRELATION OF THE GEOLOGICAL MAPS 1:50 000 SCALE OF THE ALBANIAN -
NEIGHBOURING COUNTRIES BORDER AREA
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Abstract: Geological structure of Albania and Neighboring Countries has attracted the interest of several
geoscientists since 19-th century. But the systematic investigations on both countries started after the 2™ World War.
Several geological studies, including the geological mapping of various scales (1:2 000, 1:5 000, 1:10 000, 1:25 000,
1:50 000, 1:200 000, 1:250 000 and 1:500 000) have been carried out during this period.

Key words: geological maps, neighbouring countries, albania border area

KOPEJIALIUJA HA T'EOJIOIIKHUTE KAPTHU CO PASMEP 1:50 000 HA AIBAHCKATA
I'PAHUYHA OBJIACT CO COCEJHUTE 3EMJA

AmncTpaxkT: ['eonomkara rpagba Ha AnOaHMja ¥ COCEIHUTE 3€MjHU 'O MPUBJIEKYBaJa HHTEPECOT Ha HEKOJIKY
reoHay4HHIM yire o 19-tuot Bek Ho, cucreMaTckuTe HCTpakyBarba Ha LIEIMOT PErHOH 3arnoyHaie no Bropara Ceet-
cKa BojHa. Bo 0B0j meproa ce U3BpILIEHH MOBEKE TEOTOIIKA HCTPAXKYBamka, BKIYIYBajKH T'O U T€OJOIIKOTO KapTUPAKE
BO pasnuyunu pazmepu (1:2 000, 1:5 000, 1:10 000, 1:25 000, 1:50 000, 1:200 000, 1:250 000 u 1:500 000

Kityunu 360pOBH: TEOJIONIKO MaIMPabe: COCEIHHU 3eMjH: TIOTPaHHYHH [o/padja Ha AnbGaHja

INTRODUCTION

Some joint projects to unify the main data on
the geological-tectonic structures, lithological com-
position and the ages of the formations on both sides
of the border between the countries, have been
undertaken these last years and the results are enco-
uraging. The mutual cooperation between the res-
pective scientific institutions is very important
taking into account the participation of both ountries
in the compilation of the New Geological Map of
Europe 1:500 000 scale.

GEOLOGY OF THE BORDER AREAS,
MAPS AND TEXT

The implementation of the 1:50 000 scale map-
pings of the border area is indispensable. The corre-
lation of these maps is realized through geological
observations, sampling and other geological works.
The implementation of the new geological maps
1:50 000 will serve as a good scientific basis for
further studies in the field of earth sciences in the
region.

The common observations and geological
investigations along the interboundary line have
leaded to the correlation of the lonian, Kruja
(Gavrovo), Krasta-Cukali (Ollonos-Pindos), Mir-
dita (Subpelagonian) tectonic zones and Inner
Depressions as well as the correlation of the
geological and ore bearing structures and other
formations along the respective inter-boundary line.

The comparison of data on the stratigraphy,
petrology, mineralogy etc., of different geological
units has been carried out as well.

During this cooperation it is worked with
topographic sheets scale 1:50 000, on which were
plotted the geological data in digital form (using
AutoCAD Map ).

The final result is the publication of 38
geological sheets 1:50 000 scale and explanatory
texts for each of them, for all the inter-boundary line
between the countries. The following unified sheets
1:50 000 scales were published: Figs. 1. 2, 3, 4, 5.

Albanian-Montenegro border area

1. Sheet 1 Vermoshi
2. Sheet 2 Gucia
3. Sheet 3 Stanet e Sublices.
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4.

Sheet 4 Rapsh-Starja

5 Sheet 5 Tamara

6.
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Sheet 6 Thethi

. Sheet 8 Kopliku
. Sheet 14 Shiroka
. Sheet 20 Velipoja

Albanian- Kosovo border area

. Sheet 7 Bajram Curri
. Sheet 12 Kruma

. Sheet 13 Kishaj

. Sheet 19 Morini

Albanian- Macedonia border area

. Sheet 25 Shishtaveci

. Sheet 30 Mali i Korabit
. Sheet 35 Zergani

. Sheet 36 Pogesti

. Sheet 41 Klenja

. Sheet 42 Trebishti

. Sheet 47 Librazhdi

. Sheet 48 Struga

9. Sheet 54 Prrenjasi
10. Sheet 60 Pogradeci.
11. Sheet 61 Bllaca.

Albanian-Greece border area

. Sheet 68 Pojani — Podgori Andartikon

. Shee 69 Shueci —Andartikon

. Sheet 76 Korca — Hionades Gramos

. Sheet 77 Kapshtica- Korica Massapotamia

. Sheet 84 Vidohova — Hionades Gramos

. Sheet 90 Barmash — Hionades Gramos — Vassili-
kon Pogoniani

. Sheet 91 Hionades Gramos — Vassilikon Pogoniani

8. Sheet 95 Libohova — Tsamantas

9. Sheet 96 Leskoviku-Hioandes Gramos-Vassili-

kon Pogoniani

10. Sheet 99 Jergucati — Tsamantas

11 Sheet 100 Ksamili — Ishulli and Korfuzit

12. Sheet 101 Mursia — Tsamantas

13. Sheet 102 Sotira — Tsamantas

14. Sheet 103 Konispoli — Sagiadha — Filatai

OO WN P

~

PLANSHETAT E REFPUBLIKES SE SHOIFPERISE

134

MAGEDONIA

¥l lLvylyay

Fig. 1. Geological maps 1:50 000 scale of the Albanian - neighbouring countries border area
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CORRELATION OF GEOLOGICAL MAPS 1:50 000
ALBANIAN - KOSOV0O BORDER AREA
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AUTHOR : K. ONUZI*, H. PULOJ*, L. GURABARDHI**

GEOLOGICAL RESEARCIL TIRANA, ALBANIA
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Fig. 3. Albanian- Kosovo border area
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Fig. 4. Albanian- Macedonia border area
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There have been compiled and published the
inter-boundary geological maps scale 1:50 000.

Scientific interpretation of geological pheno-
mena based on modern approaches.

Compilation of a database aiming to the plan-
ning of a rational national management and exploi-
tation of raw materials, water resources, environ-
mental protection, ore minerals etc.

The geological maps 1:50 000 scales will be
useful to various geo-scientific institutions (public
and private) in both countries, in the Balkan region
and in Europe.
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SOUTH-EASTERN ALBANIAN OPHIOLITES
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Abstract: Geological studies and research have been carried out for many years in the southeastern Albanian
ophiolites. They provided information on the geology and petrology of the ophiolitic complexes of Shpati-Kutermani,
Shebeniku-Pogradec, Devoll, Vallamara, Voskopoja, Morava, Vithkug-Rehove and the ultramafic outcrops of
Bitincke-Kapshtica-Vernik. In general, geological mapping, thematic studies, research for chromium, iron-nickel
minerals and less for copper ores, etc., have been carried out in them.

Key words: Albanian ophiokites, map

JYTOUCTOYHHU AJIBAHCKH O®PUNOJINTHU

AmncTpakT: Bojyroucrounnte anbéaHCKH OQUONUTH MHOTY TOAMHH CE BPLIAT TEOJIOIIKH CTYJUH U HCTPAXKY-
Bama. Tue magoa nHGOpMAIMHK 3a TEOJOTHjaTa M HeTposioryjara Ha oduonurckute kommuieken nmaru-Kyrepmanny,
Ie6enuxy-Ilorpanen, lesoxn, Baxamapa, Bockomoja, Mopasa, Butkyk-PexoB n ynrpamaduunure nzinern Ha butun-
ye-KammTuia-Bepank. Onmro 3eMeHO, BO HUB € N3BPIICHH T€0JIONIKH Malpamka, TEMATCKH CTYANH, HCTPaKyBamba
3a MHHEpaJIM Ha XPOM, JKeJIe30-HUKEI U IOMAJIKY 3a PyIM Ha Oakap, UTH.

Kiyunu 3060poBu: anbancku 0(QUOIUTH, MAIUUPAHE

INTRODUCTION

Some joint projects to unify the main data on
the geological-tectonic structures, lithological com-
position and the ages of the formations on both sides
of the border between the countries, have been un-
dertaken these last years and the results are encour-
aging. The mutual cooperation between the respec-
tive scientific institutions is very important taking
into account the participation of both ountries in the
compilation of the New Geological Map of Europe
1:500 000 scale.

GEOLOGICAL SETTING

The ophiolitic complexes of this study are part
of the Mirdita zone and comprise the southeastern
part of Albania, continuing further to Greece (Figu-
res 1 and 2).

They are represented by Iherzolites, harzburg-
ites, verlites, troctolites, gabbro, olivinic gabro,
gabronorite, followed by massive basalts and
basaltic breccias which in some limited sectors (Old
Pollen) are covered by the radiolarian chert of the
Kimmeridgian (J3). (Figure 3).

Ophiolitic complexes during their develop-
ment have been affected by the tectonogenesis of

the Late Jurassic, Late Cretaceous, Late Eocene,
Burdigallian-Tortonian as well as the Late Pliocene
tectonogenesis. (Xhomo A, et al. 2002).

The ophiolitic complexes of Shpati-Kuterma-
ni, Shebeniku-Pogradec, Devoll, Vallamara, Vos-
kopoja, Morava, Vithkug-Rehove as well as the
ultrabasic outcrops of Bitincke-Kapshtica are loca-
ted between the Triassic-Jurassic carbonates peri-
phery. Triassic—Jurassic carbonates are present in
the eastern and western part of the ophiolites. In the
eastern part of the Shebeniku-Pogradec massif
carbonates extend from Qarishta to Rajce-Lin-Mali
Thate (Figures 1, 2 and 3).

A total of 1127 rock samples (GPS) were taken
from K. Onuzi, F. Koller, V. Hock in Albanian
ophiolites,where 650 rock samples are part of this
study, and most of them from ophiolitic rocks that
have been analyzed for chemical composition,
petrography, mineral chemistry with microprobe-
analysis, etc. (Figure 4).

This study provides advanced data related to
problems of geology, geochemistry and petrology
of the ophiolitic massifs of Vallamara, Devolli,
Shpati-Kutermani, Shebeniku-Pogradec, Voskopo-
ja, Rehove and Morava and was conducted by K.
Onuzi, F. Koller, V. Hock.
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All ophiolites of southeastern Albania are
represented by the ophiolitic complexes of Shpati-
Kutermani, Vallamara, Devoll, Voskopoja, Morava,
Rehove (western belt, Iherzolitic) and Shebeniku-
Pogradec as well as the ultrabasic outcrops of
Bitincke-Vernik (eastern belt, harzburgitic) .

They are located between the Triassic-Jurassic
carbonate periphery and they are both covered by
Kimmeridgian and Jurassic-Cretaceous radiolarian
cherts.

In the ophiolitic complexes of Southeastern
Albania, three types of mantle are observed:

— Mantel with dominance of harzburgites
(Massif of Devoll, Vallamara, Shebeniku-Pogradec,
Bitincka)

— Mantel with dominance of Iherzolites and a
few harzburgites (Massif of Voskopoja, Morava,
Rehove)

— Mantel with dominance of harzburgites and
Iherzolites (Massif of Shpati-Kutermani)
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Fig. 1. Map. Ophiolites of Southeastern Albania. Ophiolitic massifs: Shpat-Kuterman, Shebenik-Pogradec, Devolli, Vallamara,
Voskopoja, Morava, Vithkug-Rehove (Onuzi, Pulaj, Marishta, etc.)

52



YeTBpPTM MaKeLOHCKM reoroLLKN KOHTPec
Four Macedonian Geological Congress

PROFILIT- I

Masivi i Shebenikut
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Masivi i Bitinckes [ %%

PROFILIV -V

3
 Masivii Moraves ]
i

PROFILI VII- VI

SHOIPERIA | GREQIA

Fig. 2. Geological profiles. Ophiolites of Southeastern Albania (according to Xhomo etc., Onuzi etc.).
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Fig. 3. Lithostratigraphic column (Kaltanj). Radiolarian chert overlying Dogger-Malm limestones
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Fig. 4. Distribution of rock samples taken in the field in the Southeastern Albania ophiolites
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Based on the geochemical and mineralogical
study, ultrabasic cumulates were distinguished
(Figures 5 and 6).

In the ophiolitic complex of Voskopoja,
Vithkug-Rehove Allochthon (Koller, Hock, Onuzi)
and in the Shebeniku massif (Bebien, Manika,
Shallo) both ophiolitic belts have been identified,
which suggests that in addition to petrological
differences we have similarities between the
ophiolitic belts

= Lherzolite \
= Harzburgi \

Fig. 5. Distribution of rock samples taken during field work in
the ophiolites of Southeastern Albania

21°

- Voskopoja, Morava, Rehove Ol
Hzh
/A Devolli, Vallamara

Shebeniku, Pogradec, Bitincka, Luniku 673

1 Shpati, Kuterman

Pyroxenite

Lherzolite

Cpx,,0

Fig. 6. Lherzolites, harzburgites in the eastern and western
belt of the ophiolites of southeastern Albania.
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Abstract: Natural resources in the Korga basin have stimulated a series of studies. We are preparing
the article based on the following directions: In the observations of the authors in the field and in the studies
conducted before. The lithological descriptions of the geological sections are mainly based on our field
observations, during the preparation of multi-purpose maps in the Kor¢a-Pogradec region. While we have
treated the tectonic features by supporting them in the field works and in the studies carried out before. In
interpreting the geological evolution of the basin we have thrown the idea that the oldest transgressive series
of this unit should be the deposits of the upper eocene (Luteciani). In previous studies, the presence of this
geological section in the Korca basin has not been interpreted as part of the basin..The basics of
transgression from the Lutecian to Pliocene time, express the high tectonic activity of the region. We have
also singled out the tectonic elements that have differentiated the synclines from each other, such as the
horst of the “Mali i Thate”, the uplift of Morava, the positive fold Verdova-Maligi. The outpourings of
Lutecian-oligo-miocenic in Vithkuq, Qafezez, Pogradec, east of Mokra are interpreted as phenomena of
later neocatonic activity and which may express the wider spread of this basin. Recently we have corrected
the lithological sections of the Korga basin with the tectonic zones of the outer Albanides.

Key words: Albanian-Thessalian Basin, syncline, sandstone

MUCJIEbA 3A TEOJIOIIKATA TPAJIBA HA AJIBAHCKO-TECAJIMCKUOT BACEH
BO KOPYA-TIOATPAJEL PETHOHOT

A mcrTpacx 1 [lpupomaure pecypcu Bo OaceHor Kopua moTTmkHaa cepuja Ha mpoydyBama. Hue ro
MO/ATOTBHBME TPYHOT 0GasupaH crope] CleJHUTe HAacokW: IIpexy mpoydyBamara Ha aBTOPHTE Ha TEPEH U IPEKy
NpoydYyBamara Kou 0ea W3BPIICHH MPETXOAHO. JIUTONOMIKUTE ONMCH Ha TEONIOMIKUTE MPO(UIM riaBHO ce Gazupaar
BpP3 HAIIIMTE TEPEHCKH MPOYUYyBaa, 3a BpeMe Ha MPHIOTBYBAKETO HA MIOBEKEHAMEHCKH KapTH 3a pernoHot Kopuya-
TMoarpazen. JloJieka Ty pasriefyBaBMe TeKTOHCKHTE OJJIMKH TPEKY HUBHO MOAJPIKYBAE 32 BpEME Ha TCPEHCKHUTE
paboTH 1 BO MpoydyyBamaTa Kou 0ea MPeTX0JHO H3BpIueHH. [IpH HHTEPIPETUPAHETO HA TEOJIONIKATa eBOIYIMja Ha
6aceHoT, ja oTdpIMBME HCjaTa IeKa HajCTApUTE TPAHCTPECUBHU cepuu o1 6aceHOT ce o ['open Eomuen (Luteciani).
Bo mpeTxoHUTE NPOyUYyBamka, IPUCYCTBOTO Ha OBOj Teoomky nmpod i Bo 6aceHoT Kopua He € HHTepIpeTHpaH Kako
na e gen on 6aceHotr. OCHOBHTE Ha TpaHcrpecHjaTa on Lutecian 10 Bpemero Ha [InwoneH, ja mpeTcTaByBaaT HajBHCO-
KaTa TEeKTOHCKAa aKpTUBHOCT HA PErMOHOT. Hue MCTO Taka 'M M3JBOMBME TEKTOHCKHTE €IEMEHTH KOW T'M M3]BOMIIC
CHHKIIMHAJINTE €IlHa OJ] Ipyra, Kako mTo e XopcToT Ha “Mali u Thate”, nzaurayBamero Ha MopaBa, MO3UTUBHHOT
Habop Verdova-Maliqi. M3neBamara on Lutecian-onuro-muonen Bo Vithkuq, Qafezez, Pogradec, nctouno og Moxkpa
ce 00jacHeTH KaKo 110jaBa Ha JIOI[Ha HEOKaTOHCKA aKTHBHOCT KOe IIITO MOXe JIa ja 00jaCHYU paclpoCTPaHEeTOCTa Ha OBOj
Gacen. On HeoJamHa, HE I'M KOpErHpaBMe JUTONOMKHTE npoduan Ha GaceHoT Kopua cO TEKTOHCKHTE 30HH Ha
Ha/BOpelIHUTe AnGaHuIu.

Kayunu 36opoBu: 6acen Anbanuja-Tecannja, CHITUKINHATA, IECOTHUK

INTRODUCTION

The "Albanian-Thessalian Basin” term means,
till now, the Oligo-miocene molasse deposits from
west to east of Korga city, westward of Pogradeci
city, Librazhdi syncline and Burreli deep. Our
observations have detected that the oldest deposits
in Albanian-Thessalian Basin are of Lutetian age,

transgresses basement rocks in Korga-Pogradeci
region (Bitincka and Cangonji of Devolli Syncline,
southern of Korga syncline, eastern of Gora-Mokra
syncline).

The Albanian-Thessalian Basin is extended on
"Mirdita" tectonic zone where its "basement" are the
ophiolites, Triassic-Paleogen limestones and in any
case on "Krasta" flysch.
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In regional framework the Korca basin is a
direct extent to the northern continuation of
Albanian-Thessalian basin.

The dimension of Albanian-Thessalian basin
are 170 x 10 — 25 km, while the Meso-Hellenic is
approximately 160 km in Greek territory. Its
extension is SE-NW.

Geological observations which are recently
performed on Albanian-Thessalian Basin in Korga-
Pogradeci region, have made more precise their
geological settings. In this paper will be briefly
presented the obtained data till now which are
abridged in these questions:

1. Some stratigraphic-sedimentologic data.

2. The geological and tectonic position of
Albanian-Thessalian Basin in Kor¢a-Pogradeci
region.

3. Some ideas about relationship of inter
mountains basins and external zones.

1. SOME STRATIGRAPHIC-
SEDIMENTOLOGICAL DATA.

The Korga basin stratigraphic-sedimentologic-
al deciphering is based on obtained data from field
observations and stratigraphic section on Plasa,
Drenova, Sinica and VVerdova country (Figure 1).

The oldest deposits are those of Lower Oligo-
cene while the recent deposits belong to Langhian
stage.

During the fieldwork we noticed significant
lithological changes of the Lutecian section (Pgz?).
They are transgressive on older deposits. We think
they may be the oldest foundation of this unit. In
Greek territory they must be larger.

They are represented by carbonate and marl
deposits in Bitincka (Figure 2) and terrigenous in
Cangonj (Figure 3).

The Lower Oligocene (Figure 5) is represent-
ed by its upper part and lower part of "Mborja",
"Drenova”, formation. In the general there are
conglomerates bodies in lower part. While "clayey
formation with chama" formation is included in
“Drenova formation” of Upper Oligocene.There are
in lower part some coal-bearing strata and a thick
bedded organogenous limestone stratum.

The Upper Oligocene (Figure 5). The litho-
logic successions are changed from east to west. In
eastern part the more frequent lithologic success-
sions are as follows:

— medium grained sandstone, siltstone, clay,
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— sandstone, siltstone. In western part the com-
mon lithologic successions are as follows:

— conglomerate, gravelstone, coarse grained
sandstone,

— coarse medium grained sandstone, siltstone,

— sandstone, siltstone, clay,

— sandstone, clay, coal-Both the last ones do-
minate in northern part, where the coal fields are
presented.

The genetic forms are stratified, but the litho-
logic closures of conglomeratic strata are observed.
There are the erosive and cut diastems. There are
rare channel bodies. The macrofossiles (mainly
mollusks and bivalves) have thin walls, small
dimensions, no biologic position, accompanied with
macroforaminiferas. They are encountered rarer
than in the Upper Oligocene.

The Aquitanian stage. The presented litho-
logic members are conglomerates and gravel-stone
which consist of ultrabasic limestones and
sandstones pebbles. Once in a way, the course
grained sandstones member is met which together
with conglomerate and gravel-stone forms the
lithologic succession.

The dominant genetic forms are "channel"
with great dimensions which usually consist of
conglomerate member. Once in a while, when "the
channels" consist of conglomerate and sandstones
members the strong erosive diastem are disting-
uished. The angular unconformities are very clear.
In the southern part the sediments are thinner than
in the northern part, thus the biologic life is present
(Figure 5).

The Burdigalian stage. In lower part it has a
lithothamnion limestone thickness which eastward
(Devolli syncline) (Figure 3) is extended from south
to north, while westward (Korga syncline} (Figure
3) itis like channel bodies with large extension. The
upper part of stage is represented by siltstone clays
and bluish marlstones.

The Langhian stage. The study of macro-
fossils and nannofossils indicate about the Langhian
stage. The planktonic forams study don't identify
the Langhian presence. It is necessary to be
performed some other observations.

The thickness of The Burdigalian and Langhi-
an deposits in Gora are 500-600 m.

The biolithostratigraphic correlation of
Oligo-Miocene section, (where the base of "Plasa
sandstones" formation, the "coral" or "foraminifera"
level, are correlated levels) makes possible to be
noticed these differences:
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Fig. 1. Geological map of Korga Pogradeci region (VRANAJ et al. 2002
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— The lithology of Verdova section is very
different from "Plasa”, "Drenova" and "Sinica" ones
(the Devolli syncline) (Figures 3 and 4).

— The Aquitanian thickness of VVerdova section
is greater (500 m) than in the other sections (200 m).

— The thickness of Lower Oligocene gets
smaller from south-east (Devoll syncline) to north-
west (Mokra-Gora syncline). It is the same for
Burdigalian deposits,

— The lithologic data, the depositional thic-
kness and the paleontological data indicate that the
deeper part of Oligomiocene basin has been in
south-eastern part (Devolli syncline).

— The facies correlation and their diversity is
presented in Figure 4.

— Conglomerate, congio-breccia, coarse-grain-
ed sandstone,

— Gravel-stone, coarse-grained sandstone, silt-
stone,

— Coarse-grained sandstone, siltstone, muds-
tone, coal.

Conglomerales with mainly limestone
gravels
<
<
= Limestones and marlstoncs containing
Cerithium iot - e vicet-
num, Diastoma costellata, Cardium
- gratum etc.
Ll - [ - Marly and organogenous-clastic lime-
v stones containing Nummulites perfor-
o) =] = atus, N. lacvigatus, Alveolina sp., Dis-
e 1~ ),  cocyclina nummulitica cfc.
b & = A
]
J - 1 - .
=\ Orgmogmn-dsuc limestones pas-
= )= sing into conglomerates
a C™7 S
FE7Er| Ulramafic rocks and fimestones at
£ € basin basement |

Fig. 2: Stratigraphical section of the Eocene (Lutetian]
molasse in Bitincka at the eastern margin of the Albanian-
Thessalian Basin (Mege & Aliaj, 2000)
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Clays and sitstones with sandstone |
interbeds containing Campanile vice-
tinum, C. giganteum, Nummulites lac-
wigalus etc.

(P

Flyschoidal alternations of clays and
sandstones with limestone interbeds
containing Nummulites globulus, N,
lacvigatus, Campanile giganteum,

C. vicetinum etc.

Q
Sandstones with carbonate gravels pas-
sing into conglomerates

Ultramafic rocks and terrigenous
deposits at basin basement

Fig. 3: Generalized stratigraphical section of che Lutetian
deposits on the nonrth-eastern margin of the Albanian-
Thessalian Basin (Mege & Aliaj, 2000)

MIOCENE MOLASSE
AAQU"ANIAN

| CHATTIAN

OLIGOCENE

STAMPIAN

Guri i Kamies Formation

Mokra coal-bearing Formation

Mainly sandstone deposits
analogous to Plasa Formation

Plasa-Homezhi coal-bearing Formation

Coral Formation

..
I Basal conglomerates

o

Cretaceous limestones at basin basement

Fig. 4. Stratigraphical section of Oligocene-Miocene molasse

in the Pogradeci- Cervenaka sector(Mege & Aliaj, 2000)
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Fig. 5. Geological section on western side of Devolli syncline (east of Drenova) on “Oligocene — Burdigaliane section”
(Stoja et al. 2012)

Photo. Field observacion on Drenova formation

In upper part there are:

— Sandstone, silstone, clay, -siltstone, clay,
coal. In the general an energy decrease of basin is
observed from lower part to upper one but the
nearness of extreme lithologic membre (term in
french) indicate about the oscillation of the energy.

— The genetic forms, in general are "channel"
consisting of different lithologic members.

— There are thick wall, intact, closing valves,
abundant macrofossiles which are organised as
levels.

In the Gora syncline, an exact boundary
between the upper Oligocene and the Aquitaine
cannot yet be deduced from all the work done. For
this reason, all the deposits placed on the coal-
bearing formation of Gora, the Upper Oligocene and
the conglomerate-sandstones of the Aquitaine, (in
the syncline centro), in the Geological Map at a
scale of 1: 200000 have been treated as the Upper .

These deposits have sometimes been treated as
oligo-myocenic (Dimo, etc. 1980) and sometimes as
Aquitanian (Geology of Albania 1990).

In Morave and the province of Gora the
deposits of the lower part are represented by once in
away, the course grained sandstones member is met
which together with conglomerate and gravel-stone
forms the lithologic succession.

The dominant genetic forms are "channel"
with great dimensions which usually consist of con-
glomerate member. Once in a while, when "the
channels” consist of conglomerate and sandstones
members the strong erosive diastem are distingui-
shed. The angular unconformities are very clear. In
the southern part the sediments are thinner than in
the northern part, thus the biologic life is present.

Generally in the south-east part the sediments
are not organised as strata but they are massive.

Figure 6. Stratigraphical section of Miocene
molasse in Menkulasi region (eastern margin of the
Albanian-Thessalian Basin).

Within the massive marly clays there are
rhythmic sandstone packets and thick sandstone
bodies. Their genetic forms are "channels" or
"bars". The diastems are erosive. There are litho-
thamnion small balls within the massive marly
clays. Their presence indicates that the neritic sedi-
ments have been transported by means of paleo-
currents. The macrofossils consist of Pteropoda,
Bivalve and Gastropoda with small dimensions and
very thin walls, sea-rchin, shark teethes, small balls
lithothamnium etc.

In the Korga basin, the Pliocene deposits meet
on the surface in the Alarup Cérravé-Leshnicé regi-
on and have been encountered by several wells in
the Korga plain under the Quaternary deposits.

Pliocene deposits are also widespread in the
Devoll field (Figure 7), where they are represented
by coal-bearing clay. Here the thickness reaches up
to 300 m. In the southern part of Pogradeci Lake.
Pliocene deposits are represented byconglomerates,
sandstones, coal-coated clays.
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Fig. 6. Geological section on eastern side of Devolli syncline
(Mege & Aliaj, 2000)
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Fig. 7. Stratigraphical section of Pliocene molasse in the
Devolli Basin (Mege & Aliaj, 2000)

In the eastern part they are placed transgres-
sively on the Triassic limestones ("Alarupi” format-
ion) with a thickness of about 350 m. To the west
they are located on the oligocene flysch (Stropcké
village) and in other places over the Burdigalian,
and are represented by molten and conglomerate
alevrolitore sands, about 300 m thick.
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2. THE GEOLOGICAL AND TECTONIC
POSITION OF ALBANIAN-THESSALIAN
BASIN IN KORCA-POGRADECI REGION.

From the structural form point of view in
general we have to do with a syncline one, but in
southern part (Korga, Pogradeci) based on field
observations and recent studies the following
tectonic unit in study area, are distinguished (Guri
et al. 1995):

a) Devolli syncline,

b) Thrust of “Mali i That&” (Cangonji willage),

¢) Morava ophiolitic massif (Drenova willa-
ge),

d) Korga syncline,

e) Tectonic blocks of “Mali | Thaté” (Cerava
willage),

) The positive fold Verdova-Maliqi,

g) Gora-Mokra syncline.

j) Ohrid graben lake Basin.

I) Prespa graben lake Basin

Based on recently studies the discussion was
made about paleogeographic connection of Burreli
deep with the external zones i. e. it is eastern inter
mountain basin of Periadriatic depression. In these
conditions, although the actual geographical posi-
tion makes the impression of an uninterrupted basin
from Kor¢a to Burreli before Tortonian time. Their
geological history is very different after this time.

Devolli syncline

It represents an intermediate basin, filled with
oligo-miocene deposits, ranging from the Lower
Oligocene to those of Langian (Figure 8). The base
on which the obligomiocenic molasses deposits
overlap represents a lower tectonic blocks, caused
as a result of intense tectonic activity before the
Oligocene time.
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Legend: See Figure 1

Fig. 8. Kor¢a and Devolli synclines (Vranaj et al. 2002)
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The transgressive placement of the molasses
on various rock complexes shows that the base has
a block structure, complicated by transverse and
longitudinal tectonic slides. We note that in the
Cangonj-Bitincke region, oligo-miocenic molasses
extends transgressively over the Middle Eocene
molasses, which in turn also extends transgressively
over ophiolitic rocks and continental pre-Paleogene
formations (Mege & Aliaj, 2000; Vranaj et al. 2002)

Korga syncline

It lies in the central part of the Korca region
(Figure 8). Surface data are scarce to speak of the
geological structure of this unit. Based on the
fragmentary outflows of oligocene molasses in the
southern part (Pulaha), the deposits of the Lower
Miocene along the western side also those found by
some exploration wells under the Plio-Quaternary
cover, etc. this syncline, is interpreted as a tectonic
depression with north-east immersion, caused by
the breakdown of late tectonics and neotectonics.

The western side of this syncline is clearly
distinguished by the deposits of the lower Miocene,
which fall to the east at an angle of 20-30°.

The maximum thickness of the oligo-myocene
deposits of this syncline is comparable to those of
the Devoll syncline about 3000-3500m. (Mege &
Aliaj, 2000; Vranaj et al. 2002)

Gora-Mokra syncline

It lies in the northwestern part of the interme-
diate basin with dimensions 10x15 km in a north-
west-southeast direction (Figure 9). Oligo-myocene
deposits are located on a foundation built of
ultrabasic rocks and sedimentary rocks from Jura to
Eocene.

Gora-Mokra syncline

' Onhrid lake

I
n -

Fig. 9. Northen Gora-Mokra syncline and Ohrid lake
(Vranaj et al. 2002)

Both sides of the syncline are clearly distin-
guished by Oligocene deposits, they fall toward the
center of the syncline at an angle of 15-30°. On the
whole, there is an increase in the thickness of
deposits from east to west. The center of the Mokre
syncline is filled with Aquitanian deposits exten-
ding from the village of Zboq in the south to Kalivac
in the north.

To the northwest this syncline is masked by the
transgressive placement of the middle Miocene
deposits of the Librazhd basin(Mecge & Aliaj, 2000;
Vranaj et al. 2002).

Ohrid graben lake Basin

A graben lake basin formed during the Plio-
cene and extended from the Korga plain to north of
Lake Ohrid (Figure 10). Pliocene molasse occurs as
two formations, namely die Alarupi with coal seams
and the Cerrava conglomeratic one.
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Legend: See Figure 1 b

Fig. 10. Gora-Mokra syncline and Ohrid graben lake Basin
(Vrangj et al. 2002)

The Alarupi is coaliferous and dips gendy
eastwards. It is 550 to 600 m in thickness and over-
lies, both transgressively and distordandy, Triassic
limestones at the foot of die Mali i Thate Mountain.

Stratigraphically, die section is composed of
basal conglomerates which pass up into sandstones.
Clays with coal strata occur in the middle part.
These coaliferous clays are also found in die upper
part in association with alternations of the sands-
tones and siltstones. Rarely, Psiiana occurs in this
formation.

The formation consists of conglomerate pac-
kets among micro-conglomeratic and sandy strata.

Quaternary sediments embodying sands and
clays with thin coal seams were revealed by drilling
on the Starova plain.
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When the Quaternary commenced, the sector
benveefl the Korga and Pogradeci plains emerged
due to uplift while die plains subsided.

Lake Ohrid originated simultaneously (Guri et
al. 1995).

Prespa graben lake Basin

This was also created during the Pliocene in
that region which is now occupied by the Prespa
lakes. Pliocene molasse outcrops on the Prespa e
Madhe lacustrine margins. After the Pliocene, it is
possible that these emerged with uplift and the
terrains now included in the existing Prespa lakes
submerged. In this manner, the Prespa lakes formed
at a higher topographical elevation than Lake Ohrid
(Mege & Aliaj, 2000).

3. SOME OPINIONS ABOUT RELATIONSHIPS
OF INTER MOUNTAIN BASINS
AND EXTERNAL ZONES.

The problem in question is difficult to be
resolved. The actual geological-tectonic position
has been influenced by some tectonic main events
occurred after Triassic, before Cretaceous, after
Eocene (mainly Krasta, Mirdita and Korabi zones)
and before Serravalian, Tortonian and Pliocene
events (lonian, Kruja and Krasta zones).

The average thicknesses of section are presen-
ted on the following table (Kumati. 1995)

The interpretation of some geological field
data makes possible to give some ideas about the
presence or absence of communication of Oligo-
miocene basins from west to east. The geological
data that will be analysed are as follows:

The analysis of Oligomiocene thicknesses.

In the above table attracts attention the "zero"
thickness of "Krasta" zone Oligomiocene deposits.
This fact doesn't indicate about west-east communi-
cation between lonian, Kruja zones and Korca
basin.

The Aquitanian and Burdigalian thicknesses of
Kruja zone belongs to northern part because these
deposits from Shkumbini river to south are absen-
ted. In these conditions, the west-eastern basin com-
munication has not been existed because the Kruja
zone itself (included Tomorri belt) has been a

64

continental barrier. This opinion is also based on the
thickness about 1200 m of Burdigalian stage on
Devoll syncline which is two and three times bigger
than on Kruja and lonian zone (Table 1).

Table 1

Oligocene-Miocene deposit thicknesses
in Albanian basins (m)

Age lonian Zone Kruja Zone Krasta Zone Korga Basin

Pgs!  794(1210) 3250 0 300
Pg:2 570 (886) 150 0 800
Nila  556(980) 85— 789 0 350
Nilb 345450} 10-540 0 1200

The Oligomiocenic facies comparison.

It is known the Oligocene deposits of lonian
and Kruja zone are flysch and overlie normally on
limestone (except the Tomorri belt).

The Oligocenic deposits on Korca basin over-
lie transgressively. They are not complete and are
molassic facies. This molassic Oligocene is covered
by Aquitanian and Burdigalian flyschoides, while in
lonian zone there is such an order: flysch,
flyschoide and molasse.
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CEU3MUYHOCT HA MAKEJOHHMJA BO ITIEPHOAOT 2010-2020 TOAUHA
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AmncTpaxkT HaocHoBa Ha ceM3MOTEKTOHCKATa KapTa Ha TepuTopHjaTta Ha Pemybnuka CeBepHa MakenoHuja
CO CUTE CIyYCHH M JIOIMPaHu 3eMjoTpecH Bo meproaoT 2010—2020 r., ucupraHa Ha OCHOBA Ha TOJMIITHUATE KaTaIO3H
Ha 3emjoTpecute Bo Censmoutonikata orncepsaropuja npu [IM® Bo Ckorje, 3a HCTHOT HEpHOJ] HANIPBEHA € aHaJIM3a Ha
LIEJIOKYITHATa CEM3MUYHOCT Ha oBaa Teputopuja. Criopen cuTe OBHE IMOJATOL, HA TepUTOpHjaTa Ha MakeroHHja BO
nepronot 2010-2020 r.. BkynHo ce cimydnie 15417 3emjotpect, co MaKCUMAaIHH HaOJbyLyBaHH JIOKATHN PuxTepoBH
MarHuTyau ML <5.3 n MakcumaseH enuneHTpaieH uaTeH3uTeT 10 lo=VIII. Toa ce 3emjoTpecu o1 kinacata Ha MUHOPHU
JI0 YMEPEHO CHIIHH 3eMjoTpecH. 3a0enexiiBa € HEeBOOSJHAUCHA paclpeenda Ha 3eMjOTPECUTE OJf PasriIeayBaHHOT
PETHOH U NIEPHOJ [0 MATHUTYJHA HHTEPBAIIHU, CO U3PA3HUTO TOJIeM Opoj Ha MUHOPHU H ClIabu 3€MjOTpECH, CO JIOKAITHU
PuxtepoBu maruutyau MiL<3.0 u Toa BO eNMIEHTpAIHHUTE MOApadja KOM CIIOpe] JOCETaIllHUTE HCTpaKyBama Ha
Cemn3MoromKaTa oncepBaTopyja ce KapakTepusupaar co ciaada I0 yMepeHa Cen3MH4Ka aKTHBHOCT: CIHICHTPaIHU
nonpavja CB. Hukone—IlItun, emueBo—beposo, CTpymuna u enuneHTpanHo monapadje Benec. HepamHOMepHOTO
oci000/1yBake Ha aKyMyJIMpaHaTa CeM3MHYKa HEprija ce JODKH Ha U3JI0KEHOCTA Ha TeOTEKTOHCKUTE eUHUIN Ha
JIOJITOTPAjHUTE TEKTOHCKU CHJIM Ha Halperame Ha Tepuropujata Ha MaxenoHuja. ClloXKyBameTO Ha TEKTOHCKUTE
MOJIATOIM CO CEM3MOJIOIIKUTE, YKaKyBaaT JieKa TepHTOpHjaTa Ha MakeIoHMja ce Haofa BO PEXHMM Ha 3TOJIEMEHa
CeM3MHYKa aKTUBHOCT.

Kityunu 360poBH: CEU3MHUYHOCT, 36MjOTpPEC, CMUIICHTPAIHO MOApayje

SEISMICITY IN THE REPUBLIC OF NORTH MACEDONIA DURING THE PERIOD 2010-2020

Abstract: Ananalysis of the overall seismicity for the territory of the Republic of Northern Macedonia in the
period 2010-2020y was performed according to the seismotectonic map, with all occurred and located earthquakes
from the annual catalogs from the Seismological Observatory at the Faculty of Natural Sciences in Skopje. Total of
15,417 earthquakes of the class of minor to moderately strong earthquakes with maximum observed local Richter
magnitudes ML<5.3 and maximum epicenter intensity lo = VIII were consider. There is an uneven distribution of
earthquakes in the examined region and period of magnitude intervals, with a very large number of minor and weak
earthquakes, with local Richter magnitudes M.<3.0 in the epicentral areas which according to the current study of
seismic activity are characterized with week to moderate activity —epicentral area St. Nikole-Stip, Delchevo-Berovo,
Strumica and Veles. The uneven release of the accumulated seismic energy is due to the exposure of the geotectonic
units to the long-lasting tectonic forces on the territory of Macedonia. The combination of tectonic data with
seismological data indicate that the territory of Macedonia is in a regime of increased seismic activity.

Key words: seismicity, earthquake, epicentral area

BOBE/

Teputopujata Ha Makenonuja uMa Oorata
reoJIoNIKa W TEKTOHCKA HCTOpHja U TPETCTaByBa
CBOEBH/ICH I'€OJIOLIKH MO3auK, BO KOj IITO CE 3acTa-
MEHU PEYHCU CUTC BUIOBU Ha MarMarCkKu, CCIH-
MEHTHU 1 MeTaMopdHHU Kapru. Bo TekToHCcKa cMuc-
Ja, Taa € eJIeH OJ] UCTOYHHTE JIeJIOBM Ha Meure-
paHcKaTa 00JacT Ha AJINCKO-XUMalIajcKUOT Opo-
I'eH 10jac KOj Ce KapaKTepH3Upa CO BHCOKA CEn3-
MHYKa aKTHBHOCT, MTOCJICANIA Ha HHTEPAKTHBHUTE

CHWJIM Ha HaIperamke BO BPEMETO Ha IMOCTOjaHa
KOJIN3Wja TIOMery TPU TOJIEMH TEKTOHCKH TUIOYH:
EBpo-asuckara, ApabuckaTta u AdpukaHckara.

Tepuropujata Ha MakejoHuja, 3a BpeMe Ha
MAJIEOTEKTOHCKHUOT pa3Boj OMiia M3JI0XKeHa Ha 1oc-
TOjaHU CHJIM Ha KOMIIPECHja CO MpaBell Of CEBEPO-
MCTOK-jyro3amnaj 10 UCTOK-3amaja. VcTouHHOT e
OMJ1 M3JI0KEH Ha CTPAHWYHHMTE HMPUTUCOLU OJ JIE)-
ctBoTo Ha Pomonckara maca u Kapnarto-bankanu-
IIATe, TOJIeKa 3aImaTHAOT JeNT OVIT M3JI0KEH Ha CTpa-
HAYHUTE TPUTUCONM OJ CTpaHa Ha JlMHApHUICKO—
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Xenenuackuor oporen mak (Dumurdzanov et al.,
2004, 2005).

KpajoT Ha f1ejcTBOTO Ha MOCTOjaHUTE CHIIN Ha
KOMIIpecHja Ha KOW IITO OWie M3JI0KEHH TeoTeK-
TOHCKUTE €AMHUIIN HA TepUTOpHYjaTa Ha MakeoHH-
ja e BCYIIHOCT IOYETOK Ha IeHeIule-Hu3aluja u
dopMmupame Ha JACHYNAIMOHW 3apaMHHHHU, KoOja
Tpaena ce J0 KpajoT Ha eroxara J0JIeH MHOIIEH,
KOTa 3aloYHalIa HEOTEeKTOHCKATa eTara. Torami j1o0-
ara 10 MpOMEHa HA TEOJUHAMUYKHUTE YCIOBH BO
HEHTpaTHUOT bajkaHCcku pernoH, Ha KOjIITO IpH-
maraar v TepeHnTe Ha MakeZoHHja, Taka IITO OBOj
peruoH 6un 3aaTeH co peKUM Ha EKCTEH3Hja.

3anaJHUTE AETIOBU O 3alaJHO-MaKeIOHCKATA
30Ha, OCTaHaJe MO/ BIMjaHHe Ha CYOIyKIHjaTa Imo-
Mery JajpaHckaTa TEKTOHCKa rutoya u JluHapuam-
Te, IITO CO3/]aBa CHJIM Ha KOMITPECH]ja CO COOIBETHO
Hamperame, MITO MPOJODKYBa M JEHEC, OJ] 3amaj
koH ncTok (Carminati et al., 2004).

OctanaTtuoT aei on bankanor, ocoOeHo 1ieH-
TPaIHHUOT, OMJI TIOJ] ICjCTBO HA CHIIM Ha pacTerame
JIOJDK MPABELOT CEBEP-jyT U COOJIBETHO HAINPETamke,
ma TepuToprjata Ha MakemoHHja ce Haluia BO pe-
KUM Ha jy’Ha ekcTeH3uja. OBaa €KCTCH3Hja Mpo-
JIOJDKYBA U JIEHEC, a CO Hea ce 3adaTeHu u OJIMCKUTe

npoctopu Ha P. Byrapuja u P. I'pupja (Dumurdza-
nov et al., 2005).

Pesynrarute on GPS Mepemara mokaxy-Baat
JIeKa 11e1aTta TepUTOpHja ce ABMKH KOH jyr-jyromc-
TOK co Op3uHa 2—4 mm roaumHo (Burchfiel et al.,
2006).

WuTepaknmjata momery jy>KHaTa eKCTeH-3Hja
1 Op3WHaTa Ha JBIDKEHETO Ha TEPUTO-pHjaTa Ha
MakeioHHja € yCIIOB, IOTSHIM]jall 32 aKyMYJIHpambe
Ha eHepruja BO CEM3MUUKUTE H3BOPH, HO U CO3/1aBa-
e Ha TEKTOHCKHU 3€MjOTPECH, NIPEKY aKTUBUPAIHE
Ha HOPMAITHUTE PACETHH JUCIOKAIUH.

Bo pamkuTe Ha r1aBHUTE TEKTOHCKH 30HU €r-
3UCTHpaaT CEU3MOTEHUTE 30HU CO PACe/IX OJ1 pas3iiu-
YeH KapaKTep M HACOKa Ha MpOTerame, JOK KOH
HacTaHyBaaT 3eMmjoTpecure. llojaBaTa Ha KapakTe-
pUCTHYHATA CEM3MUYKa TEKTOHCKAa aKTHBHOCT, BO
CMMCJIa Ha YeCTOTaTa Ha 36MjOTPECHUTE CO OJ[pe/ieHa
jaumHa, pacrmopesoT Ha 3eMjOTPECHUTE KapHUIITa
KaKO M HUBHATA IOBP3aHOCT CO IEOJIOIIKUTE U TEeK-
TOHCKHUTE CTPYKTYPH, YKaXKyBa Ha MO>KHOCTA Ha Jie-
¢uHMpame Ha TPU IJaBHM CEU3MOTCHM 30HU: 3a-
nagHo—MakeaoHcKa, Bapaapcka u Mctouno—maxe-
JIOHCKA CEM3MOreHa 30Ha (cimka 1).
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Ca. 1. 'naBHM CEM3MOTEHH 30HU M HEOTEKTOHCKH CIWHUIIU Ha TepI/ITOpI/IjaTa Ha MaKeZ[OHI/Ija
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BzaemHocta momery HaOJpyAyBaHaTa Cew3-
MHUYHOCT ¥ TEKTOHCKUTE KapakTePUCTUKU Ha TEpH-
TopHujaTra Ha MakeI0HHja U TOTPaHUYHUTE TPeen
T 1aBa CEN3MOTEKTOHCKUTE KapaKTEPUCTHKHU CIIO-
pel KoM BO paMKUTE Ha CEU3MOTEHHTE 30HH CE jaBy-
BaaT MoJpayja BO KOU IITO ce KOHICHTPUPAAT eIu-
[EHTPUTE Ha 3eMjOTPECHTe — EMHIEHTPAIHHU II0-
npayja.

AHAJIM3A HA CEUSMUYHOCT
HA TEPUTOPUJATA HA MAKEJIOHUJA
BO ITEPUOAOT 2010-2020 TOANHA

Criopenn MHOTYOpOJHUTE CEM3MOJIOIIKU UCTpa-
KyBama, HaOJbyyBaHaTa UCTOPUCKA W COBPEMEHa
Cer3MHMYKa aKTHMBHOCT Ha TepuTopHjaTta Ha Make-
JIOHM]ja U OJIMCKUTE TIOTpaHNYHU Tpeenu (ozane-
YeHOCT o1 rpanuiara Ha P. C. MakenoHuja okoiy
30 km), rimaBHO € TEKTOHCKa, CO HCKIYYOK Ha U3Be-
ceH Opoj Ha cl1abu YPBUHCKHU 3€MjOTPECH.

JonroTpajHaTta akyMyIaiyja Ha CHIINTE Ha Ha-
nperame Ha KOM INTO CE M3JI0KEHH TEKTOHCKUTE
€AMHUIM, OJHOCHO Hamperamara Bp3 CTCHCKUTE
MacH, CO3/1aBa CHEpreTcka HepaMHOTEXa /10 €JCH
OJIpe/ieH MOMEHT Kora ucrara ce ociaodorysa. IToc-
Jenuia Ha OBHE HEPAMHOTE)KHU E€HEPreTCKH COC-
TOjOM ce TpOoIeCuTe Ha pacelyBameTO KOW CO3/a-
BaaT 3eMjoTpec.

On cenm3MOTEeKTOHCKaTa KapTa Ha CIHKaTa 2,
Jo0MeHa Ha OCHOBAa HAa TOAMIIHMTE KaTajo3M Ha
3emjoTpecute Bo CensMololKara oIncepBaTopyja,
KaJie ce IPUKAKaHWU CUTE CIIy4EeHH U JIOLIUPAHU 3€M-
joTpecu Ha TepuTopujaTta Ha MakenoHuja u Owc-
KWUTE TOTPaHUYHU TOJpayja, BO pas3rieayBa-HHOT
nepuoa 20102020 ronuHa ce BpIIK aHaIK3a Ha 11e-
JIOKYIHATa CEM3MUYHOCT Ha OBaa TEPUTOPH]ja BO J1a-
JNEHUOT TMEPUO/JI, HE Pa3TIICAYBajKu TH MaKpOCEn3-
MHUYKHTE ePEKTH O] 36MjOTPECUTE Ha TEpUTOpHjaTa
Ha MakenoHHja.
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3a nepuon 2010-2020 roxuna
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[Ipu ananm3aTa Ha CEM3MHYHOCTA CE€ pasriie-
JIyBaaT W 3eMjOTPECUTE YU SIUIICHTPH Mpumaraat
Ha OJMCKUTE MOTPAaHUYHH TOJIpadja HE TOJAICKY
o 30 km, 6uaejku HajroJIeMHOT JIeN O] HUB CO JIO-
karmHu PuxTtepoBu Marautynu My < 4.0 npennssu-
KyBaaT MaKpOCEU3MHYKHU e(PEKTH BP3 TEPUTOpHjaTa
Ha MakeioHuja.

[TeprooT Ha KOj IITO CE OIHECYBA OBa UCTpa-
KyBame, 2010-2020 ronuna, oraka perucrpaimja
W JIOKanuja Ha BKymHO 15417 3eMjoTpecu o xou 4
ce co Puxtepona nokanna marautyna My > 5.0. Toa
ce 3eMjOTpecH Of KilacaTa Ha yMEpeHO CHJIHH 10
CUJTHH, TpUKakaHu Bo Tabena 1.

Tabenal
Hajcunnume 3emjompecu 6o nepuooom 2010 — 2020 coouna
Jlar Bpeme Jlokanumja Marnutyna  UHTeH3uter EIMLCHIPaTHO Toxpatie
m h min s O MOE H (km) ML lo TICHTP e
11.9. 2016 13 10 5 42.00 21.50 3.7 5.3 VII-VIII Ckomje
03.7.2017 11 18 18 41.12 20.87 1.7 5.0 VII-VIII Oxpun
11. 11. 2020 3 54 14 41.62 20.86 15.0 5.0 \Y TeroBo-I'ocTuBap
11. 11. 2020 14 25 12 41.60 20.87 11.8 5.0 V-VI Teroo-I'ocTuBap

AHanmuzaTa Ha CEM3MOTEKTOHCKaTa KapTa
(Cnuka 2), ykaxyBa Ha 3a0eleXuTeIHa TpyIupa-
HOCT BO pacripezendara Ha eMUIEHTPUTE Ha 3eMjo-
Ttpecute co M < 3.0, 0JHOCHO KOHIICHTpaIljaTa Ha
3eMjOTPECUTe € BO IMOEAWHEYHH TOApadja, JOIDK
paceqHHUTE OUCIOKALUH, IITO MOXE J1a C€ CMeTaaT
3a U30JIMPaHH U3BOPH HA CEN3MHUUKA CHEPruja.

Toa ce enuIeHTpATHUTE TTOJIpadja KOH CIIOPE]T
JIOCETAIlIHUTE WCTpaxyBamba Ha Cer3MooIIKaTa
OIICepBaTOpHja C€ KapaKTepusupaaT co ciaba 110
yMEpeHa CEeH3MHMYKa AaKTUBHOCT: ENULEHTPATHO
nonpadje CB. Huxone—ltum, JlemueBo—beporo,
Crpymulia u enuIeHTPaAJIHO nojapayje Benec.

Emuuentpanaure nogpadja Oxpupn, Ckorje,
Hebapua—Ilnakencka [lmannna u TeroBo—I ocTu-
Bap Bo pasrieayBanuot nepuoxa 2010-2020 rogu-
Ha, TO 33/p)KyBaT TPEHIOT Ha CMHIIEHTPAHH TI0-
Jpadja co MHOT'Y YeCTa 110jaBa Ha cabu 3eMjoTpecu
ML<2.9, HO 1 cO YecTa TojaBa Ha 3eMjOTPECH CO
MareuTyad Bo wuHTepBanoT 3.0>My <5.0 uum
MEPUOIHN Ha MOBTOPYBAKE CE O]l HEKOJIKY JCIICHUH
JI0 HEKOJIKY CTOTHIM TOIMHH.

HUckiydok mperctaByBa noapadjeto Ha I[lena-
TOHUCKHOT XOPCT—aHTHUKIMHOPHYM, KOj HaKO pe-
JIUKT O] IpekaMOpuckara 3eMjuHaTa kopa Ha Jlu-
HapuAnTe—X eIIMHUINTE, HaKO OJ UCTOK U 3ama Or-
paHHYeH CO JJIAOWHCKH JIOHEOTEKTOHCKH PETHO-
HAJIHU Pace/iv, HaKo MCIPEceyueH CO JIOHEOTEKTOH-
CKH pacen, 0BOj XOPCT, MOKa)KyBa OJjpe/ieHa ciiada
Cer3MMYKa aKTUBHOCT, BO pa3riielyBaHUOT IEPHOA
20102020 r. OBaa cutyanyja ce J0JDKU Ha eIHAK-
BUTE M3IWTama Ha JIEJOBUTE Ha XOPCTOT OJ JaM-
HUHA.
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CuTe 3emMjoTpecH Off pasriielyBaHUOT MEPUOLT
ce MpUKaKaHH Ha emuieHTpanHaTa kapra (Ciuka
3).

Bpemencka pacnipenenta Ha 3eMjoTpecuTe 01
PEeruoHoT 1o roauHu 3a nepuoa 2010-2020 roguna
W HUBHATA pacrpezenda 1Mo MarHuTyJJeH HHTepBal
Ol TIO eleH cTemeH cropen PuxrepoBarta ckaia,
NPeTCTaBeHa € Ha ciuKata 4.

Bo pernoHoT 32 BpeMe Ha pasiieyBaHUOT Tie-
puoj ox BKyiHO 15471 3emjoTtpec, HajroeM e Opo-
joT Ha 3emjoTpecu co marHuTyam 1,0<M_ < 19,
BKyITHO 8556, a moToa OpojoT Ha 3eMjOTpEeCcHUTe CO
marautyau 0,1 M < 0,9, BkyniHo 4547. Ce ciyuuiie
BKynmHO 4 cwiHU 3emjorpecd, co 5,0 <M. < 5.9.
OuurnenHo e onarame Ha OpOjOT HA 3eMjOTPECUTE
CO 3rOJIEMYBamETO HA MarHUTY/1aTa.

Opn xucTorpaMckaTa npe3eHTalmja o CliuKaTa
4 51eBo, clieyBa Jieka OpojoT Ha 3eMjOTPECcH BO I10-
OJICTHUTE TOJIVHU HA PasriieJyBaHHOT IEPHOJ €
pasnuueH U ce ABWKU ox 512 mo 3446. 3abene-
JKJIMBO € JIeKa M3Pa3uTo rmomail Opoj Ha 3eMjoTpecu
(512 u 602) mocrojar Bo 2019 u 2020 roguna 1mro
yKa)KyBa Ha yMepeHa ceM3MU4HOCT. Bo ipyrure ro-
JIUHHA OPOjOT Ha 36MjOTPECH, CO HCKITYYoK Ha 2017
rOJIMHA, € MPUJINYHO M3EHAYEH U BO MPOCEK M3HE-
cysa Hag 1000 3emjoTpecu ropuino. Tpeba na ce
HaroMeHe JIeKa, BPeMe-TPacHhEeTo Ha MPUIPYKHATA
aKTUBHOCT Ha CHJIHHUTE 3eMjoTpecH ((opiiokoBuUTe
U a(TepIIOKOBUTE) CE OIPEACHH O] TUIIOBHTE Ha
paceiuTe — JKapyIlITa Ha CUITHH 3€MjOTPECH, KaKO
O/ T€OJIONIKO-TEKTOHCKUTE CTPYKTYpPH Ha KOU OBHE
pacenu mpuriaraar.
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OBa cneam o1 Toa MTO OCIO00OMYBAKETO Ha
ceM3MMYKaTa €Hepruja aKyMmyJdupaHa Ol JIOJTo-
TpajHUTE HaNperama BO CTEHCKUTE MacH € Kapak-
TEPUCTUYHO 32 CEKOja paceqHa IUCIIOKaIdja, OJ-
HOCHO € HeperyJiapHa 1mojasa. Taka, CHITHUTE 3eMjo-
TpecH NMOHEKOTaIll ce MPUIAPYKEHH caMo co adTep-
IIIOKOBH, OJHOCHO CEM3MHYKa AKTUBHOCT IITO T'O
CJIeSTU TJIABHUOT 3€MjOTpec, TIOHeKoram u of (hop-
HIOKOBH (CEM3MUYKa aKTUBHOCT HETIOCPEAHO Mpe
TJIABHUOT 3€MjOTpe) U 0] a)TEPIIOKOBH, MPH HITO
OBHE TIPUAPYKHU 3€MjOTPECH UMaaT Hajpa3InIHu
MarHuTyAY, IOMaNX O/ MarHUTYJaTa Ha TJIaBHHOT
3eMjorpec. Bo 2017 roguna, 3eMjoTpecoT Ha 3 jynu
Bo 11 h 18 min 18 s (UTC) co sokanna Puxteposa
Marautyna My = 5,0 U enuneHTpaneH UHTCH3UTET
lo=VII-VIII EMS-1998 (enurnentpaino mnoapadje
[emrrarn—Oxpun-Crpyra), Gerre mpuapyKyBaH co
mocnaba (opIokoBa HO HW3pa3eHa adTepIIOKOBa
CeM3MMYKa aKTHBHOCT KOja BO BPEMETPACHETO Ha
cepujara mpeAn3BHKa 3eMjOTPECH YUU MAarHUTYICH
naTepBan ce npmwkernre ox 0,1 <M. <5,0. Orramy
MOTEKHYBa M TOJIEMUOT Opoj Ha 3eMjoTpecu 3446
Kako M ociio0o/ieHa cen3Muyka enepruja 121,8 x
10'° J Bo pasriemyBaHHMOT PEerMoH W mepuoia. Bo
TekoT Ha 2016 roguHa o aKTUBHOCTA HA HEKOJIKY
paceqHH TUCIOKAIMU KOM MPeIU3BUKaa TOBEKe O]
JIecCeTHHA 3eMjoTpecH co Marautyna 4,0 <M. <5,9
ce ocioboaM HajrojieMa CEeM3MHUYKa €Heprhja o
409,75 x 101 J.

Op emnumiieHTpanHaTa KapTa Ha TepUTOpHjaTa
Ha MakenoHuja M HEj3HMHUTE ONHMCKHA TpaHUYHH
nojpadja, Bo pasriaenyBanuoT nepuoxa 2010-2020
TOJINHA, jaCHO C€ BOOYYBa IPYMHPAHETO HA 3EMjO-
TpecuTe OJHOCHO HUBHATa KOHLIEHTpAalHja € BO I0-
eAMHU eNWLEHTpaTHu mojapadja. Hekom on HuB
MOJKE J]a C€ CMETaaT 3a U30JINPAaHU U3BOPH HA CEU3-
MHYKa €Hepruja: emuIeHTparHoTo mnoapadje Cs.
Huxkone—Itun, /demueBo—bepoBo, Crpymumna u
enuIeHTpanHoTo noapayje Benec. Ho enuuenTpain-
Hute nonpadja Cxomje, [lemrann—Oxpun—Crpyra,
TeroBo—loctuBap u [debapna—Ilnakencka Ilnanu-
Ha UMaaT OYeKyBaHa CEM3MUYKa aKTUBHOCT YHH I1e-
PHOAM Ha MOBTOPYBAakE HA YMEPEHO CHIIHHU 3€MjO-
Tpecu M > 5.0 (meprnomy Ha MakCHUMAITHO OYEKYy-
BaH MHTCH3UTCT O4 HCKOJIKY ACCCTUIIN I‘OI[I/IHI/I) ce
COBMaraaT coO MaKCUMAaJTHUTE Ha0JbyTyBaHU MHTEH-
3UTETH Ha CIIyYEHHUTE 3€MjOTPECH BO pasriienyBa-
Huot nepuoa 2010-2020 roauna.

Ha cnukara 5 npukaxaH € XUCTOIpaMOT Ha
BKyITHaTa CEM3MUYKa €HEpruja ocio00/IeHa 1Mo ro-
nuHU. Hajronemo koiandecTBo Ha cen3MUUKa eHep-
ruja e ocnodoaeno Bo 2016 roanHa, mWTO Cce AOIKA
Ha 1341 3eMjoTpec, 01 KoM HajCHITHUOT € co Puxre-
poBa jiokanHa Marautyaa M= 5,3 Ho u Ha cepunTe
Ha 3eMjOTPECH O] APYTHTE CEM3MHUUKHU IKAPHUIITA.
OuurieaHo € W JeKa TOKOT Ha OCII000AyBamke Ha
CeM3MHYKa €HEepruja ro CIeau I0jaByBameTo Ha
CHJTHHUTE 3€MjOTPECH 3ae]THO CO TOCIIEIOBATEITHUTE
OJTHOCHO a)TepIIOKOBATa CEU3MHUYKA AKTHBHOCT.

OcnobodeHa eHepauja x 1010 |

146 11.95 2934 16.92 107

——a B

2010 2011 2012 2013 2014

PACITIPEZIE/IBA HA OCJIOBOA4EHA CEN3MUYKA EHEPTHIA O
roAnHN BO PA3ITIEAYBAHHOT PETUOH 3A MNEPHUO
2010-2020T104.

2015 2016 2017 2018 2019 2020
foduHa

409.75

165.4

Cu1. 5. Pacripezen6a Ha ocio6o/ieHaTa cen3MHYKa eHeprja BO PErHOHOT 110 roAuHU 3a nepuoot o4 20102020 roauna
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Bo oxgHOC Ha XUMONEHTpaTHATa [UTAa00YMHA Ha
PETUCTPUPAHNTE W JOLUUPAHUTE 3eMjOTPECH, IPEO-
BJIaJyBa IJIMUTKATa paclpenenta Ha XUIIOIEHTPUTE
Ha 3emjotpecure, o 1 km mo 20 km, a HajuecTo ox
5 km go 15 km. OBa ykaxyBa /leka CeH3MHYHOCTA
Ha Pa3riieyBaHUOT PETHOH, OTHOCHO TEPUTOpHjaTa
Ha MaxkezoHHja € TIoBp3aHa co JeopMaIiTe BO
TOpHHTE JIETIOBU HA JUTOC(epara, MOTOYHO CO JIec-
TpyKuyjata Ha 3eMjUHaTa Kopa YCIOBEHa OJ TEK-
TOHCKHTE JIBIKCHA.

3AKIIYYOK

TepeHuTe co MHOTY CJIO’KE€HA Te€0JIOIIKA Ipaj-
0a, OIHOCHO Pa3JIMYHH 110 CTAPOCT, TeHE3a U COCTAB
Ha CTEHCKHTE MacH, HajuecTO Ce OJJIUKYBaaT U CO
BHCOK CTETICH Ha CEU3MHUYHOCT.

OBaa CIOXEHOCT Ha TeoJIoIIKaTa rpanda Ha
TepuTopHjaTa Ha MakeJoHH]ja € Mpea3HaK 3a MpHu-
CYyCTBO Ha MHTCH3MBHH TCKTOHCKHU OBHXKCHA BO
TeoJIONIKaTa eBOMYIHja Ha JaIEHUOT MPOCTOp Koja
npoaomKyBa U nenec. IlpocropHara monox6a Ha
paceIHUTE JUCIOKAIIMY KaKO U BIIMjaHHjaTa Ha reo-
TEKTOHCKUTE yCJIOBH, ja ONpeNeNlyBaaT pacupesen-
0ara Ha ceM3MUYKaTa EHepruja paceana BO BpeMe U
MIPOCTOP KaKO W HEJ3MHOTO BJIMjaHUE HA OKOJIHHUTE
TEpeHH.

WnTtepakuujaTa moMery jyxHaTa eKCTeH3Hja 1
Op3uHaTa Ha JBIKEHETO Ha TepUTOopHjaTa HAa Ma-
KEJIOHUja € YCIJIOB, MOTEHIIH]jaN 33 aKyMYJIHPambe Ha
€Hepruja BO CEM3MUYKHUTE H3BOPH, HO M CO3/1aBaIbe
Ha TEKTOHCKH 3eMjOTPECH, MPEKy aKTHBUPAE Ha
HOpPMAaJTHUTE paceTHH JUCIOKAIHH.

Enunentpure Ha CIydyeHUTE 3€MjOTPECH BO
pasrieiyBaHUOT PETHMOH W MEPUOI IOKaKyBaaT
TEHJICHIIMja Ha MPOCTOPHO rpymnupame. Bo Taa
CMHUCJIa, CEU3MHYHOCTa BO EMHUIICHTPATHUTE IIO0-
Jpadja KOU JIocera ce KapakTepusupaa co ciaba ce-
M3MHUYKa aKTUBHOCT: CMUIEHTPAIHO Tojpadje CB.
Huxone—Itun, JlemueBo—beporo, Crpymumna u
ENUIICHTpaITHO TIoIpayje Benec Bo pa3rienyBaHHOT
nepuon 2010-2020 roguHa nokaxyBaaT TeHICHLIU-
ja Ha 3rojieMeHa CeM3MHUYKa aKTHBHOCT CO 3HAYajHa
3aYECTEHOCT Ha MHUHOPHHTE W Cjadu 3eMjoTpecu
M. < 3,0.

Ce ouekyBa JOOMEHHTE pe3yNTaTH ga Ouaat
COJIMHA OCHOBA BO UCTPaXKyBambaTO Ha COBpEMeE-
HaTa ¥ OYEKyBaHaTa CEM3MUYHOCT HA TEPUTOPHjaTa
Ha P. C. MakeznoHuja 1 morpaHA4Y-HUTE TPEACIIH.
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PALEOECOLOGICAL CHARACTERISTICS OF MOLLUSCS OF THE PLEISTOCENE
CORBICULA BEDS IN THE SAVA RIPARIAN AREA IN BELGRADE (SERBIA)
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Abstract: Pleistocene alluvial deposits of the Sava riparian area at Belgrade have a significant
thickness, and because of the presence of clams of the genus Corbicula they were known as “beds with
Corbicula fluminalis”. Freshwater bivalves (clams) of the genus Corbicula have considerable distribution
and great climato-stratigraphic significance in the alluvial Quaternary deposits of the Sava River at Bel-
grade. The two morphotypes of these clams are present: Pleistocene Corbicula are connected to palaeo-
flows of the “pre-Sava”, while remains of contemporary Corbicula are spatially limited to the recent courses
of the Sava River. Both of them are very successful invasive species which colonized most of European
rivers. Based on the data from the investigated borehole, it can be concluded that in Pleistocene alluvial
deposits Corbicula is not the dominant species, but that the largest number of specimens belong to the
species Litoglyphus naticoides.

Key words: Corbicula beds, Pleistocene, paleoecology, Sava riparian area.

MMAJTEOEKOJIOIIKH KAPAKTEPMCTUKH HA MEKOTEJIH O/ IJIEUCTOLEHCKUTE
CORBICULA HACJIATH BO KPAJSPEJKHATA OBJIACT HA PEKATA CABA BO BEJITPA]]
(CPBUJA)

KBaprepHute cequMeHTH Ha KpajOpekHara obsact Ha pekara CaBa Bo benrpaa uMaar 3HaunTenHa
nebenuua. [logaTony 3a mocTapu KBapTepHH (GOpMalMU MOXAT Ja ce JoOWjaT caMo MpeKy JIa0oKu
JOyIHATHHU (OJJHOCHO MCTPAaXKHO Aym4ere). [IIencToneHCKUTe aTyBHjaIHA CSMMEHTH BO OBaa obnact
MMaaT 3HAYUTEITHO PacIpOCTPaHYBame W roNieMO OHOCTpaTHrpadcko M eKOHOMCKO 3Haueme. [lomery
Haj3HayYajHUTE MEKOTEIH BHJOBH BO MHTEPIVIALMjaIHUTE KBAPTEPHH alyBHjalHH CEIUMEHTH Ha peKaTa
Caga Bo benrpana ce mieucrouneHckure mkoiku Corbicula, nerepmunupanu kako Corbicula fluminalis.
Kako TOIJIO-BOJHM BHAOBH, CO HaWAyBAaHETO Ha JIAJAHUTE KIMMarcku (a3 Bo cpeneH [lneucrouew,
Corbicula mxonkute ce MOBIEKIIe KOH MOTOILIH OOJACTH, HACETYyBajKHd ce BO momiiaia IIIencToneH u
Xoso1ieH, Bo jyxuute aenosu Ha Kacriuckuor bacen, nentpania Asuja, lHnuja v NOTOIUIMTE PETHOHH Ha
Awmepuranckuot koutuaeHT (Meujep u [puc, 2000; Henamuk u ap., 2019). Bugor Corbicula e asroxTon
BO PELIEHTHO BpeMe BO TPOICKHUTE M CYOTPOIICKHTE PErnOHU BO Adpuka, A3znja, Mane3uckuor noiayocr-
poB, ®unununu, Hoa I'Buneja u ucrouna Ascrpanuja (MoproH, 1986). UcnuryBanuor ¢ocuieH mare-
pHjaj e 3eMeH O NyIHaTHHA BO cequMeHTH of [lnencroeHcka cTapoct, Koj ce Haola Ha JIeBUOT Oper Ha
ppkara Casa (Benrpaax, Cpbuja). Jynnatunara RB 53/P-1 uma Bkynna uiabounna ox 28.20 m (GPS
xoopuHatu RB 53/P-1: 44°48'34”N; 20°26'38'E’, naamopcka Bucounna 76.08 m). leorpadckara monox6a
Ha JAyMHATHHATA € MPUKaKaHa Ha CIkKa 1.

Kayunu 300posu: Corbicula nacnaru, miencroreH, naneoexosoruja, kpajopexxsa oomact Casa

INTRODUCTION Alluvial sediments of the Pleistocene age in this
area have considerable distribution, great biostrati-

Quaternary sediments of the Sava riparian area graphic and economic importance.
at Belgrade have a relatively large thickness. Data Among the most important molluscs species
on older Quaternary formations can only be obtai- from the interglacial Quaternary alluvial deposits of
ned from deep boreholes (by exploration drilling). the Sava River at Belgrade is Pleistocene Corbicula
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clams usually identified as Corbicula fluminalis. As
a warm-living species, with arrival of cold climatic
phases in the Middle Pleistocene, Corbicula
withdrew to warmer areas, settling, in younger
Pleistocene and Holocene, southern parts of the
Caspian Basin, central Asia, India and warmer
regions of the American continent (Meijer &
Preece, 2000; Nenadi¢ et al., 2019). The Corbicula
species is in recent days autochthonous in tropical
and subtropical regions of Africa, Asia, the
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Malaysian Archipelago, the Philippines, New
Guinea, and Eastern Australia (Morton, 1986).

The investigated fossil material comes from
the borehole of the Pleistocene age located at the left
bank of the Sava River (Belgrade, Serbia). Borehole
RB 53/P-1 has the total depth of 28.20 m (GPS
coordinates RB53/P-1: 44°48'34°N; 20°2638°E,
altitude 76.08m). Geographical position of the
borehole is presented on Fig. 1.

Fig. 1. Geographical position of the borehole RB 53/P-1

METHODS OF INVESTIGATION

The research has been realized by use of the
following methods: palaeontological and palaeo-
ecological analyses, sedimentological-petrological
and classical stratigraphical principles of super-
position.

The sediment from the borehole is processed
in laboratory using finemesh screens with several
sievs (0.10 to 0.60 mm). The fossil material (biva-
Ives and gastropods) were determined and number
of individuals of each species is counted following
the depth of drilling of drillhole.

RESULTS AND DISCUSSION
Lithologically, the Pleistocene Corbicula beds

are clastic fluvial sediments, among which prevail
sandy gravels and gravelly sands (riverbed depo-
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sits), which alternate with fine-grained silts and
clays (floodplain deposits). These sediments in the
riparian area of the Sava at Belgrade are mainly
deposited over palustrine-lacustrine deposits of
Plio-Pleistocene age or Upper Miocene deposits of
the Pannonian and Pontian age (Nenadi¢ &
Gaudenyi, 2013; Knezevic et al., 2018).

Based on the data from the borehole RB 53/P-
1 the researched deposits contain three species of
bivalves: Corbicula fluminalis (Miiller), Unio cras-
sus (Philipsson), Dreissena polymorpha (Pallas),
and six species of gastropods: Lithoglyphus natico-
ides (Pfeifer), Holandriana holandrii (Pfeifer),
Microcolpia daudebartii acicularis (Ferrusac),
Theodoxus danubialis (Pfeifer), T. transversalis
(Pfeifer), and Viviparus acerosus (Bourguignat).

Out of nine samples, presence of Corbicula
specimens is confirmed in seven, with the total
number of twelve Corbicula specimens.
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The most abundant species in a sample from
the borehole is Litoglyphus naticoides, followed by
Microcolpia daudebartii acicularis, Holandriana
holandrii, and Theodoxus danubialis (Figype 2).

Corbicula fluminalis

Viviparus acerosus %
Unio crassus

o ‘
5% \ / /]%

Theodoxus transversalis

1% \ Microcolpia daudebartii Holandriana holandrii
acicularis 16% 13%

Theodoxus danubialis
12%

Lithoglyphus naticoides
44%

/

Dreissena polymorpha
3%

Fig. 2. Total percentage of specimens of Corbicula
and associated species from borehole RB 53 P-1.

Most of the freshwater bivalve and gastropod
species that are found in the investigated Quarter-
nary sediments are also present in the recent
ecosystems and therefore provides us with possibili-
ty to make comparative quantitative analysis.

Based on the palaeoecological characteris-
tics of the present species, it can be inferred that
the environment in which they lived was fluvial
to lacustrine, moderate to occasionally fast-
flowing, mostly with muddy, sandy and
sometimes rocky riverbed. Some species, such
as Dreissena polymorpha, also inhabit moving
objects (boats, rafts and shells of other biva-
Ives), but can also be found in underground
channels and water pipes.

Although the Pleistocene Corbicula is not
the dominant species in the studied segment of
the area, it is undoubtedly of great biostrati-
graphic importance, and therefore it allows
separation of lithologically almost identical
Pleistocene and Holocene alluvial deposits in
this area.

The dimensions of Corbicula shells diminish
during Pleistocene, juvenile forms are wider and
more rounded, connected to finer sediments (silts
and clays), with small hydraulic energy, while the
adult ones are more elongated and with thicker
shells that define high energy of the habitat in which
individuals grew (Gulyas et al., 2013).

Judging from analogy with recent Corbicula,
this species lived in rivers in which summer
temperatures varied between 22°C and 23°C, so it
can be said that deposits with the Pleistocene
Corbicula can be defined as climato-stratigraphical
unit of warm fluvial phases (Gaudenyi et al., 2015).

CONCLUSION

Based on the data from borehole RB 53/ P-1,
it can be concluded that in the Pleistocene deposits
of the Sava riparian at Belgrade, known as the
Corbicula beds, the dominant species is not
Corbicula fluminalis, but Lithoglyphus naticoides.
However, there is no doubt that the presence of
Corbicula fluminalis has great biostratigraphic and
palaeoclimatological significance.

Corbicula fluminalis is used in biostratigraphic
research as characteristic, i.e. “index” fossil, for the
age determination and correlation of the Pleistocene
sediments. Also, deposits with Pleistocene
Corbicula can be defined as climato-stratigraphical
unit of warm fluvial phases.

Over the last few decades it has been
established that clams of the genus Corbicula
inhabit again the vicinity of Danube in northern
Serbia and in the neighbouring countries (Paunovié
et.al, 2007, 2012; Nenadi¢ et al., 2019). Because of
its characteristics which enable a successful
colonizing, and its rapid spread through the
European rivers, the taxon acquired status of
invasive species. Although the cause of their return
is not yet clear enough, it is considered, among other
factors, that anthropogenic factor played a major
role in this.

Compared to Pleistocene Corbicula, recent
Corbicula are significantly more numerous in
alluvial deposits. As far as the measurements of
fossil and recent representatives of the Corbicula
specimens are concerned, fossil Corbicula is
smaller in size than its recent representatives.

According to data documented by DAISIE
(Delivering Alien Invasive Species Inventories
Europe, 2009) they are one of the most invasive
species in fresh waters of Europe, with a
markedly negative impact on the existing river
ecosystem and its biodiversity. Although the
cause of their return is not yet clear enough, it is
considered, among other factors, that anthropogenic
factor played a major role in this.
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MHUKPO I HAHO®OCHUJIHA ACOLIUJALTIMJA O ITAJIEOT'EHUTE CEAUMEHTH

BO KOYAHCKATA KOTJ/IMHA, PEIIYBJIMKA CEBEPHA MAKEJIOHHUJA

Buoaera CrojanoBa, I'omie IlerpoB, Bnosera Credanosa
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Abstract Bo oBoj Tpyn ce Mpe3eHTUPAHH PE3YITATHTE O] MHKPOMAJICOHTOJIOMIKOTO UCTPaKyBama Ha
¢dopamunndepHa dayna u HaHodocuinHa (riopa MPOHAjACHN BO OJMTOLICHCKUTE CeAUMEHTH of aynmuyotunure K-1,
K-2, P-5, P-7 Bo Kouanckara xoriamHa. Konexnujata Ha ¢opamuHudepHa (ayHa o majJeoreHUTe CEIUMEHTH Ha
nymaorunute K-1, K-2, P-5, P-7 e mpeTcraBena co 26 Bua, KOU ce OJHECYBaatr Ha 23 pomoBH, M HAaHOPOCHIHA (Iiopa
MpeTcTaBeHa o 36 Bujaa, Kou ce oaHecyBaat Ha 20 pogoBH.

Kiyunu 36opoBu: popamuandepr; HaHOPOCHIH; aJeoreH; TymY0THHH, KoyaHCKa KOTIMHA

MICRO AND NANOPHOSYLIC ASSOCIATION OF PALEOGENIC SEDIMENTS
IN THE KOCANI VALLEY, REPUBLIC OF NORTH MACEDONIA

Abstract: This paper presents the results of micropaleontological research of foraminiferal fauna
and calcareous nannofossils found in the Oligocene sediments established in K-1, K-2, P-5, P-7 drill holes
in the Kocani valley. The collection of foraminiferal fauna from the Paleogene sediments of the holes K-1,
K-2, P-5, P-7 represented by 26 species belonging to 28 genera, and calcareous nannofossils represented

by 36 species belonging to 20 genera.

Key words: foraminifera; nannofossils; Paleogene; drill holes; Ko¢ani valley

BOBE/

KouaHckara KOTJIMHA Ce HAora BO UCTOYHHOT
nen on Perryonuka CeBepna MakenoHuja, OTHOCHO
BO TPaHUYHHOT I10jac MOMery JIBe KPYITHU I'e0TeK-
TOHCKH enuHuIm: Cpricko-MakeI0HCKHOT MacuB U
Bapnaapckara 30Ha, co reHepaiHa opjeHraiuja 3-1.
Kouanckara kotnuna npunara Ha OBYENOICKUOT
najyieoreHcku 6aceH co opjenranuja C3-JU mpaser.
On ctpykrypeH acniekT KouaHckara KOTJIMHA IPET-
CTaByBa TrpabeHcKa cTpykTypa. ['pabeHOT mounHan
Jla ce CO3/1aBa BO CPEJICH MHOIIEH U KaKO CIIATKOBO-
JieH 0aceH er3ucTupai 10 ropeH MUOILICH Kora Oui
HaNTPYyMaH CO MUPOKIACTUUCH MaTepHjasl, ByJIKaH-
cku Opeuu u U3JIHMBH Ha JlaBa. Bo mmmonieH e3epcka-
Ta cpeJrHa Oujia MOBTOPHO OOHOBEHA BO HEKOH Jie-
JIOBM Ha rpabEHOT Ce HATaJIOKEHU I'pyOu Yakaid u
MECOLIH.

CrapocTa Ha NajJeoreHuTe ceJuMeHTHTe (To-
PEH €OLIeH — JIOJIEH OJIMTroneH) Bo OBYEHOICKHOT
0aceH, KakO W HHMBHATA JUTOJIOTHja, JeOennHa U
MIPOCTOPHHU OJHOCH, Oea MUCKYTHPAaHU BO TMOBEKE

tpynosu (Stojanova et al., 2012; Valchev et al.,
2013, Stojanova, Petrov, 2014, 2016, 2018, 2019).

HcTpakyBaukoTo Iymuere € HampaBeHO BO
nepuoaoT o1 1980 mo 1983 roauHa Bo moapavjeto
Ha KouaHckata KOTJIMHA, CO ILIEN Ja ce NPOICHU
MOJKHOCTA 32 HCKOPUCTYBakE Ha TepMaliHaTa Boja
Ha tokamurerot Kpymumrre (Verbovsek et al., 1982,
1983). Co uen nma ce mo0MjaT HOBU CO3HAHHUja 3a
TeOJIONIKATA CTAPOCT HA MAJCOreHUTE CETUMEHTH
Ha KouaHckaTa KOTJIMHA JOOMEHU OJ] IyITYOTUHHUTE
K-1, K-2, P-5, P-7, ce HanpaBeHr MUKPOIIaJICOHTO-
JIOIIKH UCTpa)KyBamwa Ha GopamuandepHa gayHa u
HaHodocuHA ¢uiopa.

MATEPUJAII U METOIU

Co MHUKpPONAaJICOHTOJIOIIKO HCTPaXKyBambe Ha
¢dopamunudepnara dayna u Hanodocunanara ¢io-
pa Ha maneoreHWTe ceauMeHTH Ha KouaHckara
KoTiMHA ce omndarenu yetnpu aymdotunn K-1, K-
2, P-5, P-7 (cnuka 1).
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Cu. 1.a) Jlokanuja Ha Peny6inka Ceepna Makenonuja Bo Esporna, b) T'eonomka kapra Ha KoyaHckara KOTIMHA
al — anyBuym, t1 — noHKCKa pedHa Tepaca, Pr — IpoIyBHyM, t3— crapa pedna Tepaca, @’ — aHaesutTcku opeun, ohb — xopubrenna-
ayTUT-GMOTUTCKH aHe3uTH @ — anaesuTcku Tyd, ES — ropHa 30Ha Ha GIMIIOT: IIHMHIY U TIECOUHMIMM, SN — MeTaMOp(O3UpaHH
KBapIIopGupH, SM — MUKAIIUCTH | JISNTHHOINUTH, ® -IyITIOTHHH

20 mpoOu ce aHATTM3UPAHU U ce TOONEHU TI03H-
TUBHM pe3ynTaty 3a hopamuHudepHa dayHa 1 Ha-
HoocunHa Quopa. PopamunudepHr 1 HaHOPO-
CHJIHM aHAJIM3U Ce HalpaBeHM BO Jlabopartopujara
Ha VHCTUTYTOT 3a MaJICOHTOJIOTHja HA Y HUBEP3U-
terot Bo JbyOspaHa.

JIMTOCTPATUTPADUIA HA ITAJIEOT'EHUTE
CEAMMEHTU BO KOYAHCKATA KOTJIMHA

KouaHckaTa KOTJIMHA ce HAaola BO HCTOYHHOT
JIeJ1 Ol TepuTOpHUjaTa Ha MakeJoHH]ja, ¥ IpuIiara Ha
OBYEMOJICKMOT MAJCOTCHCKH 0OaceH KOW TJIaBHO
pacrpocTpaHeHHe MMa BO KMCTOYHATAa Bapjapcka
cy03oHa (cnuka 1).

Bo reomnomxkara rpag6a na Koyanckara kotim-
Ha Y4eCTBYBaaT I'€OJIOIIKH SAWHUINA PAa3IUIHU TI0
CTapoCT, OJ] HajCTapy MPEKaMOPUCKHU 10 HajMIIa U
TUTMOIICHCKO-KBapTepHHU ceauMeHTH. CeTMMeHTHa-
Ta Maca € MaJIKy OTKpHEHa, HO HCTaTa € IpeceyeHa
CO TIOBeKe MCTPaXHHU JTyMIOTHHH (Hajamaboka aym-
votuHa j10 (1-100 M) Ha reoTepmaiHa BoJa U UCTa-
Ta uToCTpaTUrpadcku e 1o0po npoyyena. [laneo-
reHnTe Hacnaru Bo KouaHckara KOTJIHMHA JIEXaT
TPAHCITPECUBHO TPEKy TocTapute (hopMmarmu of
MaJIC030UK, U C€ MIPETCTaBEeHH cO (PMHO3PHECTH Ce-
JMMEHTH, JIAIOPIIY U TIIMHU. MUOIIeHCKaTa U TUTHO-
1eHckata opmaiimja ja rpagaTt 6azata Ha HEOICHH-
TE€ CEMMEHTH, JI0/IeKa KBapTEPHUTE CETMMEHTH Ce
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pasBueHHU 110 niepudepujata Ha TpabCHOT U Ce TPeT-
CTaBeHH CO aJTyBHjaTHO-TIPOJIYBHjIHU TEpacH
(crmka 1).

Ipogun — doynuomuna K-1

Hynuotunute K-1 u K-2 ce Haoraat Ha npu-
ommxHO 900 M ceBeponcTOYHO 011 cenoTo Kpymwm-
Te, okonry 17 Km ceBeporcTouno oj rpagot IIItumn
(Rakicevic, et al., 1976). JIutonomkuoT npodut Ha
nynuotuHata K-1 u nynuotunarta K-2 ce cinunm.
[Ipodunor e npercraBeH co KBapTEPHU CETUMEHTH
(untepBan ox 0 1m0 3 M), mMajeoreHd CeAUMEHTH
(naTepBant ox 83 mo 630 M) u maneo30jcKu KpHC-
TasHu Kapnu (naTepBat o1 630 g0 793 m).

KBapTepoT e 3acTameH co KpyMHO3pHECT ya-
KaJl, TIECOK W MpaIliHa 0] rojieMu pazmepH. [laneo-
TeHCKHUOT CETMMEHTEH KOMIUIEKC € MPETCTaBeH O]
3eJICHUKAaBHU ITMHOBUTO-BAPOBHUYKH CIIOCBH CO all-
TepalK Ha TPOCIIOjKU O] IECOKIUBH H JIAITIOPOBH-
TH TJIMHU CO Ae0ENMHA IO HEKOJIKY METPH, JI0JeKa
MAJIC030jCKUTE Kaplu ce NMPETCTaBeHW OJf MHUKa-
IIMCTH U THAjCEBH (CIIHKa 2).

On nymyorunara K-1 (uarepsain ox 83 no 547
M) ce 3eMeHH IIecT Mpodu, a oa aymyotrHata K-2
(maTepBaN o1 95 no 550 M) ce 3eMeHM TeT MpPooOHwH,
U C€ HaNpaBeHW MUKPOTAJICOHTOJIONIKN UCTIUTYBA-
wma Ha QopamuHupepHa dayHa u HaHOPOCHIHA

(diopa.
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Ca. 2. 'eonomku npodun Ha gymyotuHara K-1
1) xBapTep, 2) mecouHuIH, 3) nanopiy, 4) TAMHIH, 5)
TJIMHOBUTO-JIAIIOPOBUTU CEAUMCHTHU, 6) IICCOKJINBU
BapOBHHIH, /) THajceBH, 8) mpoba

Ipogpun - oynuomuna P-5

Nymyortunara P-5 e u3mymaena 2 Km jyrosa-
magHo ox cenoro O6memeso (Rakicevié, et al,
1976). JIuTONOMIKHOT COCTaB Ha IyITYOTHHATA € Ha-
IpaBeHa Bp3 OCHOBA Ha aHAJIM3a Ha MPHUMEPOLUTE
KOH C€ 36MEHH O]l jaJpOTO Ha JyMYOTHHATA U Kapo-
TaXHUTE Mepemwa. [Ipoduior e mpercraBeH co
KBapTepHH cenumeHTH (uHTEepBai ox 0 mo 79 m),
HEOTeHH CeMMeHTH (MHTepBai ox 79 no 277 m)
najgeoreHu ceuMenTH (MaTepBai ox 277 mo 710 m)
H nasieo30jcku kapnu (uatepBai ox 710 g0 800 m).

KBapTtepoT e npercTaBeH co HEBP3aHU TIHHO-
BUTH-TIpAIIMHECTH cequmentd (30 M jadouunHa).
Bo unrepanot ox 30 o 79 m, nomery riiMHOBUTHU-
Te CeJIMMEHTH Ce 10jaByBa BO MOBEKE CIIOEBU KPYII-
HO3PHECT Yakajl co MECoK, co aebennHa 1o 7 M.
Heorennre ceguMeHTH ce 3acTaleHd €O TJIMHA,
Yakaji U 1ecok (BO MHTEpBaJIOT ox 79 mo 189 m),
Jojieka BO mHTepBa o 189 no 277 m ce jaByBa
KPUCTAIOKIACTHYECH TY(} 0] ONOTUTCKH TPaXHT.

ITaneorenure cenumenTr (MHTEPBAIIOT 011 277
10 349 m) ce mpeTcTaBeHU CO TCHKH CJIOCBU Ha Tie-
COYHMIIM, TIECOYHHYKH Ty u rpanut. Cepuja Ha
JIATIOPIIM ce IojaByBaaT Ha jimabuHa ox 349 1o

674.5 m. XomoreHnara cepuja e mpercraBeHa oJ Jia-
MOPIIM, U BO HEa Ce 10jaByBaaT TEHKH, 10 HEKOIKY
JeCeTUHA CAaHTUMETPH Je0eNln CII0OeBU Ha CHUTHO-
rpanynupaln necok. CIIOeBUTE O] KOMITAaKTEH Iie-
COYHHK ce 1o0reHH Ha Jrabo4urHa o 665 1o 696 m
u 674.5 no 684 m. Ha anabuna on 684 mo 710 m ce
10jaByBa TEMHOCHBA KapOOHATHA TJIMHA CO Tap4H-
Ba 071 cab03a0bieH necoyHuK. [ 'panniiaTa momery
CeIMMEHTUTE U MeTaMop¢HaTa Mmoajora e Ha Jyia-
ouna ox 710 m. /{nabunckuor untepsan ox 710 1o
738 m e mpeTcTaBeH co JeTyMHO H3MEHET IIKPHJICII
(Verbovsek et al., 1981). Bo npoduioT Ha aymyo-
TUHaTta P-5 € HampaBeHO MHUKpPOMajeOHTOJIONIKO
onpoOyBame, ce aHATM3UPaHu 7 IpoOH, 3eMEHH O]
KapOOHaTeH Jaropet, Ha giadodnHa ox 350 go 660
m (ciuka 3). Bo meT mpumeponu ce MpoHajIcHU
MUKpPOQOCHITHA OCTaToI| oA ¢popamunaupepa day-
Ha, Jojaeka HaHodocwiHaTa (hiopa € modpo couy-
BaHa U € JJOOMeHa MMPaKTHYHO BO CHTE jajipa.
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Ca. 3. T'eonoku npodui Ha aynuotuHara P-5
1) kBaprep, 2) aHnesur, 3) Ty, 4) nanopiu, 5) rIHHIH,
6) mecoununy, 7) rHajceBu, 8) mpoba

Ipogun — dynuomuna P-7

Jymuorunara P-7 e u3nynaena oxony 1,5 km
jyrouctouno oj cenoro CrnanueBo. JluTonomkuor
npodui Ha nymdoTHHaTa P-7 e mpeTcraBeH co KkBap-
TepHH ceauMenTH (naTepBai og 0 ox 75 m), Heore-
HU ceIMMeHTH (MHTepBai ox 75 ox 428 m), najneo-
reHd ceAuMeHTH (uHTepBal ox 428 ox 675 m) u
Maye030jCKu Kapu (MHTepBat ox 675 ox 752.2 m).
KBapTepHuTE CeIMMEHTH Ce MPETCTABEHU CO HEBP-
3aHU CEJIMMEHTH, COCTABEHU OJI MIPAIIMHA, TIECOK U

79



YeTtBpT KoHrpec Ha Neonosnte Ha Penybnuka MakegoHuja
Fourth Congress of Geologists of Republic of Macedonia

yakan. HeoreHure ceJuMEHTH ce 3acTaleHd CO
OMOTHUTCKY aHAE3UT (MHTEpBaI 75 10 218 M), mupo-
KJIACTHUYHU ceauMeHTH (218 — 428 m) co peTku mpo-
CJIOjKY Ha TJIHHA co AedenmnHa o 1 o 5 m.
KnacTn4yHuTE CEMMEHTH C€ TIPETCTAaBEHH CO
TEMHOCHBH YCIIOSHH JIATTOPITN BO HHTEpBAI o1 428
10 675 m. Bo oBoj uHTEpBal ce HaoraaT OpojHU UH-
TEepKaJIalliy Ha BAPOBHUYKHU OpPEYH CO JIAIOPOBUTO
Bp3HBO co AcbenmHa 10 6 M. Ha mmabuna ox 675 m,
¢ mpeceveHa MeTaMopdHara MmoJyIora O CEpHIINT-
CKO-KBapleH MepMep a KpajoT Ha AYMYOTHHATA €
752,2 m (Verbovsek, R., et al., 1983). Ha nnabuna
ox 475 mo 580 M of TarOPOBUTE TIIMHHM CE 3eMCHH 3
POOH 32 MUKPOITAJICOHTOJIONIKA aHaIH3a (Cirka 4)
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Ca. 4. 'eonomku npodun Ha gymyotuHaTta P-7
1) xkBaprep, 2) anzesuri, 3) Ty(hOBH, 4) MaOpH, 5) TIMHIIH,
6) CepHIMTCKO-KBAapIIEH MepMep /) poda

PE3VJITATU U JUCKYCHUJA

Co MHKPOIAJIICOHTOJIOIKO HCTPaKyBambe Ce
ondaTeH! MajJeoreHUTe CEAUMEHTH 01 4 TyIUOTH-
mu (K-1, K-2, P-5, P-7) Bo KouaHckara koTimHa,
npu mTo ce 3eMeHu 21 nmpoba u 1oOueHn NO3UTHB-
HU pe3ynTary 3a GopamuHudepHa dayHa U HaHO-
¢docuiHa diopa.

Kosekiyjata Ha MpoHajAeHATa U ONpeeicHa
¢dopamunudepHa ayHa of] naneoreHuTe ceauMeH-
1 Ha aynuotuaute K-1, K-2, P-5, P-7 e npercra-
BEHa co 26 BUJa KOU Ce€ OAHECYBaaT Ha 23 pOJOBH.
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®opamuaudeprata (ayrHa e 3acraneHa Oj
OCHTOCHM M IIaHKTOHCKH (popamunudepu. bento-
CHaTa acoljalyja ¢ MpeTcTaBeHa o] TUIIOT Ha ar-
JIYTUHUPAHH, IOUECJIAaHOBUAHN U XUAJIWIHA BUAOBHU,
KOH C€ 3aCTaleHu Bo cute 4 AYITYOTHUHU. IImankTOH-
CKara (I)OpaMI/IHI/I(bepa € 3acTtaleHa caMoO CO €JIcH
Bua. GopamMuHUEPUTE CE 3aCTAIICHHA CO CICTHUTE
pomoBu nipercrauuny: Bathysiphon cf. taurinensis
Sacco, Spiroplectammina carinata (d’Orbigny),
Pyrgo sp., Spiroloculina sp., Quingueloculina sp.,
Glandulina laevigata d’Orbigny, Lenticulina cf.
limbosa (Reuss), Lenticulina sp., Marginulinopsis
sp., Almaena ex gr.osnabrugensis (Roemer), Sphae-
roidina bulloides d’Orbigny, Bolivina sp., Cibicido-
ides ungerianus (d’Orbigny), Melonis sp., Melonis
soldanii (d'Orbigny), Chiloostomella sp., Anomali-
na affinis (Hantken), Anomalinoides granusosus
(Hantken), Vaginulinopsis pseudodecortata Hagn,
Glomospira charoides (Parker et Jones), Heterole-
pa dutemplei (d'Orbigny), Gyroidinoides sp., Bilo-
culina sp., Planulina sp., Uvigerina sp., Globigeri-
na sp. (ciuka 5).

Section
= N v iy
Species ]| Rl [yl e
Bathysiphon cf. tauninensis * | & | @
Spiroplectammina carinata * | » ] -
Pyrgo sp. NEED
Spiroloculina sp [
Quinqueloculina sp L] * | @
Glandulina laevigata - * | ®
Lenticulina cf. Tmbosa [
Lenticulina sp. * | » -
Marginulinopsis sp. [
Almaena ex gr.osnabrugensis -
Sphaeroidina bulloides - * | @ -
Bolivina sp. -
Cibicidoides ungerianus - * | @»
Melonis soldanii L J L J
Melonis sp * | &
Chiloostomella sp. * | ®
Anomalina affinis -
Anomalinoides granusosus L ] * | @ -
Vaginulinopsis pseudodecortata - | ®
Glomospira charoides - -
Heterolepa dutemplei * - e
Gyroidinoides sp. - * | ® -
Biloculina sp. hd
| Planulina sp . * | ®
Uvigerina sp - - L
Globigenna sp. - - -

Cu. 5. Pactipoctpaneroct Ha (hopaMHHH(EPHH BHIOBH O
HaJeoreHuTe ceauMeHTH Bo KoyaHckara KOTInHA

Kako kputepuyMm 3a oJpeyBame Ha CTapoCTa
Ha cioeBuTe ¢ BuAOT Almaena ex gr.osnabrugensis
(Roemer) ox 6enTocHata popamunudepHa acorm-
jaluja of1 MajeoreHuTe CeAUMEHTH Ha ipoduiot P-
7. OBOj BHJl MMa BEPTUKAIHO cTpaTUrpadcko pac-
MPOCTPaHEHHE OJ1 JOJICH OJIUT'OLIEH /10 TOPEH OJIUTO-
ueH. [Iponajaenara ¢opamunudepna aconujanuja
BO BO CETMMEHTHUTE Ha qym4yoTrHa P-7 (amabuHcku
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nuaTepBan 475 — 580 m) nmoka)kyBa Ha OJUTOIIEHCKA
reoJIomIKa CTapoCT Ha CJIOCBUTE. I[OI[GKa APYyruTe
crparurpadcku BumoBu Vaginulinopsis pseudode-
cortata Hagn, Anomalinoides granusosus (Hant-
ken), Glomospira charoides (Parker et Jones) mpo-
HajI[eHI/I BO CCAUMCHTUTC Ha CUTC HpO(bI/IJ'II/I, C€ Ka-
PaKTEpUCTUYHM 32 TOPHUTE IE€JTOBU HA TOPEH COLICH
M JIOJICH OJIUTOLICH.

®dopamunudepHaTa aconujanyja o1 AymI0TH-
nute P-7, P-5, K-1, K-2, Bo kopenaruja co popamu-
Hu(epHAaTa acoIHjannja O] OJIUTOLIEHCKUTE CI0EBU
BO CHOBCHI/Ija, ce COBHafa, 1 reoJjiourkara CTapocCT
Ha CeJIUMEHTHTE ON Ayn4oTuHute P-7 (MHTEepBai
475 — 580 m), P-5 (unTepran 452 — 593 m), K-1
(uatepBan 106 — 495 m), K-2 (uutepan ox 95 no
550 M) ce MOTBpAyBa KaKko J0JIEH OJIUTOIIEH.

On HaHO(MOCHITHUTE HCTPaXXyBama Ha CEIH-
MeHTHTE o1 aymyoTunute P-5 (uaTepBat ox 350 m
10 660 m), P-7 (uutepsan 475 — 580 m), K-1 (un-
tepBai 106 — 495 m), K-2 (95 mo 550 m), e mponaj-
neHa Oorara U pa3HOBUIHA HAHO(POCHITHA acOIHja-
1IMja, MPETCTaBeHa O/ JIOOPO COUyBaHH MPUMEPOLIN
on 36 Buna, kou ce ogHecysaat Ha 20 ponosu. Ha-
HO(OCHITHATA acOIlMjalfja € 3acTaneHa co CIeIHH-
Te ponosu mpercrasaui: Cyclicardolithus flori-
danus (Roth et Hay), Cyclicargolithus abisectus
(Miiller), Dictyococcites bisectus (Hay, Mohler et
Wade), Dictyococcites scrippsae Bukry et Percival,
Lanthernithus minutus Stradner, Braarudosphaera
bigelowi (Gran et Braarud), Ericsonia muiri (Black),
Ericsonia subdisticha (Roth et Hay), Ericsonia
eopelagica (Bramlette et Riedel), Cycloplacolithel-
la formosa (Kamptner), Sphenolithus predistentus
Bramlette et Wilcoxon, Sphenolithus distentus Mar-
tini, Sphenolithus moriformis (Bronniman et Strad-
ner), Sphenolithus radians Deflandre, Pontosphae-
ra multipora (Kamtner), Pontosphaera latelliptica
(Baldi-Beke), Orthozygus aureus (Stradner), Reti-
culofenestra sp., Reticulofenestra umbilica (Levin),
Reticulofenestra abisecta Miiller, Reticulofenestra
bisecta (Hay, Mohler et Wade), Reticulofenestra
lockeri Miiller, Braarudosphaera bigelowi (Graan
et Braarud), Micrantholithus articulatus Bukry et
Percival, Coccolithus eopelagicus (Bramlette et
Riedal), Coccolithus pelagicus (Wallich), Zygrab-
lithus bijugatus (Deflande), Cribrosphaerella eh-
renbergi (Archangelsky), Pontosphaera sp., Heli-
copontosphaera compacta (Bramlette et Wilcoxon),
Helicopontosphaera cf. seminulum (Bramlette et
Wilcoxon), Helicopontosphaera obliqua (Bramlette
et Wilcoxon, Helicopontosphaera euphratis (Haq),
Helicopontosphaera truncata (Bramlette et Wil-
coxon), Dictyococcites scrippsae Bukry et Percival,
Cyclococcolithus formosus Kamptner (ciuka 6).

Section
ol B
: b4 ¥ o o
Species
Cyelcargoithus foridanus (N o o
Cyclcarqoiithus abisectus [ ] @
Dictyococeites bisectus & [ ]
Lanthemithus minutus (] ® [ ]
BraanigoSpIaea Digeow] L N )
Ericsonia_muir [ J
Cyclopacolthella formosa ]
Spnenolinus predistentus [ ] ® [ ]
Sphenolithus radians ® ®
Sphenolithus dstentus [ ] [ ]
Sphenolithus monfommis [ ] (] [ [
Ponlosohaéra__ multioora ® @
Pontosphaera latelliptica [ ]
Orthozyqus — aureus [ )
Reticuofenestra umblica ® @ e
Reticuiofenestra sp. ® @ @
Reticuofenestra locker! ] ® @ ®
Reticuolenestra abisecta [ J
Reticuiofenestra bisecta [ ]
Wicranthoiithus  anticulatus L ]

Encsona subdisticha

Ericsonia ecoeaaica

COCC0NTUS e0perages
Coocoithus pelagieus
Zygradlithus bijugatus
Cribrosphaerelia elvenberg
Pontosphaera sp
Helicoporvosphaera compacta
Helicopontosphaera obiqua
Helicopontosphaera euphratis
Hellcopontosphaera fruncata
Helicopontosphaera ¢f. seminulum
Dictyococeites scrippsae
Cyclocoocolthus fomosus ® o

i

Ca. 6. PacipocTpaneTocT Ha HAHO(OCHIIHU BHIOBH
01 MAJICOTEHUTE CeIMMEHTH Bo KodaHckaTa KOTIMHA

HanodocuinHn BUIOBH paclpoCTpaHETH BO
maneoren: Cyclicargolithus abisectus (Miiller), He-
licopontosphaera obliqua (Bramlette et Wilcoxon),
Reticulofenestra lockeri Miiller, Sphenolithus dis-
tentus Martini, Sphenolithus predistentus Bramlette
et Wilcoxon, Zygrablithus bijugatus Deflandre,
Orthozygus aureus (Stradner), Micrantholithus arti-
culatus Bukry et Percival u ap.

TpaH3UTHU BHJIOBM Ha TPAHMIA NAJIECOTEH —
HeoreH: Braarudosphaera bigelowi (Gran et Bra-
arud), Coccolithus pelagicus (Wallich), Cyclicar-
golithus floridanus (Roth et Hay), Reticulofenestra
bisecta (Hay, Mohler et Wade), Helicopontospha-
era euphratis (Hag), Sphenolithus moriformis
(Bronniman et Stradner), Pontosphaera multipora
(Kamtner).

[MpucytHure crparurpadcki HaHO(DOCHUIHU
BUJIOBM BO omnuinanute npodunn Ha KowaHckarta

81



YeTtBpT KoHrpec Ha Neonosnte Ha Penybnuka MakegoHuja
Fourth Congress of Geologists of Republic of Macedonia

KOTJIMHA MOXKAaT Jla ce KJIacH(pHUIUpaaT Ha: BUIOBH
pacnpocTpaHeTH caMo BO MaJICOTSH, TPAH3UTHU BH-
JIOBH Ha TpaHUIlA NAJICOTeH — HeoreH (BUAOBU KOU
ce T0jaByBaaT BO MAJICOTCH U )KUBEAT MOJIOITHA 1 BO
HEOT'CH), BUJIOBH KOU >KHBEEJIC TOPAHO Of Majeo-
red. Ctparturpad)cku ce 3HAYajHU BHUJIOBUTE KOU
UMaat paclpoCTPaHEHHUE CaMo BO MAJCOTEH.

BI/II[OBI/I KOHM JKHUBCCJIC MOpPaHO OJ MaJICOICH:
Cribrosphaerella ehrenbergi (Archangelsky).

Bp3 ocHOBa Ha pe3ynraTuTe ol CTpaTurpad-
CKOTO paclpocTpaHeHUe Ha HaHO(OCHIHATA aco-
Ujalyja co KapaKTepUCTUYHUTE BUIOBH Spheno-
lithus distentus Martini u Sphenolithus predistentus
Bramlette et Wilcoxon, cenumenTtuTe mpumaraar Ha
HaHO(OCHITHATA 30Ha cO cTpaTUrpadcko omndakame
ox NP23 - NP24 (Martini, 1971) ox 1ym4oTHHHTE
K-1, K-2 u P-7, a reomomikara cTapocT Ha majeore-
HUTE CEJMMEHTH Ce MOTBPAYBa Kako TOPEeH Je Ha
JoJIeH onuroneH (cauka 7).
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5 - Calcareous nannofossils
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Cu. 7. Hanodocuman 3oun (Martini, 1971)
Ha MaJeOreHUTE CEAMMEHTH o1 aymyotiHa K-1

IpucyctBoTo Ha oapeneHu Bugosu Lanther-
nithus minutus Stradner u Braarudosphaera bigelo-
wii (Gran et Braarud) u orcycTBOTO Ha IpETCTaBHU-
i Ha poot Discoaster Tan ox mponajaeHaTa MUK-
podocuiHa acomnujaiyja BO CSIUMEHTUTE Ha JIyII-
gotunute K-1, K-2, P-5, ykaxxyBa Ha cyOnuropaiHa
BOJICHA CpeIuHa Ha CeIMMEHTAIMja Ha OBOj HPOC-
TOP.
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3AKIIYYOK

Bp3 ocHoBa Ha acorujanujata Ha (hOpaMUHU-
(epra dayna n HanodocwiaHa (rIopa IMpoHajIeHA
BO cenuMenTHuTe on aymyotuHare K-1, K-2, P-5, P-
7 Bo KouaHckaTa KOTJIMHA, OBO3MOXH Ja CE UJICH-
trdunEpa eaHa HAHOGOCHITHA 30HA CO CTpaTHrpad-
cko omdakame o1 NP23 - NP24 (Martini, 1971), a
CTapOCTa Ha MAJICOTCHUTE CEIMMEHTH CE OJIPSICHU
KaKo JI0JIeN OJIUTOIICH.

MuxkpodocuiiHaTa acolyjanuja MPOHAjICHA
Bo aymuormHare K-1, K-2, P-5, P-7 ykaxysa Ha
cyOnmuTOpa Ha BOJEHA CpeinHa Ha CeJMMEHTAaL]ja.
[Tocne coznaBameTo Ha OBUE CETUMEHTH HAaCTaHANT
MIPEeKUH Ha CeIMMEHTAIVjaTa, MPEAN3BIUKaH HajBe-
POjaTHO O MHTE3MBHUOT AJIICKHOT OPOTEH IIHK-
Jyc.
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NH’KEHEPCKOI'EOJIOIIKHN UCTPAXKYBAIBA U UCIIUTYBAIbA
HA JIOKAJIMTETOT BAJITAIIHUIIA — CACA, MAKE/IOHCKA KAMEHUIIA

Opue IlerkoBckn™, Banuo Anrenos, Jlacre UBanoBcku, ‘Enena Anrenosa, Harama HenenkoBcka

T'eoxuopoxoncanmune ,
Yn. Manano 6p. 7 1000 Cronje, P. C. Maxedonuja,
orce.geohidro@gmail.com

A mncrTpacx T Ilpn mpaborkara Ha EnabopaTu 3a IeTalHH TeOJIONIKM HCTpaXkKyBama M HCINTYBama Ha
METaJIMYHA MUHEPATHU CYpOBHHH CHTE HCTPAXKyBauHl ce MPHIPKyBaaT KoH [IpaBUIHMKOT 3a KiacuduKayja 1 KaTe-
ropusanyja Ha pe3epBUTE Ha LBPCTH MHUHEPATHH CypOBHHH M BOJCHE Ha eBuacHIMja 3a HUB (,,CiayxOeH JIHuCT Ha
COPJ“ 6p. 53/79). Co Toa ce neduHMpaaT KBAINTATUBHUTE M KBAHTUTATHBHUTE KAPAKTEPUCTUKU HA HCTPAKyBaHUTE
MUHEpAJIHA CYPOBHHH, a 32 KOMIUICTHO AeuHUpame Ha QU3MYKO-MEXaHHYKUTE OCOOMHH Ha CUTE 3aCTAllCHU KapIiu
MOTPeOHO € Ja ce M3pabOTH W MHKECHEPCKOTEOIOIIKN enadopar 3a HCTHOT HCTpakyBaH MpocTop. Co MHKEHEPCKO-
TEOJIOIIKHOT eTadopaT ce YTBpAyBaaT COCTOjOUTEe Ha NUCKOHTUHYUTETHUTE M JaKOCHUTE KApaKTEPHUCTHUKH HA CHUTE
3acTalleHH Kaply Ha JIOJEIEeHHOT KOHILECUCKU MPOCTOp (MCTpakeH mpocTop). Bo 0Boj Tpyn ke ce mpHKaxatr Jen of
H3BPLICHNUTE JETATHA HHXEHEPCKOTCONIONIKH HCTPaXKyBarha U HCIUTYBaba IPIMEHETH Ha JIOKATUTETOT “‘banramHuna
— Caca”, ommtrHa MakenoHncka Kamenwria.

Koryun 360poBu: MeTaIMYHY MUHEPAIHU CYPOBHHH, KOHIIECUCKH IIPOCTOP, AUCKOHTUHYUTETH,
(U3NYKO-MEXaHUYKH OCOOWHH, PE3EPBU

ENGINEERING-GEOLOGICAL INVESTIGATIONS
AND TESTS AT LOCALITY BALTASNICA — SASA, MAKEDONSKA KAMENICA

Abstract: During the preparation of Elaborates for detailed geological investigations and tests for metallic
mineral resources all investigators follow the Rulebook on classification and categorization of reserves of solid mineral
resources and keeping records for them (,,Official Gazette of SFRJ“ No.. 53/79). It defines the qualitative and
quantitative properties of the investigated mineral resources, while for complete definitition of the physico-mechanical
properties of all present rocks it is needed to prepare engineering-geological elaborate for the same investigated area.
The engineering-geological elaborate determines the conditions of discontinuities and strength properties of all present
rocks at the assigned concession area (investigation area). This paper presents part of the performed detailed engine-
ering-geological investigations and tests for locality “Baltasnica — Sasa”, Municipality of Makedonska Kamenica.

Key words: metallic mineral resources, concession area, discontinuities, physico-mechanical properties, reserves

1. BOBE/]

Ha nokamnreror “banramaunma — Caca”, or-
mrrHa MakenoHcka KamennIia u3BpieHo e gera-
HO wumkeHepckoreomomko (UI7) xaptupame Ha
TepeHoT, Mepema co lIIMuToB YekaH, a 3eMeHU ce
MOHOJIMTHU MapYHiba Ha Kapiu 3a J1a00paTopucKu
WCIIATYBamka OJ1 TOBPITMHATA HA TEPEHOT M Of
M3BaJICHOTO jaJIPO OJ] HICTPAKHUTE TyITHATHHH.

OcHoBHa 11e1 3a n3paboTka Ha VHKEHEpCKO-
reosomknot Enabopar e, Bp3 0CHOBa Ha TEPEHCKH-
T€ UCTPaXKyBama U JJAOOPaTOPUCKUTE UCIIUTYBamba
na ce AepUHUPaAAT YCIOBUTE HA TEPEHOT KaKo MpH-
pOzHA CpelvHa, OJHOCHO PEAIHO Jia ce MpeiBUIAT
CUTE MOKHH BHJIOBH Ha MHTEPAKLKja OMery MpH-

poIHaTa CpeldHAa W WIHUTE PYAAPCKU OO0jeKTH.
Hcto Taka, 3anaya e na ce AeuHUpaaT COCTaBOT,
KapaKTePUCTUKUTE M COCTOj0AaTa Ha 3aCTarlCHUTE
MaTepHjaI BO CKJION Ha TEPEHOT BO IPUPOJIHA COC-
T0j0a.

Bo ckjiom Ha cUTE aKTUBHOCTH KOHM C€ TIpe3e-
MEHHU O] CTpaHa Ha UCTPAXKYBAYOT 3a MOTpedUTe 11a
Ce TMOTBpPJAT TEOJIOIIKO-TEOTEXHUYKHUTE YCIOBU
mpe]] NOYHYBamke CO eKCIIoaTaluja € u moTpedarta
ol 00e30eryBame Ha WHKEHEPCKO-TEOJIONIKH MTO/I-
Joru. 3a Taa e M3BPIICHU CE€ MHKEHEPCKO-TEeO-
JIOIIKW UCTpaXyBalkba U UCIIMTyBalka HA JIOKAJINUTEC-
tot “banramuuia — Caca”, Makenoncka Kamenuia
KO IITO C€ MPUKKAHU BO M3paboTeHHOT WHxke-
HEPCKO-TEOJIONTKA ernabopar.
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[Ipuroa ananu3upana e rpajadara Ha TEPECHOT
0]l MHYKEHEPCKO-TEOJIOMIKH ACIEKT, CO IITO ce Jie-
(hMHUpPAaHU OCHOBHHTE MapaMETPH Ha 3aCTAIlCHUTE
JIATOJIOMKH GopMarui moTpeOHM 3a ¢azara Ha
MPOCKTHPake Ha UJIHUOT PYIHHUK 32 MOBPIIWHCKA
WK 32 MO/I3¢MHA eKCIlIoaTanuja.

2. TIPUMEHETU MHXXEHEPCKO-T'EOJIOIIKHN
NCTPAXKXYBABA

ITIpu m3paboTka Ha oBOj WHkeHepcko-reo-
nouku Enabopat, cyOnumupanu ce mogaTouuTe o1
CHUTE [I0Cera U3BEJCHH MH)XEHEPCKO-TCOJIOMIKU HC-
TpaXKyBama U UCTIUTYBamba.

Co MHXEHEPCKO-TeOJIONIKUTE UCTPaXKyBamba 1
rcnuryBama e 3anoyHaro og 2016 — 2017 roauna,
CO U3BEIYyBambE Ha MOBEKE TEPEHCKH HCTPAXYBamba
U J1ab0paTOpUCKH UCTIMTYBama. OBHE MCTPaxyBa-
Ba U HCIUTYBamka C€ CKOHLEHTPUPAHU Ha JIOKaj-
HOCTa OJ UCTPaXXHUOT mpoctop “banramHuna —
Cuma Pexa — Cokon” u momery mapajieHuTe Ipo-
¢umm 1050-1050" u 26502650 (UI" kapTa naneHa
Bo Emaboparot). UHKeHepcKo-TeOoNIOKUTE HCTpa-
KyBama M UCTIHTYBama crpoBeaeHu Bo 2017-2018
roJI., € HAJIONOJHETH co u3Benda Ha: MI" kaprupa-
b€ Ha TEPEeHOT co (opMHUpame Ha MEPHH MecTa
(M10 nmo M24), mepemwara co llImuroB uekaH,
u3Benba Ha 13 Ul ucTpakHu QyMHATHHH, HUBHO
¢dororpapupame u Ul' kapTupame U 3eMame Ha 48
MIPUMEPOLH 32 Ta0OPaTOPHUCKU UCITUTYBAbA.

Co cute mpe3eMeHn TePeHCKH, JadopaTopHc-
KM ¥ KaHIEJIAPUCKU aKTHBHOCTH BO IEPHOIOT OK-
TomBpu — HoeMBpH 2018 e mompuHeceHo 3a aedu-

110 MTOBPIIMHATA U BO JyIabuHa MpeJ Ipe3eMame Ha
HWH)XEHEPCKUTE aKTUBHOCTH BO HUB. Co OBa € 0BO3-
MOKEHO M H3[IBOjyBam¢ Ha TOBEKE KBa3H-XOMO-
I'€HU 30HHU, OTHOCHO 30HH CO CIIMYHHU BPEAHOCTH 3a
OJIPEICHNU ITapaMEeTPH, 30HHU CO CJIMYEH KBAJIUTET Ha
KapriecTa Maca, YCJIOBH 3a UCKOII, 3aIlTHTA H CII.

Ha KOHLIECHMCKHOT IpOCTOp 3a UCTPAXKyBambe
[JIABHO CE€ 3aCTale€HH LBPCTO CBP3aHH KaMEHUTH
Kapmu O]l TUMOT Ha: THAjCeBH, KBapU-TpadUTHIHH
LIKPWILNK U JAIUTH O KOW IITO C€ 3€MEHU MOHO-
JIMUTHY NIApYMba HA KapIy Off HOBPILIMHATA HA TEpe-
HOT ¥ BO Ana0uHa 01 jaAPOTO HA UCTPAKHUTE TYTI-
"HatuHu u3BegeHd Bo 2016 u 2017-2018 rox. Ox
H3BpILIEHUTE Ja0OPaTOPUCKH UCTINTYBamba Ha Ipu-
MeponuTe u qodueHute pesynraru ox 2017 u 2018
rOJ., MOXE JIa e 3aKIy4d JeKa KaplecTHOT MacHB
ce KapaKTepu3Hpa CO PEJIATUBHO LIMPOK IHjana3oH
Ha (U3NYKO-MEXaHUYKH TApaMETPH 32 Pa3IUIHUTE
TUMOBHU Ha Kapnu. McTo Taka roieMo BHUMaHHE €
nocBeTeHo Ha RQD KkBanuTeToT KOj € pa3inyeH 3a
CHUTE TUIIOBU HA KapHH M HAU3MEHUYHO CE MEHYBa
KaKo BO XOPH30HTAaJa TaKa M BO BEPTUKAIA.

Co u3BeJicHUTE MEPHU MECTa KOMIUIETHO ce
nedUHUpPAaHT COCTOjOMTE HA JUCKOHTHHYHUTETHUTE
HAa 3aCTalleHUTE KapIecTd Mach KOU Ce UCKOpHCTe-
HU KaKO BJIC3HU IMOJATOLM IIPpU MPECMETKUTE Ha
KBaJIUTETOT Ha KaprecraTa Maca, CIiope]i mo3HaraTa
tdhopmyna Ha Palstrom (1982) xom ce mameHu BO
tabena 1.

— RQD (%) — xBamureT Ha Kapma, mpecMeTaHa
cniopen Palstrom (1982)

~ RQD =115 -33x Jv
— Jv (j/m®) — 6poj Ha NMyKHaTMHM Ha €IMHMIIA

HHUpAamke HA OJHECYBAKETO HA 3aCTANICHUTE KapIH BOJIyMCH.
Tabema l
Pesyjlmamu 00 MEpPHU Mecma U aHalu3a Ha cnenenom Ha UCnyKaHocm

MepHo MecTo 1 Iyctuna GP1  Tycruna GP2 I'yermma GP3  Vepoeno Jv - RQD
OO, (eI roJfHa Ha n3Benoa (j/m’) (j/m”) (j/m’) (j/m3) (%)
I'uajc (Gbm) M1 (2017 rom.) 6 4 4 14 68,8
T'Hajc (Gbm) M2 (2017 rom.) 4 3 3 10 82
I'najc (Gbm) M3 (2017 rox.) 5 3 3 11 78,8
Ksapu-rpadputuden mxpunern (Sgr) M4 (2017 ron.) 18 8 5 31 12,7
Ksapu-rpaduruuen mxpuser (Sgr) M5 (2017 ron.) 8 4 4 16 62,2
I'uajc (Gbm) M6 (2017 rox.) 5 3 3 11 78,8
Ksapu-rpaputuden mxpunern (Sgr) M10 (2018 roz.) 7 5 5 17 58,9
I'najc (Gbm) M11 (2018 rox.) 5 4 4 13 72,1
Harwru (xq) M12 (2018 ron.) 3 3 3 9 85,3
I'najc (Gbm) M17 (2018 rox.) 7 3 3 13 72,1
Kpapu-rpagutuuen mxpunen (Sgr) M24 (2018 rox.) 15 3 6 24 35,8
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Op mpe3eHTUpaHNTE PE3yNTaTH BO Tabenara 3a
HCIYKaHOCTa Ha KapIuTe U JOOUEHUTE BPECIHOCTH
3a KBaJMTETOT HA KapIiecTara Maca Ha OCHOBa Ha
W3BEJICHUTE MEPHH MeCTa MOXKE Jla ce KOHCTaTHPa
neka mepHuTe Mecta M2 1 M12 mMaaT HajBHCOKH
Bpennoctu 3a RQD kBamuteror onm 82-85,3%,
MepHuTE Mecta M1, M3, M5, M6, M11 u M17 on

62,2-78,8% w 3a M4 u M 10 HajManmu BpeTHOCTH 32
RQD kBamutetot ox 12,7-58,9%. OBa nperienHo
MOXeE Ja ce BHIAM Ha rpadUuKUTe MPWIO3H Ha
KapTHTE HA U30JIMHUY 32 CTETICHOT Ha HCITYKaHOCT,
a JIel O] MCcTaTa € IaJICH Ha CJICJIHATA CIIMKA Kaje OJ1
MOCBeTJIaTa KOH TOTeMHara 0oja ce 3roieMmyBa
BpeaHocTa 3a RQD.

P
L2 Py i

Yo
ng'~¢t\c

Q&

Ca. 1. Hceuok on KkapTaTa Ha U30JIMHHH, KaJie O]l TOCBETIIa KOH MOTeMHa 0oja ce 3rojemyBa RQD kBanmureToT

Bo mrabuHa mak uCTO Taka co KapTHPameTo Ha
JaIpoTO OO W3BEIEHUTE WHXEHEPCKOTEOIONIIKA
OYIMHATUHH € OJIPE/ICH KBAIUTETOT Ha KaplectaTta
maca (RQD) koj e BO AmpeKTHa 3aBUCHOCT Ol
CTETIEHOT Ha HCITyKaHOCTa Ha Kaprarta. Bo oBaa
(a3a Ha UCTPAXKYBAKETO aHAIM3UPAHU CE MOJIATO-
UTEe JOOWEHU Of M3BEJICHUTE HHXEHEPCKO-Teo-
sowmiky nynHatuHu o 2016, 2017 u 2018 ronuna,
Kaj KOW CO KapTUPAHkETO Ha U3BAJEHOTO japo Of
nynHaTHHATE € oApeneH RQD mapameraport.

On 1aieHnoT MPUIIOT 32 MMOeIMHEYHUTE WHKE-
HepcKoreoJomku npohwm u (ortorpadun Moxe
Ja ce 3a0eJIexH JIeKa CUTE 3aCTalleH! KapIid HMaaT
MPOMEHJIMBU BPEAHOCTH BO Pa3IMYHU HHTEPBAIN U
WCTUTE HAM3MEHHYHO ce cMeHyBaar. JleraqHo u3-
MepeHuTe BpegHocTu 3a RQD kBanureToT ce nazue-
HU Ha MOEJUHEYHNUTE HHXEHEPCKOTEOJIOUIKH MPo-
¢wn, BaMAHM 3a JOKalUjata Ha JylMHATHHATA U
MPECEKOT CO XOPU3OHTOT BO 1abuHa. KBanureToT
Ha KapriecTara Maca € MHOTY 3HauaeH ImapaMerap 3a
WH)KEHEPCKOT'€OJIOIIKNUTE U T€OTEXHUUKUTE KIIacH-
¢duKanuy Ha KapmuTe.

On npyra crpaHa NaK KBaJHTETOT Ha Kapriec-
TaTa Maca € JMPEKTHO TMOBP3aH CO 3aCTallCHHUTE
MYKHaTUHCKHA CHCTEMHU HAa MacHBOT CO KOH HITO C€
OBO3MOXYBa J00pa MpOoIleHKa Ha YCJIOBUTE Ha CTa-
OwHOCT mpu M3Beada Ha pynapckute padotu. Ce
HaTllOMEHYBa JieKa ¥ TeKTOHHKaTa Koja ce OJBUBajia
BO MUHATOTO € MOLIHE 3HauajHa Kako 3a MojaBaTa

Ha OpyAHYyBamaTa, Taka M 3a MPOMEHJIMBOCTA Ha
KBaJIUTETOT Ha KapIiecTaTa Maca 3a CUTe THUIIOBH Ha
KapImu.

3. UTHXKEHEPCKO-T'EOJIOILKA
KITACUOUKALINIJA HA KAPITUTE

I'enepanno Moxe aa ce 3a0eJeKu JeKa ucTpa-
KYBAaHHOT IPOCTOP € U3rPAJEH O] CPEANHH KOU Ce
W3rpaJIeHu O IIBPCTO CBP3aHU KapIyd KOU HA MaJH
MIOTE3U Ce MPETIOKPUEHH CO HECBP3aHU KapmH (JIpo-
OouHCKM MaTepujai). [loBpmMHCKH H3IBOSHHUTE pa3-
JMYHU THUIIOBH Ha Kapmu U cute 3abenexanu UI°
TUIOBY Ha Kapmu BO JjabuHa co u3Bendara Ha uc-
TpaxkHute qynHatuHu ox 2016 , 2017 u 2018 rog.
0l MH)XCHEPCKOIEOJIOMIKH AaclleKT MOXKaT Ja ce
CBpPCTAT BO IpylaTa Ha IBPCTO CBP3aHH KapIiu.

Bo rpynara Ha UBpPCTO CBp3aHM KaMEHUTH
KapIecTH MacH ce CBPCTyBaar ClieIHUBE BUAOBHU Ha
KapIH: THAjCEBH, AlIOUT-SIUAO0T-XJIOPUTCKH IITKPHUII-
¥, KBapI-rpadUTHYHH IKPWIIK U nanuty. ['Haj-
CeBHUTE M JALUTUTE CHOPE] HAYMHOT HA HUBHOTO
M0jaByBame KAKO MaCHBHH, JIOCTa I[BPCTH M 3acTa-
neHara OJIOKOBCKA CHCTEMCKa HCITyKaHOCT Ce CBPC-
TyBaaT BO IpyIaTa Ha LIBPCTO CBP3aHH KapIH U MO
rpynaTta Ha KaMeHUTH Kapnu. Jlogeka npeTcTaBHU-
[IUTE O] THIIOT HA: aNIONT-ENHUJI0T-XJIOPUTCKH IIKPHII-
LY ¥ KBapU-TpaUTHYHH LIKPUIILIK BO HAjTOJIEM JIET
MOJKaT Ja Ce TPEeTHpaaT Kako KaMEHUTU WM IaK
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UCTUTE KaKO MOJYKaMEHHTH IOpagd OONMKOT Ha
HUBHOTO T0jaByBame¢ Kak0 TEHKOJIHCTECTH U JO-
OueHnTe MalHu BPEAHOCTH 3a jJaKOCTa Ha MPHUTUCOK
(0p <50 MPa). HaunHOT Ha mojaByBambe Ha Kapriec-
TUTE MacCH BO BUJI Ha U3/1aHOIM TI0 TIOBPIIMHATA HA
TEPCHOT W M3Bea0aTa Ha MEPHU MECTa U TOJIeM Opoj
Ha MCTP)XHH TYIHATHHU yCJIOBYBa HHUBHO KOMII-
JIETHO JeuHUpambe.

TabGena 2

Hcto Taka co 3emameTo Ha AOBOJIEH Opoj Ha
po0H 3a JTa0OPaTOPUCKH HCITUTYBama OJI CUTE TH-
MOBU Ha Kaphu Ce OJpeayBa HHUBHOTO (DU3UUKO-
MEXaHUYKO OJTHECYBahE.

Bo napennara tabena 2 ce nafeHu aujanaso-
HHUTE BO KO C€ JIBIDKAT IapaMeTpH 3a HU3MIKO-Me-
XaHUYKHUTE KapaKTEePUCTHKH 32 KapIUTE OJ1 THIIOT Ha:
THajCeBH, KBAPI-TPAPUTUIHN IIKPHUIIIA U JAINATH.

Pezynmamu 00 ucnumyesarna na gpusuuko-mexaHuuKume KapaKmepucmuxu Ha xapnume oo 2017 a.

Jujama3zonu 3a pU3HIKO-MEXaHWIKATE ITapaMeTpr

JIuTomoniku

Wunekce Ha Toukacto EmHOaKc. jakocT Jakoct Bomymencka  Cnemuduuna  IToposHocT
CoCTas ONTOBapyBame Ha IPUTUCOK Ha 3aTerame TEXHHA TEKUHA

Js(50) (MPa) op (MPa) oz (MPa) (y) kN/m® (%) KN/m? n (%)
buotieko-Mycko- 32-55 64,4 — 126,6 9,65 21,3 255-27,7  26,7-29.1 4,80
BUTCKHU THajCEBH
Kapu rpagumirinn 25 27 54,1 59,8 3740 259 26,0 / /
MIKPUIIM
Jaruti 3,3-34 72,4 - 150,0 49-132 25,3-26,6 27,8 /
Tabema 3

Pezynmamu 00 ucnumyesarea na ghuzuuxo-mexanuuxume Kapaxmepucmuxu Ha xapnume 00 2018 e.

Jujana3oHu 3a GU3NUKO-MEXaHHYKUTE TTapaMeTpH

Juronomu cocrap  VHAEKC Ha Towkacto EaHoakce. jaxocr  Jaxocr Ha ot Cren. Texwuna  ITopo3HOCT
OINITOBApyBambe Ha PUTUCOK 3aTerame TeXHUHA N (%)
35(50) (MPa) op(MPa)  oz(MPa)  (pkn/m3 () 4
buornrexo . 1,7—6,7 376—1478 26-132  261-280 270—274 1,06 —4,74
MyCKOBI/ITCKI/I rHa_]CGBI/I
K
m‘f{iﬁ;ﬁaﬁmw" 25-55 541—1255 3,7 —82
26,6 —27.6 27.8—286 3,46 424
K
m‘f{iﬁ;ﬁﬁf THAHH 02521 55468  04—32
Mangrma 1,6-9,7 352-2138  24-227 26,0 27,6 3,01

Opn mperxogHuTe Tabelu MOXeE Ja C€ BUAU
neKka J1TabopaTOPHCKU HCIUTAHUTE BPETHOCTH O]
2017 n 2018 roa. Baprpaat BO MIUPOKH PaMKH KOU
LITO O €Ha A0 Apyra 30Ha ce pa3iuKyBaar H 3a-
BHUCAT 0J1 MHOTY ()aKTOPH, KaKo Ha IIPUMEP O] IIPo-
MEHHTE BO COCTABOT (IIPUCYTHOCT WM OTCYTHOCT
Ha MUHEPaJIH, KWK, TyKHATHHH, JITEPALIN), KAaKO
U 0/ KOPHCTEHHTE KOe(QHLMEHTH Ha Kopenaluja
MPU EMIIMPUCKH TIPECMETAHUTE JAKOCT Ha IIPUTHUCOK
W JaKOCT HA 3aTerame O MHAEKCOT Ha jaKOCT.

3a cropenda Ha OBHE JOOMEHHW Pe3yJTaTH 3a
jakocTa Ha MPUTHCOK HANPaBEHU CE MEperma Ha OT-
ckok co [IIMuTOB yekaH, Kajie CpeIHUTE BPEITHOCTU
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3a OTCKOK Kaj THajCEBUTE ce JIBMXKAT 011 36 — 44, Kaj
marurute ox 35,0 — 51,6, monmeka 3a kBapu-rpadu-
TUYHUTE MIKPUIIK U IIKPUIIUTE (3CTCHU IIKPHI-
1) ce JOOMEHH MOMaJIi CPEIHH BPEIHOCTH KOH CE
nmewxkar on 25,7 mo 37,5. Ako ce enMMHHUpaat
E€KCTPEeMHHUTE BPEIHOCTA MOXE Jla ce 3a0enexu
JIeKa 3a T'HajC CPEJHHMTE BPEIHOCTH HAa OTCKOK Ce
nBwkat Bo orceroT ox 30 mo 35, moToa 3a mammr 35
— 40, monmeka 3a KBapI-TpaQUTHUHUTE MIKPUIIH U
3eneHuTe MKpUIH ce o 20 o 25. 3emajku ja BO
MPEIBU]] YCBOCHATA BOJIYMEHCKA TEXHHA 3a OBUE
TUTMOBU Ha KapmH, oA rpa)MKOHOT Ha ClHKa 2
JIOOMEHN Cce CJEeIHUTE BPEIHOCTU 3a jaKOCT Ha
MPUTUCOK TIpeKy onmuToT co [IIMUTOB uekaH:
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— OMOTUT-MYCKOBHUTCKY THAjCEBU:

op = 65 — 80 MPa;

— KBapU-rpadUTHYHH HIKPUIIIIH:

op =40 - 50 MPa;

— nanutu: op = 70 — 90 MPa.

Bp3 6a3a Ha penatuBHO ManuoT (GoHI H3Bp-
IIeHN JIaOOPaTOPHCKH HWCTIHTYBama Ha IMPHMEPO-
IUTEe W CO aHalu3a Ha JOOMEHUTE Pe3yNTaTH O
UCTIMTYBamkaTa U Mepemara Ha jakocTa Mo MyKHa-
TuHU co IIIMHUTOB 4YekaH, reHepagHO 3a UEIUOT
HCTPaXyBaH MPOCTOP MOXKE J1a TH YCBOWME CIIE/I-
HUBE BPEAHOCTH Ha (PU3NYKO-MEXaHWYKHTE Mapa-
METPH 3a Pa3IUUIHUTE THIIOBH Ha KAPIH U TOA:

— THajCEBHU:

op = 65-120 MPa;

oz =5,50 - 13,0 MPg;
y = 25,5 28,0 KN/m?;
5= 26,7 — 29,0 kN/m3;
n=10-4,8%;

— KBapU-rpadUTHYHH HIKPUIIITH:
op(L) =55 - 80 MPa,
op(|) = 25— 40 MPa,
oz(1) =4,0-7,0 MPg;
oz(||) = 2,0 — 3,0 MPag;
y=26,0-27,6 KN/m3;
5 = 27,8 — 28,6 KN/m3;
n=3,46 — 4,24 %;

— JAIUTH.

op =70—-150 MPag;

6z =5,0-13,0 MPg;

3a noOmeHnTe BPEOHOCTH 3a jaKOCT Ha MpH-
THUCOK 33 UCITUTAHUTE TUTIOBH Ha KapIiy, HallpaBeHa
€ aHajKM3a Ha 3aCTalleHOCTa Ha pe3yiTaTH CIOpex
KiacuduKaIyjaTa 3a jakocT Ha KapiuTe MpeioxKe-
Ha ox ISRM (Metynaponno JpymrBo 3a Mexanu-
ka Ha Kaprn). OBa € nprkaxxaHo Ha CJIe/THaTa CIIUKa
Y MOXKE JIa ce KOHCTaTHpa Jieka THajCeBUTE U Jall-
TUTE c€ IBPCTU JIO MHOTY IIBPCTU KapIH, J0JeKa
KBapU-TPaUTHYHUTE IIKPHIKA BO 3aBUCHOCT OJI
MpaBelOT Ha ONITOBapyBame MOXKe Aa OuaaT of cia-
OM 710 CpeTHO IBPCTH KAPIIH 32 MapajielTHO ONTOBa-
pPYyBame U IIBPCTH 32 HOPMATHO ONITOBAPYBAIhE.

CpepgHo pacejyBarbe Ha
BpegHOCTUTE Ha jakocT ©
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BpegHOCT Ha OTCKOK Ha
LmuToe yekaH (SHRV)

Ca, 2, I'paduxon 3a kopenanuja Ha SHRV
W jaKOCTa HAa MPUTUCOK Ha KapIraTa

o, [MPa] cnopepg ISRM knacudpukaymja /
o, [MPa] according to ISRM classification

7= 26,0 KN/m?;
5 = 27,6 KN/m?;
n= 3,0 %.
25
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:%:: 15
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ExcTpemuo  Muory Cnaba /
cnaba / cnaba / Weak
Extremely Very weak (5-25)
weak (1-5) strong
(< 1) (25-50)

CpegHo
uspcTa /
Medium

Lepcra / Mrory Excrpemuo
Strong uepcta / uBpcTa /
(50-100) Very Extremely

strong strong
(100-250) (> 250)

Ca, 3. Knacudukanuja Ha kapmu copes ISRM
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4. MTHOKEHEPCKOI'EOJIOIIKO
MOJAEJIMPAE I10 ITAPAMETPU
ITOTPEEHU 3A ITPOEKTUPAILE

Bp3 ocHOBa Ha IETaTHO HCTPAKEHUOT IPOCTOP OJ1
WH)KEHEPCKOTEOJIOKH acleKT MOXe Jia ce 3a0erexH
JIeKa HAOraJMIITETO 32 METAIMYHI MHHEPAITHUA CYPOBH-
HH TIPETEKHO € M3TPAJCHO O LBPCTO CBP3aHH KapITH.
Tue ce mpocTUpaar 1o neara MOBPILHHA Ha HCTPaXKyBa-
HHOT MPOCTOP CO MaIM HCKIYYOIW Ha IIOTE3H IO
MOBPIIIMHATA CO APOOMHCKU MaTepHjall 1 He3SHAYUTEITHH
OUMEH3UH W BIIMjaHUe Ha MOBPLIMHCKATA U ITOJ3eMHATa
ekcruroararyja. CKopo 1o IenaTa MOBpIIMHA U BO JJIa-
OvHa TJIaBHO Ce PacHpOCTPAHETH LBPCTO CBP3aHHU KapIu
W 3aT0a KOH HHB € JaJIeH 1moceOeH OCBpPT, a BP3 OCHOBA
Ha HUBHUTC CJIMYHU HHKCHCPCKOI'COJIOIIKU U I'€OTEX-
HUYKU KapaKTepUCTUKH 32 Pa3IMYHU JIUTOJIOIIKU €/H-
HHIIM CE CMeTa JieKa JINTOJIOTHjaTa He OU MMalla HeKoe
M03HAYajHO BJIMjaHHE NPU YCBOjYBAHETO HAa MHIKEHEp-
CKOTCOJIOIKUTE NapameTpu. EIMHCTBEHO MOXkeOu co
HEWITO MOCIa0UTe HH)KCHEPCKOTCONIOIKA OCOOHMHU ce
W3/IBOjyBaaT KBapU-rpa@UTHYHHUTE IKPWILH, Kaae IITO
ce OuYeKyBa JieKa ke ce MOTPeOHU PasyIMYHU M MOMAalH
KOJIMYMHH Ha KCIUIO3MB IIPH MHUHUPAKETO BO OJHOC Ha
OCTaHATUTC THUIIOBU Ha Kapnu U HOCG6CH npucrtamn u
BHUMATCEIHOCT KOH I/I3BCI[6aTa " 3a1ITHTaTa BO HUB.

3a HMHKCHEPCKOTEOJIOMIKOTO MOJCIHPamhe KaKo
MOIIIHE 3Ha4yaeH (aKTop ce M3IBOjyBa KBAIUTETOT Ha
kaprecrata maca (RQD), koj mTo ce pa3nuKyBsa 3a pas-
JMYHUTE TUIIOBH Ha Kapmu. Bo mperxonHuTe moriasja
noceOeH OCBPT € JaJIeH KOH ITPecMETKaTa Ha KBaJUTETOT
Ha Kaprara o HOBpLIMHATA U BO JU1a0WHa 01 KaJie MOXKe
Jia ce 3a0elexH JieKa TOj € MHOTY IPOMEHJIUB (JaJjeH Ha
rpaduYKHUTE IIPUIIO3HU M TOKYMEHTALMOHEH MaTepujall BO
enaboparor).

[IpoexTHpameTo U U3IBOjyBamke HA OBHE KBa3UXO-
MOTE€HH 30HM YIITE BO OBaa (haza Ha MHIKEHEPCKOIeo-
JIONIKaTa UCTPAXKEHOCT HA HAOTaIUIITETO BO IOJIEM Je
'O OJIECHYBA CIIEJHUOT IPOLIEC U IOTIPUHECYBA 38 I0EKO-
HOMHYHO U MOTIPAKTUYHO MOCTaBYBame Ha CUTE HAPETHU
(a3u Ha MCTpaKyBamaTa U MCIHUTYBambaTa KOU CJeaar.
Hcto Taka u 3a ¢uHamHaTa (hasa Ha eKcIUIoaTandja H
MOBPIIMHCKOTO MM TOJ3eMHOTO OTBapame Ha Haora-
JIMIITETO HA OJPEICHUTE BUCHHCKU XOPH30HTH Ha IIpe-
CEKOT Ha MUKPOJIOKAIIMUTE HA TYITHATHHUTE CE PETIIOC-
TaByBa JieKa Ke ce MOTBpIAT OBUE 30HU U IPUTOA COOJ-
BETHO CE Ipe3eMaT CUTEe MEPKU Ha MPETNa3INBOCT I10-
ceOHO Ha JIEJIOBUTE HM3/IBOCHH CO MOMall KBAIMTET Ha
kapriectata mMaca onx 25%, Kako W BO OKOJMHATa Ha
pacesHuTe CTPYKTYpH.

MHXEeHEepCKOTEeONOMIKHOT CKIION Ha TEPEHOT U
U3JIBOCHUTE 30HU cO paznuueH RQD kBamuTeT ce MoIIHe
3HAYajHU U 3a JIBaTa MOXXHH THIIA Ha EKCIUIOATaIlja U
HCTUTE UMaaT OJPEICHU MOBOJHOCTH M HEMOBOJIHOCTH
Kou MeryceOHO ce moBpasau. OBJie pej ce ce MUCTH Ha
KBJIUTETOT Ha KapIiecTaTa Maca ¥ MOJKHATa MpUMeHa Ha
METOJIOT Ha MICKOII ¥ PE3eMamkeTO Ha MEPKH 32 3aIITHTa
KOH IITO BOOOMYACHO BO MPAKTHUKATa C€ CIIPOTHUBHU (Kaj

90

KapluTe CO I0CiHa0M KapaKTepUCTHUKH Ce IMPUMEHYBa
MIOBOJTHA TO0CIa0a METOo/1a Ha MCKOII CO IoMaJjia KOJIM4YHHa
Ha eKCIUIO3MB M CI, HO OBJE € IoTpeOHa Ioroiema
3aIlITUTA).

Bp3 ocHoBa Ha pesynrature 3a RQD kBanureror
Ha M3BAJCHOTO jaJpo OJ AYNHATUHHUTE HANPABEHO ©
30HHMpamke U NpEeCMETKa Ha PEjTUHIOT Ha KapliecraTa
Maca crnopen Bieniawski (1989). OBue moOuenu Bpen-
HoctH 32 RMR 1 RQD ce npukakxaHu Ha IO€AHHEYHUTE
HWHXEHEPCKOTCOJIOIIKY TPOGHIN Ol UCTPAXKHH JyIHA-
tiau: b-2, B-3, b-11 u b-12.

Kiacudukanujara Ha 3acTarneHUTe KapecTH Macu
crniopes Bieniawski 1989 e mpukakaHa Ha KapakTepuc-
TUYHUTE WHXXeHepcKoreonomkH mpopmm 1350 u 1650
(mputor 6p. 4 Bo Emaboparor), kane criopen 1OOUCHHOT
PEJTHHT C€ M3ABOCHH TPU KBa3MXOMOTEHH 30HU H TOA:
30Ha IV 3a RMR=20-41, 30na III 3a RMR=41-60 u 30Ha
II 3a RMR=61-80). ITpuxa3 #a gen ox UI" mpodmm 1350
e JlaJieH Ha cliiKarta 4.

OBue 30HU ce U3IBOCHU KaKO Haj3HAYajHH 32
MIPOSKTUPABETO HA UAHHUOT MO3EMEH PYIHHUK H Kaj
HCTHTE CE Tpe3eMaT UCTH WM CIMYHK METOAM Ha
HCKOII ¥ 3amTuTa. [Iprtoa Bo MpeBU/I ce 3eMEHU U
IYKHATHHUATE KOM IITO CE 3aCTAllCHU Ha CIMHHIA
BOJIYMCH BO KaprneCTUOT MaCUMB U HUBHUOT TUIT U
kapakTep. OBHE W3IBOCHH 30HH BO HAPEIHHTE
MOJITJIaBja Ha €J1adopaToT Ce UCKOPHUCTEHU 3a Tpe-
CMCTKa Ha MOXCH Ha4YMH Ha MIOoArpaaa Ipu HUIHa
MOJI3¢MHa CKCIUIOaTallyja.

AKo ce 3eMe BO TIPEIBH] JICKA HA €JCH MOT0-
JIeM TIPOCTOP CO M3BeAD0aTa Ha HCTPAKHUTE JTyITHA-
THUHH, 3HAYajHU KOJUYMHHU U THIT HA OPYHYBakba ce
3a0eie’kaHu O] TIOBPIIMHATA HA TEPSHOT U Ha Jijla-
ouan on oxony 40,0 m, HHE BO MOHATAMOIIHUTE
IoTJIaBja JaBamMe OCBPT KOH IPHMEHAaTa Ha IOBP-
[IMHCKA eKCILToATaIlHja.

5, BIMJAHUE HA IUCKOHTUHYUTETUTE
BP3 TEXHOJIOI'MJATA HA [TPOEKTUPABE

MHory e BaKHO OBJIe Jla Ce HarjiacH Jieka 0J1
WH)KCHEPCKOTCOJIONIKA U T€OTEXHUYKH aCIeKT 3a
CTaOMITHOCTA HA WIHHUOT MOBPIINHCKU KO (ITOBEKe
€TaXh BO njabWHA) BO CPEIUHHM U3TPAIACHU O]
LBPCTO CBP3aHHM W KaMEHHUTH KapIiH rojema yjora
Ke UMaaT U3MEpPEHNUTe CUCTeMH Ha mykHaTnHU ([]o-
KYMEHTAIlMOHEH MaTepHjaj, odpasell 3a WHKEHEp-
CKOT'€O0JIOIIKO KapTUpame) (ciuKa 5).

Hen ox u3riaenor Ha oOpa3enoT oJ WHKEHep-
CKO-TEOJIONIKOTO KapTHpame NMPUKaKaH BO e€yado-
partotr e nmajgeH Ha cnmkara 5. OBUE MmoaaTonu 3a
JUCKOHTUHYUTETUTE CE MOIIHE 3HA4YajHU 3a CHUTE
MMOHATAMOIIIHU aHAIM3H HA CTaOMITHOCT, a CAMHOT
00jeKT € KOMIUIEKCEH O]l MH)KEHEePCKa TJe/THa TOUKa
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3aToa MITO eKCIUIoaTalyjaTa ce MpeiBUIyBa J1a ce
OJIBMBa Ha KOMOMHMpAH HAYMH CO MOBPIIMHCKU U
nozzeMeH uckor. OBae moceOHO BHUMaHHE 0oOpa-

KaMme KOH TMOBPIIMHCKHAOT THIT Ha €KCIUIoaTanuja u
BJIMjaHUETO Ha TUCKYHTHYHTETHTE 3a cTaOMIIHOCTa
Ha KOCHHHTE.

TIONPEUEH HHXEHEPCKOMEQNOWRAMFOGMN 1350-1350
TOKATHOCT - BATTALIKHLIA - CBMH:A PEKA - CORO

il
%D
—
H=4660 82651
¥=762500140
B-20(17515)
y=4 g=-iF,
L=t00m
. B-2(174042)
y=4 g =61
L=2000m
. B-3(160151)
v :JHJ‘ 1=t
w Jul
- 10 (16610)
\'=4f.u=-ﬁ§n,
=3202m
1l
B-23(1631,19)
BORDER OF CONCESSION 45" 4= 65"
TPAHVLIA HA KOHLECHJA L=4500m
181 Vil
B-27 [1507.21)
a N
m

Ca. 4. Uznsoenn kBazuxomorenn 30uu (IV, 111 u IT) kaj UT" npodwn 1350-1350°
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‘ < OBPA3EL 3A Ul KAPTUPAHSE / S
y FORM FOR EG MAPPING s 1
k=crononoEa touwss Gplocation podnk Epod Ha dotorpactbeiaino.of
Haaum wa ofjsktoTr ! Hame of no. phodograghy: UEE HEHEH
the project: EDO] H3 MEHD MecTaMumber of peomechanical station:
CACA M. KaseHAua | TAK!

‘BASA M. Kamenlca

KoopauHaTWw/Coomdinates: X 4 660 318 ¥ 7 628 024

NOEGMHEEN TYEHATHEHA, [

OAUMTH: MACHEHNA 00 KMJGaKTEDRC THUHA CYOEE0THEANEW CTONMTYECTH SHCTEMOKH
MYRHATHHA W HODMAMHA HE HIE COSHTHDSHA KoM J3 npapey, NoSnard CHCTEMCEN W DETER

Dacle: massive with characieristic sub-wertical reciangular joint sels and perpendicular
o themmn crienied fowards SvW direction, mare pentle joint seis and rare single frachures.

MpOYEHED Bl DA3HKE N0 COHOR HA MASOTHS cpegmAa § Risk assessment on the basis of the ensvionmesnt

EnesssHTA Ha nag [ Dip elements:

Fimng of fraciunss

AWWYT A NageH aomwasmuth EMy=TFTZ ENl 5 = 338D EN 5 = 31Ti42 EM = EM =
and dip angle
Epo Ha mysHaTArEd J Mo, of " - "
fractures (safat m')
OOMAHE Ha NyRHATHHK § " 3 3
Length of frachures {m)
CITEOP Ha NyKHATEHATE | MM OTEOREH CTHCHaTHA | 1-2 mm oTRop
Opening of fractures {mm) MM DpEnings squeeTed 1-2 mim opanings
JANONHATEN HE MYKHATAHMTS |
Baa [ without Ge=a [ without Baa | without

EANHEOCT W S0 HA Mo U
Ha myRHaTAHE | Visibilfy and fype
of surfaceal fraciures

SASH KD GHANNE | SOsH K] BHAneE | S0eH Ra) ERanee
Jone =nd visible | Jone smd visible | Fone snd visibbe

1.CranzcTa / Scales
2. Bpanomani [ Wavy 3 3
3. Fasana !/ Flad

33

iz

20

32

3a

33

33

48

WmeToR Ye=aH f Schmiit's a -

33

hammer
ar

a4

Ca, 5. Uceuoxk o o6paser 3a UI' kapTupame kaj MmepHOo Mecto M13

3a MOBpIIMHCKATa €KCIUIoaTalnja Ha Haora-
JUIITETO C€ U3BPILICHU NMPEIMMUHAPHU aHAJIH3H Ha
cTaOMIHOCT (32 MPOTHO3HO J1aJI€HU HAKIIOHH Ha KO-
CHHH) KOM CIIOpEJ CBOjaTa CYIITHHA MpuIiaraaT Ha
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METOIM Ha aHAJIM3a Ha TUCKOHTHHYAJTHA CPEeIUHA 1
METOANTE Ha TpaHWIHA paMHOTeXa. [IpuToa BO 3a-
BHCHOCT O] CIelIU()MIHOCTUTE HA rpadara Ha Oj-
JICJIHUTE JISJIOBH OJI TEPEHOT U OJ1 OpPEHTAl[MjaTa Ha
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NI mpodwam 3a nBata THIAa HA METaMOPGHU KapIu
(THajceBU W KBapU-TPAQUTUYHU LIKPUIILH) IPUME-
HET € METOAOT Ha aHaJi3a Ha CUCTEMCKHTE IMyKHa-
TUHU 10 (ojHjanyjaTa Ha MecTaTa KaJe IITo Moc-
TOHM MOKHOCT 32 [10jaBa Ha HECTaOMITHOCT BO BH/I Ha
IUTaHAPHU paMHUHY, aHATU3UPAHH CO MPOrpamoT
Roc Plane.

Bo anammzarta ce ymorpebeHM TNOJaTONU 32
OpHEHTAallMjaTa Ha TIABHUOT CTPYKTYPEH eIEMEHT —
(donvjanujaTa Bp3 OCHOBA Ha W3BEICHUTE MEPHU
MecTa 1 T0OWeHUTe pe3yNTaTH O JIab0paTOPHUCKH-
T€ UCTIIMTYBamka Ha KOHKPETHATa JIOKalyja, a u3BO-
I 071 TOOMEHUTE Pe3yNTaTH ce MPUKaKaHH BO J0-
KyMEHTAIIMOHUOT MaTepujai ox enadboparoT (AHa-
JIN3M Ha CTAOMITHOCT).

Co mporpamot Roc Plane 3a kapriute oj1 TUTIOT
Ha THAjCeBH W KBAPI-TPAQUTHYHH MIKPWINH TH
aHaIM3UpaBME TMOMPEYHUTE HHKEHEPCKO-TCOJIONI-
KH TTPOGHIN BO MpaBel] Off IECHO KOH JIEBO HIIH O]
JIEBO KOH JIECHO BO 3aBHCHOCT OJ TOA JIAJIM Ha TOj
nen poujarnyjaTta iMa HeToBOJIEH 1aj] BO OAHOC Ha
MPOTHO3HO TPOCKTUpaHaTa KOCHHA Ha IMOBPIINH-
CKHOT Kot [IpuToa Ha KajeHnTe HHXEHEPCKO-Te0-
JIONIKUTE MPOQUIN TPOTHO3HO CE MPEABUICHH KOC-
WHU CO KOW INTO ce OMNQareHH OpyaHyBamara, a
aHaJM3M Ce HANpaBeHU 3a ANaOWHU MaKCHMYyM. JIO
10,0 m u HaKIOHM HAa KOCHMHHTE IO aroi ox 72°,
omHOCHO HakJoH 3v:1h. Bo oBue ananmmsu ce 3ema-
HU BPEAHOCTUTC HA YTBPACHUTC INIPHUBUIHU I1aI0BU
BO OJIHOC Ha MPOQIIUTE Ha OCHOBA HA U3MEPEHHOT

Conture diagram for measuring point M-1
KoHTypeH aujarpam 3a mepHo mecto M-1

mazeH aroi 3a Elld om n3BeneHnTe MepHU MecTa.
Og1e naBame npumep Ha aHanu3a kaj npodun 1050,
KaJie IITO € u3BeJleHO MepHO MecTo M1 U HenoBoJ-
HaTa opueHTaIuja Ha (oirjanujaTa Ha THAjCEBHUTE
BO TIpaBer] O IEBO KOH JIECHO BO OJTHOC Ha JIajieHa-
Ta KOCHHA Ha eTaxkata. Criopen uzmepenute EIl Ha
(hommjarjata co W3BemeHOTO MepHO MecTo MI
npukaxanu Ha W' kapta moxe Ja ce BUIU JeKa
THajceBUTE Ha mompeuHHoT mpodun 1050 maraat
oJ1 aroJ1 ox1 5° oJ1 1eBo KoH fecHo. Co HanpaBeHaTa
MOTIpaBKa Ha MAJHHUOT aroji € YTBPJIEH NMPUBUACH
maJj Ha aroJi o 3° Koj € HeMOBOJIEH 3a JieBaTa CTpa-
Ha Ha KocuHata. [IpuToa noOMeHuTe pe3ynTatu 3a
(haktopot Ha curypHaocrt (Fs) co momomr Ha porpa-
Mot Roc Plane ce nagenu Ha cnukara 6.

Ha cnukarta 6 e npukaxaH 1 KOHTYPHUOT AU-
jarpam kaj MmepHo Mecto M1 co cunHa 60ja Tpacara
Ha QoyMjarcKaTa MyKHATHHA, a CO po30Ba 0oja
TpacaTa Ha KOCHHATA U CO LPBEHA CTPENIKa HEro-
BOJIHUOT ITpaBell Ha MyKHATHHATA KOH MMPOTHO3HATA
KocuHata. /la HanmoMeHeme Jieka OBUe (pakTopH Ha
CUTYPHOCT BaXKaT SJIMHCTBCHO HA MUKPOJIOKAIIUUTE
3a MEPHUTE MECTa U 3a MPOTHO3HO YCBOCHUTE TIPaB-
1 U HAKJIOHM Ha KOCHHATa 3a NPUIIOBPIIMHCKHUOT
nen Ha TepeHoT. Co HampeayBame Ha STaXUTE BO
JUTa0WHA CITMYHY aHAITU3U MOXKAT Jla ¢c€ MPUMEHAT
Kaj YCBOCHHTE MpPABIM W HAKIOHU HA KOCHHH 3a
CUTC TUIIOBU Ha KapIlikd U 3a KOHKPETHO M3ABOCHH
MUKPOJIOKAIIMU KaJie IITO K& UMa yCJIOBH 3a U3BE/I-
0a Ha MEpHU MecCTa.

Dip elements of fracturing at profile 1 050 /
EnemeHTu Ha nap Ha donujaumjata Ha npocun 6p. 1050

'Azimuth of prognose inclination of the slope / 45/72° Unit weight / Geological strength index ( GSI ) /
A3UMYT Ha NPOTHO3EH HAKNOH Ha KOCHHa Texuna ([ tm?)| Feonown unaexc Ha jakocT ( GSI)

Dip elements of foliation / 5/5° 2.70 35

EnemenTy Ha nag Ha onujaumja

Determined apparent dip in relation to the profile 30
YTpaeH NpUBUZEH naz Bo OAHOC Ha NpoUnoT
Slope of bench- slope face / 3:1
Haknon Ha Gepwma - Kocua 5

Height of bench-slope face /
Bucnna Ha Gepua 10.0m

Factor of safety /
DaKTop Ha CUrypHOCT

Dry contition / Fs=20.99|

F. 3a cysa cocroj6a
Fractures filled with water 30% / Fo= 20.74)
F. 3a 3anonxeToct co sopa 30%

Fractures filled with water 50% / -

F. 3a 3anonneTocT co soaa 50% Fs=20.29
Seismic conditions & no water in fractures / F.=5.40
F. 3a cenammuko aejcTeo 0,15 1 Ge3 sona S
Seismic conditions and water in fractures 30% / F.=534
F. 3a cenamuuo aejcTao 0,15 v npucycTso Ha soga 30% S~ -
Seismic conditions and water in fractures 50% / Fe=5.22
F. 3a cemamuuko aejcTeo 0,15 ¥ pucycTeo Ha soa 50% -

Ca. 6. Ananusa 3a MOXKHOCTA 32 pOpMHUpare Ha PAMHUHCKH JIOM
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6. SAKJIYUOK

Co wu3paboOTEeHHOT HMHKECHEPCKO-TEOIOIIKN
enabopaT 3a HAOraJHIITETO 32 METAIMYHA MHHE-
panHu cypoBUHH ,,bantammnmniia — Caca® ce qodue-
HU MHOTYOpPOjHU TOAATOIM 33 (PH3NIKO-MEXaHUY-
KHATE TIapaMeTpH Ha KapluTe KOW MOXKaT Jia HajaaT
NIMPOKA MPUMEHA BO PyJIAPCTBOTO U TPaJICKHHUIIIT-
BOTO CO MMOHATAMOIITHUOT Pa3B0j Ha HAOTAIUIITETO.

Criopenn OCHOBHATa WHXCHEPCKO-TEONIOIIKA
KiacuduKaIyja Ha KapruTe 3acCTalleHUTe THUIIOBU
Ha KapIy ce CBPCTEHH BO IrpyIara Ha [[BPCTO CBp3a-
HU KaMEHUTH KapIiu.

Co ananuza Ha JOOMEHUTE PE3yNTaTH O]l UC-
MUTYBakbATa U MEPEHHATa Ha jaKOCTa 110 MyKHATHHU
co IIIMHUTOB YekaH, FTeHepaTHO 3a MEJNOT UCTPAXKY-
BaH IPOCTOP MOXKE Ja TH YCBOUME CIICTHUBE Bpe-
HOCTH Ha (PU3HYKO-MEXaHWYKHTE MapaMeTpu 3a
Pa3IIMYHUTC TUIIOBU HA Kaplur U TOA:

I'najceBu: op = 65 — 120 MPa;
0; = 5,50 — 13,0 MPa;
y =25,5-28,0 kN/m?;
% = 26,7 — 29,0 kKN/m3;
n=1,0-4,8%;

KBapu-rpadutrnaan mkpumm:
op(L) =55 - 80 Mpa;
on(|) = 25 — 40 Mpa;
oz(1) =4.0-7,0 MPg;
oz(|]) = 2,0 - 3,0 MPa;
y =26,0-27,6 KN/m3;
% = 27,8 — 28,6 KN/m?;
n = 3,46 — 4,24 %);

Hanwurtu: op= 70 — 150 MPa;
0: =5,0-13,0 MPa;

y = 26,0 kKN/m3;
% = 27,6 KN/m3;
n=3.0%.

Ha kapakrepucTHUHHTE WHKEHEPCKO-TEOJIOII-
ku npodmm 1350 m 1650 Bp3 ocHOBa Ha MmoBeke
napamMeTpu ce H3/ABOCHH KBa3MXOMOIEHH 30HHU,
OJHOCHO 30HHM CO HCTH KJIAaCH Ha KaplH CIIOpen
Bieniawski (1989).

3a e o/1 MONPEYHUTE HHKEHEPCKOTEOIOIIKN
MPOQUITN KOW IIOMHHYBaaT HU3 MeTaMOp(hHH KapIu
Ol THUIOT Ha THAjCEBM M KBapU-TpadQUTHIHH
LIKPWILK BO KOU IITO TOCTOM MOKHOCT 3a CO3Jia-
Bamkbe Ha IUTAaHApEH JIOM W3BpIIEHa € MPOIeHa 3a
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MOXXHOCTa 32 (JOpMHUpame HA PaMHUHCKH JIOM CO
momo1 Ha nporpamoT Roc Plane. IIpu Toa ce ana-
JU3UpaHd TPOLEHETHTE MOTEHIMja HH MecTa H
CTpaHU CO YCIIOBH 3a T10jaBa Ha OBOj THIT HA HecTa-
OMITHOCT MPH MOBPIIMHCKA EKCIUIOaTalnja u Mpor-
HO3CH HAYMH Ha IOCTaBYBalE Ha €TaXHUTE (HOp-
maiao Ha YT ipodmin). Cenak 3a 1a MOXKAaT co eTa-
JKUTE Ha MOBPIIMHCKUOT KOII J]a ce oraTtaT rojieMm
Jell 0/1 OpyAHyBamkaTa (HaKJIOHM Ha KOCHHHU W THUII
Ha eKcIuloaTalyja ce MpeIBUAyBa O CTpaHa Ha
MPOEKTAHTOT Ha TJIABHUOT PYAAPCKH MPOEKT).

3a KOpUCTEHE Ha OBHE aHAIM3H M IPIMEHA Ha
aHAJIN3HU CO CIIMYHH COPTBEPCKH IMTAKETH OJ1 IpOorpa-
MoT Rocscience MHOry ce 3HauajHU MepemaTa co
TeOJIOIIKY KoMIac U (POpMHUPAHHUTE MEPHUTE MECTA.
Cexkako mpuToa € MoTpeOHO MCTUTE Ja CE CIIPOBE-
JaT 3a I[e(l)I/IHI/IpaHI/I IMpaBlX U HAKJIOHU Ha KOCUHU
3a pa3IMYHU TUIIOBY HA 00jEKTH.
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NH’KEHEPCKO-IT'EOJIOIIKHU U TEOTEXHUYKHU UCTPAXKYBAIbA
N UCIIMTYBAIBA BO ®YHKIINJA HA PYJJAPCTBOTO BO MAKE/IOHUJA
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A1 cTpax T UHKeHEepCKO-TEONOMKUTE U TEOTEXHNUKATE HCTPaXKyBamba M HUCIUTYBamba Ce CMETaaT 3a €JHU O
Haj3HAYajHUTE acCHeKTH NpH IUIAaHUPAmbETO, OTBAPAETo, SKCILIOATAINjaTa M 3aTBOPAEeTO Ha PYNApCKHUTE KamanuTeTH. Bo
0BOj KOHTEKCT, COTJIaCHO Ha ITOCTOjHATa 3aKOHCKa peryijariBa Bo MakeloHHja, KOMIAHHHUTE KOW BPIIAT HCTPaXKyBama WIIN
eKcIII0aTanyja Ha MHHEpaTHN CYPOBHHY ce 00BP3aHH Jia BpIIAT COOIBETEH 00EM M Ha BAaKOB THIT HA UCIIUTYBamba 33 Pa3InIHU
neny. Bo TpynoT ce nmpe3eHTHpaHu OApeIeHH CO3HaHU]a O OPOjHH HCTPaXKyBarha M HCITUTYBaka Ha HHKEHEPCKO-T€OJIOIIKITE
U TEOTEXHHUYKHUTE KapaKTepPUCTUKH Ha KapHecTHTE MAacH BO IoroyieM Opoj Ha HAOTalHINTa W PYJHUIN 32 METAIUIHU H
HEMETaINYHH CypOBUHM BO MakeoHHMja BO MOCIEIHUTE HEKOJIKY TOANHH, IPUKAKaHU C€ BOCIIOCTABEHH KOPETAIUU TTOMery
OJIpe/IeHN TEOTEXHUUKHI KapaKTePHCTHKN Ha KapIEeCTUTEe MacH, U JaJeHH Ce OAPEAEHH UCKyCTBa oA (ha3uTe HA T€OTEXHUIKI
MOHHTOPHHT U KOHTPOJIA

Kiny4yHu 300poBHU: HHXECHEPCKOTEOIONIKH ¥ TEOTEXHUYKHU CBOjCTBA; HAOTAUINTA; KOPEIAUH; HCKYCTBa

ENGINEERING-GEOLOGICAL AND GEOTECHNICAL INVESTIGATIONS
IN FUNCTION OF MINING IN MACEDONIA

A b stract: Engineering-geological and geotechnical investigations and tests are considered to be one of the most
important aspects in the planning, opening, exploitation and closure of mining facilities. In this context, in accordance with the
existing legislation in Macedonia, companies that conduct investigations or exploitation of mineral resources are obliged to
perform an appropriate scope of this type of investigations for different purposes. In the paper are presented certain findings
from numerous investigations and tests of engineering-geological and geotechnical characteristics of rock masses in a number
of deposits and mines for metallic and non-metallic raw materials in Macedonia in the last few years, established correlations
between certain geotechnical characteristics of rocks masses, as well as certain experiences from the phases of geotechnical

monitoring and control of materials.

Key words: engineering-geological and geotechnical properties; deposits; correlations; experiences

1. BOBE/]

WuxeHepckoreonomkaTa U TeOTeXHHYKATa
KapakTepH3allija Ha KaprecTUTe Macu BO Py THHIIU-
TE ¥ KAMEHOJIOMHUTE PETCTaByBa MHOTY Ba)KEH CerT-
MEHT BO IEIOKYIMHOTO HUBHO paboteme. Of oBue
CBOjCTBa Ha KapIuTe 3aBHCAT MHOTYOPOjHHU YCIIOBH
Ha pa0oTa, Kako Ha IpUMep: CTaOMITHOCTa Ha MOBP-
IIMHCKY WM TOJ3€MHH MCKOIHM, HOCHUBOCTA Ha Te-
PEHOT, e(hpMKaCHOCTA Ha METOJIOT Ha OTKOIYBamke U
npuMapHaTa npepaboTKa Ha CypoOBHHATa, TPaHC-
MOPTOT, acleKTUTe Ha 0e30eHOCT U 31paBje MpH
pabora, utH. Kaj HeMeTann4HnTe MHHEPAITHHU CYPO-
BHUHH KOM C€ KOPUCTAT 3a TPAJeKHH IIeITH, Te0TeX-
HUYKHTE CBOjCTBA CE OJ1 TPBOCTENICHO 3HAUCHE 1 O
HUB € YCJIOBEHO 3a KOM LIEJIM MOXE Ja Ce IPUMEHY-
Ba cypoBuHaTa. He HaBieryBajku Bo MHOTY JIeTalH,

BO TPYAOT Ce [IPE3ECHTUPAHU UCKYCTBATa, pe3yITaTu
U KOpeNaluu 0J] HHKEHEPCKOTEOIOIIKH U Fe0TeX-
HUYKH MCTPa)XKyBarba, UCIUTYBama U HaOJbyIyBa-
Ba 32 MOBEeKe aKTWBHHU PyIHHUIM BO MakenoHuja,
KaKO W HaolajuinTa Bo (ha3a Ha HCTPAKYBAbE.

2. UICKYCTBA U PE3VIITATHU
Ol MTHXKEHEPCKOI'EOJIOILIKHN
N TEOTEXHWYKU UCITUTYBABA
BO ®YHKIIMJA HA PYJJAPCTBOTO
BO MAKEJOHHJA

Bo nponomkenue ce 1aBa KpaTok OCBPT Ha pe-
AMM3UPaHU UCTPAXYBarka M WUCIUTYBamka, HAydYHU
aHAJIM3H U CO3HAHUja KO ce JOOMEHH 3a IeITUTe Ha
reoTeXHWYKa KapakTepu3alldja Ha HaolraJlMINTa Ha
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MHHEpPAIHU CypOBHHH, aKTUBHH PYAHUIIN, OfJIara-
JIMIITa ¥ OKoJHATa paboTHaTa cpenuHa (uHGpa-
CTPYKTYpHH 00jEKTH, TIPUCTAIHH MATHUINTA, CUCTE-
MH 3a TPAHCHIOPT Ha py/a), KaJie y4ecTByBaJIe aBTO-
pute Ha TpyznoT. Hajroimemuor nen ox uctpaxysa-
HBaTa U UCIUTYBamba Ce pealn3upaHy BO PaMKH Ha
Karenpara 3a reorexuuka mpu I 'pagexHuoT haky-
TeT Bo CKoIlje 3a MOTpeduTe Ha HCTPAKYBAmHE HA
norojeM Opoj Ha HAOTAUIITA Of Pa3IMYHH ['CHET-
CKH TPYIIH.

2.1. Hnoicenepcro2eonouku ucmpaicysara
30 HeMemanuiHu MUHepaIHu CyposUnU
(2padesicho mexHuuKy Kamen)

ABTOpHUTE Ha TPYJOT YydYecTByBajie BO H3pa-
00TKa MM peBU3Hja Ha HHXKEHEPCKOTE€OJIOIIKA J0-
KyMEHTallhja 3a IeUTe Ha KapakTepHu3amnuja Ha
KapIuTe BO aKTUBHM KaMEHOJIOMH HH3 JIpyKaBarta.
JlokyMeHTanmjata € W3roTByBaHa Mpej ce 3a Iie-
JuTe Ha M3paboTka Ha eaabopaTH Ha IMpeKaTero-
pu3anyja Ha pyJaHH pe3epBH. Moxe Ja ce KOHCTa-
THpa JIeKa U3BEJCHHOT 00eM Ha NCTIUTYBama Tpeda
na Ouje JocTa MOroJieM BO OIHOC Ha pealn3upaHu-
oT. VIMeHO, BO CKJION Ha KOHTPOJIHUTE UCIIUTYBaba
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5)

Ha MaTepHjalinTe, KOHIIECHOHEPUTE CeKoja TOArHA
TH OfpeAyBaaT HUBHHUTE (U3NYKO-MEXaHWYKH Ka
(3a menuTe HA yTBPAYBaWkE HA KBAJUTETOT 32 KO-
pHCTEeRE Kako CypOBHHA 3a I0OMBAL€ HA arperar 3a
acdant u 6eToH, (husep UTH.), HajuecTo 6e3 Mmoco-
YyyBam¢ Ha MECTOTO Ha 3eMame Ha MpoOuTe 3a ca-
MuTe menutyBama. Ox apyra crpaHa, 06eMoT Ha
MHKEHEPCKOT€OJIOIKH HCTPaKyBarmba U NCIIUTYBA-
Ba 32 LEeJUTE Ha JeUHUpPake HA YCIIOBHUTE HA CTa-
OMIIHOCTa Ha KOMOBUTE CE CBEAYBa HA MUHHMYM.
I'enepaneH 3aKiIydoK € JIeKa 3a yTBpAyBambe Ha Ma-
paMeTpuTe Ha jaKOCTa Ha CMOJIKHYBambE U OJIpeay-
Bam€ Ha cOCTOj0aTa Ha HCIyKaHOCTa (OJ] aCIEeKT Ha
CTAaOMIIHOCTA Ha €TAKHUTE W 3aBPITHA KOCHHW) HA
KapIecTHTe Macu Tpeba /1a ce TOCBETH MOBEKe BHU-
MaHue, a MPeKy peaiun3anyja Ha TePEeHCKH U J1abo-
paTOPHUCKU OIHTH, JOAEKA Ha OJPEICHH JOKAINTE-
TH Tpeba J1a ce peaan3upa U Fe0TeXHUYKHA MOHHUTO-
puHT co nHKIMHOMeTpH. Ha cnuka 1 ce mpeseHTH-
paHH BOCTIIOCTaBEHU KOPENAIIMOHH 3aBHCHOCTH T0-
Mel'y OCHOBHH (DM3UYKO-MEXaHWYKH KapaKTepHC-
TUKH Ha KapIuTe, KaKo MPUMEp 332 MOKEH HAauWH Ha
HCKOPHUCTYBAmE HA PE3YJITATUTE 32 [10jacHa re0TeX-
HUYKa KiTacu(rKanyja ¥ KaTeropusaiuja Ha Kap-
MECTUTE MAacCH BO KAMEHOJIOMHTE.
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Ca. 1. KopenanuoHu 3aBUCHOCTH Ha QM3HYKO-MEXaHUUKH [TAPAMETPH Kaj IPaIeKHO-TEXHAUKN KaMeH.
a) 0a3UYHM MarMaTCKy Kapiu, 6) MEpMEPU U BAPOBHUILIM, B) METAMOP(HH KapIiu, I') Ga3M4HU MArMaTCKU KapIu
(Eduymes, 2017)
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2.2. Hnoicenepcro2eonowku ucmpaicysarna
30 MemanudHu MUHEPAIHu CyposUHU

Kako coctaBeH nenm BO paMKH Ha TEOJOMIKH
UCTPaXyBama U JOUCTPAXyBamba Ha IIOBEKE JIOKa-
JUTETH Ha METAJMYHU MUHEPAIHH CYpOBHUHH C€
npubpaHu ToyieM Opoj Ha momaTouu 3a (U3UUKO-
MEXaHMUYKUTE CBOjCTBA Ha Kapnectute Macu. [loc-
TalHU c€ MOJAaToOIM oX HaoramumTara Miosuua,
[TnaBuna, Kazannon, Kaguuia, bopos non, byuanm.
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a)

I'maBHa KOHCTAaTaIMja BO MOTJel HA 00EMOT Ha MH-
KEHEPCKOTCOJIOUIKUTE UCTPaKyBamba U MCIUTYBa-
Ba € IeKa Ha HUB BO OJIPEJICHH CITy4acBH Ce MOCBe-
TyBa MHOTY TTOMaJI0 BHIMaHHe 011 ToTpebHoTO. OBa
ce OJIHECYBa KaKO Ha OCHOBHHUTE (PH3MUYKO-MeXa-
HUYKH OCOOMHHM (Ha Tp., CIeNU(HUYHa U BOIyMEH-
CKa TeXXWHA), TaKa M Ha jaKOCHO-AepopmadmTHuTE
mapamerpu. Co popmupame Ha HEKONKY 0a3m Ha
MOJIATOLH, CUTE IOCTAITHU IOJATOLM Ce CUCTEMAaTH-
3WpaHU M TEHEPUPAHH CE OJIPelicH OpOoj Ha 3aBUC-
HoctH (ciuku 2, 3, 4)..

250
y=0,003x2- 0,070x + 23,81
R?=0,834

200

150 /
100

50 ¢ /

.

0 100 200 300

+ Caca

EAHOAKCHM]janHa jakocT Ha NPUTUCOK
(MPa)

Jakocr Ha npuTHcoK npeky 1s50 (MPa)
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Ca. 2. KopenanuoHu 3aBUCHOCTH Ha (PU3NYKO-MEXaHHYIKH TapaMeTpu kaj Haoranuinte Caca,
a) Kopelamuja Ha BOJYMEHCKa, U CIelU(pUIHA TEKUHA, 0) Kopesaluja IoMery jakocT Ha IIPUTUCOK MPEKY MHIEKC Ha jaKOCT
U CTaHAapZeH ONUT Ha eJHOAaKCHjaIHa jakocT (JoBaHOBCKH U 1p., 2017)
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Ca. 3. Kopenarionn 3aBUCHOCTH Ha (PU3NIKO-MEXaHWIKHY ITapaMeTpH Kaj Haol aluIITa
Ha METaJIMYHU MUHEPAJIHH CYPOBUHHU — Haoranuiute MnoBuna.
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a) TPaHOIMOPUT, O — AT, B. JALUTCKA Opeya, I'. — TPaHOAHOPHT
(JoBanoBcKa, 2016)

JakocT Ha npuTucok {MPa)
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Cu1. 4. KopenalunoHu 3aBUCHOCTH Ha (PU3UUYKO-MEXaHUUKK TTApaMETPHU U IyIa00UYMHA Kaj HAOTaMINTa Ha METATMYHN MUHEPATHI
CYPOBHMHH. a) jaKOCT Ha NMPUTHCOK-11ab04nHa, §) BOJTyMEHCKA TEXUHA-I1a00uKHa, B). CleU(UIHA TEKMHA-Ia00uHa,
r) opo3noct-mabounna ([Temescku u ap., 2017)

On BOCIIOCTaBEHUTE KOpEJIAIMHU € jaCHO JieKa
CO ITOMOIII ¥ Ha MOEHOCTABHYU CTATHCTHYKH aHAITH-
34, MOXE JIa Ce M3BPIIHU MMOBP3YyBame MOMery pas-
JINYHHUTE TTapaMeTpu Ha CpeauHara, 1a ce MpOTHO-
3UpaaT ¥ MHTEPIIOIUPAAT BO PAMKH Ha IMOMAJ HIIH
MOIIMPOK MPOCTOP O/ HHTEPEC, J1a Ce OCOYAT 30HU
3a KOM c€ MOTPEOHH JOMOJTHUTEIHN aHAIU3U U CO-
OJIBETHO MCKOPHCTAT NpH (ha3ara Ha eKCIoIaTaiuja
" JOTIOJIHUTCIIHU aKTUBHOCTHU IMOBpP3aHU CO IIPOCK-
TUpame. Bo ojHOC Ha neduHupame Ha aedopma-
OWJIHUTE TIAPaMETPH U TapaMEeTPUTE Ha CMOJIKHY-
Bame BJIOJDK MyKHATHHHU, C€ KOHCTaTHUpa JieKa Kaj
HAjrOJIEMHOT JIeJl Ha HaOraJMIITa He € MOCBETEHO
JIOBOJTHO BHUMaHHE
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2.3. Unoicenepcrozeonowku ucmpaicysarsa
3a eHepeemcKy MUHEPAIHU CYPOGUHU

Bo ¢azara Ha ucTpaxxyBame U JIOMCTpaxyBa-
K€ Ha HAOTaNWINTaTa 3a CHEPreTCKU MUHEpaTHH
CYpPOBHUHH (Kaj HAC — jarJIeHUTe) ce BPIIX U COOJIBE-
TeH 00eM Ha MH)XKEHEPCKO-T€OJIOIIKN 1 T€0TeXHUY-
KM HCTpaXyBama U UCIIUTYyBama. Bp3 6as3a Ha noc-
TanmHUOT (HOHJ HA MOJATOLM OJ1 ITOBEKE HAOIaIHILI-
Ta, U3BE/ICHU CE OJIPEICHN KOPEIaLMOHHU 3aBUCHOC-
TH KOHM C€ NPE3EHTHpaaT Ha CICTHHUTE JHjarpamMu
(cukum 5 m 6). 3a HaoranumTeTo bpoa-I'HeoTnno e
H3BPILEHO T'€OTEXHUYKO MOJEIHNPAEe CO MPUMEHa
Ha COBPEMEHHU KOMITj YTEPCKU TEXHHUKH (CITUKa 7) 01
KaJie MOXeE JIa C€ COTIe/]aaT reOTeXHHUKUTE YCIIOBH
Ha HAOTaJIMINITETO, & BOSIHO U JIa C€ YTBPAH BO KOU
30HH HE CE pacrioiara co cooiBeTeH 00eM Ha moja-
TOIIH, T.€. HE € J0Kpaj ne)uHUpaHa paboTHaTa cpe-
JIMHA OJ] TEOTEXHUYKH aCIIeKT.
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Koherip TO

a) 0)
Ca. 5. Kopenarpionn 3aBUCHOCTH Ha OCHOBHH (hM3MYKO-MEXaHHUYKH apaMeTpH Kaj HaolaluINTa Ha jarycH,
a) BosryMeHCKa Te)XHHa U CyBa BOJyMEHCKA TE)KHHA 3a IJIHHH, 0) BolyMeHCKa Te)1Ha 1 CyBa BOJYMECHCKA TEKUHA 32 MPAIIHHH

(Henenkoscka 2021)
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a) 0)

Ca. 6. Kopenaiionn 3aBUCHOCTH Ha OCHOBHH (PM3HIKO-MEXaHHUYKH MapaMeTPH Kaj HaoTaluIITa Ha jarjeH,
a) BiaaxxHocT U CyBa BOIyMEHCKA TEKHMHA 33 Tecony, 6) BiaXHOCT 1 cyBa BOIlyMEHCKA TEXKHHA 32 AICBPOJIUTH,
(Henenxoscka 2021)
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Ca. 7. 'eoTexHIMYKO MOJIeNHpame Ha HaorammTeTo bpon ['HeoTnHO co mpuMeHa Ha codTBep,
a) quMjarpam Ha criopeda Ha MOJAaTOIMTE 3a BOJYMEHCKA TeKHUHA M KOXe3Hjara OJJpe/iecHa CO TPHAKCH]jAJICH OIIHT;
0) mujarpam Ha criopen0a Ha MOJaTOIMTE 32 aroJiOT Ha BHATPEIIHO TPHEHE OJIPEIEH CO OITUTOT Ha JUPEKTHOTO CMOJIKHYBAhE U
TPHUAKCUJATHUOT OnuT; B) 3] M3TIIe]] HA TEOTEXHHIKHUTE JOMEHH Ha aroJioT Ha BHATPEIIHO TPUCHE Ha MIPAITHHUTE OJIPEIEH CO
OIUTOT 3a AUPEKTHO CMOJIKHYBambe, (Manesa 2021)

2.4. 'eomexHuyKky ucmpasicy8ara 3a pyOHUYKa
UHpacmpykmupa, ucnumyearba Ha pyOHUYKU
OMNA0 U 2e0MexXHUUKU MOHUMOPUHS

Kako HemMHHOBEH Jien ol pyJapcKara aKTHB-
HOCT € U CO3/]aBameTO Ha COOABETHH MPEIyCIOBH
3a moOWBame U MpepadoTKa Ha MUHEpaIHaTa Cypo-
BuHa. Toa moapa3dupa u3rpaada Ha Pa3HOBHIHH
TUTIOBH Ha TPaJIe)KHU 00jeKTU: MIPUCTAITHYU NATUIITa
Y TPAHCIIOPTHH CUCTEMH, KallallUTETH 3a IIpepadoT-
Ka Ha pyla, MallMHCKH PaOOTHIHUIM, TTOMOIIHH
MUKpOaKyMyJIaluy, IPEIUBHU OPTaHu, TYHENIH, XU~
JIPOjaJIOBHUIITA M jaJOBHINTA OJl KPYITHO3PH jaJioB
Matepujai utH. Hexon ox objexTute, mipes ce Xua-
pOjaJIOBHINITATa KAKO HAjJOIIACHU 110 OKOJIMHATA, T10-

OapyBaaT peJOBEH MOHUTOPHHT O] aCIIeKT Ha KOH-
TpoJja Ha CTa0MIIHOCTA W BapHjaOMITHOCTa Ha Teo-
TEXHUYKUTE CBOjCTBA HAa MaTEpHjaJUTE O KOU Ce
rpazgat. MckycTBaTa MOKa)KyBaat JieKa JOCTa YeCcTOo
Cce jaByBa U MOTpe0a 0] TCOTEXHUYKH UCTPAKYBAHA
1 UCTIUTYBaba 3a IPEMECTYBambEe Ha OJIPEICHHU 00-
jEKTH, Mopaay COBPEMEHU T'EOJIOMIKH MOjaBU HIIH
MaK NpOIINPYBake Ha eKCIIOATAllMOHUTE TOJIHbHA,
JoJleka rmoceOHa MpolIeMaTHka € aHATH3HPAHETO
Ha MOXXHOCTHUTE 3a TIOTEHIIMjajTHa HaATPpa10a Ha aK-
TUBHH jAJOBHUILTA / XUApOjanoBUIITa. Bo mpomon-
KEHHUE ce IPE3CHTHPAAT HEKOJKY CIIMKU Ha KOH ce
TaJeHN PEe3yJITaTH OJf MHKCHEPCKO-TCOIOMKH H
TCOTCXHUYKU UCTPAXKYyBakhba 1 MOHUTOPHUHI 3a pa3-
JIMYHU LIEJIU BO PYAAPCTBOTO.
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Cn. 8. MHeHepckoreon. npodun Ha xuapojanosulute 6p.4 Ha pyaHuK Caca (FopfeBckmu 2014)
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Cu1. 9. VI3Baj10K 0/ HHXKEHEPCKOTCOIOIIKa KapTa 3a MPHCTAICH 11aT U TPaHCIIOPTEH cucTeM 3a pyaHuk bopos Jlox (JoBanoscku 2017)

IIpu koHTpONIa Ha MaTepHjanuTe BOOOHMYACHO
ce U3BeyBaat J1a00paTOPUCKH ONUTH 32 ONPEACIIy-
Bamke Ha IPaHyJIOMETPUCKH COCTaB, CieNupUIHA U
BOJIyMEHCKa TEXXHHA, IPUPOIHA BJIAXKHOCT, jaKOCT
Ha CMOJIKHYBamb€, MOIYyJ Ha CTHCIMBOCT U Koe(u-
IUCHT Ha BOJOTMPOIYCHOCT, CO KO C€ KOHCTAaTUpa-
aT oCUMJIALMU BO W3HOCUTE. JlOTOHUTENHO, Topa-
I¥ TPYCHOCTA Ha PETHOHOT, BO IOCJIEAHUTE TOAUHH
CIpOBECHN ce W 00EMHHU TEPeHCKH W J1abopaTo-
pHCKH paboTH 3a IPOBEPKa Ha CTA0MITHOCTA IIPH Ce-
M3MHUYKHU TOOYIN W MCIIMTYBamke Ha MMOTESHIINjal 3a
nmukBudakumja. Micture ondakaar onuTu Ha CTaH-
napana SPT u konycHa CPT nenerpanuja (Ha mp.,
W3BEJICHW Ha KPyHATa U BO €3€pOTO Ha XUAPOjaio-
BHUIITaTa), TECTOBU 32 BOJOIPOIYCHOCT U 3€Mambe
Ha IPHUMEPOLH 3a Ta00paTOPUCKU UCTIUTYBaka, BP3
KOM Ce€ CIpPOBEICHH KIACU(PHUKAIMOHH OIMUTH U
TECTOBH 3a ONpeAeiIyBambe Ha jaKoCHO-Iedopma-
OunHM mapamerpu. Pesyntatute On TEpEHCKUTE
ormutu SPT u CPT ce ToakyBaHM CO KpUTHUKA TIPU-
MeHa Ha Mpernopaky BO peleBaHTHA JINTeparypa u
EBpokog 7-2 (EC 7-2), a ucrintaHu ce 1 BOCIIOCTa-
BEHH KOpeJaliu oMery TepeHCKH U JlabopaTopuc-
KU pe3yITaTH, KOU HAOJU CE CIIO/ICIICH! Ha MeTyHa-
ponuu koHdepenrmu (Velkovska, Papi¢, Abazi
(2019); Velkovska, Papic¢ (2019); Papi¢, Velkovska
(2021)).

HcrpaxyBamara ce ClipoBelyBaHH NTapajieTHoO
O]l aCIIeKT Ha BOCIIOCTaBYBam€ HA KOPEJAINH I0-
Merly TEpEeHCKHU U 1a00opaTOpUCKH HCIUTYBamba, Ka-
KO M BOCIIOCTAaBYBam€ Ha KOpenaluu rnomery asa
pa3IMYHU TUIA HA TEPEHCKH TECTOBH WX Jlabopa-
TOPUCKH UCTIUTYBamka. OBa 01 MpUYHMHA ILTO BO MO-
BekeTo (POpMYJIM MPUCYTHH BO JIMTeparypara, moc-
TOEUKHUTE KOpEeJaluy Ce TOCTaBeHH 3a MPHUPOJACH
CUTHO3pH IIECOK, a HE C€ IIPOBEPEHU 3a IIECOK O]
xuapojanosuiure. Ilopaau Toa, nenta Oeie THe na

ce mpoBepaT u moao0par, T.e. 1a ounar GyHKIHO-
HQJIHU 32 OBAaKBU CPEOUHM BO KOM IIPEOBIIAAyBa
CUTCH M NPALIMHECT MaTepHjaj, JOOUEH CO mpepa-
0otka Ha pynHu MuHepamu. Ox SPT omurror ce
nmoOuBaaT nH(GOPMAIUH 3a BUI HA MaTepujai, 30ue-
HOCT, aroj Ha BHATEPIIHO TPHEHE, HHIUPEKTHO CE
npecMeTyBa MOTEHIMjal 3a JUKBU(aknuja, a Ona-
roflapeHye Ha MaTepujaioT 3eMEeH CO LUIUHACPOT
3a m3BenOa Ha SPT, mabopaTopucku ce yTBpyBaar
BJI&KHOCTA, BOJIyMEHCKaTa TEKHHA U TPaHyJIOMET-
pucku coctaB. On Mepemara, MaK, M3BPLICHU CO
CPT (otnop Ha KOHYC, TpUEHE Ha 0OBUBKA U MOPEH
NPUTHCOK), HATIPAaBEeHH ce Kiacu(uKauu Ha Mate-
pujanior criopex (CTaHaapIu3upaHa W HecTaHIap-
nu3upana) tabenn Ha Robertson et al, kou Haoqu
[JIABHO OJroBapaatr Ha JIAOOpaTOPUCKUTE pe3yITa-
TH, TIPY IITO PEYUCH U J]a HEMa pa3jiuKa IoMery 3a-
KIIYYOIIMTE O] OBHE JIBE TaOEIu.

Opn Tabenute Ha KiacuduKanuja Ha TIO CIIO-
pen Robertson et al. ce mo6uBaat u uadopmariu 3a
KOC(hHIMEHTOT Ha BOJOMPOIYCHOCT K, Kaje co of-
penyBame Ha BUAOT Ha TIOTO CE€ OfIpe/lyBa U JIoMe-
HOT BO KOj HCTHOT C€ JIBFIKH: CO OTJIe] IeKa CTaHy-
Ba 300D 32 MMECOK, CO PEJIATHBHO THITUYHH YTBPJICHH
BpeHOCTH 3a K, MOJKe J1a ce ajie Ipernopaka 3a Hej-
3WHA MPUMEHA U Kaj XUJIPOjasIOBUIIHH Teconu. Bo-
€JIHO, HallpaBeHa € M KopeJalyja nomery jadoparo-
PHCKH HMCTHUTaH Kk M IpaHyJOMETPHUCKH COCTaB CO
WHOBHpaHa PaBEHKa, IPH IITO € IIOCTUTHATA MOIITHE
nmobpa 3aBHCHOCT!

3a ojpeyBame Ha arojoT Ha BHATPEIIHO TPH-
eme npeky pesynratu og CPT, xopucrenu ce npen-
JI031 Ha HEKOJIKY aBTOPH, & H3HOCHUTE CE CIIOpEey-
BaHU CO pe3yJTaTHTe AOOMEHH BO JiabopaTopwja.
Hajonucky 1o HUB ce BpeTHOCTHTE Of U3pa3uTe Ha
Kulhawy-Mayne, motoa oHue oja paBeHKara Ha
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Jefferies-Been, a mpudaTiiiBH ce U IIPETIOPAKUTE O
EC 7-2 3a oBoj Tun Ha o0jextu u Matepujai. Kora
CTaHyBa 3a oJjpeAyBame Ha aronot npeky SPT, ce
YHMHU JIeKa ce KOPEKTHU caMmo npenopakute oa EC
7-2.

HcTo Taka, M3BPIIEHO € M CHOpeNyBame Ha
pe3yiTaTH OJ €IOMETapCKh ONUT U COOABETHHU
kopenamuu co SPT u CPT. Co HUB e yTBpACHO JieKa
n3pa3oT Ha Bowles naBa conmmmna Bpcka momery jia-
6oparopucku ucnuryBama u SPT, nogexa MHOXe-
e Ha otnop Ha kKoHyc npu CPT co 1,5 ke nane
BPEITHOCTH Ha CTpaHa Ha CHTYPHOCTA 32 MOJIYJ Ha
CTHCIIMBOCT 32 TIECOK O] XHPO]jaJIOBHUIIITE.

Ha oBakoB HaumH, ce MpHaOHECYBa KOH 3HA-
YUTEeTHa PeAyKIlFja Ha BpeMeTo 3a m30op Ha dop-

MYJIH KOH Ce TIPIMEHYBaaT 3a IpecMeTKa Ha TeoMe-
XaHWYKH MTapaMeTpH MOTPEOHHU 3a MPOCKTHPamEe U
KOHTpOJa Ha 00jexTH on oBakos Tum. OBaka op-
MHpaHaTa 0a3a Ha MOAATOIM Ha TEOMEXaHWUKH Ia-
paMeTpH j1aBa MOIIIHE 100pa OCHOBA 33 KBAJIUTETHO
W3BPIIYBalb¢ HA HYMEPUUKHUTE aHaJIM3H, BKIydy-
BajKU M 32 yTBPAYBamke Ha MOTEHIHjall 32 JINKBH-
(hakmmja BO yCIIOBH Ha CHIJIEH 3eMjoTpec. Bipouewm,
MO3UTHUBHATA [IPAKCa 3a PEIOBHO KOHTPOIUPABE Ha
reOMEXaHMYKUTE KapaKTEPUCTUKK Ha jalIOBHHCKH-
OT TIECOK € 3Ha4ajHa 3a MMOTBPyBambe 1 KaTrOparm-
ja Ha BIIE3HUTE MapaMeTpH MPH HyMEPUUYKUTE Ha-
MMOHCKO-IIe(OPMAIMICKH aHAIM3U U TPECMETKHUTE Ha
CTaOMITHOCT, BKITy4UyBajKU TH ¥ KOCHHHTE, KaKo H 32
cliefiele Ha COCTOj0aTa Ha XUAPOjaJIOBHILITETO BO
LEJIOCT, U KOHTUHYHPAHO CE pean3upa Kaj HalluTe
AKTUBHH XUJPOjaJOBHUIIITA.

-

Ca. 10. M3Benba Ha onuT HA CTaHJapaHA IEHETpanHrja Ha XuapojanoBuinTte TOMOIHAUIA 32 IPOIEHKA HAa TOTCHIUjal
3a mukBudaxuuja (Benkoscka 2019)

OckyintanjaTa Ha XUAPOjaJIOBHINTATA IOJ-
pa3bupa BH3yelHH HaOJbyIyBamka U MEpema, a co
KoM ce omdakaar TeOAEeTCKH, TEOTeXHWUYKH |
3eMjorpeceH MoHuTOpuHT ([Temescku u ap. 2017).
3a Taa 11€71, ce BrpajyBaaT HHCTPYMEHTH 3a HaOJby-
IyBame, KaKo IITO ce, Ha TIp., THe30MeTpH (3a Mepe-
€ Ha HUBO Ha MOA3EMHA BOJ]a ¥ Ha TIOPHH MPUTH-
COIIM) ¥ MHKJIMHOMETPH (32 CIICJICHE Ha IPOCTOPHA
Y BpeMEeHCKa pacrpeenda u pa3Boj Ha IOMECTyBa-
wara). Taka, Ha XuUAPOjalOBUIITETO TOMOIHHIIA,
4yija BUCOUMHA u3HecyBa 134 m (HajBucokara Opa-
Ha BO Makenonuja, Kosjak, uma Bucuna o1 126 m),
BeKe JieceT rOIMHU UMa BOCITOCTABEHO KOMILIEKCEH
cucTeM 3a HabJbyTyBambe, a IITO € BO COTJIACHOCT CO
L, ] IpaBHJTHUKOT 3a MUHUMAJIHO MTOTPEOHHUTE PaboTH
M MEpPKH 3a TEXHHUYKO HaOJby/yBame Ha OpaHHUTE
YUM aKyMyJIallid U XHJPOjaJIOBUINTA CE Haj Ha-
CEJICHM MECTa MJIM CTOTIAHCKU O0jEKTH OJ1 OIIIIT HH-
Tepec”. ' maBHara 1en € J1a ce J00ujaT JOBEpIUBU
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MOJIATOIM 332 TIOMECTYBAKETO U MPUTHUCOLIUTE KOU
Ou ce pa3Buiie BO XHAPOjAIOBUIITETO U THE Ja CE
criopeatr co mpecmeranute. McTo Taka, OTYMTY-
BamaTa OJ MepemaTa MOXKaT Ja MMaaT BayKHA BTO-
pocrernieHa GyHKIMja BO 00€30€1yBambEeTO Ha jacHa
OCHOBA 32 aHAJTM3HTE 32 OMJI0 KOM MOTEIIKOTHH IITO
MOJXKaT J1a ce TojaBat npu paboTara Ha XUAPOjalo-
BHUIITETO U JIa Ce Mpe3eMaT COOJIBETHH Mepku. Tpe-
Ta ¥ MHOTY Ba)KHa LIeJI € J]a C€ YHAIPe/IU TeXHUKATa
Ha TPOSKTHUPAETO Ha XHUJPOjaJOBHILNTATA IMPEKY
JNOOMEeHUTe CO3HaHMja 3a OJJHECYBamETO HA OpaHu-
TE MPEeKy OBUE Mepema. Ha mp., 0] HHKIHHOMETpH-
TE€ MOXE Jla Ce KOHCTaTHpa JeKa CUTHAJIM3UpaaT
MMOMECTYBamba, KOM Bapupaar Kako 1o JTa004HHa,
Taka | 10 JIOKAIWja: MOeJUHN Ce CO 3aHeMapIUBH
MOMECTYBamba, J0/IeKa APYTH MOKaXKyBaaT MOU3pa-
3eHU JedopMalui HAa MaTepHjaoT BO XUAPOjao-
BuinTero (cnmka 11).
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Ca. 11. [Ipuka3 Ha peJTaTUBHH (JI€BO) U HHKPEMEHTAIHH (IECHO) MOMECTYBamka BO HHKIIMHOMETAP

2.5. Ocepm KoH ehexmom Ha U3NONHCEHOCT
Ha Kapnume Ha ammochepcKu yeaosu

IIpu uctpaxxyBamara, Kaj e 01 HaOoT aJHIITa-
Ta Ha METaJITMYHA MUHEPAJIHU CYpOBUHH ce 3aberne-
’KyBa MpoMeHa Ha (PU3HIKO-MEXaHUIKUTE CBOjCTBA
Ha KapIHTe I0CiIe HUBHO M3JI0KYBabe Ha aTMoc(e-
pata (3a0eJie)kaHo Ha jaJipo O UCTPAXKHU JAyTHATH-
HU Kaj HaoramuiTa Bo (a3a Ha JIETaTHH HCTPaXKYy-
Barba U OTBOPEHH paOOTHH €TaXXH Kaj aKTHBHH I10-
BPUIMHCKH KONOBH). BakBara mojaBa HaMeTHyBa
notpeba o BpIICHE HA JONOIHUTETHH aHAIN3H, 1
TOA OJ1 aCHIEKT Ha MPHUCYTHUTE aJITePALIH, HUBHOTO
BIIMjaHKe BP3 OIpeyBambe Ha ITapaMeTpuTe Kako ja-
KOCT ¥ J1e()OpPMaOMIIHOCT, BOJIYMEHCKA M CICIIH-
¢udHa TeXKUHA, U TIpeJI ce AepuHUpame Kako OBUE
KapIi Ke ce OJIHeCyBaaT BO TEK Ha BpeMe U JI0 Koja
Ju1abuHa Ke ce cIydyBaaTr OBUE MPOMEHH.

3. 3AKJIYUOLIM1

[pexy aHanu3a Ha TOCTAITHU TTOJIATOLIHM 32 OJI-
peneH Opoj akTuBHH pynHHIM BOo CBeroT ce
KOHCTaTHpa JieKa CO PeI0OBHO BPIICHE HA HHKEHEP-
CKOT'COJIOIIKH U I'COTCXHUYKH UCTPaAXKyBamka U HUC-
NUTYBaba, aHAIN3UW M KOpPENalii, ce MOCTUTHYBa
norojieMa eUKacHOCT U 0e30€THOCT BO IIEOKYITH-
oTo paboTeme Ha pyanunure. Kaj oapenenu pyn-
HHIIH, CO M3padOTKa U MpuMeHa Ha 3 /] reoTeXHUYKH

MOJIE]T, C€ MMOCTUTHAJT TO3UTHBEH EKOHOMCKH e(DeKT
co 3rojieMyBame 011 3-8%.

Haxo kaj Hac Ha oBaa mpoOJieMaTHKa ce 1moc-
BETyBa O/IPEACHO BHUMAaHHE, MOXKE J]a CC KOHCTa-
THpa JeKa € MOTPeOHO MOKOHKPETHO BKIYYyBambe
Ha OBaa HMH)XEHEepCcKa o0JiacT, a Tpeln ce MpeKy
PEIOBHO aHTaKUpame HA WHKEHEPH OJI HHKEHEep-
CKOT'EOJIOIIKA U TeOTEXHHYKA CTPyKa YIITE BO Haj-
panute a3y o UCTPaXyBame Ha HAOlaIMINTATA,
KaKo M HHU3 IEJHOT IEePHOJ Ha eKcIuloaraiuja u
3aTBOpame Ha pyaHuImTe. OApeeHn CorielyBaba
U Mpeio3u 3a 00eMOT co K0j Tpeba Jia ce BKIYyYH
reOTeXHUKATa BO pa3indyHu (a3 o] pa3BOjoT Ha
NPOCKTHUTE K& OMIaT NpUKaKaH! BO IPYT TPY/I.
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INOATI'PAAYBAIBE 1 OCUI'YPYBAIBE HA IIOJA3EMHUTE
PYIAPCKHU ITPOCTOPUHN CO TEXHUKA HA ITPCKAH BETOH

Byaent Cynoonal, Cean Abazu®

lCeKmop 3a Ypbanuzam - Onwumuna Pecen, Pecen, P. Cesepna Maxeoonuja,
I'padexcen paxynmem, Yuusepsumem *“Ce. Kupun u Memoouj”, Cxonje, P. Ceseprna Maxedonuja,
bsulooca@hotmail.com // sead@gf.ukim.edu.mk

Abstract IToarpanyBame U OCHI'YpYBakbe Ha MOJA3EMHHUTE PYIAPCKH POCTOPHH CE UCKIYYHMTETHO CIOKEH
IPOLIEC BO PYapCTBOTO, U Toa 011 0e30eJHOCEH U 0] eKOHOMCKH acleKT. EneH ox MeTouTe 3a NoarpagyBambe U OCU-
I'ypyBambe Ha HOI3EMHUTE PYAAPCKUTE IPOCTOPHHM € TEXHHKATa Ha TOPKPETHPAkhe OAHOCHO 3alITHTA CO IIPUMEHa Ha
MpckaH OETOH KOj ce KOPUCTH WJIM KaKO CaMOCTOCH IMOTIIOP HIIM IITO € HajuecT cilydaj, KoOMOMHAIMja CO aHKepH,
YeJInYHa MperKa, CHAPA, YSITMIHU PaMKH U 1p. [IpckaHHOT OETOH ce IPHMEHyBa CaMOCTOJHO BO T€OJIOIIKU -XHPOTe0-
JIOIIKK YCJIOBH, KaKO M BO MPOCTOPUH KaJie ITO MMa AedopManuy co Maiu KOHTypu. Jloneka ce KoOMOMHMpa Kora
Tpeba a cTabMIM3upa KaprecT MacHB M JIa ja 3TOJIEMH CUTypHOCTa. KBannTeTHO BrpamyBame Ha IPCKaH OETOH BO
MOZI3EMHUTE PYAAPCKH NPOCTOPHU He Oapa HUKakBa IOceOHA MOATOTOBKA 3a HaHeCyBame M caMo 3a 2-3 daca
nocturHyBa nsperrHa oa 0.8 N/cm? 0Bo3MOKyBajku paboTa Ha MoArpasHaTa KOHCTPYKIHja. Y CIICIIHO TOPKPETHPAE
3aBHCH O] TIOBeKe (pakTopH: m300pOT Ha MATEPHjaJIOT IITO Ke CE BrpaayBa, MallIMHATA 32 BIPayBame Ha IPCKaH OCTOH,
YIpaByBadoT Ha MCTaTa, U300POT Ha BP3yBayKUTE aAUTUBH M Ipyry. Kako u Bo npyrure o6jekTH, Taka U BO pyaapcT-
BOTO, IPCKAaHMOT OETOH ce HaHeCyBa BO JBa cinoja. Ho, Mopa ia ce BHMMaBa Ha pelenTypaTa Ha TOPKPETOT OHICjKu
IoroJieMa Te)XHHa Ha 0eTOH MOjke 1a OHJie TOBOJIHA 32 J]a HAaCHATH JIOM Ha BrpafieHHoT Matepujai. Tyka rojeMa yiora
UTpa afxesuja M Koxe3ujaTa. AKO OBPIIMHATA € TPEMHOTY CyBa, MOJKE Jla Ce UCLIEIH BOAATa O IIPCKaH OETOH, CO ILITO
ce HaMalTyBa jakocTa Ha ajixe3uja. 3aroa, HOBpIINHATA Tpeba 1a Ouje Bo TakBa cOCTOjOa Koja HeMa HH J1a ja ,,yKpamgu*
BOJIaTa OJI CMecaTa, HUTY NaK BUINOK Boja. Jlojeka 3a nebennHa Ha TOPKPET Ce HANPaBEHM pell aHAIM3H 3a Jla ce
omperenn TouHata BpenHocT. Ho, Guaejku e 10cTa clokeHa mpoleaypa Kajie COApKH MHOTY HENpELU3UpaHu U He-
MIpEeIBUUTMBE paboTH, 0Baa Opojka HAjuecTo ce OmpeAeIyBa Ol THIIOT Ha KapIecraTa Maca, Kako H UCKYCTBOTO Ha
WH)XEHEP-TIPOoeKTaHT. Taka, mpu u3Benda Ha MOA3eMHH PYIApCKH MPOCTOPUH BO CKJION Ha pyaHUKOT Catalagzi (Typ-
ja) ce Brpaaysa npckaH 6eToH co aedenuna ox d = 10-15 cm u aHkepu co fomkuHa | = 4-5 m cormacao RMR
BpeIHOCTa Koj u3HecyBa 26—29. Jlomeka kaj Hac, Bo pyanukotr Caca BrpameHo ¢ Han 2.000m’® mpckan OeToH co
nebemrna d = 15 cm u ankepu SN u IBO ankepu co gomkuna | = 3, 6 1 9 m Bo 3aBHCHOCT 0/1 MECTOTO Ha BrpayBabe.

Key words: amxe3uja, mpckan 6eTOH, pyIapCKu IIPOCTOPHH, YEITHIHA MPEKa

UPGRADING AND SECURING THE UNDERGROUND MINING PREMISES
WITH SHOTCRETE TECHNIQUE

Abstract: Upgrading and securing underground mining facilities is an extremely complex process in mining,
both from a safety and from an economic point of view. One of the methods for supporting and securing the
underground mining premises is the technique of shotcreting or protection by applying sprayed concrete. This technique
is used either as a stand-alone or in most common case, as a combination with anchors, steel mesh, anchors, steel
frames, etc. Sprayed concrete is applied independently in geological-hydrogeological conditions, as well as in places
where deformations are with small contours. While as a combination with other elements is used when stabilizing a
rocky massif and increasing reliability. High-quality installation of sprayed concrete in underground mining premises
does not require any special preparation for application and in just 2-3 hours it achieves a hardness of 0.8 N / cm?
allowing work on the substructure. But yet, successful shotcreting depends on several factors: the choice of material to
be installed, the machine for embedding sprayed concrete, the person who operates it, the choice of binding additives
and similar. As in other types of construction works, so does in mining, application of sprayed concrete is done in two
layers. Attention has to be put in the shotcrete recipe, because too much concrete in the mixture can be the reason for
breakage in the embedded material. Adhesion and cohesion play a big role here. If the surface is too dry, water can be
drained from the sprayed concrete, which reduces the adhesion strength. Therefore, the surface should be in such a state
that it will not "steal" water from the mixture, nor have excess water. While for the thickness of the torque, a series of
analyzes were made to determine the exact value. Since it is quite a complex procedure incorporating a lot of
unspecified and unpredictable things, this figure is usually determined by the type of rock mass, as well as by the
experience of the engineer-designer. Thus, during the construction of underground mining facilities within the mine
Catalagz (Turkey), sprayed concrete with a thickness of d = 10-15 ¢cm and anchors with a length of | = 4-5 m were
installed, according to the RMR value which is 26-29. In the Republic of North Macedonia, in the premises of Sasa
mine, over 2,000m* of sprayed concrete is installed. The values in this case were: thickness d = 15 cm and anchors SN,
using IBO anchors with length | = 3, 6 and 9 m, depending on the installation point.

Key words: adhesion, sprayed concrete, mining premises, steel mesh
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1. BOBE]]

CoBpeMEHHTE TEXHOJIOTUH 33 UCKOM Ha IBPC-
TH KapnecTH Macu MMaaT TOJIEMH MPEJIHOCTH BO
OTHOC Ha KJIACHYHHUTE METONH, KOH CE COCTOjaT BO:
Ce CHIDKYBAaaT CEM3MHUKHTE ITOTPECH, ce No0uBa
paMHa 1 Ma3Ha IMOBPILUHA Ha 3aBpIlIeHAaTa KOHTYpa,
ce 00e30emyBa cTabMITHOCTa Ha 3aBPIIHATE KOHTY-
pH, KOMIUIETHO C€ HaMajyBaaT MpPOH30JCTBEHO-
CKOHOMCKHTE TpOLIOIHM u Apyro. Jloaeka kaj moj-
3eMHHTE 00jeKTH, BULIIOKOT Ha MCKOIIOT CE CBEAYBa
Ha MHHAMYM, OHJIejkH IprMapHaTa o0jiora MHOTY
necHo ce opopMyBa, a KaprectaTa Maca € Bo copa-
0oTKa co obnorara.

TopkpeTtupame € eIHO 01 COBPEMEHUTE METO-
T 32 MCKOITM Ha LBPCTH KapriecTu Macu. TexHuKa
Ha TMpcKaH OETOH Mpolec Kaae MTO OeTOHCKaTa
cMeca ce HaHecyBa Bp3 MOBPIIMHATA CO ITOMOII HA
jaK TIPUTHCOK W cliendjanHa onpeMa. HaunHoT Ha
BrpajyBame MOXeE Ja Oujie: cyBa METOa, IIPH Koja
CyBa MEIIaBHHA OJ1 IIEMEHT U arperar ce mpeHecyBa
IpeKy IPEeBO IOJI TPUTHCOK, a BOJATA CE 10JaBa Kaj
MJIa3HHIIATa, HETMOCPEIHO MpPEA BrPaayBameTo H
BJI&)XHAa MeETOAa, TPH Koja roroBara OETOHCKa
MeIIaBHHA Ce TPAHCIIOPTHPA U CE HAHECYBa AUPEKT-
HO TIpeKy MiiasHuiarta [1].

OBaa TexHHWKa ¢ (QuekcuOWinHa W uMa Op3
HaYMH Ha BrpajlyBame, HO Oapa 1o0pa MexaHHU3allK-
ja ¥ cuenujagu3upanu u 1o0po oOydeHrn paboTHH-
1. OBHE KapaKTEPUCTUKH IO M3[BOjyBaaT MpcKa-
HUOT OCTOH Ha BPBOT Ha MaTEepHjaJIk BO rpaieKHa-
Ta uHIycTpHja. Toj MOXKe J1a ce MCKOPUCTH KaKo
MOEIMHEYHO, TaKa M BO KOMOHMHAIIMja CO aHKEpH,
YeIMYHa Mpeka, BIakHa Wik npyro. MMa romema
NpUMEHa TPaJKHUIITBOTO M TOA BO: TYHEJIOTpa-
0a; pyapcTBO; M3rpanda Ha XUAPOTEXHUIKH 00jeK-
TH, 3allITUTa HA KOCHHHM; 3alITUTa HA TIPaJCIKHH
jaMu; pEeKOHCTPYKIIHja Ha pa3HU IPaJIeykHH 00jEKTH
u jap. TexHukata Ha TpPCKaH OETOH HCTO Taka e
MHOTY TIOT0JTHA 32 U3rpaj0a Ha 00jeKTH CO HEOOnY-
HU TEOMETpPH, KaKo MITO ce OazeHuTe, 00jeKTH CO
3a001eHa popma 1 ApyTH.

2. IIOAI'PAAYBAKBE N1 OCUT'YPYBABE
HA TTOJA3EMHUTE PYJAPCKU ITPOCTOPUN
CO TEXHUKA HA ITPCKAH BETOH

IloarpaayBameTo W OCHUTYpPYBameTO Ha TOJ-
36MHUTE PYyJApCKU TPOCTOPUU € HUCKIYIUTEITHO
CJIOKEH Ipo0IeM BO PyAapcTBOTO, M Toa oJ Oe3-
OeTHOCEH U 0] EKOHOMCKH acrekT. Bo ocHoBa nipen
PYAApCKUTE CTPyUYHalH C€ MOCTaByBa MPOOJIEMOT
KaKO PallMOHAIHO Aa C€ rpajaT pyAapCKUTE Mpoc-
TOpYH T.€. HUBHAaTa (YHKIIMOHAITHOCT 32 MIPEIBUIC-
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HOTO BpeMe CO KOPUCTEHE Ha MHHUMAIHH TPOIIIO-
uu. Bo neranna ananu3a Ha paOOTHUTE YCIOBH M
OJIp)KyBame Ha MOCTOJHUTE PYNAPCKU MPOCTOPUH,
KaKo W TPOIIOLIMTE 32 HUB, MICTaKHATa € MmoTpedara
Jla My c€ TIOCBETH BHIMaHHE Ha 0B Mpaliamke, MTo
mpumara Ha pyJapckaTa cTpyka. 3a u3Beada Ha moJi-
3eMHHTE PYyJapCcKH MPOCTOPHH MOpa Ja UMa KBa-
JUTETEH MPOEKT U 100pa n3Bea0a 3a 1a He 10jAe 10
HECaKaHU MOCEeIUIH: YOBEUKH 3aryOH, MaTepHja-
Ha IITETa, 3aCTOj BO paboTa U CIMYHO.

Bo nouerokor Ha XX. BeK, IOATPaAyBaABETO U
OCUTYPYBamETO Ha MOA3EMHUTE PYAAPCKH MPOCTO-
PHH Ce BpIIIEJIO MPeKy TpaAULUOHAIHUTE METOa 3
MTOIIPIITKA ¥ KOHTPOJIA Ha TIOTO, KaKO IITO Ce IPBe-
HU W/WIA YeTUYHU TapHUTYPHU, APBEHU KOHCTPYK-
I[IMH CO 3aBPTKH U )KM4YaHa Mpexa u pyru. Kon cpe-
JMHATa HA MUHATHOT BEK CE Pa3BHBa HOBA TEXHUKA
3a TIOJITPaAyBamk-ETO M OCUTYPYBaHETO Ha MOI3EM-
HHUTE PYAapPCKH MPOCTOPHHU U TOA CO TOPKPETUPAIBE.
Bo T0j mepuon ce KopucTu cyBata METO/a 3a Brpa-
IyBam€ Ha IIpcKaH 0eToH, 3a 1a Bo 1980-Tute roan-
HHU J1a c€ IPUMEHYBa BIIAYKHATA ITOCTAIKa, a HAHECY-
Bamk-ETO JIa C€ BPLIM MPEKY CIEIHjaTHA MIIa3HUIH
KOM C€ CO JaJIeYMHCKO yrpaByBame [2]. OBaa Tex-
HUKa CBOjOT IOJAEM TI'0 JI0)KHBYBa BO MTOYETOKOT Ha
XXI Bek u Toa camo BO JBa pynHuka Bo Kanana ce
BrpajgeHu BkynHo 14.000 m3. [loarpanyBamero u
OCHUTYPYBamE€TO Ha TOA3EMHHUTE PYAapCKU TPOC-
TOPHH CO TEXHUKA Ha TOPKPETHPame Haola roieMa
MPUMEHAa U BO HOBUOT KOHTHHEHT T.¢. ABCTpaliyja,
co roawuiHa morponryBadka oa 500.000 m3.

Bo pyaapckara mpakTHKa, PCKaHHOT OETOH
ce NMPHMEHYBa MM KaKO CAMOCTOEH IIOTIIOP, WM
IITO € HAajuYeCcTo CIy4aj, BO KOMOMHAIIMja CO HEeKOja
npyra noarpanga. O KoMOMHHPaHO TOATPaIyBakhe
94eCTO ce KOPUCTAT CIICAHUTE KOMOMHAIHH:

* IpckaH OETOH — aHKEPH;
* pckaH OETOH — YeTHYHa Mpexa;
* pckaH OETOH — YeIMYHa MpeXa — CHJIPa;

* MpckaH OETOH — YelTMYHa MpEKa — Yelnd-
HU paMKH U

* mpckaH OETOH — YelTMYHa MpeKa — CHIpa
— YEJIMYHU PaMKH

Bo pyaapcTBoTO, MPCKaHUOT OETOH CE MpUMe-
HYBa CAMOCTOjJHO BO TIOTOJIHU T€OJIOIIKUA U XUIPO-
T€OJIOIIKA YCIIOBH M BO IMPOCTOpHjaTa Kaje IITO
rMa edopMaliuu co Majau KouTypH. [Ipu oBa, moji-
rpajaata oJ mpckaH OETOH 10 CBOjaTa HAaMEHA MOXKE
Ia OwWjie 3alITHTHA ¥ HOCHBA. 3allITUTHATA TIOATpPa-
Jla MPeTCTaByBa CJI0j Ha MPCKaH OETOH, CO aUjame-
Tap OJ1 HEKOJIKY JI0 5 ¢m, HAHECEH I10 IIeNaTa MoBp-
IIMHA HA UCKOMYBAaYKU KOHTYpH. BakBara moarpa-
Jla UCKITYYHBO € HAMEHETA 3a IIOBPIITMHCKA 3aIlITHTa
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Ha Kapriecrata mMaca o]l TyOemke Ha Bllara, Kako W
MOBP3yBam-€ Ha IOMAJIU JIJIOBU OJ1 Kaprara u cipe-
YyBame Ha HUBHOTO OTKavyBame. Jlofeka Hoceuka-
Ta TI0JI0Ta OJ IPCKaH 0eToH nMa (yHKIMja Ha Qu-
HaJlHa ToArpanda, OuiejKu € MOKakaHO JeKa CO
3rojeMyBambe Ha 00eMOT Ha HaHOCEHETO Ha pac-
TperepeH OeTOH MOXKe Jla €€ TOCTHTHE HCTHOT
edeKT KaKo W TMpH BrpaayBame Ha OETOHCKA IMOJI-
rpaaba, co orjie Ha Toa IITO Kaj MOArpagaTra oj
npckaH OeTOH, MOBP3yBak-ETO Ha OETOHCKU CMECH
€O Kaprara € Mojako of 2 10 2,5 maTu OTKOJIKY Kaj
MOHOJIUTHAOT OETOH, KaKo M Toa JieKa MeXaHWd-
KUTE KapaKTepUCTHKH ce HemTo nomodpu (Cruka

1) [3].

» ~

. . A

Ca. 1. BrpagyBame Ha IpcKaH OETOH BO TOA3EMHH PYIapCKU
MIPOCTOPUH

OcnoBHara ¢uino3opuja Ha NOArpagyBamke HA
HOA3EMHHUTE PYJapCKH MPOCTOPUH CO HpCKaH Oe-
TOH e 0a3upaHa Ha KOHIENITOT IeKa KaprecTaTa Ma-
ca IITO I'o ONKPY>KyBa UCKOIYBAYKHOT JIEJT O] IIPOC-
TOpHjaTa CTaHyBa JIeJ 0] HOCeYKaTa KOHCTPYKIIHja
MPeKy aKTUBUPAakE Ha HOCCUKUOT npcteH. CraTuy-
KU CE OJTHECYBa KaKO €JIEMEHT COCTaBEH 0] HOCEUKH
IPCTEH BO KapriaTa ¥ MOArpaa.

Kapnecrara maca e IJ1JaBHUOT HOCHB €JI€MEHT
BO pyZapcKaTa IIpoCTOPHja, U KAaKO TAKOB CE CTPEMHU
J1a ja OZIP’KH IIBPCTUHATAIITO ja MMaJia IpeJ] UCKO-
not. Brpagenara moarpama TtpeGa nma ce mpasu
MPaBOBPEMEHO, HE MPEMHOTY PaHO WM IPEMHOTY
KacHO, M He cMee Ja OuJe NMPEeMHOTY KpyTa WIH
npemHory ¢uexcubmina. Kpyrara u pano Brpaze-
HaTa MOJrpaja Mpeu3BUKyBa roJieMO Halperame,
a mpemHOry (QuexcuOnIHa WM KacHO BrpajeHa
noArpaza NpeAn3BUKYBa JBIKEHE Ha KaplecTaTta
Maca, IITO PE3yJATHpa CO TOJEMH Halperama Ha
noarpazaTta. Bo kBanureTHa u 1o0pa kKaprecra Ma-
ca, UCKOTIOT MOYKE JIa OCTaHe IOI0JIT0 HEU3rpajieH,
a BO Kapriecta mMaca co ci1ab KBajauTeT Tpeba Ja ce
W3BPILH 32 LITO MOXKE MOKYC BPEMECKH MEPUOI.

[MpumapHaTa moarpazna o npckaH OeToH Tpe-
0a ma crabuimsupa MacuB, a CEKyHIapHaTa — HO-
cedka moArpana Tpeda aa ja 3rojieMHu CUTYPHOCTA.

IIpobneMuTe co cTabMITHOCTA Ha HCKOTIOT Tpeba faa
Ce pellaBaar co IojavyyBamb¢ Ha MPUMapHaTa IMOJ-
rpaaba (Kako Ha IpUMEpP: apMHUPaHU MPEKH, aHKe-
pu U ci1.), a HE CO 3rojieMyBam-e Ha ebennHara Ha
noarpagata. CekyHaapHaTa 00J0ra Ha TPOCTOPHUH-
TE MCTO Taka He Tpeba na Oupe MHOTY ,,ie0ena’ u
HE € MPEeropawInBo Ja ce MPEHeCyBaaT CHIIU Mery
MpUMapHaTa U CeKyHJIapHaTa 00Jora.

Bo Tab6ena 1 ce mpukakaHu KOJTHMYWHA HAa CMe-
caTa 3a mpcKaH OETOH KOj ce KOPHUCTH 3a BrpaayBa-
Be BO pynapctBoto. Hus cBetoT, 6eToHCKaTa cMeca
KOja ce KOPUCTH BO TEXHUKATA Ha TOPKPETUPAILE CE
KOMOMHHpA CO pa3HU BUJOBH Ha BIIAKHA, JOJeKa Kaj
HAc HAMECTO BJIaKHA ce KOPHUCH apMaTypHa Mpexa
npetexno Q188 [4].

TabOema 1

Konuyunu na mamepujan 3a cmecama
3a npcKaH bemou

Marepwujan Konnuuna
Lemenr (kg) 460
Arperar (kg) 1680
Bouna (1) 200
Yenuunu Brakua (Kg) 30-40
Makpo-cuaretnuky Biakaa (Kg) 5-8
Cyneprnacruduxarop (1) 3
AnuTtHB 3a KOHTposa Ha xuaparawja (1) 2

[MpckanckuoT OeToH He Oapa HUKaKBa Moceo-
HA MOJATOTOBKA, KaKo IITO € MOAT0TOBKA Ha 00J10-
rara, MOHTa)ka M IEMOHTa)ka Ha ucrara. PamHOMep-
HO Ce HaHeCyBa U Ha TOj HauuH ce Gopmupa odJiora
Koja 1o 2 J1o 3 Jaca 1o HaHeCYBamheTO TIOCTHIHYBa
uBpctrHa 0,8 N/cm?, mto oBo3MOXKyBa paboTa Ha
MOJArpajHaTa KOHCTPYKIHMja. JakocTa Ha MPCKaHHOT
Oeton mocturaysa 10 60 N/cm?, nojieka OTIopHOC-
Ta Ha 3aTe3HyBame u3HecyBa 5—15 N/cm?.

KBaimTeTHOTO BrpanyBambe Ha NPCKaH OCTOH
BO TIOJ3€MHH pPYJapCKd TPOCTOPH 3aBUCH O]
noBeke (pakTopu: 300POT HAa MATEPHjaJIOT IITO Ke
ce BrpajyBa, MalllMHATa 3a BrpaJyBambe Ha IPCKaH
0eToH, yrpaByBavyoT HA HcTaTta U H300pOT Ha OP30
Bp3yBadkuTe aquTHBU. DopMUpameTo Ha CII0jOT 01
MpcKaH OETOH 3aBUCH Off HAOMBAKETO Ha arpera-
ToT. HabuBameTo ce BpIu paMHOMEPHO, 011 CJI0j 10
cioj. TeHKHTEe CII0OEBU CO3/IaBaT COBPIIIEH CIIOj Ha
IpcKaH OETOH co MOBPIIMHA Ha KOja ce HaHeCyBa, a
ja 3rojieMyBa U BOAOHENPOMYCTIMBOCTA Ha MpPCKa-
HUOT OeTOH.
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IIpckanuot OETOH MOXKE Jja ce HaHeCyBa: XO-
PHU30HTATHO U BEPTUKAIHO. AKO HAaHECYBamETO Ha
MPCKaHUOT OETOH ce BpIIM BO MOBEKE CIIOEBH,
MOTpeOHO € MPBO Ja Ce 3alBPCTH MPBUOT CIIOj, a
[I0TOA J1a ce HaHece BTOpHUOT cioj. He e mpaBuiHO
Jla ce HaHece BTOPHOT CJI0] Ha YIITE HECTaOWIIeH
cIoj, bupejku ce moOMBa BUOpHUpame Ha IETHOT IPB
CJI0j ¥ TIOCTOH OIACHOCT IIPBHOT CJIOj /1a CE€ OJIBOM
o kaprata. OOUYHO BTOPHUOT CJIOj c€ HAHECyBa IO
12 vaca, a TOj BpeMEHCKH MEPHOJ 3aBHCH Ol TOa
KOJIKy OETOH WMa Ha pacmojarame M KOJIKY Bp3y-
Ba4KH CPEICTBA.

[lpn BrpamyBame Ha NPCKAaHHOT OETOH BO
KOMOMHAIIMja CO apMaTypa WM YeJIHYHa Mpexka,
MOCTAaIKaTa € UcTa Kako 1 0e3 apMarypa, camo IITO
Tpeba mpen Ja ce MOHTHpA apMaTypara Jia ce HaHe-
Cce MPBHOT ¢J10j Ha IpckaH 0eToH. OBOj yciioB Tpeba
J1a ce 3aJI0BOJIM MOPaJX TOa IITO apMarypara co3-
JaBa OJpelieHa Mpeyka Ha MPCKAaHUOT OCTOH W He
MOe TIPaBIJIHO J[a CE HaHece Ha Kapmara. 3a j1a ce
M30erHaT CUTE HETaTUBHU TOCIEIUIIN U JIa ¢e TI0C-
THUTHE IITO TIOT0JIEM KBAJIUTET, HAYMHOT Ha M3Bea0a
Ha IPCKaH OETOH CO apMaTypa WM YeJTHYHa Mpexa
MOpa Ja ce 3amasd. BTOpHOT clioj ce HaHecyBa
nocsie 10 1o 12 yaca oJ1 HaHECYBaWbETO Ha MPBUOT
cioj u apmarypara [5].

TabGema 2.

TexHrkara Ha MpckaH OETOH ja MpaBH JHAEP
BO 00JIacTa Ha MOATPafyBamETO U OCHTYPYBAHmHETO
Ha MOA3EMHUTE PYAapCKU MPOCTOPUM OHIEjKU TH
VMa CIICHUTE TIO3UTUBHU OCOOWHHU:

— TIOTOJIEM Pa3BOjOT HA PYAAPCTBOTO;

— 3rojieMyBame Ha Oe30eaHocta Ha BpaboTe-
HUTE;

— momaJi Opoj HHTEPBEHIINH 33 pexaOuiuTanyja
HA MO/I3eMHUTE TIPOCTOPHH;

— mmomMasta paboTHa CHIIa | Jp.

Jonexa 3a nebenrHa Ha TOPKPET KOj ce Brpa-
JlyBa BO MOJ3EMHH PYAAPCKH ITPOCTOPHU C€ HaIrpa-
BEHU peJl aHAW3U 3a Jla Ce ONpeleNd TOYHATA
BpenHoct. Ho, Ounejku e gocTa cioxeHa mpouey-
pa Kazxe Conp Ky MHOT'Y HENPELU3UPAHU U HEIpe-
BHJUTHBH paboTH, 0Baa Opojka HajIecTo ce ompee-
JyBa OJ THIIOT Ha Kaprecrara Maca, Kako U UCKYyCT-
BOTO HAa WHXXCHEp-TIpoeKTaHT. Taka, mpu u3Benda
Ha TIOA3CMHHU pPYyIapCKU MPOCTOPHH BO CKIIOM Ha
pynaukot Catalagzi (Typumja) ce BrpagyBa npckan
6eron co nebemuna o d = 10-15 cm u ankepu co
nomwkuHa | = 4-5 m cormacio RMR BpeaHOCTa KOj
usHecyBa 2629 (Tabena 2) [6].

Cnopeoba na npenopayanume u npe3emMeHu 3aumumHnu Mepku npu epaderbe Ha myneiom Catalagzi
80 3asucrhocm 00 RMR epednocmume

RMR BpemHocTa
Ha KampecTa Maca

Hpenopaana 3alITUTa COrJIaCHO MPOECKTOT

HpeBSeMeHH 3allITUTHU MEPKU TIPpU I/I3Be}168.

1(0-21m) Ipckan GeToH co aebennna
RMR =58 d=3-10cm
11 (21 —265m) Mo motpeba oz npckaH 6eToH co

RMR =65 d=5cm

111 (265—-290 m)  Tlo norpeba ox npckan GETOH CO
RMR =75 d =5 cm u ankepu

IV (290 — 558 m)  Ilo motpeba ox mpckaH GETOH cO
RMR =71 d =5 cm u ankepu

V (558 - 621 m)  Tlpckau OeToH co nebenuna

RMR =50 d=3-10cm

VI (621 -809m)  IIpckan GetoH co nebemuHa d = 10 cm;
RMR =29 aHkepH co nowkuHa | = 4-5 m

VII (809 —885 m) IlIpckan Geron co aebenuHa d = 10-15 cm
RMR = 26 aHkepH co nowkuHa | = 4-5 m

IIpckan GeToH BO KOMOWHAIMja Ha aHKEPH CO JOJDKHHA
| =4 m u yenu4yHa Mpexa

Ipckan Geron d = 10 cM Bo KOMOWHAIMja HA aHKEPH CO
nomkuHa | = 4 m (kaj otBopHTe)

Ipckan Geron d = 10 cm Bo KOMOWHAIMja HA aHKEPH CO
nomwkuHa | = 4 m (kaj otBopHTE)

Ipckan 6eron co d =5 cm
0e3 aHKepyBambe

I[Ipckan G6eron d = 10 cm Bo KOMOWHAIMja HA aHKEPH CO
nomkuHa | = 4 m (kaj otBOpHTE)

[Ipckan OeTOH BO KOMOMHAIMja Ha aHKEPHU CO JODKHMHA
| =4 m u yenuyHa Mpexa

[Ipckan 6eTOH BO KOMOMHAIIMja HAa aHKEPHU CO TOJDKHHA
| =4 m u yenuyna Mpexa

3. 3AKJIYYOLIN

IloarpanyBameTo U OCUTYPYBAHETO HA MOJ-
3€MHUTE PYAApPCKA MPOCTOPUU € HUCKIYUUTEITHO
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CJIOEH MPOoO0JIeM BO PYJIapCTBOTO, ¥ TOA 011 0e30e1-
HOCEH ¥ 0]1 eKOHOMCKH acrekT. Bo jperanna anamm-
3a Ha paOOTHUTE YCJIIOBH M OJIpXKYBarmhe Ha TIOCTOj-
HHUTE PYAAPCKU MPOCTOPHHU, KAKO U TPOLIOLHTE 32
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HHB, HCTAaKHATa € oTpebara Jja My ce TOCBETH BHU-
MaHHE Ha OBa Mpallame, [MITO Mpurara Ha pyaap-
cKara cTpyka. 3a u3Be0a Ha I0I3eMHHUTE PYAapCKU
HNPOCTOPUH MOpa Ja MMa KBAIUTETEH IPOEKT U
noOpa n3Benda 3a Ja He [10j/1e IO HeCaKaHH MOoCIe-
JIUIIA: YOBEUKH 3aryOu, MaTepujaiHa MTeTa, 3acToj
BO paboTa ¥ CIUYHO.

Bo pynapckaTta mpakTHka, OIPCKaHHOT OETOH
ce MPUMEHYBa WM KaKO CaMOCTOEH TOTIOP, HIIH
IITO € Haj9ecTO CIy4aj, BO KOMOMHAIM]a CO HEKOja
npyra noarpaga. O KOMOMHHPAaHO TOATPaAyBambe
YeCTO e KOPUCTAT CICHUTE KOMOMHAIIMU: TIPCKaH
OCTOH CO aHKEepH; MPCKaH OCTOH CO YEITUIHA Mpe-
a; IpcKaH OETOH CO YeInYHa MpeXa 1 CUApa; mpc-
KaH OETOH CO YeJIryHa MpeXa U YeJIMYHH PaMKH, U
MPCKaH OCTOH CO YeINYHA MPEXKa, CUIIPA U YSTHUHH
PaMKH.

OcHoBHara (uno3oduja Ha MOATPATyBamkHE HA
MOJ3EMHHUTE PYAApPCKH MPOCTOPHH CO MpcKaH Oe-
TOH ¢ 0a3WpaHa Ha KOHIIETITOT JieKa KaprecTara
Maca IITO TO ONKPY)KyBa HCKOITyBAaYKHOT JIEN OJI
nmpocTopujaTa CTaHyBa JieNl O]l HOCedKaTa KOHC-
TPYKIUja MPEeKy aKTHBHUPamkE Ha HOCEYKHOT IpC-
TeH. CTaTWYKH ce OJHECyBa KaKkO €JIEMEHT COcC-
TaBEH OJ1 HOCEUYKH IPCTEH BO KapIiaTa W MOATpaa.
3amTHTHaTa MOArpaa NPeTCTaByBa ClI0j Ha IPCKaH
0eTOH, CO IUjaMeTap O HEKOJIKY JI0 5 cm, HaHeCeH
MO IeJlaTa TOBPIIMHA Ha MCKOIYBayKH KOHTYPH.
Baksara mojirpajia HCKIIy9uBO € HAaMEHETa 3a IOBp-
NIMHCKA 3allITUTa Ha KaprecTara Maca ol I'yOeme Ha
BJIara, Kako M MOBP3yBame Ha MOMAaJH JEJIOBH O]
KapraTta M CIpedyBambe Ha HUBHOTO OTKAdyBarbe.
Jloxeka HoceukaTa MOJJIora O]l MPcKaH OeTOH nMma
¢dyHKIMja HA QuHATHA ToATpanda, OuaejKu e JoKa-
’KaHO JIeKa CO 3roJieMyBame Ha 00EMOT Ha HaHOCe-
HBETO Ha pacTperiepeH OeTOH MOXKe J]a ce IOCTHTHE
HCTHOT e(EeKT KaKo 1 TP BrpajyBambe Ha OETOHCKA
noArpaada, co orie Ha Toa ITO Kaj MOArpasaTa o
npckaH OeTOH, MOBP3yBakETO Ha OETOHCKU CMECH
CO Kaprara € 1ojako oj 2 10 2,5 maTH OTKOJKY Kaj

MOHOJHUTHHOT O€TOH, KaKo M TOa JeKa MeXaHHUIKH-
T€ KapaKTePUCTHUKH C€ HEIITO MOI00PH.

TexHrkara Ha MpckaH OETOH ja MpaBH JHAEP
BO 00JIacTa Ha MOATPafyBamETO U OCHTYPYBaHmHETO
Ha MOJ3EMHHUTE PYAApCKH MPOCTOPHU OUIEjKU TH
¥Ma CJICJTHUTE MMO3UTUBHU OCOOWHMU: MOTOJNIEeM pas-
BOjOT Ha pyIOapcTBOTO; 3rojeMyBame Ha 0e30en-
HOCTa Ha BpaboTeHHTE; TToMas OpOj WHTEPBEHLIUH
3a pexaOuiuTanyja Ha MOA3eMHNTE IIPOCTOPHUH; TT0-
Mana paboTHa cuja u JIp.

3a mebenmnHa Ha TOPKPET KOj CE€ BrpaayBa BO
MTOJI3EMHH PYJapCKH MMPOCTOPUH CE HAIIPABCHU PEl
aHaJIM3M 3a Ja ce OmpeJesiu TouHaTa Bpeanoct. Ho,
Omnejku e mocTa CI0KEeHa IPOIIeTypa Kaae COIPKU
MHOT'Y HETPEIU3UpaHu U HENPEABUUIUBU paboTH,
oBaa OpojKa HajueCTO CE ONpe/eayBa O]l THIIOT Ha
Kaprecrara Maca, Kako U KCKyCTBOTO Ha UHXKEHep-
MIPOCKTAHT.
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TPETMAH HA HTH) KEHEPCKATA I'EOJIOTHJA U TEOTEXHHUKATA
TP UCTPAKXYBAIBE U EKCIIVIOATAIIMJA HA MUHEPAJIHU CYPOBUHHU
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Aunexcannpa HukosoBcka ATanacoseka®
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Z(Dakyﬂmem 3a NPUPOOHU U MeXHUYKU HayKu, Ynueepsumem ,, I oye denues’ 6o LlImun
byn. Kpcme Mucupxos, 10-A, n. @ax 210, 2000 [Lmun P. E. Maxedonuja
Jlpywmeo 3a ['eomexnuka na Makeoonuja
pesevski@gf.ukim.edu.mk

AmncrTpaxT Bo Tpynor e m3BpluieHa aHanuM3a Ha JOCTAllHU 3aKOHH, NMPAaBUIIHHUIM, YIATCTBA U
METOJI0JIOT MU KOU CE OJIHECYBaaT Ha MH)KEHEPCKOTEOJIOIIKATa M TEOTEXHNYKATa KapaKkTepu3alyja Ha Kap-
MECTUTE MacH Kaj HaolaJMIlITa Ha MUHEPAJIHU CypoBUHM Bo Makenonuja u CBeTOT. AHAJM3HUTE NIPBEHCT-
BEHO ja TpeTrpaar npobiemMarukara Ha AehuHUpamke Ha 00EMOT Ha UCTPaXKyBarba U HCIIMTYBakba 0] BAKOB
KapakTep, Kako M KpUTEPUyMHUTE Ha NMpu(ATIUBOCT OJ acleKT Ha crabwiHOocTa Ha TepeHOT. [loceOHo
BHUMAaHHE € TIOCBETCHO M Ha TUCKYCHjaTa 32 00eMOT Ha MOTPEOHH UCTPaXKyBamba 3a HHYPACTPYKTYPHHUTE
00jeKTH KoM ce BO (pyHKIIMja Ha eKCIUIoaTaljaTa Ha MUHEPAJTHUTE CYPOBHHH, a KOW BO CYIITHHA IIPETCTa-
BYBaaT I'pa/ieKHU 00jEKTH CO MTOTOJIEM MM IIOMaJl PU3HK MO okoymHATa. COTyIacHO Ha CUTE COTJIETyBamba,
BO TPYZAOT C€ JaJICHN MPEIOPaKH 32 MUHUMaJICH 00eM Ha MOTPeOHN HHKEHEPCKOTEOJIONTKH 1 T€OTEXHIIKH
HCTpaXyBamka U UCIUTYBamka 3a pa3iIndHu 1eid. [Ipenopakure Tpeba 1a 6uaar npeaMer Ha AUCKYCHja U
ycoriacyBame, a KpajHO Ja OujaT BHECEHH BO COOABETHHTE aKTH Ha 3aKOHCKATa peryjaTuBa Koja TH
TaHTMpa MUHEPAIHUTE CYpOBHHH BO Makenonuja. IIpexy cucremarcka nprMeHa Ha BAKOBHOT IPEIUIOKEH
IIPUCTAIl Ce CMeTa JieKa Ke Ce CO3/1aJaT YCJIOBH 3a MOJAUTHYBAamE Ha CTEIIEHOT Ha MO3HAaBame HAa Te0TeX-
HUYKUTE YCJIOBH BO aKTHBHHUTE Y MJHU MOTSHIMjAJHU PyIHHUIM HAa IOBUCOKO HUBO, & NCTOBPEMEHO KOH-
LIECHOHEPUTE ke MOCTUTHAT U MOBUCOKA 6e30e1HOCT U (prHaHCHCKA e(HKACHOCT BO PabOTEHETO.

Kanyau 360poBn: MHKCHEPCKOTEOJIOIIKA U TEOTEXHUYKA KapaKTepu3alyja; Haor aIiIITa; pyIHHUIIN;
3aKOHCKa peryJaTuBa

TREATMENT OF ENGINEERING GEOLOGY AND GEOTECHNICS
IN INVESTIGATION AND EXPLOITATION OF MINERAL RESOURCES

Abstrcact: The paper is considering the law regulations, rulebooks, guidelines and methodologies
related to engineering geological and geotechnical characterization of rock masses of mineral deposits in
Macedonia and in the World. Analyses cover issues of defining scope of the investigations and tests for
such purposes, as well as the criteria for acceptability regarding the stability of the terrain. Special attention
is paid on the discussion on scope of investigations needed for the design of supporting infrastructural
capacities in function of the exploitation process, which in turn are civil engineering structures with lower
or higher risk for the environment. According to all considered facts, in the paper are presented
recommendations for minimum scope of needed engineering geological and geotechnical investigations
and tests for different goals. The recommendations should be subject of discussion and adaptation, and
finally incorporated in the corresponding mineral deposits law regulations in Macedonia. It is considered
that by systematic application of the recommended approach will be created conditions for improvement
of the knowledge of geotechnical properties in active and future potential mines on a higher level, while, at
the same time, the concessioners will achieve also higher safety and financial efficiency in operations.

Key words:: engineering geological and geotechnical characterization; mineral deposits; mines; law regulations
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BOBEJ

Wmxenepckoreonomkara MW TEOTEXHUYKATA
KapaKTepH3alija Ha KapIeCTHTEe MAaCH BO Py IHHIII-
T€ TPETCTaByBa BaK€H CEIMEHT BO IIEJIOKYITHOTO
HHUBHO paboTeme. VHKEHEpCKOTEOIOMKUTE U (hH-
3WYKO-MEXaHUYKHTE CBOjCTBA HA KapIHTE MPEIO-
penyBaaT MoBEKe acleKTH Ha pabOTEHmEeTo Ha Pya-
HUIINTE, ¥ TOA TIOYHYBAjKH TypH O HajpaHuTe Ga3u
Ha MIPEIMMHHApHHU UCTPaXKyBama Ha HAOTaJIMINTA-
Ta, IPEKy Pa3BojoT Ha NMpeAPU3UONITUTH U HU3NOU-
JUTH CTYyIUH, Ta c€ 10 ¢a3uTe Ha M3paboTKa Ha
TJIABHUTE W JOTIOJHHUTEIHATE PYJapCKH HMPOEKTH.
HajuecTo, WHKEHEPCKOTEOOMIKUTE U TeOTEXHHY-
KHUTE UCTPAKYBamba U HCIIUTYBAamha CE BPILAT CO IIe
1a ce oipenaT mapaMeTpH Kako IITO Ce: CTPYKTYp-
HO-TEKTOHCKHUTE KAapAaKTEPHCTHUKH Ha KapIIeCTUTE
MacH, cocToj0aTa Ha HCIYKaHOCT, JaKOCHU U Jie-
(hopMaOHITHU CBOjCTBa HA HUBO HA MOHOJIUT U Kap-
MeCT MacuB, TPAjHOCTA HA KapIUTe, BOJyMEHCKA U
cnenupuIHa TEKUHA, MOPO3HOCT HAa KapluTe |
npyru. OBre mapaMeTpy CIIyKaT 3a LeJUTe Ha Jie-
¢uHUpame Ha KBa3HXOMOTCHU 30HH, OJHOCHO T.H.
TeOTEXHMYKH IOMCHH BO PAMKHM Ha HAOTaJIMINTATA.
HesaBucHo nanu cranyBa 300p 3a TOBPIIMHCKA HITH
MoJ[3eMHA eKcIuIoaralyja, MoJaToluTe O] WHKe-
HEPCKOTEOJIOIIKH KapaKTep Ce OCHOBEH BJIE3€H I10-
JaTOK BO MPOEKTHUPAHETO Ha OTKOMHHUTE TOJIHIbA,
TUTAHUPAETO Ha OTBOPAKETO Ha HAOTaNIMINTATa,
ne(hMHUPamkETO Ha MAKCUMAITHUTE MO>KHH HAKJIOHH
Ha 3aBPIIHU M PAa0OTHU KOCHHH Kaj TIOBPIIMHCKUTE
KOTIOBH, HAYMHOT Ha MOJTrpalyBame Kaj MoA3eMHa-
Ta ekcruioartanuja, utH. [lokpaj camarta paboTHa
CpeIuHa BO KOja ce BpIIM eKCIuIoaTanujara Ha MH-
HepaJHaTa CypoOBHHA, BO 30HATa Ha PYIHUIIUTE CE
Tpaji U HEONMXOAHATa MHAPACTPYKTYpa 3a HHBHO
¢dyHkmroHupame. Tyka cnaraaT NpUCTalHU Iia-
THUILITA, PA3JIMYHU BUJIOBH HA TPaJIekKHH 00jEKTH BO
¢yHKIMja HA TpepabOTKa Ha MHHEpaTHATa CypPOBH-
Ha W YCJIOBHU 3a 0e30emeH mpectoj Ha paboTHaTa
CHJIa, MAIIMHCKU XaJM, TPAHCIIOPTHH CHCTEMH 32
pyda, ojAjaralviiTa Ha jaJOBUHA KOM MOXeE Jia
MPETCTaByBaaT XUAPOTEXHUUYKH 00jeKTH (Xuapoja-
JIOBUIIITA) WJTU KITACHYHU HACUITHA KOHCTPYKILIUH O]
KpPYITHO3pHECT Marepujall (KOMOBCKa jaJlOBHHA,
NpoOuHa, 3rypa, JeTeyuKa Iernel UTH. ), TyHENH!, IpH-
CTaIllHU PaMIIM, YCELH, IPEIIMBHU OpPraHH, OKHa U
Ipyro. 3a cuTe OBUE BUIOBH Ha 00j€KTH € HOTPeOHO
Jla ce M3BpIIAT COOJIBETEH 00EM Ha T'€OTEXHUYKH
UCTpaXyBama U UCITUTYBamba, CO 1ieJl ja ce yTBpIAAT
YCIIOBUTE HAa HUBHO (QyHAMpame U (yHKIHUOHAI-
HOCT BO IIEJIOCHHOT IIEPUO/] Ha TIPEIBUICHO KOPHC-
Teme. Kaj onpenenn BuIoBr Ha 00jeKTH BO TEK Ha
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BpeMe ce jaByBa moTpeda of caHaIja, Hagorpaaoa
WM ,,[IPEMECTYBambE™, IIITO MOBTOPHO CaMo 1o cebe
HaMeTHYBa notpeda o u3Beada Ha COOABETEH 00eM
Ha TEOTEXHHYKH HCTPAXyBamba M HCIUTYBAmba.
OO6jexTuTe KoM Ce KapaKTepHU3U3upaaT co 0COOEHO
BHCOK PU3HUK T10 OKOJIMHATA, KaJle Ce KaTeropu3npa-
HU, TIpeJ €, XUAPOjaJIOBHUINTATa U OOMKOIHU TyHe-
JM 32 UCTHTE, OapaaT peJOBeH T'€OTEXHHIKH MOHH-
TOPHUHT KOj C€ COCTOM OJI MOBEKe KOMIIOHEHTH Ha
Ha0JbyTyBamb-€ M KOHTPOJIAa HA MaTepHjaTuTe U OKO-
JIHATa IPUPOIHA CPEIHHA.

Bo Tpynot ce npe3zeHTHpaaT aHaIU3U Ha IOC-
TOjHU JIOMAIITHU ¥ CTPAHCKH MOJ3aKOHCKU aKTH KOH
ce OJJHeCyBaaT Ha WH)KCHEPCKOTECOJIOUIKUTE U T€0-
TEeXHUYKHTE HCTPaXKyBamba, COTJIeAyBama 3a 00e-
MOT Ha UCTPaXKyBama U HCIIUTYBAamba, a JaIeHH CE 1
MIPEJIOT TPETIOPAKHU 3a MOZ00pyBamke Ha 3aKOHCKa-
Ta peryJiaThBa Kaj Hac Ha OBa IoJIe.

2. AHAJIU3A HA 3AKOHCKU AKTHU KOU
CE OIHECYBAAT HA MH>KEHEPCKO-
I'EOJIOIIKHU U TEOTEXHMYKHU
NCTPAXKYBABA N UCIIUTYBABA
3A HEJIMTE HA UCTPAXKYBAIE
HA HAOI'AJIMILITATA HA MUHEPAJIHU
CYPOBHHN U HBHA EKCIIVNIOATALINJA
BO MAKEJOHHMJA

Bo akTyenmHHOT 3aKOH 32 MUHEpalHH CypO-
Buan (BAKOH 3A MUHEPAJIHU CYPOBUHU
,,Ciy»0OeH BecHUK Ha PenyOiinka Makenonuja“ op.
136/12, 25/13, 93/13, 44/14, 160/14, 129/15,
192/15, 39/16, 53/16, 120/16, 189/16 u 7/19, uxxe-
HEPCKOT€OJIOIIKUTE UCTPAXKYBamkha M HCIHTYBaba
ce CIIOMEHYBaaT BO KOHTEKCT Ha Te0JIOIIKH UCTpa-
KyBama U UCIIUTYBama KO CE BpILIAT 3apaj ,,3a-
MO3HaBamkEe Ha Pa3BOjOT, COCTABOT M rpajadara Ha
3eMjuHaTa Kopa W YTBp/AYBame Ha TEOJIOUIKHTE,
XHUJIPOTEOJIONIKITE ¥ TCOTEXHHYKUTE OCOOMHH Ha
TJIIOTO 3a MOTPeOuTe Ha M3rpada Ha 00jeKTH, TIPOC-
TOPHO TUIAaHHpame, ypelyBame Ha MPOCTOPOT H
3aIlTUTA U YHATPEAyBame Ha )KUBOTHATA CpeIHA™.
Ocob6eHo e HariaceHo BO AEJOT Ha JETalHU Ieo-
JIOIIKH UCTPa)KyBama, 1eKa Fe0TEXHUYKUTE 0COOu-
HU Ha TJIOTO € BAXHO JIa Ce OJ[pe/IaT 3a MOoTpeduTe
Ha u3rpaznda Ha OJpeeHN WHBECTUIIMOHH 00jEeKTH.
Bo nenot ox 3aKOHOT KOj ce OfHECYBa Ha yNpaBy-
BambEeTO CO OTNAIOT OJ] MUHEpPAIHU CYPOBUHH, T10-
COYCHO ¢ Jieka Tpeba Ja ce 06e30enu ,,T0IropoIHa
reoTeXHUYKa CTAOMITHOCT 32 CUTE XUAPOjaJOBHUILTA
WIH OJyIarajviiTa KoM Ce M3JUTHYBaaT Haj MOBp-
[IMHATA Ha 3e€Mjara, K0ja IocToela mpe MOYeTOKOT
Ha pa0doTara Ha MHCTaJAIMjaTa 3a yIpaByBambe CO
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orman’. OBa 3HAYH JEKa € MOTPEeOHO METOCHO TI0-
3HABaKE HA MHIKEHEPCKOTCOJIOIIKUTE U TEOTCXHUY-
KHUTE KapaKTEPUCTUKU HA MMPUPOTHOTO TJIO BP3 KOE
ce TpajiaT OBUE MHCTANIAIMY 32 OTIA, HO, HaKo HE
¢ MOTEHIMpaHo, ce Mo/Apa3dupa U MO3HABaKkE Ha
TCOTEXHUYKUTE OCOOMHU Ha OTIAIHHOT MaTepHja-
JIOT Off KOj ce Tpajar oJiarajJuiiTara.

Bo IIpaBunHunuTe 3a COApKUHATA U HAYUHOT
Ha u3paboTKa Ha TEOJIOIIKaTa JOKyMEHTalwja 3a
BpILICH-¢ HA OCHOBHH M JICTAJHU T'€OJIOMIKH HCTpa-
xyBama (Cn. BecHuk Ha PemyOnuka Makenonuja
138/2007), nponumiana € coap:kuHa Ha EmaGopar
3a MH)KEHEPCKOTeOIOMKH ncrpaxysama. Ox Ilpa-
BUJIHUKOT KOj C€ OJHECyBa Ha JOKyMEHTaluja Ha
HUBO Ha JICTalHA HCTPaXyBama Ce KOHCTaTHpa
neKka 00eMOT Ha MCTpaKyBamba M HCIUTYBamba O]l
OBOj KapakTep He € JeuHupaH, TYKy TOa € OCcTaBe-
HO Ha cio0oIHA MpPOICHKAa Ha HWCTPaXKyBauMTe.
BakBara koHCTaTaIMja BaKH Kako 3a CAMHOT TIPOC-
TOp Ha WAHATa pabOTHA CpeluHA BO Koja Ke ce
OJIBUBA UCKOIOT (TIOBPITHHCKA WU MOA3EMHA €KC-
IIoaTayja) Taka U TepeHOT BO 30HA Ha WIHHUTE
WH(QPACTPYKTYPHUA OOjeKTH BO PaMKH Ha TIPEIBH-
JIeH pynapcku koMiuieke. OTTyKa, MOXKe Jia ce KOH-
crarupa aeka [[paBUIIHUKOT HE € BO COTTIACHOCT CO
COBPEMEHHUTE F€OTEXHUYKH MIPUCTAIIH 3a LEeIUTE Ha
MPOEKTHPake Ha TPaJie)kHN 00jeKTH Kou Tpeba na
ce TMOYMTYyBaaT, T.. EBpokox 7 Kako BoelHAuYEHH
KOJIOBH 32 Tpajiehe (M Te0TeXHUYO WHKEHEPCTBO).
Bo oBme K0/10BH c€ /1a/IeHH COOJIBETHH TPETIOPAKU
KOM ce OJlHecyBaaT Ha 00EeMOT Ha MOTpeOHH WC-
TpPayKHH pabOTH 32 LIEIUTE HA IPOSKTHPAE Ha rpa-
JEeXKHA 00jeKTH, a BO 3aBHCHOCT O] T€O0JIOIIKaTa
CJIO)KEHOCT Ha TepeHOT. COoo/IBeTHH MPENOPaKH Ce
TaJICHU TTOJIO0ITY.

CornacHo aktyenHuoT [IpaBHiIHUK 3a Kiacu-
(uKalyja 1 KaTeropusaiyja Ha pe3epBUTE 3a LBPC-
TH MUHEPAJIHU CYPOBHHHU U BOJICH:-¢ CBUJICHIIU]a 32
HuB (Cn. Becauk Ha CDPJ 6p. 53 ox 1979 ron.), n
3a [eNnUTe Ha MpeKaTeropusanuja Ha PyJIHHTE pe-
3epBH, MMOKPaj IPyroTo, MPEBUICHO € JIa ce U3BP-
IIIM ¥ COOZIBETCH 00EM Ha UCIIUTYBambha Ha (YU3UIKO-
MEXaHUYKUTE OCOOMHM Ha KapIECTUTE Macu cO KOH
Ou ce yTBpAMJIO Aajiil TO MOCeAyBaaT HOTPEOHHUOT
KBAJIUTECT 3a HUBHA MPUMEHA BO CTOIIAHCTBOTO. Bo
4nieHoT 29 oj1 0Boj [IpaBriTHUK € HaBeIeHO JeKa BO
coapxxuHaTa Ha EnaGoparor 3a pe3epBuTe Ha MHUHE-
paJIHM CYpOBHHHM COOJIBETHO BHMMaHHE Tpeba na
Oue MOCBETEHO U Ha MH)KEHEPCKOreOJIOMIKUTE Ka-
pakTepucTUKH Ha nexuinrero. Cenak, ¥ BO OBOj
[paBuTHUK HEMa HACOKH 32 Je(UHUPALE HA OTITH-
MAQJIHHOT 00eM Ha UCTpaKyBama Of MHXEHEPCKO-
T'COJIOLIKU KapakTep Kou Tpeda J1a ce pean3upaar.

Bo IIpaBUJIHUKOT 3a TEXHUYKH HOPMATHUBH 3a
MoJ[3eMHa EKCIUI0aTallja Ha METATMYHA U HeMeTa-
JIMYHU MUHEepaliHu cypoBHuHH (Ci1. BecHuk Ha COPJ
op. 24 ox 1991 roxm.), hpU3HMIKO-MEXaHUIKHUTE Ka-
PaKTEpUCTUKHA Ha KapmHWTe Ce CIOMEHYBaaT BO
KOHTEKCT Ha M3paboTKa Ha OApe/ICHH BUJOBHU MO~
3eMHH IIPOCTOPHUN M METOY Ha MOI3eMHA eKCILI0a-
TaIyja, co MoCcovYyBame JieKa Tpeda Aa ce Io3HaBaaT
,,JIETATHO*, HO 0€3 HMKAaKBM ITOHATAMOIIHHA KOH-
KPETHU HACOKH 32 HAUWHOT Ha HUBHO OZpENyBaIbe,
HaYWH Ha 00paboTKa W aHaIM3a Ha IMOJATOIUTE, U
HUBHO BKJIYYIyBamb-€ BO MTPOEKTUPABETO.

Bo IIpaBUJIHUKOT 3a TEXHUYKH HOPMATHUBH 3a
MOBPIIMHCKA €KcIUIoaTalija Ha MHUHEPAJIHU CYypo-
BuHU (Cn. Becuuk Ha CDOPJ 6p. 04 ox 1986 rox.),
ce 300pyBa 3a motpeda oj onpemyBame Ha (Ppr3Ud-
KO-MEXaHHUYKUTE M TeOMEXaHHMYKUTE OCOBUHH Ha
KapruTe, Kako MoJyIora 3a u3rpanda Ha oJy1araliuiil-
Ta, Kajae, npel ce, € MOCOYEHO NIeKa ,,JICXKHIITATa
TO K& Ce eKCIDI0ATUpaaT Mopaar jJa OWgaT MpeT-
XOIHO UCTPaKEHH BO IOTJIE] HA TEOMEXaHUUKUTE U
XHUIPOTEOJIOLIKUTE KAPAKTEPUCTUKH Ha KapIIECTUTE
MAaCH U Ha KOpUCHATa CypOBHHA“ a Mpex ,,0TBOpa-
BETO HA MOBPUIMHCKUOT KOIl MOpa Jia ce€ IPOBEPH
reoMexaHn4yKaTa CTaOWITHOCT 32 KOCHHHTE Ha 00-
JeKTHTE 3a OTBOpame Ha KOIOT, pabOTHATa W 3a-
BpILIHATa KOCHHA Ha KOTIOT, pa0OTHATA U 3aBpIIHATA
KOCHHA Ha OJIarajIMIITeTO U HOCHBOCTA Ha MOJIO-
rara gHa omraraymmrero’. Bo ogHoc Ha 00eMOT Ha
TFeOTEeXHUUYKUTE HCIHUTYBama HCTPaXyBamba HEMa
0co0eHH HACOKH, OCBEH €JICH CTaB KOj ce OJJHeCyBa
Ha OpojoT Ha MOTpeOHM MpOoQWIN 32 aHAIM3a Ha
cTabuiHOCTA (JIeKa 3aBUCH U OJ1 ,,...TOOUTHHTE TIPO-
MEHH Ha TEOMEXaHUYKHUTE KaPAKTEPUCTHKH Ha 3eM-
JUIITETO) U CTaB KOj 33JJ0JDKYBa JIETAITHO HCITUTY-
Bamke Ha 3EMjUINTETO ,,CO JOBOJICH OpOj reoMexa-
HUYKH UCTPAXXHU paboTH™. 3a jakocTa Ha CMOJIKHY-
Bame ce Oapa ,,CTEleH Ha CUTYPHOCT OJ1 HajMaJIKy
75%“!? Ce mocouyBa 1 A€Ka IPHU CeKOja IPOMEHa,
MIPEMECTYBamke U CII., IOTPEOHO € JETAIHO Aa Ce
0CO3Hae re0TeXHNYKaTa rpagda Ha TEPEeHoT.

Bo mornen Ha KpuTepuyMmHTe 3a MpuQaTIvB
(baxTop Ha CUTYPHOCT Ce TPUIOKEHH Tabenu (BUan
Ta6ena 1 u Tabena 2 Bo mpuJor).

Bo mornex Ha HauMHOT Ha OJpeAyBame Ha
MEXaHUYKHUTE 0COOCHOCTH Ha KapmuTe camo € Io-
COYEHO JieKa Tpeba Ja ce yTBpAAT, HO He € Iocoue-
HO Ha KOj Ha4MH U €O KOj 00eM BO OJJHOC Ha Tole-
MUHATa U CHCHU(PHUKUTE HAa HCTPAKHUOT IIPOCTOP.

Bo [IpaBMIIHUKOT 32 TEXHUYKH HOPMaTHBH 32
MOBPIIMHCKA EKCIUIoATallMja Ha apXUTEKTOHCKO-
rpajgexeH KamMeH (YKpaceH KaMeH), TeXHHYKH Ka-
MeH, 4akajl M 3a IpepaboTKa Ha apXUTEKTOHCKO-
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rpaaexeH kameH (“Ca. nmuct Ha COPJ” 6p. 11/86)
ce CIIOMEHYBaaT MHX.I'€0 UCTPaXKyBamba; BO WICH 7
ce MOTEHIMpa: aroJioT Ha HaKJIOHOT Ha paboTHaTa
KOCHHA Ha €TaKUTE HA OTKOILYBakhE jalIOBUHA MOXKE
Jla n3HecyBa HajMHOTY 10 90° ako crabmiHOCTa ce
JOKaXKe CO UCIUTYBamwa; Cropen wieH 13 BucuHara
Ha eTaXUTE Ha KOU Ce BPIIM EKCIUIoaTaluja Ha Ka-
MEH MOpa J1a CE ONpeJesId BO COIVIACHOCT CO Ieo-
JIOUIKUTE U WHKEHEPCKO-TEOJIOMIKUTE CBOjCTBA Ha
Kaprara, HAaUMHOT Ha OTKOIyBame M MEXaHHU3allu-
jara ITo ce KOPUCTH Ha TOj KOI; COTJIacHO WwicH 14
aroJIoT Ha HAKJIOHOT Ha paboTHaTa KOCHHA Ha eTa-
Karta npu Jo0MBame Ha OJIOKOBH MOXKE Jla U3HECYBa
110 90°, ako cTa0MIIHOCTA Ha eTa)KaTa ce JTOKa)Ke Co
WCIUTYBamka; WieH 15 ycloByBa JAa HEKBaJUTETHU
JIeJIOBY Ha KapriaTa cMeaT Jla ¢ OCTaBaT BO KOCH-
HUTE Ha eTakaTa Ha J0OMBame OJOKOBH CaMO aKoO
ce I0BOJHO CTa0MJIHM M aKO CO TOa HE CE 3arpo3y-
BaaT paboTHTeE 3a N0OKMBamke OJI0KOBHU; Bo 1€10T K0j
ce OZIHEeCYBa Ha eKCIIoaTalja Ha TEXHUYKH KaMeH,
cnopen wieH 93 paboTHara BHCHHA Ha e€Ta)kaTa ce
OIpeieNlyBa CO TMPOEKTOT, CO TOa INTO CE 3amaar
MpeBH]l TEOMEXaHUYKUTE CBOjCTBA Ha KapIieHaTa
Maca ¥ TeXHOJIOTHjaTa Ha TOOWBamke U, IO TIPaBUJIO,
n3HecyBa HajMHOTY 30 M . [To nckiry4dok o oapen-
Oara Ha cTaB 1 071 OBOj WiIEH, ce JO3BOIYBa U TOTO-
JileMa BUCHHA, aKO C€ YTBPIH CO MPOEKTOT.

Bo IIpaBHIHUKOT 32 COAP)KHHA HA PYNAPCKH
npoekTH (Cin. BecHuk Ha PM 6p. 128/07) BO unewn 4
C€ CIIOMEHYBaaT FeOMEXHUYKH KapaKTEPUCTUKN Ha
MUHEpATHUTE CYPOBHHU W MPUIPYKHU Kapmu;, Bo
yneHd 10 e noreHuupano aeka ,,OapeayBambeTo BU-
CUHA Ha €Ta)XHU U pabOTHH U 3aBPITHU KOCUHH, Ka-
KO ¥ BHCHHA Ha OJUTarallMIITETO, U jAJIOBUHU 3aBU-
CH Bp3 OCHOBA Ha pe3yNTaTuTe 0J1 PU3MIKUTE U I'eo-
MEXaHUYKUTE CBOjCTBA HA HACIATUTE KOHCTPYKIIH-
jara Ha OTKONOT M jayoBuinTaTa™; Criopex wieH 17
cekoj JlomomHuUTENIeH PyIapCKH MPOEKT 3a OTBOpa-
€ U eKCIToJIaTallyja Ha HOBH XOPU30HTH, PEBUPH,
JIEJIOBU OJ PYIHWIA TH COIPXKU CUTE EIEeMEHTHU
yTBpAeHH co 0BOj [IpaBMIIHUK 3a TITaBHH pydapCKu
MPOEKTH. 3a JOMOJHUTENEH PyJapCKud MPOEKT 3a
HOBH Py/IapCKH U3BO3HU OKHA U BETEPHU OKHA HEMa
nedhrHUpaHO TaKkBa 0OBPCKA, a UCTO BaXKH U 3a Y1I-
POCTEH PyIapCcKH MPOEKT 3a paboTa Ha 00jEKTUTE U
MOCTPOJKUTE BO MOCTOJHUTE PYTHHIIN W MTOBPIINH-
CKM OTKOIH, KOU He ce omndareHu co TIaBHUOT H
pyaapckuot npoekt. O oBlie POU3IIeTyBa JieKka U
3a ¢azaTta Ha U3paboTKa Ha JlomoNMHUTEHH pynap-
CKHM TIPOEKTH CE HEOIIXOAHU COOJIBETHH WH)KEHEp-
CKOTCOJIOIIKH U T€OTEXHUYKU UCIUTYBamha U aHa-
JU3U.
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Bo wien 22 ox uctrot IIpaBriIHUK HarjgaceHo
€ JIeKa MPOEKTHUTE 3a M3BEAYyBamke Ha PYAapPCKH
HCTPAXHU PaOOTH T'M COApPXKAT CUTE TPEABUIACHU
PYIapCKO-TEOIOMKH pabOTH, KOUIITO ce on(aTeHn
co [Iporpamara 3a Bplieke Ha HCTPAKYBAKE, KAKO
1 YCJIOBH Kora Tpe0a J1a ce 3a0KpYKU IMpOoLecoT Ha
HOBM WJIM CTapu 00jeKTH Kou Tpeba Ja ce peKoH-
CTpyHpaaT WK JIa UM ce IPOoMeHr HameHaTa. [lot-
KOITU-XOPU30HTH, BEHTIJIAIMOHN OKHA, TPOU3BOJI-
HU OKHA, BCHTHJIAIIMOHW XOJHWIIA W MPESUYHUIN U
XOJIHHITA 32 OJIBOJTHYBaE, KAKO ¥ BOJJOCOOUPHHIIH,
packomu, ycenu 1 Ipyru 00jeKTH KOU caMu 3a ce0e
MPEeTCTaByBaart IeINHA.

2.1. Ananuza na 3axKoncKu akmu Kou
ce 00HeCy8aam Ha UHINCEHEePCKO2EONOUIKY
U 2eOMEXHUYUKU UCTPAIICYEAFbA U UCHUMYB8AFA
34 yeaume HA UCTPAICYBAIbE HA HAOT ATUULMATNA
HA MUHePAIHU CYPOSUHU U HUBHA eKCIIIOAMAyUjd
60 Ascmpanuja

Co uen aa ce U3BPILM aHAJIN3a HA AKTYEITHUTE
cocTOjOM Ha OBaa TeMa BO CBETOT, CIIPOBEJICHO €
HUCTPaXKyBambe Ha CTPY4YHA JUTEpATypa JOCTAIIHA O
uHTepHeT. Ce KOHCTaTUpa JACKa IeJI0T Ha HMHXKEHEep-
CKOT'COJIOIIKHUTE U TCOTCXHUYKUTE UCTPAKyBarba 3a
L[EJIUTE Ha KapaKTepU3allja Ha KapIeCTUTE Maca BO
PaMKH Ha CaMUTC PyJHHU TECJIa NI OKOJIHUTEC KapIn
IIOCTOjaT caMo Of[peieH Opoj Ha TOCTAITHU TPaBUII-
HHUIIKM WJIN YIIATCTBA, a 00eMoT Ha HUCTpaKyBakba U
HUCIIUTYBamba €€ 0ApCaAyBa Ha PAa3JIMYHU HAYMHH 3a-
BHCHO 0O q)a3aTa Ha HCTPpAKyBalkbC, HAYUHOT Ha
eKCILIoaTalMja U TeHETCKUOT BHJI HA HAOIaJIUIIITE.
3a MOBEKETO 3eMjU O]l CBETOT OBUE MPABWIIHUIIN U
yIaTCTBa HE CE jaBHO JOCTAIlHH, OCBEH 32 ABCTpa-
Jvja, Ia UCTHUTE TIOA0ITY ce aHanu3upaar. Bo moky-
menToT ,,Geotechnical considerations in under-
ground mines (Guideline)*“ 1997 Mosbhab — Mines
Occupational Safety and Health Advisory Board
Approved Document no. ZME723QT, Government
of Western Australia, Department of industry and
resources, € 1aJacH OpeaJIOT KOJIKaB IMMPOLCHT O] UC-
TPaXXHOTO jaapo Tpeba Ja ce KapTupa OJl reoTex-
HUYKH acIeKT, a BO 3aBUCHOCT oj (azara Ha
ncrpaxysame (Tabema 3).

ABTOpHTE Ha OBa YIaTCTBO ITOCOYYBaaT AcKa
HE3aBUCHO 0] OpPOjOT HAa T€OTEXHUYKU KapTUpaHU
IYTTHATHHHM, O] OCHOBHO 3HAYEHE € Aa JyIHATHHH-
TE KOM Ce KapTUpaHH OWIaT penpe3cHTaTHBHU 3a
YCIIOBUTE Ha TEPEHOT BO 30HATA HA PYIHOTO TEJIO U
OKOJTHUTE (TIPUIPYKHU KapIH) Ha TIOTEHIINjATHOTO
HaorajmuIITe 3a eKcIuloatanuja. Bo AOKyMeHTOT
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,Geotechnical considerations in open pit mines
(Guideline)* 1999 Mosbhab — Mines Occupational
Safety and Health Advisory Board Approved,
Government of Western Australia, Department of
industry and resources, ISBN 0 7309 7807 9, e mo-
COYCHO JIeKa pa3MepoT U 00EMOT Ha TeOTEXHUYKH
UCTpaXKyBama 3a [eJUTe Ha IPOCKTUPALE HA MTOBP-
LIMHCKHU Kol Tpeba aa Ouae moroieM Kora reosio-
rHjata € MOKOMIUIEKCHA (Kora HMBOTO Ha TeoTeX-
HUYKa HEM3BECHOCT € BHCOKA), KOIOT € JIaboK U
UMa MpenBUACH JOJT KUBOTEH BEK, W/WIN TOCIe-
TUIUTe o1 JoM Om Owmie ronemu. Ce moTeHIMpa
JieKa yIpaBHUTE Tella Ha PYAHUKOT Mopa aa o0e3-
Oenat JeKa ce OCUTYpaHHu BoOOW4IaeHHUTE Oaparma BO
MOTJIE] HAa TEOTEXHWYKH TMOJATOLM 3a IeNUTe Ha
MPOEKTHPake Ha OTBOPEHU KOIOBH, COOJBETHO Ha
rojieMuHaTa Ha MpPoeKToT. KOHEeYHHOT MpPOeKT Ha
MOBPIIMHCKHOT KOII Tpeba Jia ce MOTBPIU CO COOI-
BETHH TEOTEXHUYKH METOIH, 3eMajKH ja MpenBUJ
MPOIICHKATa Ha PU3HK, KOja T BKIy4yBa CHTE Tap-
aMeTpH pelieBaHTHH 32 CTAOMIIHOCTA HA TOj BUJ Ha
KOml ¥ 0e30eHOCTa U CKOHOMHYHOCTA Ha pyJlap-
ckata akTHBHOCT. OTTyKa, MPOU3NEryBa JeKa 3a
KOITOBHTE CO TOJIOJT BEK Ha eKCIuIoaTanuja ce 6apa
MOBHCOKO HUBO HA F€OTEXHHYKA OCO3HEHOCT YIITE
BO HajpaHuTe a3y Ha Pa3BOj HA MPOEKTHTE U 3a
BpeMe Ha paboTara, co e 1a € HaMaJli HUBOTO Ha
HEW3BECHOCT 3a KapIrecraTa Maca M co Toa 00e30e-
U Too0pa KOHTPOJa/yIpaByBamke CO 3rojieMe-
HHUOT PU3HK.

Bo moxymentor Mines safety and inspection
act 1994, Mines safety and inspection regulation
1995, ver.6.0, 21.06.2021 rox., jacHO ce OCOYEHU
CUTE OTPeOHU FeOTEXHUYKH ACTIEKTH Ha KO yIpa-
BYBa4KHUTE CTPYKTYpH Tpeda Ja BoAaT cMeTKa 3a
BpEMe Ha TPOCKTUPAKETO HA PYJHHUIIUTE, BO (a3za
Ha paboTa, KaKo | 3a IeJUTEe Ha HUBHO 3aTBOPAIbE
TOCIie 3aBPITyBamkhe Ha eKCIIoaTallljaTa.

Bo nmoxymenror Geotechnical guideline for
terminal and rehabilitated slopes - Extractive indus-
try projects, Victoria State Government, September
2020, mocoueHa e moTpedaTa j1a ce U3BPIIH IEeTT0CHA
TeOTEeXHHYKA MPOIIEHKA Ha TPE/TIOKEH MPOEKT JI0-
KOJIKY UCKOITIOT Ha OMJIO KOja O 3aBPLIHATE KOCUHH
HaaMuHyBa 15 metpu. [Iponenkara tpeba aa ja us-
BPIIU KOMIIETEHTHA JIMYHOCT 332 BpeMe Ha WHHIIU-
JaJTHOTO IJIAHUPamke U (ha3aTa Ha IPOCeKTHpame. Bo
CaMHOT JIOKYMEHT c€ NIOCOYyBa U Ha JIpYT MpaBHI-
HUK KOj C€ OJHECYBa Ha T€OTEXHHUYKHUTE ACIIEKTH
MIPU TIPOCKTHPALE Ha jaJIOBUIIITA.

WnrepecHu ce Haoxute Bo TpyaoT Ha Murphy
and Barnett 2018, kou ro Tpetupaar npoodIeMoT Ha
oJlpetyBame Ha 00eM Ha UCTPaXHU pabOTH 3a reo-
TEXHWYKa KapaKkTepH3alyja Ha €IHO HaolaJIWIITe

BO (ha3aTa Ha CTyAMja HA NPEAU3BOAIUBOCT, a pas-
TJIeIaH! C€ TPU THIIA Ha HAOTaJIMINTA: TPOPUPCKH,
CyndUAHA SNUTePMAIIHU HAOTaJMINTa Ha 3JIaTO W
cpeOpo, 1 HAOTAIUIIITA BO OPOT'€HU T10jaCh KOHTPO-
JIMPaHU o1 paceHu cTpyKTypH. Criopes oBue aBTo-
pH, KaK0O MUHHUMAJTHA TTOTPEOHH pabOTH COTIIACHO
COOJIBETHO M3TOTBEHA MpOrpaMa 3a T'C€OTECXHUYKU
HCTUTYBamka CE CMETAAT:

PeBu3uja Ha omITaTa MCTPaKHA MporpamMa
3a Aynm4eme — [IpricycTBO Ha TepeH U TUCKyCHja CO
[JIABHUOT TEPEHCKHU T'e0JIOoT, CO pasriiefyBame Ha
JampoTo U IMCKyCHja 3a MpuoOpanuTe moxarony. Ba-
KEH acHeKT € 3all03HABAEeTO CO ANTepaluuTe U
HUBHHOT UHTEH3UTET, U KAaKO THE CE OJHECYBaaT BO
TeK Ha BpeMe (Kaj HabJbyyBaHOTO janpo). O6emMoT
Y TUTIOT HAa paceJHUTE CTPYKTYpPH KOH I'Ml IPECEKy-
Ba jaZipOTO Ce BXKHU 32 Jia ce AepuHupaaT npumap-
HUTE U CEKyHIApHUTE CTPYKTYpH YIITE BO paHaTa
(haza Ha pa3Boj Ha MPOEKTOT.

IMoBpIIMHCKO KAPTHPAaH-€ — JIOKOJIKY ITOCTO-
jar IoBOJICH Opoj Ha MOBPIIMHCKUA HM3JIaHOIM WIN
3aceny 3a MPUCTAITHN/CePBUCHU MTATHUINTa, Tpeda 1a
Ce CIIPOBEJIEC CTPYKTYPHO M TEOTEXHHYKO KapTHpa-
we. Bo ucto Bpeme, Moxe aa ce ofpeaat npopuiiu-
Te Ha pacrararme Ha Kaprara i HHBHAaTa MOKHOCT.

Hcrpaxuo nymueme — O6eMOT Ha UCTPAKHH
JyITHATUHH CO TEOTEXHUYKH TPETMaH Tpeba aa ce
neduHMpa 1ocie coryielyBambe Ha Pe3ysITaTUTE O]l
peBHU3MjaTa Ha OMNILITATA UCTPa)KHA MPOrpaMa U IMo-
BPILIMHCKOTO KapTHpame, KAKO M BO KOHCYJTalHja
CO O/ITOBOPHUTE UCTPAXKEH I'€0JIOT, METallypr, reo-
XeMHU4ap, MUHEpasor.

I[Ipexy npuMeHa Ha OBOj IIPUCTAII CE CO37IaBaatT
YCJIOBH 3a ITOJITOTOBKA HA ONITUMU3UpaHa Iporpama
3a HCTPaKHHM JIyITYerha Koja Ke TH J1aJie 0JIrOBOpUTE
Ha HAjBAXHUTE Tpalama BO Mpeapu3nOInTH
daszara ox mpoydyBame Ha €IHO HaoramumTe. Bo
UCTO BpEMe, ce MOCTHIHYBa M epruKkacHOCT BO (Gu-
HAHCHCKOTO paboTeme Ha KOHLEeCHOHepoT. Hesa-
BUCHO O/l TUIIOT Ha HAOT'aJIUIIITE, aBTOPUTE T' JIOHE-
CyBaar CIEJHUTE 3aKITyUOIIH:

— B&XHO € J1a Ce OJIpe/Id THUIIOT Ha ajTeparuja
1 UHTCH3UTETUTEC HA IMMOCANHUTE aJITCpaliun

— B&XKHO € JIa Ce MpoyYaT CUTE JOCTAIHH M0~
paHO M3BEACHU UCTPAXKHU TYMHATUHH (CTPYKTYPH,
anTepaiuu, paceiHd 30HH) of (oTorpaduu HIU
JOCTAITHO jajpo.

— BO 3aBHUCHOCT OJI PACTOjaHUETO Ha JTyTTHATH-
HUTE U CII0)KEHOCTa Ha HAOTAITUILITETO, /1A CE pa3BUE
OJI0K MOJIeJT BO KOj jacHO Ke ce neuHupaat rpaHu-
OUTE HAa T'COTEXHUYKH JOMEHU Ha LBPCTU U MCKHU
KapnH (3a JaJleHUOT CTETeH Ha HCTPaKEHOCT).
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— Ja ce oapenn Opoj Ha MyKHATHHU U 3a4ecTe-
HOCT Ha MyKHaTHHU. [la ce HampaBu o0Oux 3a aedu-
HUpamke HA OCHOBHUTE CHCTEMH Ha IMyKHATHHH BO
OJTHOC Ha TIOKPAaTKHUTE IMyKHATHHH Ha JIA/ICHHE.

— J1a ce KapaKTepHu3nupa NHTEH3UTETOT Ha MHK-
PO-IIYKHAaTHHHU BO Pa3IMYHU JIUTOJOIIKH, aiTepa-
IIMOHU U CTPYKTYPHHU JOMEHH U J]a Ce HallpaBH BPC-
Ka CO jakocTa Ha Kaprara Ha HUBO Ha MOHOJIHT.

— JIa ce IOATOTBH Mporpama 3a JJabopaTOPHCKO
TECTHpame Koja K& OBO3MOXKH T0OUBambe Ha pernpe-
3€HTAaTHBHHU IOJIATOLH 32 jaKOCTA Ha CMOJIKHYBAmbhe
Ha KapraTa ¥ Hej3MHaTa BapHjaOMIHOCT BO OJHOC
Ha ITepallMOHUTE TUIIOBH M HUBHUOT HHTE3UTET.

Bo mokymentot ,,Guidelines under MCDR
(Mineral Conservation and Development Rules) for
United Nations Framework Classification of Mine-
ral Reserves / Resources* neuHupanu ce OCHOBHU
(hazu o1 IpOEKTHUTE T.€. Kora Tpeba /1a ce crpoBee
COOJIBETCH 00€M Ha T€OTEXHUYKUTE HCTPAKYBarba
U ucnutyBama. CymMapHO, HE3aBUCHO OJ1 TUIIOT Ha
TEHETCKUOT THUIT Ha HAOTAJIMIITE Ce 1aJIeHH HACOKH
J1a BO IPeA(U3NOMINTH CTYIUHUTE C€ COOepaT OCHO-
BHU JIETaJIX 32 [EJINTE Ha U3rpanda Ha 00jeKTH, a BO
¢u3nbunutu-hazara aa ce oApeaT CUTE YCIOBH Ha
paboTHata cpeanHa (TEOTEXHHYKO-WHIKEHEPCKO-
TCOJIOIIKY KaKo 3a camara 30Ha Ha UCKOIl Ha pyJa,
Taka 1 3a CUTe WHPPACTPYKTYPHHU 00jSKTH.

Read u Stacey (2009), Bo mnyOnukarujara
,»Quideline for Open Pit Slope Design* CRC Press
ja naBaat Tabena 4 3a KpuTEpUyM Ha TPUPATIUBOCT
3a aHalM3a Ha cTaOMIIHOCT Ha 3aBPIIHM WM pexa-
OUIUTUPaHU KOCHHHU.

[Mpousnerysa Jeka Kaj pa3rieayBaHUTE JOKY-
MEHTH ITOCTOM OJPEAEHA HEYCOIJIACEHOCT BO OHOC
Ha (a3HOCTa Ha peau3alnja Ha UCTPaKyBamkaTa Of
TCOTEXHHYKH acIIeKT, IITO HAMETHYBa caMo 1o cebe
notpeba o7 ycorjacyBame U Ha HHTEPHAIIMOHATHO
HuBO. OBaa mpobieMaTuka € nmoTpedHo J1a ce aHa-
JU3Mpa BO paMKM Ha CTPYYHHUTE MelyHapOIHU
JpymTBa 0J objacta Ha MEXaHUKaTa Ha KapIiu,
WH)KEHEepPCKaTa T'eoJIoTHja U pyAapCTBOTO.

2.2. Ilpenopaxu 3a degpunuparse
HA 3a00a4CUmMesler MUHUMAIeH 0bem
HA UHICEHEPCKO-2C0JIOUKU U 2COMEXHUUKU
UCTNPAdICYB8aArba U UCTUMY8ATLA
34 PA3IUYHU Yeau 60 PyOoapCcmeomo

Bp3 0a3a Ha CTEKHATOTO HUCKYCTBO BO YUCCTBO

¥ u3paboTKa Ha WHKCHEPCKOTCOJIONIKa U Ie0TeX-
HUYKA JIOKyMEHTaIMja 3a MOBEKEe HAOlaMINTa O
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pas3yinvHa TeHeTcKa Tpymna Bo MakeJoHuja, BO Mpo-
JOJDKEHHE ce MPEe3eHTHPaHu Mpenopaku 3a aedu-
HUpake HA MHUHUMAaJIeH 00eM Ha TepPEeHCKH HCTpa-
xyBama (Tabena 6) u Ta0OPaTOPUCKH UCTTUTYBAHA
Ka] HEMETaMYH{, METAIWYHH W HaOTaJMIITa Ha
SHePreTCKH CypoBUHH T.¢. jarsieH (Tademu 7, 8 u 9).
Ce HaroMeHyBa JieKka OBHE MTperopaxu Tpeda xa on-
JIaT TpeAMET Ha TOHATAMOIIHA JUCKyCHja, HO Ce
LIEHH JIeKa OBO3MOXKYBAaaT €JIeH CHCTEMATCKH MPHUC-
Tan Mpy OJpEeAyBambeTO Ha ONTHMAIHUOT 00eM Ha
HCTpaXKyBama W UCIUTYBama. Cexoe MOSIHMHEYHO
HaolaJIUIITE ce KapaKTepPH3HUpa CO CBOU CIIELU(PUKU
0]l TEHETCKH, MOP(OIOIIKA U KBAaHTUTATUBEH ac-
MIEKT, 14 OTTYKa U3HECEHUTE Mpenopaku Tpeda na
ce TIOYMTYBAaaT HO W MPHIAroJaT Ha COOJBETHATA
curyanyja. Bo onHoc Ha HCTpaXHUTE AyMUeHha KO
ce BpIIAT 3a IIeJIMTE HA YTBPAYBambE Ha PYIAHUTE
pe3epBH, a KO JYIMHATHHU TCHEPATHO CE MOJICK-
HHM Ha TEOXEMHUCKHU UCTUTYBamba, MOTpeOHO € Ja ce
H3BPIIN OHTI/IMI/ISaHI/Ija M UCTUTC OYIIHATUHU a CC
HCKOPUCTAT U 33 TEOTCXHUYKA KapakTepu3saluja Ha
Kaprecrara maca.

Co men z1a ce IOCTUTHE COOJBETEH KBAJIUTET
Ha U3paboTKa Ha MHXKEHEPCKO-TeONIOIIKaTa 1 reo-
TeXHHYKaTa JOKYMEHTAlHja, BO CHTE IPOIECH Ha
IUTAHUPAEbE Ha OIIITHTE W CIICIHjTHUTE UCTPaXK-
HO-UCIUTATEIHH MPOTpaMu Tpeda yIiTe BO Hajpa-
HUTE (pa3u HA pa3BOj HA MPOEKTUTE Ja C€ BKIyJaT
CTICIMjATUCTHU OJ1 COOJIBETHUTE O0JIACTH.

IITo ce omHecyBa 10 TEOTEXHUYKHUTE HUCTpa-
JKyBarba U UCITUTYBamba 32 [EJIUTE HA TIPOCKTUPAIHE
Ha HEONXOJIHUTE MHPPACTPYKTYPHU 00jEKTH, UCTHU-
Te Tpeba Jia ce peaiu3upaar CorjiacHO Ha Mpernopa-
kute ox Espokon 7, men 2 (EK 7-2 Ground investi-
gation and testing) (Tabena 5). Tue ce oaHecyBaar
Ha T.H. TEOTEXHHMYKA KaTteropuja 2, Kajae craraat
00jeKTH CO peJIATUBHO CTaHap/IHA CIIOKEHOCT U BO
MPOCEYHH TeoJIoKK yciioBu. [lopaau Toa, U BO
pamkute Ha EK 7-2 ce HaBenmyBa neka 3a MHOTY
TOJIEMHU WIX MHOT'Y KOMIIJICKCHU IMTPOCKTH, HCKOU O1
HCTPOKHUTE MECTa Ce BOJAT JI0 MOroJieMH Jiabo-
YUHH 01 HaBeleHUTe. BoeHO, moroiema uCTpakHa
JutabounHa Tpeba Na ce m3depe cekoraiml Kora ce
MPETIIOCTABYBAaT HEMOBOJHU T'EOJIONIKH YCIOBH,
KaKo INTO Ce Cla0M WM CTUCIHBU CIIOCBU IO
cioeBuTe co norojema HocuBocT (Crmka 1). OBue
CJIEMEHTH, T.C. 3aBHCHOCT Ha 00E€M Ha HCTPAKHU
pabOTH 01 Te0JIONIKA U KOHCTPYKTUBHA CIIOKEHOCT,
ce TpenBuIyBa Ja OMaaT MOACTATHO onaTeHH BO
cleaHaTa reHepanuja Ha EBpokos 7, koja ce miiaHu-
pa na ce o6jaBu Bo 2022/23 rox. Ox apyra crpaHa,
3a 00jeKTH TUITAHUPAHH BP3 PEJIATUBHO €THOCTABCH
TepeH, JTab0YMHATa HAa HUCTPAKYBalbe MOXKE 1a
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Oune Za = 2 m, HO aKo reoyoryjaTa € cJIOXKeHa, To-
ram OapeM eHa AymHATHHA Tpeba /1a ce CITyIITH Ha
MUHUMYM Za = 5 m. AKO Ha MECTOTO Ha IJTaHUpaHa-
Ta OCHOBA Ha KOHCTPYKIIMjaTa ce HauAe Ha KaMeHa
¢dhopmarija, Toa Tpeba na ce 3eMe Kako pedepeHt-
HOTO HUBO 3a Z,. McTo Taka, EK 7-2 naBa Hacoka u

a) HacuI

3a 3eMarbe Ha MPEABU M Ha COCTOjOHMTE Ha TT0/13eM-
HUTE BOJU, KAKO U JIeKa 32 KOHCTPYKIMH IIITO Jp-
JKaT BOJa, Za Tpeba Jia ce oJpeu Kako (PyHKIUja Ha
IUIAHUPAHOTO HUBO Ha 3apaTeHara BoJia, XHIporeo-
JIOIITKUTE yCIIOBH M METOJOT Ha rpaneme (Cnuka 1).

Zi

b) uckon/sacex

Ca. 1. lllemaTcku npuka3 3a qeuHupame Ha AIa004YiHA Ha HCTPaXHN paboTH 3a Tpaie)kHU 00jeKTH Kaj PydapCKH KOMILIEKC

YnpaByBameTo Ha XUAPOjATOBHUINTATA U T'€O-
TEXHUYKATa KaTeropusaluja Ha TEPEHOT U MaTepHu-
jamuTe Of KOM ce rpajaT XUApOojaloBUINTaTa Tpeda
Jla ce BPIIHU COMIACHO jacHO Je(hUHUPAHU TPABUII-
HUIIM U 3aKOHHU KaKO IITO TOA € CTOPEHO BO MHOTY
3emju oJ] cBeToT (Buau Ha https://www.tailings.info
/knowledge/guidelines.htm). buaejku oBue odjextn
CE€ CO HAjBHCOK PH3HK IO OKOJIMHATA, MOTpeOHa €
MOILINPOKA JIUCKYCHja CO TPaJIe)KHHU, XUAPOTEXHIY-
KW U JIPYTH WHXCHEPH, CO 1eJl COOJBETHO YCOTIJia-
CyBame H JJOpadOTKa Ha 3aKOHCKATa peryliaThBa 3a
oBue 00jexTH. PerynaruBaTta Koja ce oiHecyBa Ha
TFCOTCXHUYKH MOHHTOPHHI HA BHCOKOPH3WYHU
o0jekTn n 1a0OKM MCKOMM HMCTO Taka Tpeba na
Ouje mpeaMeT Ha MOIIMPOKa TUCKYCHja.

2. HAMECTO 3AKJIYUYOK

Bp3 ocHOBa Ha CIIpOBEJCHNUTE aHAIU3U MOXKE
71a ce KOHCTaThpa JieKa IMMOCTON peaHa moTpeda o
JIOypeayBame Ha 3aKOHCKAaTa peryiaTHBa Koja I'f
TpeTupa HHKEHEepCKaTa reoIorja u reoTeXHUKaTa
BO PaMKHTE Ha HCTPAXKYBAKHETO M EKCILIOATaIHjaTa
Ha MUHEpAIHUTE CYpOBHHH Bo Makenonuja. [1pu-
TOa ce MOTCHIMPA J€Ka BO CUTE UJIHU IIOCTANKU BO
0Baa HacoKa e IOTpeOHO J1a ce BKIIy4yar CUTe pelie-
BAaHTHHU YMHUTENN BO JIP’KaBaTa, a BO LEJIOCT J1a ce

cliefiaT u npenopakure of EBpokoBonuTe u ycBoe-
HHUOT HaIlMOHaJIeH aHekc. HeomxoaHo e na ce penu-
(hvHUpaaT U KPUTEPHYMHUTE 32 MPHUQPATIUBOCT Kaj
aHAJIM3WUTE Ha CTa0MITHOCT, a MOKPaj GakTop Ha Ch-
TYPHOCT Jla ce BKIy4YH BO MPEJBH]I U BEPOjaTHOCTA
Ha JIOM KaKo JIOTIOJTHUTEINEH Moka3aren. Bo akryen-
HaTa peryjaTuBa HE € COOABETHO TPETHpaHa Npu-
poIHAaTa ¥ WHHUIIMPaHA CEM3MHYHOCT HA TEPEHOT,
mTo Tpeba na Ouje MpakTHKa UMajKH TH BO MPeE/I-
BUJ PETHOHAIHUTE CEM3MHUYKH ycinoBH. Kopucre-
HETO Ha aKpeIUTHpaHu jJabopaTopuu Tpeda aa ce
BOBEJIC 3a CUTE 1ISJIM Ha UCTPaKyBamara. FiMajku ja
MpeaBUl 3aKOHCKaTa OOBpCKAa HAa KOMIIAHUUTE U
($u3MUKKTE LA 33 JIMLIEHLIUPAKE U OBJIACTYBAHbE
BO Pa3NIMYHU 00JIACTH BO MHIKEHEPCTBOTO, BO COO/I-
BETHHUTE 3aKOHU M MOJ3aKOHCKU aKTH Tpeba jacHO
Ia ce neuHupa Koj mpoduil Ha WHXXEHEPH Ce OB-
JacTEeHH Ja BPIIAT WHXKEHEPCKOT'COJIOMKH U T'eo-
TEXHUYKH MCTPaXyBarhba U UCIUTYBamba 32 [EIUTE
Ha HCTPaXyBambe U EKCIUIoaTalrja Ha MUHEpaTHH
cypoBuHH. HcTpakyBameTo BO TPYAOT IOKaXa
JIeKa HajrOJIEMHUOT el OJ] TPaBHITHHUIIUTE U IPYTUTE
MIO/I3aKOHCKH akTH ce on nopanemHara COPJ u
HCTHTE BO OCHOBA CE€ 3aCTAPEHU CO CHUTyalHja OX
npen 40-tuaa roauan U noBeke. Ce mpemopadyBa
CTPYYHHTE JPYIITBA BO 00JIacTa Ha reoyiorHjara u
PYIapcTBOTO Ja IOKpEeHAT MHUIMjaTuBa BO MuHMC-
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TEPCTBOTO 32 eKOHOMH]a, IHCTUTYTOT 3a cTaHIap-
nu3anuja, MHCTUTYTOT 32 akpenuTanuja, Komopara
3a OBnactenu Apxurektu U OBnacteHu UHxeHe-
pH, 32 OTIIOYHYBAKE Ha MOCTAIKA 32 AKYyPUPABE U
Tpesl ce XapMOHHM3MpAke Ha 3aKOHUTE, TIPaBUITHH-
LUTE, CTAaHJIAPIUTE U HOPMATUBUTE IITO BaXKAT MPU
HCTPaXXyBamkbeTO HAa MHHEPATHUTE CYpPOBHHH BO
HamaTa Jap’kaBa co oHHMe IITO Bakat BO EY. OBa
CCKaKO € CIIOKEH IMPOoIeC KOj ke 0apa BKIyUyBame
Ha TOBEKE 3aMHTEPECUPAHU CTPAHU U COOJBETCH
aHTaXMaH Ha HMHCTUTYIIUUTE U CTPYUHHUTE JUIA O
TpaKcaTa.

JIUTEPATYPA

Eurocode 7 Geotechnical design Part —2: Ground investigation
and testing

Geotechnical guideline for terminal and rehabilitated slopes -
Extractive industry projects, Victoria State Government,
September 2020

Geotechnical considerations in open pit mines (Guideline)
1999 Mosbhab — Mines Occupational Safety and Health
Advisory Board ApproVed, Government of Western
Australia, Department of industry and resources, ISBN 0
7309 7807 9

Geotechnical Considerations In underground mines (Guide-
line)“ 1997 Mosbhab — Mines Occupational Safety and
Health Advisory Board Approved Document no.
ZMET723QT, Government of Western Australia, Depart-
ment of industry and resources Mines safety and inspection
act 1994, Mines safety and inspection regulation 1995,
ver.6.0, 21.06.2021

Guidelines under MCDR (Mineral Conservation and Develop-
ment Rules) for United Nations Framework Classification
of Mineral Reserves / Resources

3aKkoH 3a MHHepanHu cypoBuHH — Ci. BecHHK Ha PM® Op.
136/12, 25/13, 93/13, 44/14, 160/14, 129/15, 192/15,
39/16, 53/16, 120/16, 189/16 u 7/19

Murphy B. and Barnett W. Approach to geotechnical characte-
rization and slope data acquisition programs in different
deposit types* (XIV Congreso Internacional de Energia y
Recursos Minerales, Slope stability 2018, April 10-13,
2018 Seville, Spain)

[IpaBHUIHUK 3a COAPXKMHA Ha TEOJIOIIKa TOKyMEHTALNja 3a Bp-
IIehe Ha JETANHU TOJOIMIKH HCTpaxyBama — CII. BECHUK
Ha Pemy6muka Makenonuja 138/07

[IpaBunHuK 3a coap)kuHa Ha pyaapcku 00jekTn — CIl. BECHUK
Ha PM 6p.128/07

[paBwiHUK 3a K1acupUKaIMja U KaTeropusalija Ha pe3epBr
3a IBPCTH MUHEPAIHH CYpPOBUHHU M BOJICH:-E CBUJICHIIM]ja 3a
uuB — Ci1. Becauk Ha CDPJ 6p.53/79 ron.

[IpaBHITHAK 32 TEXHUYKH HOPMATHBH 3a IOA3EMHA €KCILIOATa-
[I1ja Ha METAINIHU 1 HEMEeTaINIHI MUHEPAJIHH CYPOBHHH
— Cn. Becuuk Ha COPJ 6p.24/91 rox.

ITpaBUIHUK 338 TEXHUYKH HOPMATHBH 33 MOBPIIMHCKA EKCILIO-
aTalyja Ha MUHEpaIHU cypoBUHU — Ci1. BecHUK Ha COPJ
op. 4/86 rox.

[IpaBWIHYUK 3a TEXHUYKH HOPMATHBH 32 MTOBPIIMHCKA EKCILIOA-
Talyja Ha apXUTEKTOHCKO-TpajJieeH KaMeH (yKpaceH Ka-
MeH), TeXHHYKH KaMeH, Jakall ¥ 3a npepaboTKa Ha apXu-
TEKTOHCKO-TpajexeH kameH — Ci1. muct Ha COPJ 6p.11/86
TOJI.

Read and Stacey (2009) ,,Guideline for Open Pit Slope Design*
CRC Press

ITPUJIOI" TABEJIN

Tabena l

Kpumepuymu 3a epednocmu na ghaxmop Ha cueypHocm 3a 000eIHU KOCUHU,

Ha cucmemume Ha KOCUHU U Ha 3a6PuHUNIE KOCUHU 60 MEKU Kapnu HA Konom

(cnoped Cnyacoen secrux na COPJ 6p.4 00 1986 200.)*
daxTOp Ha CUTYPHOCT

Ioxkasaren P = P
PaGOTHH KOCHHH LITO CE MEHYBAaT €AHAII MECSUHO 1,00-1,10
PaboTHM KOCHHH Ha KOH Ce IBIKM MEXaHH3alljaTa i TPaHCIIOPTOT 1,10-1,15
CucreM Ha paGOTHH KOCHHH KOTa pabOTH MEXaHH3aIMja ¥ KOTa Ce BPIIH TPAHCIIOPT 1,15-1,20
KocwHH mTO MIMaat MOJOJT BEK HAa TPACHE, 00YHU M 3aBPIITHA KOCHHH 1,30
3acely Ha OTBAapaE BO 3aBUCHOCT OJ1 CJIOXKEHOCTA Ha TEOJIOLIKHUTE YCIIOBH U TEXHOJIOTHjaTa Ha OTKOITYBambe 1,10-1,50
PaGoTHHU eTa)u, MpU MPEMUH MIPEKy 30HaTa Ha CTapy paboTH U APYTH HOA3EMHH IIPOCTOPHUU 1,20 -1,50

*CnuuHa Taberna ce 1aBa U 3a 3aBPIIHHM KOCHHH Kaj OJIarajiyiiTa
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TabGema 2

Kpumepuymu 3a epeonocmu Ha (pakmop Ha cueypHocm 3a 000eiHU KOCUHU,
Ha cucmemume Ha KOCUHU U HA 3ABPUUHUME KOCUHU 80 YEPCMU KAPNU U 00NA2ATUWIMA
(cnopeo Cryoicoen eecrux va COPJ 6p.4 00 1986 200.)*

®DakTOp Ha CUTYPHOCT
ITokazaren P

F
a) 3akom
PaboTHM KOCHHY Ha ITapIjaTHU €TaXN 1,00-1,05
PaGoTHM KOCHHH Ha CHCTEM Ha €TaXH 1,06-1,10
Cucrem Ha pabOTHHU €TaXKH CO TPAHCIIOPTHHU MATUILTA 1,15-1,20
3aBpIIHN KOCHHU Ha KOII 1,30 - 1,50
a) 3a oJuTaraiuIiTe
PaboTHM KOCHHU Ha TAPLHUjaTH eTaXn 1,05-1,10
PaboTHM KOCHHM Ha TApIMjaTHU €TaKU U CHCTEM Ha KOCHHHU 1,10-1,15
3aBpIIHU KOCHHU Ha OJIJIaraTHINTe 1,30 - 1,50
Kpieme Ha mojtora 1 JIM3rame Mo MOoJIora 1,50 —2,00

Tabema 3.

IIpeonosicen npoyenm Ha ucmpadicho jaopo koe mpeba 0a buoe ceomexHudKy Kapmuparo.
Cnopeo Document no.ZME723QT, peeyramusa 6o Ascmpanuja

TIpennorxeH MPoOLEHT Ha jaapo Koe Tpeba ja ce KapThpa

®da3a BO pa3Boj Ha IMPOEKTOT
passo) P reorexHu4ku (%)

TpeadusubuinTu cryauja (Ipeau3BoUTHBOCT) 25-50

Ou3nOuIUTH CTYIHja 50-100

Bo (a3a Ha paboTa Ha PyIHUKOT 25-75
TaGena 4

Kpumepuym na npugpamnueocm na ananuza na cmabuiHOCm HA 3a8PUHU UTU PEXAOUTUMUPAHU KOCUHU,
Cnopeo Read u Stacey (2009)

Tlocnenuna ox oM, BIIMjaHHE Ha jaBHOTO 31paBje, HHPPACTpyKTypara, [pucdarnus dhakTop Ha Ipudatiuea MUHEIMATHA

JKUBOTHATA CPEIMHA, 3eMjUIITETOTO WA IMOTUTE curypHoct (Fs) BepojatHocT Ha J1oM (%)

He e cepnozna 1,3 10

CpenHo cepro3Ha 1,6 1

MHory cepro3na 2,0 0,5
Tabema 5

IIpeeneo na pacnopeo u 0nabouuna Ha UCMPAICHU PAOOMU 3a 2PadediCHU 0Ojexmu Kaj pyoapcKu KOMNaeKcu
cozanacno Eepokood 7-2 (eepsuja 2007 200.)

JIuaucku 00jexTH (TaTUINTA, KaHAIH, IICBKOBOIH,

Shigg tyHenu) (h — BUCHHA Ha HACUII HJIM MCKOII) Eeesdecaeall)
Pacrojanue nomery ucTpaxHu paboTH (JIMHHCKH) 20-200m 25—-75m
JlnabourHa Ha UCTPaKHK pabOTH za Ol HajHUCKATa Hacum: 0,8h <Za <1,2h; Za (6 m 0,8h <Za<1,2h;
TO4Ka (Ce 3eMa MOBHCOKATa BPEAHOCT) Wckor: Za { 2,0 m; Za { 0,4h Za(6m
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TabGema 6

IIpeonoicen MuHUMANEH 0OeM HA UHIHCEHEPCKO2EOOWKU U 2eOMEXHUUKU UCPANCY8AIbA U UCRUNYEAIbA
Kaj HAOIanuuma Ha MUHEPAIHU CYPOBUHU 30 30HAMA HA UCKONYBARe HA MUHEPATHAMA CYPOBUHA
(PYOHO meno u NPUOPYIICHU Kapnu)

Bupa Ha pabora ®aza Ha UCTpaXKyBarhe Ha HAOTAITUINTE MM PYAHUK BO eKCIUIOATALH]a

OUCTPaXyBambha

IIpen Jeranan Houctpasicy
KabuHeTcku aHaNu3M M TEPEHCKH UCTPaXKy- [IpenuMUHApHU Ou3nOUIUTH U HCTPaXKyBama

buznomIHTH TEOJIOUIKU

Bamba UCTpaKyBarmba CTYIUH BO (pasa Ha ekcIi-

CTYAUHU HCTPaXXyBarmba ;

JoaTanuja

AHanm3a W KpPUTHYKHA OCBPT 3a IIOCTOjHA
reO0JIOIIKa-Te0TeXHUYKA JOKYMEHTAIHja O/ \ \ V \
CEKaKOB BHUJ

TepeHcka MpOCHEeKIMja CO IJIaBEH I'eoJor

Ha MPOEKTOT M YCOIJIACYBam€ Ha IeoTeX- N N N N N
HHMYKaTa MCTPaXHA IpOrpama co OMNIITaTa

Iporpama 3a UCTPayKHO JyITYCHE

WHxeHepcKOreoIonKo KapTUpambe Ha U3-
Kapaxrepuc- Kapaxkrepuc-
naHouu criopen npernopaku Ha ISRM, pa- KoHTuHy-
TUYHU TUYHU Kontunynpano
OOTHH €TaXW WM TOJ3EMHH IPOCTOPHH, HpaHo

CTPYKTYpH CTPYKTYpPH.
npumeHa Ha [[IMuToB yekaH TPYKTYP PYKTYP

WHKeHepCKOTeoNIomKo KapTHpamke Ha jas-

PO O UCTPAXXHU TYMHATUHU IO CTAHAAPIH

Ha ISRM (Bo % o1 BKymHO HpenBHACH

o0eM Ha Aym4ere co janpyBame) U u3Benda \ \ \/ \
Ha ,,TUIT TecT". BKIIy4HTENHO 1 IyTHATHHH (25-50%) (50-75%) (100%0) (100%0)
KOH Cce BpIIIAT 33 OJPEAyBamke Ha Pe3EPBUTE

Ha MHHEpaJHU CYPOBHHH (32 F€OXEMHCKH

aHaJM3H)

leorexHnuka ximacudukanmja W KapakT-
epH3alja Ha KapouTe W MOYBUTE (KOja N N N N
KnacuuKanyja ke ce IpUMEHHU 3aBHCH O
HaMeHaTa 1 HAMEHATa Ha HCTPaXyBamkETO)

JleduHupame Ha BOZOMPONMYCHOCTA CO Te-
percku omutu (% OJ MCTPaXKHU JyIHA-  (10%) \ (25-50%) v (10-25%)
tnHn) (cnopexn Lugeon, Lefranc)

Peanmzanyja Ha HaMEHCKHM Aymdema [0 5-10% ox
JutabMHA Ha TIPOEKTUPAHU 3aBPIIHE KOCHHH HCTPaKHU 10-25% 10-20%
(xaj MOBPIITMHCKH KOTIOBH )* JyITHATUHU

Hedunnpame Ha kBasuxoMoreHu 30HA (31

TEOTEXHUYKH JIOMEHH, OJIOK MOJeNn) | (moBepiBOCT ~ (MOBEpPIUBOCT  (IMOBEPIUBOCT  (AOBEPIHUBOCT
[JIABHUTE CTPYKTYpH (paceld W pacerHu 25%) 50-75%) 75-100%) 100%)
30HH)**

BocnoctaByBame Ha KOpeldanud IoMery
(H3UIKO-MEXaHUUKHUTE TapaMeTpH Ha Kap- \ \ \
IMUTE BO U3JIBOCHUTC 'COTCXHUYKH TOMCHHU

*3aBHCHO O]l TEOMETPHjaTa Ha MOBPIIMHCKUOT KOII U CIIOKEHOCTA Ha TEONIOTHjaTa, CE OTydyBa 3a MO3UIMjaTa Ha MOCTABYBAE HA UCTPAKHUTE
W.I'. nynHatvHy, a ce BPIIU U YCOTTIACyBamkEe CO MPOrpaMaTa 3a reoJIoNIKO TyITIerhe

**3&}10H>KI/IT6.HHO 3a HAOTaJIMIITAa Ha METATMIHHU MUHEpAJIHNA CYPOBUHHU, BO OAPEACHU YCJIIOBU U 32 HEMCTAJIMIHU

**#*(O0eM Ha HCIUTYBabE Ha BOAONPOIYCHOCTA CE YCOIacyBa CO IMporpaMara 3a XuApOreoJIONIKH UCTPAXKyBamha U UCTIUTYBAba
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TabGema 7

IIpeonoscen munumanen obem Ha 1aOOPAMOPUCKU UCRUINYBAFA 00 2e0MEXHUYKY KApaKmep Kaj Haoramuma
HA MUHEPATHU CYPOBUHU 3d 30HAMA HA UCKONYBAIbEe HA MUHEPATHAMA CYPOBUHA (2PAOEIHCHO-MEXHUYKU KAMEH)

®daza Ha HCTPaXKyBarhe Ha HAOTAIUINTE MM PYIHUK BO eKCIUIOATAIH]a

JlaGoparopucku paboTu Tpemnm- [penpmudn- DOusndmIIMTH Afesinzui LEhTEIG TigE 567 fpe-
HapHU HC- T€OJIOIIKU KaTeropusanuja Ha
JIATH CTYTUH  CTYIHH
TpaXyBamba HCTPAXYBakha PYAHHU PE3epPBU
TeDeHCKH OIIT 34 OADEVBARE Ha HHICKC Ha 10-20 mpo6u 1 mpoba Ha 1 mpo0a Ha ce- 1 mpoba Ha cexon
P ADCRY A oxmopmmHa cekon 20-40m  xom 10-20m 20 m uctpaxkHo

TOYKACTa jaKOCT cropes npenopaku Ha [ISRM

EnnoakcujanHa jakocT Ha IPUTUCOK BO CyBa U
BOJI03aCUTEHA cOCT0j0a, CO OApEeNyBamkE Ha
Moayn Ha gedopMabuiIHOCT Ha 5% of
NPEABUACHUOT Opoj Ha MPHUMEPOLHU

JakocT Ha 3arerame

Jakoct Ha CMOJIKHYBaB-€C 110 MYKHATUHA

HcnutyBama 3a qeUHUpabe Ha TPUMEHITH-
BOCTa Ha rPajIe)KHO-TEXHUYKUOT KaMeH 3a 3a-
BHCHO OJI HaMeHata (BOJIOBIUBAE, CIICHUA(PHI-
Ha TeXWHA, IOCTOjaHOCT Ha JICjCTBO Ha Mpa3,
OTIIOPHOCT Ha abere, MUHEPAIOLIKO IIETPO-
rpadcKu cOCTaB, MOPO3HOCT, IPHCYCTBO Ha
cyndatu, cyabuan, XJI0puau, cyiadyp u ap.)

Ha TepeH HCTPaXKHO jazipo
5-10 mpo6u ox 1 mpoba Ha (l:eirc))sz ()Ifgo m
noBpiipHa Ha cexor 40 m HCTpaKHO
TepeH HCTPaXKHO jazpo japo
1 mpo6a Ha
3-5 mpobu ox 1 mpoba Ha cexon 20-40 m
MOBpPIIMHA HA cexor 60 M T
epe CTPaXKHO jaipo .
TepeH HCTPAXKHO jaap [
o enen onut on 3-5 onuTu Ha
cekoj reotexHnd- 100 M uerpaxo
KM JOMEH jampo
3-5 mpumepo-
o 5-10 mpumeponu 5-10 mprmepo

OJ pa3InYHU

IIMHA Ha TCPEH
WIIHA IJIATKA

packonu

TCOTCXHUYKH

JIOMEHHU

U PA3JINIHA
TeOTEXHUYIKU
JIOMEHHU

HCTPAXKHO jaIpo jaapo

1 mpo6a Ha cexon
20 m ucTpaxHO
jaapo

1 mpoba Ha cexon
40 m ucTpaxxHO
jampo

3-5 onwutH Ha
150 m uctpaxxHo
Janpo

3-8 npumepornu
Pa3INYHU Ie0TEX-
HHYKA JOMCHH

*BomyMeHCKa TeXXHHA CE OJpelyBa HAa CUTE NPMMEPOLH KOW CE MCIUTYBAaT 3a jaKOCT Ha MPUTHUCOK M jaKOCT Ha 3arerame. JIOKonKy mocrojar
[OTOJIEMH BapHjallii, ce OAPEAYBa U Kaj MPUMEPOIIUTE 32 HHICKC HA TOYKACTA JaKOCT
**Jlen o MCHMTYBamaTa CIyXaT caMo 3a LEIUTE HA TeOTEeXHMUYKA KaTaKTepH3alyja Ha HaolaJMINTaTa, a APYrH M 3a LEJIHTEe Ha OApeayBame Ha
HPUMEHINBOCTA HAa MAaTEPHjajIoT 3a IPAJICKHO-TEXHHYKH LIEITH
***MecToTO Ha 3eMame Ha MpobH 3a HenuTe Ha u3paborka Ha Emabopar 3a mpekareropusaiyja Ha pyAHH PE3epBU Ja Ce HaHECAT HA MHKCHEp-

CKOI'€OJIOIIKa KapTa

TabGema 8

Tpeonooicen munumanen 0bem Ha 1a6OPAMOPUCKU UCRUMYBAFLA 00 2EOMEXHUYKU KAPAKMEDP Kaj HAOTranuuma
HA MUHEPAIHU CYPOBUHU 30 30HAMA HA UCKONYBAIbe HA MUHEPATHAMA CYPOBUHA (MEMANUYHU MUHEPATIHU CYPOBUHU)

JlaGoparopucku paboTu

TepeHCKH OIIUT 3a OIPEAYBAE
Ha WHJIEKC Ha TOYKACTa JaKOCT
cnopen mpenopaku Ha ISRM
EnHoakcujanHa jakoCT Ha IIpH-
THCOK, CO OJIpelyBarbe Ha
MOJy1 Ha AedopMabUITHOCT Ha
10% ox npenBUACHHOT Opoj Ha
IPUMEPOLH

Jakoct Ha 3arerame

Jakoct Ha CMOJIKHYBam€ 110
INYKHaTUHU

TpajrocT Ha kapruTe (Slake
durability test)

®daza Ha HCTpAXXyBambE HA HAOTaJIAIITE WA PYAHUK BO eKCHHO&TaHI/Ija

[Ipenumunapau
HCTPaXXyBamba

5-10 mpobu ox
MOBpPIIMHA Ha
TepeH

5-10 mpobu ox
MOBpPIIMHA HA
TepeH

5-10 mpobu ox
MOBPIIMHA HA
TepeH

Mpenduzubunuta OU3HOUTHTH

CTYAUU

1 npo6a Ha cexon
50 m ucrpaxsHo
janpo

1 mpoOa Ha cexou
40 m uctpaxHo
janpo

1 mpoba Ha cexkou
40 m uctpaxxHo
janpo

1 onuT Ha cexou
100 m ucrpaxHo
jaapo

1 onuT Ha cexou
100 m mcTpaxHO
jazpo

CTYAUU

1 npo6u Ha cexon
20 m ucTpakHO
janpo

2 npobu Ha ceKon
40 m ucTpakHO
janpo

2 npobu Ha CeKon
60 m uctpaxHo
janpo

2 ONUTH Ha CEKOU
100 m uctpaxHO
jaapo

2 ONUTH HA CEKOU
100 m uctpaxHO
jazpo

Jeraman
TEOJIOIIKH
HCTpaxyBama

1 npo6a Ha cexon
2-5 m HCTpaxKHO
janpo

1 npoba Ha cexon
30 m ucrpaxsHo
janpo

1 npo6a Ha cexou
30 m ucrpaxxsHo
janpo

3 onut Ha 100 M
HCTPaXKHO jaipo

3 onutm Ha 100 m
HCTPaXKHO jaIpo

Enabopar 3a npe-
KaTeropusaiuja Ha
PYIHH pe3epBu

1 npo6a Ha cexon
10 m uctpaxHo
janpo

1 mpoba Ha cexou
30 m ucrpaxHo
janpo

1 npo6a Ha cexon
30 m ucTpaxHO
janpo

3 onutu Ha 150 M
HCTPAXXHO jazpo

3 onutr Ha 150 M
HCTPAXXHO jazipo

*BosyMeHCKa TeXHHA ce OIpelyBa Ha CUTE MPUMEPOLH KOU Ce MCIUTYBaaT 3a jJaKOCT Ha NMPUTHCOK M jaKOCT Ha 3aTerame. JIOKOJIKY IOCTOjaT
MOrOJIEMH BapHjaliiy, Ce OIPeIyBa U Kaj IPUMEPOLIMTE 3a HHIEKC Ha TOYKACTa JaKOCT
**3aBHCHO OJ] TCOJIOLIKATA CIIOKEHOCT, T.€. OPOjOT Ha MPHUCYTHHU AITEPALMH BO OJPEICHH FeOTEXHUYKU JTOMEHH U IPUCYTHH CTPYKTYPH, HPEIONKe-
HHOT 06eM Ha 1abOPaTOPHCKH HCTIMTYBamba MOYKeE 1a BAPHpa BO TpaHuIy o 25-30% (e Bakw 3a MapaMeTapoT HHJEKC Ha TOUKACTa jaKoCT)
***(O0eMOT Ha OIMT 32 TPAjHOCT Ha KapIUTe MOXe Jia Bapupa u Bo rpaHuIy 10 100%, 3aBHCHO 0[] CTEIICHOT Ha IPUCYTHH aJTepaIiuu
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TabGenma 9

IIpeonoowcen munumanen obem Ha 1a6OPAMOPUCKU UCRUMYBAILA 00 2e0MEXHUYKU KapaKmep Kaj
HAOTAMUUIMA HA MUHEPATHU CYPOBUHU 30 30HAMA HA UCKONYBAFbE HA MUHEPATHAMA CYPOSUHA
(enepeemcKu MUHEPAIHU CYPOBUHU — jacieH) ™

JlaGopaTopucku paboTu

Knacudukarponu onuty,
creruUIHa ¥ BOJTyMEHCKa
TEXHUHA, aTepOeproBy rpa-
HUIH, TPAPOIHA BIAKHOCT

OnuTH Ha AUPEKTHO

CMOJIKHYBaE€

TpuakcujanHu OIUTH

Jakoct Ha IpUTHCOK Ha
MOYBU

TpajHocT Ha jarneH (Slake
durability test)

Enomerapcku onutu

IIpenumunap

HH HCTPAXy-

‘Bamba

®a3za Ha UCTPAKYBambE HA HAOTAIUIITE WM PYAHHUK BO EKCILIOATall]ja

Ipendu3uoHuIHTH
CTy U

DU3HOUITUTH
CTy U

Jeranau reosomi-
KH UCTPaXyBarba

Enabopar 3a npeka-
Teropu3almja Ha
PYAHU pe3epBU

1-2 npobu
0J1 HCTpaXK-
Ha JyITHa-
THHA

1-2 mpobu
O]l HCTPaXKHA
y[HATAHA

1-2 npobu
O]l UCTpaXKHA
IyITHaTHHA

1-2 npo6u o
HCTPOKHA
IIyIHATHHA

1 mpo6a Ha cekoja
[POMEHA Ha JINTO-
JIOILIKA CPe/IHHA

1npoOa Ha cexoja
MPOMEHa Ha JIUTO-
JIOIIKA CPeAnHa

1 mpoba Ha cekoja
IIPOMEHa Ha JIUTO-
JIOILIKA CpeINHA

1 npo6a Ha cekoja
MPOMEHa Ha JINTO-
JIOLIKA CPEAHHA

1 KOMIO3UTHA TIPO-
0a O] CUTE CIOECBH
Ha jarsed Ha 1000

M UCTPaXKHO japo

1 npoba ox uc-
TpaxkHa
JyIHATHHA

1 mpo6a Ha ceKoj
CJI0j CO MOKHOCT
norosiemMa o1 4.0 m

1 mpoba Ha cexoj
CJI0j CO MOKHOCT
moroseMa ox 4.0 m

1 mpoba Ha cekoj
CJI0j CO MOKHOCT
norosiemMa o1 4.0 m

1 mpo6a Ha cekoj
CJI0j CO MOKHOCT
morosema oxg 4.0 m

1xoMno3uTHA Ipoda
0]] CHTE CJIOCBH Ha
jarmer Ha 500 m
HCTPAXKHO jaipo

1 npo6a Ha cexoja
MPOMEHa Ha JINTO-
JIOLIKA CPEMHA

1 mpo6a Ha cexoj
CJI0j CO MOKHOCT
OroJemMa oJ
20m

1 mpoba Ha cexoj
CJI0j CO MOKHOCT
norosema ox 2.0 m

1 mpoba Ha cekoj
CJI0j CO MOKHOCT
rorosiema 011 2.0 m

1 npo6a Ha cekoj
CJI0j CO MOKHOCT
norosema ox 2.0 m

1 KOMITO3UTHA TIPO-
6a 0] CHTE CIIOEBH
Ha jarJieH o] CeKo-
ja nymHaTHHA

2 mpoOu Ha cexoja
MPOMEHa Ha JINTO-
JIOLIKA CPEAMHA

1 mpo6a Ha ceKoj
CJIOj CO MOKHOCT
norojeMa o 2.0 m

1 mpoba Ha cexoj
CJI0j CO MOKHOCT
morosema ox 2.0 m

1 mpoba Ha cekoj
CJI0j CO MOKHOCT
norosieMa o 2.0 m

1 mpo6a Ha cexoj
CJI0j CO MOKHOCT
morojema ox 2.0 m

1 xomMmo3uTHA IPOda
O/l CHTE CJIOCBH Ha
jarJieH of ja BTOpa
IyIMHATHHA

1 npo6a Ha cexoja
pOMEHa Ha
JIUTOJIOIIKA CPEANHA

*3aBHCHO 0] TCONOIIKATA CIIOKEHOCT, T.€. IPyNaTa i HOArpylaTa Ha HaOlaHIITETO, COracHo [IpaBHIIHIKOT 3a KiIach(HKalHja 1 KaTeropusaluja Ha
PYIHU pe3epBH, IPEIOKEHHOT 00eM Ha JTabopaTOpHCKN MCIIHTYBama MOKe 11a Bapupa Bo rpanHuim 25-30%. IIpuToa, Kaj MOHNCKHTE KATETOPHH Ce
u3BeJlyBa MOroyieM 00eM Ha HCIIUTYBamba.
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MN3BE/JIBA HA IITME3OMETPU 3A JE@UHUPAILE HA MOKHU ITATHIITA
HA IBU/KEILE HA HIECTOBAJIETEH XPOM CO IIOA3EMHUTE BOJAU
HU3 KEJEHCKHOT MACHUB KOH U3BOPOT PAILIIYE

Crojan Muxaunnoscku®, 3natko Miujosckn’, UBuua Annos!, Bojo Mup4oscku?

paoexcen Uncmumym ,, Maxedonuja “, Cxonje, Penybauxa Cesepna Maxedonuja
2Faculty of Natural and Technical Sciences, “Goce Delcev” University in Stip,
Blvd. Blvd. Krste Misirkov 10-A, P.O, Box 210, 2000 Stip, Republic of North Macedonia
geozlatko @gim.com.mk

Amncrpaxt M3Benbara Ha qBa nue3oMeTpu BO JKeIeHCKHOT KapOOHATEH MACHB € CO 1eN Ae(huHu-
pame Ha MOMKHM NaTHINTAa Ha ABikeme Ha Cré* co mopsemuuTte Boau KoH M3BOpOT Pamrye. M3BopoT Ha
3araJlyBame ¢ MHIYCTpUCKaTa jaernonuja Jyroxpom. Jlocera M3BeAHUTE MHE30METPH U UCIHUTYBama IO-
BP3aHM CO 3arafayBameTo co Cré* Guie peanusupanu Bo HEBP3aHHUTE CEJUMMEHTH M Ha KOHTAKTOT IIOMery
[Momomkara xkoTnnHa 1 XKeneH, a cera ce U3BeIeHH MUe30MeTpH Bo JKeneHCKHOT kKapOOHATEH MacHB M BO
TIpaBell Ha IBIKCHE Ha oa3eMHnTe Boan. MHIycTprcKkaTa nemoHmjaTta JyroxpoM ce Haora Ha pacTojaHue
ox okoxy 30 km ox rpagot Ckomje, BO 30Ha Ha MpUXpaHyBamke Ha M3BopoT Pamrue. Ha ncTok o nenoHujara
Ha okoxy 100 m mounyBa JXKemeHCKHOT KapOOHATEH MacHB, BO KOj ce Haora KapcTeH M3JaH KOj IO MpH-
xpaHyBa m3BopoT Pamrge. JlermoHunjaTa e pe3ynrar ol paboTemeTo Ha KOMOMHAPOT JyroXpoM BO MEpUOIOT
01 1955 o 2016. ITomery ocTaHAaTOTO BO JCMHUjaTa IMa KoIMIHHA o1 okoury 350000 t 6umxpomatHo O1ato,
KO€ BO CBOjOT cocTas coapxu Cré*. Jlemonujara KOHTMHYMPaHO NPOAYLMPa 3araayBarme co Cré* o miur-
KHUTE MOJ3EMHH BOJHM BO 30HUTE HA MPUXPaHyBamkE HA U3BOPOT Parrve, 0IHOCHO HEBP3aHUTE CEIUMECHTHU
ox Jlonen [osor okony AemOHMjaTa U HU3BOJAHO BO pekata Bapmap, mTo ¢ cepro3Ha 3akaHa O MOXKHO
3araJlyBame Ha MOJ3EMHHUTE BOH BO JKEHCKHOT KapOOHATEH MacUB U U3BOPOT Pamrye. 3a nepuHupame Ha
MOJKHHUTE MATHIITA HA TPAHCTIOPT HA XPOMOT CO MOJ3EMHHUTE BOAM HU3 JKEJICHCKUOT MacUB U3BEICHH CE
nBa rmesometpu I1-1 (mymadok 220 m) u [1-2 (amadok 435 m). [Tokpaj ocraHaTUTEe TOOUCHH PE3YJITATH CO
HUBaHTa H3Be0a, O HUB CE 3eMEHH IPUMEPOIIN O BOJA 3a aHANH3H. Pe3yiraTute o1 aHAIM3UTE TTOKaXaa
JIeKa, BO OJHOC Ha MaKCHMAITHO JI03BoJieHaTa KoHIeHTpanuja (MAK) Ha Cré* (0,01 mg/l), Bo I1-1 metek-
THpaHa € KOHIICHTpaIHja Ha Cr%* Bo rparnny Ha go3BosieHoTo (0,002 mg/l), nogeka o I1-2 nerexktupana
e 3a 3,6 naTu 3rojeMeHa KoHueHTpamuja na Cré* (0,036 mg/l).

Kayunn 360poBu: IIIECTOBAJICHTEH XPOM, JCTIOHM]a, IOJ3EMHH BOJH, 3arayBame, JKeaeH, m3Bop Pamrde

CONSTRUCTION OF PIEZOMETERS TO DEFINE POSSIBLE ROUTES
OF MOVEMENT OF HEXAVALENT CHROMIUM WITH GROUNDWATER
THROUGH THE ZHEDEN MASSIF TOWARDS THE SPRING RASHCHE

Abstract: The construction of two piezometers in the Zheden carbonate massif is aimed at defining
possible routes of movement of Cré* with groundwater towards the spring Rashche. The source of pollution
is the industrial landfill Jugohrom. So far, piezometers and tests related to Cré* pollution have been realized
in the unbound sediments and at the contact between the Polog valley and Zheden, and now piezometers
have been constructed in the Zheden carbonate massif and in the direction of groundwater movement. The
industrial landfill Jugohrom is located at a distance of about 30 km from the city of Skopje, in the recharge
zone of the Rashche spring. To the east of the landfill, at about 100 m, begins the Zheden carbonate massif,
in which there is a karst aquifer that recharges the Rashche spring. The landfill is a result of the operation
of the factory Jugohrom in the period from 1955 to 2016. Among the rest in the landfill there is a quantity
of about 350,000 t bichromatic swamp, which contains Cr®*. The landfill continuously produces Cr®*
pollution in the shallow groundwater in the recharge zones of the Rashche spring, ie the unbound sediments
from Dolen Polog around the landfill and downstream in the river Vardar, which is a serious threat of
possible groundwater pollution in the Zheden carbonate massif and the spring Rashche. Two piezometers
P-1 (220 m in depth) and P-2 (435 m in depth) were constructed to define the possible routes of chromium
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transport with groundwater through the Zeden massif. In addition to the other results obtained with their
construction, water samples were taken for analysis. The results of the analyses showed that, in relation to
the maximum permissible concentration (MPC) of Cr8* (0.01 mg/l), in P-1 a concentration of Cré was
detected within the permissible limits (0.002mg/l), while in P-2 it is detected a 3.6-fold increase in Cr®*

concentration (0.036 mg/l).

Key words: hexavalent chromium, landfill, groundwater, pollution, Zheden, spring Rashche

BOBE/]

HcrpaxxyBaHHOT TEpEH ce Haora BO KPajHHOT
ceBeposanazieH nen Ha Makenonmja (Cnuka 1). Bo
OnMM3MHA Ha IENOHUjaTa, OAHOCHO Ha UCTOK O]l Hea
Ha pacrtojanue o okoxy 100 m mounysa XKenen-
CKHOT KapOOHATEeH MaCHB, BO KOj C€ Haora KapCTeH
BOJIOHOCHHUK, KOj IO TIPUXpaHyBa U3BOPOT (BPEJO)
Pamue. M3BopoT Pamrye € kapcteH u3Bop co mnpo-
MEHJIMBA BKYIIHa H3JAIIHOCT KOja C€ ABHXH BO
pamkwure ox 3,18 10 9,6 m®/s mwm cpenna 5,15 m¥/s
(momator 3a 2007 mo 2015 rox., ,,BomoBox™ —
Ckorije) mTo ro mpaBy U3BOPOT BTOP IO TOJIEMUHA
BO Hamara gpxasa. Oxkony 90% ox HacelIeHHEeTo 0x
Ckomje u CKONCKHOT PETHOH, KOj MUMa OKOIy
600.000 xwutenu, u modap Jea OJi CTONAHCTBOTO
MOTpeOMTE CO BOJIA TH 33]]0BOJTYBa O] OBOj U3BOP.

[IlecTOBaICHTHUOT XPOM € €/IeH OJl TJIABHUTE
XEMHUCKHU CypOBHHH KOj BO MHHATOTO YECTO CE€ KO-
pHCTEN BO MHIIyCTpHjaTa v MOPaJX TOA YECTO € MPH-
CYTEH BO MHAYCTPHCKH OTMaH, KaKO IITO € CiIyda-
jot co gmenonujata Jyroxpom. Ilomery moxxHHTE
(dbopmMu Ha XpOM, [IIECTOBATICHTHUOT € HAjTOKCHYEH.
Bo msmmunHatnoT mepuon ce paboTeHU MOBeke HC-
TpaxKyBama BO Make/l0HHja KOH ja ONHUIIYyBaat reo-
jorujata u xuaporeosorujata Ha IlonomkaTta Kot-
JIMHA BKJIYYUTEITHO M TEPEHOT OKOJIY WHIYCTPHCKa-
Ta JIENIOHHUja, a HEKOU OJ] HUB C€ OCBPHYBaaT M Ha
3arajgyBameTo co Cré" Ha mojzeMHuTE BOIM O MH-
JycTpHCKaTa JienoHuja JyroxpoM BO JeryHosiie.
(Kekuk 1986, PagoBanoBu4 u ap., 1989). Unmyc-
TpHUCKaTa JETOHHja BO KOHTUHYUTET C€ 10 AEHEC
MpoAyLHpa 3arajyBambe Ha IMOA3EMHUTE BOAM CO
Cr®. Bo MMHATOTO ce pabOTEHH MCTPAKyBamba U
TEXHWYKH PELIeHHja 32 MPOUYMCTYBambE Ha 3araje-
HUTE BOAM O ACTIOHUjaTa co n3BeA0a Ha JPEeHaKHH
cucTeMH 3a 3adakame Ha KOHTAMHHUPAHUTE TUINT-
KM MOJ3EMHM U nponeHu Boau co Cré* mox memno-
HUjaTa ¥ HUBHO NPOYHCTYBAHE BO NMPEUUCTUTEN-
HaTa ctaHuna Bo (¢abpukara Jyroxpom (Copo u ap.,
2001). Ho, cemak mpo6aeMoT co AermoHnjaTa 1o Je-
HEC HE € TPajHO PEeIlIeH.

HUcto Taka, Bo mepuonor on 2010 — 2015, 3a
yTBplyBame Ha coapkunara Ha Cr®* Bo moasemMun-
TC€ WU IOBPIIMHCKUTE BOAW BPIICH € MOHUTOPHHI Ha
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MOJI3eEMHH BOJM OKOJy MHIYCTpUCKAaTa ICTOHH]a,
okoJy (pabpmkaTa Jyroxpom Kako 1 Ha IMOIHUPOKHUOT
pocTop OKoiy JeryHosue (ApxuBa Ha ,,Cuin-mak™
win nopanemex ,Jyroxpom®). Co 0B0j MOHHUTO-
PUHT € openeHo npucycTso Ha Cré* koe 6uno Han
M/JIK (>0,01 mg/l). Bo kpyrot Ha KOMOHHATOT CO-
JIp’KMHATa Ha Cr%" ce nBwxena Bo pamkure ox 0,21
— 14,23 mg/l, nonexa Bo OKOJIMHATA HA ACTIOHUjaTa
3aragyBameTo co Cré* 610 orosIeMo 1 coapKuHa-
Ta ce JBmkesa Bo pamkute o1 0,03 —1751,30 mg/l.
[Tomery mocieqHu UCTpaXKyBama 3a 3aragyBambeTo
co Cr®" Ha moj3eMHUTE M NOBPHIMHCKUTE BOIU OJL
JeToHMjaTa JyroXpoM U 3a MOJETAITHO YTBP/YBabhe
Ha XHUPOTEOJIONIKUTE KAPAKTEPUCTUKH HAa TEPEHOT
OKOJIy JIeNIOHHjaTa Bo mpasel] KoH JKenecKHoT Kap-
OOHATeH MacHB ce€ pealM3upaHu Bo TekoT Ha 2019
roauna (Mnujocku u 1p, 2020). Co oBHe UCTpaxy-
Barba U3BE/IHU CE€ TPU UCTPAKHU OyHApH U TPH THe-
30METPpH HA TPOCTOPOT TOMery JeroHHjata u
Kenen.

Co no0ueHuTe pe3yinTaTd Of aHaJIM3UTE Ce
KOHCTaTUPAIIO JIeKa HajroJeMo 3aragyBame co Cré
koe e Bo pamkute o1 0,052 — 139,98 mg/l 6uio pe-
THECTPUPAHO BO OJM3HMHA HA JIETIOHHjaTa Kaj IJINT-
KHTE TIOJI3EMHHU BOJU OJIHOCHO Kaj BOJIOHOCHHIIUTE
co cnoboaHo HUBO. Kaj apTecKuTe BOJOHOCHHIIU CO
cy0apTecko HHBO BO HEKOU O] IPUMEPOITUTE, UCTO
Taka, € perucTpupaHo 3aramysame co Cré* koe ce
aswxku o1 0,017 — 0,041 mg/l. Ox noBpIIHHCKUTE
BOJIU Ha peka Bappap ce HanpaBeHH JiBe UCTIUTYBA-
1a, MIPEeJI U T0CIIe ISTIOHNjaTa. 3a ceayM MaTu 3ro-
JIeMeHa KOHIIEHTpallyja Ha Cr% ox 0,069 e koHCTa-
THUpaHa IOCJIe JICTIOHWjaTa, a Mpej JCOoHUjaTa He
owno peructpupano Cré*. Ho, noceramuure ucnu-
TyBama 3a 3araJyBambeTo CO XPOM CE€ OJIHEeCyBaje
Ha TOJI3€MHUTE BOJU BO IHE30METPU KOH OwmIe
W3BEIyBaHHU BO OJMM3MHA Ha JCTIOHMjaTa U HA KOH-
TakHUOT Jien Ha [lonomikara koTimHa co JKemeH-
CKHOT MacuB BO HeBp3aHuTe ceauMeHTH. Co 1en
oJIpelyBambe Ha MOKHHUTE MATUIITA HA TPAHCIOPT
Ha XPOMOT CO TO/I3eMHUTE BOAM HU3 JKeleHCKHOT
MAacuB, BO IepuoioT ¢peBpyapu-maj 2021 uzsepeHu
ce 1Ba AMab0OKH Mue3oMeTpu Bo camuoT JKeneH
(Cruxka 1). U3paboTeHn ce ¥ XEMHCKM aHaJIM3H Ha
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MPUMEPOLX O] BOAU BO MOCTOCUKUTE MUE30METPH
1 HOBO u3BeneHnte nuesomeTpu Ha Kenen (I1-1 u

I1-2). Pesynrarute on u3Benda Ha MHE30METPHUTE
aHaJIM3UTE CE MPE3CHTHPAHU BO OBOj TPy
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Cua. 1. Teorpadcka mosuiyja Ha UCTPAKYBAHHOT TEPEH

2. UICTOPUJAT HA CTBAPAE
N KAPAKTEPUCTUKU HA IEIIOHUJATA
BO JET'YHOBILIE

Wnyctpuckara nenonuja e pesynraTr Ha pado-
TEHETO HA XEMUCKO METAIYPITKHOT KOMOUHAT TI0-
panereH ,,JyroxpoMm* wiu nenernex ,,CuiMak', BO
nepuogoT of 1955 roxa. no 2016 roa. xora umaiuo
MpPOU3BOJCTBO Ha (eposierypu, HepoCUIUINYM U
CWJIMIIYM 32 IOTPEOHTE Ha MeTaTHaTa UHIIyCTPH]a,
Kako M IPOHM3BOJCTBO HAa HATPUYM OMXpomar 3a
NOTpeOuTEe Ha XEMHCKaTa M KOXKapcKaTa WHIYC-
Tprja MoMeHTalHO BO (abpHukara HeMa HUKaKBa
aKTUBHOCT Ha MPOU3BOACTBO. Bo nmepuonot o 1955
1o 1994 kako pesynraT Ha IPOU3BOJHUOT MPOILIEC
Ha HAaTPUyM OHMXpOMAT C€ CO31aBaJI0 XPOMATHO
011aToO KOE Ha [MOYETOKOT OWIIO JICTIOHUPAHO BO KPY-
roT Ha ¢abpukara, a TOKacHO OHMJIO OJZHECEHO Ha
JICHEIIIHATA JICTIOHUja ¥ TaMy OMJIO ITPOJIOIKEHO CO
JIETIOHHpame Ha JienonujaTa ce 10 1987 rox., kako
grcto OuxpomarHo Osato, a ox 1987 mo 1994ron.

OMJI0 MEIIaHo Co MeTalypiIka Haka. [lenonujata
3a(aka moBpuuHa 01 okoy 7 ha, co Bucuna oz 30
m, npocedHa okoay 23 m. BomxymeHoT Ha aemno-
Hujata u3HecyBa okony 1 200 000 m?, co nenonu-
pano 6uxpomarHo 6ato oz okory 350 000 t. Ocra-
TOKOT Ha MaTepHjall € MeTallypIlKa IIlIaKka, rpaje-
KeH IIyT, KOMyHaJleH oTnaj ox (adpukarta U oKo-
JTHUTE HAceJIeHH MecTa. buxpomarHoTo 61aTao Bo
cBojot coctas coapxku NaCrOs 2.1% ox xoj 0,7%
Bo BuA Ha Cr®, a conpxkunara na Cr.Oz m3necyBa
5%.

Camara JieTioHHja € JIONMpaHa Ha IpBaTta ped-
Ha Tepaca Ha p. Bapmap u MHory OJIMCKY 10 KapcT-
HUOT MacuB JKeieH, mopaau mWTo AeNOHUjaTa MpeT-
CTaByBa CEpPHO3€H MOTEHIHjalIeH PU3UK (aKTOp IO
OJTHOC Ha 3aragyBameTo Ha JKeIeHCKHOT KapcTeH
BOJIOHOCHHK, 0J1 Kajie u3Bupa u3Bopot Pamrue (Ciu-
ka 2). Hcrara mpetrcraByBa enHa of 16-Te Bpenu
TOUYKHM (OZTHOCHO TOJIEMH 3arajyBadu) Bo Makeno-
HUja.
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Henec roieM nmpo0ieM € IoAoATOTPajHOTO He-
(YHKIMOHUpAakE Ha MMyMITHATa CTAHUIA TIO/ JIeTI0-
HHMjaTa, a KaKo pe3ylTaT Ha TOa UCL-EJOKOT O

JeToHMjaTa co BUCOKa coapkuna Ha Cré* ce mpe-

JIeBa M HCTEKyBa TUPEKHO BO p. Bapmap u koH
Kenenckumor macus (Ciuka 2).

Cu1. 2. Ucuenok ox fenonujata co coapxuna a Cré* Bo Henocpenna 6nusuna Ha p. Bapaap u XKenen

3. TEOJIOILLIKM U TEKTOHCKHA
KAPAKTEPUCTHUKU HA ITOIINPOKATA
OKOJIMHA

Criopen reoTeKToOHCKaTa peoHu3anuja Ha Ma-
KeJOHHUja, UCTPaXyBaHHOT TepeH npumnara Ha 3a-
MaIHO-MaKeI0OHCKaTa 30Ha, a MPETCTaByBa el O
KpajHHOT CEeBEPOHCTOUYEH J1en Ha [1onomKHoT Heo-
TeKTOHCKH rpabeH (ApcoBcku, 1997). ITuezomer-
pute I1-1 u I1-2 ce u3Beaenu Bo pamkute Ha XKemeH-
CKHOT KapOoHaTeH KoMIuiekc. Toj mpercTaByBa pe-
JATUBHO W3JUTHATa MOP(OCTPYKTYpPHA CIMHHIIA
nomery [lomomkara u CKorckara jernpecuja co
MaKCUMaJIHa HaaMOpCKa BHCHHA 07 okoiay 1260
M.H.B.. M3rpagen e on TpHjacku MepMepu3upaHu
BapoBHHUIM, co Aebennnaa ox 900 m W moBpIIMHA
okony 133 km? Co OKOJHHMTE TEKTOHCKM €HHUIH
KOHTaKTUpa NpeKy KpynHu paceau. Onx ceBepouc-
TOYHA M UCTOYHA CTpaHa € orpaHuyeH co Pamymi-
KHOT OJIOK, 011 jyroucrouHaTa co CKOIICKHOT HEo-
red OaceH, on jyxHa cTtpaHa co CyBOTOPCKHOT
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OII0K, JT0JIeKa Ha 3amaj ¢ orpaHuyeH co [lomomkara
HEOTeKTOHCKa paemnpecuja. Ilomomkara Kornmaa
MPETCTaByBa THUITMYEH JBOCTPAH IpabeH HUCIIOIHET
CO TOPHO MHOICHCKO-TUIMOIICHCKH CEIUMEHTH
MPETCTABEHHU CO YaKaJIeCTO-MIeCOKIIMBU U TIINHOBHU-
i cenuMeHTd. OBHE CEIMMEHTH BO PEOHOT Ha
Honen Iosor ce co mokHocT g0 600 m. (Jdymyp-
panos H., 2008). [ToxzeMHNTE BOIM BO OBaa KOTJIH-
Ha Ce aKyMYJIUPaHU BO HEOTeHH (MHUOIICH-TUTHOIICH)
1 KBapTEPHU HEBP3aHU CEJIMMCHTH.

Crnopesn XuIpOJUHAMUYKNATE KapaKTePHUCTHKH
Ha HHUBOTO, NTOJ3€MHUTE BOAM CE jaByBaaT BO BOJO-
HOCHH CJIOEBH €O cJI0001HO HUBO M BOJOHOCHH CJIO-
€BH CO apTecKo-cyOapTecko HHBO. [lnmonenckure
CEMMEHTHU Ha MOBPIINHATA C€ MOKPUEHH CO KBap-
TEPHU CEIMMEHTH, OCBEH Ha IIOTETOT CeNo JeryHoB-
1e - ¢. Opemgje - c. BparHuna, xajie ce cpekapaat Ha
noBpuMHaTa. KBaprepHuTe CeIUMEHTH Ce€ BEHH CO
e3epcKH, (hTyBHOTTIALN] aTHH, IPOJTYBHjaIHU U ally-
BujanHu ceauMeHTtd. OcHoBata Ha Ilomomkara
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KOTIMHA W HEj3UHUTEe TepuepHr TUTAHWHCKA
JIeTIOBU C€ U3TPaACHU OJ] aJIC030jCKH  ME3030jCKH
kapmu (ITetkoBeku I1. u ap. 1985). TTaneo3-ojckute
Kapd BOTJIABHO C€ MPETCTABEHU CO 3eliCHU
MIKPUIIIH, XJIOPUTEITUIOT-CEPUIMT-KBAPITHH IITKPHUII-
1M, AIOHTXJIIOPUT-CMUAOT-CEPUITUTCKA M APYTH
NIKPWINHY, TPaUTHYHA MKPUIIH, a OJ epPYITHB-
HUTE KapIv 3aCTalleH! ce TPaHUTHTE, KOW HajuecTo
ce YIIKPHUICHH.

Me3030jCKUTE KapIy IJIABHO CE MPETCTABCHU
OJI: BAPOBHHUIIH, apTUIIOLIMCTH, TIECOYHUIIN, TyHH-
TH, XapOypTUTH, CEPIIEHTUHUTH U Apyru. OcHOBaTa
Ha CEJMMEHTHUTE € U3rpajieHa o1 Metamopgosupa-
HU 11ja0asu, Male030jCKU IKPHUIIIK U KapOOHATHH
KapIu.

Wunycrpuckata AemnoHWjaTa € JOIMpaHa Ha
mpBaTra pedHa Tepaca Ha p. Bapmap, ogHOCHO Ha
BJIE30T Ha p. Bapaap Bo [lepBeHckara Kinucypa.

4. XUJPOI'EOJIOIIKN KAPAKTEPUCTUKHA
HA TIOHIMPOKATA OKOJIMHA

Xwunporeosomkara rpaada Ha MOLIMPOKaTra OKO-
JIMHAa Ha UCTPAXHUOT TEpeH e npukaxaHa Ha Cimxa 3
(WUnujoscku, 2013; IetkoBeku u ap., 1985; JaHuescku u
Ip., 1982). Bp3 ocHOBa Ha H3BPIIIEHHU TOJIeM Opoj Ha HC-
TpaxyBama, JOOMEHH Ce JIOCTa AETaJHHW MOAATOLH 3a
XHUIPOTEOJIONIKUTE KAPAaKTEPUCTUKH 32 HUCTPAXKHUOT Te-
peH. MlcTpaXXHNOT TepeH, 01 XUAPOTEOJIONIKH acIleKT pe-
TMOHAJIHO HE MPEeTCTaByBa €QHA XHUJIPOTCOIONIKa LeNH-
Ha, TYKy € NOBp3aH CO OKOJIHUTE CTPYKTypHu. Bo 3aBuc-
HOCT O] 3aCTalleHUTEe THUIIOBH Ha MOPO3HOCT BO Kapriec-
TUTE MacH Ha MOILIMpoKara okonuHa Ha JYKenmeH 3acra-
MIEHHU C€ CJICHUTE THUIIOBH Ha BOJIOHOCHHIU/U3/IAHH:

1. 30meH TUIT Ha BOJOHOCHUIIH,

2. KapcTHO-ITYKHATUHCKH THIT Ha BOJOHOCHUIIH,

3. IlyKHATHHCKH THII HA BOJIOHOCHHIIU U

4. Tepenu 6e3 BOJOHOCHHUITH.

30MeH THIT HA BOJAOHOCHHIIH CO CJOOOIHO
HHUBO e (opMHpaH BO HEBP3aHUTE CEIMMEHTH Ha
[lomomkara KOTIMHA O TepIHMEpHa W KBapTepHA
CTapoCT, KOU CE OJUITMKYBaaT CO WHTEprpaHyIapHa
nopo3Hoct. Bo pamkuTe Ha OBHE BOJOHOCHUIIU
CHIOpE/T U3/IaITHOCTa MOXKE J1a CE U3]IBOjaT CIETHUTE
TUITOBH HA BOJOHOCHHIIN:

Booonocnuyume co craba sooonponycnocm u
6000HOCHOCH - c€ (POpMUpaHH BO 3arJIMHETHUTE Jie-
JIyBWjaJIHU U IPOJIYBHjaJIHU CEAUMEHTH 110 000AUTE
Ha [lonomikara KOTIMHA W BO BapOBHUYKATA TIIHU-
HOBHTA JPOOMHA KOja Ce jaByBa BO HEKOHM paceIHH
30HM 1O 00O0JOT Ha KOTJIMHATA, OAHOCHO BO KOH-

TakHaTa 30Ha Ha JKexeHckuotr macu co Ilomomr-
kaTa koTivHa. OBUe TepeHu crnaraat Bo kjaca 11 u
Ce KapakTepusupaar co KoeHIMeHT Ha (uiTpa-
mja Kf = 0,086 — 0,86 m/den, xoedunueHt Ha
tpancmucuBHOCT T = 15 — 50 m?/den u m3pamuocT
Ha OyHapu Qpun =0,5-2 1/s.

Booorochuyu co cpeona eodonponycrocm -
dopmupaHu ce BO TPOJTYBUjATHUTE CSIUMEHTH W3-
IpaJIcHU OJ1 YaKall ¥ IIeCOK KaKO U TTUHOBUTH YaKa-
JIECTH CEIMMEHTH KOW Ce jaByBaat 1o 00O THUTE Jie-
noBu Ha [Tonomikara koTivHa. OBUE TEpEHU criara-
aT Bo Kiaca 12 u ce kapaktepusupaar co Kf = 0,86
— 8,6 m/nen, T'=50 — 300 m?/nen u Qpun = 2 — 101/s.

Booonocnuyu co cpeona oo sucoxa 6odonpo-
nycrnocm u 600onocrocm - OBHE BOIOHOCHUIIU CE
(hopMupaHH BO COBPEMEHHUTE aJTyBHjaJTHU CEAMMECH-
TH U KBapTEPHO €3CPCKUTE M ATyBHjalTHO — Tepac-
HUTE CCIUMCHTH.

Cospemenu anysujarnu ceoumeHmu - KOU ce
W3TPAZICHU Of PAa3HOTPAHYJIMPAHH MECOLH W Yaka-
JIU, HAaME€CTa T'JIMHOBUTH CC jaByBaaT 10 TCUCHUETO
Ha pekara Bapmap. OBue cennMeHTH cmaraat BO
knaca 13 u ce kapakrepusupaar co Kf =n x 10 m/s,
T =30 — 1500 m?/den u Qoun=10 — 25 I/s.

Keapmepno— esepckume u anysujanno mepac-
Hume ceoumeHmu - ja oKpuBaar 1enara [lonomka
KOTJIMHA 110 jjaboumHa ox okoiy 20-30 m. Kaj
OBHUE CEIMMEHTH IPOMEHaTa Ha JIMTOJIOMIKUTE -
HUIIA € MHOTY 4YecTa, KaKo BO XOPU30HTAJICH, TaKa
¥ BO BEpTHUKaJIEH NMPOQWII, TOPaJH IITO U CE jaByBa
pasnuka Bo KoeguuueHtute Ha uirpaunuja. Cra-
raaT Bo Kiaca 12, 13 u reHepaliHO ce KapakTepu3u-
paar co Kf = 8,64 — 86,4 m/den, T = 50 — 1500
m?/den 1 Qpun =5 — 25 I/s.

JBmxemero Ha nmoazemMHuTe Boau Bo llomom-
kara KoTnnHa e co reHepasieH mpaBel Of IOJ-
Hoxjero Ha lllap [Inanwna xou p. Bapmap, kako u
on Jlonen [Tonor xon XXenencknor kapOoHaTEH Ma-
cuB u n3Bopot Pamrye. HuBoaTta Ha moasemHa Boga
BO CPEIMILIHNUTE U HCTOYHUTE IETIOBH Ha KOTIIMHATA
ce JIocTa IIUTKH, OJHOCHO 2 — 5 m.

BonoHocHunm co cyoaprecko M apTecKo
HuBO. CO NOCIEIHNUTE peaTU3UPaHt HCTPAXKYBaba
cO u3Be0a Ha UCTPaXKHU OyHApH U NMHE30MEeTPHU Ha
TepeHOT noMery aenonujara Jyroxpom u YKemeH-
CKMOT MacuB BO HeBp3aHuTe ceaumeHTH ox llo-
nomkara KoTiauHa HOTBPACHO € MPHUCYTCTBO Ha
30MEeH TUI Ha BOJOHOCHHIM CO CIIOOOJHO HUBO U
BOJIOHOCHHIM CO apTECKO M Cy0apTecko HHBO
(Umujoscku u np. 2020). Bo xuaporeonomiku ac-
MEKT apTECKUTE BOJOHOCHHUIM CE BpP3aHU 3a KOM-
IUIEKCOT Ha BOJOMPONYCHH M BOJOHENPONYCHH
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TOPHO TUTMOIIEHCKH €3€PCKH CEIMMEHTH Ha IpoC-
topoT on lonew Ilosor.

['enepanHo, ceIMEHTHTE Ha OBOj TEPEH ce Ka-
pakrepusupaat co Kf = n x 10%—n x 10° m/den,
T =50 — 300 m?den. Hcro Taka, co AyIT4eHe KOH-
CTaTHpaHa € BapOBHMUYKA TJIMHOBUTA IpOOMHA Ha
KOHTAaKTOT JKeJIeHCKHOT MacHB CO HEBpP3aHHTE Ce-
auMeHTd. Tue ce cmabo 10 BOJOHENPOIYCHH, CO
koeduireHT Ha puirpanuja Bo panrot Kf =n x1 0
m/s.

KapcTHO-nyKHATMHCKH THII Ha BOJOHOC-
HUK € (OpPMHpPaH BO PaMKUTE Ha TPHjacKUTE KapOo-
HaTHU KapIu OJ KoM € u3rpajaeH JKeneHCKHOT Mma-
cuB. JKeOeHCKHOT KapCTeH BOIOHOCHHK € Of
HUCKIIYYUTCIIHO 3HAYCIHC IMOpaau HU3BOPOT Pamqe,
KOj M3BHpa Ha TEKTOHCKaTa rpaHuiia momery XKe-
JeHCKHOT MacuB U Ckonckara koTiauHa. OBue kap-
OOHATHU Kapmu ce KapaKTepH3upaar co MHTCH3UB-
Ha W Jy1aboKa KapcTU(HUKAIHMja U TOa 3HAYUTEITHO
nmoanadoko ox xora 300, Ha Koja UCTEKyBa BOJaTa
npeky u3Bopot Pamrde. (Kekuk, 1986). Oue tepe-
HU TIpHIIaraar Ha kiaca 33, KaJie ¥ ce U3BEISHU TIHe-
3ometrpute I1-1 u I1-2 Bo XKeneHckuot Macus, U ce
KapaKkTepHu3upaaT co M3JAIlHOCT Ha m3BopH Qi <
2500 /s u xoeUIMEHT Ha MTOJ3EMHO HCTEKYBamhE
Osp = 10 I/s/km?. Ocranature KapGOHATHH Kapriu
craraat Bo kiaca 31, 32.

IlykHATHHCKH THN HAa BOJOHOCHHUIHM — BO
CpeIHO M3JAIIHN TepeHH (Kiaca 42).

Bo oBa rpyma npumnaraar Paxymkure yntpaba-
3UTH (IlyHUTCKH MEPUIOTUTH U CEPIICHTUHHUTH), CO
kou JKeneH e orpaHWYeH Ha ceBepouCTOK. JIuTo-
JIOUIKUTE eIMHULN Ha PaylIIKHOT MacuB ce Kapak-
TEpU3HPaaT CO ToJIeMa UCIYKaHOCT MOPagu HHTECH-
3MBHATa TEKTOHHKA CO TIOTOJIEMH M TIOMAaJTH Pace]lu.
BakBuTe nepuaIoTUTCKH Macu BO JIa00YMHA MOXKE
Jla TpeTcTaByBaaT 3HAYaeH XUAPOTEOJIOIIKU KO-
JIEKTOP CO MOKHOCT 32 aKyMyJIMpamke Ha 3HA4ajHU
KOJIMYMHU Ha moj3emMHa Boga. Ce o[uIMKyBaaTr co
CpeAHa BOJOIPOIYCHOCT, TIOTOA M3IAIIHOCT Ha OY-
Hap# Qpun= 2 - 10 I/s, uznamnoct Ha uzBopu Qiy. =
2 — 10 1/s u xoe(UIMEHT HA TOA3EMHO HCTEKYBahE
q=1.5I/s/km?,

ITyKHATHHCKM THI HA BOJAOHOCHHIH — BO
cinabo u3namHu Tepenn (kiaca 60) ce jaByBaat BO
OKOJIHUTC IUIAHMHCKHW MAaCHUBU OKOJIY ITomomkara
KOTJIMHA, BO MAJICO30MCKHUTE IBPCTH KAPIHU BO KOH
cnar’aaT KPUCTAJICCTUTE MIKPUWJIIU CO ITOHU30K
KPUCTAJIMHUTET U €PYNITUBHUTE KapIu, KOU CIIOPE]
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XHUJIPOTEOJIONIKaTa PYHKIIH]ja ce CI1ab0BOOMPOITYC-
HH. BOMOHOCHHIIU Ce 3aCTalleHH CaMo JIOKAIHO U
IUTMTKO I0J] MOBPIIMHATA HA TEPEHOT, BO TabuHa
OBHE CpeIMHU ce OC3BOIHHU, OCBEH BO 30HH CO
TEKTOHCKH U PACEIHU CTPYKTYPH.

Ogue cpeannu ce 6€3BOAHM, OCBEH BO 30HH Ha
TEKTOHCKHUTE — paceIHU CTPYKTYPH.

Osgue Tepenu ce Kapaktepusupaar co Qi< 2 1/s,
q= 0,2 I/s/km?. Kako TepeHu 6e3 BOJOHCHHIIH CE
W3]IBOCHH MHOICHCKUTE CEIUMEHTH (JaropIiy,
TJIMHHY, TTIECOYHMIM), Kako men ox CKomcKara KOoT-
THA, KOW UMaat (PyHKIMja Ha Oapruepa Ha UCTEeKy-
Bam¢ Ha MOA3eMHUTE BOU 0J1 JKEIEHCKUOT MacuB

5. U3BEJIBA HA [IME30OMETPU HA JXEJIEH
(I1-1 U 11-2)

Co uen neuHUpame Ha MOKHH MATHIITA HA
IBIKEHHC HA IECTOBAICHTHUOT XPOM, TIOTOA HaTa-
MOIITHO CJIEJIeH-e Ha EBEHTYAIHO HETaTHBHO BIIHja-
HHE Ha JIeNoHujaTa JyroxpoM Bp3 KBAJIMTETOT Ha
NOJ3€MHUTE BOJW Ha M3BOpoT Pamue, kako u cie-
JIel-e Ha TMPOMEHATa Ha HUBO Ha IIOJ3¢MHA BOJa,
U3BEJICHU ce /Ba Iab0KH MME30METPH BO MacHBOT
Kenen (Cnuxku 1, 3 n4). dynmuemero Ha HCTPaKHU-
TE JYIMHATHHU U BrPagyBambeTO Ha MHE30METapuTe
I1-1 u I1-2 ce peanusupaiiie BO nepuoaoT oa (es-
pyapu — maj 2021 ron. [IperxoaHo, Ha ABETE JIOKA-
UM M3BEJCHU C€ MPHUIPEMHU paboTH (TpHCTAITHH
NaTUIITa, PAMHEHE Ha TEPEHOT, MOCTAByBamke Ha
Jyr4avka rapHUTYpa, UCKoN Ha OazeHTH, 00e30ey-
Bamkbe HAa TEXHWYKA BOJA 3a JyMYeHme U JIp.). 3a
NyI4ehe Ha THEe30METPHUTE, KOPUCTEHA € MallliHa
tun Mustang 9 — F4. Tocne 3aBpiIeHOTO Aym4eHe
Ha CeKoja OJf MCTPAXHUTE AYMHATHHH 10 KpajHa
JutabourHa, Oeimie W3BpIIeHO (oTorpadupame H
KapTupame Ha jaaporo. KoH 3alieByBame Ha Mues-
oMeTpuTe Oelle MPUCTANEHO II0CIe 3aBPLICHOTO
Oymueme A0 KpajHa jmaboumHa u toa: II-1 mo
220.00 m u Ha I1-2 1o 435.00 m, ogunocuo ox 0.00
m /10 KpajHa A1a0b0unHa UCTPAXKHUTE IyTTHATHHH Ce
3alleBEHH CO YeJIMYHH MOIMHKOBAHH ITOJTHU U (PHII-
Tepcku 1eBku co aujametap ¥ 2°° (I1-1 = 220.00 m
u [1-2 = 435.00 m). [lepdopupanu 1eBku ce nocra-
BeHU Ha nHTepBan 202 —214 m, kaj [1-1 u 417 — 434
m kaj [1-2. IlepdopannjaTa e u3BpIICHA CO KPY>KHH
OTBOPH €O JujaMeTap ¢¥) 3 mm u co MPOLEHT Ha Tep-
¢dopanmja on 8%. TeXHUUKTE KapaKTEPUCTHKH O]
n3Ben0a Ha MUE30METPUTE Ce MpHUKakaH! Bo Tale-
na4..
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Cu1. 3. Xunporeouonka Kapra Ha MoIIMpoKaTa OKoiInuHa Ha JKeneH
1) Hespzanu xapmu co ciaaba BogonpomycHoct, 2) HeBp3anu kapmu co cpeaHa BogonpomnycHoct, 3) HeBpsanu kapmu co cpenta
JI0 BICOKa BOZOIpOIycHOcT, 4) HeBp3anu min cabo Bp3aHU KapIk cO cpeHa 0 BHCOKa BoJompomycHocT, 5) KapOoHaTHu Kapnu
CO CpefiHa 0 BUCOKA BOAONpoIycHocT, 6) XeneHcku kapOOHATEH MacHB CO MHOTY rojieéMa BOAOIPOILYCHOCT M KapCTH(QUIUPAHOCT,
7) Edby3uBHH 1 Apyrd UBPCTH KapIiy €O cpeaHa BogonpomnycHoct, 8) LiBperr kapmu co ciaba BOAOMPOITYCHOCT [0 BOJOHEMPOITYCHH,
9) Tepenu 63 BOIOHOCHHIM HITH CAMO JIOKATHO

XMOPOTEONOLKK MPO®UNIT A-B
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Ca. 4. Xunporeonomku npodrmi — [Monomka Kornuaa-XXenenckn macus-Cronicka Kotnuaa (*Jlerengara e ucra kako BO CITUKa 3)
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Tabemna 4

Texnuuku xapaxmepucmuku Ha nuezomempume I1-1 u I1-2

Koopaunatu

Jlnabuna Ha xymyerse (m)
3aBplleH MPEYHUK Ha Tymderbe (Mmm)
Brpanena korctpykimja (m)
Tpeynuk Ha KOHCTpyKIHja (Mmm)
Tum Ha KOHCTPYKIHja

Tlonuu ueBku (M)

dunrepcku 1esku (M)
Tanoxuuk (M)

3acuI o] rpaHysIMpaH yakain (m)
Iemenranuja (M)

Hwuro Ha moa3emHua Boia [m]

7512292, 4659253 7515931, 4657434
220 435
96 96
220 435
2” 2”
YEJIUYHH MOIIMHKOBAHH YEBKU
202 417
12 17
6 1
210 425
10 10
184,35 amc.xora 291 420,17 amc.xora 308

OcBeH ofipelyBame Ha JUTOJONIKHOT COCTAB
Ha jaJIpOTO, CO HUBHATA M3Be10a € JI0jACHO J0 HOBU
CO3HaHMja 3a arcoJIyTHa KOTa Ha MMO3eMHa BOJia BO
KkapOoHaTHHOT MacuB JKeleH, ONpe/icH € XeMHC-
KHOT COCTaB Ha BOJIATa M CE CO3/Ia/ICHH YCIIOBH 32

WACH MOHUTOPHUHT, OIHOCHO MEpEHE Ha HHUBO Ha
noazemua Boja (HIIB) u Temnepatypa, kako u pe-
JOBHO 3eMame Ha MPUMEPOIH O] BOJA 3a OJpeay-
Bamke Ha KBAJUTET Ha MOJ3EMHUTE BOJHM BO KapCT-
HHOT BOIOHOCHUK (Crrka 4)..

: ,
= = o (
KOMBWHAT J2 o 3

)
| IVTOXPOM®™
—_— 2

Ca. 5. Kapra co npukas Ha JIOKallmuTe oj KaJie ce 3eMEHH NPUMEPOLMTE 0] BOja
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6. SEMAKE HA TIPUMEPOLI O/1 BOJA 3A
AHAJIM3U N JOBMEHU PE3VJITATU

3a meduHEpame HA KBATUTETOT Ha TOI3EMHA
Y TIOBPIIMHCKA BOJIa U Te(DUHUPAHE HA MOXHH I1a-
THUILTA HA TPAHCIIOPT Ha XPOMOT BO 30HA Ha JEMO-
HUjaTa u BO JKeznen, 6ea 3eMeHU MPUMEPOIIH OJT BO-
I¥ 3a u3paboTKa HA MEPHOANYHN (HPUZNIKO—XEMHUC-
KW aHAITU3U ¥ aHAITM3H 3a OJIpeIyBabe HA COMIPIKU-
na na Cr®". 3a taa men enHokpaTHo 3eMeHM Gea 5
MPUMEPOIIX OJ1 TIOJ3EMHH BOJIU M 1 TIPUMEPOK O
MOBPIIMHCKA BOJIa WU BKYITHO 6 TPUMEPOIU O]
penpe3eHTATHBHY JIOKAIWK, pukaxanu Ha Cinka
5. [lpumeponn o7 BOAM 32 aHAJHM3H CE 36MCHU Ha
Jokanuja moMery nenonujata Jyroxpom u XKezew,
W TOa:

— 071 HOBO M3BeleHHUTE e3oMeTpu Ha XKeneH
(I1-1 u 11-2),

—ox 1eBka 3/4°° koja ClipoBeIyBa KOHTAMHHU-
paHa BoJa OJ1 TTOJI ICTIOHHjaTa,

— OJ] TIOCTOeYKH ucTpaxeH OyHap Ub-2 u mue-
3omeTtap I[1-1 YXMP, momery nenonujara u XXenen
u

— eJIeH NMPUMEPOK OJf TMOBPUIMHCKA BOJA O]
peka Bapnap BenHam nocie aenonujara. Guzndko-

XEMUCKUTE aHAJIM3M O]l Boau Oea M3pabOTEHH BO
WuctutyToT 3a jaBHO 3mpasje — Ckorje, qoaeka
aHaJIM3UTE 32 OpelyBam-¢ Ha COAPXKUHATA Ha IIec-
TOBaJICHTEH XpoM Oea m3paboTeHn Bo CEeKTOpOT 3a
caHMTapHa KOHTpoJia npu Bonosoa n Kananuzamu-
ja— Ckomje

Bo Tabenata 5 ce mpukaxaHW MOJATOLH 3a
JIOKAIUUTE O] KajJe Ce 3EMCHH MPHUMEPOIUTE O]
BOJIU, TOTOA JJOOMEHUTE BPEAHOCTH 32 COIPKUHATA
na Cr®" BO HUB, KaKo U 3a KOJIKY IIaTH € 3roJIEMEHa
KoHIeHTpanujata Ha Cré* Bo ognoc na MK/

Ha ciuka 6, rpaduyku ce mpukakaHu COJIp-
xunute Ha Cr®*, u muBHa cnopenda co MJIK 3a
Cr®", criopet MakeIOHCKHOT CTaHIap/l Ha BOJIATa 3a
nueme (0,01 mg/l).

Op tabenaTta U IUjarpaMoT MOXE Jia Ce BUAU
JIeKa Kaj TIOBEKETO O] IPUMEPOIINTE O] BOIH CE O-
pEJieHH 3rojleMeHHt KoHuenTpauuu Ha Cré* Bo oanoc
Ha MJIK. Bp3 ocHOBa Ha W3BpIIEHUTE aHATIU3U U
NPOCTOPHHUOT pacrlopes Ha JOKAIMHUTE, O KOU Ce
3eMaHH MPUMEPOLUTE O] BOJIH, MOXKE Ja ce 3aKiIy-
4y JIeKa HajToJIeMo 3araxyBambe co Cr®* Bo omnoc Ha
MJIK ce jaByBa Bo Oir3nHa Ha JIETIOHUjaTa.

Tabenab
Coopacuna na Cr® 6o npumepoyume 00 60da
Koopaunatu Jmabounna Coapxu-  Kousky matu e
bp. Ha Jlokauuja Ha 3eMeHa na Bosten Ha Ha Cr®* 3ronemena koL
npo6a T1poba vy X 00jexT na Cré* o oziHoC
(m) (mg/l) Ha MJIK *
y  Heskasatsopenaco ;56798 4659917 / 2740.0 274000
BeHTHI 03/4
Uctpaxxen 6yHap
g 2 Up-2 7510813 4660 002 65 A /
2
2 IMueszomera
s p
2 3 -1 VXMP 7510805 4659942 6 283.0 28300
2
é ITue3zomera
4 P 7512292 4659 253 220 0.002 /
II- 1, XKenen
5 lluesomerap 7515931 4657 434 435  0.03626 3.6
I1 - 2, XKenen
Hospuriic Peia Bapaap, 7510825 4660 070 / 0.02 2
Ka BoJa TIOCIIE JIETIOHHja

*BpoeBUTE CO LPBEHO 03HAUyBaaT BPEJHOCTH Hajl MaKCUMAITHO 103BoJieHH KoHIeHTpauun-MKJT (0.01 mg/l)
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Ca. 6. I'padmuku npuka3s Ha coap:kuHaTa Ha Cré* Bo mpuMepomute o Boza, 2021

EnopMHO ronemu KoHnentpauuu Ha Cr®* ce
oJllpenieHu Bo 1poba Op. 1 (ox Tabemara) co KOHIICH-
tpaumja Ha Cr® = 2740 mg/l uau 274000 natu no-
roremMa KoHIeHTparuja Bo ogqHoc Ha MJIK. Ogoj
MPUMEPOKOT O] BOJa, poda Op. 1, e 3eMeH o1 11eB-
Ka co BeHTWI 93/4’’, KOja MOMUHYBA I10/1 JCTIOHU-
jara u ru 3adaka IpoIEeIHUTE BOIU OJ1 ACTIOHH]jaTa.
Hcro Taka, rojemMu koHuenTpanuu Ha Crb ce onpe-
JICHU Kaj TUIMTKUTE TOJ3EMHU BOJH, OJIHOCHO
npoba Op. 3 Bo nuesomerap [1-1 YXMP (nnaduna
6 m) co konuentpanuja Ha Cr®*= 283 mg/l nmm
28300 matu morojemMa KOHIIEHTpAIMja BO OJTHOC Ha
MJIK. OBoj nue3omerap ce Haofa nomery p. Bap-
nap u Xezen. 3ronemenu konuenTpanun Ha Cré* ce
jaByBaaT W KOj MPUMEPOKOT OJ Bojaa Op. 5 koj e
3emeH oj nuezometap [1-2 na XKeneH, co KOHIIEH-
tpauuja Ha Cr = 0.03626 mg/l unu 3a 3.6 natu no-
rojemMa KoHIleHTpaija Bo ogaoc Ha M/IK, noneka
BO mpoba Op. 4, 3eMeHa oj1 nue3oMeTap Ha JKemeH
I1-1, nerextrpana e coap:kunara Ha Cré* koja e Bo
rpanuiM Ha go3BosieHoTo (0.002 mg/l).

Kaj mpumepokot 0p. 6 3eMeHa oj1 pekara Bap-
Jap TOJ JeroHHjaTa JOOMEeHAa € COApXKHHA Ha
Cr®=0,02 mg/l, oqHOCHO 3a 2 maTH MOTOJEMH Off
nosposennte. Conpxuna Ha Cré* me e nerexTupana
caMo BO mpoba Op. 2, 3eMeHa 0] UCTPaKeH OyHap
WbB-2, koj e co mnabounHa o 65 M u ce Haora
nomery pekara Bapmap u XKenen, mTo e pe3yarat
Ha XHUPOTCOJIOIIKUTE KAPAKTEPUCTHKH HA TEPEHOT.
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7. ITPEJIOI" 3A MOHUTOPUHI" U
ITPEITOPAKH 3A HATAMOIIIHN
AKTHUBHOCTH

7.1. IIpeonoz 3a moHumopuuz

ITorpebHO € aa ce HampaBaT HOBEKE aHAIM3U
3a coppkunara Ha Cré* Bo mojzemuuTe Boawm o1 U3-
BeJZIeHUTe ue3oMeTpH Ha JKeseH, Bo BpeMeTpaeme
0Jl MUHUMYM | rofiHa, cO 1eJl CeralHuBe J00UeHH
BpEIHOCTH 3a coapskuna Ha Cré* a Gunar Bepomoc-
TOjHHU. MaKko co oBHE €JHOKPATHO 3eMEHH TPUMEPO-
M O] Boja of JBara nuesomerpu Ha JKeneH u
onpenenute coapxuum 3a Cré* me mosxe n1a ce one-
car LIeJI0CHU 3aKJIy4Old, CENaK TUe JaBaaT UHMKa-
THBHH TI0/IaTOLM 3a coapxkuna Ha Cré* Bo momzem-
HaTa Boja Ha JKeneHcknot MacuB. BakBara coctoj-
0a HaMeTHYBa 1oTpeba ja HOBO U3BEACHUTE IHE30-
metpu Ha XKenen (I1-1 u I1-2) na Bne3ar Bo HaOJby-
nyBaukara Mpexka Ha BomoBog — Ckorje ¥ Ha HUB
Jla ce mpaBH peJoBeH MOoHUTOpHHT. [Ipemiarame na
ce MepU HUBOTO Ha [I0J[3€MHA BOJia, TEMIIEPaTypa U
Ja ce 3eMaaT NMpHUMEpoIH O Boja 3a (usmuko-
XEMHUCKHU aHAJIM3U U OJpe/lyBame Ha COAPXKMHA Ha
Cr®" na cexou 3 (Tpu) Meceuy wiu 4 (4€TUpH) NaTH
BO TEKOT Ha rofuHaTa. McTo Taka, 3Ha4ajHO € 1a ce
cnenu HIIB, TemnepaTypa u KBanuTeTOT HA BOAUTE
BO OCTaHATHUTE MHUE30METPH JIOLMPAHU MOMeETy Je-
nonujaTa Jyroxpom u JKeaeHCKHOT Macus.
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IIpenopauyBaMe cuTe MOJATOLM O]l MEPEHE
Ha HIIB, Temmeparypa 1 o1 m3paboTEeHUTE aHATTU3N
on Boaute Ha I1-1 u [1-2, kKako ¥ BO MHE30METPUTE
nomery aenonujara u XKeneH, na ce eBUICHTUPAAT
BO efHa 0a3a Ha MOJATONM U J]a Ce M3TOTBYBaaT Ha
CEKOM TPHU MecCelM U3BelITauu oj1 Meperwe Ha HIIB,
TEeMIIEpaTypa U pe3yaTaTH O] CIEeIECHE Ha KBaJIUTe-
TOT Ha TIOJJ3EMHUTE BOJH BO TIHE30METPHUTE.

7.2. [Ipeonoe 3a HAMAMOUWIHU AKMUSHOCTU

[IpeTxonHU UCTpaKyBamka U UCHHUTYBamba OI-
(daTeHn BO MOBEKE CTYAMH, KAKO U CETalllHUTE HC-
TpaXkyBama U JOONCHNUTE Pe3yIITaTh MPE3eHTHPAHH
BO OBOj TPYJ, YKaXyBaaT Ha OMACHOCTa OJ MHIpa-
uuja na Cré* co momzemuure Boau nus Xenenckara
akyMmyJianuja (W3IaH), a CO TOoa W TOTEHIHjallHa
MOJKHOCT Of] 3arpO3yBamb¢ Ha KBAIUTETOT Ha BOJIaTa
Ha u3BopoTt Pamrye.

Ceto 0Ba HaBe/IyBa Ha 3aKIYYOK JeKa COCTOj-
Oara co menonujata JyroxpoMm Tpeba ma ce pemm
ITO MOCKOpo. Bo Taa Hacoka, Kako clieHO, TIPETo-
pauyBame aa ce uspaboru Cmyouja co modicHu pe-
WeHUja 3a MPajHO HAOMUHYBATbE HA ONACHOCMA 00
He2amueHo gaujanue Ha 0enonujama Jy2oxpom ep3
K6aIumemom Ha nodzeHume 800u Ha JKeoew kou 2o
xpanam uzeopom Pawue.

Bo crynujara moTpeOHO e 1a ce mpucTany KoH
pa3paboTKka Ha MOXXHH CaHAI[MOHU peIleHHja 3a
TPajHO ENMMUHHPAKE HA IITETHUTE BIHjaHUja BP3
MoYBaTa M MOA3EMHUTE BOAM OJ JICTIOHHjaTa, KaKo
U 01 KOMOUHATOT Jyroxpom.

Tpeba na ce moTeHIUpa JieKka OUII0 Koe pelie-
HUE J]a ce IOHYM Toa Tpeba Ja ro CIpeyu MmoHara-
MOLIHOTO M3JTyKyBare Ha Cré u HEroBO JBMKEHE
KOH TIOJI3eMHHUTE BOAM U pekara Bapnmap. JloOueHu
ce pesynTaTu 3a 3rojeMeHa coapxkuna Ha Cré* Bo
aHanuzara ox 14.04.2021 rox., 3eMeHa oJi MOBp-
NIMHCKA BOJa Ha p. Bapnap HU3BOIHO O] JCTIOHU-
jara (mpo0a Op. 6), a 3rojieMeHa KOHIICHTpaIl1ja Ha
JIeITIOT TI0cyIe JISIOHUjaTa, € TIOTBPJCHA H CO JAPYTH
nopaHo u3paboreHu aHaiausu. [lopaau Toa 3HaYaj-
HO € JIa ce CITOMEHE JIeKa CUCTEMOT 3a 3adakare Ha
JNPEHAKHN KOHTAMHUHHUPAHU BOJAM, KAKO U MIPOUHC-
TUTETHATA CTAHUIIA BO KPYroT Ha Jyroxpom, pabo-
TaT MEPUOJUYHO M CaMO JIETYMHO ja UCTIOJHYBaaT
IenTa 3a Koja ce HaMeHEeTH. bujiejku TpajHOTO
pelaBame Ha MpobJIEeMOT co JenoHujaTa Jyroxpom
€ KOMIUIEKCEH M HCTHUOT Ke MOoTpae, 3aToa Kako
KpaTKopoYHa M HajUTHA MEpKa Ce Mpernopavysa
PEKOHCTPYKIIHja HA APESHAKHUOT CHCTEM U TIPOYKC-

TUTEJIHATA CTAaHWIIA U HUBHO CTaBame BO Oecrpe-
KOpDHO WCTpaBHa W (PyHKIMOHATHA COCTOjO6a CO
paboteme 24/7.

AKTHBHOCTHTE ITOBP3aHU CO TPAJHO PEIIaBabe
Ha mpo0IeMOT CO AETOHHjaTa 1 KOMOMHATOT, Tpeba
Jla TH COJPKH CICAHNUTE 3aa9, OTHOCHO (a3u:

(1) M3paboTka Ha MPOEKTHA 3a/a4a CO jaCHO
neduHUpaHu Oapama

(2) 3a ma ce peanm3upa MpPOCKTHATA 3a7ada,
MoTpeOHO € Ja ce u3paboTH MPOEKTHA TOKYMEHTa-
[Mja peIoCieHO MO CHTE HHBOA OXl CTyIWja IO
(uHaNeH MPOEeKT 3a u3Bea0a.

(3) PeBusuja Ha mpoeKTHATa JOKyMEHTAIH]a,
(4) N360p HA KOMIIETEHTEH H3BEAYBAY 110 OTHATIPE]]
neuHUpaHu KPUTEPHYMU,

(5) N360p Ha HaI30p 3a CiEACHE HA peati3a-
yja Ha paboTure;

(6) Peanmuzaruja Ha paboTHTE;

8. BAKJIYUYOLI1

JloceralmHuoT KBAJIMTETOT HA BOJATa HAa W3-
BopoT Pamrge e noGap, HO e moja cepro3Ha 3aKaHa
O]l 3araJlyBame O]l MHIyCTpUCKaTa JernoHuja Jyro-
xpoM. [lenoHujaTa mpoayupa HEKOHTPOJIUPAHO U
HOCTOjaHO UcTeKyBame Ha Cr%* Bo pexara Bapnap u
BO 30HUTE HA MPHUXpaHyBamke Ha M3BOPOT Pamrde.
Co 11en1 1a ce JompuHECe 3a yTBPIYBAKkE Ha MOXKHA
murpanuja Ha Cr®* co noazemuunte Bomu Huz XKe-
JIEHCKHOT MacuB, Oea WH3BEIEHH [Ba IA00KH
nuesomerpu I1-1 u I1-2. Ox nue3omerpure eaHO-
KpaTHO Oea 3eMEHHM MPUMEPOIM O] BOJA 33 M3pa-
00TKa Ha (PM3NYKO-XEMHCKH aHAJIN3U M aHAJIHN3U 32
ozipeyBam-e Ha coapxuna Ha Cré*. Jlo6uenute pe-
3yJITaTH MOKaXKyBaaT Jeka Bo nue3ometapoT [1-2 Ha
XKenen, e onpeneHa KoHueHTpauuja Ha Cré'=
0.03626 mg/l wiu 3.6 matu morosieMa KOHIIEHTpa-
1yja Bo oAHOC Ha JuMuToT co MJIK, nmomeka kaj
nuezomeTapot I1-1 coxpxunara na Cré* e Bo rpa-
HuiM Ha 1o3Bojenoro (0.002 mg/l). 3a ma ce mone-
caT CUTYpPHH W peajHU 3aKIydoIld BO OJHOC Ha
MO’KHa MHT'PaliFja Ha XpPOMOT CO ITOI36MHHUTE BOIH,
o nenonujara Jyroxpom Bo JKegeHckara akyMmyna-
1Mja, IoTPeOHO € Ja ce 3eMaaT MOBEKEKPATHO MPH-
meporu o Boga ox I1-1 u II-2 u ma ce u3padorar
(hM3MYKO — XEMUCKH aHAIM3W CO OJ[peyBame Ha
coapxuna Ha Cr®* u Toa BO IOJOAr BpeMeHCKM
nieproj o1 MUHUMYM 1 roauna. [Ipennarame MOHU-
topuHr Ha kBanureror, HIIB m temmneparypa Ha
nom3emuutre Bogu Bo II-1 um II-2 m ocranaTtute
[ME30METPH BO 30HA Ha JICTIOHM]jaTa, KaKo U peKara
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Bapnaap, na ce Bpmiat Ha CEKOHM TPU MECEIH BO T'0-
nuHarta. Jlemonujara JyroxpoM e morpeOHO mTO €
MOYHO ITOCKOPO J1a C€ OTCTPaHHU, a 3araJJICHUTE MOJI-
3eMHM BOIY M TI0YBa BO 30HA HA JCTMOHHjaTa U
KOMOHMHATOT JyroXpoM Jia ce CTaBaT BO MPOIeC Ha
peMenujalyja u HeIUOT MPOCTOP Jia OUjle PeKyITH-
BHPAH.
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NHKEHEPCKO-IT'EOJIOIIKHU UCTPAKYBAIbBA U HCIIUTYBAIbA
HA NIPUCTAHULITETO BAP, IPHA I'OPA

Mome Munanosckn, Muia Kpyaanosuk, Ceprej Ionexmmk

I'paoesicen uncmumym Maxeoouuja |
V. Jlpesoencka o 6p. 52 1000 Cronje, P. C. Maxedonuja,
mome.milanovski@gim.com.mk

AmcTpak T 3aIpolInpyBame Ha MpUcTaHUIITETO bap, oMHOCHO 32 M3paboTKa Ha TEXHUYKA JOKyMEHTalluja
3a MpoJIOJDKyBamke Ha OperoT Bomyjuma Ha npucranumre bap, omurtrna Bap, Lpra 'opa Bo Texot Ha 2019 roxuna
CIIPOBEJICHU C€ OZPEICHH T'eOTEXHUYKU M WHXKEHEPCKO T'eOJIOIIKH HCTpaXKyBama 3a JAeUHUparme Ha TePEeHOT KaKo
IPHUPOJHA CpeanHa. JIONOIHUTEIHE HCTPaXKyBamba Ha TEPEHOT BO HEMOCPEJHA OKOJIMHA Ha IIpeIMETHATA JIOKaluja oea
n3BeneHd Bo TekoT Ha 2021 roauna. llenta Ha ncTpaxkyBamara Oenie AepHHUpame HA TEOTEXHHYKUTE OJUIMKH Ha
TEPEeHOT 3a CIpedyBamke Ha IOHATaMOIIIHA AeTpajaliyja U IeBacTalnja, PEKOHCTPYKIHja Ha IIOCTOSYKHOT ONEPaTHBEH
Oper, 3a 1a ce 00e30e11 HOCHBOCT Ha KOHCTPYKTHBHUTE €IEMEHTH, OTHOCHO KOPHCTEHE Ha 00jEKTOT COTIIacCHO HEro-
BaTa HaMeHa. OGeMOT Ha HCTpaKyBamaTa NPUIAroeH € Ha JOCEralllHUOT CTENCH Ha HCTPa)KEHOCT Ha MOMIUPOKUOT
MIPOCTOp Ha MpeAMEeTHATa JIOKAIHja, TEXHUIKUTE MOKHOCTH O]l MPUCTAN Ha JIOKal{jaTa U IMO3HATUTE MOJATOIH 32
npeaMeTHHTe 00jekTH. Bo 0BOj Tpyx ke ce mpHKaxaT Ien 0] M3BPUICHHTE JETallHH MH)KEHEPCKOT€OJOMKH UCTpa-
JKyBama U HCIIUTYBama Ha JIOKaIUTeToT “Bomyjuna ”, mpucrannmre bap , Llpua ['opa

Key words: NPUCTAHUIITE, UHKECHEPCKOTCOJIOIIKH UCTpaKyBakba, r’COTCXHUYKN OJINKH, peKOHCprKL{I/Ija

ENGINEERING GEOLOGICAL RESEARCH AND TESTING
TO THE PORT OF BAR, MONTENEGRO

Abstract: Forthe expansion of the port of Bar, for the development of technical documentation for the
extension of the Volujica coast to the port of Bar, municipality of Bar, Montenegro during 2019, certain geotechnical
and engineering geological surveys were conducted to define the terrain as a natural environment. Additional field
research in the immediate vicinity of the site in question was conducted during 2021. The aim of the research was to
define the geotechnical features of the terrain to prevent further degradation and devastation, reconstruction of the
existing operational shore, to ensure the bearing capacity of the structural elements, ie use of the facility in accordance
with its purpose. The scope of the research is adjusted to the current level of research of the wider area of the subject
location, the technical possibilities of access to the site and the known data for the subject objects. This paper will
present a part of the performed detailed engineering geological research and excavations at the site "Volujica", port
Bar, Montenegro.

Kanunu 360posu: port, engineering geological research, geotechnical features, reconstruction

1. BOBE/J HcTpaxyBamara ce U3BEJCHH CO LEN CIIpedy-
Ba-¢ Ha TOHATAMOIIIHA JIerpajalinja u IeBacTalluyja,

3a npommpyBare Ha PUCTAHUIITETO bap, o1- PEKOHCTpPYKIIHja Ha OCTOCYKHOT OIIEpaTUBEH Oper,

HOCHO 3a I/I3pa6OTKa Ha TCXHHYKa ):[OKYMCHTaL[I/Ija
3a IpOAOJDKYBALC HA 6pCFOT

Bosnyjuma Bo ckiion Ha NPHCTAaHUIITETO, Ha
k. 6502/1 KO Hoeu bap, ommruna bap, llpha
I'opa Bo Texor Ha 2019 ronuna u3BeneH ce oape-
JICH TeOTEXHWYKH HCTpaXyBama 3a AeuHupame
Ha TepEHOT KaKo NMPUpPOIHA cpeanHa. JlomonanTen-
HU UCTpaXyBama Ha TEPEHOT 3a AepuHUpame Ha
FE€OTEXHUYKUTE OJUIMKH Ha HETTOCPEHA OKOJIMHA Ha
npeJMeTHarta Jiokanyja 0ea U3BeJIeHH BO TEKOT Ha
2021 roguna.

3a ja ce 00e30ean HOCHBOCT Ha KOHCTPYKTHBHUTE
€JIEMEHTH, OJTHOCHO KOPHCTEHE Ha 00jeKTOT cOr-
JacHO HEroBaTa HaMeHa.

O06eMOT Ha HCTpaKyBamaTa MPUIIATOJCH € Ha
JIOCETaIlHUOT CTETIeH Ha HCTPaXKECHOCT Ha HOLIHPO-
KHOT MPOCTOp Ha MpeIMETHATA JIOKAIHja, TeXHUY-
KHTE MOXXHOCTH OJI MPUCTAIl Ha JIOKAI[MjaTa | 103-
HATHUTE MOJIATOLH 3a peaMeTHUTE 00jextu. Enabo-
PaToT BO KOj ce ehnHUPAHU TEOTEXHUIKUTE OJJTH-
KM Ha TepeHOT, n3paboTeH € Bp3 OCHOBA Ha MOCTO-
euKaTa TI'€OJIOIIKO I'€OTeXHUYKA JOKYMEHTAIHja U
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HOBOW3BE/ICHUTE HCTPAXyBama Ha IpeAMETHATa
JIOKaIHja.

2. MIPUMEHETHU NHXXEHEPCKO-T'EOJIOIIKHN
NCTPAXKXYBABA

IIpu m3pabotka Ha oBoj ['eoTexnmuku Enabo-
par, U3BE/ICH € CIeHHOT 00eM Ha UCTPaXXHH pado-
TH:

1. Ananu3a Ha MoCcTOeUKaTa JIOKyMEHTAIHWja,

2. TepeHCckH UCTpaKyBamba U

3. JTabopaToprcKH UCTIUTYBAbA.

Ananuza na nocmoeyxama 0oKymenmayuja

Co nen nmogo6po cornenyBambe Ha MHKEHEp-
CKOTEOJIOIIKUTE CBOjCTBA HA MOIHUPOKUOT MPOCTOP
Ha TpeAMeTHAaTa JIOKalhja HM3BpIICHA € JeTajHa
aHaNM3a Ha IOCTOEYKATa T'€OJIOMIKO IeOTEXHUYKA
JOKYMEHTAIHja.

Oxn ¢oHmoT Ha MOCTOEYKATa I'EOJIOMIKO I'eo-
TEXHWYKa JOKYMCHTallMja KOPUCTEH € CIEAHUOT
JOKYMEHTAIIMOHEH MaTepujall.

1. OcHoBHa TreoJjioOKa KapTa JUCT bap
1;100 000 co TonkyBau.

2. Cen3MHuuYKa MUKpPOpPEOHHU3aIlKja Ha ypOaHo-
TO Mojpadyje Ha omTuHa bap.

3. Kapra nHa cemsmuuka peornsanuja Ha [{pHa
I'opa (Ceunsmosnomku 3aBox Ha LlpHa ropa, 1982
roj.).

4. 'e0TeXHUYKH UCTPAXKyBamka 3a U3rpaada Ha
MoBeKe 00jEKTH BO MOIIMPOKATa OKOJIMHA Ha MPEJI-
MeTHaTa jokaiuja, [ eonpoekr , 100 Iloaropura.

TepeHCKu ucmpaoscyearoa

Bo ckiiomn Ha TepeHCKHUTe UCTpaKyBama U3Be-
JISHH Ce:

— Pexornocuupame Ha TepeHoT. Bo ckion Ha
PEKOTHOCIIMPAKETO Ha TEPEHOT COOpaHu ce Mmoja-
TOIIM 3a JIUTOJIONIKHOT COCTaB Ha MOBPIIMHATA Ha
TEPEHOT, CTAOMIIHUCTA Ha TEPEHOT U XUAPOTEOIIOII-
KHATE CBOjCTBa M (PyHKIMjaTa HA KaplecTUTE MacH
Ha TOLIMPOKOTO mojapayje, Camara MUKPOJIOKaIIHja
€ ornepeTHBeH Oper Ha npuctaHuTero bap.

— M3Benba Ha UCTpakHU TYMTHATHHH BO TEK Ha
2019 roauHa cO MHKEHEPCKOTEOIIONIKO KapTUPAHe
Ha jaJpOTO U 3eMambe Ha IPUMEPOLH O] HCTOTO 3a
71a60paTOPUCKY UCTIUTYBAmbA.
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HctpaxxHoTo nymyeme nmaile 3a nein aeuHu-
pambe Ha JIUTOJIOIIKMOT COCTaB, AcOCIUHA Ha CIIOe-
BUTE OJ1 KOM € M3TPaJIcH, TehUHUPAHE Ha COCTABOT
M KapaKTePUCTHKUTE Ha 3acCTallCHUTE KBapTEPHU
CEIMMEHTH U 3€MCH-¢ Ha MPUMEPOLH OJ TJIOTO 3a
71ab0paTOPUCKH UCIIMTYBamba. MI3BeJICHN CEe BKYITHO
3 uctpaxkHu aymHATHHU co anadbuna UJI1 — 20,5 m,
U2 —12 mu U3 — 15 m co Bkynen ooem ox 47,5
m. JlokanuuTe Ha UCTPAKHHUTE AYITHATHHU CE TPH-
kaxanu Ha UI" kapta Ha TepeHoT Bo pazmep 1:1000
(Cnuka 4).

ITo m3paboTkaTa Ha UCTPAXKHUTE TYIHATHHH,
CIPOBEICHO € MIETAJIHO HHXXECHEPCKO I'€0JIOLIKO
KapTHpame Ha jaJpoTO O UCTPAKHUTE TyMTHATHHH
U 3eMarbe Ha MPUMEPOIIH Ha TIOTO 3a lJabopaTopuc-
KM UCIIUTYyBama. BKyNHO 3eMeHH ce 6 IpUMepoIHy,
0]l U3BEJICHUTE NCTPAKHU IYITHATHHH 32 Jaboparo-
PHUCKHY UCIIMTYBama Of] KOU Ce BO J1abopaTopuja u3-
JBOCHHU PENpPE3EHTaTUBHU NPUMEPOLHM 3a HCIIUTY-
Bama.

Ha 3emenure IIpUMEPOLU UCITUTAHU CE CIICO-
HUTEC KapaKTePUCTUKU BIAXXHOCT, TpaHyJallyja,
cnennuIHa TEXHWHA, BONyMEHCKa TexxunHa, Load
point test, UCS.

Ha npeamernara yokaruja Bo Tekot Ha 2021
TOJIMHA W3BEJICHU CE IOTIOTHHUTEITHH WHKEHEPCKO-
TEOJIOIIKH UCTPaXKyBama 3a ehUHUPAE Ha JINTO-
JIOIMIKUOT COCTaB Ha KapIuTe BO HEMOCPEIHA OKO-
JIMHA Ha TIpeIMETHATA JIOKAIHja CO aKIIeHT Ha UCITY-
KaHOCTa W KiacuduKkanyja Ha uctute. Bo Hemoc-
peIHa OKOJIMHA Ha MPHUCTAHUINTETO 3aCTAlCHU CE
BapOBHUIIU O] KPEJHA CTAPOCT KOU CE pEerucTpupa-
HU ¥ BO UCTPaXHUTE yITHATUHY Ha 1nabuHa ox 8,3
1o 18,6 m ox moBpmIMHaTa HA MOPCKOTO JHO. M3ma-
HOIIM HA BapOBHUIM CE€ PETUCTPUPAHU Ha PaCTO-
jarue ox 110-120 m ox OperoT Ha MopeTo (MepHHU
Mmecta M1-M3) HcTto Taka romeMo BHUMAaHHUE €
noceBereHo Ha RQD mapamerapoT Koj € pa3jinueH ce
MEHYBa KaKO BO XOpU30HTaJla Taka U BO BEPTHKAJIA.

Co W3BeJICHUTE MEPHU MECTa KOMIUIETHO Ce
JNeUHUPAHU COCTOJOMTE HA JUCKOHTHHYUTCTUTE
Ha 3aCTalleHUTE KapIecTH MacH KOU Ce HCKOPHCTE-
HU KakKO BJIC3HH TOJATONHM TMpPU MPECMETKUTE Ha
KBAJIMTETOT Ha KapIrecTaTa Maca, CIiope/1 rmo3Hararta
¢dopmyna Ha Palstrom (1982) kou ce gajmeHu BO
Tabemna 1.

— RQD (%) — xBanureT Ha Kapma, MpecMeTaHa
cnopen Palstrom (1982).

—RQD =115-3,3x Jv.

— Jv (j/m®) — 6poj Ha TMyKHATMHM Ha €IWHHIA
BOJIyMEH.
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Tabena l
Pe3lemamu 00 MEPHU Mecma U AHAIU3d Ha CMEeNner Ha UCNyKaHocm
JIuTonomnika MepHo mecTo u I'yctuna I'yctuna I'yctuna YcBoeno Jv RQD
eIMHUIIA rojIiHa Ha M3BeI0a GP1 (j/m’) GP2 (j/m’) GP3 (j/m’) (j/m3) (%)
Baposuuk (V) M1 (2021 rox.) 7 4 3 14 68,8
Baposuuk (V) M2 (2021 rox.) 6 4 3 13 721
Baposnuk (V) M3 (2021 rox.) 4 4 4 12 75.4

On npe3eHTUpaHUTE PEe3yJITaTH BO TabenaTa 3a
HCIyKAaHOCTa Ha KapIruTe U JOOHEHHUTE BPEIHOCTH
3a KBAJIMTETOT Ha Kaprecrara Maca Ha OCHOBAa Ha
M3BEJICHUTE MEPHH MECTa MOXKE J]a ce KOHCTATHPa
Jeka Mepuute Mecta M1 10 M3 mMaaT BpeaHOCTH
3a RQD xBanurerot og 50-90%.

Bo anabnHa mak HCTO Taka co KapTUPABHETO Ha
JamIpoTO OO W3BEIEHUTE WHXEHEPCKOTEOIONIIKA
IyITHATUHY € OJIpe/ieH KBaJUTETOT Ha KapIliecTara
Mmaca (RQD) koj e Bo TupekTHa 3aBUCHOCT OJI CTe-
MEHOT Ha WCIyKaHOCTa Ha Kapmara. Bo oBaa daza
Ha WCTPaXXyBambeTO aHAM3WUPAHU C€ IOJATOINTE
JIOOMEHU O] W3BEACHUTE WH)KEHEPCKO-TCONOIIKU
nymHatuHu o 2019 ronuHa, Kaj KoM CO KapTHUpa-
ETO Ha U3B/ICHOTO jaApO OJ] AYITHATHHUTE € OJIpe-
ner RQD mapamerapor.

Bp3 ocHoBa Ha kBanuTeTOT Ha Kaprute (RQD)
M3/IBOCHU CE JIBE 30HU M TOA:

— 30Ha Ha UCITYKaHH 1 pa3Apo0EeHN BapOBHULIU
V’ 3acranena Bo nynHatuauTe MJI2 BO MHTEpBan
019,0 1o 10 m u Bo nynHatuHata M/13 Bo uHTEpBa
ox 11 no 14 m co Bpennoct Ha RQD napamerapot
0 —50%.

Untitled Map

— 30Ha Ha KOMIIAKTHU ¥ CJIa00 MCIYKaHU Ba-
poBHunu V 3actanena Bo nynHatuaute /12 Bo un-
tepBan ox 10,0 1012 m u Bo mynmHatuHaTa M/13 BO
uHTepBai of 14 1o 15 m co Bpeanoct Ha RQD ma-
pamerapot 50 — 90%. KBanurteToT Ha KaprecTara
maca (RQD) e MHOr'Y 3HauaeH mapamerap 3a HHXe-
HEPCKOTCOJIOIIKUTE M T€OTeXHUUKUTE Kiacuduka-
LUK Ha KapruTe KOj € IUPEKTHO MOBP3aH co 3acTa-
MIEHUTE MyKHATUHCKH CHCTEMH Ha MacHBOT.

3.ITPMPOJIHN KAPAKTEPUCTHUKU
HA TEPEHOT

3.1.I'eoepagpcra nonoxcoba, mopghonrowku
Kapakmepucmuku u 2e010uKa 2paooa
Ha mepeHom

IIpeamerHara okamuja € onepaTuBeH Oper BO
npuctanumreTo bap. Ce Haora Ha jy)KHUOT JeT O
npuctanumrero bap. Ilpucrannmrero bap ce Haora
BO JYKHHOT e oA JaapaHoT, 3amagHo Of rpaioT
Bap. HUcTtpaxyBanata nokauuja 3adaka moBpiinHa
on 0,75 ha (Cnuka 1).

Cu. 1. TTonox6a Ha HCTpaXKyBaHUOT MPOCTOP
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JlokanmjaTta mpeTcTaByBa MOPCKH I0jac CoO
JuTabuHa Ha MopeTo on 5 10 7 m. TepeHoT e u3rpa-
JIeH OJ KBapTepHU MAapWHCKH CEIMMEHTH BO 4Hja
OCHOBA C€ HaoraaT BapOBHUIIY.

HctpakHata J0KaIuja co MomnupoKaTa OKOJIH-
Ha M3rpajieHa € O] CeANMEHTHH TBOpOM Ha Me30-
30K U KEHO30UK, TPHjaCKH, jYPCKH U KPETHU Cellu-
MEHTHHU KapmH, TPHjacKu U eoleHcKu (ium, ury-
BHjaJHU, JACITyBHjaTHO MPOITYBHjaTHH U MapUHCKU
cequmenTu. (Cruka 4 )

IToTecHaTta oKoJIMHA Ha MpeAMETHATA JIOKAITH-
ja BO TEOJIOIIKA TOTIIE]] € U3TPaJeHH OJ1

1. KBapTepHu ceMMEHTH: MapUHCKHU IIECOK,
MpaIryHa U 9aKai

2. OcHOBHaTa KaprecTa mMaca ja COYMHyBaar
BapOBHUIIM O KPEJHA CTapOCT

3.2.TexmoHcKu CKION HA MepeHom

[Moapavjeto Ha onmTHHA O6ap BO TEKTOHCKU
TOTJIe T IpUITara Ha TPU TOJIEMH T€OTEKTOHCKH 1M -
HULH:

1..ITapaxTon

2. bynBaHcko 0apcka 30Ha

3. 30Ha BUCOKOT KpIia

bap co mommpokara OKOIMHA ce Haora BO
CKJION Ha TeKToHcKaTta eaunuia [lapaxton u Lyka-
JIM 30Ha, KAKO COCTABEH JIeJ Ha jYTOUCTOYHUOT OpO-
reH yak Ha JluHapunute. Llykanu 30Hara e HaBie-
4yeHa Haj 30Hara [lapaxroHn. HaBnekyBameTo € u3-
BPIICHO BJOJDK JHUCIIOKAIMjaTa Koja MOXE Jia Ce
npatu on pToT Parten mpeky Cymam 10 pekara
XKenesnnma no jyxauTe naguHu Ha BenemOyca kaj
Crap bap. IlapaxToH ce Haora nmomery MopeTo U
Iykanu 30Hata. [lapaxToH u3o0uiyBa co HaOpOHU

CTPYKTYpHH (HOpMHU.

3.3. Xudpozeeonowiku kapaxmepucmuxi
Ha mepenom

XUIPOTEONIONIKUTE OJUIMKK Ha TEPEeHOT Ha
IpesMEeTHATa JOKalKja yCIOBEHH! CE O JINTOJIOMI-
KHOT COCTaB, CTPYKTYPHHOT THII Ha TOPO3HOCT ,
XHMIPOTEOJIOIIKUTE CBOjCTBA U (PyHKIMjaTa Ha Kap-
MECTUTE MACH.

Bp3 ocHOBa Ha XHJIPOTE€ONIOMIKUTE CBOCTBA H
(dyHKIIMjaTa HA KapIecTUTe MacH Ha HMCTPaxyBa-
HHOT JeJ1 0 TEPEHOT 3acTalleH € KOMIUIEKC Ha I10ja-
KO JI0 10C1a0b0 BOJIO MPOITYyCTJINBA CPEAMHA CO UH-
TeprpaHyapHa HOPO3HOCT M CUITHO IO MHOTY BOJIO-
MOPITyCHA CpPEIMHA CO KaBEPHO3HO MyKHAaTHHCKA
MTOPO3HOCT.

Bo ckiion Ha KOMITIEKCOT Ha 10jaKo JI0 mocia-
00 BOZOMIIPONYCHAa CpeAWHA CO WHTErpaHyjlIapHa
MOPO3HOCT 3acTalleHu CE MAPUHCKH CEIUMCHTH,
MIECOIH, MTPANIMHN U TIMHU CO Majla COCIIPIKIHA Ha
yakan. HaBeieHuTe kaprecTd mMacH, O OrJiea Ha
Pa3IUYHUOT TpaH. COCTaB, MMaaT IPOMCHIIMBH
(hUnTparoOHN KapaKTEPUCTHKH CO KOS(HHUIIMECHT Ha
¢unrpanuja Ki — 1-104 1-10° m/s.

CHWIHO 70 MHOT'YBOJOIPOIYCHU CPEAMHU CO
KaBEPHO3HO MyKHATHHCKA MTOPO3HOCT MPETCTABCHU
ce CO BapOBHHIIM OJ] KpeHA CTapOCT.

3.4. Ceuzmoeeonouike 00aUKU HA MEPEHOM
U ceusmMuyKU napamempu

Bp3 ocHoBa Ha mojaTOLUTE OJl CEM3MHUYKHUTE
UCTpaKyBama, U3BEJCHHU 3a MOTpeOuTe 32 N3padoT-
Ka Ha ['eHepaHHOT ypOaHUCTUYKY TUIaH (CEU3MO-
TCOJIOIIKY TOAJIOTH U CEU3MHYKa MHKEOPEOHHU3a-
1yja Ha ypOaHoTO mojpadje Ha bap, ce qaBa mpukas
Ha CEM3MOTCOJIONIKUTE OJIMKA M CEM3MUYKHTE T1a-
pameTpu, 3a MpoeKTupame Ha o0jekTute. Habrpymy-
BAaHOTO TIOZ[padje ce Haofa BO CEeM3MHYKa 30HA 9
creneH npema MKS ckana.

Bp3 ocHOBa Ha pe3ynTaTHTe O MOPAHCIITHHUTE
UCTpaKyBamka M HCTPaXKyBamara Ha OBOj MPOEKT
npeaMeTHaTa JIOKalhja MOXe J1a Ce MPETCTaBH CO
TEOTEXHHYKU MOJIEIN CO CIICHU BPEIHOCTH.

TaOema 2

Bpeonocmu na noedunu napamempu 60 CKion
Ha 2e0MEXHUUKU MOOE

H(m) Vp(m/s) Vs(m/s) Y (kN/m®) Cocras

2,5 550 220 18 [MeckoBuTa rimua
12 1050 380 19 [MeckoBuTa rimua
10,5 2400 560 22 I'muHa u yakan
4400 2100 27 BapOBHHK

OdyexkyBaHHTE MPOCEUYHU MAKCHMAaJIHU 3a0p3y-
Bama Ha MOBPLIMHA HA TEPEHOT OJPEACHHU CE BP3
OCHOBA Ha 3a€JIHUMYKOTO BIIMjaHWE HA PErHOHAIHU-
T€ ¥ JOKAJTHUTE CEM3MOTEOJIOKN OCOONHHU Ha Te-
PEHOT 3a MOBpaTHU neproau Ha BpeMe oA 50, 100 u
200 romunu. OnpeAeHH c€ Kako MPOU3BOI Ha
3a0p3yBameTo (@g) W PENPE3CHTATHBHUTE WHA-
muuky amiurdukanuonu dakrop (DAF).

Amax = ao X DAF

Bpennoctute Ha OuYeKyBaHUTE MaKCUMaIHU
3a0p3yBama BO KapakTtepucTuanara 3oHa GTM 55
3a noBpaTtHH nepuoau ox 50,100 u 200 roxgunau ce
npercraBeHu Bo Tabemna 3.
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TepeHoT Ha KOj ce Haora mpeAMeTHAaTa JIOKa-
1IMja BO MPUPOJHU U BO YCIOBH Ha JOCErallHa W3-

rpageHocT e crabuneH. J{o mojaBa Ha HECTaOMITHOCT
MOXe€ J1a JI0j/Ie BO YCIIOBH Ha CEU3MHUKH HOTpEC.

Tabema 3
Ouexysanu maxcumanuu 3a6p3ysarwa 3a 3ona GTM 55

Kapaxrepuctuuna IToBpaTen nepuon 3a0p3yBame Ha JmHaMudky aMiuigukanrony OdeKyBaHO MAaKCHMAaJIHO
CEM3MOTCOJIONIKA 30Ha Ha Bpeme t(ro) OCHOBHA Kaprma ao ¢daxrop DAF 3a0p3yBame amax(J)

. 50 0,13 2,17 0,28
[IponyBrjanHu KOMILIEKC CO
[JIMHOBUTO IPOOHHCKH COC- 100 0,19 2,17 0,41

0 35m,
TAB €O JICDEIIHA 20 200 0,24 2,17 0,52

3.5. Unowcenepcrozeonowku ceojcmea
Ha u3080€eHuUme cpeouHu

Bp3 ocHOBa Ha MHKEHEPCKOT€OJIOMIKOTO Kap-
THpamke Ha HCTPaKHHUTE TyITHATHUHA MOYKEME O] HH-
’KEHEPCKOTCOJIONIKH ACMEeKT Ja 3aKIy4uMe JeKa
MPOYYyBAaHHOT TEPEH € U3TPaZeH OJf MapPUHCKHU Ce-
JMMEHTH TIPETCTAaBEHHU CO TIECOLH, TJINHH, IPALINHH
CO TOMaJIa COJIPXKMHA Ha YaKajecTa KOMIIOHCHTa,

30/45
107m

profil 23

BapOBHHYKA JIpOOWHA 1 BapoBHUK. JleOenmHaTa Ha
MAapUHCKHUTE CEIUMEHTH U3HecyBa of 7,8 1o17,9 m.
[lon MapuHCKHTE CEIUMEHTH PErHCTPUPAH € CII0j
Ha BapOBHHUYKA JpoOuHa co aedenuna 0,5 mo 0,7 m
HCHOA KOja JIe)KaT BapOBHULM OJf KPEAHA CTapoCT
KOM C€ I10jaKo MCIYKaHU BO MOBPIIMHCKUTE JEJO0-
BU. Mozien Ha TEpEHOT € MpHUKakaH Ha WHXEHep-
CKOTCOJIOIIKUTE TPEeCcely HaJO/DKEH M HalpeuyeH
(Cnuxu 2 u 3).

_1sm|D2

nivo mora

KR

35/34

En Ha cnoesuTocTa

D1

Wetpaxva AynHaThHa
%5

[~ o

]

Hueo Ha Mope,2M NoA KoTa Ha Hacun

85
el

—h NN

HacuneH MaTepujan on 6rokoBM BaPOBHULIM NOMELLIAHH €O LUYT U
NecoKMBO YaKanecTa ¢pakumja,abueH, pasHorpPaHYNPaH,NOKPHeH Co
GetoH

nHa necokniea, Meka KOHAUCTEHTHA cocToj6a, MHOTY CTUCTMBA,
CPBAHO NnacTuyHa, 6oja cuBO3BNEHa

BaposHuuka ApobuHa, noMeLLiaHa co rnnHa, co nebenuHa 0,5-1,3m,
pasHorpaHynmpana, cnabo abuena, Goja cuea

BapoeHULW, LIBPCTU Kapnu, yenioeHu noA aron of 30 ao 50 cTenenu
koH CH, (koH Mope),aocra uenykaHu,cnabo kapctvduumMpanmi

Ca. 2. HamomkeH HHK.TEOIOIIKA PO
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INZENJERSKQGEOLOSKI PRESJEK TERENA 1-1'
1 . Razmjera 1:250

' 1

Nivo mora

310w}

Cu1. 3. HampeueH MHKEHEePCKOTCOOIKH MPOo(HII Ha TIPEeAMETHA JIOKALHja

l_:baHmHa nnHnja nomery
/ / Mope 1 HacuneH matepujan
£ / / / 4

LEGENDA:

+ bk btk

2aglinjeat pljessk | pleskovile prasine, sive boje, simozm.
Muljesit.

| peasine, sive boje. myestni

o st ks

of - vedfovite pleskuvite prutine | simomi pjcaak

Pijesak | $funak. Pijesak prasingst, sitwosrn do srednjermn.

" Sijumak prosieén yeliine oko 2-3cm & mksimniny

Som Preovladava pratinasti-pieskinita homponenta

| Knorjtka drobs, gl

¢ Rasdroblicna 200 Lretnjeha

R| - Kk, sabieispocan

Froghousa infemjerskogeollka grasica
Granica btk kategorf
(hmakn pectehmiéhh kaegorifa

P3 6589383.425 4660985.356 2.643

INereHpa
R @E—) ID1-McTpaoksu QynHaTHHA

.45
\w(\ EN Ha CNOEBMTOCT HA BAPOBHMUM

70
. EM Ha nyi:gTUHiA Ha BEPOBHALM

rpaHuyHa nuHuja nomery
Kapna u HacuneH martepujan
\

C1. 4. InxeHepcKoreosolika KapTa Ha IIpeIMEeTHa JIOKalllja

T'eomexnuuxa cpeduna 1:gp, pp, pm (pM). Marepujanor € HacTaHAT CO MapUHCKA CeJIU-
MeTallfja U UMa cuBa 00ja urja AeOenrHa 3HeCyBa

OBaa reoTeXHUYKa CPEIMHA € IPETCTaBeHa CO
MapuHCKU (DMHO3PHH CEIMMEHTH 3arjMHET MEeCOK
(gp), npammHecT ecok (pp) U MyJbEBUTA MPAIIHHA
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on 6,7 1013,8 m. I3gBoeHUTE JTUTOJIOMIKH YWICHOBU
BO CKJION OBaa CpeJnHa MeryceOHO COYMBACTO Ce
CMEHYBaaT Kak0 BO XOPHU3OHTAJIEH Taka H BO
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BepTHKaJleH npaBen. CpennHaTa € borata co opraH-
CK{ MaTepHjaliu.

3acraneHuTe CeAUMEHTH ce ¢j1abo 30ueHH, a
BO MOBPIIIMHCKATA 30HA CE TOJJIOKHU Ha TTIOMECTY-
Bama Ha 3pHATa O]l MEXaHUYKOTO JIejCTBO Ha Opa-
HOBHTE. T0a e HeBp3aH 0 cabo Bp3aH MaTepHjall,
3aCHTEH CO BOJIa M MMaaT PEIATUBHO XETEPOTCHU
(U3NYKO MEXaHWYKH KaPAKTECPUCTHKH.

Co rpaHylIOMETpHCKAa aHalu3a YTBPIACHO €
JieKa OBOj MaTepHjaj € COCTaBeH O MpAIIUHECTO
[JIMHOBHUTA KOMIIOHEHTa co 19 — 70% , CHTHO3pH 10
cpenHo3pH necok co 28 — 80 % u vakan co 0 — 2% .
Ce paboTH 3a BOJI03aCUTEH MaTEePHjasl CO IPUPOTHA
BiIakHocT ox W— 32.4 — 49.5% u BpeaHocTH Ha
BONyMEHCKa TexunHa g — 16,6 KN/m?, cnennduana
texknHa G — 26.5 — 26,6 KN/m?.

Bo ckion Ha oBaa cpeauHa u3BeaeHU ce 17
ONUTH HAa CTaHAapJHA JWHAMHYKA IICHETpaIluja.
Bp3 ocHOBa Ha U3BEAEHUTE OIMTU MOXKE Ja 3aKIy-
YUMe JeKa ce padoTH 3a MEK, MHOT'Y CTHCIIMB H pac-
tpecut Matepujai (1 ymxap — 60 cm). Hajromem 6poj
Ha yJapH e u3BeneH Bo nynHatuHa M/]1 Ha anabuna
ox 10 m (6 ymapu 45 CM) OAHOCHO BPEOHOCT Ha
CIIT 4.

Bpennoctute Ha QU3NMUKO MEXaHWYKH Mapa-
METpHU Ce:

— Bonymencka Texuna g — 16,0 — 18,0 kKN/m?

~ Aron Ha BHaTpenHo tpuewme f —20 — 24°

— Koxesuja ¢ — 0 — 7 kN/m?

~Monyn Ha ctucausoct Ms 1000 — 2000 kN/m?
~Kareropuja na uckon (GN 200) II rpyma.

Teomexnuuxa cpeduna 2: ps,dr.

OBaa reoTexH1YKa cpeIiHa MPETCTaBeHa € CO
MeCOK 1 yakai (gp) v BapOBHUYKA APOOMHA CO Malia
COJIp)KMHA Ha TMPAIIMHECTO IJIMHOBUTA KOMIIOHEHTA
(dr). OBoj MaTepHjam HacTaHaT CO MAPHHCKA CEJTH-
MeHTanuja (TIeCOK W Yakai) JojeKka apoOWHaTa
MPeTCTaByBa elyBHjajlHa pacliaJiiHa Ha BapOBHU-
kort. JleOenmHaTa Ha oBaa cpeauHa u3Hecyna 0,5 mo
4.8 m.(BapoBanuka apobuna 0.4 o 0,7 m, necko-
But vakain 1,1 go 4.1 m goxaeka BO mymHaTUHATa
W13 n3ocranysa.

Bpennoctute Ha (U3MYKO MEXaHMYKU Tapa-
METpH U3HECyBaat

— Bonymencka Texuna g — 18,0 — 19,0 kN/m?

— AroJ Ha BHATpeNIHO Tpueme f— 28 —32°

— Koxesuja ¢ — 0 — 5 kN/m?

—Mouyn Ha cruciuBoct Ms —5000-7000 kN/m?
— Kareropwuja na uckon (GN 200) Il o 11l rpyna

T'eomexnuuxa cpeduna 3: K’ u K

KapboHaTHHTE KaprecTH MacH OJ1 KpeIHa CTa-
poct (K) ce kapakTepu3upaaT co OBOJTHU (PU3NIKO
MexaHW4YKu cBojcTBa. Ce jaByBaaT Kako CJIOCBHUTH
JI0 OAaHKOBWTH W TaraaT KOH CEBEP U CEBEPOHCTOK
oz aroi ox 30° m mocTpMuu A0 45°. JlebenmHaTa
Ha BapOBHUIIUTE OJI CCHOHCKA CTapOCT Ha TOIIHPO-
KOTO mojpavje Ha Bomyjuria w3HecyBa U TpeKy
1000 m. BapoBHHIIUTE CE YTBPJCHU BO CUTE WC-
TPaXXHH JTyITHATHHU, UCTIOJI MAPHHCKUTE CETUMECH-
TH, Ha anabuna ox 8,3 mo 18,6 m ox moBprmHATA
Ha MOPCKOTO JTHO.

[ToBpmmHCKaTa 30Ha Ha BApOBHULIUTE € I10ja-
KO UCIyKaHa W MCKpEILIeHa, MECTUMHYHO Pa3ipo-
Oena (K’). 3acTameHuTe MyKHATHHU TIaBHO ce 0e3
ucnionHa. [Iebennnara Ha oBaa 30Ha BapHpa mpema
H3BEACHUTE UCTPpaKyBamwa of 1,4 no 2,7 m. Bo oaa
30Ha BapOBHULIUTE CE >KOJITEHUKABO OEJHN 10 CHUBO
Ka(beaBI/I, JIMMOHUTHU3HUPAHU, MCCTUMHUYHO KaJIllu-
TU3UpaHu. V3BpIIeHO € UCITUTYBame Ha eIHOAKCH-
jamHa jakocT Ha nputrcok (Point load test) Ha mpu-
Mmepok on nynHatuHata /{1 u nobueHa e BpeqHOCT
Ha eJIHOaKCcHjaHa jakocT oj 57,88 MPa u BorymeH-
cka TexknHa u3HecyBa 26,9 KN/m?2,

Hcnox noBpiMHeKara 1mojako uCykaHa, Mec-
TUMHMYHO pa3apoOeHa 30Ha, 3aCTalleHH Ce UCITyKa-
HU 10 TOKOMIAKTHU c1a00 MCIyKaHH BapOBHHIIY,
co cioeBuTa J10 OGankoBuTa TekcTypa (K). Bo noe-
JVHY MHTEPBAJIM C€ UCIYKaHU M KapcTU(HULHPAHH,
a MECTMMHUYHO TIOKOMITAKTHH ¥ IOCIa00 UCITyKaHH.
3acrarneHuTe MyKHATHHHU U KaBEpHU ce 0e3 UCIod-
Ha. [1aBHO ce 3acTaneHu KOCH ITyKHATHHH, BEPO-
jaTHO CIOEBUTOCT MO/ arod of okoxry 30°, a Tokpaj
HUB ce 3a0eJie’)KaHu ¥ CyOBEPTHKAHH TyKHATHHHU.
[MykHaTuHHTE Ce r1aBHO O€3 UCTIONHA, pallaBy U He-
pamuu. BapoBHuIMTE NMaaT cUBa 10 KOJITEHUKABO
Oena 0Ooja. Tue ce mBpCTH, CO MOBOJIHU (HU3HUKO
MEXaHMYKH CBOjcTBa. [IpercraByBaar MpaKTUYHO
Hele(OpMaOHITHA KapIecTH MacH.

BapopuuiuTe npercTaByBaaT 100p0 BOIOMPO-
MyCHU KapIii, CO MyKHATHHCKO KaBepHO3HA MOPO3-
Hoct. O/1 OBaa 30Ha 3eMEHH ce J[Ba nmpuMepoka. 13-
BpIIICHO € HCIINTYBAE HA €IHOAKCHjAJTHA JaKOCT Ha
MIPUTHUCOK U TOOMEHA € BPETHOCT Ha MPUMEPOIINTE
on BapoBHUK o1 12,8 no 190,3 MPa u BonymMeHcKka
texxuHa o1 26,9 1o 27,0 KN/md.

BpennocTa Ha pHU3MUKO MEXaHUYKH TapaMeT-
Y OZIpe/ieHH Ce BP3 OCHOBA Ha aHaJIM3a Ha pe3yJiTa-
TUTE OJ1 TOPAHO U Cera N3BEJICHUTE UCTIUTYBakha Ha
MOIIKUPOKOTO TOIpayje ce:

3a 110jaKo MCIyKaHH ¥ UCKPIICHH, MECTHMUY-
HO pa3apobenu BapoBHuUIm (K):
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— 3anpeMuHcka Texuna g — 24,0 1o 25,0 kKN/m?3;
— Aron Ha BHaTpemHo Tpuewe f — 30 mo 35°.
— Koxesuja ¢ — 0,025 o 0,06 MPa.

— lIBpcTHHA Ha IPUTHCOK BO CyBa COCTOj0a
sp —10 no 20 MPa.

— Bp3uHa Ha IpOCTHPake HA HAJOJDKHU OpaHo-
Bu VP —1000 mo 2000 m/s.

— bp3una Ha pocTHpamke Ha TOTPEYHN OPaHOBH
Vs — 400 mo 1000 m/s.

— Moayn Ha enactuanoct £ —250 no 1500 MPa.
— Monyn Ha aedopmarja D — 100 no 1000 MPa.

— JluHaMW9KH MOJTyJI Ha €ITaCTHYHOCT
Egin—1000 no 6000 MPa.

— [Toaconos xoepunuent 7 — 0.3 mo 0.33.
— Kareropuja na uckon (GN 200) 1V, V

3a McIyKaHH J10 KOMIIAaKTHHU 110caa00 MCIyKa-
HH BapoBHUIH (K).

— 3anpemuHcka TexuHa g — 25,0 10 26,0 KN/m3;
— Aron Ha BHaTpemHo Tpuewe f — 34 1o 35°;
— Koxesnja ¢ — 0,10 mo 0,5 MPa;

— lIBpcTHHA HAa IPUTHUCOK BO CyBa COCTOj0a SP —
40 no 80 MPa;

— bp3una Ha npocTHpame Ha HAZOIKHH OpaHo-
Bu Vp —1750 o 3000 m/s;

— bp3una Ha mpocTHpame Ha TONPEYHN OpaHOBU
Vs — 800 mo 1400 m/s;

— Moyt Ha eacTHYHOCT
E—2000 o 5000 MPa;

— Moayn Ha nedopmanuja D — 500 mo 3000
MPa;

— JluHaMWYKH MOJTYJI Ha €TaCTUYHOCT
Egin— 6000 mo 17000 MPa;

— Iloaconos xoedumment # —0,29 mo 0,30;
— Kareropuja na uckomn (GN 200) V, VI.

4. KTACUOUKAIINIJA HA KAPITN

Ha 3acranenure xaprecTu Macu M3BpIICHA €
reoMexannyka kareropmsanuja cropex RMR cuc-
TeMOT Ha Bieniawski (1989), umajku ru Bo ipeABU
KBaJINTETOT Ha KapmuTe, (U3NUIKO-MEXaHUUKUTE
KapaKTEepUCTUKA U cocTojO0ara Ha kaprute. OBOj
CHCTEM € €JHOCTaBeH 3a ymnorpeda M UCTHOT TH
KOPHUCTH CJICAHUTEC I'COJIOMKU U I'COTCXHUYKH HH-
(dhopmaruu:

®  ¢IHOAKCHjallHA jaKOCT Ha MPUTHCOK;
kBanuTeT Ha Kapma (RQD);
pacTojaHue momery IMyKHaTHHU;
cocToj0a Ha MyKHATUHI,
YCIIOBU Ha MOJ3€MHA BOJA.

['ope HaBegeHUTE MapaMeTpu ce JOOUECHU Of
W3BpLICHUTE Mepea Ha MyKHATUHCKUTE CUCTEMHU
Ha U3/1aHOIM Of1 OCHOBHATA KapIa, Kako U of j1abo-
paTOpUCKUTE NCTIUTYBamka Ha TOYKACTa jakocT. bo-
JIOBUTE YCBOCHH 3a OJJICJIHM NIapaMeTpH NpH Kiia-
cuduKkalyjaTa Ha KaprecTUTe MacH, Kako u jooue-
HroT RMR pejTusr, ce npukaxxanu Bo Tabena 4.

TaGena 4
RMR xnacupurxayuja na xapnecmu macu cnopeo Bieniawski (1989)
Bun Ha kapma 1 60g0BU
ITAPAMETAP KomnakTan BapOBHUIIA I/ICHyKaHPI BapOBHUIIN
V Vv’
EnHoakcujanHa jakoCT Ha MPUTHCOK (40-80) > 7 (10-25) —» 2

Keanurer Ha kapna (RQD) — Rock Quality Designation
CpenHo pacrojaHue Mel'y TyKHaTHHU

Cocroj0a Ha MyKHaTHHU

VYcnoBu Ha nmoj3eMHa BoJa

Kopexkiuja 3apaau opueHTalyja Ha TyKHaTHHI

Pejrunr Ha kaprecta maca (RMR) — Rock Mass Raiting
Feémomm uHekc Ha jakoct (GSI) — Geological Strength
Index

Kiaca na xapnecra maca no RMR

(50+90%) — 13+17
(0.2 0,6 m) — 10

(25 + 50%) — 8
(0,06 +0,2m) —> 8

20 15
cyBo — 15 cyBo — 15
5 5
63 43
53-58 33-38

IIT xmaca
MOBOJIHA Kapna

I1 knaca
nobpa kapna
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Cnpema m3BpIIieHaTa TEOTCXHUYKA KIacH(H-
karnuja o Bienavski KOMIIakTHHUTE BapOBHHIU CE
knacuuurpany Bo 2 rpyma Ha J00pH Kapmu aojie-
Ka UCIYKaHHUTE U pa3o0CHU BAPOBHUIIM, CE KIIACH-
¢upanu Bo 3 rpymna MOBOTHU Kapnu. TepeHuTe
M3rpaJIcHU O]l OBUE KapIv CE CTA0MIIHU, CE OJITHKY-
BaaT co J00pa HOCUBOCT U HECTUCIIUBOCT

5. ITPEIIOPAKU 3A U3I'PAZIBA
HA OBJEKTOT

Ha mpenmernara nokanuja ce IuiaHupa mpo-
TOIDKYBamke Ha OperoT Boiyjuia Bo CKITOI Ha TIPHC-
TaHUIITETO bap co 1en cmnpeuyBame Ha TOHaTa-
MOIITHA Jerpajanyja ¥ JeBacTannja, OTHOCHO pe-
KOHCTPYKITHja Ha TIOCTOCYKHUOT OIEpaTUBEH Oper,
3a ga ce 00e30equ HOCHBOCT Ha KOHCTPYKTHBHUTE
CJIEMEHTH OTHOCHO KOPHCTEHhE Ha 00jeKTOT 3a He-
roBaTa HaMeHa

Ha uHXeHepCKOreoNOmKHOT HAJTO0KEH TIpe-
cek (Crmmka 1) mpukakaH € TEOTEXHUIKU MOJET, a
3a CeKoja OJl M3BOCHUTE TCOTEXHUYKH CPEIUHU
neUHUPAHU CE BPSTHOCTH HAa MEPOAABHH (PU3UUKO
MEXaHWYKU TapaMeTpH .

JlnabuHaTa 10 MOPETO € OJIpe/ieHa CO CITyIl-
Tamke Ha MPUOOPOT 3a MyMmueHmhe KOj U3HeCyBa 5 M
A1) mo 7 m (UA3).

CrpeMa reoTeXHUYKHOT MOJIEN Ha TpeaIMeT-
HaTa JIOKaIMja, TePSHOT € M3rpajieH O] MapUHCKH
CCAUMCHTH, IPETCTAaBEHU CO (I)I/IHO3pHI/I CECAUMCHTHU
(MpamuHecT: TEeCOIH, MECKOBUTH MPAIIWHH, TMO-
PETKO €O Yakalii, TI0TOa BapOBHHYKA JPOOWHA,BO
YKja OCHOBA C€ HAoraaT BapOBHUIIU (Bp3aHU J00PO
CKaMEHETH KapIin).

Bo 0BOj ciyuaj ce mpenopauyBa (GhyHIUpame
Ha TeOTEXHUYKA CpeIMHa 3, OCHOBHA Kapria BO I0-
JIMHA HA MAPUHCKHUTE CETUMEHTH, BADOBHUIIM KaJIe
3aBPIIETOKOT, KPajoT Ha KOJIOBUTE, Tpeba na Ouje
muH. 1,5 m Bo cpeannara 3 (CTOEYKH KOJIOBH).

IIpokTaHTOT Ha I'TTaBHUOT IpafekeH IPOEKT
Ke OJUTy4H 32 HAYMHOT Ha GyHANpame, BUIOT U U~
MEH3UUTE Ha TEMENINTE, OJHOCHO MOXE Aa OJIy4n
3a HAYMHOT Ha QYH/IUPamE 32 KOj Ke OlCHH JIeKa €
HajaZIeKBaTHO, CUTYPHO U TPajHO, CO YBaXKyBakhe Ha
TE€OTEXHUIKHUOT MO/JIEN Ha TEPEHOT.

Cpenuna 1, MaprHCKH (UHO3PHU CEAUMEHTH
(mpamMHeCTH MeCcOoLy, MECOKIMBH MPALIUHU, MY-
JbEBH) IIPETCTaByBaaT YCJIOBHO ITOBOJIHA I'€OTEX-
HUYKa cpelrHa 3a QyHIupame Ha 00jeKTOT BO ycC-
JIOBU Ha 3aCHTEHOCT CO BOJIA U HUBHUTE ciadbu (u-
3MYKO MEXaHUYKHU CBOjCTBA.

CpennHa 3, BapOBHHUIM MTPETCTAaBYBAAT MPAKTUIHO
HenmedhopMabriTHA TEOTEXHUYKA CPEAMHA.

IMopagu u3pazeHocTa Ha naneope/bedoT Ha
LBPCTHTE KAPIIECTH MAacH, Jy1abuHaTa JI0 Kaprnara ¢
BapuaOWIHA, U CO UCTPAKHUTE AYITHATHHU € YTBP-
JieHa Ha ajmabuHa ox 8,3 mo 18,6 m.

Cure o6jexTn U Temenu Tpeba na Oumar mpo-
EKTHUPaHW BO COTJACHOCT CO ACEM3MHYKHTE Mapa-
METpH.

Co ornen Ha Toa AeKa paboTHTE Ke ce h3Bemy-
BaaT BO Mope Tpeba J1a ce cMeTa Ha OTEKHATH YcC-
JIOBH Ha pabora.

Cupewma [Ipoekror 3a pyHAUpame Ha 00jEKTOT
MPEYHUKOT Ha KOJIOBUTE U3HecyBa 120 mm, Ha Mme-
ryceOHo pacrojanue of 7,4 mo 9 M u nnabuHa of
14,2 Bo HajuuTKUOT nen a0 18,7 m Bo Hajamado-
KHOT JIeT Ha 00jeKTOT, Kaj UCTPaKHUTE TYITHATHHU
UA1 mo UA3.

6. 3AKJIYUOK

Bp3 ocHOBa Ha M3BEJCHUTE WHIKESHEPCKO I'eo-
JIOIIIKO T€OTEXHHYKHU UCTPAXKyBama MOXKE Jia ce 3a-
KJIy4H JIeKa IPOJI0JDKYBameTo Ha Operot Bonyjuia,
BO CKJIOIT HA PUCTAHHUINTETO bap, € MOKHO co Tmo-
YUTYBabE Ha PE3YJITATUTE OJ1 HCTPAXKYBAKHETO MPH-
Ka)kaHu BO oBOj EnmaGopar.

Bo tex Ha u3BeyBame Ha cuTe 3eMjaHu pado-
TH, 33/IOJDKUTENIEH € TEOTeXHWYKU Hal30p, 3apaau
ycorjacyBame Ha TeOTEXHUYKUTE YCIOBU Ha Tepe-
HOT CO peaiHaTa cocToj0a Ha TePeHOT.
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ITPOLEHA HA PAHJIMBOCTA O/ 3BAT'AIYBAIBE HA ITIOA3EMHUTE BOJAU
BO BOJOHOCHHUKOT I'P1IOBCKHA OPMAH CO TIPUMEHA
HA METOJUTE GOD”’ ! °AVI”’

Bojo Mupuoscku, lapko ITuxos, Fopiu Tumos

Mucruryr 3a reonorja, PakyKyITET 3a MPUPOJHH U TEXHUIKH HAYKH,
Yuusepaurer ,,['oue Hemues®, Bo IlTum,
Oya. ,,['one Jemaes®, 89, 2000 Itum, Peny6nmka CesepHa Makemonnja
darko.132298@ugd.edu.mk

A mcTpaxk T Meromure 3a MPOLEHKA Ha PAHJIMBOCTA HA MOJ3EMHHUTE BOIM C€ MOBEKE Ce€ MPUMEHYBaaT BO
CBETOT 3apaiu moTpedara 3a 3alTHTa HA MOA3EMHH BOJAM OJ HaJBOpEIIHA KOHTAMHUHAIM]ja, CO IIeN 3aApXKyBame Ha
KBaJMTETOT Ha BojaTa. V3paboTkara Ha KapTHTE Ha DAHIMBOCT MPETCTaByBa OCHOBA 3a BOCIIOCTaBYBame Ha
NPEBEHTHBHU MEPKH 3a 3aITUTA HA TOJ3EMHHUTE BOJIH. B0 0BOj TPy ce IpUKaXkaHU Pe3yNTAaTUTE JOOUESHH CO IPUMEHa
Ha GOD u AVI-merona, 3a oapenyBame Ha CTEIEHOT HA PAHIMBOCT O] 3araJyBambe Ha BOJOHOCHUKOT I'proBcku
Opwman. AVI-MeTonaTa KOpHCTH /IBa TapaMeTpH 3a MPOIEHKa: Ne0eMHa Ha He3acUTeHaTa 30Ha U KOSe(QHUIUEHTOT Ha
¢unTpanuja Ha HagBOJOHOCHUTE cemuMeHTH, a GOD-MeTomaTa KOPUCTH TpH MapameTpy: THUIl Ha BOJOHOCHHK,
JUTOJIOTHjaTa Ha HAJBOJAOHOCHATA, 30HA W JMa00YMHA Ha MMOJ3eMHaTa Boja. [IpoleHKara Ha PaHIMBOCTA €
oZIpelyBaHa Bp3 OCHOBA Ha MOJaTONHTE JoOueHn o 12 u3aymyeHn OyHapH, KOU ce KOPUCTAT 3a BOJIOCHAOAyBame HA
rpanot Kouanu. Co meronor AVI e oaperieH HHIEKC Ha paHIMBOCT CO €KCTPEMHO BUCOKa (<1), 10 BUCOKa PaHIMBOCT
(1 - 2), nomeka cnopen GOD-meTonara MHICKCOT Ha PAHIMBOCT CE JBH)XKH BO MHTEPBAJ OJ CPEAHA IO BHCOKA
parmsocr (0,4 - 0,6).

Kauunu 300poBH: TI0J3¢MHU BOJIU, pariInBocT, MeTox GOD, meton AVI, dpunrpanuja, BOTOHOCHUK,
WHTEprpaHylapHa IOpO3HOCT, [ pIOBCKH OpMaH

ASSESSMENT OF THE GROUNDWATER VULNERABILITY
OF POLLUTION IN THE AQUIFER GRDOVSKI ORMAN WITH
THE APPLICATION "GOD™" AND "AVI'"" METHOD

Abstract: Groundwater vulnerability assessment methods are increasingly used worldwide due to the need
to protect groundwater from external contamination in order to maintain water quality. The preparation of vulnerability
maps is the basis for establishing preventive measures for groundwater protection. This paper presents the results
obtained by applying the GOD- and AVI-method for determining the degree of vulnerability to pollution of the aquifer
Grdovski Orman. The AVI method uses two parameters for estimation: the unsaturated zone thickness and the filtration
coefficient of the aquifers, and the GOD method uses three parameters: the type of aquifer, the lithology of the aquifer,
the zone and the depth of the groundwater. The vulnerability assessment is determined based on the data obtained from
12 drilled wells, which are used for water supply of the city of Kocani. The AVI - method determines a vulnerability
index with extremely high (<1), to high vulnerability (1 — 2), while according to the GOD - method, the vulnerability
index ranges from medium to high vulnerability (0.4 — 0, 6).

Key words: groundwater, vulnerability, GOD-method, AVI-method, filtration, aquifer, intergranular porosity,
Grdovski Orman

BOBE/] C€ BpIIM CO IOJ3EMHU BOAU OJ BOJOHOCHHUKOT

I'pnoBckn Opman. BomoHOCHWKOT cmara BO Tpy-

Bononocuukot I'pnoscku OpMaH ce Haora Ha rmata Ha OTBOPEHH A0 IOJIY3aTBOPEHU XHUAPOTEO-

4 km jyxno ox rpagor Kowanu Bo Hemocpenna JomKU CTpyKTypH. Toj e dopmupaHn Bo amyBujai-

Omusuna Ha cenoro I'pmposim (Crnmka 1). HUTE CEAUMEHTH Ha pekaTa bperannuiia usrpageHu

IlemokymHOTO BOJOCHAOMYyBamke Ha TPaIoOT O]l TIECOKJINBO YaKaJIEeCTH CEJUMEHTH KOW Ce Ka-
Kovanu kako v Ha HEKOJIKY OKOJIHU CEJIKH HacelIon paKkTepusnpaat Co HHTEpIrpanyllapHa IOPO3HOCT.

145



YeTtBpT KoHrpec Ha Neonosnte Ha Penybnuka MakegoHuja
Fourth Congress of Geologists of Republic of Macedonia

1:25 000

2 o TS0 1008w
e

"2

JAETEHIA

PLe 10U o » ) | 3
ol oo el @ Sate

19 m

Ca. 1. 'eorpadcka mosox6a Ha HCTPaKyBaHUOT
TepeH

[MpuxpanyBameTo Ha BOJOHOCHUKOT BO HajTO-
JIeM JIell ce BPIIH CO BOJIATa Ha pekara bperamHuna
CO KOja € BO TUPEKTHA XUIpayJIUIHa BPCKa, & BO M0-
MaJI JIeJ Ce XPaHU M CO BOJUTE KOM TIOTEKHYBAaT 01
arMocdepckuTe Tano3u. JupekTHaTa XuapayindHa
BpCKa Ha BOJIOHOCHUKOT CO BojaTa oJ] pekata bpe-
rajHWIE, TUTMTKOTO HUBO HA IMOJ3EMHUTE BOJIH,
Onu3uHaTa 70 ypOaHU3MpaHa CpelrHa BO Koja ce
HaoraaT MmorojieM Opoj Ha aHTPOIIOTEHH 3arajyBa-
YK, KaKO W OJM3MHATA Ha OKOJHHUTE 00paboTIIMBU
3eMjOJICJICKY TOBPIIUHHA KOU HHTE3UBHO ce 00pado-
TyBaaT W TPETHPAAT CO XEMUCKH TPETapaT MpeT-
CTaByBaaT MOTEHIIMjajTHa MOXKHOCT O] 3aralyBambe
Ha MMOJ3EMHHUTE BOJAM HAa BOJOHOCHUKOT I'proBCcKH
Opman. MakcumanHaTta KOTHMYUHA Ha BOJIa Koja ce
eKCIIIoaThpa OJ1 BOJOHOCHUKOT n3HecyBa 245 |/s.

KoHIIenToT 3a OCETIMBOCTA Ha TOA3EMHHTE
BOJM OJ] 3arajyBarme¢ NPBHYHO € IMPETCTaBEH OJ
®pannycknor Hayunuk Margat, (Vrba & Zaporo-
zec, 1994). NUnejarta O6uma qa ce ofpeIu CTENEHOT Ha
OCETJIMBOCT Ha MOJ3EMHHUTE BOAM O] 3arajlyBarbe,
BO 3aBHUCHOCT O] TCOJIOIIKUTE, XUIPOJOUIKHTE H
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XHUIPOTEOJIOMIKNTE KapaKTEPUCTHUKH HA HCTPAXKY-
BaHUOT TEPEH.

3a oxpenyBame Ha CTETICHOT HA PAHIMBOCT HA
MOJ3EMHUE BOJIA OJf BOOOHOCHUKOT ['proBcku op-
MaH ce kopuctenn GOD u AVI metogara. OBue
METOAU OJO0CEra HE C€ NPUMEHYBAaHU Ha IPOCTOPOT
Ha PenyOnka MakenoHuja, HO UMaat IUPOKa yIo-
Tpeba Bo cBercku pamku: (Rukmana et al., 2020),
(Boufekane et al., 2013), (Nugraha, 2020) (Knouz,
etal., 2017), (Putranto et al., 2017), (Saheed, 2017),
(Thomas et al., 2018), (Connell L. D., Daele G. V.
D., 2003), (Lasserre F. Razack., Banton, M. O.,
mc1999):

CnoMeHaTHTe METOIM C€ KOPHUCTEHH CHOPEX
[IOIaTONHUTE KOU ce AoOueHu ox 12 GyHapu Kou ce
u3paboTeHH 3a BoJlocHa0yBamwe: B-15, B-16, B-17,
B-18, B-19, B-20, B-21, B-22, B-23, B-24, B-6, B-
7.

30HaTa Ha HCTpaXKyBame TY ordaka npBara u
Je7T O BTOpaTa 3alliTUTHA 30HAa BOCIOCTABEHH
OKOJIy OYHapCKHOT CHUCTEM, CO NPETIOCTaBKa AeKa
HEMa TOroJIeMH TPOMEHH BO XHAPOTEOJIOIIKUTE
KapaKTePUCTHKH Ha TEPEHOT Ha TOj IPOCTOP.

I'EOJIOIIKU KAPAKTEPUCTUKU

Cropen (Pakuuesuk et al., 1967) mobnuckara
OKOJIMHA Ha MCTPKHUOT MPOCTOP € M3rPajicHa OJ1
CEIMMEHTHH KapIii 0J1 KBAPTEPHA CTapOCT, KOW Ha
0BOj TIPOCTOP C€ MPETCTaBEeHH OJ1 MpoyBuyM (pr),
MOHKUCKU peunn Tepac (t1) u amysuym (al). (Crnuka
2).

ITponyBHjaIHUTE CEMMEHTH CE CpeKaBaar Mo
JY’)KHHUTE W JYyTOMCTOYHUTE OOOIHU JEIOBH Ha WC-
TpaXHUOT npocTop. M3rpaneHu ce of ciabo obpa-
0oTeHn u HeoOpaOOTEeHN MapYKkha Ha MarMaTCKU U
MeTaMOp(hHHU Kapmu MPUAPYKEHH CO YaKalH, Cy-
[JIMHY U TTECOLIH.

[lonuckuTe peyHn Tepacu ce jaByBaaT Ha Jie-
BaTa W JiecHaTa CTpaHa MOKpaj KOPUTOTO Ha peKaTa
Bperamuuia Ha Bucounna ox 5 mo 10 m ox xopu-
TOTO M 3adakaaT HAJrOJEM JIElT OJ HUCTPAKHHOT
npoctop. M3rpajienu ce BO HajTOJIEM JIel OJ1 TIIMHHY,
CYTJIMHH, CYTIECOIU 1 YaKaJH.

ANyBHjaTHUTE CEAMMEHTH C€ CpeKaBaar Mo
JoiuHaTa Ha pekara bperannuna. Msrpanenu ce ox
Yakajd W TEeCOH, KOU BOJAT MOTEKIIO Of KapluTe
HU3 KOW TeYaT BOJUTE OJ] CIMBOT HA OBaa peka. Tue
ce 4ecTo M3MENIaHW W HEeCOPTHPAHU IMPH IITO BO
TOPHHUTE TOKOBU Ha PEKUTE PEOBIIATYBAAT JEITyM-
HO 00pabOTeHH MaTepHjalii, a BO JOJHUTE TOKOBU
00paboTeH U MOCUTEH MaTepHjall.
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NETEHOA HA KAPTUPAHW EQUHULIA

Anysuym
Crapa peyHa Tepaca
Mponysuym

Ksaprep

® Excnnoatauuonu GyHapu

Ca. 2. T'eonomrka kapTa Ha IIONIMPOKATa OKOJIMHA Ha BOJOHOCHKOT I'proBckn Opman

Bo TeKTOHCKM TOTJe] MOMMpOKaTa OKOJIMHA
Ha UCTPaXyBaHOTO TOJIpadje Mpurara JBe KpymHa
T€OTEKTOHCKH eAMHHUIM U Toa CPIICKO-MaKeJOHCKH
MacuB u Bapmapcka 3oHa, (ApcoBcku, 1997). OBue
JIBE €JIMHUIIM € pa3jie]ieH! CO pacellHa CTPYKTypa
0]l peruoHalieH Kapakrep, koja Ha C3 ce ry0u Bo

KparoBcko-3ieroBckara BylKaHCKa o0JlacT, a Ha
JA Bo Kouanckara xotrmuHa. DopMmupameTro Ha
CKJIONOT Ha TEPEHOT, OMHOCHO CTPYKTypHHTE Hop-
MU € YCJIOBEHO CO TEKTOHCKHUTE ABMXKEHa KOHU Ce
CJIy4uJIe 32 BpeMe Ha IIPETHale0301MCKUTE, XEPLIUH-
CKUTA U aJIIIcKaTa OpOreHesa.
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XUAPOI'EOJIOIIKU KAPAKTEPUCTUKHU

Cropen momarorure Ha (Mupuoscku et al.,
2008), crioper CTPYKTYPHUOT THIT Ha IOPO3HOCT Ha
Kaprmure KOM TO U3rpagyBaaT HCTPaKyBaHUOT
MPOCTOP CE U3/IBOCHH 30MEH THIT Ha BOZOHOCHIIH, a

;“353“1 .
=R 1

CIIoOpel XHPOreosIomKaTa (GyHKIMja Ha JIUTOIOMI-
KHTE YWICHOBH CE U3BOSHU JOOPO BOJIOIPOITYCTIIH-
BU CPEIMHHM BO KOW CHaraaT alyBHjaIHUTE CeNu-
MEHTH ¥ CEJAMEHTHUTE OJI TOHUCKNUTE PEUHH TEPACH
U CPeIHO BOAONPOMYCTIMBH CPEIMHU H3TPaJCHH
oJ ponyBujanauTe ceaumerT (Cnuka. 3).

750 1000 m
I

3BUEH TUIMN HA BOOOHOCHWLIU

AuGpu sugunpulycInm cpeginm

[ e
- t, Crapa peuHa Tepaca

CpegHo BOOONPONYCTHU CPeauHN

[ Jer nponysuym

--
-

® Excnnoarauvonn GyHapm

Ca. 3. Xuzporeosomka Kapra Ha MOIUPOKATa OKOJIMHA Ha BOJOHOCHKOT I'proBcku Opman
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Bononocuukot I'proBckn OpmaH mpeTcTaBy-
Ba BOJJOHOCHHUK CO CJIOOOIHO HUBO, GOPMHUPAH BO
KOJICKTOPCKA CPEAMHA OJ1 KBAPTEPHU ATyBUjaHUA U
PEYHO TEepacHW CEOUMEHTH HW3TPaZeHH OJ pa3Ho-
TpaHyJIUPaHU MECONH U YaKalu KOW Ce KapaKTepH-
3Wpaar co MHTeprpaHylapHa TOPO3HOCT.

Criope[; MoIaTOIUTE OJT HICTPAKHUTE AYTUCHA
(Anresos, 1994). BogoHOCHATA CPEIMHA CE TIPOCTH-
pa mo nnabounHa ox 44 no oxory 50 m. Ilog Bomo-
HOCHATa CpeJHa NMaMe U30JIaTOPCKA CPeHa H3-
rpajicHa O] IUTHOICHCKU €3ePCKH CEJIMMEHTH uuja
ToYHa Ae0ennHa He e yTBpAeHa. OBHE CeMMEHTH
C€ M3TPaJieH! BOTIABHO O] TIIMHOBUTH CEINMEHTH
M3MEIIaH! CO MaJjl MPOIICHT OJ IIECOK M JaKall.

[IpuxpaHyBameTo Ha BOJOHOCHHUKOT CO BOAA
BO HajroJieM JIeN ce BPIIX cO BOJAaTa Ha pekara bpe-
rajJHHULA CO KOja € BO AMPEKTHA XUIpayIuyHa BpC-
Ka, a CO e[ICH JeJI C€ XpaHHU U CO BOAUTE KO MOTEK-
HYBaaT 0O/ aTMOC(EPCKHUTE TaJ03U M OJi OKOJHHUTE
BOJIOHOCHHUITY KOW C€ HAO'aaT Ha TIOBUCOKO XHUIICO-
METPHUCKO HHBO.

JleOennHaTa Ha KanTUPAaHUTE CIOCBU CE JIBU-
U BO rpanunure ox 31 mo 41,6 m.

HuBoTO Ha mom3emHara Boma BO OyHapuTe €
on 2,97 — 3,75 m.

[ToeqMHEYHHOT KaraluTeT Ha OyHapHUTe ce
nBuxu ox 15 —40 I/s.

BkynHuOT KamanureT Ha OyHapUTe KOH Ce BO
eKcIIIaTanuja usHecysa 262 1/s.

Bp3 ocHOBa Ha IpaHyJIOMETPUCKUTE HCITUTY-
Bama ¢ YTBPJCHO JIeKa TIOKPUBHUTE CEAMMEHTH Ce
M3rPaJIeHu OJ1 JIBE JINTOJIONMIKY cpeannu. [IpBata e
M3rpajieHa O] MECOK W Yakajd cO KOS(HIMEHT Ha
¢unrpanmja K = 52 m/nen, a Bropara e usrpajieHa
O]l TIECOK CO MPHUCYCTBO Ha YaKal W MpalidHa CO
koeduieHt Ha Guirpanuja o Ks = 0.42 m/neH.

BonoHocHara cpeayHa € u3rpajeHa of Iecok
Y YaKall 1 UMa KoeQuIueHT Ha ¢punrpanuja ox Kr =
95 m/neH.

METO/JU HA UCTPAXKYBABE

GOD-uemooa

GOD-meronaTa ce mprMeHyBa 32 BOOJJHOCHH-
IUTE CO WHTEPrpaHysIapHa MOPO3HOCT M HajYecTO
ce MpUMeEHyBa 3a Op3a MPOIEHKa Ha PaHIMBOCTA Ha
BOJIOHOCHHITUTE, BO CIy4aWTe KOTra Ha pacrojara-
e UMaMe Mall Opoj Ha mojaatoid. OBaa MeTo/a €
npemioxkera of Foster, (1987) u e 6asupana camo
Ha TpH mapaMeTpu. PaHmnBocTa Ha BOJOHOCHUKOT

ce YTBpJyBa CO EMIMPHUCKH MpHcTat, cropen dop-
Mynara:

GOD index =Ca x Cl x Cd

Kane mro:

Ca = Tun Ha BOJOHOCHUK,

Cl = nuronoruja Ha He3acHTCHATa, HAJBOMO-
HOCHA 30Ha,

Cd = mmabouynHa Ha MMOA3EMHATA BOJA BO BO-
JIOHOCHHUKOT

GOD-uHAeKCOT 32 paHIUBOCTA Ha BOJOHOC-
HHUKOT ce¢ JOOMBa CO MHOXKCH-¢ Ha MOOWECHHUTE pe-
3YJITATH OJ] TPUTE MaApaMeTpu:

GOD-unnekcoT ¢ mojaeneH Ha met kiacu (Ta-
oema 1).

Co momor Ha copTBepoT ArCgis, Bp3 OCHOBA
Ha JOOMCHHWTE MMOJATONU ce Jo0uBa TpaduyKu
MPHKAa3 Ha PAaHIMBOCTA CO ymoTpeba Ha anarkarta
IDW (inverse distance weighthning).

Bpennocta Ha cexoj GOD-mapamerap 3a cte-
MIEHOT Ha PaHJIMBOCT Ha MOA3EMHUTE BOIU BapHpa
BO 3aBHCHOCT O JIUTOJIOTHjaTa.

TabOemal

Hnoexc na panausocm co GOD-uemooa

Wnpnexc Ha pannuBocT  Kiaca Ha paHanBOCT

00-0,1 MHory HuCKa
0,1-0,3 Hucka
0,3-0,5 Cpenna
05-0,7 Bucoka
0,7-1,00 MHory BHuCOKa

AVI-memooa

AVI-meronara (Aquifer Vulnerability Index),
(MHaexc Ha paHITUBOCT Ha BOJOHOCHHUKOT), € MPe/I-
noxeHa of (Stempvoort et al., 1993). OBaa merona
Ha IIPBO MECTO ja CTaBa HE3aCUTEHAaTa HaJBOJOHOC-
Ha 30HA, KOja ja cMeTa KaKo Haj3Ha4yajHa CpeinHa
BO TIOTJIE]] Ha TPAH3UTHUPALETO Ha 3aralyBadyoT KOH
BOOJHOCHUKOT, (McLay et al., 2001); (Hardelauf et
al., 2004).

OnpenyBame Ha WHICKCOT Ha PAHIMBOCT CO
0Baa METOJIa € CIIOpe/] JIBa apaMeTpH: JiebenrHa Ha
CEKOj CeIMMEHTEH CJI0j HaJl BOJOHOCHATA 30Ha (d),
u KoepuuueHT Ha Guiarpanmja (K1), Ha cexoj cenu-
MEHTEH CJI0j O] HaJIBOJOHOCHATa 30Ha, (Stempoort
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etal., 1993). IHaekcoT Ha paHIMBOCT CE IPECMETY-
Ba criopen hopmyrara:

C= zn: d
i=1Ki

di— nebenuHa Ha HaJBOJOHOCHATA 30Ha (3alll-
TUTHA MTOKPUBKA),

Kazac 1mTo:

Ki— xoedurreHt Ha uiaTpaiyja, Ha CEKOj ce-
JMMEHTEH CJI0j OJ1 Ha/IBOJOHOCHATA 30Ha,

C — xuapayiuuHa Pe3MCTEHTHOCT  (OTIop-
HOCT),

N = CEANMMEHTHH CJIOCBU HAJ BOAOHOCHUKOT.

AVI-UHIEKCOT € MOoJelIeH Ha IeT KJIach BO
uHTepBan ox <1 no 4> (Tabena 2).

TabGema?

Hnoexc na pannusocm co AVI-uemooa

XuzapayanuHa Wnpexc Knaca Ha paHIMBOCT
PE3UCTEHTHOCT (TOAVHHM) logc
0-10 <1 ExcrpemHO BHCOKa
10-100 1-2 Bucoka
100 - 1000 2-3 Cpenna
1000 — 10 000 3-4  Hucka
> 10 000 >4 MHory HuCKa

[Tapamerapor C ja mpeTcraByBa pE3HMCTEHT-
HOCTa BO OJIHOC Ha BEPTUKAIHOTO IPOIEIYBaAHE
koH BomoHocHmkor, (Kruseman & De Ridder,
1990).

Co nomomr Ha codrBepor Arcgis, ce mobusa
rpaduyKky MprKa3 Ha PaHIMBOCTA, CO YHOTpeOa Ha
amatkara IDW (inverse distance weighthning).

Bpennocta Ha cexoj GOD-napamerap 3a cte-
MEHOT HA PAHJIMBOCT Ha MOJ3EMHUTE BOIH BO 00-
JlacTa Ha MCTPaXKyBambeTO BapHpa BO 3aBHCHOCT O
JIUTOJIOTHjaTa.

PE3VJITATU U JUCKYCHUJA

HcrpaxkHuot TepeH ondaka mpocTop o1 mpBa-
Ta U JIe] O]l BTOpAaTa 3alliTUTHA 30HA BOCIIOCTABEHU
OKOJIy OYHapCKUOT CHCTEM, KOU CE M3TPaJCHH O]1
aNyBUjaJIHU M PeYHO TepacHU ceaumMeHTu (Cruka
2).

CenumeHnTnTe 07 HA/JABOJOHOCHATa 30HA Ce
M3TPaZcH! O] TIECOKJIMBO TPAIIMHECTH IIECOIN U
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[eCOKJINBH Yakaju. [lebenrnara Ha OBHeE CEIUMEH-
TH C€ IBHKH 01 3 10 3,5 M, BO 3aBHCHOCT OJI [T03H-
uujata Ha TepeHot (Tabema 3).

HuBoto Ha moa3eMHUTE BOAU KO€ € JOOHUEHO
0JT eKCILJI0ATAIIMOHUTE OYHAPH CE IBMKU BO HHTEP-
Bajot ox 2,52 no 3,8 m (Tabena 4, Ciuka 5).

Tabema3

Jlebenuna na HA0BOOOHOCHU CEOUMEHMU

JleGenaHa Ha IIOKPOB. CEHM.

Bpoj Jlokarmja (m)
1 B-15 3,5
2 B-16 35
3 B-17 35
4 B-18 34
5 B-19 34
6 B-20 3,5
7 B-21 34
8 B-22 34
9 B-23 35
10 B-24 35
11 B-6 3,4
12 B-7 34
Tabemad

Hueo na noosemuu 600u

bpoj Jlokanuja Huso Ha noxzemun Bou(m)

1 B-15 3,3
2 B-16 3
3 B-17 3
4 B-18 3,8
5 B-19 2,9
6 B-20 3,5
7 B-21 3,6
8 B-22 3,6
9 B-23 2,5
10 B-24 3,2
11 B-6 3,5
12 B-7 3,6

Koeduuumenror Ha ¢unrpanuja Ha HaABOIO-
HOCHHTE CEJMMEHTH BO OyHapure ce aswxu ox 0,42
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M/neH, 3a MECOKIMIUTE IPAIIMHECTH IIECOIH,
JOJieKa 3a TICCOKIMBUTE Yakaiau wu3HecyBa 52,0
m/nen (Tabena 5). (Mupuoscku, 2012). On mpu-
K2)KaHUTE ITOIATOIN MOXKE J]a CE BUJIU CE 3aKITydyBa

Tabemab

AC€Ka MPalIMHECTUTE CEAMMEHTU CO IMPUCYCTBO Ha
TJIMHCHA KOMIIOHCHTA UI'pa yJiora BO YCIIOPpYBAILETO
Ha TpaHCHOPTOT HAa KOHTAMHUHCEHTOT 10 BOOAOHOCHMU-
KOT.

Koepuyuenm na punmpayuja Kna naosooonochume cedumenmu

Bpoj JIuronoruja

KoedumueHt Ha dpuarpamja

(m/men)
L B-15 [TecoxiIMBO MpaNIMHECTH MTECOLU 0,42
' ITecOKINBH YaKaiu 52,0
ITecoxMMBO MPANIMHECTH MECOITH 0,42
2.B-16 ITecokMBH YaKaiu

52,0
ITecoxJIMBO MpalIMHECTH MTECOLU 0,42

3.B-17 I
€COKJIUBY YaKajIu 52,0
ITecoxIMBO MpaNIMHECTH MTECOLU 0,42

4.B-18 I
€COKJIUBHU YaKaJIl 52,0
IIecoKIMBO MPAIIMHECTH TECOLH 0,42

5.B-19 I
€COKJIUBHU YaKaIn 52,0
ITecoKIMBO MPANIMHECTH ITECOIH 0,42
6. B-20 ITecoxnmuBu Yakaau 52.0
ITecoxJIMBO MpaIMHECTH MECOLU 0,42

7.B-21 I
€COKJIUBY YaKaIu 52,0
ITecoxyIMBO MpalIMHECTH MTECOLU 0,42

8. B-22 I
C€COKJIMBHYaKaJIN 5210
[lecoxnnBO MpaNIMHECTH TTECOIH 0,42

9.B-23 I
€COKJIUBHU YaKaIn 52,0
[lecoxnnBO MpaNIMHECTH MTECOIH 0,42

10.B-24 ITecokmBH YaKaiu

52,0
ITecoxJIMBO MpaIMHECTH MECOLU 0,42
11.B-6 ITecokuBH YaKaiu 52,0
[TecoxIMBO MpaNIMHECTH MTECOLU 0,42

12. B-7 I
€COKJIUBHU YaKaJIl 52.0

GOD-uHAEKCOT 3a PaHJIMBOCTA HAa BOIOHOC-
HukoT ['poBckr OpMaH criopes TpUTe MapaMeTpH
(TMI Ha BOOJOHOCHUK, JIUTOJIOTHjaHa HA HAABOIO-
HOCHA 30HA, HUBO Ha MOJ3¢€MHA BOJIa) CE JIBUXKH BO
WHTEpBaJ 0J] cpesiHa 1o Bucoka pannmsoct of 00,4
no 0,6). Kaprara na pannuBoct criopen GOD-me-
ToaTa M3pabOTeHa BpP3 OCHOBAa Ha HaBEICHHUTE
napaMeTpH € npukakaHa Ha Ciuka 4.

BucoknoT uHIEKC Ha PAaHIMBOCT HAjMHOTY C€
JIOJDKY Ha BUCOKHOT Koe(pUITMEeHT Ha (uTparmja Ha
HaJIBOJIOHOCHHUTE CEIMMEHTH KOj C€ JBMXKU BO WH-
tepBan on 0,42 no 52,0 m/aeH, kako U BUCOKOTO

HHUBO Ha MO3€MHH BOJIU KOE C€ IBHKU BO HHTEPBAI
oxn 3,5 1o 3,8 m. OBoj u3BoeH nen u3necysa 32,7
% oJ BKYyITHO onaTeHHOT IPOCTOP CO UCTPaXKyBa-
BeTOo U Tu ondaka oynapure B-6, B-7, B-18, B-21
u B-22.

Nunekcot co cpennara pannusoct (0,4 - 0,5)
3ahaka morojeM MPOCTOP OJ BKYIMHHOT IPOCTOP
ornaTeH co UCTPaKyBamkETO U TOj u3HecyBa 67,3 %
. Bo 0BOj men co cpeaHa paHIMBOCT BJETyBaaT
excruioaTionuTe OyHapu: B-15, B-16, B-17, B-19,
B-20, B-23 u B-24.
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Ca. 4. Kapra Ha pannusoct ciopen GOD — meroaa 3a BonoHocHUKoT ['proBcku Opman
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Ca. 5. Kapra Ha pannuBoct ciopea AVI — merona 3a BonoHOCHUKOT I'paoBcku Opman
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ExcTpeMHO BHCOKHMOT MHJCKC Ha PaHIMBOCT
HajMHOTY C€ JIOJDKUA Ha BUCOKHOT KOS(HUIIUCHT Ha
¢duTpanyja Ha HaJBOAOHOCHHUTE CETUMEHTH KOj ce
nBIokd Bo uHTepBan ox 0,42 mo 52,0 m/men, xako
¥ MajiaTa nebenrHa Ha HaABOJOHOCHHUTE CEIMMEH-
TH KOja Ce JIBIXHU BO WHTepBan ox 3,5 mo 3,8 m.
OBoj m3aBoeH nen usHecysa 36,5 % ox BKYIHO
on(aTeHUOT MPOCTOP CO HCTPAXKYyBAKHETO W TH
omngaka Oynapure B-6, B-7, B-18, B-20 u B-22.

WHnexcoT co Bucoka pamimBocT on 1 mo 2
3ahaka MOToJeM MPOCTOP OJ BKYMHHOT MPOCTOP
ordareH co UCTPAXYBAKHETO U TOj U3HECYBa 63,5
%. Bo 0BOj men co cpenHa paHIMBOCT BIETyBaaT
excruioaTiuonute Oynapu: B-15, B-16, B-17, B-
19, B-21, B-23 u B-24.

3AKJIYUOK

[IpecMeTaHUOT WHAEKC HA PAHJIMBOCT Ha BO-
noHocHukot I'paoBcku Opman cnopen GOD- u
AVI-meronara e cIMdYeH W TOj C€ IBHXKH BO paM-
KUTE OJ] CPEAHO 10 eKCTPEMHO BUCOKA PaHIMBOCT.

ORBO0j BOJJOHOCHUK CIIOPE]] CBOUTE XHPOTe0-
JIOIIKHM KapaKTEPUCTUKU CIara BO rpymnara Ha Jiec-
HO PaHJIMBU OTBOPEHU JI0 MOJY3aTBOPCHU XUIPO-
TCOJIOIIKU CTPYKTYPU M HAMPABEHUTE MPECMETKH
CO JIBETE METO/IM MOKAXKYBAAT Jicka feOenHaTa Ha
HAJBOJIOHOCHUTE CEIUMEHTH, JTabounMHaTa Ha
MOJI3eMHATa BOJIa U KOS(UITUSHTOT Ha (PUITpaIrja
Ha HAJIBOJIOHOCHHUTE CEIMMEHTH HE OBO3MOXKYBaaT
JIOBOJTHA TIPHPO/THA 3aIITHTA OJ] €BEHTYAIHOTO 3a-
raJlyBame Koe O JIOIUIO O/ MOBPIIMHATA HA Tepe-
HOT.

Crniopen U3HECEHUTE KapaKTEPUCTUKH MOXKe-
Me J1a 3aKJIyYuMe JieKa MOJ3EMHHUTE BOAU aKOMY-
JUpaHH BO allyBUjATHUTE CEAMMEHTH Ha BOJOHOC-
HUKOT I'proBcku OpMaH ce HaoraaT BO T€0JIOIIKA
CpeAMHa KOja € BUCOKO PaHJIMBa Ha 3araJlyBambe.

3a 3auyByBam€ Ha KBAJMTETOT HA MIOJJ3€MHH-
T€ BOIU Off BOZOHOCHHUKOT I'prnoBcku Opman mo-
TpeOHO € Ja ce mpe3eMar COOJIBETHU MPEBEHTUBHH
MEpPKH 32 CTPOTa CaHWUTApHA 3allTHTa Of HaJBO-
PELIHN aHTPONOT€HU BIIMjaHHja MOPagy OMAaCHOCT
01 KOHTaMHHAaLH]ja, O1J1ejKH OBOj BOJIOHOCHUK € O]
roJIEMO 3Ha4eHmhe 3a BOJOCHAOAyBame Ha IpajioT
Kouanu.
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Abstract: The paper presents the results of the latest tests of tailings from the old tailings in the Bor mine
complex. A package of 31 elements was geochemically analyzed, in which with increased elemental contents are char-
acterized the elements typical for the Bor ores such as copper (0.25-0.45% Cu), chromium (0.0047-0.1343% Cr),
arsenic (0.0031-0.0127% As), selenium (0.30—4.77% Se), silver (0.15-2.87% Ag) and gold (0.08-0.65% Au). Miner-
alogical study have shown the standardization of several minerals such as pyrite, bornite, chalcopyrite, magnetite and
natural gold, which compositions have been confirmed by SEM-Scanning Electron Microscope. Quantitative mineral
analysis gave the composition of the main constituents in the tailings dominated by quartz up to a maximum of 60.6%,
amorphous mass up to 58.1%, ore minerals dominated by pyrite up to 20.4% followed by albite, microcline, hornblende
and others.

Key words: Bor mine, ore minerals, tailings, geochemistry, quantification and mineralogical analysis

HEKOU 'EOXEMUCKU 1 MUHEPAJIOIIKN KAPAKTEPUCTUKN
HA TTPUMEPOLIU O CTAPOTO BOPCKO XM/IPOJAJIOBULITE

AmncrtpaxT: Tpyror ru npeseHTHpa pe3ylaTaTUTe O] HajHOBUTE TECTHPama Ha XUAPOjaJOBHHA OJ CTAPHUTE
XHAPOjaJIOBHIITA BO PYJHUOT Komiuiekc Bop. ['eoxemuckn Oemre ananmsumpad makeT of 31 eleMeHT, BO KOj CO
3rojieMeHa eJIeMEHTapHU COAPIKHHU Ce KapaKTepH3npaar elIeMEeHTUTe TUIIMYHY 32 bopckuTe pyau, kako mro ce 6akap
(0,25-0,45% Cu), xpom (0,0047-0,1343% Cr), apcesn (0,0031-) 0,0127% xako), cenen (0,30-4,77% Se), cpedpo (0,15-
2,87% AQ) u 3mato (0,08-0,65% Au). MuHepanomkuTe MpoydyBama MoKaXKaa HEeKOJIKY CTaHIapIHH MHHEPAIH KaKo
IMTO ce MHUPHUT, OOPHUT, XAIKONUPHUT, MarHETHT M CAMOPOAHO 37aTO, UMM COCTaBH C€ MOTBpACHH cO CKEHHHT
Enextponckn Mukpockon-CEM. KBanTuTatnBHaTa aHAIM3a HA MUHEPAIIUTE TO JaJIe COCTABOT HA TJIABHUTE COCTOjKH
BO jaJIOBHHATa BO KOja JOMHHHpa KBapi 0 MakcumyM 60,6%, amopdua maca mo 58,1%, a ox pyaHm MuHEpann
nomuHupa muput 10 20,4% npocieneHu co anouT, MUKPOKIIUH, XOPHOJIEGH]T M IPYTH.

Kiyunu 360poBu: Pynauk bop, pynHu MuHEpand, XHIpOjaJOBUILTE, TEOXEMHja, KBAaHTU(PHKALINja 1 MUHEPAJIOIIKa

aHaJim3a

INTRODUCTION

Old” Bor flotation tailing have been disposed
in the Bor River valley from 1933 to 1987. During
the exploitation period tailing was divided into two
fields separated by the dumps of sand cyclones. The
“0Old” Bor Tailing pond consist of Field 1 (smallest)
and Field 2 (largest) (Figure 1). Large quantities of
processed material are actually stored in those tail-
ings and their quantities are expressed in millions of
tons. Namely, there had been deposited 22 322 350
t of material with 0.530 g/t Au, 2.83 g/t Ag and
0.230% Cu (Jovanovi¢ and Maksimovi¢, 2018). The
duration of the exploitation of the mines directly

proportionally affects the size of the tailings or tail-
ings material.

The variable degree of utilization of the ore
components from the primary ores during the pro-
cessing, mostly the flotation concentration, contrib-
uted to the part of the unused quantities of polymet-
als and associated components to be deposited in the
existing tailings. Most often in the World and in
Balkans the tailings are continuously extended and
upgraded, so in today's conditions there is usually a
group of old tailings and newer tailings that have
their own economic value where the concentrations
of certain metals such as copper, gold, silver, rhe-
nium, palladium, osmium, selenium and especially
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the group of rare earth elements, can be interesting
in the copper tailings (technogenous deposits) as it
was shown by the latest studies (Serafimovski,
2019; Tasev and Serafimovski, 2020). The positive
influences of the technogenous deposits are noted in
the work of (Tasev and Serafimovski, 2020), as well
as in the works of (Maksimovi¢, 2014; Jovanovié¢
and Maksimovi¢, 2018) and others. According to

the above, in this paper are presented data from the
geochemical and mineralogical study of samples
from boreholes drilled in the old tailings of the Bor
mining complex. The main motive for this is to con-
tribute to a closer understanding of the positive im-
pacts of the tailings, specifically the old tailings in
the mining complex in Bor.

THE BOR COPPER MINES

X

=

Keivel)

Y omxmr
e RUVEL

Field | Field 11

Fig. 1. Schematic positions of Bor (Serbia) of tailing dams with an accent to old Bor tailing dam and its drillhole sampling
(Stanojlovi¢ et. 2014, modified)

METHODS OF INVESTIGATION

The current paper is based on ore minerals
study of the old Bor old tailing were analyzed
samples taken from cores of 6 exploration drill holes
preformed at the Field 1 and Field 2. Quantification
of samples was performed at the XRD laboratory of
the Faculty of Natural Sciences and Engineering,
University of Ljubljana, Slovenia. Prepared polish-
ed sections were previewed on the polarizing optical
microscope Zeiss Axiolab Pol in reflected light
mode at the Faculty of Natural and Technical Sci-
ences, University “Goce Deléev” University in Stip.
The chemical compositions of the major mineral
phases were determined by scanning electron mic-
roscope (SEM) VEGA3 LMU and INCA Energy
250 Microanalysis System (EDS/EDX), located at
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the “Goce Del&ev” University in Stip. For SEM, the
VegaTC software was used. Geochemical analysis
of adequate tailing samples was performed using the
Inductive Coupled Plasma—Optical Emission Spec-
trometry located at University "Goce Delcev" in
Stip. The sampled tailing fields 1 and 2 together
contain 27 million tonnes of tailing (Maksimovi¢,
2014; Jovanovi¢ and Maksimovi¢, 2018; Stankovié
et al., 2018; Ristovi¢, 2020).

GEOCHEMICAL FEATURES

Some of the latest geochemical analyzes of
individual and composite drill-holes were per-
formed by IRM Bor — Laboratory for Chemical and
Technical Control, and SGS Bor. Under laboratory
conditions, chemical analyzes were performed on
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Cu and Au. During that period, the total number of
samples taken from 13 drill-holes was 470.

Copper flotation tailing from the old copper
flotation tailings RTB Bor, Serbia until recently was
classified as mining waste (Gardi¢ et al., 2015).
Disposal of this kind of waste without prior treat-
ment has a negative impact on the environment
(quality of surrounding soil, groundwater, surface
water and air). However, if we keep in mind afore-
mentioned quantities of material and concentration
of certain metals (Cu, Ag, Au....) and their respec-
tive metal exchange prices we may easily conclude
that there could be induced high economic interest.
Chemical composition of copper flotation tailings is
shown in the Table 1.

Table 1
Chemical composition of copper flotation tailings

Parameter ~ Measure unit ~ Content  Analitical method
Cu % 0.2 AAS
Fe % 411 AAS
Fes04 % 0.06 A-Fe30s
Cuox % 0.112 AAS

S % 5.08 S
S04 % 7.21 NTU
Al203 % 14.89 PT
SiO2 % 62.83 G
MgO % 0.16 AAS
As % 0.0082 ICP-OES
Pb % <0.03 AAS
Zn % 0.0030 AAS
Hg git 0.1 AAS
Mn % 0.005 AAS
Cr % 0.16 ICP-OES
Cd % <0.0025 AAS
Ag git 0.9 FA/AAS
Au git 0.1 FAIAAS

With our latest geochemical analyses of
samples from drill-holes from the old tailings in the
Bor mine complex, a total of 6 composite samples
were analyzed with the ICP-AES method on a

program package of 31 elements. The obtained
results are shown in Table 2.

From the attached Table 2 can be seen that the
obtained results are statistically processed and
grouped as minimum, maximum, average, standard
deviation and median values. The interpretation
showed that with increased and interesting contents
are characterized the elements that are characteristic
for the ores from the Bor mineralized complex
whose post—flotation treatment has been identified
in the old tailings. It is about the increased contents
of copper, arsenic, silver, selenium, gold and for a
special note are the increased contents of chromium
which are not characteristic for this type of ores. In
the framework of the geochemical treatment of ele-
ments from the old Bor tailings, in addition to the
presentation of the historical data from the studied
Bor tailings (given in Table 1), we decided to give
comparative data to the tests performed by Outotec
(Lippo, 2021) which are presented in Table 3. The
attached Table 3 shows that colleagues from
Finland conducted separate and aggregate tests on
similar materials from the old Boris tailings. The
attached data show that in almost all classes the
copper content is increased and maximum values
are seen in the classes + 75um, + 45um, + 20um
and —20um. Such values coincide with the results
obtained from our studies and previous studies by
Gardic et al. (2015).

MINERALOGICAL FEATURES

Mineralogical features of the old tailings in the
Bor mine complex have not been studied in detail
until recently (Antonijevi¢ et al., 2008; Serafimov-
ski et al. 2021). Our latest microscopic study of pol-
ished sections showed standard ore minerals from
the Bor’ ore complex, which are dominated by chal-
copyrite and bornite (Figure 2), always followed by
pyrite, magnetite, maghemite and commonly in as-
sociation with molybdenite.

The microphotographs show illustrative
samples of the most important minerals identified in
the materials from the old Bor tailings (Figure 2).
After the microscopic study of the polished sections,
a total of 5 samples with details of ore grains were
analyzed on the Scanning Electron Microscope in
the laboratories of the Faculty of Natural and Tech-
nical Sciences at University “Goce Delcev” in Stip.
The selection of the individual details that were
dealt with for SEM analysis was based on the vari-
ety of ore minerals, their compactness, their repre-
sentative morphological forms and of course their
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position which enables reliable diagnostics under pyrite, chalcopyrite, bornite, magnetite and native
SEM. Analyzes have shown that the analyzed ore gold, and gave the mineral compositions with some
minerals confirm the positive identification under influence on the associated trace minerals standard
the optical microscope, such as the most common for minerals of this type (Table 4).

Table 2

Results from geochemical analysis of drill hole samples firom the old Bor’s tailing dam (ppm)

Min Max Average Std. dev. Median
Al 17010.35 59045.47 30026.44 16662.63 23311.80
Ca 2366.69 18200.00 5520.78 6228.342 3065.59
Mg 584.00 10500.00 2355.83 3991.087 733.00
Na 1258.62 14893.49 3762.08 5457.241 1595.00
K 1556.21 18023.29 6563.15 6447.615 4709.59
Ti 774.20 2218.06 1186.23 532.1721 1077.16
Fe 27181.96 128795.25 76241.72 41251.77 72534.44
P 252.77 454 .47 333.30 69.49695 317.53
Mn 26.30 748.53 152.32 292.1234 34.43
Sr 625.57 662.24 645.60 14.85163 645.10
Ba 111.99 3055.32 1428.91 1288.074 1216.12
Zn 19.43 31.69 25.26 5.595234 24.90
Pb 26.87 76.36 53.35 17.20426 53.27
Cr 47.09 1343.96 382.75 479.2266 252.17
Co 4.00 21.62 13.25 7.156132 11.98
Ni 16.19 28.83 22.65 4.180157 22.79
Cu 2542.99 4244.70 3016.99 691.823 2656.72
As 31.68 127.26 81.22 34.25719 84.01
Li 11.10 29.20 16.80 6.477714 15.99
B 17.70 35.27 26.27 5.766051 26.47
\Y 21.75 150.28 64.88 47.02375 52.93
Mo 1.49 16.52 6.22 5.220865 4.92
S 27035.23 116845.11 68792.51 39332.04 57673.36
Be 0.50 0.62 0.57 0.042757 0.58
Ga 4.96 10.79 7.48 2.346748 6.98
Ge 0.25 3.13 157 1.187415 1.45
Sn 2.80 5.99 3.94 1.351648 3.25
Se 0.30 4.77 2.21 1.549224 1.81
Ag 0.15 2.87 142 1.004596 1.50
Au 0.08 0.65 0.31 0.222658 0.29
Tl 0.68 2.58 1.51 0.81933 1.13
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Table 3

Chemical and geochemical sieve analyses of samples from drill holes from the Bor’s tailing dam

Size fraction +212 pm  +150 ym  +106 pm  +75um  +45pum  +20 pm 20 um Calc bulk  M9383
Weight (g) 37.35 45.08 48.22 42.49 68.06 9749 25456 593.25 Bulk(2)

(%) 6.30 7.60 8.13 7.16 11.47 16.43 4291 100 100

Cu (%) P1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.007 0.111

P2 0.03 <0.02 <0.02 <0.02 <0.02 <0.02 <0.05 0.011 0.022

P3 0.05 0.05 0.05 0.06 0.07 0.05 0.05 0.052 0.053

P4 0.03 0.03 0.04 0.06 0.09 0.07 0.03 0.045 0.036

Sum 0.106 0.075 0.093 0.120 0.155 0.115 0.094 0.115 0.222

TOT 0.132 0.103 0.123 0.156 0.173 0.145 0.152 0.146 0.241

Fe (%) P1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

P2 0.89 0.59 0.69 0.79 0.41 0.26 0.73 0.62 0.702

P3 0.20 0.13 0.12 0.20 0.14 0.13 0.62 0.35 0.36

P4 3.01 3.09 5.59 9.56 14.70 10.90 4.90 7.14 6.64

Sum 411 3.81 6.40 10.55 15.25 11.28 6.25 8.11
TOT 4.45 4.01 4.80 11.00 13.90 11.10 6.34 7.90 7.71

Fig. 2. Representative microphotographs of the most important ore minerals from the old Bor’s tailing dam

d)

a) Single aggregate of compact pyrite, sponge—like and partly corroded magnetite and intensively corroded and relic chalcopyrite
aggregate (magnif. x200, crossed nichols); b) Two phase chalcopyrite—bornite aggregate mimetically intergrown and plus interstice
corossion of bornite over chalcopyrite (magnif. x400, crossed nichols); ¢) Dual chalcopyrite aggregate. Compact in shape of half arc

and relatively pure without corossion traces (magnif. x630, crossed nichols; d) Illustration of two relic native gold grains within

oxidized-silicified matrix (magnif. x400, crossed nichols)
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Table4d

Scanning—electron microscope analyses of the most common ore minerals from the Bor’s old tailing dam (%)

S Fe Cu Sb Sn Te Cr o Ag Au Total
Pyrite 52.89 46.51 007 - 035 - 0.18 - - - 100
Magnetite - 70.69 0.85 - - - 0.02 28.44 - - 100
Bornite 25.43 11.4 6299 004 003 011 - - - - 100
Chalcopyrite  33.13 30.04 3513 - - 090 - - 0.05 0.75 100
Native gold - - 110 - - 125 - - 260 9505 100

The attached Table 4 shows that the obtained
elemental compositions of the most common
minerals in the tailings from the old Bor deposits are
quite standard and mostly close to the theoretical
values (Palache et al., 1944; Deer et al., 1962; Okru-
sch and Matthes, 2005; Robb, 2005; Pacevski et al.,
2012; Jelenkovi¢ et al., 2016 and Stefanova et al.,
2018). Normally, there are certain specifics that
characterize Bor complex ores, and they refer
mainly to the elements of impurities, such as the
increased presence of copper in pyrite, then the
almost regular presence of gold and silver in
chalcopyrite, occurrences of tellurium in bornite
and chalcopyrite etc.

Quantitative analysis of samples from the Bor
mine’s tailing dam was realized on a number of

Table 5

selected samples (T1-T6). From selected materials
were prepared polished sections where an optical
microscope determined the presence of ore minerals
from the Bor ore paragenesis, where had been dete-
rmined presence of pyrite, chalcopyrite, magnetite
and some less abundant mineral phases.

Then the samples with the required amount of
material were sent for quantitative analysis to the
laboratories of the Faculty of Natural Sciences and
Engineering at the University of Ljubljana, Slove-
nia. Even before the samples have been analyzed,
we have been told by the XRD operators' that the
quantification of the material will be done within the
sensitivity of the method, ie, the determination of
those mineral phases whose total participation in the
analyzed material is below 1% will be aggravated
(Table 5).

Quantitative XRD mineralogical analysis of samples from the Bor tailing dam (in %wt)
with amorphous phase (%)

Dataset Name Qllﬁltz Pyrite  Alunite  Nacrite Hcl\)/lrgbl Anorthite Moifézgidne Greigite ﬁ;:;i)i?r?%ﬁ Total
T1(B-18-9m) 60.6 12.5 0 0.3 0 0 0 0.1 26.5 100
T2 (B-120-21m) 47.1 204 0 0.2 0.3 0 0 0.1 319 100
T3 (B-24-5m) 48.4 5 2 1.2 0.1 0.2 0 0.2 42.8 99.9
T4 (B-2 18.5-19.5 m) 17.3 4.1 0.4 0 5 10.3 4.5 0.3 58.1 100
T5 (B-3 26-27m) 51.7 16.5 1.8 0 0 0 0 0.2 29.8 100
T6 (B4 20-21 m) 39.7 4.4 4.6 4.1 0.4 0 0 0.3 46.6 100.1

From the results, enclosed within this review,
it could be seen that the reliability of the provision
was in favor of the petrogenic minerals (unpro-
cessed minerals), which was a great opportunity for
us as we had no other treatment for them, while the
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ore minerals were found in contents below 1% and
their quantification cannot reliably confirm their
intensity (Figure 3). However, the quantification of
ore minerals (pyrite) is also present in the review
through analysis of tailings.
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Fig. 3. Frequency graph of major minerals and amorphous phase in samples from the Bor tailing dam (XRD analysis)

CONCLUSION

The realized mineralogical and geochemical
studies and the conducted quantification of the
treated materials from the old Borski tailings
showed that the tailings may be of interest for
possible further valorization of certain elements in
the first place copper, gold, silver, selenium and
possibly even tellurium. The geochemical
specialization of all studies conducted so far,
including the latest ones, indicates the fact that there
is a possibility of special interest for further research
of these old tailings. Mineralogical tests confirm a
simple mineral composition dominated by
chalcopyrite. Quantitative parameters reflect the
composition of the complete tailings standard for
Bor mine ore types.

Acknowledgement: This work was finan-
cially supported by the EIT Raw materials project
no. KAVA 18248, RIS-CuRE (Zero waste recovery
of copper tailings in the ESEE region).
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MOP®OJIOIKO-XEMHUCKHN KAPAKTEPUCTHUKH HA 3JIATHU ATPEI'ATH
O IMITOBJOJICKA PEKA, UHCTOYHA MAKEJOHUJA
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AmcTpakT Bo0BOj Tpyn ke Ounar npe3eHTUpaHU Pe3yNTaTHTE O HIINXOBCKATa MPOCIEKINja MPeKy Koja
ce U3BpILIK ONpOoOyBame Ha alyBHOHOT Ha JInnmoBnoncka peka u peka Otumba. Ha npoHajaeHuTe 371aTHH arperati ce
U3BPIIY MOP(OJIOIIKA U XEMHCKA aHAJIN3a KOja IOKaXka JeKa CTaHyBa 300p 3a CaMOPOIHO 3J1aTO KOE Ce KapaKTepu3upa
CO BHCOKA YHCTOTA Koja ce IBIkH o 94 1o 99% Au, co mHory Mmainky mpumecu ox Ag, Cu u Fe. Mopdoromkara
aHaITM3a MoKaXka JIeka JOMUHHpa cruieckaHara Gopma. [oneMiHaTa Ha 3pHaTa ce IBHXKHU O] HEKOJIKY CTOTHHA MHKPOHH
70 2 mm.

Kityunu 300poBH: NIIMXOBCKA MIPOCTIEKIINja, aTyBHjATHO 371aTO, XEMUCKH COCTaB, MOP(OIOIKH GOpMHU

MORPHOLOGICAL-CHEMICAL CHARACTERISTICS OF GOLDEN AGGREGATES
FROM LIPOVDOLSKA RIVER, EASTERN MACEDONIA

Abstract: Inthis paper it will be present resultes from Schlich's prospection through which was performed a
test from the Lipovdolska river and Otinja river. Morphological and chemical analysis of gold aggregates show higher
purity from 94 to 99% Au, with a low content of impurities of Ag, Cu and Fe. Morphological analysis showed that the

flattened form dominated. The grain size ranges from a few hundred microns to 2 mm.

Key words: Schlich's prospecting; alluvial gold; chemical composition; morphological forms

BOBE/

Ha ¢usnuko-xemuckuTe KapakTepUCTUKU Ha
AITYBUjATHOTO 3JIaTO BJIMjaaT MHOTY (aKkToOpH Mery
KOM TIO3HAYajHU Ce: KapaKTepoT Ha IMPUMApHOTO
371aTO, BOZIGHATa cuila, Mopdoiorujara Ha peqHOTO
KOPHUTO, NOJDKMHATA Ha TPAHCIIOPT M XEMHUCKHOT
COCTaB Ha BoJlaTa BO peKaTa. 3HAUCHETO Ha OBHE
(dakTopu Bapupa BO 3aBUCHOCT O] KITUMATa, MHTCH-
3UTETOT Ha epo3ujaTa u Jp. Kako pe3ynrar Ha oBUe
MPOLIECH, KAPAKTEPUCTUKHUTE Ha IIPEMAPHOTO 3J1aTO
ce MeHyBaar. Haj kapakrepuctiuunu ce Mopdoom-
KHTE M XEMHUCKHUTE MPOMEHHU (pacTBOparme U TaJo-
Keme), IPH IITO XEMHUCKUTE IPOMEHH HajuecTo ce
NpEeTCTaBeHH O (POpMUpame Ha paOHH JEIOBH KOU
ce oboraTeHH co 371aTo0. Bo CBETCKM paMKH BpILICHH
ce OpOjHM MCIIUTYBamka Ha alyBUjaIHOTO 3714aTO CO
Hen Jla ce YTBPIM Jaji BaKBOTO 3JIaTO MOXE Ja
YKa)ke Ha PUMapHUOT U3BOP U JIOKOJIKY € TaKa KOU
KapaKTepPUCTUKH Ce HAJKOPHCHU KaKO MHINKATOPH
3a IpUMapHUOT n3Bop Ha 3natoto (Chapman et all,
2000, 2010, 2011; Florencia et all, 2004; Knight et
all, 1994, 1999; Nakagawa et all 2005, Towenly et
all 2003; Tishcenko, 1981; Dumula et all, 2001,

Mortensen et all, 2004, 2005; Moles et all 2011; u
Ap).

EnyBHjaHO-aTyBHjaTHOTO 371aTO KOE HECOM-
HEHO HOCH JIeJI 0] OeJIe3UTe Ha €HIOrEHOTO 37aTO,
BO Make/IoHH]ja MaJKy € UCTPaKyBaHO, HAKO IMPO-
ydyBamaTa Ha 3J1aTOTO UMaar jora ucrtopuja. I[Toc-
TojaT Masl Opoj Ha JUTEpaTYpHU MOJATOIHM 3a Xe-
MHUCKHOT COCTaB U MOP(HOJIONIKUTE KapaKTePUCTH-
ku. [IpBHUTE BaKBH HCTpaXKyBarba Ce HAITPABEHU HA
3JIATHH arperaTH 01 HEKOJIKY JIOKATUTETH BO KOU CO
MPETXOJHN HCTPaXyBama € YTBPJCHO MPHCYCTBO
Ha eHJI0TeHa MUHEepalin3alija Ha 371arto (Kovacev et
al., 2006; Stefanova et al., 2007; Kovacev et al.,
2007, Stefanova et al., 2013, 2014, 2015, 2016,
2018, 2019).

I'EOJIOLHIKA I'PAZIBA HA TTOLLIMPOKATA
OKOJIMHA HA IPEHAXHOTO ITO/IPAYJE
HA JIMIIOBJOJICKA PEKA

Bo reonomkara rpaada Ha UCTUTYBaHOTO TI0-
Jipadje BeNTyBaaT KapIu o]l pa3jinyHa CTapOCT KaKo
IITO MOKE 14 C€ BUIU O cluKa 1,
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JlunoBponcka peka u pexata OTuma JpeHupa-
aT Tofpadje Koe € MPETEeKHO U3TPaeHO O]l peKaM-
OpHUCKH KapITH TPETCTABCHN CO HEKOJIKY BAPHETETH
Ha THAjCEBU: JIBONUCKYHCKH, KOPJIUEPUTCKO-CUIIU-
MaHHUTCKH, TOPPHUPOOIACTUYHH, TOTOA MUKAITHCTH
W JICITUHOJIUTH, MepMepH, aM(pudomuTn u amMmpu-
Ooncku mkpwiny. [laneo30nKoT e mpeTcTaBeH co
XJIOpUT aM(PUOOJICKU MKPUILHK. JYpCKHOT Marma-
TH3aM € MPETCTaBeH cO OMOTUTCKH TPaHUTH U ajia-
MenuTH. KpeaHuTe ceIMMEeHTH ce MPEeTCTaBeH! CO
MECOYHUIIM, KOHTJIOMEPATH, TIMHIIU, BapOBHHIIH.
Bo maneoreHoT mpooibKyBa ceMMEHTAIUjaTa Ha
COICHCKH TIECOYHHIIH, JATOPIM U KOHTIIOME-PAaTH.
TepuuepoT e mpeTcTaBeH co MarMaTu3am Of THUIIOT
Ha TPaxWTU W TpaxuaHae3uTH. Ha oBoj TepeH ce
cpekaBaT W TUIMOLEHCKU CEIUMEHTH MPETCTaBEHH
CO TIECOIH, CYTIIMHHU 1 YaKaJH.

Ona mTo € 32 0J10eTIeKyBakbe 332 OBOj TEPEH ©
LITO MOJPavyjeTo KOe TO IPEeHUpAT OBHE PEKU € BO
HernocpeaHa Onu3nHa Ha HaofamumreTo Bydnwm.
TepuuepHnor MarmaTu3aM, BO HOLIMPOKOTO IIO-
Jpadje MOTOYHO BO IojpadjeTo Ha byunm e mper-
CTaBeH co Tpaxuanje3nuTu. OBoj MarMaTu3am ja aai
OakapHaTa MUHepalu3alja Koja € mpoclieieHa co
371aTO U € pacliopesieHa BO HEKOJIKY PYAHU TeJla KOU
ce JIOLIMPaHU OKOJIy aHJE3UTCKUTE MPOOOU a KaKo
CpeaMHa Ha JCTIOHUPAE Ce TBOJIMCKYHCKHUTE THA]-
ceBute. PacenuTe Kou ce MPUCYTHU Ha OBOj TEPEH
OBO3MOJKHIIE HA XHIPOTEPMHUTE Ja CE ABHXKAT W
MPUTOa BO THAjCEBUTE KaKO MOBOJHA CPEAMHA ja
OJUTOXWIIe MuHepanu3anujata. KoHKpeTHO BO T10-
JpavjeTo Koe ro APeHupaaT PeKuTe Kou Oea mpen-
MET Ha UCTPaKyBame, TEPIUEPHUOT MarMaTusam e
MIPETCTaBEH CO I0jaBa HAa MaJl TaXUTCKH MPo0oj
(Cnuka 1), Bo gBonucKyHCKHUTE M nopdupodnac-
TUYHHUTE THAjCEBU.
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Ca. 1. 1 Teonomka kapra Ha MONIMPOKATA OKOJIMHA HA UCTpaXKyBanoTo nozapayje (Uzasanok ox OI'K-mucr ltun, BI'U, 1974)
1. TTecoun, cyrnuuu u dyakanu, 2. Tpaxuangesutw, 3. Tpaxutu, 4. ba3anHa cepuja:necoOUYHUIH, IAOPIM U KOHIIIOMEpATH,
5. Baposuunu u nanopi, 6. Ilecounniy, 7. Konrnomeparu u necoununy, 8. buoturcku rpanury, 9. Anamenury,
10. Xnoput-am¢pudoscku mxpuiny, 11. Mepmepu, 12. ITopbupodnactiuunu ruajceBu, 13. AMpubonutn u MapuOOIUTCKU
mKpHiIny, 14. MUKayuCcTy U IENTHHONATH, 15. J[BOIMCKYHCKO TpaKacTH THajceBH, 16. BHOTHTCKN CHTHO3PHU I'HajCEBH,
17. CUITMMaHUTCKO-KOPIHUEPUTCKH THAjCEBH
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[NPUMEHETA METOAOJIOI'NJA

IIInuxoBCKa TPOCHEKIMja CE CIPOBENE Haj-
HaImpe/1 1o TOPHUOT TeK Ha pekata OTumba, I0T0a BO
BTOp HaBpaT Oea 3eMEHM MaTepHjajil OJ peKara
Otuma HU3 camuoT rpaj lltun u Bo TpeTHoT HaB-
paT onpoOyBamkETO Ce M3BPIIU 110 JOJTHOTOT TEK Ha
TevueHueTo Ha JIMmoBIONICKa peKa Koja ce BieBa BO
pekara Otuma. [JoOMeHnOT MaTepurjai ce HCcrrpa-
1Ie KJIACHYHO CO YIOTpeda Ha Kapiula o ITo A0-
OMEHUOT IIPH IUIHX CE MOJUIOKH Ha MMOHATAMOIITHA
maboparopucka obpabortka. HajHampen co maraer
pavHO Ce M3BPIIM M3BOjyBakh¢ HA MarHCTUYHATA
cepHja ¥ ce MPUCTAIK KOH Mperyie/l Ha MaTepUjaioT
CO ENEKTPOHCKU CTEPEOCKOMN-OMHOKYIap. 3MaTHUTE
arperary ce u3/[B0jyBaa pavyHo.

3a na ce oapeaat MOpQOIONIKUTE KapaKTepH-
CTHKH Ha 3JIaTOTO, NP Ce 3a00JIEHOCTa, CIUIEeCKa-
HOCTa M Ha3zabeHocTa Ha 3pHATa ce MPUMEHHU CKe-
HUPAKE CO EIEKTPOHCKATa MUKPOCKOTIHja. BakBuTe
WCIIMTYBamka OBO3MOXKYBAAaT Jla C€ OJIPEIU JOJDKH-
HaTa Ha TPAHCIIOPTOT KaKo U MPHUPOJAaTa Ha Cpelu-
HaTa BO KOja ce JICMOHUpPaJie IIITMXOBCKUTE MUHEPa-
mu. McTo Taka oBaa MeTOja ce TPUMEHH 3a Jia Cce
OJpEIN K XEMHCKHOT COCTaB Ha 3JIaTHUTE arperary.
AHanu3ute ce W3BpIIMja BO JiabopaTopujara 3a
CJIEKTPOHCKA MUKPOCKOMHYja Ha YHUBEP3UTETOT BO
Itun Ha wmHCTpyMeHT on Tunor VEGA3 LMU.
Eranonute ce Ha TESCAN. Crnernuduunure ycio-
BHU Ha pabora ce:

— Tension 20 keV; Test Method: EDS;

— Type of analysis:Quantitative X-act: 10 mm?
(Slicon Drift detector);

— Max resolution 125 EV;

— Resolutionof MnKa, FKa, CKa according to
ISO/TS10798:2011.

XEMHU3AM HA 3JIATHUTE AT'PETATHU

351aTOTO BO MpHpOJaTa HAjYeCTO Ce TMOojaByBa
KaKO CaMOpPOJICH METall MaKO YeCTO BO XEMHCKHOT
COCTaB BJIETyBaaT MHOTY BaphjaOWMIHU KOJHMYHUHH
Ha HEKOW JPYTH METaIH mpe| ce cpedpo, HO HCTO
Taka U )kKMBa, 0aKap, najaanyM.

MHoOTry HCTpaXXyBauH TO MPOydyBayie ePeKToT
Ha JI0OJDKMHATA HA TPAHCIIOPTOT BP3 KapaKTepUCTH-
KHTE Ha aJyBUjaTHUTE 3JIATHA Y€CTHYKH, U BO MOP-
donomku 1 Bo xemucku mornes (Hallbauer et all,
1977, Groen et al., 1990, Herail et al., 1990, u ap).
Mefy uHCTpakyBadWTe IIOCTOM KOHCEH3yC JeKa
MOpPGOJIOIIKUTE KAPAKTCPUCTUKU CE TOBP3aHU CO

JOJDKMHATA Ha TPAHCHOPTOT, AO/EKa OJHOCOT II0-
Mery TPaHCTIOPTOT U XEMUCKUTE TIPOMEHH € TIoMaJl-
Ky jace (Chapmen et al, 2001). [TpomenuTe Bo coc-
TaBOT OWJIE MCTIMTYBaHU CO aHAIM3a HA ITOBPILIU-
naTta Ha 3matamre arperaru (Hallbauer and Utter,
1977) u ua nonupanu mospiuuau (Groen et al.,
1990). Bo nBata ciaydam Omiio 3abenexaHo 3roJe-
MyBame Ha (pHHOKATa CO TPAHCIOPT, IPH IITO Me-
XaHHU3MUTE OATOBOPHHM 3a 300raTyBame Ha 31aTOTO
Ha TIOBPIIMHATA CE MPEMUIIYBaaT Ha HaMalyBarbe
Ha cpedpOTO M aBTOMATCKO pauHUPAHE-CaMOIIPO-
yrctyBamwe. Herail et al. (1990) Bo cBoute ncnuty-
Bama He 3a0eJexal IpoMeHa BO XeMHjaTa Ha 371aT-
HHUTE arperaTu co TeKOT Ha TPAHCIIOPTOT, HCTaKHY-
BajKH JIeKa COCTAaBOT Ha alTyBHjaTHOTO 371aTO KOpec-
MOH/IUPA CO OHOJj O[] TPUMAPHUOT H3BOP.

Cnopex Chapman, et all, 2010 ucniuryBameto
Ha XEMHCKHOT COCTAaB MOXKE JIa Ce KOPHUCTH H 3a KO-
penanyja momMery XeMICKHOT COCTaB Ha MPUMAapHO-
TO 371aTO ¥ PACUITHOTO 3JIATO CO LITO MOJKE J1a Ce yT-
Bp/IM THITOT HAa MUHEpanu3anuja. OBHE HCTpaKyBa-
4M BepyBaaT JicKa 31aTHUTE arperaTd co TECEH PaHr
Ha XEMHCKHOT COCTaB yKa)XyBaaT Ha OpPOTCHO II0-
TEKJIO.

Hammre ncninryBamara Ha XeMHUCKHOT COCTaB
(Tabema 1) Ha 3maTHWTE arperatd MOKakaa JeKa
CTaHyBa 300p 3a CAaMOPOJTHO 3JIaTO KOE CE KapaKTe-
pusupa co Bucoka uyuctora (999) u cnara Bo rpymna-
Ta Ha BUCOKOIPOOHO 351ato (3axapora, 1974). Kako
MIPUMECH Ce CpeKaBaT cpeOpoTo, OaKapoT U Kelle-
30TO CO TOa INTO JKEJIE30TO CE CpeKkaBa HajuecTo
HMaKo CO HUCKHU COApkHHH Kou ce asmxkar 0,02 no
4%. BTop MHHEpa 110 3aCTaleHoCT € cpedpoTo Koe
HCTO TaKa € MPUCYTHO BO MHOTY HUCKHU COJPKHHU
01 0,02 1o 2,3 %. bakapoT e 3acTaneH co COP>KUHU
kou ce aemwxkar ox 0,02 no 0,3%. Cpebporo kako
mpuMeca He TTOKaXyBa HEKakaBa 3aKOHOMEPHOCT U
€ PaMHOMEPHO 3aCTaIlleHO BO IIEHTPATHHUTE U MIEPH-
¢depuute nenou. MmMajku ro Bo mpenasun Gaktort
JleKa 3JIaTHUTE arperaTd BO IeJIMHA UMaT XOMOTeH
cocTaB (Mepema KOU Ce U3BPIIEHU BO IIEHTAPOT HA
arperatute u Bo nepudepHHUTe IEJI0BH) MOXKE Ja Ce
MIPETIIOCTABH JIeKa 3JIaTHUTE arperaty MoTeKHyBaaT
on enen usBop (Florencia et all., 2004).

OcraHyBa OTBOPEHO IPAIIAkBETO JAIH BAaKBH-
OT COCTaB Ha 3JIATHUTC arperatu C€ JOJDKHU Ha J0JI-
JKMHATa Ha TPAHCIIOPTOT MMOpaan IITO )Joal'"a 0 ca-
MOIIPOYHCTYBAKLC HA 3JIATHUTC arperatu OJHOCHO
A0 HaMallyBalkh€ Ha COApKHMHATa Ha cpe6p0T0
(Chapman et al, 2000, Groen et al. 1990) wu
BAaKBUOT COCTaB CC NOJDKHU Ha MPUMAPHUOT HU3BOP
(Herail et al. 1990).
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Tabemal

Xemucku cocmas Ha snamuu azpe2amu 00 pexa
Omuma u Jlunogdosicka pexa

Au Ag Fe Cu

Center 99,67 - 031 0,02
& Rim 99,93 - 007 -

Center 99,96 — 0,04 -
"2 Rim 99,76 - 014 0,10

Center 99,70 0,18 0,12 -
& Rim 9909 088 002 -

Center 99,88 - - 0,12
7.4

Rim 99,77 - 023 -

Center 94,95 0,32 4,74 -
e Rim 99,79 0,21 -
7.6 Center 99,86 0,14 -

Center 99,42 - 0,58 -
3 Rim 99,17 - 047 0,36

Center 99,19 - 0,81 -
32 Rim 9969 014 018 -
6 Center 100,00

Center 99,67 0,02 0,31
ST Rim 99,69 0,03 0,28
or1 Center 9935 016 025 024

Rim 99,65 0,09 0,27

Center 99,83 0,06 0,11
OT-2

Rim 97,56 2,36 0,08

MOP®OJIOIKN ®OPMU HA 3JIATHUTE
AI'PETATU

CaMOpOJHOTO 371aTO € MHUHEepal KOj MHOTY
00po ce KOBE M MOPaaH T0a MHOTY 0] (PU3NYKHUTE
KapaKTePUCTUKH KaKo IITO € FOJIeMUHATa Ha 3pHaTa
ke 3aBUcaT Of TUIIOT Ha NpUMapHaTa MHHEpAIN3a-
1uyja, BUAOT M JOJDKMHATA HAa TPAHCHOPT KaKO M
HPOLIECUTE HA €pO3Hja Ha KOU € OAJI0XKEH TEPEHOT
(Mudaliar et al., 2007).

lonemMuHara Ha MPOHAjICHUTE 3JTATHH 3pHA CE
IBIXKH 01 okoury 450 MuxpoHu (3pHO 6) ce 70 2 mm
(3puo OT-1).

Kaj ucriutyBanuTe 311aTHH 3pHA O] OBHE PEKH,
ce 3a0enexyBa 3a00yBambe Ha PabOBUTE M U3Ma3-
HyBame Ha MOBPIIMHATA HA 3pHATa a KCTOBPEMEHO

168

Cce 3roJieMyBa H CINIECKaHOCTa KOja MOJXKe J1a ce J10J1-
KM ¥ Ha 3HAYUTEIHUOT TPAHCIOPT Ha 3J1aTOTO a
npej ce MOopajud MajiaTa TBPIWHA M KOBHOCTAa Ha
371aTOTO KaKo MHHepan (Ciiuka 2).

3pHa 31mato ox npoba 7

3pHo 31mato ox mpoda 6

3pHa 31ato o mpoba 3
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Ca. 2. ®oTorpadcku CHUMKH Ha 3J1aTHU 3pHA O
Jlunosnoncka peka

OBaa 1ojaBa HCTO Taka MOXeE Jia YKaxKe JieKa
3pHaTa OHJIe TOUIOKEHN Ha CEKYHAApHH IPOIECH.
CrieckaHocTa MOKe J1a ce 00jacHH | CO TOa IITO 32
BpeMe Ha TPAaHCIIOPTOT 3pHATa ce CYAMpaaT co 3p-
HaTa Of JPYTH IMOLUBPCTH MHHEPAIH O KapIuTe
IITO JOBEIyBa J0 3rOJIEMyBame Ha CIUIECKAaHOCTA
BO (hyHKIIMja Ha MOJDKHHATA Ha TpaHcnoprot (Knight
et al., 1999; Townley et al., 2003; Tishcenko et al,
1981). Cenak Tpeba J1a ce HalOMEHe JIeKa CIUIeCKa-
HOCTa Bapupa W BO 3aBUCHOCT OJ] TOJIeMHHATa Ha
3pHaTa Oujaejku morosieMute 3pHa (1-2 mm) ce
usnoxxenn muory momeke (Knight et al., 1999),
OTKOJIKY TIOMaJIMTE 3pHa KOH CE€ CO TOJIEMHHA Mery
8-16 —. 3pHara nomanu ox 60 MUKPOHH TOAJICKAT
Ha MHOTYy momano cruieckyBame (Knight, 1994).
CrteckaHOCTa Ha 3pHAaTa € HajrojeMa BO Mecrara
CO TroJieMa €Hepruja W MPOMEHHTE BO OJHOC HA
roJIEMHHATa M CIUIECKAaHOCTA, JIETYMHO 3aBHCAT OJT
JBIKEHHETO HU3BOIHO a JISITYMHO OJ COPTHPAETO
Ha MaTepHjalioT 32 BpeMe Ha (PIIyBHjaHHOT TpaHC-
HOPT.

Knight et al. (1999) ru npoyuyBase mpomMeHu-
Te B0 Mopdoiiorujara Ha arperatuTe BO TEKOT Ha
TPaHCIIOPOTOT, TpeJ| ce aedennHata Ha paboBHTE
Ha 3pHATa, CIUIECKAHOCTa, 3a00JI€HOCTa U T.H. IIU-
no-thopMma (pakTop, cekoj 011 oBue (haKTOpH MOCEOHO
W €JIHH BO ojiHOC Ha Jpyru. OBHe HCTpaxyBamba 1o-
Ka)kasie JieKa HajBepOJOCTOSH MHAMKATOp 3a J0J-
’KMHATa Ha TPAHCIIOPOTOT € MHAEKCOT Ha CIUIeCKa-
HOCT Ha 3pHaTa MaKo M CTENEHOT Ha 3a00JIeHOCT U
nebenMHaTa Ha WBUIUTE MOXeE Ja MpUIOHECE 3a
no6pa xopenamuja. Popmara Ha KOHTYpHUTE Ha 3p-
HaTa MOXe J1a Oujie MpeMHOTyY BapujaOuiiHa Ouiej-
KM caMuTe NMPUMapHU 3pHa MOXE Jia UMaT MHOTY
Pa3IMYHM TTOYETHU (HOPMHU CO IUTO KAaKO (HaKTOp €
temko npumenaus. Cropex Mudaliar (2007), na
pacrojanue ox 3—-5 km Bpckara mery cruieckanocta
1 3200JI€HOCTA M JIOJDKMHATA HA TPAHCIIOPOTOT MO-
e Ja 1aje u3Melanu GopMu KO MHOTY ce pasiiu-
KyBaar OWJIEjKM BO OBOj MHTEpBAIl Ce€ CIydyBaar
TOJIEMH TTOYETHH POMEHH.

Kpyxnara ¢opma, CTeNeHOT Ha 3a00JICHOCT
Ha CIUIECKAaHOCT MCTO Taka MOXE Jla yKaxe M Ha
tunot Ha u3Bopot (Mudaliar et al., 2007; Knight,

1999) naxo criopen Styles (1995), mepemeTo Ha ro-
JeMuHaTa U (opMarTa Ha 3TaTHUTE arperaTH 1aBaaT
MaJIKy HHGOPMAIIHH 3a MOTEKJIOTO HA ATyBH]jaTHO-
TO 371aTO.

On npunoxenute (ororpaduu Moxe aa ce
BUJIU JIeKa HAjTOJIEM JIeJ O]l HICITUTYBaHHUTE arpera-
TH ce co ciuteckaHa ¢opma. [lo Gpopma ce kpyxHH
(7.1, 7.5, 7.6, 3.1, 3.2, ST) co 3a00IcHY HBUIIM.
[IprcyTHU Ce M M3J0JDKCHUTE HEMPABHIHU (HOPMHU
(7.2,7.3,74, 6, 0T-1, OT-2). 1 oBue 3maTHH 3pHA
Ce CIUICCKaHH.

BakBure 3a005eHH, CIUIECKAaHH, 3apaMHETH
dbopMu MOXe /1a yKakaT Ha 3aKIydoK JeKa OBHE
3pHa TIpEeTpIiesie 3HAYMTENCH TPaHCIOPT Ouaejku
MHOTY arjeCTHTe W HETPaBHIHA (HOPMH, MOKaXKY-
BaaT Jieka aJlyBHjaJIHOTO 371aTO € OJMCKY JI0 CBOjOT
IpUMapeH U3BOp J0/eKa aOpa3MBHUTE M KPYKHU
bopMHu yKakyBaaT Ha TPAHCHOPT OJ HEKOJKy Km
(Mudaliar, 2007).

Crmopen Townley et al., 2003, na pactojanue
ox1 300 1o 1000 m, 3pHaTa Ha 37aTO Cce KapaKTepu-
3Upaar Co PeryJapHU KOHTYPH, IPEBUTKAHU UBULN
(cnuka 3), u moBpIIMHCKA Tonorpaduja Koja Moxe
Ia Ouze perynapHa M MperyiapHa. 3pHaTa Kou ce
HaoraT Ha pacTojaHuja morosemu ox 1 km. ce ka-
paKTepu3upaar co peryjapHd Ma3HU KOHTYpH, a
HaJIBOpEIIHATa MOBPIIMHA € CO PeryJiapHa Tororpa-
duja.

On npoydyBaHHTE 3JIaTHU arperaTtH, eIHO 3p-
HO (7.1) 6u Owuio BO mpBaTa Tpyma Jo/eKa OcTaHa-
THTE UCTIMTYBaHU 3pHA HAJMHOTY IO CBOMTE Kapak-
TEPUCTHKH OW TpHIarajie BO rpyrnara Ha 3pHa KOH
ce cpekaBar Ha pacTojaHuja morosemu o 1 km.

[IpucycTBOTO Ha 31MaTHU arperatu Bo JIumos-
J0JICKa peKa ro OTBOpa MpalIamkbeTo 3a MOTEKIJIOTO
Ha OBa 3J1aTo.

['€0JIOIIKMOT CKJION Ha TEPEHOT MOKaXyBa
IPUCYCTBO HA THAjCEBHM, MHKAIINUCTH, LIKPHUIIIIH.
I'HajceBuTe ce MoKaXkaie Kako 1o0pa cpeinHa 3a o1
Ha OakapHaTa MUHEpalIM3aldja BO HAOTAIUILITETO
ByunM Koe Kako ImTO CIIOMEHaBME Ce Haora BO OBO)j
peoH. Jlanu 1 oBjie THAjCEBUTE KOU CE MPUCYTHHU Ha
TEPEHOT OWJIe CpelHHa KaJe INTO Ce OMIOKYyBaja
MHUHEpaiu3alyjara Ha 37aTo. EIMHCTBEHa MaHU-
(ecraruja Ha MarMaTH3aM BO OBOj JIEJ C€ MaJIU Tpa-
XUTCKU npobou Kaj nokanHocta Lpa Bps. Ce noc-
TaBYBa U MPAIIakETO JIAU, U CO KaKBa Jpyra MUHe-
pajim3anyja e IOBP3aHo 3J1aToTo. 3a Ja ce OArOBOpU
Ha OBa Ipallake HEOMXOJHO € J]a C€ MPOJOIIKH CO
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Cu1. 2. Mopodomonr ¢popMu Ha 31aTHUTE arperats of peka Otuma u JInmosroicka peka
7.1 —7.6 u 6 ce 3matHH arperaty oJ JIumoBojcka pekau
ST, OT-1 u OT-2 ce 31aTHU arperartu of peka OTumba

3AKJIYUYOK

Bp3 ocHOBa Ha IoOMEHHTE PE3YNITATH MOXKE J1a
Ce U3BJIeYAT HEKOJIKY 3aKJIyUOITHd KO JaBaT HACOKH
3a TIOHATAMOIITHUTE HCTPAXKYBamba.

Co mummxoBckarta MpocreKlrja BO alTyBHOHH-
Te Ha JIunogoscka peka u peka OTHa ce MPOHA]j-
7oa 37aTHU 3pHA. McmuryBamaTa Ha XEMHCKHOT
COCTaB IIOKakaa JeKa CTaHyBa 300p 3a CaMOPOIHO
371aTO KO€ C€ KapaKTepU3upa co BUCOKA YHCTOTA KO-
ja ce IBMKH OKory 998 1mITo ro BOBpCTYBa OBa 371aTO
BO IpylaTa Ha MHOTY BHCOKONpoOHO 3mato. Of
MpUMECUTE TI0 pell Ha 3acTalleHOCT C€ MPUCYTHHU
xene3oro (0,02-4%), cpebpoto (0,02-2,3) wu
6akapot (0,02-0,3%).

['oneMuHaTa Ha 3MaTHUTE arperaTy ce JBIKH
ot okoiy 450 MukpoHH 10 2MM. 3a 010€NeKYBAHE
€ JieKa PeYrCcH CUTE 3JIaTHU arperaTH ce co CIUIeC-
KaHa ¢opMa U co 3a00JIeHH HAJBOPEUIHU PabOBH.
OBoj Ha4YWMH Ha T0jaByBamke Ha 3JATHUTE arperaTu
YKa)KyBa TPaHCIOPT KOj BEPOjaTHO € moaoir ox 1
KM.

WNmajku v BO TIpe/IBU]] HaBEJICHUTE KapakTe-
PUCTHKH MOXeE JIa ce KaXke JIeKa OBUE UCIUTYBaba
Tpeba Ja Mpo10JDKaT 1o TOpHUTE TEKOBH Ha JINToB-
nosicka pexka n KamamerpoBcka peka co Leln ja ce
BUJM OJ1 KaJie O MOXKeJo J]a TIOTEeKHyBa OBa Camo-
pomHoO 31arto. Jlanu TepuuepHroT MarMaTiu3aMm e Ho-
CHTENl Ha MUHEpaIN3alMjaTa UCTO KaKo IITO € BO
HaoramumTeTo byunum Kaje 3a 0BOj MarMaTu3am e
NoBp3aHa OakapHaTa MUHepalu3aluja u co Hea I10-
Bp3aHaTa MHHEpaiu3alyja Ha 31ato. [1pu oBa Tpeda
Jla ce ¥Ma BO MpEIBHI JieKa MarMaTH3MOT € HCT,
TepLHUEepeH, MT0Toa THAjCEBUTE KAaKO CpeJnHATa Ha
JETIOHNPae HCTO TakKa 3€ 3aCTaleHu BO I'eOJIOTH-
jara Ha oBOj TepeH. [locTojaT u pacean umj mpasei
Ha MPOTETame € CIMYCH, KAKO OHHE BO HAOTaJHII-
teto Byunm. Moxebu npuMapHUOT W3BOP HA MUHE-
panu3zanujara e 3aegHu4YKY co byunmcknot. Co oBa
HCTPaXXyBame Ce OTBOpaaT Mpallama 332 KOU OJIro-
BOPOT € BO MPOJIOJDKYBakhe Ha UCTPaKyBamara Ha
OBOj TEpEH.
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Abstract: Calculated ore-bearing coefficient in the Northeastern part of the Central Ore Body, Bu¢im Mine
was 0.51%, meaning that within the ore body boundaries 49% of mass is not mineralized somehow, which is slightly
different than the remaining three ore bodies within the Bu¢im porphyry copper mine. The calculated value of variation
coefficient (V) has shown value of 58.65% that is in the range of 43—-100%, which displays that this ore body belongs
to the third group of deposits with uneven mineralization. An average copper and gold concentrations were determined
as 0.229% Cu and 0.232 g/t Au, respectively. Minimal economic content (MEC) within the Northeastern part of the
Central Ore Body, as represent of this kind of mineralization, was determined as 0.205% Cu. In similar manner was
calculated the lowest copper boundary (cutoff grade), which have shown value of 0.127% Cu and thus allowing certain
decrease of contents in exploited ore. Also, there were calculated so called copper monometal values, which included
influence of the present gold in the ore. Calculated copper monometal was set at relatively fair 0.2388% Cu that
represents solid mainstay for exploitation of copper in these low percentage ores. Calculated ore reserves in this
particular part of the Central Part ore body were 12 303 965 t of ore with 0.229% Cu, and 0.232 g/t Au and increased
mine life for additional 2.15 years.

Key words: Northeastern part Central Ore Body, copper mineralization, variation coefficient

TEXHO-EKOHOMCKHU ITAPAMETPU HA CEBEPOUCTOYHUOT JEJI
O HEHTPAJIHOTO PYJHO TEJIO, PYIHUK 3A BAKAP BYYHUM,
PEIIYBJIMKA CEBEPHA MAKEJIOHUJA

AncrtpaxrT: [IpecmerannoT koepuuueHT Ha pynoHocHOCT Bo CeBeporcTouHHOT Aeit o LlenrpanHoto PynHo
Teno, pynuuk byunm uznecysa 0,51 %, mTo 3Haun exa rpaHUnUTE Ha pyaHOTO Teno 49 % o1 MacaTa He € MUHepa-
JIM3UpaHa, MTO € HeLlITO MOPa3IMYHO O] OCTAHATHTE TPH PYIHHU Tejla BO paMKHTE Ha PYIHUKOT 3a 6akap Byuum. IIpec-
MeTaHaTa BPEJHOCT 3a KoehuunueHToT Ha Bapujanuja (V) mokaxa Bpemnoct ox 58,65% koja e Bo omcerot ox 43 mo
100%, koja mokaxyBa Jieka OBa PyAHO TeJIO MpHIara Ha TpeTara Ipyla HaoraHIITa CO HepaMHOMEPHA MUHEpaIn3a-
mja. CpeHUTe KOHIEHTpAIMU Ha Oakap u 31ato ce oapeneHu kako 0,229% Cu u 0,232 g/t Au, cooaserno. Munu-
ManHaTa ekoHoMmcka coapxkuna (MEC) Bo pyanoto Teno CeBepouctouHHoT aen of LlentpanHoro Pyano Teno, kako
MIPETCTaBHUK Ha OBOj TUIT Ha MUHEpau3anuja, oerre oxpenena kako 0,205% Cu. Ha cimuen Hauus Oeme npecMeTana
HajHHUCKAaTa rpaHuYHa cozpxuHa Ha G6akapot (I'C), koja mokaxa BpexsocT ox 0,127% Cu wto 103BOSTYBa 0JpEICHO
HaMaJlyBame Ha COAPXKHMHUTE BO pyJara Koja ce ekcrutoatupa. McTo Taka, mpecMeTaHu ce BPEAHOCTHUTE 3a TaKaHape-
YEeHHOT OaKap MOHOMETaN, KOU IO BKJIy4yBaaT BJIMjaHHETO HA NPHCYTHOTO 3J1aTO BO pynara. I[IpecmeraHnoT Gakap
MOHOMETAJ € ocTaBeH Ha penatuBHO KopektHUTe 0,2388% CuU mTo mpeTcTaByBa COMMIHA OCHOBA 33 EKCIDIOATAIIHja
Ha 6akapoT 071 OBHE HUCKONPOLIGHTHHU py/u. IIpecMeTaHuTe pyiHH pe3epBH Bo 0BOj aen o LlenTpanHoto PynHo Teno
6ea 12 303 965 t na pymna co 0,229% Cu u 0,232 g/t AU u ro 3roiemMu BEKOT Ha PYAHHKOT 3a HomonHuTenHd 2,15
TOJIMHH.

Konyunn 360poBu: CesepoucrodeH nexn of LienTpanno pynHo Teno, 6akapHa MHUHepaIu3alyja,
KOCQHIIMCHT Ha Bapyjaluja

INTRODUCTION Zone (VZ) and in terms of metallogeny it belongs to

the famous Lece-Chalkidiki metallogenic zone

The only active porphyry Cu mine, the Bu¢im (Serafimovski, 1993). The deposit itself is located
Mine is located in the border area between the in eastern central parts of the Republic North Mac-
Serbo-Macedonian Massif (SMM) and the Vardar edonia, 10 km western of the town of Radovis. Here
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we would like to stress some facts for the Northeast-
ern part of the Central Part ore body, which is one
of the four bodies within the Buc¢im copper mine
that is in active exploitation. The Cu-Au minerali-
zation within this ore body is mainly of primary
type, formed during hydrothermal processes at sev-
eral subsequent stages within the temperature range
300 — 400°C (Cifliganec, 1987; Serafimovski et al.,
2013). The latest findings defined ores with copper
concentrations in the range 0.1 to 0.359% Cu, while
gold concentrations were high as well, reaching up
to 0.38 g/t Au. Above mentioned features of this ore
mineralization gave us an initiative to calculate sev-
eral important techno-economic parameters, which
define the economic type of this mineralization.
Namely, the degree of ore bearing in these types of
ore mineralization is variable, but calculation at par-
ticular levels and different drill holes gave the more
realistic ratio of mixed types of mineralization
within this ore body. Some techno-economic pa-
rameters related to the Northeastern part of the Cen-
tral Part ore body can be found in previous works
(Ciﬂiganec, 1987; Serafimovski et al., 2013).

GEOLOGICAL FEATURES

Geological setting of the Bu¢im copper por-
phyry deposit consists of the Precambrian meta-
morphic (gneiss, micaschist and amphibolite) and
Tertiary rocks. Gneisses are the most common li-
thology members and are the most favorable lithol-
ogy setting for deposition of ore mineralization.
Several alternating varieties of gneisses are deter-
mined according to their mineral composition: bio-
titic, amphibole-biotitic, micas, metasomatic etc.
Tertiary magmatic rocks are present as several la-
titic subvolcanic-volcanic crosscuts and andesite-
latites around which three ore bodies are lineated,
which points to direct relationship of the magma-
tism and mineralization in the deposit. Spatially and
paragenetically porphyry copper mineralization is
related to latites and latite-andesites. They occur as
small subvolcanic intrusions (dikes and necks) dis-
tributed NNW-SSE and NE-SW along fault struc-
tures and with pronounced holo to hipo-crystalline
porphyritic structure and massive texture. The age
of the rocks ranges from 27.5 to 24.5 m.y. (Stojanov
and Serafimovski, 1990).

ORE MINERALIZATIONS

The Buc¢im deposit is composed of a magmatic
complex consisting of three proven finger-like
porphyry stocks (Central Part, Vr$nik and Bunar-
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dzik) while the Cukar ore body, a supergene miner-
alization developed in gneiss, has already been
mined out (Figure 1; Cifliganec, 1987). More than
five decades of study of this deposit have shown that
it is characterrized by a complex mineral assem-
blage and mineral paragenesis (Serafimovski, 1993;
Stojanov and Serafimovski 1990; Cifliganec 1987;
Serafimovski 1990; Serafimovski et al., 1990; Ser-
afimovski et al., 1996; Cifliganec et al. 1997). The
Central Part, Bunardzik and Vrsnik ore bodies are
related to andesitic porphyry intrusions, whereas the
Cukar ore body consists of a supergene copper
mineralization [9]. The primary sulphide minerali-
zation plays the major role in production of copper.
The Central Part ore body is the most important ore
body in the Bucim deposit. It hosts nearly 70% of
the total mineralization, which are formed in gneiss
and round latite dike, and represents a typical exam-
ple of primary copper mineralization (Cifliganec
1987). The dimensions, registered so far are: (a)
about 250 m vertical interval (at the 650-400 m ab-
solute level) and (b) on a plane, the mineralized sur-
face in the upper portion of the ore body, together
with the andesite intrusion, has a diameter of some
600 m. That means that the Central part ore body
has the form of an irregular ring

There have been identified the following ore
minerals: pyrite, magnetite, chalcopyrite, rutile,
sphene, ilmenite, hematite, pyrrhotite, vallerite,
cubanite, sphalerite, galena, bismuthinite, bornite,
enargite, native gold, lineite. Also, there has been
confirmed presence of Bi-Se association: bis-
muthine, galenobismuthine, friedrichite, krupkaite,
emplectite, laitakarite, native bismuth and cosalite
(Cifliganec 1987).

Fig. 1. Simplified geological map of the Bu¢im deposit
(Stojanov and Serafimovski, 1990)
1) Andesite and latite, 2) Amphibolite, 3) Muscovite schist,
4) Gneiss, 5) Ore body, 6) Fault, 7) Ore body contour
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TECHNO-ECONOMIC PARAMETERS

Techno-economic parameters are one of the
most important links in the chain of economic eval-
uation of a certain ore deposit, so in this part of the
paper we are going to focus on them. The major pa-
rameters of the techno-economic evaluation of the
Northeastern part of the Central Part ore body situ-
ated in the Bu¢im copper mine directly are pointing
out to a possibility of productive exploitation of
copper ore from this particular ore body and possi-
bility to create profit. Here in more details are given
results from calculations of ore-bearing coefficient,
variation coefficient, average concentrations of ma-
jor ore metals (Cu, Au), minimal economic concen-
tration, cutoff grade, calculation of mine life as a
function of calculated ore reserves.

Ore-bearing coefficient. As already men-
tioned elsewhere [3] the ore-bearing coefficient de-
fines the ratio between the total mineralized area
within the ore body and certain poor (waste) zones
(content below the limit of 0.15% Cu), within that
same ore body. In the Northeastern part of the Cen-
tral Part ore body from the 8 exploration cross sec-
tions with 24 drill holes and 2999.6 m of mineral-
ized area, 1527 m were mineralized above 0.15%
Cu while the 1472.6 m displayed mineralization be-
low the limit of 0.15% Cu, but however signifi-
cantly over the Clark values. Using the formula
given below (Cifliganec 1993), we have managed to
calculate aforementioned coefficient.

m 1527
Kr =—1=
m,  2999.6

=0.51
where:
Kr — Ore-bearing coefficient,

m; — Productive interval (mineralized area
>0.15% Cu),

mz — Total mineralized interval.

This gave us an opportunity to calculate the
ore-bearing coefficient of 0.51, which points out
that within the defined ore body there are 49% of
rock mass below the accepted minimal economic
concentration of 0.15% Cu. Additionally we would
like to stress out that the ore-bearing coefficients
throughout all drill holes ranged from 0.12 up to
1.00 while along the exploration cross sections
those ranges were slightly narrower, 0.15-0.69.

Variation coefficient: This coefficient defines
spatial distribution of useful mineral components in

the the deposit or more precisely how evenly mine-
ralization is represented in the deposit (ore body). In
the Northeastern part of the Central Part ore body’s
case there were drilled 33 exploration drill holes of
which 24 drill holes defined the ore body. In those
24 drill holes were sampled 715 samples, which
have defined an average content of Cu, Au, Ag and
Fes;04. The basic parameters for calculation of vari-
ation coeficient in the Northeastern part of the Cen-
tral Part ore body were selected from 7 the most
representative drill holes totaling 515 m (Table 1).

First of all we have calculated an average copper
content, as it is given below:

Cc 165.734
C :Z— =
N 715

= 0.2318%

where:
N — total number of samples
C — Average copper concentration (Cu%)
Then we have proceeded with calculation of

median sgaure deviation and variation coefficient as
given below:

XZ
5o IZN: —= 13105 _ Jo.018354 0.136

714

where:

Y. X2 — Sum of square deviations from an ave-
rage values

6 — medium square deviation

V= ?7?7x100 _ 0.231x100 _  23.10

= = = 58.659
c 0.135478  0.135478 %

V — Variation coefficient

The value of 58.65% for the variation coeffi-
cient is within the range of 32-92%, which points
out to an irregular mineralization representative for
most of the hydrothermal copper and polymetallic
mineralizations.

An average concentration of useful compo-
nent(s). An average concentation of useful com-
ponent represents the average presence of one or
more components within an ore body. By the basic
method of calculation of ore reserves within the
Northeastern part of the Central Part ore body (level
blocks) it was determined that for calculated B and
C1 category of reserves the average values of useful
components are 0.229% Cu and 0.232g/t Au.
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Tablel

Basic parameters for calculation of variation coefficient in the Northeastern part

of the Central Part ore body, Bucim Mine

Cross section Drill hole N C (%) =(x?) ) V (%)
Tot. no. average con-  Sum of an average  average square  variation
samples tents Cu values squares discrep. coefficient

B-52 2 0.1 0 0 0
B-157 15 0.161 0.221 0.126 78.26

BV-BV'

B-159 21 0.195 1.055 0.23 117.95

3 38 0.18 1.276 0.173 96.11

B-51 14 0.27 0.22 0.141 52.22

BVI-BVI' B-158 15 0.189 0.086 0.078 41.27
2 29 0.23 0.306 0.1 43.48

B-40 61 0.17 0.37 0.1 58.82

B-56 8 0.27 0.15 0.141 52.22

BVIL-BVIF B-120p 23 0.2 0.1 0 0.00
B-155 23 0.359 1.344 0.247 68.80

B-408 8 0.206 0.029 0.064 31.07

5 123 0.22 1.993 0.141 64.09

B-31 15 0.27 0.36 0.173 64.07

B-32 39 0.21 0.49 0.1 47.62

B-154 34 0.251 0.639 0.139 55.38

BVIII-BVIII B-412 70 0.315 3.37 0.221 70.16
B-412k 63 0.208 0.499 0.09 43.27

B-413 8 0.17 0.186 0.163 95.88

6 229 0.25 5.544 0.141 56.40

SB-34 88 0.21 1.27 0.1 47.62

B-411 33 0.259 0.267 0.1 38.61

BIX-BIX' B-411pr 23 0.25 0.095 0.066 26.40
B-411k 70 0.261 1.65 0.141 54.02

4 214 0.24 3.282 0.141 58.75

B-152 15 0.112 0.05 0 0.00

BX-BX' B-409 36 0.239 0.365 0.102 42.68
2 51 0.2 0.415 0.102 51.00

BXI-BXI' B-410 23 0.221 0.200 0.095 42.99

BXI11-BXII' B-417 8 0.209 0.089 0.113 54.07

z 24 715 0.23 13.105 0.136 58.65

Calculating the Minimal Economic Concen-
tration (MEC). This calculation should provide a
clear answer to the question, does the explored de-
posit or ore body (represented by calculated re-
serves within) can fulfill the economic requirements
for viable exploitation of that ore body. Aforemen-
tioned calculation should display, does the exploita-
tion will cover all the production costs and in the
same time to achieve adequate profit, equivalent to
the required cost effectives coefficient. Bearing in
mind that here we were working only with one small
part of the Buc¢im deposits, we used Gudalin’s for-
mula (Jankovié, S. and Milovanovi¢, D, 1985;
Cifliganec 1987) where have been considered the
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following parameters: exploitation costs, utilization
of the mineral resource, price of the final product or
more precisely the final ore product (copper, gold
and silver). As we already mentioned, this calcula-
tion was performed by the formula:

MEC — 100-S

le-lo- Im-(Co—Sm—loo'StJ
g-Im
where:
S — costs of exploitation and processing of 1t
ore (Te and To) 9.0 US$/t

r — dillution during the exploitation 3%
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le — dillution coefficient during the exploitation
(1—(r/100))

lo — coefficient of extraction during enrihment,
86%

Im — efficiency coefficient during the metalurgi-

cal processing, 95%

Co — market price of copper (at the moment of
calculation), 6700 US$/t

Sm — costs of metalurgical processing of the
final product unit, 1000 US$/t
St — cost for transport per tonne ore concentrate,

30 US$/t
g — concentration of metal in ore concentrate,
20%
MEC = 100-S B
- 100 - St -
Ie-Io-Im-(Co—Sm— g-Tm ())

3 100-9.0 3
- 100- 30y
0.07 - 0.86-0.95 (6700 — 1000 — W)

B 900 B
~0.79249 - (5700 — 157.895)
= 900 = 0.205%C

T 4392063 0N

MEC = 0.205 % Cu.

Calculated minimal economic concentration
displays that for a cost effective production the
MEC value should not be lower than 0.205% Cu.

Calculation of monometal. Ore reserves cal-
culation of the Northeastern part of the Central Part
ore body have shown that it is natural product that
contains in average 0.229% Cu and associated gold
0.232g/t Au. Comparing those values of useful com-
ponents with the necessary MEC (0.205% Cu) we
may conclude that the ore body have contents higher
than the minimal one. In those case we trying to
calculate all present useful components to one mon-
ometal (in this case copper). That calculation was
performed using transformation factor (f) for asso-
ciated component (Au) on the basis of Cu expressed
as monometal. The transformation factor is calcu-
lated as follows (Cifliganec 1987):

_ Cau ~ 10py - Impy Copy

fAu

B CCu : IOCu : ImCu' COCu

Cau — average content of Au in ore (g/t),

loas — usage efficiency of Au in flotation process
(%),

Imay — metallurgical usage of Au (%),

Coau — gold in concentrate (g/t),

Ccu — average content of Cu in ore (%),

locy — usage efficiency of Cu in flotation process
(%),

Imc, — metallurgical usage of Cu (%),

Cocy — copper in concentrate (%).

In that manner we have calculated for the
Northeastern part of the Central Part ore body:

0232-05-0.92-15  1.6008
fau = 2.29-0.86-0.95-20 37.4186
=0.04278

Cu = Cey + (Cucy * fau)
Cu =0.229+ (0.229-0.42781) = 0.238797%
CUmonometal = 0.238797%

The calculation above have shown that useful
components calculated to the Cu monometal is
0.238797% Cu, which is higher than the needed one
calculated with MEC (0.205% Cu) and in that direc-
tion the ore reserves can be considered as economi-
cally viable itself.

Cutoff grade.- This grade defined as the level
of mineral in an ore below which it is not economi-
cally feasible to mine (GS) was calculated after in-
tensive analysis of several parameters such are: di-
lution coefficient of ore during excavation (3%;
L.=100-(3/100)=0.9), efficiency of usability during
enrichment (L,=86%), efficiency of usability during
metallurgical processing (Lm=95.0%), cost for
enrichment of 1t ore (S,=5.60 US$/t), transport
costs for 1 t of ore concentrate (S=25 US$/t), costs
for metallurgical processing per unit of final product
(Sm=1000 US$/t), market price of copper at the mo-
ment of calculation (C,=6700 US$/t), costs for
excavation of 1t of ore and copper metal content in
ore concentrate (g=20%). In that manner we have
calculated the cutoff grade as follows:

100 - So
GS = =

Le-Lo:-Lm- (Co—Sm—M>
gLlm
100 - 5.6

= 100 - 25
0.97 -0.86-0.95 (6700 — 1000 — 20-0.95 0.95)
560

= =0.127%

0.97-0.86 - 0.95 (5700 - %

GS = 0.127% Cu.

177



YeTBPTU MaKeJOHCKM reOnOLLIKN KOHrpec
Four Macedonian Geological Congress

The calculated cutoff grade takes only copper
in consideration although we have gold as valuable
components in the Northeastern part of the Central
Part ore body’s ore, also. Bearing in mind all the
above calculated parameters we have calculated the
ore reserves within the Northeastern part of the Cen-
tral Part ore body and corresponding concentrations
of certain metals in them (Table 2).

Table?2

Calculation of ore reserves in the Northeastern
part of the Central Part ore body

Category
B C1 B+C:

Parameters

Commodity unit 5455946 6848019 12303 965

Cu % 0.240 0.221 0.229
Au g/t 0.287 0.189 0.232
Cu t 13078 15141 28219
Au kg 1566 1294 2860

The total of calculated ore reserves in the
Northeastern part of the Central Part ore body are in
an ammount of 12 303 965 t (B+C; category) with
an average content of 0.229% Cu and 0.232 g/t Au.

CONCLUSION

The Northeastern part of the Central Part ore
body is very important ore body for the production
of copper ore in the Bu¢im Mine with calculated ore
reserves of 12 303 965 t of ore with an average con-
tent of 0.229% Cu and 0.232 g/t Au and specific
style of primary porphyry copper ore mineraliza-
tion, followed by gold contents, since the calculated
reserves are the last ones to be produced fom this
mine. The ore bearing coeffiecient was calculated at
0.51, variation coefficient 58.65%, minimal eco-
nomic concentration 0.205% Cu and cutoff grade of
0.127% Cu. All these techno-economic parameters
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have positive effects to the exploitation of this ore
body, which with existing capacity of the Buc¢im
mine provides additional 2.15 years of production.
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Abstract: The paper presents styles of mineralization in the epithermal, low-sulfidation Surnak gold deposit
in SE Bulgaria, of ongoing exploration. Data comes from sampling of surface outcrops within the deposit. The samples
were examined for textures and mineral composition by stereomicroscope, optical microscope in transmitted and re-
flected light and powder X-ray diffraction. Two major styles are recognized: layer-like one of pervasive massive silic-
ification of both PrePaleocene metamorphic basement and overlying Paleocene-Eocene sediments and a vein/veinlet
one of quartz, quartz-adularia, pyrite and barite veinlets, which cross-cut the first style. Pyrite is the main ore mineral
and the vein/veinlet style seems more premising for precious metals than the layer-like one. Presence of colloform
quartz and quartz microspheres in veinlets indicates high supersaturation in respect to quartz likely achieved through
episodic boiling of fluids. However, non-boiling fluids appear to have predominated. A comparison with the next bigger
Khan Krum deposit is made and considerations about some textural and mineral differences are expressed.

Key words: style of mineralization, epithermal, low-sulfidation, quartz microspheres, colloform, Surnak gold deposit,
Kroumovgrad goldfield

TUIIOBU HA EMUTEPMAJIHA MUHEPAJIM3AIIMJA BO SURNAK HAOTAJIMIITETO,
KPYMOBI'PA/I 3JIATOHOCHO IIOJIE. HOAATOLHX O ITIOBPHIMHCKH U3JJAHOIIA

A ncTpaxkT: OBOj Tpya I' Ipe3acHTUPA TUIIOBUTE HA MUHEPAIH3aIija BO EMUTEPMATHOTO HAOTaIHIITE HA
37aTo co HUCKO cyiduaupame, Surnak, Bo Jyro-Mcrouna byrapuja, une mro uctpaxyBame € Bo Tek. [logaTomure ce
JOOMEHH 071 OIPOOYBamETO HA TOBPIIMHCKUTE M3JAHOLM BO CKJION Ha JiexuinTero. Ha mpumeponuTe um Oea ucnu-
TyBaHM HMBHUTE TEKCTYPH M MHHEPAITHHOT COCTaB CO CTEPEOMHMKPOCKOI, ONTHYKH MHKPOCKOI CO NPOIYLITEHA U
on0ueHa CBETIMHA U peHAreHcka audpakuuja Ha npas. Ce U34BOjyBaar [Ba IJIaBHU BHJOBHU: YCJIO€HA, CEIIPUCYTHA,
MacuBHa cunudukanuja ox Ipexn-naneoszojcka meramopdHa ocHoBa u [TaneoneHckn- EolleHCKH CEANMEHTH KOH JIekKAT
Bp3 Hea KaKo M KMYHH M3rPAJCHHU 0]] KBapLl, KBapI[-a1yjiap, )KUIMYKH Ha TUPUT U OAPHT, KOH ILTO MOMPEYHO IO cevaT
MPBHOT THIL. [TUPUTOT € ITIABHUOT PyAEH MUHEpPAJ, a )KUYHUOT TUII Ha MHHEpAIUIa3Kja ce YHMHU JeKa 1aBa morojiemMa
HaJIeX 3a OJIarOpOAHM METAIH OTKOJIKY YCIOSHHOT THIL. IIpHCycTBOTO Ha KOIO(OPMHHOT KBapIl H KBapIIUTE MHUKPO-
chepy BO KUIMYKATE YKaKyBaaT Ha BHCOKA MTPE3aCUTEHOCT BO OJHOC Ha KBApIOT KOj IITO € HajBEPOjaTHO HACTAHAT
IIpeKy MOBpPEeMEHO BpHewme Ha ¢uyuaure. Cenak, ce YMHU JeKa TEYHOCTHTE KOM IITO HE BPHjaT Ce NPEIOMHUHAHTHH.
Hanpagena e cnopen6a co cnexsoro noroaemo Jexuinre Khan Krum u npukaxanu ce pa3MHciIyBama BO BPCKa €O

CTPYKTYPHUTE U MUHEPAIHUTE PA3JIUKH.

Koryunu 360poBH: THII Ha MUHEpaM3alHja, eNUTepMallHa, HUCKO-CYIUIpamke, KBaplHH MUKpochepH,
KosoopMHa, JISKUIITETO Ha 31aTo Surnak 3maToHOCHO moie Ha Kroumovgrad

INTRODUCTION

Surnak deposit is known from geological ex-
ploration carried out in the early 90s of 20th cen-
tury. It is considered as a part of the Kroumovgrad
goldfield (Figure 1) and is classified as an epither-
mal, low-sulfidation deposit (adularia-sericite type)
(Kunov et al., 1999). Itis a small gold-silver deposit
of 2 tones at 2.5 g/t gold (personal comm. of D.
Jelev).

Mutafchiev and Gergelchev (1999) defined
Surnak as a gold-jasperoid deposit. Georgiev

(2007a) referred the ore bodies in the Surnak and
next Han Krum deposit to as linear stockworks and
layer-like ones in favourable of replacement rocks
and in tectonic zones (detachment fault). Marton
(2009) recognized brecciated and silicified zones in
amphibolite and carbon-rich sandstone and siltsto-
ne. He emphasized the role of host-rock lithologies
as feeder, reactive or permeable zones.

In view of the ongoing exploration of the de-
posit, the aim of the present study is to present more
comprehensive data on the mineralization styles in
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the Surnak deposit and their relationships, based on
data from surface outcrops.

MATERIAL AND METHODS

Samples taken from surface outcrops within
the Surnak deposit appear material used in this
study. The sampling was carried out mainly in
2007-2008 and two samples were added in 2020. 13
samples were taken from surface outcrops each of
them of about 3-5 kg. The sampling sites and their
numbers are indicated on the geological map of
Surnak deposit (Figure 1). Their geographic coordi-
nates were taken by GPS. Non-altered and hydro-
thermally altered rocks, tectonic zones, zones of
silicification, veins and veinlets were sampled. Thin
and polished thin sections as well powder samples
were prepared from the taken surface samples and
then examined under stereomicroscope, optical
microscope in transmitted and reflected light, and
powder X-ray diffraction.

GEOLOGY

The Surnak deposit is located in the Eastern
Rhodope Mountain, SE Bulgaria, in the Rhodope
Metallogenic Province (Georgiev, 2007a) (Figure
1), where several gold-base metal volcanic-hosted
deposits, related to Oligocene magmatism, are well
known (Marchev et al. 2005; Georgiev 2007b). In
addition, several sedimentary rock-hosted gold
deposits are characteristic for this region. Some of
them are situated near the Kroumovgrad town, and
therefore are united in the Kroumovgrad Goldfield
(about 60 km? in area) (Marinova, 2019). The
Kroumovgrad Goldfield comprises the Khan Krum
(known also as Ada Tepe), Kuklitsa and Surnak
deposits, as well as the Skalak, Synap, and Kupel
occurrences (Jelev, 2007). All these deposits and
occurrences share common structural position.
Among them, the Khan Krum deposit is outstanding
because it is the oldest gold mine in Europe,
operating from 1,500 to about 600 BC (Popov et al.
2011), and it comprises most of the precious-metal
reserve of the Krumovgrad goldfield (Jelev, 2007).
The regional and local geology of the goldfield are
described in detail by Marchev et al. (2004), Jelev
(2007), Marton et al. (2010) and Marinova (2019).
Here, we cite only the main characteristics of the
Surnak deposit.

The Surnak deposit is situated 5 km to the SW
of the Kroumovgrad town. It is developed on the
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northern periphery of the extensional Kessebir -
Kardamos metamorphic dome which documents
early Tertiary extension. The dome consists of three
superposed crustal units bounded by a low-angle
NNE-dipping detachment fault on its northern flank
in Bulgaria (Tokachka detachment fault). The de-
tachment separates footwall gneiss and migmatite in
a lower unit from intermediate metamorphic unit
(amphibolite, gneiss, marble and calc-shist) and
overlying upper sedimentary unit in the hanging
wall (Bonev et al., 2006) (Figure 1). Non-minerali-
zed Upper-Eocene sediments cover the gold-silver
mineralization (Jelev and Hasson, 2002; Jelev,
2007). The age of protoliths of the intermediate
metamorphic unit of the Kessebir gneiss dome,
determined by U-Pb LA-ICP-MS zircon geochro-
nology, is Ordovician (Bonev et al. 2010). Rb-Sr
ages of 328+25 Ma (Carboniferous) were obtained
for the lower structural complex, dominated by
igneous protoliths (Peycheva et al. 1998). The gold—
silver vein-style mineralization in the Khan Krum
deposit developed from 34.71+£0.16 to 35.36+0.21
Ma (Marchev et al., 2004). The mineralization of
the Surnak deposit is not yet dated. The earliest
known magmatism took place at the near Iran Tepe
volcano to the North of Kroumovgrad town, from
33.97+0.36 to 34.62+0.46 Ma and was of calc-
alkaline type (Ar/Ar dating of biotite and sanidine,
and U-Pb geochronology on zircons, Marchev et
al., 2010). It almost coincides with the end of the
hydrothermal mineralization. The mineralization of
the Surnak deposit is hosted by the metamorphic
basement and the overlying sediments but close to
their contact (data of Dundee Precious Metals
Kroumovgrad, DPMK).

Three main ore associations have been identi-
fied as well as the temperature and salinity of the
hydrothermal solutions (low salinity and Na-K-Cl
composition) (Kunov et al., 1999). These are the
mineral associations and their respective tempera-
ture and salinity: quartz, pyrite and marcasite (240—
160 °C; 0.9-2.1% NaCl eq.); quartz, pyrite and
arsenopyrite (240-210 °C; 0.7-1.2% NaCl eq.);
quartz, sphalerite, galena and gold; quartz and
carbonate (220-150 °C; 1.9-2.1% NaCl eq.).

Mutafchiev and Gergelchev (1999) have given
a different scheme of mineral formation; they have
determined galena-sphalerite-chalcopyrite (spora-
dic), pyrite-marcasite, quartz-specularitic (main
ore), quartz-gold (main ore with adularia, pyrite,
pentlandite, marcasite, arsenopyrite, gold), quartz-
carbonate (quartz, calcite, ankerite, gold, pyrite,
nickel-bearing pyrite and acanthite?) and melni-
kovite pyrite paragenetic associations.
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Marton (2009) identified electrum, pyrite, arsenic-rich zones in pyrite), arsenopyrite, sphale-
arsenic-rich pyrite (mainly in the form of distinct rite and tetrahedrite.

BULGARIA
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Fig. 1. Geological map of the Surnak deposit with modifications of the authors (courtesy of DPMK): 1-3 — Eocene: 1 - Marly-
Limestone Formation (thin bedded calcareous sandstone and limestone, siltstone, marl), 2 - Marly-Limestone Formation
(organogenic reef limestone and marl), 3 - Coal-bearing—Sandstone Formation (massive limestone and siltstones); Paleocene:

4 - Continental Terrigenous Limestone Formation (Kroumovgrad Group - coarse breccia-conglomerate and sandstone);

5-9 — PrePaleocene Basement: 5 - granitic pegmatite, 6 - marble and calc-shist, 7 - amphibolite, amphibole and biotite gneiss,

8 - amphibolite, 9 - equigranular and porphyritic metagranite and granitic gneiss, 10 - geological boundary, 11 - foliation/bedding,
12 - fault (left traced, right supposed), 13 - Tokachka Detachment Fault, 14 - silica sinter, 15 - argilization, 16 - moderate
silicification, 17- strong silicification (left linear, right vein type), 18 - sample and its number. Inset: location of the Kroumovgrad
goldfield (KG) within the Bulgarian territory and the Rhodope Metallogenic Province (RMP) (after Georgiev, 2007b)

4]
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RESULTS

Styles of mineralization

Field work, observation of surface outcrops
and examination of taken samples visually and un-
der optical microscope confirmed earlier data about
layer-like and vein/veinlet epithermal mineralizati-
on in the Surnak deposit (Mutafchiev and Gergel-
chev, 1999; Mutafchiev, 1999; Marton, 2009).

Layer-like epithermal mineralization

The layer-like epithermal mineralization is
presented by pervasive silicification of host rocks
(Figure 2a). Small-sized surface outcrops do not
allow to trace the relationships with weakly
silicified and unsilicified rocks. Most favorable to
pervasive silicification were gravel-sized breccia-
conglomerate (Figure 2b), and to a lesser extent -
amphibolite and amphibole gneiss. The replacement
varies from intense, of quartz, in the case of gravel-
sized breccia-conglomerate to weaker, by chlorite
and quartz, in the case of amphibolite and amphi-
bole gneiss. In some surface outcrops the texture of
the primary rock is preserved (Figure 2b), in other
the primary rock is entirely obliterated (Figure 2c).
Most often the texture of layer-like silicification is
massive one (Figures 2a-b), less often it is banded
or fluidal (Figure 2c). Numerous small cavities
(usually in the millimeter range, less often in the
centimeter range) are visible in the layer-like mas-
sive silicification (Figure 2d) as well as lining of
cavities with thin crusts or fine-grained quartz (Fig-
ures 2d-e). In the optical microscope it is visible that
most cavities are below a millimeter and the lining
quartz is below 1 mm long. The layer-like silicifica-
tion is cross-cut by several veinlet generations
among which quartz veinlets predominate. Often
the veinlets are of healed contacts thus indicating
hydrofracturing by forced hydrothermal fluid.
There are also tectonic fracture and cracks, often
delineated by brown goethite (Figure 2d).

Hand specimen of surface outcrop no. 3 (Fig-
ure 2f) reveals the role of rheology and permeability
for the formation of layer-like style of epithermal
mineralization. The hand specimen represents grey
massive pelitic marl which contacts with medium-
grained sandstone. The sandstone is poorly consoli-
dated and is crumble. The marl is dense, compact
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and is cross-cut by stockwerk cracks, which in the
sandstone become subhorizontal, following the
contact. It is visible that dense marl maintains brittle
cracks whereas the sandstone cannot do it. That is
why the hydrothermal fluid entering the sandstone
spreads in layers along bedding. Observations at a
different scale revealed that after pervasive silicify-
ing of sandstones and breccia-conglomerates hap-
pened, they were fractured and the fractures were
filled with veinlets of hydrothermal mineralization
(Figure 2a).

Veinlet type epithermal mineralization

The veinlet mineralization is presented by
steep veinlets of different kind: steep veinlets within
tectonic zones of clear contacts (Figure 3a); bundles
of stockwerk veinlets of one generation; cross-cut-
ting veinlets of different generations (Figure 3b),
and of single veinlets (Figure 3c) what suggests
multiple tectonic deformation events and accompa-
nying hydrothermal activity.

The veinlets are usually of small thickness,
most often around a few centimeters (Figure 3a) to
hairline ones. Along length they are short and dis-
continuous (in cm and dm range). The cross-cutting
veinlets of different mineral composition have quite
different orientation what indicated close relation-
ship between the tectonic deformation and the
hydrothermal activity. Often veinlet contacts bear
proof for tearing and hydrofracturing rather than
tectonic shear (Figures 4, 5).

MINERAL COMPOSITION OF THE
EPITHERMAL MINERALIZATION

Layer-like mineralization

Under optical microscope the layer-like bodies
are composed mainly of microcrystalline anhedral
to subhedral quartz (over 90%); rare muscovite
flakes also are seen as well as clay mineral which
fills voids in quartz and quartz interstices thus indi-
cating later origin. Powder X-ray diffraction identi-
fied the clay mineral as kaolinite, which most likely
is supergene. Quartz is of highly variable sizes.
There are areas of very fine anhedral quartz (a few
microns across), which pass into coarser quartz of
20 to 100200 um in size as the transition is sharp.
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Fig. 2. Photographs of surface outcrops and hand specimens of the layer-like mineralization: a) surface outcrop of layer-like massive
silicification. Steep fractures are seen. Surface outcrop no. 48a; b) Surface outcrop of strongly silicified gravel-sized breccia-
conglomerate. Clast shapes in the former breccia-conglomerate are preserved. The silicification is pervasive and massive. Surface
outcrop no. 48; c) layer-like massive silicification of fluidal texture. The natural cut displays entirely silicified rock of obliterated
primary texture. Surface outcrop no. 55; d) hand specimen of layer-like massive silicification. Seen are numerous cavities, some of
them lined with quartz and later veinlets of healed contacts. Surface outcrop no. 48; e) hand specimen of layer-like massive
silicification — front and back. The front displays entirely silicified rock of homogeneous fine-grained massive texture whereas the
back demonstrates shapes of clasts of former breccia-conglomerate. Surface outcrop no. 55; f) hand specimen of grey pelite-sized
marl (bottom) and rusty medium-grained sandstone (top). Black dashed line delineates the contact between them. The marl is cross-
cut by brittle cracks whereas the sandstone is altered along its bedding. Brown spots and cracks are filled with brown goethite.
Surface outcrop no. 3. Scale: compass 7 cm wide and coin 2.5 cm in diameter
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c)

i

Fig. 3. Veinlet style of epithermal mineralization: a) tectonic zone of clear contacts and a thickness of around 50 cm is filled with
thin subparrallel veinlets. Surface outcrop no. 1; b) silicified tectonic zone in breccia-conglomerate. A veinlet along the left zone’s
contact. Scale — a coin of 2.5 cm in diameter; c) hand specimen of breccia-conglomerate is cross-cut by thin veinlets of three
generations, indicated by arrows. The subvertical veinlet contains adularia. The subhorizontal thicker veinlet of highly variable
thickness presents hydrothermal breccia of milled fluidized rock. Surface outcrop no. 1; d) barite veinlet (indicated by arrows) cross-
cuts fine-grained breccia-conglomerate (from Gadjalov and Marinova, 2020). Surface outcrop no. 2

Veinlet epithermal mineralization

Veinlets of quartz, quartz-adularia, pyrite and
barite compositions were indentified. Quartz vein-
lets sharply predominate over the other compositi-
ons. Quartz-adularia veinlets were found in surface
outcrops nos. 1-3 and are related to a north-south
tectonic zone, traced on the geological map of the
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Surnak deposit, compiled by DPMK. According to
drillhole data of DPMK that zone intersects sedi-
ments and in depth continues in the metamorphic
basement. Quartz-adularia veinlets were indentified
also in surface outcrops nos. 52 u 53, again close to
the Tokachka Detachment Fault. A barite veinlet
was identified only in the surface outcrop no. 2.
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Quartz veinlets

They are composed of microcrystalline quartz
and clay mineral in quartz interstices. There was
also seen pyrite transformed into goethite, the
former appearing as single cubes. On rare occasions
marcasite is present, represented by acicular crystals
altered into goethite. Quartz size greatly varies from
veinlet to veinlet. There are veinlets, where quiartz
is extremely fine-grained, a few microns across,
(Figure 4a) and others where quiartz is coarser, aro-
und 20 um (Figure 4c). In the former, quartz forms
isometric anhedral grains, whereas in the latter —
elongated subhedral quartz grains predominate.
Pores are lined with euhedral quartz crystals up to
100-200 pm long. These observations indicate

different degree of saturation / rate of cooling / rate
of nucleation and growth, likely in result of different
physical conditions during the formation of indi-
vidual quartz veinlet generations.

Pyrite veinlets

They occur rarely. Usually pyrite forms scarce
grains or disseminated aggregates in hydrothermal
quartz, clasts of metamorphic rocks and in fine-
grained clastic sedimentary rocks. Short pyrite vein-
lets were observed along the foliation of metamor-
phic clasts and along cracks between mineral clasts
in clastic rocks. Everywhere pyrite appears in squa-
re outlines and is altered into goethite (Figures 4e-

Fig. 4. Photomicrographs of quartz and pyrite veinlets in transmitted light (left panel — in cross polarized light, right panel — in plain
polarized light): a-b) zig-zag-shaped quartz veinlet of very fine-grained quartz (2-3 um across) cross-cuts coarser subhedral
hydrothermal quartz up to 100 um long. The veinlet contains former marcasite aggregate, now goethite (black acicular mineral in b);
c-d) two subparallel quartz veinlets, both around 20-30 um thick, composed of an- to subhedral quartz. Contacts of the lower veinlet
are delineated in part by goethite and clay mineral. Host rock is highly hydrothermally altered: silicified, pyritized (pyrite is altered
into goethite) and kaolinized; e-f) pyrite veinlet along the margins of kaolinized plagioclase grains in silicified granite clast. Abbr.:
Qz — quartz, PI - plagioclase, Gth — goethite, KIn - kaolinite\
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Quartz veinlets of colloform texture

In three outcrops (nos. 48, 48a and 50) quartz
exhibits colloform textures. The latter are present in
millimeter-thick veinlets cross-cutting layer-like
silicification. Only in such veinlets arsenopyrite and
tetraedrite were observed in optical microscope.
Such veinlets contain also quartz microspheres

(Figure 5) widely accepted to be resulted from
crystallization of opal precursor. Such microspheres
were found in precipitations from geothermal water
(Lebedev, 1967) and in other epithermal gold depo-
sits (Zeeck et al., 2021). Deposition of opal instead
of quartz indicates that a high supersaturation in
respect to SiO, was achieved (Fournier, 1985).

Figure 5. Photomicrographs of quartz veinlets of colloform texture and such containing quartz microspheres which both cross-cut
layer-like massive silicification: (a-b) in transmitted light, (c-j) in reflected light; left panel in plain polarized light, right panel in
cross polarized light: a-b) colloform quartz micro-band displaying chalcedonic-like extinction; c-d) quartz microspheres in a fissure
veinlet; e-f) marcasite aggregates (altered in goethite) between quartz microspheres; g-h) tetrahedrite aggregate between quartz
microspheres; i) arsenopyrite on the surface and in subsurface in an area composed of quartz microspheres. Surface outcrop no. 48.
Abbr.: Py — pyrite, Mrc — marcasite, Ttr — tetrahedrite, Apy — arsenopyrite
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Quartz-adularia veinlets

They are composed mainly of quartz and ad-
ularia sized around and below 20-30 um, and dis-
play varying quartz/adularia proportions (Figure 6).
In most occasions quartz and adularia are anhedral
to subhedral as subhedral appear their coarser gra-
ins. Often when adularia forms single crystals dis-
seminated in quartz, it forms grains of euhedral rho-
mbic or rhomboid outlines. Adularia is water-clear,
colorless, as in places is replaced by submicroscopic
clay mineral (Figures 6a-d). The quartz-adularia

veinlets contain rare pyrite grains of square outline,
altered into goethite.

Barite veinlets

A barite veinlet cross-cutting a breccia-conglo-
merate and a quartz veinlet was identified by pow-
der X-ray diffraction and optical microscopy
(Gadzalov, Marinova, 2020). The veinlet is 1-2 cm
thick (Figure 3d). Barite forms lath-shaped crystals
to 1-2 mm long (Figures 6e-f). In surface outcrop
no. 2 it is white soft mineral, of perfect cleavage. Its
deposition follows that of veinlet quartz and pyrite.

Fig. 6. Photomicrographs in transmitted light of quartz-adularia and barite veinlets; left panel in plain polarized light, right panel in
cross polarized light: a-b) quartz-adularia veinlet of predominate adularia along the left veinlet margin and predominate quartz along
the right veinlet margin cross-cuts layer-like massive silicification. Likely this veinlet documents two veinlet episodes of formation.
Veinlet contacts are reinforced with black dots. The massive silicification is composed of quartz. In (b) seen are numerous grains of
kaolinite below 1 pm in size. Some are enclosed in a rectangle to mark. Kaolinite replaces adularia, forms veinlets along quartz
grains as well as segregations in pores between several next quartz grains. Surface outcrop no. 2; c-d) in the center a relatively coarse
adularia crystal is seen in anhedral quartz and very fine-grained clay mineral. The adularia crystal itself is replaced by the clay
mineral. Surface outcrop no. 52; e-f) lath-shaped barite crystals in a monomineral barite veinlet: left — in stereomicroscope (from
Gadzhalov and Marinova, 2020), right — in transmitted cross polarized light. Surface outcrop no. 2
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DISCUSSION

Fine-grained mineralization in the Surnak de-
posit indicates large and rapid changes in the phy-
sical or chemical nature of the hydrothermal fluids
like rapid cooling, pressure drop, pH change, high
rate of nucleation and crystal growth what indicate
near surface conditions. Highly varying size of
quartz from veinlet to veinlet is additional evidence
for sharp changes of physical and chemical condi-
tions in life of the hydrothermal system. Multiple
veinlet generations mean multiple episodes of
deformation and hydrothermal activity.

Presence of colloform quartz bands and of
quartz microspheres, the latter likely developed
after opal precursor, indicate episodes of high super-
saturation in respect to quartz. The deposition of
marcasite, arsenopyrite and tetrahedrite coincides
with these events. In addition, presence of adularia
is an indication for boiling of fluids (Browne, 1978).
Most likely these episodes were related to boiling of
hydrothermal fluids.

By presence of two main styles of epithermal
mineralization (layer-like and veinlet) the Surnak
deposit is similar to the next Khan Krum and
Kuklitsa deposits. By mineral composition there are
some differences. In the Surnak deposit visible gold,
colloform macrotextures and platy calcite are ab-
sent. In the Khan Krum and Kuklitsa deposits barite
is lacking. At that time these deposits are hosted by
different kind of structures and different rocks lay
in depth The Khan Krum and Kuklitsa deposits are
hosted by breccia-conglomerate and sandstone of
Ludetina Graben (Goranov et al., 1995) and mainly
metamorphosed granite and gneiss build up the
metamorphic basement in depth. The Surnak depo-
sit is hosted in the Surnak horst and the metamor-
phic basement is composed mainly of amphibolite.
These two elements seem key ones for the character
of fliud/rock interactions, fluid pressure, tempera-
ture and likely have impacted the mineral composi-
tion of the hydrothermal fluids.

Some previous studies emphasized the import-
ance of the layer-like style of mineralization and
found similarity with the Carlin type epithermal
gold deposits in Nevada (USA). (Mutafchiev and
Gergelchev, 1999). Our results show that the vein
style mineralization is expected to have main
contribution to the gold and silver reserves in the
Surnak deposit like in the other deposits and occur-
rences in the Kroumovgrad Goldfield — Xaun Kpym
(Marinova et al., 2014), Kupel (Marinova, Tacheva,
2018) and Kuklitsa (Marinova, 2019).
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CONCLUSIONS

1. In surface outcrops in the Surnak deposit
two styles of mineralization were recognized: a
layer-like one and later vein/veinlet one, what
confirmed earlier published studies. The layer-like
style has formed by massive silicification of host
rocks, mainly breccia-conglomerate, amphibolite
and biotite gneiss. Later veins and veinlets cross-cut
the layer-like silicification and filled open space.
Quartz, quartz-adularia, pyrite and barite veinlets
were identified.

2. Pyrite is main opaque mineral whereas the
gangue minerals are quartz and adularia. Quartz
amount clearly dominates over that of adularia.
Barite deposition follows quartz veinlet formation
in time. Pyrite, quartz and adularia are very fine-
grained indicating rapid cooling, and high rate of
nucleation and growth. The highly varying size of
veinlet quartz from veinlet to veinlet suggests
multiple episodes of quartz formation under highly
varying physical conditions: temperature and
pressure fluctuations.

3. Presence of collomorph microcrystalline
quartz and quartz microspheres in veinlets suggests
episodes of high degree of supersaturation. Presence
of vein adularia indicates boiling of fluids. The
connection of marcasite, arsenopyrite and
tetrahedrite with quartz microspheres implies that
boiling was responsible for their deposition.

4. The mineral differences between the Surnak
deposit, on one side and the Khan Krum and
Kuklitsa deposits, on the other, is ascribed to fluid/
rock interactions and different fluid temperature and
pressure conditions in the host horst (for the Surnak
deposit) and graben (for the Khan Krum and
Kuskitsa deposits).
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Abstract: The paper reports the results of studying the content, distribution and forms of occurrence of W in
the oxidation zone, soils, stream sediments and waters, drainage waters and their precipitates in the area of the Grant-
charitsa deposit, Bulgaria. It is currently not developed, although is one of the largest deposits of W in Europe. Scheel-
ite, secondary tungsten minerals (iron—containing meymacite, tungstite, hydrotungstite, hydrokenoelsmoreite) and W-
enriched goethite and hematite are the most typical W carries in the oxidation zone of the deposit. It is found that, the
soils covering the deposit and its oxidation zone although being enriched in W up to 70-80 ppm contains only a small
amount of tungsten minerals — ferrihydrite is considered the main carrier of W. For W in the soils there is a pronounced
zonal distribution — the highest contents are typical for the upper parts (topsoil) of the soils. In the stream sediments the
content of W is 20-60 ppm and mainly is related to the presence of scheelite — the contents of W are higher in the areas
of abandoned prospecting galleries. All waters (surface, underground and drainage) in the area of the deposit are with
low salinity — 70-120 mg/L. The surface waters are poor in W <1 pm/L while in the underground waters the W content
reaches 20 um/L. Drainage waters are with variable content of W — 0.01-3 pm/L which is actively removed from the
water by newly formed low crystalline ferric iron oxide/hydroxide precipitates. It is concluded that the geochemical
behavior of W in the area of the deposit is closely associated with the behavior of Fe — from decomposition of the
primary scheelite and formation of the secondary W minerals to intensive sorption of W and purification of waters by
low crystalline ferric iron oxide phases.

Key words: tungsten, scheelite, oxidation zone, soils, stream sediments, waters

BOJI®PAM BO ITIOYBHU, CEAMUMEHTH N BOJIA BO IOIIINPOKHUOT PETMOH HA
HAOT'AJIMIITETO 3A BOJI®PAM I'PHUYAPHULIA, 3AITAJHU POAOIIN, BYT'APUJA

A mcTpacxk 1 OBOj TpyX ' MPUKAKyBa Pe3yIATaTUTE O NMPOYIyBameTO Ha COAPKHHATA, pacrpenendara U
¢opmuTe Ha TojaBaTa Ha BojdpaM BO 30HATa HA OKCHAAIUja, IOYBUTE, CTPUM CEAMMEHTUTE M BOIWTE, APCHAKHUTE
BOJIM ¥ HUBHHTE TPEIIUNTUTATH BO oOsacta Ha HaoranumreTo ['pavapuna ,byrapnuja. MoMeHTaIHO, TOa HE € Pa3BUEHO,
HaKo MPETCTaByBa €HO OJ1 HAjTOIeMUTe Haor-anuiuTa Ha Boidpam Bo EBpomna. llleanToT, cekyHIapHUTE MUHEpaIu Ha
BoJIppaM (MejMAIUT KOj COIPIKH )KeJie30, BOIPPaMHT, XUAPOBOIPPAMUT, XUIPOKEHOSICMOPHUT) U TETUT M XEMaTUT
36oraTeHu co BoyippaM ce HajTUIMYHUTE HOCHTEIM Ha BoJppaM BO 30HAaTa Ha OKCHIALHMja Ha Jiexumrero. beme
OTKPHEHO JieKa, T0YBaTa Koja IITO T'o TOKPHBA JISKUIITETO ¥ HEroBaTa 30Ha Ha OKCHIAIMja Hako e borara co Bojdpam
10 70-80 ppm, coapku caMO Maja KOJNHMYMHA Ha MHHEPAIH Ha BONQpaMHUT — (GEepUXHUOAPUT KOj Ce CMeTa 3a TIIABEeH
HOCHUTEN Ha BoJpaM. 3a BoidpaMoT BO MMOYBHUTE, IIOCTOH W3pa3HTa 30HAIIHA pacIpeenda — HajBUCOKUTE COIOPKUHU
ce THIMYHM 3a TOPHHTE JeNMOBH (TIOBPIIMHCKHOT CJ0j) Ha IOYBHTE. Bo cTpuM ceamMeHTHTE, COAp)KHMHATA HA
Bosippamot ¢ 20-60 ppm a Toa e BOTTIaBHO MOBP3aHO CO MPHCYCTBOTO Ha HIETHTOT — COAPKUHHUTE Ha BoJdpam ce
ITOBUCOKH BO 30HUTE HA HAITYIITEHUTE UCTPAKYBAYKU I'aJICPUH. Cure BOIH (l'lOBpLUI/IHC](a, noaA3€MHa U ﬂpeHamHa) Ha
HOBPIIMHATA HA JICKHUIITETO MMaaT HU30K conuHuTeT — 7/0-120 mg/L. TToBpIIMHCKHTE BOIM C€ CHUPOMAIIHU CO
Bojidpam, W <1 um/L nonexa BO NOA3EMHHUTE BOAH, COApXKUHATA Ha BondpamMoT gocturaysa 20 pm/L. JIpeHaxHute
BOJM uMaar BapujabwiHa coxpxuHa on W — 0.01-3 pm/L koja IITO € akTHBHO OTCTpaHeTa OJ BoJara IPeKy
HOBO(OPMHUPAHNTE MPENUIUTATH CO HHCKO KPHCTAJeH >Kele3eH okcuu/xuapokcua. Ce moafa 10 3aKIydoK AeKka
Te0TepPMATHOTO OJHECYBam-¢ Ha BOI(PaMOT Ha MOBPIIMHATA HA JISKHUIITETO € TECHO IMOBP3aHO CO OJJHECYBAETO HA
Fe (xxene30T0) — 0J1 pa3narameTo HA MPUMAPHUOT IIEIHUT ¥ (GOPMHUPABETO Ha CEKYHIapHUTE MUHEPAIH Ha Boippam
JI0 MHTEH3MBHA COPIILHja Ha BOJ(pam U MpodYHCTyBame Ha BoaUTe Hpeky dasu Ha xeneseH okeun (Fes) co Hucka
KpHUCTaTM3aIHja.

Kayunu 36oposu: Bosi(hpam, ST, 30HA HA OKCUJIAIN]ja, TIOYBH, CTPUM CEIUMEHTH, BOJH
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INTRODUCTION

Tungsten is a metal of high strategic im-
portance due to its very wide application as hard
carbides, metal wires, electrodes, superalloys, cata-
lysts, incandescent wires and others. Recently, how-
ever, the metal has become the subject of scientific
focus due to the possible impact of W on acute lym-
phocytic leukemia diagnosed in children and ado-
lescents in Fallon, Nevada (USA) (Koutsospyros et
al., 2006). It has been established that the inhabit-
ants of the town are exposed to high levels of W
from drinking water. The natural weathering of W—
bearing mineral deposits in the region is considered
to be one of the main sources of W in groundwater.

The Grantcharitsa scheelite—pyrite deposit
(Western Rhodopes, Bulgaria) is one of the largest
deposits of W in Europe. It is located southwest, 18
km in a straight line, from the town of Velingrad —
a modern resort town and SPA center of Bulgaria.
Exploration of the deposit began in 1960 and in
2009 preparations for its exploitation began, which
received a mixed reaction from the local population,
worried about the possible contamination of drink-
ing and thermal mineral waters. Currently, all activ-
ities at the Grancharitsa deposit have been sus-
pended, since in 2017, sanitary protection zones
were established on the Grancharitsa River and its
tributaries, the boundaries of which pass through the
richest ores of the deposit, including oxidized ores.

The present work summarizes the results of
studies conducted by the authors in 2019-2020 on
the territory of the Grancharitsa deposit, aimed at
elucidating the natural levels of tungsten content
and its distribution in soils, sediments and waters.

GEOLOGICAL SETTING

The Grantcharitsa deposit is located in the
northern part of the Grantcharitsa granitoid body
(granite—granodiorite and porphyritic granodiorite,
69-67 Ma) of the Rila—West Rhodope batholith, in
close proximity to the Babyak—Grashevo shear zone
which separates these granitoids from the younger
medium-— to coarse—grained biotite granite (40-35
Ma) of the West Rhodopes body (Figure 1). The ore
mineralization of the deposit is associated with peg-
matoid quartz—feldspar veins characterized by an al-
most sub—latitudinal strike — a dip to the northwest
of ~ 350° with a slope of ~ 30°, and with the host
rocks in the form of vein—disseminated ores (“min-
eralized granitoids”). The mineral composition of
the vein ores is strongly dominated by quartz, SiO,
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and microcline, KAISi;Os among the gangue min-
erals, and by pyrite, FeS,, and scheelite, CaWOQs,,
among the ore minerals.

Bulgaria
o Sofia

Grantcharitsa
B deposit

E Biotite gneisses

Porphyritic biotite
granite, amphibole-
biotite granodiorite

Equigranular biotite

granite

Fine grained biotite

granite

Leucocratic muscovite

granite
e Mg" (A-A) [/~ Orezone of
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e I + J Ore mineralizations
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Fig. 1. Simplified geological map of the Grantcharitsa deposit
area (after Kozhuharov et al., 1958; Vasilev et al., 1981 (un-
published data))

MATERIAL AND METHODS

Samples of soils, stream sediments, surface
and underground waters, drainage water and their
ferric iron oxide precipitates were taken in the area
of the deposit in 2019 and 2020. Personal author’s
collection of fresh and oxidized ores was also used
in the study. The studied waters were found to be
with low salinity; therefore a dry residue was ana-
lyzed for a part of water samples. All solid materials
were examined using SEM and EPMA on a ZEISS
SEM EVO 25LS with an EDAX Trident system (In-
stitute of Mineralogy and crystallography, BAS)
and LA-ICP-MS analysis on a PerkinElmer ELAN
DRC-e ICP-MS with a New Wave UP193FX LA
system (Geological Institute, BAS). The waters
composition was analyzed by ICP—OES — for main
components (SPECTROBLUE ICP-OES spec-
trometer, Eurotest-Control EAD, Sofia) and by
EPMA and LA-ICP-MS — for main and minor
elements in dry residues.
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TUNGSTEN IN THE OXIDATION ZONE

Oxidized (or weathered) ores in the deposit is
the most important source of W for the surrounding
soils, sediments and waters. Two principal trends of
structural and chemical evolution of mineral forms
of W are distinguished in the oxidation zone of the
deposit (Tarassov, Tarassova, 2018). The first trend
refers to the processes that occur when the overall
pH of supergene solutions decreases due to the oxi-
dation of pyrite and the formation of natural sulfuric
acid. The first trend is well illustrated by Eh—pH di-
agram in Figure 2 and includes: (1) dissolution of
scheelite accompanied by the formation of poly-
tungstate ions in the water at pH ~6-4; (2) pseudo-
morphic replacement of scheelite by poorly crystal-
line WOs3.xFe;03.nH2O (iron—containing mey-
macite) at pH ~4-1; (3) crystallization of tungstite,
WOs3.H20, and hydrotungstite, WO3.2H;0, at the
expense of meymacite at pH <1.
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Fig. 2. Eh—pH diagram with outlined (shaded) areas
corresponding to the conditions of alteration scheelite
via a pseudomorphic replacement by WO3.xFe,03.nH,0
(25°C, 1 atm, XFe — 104, Ca*" — 104 =S - 102, K* - 1073,
W — 1075) (according to Tarassov, Tarassova (2018))

The second group of processes takes place
when the pH of supergene solutions increases and
includes: (1) partial dissolution of meymacite (pH ~
1-3); (2) occasional precipitation of amorphous gels
WO3.xFe203.nH,O — chemical analogues of mey-
macite (pH ~ 1-3); (3) crystallization of hydrokeno-
elmoreite, (W,Fe)2(0,0H)s.H,0 — as a result of the
interaction of meymacite and a solution enriched
with K, Na, Ca and W at pH ~ 3-4; (4) formation of
mineral carriers of W: goethite, a—FeOOH, hema-
tite, o—Fe20s. These two types of processes are car-
ried out in situ and ex situ with involving the ground

waters and essential transport of dissolved W in-
cluding its polytungstate ion forms.

TUNGSTEN IN THE SOILS

The studied soils in the area of the
Grancharitsa deposit are characterized by a mark-
edly increased W content (20-80 ppm) compared to
the metal concentration in unpolluted soils 0.4-5
ppm (Datta et al., 2017). Figure 3 shows the distri-
bution of W over the depth of the soil (denoted by
letter A in figure) located just above the oxidation
zone in the central part of the deposit. For compari-
son, the same figure shows the distribution of W for
unpolluted soil (B) outside the deposit.

W, ppm
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0.0 1 i i L il 1 1
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Fig. 3. Distribution of W in depth (in ppm) in soils
at the Grantcharitsa deposit (A) (Central section)
and in the territory remote from the deposit (B)

As seen in Figure 3, a pronounced zonal
distribution is typical for W in the soils of the
deposit — the highest contents are characteristic of
the upper parts (topsoil) of soils up to 70-80 ppm. It
is important to note, that these concentrations of W
are higher than those established for topsoils in
Fallon (NV, USA) — 10-67 ppm (Koutsospyros et
al., 2006). It is noteworthy that the increased W
content is not associated with the presence of
scheelite or secondary W minerals. The amount of
scheelite grains increases to deeper soil horizons.
Sporadic W-enriched goethite grains are found in
the topsoil, but their contribution is insignificant in
the total W concentration. Low-crystalline iron
oxide/hydroxide (ferrinydrite) appears to be the
most important carrier of W in the studied soils.
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TUNGSTEN IN THE STREAM SEDIMENTS

The W content in the stream sediment taken in
the territory of the Grantcharitsa deposit (Grant-
charitsa River, Veziov dol Creek) shows the varia-
tion in the range 20-60 ppm almost completely as-
sociated with the presence of scheelite and some-
times of W—containing goethite and hematite. The
highest contents of W up to 60 ppm were estab-
lished in areas near abandoned prospecting galler-
ies.

TUNGSTEN IN THE WATERS
AND DRAINAGE PRECIPITATES

All sampled waters (surface, underground and
drainage) were recognized as low mineralized water
as was evidenced by comparatively low values of
the measured water conductivity (between 44.7 and
136 uS/cm) (Tarassov et al., 2019). The pH values
for most waters were close to neutral (~7) or ranged
from slightly acidic to moderately alkaline with the
exception of the drainage waters demonstrated sea-
sonal variations between 2.4 (spring 2019) and 6.5
(autumn 2019). The total mineralization of the wa-
ter calculated from the weighed dry residues is 70—
120 mg/L (Tarassov et al., 2020; and present work).
Among all the waters studied, the lowest concentra-
tion of W was found for the surface waters — 0.3—
0.5 pg/L, and the highest concentration of W up to
20 ug/L — in the groundwater of the floodplain
terrace of the Grancharitsa River. These concen-
trations are lower than the maximum permissible
concentration of W in drinking water (50 pg/L) in
Russia (for other countries there is no data) and
essentially lower than the maximal W content in
drinking water in Fallon, Nevada, — 337 pg/L
(Koutsospyros et al., 2006) and in underground
water — 742 ug/L (Seiler et al., 2005) reported for
the Carson Desert near the town of Fallon. It is
noticeable that the obtained by us concentration of
W are lower than the highest content of W 29 pg/L
in the thermomineral waters in the region of
Velingrad (Stoyanov, Hristov, 2018).

Drainage waters from the abandoned prospect-
ing galleries have a variable content of W — 0.01-3
um/L strongly depending on the pH of the water —
the lowest values are typical for more acidic condi-
tions (pH <5). The discharge of drainage water is
accompanied by intensive precipitation of ochreous
iron oxides/hydroxides. Similar ochreous material
is also formed after the ingress of drainage water
into local streams (Figure 4). The concentration of
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W in ochreous precipitates reaches 770 ppm thus
indicating that the newly formed ferric iron ox-
ide/hydroxides actively remove W from the water
via adsorption and co—precipitation processes.

Fig. 4. Stream with precipitates of ferric iron ox-
ide/hydroxides (Grantcharitsa deposit, Veziov dol Creek)

CONCLUSION

In general, the geochemical behavior of W in
the studied deposit is closely related to the behavior
of Fe — from decomposition of scheelite and the
formation of secondary minerals to intensive
sorption of W and purification of waters with
ochreous ferric iron oxide/hydroxides.

The highest levels of W in local waters (20
pm/L) found in groundwater are well below the
critical values for drinking water (50 pm/L) and
well below the highest concentration of W in
drinking water and groundwater near the town of
Fallon, Nevada. Soils and sediments are expected to
have elevated levels of W as they form above the
oxidation zone of the deposit. It is necessary to take
into account that the concentration of W in the
topsoils up to 80 ppm in the Grancharitsa deposit is
higher than that in Fallon, Nevada. The relationship
between groundwater and soil in relation to W
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behavior also needs to be studied in detail. A more
detailed understanding of the relationship between
drainage water and ochreous sediments is needed.
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by the National Science Fund of Bulgaria
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Abstract: Listwanite is a rock type that forms when ultramafic rocks, most commonly mantle peridotites,
are partially altered to carbonate minerals and cut by ubiquitous carbonate veins containing magnesite, calcite, dolo-
mite, ankerite and/or siderite. Original pyroxene and olivine in the peridotite are commonly altered to Mg- or Ca-car-
bonate and hydrous Mg-silicates, such as serpentine and talc. Complete carbonation of peridotite means formation of
secondary carbonate minerals such a magnesite, calcite, and siderite, while silica is deposited as quartz, serpentine, and
talc. In terms of bulk mineralogy, listwanites consist primarily of quartz (often of a rusty red colour), carbonate, ser-
pentine, talc, + mariposite/fuchsite (i.e., Cr-muscovite) + gold.

Key words: Listwanite (possible spelling; listvenite; listvanite; or listwaenite) are discovered on Ural; described by
german geologist G.Rose for the first times (1842)

JUCTBAHUTUTE HA OOPNUOJIUTUTE
O AIMHAPUAUTE U BAPJJAPCKATA HEHTPAJIHA 30HA
IIperaen

AmcTpakT: JIMCTBAaHUT € TUI Ha Kapma MmTo ce GopMHUpa Kora yarpamaguuHATe Kapiy, HajuecTo Mepuao-
THUTH, ACITYMHO C€ IPOMEHETH BO KapOOHATHH MUHEPAIIH U IIPECEUCHH CO CETIPUCYTHH KapOOHATHH JKHIIH LITO COJPIKAT
MAarHe3uT, KaJLuT, JOJOMHT, QHKEPHT U / WK CHAEPUT. [IpuMapHUTE MUPOKCEHH U OJIMBHHY BO IEPUIOTUTOT HAjYECTO
ce mpomeHeTH BO Mg- unn Ca-kapOOHATHH U XUAPPHPaHH Mg-CHUIIMKATH, KaKo IITO ce CepIeHTHH U Tajk. LlenocHa
KapOOHM3aIMja Ha IEPUIOTHT 3HAYH GOpMHpPabe CeKYHIapHH KapOOHATHH MUHEPAIH KaKO MarHe3UT, KAJILUT U CHIIe-
PHT, 0A€Ka CHIIMLUYM JMOKCHIOT Ce JISIIOHNpa KaKo KBapll, CEPIIEHTHH U TajiK. Bo oHOC Ha IeJIoKynHaTa MUHEpa-
JIOTHja, JINCTBAHUTUTE CE COCTOjaT IPBEHCTBEHO Of KBapl] (co 1pBeHa 0oja Ha ’pra), KapOOHATH, CEPIIEHTHH, TaJIK,
+ mMapunos3ur / pykeur (T.e. Cr -MyCKOBHT) + 371aTO.

Kiyunu 36opoBu: JINCTBaHUTUTE ce OTKPUEHM Ha Y pall, IPB T'H OMUIIAN repMaHcKuoT reotor ['. Poys (1842)

LISTWANITE OF THE OZREN AND
KONJUUH MTS,, DINARIDIC OPHIOLITES

Listwanite ore in Dinaride is situated on the
NE margine of Dinaridic ophiolite zone, along the
Sprecha-Kozara fault. The Spreca-Kozara fault
zone, which strikes and dips on the regional scale,
accommodates a number of Jurassic ophiolite for-
mations, serpentinites, Triassic meta-carbonates,
Paleozoic phillites and post-orogenic magmatic
rocks (Figure 1).

Listwanites within the Dinaridic ophiolite
zone, on the northeastern margin of the Ozren
ultramafic massive, were registered by Vakanjac
(1962), Pami¢ and Oluji¢ (1973) described them

from the mineralogical and petrological aspects.
Pamic¢ (1979) classified them into three groups: talc-
,quartz- and carbonate-listwanites.

Geological survey of Sarajevo was exploring
ultramafic massive of Ozren Mt. in the period bet-
ween 1968 and 1970 y. on the northeastern margin
of the ophiolite zone, and localized geophysical
anomaly on the depth of 25 and 80 m. Exploration
drilling and mining exploration works discovered
an ore body thick 4 - m (Olyji¢, 1971, revealed by
Barakovi¢, 2005). The listwanite ore bodies are
situated along the fault, in the zone extending from
a few hundred meter to 2 km and width of several
hundred meter. Ore body comprises a part of the si-
licic-carbonate listwanite with average contents of
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Pb =0,2 - 3,1%; Zn—0,5 — 4,9% and Ni = 0,1 —
2,9%. Chemical analyses of drillholes cores at some
specific sites determined extraordinary content of
zinc 10%wit. and nickle 2 — 15 % wit.

Fig. 1. Simplified geological map of the Dinaride Ophiolite
Zone (Bosnia and Herzegovina)

Legend: 1).Late Triassic-Midlle Jurassic Radiolaritie
formation, 2) Jurassic ophiolite melange or wild flysch
(olistostrome or/and tectonic melange, wild flysch), 3) Jurrasic
Ultramafic formations (tectonic peridotite, cumulate gabbros
and peridotites, diabases, basalt), 4) Spilite, 5) Serpentinite, 6)
Transgresive formations (Late Jurassic reefal limestone,
Pogari formation, Late Cretaceous limestones), 7) Listwanite,
8) Deep fault. O-Ozren, K-Konjuh, S-K Spreca.Kozara deep
fault

Besides, ore appears as lenses and dm-m thick
veins in serpentinized peridotites as silicified
breccia (Figure 2, 3, 4, 4a). The ore has red-brown
and brown colour, impregnated with mm veinlets
and mm-cm lenses with quartz and pyrite (Figure 3).
A very specific textural characteristic of listwanite
is porosity, which is ascribed to their hydrothermal
origin by metasomatic activity of CO,. The region
is under influence of young Tertiary magmatism,
resulted in widespread alteration of ultramafic
terrains, with magnesite, talc and asbestos ore
deposits. According to Pami¢ (1979) listwanization
is related to syenitic-granitic igneous activity.

Mineralization

Ore microscopy revealed following ore
minerals:

Sulfides: galena, PbS; jemsonite, PbsFeSheS14;
sphalerite, (Zn,Fe,Mn,Cd)S, chalcopyrite, CuFeSy;
chalcocite, CuyS; covellite, CuS; tetrahedrite,
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(CuzZnFe)s(AsSh).Se; milerite, NiS; pentlandite,
(Fe,Ni)S; breithauptite, NiSbS; kovelin Cus; tetrae-
drit (CuzZnFe)s (AsSh)2Ses, milerit NiS, petlandit
(Fe,Ni)S, brajthauptit NiSbS, arsenopyrite, FeASS;
pyrite, FeS; markasit FeS; .

Carbonates: cerusite, PbCOs; smitsonite,
ZnCOs; siderite, FeCOs; ankerite, CaFe(COs),; cal-
cite, CaCO3

Oxides: cuprite, CuO; limonite, FeO(OH);
goetite, FeO(OH); qurtz, SiOy; opal SiOzx nH-0;
chalcedon, SiO;

The footwall of the ore body is overlain by si-
licic-listwanites (Figure.2) on the surface of 2 km?.
Their geochemistry, presented in the Table 2. raises
the economic perspectives of the showings due to
the increased values of Au up to 1ppm, Ag 17 ppm,
Ni 4600 ppm, Co 471 ppm, Pb 1150 ppm, Zn 1100
ppm and Fe up to 43%. Lateral host rocks are green
clays with high Ni-4600 ppm, Ag-3.2 ppm and Zn-
776 ppm (Table 2)

RN ST
Fig. 2. Silicic-listwanite
( perimetar of Ozren Mt., analysis, in the Table 1)
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Fig. 3. Silicic-listwanite from the Fig. 4. Brecciated silicic-listwanite (perime- Fig. 4a. Detail from Figure 4
drillhole core (sample .Table 1) tar of Konjuh Mt., analysis numbep 7 in Ta-
ble 2)
Table 1

Lithogeochemical analysis of the ore
(Analyses done by Burea Veritas (Canada) and ALS Minerals (R Serbia).

Au Ag Al As Ba Be Bi Ca Cd Co Cr Cu Fe Ga
ppm  ppm % ppm  ppm  ppm  ppm % ppm  ppm  ppm  ppm % ppm
0.45 126 0.32 420 40 1.3 9 1.73 7.6 47 22 955 34.7 <10
Hg K La Mg Mn Mo Na Ni P Pb S Sb Sc Sr
ppm % ppm % ppm  ppm % ppm  ppm % % ppm ppm  ppm
110 0.12 <10 0.45 9530 <1 0.02 946 540 8.9 1.94 121 1 7
Th Ti U V W Zn Cs Hf Nb Rb Sn Ta Zr Y
ppm % ppm ppm  ppm % ppm  ppm  ppm  ppm  ppm  ppm ppm  ppm
0.5 0.01 20 <10 21 1.19 1.2 0.3 14 11.9 9 <0.1 14.2 4.6
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
ppm  ppm  ppm ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm ppm  ppm
2.3 4.2 0.48 2.3 052 011 067 011 063 014 034 0.05 031 050

Table 2
Lithogeochemical analysis of the listwanites (Samples from the margins of Ozren Mt.),
Analyses done by Burea Veritas (Canada) and ALS Minerals (R Serbia)
S. Ag Al As Co Cu Fe Mg Ni Pb Sb Sc Zn Au
ppm % ppm  ppm ppm % % ppm  ppm  ppm ppm ppm ppm
1 0.8 1.22 32 17 45 153 0.03 260 142 15 12 450 -
2 7 0.88 164 66 25 241 013 374 130 63 4 421 -
3 <0.5 1.68 116 471 32 435 03 4050 50 23 9 1840 -
4 55 0.95 164 32 20 359 0.16 579 271 26 8 775 -
5 <0.5 0.48 14 11 7 193 0.11 424 7 <5 4 152 -
6 <0.5 0.48 8 19 11 085 0.1 207 2 <5 1 122 -
7 17.6 1.67 591 63 125 6 0.23 1160 1525 159 11 1150 -
8 0.9 0.33 144 34 9 432 011 761 50 120 6 178 -
9 1.5 3.2 26 72 25 6.72 5.33 932 92 12 12 205 -

10 05 6.87 184 111 62 805 081 4120 133 130 81 2700 -

11 <05 3.18 <5 122 6 328 0.75 1550 46 <5 32 527 -
12 0.8 0.43 168 51 12 631 014 1320 50 72 7 213 =
13 <05 0.39 513 114 8 8.09 0.11 2940 2 9 6 212 -
14 3.2 4.66 <5 189 50 7.67 0.46 4640 52 <5 51 776 =
15 <0.5 0.5 163 65 8 214 3.03 1460 55 15 4 261 -
16 0.8 0.48 195 57 13 6.27 0.11 1100 80 118 9 279 -
17 <05 0.36 375 96 7 782 011 2630 <2 9 7 178 -
18 0.9 0.47 173 40 9 475 0.13 866 65 88 8 181 0.012
19 0.03 0.18 4.0 3.7 84 018 0.03 382 - 1.5 1.7 4.3 1.0

Samples from the margins of Ozren Mt.: 1, 2, 3, 4, 8, 11, 12, 16, 17 (limonitized silisic listwanite); 10, 14 green clays in the footwall of
listwanite); 5, 6, 7, 8, 9, 13, 15, 18, 19 (silicic listwanite)
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<0.005 <0.5 0.2 14 112 31

99 269 4.43 502 587 138 72

Table 3
Lithogeochemical analysis of the listvenite (samples from margin of Konjuh Mt.)
Analyses done by Burea Veritas (Canada) and ALS Minerals (R Serbia)

S. Au Ag Al As Ca Co Cu Fe Mg Mn Ni Pb Zn

ppm pm % ppm % ppm ppm % %  ppm  ppm  ppm  ppm
1 0.006 <05 028 <5 047 78 332 447 537 1530 2 39
2 0.006 1.3 064 9 0.4 5 9 099 01 190 64 7 18
3 <0005 <05 038 <5 08 43 38 344 231 871 <2 19
4 0.013 <05 1.07 <5 267 105 68 625 234 1620 2120 <2 39
5 0.005 <05 02 <5 079 18 40 193 213 412 307 <2 8
6
7

7.6 0.006 027 0.2 004 449

64 214 3.63 225 649 23.6 19

Sample: 1, 3, 5 and 7 (breccia silicic listwanite, 2.4 i 6 (silica listwanite)

Genetical consideration

1.Genesis of listwanite in Ozren and Konjuh
Mts. ophiolite zone is connected with Tertiary mag-
matizam (Miocene), which penetrated orogenic
nape-stackings system with obducted ophiolites.
The masses of ultramafics,primarily peridotites,
were hydrothermally metasomatized, including
listwanization, by CO, rich fluids.

2. The key role in listwanization played
Sprecha-Kozara fault zone, a possible conduit for
metasomatic fluids.

3. Listwanites assumed a quality of ore by high
content of Pb-8,9%, Zn, 3,1%, Ni-2,9%, Ag-126
ppm and Au-7,6 ppm and Cu-955 ppm.

4. Promising area for ore localization is long
60 km and wide about 1 km.

LISTWANITES OF THE CENTRAL VARDAR
ZONE OPHIOLITES

The Crnac epithermal Pb-Zn-Ag deposit is
exploited as an underground mine under operation.
It is located ca. 30 km north of the Kosovska
Mitrovica town and belongs geographically to
Rogozna Mts., covering an area of 80 km2 (Figure
5, Borojevié Sostaricet et al. 2013). It predomi-
nantly contains the assemblage pyrite, arsenopyrite,
pyrrhotite, sphalerite, chalcopyrite, galena and
tetrahedrite. Alteration styles include propyliti-
zation, silicification,sericitization, kaolinitization
and carbonatization. In the time period from 1967 to
1998 a total of 2.2 Mt ore at a combined grade of
5.7% metal was mined. The remaining reserves are
estimated at 1.7 Mt of ore, containing average 7.6%
lead, 2.9% zinc, and 102 g/t silver.
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Fig. 5. Geological structural scheme of the Central Vardar
zone and surrounding area and location of study area (Boroje-
vi¢ Sostari¢ et et al. 2013)

Genetical consideration

Pb—Zn—-Ag vein and listwaenite types of mine-
ralization in Crnac deposit, Western Vardar zone,
were deposited within several stages: (i) the pre-ore
stage comprises pyrite, arsenopyrite, pyrrhotite,
quartz, kaolinite and is followed by magnetite—
pyrite; (ii) the syn-ore stage is composed of galena,
sphalerite, tetrahedrite and stefanite; and (iii) the
post-ore stage is composed of carbonates, pyrite,
arsenopyrite and minor galena.

The vein type mineralization is hosted by
Jurassic amphibolites and veins terminate within
overlying serpentinites. Mineralized listwanites
are developed along the serpentinite—amphibolite
interface (Figure 6).
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Si-Ca breccia;
listwaenite ,

111902 m

Based on geochemical data, two fluid sources
are responsible for genesis: (i) a magmatic source,
supported by sulfur isotopic compositions within
pre- and syn-ore minerals and a high mol% of
fluorine found within pre- and syn-ore leachates,
and (ii) a meteoric source, deduced by coincident
pyrite—magnetite intergrowth, sulfur isotopic trends
within syn-ore minerals and decrease of crystalli-
zation temperatures from the pre-ore stage (380—
350 °C), towards the syn-ore (310-215 °C) and
post-ore stages (190 °C). Post-ore fluids are Na—
Ca—Mg-K-L.i chlorine rich and were modified via
water—rock reactions. Simple mineral assemblage
and sphalerite composition range from 1.5 to 10.1
mol% of FeS and classified Crnac to a group of
intermediate sulfidation epithermal deposit.

LISTWANITES AS COMMON PHENOMENON
ALONG THE NEO-TETHYAN OPHIOLITES,
EXAMPLED BY ZAGROS

The Zagros orogenic belt is a part of the
Alpine-Himalayan orogenic system which streat-
ches in continuity between the Turkish Taurus and
the Iranian Zagros ophiolites, complementary with
those in Balkans in Europe and to Pakistan and
Tibet in Asia. Tectonic analysis of the Mawat
ophiolit complex, registered system of rupture
elements of variable intensity and strike directions,
marking the thrust-fault boundaries of the Mawat
ophiolite complex. The first order E-W elements
delineate the boundaries among three major
tectono-stratigraphic units: i) Northern Mawat
Group (NMG), (ii) Median Intrusive complex

(MIC), (iii) Southern Waraz Group (SWG).
SWG has fully developed sheeted dyke complex,
while its existence in the NMG and MIC is
ambiguous. In addition, NMG and MIC have
significantly different mélange units.
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Fig. 7. Simplified geological map of the Iragi Zagros Suture
Zone along Irag-Iran border (after Moores et al., 2000)
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Mélanges

The genesis and architecture of the mélanges
reflect their disparate tectonic evolution even at the
last stages of Mawat suturing, during obduction on
the Arabian stable shallow shelf. The terminology
of the mélanges was accepted fully from the
discrimination scheme of Festa et al. (2010). Mawat
ophiolite suite hosts two type of serpentinite mem-
bers: (i) Shear serpentinite, at the contact with
Miocene Red Beds, and its precursor (ii) Massive
serpenite, at the base of the ultramafics, formed
during the sea-floor ophiolite episode. Imbricated
serpentinites are important constituent of the “sub-
nappe, tectonic” mélange, which smooth thrust-
faulting progress of the leading nappes. They show
continuum in transition from the “broken forma-
tion” to “block-in-matrix” mélange, incorporating
exotic fragments of red nummulitic limstones of the
Naopurdan Group, pillow lava, gabbroic rocks,
dunites, in the matrix of scaly mylonitized serpen-
tinite (Figure 9). The exotics are erosional artefacts
from the base of imbricated thrust sheet.
Serpentinite are cross-cut by veins of listwanite
(Figure 8).

A recent geological field work in the
Northeastern part of Iragi Kurdistan and subsequent
analytical studies showed that the previously
reported metamorphosed limestone outcrops around
Rayat area represent actually listwanite bodies
(Figure 7, et al. 2020).

201



IV KoHrpec Ha l'eonosute Ha Penybaunka MakegoHwuja
IV Congress of Geologists of Republic of Macedonia

Fig. 9. “Block-in-matrix” mélange, incorporating exotic
fragments of red nummulitic limstones of the Naopurdan
Group, pillow lava, gabbroic rocks, dunites, in the matrix of

scaly mylonitized serpentinite

Field mapping and remote sensing applications
were used to understand the spatial distribution of
the listwanite. Additionally, petrographical, mine-
ralogical and geochemical studies provide an initial
genetic model, as well as to assess potential mine-
ralizations related to the listwanization. Listwani-
zation occurred as a product of hydrothermal
alteration of the Cr-rich serpentinised peridotite that
extensively occurs in the area, and resulted in the
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formation of silica and carbonate listwanites, as well
as transitional phases, with fuchsite mineralization
being predominant along the sheared zones. Listw-
anitization occurred as a product of hydrothermal
alteration of the Cr-rich serpentinised peridotite that
extensively occurs in the area, and resulted in the
formation of silica and carbonate listwanites.
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Abstract: The results of the latest research on the Pb-Zn ore deposit Baltasnica, were an incentive
to make a calculation of some important techno-economic parameters, which would define the economic
type of this mineralization. Namely, the ore-bearing degree in these types of ore mineralization is variable,
but the calculation of certain levels and of different drill holes gives a more realistic overview of the variable
distribution of mineralization within the ore bodies. The calculated ore-bearing coefficient of the sum of
lead and zinc is 0.42%, which means that in the boundaries of the ore bodies 58% of the mass has contents
under 4.0% Pb + Zn. The calculated value of the coefficient of variation (V) for lead is 89.30% and for zinc
104.13%, values that are in the range of 85-120%, which shows that these ore bodies belong to the second
group and the second subgroup of lead-zinc deposits with medium even mineralization. The average con-
tents of lead, zinc, copper, and silver were determined at 2.96% Pb, 1.79% Zn, 0.089% Cu and 15.97 g/t
Ag. The minimum economic content (MEC) in the ore deposit Balta$nica, represented by this type of min-
eralization, was established at 4.0116% Pb. In a similar way, the cutoff grade of lead was also calcu-
lated, which showed a value of 2.8879% Pb. The value of the monometal of lead was also calculated, in
which the influence of the zinc and the silver presented in the ore is included. The calculated lead mono-
metal, which is 5.6761%, is a solid base for a profitable exploitation of these poor lead-zinc ores. The
calculated ore reserves within this ore deposit are 4.5 Mt of ore and the projected life of the mine is 15
years.

Key words: Baltasnica, natural parameters, lead, zinc, silver

HPEIVIEL HA HATYPAJIHUTE HAPAMETPH O/l 'EOJIOIIKO-EKOHOMCKATA
OIIEHA HA PYJTHOTO HAOT'AJIMIITE BAJITAIIHUIIA, PYJHO ITIOJIE CACA

ArnctpakrT:: Pesynrature ox HajHOBHUTE NCTpaXyBamba Ha Pb-Zn pynHo Haoranmmiute banrtamnuna, 6ea moTuk
Jla ce HaNpaBH IIPECMeTKa Ha HEKOM BOKHH TEXHO-€KOHOMCKH ITapaMeTpH, KoM OH ro neduHupane eKOHOMCKHOT THIT
Ha 0Baa MUHepann3anuja. iMeHo, cTeneHoT Ha pyJOHOCHOCT BO OBHE THIIOBH Ha Py JHA MHHEPAIH3allHja € IPOMEHIINB,
HO TIpecMeTKaTa Ha OIpe/IeNICHN HUBOH M Ha PA3INIHH UCTPAXXKHU TYITIOTHHH AaBa IO pealeH Mperies Ha IPOMEHIIH-
BaTa pachpesenda Ha MUHEpaT3alijaTa BO paMKHATe Ha pyaHUTE Tena. [IpecMeTaHnOT Koe(hMIUEeHT Ha PyJOHOCHOCT
Ha 30MpOT Ha 0JIOBO M IUHK M3HecyBa 0,42%, mTO 3HAa4M JeKa BO TPpaHUINTE Ha pyaHUTE Tena 58% ox macaTa nma
coapxunn nox 4,0% Pb+Zn. Ipecmeranata BpeaHoOCT Ha KoeduimeHToT Ha Bapujanuja (V) 3a onoso e 89,30% a 3a
HK 104,13%, BpeqHOCTH KOj ce BO paHroT o 85-120%, mrto nokaxkyBa Aeka OBHE PYIHH Tella puIara Bo BTopara
rpylna u BTopaTa HOATPYIa Ha OJI0BO-IIMHKOBH HAOlaIUINTa CO CPEAHO PAMHOMEPHO OpynHYyBame. IIpoceunure coap-
JKMHH Ha OJIOBO, LIMHK, Oakap u cpendpo 6ea yrBpaeHu Ha 2,96% Pb, 1,79% Zn, 0,089% Cu u 15,97 g/t Ag. Munuman-
Harta ekoHoMcka conapxuHa (MEC) Bo pyaHoTo Haorammmre banTammuna, mpeacTaBeHO cO BaKOB BHI Ha MHUHEpa-
nmm3anyy, Oeme yrBpaeHa Ha 4,0116% Pb. Ha cimuen Haunn Geme nmpecMeTaHa W TpaHWYHATa COAPKHHA Ha OJIOBO,
KOja TToKaxa BpexHocT ox 2,8879% Pb. Mcro Taka Gemre npecMeTaHa 1 BpeHOCTa HA MOHOMETAJI HA 0JIOBO, BO KOja €
BKJIyYCHO BJIMjaHHETO Ha IIUHKOT U CpeOpOTO MPHUCYTHH BO pyaaTa. [IpecMeTaHHOT 0JI0BEH MOHOMETAN KOj € 5,6761%
IIpecTaByBa I[BPCTa OCHOBA 3a MPO(UTAOMITHA eKCIUIOTANMja Ha OBUE CHPOMAIIIHH OJIOBHO IMHKOBH pyau. [Ipecmera-
HHUTE PYAHH PE3EPBH BO paMKHUTE Ha OBa pyAHO Haolamumre ce 4,5 Mt Ha pyda ¥ IPOEKTHUPaAH >KUBOTEH BEK Ha
PYOHUKOT o 15 roauHH.

Kiryunu 300poBu: bantamnuia, HaTypaJHi TapaMeTpH, 0JI0BO IIMHK, cpedpo
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INTRODUCTION eralization and occurrences in the Baltasnica ore de-
posit are presented in the works of Pendzerkovski
From a geological and structural aspect, the (1952, 1964), Bogoevski (1964), Djordjevic (1977),
Pb-Zn ore deposit Baltasnica belongs to the Sasa- Aleksandrov (1979, 1986, 1989, 1992), Gjorgiev
Toranica ore region or the Osogovo ore region. This (2019) and others.
ore region lies entirely in the Serbian-Macedonian
massif and according to its basic metallogenetic fea-
tures is one of the largest and most potential ore re-
gions within the metallogenetic zone Besha Kobila-
Osogovo-Thassos. The Baltasnica deposit is located
in the Eastern part of North Macedonia, 14-17 km
NW of Makedonska Kamenica, near the state bor-
der with Bulgaria. The ore deposit is at an altitude
of 1450 m to 2025 m. The remains of old mining
and metallurgy (old tools, slags, etc.) are visible at
the ore deposit Baltasnica. Data for lead-zinc min-

GEOLOGICAL CHARACTERISTICS

In the geological build of the ore deposit
Baltasnica, metamorphic and magmatic rocks gene-
rally participate. Both are not unambiguous, i.e.
they include rocks of different origins and ages.
Thus, the metamorphic rocks are represented by
high and low metamorphic representatives, and the
magmatic rocks by intrusive and effusive rocks
(Figuee 1).
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Fig. 1. Geological map of the Baltasnica ore deposit (modified, according to Alexandrov, 1992).
1) Quartzlatite-dacite-lamprophyre; 2) Granodiorite; 3) Chlorite-sericite gneiss; 4) Granite-plagiogranite; 5) Quartz graphite schist;
6) Muscovite-biotite gneiss; 7) Pyritization and limonization; 8) Silification and kaolinization; 9) Propylitization; 10) Transgressive
geological boundary (determined and assumed); 11) Intrusive boundary (determined and assumed); 12) Cover forehead; 13) Fault
(determined and assumed); 14) PbS-ZnS mineralization; 15) Elements on drop of foliation; 16) Drill hole
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The lead-zinc mineralization is spatially con-
nected with fault structures with the stretching di-
rection of 319-325°, with a decline towards the SW
(45-60°). They are most often located in the biotite
and chlorite-sericite gneisses, and subordinately in
the other lithological members (Figure 2). Quite
rarely in the Baltasnica ore deposit skarn-metaso-
matic mineralization also occurs, where adequate
conditions for formation for that existed. The ore is
formed by filling the empty spaces within the fault
structures and around them, regardless of the envi-

1850

45°

1800

ronment in which they are manifested, while com-
pletely subordinated and metasomatical in rhodo-
nite-garnet skarns (Alexandrov, 1992).

Morphologically, the ore bodies have a vein
shape; quite often they are with surrounding im-
pregnations, and with greater intensity in the roof
parts, and ore bodies with line-stockwork shapes
also occur. The strength of the ore veins ranges from
0.2 to 2.0 m, while of the line-stockworks it is from
1.0-40.0 m.
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Fig. 2. Transverse profile 1550-1550', Balta$nica ore deposit (Gjorgiev et al., 2019).
1) Quartzlatite-dacite-lamprophyre; 2) Quartz graphite schist, 3) Muscovite-biotite gneiss; 4) Fault (assumed);
5) Pb-Zn ore veins with surrounding impregnations.

MINERAL COMPOSITION

Galena and sphalerite are the leading and at the
same time the most important ore minerals for pos-
sible future production of lead and zinc in the ore
deposit Baltasnica. Permanent followers of the basic
ore minerals appear as: chalcopyrite, pyrite, marca-
site, and partly pyrotine, aikinite, bismuthine, ter-
ardite, tennantite, freibergite, stephanite, native
gold, native silver, bornite, chalcocite, etc. (Ale-
ksandrov, 1992).

TECHNO-ECONOMIC PARAMETERS

In this chapter the main parameters of the
techno-economic assessment of the Baltasnica ore
deposit are presented, which unequivocally indi-
cates the possibility for a productive exploitation of
the lead-zinc ore from this special deposit and the
possibility to make a profit. Here are given the re-
sults from the calculations of: the ore-bearing coef-
ficient, the coefficient of variation, the average con-
centrations of major ore metals (Pb, Zn, Cu and Ag),
the minimum economic content, and the cutoff
grade.
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Ore-bearing coefficient. - The ore-bearing
coefficient defines the ratio between the total min-
eralized space in the contoured ore bodies and the
represented sterile parties (content under the limit of
4.0% Pb + Zn) within the ore bodies. In the ore de-
posit Baltasnica, from 10 exploration profiles with
a total of 38 drill holes and 231.1 m of mineralized
surface, 97.4 m are mineralized with over 4.0% Pb
+ Zn, while 133.7 m have mineralization under the
limit of 4.0% Pb + Zn, but significantly above Clark
values. With the formula given below, the above-
mentioned coefficient is calculated:
m1: 97,4

Kr(Pb+Zn) = m_z 2311

=042

where:
Kr — Ore-bearing coefficient
m1— Productive interval (mineralized area >4.0 %
Pb+Zn)
m — Total mineralized interval
The ore-bearing coefficient of the sum of lead
and zinc at the drill holes in the Baltasnica ore de-
posit varies in the range of 0.00 to 1.00, while along
the exploration profiles it varies in the narrower
range of 0.20 to 0.56. The calculated ore-bearing co-
efficient of the sum of lead and zinc is 0.42%, which
means that in the boundaries of the ore bodies, 58%
of the mass has contents under 4.0% Pb + Zn.

Variation coefficient. - This coefficient de-
fines the spatial distribution of the useful mineral
components in the ore deposit, i.e., the equivalence
of the concentration of the useful mineral compo-
nents in the ore bodies. In the case of the Baltasnica
ore deposit, 38 exploratory drill holes have been
drilled, which defines the ore bodies. From those 38
exploratory drill holes, 291 samples have been
taken, which have defined average contents of Pb,
Zn, Cu and Ag. The basic parameters for calculating
the coefficient of variation for lead and zinc in the
Baltasnica ore deposit have been taken from all 38
exploratory drill holes (Table 1).

First the average content of lead and zinc is
calculated, as given below:

C
G, 2Ce _ 958651 _ 5 o0a0s
N 291
C
Con = 2.Ca _ 550.7662 =18927%
N 291
Where:

N — Total number of samples
Crb — Average lead concentration (Pb%)
Czn — Average zinc concentration (Zn %)

Then, the medium square deviation and the co-
efficient of variation are calculated, as given below:
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Y X% [2509,95
Spp = JN 3= 590 = /8,655 = 2,9419

Y X2 1126,43
S = = =.,/3,8842 = 1,9708
Zn J N-—1 290

where:

Z X gb — Sum of square deviations from average
values for Pb

Z X 22n — Sum of square deviations from average
values for Zn

0 rb— Medium square deviation for Pb

O zn— Medium square deviation for Zn

Sppx100 _2,9419x100 _ 294,194

Vpp= = = 98,309
Pb™ e 3,2943 3,2943 30%
8znX100 _ 1,9708x100 _ 197,08
2100 _ = 1798 _ 104,13%
Cop 1,8927 1,8927
where

Vpp — Variation coefficient for Pb
Vzn — Variation coefficient for Zn

The value of the coefficient of variation for
lead is 89.30%, which indicates medium even min-
eralization. The value of the coefficient of variation
for zinc is 104.13%, which also indicates medium
even mineralization. According to that, the Baltas-
nica deposit belongs to the second group and the
second subgroup of lead-zinc deposits, in accordan-
ce with the rulebook for classification and categori-
zation of the reserves for solid mineral resources no.
53/1973, Official Gazette of SFRY.

An average concentration of useful compo-
nent(s). - The average concentration of useful com-
ponent(s) is the average presence of one or more
components within the ore bodies. With the method
of vertical parallel profiles for calculating the ore re-
serves in the Baltasnica ore deposit, it has been de-
termined that for the calculated C1 category of re-
serves, the average concentrations of the useful
components are 2.96% Pb, 1.79% Zn, 0.089% Cu
and 15.97 g/t Ag.

In addition to these basic useful components
that are taken in the calculation procedure and
which in future will be treated as basic useful com-
ponents with commercial value, in the ore deposit
Baltasnica there are accompanying useful compo-
nents that have their economic value, but their val-
orization should be requested in the metallurgical
processing. Here as accompanying components es-
pecially interesting are the following: Cd (100-2000
ppm Cd can be found in the ore), Bi, In and other.
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Table 1
Basic parameters for calculating the variation coefficient for lead and zinc in the Baltasnica ore deposit
Profile  Borehole N Cro (%) 2xpp2 Opb Veb (%) Czn (%) 2xzn*2 dzn Vzn(%)
B37 4 8,0398 83,9541  5,2901 65,80 0,5124 1,8874  0,7932 154,79
B9 2 2,2670 3,6612  1,9134 84,40 1,4775 0,0001  0,0106 0,72
1050-1050 BLD6 3 2,9067 03125  0,3953 13,60 2,6800 7,5998  1,9493 72,74
B8 2 2,2250 0,0265  0,1626 7,31 0,8100 0,0072  0,0849 10,48
BLD9 4 2,9625 45701  1,2342 41,66 2,8850 3,0011  1,0002 34,67
B6 7 2,4643 6,2014  1,0166 41,26 1,1000 46610 08814 80,13
. BLD11 2 1,8050 1,0225  1,0112 56,02 2,9150 2,0201  1,4213 48,76
H90-4150 B5 9 32923 1234565 39284 119,32 2,4094 12,3751  1,2437 51,62
BLD13 3 2,5033 2,0725  1,0180 40,66 2,2733 59273  1,7215 7573
B7 6 3,8790 64,9478  3,6041 92,91 3,1392  109,0004 4,6691 148,74
_BLD14 2 1,3350 0,7321  0,8556 64,09 1,7550 06845 08273 47,14
1250-1250 B4 24 27423 121,7037  2,3003 83,88 1,8149 1972340 2,9284 161,35
BLD10 5 6,6400  300,7678 8,6713 130,59 2,3700 25728  0,8020 33,84
B3 6 3,3192 51,2375  3,2012 96,45 0,5282 25479  0,7138 135,14
1350-1350 BLD12 3 2,6367 24,0765  3,4696 131,59 0,9633 1,3305  0,8156 84,67
B2 7 2,6507 6,6110  1,0497 39,60 1,7009 6,2089  1,0173 59,81
BLD1 8 4,4263  104,7590  3,8685 87,40 0,5050 1,8624 05158 102,14
BLD3 3 8,2100  184,9502 9,6164 117,13 0,6700 1,0446  0,7227 107,87
1450-1450' BLD4 2 1,8650 0,4705  0,6859 36,78 2,5000 0,8450 09192 36,77
B43 2 1,9100 0,0392  0,1980 10,37 1,5550 3,2005  1,7890 115,05
B1 4 4,3523 19,0546  2,5202 57,91 2,7920 56,4486  4,3378 155,36
BLD16 8 2,0263 6,6656  0,9758 48,16 1,0938 4,0998  0,7653 69,97
1550-1550' B10 10  3,2379 76,3688  2,9130 89,96 3,0595  102,1403 3,3688 110,11
B42 16 1,7813 28,8717  1,3874 77,89 1,5774 139178  0,9633 61,06
BLD5 3 3,3400 13,2696  2,5758 77,12 1,0567 0,8973  0,6698 63,39
_BLD18 3 2,1767 8,5741  2,0705 95,12 2,7833 53313  1,6327 58,66
16501650 B12 29 26010  106,8866 1,9538 75,12 1,5515 31,2549  1,0565 68,10
B11 8 2,3690 26,9356  1,9616 82,80 1,4479 10,0139  1,1961 82,61
SDDO1 13 3,7012 59,0190  2,2177 59,92 1,6757 53,7511  2,1164 126,30
_B19 14 47960  196,5060  3,8879 81,07 1,9364  189,7989  3,8210 197,33
17504750 B20 21 2,9261 94,9645  2,1790 74,47 2,3547 69,1180  1,8590 78,95
B44 7 2,7839 14,4327 1,5509 55,71 2,2451 55807 09644 42,96
SDDO08 8 2,5750 6,7050  0,9787 38,01 2,1119 7,6398  1,0447 49,47
 BLD7 6 1,1450 0,8914 04222 36,88 1,2467 1,5807  0,5623 45,10
1850-1850 B14 10 11,7300 3,5972  0,6322 36,54 2,2670 19,8836  1,4864 65,57
B15 8 11,3670  573,4181  9,0508 79,62 0,9524 6,4575  0,9605 100,85
1950-1950' B45 19  3,2989  188,2178  3,2337 98,02 3,1620  184,5005 3,2016 101,25
Sum 291 32943 2509951  2,9419 89,30 1,8927 1126425 1,9708 104,13
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Calculating of the Minimal Economic Con-
centration (MEC). - MEC is a natural indicator of
the geological-economic assessment, and this term
means the lowest medium content of the useful
component (or sum of components) in one ore de-
posit. Based on this, the exploitation provides cov-
erage of all costs necessary for obtaining and pri-
mary processing of the mineral raw material, by
achieving the required level of profitability in rela-
tion to the engaged funds. MEC is one of the most
important indicators for geological-economic as-
sessment and it plays a crucial role in separating the
balance reserves from the off-balance reserves.
Here the calculation is made of the MEC of the con-
ditional component lead (as the main component) in
the complex ore deposit Baltasnica, which also con-
tains zinc, copper and silver.

The following parameters are included in the
calculation of MEC for lead:

S — Costs of underground exploitation and pro-
cessing (gravity pre-concentration and flotation) of
1t ore (Te and To) — 49,05 US$/t

le — Dillution coefficient during underground
exploitation — 15 % (0,85)

lopn — Coefficient of extraction during enrich-
ment of Pb — 90%

MEC — 100-S

lozn — Coefficient of extraction during enrich-
ment of Zn — 80%

Impy — Efficiency coefficient during metallurgi-
cal processing of Pb — 92 %

Imzn — Efficiency coefficient during metallurgi-
cal processing of Zn — 85 %

Corb — Market price of lead (at the moment of
calculation) — 2100 US$/t

Cozn — Market price of zinc (at the moment of
calculation) — 2750 US$/t

Smeb — Costs of metallurgical processing of the
final product unit of lead — 300 US$/t

Smzn — Costs of metallurgical processing of the
final product unit of zinc — 300 US$/t

St — Cost of transport per ton ore concentrate —
30 US$/t

ger — Concentration of lead in ore Pb-concen-
trate — 52 % Pb

0zn — Concentration of zinc in ore Zn-concen-
trate — 42 % Zn

The minimum content for the conditional com-
ponent lead is calculated by the formula of G. G.
Gudalin (Jankovi¢ and Milovanovi¢, 1985):

100- 49,05

le-log, - Impb-[CoPb —Smp, —(

4905 4905
0,7038-(1800-62,71) 1222,70

=4,0116%Pb

100- St

ey - IMp,

D 0,85-0,90-0,92- [2100 —300 _[ 100-30 D

52-0,92

The coefficient for rendering the zinc content to the content of the conditional component lead is:

100- St

Oz - IrnZn

le-lo,, ~ImZn~(CoZn - Sm,, —[

] 0,85-0,80-0,85 - 2750 —300 _[ 100-30 ]
= 42.085)) 136753

K(przn — Pb) = 100.5t

le-log, - ImF,b-(Copb —Sm,, —(gpb m,,

The medium content of the conditional
component lead in the Baltasnica ore deposit is:
11184 -1,79% + 2,96% = 4,96%Pb

Calculation of monometal. - The ore reserves
calculated in the ore bodies of the Baltasnica ore de-
posit have shown that it is a natural product that con-
tains on average 2.96% Pb, 1.79% Zn, 0.089% Cu
and 15.97 g/t Ag. Comparing those values of the
useful components with the required MES (4.01%
Pb), we can conclude that the ore bodies have con-
tents higher than the minimum. Because in the Pb-
concentrate the content of Cu is 0.59%, and in the
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]] 0,85-0,90-0,92- [2100 —300- (

=11184

100-30 )) 1222,70
52.0,92

Zn-concentrate the content of Cu is 0.43%, it fol-
lows that Cu has no economic value, because its
content in both concentrates is under 1% and it is
not paid from the smelters. Therefore, the content of
silver is considered to be an accompanying compo-
nent reduced to the monometal of lead as a basic
component, which is later compared with the re-
quired MEC, i.e. the balancedness of ore reserves is
assessed. That calculation has been performed using
the factor of rendering (f) on the accompanying
component (Ag) of the basic (Pb), but now ex-
pressed as a monometal. The rendering factor is cal-
culated as follows:
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. Cag 10,4, -Im, -Co,,
" (Cpy - 10p, - IMp,-Cop ) -100

where
Cag— Average content of Ag in ore (15,97g/t)

loag — Usage efficiency of Ag in the flotation
process (ore Pb-concentrate) (91,0%)

Imag — Metallurgical usage of Ag (92,0%)
Coag — Silver in concentrate (230g/t)

15,97-0,91-0,92-230 307512

Cro — Average content of Pb in ore (2,96%)

lopy, — Usage efficiency of Pb in flotation pro-
cess (90,0 %)

Impy, — Metallurgical usage of Pb (92,0 %)
Copp — Lead in concentrate (52,0 %)

The calculation of monometal on the ore de-
posit Baltasnica:

=0,2413

A~ (2,96-0,90-0,92-52)-100 12745

PByononetat = Cro + (Cn - K(PIZN = PB)) +(Cpy - fy) = 2,96 + (1,79-11184) + (2,96 -0,2413) =

=2,96+2,0019 +0,7142 =5,6761%

The calculation above shows that the useful
components calculated on Pb monometal give a
value of 5.68% Ph, which is higher than the required
calculated for MES (4.01% Pb) and in that direction
the ore reserves can be considered economically vi-
able in themselves.

Cutoff grade. - It is the lowest content of use-
ful components in the ore which can be exploited
without profit but also without loss. The cutoff
grade is determined by the formula of G. G. Gudelin
(Jankovi¢ and Milovanovi¢, 1985):

GS = 100-35,31

100-S'

le-log, Impb(CoPb —Sm,, —(lOOStJJ

Opp - IMpy,

GS =

where:

S’ — Variable costs of underground exploita-
tion and processing (gravity pre-concentration and
flotation) of 1t ore (Te and To) — 35,31 US$/t

The other parameters are the same as in the cal-
culation of MES.

From where it follows:

331 _ 2,8879%Pb

0,85-0,90-0,92- (2100 —-300 —[

The total geological ore reserves of 4 526 723
t (C1 category) with medium content of 2.96% Pb,
1.79% Zn, 0.089% Cu and 15.97 g/t Ag in the ore
deposit Blatashnica have been calculated by the
method of vertical profiles.

CONCLUSION

The Baltasnica ore deposit is a new explored
lead zinc ore deposit in the Sasa ore field, with cal-
culated ore reserves of 4.5 Mt (C1 category) with an
average content of 2.96% Pb, 1.79% Zn, 0.089% Cu
and 15.97 g/t Ag. Accompanying useful metals
which are especially interesting in the Baltasnica
ore deposit are Cd, Bi, In and other. The ore-bearing
coefficient has been calculated at 0.42%, the coeffi-
cient of lead variation at 89.30%, the minimum eco-
nomic content at 4.01% Pb and cutoff grade at
2.89% PDb. The calculated monometal of lead has the
value of 5.68% Pb. All these techno-economic pa-

100.30 |\ 1222.70
52.0,92

rameters should have positive effects on the possi-
ble exploitation of this mine, which has a projected
life of 15 years.
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A b stract: Organization of the Access database of the Northeastern (NE) part of the Central Part Ore body
within Bu¢im deposit, North Macedonia represents the first attempt of this paper authors to synthesize geological
exploration data of this ore bearing locality in one professional database available for the interested parties. Ours
experience in organization of similar databases for other metal deposits such are Zletovo, Borov Dol, Kadiica, Sasa
etc., gave us the necessary knowledge and experience to construct quality Access database for the NE part of the Central
Part Ore body within Bu¢im deposit. The Bu¢im has been classified as porphyry mineralization (0.3 % Cu, 0.3 - 0.5
ppm Au), which is spatially and temporarily associated with Tertiary subvolcanic intrusions of latitic and latitic-
andesitic composition. The intrusions occurred during Oligo-Miocene time (24 to 27 Ma), a period of intensive tectono-
magmatic and ore-forming processes. The whole array of major ore (hypogen) minerals was identified up to date:
chalcopyrite, pyrite, magnetite, haematite, cubanite, valleriite, native Au and bornite, while sporadically occur
chalcocite, covellite, tenorite, native Cu, malachite, azurite, calaverite, krennerite, electrum, petzite and bis-
muth+selenium minerals (bismuthinite, galenobismutite, krupkaite, friedrichite, emplectite, cosalite, laitakarite and na-
tive bismuth). This paper focuses on efforts we made to organize Microsoft Access database with the most representa-
tive data for this particular deposit in the Republic North Macedonia. At the very beginning, with the software package
“Microsoft Access” we have organized database with information of the most important geological, metallogenic and
economic features of the deposit. The database was adapted for simple and sophisticated querying of particular deposit
features and allows edition of reports and a geographic display of the queried information. Major data that completed
database for the NE part of the Central Part Ore body within Bu¢im deposit are: the deposit belongs to the famous
Damjan-Buc¢im—Borov Dol ore district, it is at the industrial production stage under exploitation concession of the
Solway company with proved reserves of 12.3 Mt of copper and gold with 0.229% Cu and 0.232 g/t Au, mineraliza-
tion/rocks part of the database showed the mineralization age (relative 16.4 — 13.6 Ma; absolute 16 Ma) and host rock
age (relative 28.4 — 23.03 Ma; absolute 27 Ma, K/Ar method) with main host lithology consisting of gneiss, andesite
and latite, economic parameters were dominated by the fact that of proved mineral reserves of 12.3 Mt (as of 2020 and
combined copper and gold metal potential of 28 219 t Cu and 2 860 kg Au), also on the comments section we stressed
out that its metallogeny is related to Tertiary calk-alkaline magmatism (predominantly Oligocene) where mineralization
is in gneiss, andesite and latite complex while ore bodies are of disseminated character.

Key words: NE part Central Part Ore body, Bu¢im deposit, Access database, reserves, economy

AKIEC BA3A HA ITIOJATOIIM 3A CEBEPOUCTOYHHUOT AEJ Ol HEHTPAJIHOTO
PYAHOTO TEJIO BO PYJHUKOT BYUYUM, CEBEPHA MAKEJJOHHUJA

AmncTpaxkT: [locraByBawero Ha MC akuec 6a3za Ha MOAATOLM 33 CEBEPHOMCTOYHHOT /e Ha LIEHTPATHHOT
Jiel Ha pyaHoTo Teno Bo byunm, CeBepHa MakeooHHja, peTcTaByBa IIpB 00U Ha aBTOPUTE Ha OBOj TPY[ Jla CHHTE-
TH3MPAAT NOJATOLM 3a F€0JIOIKO HCTPAXKyBambe Ha OBOj PyapCKU JIOKAIUTET BO eiHA npodecoHa Ha 6a3a Ha moja-
TOLM JIOCTAllHA 33 CHTE 3aMHTEPECHpaHH CTpaHW. Haliero MHHATO MCKYCTBO BO IOCTaBYBame Ha CIMYHM 0a3u Ha
MOZIATOLM 32 JPYTH METaJINYHH HaolaJlHIITa Kako Ha mpumMep 3neroBo, bopos o, Caca, Kagunua u cii. HE To 1aBa
MOTPeOHOTO 3HACHE U HCKYCTBO 32 KOHCTPpYHpamke Ha KBAIUTETHA AKIlec 6a3a Ha MOIaTOLH 32 CEBEPHOUCTOYHHOT /eI
Ha [[EHTPATHOTO PYIHO TeNo Ha pyIHHUKOT Byunm. Byunm e knacudunmpan kako noppupcka munepammsanuja (0,3%
Cu, 0,3 — 0,5 ppm Au), k0ja € IpOCTOPHO ¥ BPEMEHCKH € MOBP3aHa CO TeplHjapHu CYOBYIKAHCKH MHTPY3HUH CO Ja-
TUTCKH U JTATUTCKU-aHAE3UTCKH cocTaB. MHTpy3uuTe ce ciyune 3a Bpeme Ha Onuro-MuoneH (24 — 27 Ma), mepuoznot
Ha MHTEH3UBHHU TEKTOHO-MarMaTCKH MPOLECH MPOCIEASHH cO Ipolecu Ha GopMupare Ha pyna. J[o AeHec e uneHTu-
(HMKyBaH EITHOT CIIEKTap Ha INIAaBHU PYJHUA MUHEPAIH (XHIIOTCHH): XaIKOMUPHT, TUPUT, MATHETUT, XEMATHT, KyOaHHT,
BAJIEPHUT, CAMOPOJIHO 3J1aTO U OOPHUT, 10I€Ka CIIOPAANYHO CE MOjaByBaaT XaJIKO3MH, KOBEIMT, TCHOPUT, CAMOPOJICH
0akap, MaJlaXHT, a3ypHUT, KAJIAaBEPHUT, KPEHEPHT, NICKTPYM, MEUUT U OU3MYT + celieH MUHepann(OH3MyTHHHUT, TJICHO-
OGU3MYTHT, KPYIIKauT, GpUAPUXHT, EMIIEKTUT, KOCAIIUT, JJAUTAKApUT U caMopojieH 6u3myT). TpynoT ce Gpokycupa Ha
HaIOpPHUTE KOM T'M BIOXKUBME 3a Kpenpame Ha MC Aknec 6a3a Ha IMOJaTOIM CO HajpeNpe3eHTaTUBHNTE HH(OPMAIINT
3a CIOMEHATOTO Haoranmumre Bo Pemy6iika Makenonnja. Ha camuoT mouerox co momont Ha copTBepckroT maker MC
Aknec, ja KOHCTpyHpaBMe 0a3ara Ha MOAATOLM CO MH(OPMAIMM 32 HAjBXHHUTE TEOJIOIIKH, METATOTCHETCKH M
€KOHOMCKHM KapaKTepUCTH Ha OBa JISKHIITE. ba3aTa Ha mojaTouy e MpuiIarojieHa 3a eAHOCTaBHO U COPUCTHIIMPAHO
npebapyBame Ha Creuu(pUYHM MapaMeTpu o 0a3ara MOBP3aHU CO HAOIAIMIITETO M OBO3MOXYBA KpEUpame Ha
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M3BEIITau ¥ reorpad)cky IpruKa3 Ha moaTonuTe oj 6azata. ['TaBHHTE OJaTONN KOM ja KOMIUIeTHpaa 6azaTa Ha Imoja-
TOLM 32 CEBEPHONCTOYHUOT €I Ha IIEHTPATHOTO PYAHO TEJIO BO HAOTauIITeTo Ha byunwm ce: HaoranumTeTo npumnara
Ha ITO03HATOTO pyxHo noxpadje Jlamjan-Bydanm-bopos [loxn, ce Haora Bo (aza Ha MHIYCTPUCKO IPOU3BOACTBO ITOJ
KOHIIECH]a 3a eKCIIIoaTanyja Ha koMnanujata “Consej” co gokaxaHu pesepsH o 12.Mt Ha 6axap u 31marto co 0,229%
Cu u 0,232 g/t Au, nenor ox 6a3ara Ha MOJATOIM 38 MUHEpAJIN3aIMja / KapIiH ja MOKaXyBa CTapOCTa Ha MUHEPAITH3a-
uujata (penatuBHa 16,4 — 13,6 Ma; anconyrha 16 Ma) u crapocra Ha kapnara fomakuH (penatuBHa 28,4 — 23,03 Ma;
arconytHa 27 Ma, meton K/Ar) co riaBHa JIMTONOTHja Ha JOMaKHHOT COCTABEHA O THAjC, AHJE3HT M JIATHT, BO €KO-
HOMCKHTE TapaMeTpy JOMHHHpaIIe (GakToT Aeka JOoKaKaHUTe MHHEpaIHH pe3epsu ox 12,3 Mt (3aximydHo co 2020
roJIMHa U KOMOMHHPAHHOT MOTEHIMjall Ha MeTand Ha Oakap u 3maro ox 28 219 t Cu u 2 860 kg Au), ucro Taka Ha
JIeTI0T 32 KOMEHTap! IITO IO HCTaKHAaBMe JIeKa HeroBaTa METaJIOTeHHja € ITOBp3aHa Co TepIjapeH Tele-alKaleH Mar-
MaTtu3aM (IIPETeKHO OJIMTOIIeH) KaJie MHHepajh3alyjaTa € BO THajC, aHAE3UT U JIATUT KOMIUIEKC, ToAeKa Py JHATE Tela

ce 07 paceaH KapakTep.

Kiyunn 360poBH: ceBEpHOUCTOYCH JIEN; IIEHTPATHO PyIHO Teso; HaoramumTe byunm; MC akiec 6a3a Ha 1101aTOIH;

pe3epBH; CKOHOMH]a

INTRODUCTION

The Bucim porphyry Cu deposit is located in
the border area between the Serbo—Macedonian
Massif (SMM) and the Vardar Zone (VZ). It is an
integral part of the Bu¢im—Damjan—Borov Dol ore
district located in the eastern part of the Republic of
Macedonia. In terms of its metallogeny, it belongs
to the Lece—Chalkidiki metallogenic zone (Serafi-
movski 1990), which is a part of the Alpine-Balkan—
Carpathian—Dinarides metallogenetic belt (Heinrich
and Neubauer 2002). The intrusions of the district
belong to the Late Eocene — Oligocene magmatic
zone (Harkovska et al. 1989), which cross cuts older
tectonic structures (Schefer et al. 2011), and occurs
within the Circum Rhodope unit according to the
compilation map (Schmid et al. 2013). The Late
Oligocene—Miocene intrusions are associated with
both economic and uneconomic ore mineralization.
Although the mine at Bu¢im has been known since
ancient times, it was not explored in detail until the
1970’s (Serafimovski et al. 2010). In terms of its
output and ore reserves, it is a small porhyry
deposit. Since 1979, 80 Mt of the 120 Mt estimated
reserves (as mineral resources), have been mined,
with a production dynamic of 4 000 000 tonnes ore
annually and an average ore grade of 0.34% Cu and
0.35 g/t Au [Cifliganec 1993; Serafimovski et al.
1996; Serafimovski et al. 2010; Volkov et al. 2010).
It should also be mentionned that this is character-
ristic of all porphyry deposits determined in the
border area between the SMM and the VZ or the
Lece—Chalkidiki zone. The deposit consists of four
ore bodies, three of which are related to porphyry
fingers and one is distinguished as a supergene
mineralization (Cifliganec 1993).

Serafimovski and Boev 1996; Serafimovski et
al. 2010; Volkov et al. 2010). The intrusions are of
andesitic to trachy-andesitic composition with crys-
tallization ages ranging between 27.5 and 24.9 Ma
(K/Ar whole rock ages) [6, 7]. Various mineralogi-
cal and fluid inclusion studies have been undertaken
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in the district but only a limited amount of data re-
lated to the magmatic-hydrothermal history of the
system have been published (Cifliganec 1993; Ser-
afimovski and Boev 1996; Strashimirov et al. 1996;
Serafimovski et al. 2010; Volkov et al. 2010).

Up to date, in the Republic North Macedonia
there weren’t professional databases that should be
in accordance to the European directives, although
there is an initiative in ours Ministry of Economy
that such database(s) should be prepared and in-
cluded in similar modern European databases (ex.
BRGM Mineral database). Here we were aiming to
organize databases with an information about some
of the most representative NE part of the Central
Part Ore body within Bu¢im deposit features, re-
garding natural issues. Bearing in mind that the
Bucim deposit has a long history of exploration, we
knew that building aforementioned database is not
an easy task to fulfill. We had to systematize data
from exploration longer than five decades. Or-
ganization of the Access database was carried out
under several main topics, which are in accordance
with the GIS related mineral databases principles
given elsewhere (Goodchild and Dopal 1989; Harris
etal. 2001; Cassard and Itard 2003; Itard et al. 2002;
Barnett and Williams 2006; Vuollo et al. 2010).

DISCUSSION

The particular mineral database itself was
structured under the main topics:

General information where has been enclosed
information about the mining company, status, lati-
tude/longitude, ore district name, comments etc.
(Figure 1). For example on our sample of the NE
part of the Central Part Ore body within Bu¢im de-
posit we gave an accent that it is an operating mine/
deposit with certain potentials in regards to copper-
gold and some other associated metals (Ag, Cd, Pb,
Zn ...
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5] Description of the deposit
Name Bucim (NE part Central Part Ore Body)

Id MKD-00043

Identifier

Commodity Cu +Au

| General information | Deposit | Mineralisation/Rocks | Economy | High-Tech Metals | € 1 hy | Bibli hy |

Identifier |MKD-00043

Author | Marithel

Mining company [ ][SOLWAY & Creation date [14:Jun -0
o Controller |Y. Deschamps
District [ Checking date [TZNov05
Status mﬂ B11 :‘ |Producing industrial mine [=] Countiy(ies)
)
[*| & &I =~ » [FORMER YUGOSLAV REPUBLIC OF MACEDDNIA_[+] =
Longitude | 2235000 22 20 [ O R * E‘;:l
Latitude | 4166344 4[4[ 10
Ore-deposit names Comment
> rBul:im - XY L. Bailly Nov0B, centre SSOP 41° 40,173' / 22° 20,997
)
]Cukal Exploitation works started in 1979
3 orebodies : Bucim, 73 Mt @ 0.38% Cu; Cukar, 11 Mt @ 0.70% Cu and Vrsnik, 21 Mt
[Vrsnik @ 0.50% Cu.
= Current mine output : 3.7 to 6 Mt/y with Cu, Au and Fe
]ﬁadowste The mean content is 0.3% Cu, 0.35 g/t Au and 1 g/t Ag (1996)
[[Buchim ¥ viste L Baills/ T. Auoé. Seot 2008
URL (S e Back to the main menu

d|

Preview for this

Database name Identifier in the database

2|
J
il

deposit
Add a new deposit

] Carte Métallogénique de IEurope 26-153 - Duplicate this deposit
|Porphyry USGS database [« =l

*0 [

Delete this deposit

<

| Record: 4 ¢ 160f101 > M | Search

Fig. 1. General information datasheet of the database

That information was followed by detailed co-
ordinates and name of the exploration concession
owner, as well as familiar names used by locals for
the locality and short general comments.

Deposit features sheet is organized in a man-
ner that should be given details about the parame-
ters: deposit type, main morphology and secondary
morphology (Figure 2). On our example deposit,
NE part of the Central Part Ore body within Bu¢im
deposit/mine, we have entered data about the de-
posit’s combined type where we have pointed out

its porphyry Cu-Au to polymetallic type sometimes
followed by secondary Cu-sulphide (cementation
zone) morphologies.

Mineralization/Rocks data sheet usually
should contain data about age (supposed and abso-
lute), ore mineralogy, gangue mineralogy, hydro-
thermal alteration, host rock (age sup-
posed/absolute, host rock formation, name and li-
thology). All of them being grouped into separate
main window (Figure 3).

[E Description of the deposit

Id MKD-00043 Name Bucim (NE part Central Part Ore Body) Commodity Cu +Au Identifier
| General information| Deposit | Minerasation/Rocks | Economy | HightTech Metal |.Conments | lconography | Bibiogiaphy|
DEPOSIT
Depg’s';:a i C52 |+ [Porphyy Cu-Au deposit =
4| [F32 <] [Seconday Cu suphide (cementation) depost =]
MAIT GO ]
mmph‘:'l':gi; 4620 [<] [Biscordant envelope of dsseminated ore =
Azimut Dip i
Length (m) ‘Width (m) Down dip (m)
Secondary | p 4| [B20 [<] [Discordant envelope of disseminated ore =]
ol -1 | = | =
| Record: 4 4 160f101 > M | search

Fig. 2. Deposit features datasheet of the database
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2] Description of the deposit
Name Bucim (NE part Central Part Ore Body)

Id MKD-00043

Commodity Cu +Au

Identifier |

USGS age |

Ore mineralogy Gangue mineralogy

| General information liDepns'i'lri Mineralisation/Rocks [I::;:nnomy | High-Tech Metals | C | hy | Bib hy |
MINERALISATION
Age Sup.(Ma) ﬁ' Bad [w [Badenian [<] 138 Absolute age | 16 Emor| 1 Unit|Milion Year ||
Inf.(Ma) AJ[Bad [+ | [Badenian [v]f16:4 Method j_] B20 || [Indect age detemination based on
relative chronology &

Hydrothermal alteration

»| & |[M133 [<][Chalcopyite =]~ | »|4([M0ss [<][Biotie [« | Y| &|N0 [][Silcification [<]
M177 \z] Grey copper BEI 537 : Sericite E 1 E \z’ Feldspath, feldspathaide E 4
M292 [ [Hematite = ME47 || [Zicon =il D20 [w||Séicitisation =
4 |[M407 <] [Molybdenite = 4 |[Mode ] [apatie = £([c ] [Chlaritisation =
M430 [ [Pyiite = M213 || [Epidote = | & |[533 <] [Kaolinisation = v
& |WGon T s Tl & e e =
HOST ROCK
Age Sup.(Ma) _iIJ 0L2 [« {Upper/Late Oligacene [=][2303 Absolute age | 25 Emor| 1 Unit|MilionYear ||
Inf.(Ma) 4 |[0L2 [<] [Upper/Late Diigocene [~] |87 Method 4, |[413 |z||K/Ar E’
USGS age |
Host-rock formation names Host-rock lithology
» [Precambrian ciystaline schists intruded by lati M7 [ |Gneiss [«]
* V5434 [ [Andesite =]
VSA362 [+ [Latte =
EEN =] | [+]
Record: 4 4 160f101 | » M | & Search

Fig. 3. Mineralization-rocks information datasheet of the database

This part of the database was filled with a sig-
nificant amount of data regarding the minerali-za-
tion age (relative 16.4 — 13.6 Ma; absolute 16 Ma),
ore mineralogy (chalcopyrite, pyrite, magnetite,
haematite, cubanite, valleriite, native Au, born-ite
chalcocite, etc.), gangue mineralogy (biotite, seric-
ite, zircon, apatite, quartz etc.) and diverse hydro-
thermal alterations (silicification, K-feldspar, se-
ricitization, chloritization, kaolinization etc.). After
that the database was enriched with an information
about the host rock age (relative 28.4 — 23.03 Ma;

absolute 27 Ma, K/Ar method) and host rock lithol-
ogy (mainly gneiss, andesite and latite).

Economy data sheet provides an information
about ore type, grade unit, former production, aver-
age grade of production, years of exploitation, re-
serves, average grade, type of reserves, resources,
average grade of resources, type of resources orga-
nized in windows named exploitation type and main
commodity/commodities (Figure 4).

E3] Description of th
Id MKD-00043

e Bucim (NE part Central Part Ore Body)

Identifier |

Commodity Cu +Au

[ General information | Deposit | Mineralisation/Rocks | Economy | High-Tech Metals | Comments | Iconography |
Exploitation type T
—— ain commodity
Plﬁj [EE ] [Open cast [open pit] mining [=] e o ore 12.303 Mt
*| &[T =] [ | Grade 0229 €% Cgn
_ - o . Metal 28219 t
Record: 4« 1of1 | > M b | | search content
s Commodity [Cu [=] [Copper (metal)
> Ore _SJ B10 [« |Ore in which the element s in chemical substitution within the lattice of a host mineral, and refia =
Towl Production unit £(1000 ka) Grade unit
v I Former production | 43 Mt Avg. grade of prod. | 019 Years | 2002 to 2020 |
v Reserve 12 Avg. grade of rese. 0.22 Year | 2020 Classification code
- ust
Type of reserve [111]< ] [Proved mineral reserve (111) [ Ref. Reserve | | =
4 Resource 6 Avg grade of resou. 021 Year | 2020
Type of resource |221|+ | |Indicated mineral resource (2 : Ref. Resource | =]
Record: M« 1ofl | » M b | § [ searcn
Former production 43 Reserves 12 Resources 6
Potential 61 Class|E Calculation
Record: M« 1of5 | » M b | | 'search
Record: 4 4 16 0f101  » M | ¢ | |Search

Fig. 4. Economy information datasheet of the database
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So, here for the NE part of the Central Part Ore
body within Buc¢im deposit/mine, was given infor-
mation about the operating status of exploitation
type where the main commaodities, copper and gold,
are represented by primary sulfide ore (complex sul-
fides, sulphosalts etc.).

Also, reserves has been quoted as 43 Mt of for-
mer production, proved mineral reserves of 12.3 Mt
(as of 2020 with 0.229% Cu and gold with 0.223 g/t
Au) followed by data about additional commodities
(Ag, Cd) given as separate records within this
datasheet (metal production, not the raw ore).

High-Tech Metals data sheet was divided into
two different windows, which have been established
in order to characterize (i) Potential of specific com-
modities or capacities (ii) where the anthropogenic
products are processed. To characterize High-Tech
metals, user has to enter a commodity (ex. Re, Se,
Ga...), and then he will be able to give information
about host minerals (e.g. molybdenite), grades (i.e.
minimum, maximum and average grade) and abun-
dance of host minerals in the ore. The right window
give information about processing site(s) (e.g. con-

centrator, mill, smelter...). Due to nature of exploi-
tation of the NE part of the Central Part Ore body
within Buéim deposit/mine (still major metals /Cu
and Au/ are the only ones obtained from the de-
posit), we haven’t entered any additional data re-
garding this information sheet of the database.

Comments sheet, which is composed of two
windows where it is possible to write free texts de-
scribing details about geology and/or details about
economy of a particular deposit gives a fine oppor-
tunity to describe particular deposit in more details
(Figure 5). Here we have entered extensive free text
data about the detailed geological and mineraliza-
tion features of the deposit, not mentioned else-
where in the database (Figure 5).

Here we accented that the NE part of the Cen-
tral Part Ore body within Bu¢im deposit/mine is
relatively old mine with its specific geology. Also,
here we stressed out that its metallogeny is related
to tertiary calk-alkaline magmatism (predominantly
Oligocene) where mineralisation is in relation to the
host lithology consisting of gneiss, andesite and
latite.

E Description of the deposit
Id MKD-00043 Name Bucim (NE part Central Part Ore Body)

Commodity Cu +Au Identifier

ts |1 h HRH |
| oy ,],B'tl,?, phy |

| General information l Deposit [ Mineralisation/Rocks [ Economy [ High-Tech Metals | C
Details about geology (free text)

The deposit is made up of a magmatic complex consisting of three praven finger-like porphyry stocks (Central, Vrsnik and Bunardzik). The Cukar ore body, a supergene  »
mineralization (Cifliganec, 1993] has already been mined out. According to new geological field observations a magmatic stock is assumed below the Cukar ore body.
Unfortunately, dril cores are now unavailable and the waste of the open pit has accumulated on the remains of the body. The mineralization of the Central porphyry is

cut by the Yrsnik intrusion. This relationship is visible in mineralized gneiss clasts, which contain veins that are cut off by the magmatic intrusion. Accordingly, the

Central intrusion is older than the Vrsnik intrusion. The Central ore body is emplaced in varied Precambrian gneisses,which rarely contain lenses of Precambrian

ciystalline schist. The morphology of the ore body is similar to a cylinderwith a diameter of 500 m, surrounding an andesitic stock with a vertical depth of more than 500

m. The most significant ore mineral is chalcopyrite, which is accompanied by pyrite, magnetite, hematite, cubanite, valerite, native gold, bomite and others (Serafimovski
and Boev, 1996). The copper mineralization is primary (hypogene). Gneiss xenacrysts in the magmatic stock contain pyrite veinlets, which are cut off by the magmatic
intrusion. Therefore, the present magmatic rock overprints an earlier magmatic and hydrothermal event. The Bunardzik ore body shows the same mineralization as the
Central ore body, but the ore-minerals are scarcer (Cifliganec, 1393). The mineralization of the Bunardzik ore-body is also hosted by Precambrian aneisses of the
CircumRhodope unit. In contrast to the Central ore body, however, the Bunardzik ore body is crescent shaped adjacent to the andesitic intrusion (Cifliganec, 1993).

The dimensions of the body are 300 x 100 m at the surface with a 300 m depth (Cifiganec, 1993). The Visnik ore body, which is located east of the Central ore body, is
ellipsoidal in shape. In contrast to the already mentioned bodies, the mineralization occurs only partially in the host rock of the metamorphic basement. The main part is
hosted by the intrusion. The ore body is of small size, with a depth of about 80 m, a swiface length of 300 m and a surface width of 200 m (Cifiganec, 1993)]

Details about economy (free text)

AL, nov 2005 - Bucim concentrates have been treated at the smelter of Bor (Serbia), potentially contributing to “exotic” PGE recovery in Bor

Skopie , May 6, 2005 - Copper mine "Bucim' near Radovis restarted its work today, after Russian businessman Alexander Bomschtein purchased it at an international
bid in the beginning of this year (2005). The mine is now returning in its economic dimension. With annual production of 50,000 tones of mine, production of at least 500
kilograms gold and a thousand of kilos silver.

| Record: 4 4 16 0f101  » M { { {Search

Fig. 5. Comments information datasheet of the database
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In the lower window were given details on the
economical aspect of the mine such were total re-
serves, excavated and remaining ones. Economic
parameters were dominated by the fact that proved
mineral reserves of 12.3 Mt are having copper and
gold concentration of 0.229% Cu and 0.223 g/t Au.

Iconography sheet has been elaborated in or-
der to attach images with a deposit. The first step
being definition of paths of the image directory and
the image viewer (e.g. Photo Editor, Windows pic-
ture viewer, Picasa..) by clicking on “Configura-
tion” button.

Bibliography data sheet for particular deposits
was intended to give an overview of geological bib-
liography (references relating to the geology of the
deposit) and economical bibliography (references
relating to deposit’s economic data) as can be seen
at Figure 6.

For the NE part of the Central Part Ore body
within Buc¢im deposit/mine, we made significant
input in regards to both types of bibliography, geo-
logical and economical ones. All the known and
commonly used references to this particular deposit
have been covered in this data sheet.

= Description of the deposit

Commodity Cu +Au Identifier

Id MKD-00043 Name Bucim (NE part Central Part Ore Body)

Geological bibliography

| General information | Deposit | Mineralisation/Rocks | Economy | High-Tech Metals | Comments | Iconography |

Authors IJancovic S, Milovanovic D, Jelenkavic R, and Hikovic K.

Title [Gold Depaosits and Occurences in Serbia: Types, Metallogenic Units and Outlook.

Authors IJ ankovic 5 and Petkavic M.

Title [Metallogenelic Epochs and Provinces of Yugoslavia.

Authors ISerafimovski T, Cifliganec ¥, Jankavic S, and Boev B.

Title |Genetic model of the Buchim porphyry copper deposit, republic of Macedonia.

Authors |Jankovic § and Jelenkovic R.

Title [Gold mineralization in Yugoslavia; metallogenic environments and associations of minerals.

hd

Authors [Jankavic 5]

m

conomic bibliography

v

Authors [Anonymous.

Title [Rudnici Jugoslaviie.

Authors [Anonymous.

Title IJugosIaviia za Rudarstvo.

Authors [Anonymous.

Title  |Yugoslavia's metal with a future.

Authors [Westergard AF.

Title |BUCIM copper project.

Authors |Chaduwick JR.

Title [Yugoslavia,‘ mining industry with considerable patential.

Authors [Filev, K. etal.,

Record: 4 4 160f101 » M { Search

Fig. 6. Bibliography information datasheet of the database

CONCLUSION

For the purposes of building the Access data-
base for the NE part of the Central Part Ore body
within Bu¢im deposit/mine we kept in mind its ma-
jor accents in the qualitative-quantitative parame-
ters and natural indicators in function to present and
future valorization of metals that were subject to the
establishment of the database, in accordance with
professional mineral databases, as well as economic
viability of the particular ore elements in the near
future bearing in mind the complex and variable na-
ture of market and prices of copper concentration
given in the particular Access database. The major
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findings and accents were that the NE part of the
Central Part Ore body within Bu¢im deposit/mine is
at the advanced stage of exploitation with certain
copper and gold potentials complemented by even-
tual by-products such are Ag, Fe etc. Certain parts
of the database showed the mineralization age of 16
Ma with host rock age around 27 Ma (K/Ar method)
where the main host lithology consists of gneiss, an-
desite and latite. From the economic point of view
were accented proved mineral reserves of 12.3 Mt
(with 0.229% Cu and .223 g/t Au) while in the re-
gards of metallogeny was stressed out that it is re-
lated to Tertiary calk-alkaline magmatism (predom-
inantly Oligocene).
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PE3YJITATHU O PETUOHAJIHUTE ITPOCIHHEKIIUCKH UCTPAXKYBAIbA
HA JEJ O TEPUTOPUJATA HA PEITYBJIMKA CEBEPHA MAKE/IOHNJA

Aunexcangap byos, Anera PucroBcka

L eonowxu 3a600 na Penyonuka Ceeepra Makedonuja,
Hanama ,, Emanyen Yyuxos,, Ya. , buxauxa*® op. 2, 1000 Ckonje, Penyonuxa Ceeepra MakedoHuja,
aleksandar.buov@geol.gov.mk // aneta.ristovska@geol.gov.mk

AmncrtpackT: Bo tpynor, Ha npumep 3a U u Th e nprkaxana crarucTuukara 00paboTka Ha MOJaToIH KOH e
no0K1eHn o1 1abopaTOPUCKUTE aHATN3H Ha MIPETXOJHO 3€MaHUTE CEKyHIapHU OPEOJIH Ha PAcejyBame Ha MHUHEPAIHU
KOMIIOHEHTH BO TPU peruoHa oj Makenonuja. [IpykaxyBameTo Ha HUBHATa IPOCTOPHA JUCTPHOYNHja € IpUKaKaHa
Ha Tororpad)cka u reoJomka ocHoBa. Ha ciiideH HaYWH CTaTUCTHYKY M rpaMuKy MOXKAT Ja ce 00padoTaT IIo1aTonuTe
U 32 OCTaHATHTE 51 eIeMeHT, 3a KOJIKY € M M3BpLIeHa XeMHCKa aHanu3a. Th-ot u U-0T Bo 0BOj Tpyx ce 06paboTyBaaT
0]1 acCIeKT Ha HUBHO IPHCYCTBO KaKO HEIOCAKYBaHHM M LITCTHH KOMIIOHEHTH BO MHHEpalHa CypOBHHA HAMEHETA 3a
ynotpeda BO TpaJe:KHUIITBOTO (TEXHUYKH Tpa/IekeH KaMEeH, IECOK U YaKa).

Kityunu 360poBuH: craTucTHYKA 00pabOTKa, CEKYHIAPHH OPEOJIH, MUHEPAITHA KOMIIOHEHTH, Th - TopryM,
U - ypaHHuyM, IpaIeKHHUIITBO.

RESULTS FROM THE REGIONAL PROSPECTIVE RESEARCH PART
OF THE TERRITORY OF THE REPUBLIC OF NORTH MACEDONIA

Abstract: In this scientific work, as an example for U and Th is shown statistical processing of data which
are derived from laboratory analysis of previously acquired secondary halos of dissemination of mineral components
in three regions of the Republic of North Macedonia. The showcase of their spatial distribution is shown in
topographical and geological basis. Similarly, the data can be processed statistically and graphically for all of the other
51 elements, for which the chemical analysis has been done. The Th and U in this scientific work are processed of an
aspect of their presence of unwanted or hazardous components in mineral raw materials intended for use in construction
(technical rock, sand and gravel)

Key words: statistical processing, secondary halos, mineral components, Th — torij, U — uranium, construction

BOBE/]

Co 3rojemeHaTa 3auHTEPECHPAHOCT 3a Mmoda-
pyBame Ha KOHIIECUH 32 eKCILIoaTalfja Ha TpaeK-
HO-TEXHHYKH KaMeH, MECOK M Yakall Of CTpaHa Ha
MPUBATHUOT OMU3HUC-CEKTOP OJI €IHA CTpaHa U IOC-
TOCUYKHOT MPABUITHUK 32 KJIaCH(HKAIHja U KaTero-
pH3alrja Ha BPCTH MUHEPATHU CYPOBHHH H BOJIE-
e epuaeHnrja 3a uuB Ci. Becuuk 53/79 ox apyra
CTpaHa, ce CTBapar yCJIOBH 32 KOPUCTEHE Ha MHHE-
pajiHa CYpOBHMHA BO I'PaJCKHUIITBOTO KOja BO Te-
KOT Ha Hej3MHaTa eKCIUloaTalyja i mpuMeHa MOXKe
Jla PEIM3BUKA HECAKAHU JICjCTBH]ja M MOCIICTUIIH.

Co cratucTiykaTa 00pabOTKa Ha MOAATOLMTE
01 CIIPOBE/ICHH PErMOHAIIHU I'€OJIOIIKH HCTPaXKyBa-
a, KaJIc BO TPU PErMOHA ¢ MPUMEHETa FTe0XeMHUCKa
merona Ha BLEG u Stream cemumenTtn, € 0Bo3Mo-
JK€HO a C€ BpIIHX pa3JIMYHM BUAOBHU Ha ITPOLCHKA U

U3/IBOjyBamkE Ha MPOCTOPU CO pa3iWieH MOTEHIIU-
jai 3a mocToeHe Ha MUHEPAIIOIIKY WJIH PYyJIHH T10ja-
BHU KOM CE€ HOCHTEIIM Ha XeMUCKH €JIEMEHTH, a CO Toa
1 TOTEHLMjaIH! MPOCTOPHU 32 THE MHUHEPAIHHU CY-
POBHHHU.

Op1 TOBEKETO MOXKHOCTH 3a I0OMBambe Ha CyII-
TECTBEHU MH(OpPMAIINHU 32 TIOCTOCHETO U JAUCTPH-
Oyuujara Ha J1abOPAaTOPUCKH aHAIM3UPAHUTE elie-
MEHTH BO 3€MjHHATa KOopa BO OBOj TPYA Ce IpHuKa-
JKyBa, KAKO TAKBHTE MCTPAXKYBamba U aHAIU3U MO-
JKart Jia TIOCITy>KaT NP OrPaHuIyBambEeTo Ha U300pOT
3a KOPUCTEHE Ha MUHEpaJIHA CYpPOBHHA ,,TEXHUYKH
rpajekeH KaMeH, MMeCOK M Jakaji‘) KoM IMOTEeKHyBa-
aT O/ IUTOJIOIIKY CPEIMHN BO KOM PEaTHO TOCTOU
OTAaCHOCT OJ1 IPUCYCTBO Ha 3r0JEMEHH KOHIIEHTpa-
UM HA PAINOAKTUBHH EIIEMEHTH.

Onmro npudareHo e Jeka NpUpoIHATa pa-
JMOAKTHUBHOCT O] 3eMjHHAaTa KOpa TMOTEKHYyBa O
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pacrarameTo Ha paJMOaKTHBHUTE EIEMEHTH U TOa
NPBEHCTBCHO O] WICHOBHTE Ha ypaHHyMOBaTa W
TOpHYMOBaTa HHM3a Ha PAJMOAKTUBHU CIEMCHTH
KOU C€ HACTaHATH BO MPOLECHTE HA MOCTAHOKOT Ha
KapmnuTe, HUBHATa npeoOpa30a u pacnarame.

I'enepanno Bo 3emjuHaTa KOpa KOHIIEHTPAIHU-
jaTa Ha ypaHHYMOT U TOPUYMOT ce ABMKH o 1,1 10
10 ppm 3a ypanuymor (U) u okomy 10 ppm 3a
topuymoT (Th). OBue KOHIICHTpAIUU OAroBapaat
Ha KOHIIGHTpaIyja 3a akTUBHOCT oj 13,5 — 123
Ba/kg 3a 28U u 39.4 Bg/kg 3a #2Th (PagmunoBsuk,
1995).

Co reocTaTUCTHYKa aHajM3a Ha MOJATOLUTE
KOM ce JOOWEHM O] PETHOHAIHUTE HPOCIIEKIIUCKH
HCTPaXKyBama, BO OBOj TYJI € U3BPIIEHO U3/IBOjyBa-
BETO Ha HOTGHHI/Ij AJIHU 30HU U JIMTOJIOIIKHW HOCHUTEC-
JIM Ha 3TOJIEMEHHU KOHLICHTPAIMU HA paJHOaKTHBHH
enementu Thu U.

Cratuctnukara o0paboOTKa W TPOCTOPHOTO
MPUKaXyBake HA JUCTPUOYIHjaTa HA eIEMEHTHTE
(Bo 0oBOj cimyuaj Ha Th u U), 0Bo3MOXKH J1a ce U3ABO-
jaT mpoCTOpU BO KOM MOJKE J]a CE 0YEKyBa 3rojieMe-
HH KOHLICHTPAIMU HA PaJHOAKTUBHHU eJaeMeHTH. Co
TaKBOTO CO3HAHHE, TOKOJKY BO THE MPOCTOPH IMOC-
TOHM MHTEPEC U yCJIOBH 3a N0OMBame Ha KOHIECHja
3a eKCIUToaTallja Ha MUHEPaJIHa CypOBHUHA ,,Ipajie-
KEH TeXHWYKHA KaMeH, ce HaMeTHyBa IMoTpebara
JieKa 32 OTpelieNTyBame Ha KBAJIUTETOT HA MUHEpaJl-
HaTa CypOBMHA, IOKpaj CTaHAAPIHHUTE HCTPAXKY-
Barba M UCIUTYBama KOW C€ IMPEABUACHH BO TIpa-
BuHUKOT oJ Ci1. Becuuk 53/79, notpebHa ¢ u us-
paboTKa Ha PaJHMOMETPUCKU HCIUTYBAbA.

Co TakBHOT IMpHCTAI MPH UCTPAXKYBABETO HA
MUHEpaIHaTa CypOBHHA, MOXHO € J1a C€ M3BPILIU
KOMIIapanyja moMery MaKCHMajlHO JI03BOJICHUTE
KOJIMYMHYU Ha €MHCHja Ha PaJHOHYKICHIN BO €llU-
HHLIA BpEME U PEAJTHOTO IIPUCYCTBO HA PAJUOAKTUB-
HU €JIEMEHTH BO MUHEPAIHATA CYPOBHHA.

MMPUMEHETU METO/11 HA UICTPAYXKYBAILE
11 METOJIOJIOTMJA HA OBPABOTKA
HA TIOJIATOLM JIOBUEHU O] HUB

Bo nornes Ha pearHOTO MPOTHO3UPAHE U OTI-
penenyBame Ha IEPCIEKTUBHU IMTPOCTOPH 32 MOXKHO
MOCTOCHE O] 3roJIeMeHa KOHIIEHTpallhja Ha elie-
MEHTH KOM MOJKaT Jia NPETCTaByBaaT MHHEPaJIHU
CYpPOBHHH, T€OXeMHCKHUTE MeTonu ,,BLEG u Stream
CEIMMEHTH * Ce IICHAT 32 BICOKO JIOBEPJIVBH UCTpPa-
JKYBauK{ METOJHU 3a HUBO ((pa3a HA HCTPAXKYBAE)
Ha PErHOHAIHU T'€OJIOIIKH HCTPaXKyBaba.

Bo m3munaTtHoT nepuox ox 2015 mo 2017 rog.
O]l CTpaHa Ha J[B€ CTPaHCKH KoMIaHuu (,,Pe3epBoap
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muHepanc Makenonuja“ JIOOEJI Cxomje n Kantyn
Magnenywiuk JJOO Ckorje), Ha BKyITHA TTOBPIIIH-
Ha o1 6947 km? (Cnuka 1), ce U3BpILEHH PErMoHa-
HU TEOJIOIIKH NCTPAKyBamka BO TPU PETHOHA BO MC-
TOYHUTE U jyrO-UCTOYHUTE JIEIOBU 01 MakeIoHHja.

Bo TEKOT Ha reoIOIKUTE HCTPAKYBamba 3eMe-
HU ce 532 npobu 3a BLEG u Stream ceaumenTtu u
HCTHTE ce aHanm3upaHu Ha 53 enemenrta (Tabena
1).

Tabena 1

Ilpezned na 3emenu npobu no pecuonu U KOMNaHuu

Permon  Kommanwuja u3BeayBad Ha F€OJIOMIKH Bpoj Ha
HCTPAXYyBambha npoou

1 PesepBoap munepaic Makenonuja, JJOOEJI 168
2 Pesepoap muHepainc Makenonuja, JJOOEJI 190
3 Kanryn Mamnennmmuk JJOO Ckomje 174

[Mpobute 3a BLEG u Stream cemumentu ce
3eMaHH BO JHOTO Ha CIIMBHHUTE MOJpayvja U UCTUTE
I PENPEe3CHTUpPAT CeKYHIAPHUTE OPEOJIH Ha pace-
jyBame 0] MUHEPAIIHUTE KOMIIOHCHTH KOH IPOU3-
JIeTyBaaT U Ce COCTABEH JIeJT Ha JINTOJIOIKATA COAIp-
’KMHA Ha TOA CIIMBHO MOJIpadje, a ce CO MPOCTPAHCT-
Bo ox1 8 o 12 km?,

PE3VJITATU U JUCKYCUJA

Jlobuenute pesynratu of CHOPBEICHHUTE Te-
PEHCKH 1 JIabOpaTOPUCKU UCTPAXKYBamba U UCTIUTY-
Bambha, HCTPAKYBAUYKNATE KOMIIAHUU TH UMaaT MCKO-
PHUCTEHO 3a NMOCTUTHYBam€ Ha CBOMTE IIEJIM, HO BO
HCTO BpeMe ey1abopaTHTE BO KO Ce€ MPUKaKaHU pe-
3yJITaTUTE OJi CHPOBEACHUTE T'€OJIOIIKH HCTPAXKY-
Bama M J1a00paTOPUCKH HCITUTYBaka CE€ JIOCTaBEHH
Ha Ap>kaBHUOT opranu (I'eonomku 3aBoxg Ha Pery6-
nmka MakenoHrja) KOj TIoHaTaMy MOXKE UCTHTE J1a
T'Yl KOPHUCTH BO 1I€JIM U HAJUIEXKHOCTH KOH MPOU3JIe-
ryBaat o 3akoHOT 3a ['eosoniku 3aBoj Ha Permy6-
nuka Maxkenonuja, (Uien 4). Bo Toj cmucon u ce
KOPHCTEHH T0/IaTOIUTE O] TUE PETHOHAIHU HCTPa-
KyBama 3a W3/[BOjyBamk€¢ HAa 30HH CO 3rOJEMEHH
KOHIICHTPAIMH Ha PaJUOAKTHBHU HYKJICH/IH.

3a XeMHCKa aHaju3a Ha MPOOUTE MPHUMEHETH
ce MaceHa CIIEeKTpOMETpHja CO MHIYKTHBHO CBpP3aHa
mra3ma (ICP — MS) u atomcka abcopOIroHa criek-
tpometpuja (AAS).

Craructnukara oOpaboTKa Ha €JIeMEHTUTE €
u3Be/leHa co momomr Ha mporpamor Excel (mec-
KPHIITHBHA CTATUCTHKA) KAKO U IPYT¥ CTATUCTHYKH
(yHKLIMHU KOM MOXKaT Jia ce 00paboTyBaat BO HETo.
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3a cratucTruka 00paboTKa Ha JOOWEHUTE T10-
JIATOLM € KpenpaHa Tabena 2, ¥ Toa 3a CEKOj PETUOH
noceoHo. Co momom Ha EXCEL u Bo Hero kpeupa-
HaTa Tabena Op. 2 ce J0OMBaaT mapaMeTpH 3a: 6poj
Ha eJIEMEHTH, CpeJlHa apUTMETUYKA BPEIHOCT, IICH-
TpajiHa BPEAHOCT Ha HHU3aTa, HAjuecTO MOBTOPYBa-
HUTE CIEMEHTH, MAaKCUMyM, MHHUMYM, PaHT, Bapu-
jaHca, CTaHIapHa JIeBUjalja, KoeuIueHT Ha Ba-
pujanyja, TokaieH GpoH Ha eJIeMEHTOT, JOJICH mpar
Ha aHOMaJTHa BPETHOCT, KPUTUYCH Mpar Ha aHOMaJI-
Ha BpPEIHOCT, KOe(PHUIIMEHT Ha BapHjanuja u Koedu-
IUCHT Ha KOpPEJIATHBHA 3aBUCHOCT Ha CIIEMEHTHUTE.

TabGema 2

Lllemamcku npuxas Ha 3emenu npoou
U AHATUSUPAHU eleMeHMU

Ilmena | Koopn | Koopx | Au | Ag | Al ... 49 Zr

npoba IHATa | IHaTa eMeMeHTH
Y X

P1B 001

P1B 002

.1

PIB 168

Cratuctuukara oOpaboTKa Ha pe3yJTaTUTE ©
M3BeJIeHa MOCEOHO 3a CEKOj PETHOH, CO MOXHOCT 32
HWHTETPATHO TPUKAKYBAKE U TpadUyuka HHTEepIpe-
Talyja Ha pe3yyTaTuTe OJ TPUTE PErHOHA CO T0-
Mot Ha ArcMap.

JlokasieH (hoH Ha €JIEMEHTOT KOj C€ aHAJIM3HPa,
¢ MPecMeTaH KaKo CpejlHa MOHAECPUCAHA BPETHOCT
OJ1 CPEIHO APUTMETHYKUTE BPSTHOCTH HA HAjYECTO
3acTaneHara Kjiaca U Hej3UHHUTE JIBE COCEIHU KJIACH
(Tabena 3).

A *fmax + B *fmax—l + C *fmax+1

Le . =
fon fmax + fmax—l + fmax+1

Kaje IITo:

A — k1aca co Hajronema Qpekdeniyja,

B — neBo cocenHa kiaca Ha ,,A“ Ki1acaTa,

C — necHoO coceqHa Kiiaca Ha ,, A Kiacara,

f — dpexdennmja Ha ojaByBamke Ha KjlacaTa

JlorneH mpar Ha mpBaTa aHOMalTHa BPEHOCT €
NpecMeTaH Kako 30Up oJ] JOKAIHUOT (OH Ha ene-
MEHTOT BO PErMOHOT WM €/IHA CTaHIapIHa JeBha-
nyja.
PAV:1= Lgn + SD

KputndyeH mnpar Ha aHOMajiHa BPEIHOCT €
MpeCMeTyBaH Kako 30HMp OJ JIOKAIHHOT (POH Ha

€JIEMEHTOT BO PETHOHOT U JBE CTaHIApIHH IEBU-
janum.

PAVkr = Lfon + ZSD

Tabema 3

OCHOBHU CIMAMUCMUCIMUYKU NAPAMempu
3a Th 00 peauon 2

JICCKpUNITUBHU CTAaTUCTHYKH PeruoH 2
KapakTepucTuku 3a Th

Mean 5,77984
Standard Eror 0,21763
Mode 7,41
Standard Deviatic 2,71816
Sample Variance 7,38837
Kurtosis 0,38173
Skewness 0,87628
Range 13,73
Min 1,87
Max. 15,6
Sum. 901,655
Count 156

Ca. 1. Xucrorpam Ha knacu 1 GppekdeHnuja Ha mojaByBame
Ha Th BoO peruon 2

Cmamucmuuxa obpabomka Ha nooamoyume
3a Th 00 peauonom ,, Bempen ““ (pecuon 2)

Bpojot Ha knacure ce neduHmupa npeky gop-
mynatra K = 1 + 3,2-1og(N) u Toj Opoj 3a 156
eJIEMEHTH H3HecyBa 8.

WntepBanor 3a knacute u GppexdpeHnrjaTa Ha
M0jaByBame Ha CIEMEHTHTE BO TOj WMHTEPBaJ Cce
OTYUTYBA O] CTOJIOUECTHOT XHcTOrpaM (ciuka 1)
Koj ce mobuBa Bo EXcel mmm emmmpucku mpeky
dhopmyiiata:
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| = Range Cmamucmuuka obpabomra na nooamoyume 3a U
k 00 pecuonom ,, Bempen * (pecuon 2)
kane mro: | —mHTepBan Ha Kiaca, K — Opoj Ha
KJIaCu.
[IpecmeTkara Ha noKkanHUOT (oH 3a Th BO pe- Tabenas
THOHOT ,,Bempen “ (pCFPIOH 2) C€ MMpECMETYBA KaKo OcHo8HU CMAMUCMUCIUYKU MepKu
cpelHa TOHJEepUCaHa BPEAHOCT Ha KjacaTa oOf
HAjuecTO MOBTOPYBAHUTE CIIEMEHTH BO HH3aTa H MO CITeITe e 2

KapakTepucTuku 3a U

HEj3MHUTE COCEIHU Kiacu (Tabena 4). Mean 1.38311

A*fimax+B*fmax—1+C*fmax+1

Lfon(Th) - fmax+fmax—1+fmax+1 Standard Eror
_4445+4542.73438+616:29 _ 4 o, Mode o
112 pmp Standard Deviatic 0,67858
KaJe IITo: Sample Variance 0,46047
A; B u C ce cpelHM apUTMETUYKH BPEIHOCTTH Ha Kurtosis 0,80026
knacure 1;2 u 3 (SAV) Tabena 4 Skewness 1,06294
Range 3,252
Min. 0,358
Tabenad Max. 0,61
Knacu na Th u nusno ¢pexgpenmno nosmopysarve Sum. 215,765
Count 156
Bpoj Ha kiaca3a Th  Murepsan SAV  ®peksennuja
1 1,87 3,59 2,73 38
2 3,59 5,30 4,45 45 U
3 530 7,02 6,16 29
4 7,02 8,74 7,88 20
5 8,74 10,45 9,60 13 L
6 1045 12,17 1131 - 27 =y
7 12,17 1388 13,03 4
8 13,88 15,8 14,74 l. 8 9
.
HoneH mpar Ha aHOMaJlHA BEPAHOCT CE€ YCBO- o of of o el o el
jyBa ma 6une Lionern) + SD = PAV1. G A A A
PAV. = 7.03 = 7 ppm ¥ Y ¥ Y ¥y
kazie mTo PAV1 € flonleH npar Ha aHOMaslHa Bpe- Ca. 2. Xucrorpam Ha knacu 1 ppekdeHInja Ha TI0jaByBambe
HOCT. Ha U BO pernos 2
Koeduuuenror na Bapuanuja V = % = 0,47
KpuTuden mpar, Ha KOj IIOCTOU OIACHOCT OJ1 Tabenab

IMOCTOCH:€ HAa KOHTaAMHUHHUPaHa HUCKOPAAWNOAKTHUBHA

Knacu na U u nusno ¢ppexgpenmrno nosmopysarve
MUHEpallHa CypOBHHA (TEXHUUYKHU TPaJieKeH KaMeH,

NIECOK M 4Yakaj), M 3apajy LITO IPU €BEHTyallHaTa bpoj Ha kimacasza U Murepsan SAV  ®pekBeHuuja
HHUBHA EKCIUIOATalyja € MoTpeOHO Ja ce M3BpIIaT 1 0358 0798 0578 27
JIOTIONTHUTEIHA ~WUCIUTYBakha Ha MUHepalHara 2 0798 1238 1018 57
CYypOBHHa 3a ONpe/elyBakbe Ha MIN J103BOJICHH 3 1238 1678  1.459 97
KOJINYMHU Ha PaJMOAKTHBHU €JIEMEHTH €: 4 2118 2558 1898 24
PAVis = Lon(thy + 2 SD 5 2,118 2558 2,338 8
PAV), = 9.74 = 10 ppm 6 2,558 2,998 2,778 9
7 2,998 3,438 3,218 2
kage mto PAVy e KpuTHuYeH mpar Ha aHoOMasiHa 8 3438 3,878 3658 2

BPEITHOCT
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Jlokanen ¢on Ha U Bo peruon 2 (Betpen):
Lfon(U) =1,018 ppm,

JloneH mpar Ha aHOMaJTHA BEPIHOCT:
PAV: =2 ppm,

Koedumnmentor na Bapuanyja
V=2=049

Kputnder npar Ha aHOMaJIHa BPETHOCT
PAVi; = 2.4 ppm

Kopenarunara 3aBucHoct momery Th u U e
opecMeTaHa Kako Pearso-oB koepHLUUEHT Ha

3a nmpyruTe IBa perMoHa WM3BPIICHA € HCTa
MpecMeTKa Ha MPOMEHIUBHUTE MapaMeTpH KOU CTa-
TUCTUYKH ja AedUHHpaaT Iuclep3njaTta Ha CEKyH-
JIApHUTE OPEOJIH Ha Pace]jyBambe.

TabGena 7

Ocnosnu cmamucmuuxu napamempu 3a U xou ja
Odegunupam oucnep3ujama Ha ceKyHOapHume
opeoau Ha pacejygarve 60 pecuonume 1; 2 u 3

Kopenanuja u T0j 32 Th u U Bo pernonor 2 (Betpen) H(ﬁﬁ‘oK Peon 1 Peon2 Peon3
nsHecyBa 0,7 a MCTO Taka HUBHATA 3aBUCHOCT € Tpasa 45
mprKaxxana u co rpadukon (Ciuka 3). P —— 6
[Inaruorpanutu 2,7
20,00
Kgapi-auopuru 2,1
Juoputu 1,8
15,00 Jauutu 2,5 < = )
= EF s 5 = &
‘ Puonutu 4.0 g Z g2 w2
10,00 f Fa600-11ia6 06 S8 §&g 8¢
‘ ' abpo-nujabasu , 28 25 231
| ‘/w ‘ | I‘ [epunotutn 0,03 3 i 2 \E/ 3 %
>,00 \ \ M v '\bﬂ"w j V‘/' W f " CenuMeHTHH KoMIUteke  2-3  — 2 — NP
v J W I'paHUTEH KOMIUIEKC U
0,00 METaMOpPUTH 4-5
TR m Y hNOoONOD OO dN®mS In JlnopuTH 1
R B B B o I |
e Th U MeTaMOpGhHUTH 1-2
. , I'panymut — 6azanteH
Cu. 3. Kopenauuja mery Thu U cr0] 011
TabGema 8
Jleckpunmuenu cmamucmuyuxu kapakmepucmuxu 3a Th u U 6o pecuonu 1, 2 u 3
Th u
Permon 1  Perwon 2 Pernon 3 Permon 1  Permon2  Permon 3
Mean 4,635 5,779 16,828 1,241 1,383 4,678
Standard error 0,223 0,217 0,663 0,106 0,054 0,262
Median 4,665 5,085 15,000 0,743 1,175 4,000
Mode 3,010 7,410 13,000 0,530 1,075 1,000
Standard deviation 2,295 2,718 8,750 1,386 0,678 3,462
Simple Variance 8,555 7,388 76,560 1,922 0,460 11,988
Kurtosis 1,090 0,382 14,981 9,894 0,800 1,854
Skewness 0,716 0,876 2,812 2,802 1,063 1,146
Rang 16,756 13,730 78,000 8,931 3,252 19,000
Min. 0,140 1,870 1,000 0,039 0,358 1,000
Max 16,900 15,600 79,000 8,970 3,610 20,000
Sum 797,187 901,655 2928,000 213,526 215,765 814,000
Count 172 156 174 172 156 144
Bpoj na knacu 8 8 8 8 8 8
WHTtepBan Ha Kiaca 2,090 1,700 9,750 1,100 0,410 2,370
Koeduuuent na Bapuanuja 0,630 0,470 0,510 1,100 0,490 0,740
Jlokasen dou 5,270 4,310 15,140 0,870 1,018 2,820
Jonen npar va AV 8,000 7,000 23,900 2,250 2,000 6,290
Kputnyen npar Ha AV 11,000 10,000 32,650 3,640 2,410 9,750
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Tabema 9

Koepuyuenm na xopenayuja nomery ucmpasicysanume enemermu 8o pecuonom 2 (Bempen)
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On HampaBeHaTa aHalM3a ce KOHCTaTHpa JIeKa Cpennara 3acrarnenoct Ha Th u U Ha rmo6ai-
KOHIIeHTpalmjaTa Ha Th u U BO TpuTe peruoHa e HO HHBO BO TIOCJIUHH JIUTOJIONIKH CPEIUHU € TPH-
pasinyHa, HO HE OJCTaIyBa IPACTUYHO O] CPEIH- KkaxkaHa Bo tabemute 10; 11; 12 u 13 ox xou Moxke
aTa 3acTaleHOCT Ha OBUE IIEMEHTH 3a 3eMjUHAaTa Jla ce BOCIIOCTAaBH penaldja MmoMery 3acTareHuTe
kopa (Tabena 13). KoHIeHTpaiyu Ha Th u U U TUTOOMIKKUTE CPETUHH.
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Tabena 10
Cooporcura na Th 6o aumonowku cpedunu
U Kpumuyer npaz Ha coopicurnama Ha Th
60 mpume pe2uona Ha Kou ce nompeoHU
paouoaxmusru ucmpaxcysarba (Cumos, 1984)

JIut.

Peon1 Peon2 Peon3
TTomaTox
I'panuronmHu Kapnu 65
Aunkannau 6a3aaTouIHA =
7,7 —_ _= S I
apnn =F T EE
Kucenn marmarcku 18 S = 3 £ ] g
E

KapIu =) é 2 = 2 &
Ba3uuHu U CpeIHOKH- TE @® g -
CeJIM MarMaTcku KapIiy §ZD w2 25
on

Virpaba3udnu 0,005
MarMarcKu Kapmu

Tabema 11

Cpeodna cooporcuna Ha paouoHyKneuou 60
maemamcexu kapnu (Jenenxosux,; I pocemur)

(mg/kg)
Enement Yarpauasuunu  basuunu IIpeoaun Kucemn
Tu 0,007 3 7 18
U 0,003 0,5 1,8 3,5

Tabena 12
CpenHa coapKuHa Ha PAAUOHYKIICHIN BO CEIU-
menTtHH Kapriu (Jenenkosuk; I'pxeruk) (mg/kg)

I'panuTn ITecounnnu Kap6onatu ITnoun
Tu 12 1,7 1,7 1,7
U 3,7 0,45 2,2 1

TabOema 13

Cpeona coopacuna Ha paouoryKIeuou
(Cmagpunos T., Llajn P.) (ppm)

3emjuna ['panuty Hlxpummu bazant  Ynrpa 6asmaan  Bapos-

Kopa Kapru HUAOH
Tu 10,5 15 12 0,3 0,05 2
u 26 4 3 0,1-0,5 0,02 1

I'papuuru npuxas na Th u U opeonu na
CeKYHOapHo pacejysarve 60 pecuonume 1, 2 u 3

ITo w3BpIICHAaTa JECKPHUIITHBHA CTATUCTHYKA
00paboTKa Ha CUTE MOJATOIH OJ] TPUTE PETHOHA Ce
MPUCTAIyBa CO eKCIIOPTHPAhE, OHOCHO HMIIOPTH-
pame Ha Excel tabenapauTte momator Bo ArcMap.

Co caMOTO UMIIOPTHPAHE HA MOJATOLUTE O
tabenara ce 100MBa BU3yeJEH MpEryies 3a JOKalu-
jara oI Kajie ce 3eMaHH MPOOUTE U COAPNKUHATA HA
XEMHCKHTE SJIEMEHTH BO HUB.

OcHoBaTa Ha Koja ce MPHUKaXyBaaT THE T0/1a-
TOLM MOXe Ja Ouje tonorpadcka, reosomKa Wik
opto-¢oTo.

Kpeupannte atpeOyTtHu Tabenn Bo ArcMap
OBO3MOJKYBAaT M3BEIyBamhe Ha IMOBEKE aHATUTUIKU

oIeparum.
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Ca. 4. TIpuka3 Ha pernoHaJIHU T'eoJIOMKN HCTpaxyBama (['eoxemucka metoga BLEG u Stream cenumentn) Ha Tororpadcka ocHOBa
1:25000. Peruon 1 (Koxyd) — Toukactu 00jekTH co cuHa 00ja, Pernon 2 (Betpen) — Toukactu 00jejtu co 3enena 6oja, Peruon 3
(K30) — Toukactu 06jextH co pose 6oja

Cua. 7. Oneara co nipuka3 Ha 3acrareroct Ha Th u U Bo
KOHIICHTPAIIMH KO YK)KyBaaT AeKa MPH eKCILIoaTallija Ha
MHHEpaHa CypOBHHA TEXHUUYKU IPALSKEH KaMeH, IIECOK U

YaKal, 3apaji ONpe/eTyBambe Ha KBATUTETOT Ha MUHEpaTHATa
CYpOBHHA € OTPEOHO J1a ce U3BPILIAT AOMOJTHUTEIHH
pamromerprcku ananmusu (U — cuna 60ja, Th — 3enena 60ja)

0 //AO///IO////O Ve y 0
A oM Y oW oy ©

DN/ O s O Bt O
1ie

Cu. 5. Oneara co mpukas Ha 3acTaneHocT Ha Th Bo

KOHIEHTpanuu: 3a pocrop 1 (Koskyd) > 11 ppm, 3a peruon 2 B, | ; TR .\\\gg.v_t? o

(Betpen) > 10 ppm u 3a peruor 3 (K30) > 32 ppm. NG = 2 5 v IR 0077779776,

Cu. 8. Oneara Ha Koja ce IPUKaXKaHH 3rOJIEMEHI
KOHIIEHTPAILlX Ha PAIMOAKTUBHH €JIEMEHTU U PYJHULH O]
Kajie ce eKCIIoaTHpa MIHEepallHa CypOBHHA 32 yHOTpeOa BO

TPaIe)KHAIITBO (TEXHUIKH TPajie’KeH KaMeH, IPCOK M JaKai)

Kaxo moceOHO 3HauajHN OmepaIum ce:

1. Kpeupame Ha MOSIUHEYHU U KOMOHUpPAHU
0JIeaTH Ha eJICMEHTH OJ1 KaJIe MOXKE Ha BH3YEJICH Ha-
Ca. 6. Oneara co HPHIl<a(3KHa 3a(;;aH§Hg:T Ha U Bo YHH J[a C€ BU/IM 3aCTAIICHOCTA Ha eJIEMEHTHUTE (KaKO

KOHIIGHTPAIIMHU: 32 IPOCTOP oxy() > 3,64 ppm, 3a peruon
2 (Berper) > 2.4 ppm 1 3a perwon 3 (K30) > 9,75 ppm PETPE3EHT Ha ENEMEHTHTE KO MOTEKHYBAAT 01
CIIMBHUTE MOpadja of Kaje ce 3emenn BLEG/Ste-

am cegumentute) (cimku 4, 5, 6 u 7);

2. Kpenpame Ha osieaT Ha KOM CO TOYKACTH
00jeKTH ce NMpHUKaKaHW CaMO CIMBHHUTE MOJpadja
KaJie MOCTOU > KOHLIEHTpaLyja o1 IOJHUOT Ipar Ha
aHOMaJIHa BPEJHOCT Ha eJIEMEHTOT KOj CE aHaJIN3H-
pa (ciuku 5 u 6);

3. AKO MOXe, MHIMKaTUBHATA 3aCTAIICHOCT Ha
HEKOH €JIEMEHTH I acolljalija Ha eIeMEeHTH Jia
Cce MOBP3€ CO MOBP3aHOCTA CO JINTOJIOIIKUTE, CTPYK-
TypHUTE WK (arujamHuTe odesexja Ha cpeIuHaTa
BO KOja THE Ce [10jaByBar, IIOCTOX MOXHOCT 32 HUB-
HO TPHKa)XYBamke BO 30HH KaJle CE MPHKAKYBAT
KJIaCUTE Ha 3acTalleHaTa KOHIEHTpauja (Mo4Hy-
BajKH €O JOJIHHOT IIpar Ha aHOMaJIHa BPEIHOCT, 3a-
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BPIIIYBajKH CO KJlacaTa BO KOja Ce 3aCTarleHn MaKCH-
MaJIHUTE KOHIEHTPALUH Ha €JIEMEHTOT BO Ipobara)
KOHM ce PEelpe3eHT Ha MOCMAaTPaHOTO CIMBHO IIO-
npadje.

3AKIIYHOLU

LlenTa Ha OBOj TPY. € Aa ce MOTEHIUpPA JAcKa
3all0YHATUTE PETHOHATHHU I'€OJIONIKH HCTPaKyBarba
CO IIPUMEHA Ha MPOCTIEKIICKN T€OXEMUCKH METOIH
Ha BLEG u Stream cepuMeHTH ce moBekeKpaTHO
KOPHCHH U UCTUTE € MOTPEOHO Ja ce CIpoBeaaT Ha
CeBKyNHATa TepuTopHja Ha Pemybnvka MakenoHu-
ja.

[Tokpaj mOCOYyBamETO HAa MEPCICKTHBHH
MPOCTOPU 3a JIETAIHU TEOJIONIKH HCTPaKyBama,
oBaa 0a3a MpeTcTaByBa W3BOP HA MTOAATOLM 38 MHO-
ry motpeOu ofl jaBeH KapakTep (€KOHOMH]ja, Ipoc-
TOPHO TIAaHUPAKE, 3IPABCTBO, €KOJIOTHja UTH.).

Baxsuot mpucrtan Ha 00paboTka Ha qo0ue-
HUTE TEOJIOIIKH U Ja0OPaTOPUCKH HCTPAXKyBamba 1
WCTIMTYBakba OBO3MOXYBa ymoTpeba, MHTepIpeTa-
[IMja ¥ KOHTUHYHpaHa Tpanda Ha TEOJNOMIKUTE CO3-
HaHMja 3a [eTHOT pocTop Ha PenyOnuka Makeno-
HUja 0e3 orpaHWYyBam€ BO HMMIUIEMEHTAIMja Ha
MOpaHCIIHN, TCKOBHU U UAHU PE3YJITATHU.

Co 00paboTKaTa Ha MMOAATOLUTE O/ PErHOHAN-
HHTE HCTPAXXKyBarba e OBO3MOXKYBa aHATM3UPALE U
rpaduUKo MpUKaKyBame Ha 53 aHAIM3UpPAHH elie-
MEHTHU CO HUBHO TIPUKAXKYBamkE Ha OJeaTH/JIeepu 1
W3/IBOjyBamke Ha MOTEHIHM]aJHU MPOCTOPU 3a MOC-
TOCHEC Ha 3TrOJIEMEHM KOHIEHTPALMH Ha MOCAWHH
€JIEMEHTH, acolldjalfja Ha €JICMEHTH HMJIU €JICMEH-
TH KOM C€ BO KOpellaTHBHA 3aBUCHOCT Ha CIUYEH
HaYMH Kako mro ce npukaxkann U u Th Bo 0BOj
TPYI.

Bo 0BOj Tpya ce mpHKaxyBa aHIN3UPABETO U
W3/IBOj YBAK-ETO HAa TIPOCTOPHTE KaJle TOCTOH 3roJie-
MEHO MPHUCYCTBO HA PaIMOAKTUBHH eleMeHTH U 1
Th BO oHOC Ha JTOKATHHOT (HOH, KOE HEILITO HCTUTE
T'M TIpaBU Ja OMJaT PU3WYHU O ACTEKT Jia OJ HUB
ce eKCIUIoaTHpa MUHEPaJIHa CypOBUHA — TEXHUYKH
rpajieXkeH KaMeH, Mecok 1 yakain. OnacHocTa oJ1 Ko-
PHCTEHETO Ha IPa/IC)KHU MaTepHjalid KOU COIPIKAT
palMoaKTUBHU €IIEMEHTH, & MOXKe Jia Ouaar mpej-
M3BUKYBau Ha MPEKyMEPHO jOHU3UPAYKO 3padycHe,
ja HameTHYBa norpebaTa Aa Bo (hazaTa Ha JIETaTHU-
TE€ TEOJIONIKU MCTPAXyBamka, 3a ONpe/IeIyBambe Ha
KBAIUTETOT M 0€30€THOTO KOPUCTEHE¢ Ha MUHEPATI-
HaTa CypOBMHA c€ M3pa0OTyBaT M JIOTOJHHUTEIHH
pPaIMOMETPUCKHN UCIHTYBamba KOU CO TMOCTOSUKHTE
3aKOHCKH PETyJaTUBHU HE Ce€ OTPEOHH.

3acera Bo OCTOCYKUOT NMPABUITHUK 32 KJIACH-
(hukanyja v KaTeropusaiuja Ha pe3epBUTE HA I[BPC-
TH MUHEPAJTHU CYPOBUHU U BOJACHC CBHICHIIM]A 3a
HUB HE CE MPOIHIITYBAT PAJOMETPUCKH UCTIUTYBA-
Ba, a CO TOA CE OCTaBa MPOCTOP Ja O]l acCleKT Ha
MUHEpaJTHA CYPOBHHA CO MPEKYMEPHO jOHU3UPAYKO
3pademe ce KOPUCTH HEKOHTPOJIMPAaHA MUHEpPATHA
cyposuna (Cin. nuct na COPJ 53/79).

[IpoekToT PernoHaiHu reoiaoKy UCTPaXxyBa-
Ba Ha Ienara tepuropuja Ha PemyOimka Makemo-
HHja co mpuMeHa Ha reoxemucku (BLEG u Stream)
METOJIN Ha HCTpaXKyBame € ToTpeOHo /1a Ounat mp-
JKaBeH IPOEKT BO copabOTKa cO Apyru JOMAIHHU U
CTPaHCKH KOMITaHUH.

Baaropapuuna: Kopuctume MOXHOCT Aa ce 3a-
6J'Ial“0£[apI/IMe Ha KOMIIAHUHUTC HUCTpaXKyBadW Ha IMPOC-
NEKOUCKUTE I'COJIOIKU UCTPAXKYBAba KOU ' UMAT CIIPO-
BCACHO MOCICAHUTC PETrUOHATIHU UCTPAKyBalkbd NPUMCEC-
HyBajKH TH MPOCTIECKIIMCKATE METOAHM HA HCTPAKYBabEC
BLEG u Stream sediment.
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T'EOJIOIIKO MOJEJIUPAILE HA HAOIAJIMIITETO 3A JATJIEH
BPOA-THEOTHUHO CO IPUMEHA HA COBPEMEHHU KOMIIJYTEPCKHN TEXHUKHU

Mapuja Manesa', Urop Iemescku?, Jbynmuo Ierpeckn’

Y471 ECM — IToopyacnuya PEK Bumona, Bumona, C. Maxedonuja
I'padescen paxynmem, Ynusepsumem Ce. Kupun u Memoouj 6o Cxonje,
oyn. Ilapuzancku oopeou, 24 Cronje, C. Majedonuja
marijamaneva0l@yahoo.com

A mcT pax T JarIeHOT Kako eHepreTcka MUHepaHa CypOBHHA IPETCTaBYBa OCHOBEH €HETETPCKU Pecype
BO MakesioHHja, KOj ce KOPUCTH 3a MIPOM3BOJCTBO Ha eJeKTpuyHa eHepruja. Haorammmrero bpoa-I'ueotuno xoe € Bo
ekcrutoatanyja ox 2007 ronuna, npunara Ha [lenaroHUCKUOT ceMMEeHTaoHeH 0aceH, U OMIIo mpeaMeT Ha MmoBeke-
KpaTHH UCTPa)XyBama 1 UCIIUTYBamba O] TOJIOIIKH XHAPOTEOIOIIKH U TeOMEXaHUUKH aciekT. O/ OBHE HCTpaXKyBamba
npubpaH e rojaeM (QOHJ Ha MOJATOLH 3a ACTAIHO NeHHUPame Ha reoJorHjaTa, XuAporeoIorujata U reoMexaHuKara
Ha HaoranumrTeTo. MIMajku To BO MpeABU HAPEJOKOT HAa COBPEMEHHTE KOMIIjYTePCKH TEXHUKH KOH Ce IIPUMEHYBaaT
BO 00J1acTa Ha reojioryujara, Kako 1 NpuA0OUBKUTE O] UCTHTE, JIOjACHO € JI0 HAEja 1a Ce HAIPaBH OOM 3a FEOJIOIIKO
MOJleNMpame Ha oBa Haoranuiute. KoMijyrepckuTe TeXHHKHU Ipe]] ce o OJIECHYBaaT U yHalpeayBaaT HMpOIecoT Ha
UHTEpIIpeTalyja Ha Pe3yaTaTUTe O CTPAKYBambaTa, a KPajHUOT PE3yNITaT O HMBHA PHMEHa € CO3/laBare Ha Ipe-
L[U3HH T'€OJIOLIKH, XUIPOTEOIOIKH M TeOTEXHUYKH Mozieny. basara Ha mojaTony Bp3 OCHOBA Ha Koja ce n3paboTyBa
re0JIOLIKHOT MOJEN Ha Haoranumrero bpox I'HEOTHHO € cocTaBeHa 0/ UCTPaXKHHUTE AYITHATHHH, TOACICHH 110 HHTEp-
BaJIMTE BO KOU NPHIIAraaT pa3IM4HKUTE FeOJIOMKH WICHOBH Ha CeJUMEHTHATa cepHja. KapakTepucTuueH e o1 Mojie-
JIMPaEeTO MPETCTaBYBa BKIYyUyBambETO HAa PACEIHUTE CTPYKYTPHU BO IEOJOLIKUOT MOJIEN, KO CE YCIIOB 32 HEroBa Io-
nenda Ha HeKOJIKY pacetHu 0610Kk0BH. Co Ie0sI0MIKOTO MOZICIIMPabe € 0BO3MOXKeH 3] IPOCTOpeH nperiie]] Ha FeoIort-
jaTta, ITO OBO3MO’XKYBa ceol(aTHO COTIeyBamke Ha Ipas0aTa Ha HAOT AIHIITETO T.€. IPOTErambeTo U MafoT Ha Fe0sIoNI-
KuTe WieHoBH. [IprMeHaTa Ha KOMITYTEpCKHTE TEXHOJIOTUH OBO3MOXKYBa IIOCTOjaHO BKIIydyBame Ha CUTE HOBOJI00HE-
HH PEe3yNTaTH O Fe0JIOUIKO KapTupame Bo (a3a Ha exciuloaranyja u $a3uTe Ha HIHO JOUCTPaKyBame, CO LITO KBa-
JMTETOT Ha MOJENOT IIEPMEHEHTHO MOXKe Ja ce nonobpysa. [IpuaoOHBKUTE O IIOCTOCHE Ha €CH BaKOB MOJEN Ce
coryielyBaaT Bo pa3iuyHuTe (a3u Ha paboTere, IIaHupamke Ha JOMCTPAXKyBamara, 3roleMyBamke Ha e(hrKacHOCTa BO
MPOU3BOJCTBOTO WUTH. 3a M3paboTKaTa Ha TeOJOIIKHOT MOJEN € KOPHCTeHa KoMIjyTepckara mporpama LeapfrogTM
(momymor Leapfrog Geo).

Key words: jaryieH; Haoranuiire bpoa-I' HEOTHHO; KOMITjYTEPCKH TEXHUKHU; T€OJIONIKO MOICIAPAHE

GEOLOGICAL MODELING OF THE COAL DEPOST BROD-GNEOTINO
WITH APPLICATION OF CONTEMPORARY COMPUTER TECHNIQUES

Abstract: Coal as an mineral raw material is a basic energy resource in Macedonia, used for electricity
production. The Brod-Gneotino deposit, which has been in operation since 2007, belongs to the Pelagonija sedimenta-
tion basin and has been the subject of numerous investigations from a geological hydrogeological and geomechanical
aspect. As a result from these investigations, a large database has been collected for detailed definition of the geology,
hydrogeology and geomechanics of the deposit. Taking into consideration the progress of modern computer techniques
applied in the field of geology, as well as the benefits of the same, the idea came to make an attempt to geologically
model the deposit. Computer techniques primarily facilitate and improve the process of interpretation of investigations
results, and the final result of their application is the creation of precise geological, hydrogeological and geotechnical
3D models. The database on the foundations of which the geological model of the Brod Gneotino site is made is com-
posed of exploratory boreholes, divided by the intervals in which the different geological members of the sediment
series belong. A characteristic part of the modeling is the inclusion of fault structures in the geological model, which
are a condition for its division into several “fault blocks”. The geological modeling enables a 3D spatial overview of
the geology, which gives a comprehensive overview of the terrain, i.e. the dip and orientation of the sedimentary
complex members. The application of computer technologies enables constant inclusion of all newly obtained results
from geological mapping in the phase of exploitation and the phases of future investigation drillings, thus the quality
of the model can be permanently improved. The benefits of having such a model are seen in the different phases of
mine operation, i.e. in the planning of additional investigation programs, increasing the production efficiency, etc. The
Leapfrog™ computer program (module Leapfrog Geo) was used to build the geological model.

Key words: coal; Brod-Gneotino site; computer techniques; geological modeling
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BOBE/

Tpumumensuonanso (3 /1) monenupame Ha 1o-
JaTOLUTE C€ KOPUCTH BO PYNAPCKHOT CEKTOp BeKe
nonro Bpeme. [Ipex ymotpebGaTa Ha COBpeMEHHTE
KOMITJyTePCKH TEXHUKH, MPHKaKyBameTo Ha 3]]
MoJieNIuTe OWUJI0 M3BEAYBAaHO CO ymoTpeba IBOIU-
MeH3noHaHU (2]1) crienujanu3upanu KapTu, Impe-
ceny M AmjarpamMu. Bo mocieaHnTe OBE JETeHNUH,
OpojoT Ha ctyauu 3a 3] Moaenupame ce 3rojJeMu
KaKo pe3yjiTaT Ha yrnoTpedaTa Ha KOMIIjYTEPCKU
codTBepu. Bo pamkuTe Ha THE COPTBEPCKH ITpOrpa-
MHu, coBpemenute 3] Moaenu co BHCOKa PE30iIy-
[Mja ce KpeupaHu cO YHoTpeda Ha alroOpuTMH 3a
unrepnonanuja (Akiska et al., 2013).

PazBojot Ha 3] reonomkuTe MOJICIN BKIY1Y-
Ba MHTETpaIlyja Ha TojJeM Opoj Ha T€OJIOMIKH oA~
TOIIKM, KaKO M AOIIOJHUTCIIHHU JOCTAITHW JIUTOJIOII-
KH, CTPYKTYPHH, T€OXEMHCKH, T'€O(U3UYKH, T'eo-
TEeXHUYKH ¥ OPYTH BUAOBHU Ha monatouu. Kpenpa-
Hute 3]] npukasu Moxkat Aa ce€ KOPUCTAT KAKO MH-
TEPaKTUBHH AJIaTKH 33 UCTPaKyBarme Ha MUHEpall-
uute Haoranwmmita (Fallara et al., 2006).

TpuaAUMEH3NOHAIHO T'€0JIOMIKO MOJETUPAE
(3DGM) um momara Ha T€0JIO3UTE BO U3yUyBamETO
Ha KBaHTUTATUBHATA aHAJIM3a HA TPOAUMEH3HNOHAT-
HU (3 1) IpOCTOpPHU CTPYKTYPH KOU 'Yl JeUHUpaaT
MIPOCTOPHUTE BPCKHU MOMEFy T'€OJIONIKUTE 00jCKTH.
3DGM TexHosorujata 0BO3MOXKYyBa TEXHUYKA MO~
JpIIKa 3a J0OMBamke Ha pa3HOBUIHU MH(pOpMaIuu
3a reosorujara, 3/] Mojgenupame 1 KBAHTUTATHBHA
npecMeTka Ha MuHepanHute pecypcu (Wang and
Huang, 2012). JTocera Bo Make/1oHH]a W3BEICHHUTE
31 Mmonienupama ce oJlHecyBaat Ha JIeN o] oppup-
CKUTE U NOJMMETATUYHUTE HAOIaJHIITa U CE€ O
pa3inueH KapakTep.

3a HaoranumreTo 3a Oakap Kaszan {on ocBen
mTo € u3BeaeHo 31 Moaenupame Ha MUHEpAIN3U-
paHaTa 30Ha Ha HAOTAIUILTETO, HAlpaBeHa € U reo-
XEMHUCKa CTyauja 3a 30HUTE HAa aHOMAJIMU Ha JIUC-
TpuOyI¥ja Ha MeTanuTe (0akapoT, IUHKOT, KOOamT,
HUKEJI, TATUYM U JIp.) BO MOYBHUTE MPEKY H3pabOTKa
Ha reoxemucku kaptu (Ligovski et al., 2014).

3]1 Monenupame € U3BeAeHO W 3a mopdup-
CKOTO HaoranumTe Ha O6akap bopos [lon mpu o
ce ce kopucteHu noaaroun on 100 gymHaTHHU H
yetupu TnpodecHoHaTHn COQTBPECKH IMAKETH
(Gjorgjiev et al., 2020). 3a mopdupckoro Haora-
mumTe Ha Oakap u 3nmato Mnosuna—llltyka mpeky
KopucTeme Ha copTBepoT Geovia Surpac e u3Beze-
HO MOJICIUPak-E U TIPECMETKA Ha PYJHHUTE pPe3epPBH
(Forward et al., 2017). Co ymorpeba Ha codTBepoT
ArcGIS u nogatouu ox 195 nynHaTuHU U3BEACHO €
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3]] Mmogenupame Ha pyIHUTE TeNa Ha 371aTo 1 Oakap
BO PaMKHTE HAa MOJUMETAIMYHOTO HAOTAJTHINTE 32
3mato, cpebpo u 6akap ITnasurma (Ivanovski et al.,
2015). Kaj Hac mocera He e BpiieHo 31 Mmomxenupa-
b€ 01 OMJI0O KaKOB acIeKT (TEOJIONIKH, XHUAPOTeOo-
JIOIITKY, TEOTEXHUYKHM ) Ha HAOT'aJIUINITaTa HA jaricH.
OTTyKa co oryies; Ha MOCTOJHUOT OTPOMEH (DOHIT Ha
[TO/IATOIIH 32 TIOBEKe HAllli HAOTAJIMIITA Ha jarjeH,
KOu OWiie MCTpakyBaHH MOTOJIeM Opoj JCICHHH,
MpousJie3eHa € ujaeja Jga ce ae@UuHUpa COBPEMEH
MIPHCTAIT 32 TEOJIOIIKO MOJICITUPAhe Ha UCTUTE, TIPH
IITO, KAKO CTY/IMja Ha CJIy4aj € 0I0paHO HAOT-aTUIII-
teto bpoa-I'HeoTrnHo Bo IlenaroHUCKHOT cequMen-
TeH OaceH.

METOJOJIOTMJA HA UCTPAXKYBAIE

MeTtoqon0rHjaTa Ha HCTPaXKyBame Koja €
KOPHUCTCHA TMPH TEOJOIIKOTO MOJICIUpamkhe Ha
HaoranwmTeTo 3a jarigeH bpona-I'meotmHo e
MPETCTaBEeHa CO HEKONKY (a3 u Toa:

1. IIpBara daza e npercTaBeHa co U300pOT Ha
COBpeMEHaTa KOMI[jyTepCcKa TEXHHKa Koja Ke ce
KOPHCTH 332 MOZEINPAEe, ITO BO HAIKOT CIIy4aj €
codrBepcknoT makeT LeapfrogTM. CodTBepckunor
naker LeapfrogTM e mpousBox Ha KOMIaHWjaTa
ARANZ Geo xoja u3BeAyBa IUCTpUOyIMja Ha
cBouTe IMpou3Boau Bo Asmja, CeBepHa AMepHKa,
Jyxna Amepuka u EBpona. CoTBepcKHOT makeT
LeapfrogTM ru BkinyuyBa moaynute Geo, Hydro,
Geothermal u Viewer. OBoj co¢TBep Omi mymTeH
Bo ynorpeba Bo 2003 roauHa ¥ BEIHAIN ja HAIIIOI
CBOjaTa mMHpokKa yrnorpeda Bo 3anaaHa ABcTpainja
(Cowan et al., 2004). OBoj codTBep € nuaep BO
copTtBepute 3a 3D reonomKko MOIETHpABE BO
PYJapcTBOTO, HMCTpaxKyBama, KOHTaMHHAIMja Ha
MOJ3EMHUATE BOJU W TeOoTepMajHaTa eHepruja.
[Mpudarenr Bo CBETCKH paMKu, IOMara BO pa-
0OTEemET0 W JIOJITOPOYHOTO  IUIAHHMPAME,
OBO3MOXYBajKkH €(QUKACHOCT W MPOAYKTHBHOCT.
Wsrpanen e Ha 06a3a Ha HANPETHUOT UMIUIMIUTCH
Moien 3a Mozeupame “FastRBF” ( Fast radial base
function) wiu Op3a dopma Ha ¢yHKIHMjaTa CO
paaujamHa ocHoBa, Leapfrog € mpBHOT 01 BakoB
BUJ U TH TOCTaBU CTaHIApAWTE BO T'€OJIOIIKOTO
MOJICJINPAkhE CO MHOBATHBHU JIOCTUTHYBama. [Ipu
MOJIETTUPAETO Ha Haoranumrero bpoxa-I'netuHo e
KopucTeH copBepckuoT moayn Leapfrog Geo.

2. Bropara (a3za e nmpercTaBeHa CO CUCTEMATH-
3alja ¥ CyMHPamke Ha MOAATOLMTE 332 HAOTaJUII-
TeTo 3a jaryeH bpon-I'HeoTHHO, KOM Ke ja mpeTcra-
ByBaaT OCHOBHATa 0a3a Ha MOATOIH KOja BO HAIIIHU-
OT CJIy4aj € MPETCTaBeHa CO T'€OJIOIIKUTE IT0IaTOIN
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O]l UCTPAXXKHUTE NYNHATHUHU WU3BEJCHHU BO OBAa HAO-
ramumrre. Haoranumrero 3a jarneH bpoa-I'aeotuno
OWI0 UCTpaKyBaHO BO MOBeKe (ha3W BO MEPHOAOT
on 1974 roa. no 2018 rox (Tabena 1).

Tabema 1

Pexanumynayujama na gpasume na ucmpasgicyearoama
Ha Haoranuwmemo bpoo-I'neomuno

JloceralHu UCTpaykHU AYIHATUHU

daza Ha Bpoj Ha Kpajna nnabuna
HCTPaXXHHU PaboTH IyIMHATAHA (m)
1974/89 83 11 952
1991 4 159
1992/93 29 1983
2000/01 86 7918
2014/2016 107 20782
2017/2018 55 6197
Bkynno: 364 48 991

3. Tpera ¢a3a npeTcraByBa BHECOT Ha H6a3ara
Ha MOJATOIM BO KOPHCTEHUOT COPTBEp BO BHUI Ha
Tabey 1 HUBHO TPYIUpahe MK TIOSTHOCTABYBAHE
CO KOpHUCTEH€ Ha ajaTKuTe Bo copTBepoT. [lomaro-
LUTE O] UCTPKHUTE NYNMHATUHH CE BHECYBaaT BO
(hopma Ha Tpu Tabenu BO .cvs (hopMar U Toa :

— Geology.cvs KaJie ce BHECEHH CHTE UCTPaX-
HU JTYMTHATHHU W TOA CEKoja OJ] NYMHATUHHUTE O
MTOYETOKOT JI0 KpajHaTa uia0MHa € ToJelieHa Ha
MOCJIEZI0BATEIHA HHTEPBAIM KOU TH TIPETCTaByBaaT
OJIJISITHATE TNTONOMKY wieHoBH (Cruka 1).

@ Brod-Gneotino - Leapfrog Geo

— Collar.cvs xaze e neduHHpaHa IpOCTOPHATA
10JI0’k0a Ha AyMHATHHUTE CO 3a1aBame Ha X, Y u Z
KOOPJAWHATHUTE HA CEKOja O AYIMHATHHHUTE 3aeJHO
CO HMBHATa KpajHa AnabuHa.

—Survey.cvs kaje ce JeuHUpa HaJHUOT aroj
1 a3yMyTOT Ha CeKoja O]l IyITHATHHUTE, HO OnejKn
CHTE UCTPAKHU JTYITHATHHH CE BEPTUKIIAHH, 11a/THU-
OT aroJ Ha cekoja o HuB e 90°, a azumyToT e 0°.

Co ynortpebara Ha onumjara Group Lithologi-
€S € MOXKHO IpYIHpam-e WK 1ojien0a Ha Beke aedu-
HUPAHUTE JHUTOJOIIKM YJICHOBH, IITO CE ITOKaXa
KaKo KOPUCHA OIIIIHja P T'€0JIOMIKOTO MOJIeIIUpa-
we. Ha oBoj HauwH e kpenpana kateropujata GRU-
PIRANA GEOLOGIJA xoja e kopucTeHa Kako oc-
HOBA IIPU N3paboTKaTa Ha FeOJIONIKHOT Mozien. Pas-
JMKaTa TIoMely OBaa KaTeropvja u OCHOBHara Oa3za
Ha TeOJIONIKH TOJATOIH € TOa IITO CEeKOj jarJIeHOB
CJI0j € MPUKaKaH KaKo €IWHCTBEH MOCeOEH ITUTO-
JIOIIKH YJICH J0/IeKa BO OCHOBHATa 0a3a Ha reoJIol-
KU MOJIATOLH, TIPBHOT jarjeHOB CJI0j € TO/IeNICH Ha
I(Ba JieNa, T0AeKa TPETHOT jarJIeHOB CJIOj € TIOJIeNIeH
Ha TpH Jiejia co Ie(PUHUPAE Ha MPOCIIOjIIU O] pa3-
HO3PHU CHUBO3EJEHM IECOIM M MpalIMHHU MoMery
nenosute (ciuka 1).

4. YerBpaTa (a3a ¢ BHECOT Ha MOMOIITHUTE
MOJIATOIM KO UTpaaT BayKHa yJora BO MOJeIUpa-
BETO U CE OJIHECYBAaaT Ha MOJATOIM 3a MPOCTOP-
HaTa 1MoJiok0a Ha reoJIONIKUTE POMUIH, TPaHUIIH-
TE Ha TEOJIONIKHOT MOJIeI, Tonorpadujarta u paces-
HUTE CTYKTYPH U C€ BHECEHH BO BHJ HA TOYKH, 110~
JIVITUHUN ¥ MPEXKH.

5. Ilerra ¢a3za mnpercTaByBa TI€OJOUIKOTO
MOJIETIUPAbE YHE U3BEAYBamhE MMOIETAIHO ke Oune
JIa/IeHO TI0/I0ITY.
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KAPAKTEPUCTKU HA HAOI' AJTMILITETO
HA JATJIEH BPOA-THEOTHUHO

Haoramumrero 3a jarnen bpoxn-I'nHeotuno ce
Haora Bo 3amagHa MakenoHnwuja, Bo butonckuor gen
na [Nenaronuja u 3aaka nosprumsa oz okorry 10 km?,
[Ipunara na Onmruna HoBamu u ce mpoctupa
momery cemara I'HeotnHo W Pubaprm Ha cesep,
Tenasmm u bpox Ha nctok, Erpu Ha 3anang u Ha jyr
Ha pactojaHue ox okoxry 390 m go Llpna Peka. Ha
WCTOYHATa CTpaHa, TPaHUIaTa MpeTcTaByBa pabHu-
ot aen Ha [lenaronncknor 6aceH, a KOH 3amaj rpa-
HUIIaTa Ha HAOT'aJIMIITETO € OTBOPEHA U HE € CTPOTO

nedhuHUpaHa, TOpaIy rojieMaTa JyladuHa Ha 3a1era-
BE€ Ha jarJIeHOBHTE CIOEBU 10 MoBeke o 250 m.
(cnuka 1). Bo 2007 roauHa 3ano4Ha co paboTa mo-
BpIIMHCKUOT Komn bpoa-I'neoruno. o cpenunara
Ha 2021 romuHa, eKcoIaTalyjaTa Ha jarjeH u jaio-
BuHa Ha [IK bpon-I'neotuno ce onsusa co 18a bBTO
CHCTEMH U CHCTEM Ha jarjieH IpH IITO eKCIUIoaTa-
[MjaTa Ha jaJlOBWHATa KOja Ce OJBUBA OX jyT KOH
ceBep € IOCTUTHATA JI0 TOTNPEYHUOT I'€OJIOMIKH MPO-
¢un 10 momeka ekcrutoaraiyjaTa Ha jarjieH Koja ro
MIPaTH MCKOIIOT HA jaJIOBUHATA € JOCTUTHATA JIO T10-
MIPEIHHOT Teoomkn mpodwr 11 (camka 2).

4530 000—{=—"

4 538 000

4 537 000

TTPOCTOP ONdaTen Co MCTPaNkIN AYIHETHIN
oa 1974 ao 2018 roanna

I'pamnua na nospumsexu xon"Bpoa-I'ncoruno’

AKTHBCH NOBpmHHCKH kon "bpon-I'ueornno”

11 ————11 | Tonpeuen reosomkn npodwua 11

4536 00052

4535 000"

Cimka 2. Mecromnonox0a Ha HAOlaMIITETO U MOBPUIMHCKUOT Kot bpona-I'HeoTnHO

Crnopen ['€0omKkroT CToJI0 BO HAOIATUIIITETO
Bpon-I'HeoTHHO MOXKAaT Jla ce M3IIBOjaT CIICIHUBE
T'€O0JIOUIKH (JIUTOJIOMIKH) YICHOBH:

1. IManeopenjed

2. MUOLIEHCKH CEeIMMEHTEH KOMILIEKC

3. [InMoneHCcKH CeAMMEHTH

4. KBapTepHU CeIUMEHTH

1. Maneopejedor u nepudepHUOT UCTOUEH
Jiel Ha HaoT alMIITETO U MOIIMPOKaTa OKOJIMHA KOH
uctoueH npaser] u Ceneuka [lnaHWHA TTaBHO ce
W3TPaJIeHu O IPEKaMOPUCKH MeTaMOp(hHHU Kapmu
o]l THITOT Ha rHajceBH (Gm) u MuKammcTy (Sq) KOu
HaMecTa ce HUCIPOOHMEHU O] MarMaTcKu IpoOou
MPETCTABEHU CO TPAHOANOPUTH (OY).
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2. MuoueHcKH ceTuMeHTeH komiuiekce. [Ipe-
Ky majeopejeorT ITUPEKTHO Ce PaclpOCTPaHETH
MHOIIEHCKHUTE CETUMEHTH KOH CE MTPETCTABEHH CO:

— Cuso-3enena cepuja (PRP). OBue cennmen-
TH CE paclpoCTPaHETH Ha MOTOJIEMH JUIA0MHU U T'O
HCTOJIHYBaaT naneopesjedor Ha OACEHOT CO TeH-
JICHIIM]ja Ha 3rOJIEMyBambe Ha JJIa0MHATa KOH 3amaj-
HUOT ¥ LeHTpaJieH Jien Ha [lemaroHuckuoT GaceH.
I'maBHO e M3rpajieHa o]l CHBO3EIICHHU MECOIH CO pas-
JWYHA TpaHyJanyja Wik Nak ce MoMenlaHu co pas-
JWYEH IMPOLEHT Ha IMpAaIIWHA, PETKO MPALIMHECTO
MECOKJIMBH YaKajM, 3arIMHETH YaKald M TEHKH
MIPOCJIOjKH OJT ICCOYHHK.
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— Ilpooyxmusna jacnenosa cepuja (J, JG, GJ,
JPR) Bo oBaa cepuja reHEpaIHO Ce U3ABOCHH IMET
(5) cneorwu jarnex (J), momery Kou MHOTY PETKO Ce
MOjaByBaaT MApTHH W TPOCIOjIU O TEMHOCUBA
TJIMHA CO OPTaHOTeHA MaTepHja, OJHOCHO jarJeHOBa
mHa (JG) u rmuHoBUT jarneH (GJ) mokonky e mo-
MaJI MPOIEHTOT Ha TIIMHATA BO OJHOC HA jarJieHOT.
BakBara pacioeHOCT Ha jarJieHOT € KapaTepucThy-
Ha O] IICHTPAJTHUOT KOH UCTOYHHOT JIe O] Haora-
IUIITETO (KaJie MCKIMHYBAaT CUTE jarJICHOBH CIIOe-
BH) JIOJICKa OJ NEHTPATHHOT KOH 3alaJIHAOT JIeN
MMa caMo J[Ba CJI0ja KOM BUCUHCKH CE CITyIITCHH Ha
noroyieMa JjabMHa BO OJJHOC Ha CJIOCBHUTE OJ UC-
TOYHHOT JIeJI TOpajau TiojaBata Ha PYNTYPHUTE
CTPYKTYpH (pacean) BO paMKUTE Ha 3alagHUOT AT
0J1 HAOTAITHIITETO.

— Merycnojua janosuna 60 npooykmueHama
jaenenosa cepuja (PRP). IloMery jaraeHOBUTE CIIO-
€BH MPHCYTHA € CepHja OJ] MPAIIHHECTH IECOIH,
3arJIMHETH TpAIIMHK, OPraHOreHa TIIMHA W OpraH-
CKH MECOKJIUBH TIPAIITHHU.

— Cuea cepuja na mpenenu (TR). Tpenenure
KOM 110 00ja MOXKaT J1a OMJaT CUBO3EJICHH U CBETIIO
CHBO3€JICHH, € N00pO OHMjarceHU3UpaHu MIPalIuHU-
aJIeBPOJIMTH, MHOTY JIECHH, HaMecTa MOPO3HHU, CO
jacHa crpatudukanmja Ha cioeBute.Tpenenure
MMaaT KOHTUHYHPAHO MPOTErambe HU3 1eJI0TO HAO-
FaJUIITe TPU MTO KOH MCTOK WCKIMHYBa JOJ]eKa
KOH 3amaJ ja 371001Ba cBojaTa MPOAYKTHBHA MOK-
HOCT, Koja jocturaysa u jo 100m. Tpemenure ce
CeIMMEHTHHU Kapmu O (DUTOTEHO IMOTEKIO KOoe €
MOTBPZIEHO cO OpojHHU J10Ka3u BO ¢opMa Ha MHOTY
JMCKPETHH MHKPOGOCHIH O penoT anru [luato-
meu (Pavlovski et al., 2011).

3. [IauoneHcku cenuMenTeH komimieke (Pl)
cuBo-xonta cepuja (P, PR, G, C, PG, PRP). Hu3
LEJIOTO HAOolaJIMIITE HaJ MHUOLICHCKaTa Gopmanuja
€ pacrpoCcTpaHeT CeIMMEHTEH KOMILIEKC M3TpajieH
0J1 IUTMOLIEHCKH CEIMMEHTH CO KOJITa, )KONToKade-
aBa 1 cuBa 00ja MPETCTaBEHH CO CHBH A0 >KOJITCHU-
KaBU TECOLM M TJIMHU CO YaKalh U CTpaTH(HKY-
BaHU CBCTJIOCUBU NIE€COLH, ICCOKJIMBU I'NIMHU, ITpa-
LIMHECTH NEeCOLHM, CUBU MPAIIMHA 1 HUBHHU MeIla-
BUHH.

4. Kaprepuu cexumentn (Q) (GP, C, PG)
OBue CeIMMEHTH JISKAT HEITOCPETHO HaJl IITHOIEH-
CKHOT CEJIMMEHTEH KOMIUIEKC U CE PETCTABEHH CO:

— Ilponysujannu nacnaeu (Pr) U3rpajgeHu o
NECOKJIMBO YaKaJIeCTH IrpyOOKIaCTHYHH MaTepHja-
JIM TIOMENIaHW CO MaJl TIPOIIEHT Ha MOCHTHA (hpaK-
1Mja oJ1 MpaIIMHa ¥ IIMHA.

— Anysujanno-nponysujarnume narnocu (al) ce
NPETCTABEHH CO Pa3sHOTPAHYJIMPAHH [ECOLH U

Yakalld ¥ c€ PacIpOCTPAHETH BO JYXKHUOT U 3ara/l-
HUOT JeNl Ha HaoranuiTeTo, o llpua Peka u mo-
BPEMEHUTE TOKOBH, CO3/IaZICHU CO U3JIEBAKH-E HA 110~
BPIIMHCKHUTE BOJOTEIM TMPH TOPOjHUTE IOXKIOBU
WM OP30TO TOTICHE HAa CHETOT.

CenumenTure Ha HaoramumTeTo bpoxa-I'Heo-
THHO NIPETCTaByBaaT €Ha MOHOKJIMHAIA O1aro Ha-
KJIOHETa KOH 3alaj-jyrosanaj, co HaJeH aroi oko-
my 5 — 150. TepeHoT kane ce Haora HAOTAJTUIIITETO
BO TCOJIOIIKHOT Pa3BOj HA HEOTEHOT M KBApTEPOT
Oun 3adaTeH co HEOTEKTOHCKUTE JBMKEHa Ha Haj-
MmilaaTa Ajrcka oporesa ¢asa.

Cu., 3. Pacenna crykrypa Bo IIK Bpon-T'HeotiHO

Bo naoramumrero bpoa-I'Heotnno ce peruc-
TPUpPAHH J[BE KApaTEpPUCTUYHH PACEIHU CTPYKYpH
KOM UMaaT npasen Ha nporerame C3-JU u ce kapax-
TEpU3HpaaT CO CTPMEH JI0 CYyOBEpPTHKAJICH MaJeH
aroJl ¥ a3UMyYT Ha TaJ] KOH jyrosanaj U CITyIITeH
jyrosamazeH 610k. Mctute Moxar ja ce 3abenexar
Ha OTKOITHOTE OJIOKOBM Ha IOBPIIMHCKUOT KOII
Bpon-I'HeoTnHO KaKo Kaj jaIOBHHCKUTE CHCTEMH 32
HCKOII TaKa ¥ BO paMKUTE Ha TIPOJlyKTHBHATA jarJie-
HoBa cepuja. [lojaBaTa Ha paceHUTE MOBPIIMHY 3a-
MOYHYBa O] KBapTEPHUTE CEIUMEHTH, 0e3 Hel0T
IITO Ipuiiara Ha 00padoTIMBaTa MOBPIIMHA (CIUKA
3). Cekoja o1 paceHUTE CTPYKYpH (hopMHUpPa CBOja
noceOHa paceHa 30Ha MpPECTaBeHa CO TJIaBHATA
pynTypHa CTPyKypa, HO W CO H3BEeCeH Opoj Ha
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MYKHAaTUHCKU CUCTEMHM KOHM CE€ MapajieHu cO Hea.
OBue pacenHu 30HM HWrpaarT rojeMa yjaora mnpu
TEOJIONIKOTO MOJICTUPakhe Ha HAorauImTeTo bpos-
I'neotuno.

I'EOJIOIIKO MOJIEJIMPAIE
HA HAOT'AJIMILITETO HA JATJIEH
BPOATI'HEOTHHO

3a TeoIoMKOTO MOJeTUpakhe Ha HAOTaTUILITe-
TO 3a jarieH bpon-I'HEOTHHO ce KOpHCTEeHHU mofa-
torm o1 201 nctpaxna nynHaruHa. [lomaTonnte ox
IOyINHATUHHUTE W MOMOIIHHUTE EIEMEHTH Ce CyMHpa-
HU BO €JIeH MPOEKT KOj 3a HalllaTa HAMEHa € MMe-
HoBaH Kako Brod-Gneotino.

Hemnot on mpoektor Brod-Gneotino mTo ce
OJIHECYBa Ha T'€OJIOIIKHUOT MOJIET € COCTaBEH O] He-
KOJIKY JISIOBH KOU € TIOTpeOHO moceOHo /a ce 1o-
TIOJTHYBAAT 3a J]a Ce KperpaaT U3JIe3HUTE BOIIyMEHN
3a CEeKOj JINTOJIONIKH YJICH KOH 3a€HO I'o MpeTcTa-
ByBaaT IeOJIOMIKHOT MOJIENI Ha HAOTAUIITETO IITO
ce Mozenupa.

Cekoj o IeloBUTE Ha TEOJIOMIKHOT MOEN
noceOHO ke Ouje pasrieyBaH U Toa KaKO COCTaBOT
TaKa ¥ HAUMHOT Ha Kpeupame:

1. I'paanum (Boundary): ['panunara xoja ce
MpUMEHYBa NPH Te0JIO0MIKOTO MOJETUpah-e Ha HAO-
ramumreTo bpon-I'meotmHO € mpercraBeHa co
(Cnuika 4):

e ['paHuiia copTBEpCKH OApeIeHA BP3 OCHOBA
Ha IPOCTOPHHUOT Pacrlope]] Ha UCTPAKHUTE
aynaatuan (GEOLOSKI MODEL Extents)
KOpPHUTHpaHa CO BHEC Ha MPECEYHHUTE KOOp-
JIMHATH Ha HAJO0DKHUOT TEOJIOIIKH PO
0 u monrpeYHnOT reostomKy npodui 11;

e Brecenata Tomorpaduja Kako BHCHHCKa
rparuna (TOPOGRAFIJA);

e lI3BieueHa TpaHMIIa HA UCTOK JO MIPOCTOP-
HaTa TO0JI0K0a Ha W3BEICHUTE JYIMHATUHU
(ISTOCNA_GRANICA)’;

e ['panmia Ha ceBep KOj ce IMOKIIOMyBa CO
MIPaBeTIOT Ha MOMPEYHHUOT TEOJIOIMIKH TIPO-
¢un 0 (SEVERNA GRANICA).
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Ca, 4. V3rnen Ha rpaHUIaTa Ha TEOJIOMIKHOT MOJIEN Ha HaoraumTeTo bpoa-I'HeoTHHO 3aeHO co moceOHUTE AETOBH O TPaHUIIaTa

2. Cuctem Ha pacean (Fault System): Bo reo-
JIOWIKMOT MoOJeNl Ha Haoramumurtero bpon-
I'HeoTHHO cocTaBeH eyl MPETCTaByBaaT ABE
pacennu ctpyktypu HapedeHH PRV RASED u
VTOR RASED. Bo nouetokoTt Ha Mozenupa-
HETO CEKOj OJ1 pacenTe € BHECEH BO IPOEKTOT
KaKoO TOYKH, CTPYKTYPHHU €JIEMEHTH U MPEXHU
npeky tabdeina co AeGuHUpame HAa KOOpIWHA-
tute (X, Y u Z), najieH aroyi ¥ a3uMyToT Ha
a1 Ha KOHKPETHATA IMO3UIIHja IOOUEeHH CO Te-
PEHCKHTE Meperha Ha eIEMEHTHTE Ha MaJ0T Ha
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pacenuTe Ha OTKOITHHUTE OJIOKOBH, KAKO W O
MPOTHO3HM TO3UILHMH O]l M3pabOTEHUTE Teo-
nomwku npodunu (Cnuka 5). OTkako ke ounat
BHECEHH BO T€OJIONIKHOT MOJIET CE TIPEMHUHYBa
KOH HMBHO aKTHBHpPAamk€ BO MOAEJOT LITO ce
n3BeayBa mpeky menuro Fault System kane ce
CEJIEKTUpAAT pace/uTe KO Ke ce KOPHCTAT,
[0TOa UCTUTE CE PelaT O HajMiiaza KOH Hajc-
Tapa pacenHa cTpykrypa. Co akTHBHpame Ha
JIBaTa pacejd, TeOJONKHOT MOJIEN Ha Haora-
JMIITETO Ke Ce MOJIENI Ha TPH OJIOKOBH.
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Ca, 5. Usrnen va mpexxute PRV RASED u VTOR RASED Bo reosomkioT Moien Ha HaoranumreTo bpon-I'HeotnHo

3. Jluroaoruja (Lithologies) OBoj men on
TEOJIOIIKUOT MOJEN C€ OJHECyBa Ha HM300pOT Ha
reoJiorujara ITO Ce KOPUCTH MPH MOJCIUPAHETO.
Kako mro Beke Oemie HalOMEHATO 3a TEOJOLIKHOT
Moziell Ha HaoranumTeTo bpoa-I'neoTnno ke ce ko-
puctu kareropujata GRUPIRANA GEOLOGHNA

Criopen kateropujaTta Ha T€0JIONIKHU MTOJATOIH
GRUPIRANA GEOLOGIJA, u3aBoenu ce ClaeaHH-
BE TEOJIOUIKH YJICHOBH:

e PRP/GL/Cp-Q-kvarter — KBaprepHHoT ceau-

MEHTEH KOMILIEKC,

e PRP/PPR/P-Pl-pliocen — IImuOIEHCKHOT ce-

JMMEHTEH KOMILIEKC,

e Trepel-M-miocen — CuBara cepuja Ha Tpe-

e,

e PRP (uHO3pHUN MECOKIMBO MPANINHECTH Ce-

JUMEHTH,

e PRV JAGLENOV SLOJ xane ce rpynupanu

JIBaTa JieNa Ha IPBHUOT jarjeHos cioj J-1-1 u J-

e PRP 1 — cepujara of MpaliMHECTH TECOIIH,

3arJIMHEeTH TpAIlMHK, OPraHoTeHa TJIMHA H

OPIaHCKH MECOKINBH MPAIINHH,

e VTOR JAGLENOQOV SLQOJ J-2,
PRP 2,
e TRET JAGLENOYV SLOJkane ce rpynupasnu
TpUTE Aelia Ha TPETHOT jaraeHos cioj J-3-1, J-
3-2uJ-3-3,
PRP 3,
CETVRT JAGLENOV SLOJ J-4,
PRP 4,
PETTI JAGLENOV SLOJ J-5,
PRP5.

4. Surface Chronology XpoHosoruja Ha re-
HEPUPAHUTE KOHTAKTHHU moBpmmHU: O1 u300poT
Ha BUJOT Ha KOHTAKTHA MOBPIIMHA TOMETy pas3iny-
HUTE TEOJIONIKH WICHOBH, HajMHOTY 3aBHCH H3TJIE-
JIOT Ha M3JIE3CHUTE BOIYMEHHU OJHOCHO 3] m3rie-
JIUTE Ha CEKO] OJ1 TEOJIONIKUTE WICHOBUTE KOH 3a¢]I-
HO ro mpercraByBaatr reonomkuoT 3/ monen. Of
BH/IOBUTE KOHTAKTHH MMOBPITUHY KOU COPTBEPOT TH
HYJIU, UCKOPUCTEHH ce noBpiiuHuTe eposuja (Ero-
sion) u xwuna (Vein) (Cnuka 6).
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Cux, 6. Usrnen Ha reHepupaHnTe KOHTAKTHHU MTOBPIIMHY Ha TpHUTe OI0Ka (HepacexHaTa 30Ha, IPBa U BTOPA paceiHa 30Ha)
KaKo JeJ 0 TeOJIOMIKUOT MoJie Ha Haoranumrero bpon-I'neotnno

237



YeTBPTU MaKeJOHCKM reOnoLLIKN KOHrpec
Four Macedonian Geological Congress

5. Output Volumes HW3iie3Hn BOJIyMeHHM HA
W3JIBOCHUTE I'COJIOIIKU WICHOBH KOU 3a€JHO 3a€THO
ro IpeTcTaByBaaT TeoyIomKUoT 3/ Moaen Ha Hao-
ranumreTo 3a jaryieH bpoa-I'HeoTuHo.

Co akTHBUpamE Ha CUCTEMOT O ABETE pace]-
HH CTPYKTYpH, KOPHCTECHHOT COPTBEP aBTOMATCKU
u3BelyBa Mojenda Ha IeoIOMKUOT MOJE Ha Hao-
fanumTeTo Ha Tpu OJOKa KOM ce MMEHYBaHU Ha
CJICZIHIOB HAUUH:
1. Hepaceonama 30Ha xoja ce KapaTepusupa co
rpaHulla oJ] IPBUOT pace] Ha 3amaj 10 ocTa-
HATHOT JIeJT OJ1 MOJIETIOT Ha UCTOK. [ 'enepupa-

HU ce 8 (0CyM) KOHTaKTHH MOBPIIIHHHA BP3 0C-
HOBa Ha KOM ce TeHepHpaaT H3JIe3HUTE BOJY-
MEHH 3a CEKOj O] MIOCTOCUKUTE JTUTOJIOLIKU
WIEHOBH BO 0BOj 0ok (Crmka 7).

. IIpsa paceona 30na x0ja ce KapaTepu3upa co

IpaHuUIa O IPBUOT pace]] Ha UCTOK U BTOPH-
OT pace]l Ha 3amaj ¥ reHepupanu ce 7 (ce-
IyM) KOHTaKkTHH noBpimHH (Crrka 8).

. Bmopa paceona 30na xoja ce kaparepusupa

CO TpaHHLa OJ] BTOPHUOT pacea Ha UCTOK /IO
OCTAaHATHOT JIEJT OJT MOZEJIOT Ha 3ara I ¥ TeHe-
pupaHu ce 5 (MeT) KOHTAKTHH MOBPLIMHU
(Cnuka 9).
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Ca. 7. 'eonommku 31 Moaen Ha HepaceHaTa 30Ha Ha HaoranumreTo bpoa-I'HeotnHO
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Ca. 8. T'eonomrku 31 Mozern Ha IIpBaTa paceiHa 30Ha Ha HaoramumreTro bpox-I'HeotnHo
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Cu. 10. Teonomku 3/] Mozien Ha HAOTAMINTETO 3a jarsieH bpoa-T'HeoTHHO

3AKIIYHOLI

CoBpeMEeHHUTE KOMITjyTEPKH TEXHUKH CO KO-
PHUCTEHE HA COOJIBETHH MAaTeMaTHUYKH (DYHKUIMH U
aJrOPUTMU OBO3MOXKHIIE TIOOP30 U IToe(PUKACHO MO-
JIeITpame Ha re0JIorHjaTa 01 KaKOB | Ja OWIIO THII.
OBHE TEXHHUKH HAIIAPOKO C€ KOPUCTAT MPH UCTpa-
JKyBambaTa M MPOSKTUPAETO Ha ToJIeM Opoj Ha HAo-

rajuinTa Bo CBeTOT. Busyenuzanujara Ha 1mojiaTo-
[IUTE, KOPUCTECHETO Ha OTPOMEH Opoj moparonu (1
Haza 1 000 000 momaTouym) 1 HUBHATa Op3a 00paboT-
Ka MHOTY JIOTIPUHECYBaaT BO JOHECYBAamETO Ha
BaYKHU OJJTYKH TPH MPOEKTHPAHETO, O] KOU 3aBH-
caT HaTaMOIIHUTE TPAJICKHH U PYJapPCKH U3Bea0e-
HU aKTUBHOCTH. MOXHOCTUTE KOU TH Hyau 3 /] Mo-
JIENUPAkbETO Ce OJ] ToJIeMO 3HauYeHme 3a cuTe (ha3u
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Ha M3paboTKa Ha HAMEHCKA T'€0JIOIIKA JJOKyMEHTa-
[[Mja KaKo Kaj HOBU HAaolaJMINTa Taka W Kaj Haora-
mumTa Bo (haza Ha eKcIioaTanyja, IpH IITO Mpa-
BIJIHO m3paboTeHnuTe 3/] reoTeXHUIKH MOJICIH T10-
3UTHBHO BJIMjaaT HE CAMO HA TEXHUYKHOT aCTIeKT Ha
paboTemeTo Ha PYJHHULUTE TYKY W Ha (UHAHCHC-
KHOT.
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OKOHTYPYBAILE HA PYJTHO TEJIO BO HIOP®HUPCKH CUCTEM,
HA TIPUMEP HA HAOT'AJIMIITE 3A Cu, Au 1 Ag “bOPOB J10JI“

Aunexcangap byos, Anera PucroBcka

T'eonowku 3a600 na Penybnuxa Maxeodouuja, Ilanama ,,
Emanyen Yyuxos,, Va. ,, buxauxa“ op. 2, 1000 Cxonje, Penybnuxa Cesepra MakedoHnuja
aleksandar.buov@geol.gov.mk // aneta.ristovska@geol.gov.mk

AmnctpakT Bo Tpynor, Ha npuMep OKOHTYypyBame pyaHo Teno Ha Cu, AU i Ag Bo TOpGHUPCKU CUCTEM, TIO
METO/1a Ha HHTEPIIOJIalija/ KPUTHHT | TOa co oMot Ha niporpamot ArcMap/ ArcGIS e npukaskaHa TakBaTa MocTarnka.
OKOHTYPYBaHETO Ha PYJIHOTO TEJO € NPUKAKAHO Ha MO €/IeH XOPU30HTAJICH M BEPTHKAJICH Ipecek. FICTHOT HauMH Ha
OKOHTYpPYBambE€ MOXE J1a Ce M3BEIe M Ha OCTaHATUTE Mpecenr (Ipoduin) Kou ce MOTpeOHH 3a IeCMETKa Ha PYAHUTE
pe3epBu, Kareropuzanuja ¥ knacupukanuja. [IpukaxaHHOT HAYMH Ha OKOHTYPYBame, IOrOTOBO Ha pyIHH Tena/
HaOTaJIMIITA KOU CE CTBOPEHH BO TOP(HUPCKU CHCTEMH, Kaje TUTOIONIKHOT, CTPYKTYpPHHUOT, (palMjaTHAOT KapaKkTep Ha
cpenuHaTa 1 Mopdosoryjara (MMIIperHanyja u MTOKBEpK) Ha I10jaByBamkbe Ha MUHEepalIn3anyjara, IMaaT MHOTY BaKHa
yJIora 3a JoOMBambe Ha re0JIOLIKUOT PE30H BO OAHOC Ha pa3iMKaTa IIOMery Py/IHO TEJIO U jaJIOBUHA, 0Baa METOJ[a MOXKeE
YCHENIHO Ja ce KOPHCTH BO TEKOT Ha IIpeCMEMETKa Ha TCOJIONIKM PYJHU pe3epBH M HHUBHA KaTeropuzaruja/
npekaTeropus3anyja u kacudukanmja. OKOHTYPYBamETO Ha PyIHOTO TEJIO MM IIPOMEHATa HAa HETOBUTE KOHTYPH CO
nomomr Ha ArcMAP/ ArcGIS, mosxke na ce u3BeayBa BO OWIIO KOj CTaZMYM Ha JETAIHHUTE WM EKCILUIOATAl[HOHHTE
TEOJIOLIKH UCTPaXKyBamba.

Koyunu 360poBu: OKOHTYpYyBame, pyAHO Tello, HHTepIoianuja, kpuruar, ArCMAP, ArcGIS, nopdupcku cucrem

CONTOURING ORE BODY IN APORFY SYSTEM
AN EXAMPLE MINERAL DEPOSITS FOR Cu, Au AND Ag ,,BOROV DOL*

Abstract: In this scientific work, as an example for contouring an ore body of Cu, Au & Ag in porphyric
system via method of interpolation/kriging, with the help of ArcMap/ArcGIS are shown these steps. Contouring an ore
body is shown in one horizontal and one vertical cross section. Same way of contouring can be done with the rest of
the cross sections (profiles) which will help with calculations of ore reserves, categorization and classification. The
aforementioned method of contouring, especially of ore bodies/deposits made in porphyric systems, where lithological,
structural, facial character of the environment and morphology (impregnation and stockwork) of the inception of
mineralization have a very important role of acquiring a geological reason in relation to the difference between an ore
body and a dross, can be used successfully used in the course of calculation of geological ore reserves and its
categorization/pre-categorization and classification. Contouring an ore body or changing its contours with the help of
ArcMAP/ArcGIS, can be made in each of the phases of the detailed or the exploitational geological surveys.

Key words: contouring an ore body, interpolation, kriging, ArcMAP, ArcGIS, porphyric system

BOBE/

Enna on cymrecTBeHHTE pabOTH BO ITOCTAIKA-
Ta 3a TMpecMeTKa Ha TEOJIONIKU PYIHU PE3epBH, €
OKOHTYpYBamb€ Ha pyJHOTO Tesio/Haoranumre. Toa
HAjuecTo Ce M3BEyBa aHAJIM3UPAjKU TM XEMHUCKUTE
pe3yiTaTH oJ1 1a00paTOPUCKUTE UCTIUTYBAha U CO-
rJIelyBajKy IO BIIMjaHUETO Ha KOHTPOJIHUTE (aKTo-
pH (JINTOJOIIKH, CTPYKTYPHH, (alMjaiHu) Bp3 JO-
Kaji3alyjaTa ¥ JUCTpUOyIHjaTa Ha MUHEPATHHUTE
KOMIIOHEHTH BO MPOCTOPOT KOj € MpeJMEeT Ha HcC-
TpaXKyBame.

Bo 0BOj Tpy 1, mpuKakaHa e mocTamnka 3a OKOH-
TypyBambe Ha PYIHO TeNo/ HaolaJInIITe, KOE TeHeT-

CKU TMpHIara BO rpynara Ha mopQpupcKy Hao-aIui-
Ta, OPYJHYBAWmETO € TMaparcHeTCKH IMOBP3aHO CO
TEMHO CHBH TPaXy aHJE3UTH KOH CE CHUTHO JIO Cpel-
HO 3PHECTH U XHIPOTEPMAIHO U3MEHETH, a Cpelu-
HaTa BO KOja ce€ MMa M3BPLICHO NCTIOHHMpame Ha
MHHEpaJIHaTa CypOBHHA Ce MOBp3yBa co (harmjaTa
Ha 0eJI0-CHBH, CPEIHO 3PHECTH, OMOTUTCKHU aH/1e3H-
TH KOHW C€ TNPOMWINTHCAHU U BO KOU MHUHEpaIn3a-
1Ujara oj MUPHUT U XaJTKOITUPHUT CE M0jaByBa BO BUJI
Ha UMMpETrHaIHja U MTOKBEPK.

OKOHTYpYBamETO Ha PYAHOTO TEJO € U3BEe-
HO Ha HAYWH NPUMEHYBAjKU TH MPUHIMIIATE Ha
UHTepHoanuja/ KpUruHr co momoim Ha Excel u
ArcMAP/ ArcGl.
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[TPUMEHETH METOJIN HA ICTPAJKYBAILE
11 METOJIOJIOTMJA HA OBPABOTKA
HA OJ] HUB JJOBUEHUTE IOJATOIN

TIpumenemu Memoou Ha UCMPAICYBarbe

HaoranumreTo Ha 6akap ,,bopos [on“ e Hao-
FaJTUIITe KOe BO U3MHUHATHOT MEPUO]] € UCTPaXKyBa-
HO TIOBEKE JIelleHUU. BOo BPEMEHCKUOT Mepuoj| 0.1
1963 1o nenec, NPUMEHETU CE CKOPO CUTE METOAU
Ha TEOJIONIKO UCTPAXKYBAkhe U BPCTU HA UCTPAXKHU
pabotu. Ha ocHOBa THe UCTpaKyBama U OJf HUB JI0-
OueHuTe pe3ynTaTH, OBa HAOTANUIIITE AEHEC CE CMe-
Ta 3a ONTHMAJHO HCTPAKEHO U UCTOTO CE HAOIa BO
nmoueTHa (aza Ha eKCIUIoaTaIlHja.

3apaau cyOirManyja Ha KOHKpETHHTE PadoTH
KOH CO OBOj TPYJI CE CaKa Ja Ce UCTAKHAT 'Y TI0COTY-
BaMe CaMo CJIEIHUTE:

1. JleTaiHO reoIOIIKO KAPTUPAHE HA JIOKAIH-
TETOT KaJie ce Haora HaolranuImTeTo ,,bopos Jomr®,

2. JInaOWHCKO WCTPa)XXHO yITYeHe MO KBaJ-
paTHa Mpexka co Haja 75 U3BENECHU UCTPAKHU AyI-
HatuHU U ToBeke ox 17000 M u3BajeHo W UCKap-
THUPAHO jaJipo,

3. U3BeneHo J1abopaToprCcKO HCIUTYBakC Ha
3eMeHH MpoOM on cuTe AymHatwHU. [Ipodurte 3a
71a00paTOPUCKH MCIMTYBama, HAjuecTo ce uMmaar
3eMaHo Ha 2 M — HHTEPBaJIH,

4. MHTeprperaliyja Ha TEOJIOLIKUTE PE3YJITaTH
BO Buj Ha EnmaGopatu 3a mpecMeTka Ha pyAHHU pe-
3epBU Ha Oakap ojf Haoramumrero ,,bopos Jlox*
UTH.

MeTtonosoruja Ha 00paboTKa Ha MOAATOLMTE
KOM ce IOOMEHH O]l TEOJIOIIKUTE HCTPAXKYBamba, a ce
ynorpeOeHH 3a MHTepIoJanuja/ KpUTHHT 1 OKOHTY-
pyBame Ha pyIHOTO TeJlo/ HaoT aMIITe

Ilocramkara, Kako € W3BPIIEHO OKOHTYpYBa-
HBETO Ha PYJHOTO TEJIO BO HAolrajIMIITeTo ,,bopoB
Jon‘“, Bo CyINTHHA € KJIaCHKa, HO 32 OpraHu3aluja,
00paboTKa 1 aHaIK3a Ha IOAATOLUTE BP3 OCHOBA Ha
KOM € MOCTaBeHa KOHTypaTa Ha PyJHOTO TeJo, KO-
pucTenu ce aBa nporpama, Excell u ArcMap. Nna-
Ky 3a IIOCTHTHYBambe Ha OapaHara 1eJ1 U3BPLICHO €
CIIEAHOTO:

— Ie(UHUPakE Ha IPOCTOPOT KOj € MPEAUCIIO-
HUPAH 32 0JiJIaramke Ha PyIHATa MUHEPAIU3allyja,

— onpenenyBame Ha rpaHnyHa cuapxuna (I'C)
Ha MUHepaiHata komrnonenta (CU) Bo pyaHara Ma-
ca,

— U3BpLICHA € NMpecMeTKa Ha CpeHaTa apuT-
METHYKa BPEAHOCT Ha 0akapoT BO MHTEpBaIu o1 15
M KOW ce 3acTaleHd MoMery arCOoNyTHH EeTaXKHU
XOPHU30HH,
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— W3BpIIIEHA € WHTepIonanyja (KpUruHr) mo-
Mely KOHLIEHTpaluuuTe Ha 0akapoT Koja e jobueHa
KaKo cpelHa apUTMETHYKa BPEIHOCT OJ KOHIICH-
TpanuuTe Ha 6aKapoT KOU ce TI0jaByBaaT BO IBOMe-
TapCKUTE MHTEPBAIHU MPOOH, a ce OJHEeCyBaaT Ha
npo¢UITHN PaMHUHH Ha KOW C€ MHTEPIPETUpPA ANC-
TpuOyLMjaTa Ha MUHEpaJIHaTa KOMIIOHEHTA,

— pe3yJITaTUTE O] MHTEpIIoJaujaTa (KpUTHHT)
KOM ja WHTepIIpeTupaar AuCTpuOynrjaTta Ha 6akap
ce TPUKAKYBAAT HA XOPU3OHTATHU M BEPTHKAITHH
npod U BO BUJ Ha KJIACH KOU C€ pa3rpaHUYCHU CO
00M 1 KOHTYpH (M30 JINHUH),

Paznukara nmoMery KiacuuHaTa METOAOJIOTHja
Ha OKOHTYPYBame Ha PYJHOTO TeJI0/ HaOT aIHINTE U
0Baa Koja ce MPUKaKyBa BO OBOj TPY/I C€ COCTOU BO
TOA LITO MOJATOLUTE KOU Ce KOPUCTAT 3a Jia ce Moc-
TUTHE OapaHara IIell ce OpraHu3upaT, 00padoTyBaar
¥ MHTEPIPETUpaaT BO JBa COPTBEPCKU MpPOrpamu
(Excel u ArcMap/ Arc/GIS).

Osue aBa codprBepcku mnporpamu (Excel u
ArcMAP/ Arc/GIS) ce komnaTuOuiIHU IOMEry cebe
¥ MHOTY MOKHH TIpOTpaMu 3a 00paboTKka u ImpuKa-
JKyBambe Ha TeOCTATHCTHYKA aHaJM3a, HHTepIpeTa-
[IMja ¥ BU3yeHa npejacrasa. [[pumep, MoXHOCTa €O
ArcMap/ArcGIS codTBepoT aa ce BpIIM HHTEPITO-
JaIyja/KpUrHpame W 3aJaBamke Ha MPOCTOp KOj e
NpEeIMCIIOHNPAH 3a OJUIarame Ha KOPUCHUTE MHHE-
paman kommonent Cu, Au u Ag Bo mopdupcku
CHCTEMH, OBO3MOXKYBa!

— OJNTMYHA BU3YeJIHA IPETCTaBa 3a IPOCTOPHA-
Ta pa3MECTEHOCT Ha MUHEpaJIHATa CYpPOBHHA U HEj-
3MHUOT KBAJIUTET,

— OBO3MOXKYBa MaKCHMaJlHa €JIMMHHAINHMja Ha
Cy0jeKTMBHOCT TPU OKOHTYpYyBalme€ Ha PYAHOTO
TeI0/HaoraJIHIITE,

— OBO3MOJKYBa BH3YeIlTHa KOMITaparuja u Kope-
Janyja moMery rnoeIMHeYHo 3aCTalleHUTe MHHEepaJl-
Hu komnoHeHTH Ha Cu, Au u Ag,

— OBO3MO’KYBa KOMIIapalnuja Ha pe3yiITaTHTe
3a [IPOCTOPHATa Pa3MECTEHOCT Ha KOPUCHHUTE MUHE-
paman komroHeHTH Cu, Au u Ag, co pe3ysraTure
3a pa3MecTEHOCTa M KBAIUTETOT Ha MHHEpalHaTa
CypOBMHa KOM c€ JOOMEHH CO IPyrd METOAU 3a
OKOHTYPYBambh€ U MPECMETKA Ha PyTHH PE3CPBH,

— OBO3MO’KYBa €THOCTaBHa Ha/IOTPaj0a Ha HO-
BU CO3HAaHMja 3a PYIHOTO TEJO/HAOfaJUIITEe H
Moaerpame Bo 2D u 3D moaeny.

3a OKOHTYpYyBame Ha PYJHOTO TEJIO Ha Oakap
,,bopoB [lorr* oOpaboTeHn ce momaToIuTe KOU ce
cOCTaBeH Jiel Ha ,,Enabopat o1 u3BeeHUTE JIeTall-
HU TEOJIOIIKH UCTPAXyBama, CO MPECMETKa Ha reo-
JIOITKUTE PYTHU PE3EPBH, HA MUHEPATHATA CyPOBH-
Ha Oakap Ha JiokanuTeToT “bopos on”, ommTuHa
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Konue u onmtuna tumn. Toa ce moagarouu Kou ce
oJHecyBaaT Ha rpaduyuka JOKyMEHTalHja (€TaKHH
KapTH, TCOJONIKM M TEOXEMHUCKH NpopWin), u
pe3ynTaTH, KOu ce JOOMEeHH O JIabOpaTOPHUCKHUTE
WCIUTYBaka 3a OINpe/leTyBamke Ha KOHIEHTpaIHja-
Ta Ha Oakap BO 2 M - UHTEPBAJIM O] IOCAMHCYHHUTE
TyTTHATHHH.

HaunaoT Ha 06paboTka Ha TOAATOITUTE KOU CE
MpeB3eMEeHH O CIIOMEHATHOT enadopar W HUBHA
WHTEpIIpeTaltja € CJIeTHNOT:

IIpB uyekop: HampaBeHa ¢ 0a3a Ha MOJATOLH
KOja ce oxHecyBa Ha coapkuauTe Ha CU u ucture
ce mpukakanu Bo EXcel tabemm (Ciwmkum 1 u 2).
Excel tabenute ce opraHn3upaHy Ha HAYKMH Taka Jia
cekoja Tabesa TU COAPKH Pe3y/ITaTUTE 32 KOHIICH-
Tpanmjata Ha CU BO 2-MeTapCKHUTE WHTEPBAIH O]l
NYITHATUHHUTE KOU Ce HaoraaT Ha Toj npodui. [Toaa-
Touute on tabenute Bo Excel, Mmoxart yecHo na ce
BHUJAT 1 00paboTaT CO JECKPUNITUBHU CTATUCTHIKA
¢ysaxmun. Bo TabenuTe, TOKpaj MOAATOIINTE KO Ce
MOTPEOHHU 3a ONpe/ieyBamke Ha Opoj Ha CIICMEHTH,
max, min, rang, mod, median, kurtosis, skewness,
CTaHJap[Ha AeBHAINja, KOSPHUIMECHT Ha BapHalyja
W.T.H., IPUKaXaHU c€ ¥ MOJATOIH 3a:

— Ha KO0j Mpo¢uII ce Haora JyHATHHATA,

— MMe Ha TyIHATHHATA,

— KOOpJIMHATH ¥ KOTa Ha JTyITHaTHHATA,

— WHTEpBaJl Ha ONMpOOyBame MO JOHKHHA Ha
JyIHaTHHATA,

— HMHTEpBaJ Ha ONpoOyBame IO arcoIyTHA
Ha/IMOpPCKa BUCHHA,

— COAp KMHA Ha 0aKapT 3a CEKOj JOJDKEH Me-
Tap,

— co/Ip>)kMHA Ha 0akap BO KOMITO3UTHA MPo0a,

— cpenHa coapknHa Ha CU 3a mHTEepBal o1 15
JOJDKHU METPH KOM Ce TOJAyJapaar co eTaXHUTE
HUBOA OJ1 PYIapCKUOT MpoeKT (mpumep 615/600).

[MpukaxkaHuTe MOJATOIHM Ha CIIMKAaTa 2, Ce T0-
JaTOILM KOU ce XUOPUIHU M Ce M3BEACHH OJ I0J1a-
TOLUTE KOU ce HaoraaT Ha cinukara 1. Toa ce moga-
TOIIM KOM ce€ OJ{HECyBaar 3a coapkuHara Ha Cu-or,
BO allCOyTHO BUCHUHCKHUOT 15 MeTapcKu MHTEpBal
BO JyNMHATHHATA U TOA 3a ceKoja eTaxka. Toa 3HaYM
neka X, Y, u Z mpeTcTaByBaar:

X — koopauHaTtaTa 1mo Y

Y — cpeaHaTa KOTa Ha eTa)kaTa Koja € peIMeT
Ha oricepBanuja (d_z),

Z — cpeliHa apUTMETHYKATa BPETHOCT OJ] BPE/I-
HOCTHUTE Ha 2 M-CKUTE MHTEPBAIN KOU CE€ HaoraaT
Ha arcoJyTHUTE BUCHUHH.

Osue ImoJaToOIM KOM C€ IMpHUKaXaHW Ha CJIMKa
2, on iporpamot Excel ce ummoptupaar Bo ArcMap
IArcGIS, kage ox HuB ce Qopmmpa arpedyTHa
tabena 1 oJl Kaje, IoToa, CAMUOT IIPOrpaM KOPUCTH

MOJIATOIIX 33 aHAIK3a U rpadudka HHTEpIIpeTaIyja
32 MHOTY pa3jinyHu (PyHKINY.

Bo 0B0oj Tpy npukakaHO € HUBHOTO KOPUCTE-
e 332 TeOCTATHCTHYKA aHal3a W u3paboTka Ha
TCOXEMHCKH KapTH U TIPOQIIIH.

BTop uekop: ,rpaacme’ 6a3a Ha MOAATOITH
KOja € COCTaBeHa OJf €TaXHU KapTH (€TaKHH
OJIOKOBHM) M BEPTHKAIHH T'€OJIOIIKHA U T€OXEMHUCKH
npodmm. OBue rpadudKy MoAaTONH BO Oa3ara ce
HajuecTo ckiaaupaar Bo tif. wiu jpg. enexTpoHCcKH
¢dopmar, a ce mpe3eMeHH O IIOCTOSUKUOT eaadopar
3a TIPECMETKa Ha PYJIHU PE3CpPBH.

TemaTckara cop)KHUHA HA ETAKHUTE KapTH €:
JUTOJIOTHja, paceqHU CTPYKTYpH, MpoQuiICcKH Ju-
HUH, JIOKaIMja Ha UCTPAXHHU TyIMHATHHU CO COAP-
»kuHU Ha CU 32 KOMIIO3HUT, MAHH OJIOK CO COAPIKIHA
Ha CU BO MUHH OJIOKOT.

Tematckara coapknHa Ha T'€OJIOIIKUTE MPO-
¢unm e: mpoduIIcKka JIMHA}A, JINTOJIOTH]a, PaceTHI
CTPYKTYPH, UCTPAKHU TYITHATHHU CO COMPIKUHA HA
CU 1 KOHTYpa Ha PYAHO Tello U3BJCUeHa Ha OCHOBA
XEMHCKHUTE PE3YNITATH OJ] KOMIIO3UTHHUTE TPOOH.

TemaTckara conp:KuHa Ha TEOXEMHUCKUTE TIPO-
¢um e: mpoduIicKa JIMHUja, HCTPAXKHH AyTHATHHH
CO COJpPKHMHA OJ] KOMIIO3UTHH NpoOH, KOHTYpH Ha
MUHH 0JI0K (TIpr3Ma).

Tpet 4ekop: BO 0OBOj YEKOP M3BPIICHO € UM-
MopTHpame Ha TpaduiKara JOKyMeHTaluja (pacre-
pu) W HuUBHO TeopedepeHuupame Bo ArcMap/
ArcGIS.

YeTBPT 4YeKOP: BO OBOj YEKOP € M3BPIICHO
UMIIOPTUPAEkEe Ha IoJaTouuTe of Tabenara KoM ce
MpHUKa)kKaH! Ha ciMKa 2 (MOJaTOLH 32 COAPKUHA Ha
Cu 3a oapezeH mpoduil WK eTaKHA KapTa).

IleTH YeKOP: BO OBOj UESKOP U3BpIIICHA € 00pa-
0OTKa Ha MOAATOLMTE O] CIIMKa 2 cO anarkara Spa-
tial analyst tools — interpolation.

Co 00paboTka Ha TIOAATOLIUTE CO OBaa ajarka
Ha ArcMap/ ArcGIS (a ucrata e co pasiuyHH
MOXHOCTH), MMIOPTUPAHUTE MOJATOIH, KOU CE
Haofaar Bo arpebyTHata Tabenma, MOXKaT 1a ce
KOPHUCTAT 32 TI0OUBamke Ha Pa3IniHN HHOOpMAIIHH.
Co HuBHa aHanmu3a ce CTBapaaT noceOHH (jydep
KJIACH KOW ja UCTaKHyBaaT AUCTPUOyIMjaTa Ha Oa-
KapoT Ha TOBPIIMHATA 0] aHATM3UPAHHOT MPOQILI.
Bo Taa mocramnka, COrNieyBajKH ' KOHTPOJHHUTE
(hakTOpW KOU € MOTPeOHO J1a Ce CleAaT, BHUMATEI-
HO ce 3ajJ]aBa MOBpIIMHATA KaJie € TIOTPeOHO Ja ce
W3BPIIU UHTEPIIOJIAIMjaTa/ KPUTHHT. 3HAYH, TOTCH-
LUjaTHOCTa Ha IPOCTOPOT € le(UHUPaHa BP3 OCHO-
Ba Ha PACIIOJIOKIIMBUATE JINTOJIOLIKY, CTPYKTYPHH H
¢danmjaHd KOHTPOJHHU (aKTOpa KOM MOXeE Ja ce
M3BJICUAT 011 Tpadprakara JOKyMEHTAIH]a.
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1 |Profil X Y Z d z Cu%

2 BD_32 |[4607418|7612177| 609,72 608 0,004
3 BD_32 |[4607418|7612177| 609,72 593 0,063
4 BD_32 |[4607418|7612177| 609,72 578 0,059
5 BD_32 |4607418|7612177| 609,72 563 0,056
6 BD 32 |[4607418| 7612177 60972 548 0,058
7 BD_32 |[4607418| 7612177 609,72 533 0,035
2 BD_ 32 |[4607418| 7612177 60972 518 0,091
3 BD_32 |[4607418| 7612177 609,72 503 0,081
0 BD 32 |4607418| 7612177 609,72 488 0,033
11 BD 32 |4607418|7612177| 609,72 473 0,058
12 BD_32 |4607418|7612177| 609,72 458 0,054
13 BD_32 |4607418| 7612177 609,72 443 0.075
14 BD_32 |4607418| 7612177 609,72 428 0,073
15 [BD_319 | 4607434| 7612233| 597,31 593 0,123
16 [BD_319 | 4607434| 7612233| 597,31 578 0,217
17 |[BD_319 | 4607434| 7612233| 597,31 563 0,223
18 |[BD_319 | 4607434| 7612233| 597,31 548 0272
19 |[BD_319 | 4607434| 7612233| 597,31 533 0,231
20 |IBD_319 | 4607434| 7612233| 597,31 518 0,259
21 |BD_319 | 4607434| 7612233| 597,31 503 0,220
22 |BD_319 | 4607434| 7612233| 597,31 488 0,194
23|BD_319 | 4607434| 7612233 597.31 473 0,094
24 |BD_319 | 4607434| 7612233| 597,31 458 0,170
25 BD_319 | 4607434| 7612233| 597,31 443 0,128
26 |[BD_319 | 4607434| 7612233| 597,31 428 0,139
27 |IBD_319 | 4607434| 7612233] 597,31 413 0,091
wIBN 22 | 4An7455] 7R129272]  RaR R4 78 n1nz

Ca. 2. IIpocTOpeH molaToK 3a COApKHUHA Ha Gakap

Co MoxHOCTa, JleepuTe Ha (hjydep KIacute ia
Oujar TpaHCIAapeHTHH, BO MO3aJI1HA CE TOCTaByBa-
aT reopedepeHIUpaHnuTe pacTepH (€TaKHU OJOKO-
B, U TEOJIONIKN/ T€OXEMHUCKH MPOGUIH) U CO TIpe-
KJIOIT Ha Pe3yJITaTHTE, KOU ce TOOMEHH O]l HHTEPIIO-
nanujata/ kpuruar co ArcMAP u pactepckure cim-
KH (€TaXHU KapTH WU TMPOQUIIN) TPEB3EMEHU O]l
enaboparoT, ce n0OMBa BU3yellHa IPETCTaBa 3a
EBEHTYaJTHH MOCTOCYKH Pa3liIMKW ¥ HUBHATA JIOKa-
nuja.

Ha wcTt HaumH ce moOBTOpyBa MocTamkara 3a
OKOHTYpPYBamb€ U KOMIIapaldja Ha PyIHOTO TeJo
KO€ ce NMPHUKaXyBa Ha BepTHKainHu npoduiun (Ciu-
Ka 4).

PE3VJITATU U AUCKYCHUIJA

Pesynratu xou ce noOuBaar co mpuMeHa Ha
€/lHa TaKBa METOOJIOIIKA [TOCTAIKa HAa OKOHTYpY-
Bamk€ Ha PyJHOTO TEJI0/HAOT aJIUILTE Ce:

1. JloOuBame MOAATOLM 3a JIECKPUIITHUBHUTE
CTaTUCTUYKH 00eJIeXja Ha pyAHOTO TEJIO KOE Ce Ipe-
CeKyBa CO HCTPaXHHUTE IyIHATHHH HA Kapakrte-
PUCTUYHHU XOPU3OHTATHHU U BEPTUKAIHH TPOQHIIH.

2. [locroeme HaA ,,)KUB® KOMITATUOWIIECH JTOKY-
MEHT KOj MOXKE Jla Ceé MEHyBa W HAJO0TpaIyBa BO
KOHTHUHYHTET, & € BO 3aBUCHOCT O] CTETICHOT U IIPO-
rPECOT Ha MOMEHTaJIHAaTa UCTPa’KEHOCT Ha Haora-
JIMIITETO.

3. 1 mokpaj Toa mTo HAYMHOT Ha KOj CE BPIIIH
OKOHTYpPYBambe Ha PyAHOTO TEJIO € CIIOKeHa (QyHK-
Mja Koja Bo 003Up 3eMa MoBeke MPOMEHINBY (ak-
TOPH KOH Ce OJ] HaTypaJlHa, BpeAHOCHA UITH Cy0jeK-
THBHA TIPUpOJa, MPUMEHYBajKH ja OBaa METOJIO-
Jioruja, ce MoOMBaaT MoBeKe BapUjaHTHH PEIlICHH]a,
3rojieMeHa CUTYPHOCT IPU WHTepIoNaIujara/ Kpu-
THHTOT 1 OJIECHET HAUMH Ha IIPUKAKyBarbe Ha Pe3y-
JATAaTHTE KOM ce JOOMBAaT BO Taa MOCTAIKa.

4. BuzyenHa mpeTcTaBa 3a JUCTpUOyIHjaTa Ha
KOPHUCHHTE MHHEPAJIHH KOMIIOHEHTH BO MUHepa-
HaTa CypOBHMHA II0 XOPH3OHTAIHH M BEPTHUKATHU
npoduiy,

5. MoxHOCT 3a KoMIapalija u BOOUyBame Ha
NPUYUHA 32 IOCTOCH-E Ha PA3IIMKH ITOMETy H3BpILIe-
HOTO OKOHTYpYBarbe¢ Ha PyAaHOTO Tejo co ArcMap/
ArcGIS u kHTYpHTE Ha PYIHOTO TEIO, OAHOCHO
KOHTYPUTE Ha MHHH OJIOKOBHTE BO PAMKH HA €TaX-
HUTE OJIOKOBH, KOM CE MPUKAKAHU HA ETAKHUTE H
TCOXEMHCKHUTE MPO(GUIM BO er1adopaToT 3a Ipe-
CMeTKaTa Ha TeOJIOMIKUTE PYJHH PE3EPBH,

1. MoXHOCT 3a MOBP3yBame CO CEBKYITHATA
reoJIoNIKa U pyJapcka TOKyMEHTaluja Koja moc-
TOW 332 HAOTAHIITETO.

2. Jpyru moxxnoctu koj ArcMap -ot Ha ESRI
'Yl OBO3MOXKYBA.

Luckycuja na pesynmamume xou ce 000ueHu:

Co obpaboTkara u opraHusanyjaTa Ha MoJaTo-
[UTE OJI XEMHUCKHTE aHAIN3U U TpaduydkaTta JIOKy-
meHTanuja Bo Excel tabenu u ArcMap, ce oBo3mo-
’KyBa aHaJIM3a Ha THE IT0JIaTOLH O] TIOBEKE aCTIeKTH:

— JIECKPUIITHBHA CTAaTUCTUYKA aHAJIN3a Ha TI0-
JIATOLM O] AyIMHATHHATA WU MPOQIIOT/eTaxkHaTa
KapTa,

— MpecMeTKa Ha CpeHa COApPXKMHA BO MUHU
OJIOKOBHUTE O] €ETa’KEH OJIOK,

— yodyBambe Ha MOCTOCYKH PA3JIMKHU MOMeEry
npudaTeHn COAPKUHU O KOMIIO3UTHHUTE MPOOH
(KoM 4eCTO XHUIICOMETPHUCKH HE Ce MPEKIIOMyBaaT co
MUHU OJIOKOBHUTE HA €TAXKHUTE OJIOKOBH) M COJIPIKH-
HaTta Ha CU BoO MUHH OJIOKOT KOja € IIpecMeTaHa Bp3
OCHOBA Ha COJp)KHHATa Ha mpobarta o1l 2 M -CKHOT
WHTEpBaJ, a CE Haol'aaT BO €TAXKHUTE OJOKOBU KOU
ce e(hMHUPaHU CO aTriCOIYTHH KOTH,

— KOMITATHOMITHH TIOJ]ATOIM KOM MOXKAT Ja Cce
ynorpeOyBaar 3a pa3nu4nau e Bo ArcMap,

— ce popmupaat hjydep KIacu Co KOH JyCTpH-
OyljaTa Ha KOPUCHUTE MUHEPAIHH KOMIIOHEHTH
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ce neduHMpa Bp3 OCHOBA Ha: JTAOOPATOPHCKH aHa-
JIM3M 32 COAPKUHA Ha KOPUCHUTE MUHEPAITHU KOM-
MOHEHTH Ha MOEeINHH €TaKHU OJIOKOBH WA BEPTH-
KaJTHA TIPO(IITH, TEOTOMKUTE KOHTPOIHH (haKTOPH
u I'C Ha 6akapoT Koja mpencTaByBa CHHTETCKH TI0-
Kasarern,

— CO KpeupameTo Ha (hjydep KIacUTe KOH ja
neguHUpaaT JUCTpUOYIMjaTa Ha KOPUCHUTE MHUHE-
paman xommoHeHTH Bo ArcMAP, ce oBo3MOXyBa
€HOCTaBeH YBHUJ 32 IIPOCTOPHATA AUCTPHOYIIHjaTa
Ha MUHEPAJTHUTE KOMIIOHEHTH 110 XOPH30HTAIHH U
BEepPTHKAIHU Tpodwiu, AuCTpuOynHjata Ha MHHE-
paJHHTE KOMIIOHEHTH Ce ITPUKaKyBa BO BUJI HA KJla-
cH U KOHTYpH (130 JnHNK). Cekoja Kiaca e IpuKa-
KaHa co pa3udHa 00ja, a Ha KOHTYpHUTE € 3aluIlaH
PacloHOT Ha KJlacara,

— MHTEpHoJaInyjaTa/ KpUTHHT 32 0Baa OKOHTY-
pyBame € U3BpIIEHA CO MOCMaTPamhe Ha IIEHTPaICH
MOJIATOK BO OJIHOC Ha 5 OKOJHM HojaToiy (0pojoT
Ha MMOCMATpPaHUTE OKOJHU BPEIHOCTH MOXE Jia Cce
MEHYBa U Ja OUJIe TOToJIeM),

— [IOCTOjaT ¥ APTU OINIMU KOH CE HHTEPECHH 3a
aHaJlM3a, HO 32 HUB BO JIpyTra NpUiHKa.

Op mpunoxxenute cnuku (cnuka 3 u 4), KOH-
kptHO 32 EB 480/465 u BepruxaneH mpodun SA,
MOJKE Jla ce KOHCTaThpa JIeKa BOOIIIITO He IpeTcTa-
ByBa Tpo0JIeM Jla ce U3MEpH MOBpIIMHATA HA PY/I-
HOTO TeNo Koe ce MojaByBa Ha Tue mpopwmin. Bo
KOMOWHaIMja co 3aCTalleHUTe UCTPAKHHU PaObOTH U
MaKCHMAJIHO JIO3BOJICHM pPAacTOjaHHja MOMEry HC-
TpaXXHUTE PabOTH 32 OJIpPE/ICHA KaTeropuja Ha reo-
JIONIKU PYJIHU PE3EPBH, UCTHUTE MOXKAT J]a CE Kare-
TOpPH3Hpaar, a co Toa U Jia Ce U3BPIIN MPECMETKa Ha
TCOJIOIIKUTE PY/IHU PE3EPBH.

Co u3paboTtkara Ha (jydep KjIacuTe CO KOH ce
HHTEpIPETUPa TUCTPUOYIHjaTa Ha KOPUCHUTE MU-
HEepaJHH KOMIIOHEHTH BO MUHEpajHaTa CypOBHHA
M0 XOPU3OHTAITHU ¥ BEPTUKATHU TPOQHITH, BO KOM-
OWHaIMja CO pacTepUTE HA KOU € MPHKaKaHa reo-
JIonIKaTa rpanda Ha cpeluHAaTa U KOHTYPHUTE Ha
PYIOHOTO TENO, KaKo U (hOpPMHUpPAHUTE MHUHH OJIOKO-
BU KOHU C€ IMPUKAKAHU HA CTAXKHUTC KapTHU U IrcoXe-
MHUCKUTE MpOoGUIH, CE OBO3MOXYBa CIHOCTABHA
KOMITapaliyja v mpoBepKa Ha Te0JIOIIKHOT PE30H BO
JIOHECYBambe 0/UTyKa 3a (hopMHUparmbe Ha MUHH OJIOK
BO PaMKHTE Ha €TAXKHHUOT OJIOK.

Cnuxka 3, npercraByBa EB 480/465 Ha xoja ce
NIPUKAXKAHU:

— MUHH OJIOKOBH KOU ce )OPMUPAHHU BP3 OCHO-
Ba HA NPUHIMIIUTE HA UHTEPIIONAIMja U EKCTparo-
Jaryja moMery noJaToluTe oJ] UCTPaKHUTE paboTH
(mynHATHHM).
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— MOJATOKOT 3a COAp)KMHATa Ha OakapoT BO
MUHH OJOKOT Koja € mpudareHa aa Ouge ox coof-
BETHATa KOMIIO3UTHA MP0o0a 3eMeHa O] JyIHaTHHA
M KOja HajMHOTY OATOBapa 3a TOj MHHH OJIOK BO
eTaxeH OJIOK,

— O]l JIOKallWjaTa Ha WUCTPAHUTE JyNMHATHHHU,
BpP3 OCHOBA Ha KOM CE BpIIIM TeOMETpHU3aIijara Ha
MHHH OJIOKOT ce Tiefa ieka TUE MOJKe 1a OMIaT co:
LIEHTPAIHA, WIK Ja OMIaT JOLUPAHU BO TEMHEbATa
Ha MMHU OJIOKOT,

— Kora JIyITHAaTHHATa Ce Haora BO IICHTapOoT Ha
MUHU OJIOKOT, TOTaIll COJIPIKUHATA O] OJIrOBapaydKa-
Ta KOMITO3UTHA MMPoda Ce CMETa KaKo PEIpPE3CHT 3a
LIEJIMOT OJIOK, a Kora ce HaoraaT BO TEMHIh-ATa Ha
MUHH OJIOKOT, TOTalll COP)KUHATA HA MUHU OJIOKOT
ce MpecMeTyBa KaKo cpelHa IMOHIEpHCaHa Bpe-
HOCT OJ CpPEIHUTE ApUTMETHYKW BPEIHOCTH Ha
KOMITO3UTHHTE TTPOOH KOH TOj MUHH OJIOK TO orpa-
HUYyBaar.

[IpakTU4HO TOA € KapTara Ha ETAKHHUOT OJIOK
BP3 OCHOBA Ha KOja € N3BpIIeHa IIPECMETKa Ha Py I-
HUTE PE3ePBH M0 TJIaBHATA METOJIa 33 IPECMETKA.

JononHuTeHA COAPKMHA HA OBaa KapTa (Cliu-
ka 3) ce ¢jydep KIacuTe ox MHTEPIOIANHjaTa/ KPH-
THHT Ko0ja € u3Begena co ArcMAP u ucrara e mpet-
CTaBeHa CO KJIacH BO 00ja M KOHTYpH (K30 JIMHUHM),
a ce 0JIHeCYBaarT Ha JUCTPUOHUIIMjaTa Ha 0aKapoT KOj
e 3acrarnpH Bo EB 480/465 wnm Ha mpodmn SA (cnu-
Ka 4).

On cimka 3 MoXe J1a ce KOHCcTaThpa JeKa:

— PYAHOTO TEIlO, MPOCTOPHO € 3acTarieHO BO
CEBEPHHMTE U BO JYXKHUTE JICTIOBHU OJ1 HAO'JIUILITETO,
JIOIUPAHO BO OENIO-CHBH CPETHO 3PHECTH OMOTHT-
CKM aHAC3UTH, KOU CC IPOIMUINTUCAHU. Py}lHOTO
TEJIO O] €lHA CTPaHa € KOHTPOIUPAHO CO aH/IE3HT-
CKHOT CYOBYJKAHCKH W3IIUB KO € H3TPaJicH Of
XUJIPOTEPMATHO U3MEHETH TEMHO CHBH TpaxH aH-
JIE3UTH CUTHO JI0 CPEIHO 3pHECTH, a O]l IpyTa cTpa-
Ha CO MEeMeNIACTH aHIE3UTCKH TY(HOBH, JTATOPOBUTH
TIECOYHUIIN U aH/IC3UTCKH OpedH.

— BO OJIHOC Ha MPAIIAkETOo Jalli TOCTOU OTBO-
peHa aHoMalija Ha 0akap, MOKe Jia ce KOHCTaTHpa
JIeKa Taa MOCTOM W 3aT0a WIHUTE TeOJIONIN HCTpa-
KyBama e IOTpeOHo Jia ce HacouyaT uctouHo o1 BD-
322 u BD-30 na npodwun 5 u npoduin 4. Mcro Taka,
CO HCTPAXKHO AYITUYEHE € MOTPEOHO Ja Ce MPOIOIIKH
u uctouno og BD-49 u BD-19 na npodun 8 u 7. 3a
TOj TIPOCTOP HE TIOCTOjaT MOJATOIH U 3aToa Ce T0-
TpeOHU JONOTHUTEITHH UCTPAXKyBamba.

— IOCTOM OTBOPEHA aHOMAllMja M CEBEPHO O]
BD-61 u 62, HO KOTa K€ ce 3eMaT BO 003up pe3yi-
tatute o BD-68, 69 u 70, Toram aHomanujara BO
mpaeell Ha ceBep 3a EB 480/465 ce 3arBapa.
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NEreHgA
EB_480_465_Kriging

[ 100005-0,01
[ ]o010-0.150

[ Munn 6nokosu on A_xareropuja . 10150-02200

D Munu 6nokosm og B_kateropuja | 10200-0250

L 10250-0386

——— EB_480_465_interpolacija

D CoMHUTENHU MUHK BNOKOBK
® EB_480_465_dupnatini

D Munu Gnokosu o C1_kareropuja

Ca. 3. TIpuka3 Ha okoHTypeHo Tenona EB 480/465 co ¢onna I'C va Cu oz 0,15% | komnapanuja Ha MUHH OJIOKOBH
KOH ce npuKakaHu Ha pacrep EB 480/465
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Ca. 4. Tlpuka3 Ha OKOHTYpPEHO pyaHO Telo Ha npodui SA co noina I'C va Cu ox 0,15%
W KOMITapalyja Ha MUHH OJIOKOBH KOM ce IpuKkaxxanu Ha pacte ['X npodmn SA

Bo oxgHOC Ha mocToeme pa3nuka nomery KoH-
TypUTE Ha PYAHOTO TEJIO NMPHUKAKAHO BO IJIaBHATA
npecmerka (EnaboparoT) v KOHTYpHTE Ha PYAHOTO
TEJIO KOU ce T0OMBAaT CO MHTEPIIOJAHja/ KPUTHHT
co ArcMap, Moxe &a ce KOHCTaThpa JeKa The
MOCTOjaT M UCTUTE ce BUAIMBH. Pa3nnka mocton Ha
HEKOJIKYy MecTa:

— omnokoBute 33 u 32 Ha nmpodun 6, Arc Map-
OT HE T NIPENO3HaBa,

— Osokor 35 Ha npodun 9 UCTO Taka HE ce
Mpero3HaBa,

— O1okoT 38 e HaZgBOp 0/ OTBOPEHA aHOMAJIHA
30Ha,

— 6nokot 39 Ha npo¢un SA e Ha rpaHULIaTa HA
OTBOpEHAa aHOMaJHja U MUCTUOT € MPEMHOTY pU3H-
YeH 3a Jja ce npu(aT Kako pe3epBH CO CTENEH Ha
uctpaxkeHocT ox Ci-kaTeropuja.
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OcTaHaTHOT NPOCTOP HAa KOj MPETXOAHO €
U3BPIICHO OKOHTYPYBal€ HAa MUHH OJIOKOBH BO
paMKUTE Ha €TAKHUOT OJIOK CE€ MPHINYHO IT00pO
coBMara co MHTEpIOJAlMjaTa Koje € U3BpIIeHa CO
ArcMAP-or.

Bp3 ocHOBa Ha Baka HalpaBeHaTa aHAINTHKA,
HOTpeOHO € Ja ce M3BPIIY NPOBEpKa U J1a Ce YTBp-
JIaT KO Ce MPUYMHUTE 32 IMOCTOCHE HA pasjIuKaTa
nomery IJIaBHaTa IMPECMETKOBHA METOJla M KOMIIa-
paTHUBHATa METOJa KOja MOXe Ja ce n3paboTu 3e-
MajKH TO BO IPEBH] OKOHTYPYBAmbETO HA PYAHOTO
TEJIO cO MHTepnonanyja/ Kpuruar co ArcMap-or.

IToTpedHO € 11a ce ucTaKHe U JeKa CO OpraHu-
3aIija Ha CeBKYITHATa TEXHUYKA JJOKyMEHTAIINja BO
ArcMap-oT mOCTOM MOXXHOCT 3a TOBp3yBame Ha
0a3a Ha TOJIATOIM BO KOja CE CMECTEHH CUTE I0/1a-
TOLM OJf TEOJOIIKUTE HCTPAXyBama U PyTapCKH
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aktuBHOCTH. OBaa MoxkHOoCcT Ha ArCMAP-oT HyIHN
cexorai Op3 ¥ KOMIUIETEH YBHJ M aHaju3a BO ce-
BKYIHATa TEXHWYKa JOKYMEHTAII]a.

3AKIIYHOLU

1. OxoHTYypyBameTO Ha PYIHO TeJIo/Haora-
yuiite co nmomorr Ha ArcMap e kiacudHa, HO CH-
T'ypHa MeToJa, u3paboTeHa cO COBPEMEH TEXHUYKH
U CNIEKTPOHCKH ja3uK.

2. OKOHTYpYBambETO Ha PYAHO TENo/Haora-
JUTITEe co moMonr Ha ArcMap Moske 1a ce KOpHUCTH
KaKo KOMIIapaTUBHA METOJa BO TEKOT Ha TpECMeT-
Karta, KaTeropu3aiujara 1 Kiacu(ukarmjara Ha MH-
HepanmHata cypoBHHa. [loroToBo, 0BOj HauMH Ha
OKOHTYpYBam€ Ha PYJHOTO TEJIO MOXE Ja Ouie
n00ap KOPEKTOp 3a MOJEIHpame Ha I'eOJIOMIKHOT
pe30H u hopMupameTo Ha MHHU OJIOKOBH BO paMKH
Ha ETAKHHUOT OJIOK KOW 3acera ce /el Ha TiaBHaTa
mpecMeTKoBHa MeToaa 3a bopoB monckor0 Haora-
mumte Ha Cu, Au u Ag.

3. llogarouunTe KoM ce JOOUBAAT CO OKOHTYPY-
BamETO HA PYIHO TEJIO/HAOTAUINTE CO MOMOII Ha
ArcMap ce KOMIaTHOMITHU U MOXKAT J]a c€ KOPUCTAT
Bo nporpamoT AUutoCAD.

4. Tlopdupcko HaoranumTe Ha Oakap, KakBO
mTo € bopos Jlon MOXeENHO € 1a 3a MoCcToeYKaTa
TEeXHHYKA JOKYMEHTallja pa3Bue 0a3za Ha MOAATO-
I KOM MOXKAT JIa C€ aHAIN3UpaT U MHTEPIPETUPAT
B0 ArcMap/ArcGIS. TloxxenHocTa ce COCTOU BO TOa
IITO OBOj IPOTpaM MOKPaj TEXHHYKO-OIIEPATUBHUTE
MOXHOCTH 33 UCTPaXyBame M eKCIUIoaTaluja Ha
MHHEpaJIHaTa CypOBUHA, HYIH U MOKHOCT 32 HEro-
BO TJI00aJTHO IpeTcTaByBame Ha EBporickara reo-
JIOIITKA KapTa Kako Haoranmuire/ pyaauk Ha Cu, Au
u Ag.

BJATOJAPHHUIA Kopuctume MOXHOCT J1a UCKaxe-
Me rojieMa 6JaroapHOCT Ha PaKOBOJHHOT OPraH Ha PYJHUKOT
Bopos Hon, I'-nun ITaBen KpuBHHCKH] KOj OBO3MOXH KOpPHC-
Teme Ha (HOHJOBCKATa TOKYMEHTAIIMja H COTIIaCHOCT 3a 00jaBy-
Bame Ha OBOj TPYZ Ha ['€0JOMKHOT KOHrpec Ha TE0JI03UTE Ha
Makenonuja 2021.

Hcro Taka, 3a m3paboTKaTa Ha OBOj TPY[, M3pa3yBaMe
rosnema GrarogapHocT Ha konerara Kocra IMorkos, koj Gerre
JIONTOTOJUIICH OMNEepPaTHBEH M HCTPAKYBAYKH T'EOJIOLIKU
UHKEHEp BO PYAHHUKOT 3a Oakap ,,byunm*.

Bo koHCynTanmja u pasroBOpH CO Hero, 3abeneskaBMe
JeKa TOj ja corllefia NMPEZHOCTa Ha OBaa METOJOJIOTHja 3a
OKOHTYpYBamk€¢ Ha PYAHOTO Teno Bo bopom Jlon, kako u
notpebara 3a m3paboTka Ha HOBa, KOMIApaTUBHA METOJA 3a
IpecMeTKa, KaTeropusanyja W Kiacuukanuja Ha pyIHHUTE
pesepeu Ha Cu, Au u Ag, co mro, ke ce nodujaT MHOTY IO
CUTYPHH H PeajHU CO3HAaHHUja 3a KOJIMYHHUTE, Pa3MEeCTEHOCTa
W OuCTpHOynHMjaTa Ha MHHEPATHHTE KOMIIOHEHTH BO
Haorammmreto bopos Jlon. Toa 3a Hac kako u3paboTyBayn Ha
OBOj TpyJ, NpPETCTaByBallle YIITE €IeH IPEeIu3BHK 3a Jla ce
n3pabotu 1 00jaBu 0BOj TPYA Ha ['€0NOMIKHOT KOHTpeC, HO U
Jla ce MPEeTCTaBU MpeJl CTPYYHHOT TUM M INped TeHEpaTHHOT
nupektop Ha Bopos [om, I'-nun [TaBen Kpusuncky;j.
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Abstract: The presence of metals in the ambient air (ambient dust) in the urban environment is a frequent
subject for research, and so far it has been worked out in many urban centers in the world. The systematic research for
the contents of the ambient dust in the city of Skopje is not made before, so we cannot present such information.
However, it should be emphasized that such information which refer on the contents of the urban dust exist in many
towns, but that information is very changeable depending on the seasons in which the data is measured. As an example,
on the basis of a large number of researches the metals which are present in the urban dust are divided in three groups:
— Urban elements (Ba, Cd, Co, Cu, Mg, Pb, Sb, Ti, Zn). — Natural elements (Al, Ga, La, Mn, Na, Sr, Th, Y) — Elements
with mixed background (Ca, Cs, Fe, Mo, Ni, Rb, Sr, U). There is accepted opinion that the background of the urban
elements is primarily connected with the development of the traffic, the processes of corrosion of the materials build
in the objects in the towns (buildings, houses, roads, etc.) as well as the emission of dust which appears in the soils,
and fields with no grass. In order to be able to make any correlation of the obtained data which refer to a small number
of measured samples (only of two locations) many deeper researchers are needed. From the other side, the influence of
the contents of dust (as well as the ambient air) upon the health of the people is a topic which requests more serious
and longer measures.

Key words: barium, urban elements, natural elemnets

BAPUYM BO ®UJITPUTE HA KIIMMATHU3EPUTE BO I'PAJOT CKOIIJE
(CEBEPHA MAKEJOHMHNJA)

P e 3 u M e: KonnenTtpauuure Ha GapryM BO (QHUIATPHUTE O KIMMATH3EPHTE HA OJpeleHH 00jeKTH BO TpagoT
Ckomje ce 3roJieMeHH KaKo Mocieana Ha coobpakajoT Bo rpagoT Ckorje (B0 HAABOPEUIHUTE QUITPH) M KAKO TOC-
JIeNUIla Ha BrpalyBalk-eTO Ha IUIACTHYHHI MaTEPHjaliid BO TIOJAOBUTE Ha 00jeKTUTE (JIMHOJIEYM, BHATPEITHH QUIITPH).

Kiyunu 36opoBu: 6aprym, TPUPOTHH IEMEHTH

INTRODUCTION

Soluble barium components are highly toxic
when ingested into the human body, while insoluble
components, such as the often present barium
sulphate, are generally non-toxic. The soluble bari-
um components that are inhaled cause benign
pneumoconiosis or called baritosis). Intake of
soluble barium components through food causes
muscle stimulation, including the heart, irritation of
the digestive system, and irritation of the central
nervous system. (Browning, 1961).

The main source of barium components emit-
ted into the atmosphere are industrial processes,
including mining, refining, and production of
barium and barium chemical compounds that are
used as additives in fuels to reduce smoke emission
in diesel engines. There is certain information

concerning the emission of barium in diesel engines
that ranges up to a maximum of 48 pug/m?. (Fiorello,
1968).

There is very little information regarding the
aspects of air pollution with barium and barium
components. Most of the information relates to the
concentration of barium in the atmosphere as a
result of the impact of diesel engines (Golothan,
1967).

Barium soluble salts are highly toxic when
ingested in the digestive system in humans. Barium
chloride and barium carbonate are two soluble salts
for which there are published results concerning
toxicity (Browning, 1961, Patty, 1962), but it should
be noted that the consequences of their toxicity are
not fatal. One case has been reported (Browning,
1961) in which 7 grams of barium chloride were
taken orally, with the occurrence of abdominal pain
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and a complete collapse but without fatal con-
sequences.

Insoluble barium sulphate is generally not
toxic when ingested in the human digestive system.
For example, barium sulphate is the most common
insoluble component used in X-ray imaging of the
human digestive system.

So far, no data have been published on the
impact of barium compounds on domestic animals.

Miller (1967) published the results of the
impact of the gases from diesel engines on white
mice, whereby no visible effects were observed
during liver analysis of the experimental mice.

No results have been reported regarding the
impact of the concentration of barium on plants. In
1961 Browning mentioned that barium was toxic to
plants, but he did not provide information on the
chemical form and concentration, as well as on the
type of plants.

Data relating to the environmental barium
concentration standards can be found in the
documents of the 29th Annual Conference of the US
State Hygiene Office (1967), which mention the
upper limit of exposure to soluble components of
barium during 8 hours, which is 500 pg/m?®.

Mode of occurrence and usage

Barium is a soft metal with a silver color that
in nature appears in association with other elements.
It occurs most often in the form of veins in the lead

60 —
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REDUCTION IN SMOKE EMISSION,
Hartridge Units®

and zinc deposits. There are two known major
minerals of barium: baryte (barium sulphate BaSO.)
and witherite (barium carbonate BaCQ3). Baryte is
mainly the most commercial mineral of barium.
Smaller amounts of barium can also be found in the
magmatic rocks, and as isomorphically present in
feldspars and micas (Kirk-Otmer, 1964). Small
amounts of barium are also present in coals
(Abernathy et al, 1963) (Liu et all, 1983),
(MacDonald et all, 1984) (Zierock, 1983), (Small,
1983).

Baryte (barium sulphate, BaSO.) finds a great
application in the chemical industry, as a pigment
and as afiller it is used in the production of linoleum
and other chemical products. The use of barium
sulphate for medical purposes is important. Barium
carbonate (BaCOs) also has a significant usage (as a
filler in glass industry), then barium chloride
(BaCly) for medical purposes, barium nitrate
(Ba(NOs3), in the production of pyrotechnics and
medical preparations, barium oxide (BaO) is used in
the production of barium peroxide, barium
hydroxyode and barium methoxide, and they are
further used in the production of detergents.

Organometallic components of barium are
used as additives in diesel fuels to reduce the
presence of smoke in the exhaust fumes of diesel
engines (Stern, 1968). In 1967 Miler published the
results of research on the effects of barium additives
on the reduction of smoke during the operation of
diesel engines (Figure 1).
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Fig. 1. Effects of barium additive on the reduction of smoke during the operation of diesel engines
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METHODOLOGY

The following research methods were applied

for the research activities:
» collecting samples of separate materials in the
objects and determination of the presence of

Ba and other elements with application of ap-

propriate analytical techniques and methods.

For that purpose, samples are collected from

two locations in Skopje:

— Skopje-Centar (outer filters, inside filters,
walls, used poly-color, used agglomeration
for leveling of floors, abrasive cleaning
powder (Ajax) and liquid washing splendor
(Glos), samples of the air and samples of the
floor)

— Skopje-Biser (outer filters, inside filters,
walls, used poly-color, samples of the air)

» Determination of the presence of Ba and other
metals with application of the methods ICP-

MS

» Determination of the presence of Ba-phases in
the samples from the walls and floors with ap-
plication of Scaning Electronic Micoroscopy-

SEM-EDS,

Methods of preparation of the specimens

Dry samples are extracted with a compound of
acids, HCI/HNQg, 16 hours at room temperature and
reflux ion of 2 hours according to 1SO 11464:1996
(E). The extract is filtered until the final volume and
rarefied with nitrate acid. The contents of the metals
in traces is determined with ICP-AES, Liberty 110,
Varian, according to 1SO 11885:1996 (E)

Reactants

All the used reactants are with cleanliness p.a.
The cleanliness of the reactants is verified with an
experiment.

Water: The quality of the redistilled water is
according to 1SO 3696, Grade 2.

HCI, 37%, p=1.19 g/mol

HNOs, 65%, p = 1.40 g/mol

H20., >30%, p=1.11 g/mol

Standard dilutions

Basic standard dilution: ICP- Multi-element
standard dilution, Merck IV, 23 elements in a

diluted nitrate acid with a concentration for each
element separately of 1000 mg/L: Ag, Al, B, Ba, Bi,
Ca, Cd, Co, Cr, Cu, Fe, Ga, In, K, Li, Mg, Mn, Na,
Ni, Pb, Sr, Tl, Zn

Table 1

Conditions of work of the Inductive Linking
Plasma

Conditions for ICP- AES, Liberty 110, Varian

Introducing a sample

Sprayer V-groove

Spray chamber Inert Sturman-Masters

Peristaltic pump 12 rollers, 1 turn/min increment

Conditions for the program

Power of plasma 1,0 kW

Speed of pump/rpm 25

Flow of Ar for plasma 15 L/min

Time for stabilization 30s

Flow of axial Ar 1,5 L/min

Time of flushing 30s

Pressure of sprayer 200 kPa

Time of stagnation 30s

Correction of fon dynamic

High of plasma Opt. SBR

Conditions for elements

B et Ierg&\ﬁlm Sl in.tlzg;rrle?t{cc:;/s Al ofllz;,:?ier
As 193.696 | 0.02 7 1 1
Ni 352.45 0.02 5 6 1
Sr 407.77 0.02 5 7 1
Ba 455.403 | 0.02 5 7 1
Mn 257.61 0.01 5 6 2
Fe 259.94 0.01 5 6 2
Cr 267.72 0.01 5 6 2
Zn 213.86 0.007 5 6 1
Cu 324.75 0.01 5 6 2
Pb 220.35 0.007 7 6 1
Co 228.62 0.007 5 6 1
Cd 226.50 0.007 5 1 3

One-element standard dilution for As, Titiri-
sol, Merck, 1000 mg/L.
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Tools

The entire tool used for synthesis of the
extracts and preparation of the standards is overflow
in Nitrate acid for at least +6 ours, and then it is
washed with redistilled water.

Analytical conditions for the work
of the instruments

Conditions for work of Scanning Electronic
Microscope.

The records of the samples and the chemical
analyses are made with Scanning Electronic Micro-
scope from the brand of JEOL JSM-6610LV which
is equipped with energetic-dispersed spectrometer

(EDS) from the brand X-Max Large Area Analytical
Silicon Drrift.

The recording of the samples is made with
high vacuum of 20 kV whereas the source of
electrons is LaB6 (Lantan-heksa-boridien) filament.
The shown photographs are obtained with a help of
detector for free electrons (SEI). The samples are
blushed with gold and the unmarked piques of the
spectrums belong to this element.

RESULTS AND DISCUSION

The obtained results of the research are shown
in the Tables 2.

Table 2
Results of the presence of Ba and other metals in the analyzed samples
(method, ICP-AES, controlled with ICP-MS)
1 2 3 4 5 6 (1) 6(2) 7 8 9 10 11 12 13
mg/kg Outer filter Inside filter Section Agglomera- Poly  Cleaning  Cleaning Sample |Inside  Outer Section Poly  Filtres Filtres
Center Center ofwall tionfor color abrasive  abrasive from thefilter Biserfilter Biser of wall color (1+2+3+4) (5+6+7+8)
Center allignment Center Ajakx/mgl? Glos/mgl* floor Biser  Biser

Ba 292.6 2827 054 277 7.56 <0.73 45 1295 1839 1995 043 7.68 1.2 0.4
Sr 76.6 112.8 413.8 469 38.0 1.0 656 382 75.0 71.6 406.2 405 1.6 0.9
Fe 16562.7 124775 46.1 4237.6 298.7 <100 <100 162.7 12430.9 13980.8 635 267.2 58.3 311
Mn 4614 3552 <1 189.1 10.6 <133 <133 41 3563 4242 <1 99 <1 <1
Zn 18909 42777 6.4 38.2 9.4 <8 <8 38,6 47226 11542 43 8.4 6.4 3.9
Ni 66.7 603 4.9 16.6 6.9 320 280 <13 615 694 35 63 42 1.2
Cr 65.1 70.2 0.9 15.6 9.8 10.6 14.4 0.6 55.0 470 07 86 1.4 13
Cu 184.6 370.3 <3 0.5 <3 49.0 <7 2.6 600.4 1166 <3 <3 321 26.0
Pb 243.2 3605 <15 6.0 7.4 <15 <6 <15 543.0 1644 <15 83 6.2 4.4
Co 74 131 04 1.8 0.6 25 <07 01 16.8 66 01 05 <07 <0.7
Cd 76 221 <05 <05 <05 <0.5 <05 <05 326 46 <05 <05 <05 <0.5
As <2.5 <25 <25 <25 1.1 <25 <25 <26 <26 <26 <26 01 2.0 1.2

The results obtained are showing signifi-
cant amounts of Ba, Cu and Pb in analysed fil-
ters. Also is very important to concluded that
concentration of barium is too high in floor
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samples of linoleum. Results obtained with SEM-
EDS techniques are presented in following Figures
and Tables.
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Sample from floor 1:

© A
SEl ~ 20kV WD29mm
UB-RGF :

Fig. 3. Morphological view of the sample 1 (zoom 3500x)
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c) distribution of ClI d) distribution of C

Fig. 4. Results of the scanning of sample 1

Sum Spectrum

Fig. 5. Compound EDS spectrum of the analyzed field
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Table 3
Contents of the elements of the compound spectrum (Figure 5)
Element App Intensity Weight% Weight% Atomic%
Conc. Corrn. Sigma

CK 18.90 0.1965 57.58 0.54 71.67
N K 0.00 0.0305 0.00 0.00 0.00
oK 6.48 0.1848 20.98 0.51 19.60
Na K 0.55 0.6880 0.48 0.05 0.31
AlK 0.29 0.7969 0.22 0.03 0.12
SiK 0.47 0.8861 0.32 0.03 0.17
CIK 13.93 0.7612 10.95 0.14 4.62
CaK 13.42 0.8919 9.01 0.12 3.36
TiK 0.58 0.7394 0.47 0.04 0.15
Totals 100.00

Spectrum 2

Fig. 6. EDS spectrum of the brightest point from picture

Table 4
Contents of the elements of the compound spectrum (Figure 6)
Element App Intensity Weight% Weight% Atomic%
Conc. Corrn. Sigma
CK 19.24 0.2891 46.29 0.77 56.80
OK 15.34 0.2587 41.28 0.74 38.02
Na K 0.49 0.6155 0.56 0.09 0.36
SK 4.98 0.8189 4.23 0.13 1.95
CIK 1.50 0.7160 1.46 0.06 0.61
CaK 8.00 0.9008 6.18 0.13 2.27
Totals 100.00
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Spectrum 3

Fig. 7. EDS spectrum of the grey basis of Fig.1

Table 5
Contents of the elements of the compound spectrum (Figure 7)
Element App Intensity Weight% Weight% Atomic%
Conc. Corrn. Sigma
CK 16.05 0.2872 60.59 1.14 70.75
OK 5.62 0.2148 28.36 1.12 24.86
Na K 0.42 0.6714 0.68 0.13 0.42
Mg K 0.20 0.6604 0.34 0.09 0.19
CIK 414 0.7466 6.01 0.19 2.38
CaK 3.32 0.8950 4.02 0.15 141
Totals 100.00
From the presented results we can conclude that the under the electron beam because of the presence of
most dominant elements in the sample are carbon, organic compounds.

oxygen, chlorine and calcium. This copy is very unstable

Sample from wall Biser 1:

P

4.5 - o s R

Fig. 8. Morphological view of the sample of wall 1 Biser (zoom 400x)
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Spectrum 3

Fig. 10. EDS spectrum of the surface on Fig.8

Table 6
Contents of the elements (spectrum of Figure 10)
Element App Intensity Weight% Weight% Atomic%
Conc. Corrn. Sigma

CK 1.63 0.1461 10.02 1.14 15.95
oK 17.01 0.2807 54.57 0.85 65.21
SK 15.03 0.8294 16.33 0.31 9.74
CaK 19.05 0.8990 19.08 0.34 9.10

Totals 100.00
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From the performed analyses it can be con- containing Ba. Certain amount of Ba method
cluded that this sample represents the plaster ICP-AES and ICP-MS values are in ppm and as
that has a certain amount of calcium carbonate. such they are isomorphic mixed in the car-
Within the sample there are no visible phases bonate and sulphate phases.

Sample from wall Centar 1.

SElI  20kV

SElI  20kV WD10mm
UB-RGF

Fig.12. Morphology of the sample 1 Centar (zoom 1000x)
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|l

Spectrum 1

Fig. 14. Spectrum of the surface from Fig.12, sample 1 Centar

Table 7
Contents of the determined elements (spectrum of Figure 14)

Element App Intensity Weight% Weight% Atomic%
Conc. Corrn. Sigma
CK 2.24 0.1631 12.36 1.12 18.73
oK 20.21 0.3121 58.37 0.87 66.42
SK 12.47 0.8218 13.68 0.27 7.77
CakK 15.57 0.9000 15.59 0.29 7.08
Totals 100.00
Figure 15 shows the scanned field of sample 15b, 15¢, 15d, the distribution of separate elements
from wall 1 Centar, whereas on the pictures 15a, is shown.
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From the conducted research it can be
concluded that in the samples taken from the
walls of the site center there is no presence of
phases containing Ba. The deterimend concen-

a) view of a scanned field

tration of Ba with the methods ICP-AES and
ICP-MS techniques are in ppm values and are
isomorphic mixed in calcium carbonate and calcium
sulphate stages.

b) distribution of Ca

¢) distribution of S

d) distribution of C

Fig, 15. Results of the scanning by SEM-EDS

Sum Spectrum §

Fig. 16. Compound spectrum of the scanned field
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Table 8

Contents of the determined elements (compound spectrum of Figure 16)

Element App Intensity Weight% Weight% Atomic%
Conc. Corrn. Sigma
CK 3.20 0.1605 12.53 0.81 19.19
OK 26.71 0.2980 56.41 0.63 64.86
Mg K 0.25 0.5770 0.27 0.05 0.21
SK 18.35 0.8233 14.03 0.20 8.05
CaK 23.98 0.9005 16.75 0.22 7.69
Totals 100.00
CONCLUSION worked out in many urban centers in the world. The

The main conclusions of the conducted rese-
arch and the results shown are the following:

» Determined concentrations of Ba (and
other metals Fe, Mn, Zn, Cu, Pb) in the
inside and outer filters.

At the object in centar these concentra-

tions range from 282-292 mg/kg Ba.

At the object Biser these concentrations

range from 183-199 mg/kg.

At the object in Bitola these concentra-

tions range from 200 no 188 mg/kg.

Higher concentration of Ba is found at the

sample from the floor which is a plastic

material, linoleum.

» Lower concentrations of Ba are found in
the other samples, but these concentra-
tions are not high.

» Concentrations of Ba are determined in
the samples of air.

» At the samples of the isolated materials
there are determined concentrations of
sulphur (S) which are linked in the calci-
um-sulphate phases.

vV VvV VYV V

Determined concentrations of Ba in the inside
and outer filters coming from the barium additive on
the reduction of smoke during the operation of
diesel engines and from the floor plastic materials
(linoleum) inside of the buildings.

INSTEAD OF COMMENT
The presence of metals in the ambient air

(ambient dust) in the urban environment is a freq-
uent subject for research, and so far it has been

systematic research for the contents of the ambient
dust in the city of Skopje is not made before, so we
cannot present such information. However, it sho-
uld be emphasized that such information which
refer on the contents of the urban dust exist in many
towns, but that information is very changeable de-
pending on the seasons in which the data is measu-
red.

As an example, on the basis of a large number
of researches the metals which are present in the
urban dust are divided in three groups:

» Urban elements (Ba, Cd, Co, Cu, Mg, Pb, Sb,
Ti, Zn),

» Natural elements (Al, Ga, La, Mn, Na, Sr, Th,
Y),

» Elements with mixed background (Ca, Cs, Fe,
Mo, Ni, Rb, Sr, U).

There is accepted opinion that the background
of the urban elements is primarily connected with
the development of the traffic, the processes of
corrosion of the materials build in the objects in the
towns (buildings, houses, roads, etc.) as well as the
emission of dust which appears in the soils, and
fields with no grass.

In order to be able to make any correlation of
the obtained data which refer to a small number of
measured samples (only of two locations) many
deeper researchers are needed. From the other side,
the influence of the contents of dust ( as well as the
ambient air) upon the health of the people is a topic
which requests more serious and longer measures.

REFERENCES

Abernethy, R, F., Gibson, F. H. (1963) : Rare Elements in Coal,
U.S.Bur.Mines, Inform.Circ, 8163, 1963

265



YeTBPTU MaKeJOHCKM reOnOLLIKN KOHrpec
Four Macedonian Geological Congress

Kirk-Othmer. (1964): Barium and Barium Compounds, in En-
cyclopedia of Chemical Technology, Vol 3, pp, 77, 80,
New York, Wiley, 1964

Browning, E. (1961): Toxicity of Industrial Metals, London
Butterworths, pp 53-56, 1961

Fiorello, S. C. (1968): The navy’s Smoke Abatement Program,
Society of Automotive Engineers, S.A.E.680345, 1968

Golothan, D.W. (1967): Diesel Engine Exhaust Smoke, The
Influence of Fuel Properties and the Effects of Using
Barfium Containing Fuel Addtitive, Society of Automo-
tive Engineers, S.A.E. 670092, 1962

Miller, C.O, (1967): Diesel smoke Suppression bu Fuel Addi-
tive Treatment, Society of Automotive Engineers, S.A.E.
670093, 1967

Patty, F.A. (1962): Industrial Hygiene and Toxicology, Vol. Il,
New York, Wiley, pp, 998-1002, 1962

Stern, A.C. (1968): Air Pollution, Vol. Ill, New York, Aca-
demic Press, 1968

266

Liu, B. Y. H,, D. Y. H. Pui, and K. L. (1983): Rubow. Charac-
teristics of Air Sampling Filter Media. Ch. in Aerosols In
the Mining and Industrial Work Environments, Ed. by V.
A. Marple and B. Y. H. Liu. Ann Arbor Science, v. 3, 1983,
pp. 989-1038.

MacDonald, J. S., N. J. Barsic, G. P. Gross, S. P. Shahed, and
J. H. Johnson. (1984): Status of Diesel Particulate Mea-
surement Methods (Pres. at Int. Congr. and Exposition,
Detroit, MI, Feb. 27-Mar.2, 1984). SAE 840345, 1984, 20

pp.

Zierock, K. H. (1983): Characterization of Particulate Emis-
sions From Diesel Engines.

Staub Reinhalt. Luft, Vol. 43, No. 223, 1983, pp. 1-8.

Small, J. E. (1983): Health Effects of Diesel Exhaust Emissions
in Underground

Mines. M. S. Thesis, Univ. M. N, Minneapolis, M. N. (1983)
98 pp.



YeTBPTN MaKeJOHCKM reOnoLLKN KOHrpec
Four Macedonian Geological Congress

5-GH-02
UDC: 504.4:556.166]:005(797.6)"2014”
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Abstract Over 2014. in Bosnia and Herzegovina was happened natural disaster like extensively rain fall
which for consequence made flood and huge number of landslide, which had impact on safety human life and objects.
The biggest impact was around river Bosnia. Action for rescue citizen and fast intervention was unable because of huge
number citizen who need help (1 million citizens was direct or indirect impacted by disaster), 100.000 house was
damage or destroyed, 2.100 landslide was active and 25 victims. The first 10 days was like suddenly day, people was
on the roof, kids without food and half country below water. What was wrong, how we can predict and avoid damage
and victim in future disaster, what we learn from this disaster of catastrophic scale (1/5 of territory affected) will be
presented in this publication. If responsible agencies and institution had better equipment and better organized, with
aim to effective warning civil protect institution and inform citizens about coming natural disaster, probably
consequence of this disaster was been much less. Will be presented case disaster management from Japan, where we
learn a lot new things what we can implement on our countries to be more ready for climate change what we can expect
in next years.

Key words: natural disaster, flood, landslide, preventive action, disaster management

HHPUPOJHATA KACTACTPO®A BO BOCHA U XEPHEI'OBHHA BO 2014 'OIUHA,
ITO HAYYUBME - IIPEBEHIIUJA, YIIPABYBAIBE CO KATACTPO®U U UHTEPBEHIITNJA

AncrtpaxkT: Bo2014 roguaa Bo bocHa i1 XepueroBuna ce Ciryqu mpupoaHa KaTacTpoda, HHTEH3UBHO BPHEHE
Ha JIOXKA MITO KaKo IOCJIeIHNA JOBEE IO MOIUIaBa M OTpOMEH Opoj Ha CBIICUHINTA, KOE IITO MMAIle BIHjaHWE BP3
0e30emHOCTa Ha )KUBOTOT Ha JIyreTo u 00jekTuTe. HajromemMoTo BiiijaHne ce MoYyBCTBYBa OKOY pekaTta bocHa. beme
OHEBO3MOXKEHA aKIIMjaTa 3a CIacyBame Ha JIyI'eTo Kako M Op3a MHTEpBEHIHja Opajil OrPOMHHOT OpOj Ha XKUTENH Ha
KoM uM Tpebaie momounr, (1 MUIMOH rparaHu 6ea TUPEKTHO WIIM MHAMPEKTHO MOTOJIeHU oA KaTacTpodara), 100.000
JIOMOBH Oea OIITETeHW WM yHHIITeHH, Oea akTuBHHU 2.100 cBieunmnTa a uMmamre u 25 4yoBeukH XpTBH. [IpBute 10
neHa Gea HajTelIKH, TyfeTo Oea Ha KPOBOBUTE, Aenara Oea ocTaHaTH IajHu 6e3 XpaHa a IOJI0OBHHA 0[] 3eMjaTa Oere
mon Boga.Kane Gemre rpemkara? Kako Hue MojkeMe [1a IpeIBUANME U OJJOCTHEME BaKBa IITETA U 3aryda Ha YOBEUKU
JKHBOTH BO UIHHUTE KaTacTpodu, IITO HAE HAYIMBME OJ OBaa IMPHPOJHA HEMOToaa o KaracTpodanrHu pamku (Oermre
moroneHa 1/5 ox tepuropujara.) Toa ke Omae mpeTcTaBeHO BO OBaa IyONHKanuja. AKO OATOBOPHHUTE areHIMU H
WHCTUTYIIMK UMaa mogo0pa onpemMa u 6ea mogodpo OpraHu3upaHu, co el 3a ehUKacHO MpeaynpeayBamke 1 3alITUTa
Ha JKUTEIIMTE KaKo ¥ MH(pOpMHUpame 3a J0alambeTo Ha NPUpPOJHATa KaTtacTpoda, BEPOjaTHO MOIMCISAUINTE Ol OBaa
KatacTpoda ke 6ea MHOrY momanu. Ke GHjie Mpe3eHTHpaH Clydaj Ha YIpaByBame co KaTacTpodu BO JaroHHja, Kajie
LITO HHE y9MMe MHOT'Y HOBU pabOTH 3a TOa IITO HUE OM MOJKelie 1a MMITIEMEHTHpaMe BO HAILIUTE 3eMjH Kako Ou Oune
MOCTIPEMHH 32 KIIMMATCKHATE IIPOMEHH KOH ILITO Ce OYEKyBaaT BO CICAHUTE TOANHH.

Kuayunu 36opoBu: npupoaHa karactpoda, Homiasa, KIU3UIITE, IPEBEHTHBHA aKTUBHOCT,
yIIpaByBame CO KaTacTpoda

INTRODUCTION

Extraordinarily heavy rains fell over Bosnia
and Herzegovina (BiH) during the third week of
May causing massive flooding in the northern,
eastern and central parts of the territories bordering
Croatia and Serbia. A low-pressure area designated
»Yvette™ or ,,Tamara™ affected a large area of
South-eastern and Central Europe, causing floods

and landslides. These regions received more than
250 (in some areas up to 300) litres of rain per
square metre, the highest amount measured in the
country in the last 120 years. This rainfall caused
sudden and extreme flooding of several rivers
(Bosna, Drina, Una, Sava, Sana, Vrbas) and their
tributaries as well as landslides. Urban, industrial
and rural areas were completely submerged under
water, cut off without electricity or communications
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and with damage to roads and transport facilities.
Consequently, a vast number of houses were
destroyed damaged or left underwater, leading to a
significant number of displaced households. The
effect on productionactivities and basic and social
services varied; however, there was a particularly
large impact on the agriculture sector and small and
medium commerce and activities in urban areas,
which affected livelihoods and generated a potential
food supply deficit. The intensity of the rains
experienced during this short period is considered to
have caused the most serious natural disaster in the
country in the past 120 years, affecting approx-
imately one-third of the country and touching more
than one million people (more than a quarter of the
population of 3.8 million). (Study, Recovery needs
assessments need for flood in BIH over 2014.).

On the Figure 1. is shown affected area. The
additional security hazard is linked to the fact that
landmines contaminated over 70% of the flood
affected zone. Floods and landslides have caused
some landmines and UXO to ,,migrate”. Landmine
warning signs have been washed away or displaced.
As the waters recede and the clean-up tasks are
undertaken locating and deactivating landmines and
UXO will enhance the difficulty and cost of the
process, in some instances delaying the possibility
of the early recovery of activities and the return of
households to their homes.
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Fig. 1. Flooded area on regional view
(UN ReliefWEB by Sterco S., 2014)

Entities' Governments had declared state of
Disaster / Emergency, but the Council of Ministers
of Bosnia and Herzegovina didn't. A joint Opera-
tions Centre was active all the time and mechanism
of interinstitutional coordination was activated
under the Law-based coordination of the BiH
Ministry of Security. This coordination mechanism
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enabled inter-agency collection of data, joined
assessment of needs and coordination of delivery of
assistance and humanitarian aid where needed.
Through Operational- Communicational Centre of
BiH — 112 a consolidated countrywide list of needs
was issued, which is being met by international
donors and domestic resources. Nevertheless, as the
immediate response and emergency phase continu-
ed the Council of Ministers of BiH requested techni-
cal assistance from the international community for
a Recovery Needs Assessment. This assessment
does not supersede or close the emergency needs
phase, as it will continue for several months. The
actual reduction of the water level in some areas is
ongoing, landmines and UXO and their markers
have been displaced and as a consequence of
landslides some slopes are unstable, which impedes
the rapid return of some of the displaced population
and the restarting of economic activity, particularly
rapid agricultural replanting in certain areas.

The response of international organisations
active in the country (the EU, EUFOR, Red Cross,
NATO, OSCE, UN, WVI, Save the Children and
bilateral actors such as the US and others) in terms
of relief and life-saving needs has been massive.
More than 20 Countries have contributed to the
response operations (850 international responders).

HYDROGEOLOGY AND GEOLOGY DATA

Hydrometeorology and flood

Unusual rainstorm had brought water precipi-
tation and impact on soil unknown for last 120
years, Figure 2. present data about rain velocity.
That was the first condition for future disaster
followed in next 5 days in BIH and countries
around. Effects of flood was worst because cut
forest, uncontroled action on river bed, building in
the dangerous zone from flood and landslide.

300.0
250.0
200.0 HHH

Foca
Banja. .
Cemerno
Gacko
Rogatica
Bileca
Trebinje
Srbac

Doboj
Sanski Most

Mrkonjic grad
Zenica
Rudo

Ribnik
Banja Luka

Tuzla
Han Pijesak
Zwvornik
Istocni Drvar
Gradacac
Sokolac
Srebrenica
Bijeljina
Drinic
Mrakovica. .
Sarajevo
Visegrad
Prijedor
MNovi grad
Bugojno
Kalinovik
MNewvesinje
Gradiska

Fig. 2. Cumulative rain 12-20 May 2014 at major stations
(Federal and RS meteorological offices)
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In the case of the Tuzla station, the normal
rainfall for the month of May is 90 mm whereas this
year over the period 14-18 May 247.8 mm was
registered (normal yearly rainfall is 911 mm). Given
the country™s topography, a vast number of rivers
descend from higher elevations and feed into the
Sava downstream. This caused sudden flash floods
and extended inundations in the vast lower plains,
where much of the country*s food and agricultural
production is concentrated. This ,,cascading™ effect
is reflected in the days when each river peaked (re-
ached its highest level). Water moved downstream
and upon reaching the River Sana, which also
received flows from its tributaries to the east,
remained above normal levels for many weeks; this
impeded the normal discharge and recession in the
flooded areas. Over long period use any river bank
couldnt resist to huge water come, Figure 3. river
bank Breka on Sava river. On other place, like
Bijeljina water blow up from the soil because high
level of water and artificial dam on Modrac lake
near Tuzla was already over their projected
possibility to stop water, so water gone over dam,
with high dangerous to be broken, crash and impact
on thousand citizen below dam. Cross over river
Bosna was flooded town Maglaj and Doboj, even
we have indicators for possible flood relevant
agencies late to inform citizen and organize
evacuation, that way many family stay stocked in
high building or they must go on roof if their house
has one flour.

Fig. 3. Broken river bank on Sava river near Bijeljina
(www.aktuelno.ba)

Geology, landslide, mudflow

North side of Bosnia and Herzegovina is more
submissive on landslide forming because of deep
surface cover by sensitive soil like marl, marlstone,
clay and sand. Hard rock is below surface soil cover
and after long period of rain lost friction and start to
move down by gravity force over slope.

On the Figure 4. is map of sensitivity on
landslide, where is red colour most sensitive and
green stabile area. On the south Bosnia cover of
rock so less and there we have mostly problem with
rock feel down on some place. South Bosnia is
mostly build from limestone rock and over rain,
water very fast infiltrate over rocks because high
porosity, without make any problem. Over disaster
2014. municipality Vogosca near Sarajevo was
damaged by many landslides and geologist should
made fast intervention action to stop landslide and
save whatever was possible, there was more than
100 landslides and we must decide what is more
important, some road and river bank we should do
immediately but some can wait. On the Figure 5. is
the local road, but which connect village with 20
house with town, kids couldn’t go on school and
distribution of food was problem, so we try on fast
way to back road in function.

Fig. 4. Landslide Susceptibility Map of BiH 1: 100 000
(EU floods recovery programme 2015.)

Fig. 5. Main scarp of landslide on the local road in Vogosca
(Nikolic T. 2014)
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RECOGNIZED PROBLEMS
AND MODALITY TO SOLVE IT

The best test for ready for disaster is over
disaster. We had many missing part in prevention,
prediction, alarming and rescue over disaster 2014.
but if we learn something to increase our resistivity
on disaster in next case, than we develop and it is
good.

There will be shown just one sample of recog-
nized problem with modus of solve. On the figure 6.
is one of problem with ,,mudflow* in the village
Topcic Polje, where over 10 house been covered by
mud in few minutes. Strong rain, sensitive soil,
angle of slope is some of condition that happened
there, but if ask whether something can be done to
prevent and predict this situation, answer is Yes.
That is not only one case on the World and used
some already proved technology is possible to stop
or make less impact on object by mud flow (debris
flow) wall like shown on photo 7. from Kobe. If we
want to make wall on debris flow, we should make
maps with most possibility they can come, than
make wall or net which can stop mad flow and there
is not end of task, most important is to service this
equipment, to clean it and repair if that is necessary
over some period.

Fig. 6-7. Mudflow Topcic Polje, 2014. (up photo), mudflow
wall Japan (Sabo dam), Kobe 2019. (down photo)
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Second sample is from Doboj town, near
Bosna river, where is over disaster water inundate
over river bed and for 10 minutes come in all parts
of town, flooded huge number of building and
house. Un-property prevent action over flood and
early warning system had for result slow reaction of
citizens to save material subject, to victim and die
many animals on the farm. Some problems were
present on Figure 8. Square around is main category
over which we look on vulnerability, and text inside
cycle present failure in early warning and other
action for reduce risk from disaster.

In the part of early warning system is very
indicated not enough public inform about natural
disaster (dangerous) with a target better prepared-
ness and more effective self-protect and community
protection (systematic action which made respon-
sible institution). For the public consciousness
increase, more planning and publishing over public
media, new papers, electronic media and public net-
work.

*Prevention eEarly
warning

system

Normative, urban, Early detection

planing, over-low | disaster, alarm,

building, unarrange| speaker for

river bed..... iNG....cu..

Not ex.ist reserve of food and Uneducated
financial support, not enough

expert in Civil Protect and reportgrs_,_

local protect division, not exist I unpossibility to
112 system, not enough good use public
network over Fountry and not network.
enought practice and

e Institutional i
capacity for
action

informative
action

Fig. 8. Graphic overview vulnerability for Doboj city

Over analyze documents, conversation with
experts in public service and facts, we can conclude
how consequence of disaster become bigger
because:

— unproperty or not enough action on river
beds or slope, and directly antropogenic impact on
safety,

— unstable slope (deforestration on some
location and degradation made some slope unstable
and sensitive on debris flow what treigger many
landslide),

— not exist or not property systems for early
detect dangerous and alarming.
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CONCLUSIONS

Over flood and landslide 2014. Bosnian citizen
and agencies didn’t be ready for collapse what was
been. Before all preventive action should be made
over peaceful and quiet time (establish dam, early
warning system, educate citizens about possible
disaster (earthquake, flood, landslide...) what we
can expect on target area, make enough big river and
brook channel (especial for torrential flow below
mountain), prepare citizen how to behave in extra-
ordinary situation, educate and equip civil protect
service and agencies for faster and practical inter-
vention. One of the most important thing, is to pre-
dict in action plan service to recovery infrastructure,
house, school, damage dam and other impacted
structure, with aim to as soon as possible back
humane life in condition before disaster.

Investicija u milijardama jena
Broj ljudi/izgubljeni zivoti u poplavi

Investing 1€ in prevention, save you 3€ over
disaster (life, house, infrastrukture). That opinion
was proven by japanese experts, who decrease de-
mage and victim over disaster more than 60%
because investing a lot of money in laboratory,
education, prevention and recue team over last 50
years (Figure 9.)

Any disaster what was happened in the past
should learn as to improve our Risk Disaster Mana-
gement on higher level and reduce damage and
victim in future as less as we can, try to be always
step over disaster. These recommendations will help
ensure that Disaster Risk Reduction (DRR) is a
national and a local priority and has a strong institu-
tional basis for implementation. Japan philosophy
about this thing, increase his system on high level
and reduce victim and infrastructure impact over
70% from 1959. What said big philosopher
Aristotle “We should learn to expect, unexpected”.

4.000
3.500
Investiranje u kontrolu poplava i
3.000 H
Izgubljeni zivoti u poplavi
e \ gubl) pop
2.000 ‘ H <| l
1.500 | i
[ [ !
ol v
1950 1960 1970 1980 1990 2000 2010
Fig. 9. Japan sample investment in DRR (www.mlit.go.jp)
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Abstract: The paper presents the results of the tests on the chemical composition of coins from the Pelagonia
region (North Macedonia) dating from Roman times, using the SEM-EDS method. From the results obtained, it can be
concluded that there are two types of coins present: bronze and copper. In the case of bronze coins based on the chemical
composition of bronze, two types of coins can be distinguished: 1) bronze coins with the following composition: Cu-
45,81-46,31 %; Sn- 26,78-47,26%; Pb-6,37-9,37 %. In their composition these bronze coins are not similar to the
bronze coins from other regions of the world. 2) bronze coins with the following composition: Cu-65-85 %; Sn-12-31
%; Pb-3,49-11,59 %. The composition of bronze of these coins is similar to that from Egypt, Ancient Greece, Phoenicia,
Ceylon, Korea and the Celtic bronze coins in England. 3) copper coins with the following composition: Cu-97,53-98,12
%, Pb-1,11-1,50 %. The composition of these copper coins is very similar to the composition of coins from Mycenae
and Thebes.

Key words: Pelagonia; bronze; copper; SEM-EDS

XEMUCKH COCTAB HA PUMCKHUTE MOHETH O/] ITIEJTAT'OHUJA
(CEBEPHA MAKEJIOHHJA) OAPEJEH CO METOJATA CEM-EJC

AmncTpakT: BoTpynor ce npukaxxaHu pe3yiITaTUTE O] UCIIUTYBambaTa Ha XeMUCKHOT COCTaB Ha MOHETHTE O]
obnacta [lenaronuja (CeBepHa MakenoHHja) KoM MOTEKHYBaaT OJl pUMCKO BpeMe co mpuMeHa Ha Metogata CEM-
EJIC. On moGueHuTe pe3ynTaTd MOKE J1a ce 3aKIy4YH JIeKa ce 10jaByBaaT JIBa THIAa HA MOHETH U Toa: OpOH3CHHU H
OakapHu. Kaj OpoH3eHHTE MOHETH Ha OCHOBA Ha XEMHCKHOT COCTaB Ha OpOH3aTa MOXKe Jla ce U3/BOjaT JBa THUIIA Ha
MoOHeTH U Toa:1) 6ponsenn moneru co cocraB: Cu — 45,81-46,31 %; Sn — 26,78-47,26%; Pb — 6,37-9,37 %. OBue
OpOH3CHN MOHETH IO CBOjOT COCTaB HE C€ CIIMYHM CO OPOH3EHNUTE MOHETH OJ1 IPYTH PETHOHH BO CBETOT. 2) OpOH3EHU
MoHeTH co cocra: Cu — 65-85 %; Sn — 12-31 %; Pb — 3,49-11,59 %. CocraBor Ha GpoH3aTa 0] OBME MOHETH €
CJIMYEH CO COCTABOT Ha OpoH3ata ox Eruner, Antnuka I'punja, ®ennkuja, Lejnon, Kopea kako 1 OpoH3eHUTE MOHETH
Ha Kentute Bo AHrnmja.3) Gakapau MoHeTH co cocras: Cu — 97,53-98,12 %, Pb — 1,11-1,50 %. CocraBoT Ha oBHe
OaKapHH MOHETH € MHOT'Y CJIMYE€H CO COCTABOT Ha MOHeTHTe 01 MukeHa u Teba.

Kiyunu 36opoBu: [lenaronuja, 6ponsa, 6akap, CEM-EJIC

INTRODUCTION

Metals have played an important role in the
development of society over the centuries, their use
having a strong influence on the development of
civilization and human history. Getting to know the
properties of metals, the people from earlier ages
concluded that they could significantly improve
their properties by mixing them with one another.
When mixing these metals, their melting point low-
ers and the final product gets better characteristics
such as strength, and resistance to corrosion
(Goffer, 1980).

Scientific studies concerning ancient metal
objects (coins, weapons, tools, or jewelry) are of

particular importance from a historical and archaeo-
logical point of view. Composition analysis provi-
des information on the metals from which these
items are made and on how metals were processed
(bronze, copper, silver, gold) (Constantinescu et al,
2010, 2012).

COMPOSITION OF A PART
OF ANTIQUE BRONZE AT THE BEGINNINGS
OF METALLURGICAL ART

The age of bronze is still in question. In Baby-

lon, the metal spear dates back to probably 4000
BC, and on Enhegal’s plate of (King of Lagosh,
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3100 BC) there are records of "so many bronze ma-
nas" paid for some land, but "bronze" may have
been just copper. In Egypt, red bronze from Medun
dates back to 3700 BC, and the metal statue of Pepe
I, Dynasty VI, from compacted plates shows a pro-
found knowledge of metal art. Ancient China claims
that during the Shang Dynasty, 1783 BC, bronze
work reached an advanced stage. Since southern
China began producing large quantities of bronze
and tin and the possibility for experimenting was
good, China's claim can be considered acceptable.
The Egyptian plates have records of expeditions to
Sinai, sent by their early kings, to take bronze from
the local mines, while, no doubt, the tin was taken
from the Phoenician merchants who bought it from
the British Isles, where it was excavated 3,000 years
ago, and exchanged it for Egyptian products. The
ancient Assyrians took copper from Arabia and Cy-
prus, and tin from India and Spain, and it is highly
likely that the old metallurgists mixed these two
metals in certain proportions to obtain alloys,
though in some cases the ores themselves may have
been melted together, giving different compositions
of bronze. Some conclusions can be drawn from
these analyses of the bronze.

Egyptian bronze shows differences in compo-
sition. Where there was no need for hard edge, tin
was replaced by lead, a small amount of tin was
used where rigidity was required and for cast bronze
where sharp impression was needed (Table 1, 2, 3).
The arsenic and antimony found in certain bronzes
may have had a hardening effect and are likely to be
accidental impurities in copper ores. The lead pre-
sent in some of the Egyptian bronze may have come
from lead mines near Laurium on the east coast of
Greece and was no doubt a substitute for tin for eco-
nomic reasons. The Egyptians, who had copper, tin
and lead, were able to experiment with these metals
in order to obtain the best proportions for various
purposes. The Greek "bronze", where no special
quality was required, was found to be almost pure
copper, while in samples of real bronze, the addition
of tin indicates that metallurgists knew of its im-
portance and used it for certain purposes. The
bronze from Carthage contained a rather excessive
amount of tin, probably to obtain the best results in
casting, and since the Phoenicians worked with tin,
they had large amounts of that metal. The Russian
alloy of copper was not bronze, but a copper and
iron alloy, which indicates that the use of tin was not
known, or tin was very difficult to obtain; the pres-
ence of iron probably had a firming effect, which
was required for a sickle blade. The Celts from Eng-
land used bronze in this early period, metal workers
probably procured copper and tin from Cornwoll
and discovered the best proportions for use in the
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manufacture of their tools and weapons. The Korean
bronze appears to have been a deliberate alloy of
copper and tin, and the production of teaspoons
demonstrates the knowledge of metallurgical art.
Japanese and Chinese bronze mirrors show some
similarity in composition: the Chinese were older
bronze workers than the Japanese, who probably
imitated their proportions. The Etruscan bronze
shows knowledge of the true composition of bronze,
and the Etruscans must have been very good metal
workers, judging by the vast quantity of bronze or-
naments, accessories and other items now on dis-
play at the Florence Museum.

Probably neither North America nor Central
America had a Bronze Age; the metal objects found
in antiquity are made of domestic copper, obtained
from mines in the north and northwest.

WORK METHODOLOGY

The chemical composition of the bronze coins
originating from our museums and collected from
the Pelagonia area is determined by applying the
method of electron microscopy using an EDS
detector. The analyses were performed with a
TESCAN SEM VEGA3 LMU scanning electron
microscope with an Oxford EDS detector, within
the AMBICON lab at UGD - Stip.

ESULTS OBTAINED AND COMMENTS

The results are shown in Table 1 (Figures.1, 2
and 3). From the data shown in the table it can be
concluded that there are three groups of coins in the
research samples: two types of bronze coins and one
type of copper coins. Bronze coins are classified
into two groups: 1) a group of coins having the fol-
lowing composition Cu- 45,81-46,31 %; Sn- 26,78-
47,26%; Pb-6,37-9,37 %. The composition of this
group of coins is not similar to that of bronze from
other localities (Table 2, 3, 4) and most probably
these coins are not from the time of the bronze
objects whose composition is depicted in (Table 2,
3, 4); 2) second group of coins having in their
composition Cu-65-85 %; Sn-12-31 %; Pb-3,49-
11,59 %.The composition of the bronze of these
coins is similar to that of Egypt, Ancient Greece,
Phoenicia, Ceylon, Korea and the Celtic bronze
coins in England (Table 2, 3, 4); 3) the third group
of coins are copper coins with the following com-
position: Cu-97,53-98,12 %, Pb-1,11-1,50 %. The
composition of these copper coins is very similar to
those from Mycenae and Thebes (Tables 2 and 3).
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Table 1
Chemical composition of bronze coins from Pelagonia (by SEM-EDS)

Elements (%) M1 M2 M3 M4 M5 M6 M7 M8 M9 M-10 M-11 M-12 M-13
Copper 6892 67.05 71.13 8151 4631 7889 6566 66.63 78.24 4581 86.83 98.12 97.53
Tin 16.11 2553 1509 10.89 26.78 17.01 31.10 28.88 1830 4726 1227  — -
Lead 1159 6.43 1028 540 933 315 - 3.49 - 6.37 - 111 150
Iron 338 099 233 226 122 095 144 099 084 - 0.91 - -
Cobalt - - - - - - - - - - - - -
Zink - - - - 1.90 - 1.80 - 2.31 - - - -
Silver - - - - 14.46 - - - - - - - -
Antimony - - - - - - - - - - - -
Arsenic - - 1.17  0.06 - - - - - 0.56 - - -

M-1 ..... M-13, coins from Pelagonia,

SEM HV: 20 kV SEM MAG: 14 x VEGA3 TESCAN
WD: 15.00 mm Det: SE 2 mm
View field: 13.1 mm |Date(m/d/y): 10/17/19

Fig. 1. Image of Roman Coins form Pelagonia (North Macedonia)

i
Spectrum 3

P
Full Scale 2787 cts Cursor: 0.000 ke

700pm

Electron Image 1

Spectrum 3

Fig. 2. SEM-EDS image of Roman Coins From Pelagonia
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Spectrum 2
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Fig. 3. SEM-EDS image of Roman Coins From Pelagonia

Table 2
Ancient Egyptian Bronze (George Brinton Phillips, 1992)
Elements (%) Old Memphis Palace of Apries Pyramid of Illahun Thebes Luxor
Copper 74,62 92,00 73,66 89,95 85,83
Tin 0,88 6,52 4,78 0,16 3,51
Lead 21,32 0,82 19,25 0,65 8,50
Iron 0,34 0,28 0,19 0,32 0,24
Cobalt - - 0,81 — _
Antimony - - - 0,68 -
Arsenic - - — 5,60 —
Table 3
Ancient Greek Bronze (George Brinton Phillips, 1992)
Elements (%) Mycenae Greek Acropolis Mycenae Taormina
Copper 99,38 99,37 88,07 95,63 90,28
Tin - 0,10 9,66 0,07 7,31
Lead 0,18 - 0,30 - 0,19
Iron - - - 0,87 0,48
Cobalt - - - - -
Antimony - - - - -
Arsenic 0,19 - — — —
Table 4
Ancient Bronze (George Brinton Phillips, 1992)
Elements (%) Phoenician Ceylon Russian Celt from England Korean
Copper 82,00 77,46 91,55 83,80 77,25
Tin 14,36 19,63 6,22 10,18 21,54
Lead - 0,19 - 5,31 0,02
Iron 0,63 - - 0,41 0,70
Cobalt - 0,43 0,30 - -
Antimony - - - - -
Arsenic - - - - -
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CONCLUSION

Bronze coins are widespread in the archaeolo-
gical sites of Pelagonia and, with their composition,
they reflect the level of development of mining and
metallurgy at that time. The bronze and copper
coins found in the localities of Pelagonia originate

from the same forges of coins as in the other regions
of the Roman Empire, which is indicated by the
chemical composition of the bronze used for their
manufacture.
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SHOCKED QUARTZ IN THE SAMPLES FROM ARCHEOLOGICAL LOCALITY STOBI
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Abstract 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

IOK KBAPL] BO IPUMEPOLUTE O APXEOJIOIIKHNOT JIOKAJIUTET CTOBHN

Ancrtpaxrt: Hlok kBapuot (a1ok MeTaMop(HHHOT KBapII) ce 1M0jaByBa BO MPOLIECHTE HA MOK METaMOP(PHU3MOT
WIM UMIAKT (yAapHHOT) MeTamopduzaM. Bo Tpy#OT ce NMPUKaKHH PE3YNTATUTE OJ UCIHUTYBamba Ha IPHUMEPOK O]
apXeoNIOMKUOT JokanmuTeT CTOOM M HCTUTE YKaKyBaaT Ha Toa JeKa ce paboTH 3a IIOK-KBapll, 1MojaBa Ha CHEpHH

00IHIN BO IPUMEPOK

Kiyunu 360poBu: kBapi, MeTaMophu3am, IOK

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 uV, 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).
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;; ]
E 2000 —
1000 g
o T T T L T
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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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