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MHNPEATI'OBOP

l'eonomkara Hayka Ha TepuTOpHjaTa Ha
Pemry6iinka Makenonuja nMa JoJra
Tpajuiyja, a € MoBp3aHa IMpeJ ce CO pyaap-
ckata akTHBHOCT. [lo3Hatm ce mnokamuTeTH
KaJe ce HajaeHH MOHETH oj OakapHaTa H
Oponzenara za00a. CouyBaHU ce€ Tpard Ha
eKCII0aTalNyja Ha 371aTO O]l PEYHHOT HAaHOC Ha
Komcka Peka-I'eBrenncko u Ha Ipyru Mecrta,
oJ1 BpemMeTo Ha Ajekcannap MakeaoHcku. Bo
ucTouHa MakeqoHWja pylapemeTo  OuIlo
WHTEH3UBHO 332 PUMCKO BpeMe.

[IpBu reomomkM MOAATONM Ha HaydHA
OCHOBa 3a TepHuTOopWjaTa Ha MakenoHHja ce
jaByBaar BO mpBaTa mosoBuHa Ha XIX Bek, a
MPBUTE II€YaTeHW TEOJIOMIKH TPYIOBH 3a
HaIlIUTe TPOCTOPU ce cpekaBaaT kaj A.bye
(1828-1870) u Bukcenen (1842). On xpajot Ha
XIX Bek ma ce 4o JIeHeC BO 3aBUCHOCT OJ WH-
TEH3UTETOT Ha MCTPAXXyBarmaTa HAIUIIaHU Ce
rojeM Opoj Ha TPYJOBU OJ CUTE O0JACTH Ha
TeoJIoTHjara.

AKTUBHOCTHTE Ha CTPyYHHUTE JHUIA Of
o0acTa Ha reoyorvjaTa ce U3BedyBaaT MpeKy
Makegonckoro ['eonomko /[pymrBo koe €
¢dopmupano Bo 1952 ronuHa.

Bo 2008 romumna ce oapxa IIpsuor
Konrpec na [I'eomosure Ha PenmyOuuka
MakenoHuja of KOj u3ie3e 300pHUK CO TPeKy
50 mayuyHW TpPyAOBHW O KoW Aobap men Oea
MOJrOTBEHH O/ Mel'yHAPOJIHU TUMOBH.

Bo nepuonot nomery 2008 u 2012 roguna
BO HaIlaTa 3eMja ce M3Bemoa TojeM Opoj Ha
AKTHBHOCTH BO CHTE TOJIMEa Ha TE€0JIOTHjaTa.
OcobeHo BaKHU Ja C€ CIIOMEHAT Ce MHTEH3UB-
HUTE UCTpaXyBakha Ha METAIMNYHH U
HEMETaTNIHU MUHEPATHH CYpOBHHH,
pETHOHAIHUTE, TEOXEMUCKUTE M WHXKEHEPCKO-
T€OJIOIIKUTE, UTH.

Bropuor Konrpec na I'eonmosutre Ha
Pemy6iuka Makxkenonuja MIPETCTaByBa
cyOmuMMar Ha Hay4YHHTE CO3HAHHMja Oa3upaHH
Ha CIIOMEHATHTE TeOJOIIKHM HCTpakKyBama M
WCIHTYBaka KOM CE OJJBUBAaa Ha TEPUTOpHjaTa
Ha Hamara 3eMja Bo nepuomoT on 2008-2012
roguHa. Mcto Taka, Ha KOHTPECOT €
Mpe3eHTHpana 1 Jei oa paborara Ha KOJETH
T'€0JI03U Of COCEIHHUTE 3€MjH, TaKa Jia U OBOj
MaT CO 33aJ0BOJICTBO MOXKE Ja KOHCTaTHpame
JleKa KOHTPECOT NMa MeTyHapoIeH KapakTep.

PREFACE

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

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

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

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

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

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

IIpercenaren
HA OPraHHU3aLMOHEH 0100p

President
of organizing committee

[Ipod. a1-p Musopan JoBaHOBCKH
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KPANIITUAN BO PEITYBJIMKA MAKEJTOHHNJA

Anexcanaap Ctojanos'
1Byn. Jane Cannancku 114/-1/8, Cxomje Ten. 02/2448179, Mo6. 076980419

Ancrpakrt

I'naBHa npuumHa mocrojat v Kpaumtumu Bo Makenonuja e 6azupana Bp3 cieanutre OutHu ¢aktu. [IpBo
30IIITO TaKa OCTPO M HAEIHAI € MPECEUEHO OJOBO IIUHKOBO OpY/HYBame 071 OCOrOBCKH THI BO CEBEpO3amaicH
npaseil. BTopo, 301ITO KCTO Taka € MPEeKUHATO MPOaoKyBame Ha Caca-TOpaHUYKMOT Ta00UMHCKU pace]
TOA Ha MOTIOIHO MCT Ha4yWH. TPEeTo 3a MpaKTHKa HAjBaXKHO KajJe, KaK0 M Jali TaKBO OJIOBO IIMHKOBO
OopyIHyBame Hekajle npoosnKyBa. ONroBopy Ha CMBE OBME KJIIyYHH Mpalliamba Jocera Oapaie, a u cera Oapaar
MHOT'YOpOjHM CHELHANKCTH OJ TeO0JOllKa Hayka M IMpaKkTHKa, a Mely HMB € M aBTOPOT Ha OBOj TEKCT.
Kpautrunu cornacHo paaaeHara aedunuimja on Exum bonues/1958r./ mpercraByBaar ejgHa OpjeiHa
reoJIONIKa, TEKTOHCKA M METAJIONeHEeTCKa eQWHMIA. Taa eIuHHMIIa KaKO JTMAMEHTHO-T€OCHHK/IMHAIHA 30HA Ce
KapakTepu3upa CO CONCTBEHA CeIMMEHTalMja, MarMaTu3aM M HCTOYHA BEPreHTHOCT. 3apagy IMOCTOEHE Ha
E€KOHOMCKH pecypcu Kpawmiruanara 30Ha € MpoydyBaHa, MCTPaXKyBaHa M HUCIUTyBaHa. | eorpadcku u
TeOJIONIKK € MOBP3aHa KaKO eJHa IeJIMHA, a TEePUTOPHATHO 3adaka tepurtopuu ox Cpbuja, Byrapuja u P.
Makenonuja. Buumanue Ha 0BOj Tpy/ € nocBereHo Ha Kpaumtuau Bo MakeqoHH]ja, a AEJIOBUTE BO COCETHUTE
JIPXKaBU TH HATJIacyBaMe CaMO KaKO HEMOCpeHa B3aeMHA MOBP3aHOCT.

Kayunu 360poBu: Kpammtuasa reomnomka 30Ha, [esebanpcku pos, Lproprucku poB, TekToOHCKH 31poOeHa
30Ha, Kycrenmmincku pasinom, peBepceH pacen, epymniuoHd (asu, KpaumrupHa MeTaloreHeTcka 30Ha,

JACJIICHUTH

BOBE]

Kpaumtuan ce Haoraar BO CEBEPOMCTOYHHOT
peruon Ha PenyGmmka Makenonuja U TrO
3adakaaT  HajCEBEPOHMCTOYHHOT  JOEI  Ha
Onmtura KpuBa  Ilamanka. JyxHO W
JYTOHCTOYHO C€ OrpaHWYeHH CO IpPaBeLoT
Kpuga Ilananka-JleBe baup, jyroszamagna rpas-
uia e mpasenot Y3em-Uynuao bpmro. CerepHo e
npxaBHata  rpaHuna co  CpoOwuja, a
ceBepoucrouHo co byrapuja. I'eomomkute
TpaHULM HE C€ IOKJIONYyBaaT CO [JpPXKABHUTE
rpanuny. Kpaumruaure ce coequHeT BO eHa
LENTUHA.

JOCEI'AIIHU I'EOJIOLIIKHU
HUCTPAKYBABA U UCIITUTYBABA

[IpBu AOKyMEHTHpaHH KOHKPETHHU pe3yJTaTaTd
0]l TEOJIOIIKH HCTPakyBama M HCIUTYBamka Ha
OBOj TepeH mMa wm3BprieHo Axamemuk Kocra
[TerkoBuk. PesynraTu on THE HCTpaxKyBama U
UCTIHUTYBamwa ru 00jaBui Bo 1937 roauna.

JBe ronunu mopouHa JoBan Tomuk oxpeaun
reoJIOIIKa CTAapOCT HAa CEAUMEHTHH Kapou OJ
nokanHoctute Jlese baup u N'onema Lpropuja.
HuBnara reosnomka crapoct e naneoreHa. Tue
CeIUMMEHTH ce TpoOWeHH CcO MarMaTcKu
JAUUTCKO aHJe3UTCKH Kapnu. Exuna Ha Kypr
Jenko/1954r./ MeTamMophHHUTE KapIy TH ACIH Ha
IolHA W TopHAa  MeramopdHa  cepwja.
[IpoctpancTBOTO BIOIK TpaHunara co byrapuja

ro MPUKaXyBa Kako MHOTY JlabWiIHa 30Ha BO
Koja ce MaHudecTupaaT epynuuu  Of
BYJIKAHCKHM Kapnu. Taa eKkuna HCTOBPEMEHO
perucTpupa MUHEpPAIHH CYPOBHHH, KOHU
MOCIY)XWIe Kako 0a3a 3a TOJOLHEXHU
JeTalHW  TCOJIOIIKM  HUCTPaXyBama U
ucnutryBama. Bo 1963 rommna ekuma of
I'eo3aBoa-CpOuja moa  pakoBOICTBO Ha
Knucuk M. wu3BpllyBa AETagHO TE€OJOLIKO
kaptupame/l. 10 000/ m mpocrekija Ha
TepeH on c. Jlyke go Kucemuna
Kpuponananeuko. Bo kuurata TekToHCKH
ctpoexx Ha b'mrapmja 3a  Kycremamicka
pacenHa cucTeMa ce HaBelyBa, JeKa Taa
paceqHa cucTeMa WMa IeHepajieH Ipasel] Ha
mporerae M-3. T'o 3adaka wmemnnor
KpucTaliuHeH cucteM. IlpeacraBysa akTuBHa
CeM3MHYKa 30Ha, 2 HCTOBPEMEHO € MPOBOJHK
Ha TEPMaJHH M TEPMOMHUHEpaTHH BOJU.
OBaa pacemHa cucTemMa ce MaHH(ECTHpa U
BO IUIHOLICH ¥ ruIencToneH. Kycrenauickara
pacesHa cUcTeMa ce MPOCTHPa MO CEBEPHUOT
pa0 Ha OCOTOBCKHOT aHTUKIHHOPHYM.
Onmruor mpaBernr Ha mporerame e 70, a
MOOJETHN CaTeIUTCKH paceau ce Cco
nporeramwe 50-80, co mpaBen Ha maj KoOH
ceBep. [llupounHara Ha ApoOeme e mpareHa
CO MWJIOHUTH3Allja W3HECYyBa MaKCHUMAalHO
500m. Ce mporera ox [ese baup xon Kpusa



[Tananka, a mpomomkyBa KymanoBcka Oama-
Karnanoscka Oama.

P. UBanos u apyru/1971r. / jyxno ox I'yemeso
koHcratupane  Caca-Topanuukuor  pacen
npeceyueH e CO  HCTOK-CEBEPOMCTOUYCH
Kycrenauiucku paced. IlocoeaHHOT paces ro
orpanndyBa (OcCOroBo O ceBepHa CTpaHa.
ABTOpPHTE YTBpIWJIE MHOTY JIQjKOBH CHTHO
nop(UpHU JCICHUTA KOW C€ PacIope/eHH BO
mpaBerl Ha mporerame 70- 75. JleGenmnrara Ha
e(i)y'?)I/IBHI/ITe HU3JIMBU BO fyemeBCKa CBHUTA
MOCTETIEHO C€ 3rojieMyBa OJ CEeBep KOH jyT.
Maxkcumanna  gebenmnHa € Kaj BpB
Oxkonemr/byrapuja/. Toa € ocHOBa 1a ce cMera
nexa KycTeHIunckm paces Wrpan BakHa yJora
KaKko TPOBOJHUK HAa Marma, a 3aToa CBeIodar
CUTHO TIOP(QUPHUTE IEIICHUTH.

KycTeHmuIcKu pacel ja KOHTPOIMpa |
OBO3MOXKYyBa CEJMMECHTAIMjaTa , HO TCOJIOIIKH
Mo  MJIaAd  CEeONMEHTH TO  IOKpWBaT
MecTUMHYHO. IlocT majmeoreHuTe JABHXKCHA I10
KycTeHIMICKH  pacel  To ofpenenyBa
nmponarameTo Ha KameHnuykaTa KOTJIHHa M BO
onHOC Ha aHuHaTa OcoroBo.

A. XapkoBcka mpenopadyyBa TpUMEHa Ha
CTpYKTYypHa aHaju3a Tpd U3yYyBamke Ha
KHCEJNTe MarMarcku Kapnu. Bropo mnpu
CIOpeAyBambe Ha HUBHOTO OlIQJyBambe Ha
Konpusckuor THI BYJIKQHUTH u
HECUHXPOHUPAaHW  Malld  HWHTPY3HH  OJ
OCOroBcknoT OJIOK JomuIa [0  CIEAHHOT
3akiydok. [loBpmuHara Ha [IpekoaHHUIIKA pOB
CO HCKIyYOK Ha HETOBUTE CEBepO3araHu
JeIOBM HE MOXe Ja ce CcMeTa Kako
MEPCIEKTHBHA 33 HCTPaXyBame Ha OJIOBO
IIUHKOBH OpYAHYBama 0;] OCOrOBCKHU THII.
Hcrara aBTOpKa 332 BYJNKAaHOKJIACTHYHH J1ajKOBU
CO CTPYKTYpH Ha Te4YCHe OJ arapoT Ha C.
I'yemreBo jaBa MOINIHE ETATHH MOJATOLH 3a
CTPYKTYPHHUTE KapaKTePUCTUKH U CTPYKTypHAaTa
moJIok0a, co I1eN /1a ja pa3jacHU TeHe3aTa U TO
OTpeeIy HUBHOTO MECTO BO Pa3BHUBAKETO Ha
MaJeOTeHNOT Marmarui3aM BO [IpeKOIHUIIKHOT
najeoreHeH rpabeH. ['m aHanm3mpa pesynTaTure
oJ1 TEPEHCKHTE, nabopaTopucKuTe u
KaOWHETCKUTE pa0OTH, TO YTBpAyBa HUBHHOT
pacmopen, BO IPOCTOPOT, HUBHUTE MelyceOHU
OTHOCHM KOH JApPYTHTE Kapmu, MeryceOHuTe
KOHTaKTH M HUBHUOT XEMHCKH COCTaB.
['pannnara Ha TUMEH3UHTE € OJ AIEBPOJUTHUTE
mo 10M. Ilo meTtporpadckute KapakKTepUCTUKH
pasuKyBa JAaBOKJIACTHYHA Tpyna JAajKOBH M
MUPOKIACTHYHH TY(OBH.

[lo crpykrypum Ha Teueme-oApenyBa TpHU
MOP(QOJIOIIKH BapHETETH, TPAKaCTH, PaMHH CO

JeKacTd YKJIONIM W TpeTa CO JIMCKYHCKH
JyWINAd KOM ce T[JlefaaT caMo  IoJ
MHKPOCKOII. Tpaxacture ce
KapaKTepPUCTHYHH 3a JIABOKJIACTUYHU
JIajKOBHU, HO M BO HEKOH Ty¢oBU. PamHuTE ce
U3/IBOCHU 110 KOJMYMHCKHOT OJHOC Ha
OJUIOMIIMTE U IIEMEHTHATa Maca BYJIKAHCKH U
HEBYJIKAaHCKH OJUIOMITH. Cure OBUE
UCTIUTYBamka C€ OJHECYBaaT W 3a HaIaTta
TEpUTOpHja BO TPAHMYHUOT Tojac on [eme
baup nmo XKepasuno. /A. Xapkoscka u C.
Xpucros/.C. Xpucrtos u M.
KapajoBanoBuk/1976r. / BO HUBHHOT TPyZ
TonkyBau 3a OI'K-1 e cyb6mumupano
cneaHoto, OCHOBaTa Ha TEPEHOT I'EOJIOMIKH €
U3rpajieHa O] 3€JeHH IIKPHINU cO pudej-
KaMOpHjcka TEOJIOIKA CTapocCT.
['opHOEOLIEHCKHN CEIMMEHTH Ce pa3BUEHH BO
HOpMasiHa QuuinHa ¢anuja U BYJIKAHOT€HO-
CceaMMEHTHa. Bomk npkaBHaTta TpaHHIA
KOH c. ['oent uMa M MIMOIEHCKH CeIMEHTH.
Bo cenqumenTute kaj CrapueB [lon HajaeHa e
(ayHa ox1 racTpoIou M oTredaTonu-piopa.
HuBHata reosomka cTapocT € OmpeseneHa
KaKo TOPHO €OICHCKA, a HAjTOPHUTE JEJIOBU
MOXe Ja OMJaT OJMroueHCKd. MuHepaIHu
CYpOBHHH C€ KOHCTaTHPaHH aHTHMOHOBHU
opynHyBama kaj c¢. Kpcto [lon xou ce BO
¢da3a Ha wucTpaxyBame. KaycroOuonuty,
OMTYMUHO3HH IIKPHJIIH, KadejaB jarieH u
JUTHAT C€ OTKPUEHH Kako TojaBu 0e3
3HAUMTENHa eKOHOMcKa BpegHocT. Of
TonkyBauor 3a OI'K-2 ce kopucreHu
CTPYKTYPHO-TCOJIOMIKUTE MOJATIH KOU TO
MOKa)XyBaat IPOJIOJDKYBAEbETO Ha
KyCTeHIUICKHOT pacell BO OKOIMHATA Ha
KpuBa Ilamamka. H. Topfesuk 3a
reoJiolmkara rpagda Ha MOIPavjeTo OKOIy
Kpcros [on HaBemyBa, JAeka ydecTBYBaaT
MOIIIHE  pa3NU4HH  CTpaTurpacku
JUTOJOMIKM 4JeHOBH. Bo ocHoBata ce

3€JICHH LIKPHIIUKBAPIICEPUIIUTCKH,
CePIUTCKH,  MYCKOBUTCKH,  XJOPUTCKO-
ampuboIICcKH, aM(HUOOJICKH  TIKPHIIIIH,

amdubonutu u kBapuuth/. Ce cMeTa aeka ce
co pudej-kaMOprcKka TEOJIOIIKA BO3PACT.
JloMMHaHTHM BO rpajxdarta Ha Toa Hojapadje
Ce EOICHCKM CEJIMMEHTH , BYIJIKaHOTCHHU
CyOBYJIKQaHCKHM, MHTEpMEIWapHH MarMaTHTH
Y HUBHUTE €(y3UBHU CKBHBAJICHTH. ABTOPOT
T'M IMeHyBa Kako Llpriopucku pos.

TekToHCKa Tpamda € KapaKTepUCTUYHA CO
TEKTOHCKH 37po0eHHu, a Haj3abere:KuTeTHU
ce Hajwimamgute co nporerme C3-JU.
MeranoreHeTckd  OCBEH  aHTHMOHCKOTO



PYIOHO HaofanuiuTe, T'M HaBeoyBa IOjaBUTE Ha
KOMIUIEKCHa CcynpuaHa MHHEpalu3aludja |
OopyIOHyBamba Ha JoKanHoctHTe, Camap,
[TnaBuno m Kimcypa. UB. 3aropueB koHcTaTpa
neka Ctpymckara obxnact He e KpaummtumHa
30Ha, Tyky ¢ Cprcko-MakenoHcka 30Ha. Bo
OBOj TPYA MAaACHU C€ OCHOBHM IIOAATOLM 32
reojiomkara rpagdba Ha Haoramumrero Kpcros
Jlon, MpOMEHH BO OKOJHHUTE KapmH, JIOLUPAE
Ha AHTUMOHCKOTO OpYyAHYBame, Mopdoiomka
rpazbda Ha HAOTAIMIITETO, Py IHUTE MUHEPATU U
MHUHEpajluTe Ha jasoBuHaTa. Bp3 ocHoBa Ha
W3BPILICHUTE TEOJIOIIKH, PYNApCKH, TYMIadKd
paboTu mpecMeTaHu ce PYIOHH PE3epBH CO
rpannyHa coapxkuna 0, 90 / aHTUMOH. ABTOpHUTE
KOHCTaTHpaaT IeoJIolKa cpogHocT Bo Cpricko-
MakesioHCKa Maca ce YIIT€ € KOHTpaBep3Ha.
Hue uzBpmmBMe XRF aHanu3um Ha mMarmMaTcku
kapmu on Kpammruona 3ona /3anmanHa
Byrapwja/, BHMMaHmero HH Oeme ga TO
OTKpHEME HHMBHOTO TMOTEKJIO. AHAJIH3UTE IO
MOKa)kaa HUBHUOT KalKaJieH KapakTep. Tue
UCTO Taka ja IMOKaXkaa pasjiukara MoMery
0a3UYHNUTE U KUCETUTE KapIu KOU C€ CMECTEHH
TEKTOHCKH TPOCTOpU. Ja yTBpIMBME TIOBeKe-
¢azHata Marmarcka epymnuuja BO  Pa3HO
T'€OJIOLIKO BpEME, HO HE CO CTPUKTHO MCTO Mar-
MaTCKO TOTeKJI0. HTepIpeTpaBMe MarMaTcKu
Kapnu ox Kpaumruante co ByJKaHH3aM KOH Ce
pasiukyBa OJ TOM IITO C€ Haofa BO
HenocpenHata okoiuHa. On cnuka.l MHOTY
OUUIJIEJHO € MpUKaKaH IMPaBeloT Ha MNpoTe-
rame Ha KycTenamicknor pasnom ox I'yemeso-
Kpusa Ilamanka-KymanoBcka O6ama. Bo kaurara
MHOTY jCHO C€ HCTaKHAaTH CIMYHOCTUTE Ha
T€OJIOUIKHOT COCTaB U TEKTOHCKUTE CTPYKTypHU
Bo P. Cpbuja m P. Makenonmja xom ce
peneBaHTHU 3a Kpaumruaure.

JUCKYCHUJA

Bp3 ©0aza Ha [JOK@XHUTE PE3YNTaTH Of
TCOJIOIIKUTE HCTPaXyBamka M HCHHUTYBamba,
HECOMHEHO € NOoTBpAeHo. Bo  mopdo-
CTPYKTYypHOTO rpaaewme Ha Kpaumrugure ce
3a0enexyBaar ABa Meramnukiaa. lIpBuoT € Bo
JOKaMOpPHCKH TEOJIOIIKA IEepuoj Kora e
¢dbopMHpaH KpUCTAJIMHHUOT IOKJ, a BTOPHOT
Mocjie TMajeo30MK Kora (akTHYKH € Cco3JaleH
Kpanmtuaauor kapaktep Ha Taa 30Ha. Bo
TEKOT Ha TOPEH €OLEH Ia Ce A0 IUIMOLEH ce
TaJIOKEHH KOHIJIOMEPATH, KOHIJIOMEPaTH 110
MPOCIIOJIM O]l TECOYHHUIM BO TEKTOHCKHTE
posoBu Jleee bamp um lomema Ilpmopuja.
[TocTon mpexkwH Ha Mo6po mo3zHarara Cpricko-
MaketoHCKa Maca Ha el OJl TEpUTOpHjaTa Ha

PenyOmuka Makenonuja. Toj mnpekuH TO
YCIIOBMJIE DPEBEPCHUTE CTPYKTYpH KOH ce
napanensy co KyCTEHIHMICKHOT peBepceH
pacen. MHOryOpOjHH TEKTOHCKH 3ApOOeHU
30HH YCIIOBHJIE TIpOOMB Ha JICJICHHUTH.
JenenuTtnTe BO pacemHuTe 3APOOSHH 30HU
ce Joka3 3a TmpekuHyBame Ha Caca-
TOpaHUYKHOT [UIA00YMHCKH pacel] U OJIOBO
IUHKOBOTO OpYyIHYBame 011 OCOTOBCKU THIIL.
OBOj (haKT ¥ MPAKTHYHO TO TOTBP/IHja MHOTY
UCTpaKyBaun Ha 0BOj TepeH. OcraHyBa
HEIOBOJIHO pa3jacHETO KaJe TOYHO € IHC-
JIOLIMPAHO OJIOBO IIMHKOBOTO OPYAHYBamkE U
Caca-TopaHHYKHOT IaOOYMHCKHA  pacel.
[MocTojaT wW3BecHM MmomaTOLM, JdeKa Ha
Tepropujata Ha byrapwja co pmabuHCKO
Iymdeme €  JOKaKAaHO TOCTOCHme  Ha
KBapUrpauTHUYHU  LIKPUIIH, €IEeH O
MOKa3aTeJIUTe 3a OJIOBO IIUHKOBO OPYAHYBa-
we o1 OcoroBcku Tun win notogHo Caca u
TopaHUYKO OJOBO UHKOBO OpyaHyBame. Co
HATAaMOIIIHA TEOJIOIIKA HCTpPaXyBama U
UCIUTYBaka Ke ce J00ue BUCTHHCKHOT
OJITOBOP Ha OBa OWTHO Iparame.
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GEOLOGICAL AND PETROLOGICAL CHARACTERISTICS OF THE
VOLCANIC CENTERS FROM THE UPPER VOLCANOGENIC-
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Abstract

Volcanic and pyroclastic rocks composing Upper volcanogenic-sedimentary unit in Western Srednogorie are
result from the activity of three volcanic edifices: Lulin, Breznik and Zavala volcanic centers. Similarities
between them are confined to facies belongings of the volcanism - predominance of pyroclastic and epiclastic
products over volcanic products. As far as Lulin and Breznik volcanites manifest similar petrographic and
geochemical features, Zavala volcanites clearly differ. The source of the magma is presumed to be enriched
mantle melted at a low to moderate percentage. Nevertheless that there are differences between the volcanic
centers, the magmatic evolution is dominated by the fractionation of clinopyroxene, plagioclase, amphibole and

less olivine and phlogopite.

Key words: Western Srednogorie, volcanic centers, magmatic evolution, amphibole fractionation

INTRODUCTION

Western Srednogorie magmatic region is a part
of the so called “Srednogorie volcano-
intrusive zone” (Dabovski et al., 2008) with
Upper Cretaceous age, assigned latter to the
Apuseni — Banat — Timok — Srednogorie
metallogenic zone (Popov et al., 2002).
Adopting the paleovolcanic reconstruction of
Bairaktarov  (1989), magmatic rocks in
Western Srednogorie are products of the
activity of seven “Volcanic complexes”
(Vitosha, Burel, Nedelkovo, Rakita, Lulin,
Breznik, and Zavala). It has been assumed
(Bairaktarov, 1989) that they were formed
during the time span - Coniacian- Campanian.
According to the adopted from Dabovski et al.
(2008) stratigraphic subdivision of the
products of Vitosha and Burel paleovolcanic
centers correspond to the formation of the
Lower volcanogenic — sedimentary unit. The
products of Rakita and  Nedelkovo
paleovolcanic centers correspond to the
Middle volcanogenic — sedimentary unit.
Those of Lulin, Breznik and Zavala participate
to the formation of the Upper volcanogenic —
sedimentary unit.

The aim of the present study is the geological
and petrological characteristic of the
paleovolcanic  centers of the  Upper

volcanogenic — sedimentary unit, and namely
the Lulin, Breznik and Zavala volcanic centers

(fig. 1).

ANALYTICAL METHODS

For the purposes of the present investigation
were carried out field works aiming a detailed
charachteristic of volcanic centers and rock
sampling. From the collected samples, 27 thin-
sections were prepared and investigated by
routine polarized microscope. The detailed
study of the volcanic centers is based on 12
wet silicate analyses (made in the Chemical
Laboratory of Sofia University “St. Kliment
Ohridski”) and 10 analyzes for trace-elements
and Rare Earth Elements (analysed by LA —
ICP — MS in the Geological institute of BAS
and 2 samples in ETH Zurich). The rocks were
classified according to TAS classification
diagram of Le Maitre et al. (1989). For the
determination of the volcanic series the SiO,
vs. K,O diagram of Peccerillo & Taylor (1976)
was applied. The volcaniclastic rocks were
named according the Schmid (1981) grain-size
classification. For the tectonic setting
determination of magmatism were used
geochemical characteristics of the selected
rock samples from the three investigated
volcanic centers.
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RESULTS

Geology and petrography of the volcanic
centers

The products of the Lulin paleovolcanic centre
built up a part of the ridge and the
southwestern slopes of Lulin Mountain. The
exposed main rocks are represented
predominantly by volcaniclastic rocks (both
pyroclastic and epiclastic) including rare thin
and interupted lava flows. The intensive
tectonics has removed volcanic edifice from
initial position and hampers the localization of
the volcanic center. For instance, Bairaktarov
(1989) has determined the volcanic center at
the vicinity of the Divotino Monastery, in
virtue of the presence of poorly sorted, coarse-
grained pyroclastic rocks, concentration of
dykes, subvolcanic and lava bodies.

The volcanic rocks are black, with porphyritic
texture with plagioclase and pyroxene
phenocrysts. Plagioclase clearly predominates.
Phenocrysts constitute about 20-25% of the

rock volume. Typical for lava flows have
banding structure with multicolored layers of
volcanic glass. Commonly amygdaloidal
structure occurs conditioned by the presence of
gas bubbles filled by low-temperature
hydrothermal mineralization. The texture of
the ground mass varies from hyaline to
microcrystalline.

Plagioclase phenocrysts are fresh, euhedral,
being 2.5 mm in size along long axis. Specific
feature for some of them is the presence of
zonal arrangement. Plagioclase contains
inclusions from brown volcanic glass,
pyroxene, apatite and ore minerals.

In contrast to plagioclases, the pyroxenes are
sometimes more altered. The size of pyroxenes
is strongly variable reaching up to 1.5 mm.
Rare phenocrysts of olivine are supposed on
the basis of their morphology but they are
completely replaced by secondary alteration
products.



On the TAS - diagram, the analyzed
compositions plot into the field of the calc -
alkaline andesites.

The rocks of Breznik paleovolcano built up
the hill situated south of Breznik town.
Similarly to Lulin paleovolcanic center
volcaniclastic products dominate. Lava flows
are quantitatively subordinated. Dykes and
subvolcanic bodies are also present but rare.
At about 1 km south-southwestern of Breznik,
among agglomerate tuffs, a few subvolcanic
bodies are intruded forming a chain with
subequatorial orientation. Subvolcanic bodies
are characterized by elliptical outlines with a
diameter about 10 m with clearly marked
concentric and radial joints, spaced at about 10
to 40 m one from another. These pacularities
give a reason to interpreted them as a group of
fracture controlled magmatic vents.

Because of the intensive alteration of the
products of Breznik volcanic center, the fresh
rocks are relatively rare, but they are
mineralogicaly and petrographicaly similar to
the volcanites of Lulin volcanic center.
According to adopted classifications, the rocks
are mainly__ potassium trachybasalts and
shoshonites referred to the high potassium calc
- alkaline to shoshonitic series.

The products of Zavala volcanic center built
up a narrow strip northeastern from Garlo and
Bilintsi  villages, reaching northwest to
Butrointsi village.

In this volcanic center, similarly to the
previous two, the volcanic rocks are
predominantly volcaniclastic, formed mainly
by agglomerate tuffs and subordinated
epiclastics. Volcanic and subvolcanic rocks are
present in small quantities. West-northwest of
Vidritsa village, outcrop three subvolcanic
bodies, disposed close one to another that
could be interpreted as magmatic vents. The
subvolcanic body, exposed between the
villages Zavala and Bilintsi, probably
determines another volcanic center with
spatially associated coarse pyroclasic rocks.
Subvolcanic bodies cropping out in this region
have plagioclase, pyroxene and amphibole
phenocrysts constituting about 30-35% from
the rock volume. The phenocrysts occur

among completely recrystallized groundmass.
A special interest provokes the established
among them cumulate hornblenditic xenoliths
with still unclear petrogenesis.

The established pyroclastic and epiclastic
rocks have more variegated petrography.
There are layers of volcanic clasts with
plagioclases and pyroxenes phenocrysts or
with plagioclase, amphibole, pyroxene and
biotite phenocrysts. The epiclastic sequences
have clasts with variable sizes.

On the TAS - classification diagram the rocks
plot on the boundary between the fields of the
basaltic trachyandesite and trachyandesite,
having Na,O - 2,0 > K,O, and respectively
could be referred as mugearites and
benmoreites. On the diagram K,O vs. Si,O
rocks fall into the field of high - K calc -
alkaline series except one sample belonging to
the calc — alkaline series.

Geochemistry

Major elements

The variations of major elements of the rocks
from the three centers are shown on Harker
diagrams (fig. 2) where SiO, was used as a
index of differentiation.

On the diagrams a trend of Ti, K, P, and Fe
contents decreasing with SiO, increasing is
clearly manifested. For Breznik and Zavala
centers Al increase slightly with magmatic
evolution, whereas Mg decreases in Lulin and
Breznik with increasing of SiO,. The behavior
of Mg in Zavala centers is unusual being
increased with magmatic evolution. Sodium
displays trends of slight diminishing with SiO,
increasing in Zavala volcanites, while in
Breznik and Lulin centers the contents of Na
increase.

Trace elements

Variations of trace elements are shown on fig.
3. The three studied centers display similar
trends for Cr, Ni, V, Rb having decreasing
contents with magmatic evolution. For Ba the
opposite trend is manifested. The contents of
Sc and Y in Zavala centers slightly decrease
with increasing of SiO,. Other elements do not
display clear trends.
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Rare earth elements (REE)

Chondrite — normalized REE patterns are
shown on fig. 4. The rocks from the three
volcanic regions display patterns with
enrichment of LREE relative to HREE. The
volcanites of Breznik and Zavala centers are
more enriched in REE in comparison to the
Lulin center. The rocks manifest gentle
Europium anomaly, particularly well presented
in the Lulin volcanic center.
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INTERPRETATIONS
Tectonic setting
The Spider diagrams of selected elements
normalized to primordial mantle (Wood et al.,
1979) display the typical for subduction
settings negative anomalies for Nb, Ta and Ti
(fig. 5).
g .
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Figure 5. Spiderdiagrams of the primordial mantle
normalized volcanic rocks of Lulin, Breznik and
Zavala volcanic samples. (normalization after

Wood et al., 1979)
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The diagram Ta/Yb vs. Th/Yb of Gorton &
Schandl (2000) (fig. 6) gives an opportunity to
delimit active continental margins from island-
arc systems. Most of the analyzed samples plot
into the field of volcanic arc, closely to the
boundary with active continental margins.
Most likely, these data testify for a thickened
crust typical for mature island - arc system.

= OA  ACM  WRVZ

ThiYb

01

|Q Upper volcanogenic-sedimentary unit

0,01
0,01 0.1 1 10 100
TalYb

Figure 6. Ta/Yb vs. Th/Yb discriminant diagram.
(after Gorton & Schandl, 2000). The diagram is
divided into three tectonic fields: oceanic arcs
(OA), active continental margins (ACM) and
within — plate volcanic zones. (WPVZ)

Magmogenesis and magmatic evolution

As a first step we make am attempt to
determine the source rocks that melt and to
determine the characteristics of the parental
melt. For this purpose we use the more
primitive magma composition from the
analyzed samples showing MgO content more
than 5 wt. % and SiO, below 52 wt. %.

11

For clarifying the peculiarities of the mantle
melting above subduction zones was used
distribution of some major and trace elements
normalized to FMM (fertile MORB mantle),
(Pearce & Parkinson, 1993). On the
spidergram (fig. 7), from left to right, trace and
major elements are arranged in order to

decreasing of their incompatibility.
100 - ' - T

P

Rock/FMM

VHI HI MI

—@— Bremik volcanic centre

0,01

Nb  Zr 'Il'i Y \:h Ca .-\II Ga V ‘:L Mn Fe L'Io Mg [I'r Ni
Figure 7. Spiderdiagrams for the most primitive
volcanic rock from the Breznik volcanic centre,
normalized to fertile MORB mantle. (after Pearce
& Parkinson, 1993)

On the spider diagram for the most primitive
composition from Breznik volcanic center, the
ratio between VHI (very highly incompatible
elements), HI (highly incompatible elements)
and MI (moderately incompatible elements) is
as follows VHI > HI > MI. Such peculiarity of
the pattern testifies for low to moderate
percentage of melting (about 5%) of enriched
FMM according the investigations of Pearce &
Parkinson, (1993). That why we suppose that

the source rocks represent enriched,
metasomatised mantle.

Undoubtedly, the magmatic evolution is
related to the processes of fractional

crystallization. It is confirmed by the behavior
of some of the compatible elements Fe, Ti,
Mg, and Ca displaying trends of decreasing
with the magmatic evolution. The decrease of
Fe and Ti owes to fractionation of
titanomagnetite in combination with other
mafic minerals (pyroxenes and amphiboles),
whereas Ca and Mg decrease as a result of
crystallization of amphibole, clynopyroxene
and partly plagioclase. Some trace elements
such as Cr, Ni, V, Sr, Zr, and Y also display
similar trends. The decrease of Cr and Ni
content could be related to the fractionation of
olivine, clynopyroxene and spinel, while V has
relation to Fe-Ti oxides. The diminishing of
Na and Y content, well presented in Zavala
centers, could be ascribed to the fractionation
of amphibole. This is confirmed by the
presence of  hornblenditic xenoliths



incorporated in subvolcanic bodies from the
Zavala volcanic center. The decrease of P
content with the magmatic evolution in the
three centers due to the fractionation of apatite.
The decreasing of K with SiO2 increasing
could be explained only with a fractionation of
potassic mineral phase (flogopite) that could
crystallize early in water rich primitive melts.
The specific trends of MgO and CaO
increasing with magmatic evolution for the
Zavala magmatic center contradict the
tendencies explained by the fractionation of
mafic minerals. These specific trends could be
explained if we allow simultaneous to the
fractionation, intensive fluid assisted melting
of clinopyroxenites at greater depth.

CONCLUSIONS

The studied volcanism most probably occurred
in a mature island arc setting (increased
thickness of the crust). The most primitive
melts let us suppose that the parental magma is
a product of the low to moderate percent
melting of an enriched mantle source. The
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Abstract

The Ograzhden Unit is one of the allochthonous to parautochthonous tectonic units within the Serbo-
Macedonian Massif of the Alpidic Morava-Rhodope Zone. It is situated between the Vardar Zone and the Pirin-
Pangaion Zone of the Rhodope Massif and is thrusted eastward over the latter. The amphibolite-facies
metamorphic rocks are referred to the Ograzhdenian metamorphic supercomplex. Isotopic U-Pb studies (LA-
ICP-MS on zircons) of metagranites and the host biotite migmatites yielded Ordovician to Silurian ages whereas
former Rb-Sr studies point at a Cadomian event. The new data are compared to evidence about the
metamorphics of the Vertiscos Unit (SMM, Northern Greece), and the Krupnik metamorphics (northern parts of
the Pirin-Pangaion Unit). A similar Palaeozoic evolution of Cadomian crust of Perigondwanan origin is
suggested.

Key words: Serbo-Macedonian Massif; Cadomian origin, Ordovician-Silurian evolution

INTRODUCTION Arizona, on no less than 25 zircon grains
The Ograzhden Unit is situated west of the from each igneous rock sample.

Rhodope Massif s.s. and refers to the Serbo-

Macedonian Massif within the Alpidic GEOLOGIC SETTING

Morava-Rhodope tectonic zone [1, 2, 3]. The

unit is built up mostly of the amphibolite- "0\‘\" ’.i B
facies  polymetamorphic =~ Ograzhdenian Q;\;“é'

supercomplex [4, 5, 6, 7, 8] intruded by
Palaeozoic and younger granites.

Modern isotopic studies began with applying
the Rb-Sr method about 30 years ago
(summary in [9]), and extensive U-Pb studies
on zircons were performed during the last
decade. The present paper aims to present
some of the new results obtained, and to
comment on the known evidence and its
implications to the Palaeozoic geodynamics
of the region.

METHOD APPLIED
The methods applied are described in more
. . . Tertiary and =T=]F 1 Diabase-phylirtosd
details elsewhere [10]. A special attention e mmranee e . s (€3.Cm
1 1 =73 | Mesozoic granites durian-Devonian B P ian? andfor
has been given to sampling most e B W
. . . T entary f Lower Palaeozoic rne!armrplhlc- 3
representative rock varieties not changed by R e 7o R ccorsn e[S o,

hydrothermal alterations and weathering. The
large samples (about 10 kg each) have been

) . Figure 1. Schematic geological map of the
processed, and no less than 100 zircon grains

Ograzhden unit (after [8]). Sampling localities are

separated from each sample and further shown with sample numbers.

studied. Isotope LA-ICP-MS measurements

were performed at the LaserChron facility, The geologic structure of Southwest Bulgaria
Department of Geosciences, University of and the adjacent territories of Macedonia and
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Greece is characterized by several pre-
Palaeogene tectonic units. Their composition

and  interrelations are  subject  of
controversies.
The Ograzhden Unit and the Lisiya

crystalline block in the core of the Struma
Unit are built up of the Ograzhdenian
supercomplex. It consists of two complexes

formerly  described as  groups: a
predominantly amphibolitic Troskovo
complex, and a predominantly gneissic

Maleshevska complex. Our results obtained
up to now concern the Maleshevska complex,
and our descriptions will be restrained to the
latter. It consists of two-mica and biotite
gneisses interlayered with mica schists,
hornblende-biotite gneisses and amphibolites.
Graphite-, garnet-, kyanite-, sillimanite- or
tourmaline-bearing gneisses and schists have
been observed, too. The protoliths of these
gneisses and schists are mostly terrigenous
sedimentary rocks of pelitic and psammitic
character. Amphibolite layers are
concentrated in packets (members), and are
most probably of basic metavolcanic origin.
The amphibolite layers and packets often
contain layer-parallel rootless bodies of
serpentinized harzburgite as well as larger
metabasic bodies (metapyroxenites, meta-
gabbroids) that may occur also as lenticular
bodies within the gneisses and migmatites.
The metabasites are transformed into
amphibolites at the contacts and along shear
zones within their interior parts. Some
metabasite bodies have been partially or
entirely eclogitized before the amphibolite-
facies metamorphism.

The Ograzhden unit is bounded on Bulgarian
territory to the North by the Kadiytsa thrust
and the faults of the Brezhani fault zone. The
thrusts of the Strimon thrust zone, mostly
buried beneath the Neogene filling of the
Sandanski graben, represent the eastern
boundary (with the Pirin-Pangaion unit). The
Maleshevska complex is characterized by a
dominant elongation of all structures
(foliation, lineations, folds) in NNW-SSE
direction that is also the dominant trend of
the first-order folds. A complex interference
pattern of earlier WNW-ESE and NNE-SSW
folds has been observed in several domains.
Attempts for elucidation of the metamorphic
and tectonic evolution have been made [4, 5,
3], and the following sequence has been
suggested for the Maleshevska complex in
the northern part of the unit [e.g., 4]:
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D1 event: formation of early syn-
metamorphic recumbent folds F1 with
WNW-ESE hinges and lineation, and

boudinage of layers of metaarkoses (quartzo-
feldspathic gneisses)

D2 event: formation of synmetamorphic
NNE-SSW folds interfering with the WNW-
ESE folds; mineral lineation, boudinage of
amphibolite layers

D3 event: formation of normal (to WSW-
vergent) synmetamorphic and synultra-
metamorphic folds trending NNW-SSE;
boudinage of amphibolite layers;

D4 event: synultrametamorphic formation of
NNW-SSE shear zones and transposition
structures

D5 event: fracturing and faulting with
formation of (1) pegmatite and aplite veins,
and (2) low-T quartz veins

D6 event: faulting and formation of dolerite
dykes and small gabbroic bodies

D7 event: second metamorphic phase
culminating to ultrametamorphism - NNW-
SSE folds, amphibolite-facies metamorphism
with superimposed foliation in boudinaged
and folded pegmatite and aplite (transformed
in quartzo-feldspathic gneisses); diatectic
formation of granitoids (Gorna Ribnitsa) with
skialiths and enclaves of the pegmatite and
quartz of the D5 event

D8 events: regressive phase(s) with
formation of shear zones, pegmatite and
quartz veins; some of the D8 events can be as
late as the NE-vergent Alpidic thrusting of
the Ograzhden over the Pirin unit.

The dating of the events schematically
enumerated meets considerable difficulties. It
has been suggested [9] on the basis of Rb-Sr
whole-rock isochron studies that the D7
event could be of Cadomian age (c. 550 —
530 Ma). The Ograzhdenian gneiss-
migmatitic supercomplex was considered [1]
to be a product of Cadomian tectonometam-

orphic amalgamation of pre-Cadomian
continental crust with oceanic crust
fragments (ultramafic and mafic rocks

including well-preserved norite to troctolite
with amphibolitization along shear zones —
[4]), followed by a second migmatization
event. Cadomian and post-Cadomian shear
zones and foliation-parallel extensive shear
transpose the initial pre-Cadomian and early
Cadomian structures. Recent studies [11-15]
by the U-Pb method performed on zircons
revealed the presence also of Ordovician to
Silurian and of Triassic granites. The whole



Ograzhden unit has been thrusted
(greenschist-facies mylonites) over the Pirin
(Pirin-Pangaion) unit of the Rhodope massif
along the Strimon thrust and its
ramifications, and further on, intruded by
Alpidic granitoids and subvolcanic bodies.

RESULTS AND DISCUSSION

The results obtained by the authors are
summarized in Table 1.

Table 1. Zircon La-ICP-MS data on samples from
the Ograzhden unit

No Rock, locality Age, Ma

302 Bi gneiss, 454.1£1.6 —456.3+1.8
Yavorov RWS 475.1+ 2.6 —483.6=1.1

304 Bi gneiss, 439.4+1.6 —448.7+2.4
Tsaparevo

306 Augengneiss, 433.0+1.5-443.7£1.2
Ribnik

307 Metagranite, 459.2+1.7-461.2+£2.0
Ribnik

GR2 Amphibolite 454.0+2.1
after norite

L[10] Lozen 451.9+1.3
metagranite

OG [7] | Gneiss south of 465+ 6
Berovo

The analysed samples come mostly from
biotite gneisses and migmatites (samples 302,
304, 306). Their composition corresponds to
granites but the interlayering with amph-
ibolites points to probable metasedimentary
and metavolcanic protoliths that have
undergone multiphase granitization and
migmatization described in details elsewhere
(3, 4, 5, 6]. The predominant morphological
types are stromatitic migmatites with granitic
leucosome, in transition to migmatites with
lenticular or eyed (“Augen”) structure.
Sample 302 comes from the outcrops of the
Maleshevska complex at the tunnel near the
Railway Station Yavorov. Biotite and
hornblende-biotite gneisses are interlayered
with amphibolites. The latter contain a
rootless lensoid body of apoharzburgitic
serpentinite. The peripheral zone of the lense
contains talc, tremolite, vermicullite and
chlorite. Desilicified pegmatite forms dykes
inside the body.

The leucosome in the metatectic migmatites
is of granitic composition and has uneven
boundaries with the melanosome. Analyzed
concordant zircon grains show a bimodal
distribution. The best fit for both maxima on
the Concordia plot (Fig. 2) corresponds to an
Ordovician magmatic event. The other two
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gneiss-migmatitic samples (304 and 306) fall
within the Early Silurian Epoch (Fig. 3).

“pb
U

lDYFh;ﬂﬁu

302b

pb

ﬂiu "

wppsy

Figure 2. Concordia plots for sample 302
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Figure 3. Concordia plot for sample 304

Figure 4. Metaquartzdiorite, road near Ribnik

A body of metagranites to metaquartzdiorites
occurring between the villages of Ribnik and
Lebnitsa is of special interest. It contains
numerous Schlieren of mafic material as well
as xenoliths from the host schists, gneisses



and migmatites (Fig. 4).

The dating of the zircons from the metagran-
itoids yielded an older age (c. 460 Ma, i.e.,
Ordovician) when compared to the ‘“age”
(Silurian, c. 430 — 435 Ma) of the host biotite
Augengneiss (Figs. 5 & 6, Table 1). The
considerable difference (25 to 30 Ma) may be
explained with the more acidic composition
and higher permeability of the host rocks that
allowed for a much longer presence of melts
and zircon crystallization in them whereas
the metaquartzdiorite to metagranite body
has formed a closed system after crystal-
ization, and has Dbeen subject of
metamorphism for a shorter time.
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Figure 5. Concordia plot; Augengneiss, sample
306, road between Ribnik and Lebnitsa

All results obtained point at the presence of
at least two phases of amphibolite-facies
metamorphism. The first phase pre-dated the
granitoid intrusion as far as gneiss and schist
xenoliths are included into its body, and
show different degrees of resorption. The
second phase closely followed the intrusion,
and overprinted the whole Ograzhden unit:
both older Maleshevska metamorphics, and
the Ribnik (and the similar Lozen) metagran-
itoids.

szbF"U

Figure 6. Concordia plot; metaquartzdiorite,
sample 307, road between Ribnik and Lebnitsa
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This conclusion is based also on the data
obtained for the basic rocks at the village of
Gorna Ribnitsa [4, 5, 3]. The lensoid body
outcrops at about 0.3 sq. km, and is built up
of very fresh-looking olivine norite to
troctolite, with well-preserved olivine,
rhombic and monoclinic pyroxenes and basic
plagioclase, and gabbroic hypidiomorphic
structure with coronas. The rocks are
transformed into amphibolites both within the
periphery and along shear zones in the
interior. The numerous zircons studied from
the peripheral amphibolites span within a
wide range: from more than 2.5 Ga to a
Concordia age (lower intercept) of c. 454 Ma
(Fig. 7), i.e., corresponding to the Ordovician
to Silurian amphibolite-facies metamorphic
event.

A similar date of c. 465 Ma has been
obtained [17] also for a gneiss south of
Berovo, at the western margin of the
Ograzhden unit. The same authors reported
also an age of c. 512 Ma for zircons from a
metagranite south of Stip, at the very
boundary between the Vardar Zone and the
Serbo-Macedonian Massif. This Cadomian
date is in good agreement also with the
Cadomian age obtained [18, 19, 20] for
metagranites within the Pirgadikia unit, again
at the eastern boundary of the Vardar/Axios
zone with the Serbo-Macedonian Massif
(Vertiskos unit).

The presence of Cadomian concordant
zircons is not typical for the Maleshevska
complex although Cadomian and pre-
Cadomian cores are present. Cadomian
zircon ages have been proven for the
southern part (Vertiskos, Pirgadikia) of the
Serbo-Macedonian Massif in Greece [18, 19,
20] and for the Krupnik metamorphics [10]
referred to the northernmost parts of the
Pirin-Pangaion unit [1, 7]. Cadomian age has
been obtained also by Rb-Sr whole-rock
isochrones on the Maleshevska gneisses [9].
These data demonstrate a close resemblance
in the Cadomian history of these units as well
as in the presence of postmetamorphic
granite plutons of Permian to Triassic age
(Fig. 7). The similarity between the
Ograzhden and Vertiskos units is emphacized
also by the intense Early Palacozoic
(Ordovician to Silurian; c. between 480 and
430 Ma) metamorphic overprint (end of D7
event?) over pre-Ordovician metamorphics
and Ordovician granites.
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Figure 7. Comparative timetable for zircon ages of the Palacozoic igneous and metamorphic rocks of the
Ograzhden unit and the adjacent Vertiskos unit (after [18, 19 & 20]) and Krupnik part of the Pirin-Pangaion

unit (after [10]).

CONCLUSIONS

The new evidence confirms previous ideas
about the similarities between the units of the
Serbo-Macedonian Massif, and supply new
evidence about significant Early Palaeozoic
deformational and amphibolite-facies metam-
orphic reworking, and the manifestation of
postmetamophic Late Permian to Triassic
granitoid activity. New evidence and further
refinement of geodynamic hypotheses about
the Devonian to Permian history of the Serbo-
Macedonian Massif should be sought through
forthcoming research.

ACKNOWLEDGEMENTS

The field and laboratory studies have been
made under the projects “Principal tecton-
ometamorphic events in the basements of the
South Carpathian and the Balkan orogens” and
“Tectonometamorphic correlations of the
South Carpathians and Balkanides” of the

Bulgarian Academy of Sciences and the
Romanian Academy of Sciences, and by ID-
480 grant and PN-II-ID-PCE-2011-3-0100
project awarded to I. Balintoni by CNCS —
UEFISCDI units of the Romanian National
Authority for Scientific Research.

REFERENCES

[1] Zagorchev, 1. 2001. Geology of SW
Bulgaria: an overview. Geologica Balc., 21, 1-
2,3-52.

[2] Dabovski, C., Boyanov, 1., Khrischev, K.,
Nikolov, T., Sapounov, I., Yanev, Y., Zagor-
chev, 1. 2002. Structure and Alpine evolution
of Bulgaria. Geologica Balc., 32, 2-4, 9-15.

[3] Zagorchev, I., Milovanovi¢, D. 2006.
Deformations and metamorphism in the
eastern parts of the Serbo-Macedonian Massif.
In: Proc. 18" Congress Carp.-Balkan Geol.
Assoc., Belgrade; 670-673.

[4] Zagorcev, 1. 1976. Tectonic, metamorphic
and magmatic markers in the polycyclic

17



ultrametamorphic ~ Ograzdenian
Geologica Balc., 6, 2, 17-33.

[5] Aleksié, V., S. Dimitriadis, M. Kalenic¢, R.
Stojanov, 1. ZagorCev. 1988. Serbo-
Macedonian Massif. In: Zoubek, V., Cogné, J.,
Kozhoukharov, D., Krautner, H. (eds.) 1988.
Precambrian in Younger Fold Belts. Wiley &
Sons, 779-820.

[6] Zagorchev, 1. S. 1996. Complex shear and
flow in the Ograzhdenian Supergroup,
Southern Bulgaria. Z. geol. Wiss., 24, 3-4,
255-271.

[7] Zagorchev, 1. 2008. Amphibolite-facies
metamorphic complexes in Bulgaria and
Precambrian geodynamics: controversies and
“state of the art”. Geologica Balc., 37, 1-2; 33-
46.

[8] Stojanov, R., Zagorchev, 1., Dumurdz-
anov, N., Aleksandrov, M. 1997. Palaeozoic
Correlations in the Border Areas of Macedonia
and Sw Bulgaria -In: Boev, B., Serafimovski,
T. (eds.) Proc., Magmatism, metamorphism
and metallogeny of the Vardar Zone and
Serbo-Macedonian Massif, Stip, 209-214.

[9] Zagorchev, 1., Lilov, P., Morbath, S., 1989.
Results of the Rb-Sr and K-Ar
radiogeochronological studies of metamor-
phic and magmatic rocks of SW Bulgaria.
Geologica Balc., 19, 3, 41-54 (in Russian).
[10] Zagorchev, 1., Balica, C., Balintoni, L.,
Kozhoukharova, E., Sabau, G., Dimitrescu, R.,
Negulescu, E. 2012. Isotopic data on the age
of the Krupnik granite pluton and its host
rocks, Kresna horst, Krupnik Mountain, SW
Bulgaria. C.-r. Acad. Bulg.Sci., 65 (in press).
[11] Macheva, L., Peytcheva, 1., von Quadt,
A., Zidarov, N., Tarassova, E. 2006.
Petrological, geochemical and isotope features
of Lozen metagranite, Belasitza Mountain —

complex.

evidence for widespread distribution of
Ordovician metagranitoids in the Serbo-
Macedonian massif. Proceedings,

“Geosciences 2006, Sofia, 209-212.

[12] Zidarov, N., Tarassova, E., Peytcheva, I.,
von Quadt, A., Andreichev, V., Titorenkova,
R. 2007. Petrology, geoch-emistry and age
dating of Skrut granitoids - new evidence for
Lower Triassic magmatism in Belassitsa
Mountain (SW Bulgaria). Geologica Balc., 36,
1-2; 17-29.

[13] Zidarov, N., Peytcheva, 1., von Quadt, A.,
Macheva, L., Nenova, P. 2007. Distinction of
crustal terranes in Ograzhden and Belassitsa
Mountains, Serbo-Macedonian Massif (SW

18

Bulgaria), based on U-Pb conventional and
LA-ICP-MS dating of zircons. Ann. Rep. 13,
Centr. Lab.Miner. and Crystallography, Sofia,
18-19.

[14] Peytcheva, 1., von Quadt, A., Tarassov,
M., Zidarov, N., Tarassova, E., Andreichev, V.

2009. Timing of Igralishte pluton in
Ograzhden Mountain, SW Bulgaria:
implications for the tectono-magmatic

evolution of the region. Geologica Balc., 38,
1-3; 5-14.
[15] Milovanov P., I. Petrov, A. Marinova, E.

Ilieva, 1. Peytcheva, A. von Quadt, S.
Pristavova. 2010. New geological and
geochronological data of granititic and

metamorphic rocks from SW Bulgaria, sheets
Berovo (K-34-82-G) and Kresna (K-34-83-W)
of the new geological map 1:50000. Geologica
Balc., 39, 1-2; 256.

[16] Zagorchev, 1., Balica, C., Balintoni, I.,
Kozhoukharova, E., Dumitrescu, R., Sabau,
G., Negulescu, E. 2011. New Isotopic Data on
the Metamorphic Rocks in SW Bulgaria. — 3™
International Symposium on the geology of
the Black Sea Region, Bucharest; 223-225.
[17] Anti¢, M., Peytcheva, 1., Quadt, A. von,
Kounov, A., Trivi¢, B., Serafimovski, T.,
Tasev, G., Gerdjikov, 1. 2012. Protholithic age
and geochemistry of magmatic rocks from the
Serbo-Macedonian massif (south Serbia,
southwest Bulgaria and east Maced-onia).
Geophysical Research Abstracts Vol. 14, EGU
2012-5638-1.

[18] Himmerkus F., Reischmann, T.,
Kostopoulos, D. 2006. Late Proterozoic and
Silurian basement units within the Serbo-

Macedonian Massif, northern Greece: the
significance of terrane accretion in the
Hellenides. In: Robertson, A. H. F.,

Mountrakis, D. (eds.) Tectonic development
of the [Eastern Mediterranean Region,
Geological  Society, London,  Special
Publication 260, 35-50.

[19] Himmerkus, F.,  Reischmann,T.,
Kostopoulos, D. 2009. Serbo-Macedonian
revisited: A Silurian basement terrane from
northern Gondwana in the Internal Hellenides,
Greece. Tectonophysics, 472; 20-35.

[20] Meinhold, G., Kostopoulos, D., Frei, D.,
Himmerkus, F., Reischmann, T., 2010. U-Pb
LA-SF-ICP-MS zircon geochronology of the
Serbo-Macedonian Massif, Greece. Int J Earth
Sci (Geol Rundsch), 99, 813-832.



INPUYUHU U HEOTEKTOHCKO CTPYKTYPHUPAIBE
HA T'EOITPOCTOPOT HA P.MAKEJTOHHNJA

I'aBpui Mupakosckn'

' Hncmumym 3a 3emjompecno unsicenepcmeo u ungicenepeka ceuzmonozuja,
Yuueepsumem “Ce. Kupun u Memoouj”, Salvador Aljende 73, Ckonje,
Penybnuxa Maxedonuja, mirak@pluto.iziis.ukim.edu.mk

Ancrpakrt

I'eonpoctopot Ha P.Makenonuja ce cTpyKTypHpa BO IIeJIMHATa Ha OAJKaHCKHOT U MEIUTEPAHCKHOT PETHOH.
[TapamerpuTe Ha TEKTOHCKHTE [IBIDKEHA CE€ OJ IOCEOHA BAXHOCT 3a OCO3HABAKHE HA COBPEMEHOTO H
HEOTEKTOHCKOTO CTPYKTYpHpame Ha Te0IPOCTOPOT 01 MHTepec. Bo KOHTHHEHTanHaTa tuToCcdepa ce pean3upa
JIBIDKCEE BO XOPHU3OHTAJIHA M BEPTHKAHA HACOKA. XOPU3OHTAJIHUTE TEKTOHCKM [BIKECHA C€ IMOBP3aHU CO
CBJICKYBame Ha IUIACTHYHATAa W QyKTHIHATa Jutocdepa u acreHocepa Bo Hacoka koH O-K mucnokanumjara.
BeprukanHure OBIKEHA CE TOBP3aHH CO TOHEHE M OPOTEHO HABIEKYBAalkE HA NYKTHJIHATA WM IUIACTHYHA
nmurocepa, U o U3BECHO TEHYEHE, 31e0ellyBamhe U CIUIaCHyBame Ha jaurocdepara. Kopata 1 NOBPIIMHCKUOT
TEpEeH Ce CTPYKTYypHUpaar Io JI¢jCTBO Ha MPOILECUTE BO AYKTWIHATA U IUIacTHYHA JuTocdepa. ['eonpocTopor Ha
PM ce cTpykTypHpa BO jaIpaHCKH M €rejCKH PErMOH Ha FeHEPalHO TEKTOHCKO JABMXKEHE Ha JIMToc(epara KOH
OaceHnTe BO KOM ce reHepupa cy(QuuuT Ha BoilyMeH. Bo nBara pernoHn ce u3nudepeHLUpaHd YETHH H
TIOJJTHO’KHH OJIOKOBH, KOM C€ Pa3IMKyBaaT CHOpPE ITapaMeTpPUTe U KapaKTEPUCTHUKUTE Ha TEKTOHCKHUTE MPOLIECH

BO HUB.

Kityunu 300poBH: TEKTOHCKO IBIDKEHE, CTPYKTypHpame, KOHTHHEeHTanHa mTochepa, O-K 30Ha, okeaHcku pudt

BOBE]

l'eonpocropor Ha P.Makenonuja (PM) ce

CTPYKTypupa BO CKJION Ha IEIMHUTE Ha

0aJKaHCKHOT Ae] OJi MEJUTEPAHCKUOT PETHUOH.

CTpyKTypupameTo Ha 0aJKaHCKHOT PETHOH TO

KapaKTepH3UpaaT CJICJAHUTE OCHOBHU IPOIECH

(Cnuxka 1.):

e TCHEPAIHO W3JUTHYBak€ Ha MNaHOHCKHOT
OaceH uw UeHTpaieH bankaH, koe Ha jyr
3aBpIIyBa CO TEKTOHCKOTO OTPAaHUYyBamke Ha
Koxyd Benacuma- MapKaHTHAaTa
mucnokcirja  Kocryp-Banangoscko  co
CKpIIHYBambe Ha KCTOK IO JOJHMHATa Ha
Ancka Peka - Ciuka 1.

e TOHEHE Ha  MEIWUTEPAHCKHOT  OaceH
mudepeHpano Bo 6acenute Ha JImOuckoro,
Hpnoto, Janparckoro u Erejckoro Mope;

o XOpH30HTAJNHO [BWKEHKE Ha KOHTHHEH-
TaHaTa JMTOC(epa W acTeHocdepa Cco
HAcOKa OJ JOMEHHWTE Ha W3IUTHYBame KOH
JOMEHHTE Ha TOHEHE, MPUAPYKEHO CO
TEKTOHCKH U OPOT€HH MPOLECH.

TeKkTOHCKHTE [IBIDKCHA Ha IIOBPIIMHATA CE

IMpPEKTHA TMOCTEIUIa OJ OABHBAKETO HA

CTPYKTypHHTE TpoLlecH BO TeKToHocdepara,

KOM Ce oOjpa3yBaaT M CO BIHMjaHHE Ha

CTPYKTypHpameTo Ha Kopara. Bo Bpcka co Toa

MO3HABAKETO HAa COBPEMEHUTE TEKTOHCKUTE

IBWKEHa BO IMPEAMETHHOT TEONPOCTOpP € Of

noceOHa BaKHOCT 332 OCO3HABAWmE HAa HETOBOTO

HEOTEKTOHCKO ¥ COBPEMEHO CTPYKTYpHpPaE.
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OCHOBHHTE TIPOLIECH Ha CTPYKTypUpame Ha

0aJKaHCKMOT pPErHOH Ce pe3yinTaT Ha
OJIBHBAbETO Ha TIOBEKE KOMIUIEKCHH
HPOLIECH BO TekToHOC(epara Ha

MEIUTEPAHCKHOT PETHOH:

e TpaHcdopMalMjaTa Ha KOHTHHEHTAJIHATA
nurocdepa (co KOHTHHEHTAJIHATA
acteHoc(epaTa) BO MpeoaHa JuTocdepa
(u acteHocdepa);

e KOHBEKTMBHA MWrpalyja Ha MpeoaHa
mutocdepa Bo MaHTHjaTa (KOHBEKTHBHA
MHTpalrja HaIomy);

e KOHBEKTHBHA MHWTpanHja Ha MaHTHja BO
mutocdepara (MUrpalija Harope);

e KOHJYKTHBHA MHTpalldja Ha JUTOCHEpUTE
OOBUBKH Hanony (BO KOHTHHEHTHTE) W
Harope (BO OKEaHHWTE), CO NPHIPYKHU
NPOMEHM Ha T'YCTHHATa W BOJYMEHOT Ha
MUTPUPAHUTE MACH.

O/BUBakETO HAa HABEJICHWTE IMPOIECH BO
TeKTOHOC(epaTa Ha MEAUTEPAHCKHOT PETHOH
pe3yiaTupa BO MpPOTpPECMBHA €BONyLWja Ha
MEIUTEPAHCKH (CPEIHO) OKEaHCKH PUPT, U
co3llaBambe Ha HEroB OKEaHCKH OaceH BO
LeNMHa Ha PUQTEH CUCTEM.
Bo TOj KOHTEKCT, aKTYEJTHOTO TOJKYBAamhe Ha
€BONTyIIMjaTa Ha MEIUTEPAHCKUOT OaceH
kako “pemukt ox Ilpaokeanor Teruc BoO
perpecuBeH npoiiec (MOCTENECHO 3aTBapambe)”
ce eKkcruioaThpa Ha HuBO Ha gorma. Co Toa
ce 3a0aByBa OCO3HABAKHETO HA PEATHHOT
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Cauka 1. T'eHepaltHO CTpYKTypUpame Ha
0aJIKaHCKUOT PEruoH O] MEIUTEPAHCKUOT OaceH

Cimka 2. GPS - xopu3oHTanH! Op3MHU BO
erejckuot 0aceH (Mc. Clusky u np, 2000)

npoliec Ha C€BOJyIHja HAa MEIMTEPAHCKHOT
OKeaHCKH pupT u OaceH, BO LeJWHA Ha
MeAUTepaHCKHOT pudTeH cucteM (MupakoBCKH
I'.,2009-2012).
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Hacokata Ha XOpHU30OHTaIHHUTE TEKTOHCKH
JBIDKEHHa 01 JOMEHHUTE Ha U3JUTHYBake KOH
JOMEHUTE Ha TOHEHE € IOTBPICHA CO
noBeke UCTpaKyBamba Ha TEKTOHCKHTE
meuxkema co GPS-meronmonorumjara. Ha
Cnouka 2 e mnpukakaHa AMCTpuOynMja Ha
Op3uHaTa ¥ HACOKUTE Ha TEKTOHCKHTE
JIBUKCHa Ha €rejCKHOT 0aceH KOH 0aceHOT
Ha JluObuckoro Mope, kako ©OaceH co
HAQjUHTCH3WBHO TOHEHC BO IEHTPATHHOT U
HUCTOYHHMOT JeJ Ha MeIuTepaHCKUOT OaceH.
TEeKTOHCKOTO ABIKEHE Ha TOIUTUTKHOT
erejcku 0aceH KOH JIMOMjCKHOT MOXe Jia ce
MOBpP3€ CO TIOHATMPENICH CBOIYTHBEH CTAIYM
Ha MEIUTEPAHCKUOT OKEaHCKH pHPT BO
Oacenor Ha JInbujckoTo Mope, Bo ciopeada
co 6acenot Ha ErejckoTo Mope.

TPAHC®OPMALINJA HA
KOHTUHEHTAJIHATA JIMTOC®EPA

Tpancdopmanmjata Ha KOHTHHEHTAJIHATa
outocepa MPOLECHO € IMOBp3aHa Co
JIejCTBOTO Ha BHATPEUIHATA 3eMjUHA TOTIJIMHA
BO OCHOBa Ha JuTOc(epaTa (BO OCHOBA Ha
acreHoc¢epata). Opf TEKTOHCKH AacHeKT
HAjCOOJBETHO € TpaHchopMmaljata Ha
KOHTHHEHTanHaTa  Jutocdepa Oa  ce
00paboTyBa BO CKJION Ha TEKTOHCKHATE U
MarMaTCKHUTE IPOLIECH LITO Ce OJBUBAAT BO
KOHTHHEHTanHoTo Kpuio Ha O-K (OkeaHn-
KonTnneHT) mucnokamnujara.

O-K nucrnokampjata BO OCHOBAa — TpeTCTa-
ByBa TEKTOHCKO  pasrpaHHuYyBame  Ha
OKeaHCKaTa oJ1 KOHTHHEHTaJIHaTa JIMTocdepa
U Ha OKeaHWTe of KoHTHHeHTHTe. Ho, BO
3oHaTa Ha O-K mucrnokarnujata ce onBHBaaT
WHTEH3WBHHU TEKTOHCKU MPOIIECH, BEPOjaTHO
MOKOMIIJICKCHH BO KOHTHHEHTATHOTO KPUIIO
Ha Jymtocdeparta (co acteHocheparTa).
IIponecure BO 30HaTa Ha 0-K
JHCTIOKaljaTa ce OABHMBAaT TOA [I€jCTBOTO
Ha IOTOIUIaTa M  IOJEeCHa  MaHTHja
UCIUIMBaHA BO HAJBOPEIIHHOT TI0jac Ha
TeYHaTa MaHTHjaTa BO  OCHOBa  Ha
acteHoc(epata- Cinuka 3.

IlojacoT Ha moTOIIaTa MaHTHja MOXeE J1a ce
OJIp)KyBa CO IUKJINYEH KOHBEKTUBEH TOK O]
OKEaHCKUOT pPHU(PT KOH KOHTHHEHTHTE U
moBpatHo. llokpaj TOa, BO Tmojacor Ha
MOTOIJIa MaHTHja MOXE IIOCTOjaHO “ha ce
MOTUCHYBa” TOTOIUIA (M TOJIECHA) MaHTHja
0l BHAaTPEIIHOCTa Ha MaHTHjaTta co plume-
MeXaHU3MOT. [lBara MeXaHW3MH H3IIIeAaaT
peayHM, ¥ MOYXKAT Ja ce OJBUBAAT U BO CIIpET.
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Cauxa 3. Temneparyper npodui Ha uTocdepara u
Mmanrujara criopes Karcypa u ap., 2004.

Co HaBeIeHHWOT TIpolleC BO OCHOBa Ha
acteHoc(epaTa MOXe Jla ce OJpXKyBa OOBHBKa
Ha TOTOIUIa W mojecHa MaHTHja-Crimka 3), co
MakcMManHa Jge0enrHa BO  OCHOBa  Ha
OKEaHCKHUOT pu(T, U CO omarame Ha JeOeIMHaTa
KOH CpeJuHaTa Ha KOHTUHEHTUTE CIOpen
HaMaTyBamkeTO Ha TeMIepaTypara.
[TomecHra MaHTH]a BO OCHOBA
acteHoc(epaTa moxe (Cnuka 4) :

e 1a ce MHQWITpHpPa BO acTeHocdepaTta 0
ry0eme Ha cuiiaTta Ha TTOTHCOK;

Jla pacTollyBa KOHTaKTHa acteHocgepa co
cemapauyja Ha  MaTepHjajoT  CHOpen
TeMIepaTypa Ha TOTICHhE;

Ja ce TOTHUCHYyBa  JIaTEpajHO  MOJ
KOHTHHEHTaIHaTa acTeHcodepa, BO Mpolec
CO TeHJCHIMja Ha W3eIHAYYBakEe Ha
nebenrHaTa Ha 10jacoT WM BO CKJION Ha
KOHBEKTHBEH TOK;

Ja ce menm 3a (Murpmpa BO) KOHTaKTHa
acteHocdepa, Kako TocleauIa Ha moop30To

Ha

KeaHCku bace
BO COCﬂaBaHze

‘% i
OKeaHCKa

\‘npeo,qHa

oporeH nojac
-

“KOHTMHeHTaﬂHa
S

nasiemhe Ha KOHTAKTHATa 30HA Ha 1M0jacoT

co acteHocdepaTa.
HaBenmenure mporecu
cieaHuTe eheKTH:
e TCHYCH-E Ha OKEAHCKaTa U 31e0eyBbe Ha
KOHTHHEHTAIHATA TuTochepa;
CIDIaCHYBarmke€ Ha I0jacoT Ha IMOTOoIUIa (|
MoJieCHa) MaHTHja BO MPOIOPIHja CO
NPUTOKOT Ha MaHTHja OJl pPacToleHa
OKEaHCKa ¥ TMpeojHa JuTocdhepa W O
BHATPEIIHOCTA HA MaHTHjaTa, IPHUITYKEHO

pesyaTtupaar  BO

co moOp30 TOHEHE Ha OKeaHcKara
nutochepa (Co AHOTO HA OKCAHCKHUOT
BojgeH ©OaceH) Bo  cmopemba  co

KOHTHHEHTaJIHATa JuTocdepa.

Co TakBO CIIIacHYBaWk€ Ha II0jacoT Ha
MTOTOIIIa MaHTHja ce (OpMHpa TPaBUTAIHOHA
pazmuka  dg=kxdr (k-xoedummeHr Ha
MPOMOPIIMOHANHOCT, T-pajuyc Ha 3emjara),
CO Ko0ja ce TpUHYyAyBa [IBIKEHE Ha
MYKTUITHATA W TUIACTHYHATa KOHTHHEHTAITHA
nuTocdepa KOH OKeaHNUTE “‘cO MEXaHW3aM Ha
cBiekyBame’- Cnuka 4. L[Bpcrata kopa Ha
nutocepara BO MPOLECOT HA CBICKYBAaHE
ce HocH (jaBa) Ha IUTaCTHYHATa OCHOBA, CO
MOTIATHO JIe(pOPMHPAHE KaPaKTEPUCTHIHO 32
KaMeHa CpeAinHa (paceIHyBame, KpeIeHe).
JIBmkemeTo Ha KOHTHHEHTAlTHAaTa IUTO-
chepa “co MexaHM3aM Ha CBJICKyBame’ Ce
cyoupa CcO JBIDKEHE Ha  OKeaHcKaTa
mutocdepa “co MeXaHHW3aM Ha MPUTUCKAHE
Ol 30HaTa Ha OKEAaHCKHOT pUPT KOH
KOHTHHEHTUTE” BO KOHTaKTHAaTa 30Ha Ha
KOHTUHEHTUTE co okeaHuTe. Kako pesynrat
Ha T[IOCTOjaHaTa aKTUBHOCT U (PU3UYKa
KOHTPAacTHOCT,  JBara MEXaHU3MH  Ce
pasrpanuuyBaar co  MapkanTHa O-K
JTUCITOKAITHja U 30Ha.

KOHTUHEHTasHa nMTocqbepa
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: " \(KOHBEKTUBEH TOK —TekToHCKa gucnokauymja Ay

A A A IpUTHCOK 0f MaHTnjata

L JIOTOK Ha fiecHa MaHTuja \y murpayuja

—————— TeHYyere Ha JInTocthepara

Toneme Ha /lutocchepa ¥ HOCEHE
b TEHYEHE Ha ACTEHOCGEparTa

. M13/TMB Ha Kncesia marma ‘-:M3ﬂMrHyBaH>e

Canka 4. Mojien Ha TeHUCH:E Ha OKEaHCKaTa U 37e0eyBarmbe Ha KOHTHHEHTaIHaTa tuTocepara u
MHIYLIMPaHU TSKTOHCKHU JIBIKCHA BO MIEPUOIOT Ha OTBApakE HA OKCAHCKH PUPT

21




3oHata HaA CYOUpPOT Ha JBETE JIBIDKCH:A

¢yHkumonupa co edexkt Ha Oapuepa 3a

IBIDKCHETO Ha KOHTHHEHTaJHAaTa JuTocdepa

KOH OKEaHWTE W Ha OKeaHcKara JIMTocdepa KOH

koHTuHeHTUTe. CO TOa ce MpOU3BEAyBa

cienHaTa cTpykrypa Ha O-K 30nara:

e Hasnekysame Ha KOHTUHEHTAJIHATa
nmutocdepa Bp3 OKeaHCKATa;

o llomBnekyBame Ha OKeaHCKaTa JHUTOchepa
10l KOHTMHEHTAJIHATA;

e Koca ¢opma nHa O-K nucnokanujata wu
30HaTa, CO KOCHHA MPOU3JIe3eHa O]l OJHOCOT
Ha  e]eKkTuTe Ha  HaBJIEKyBambe  Ha
KOHTMHCHTAJIHaTa W  MOJBJIEKYBEHE HA
OKeaHCKaTa JuTocdepa;

e @opmupame Ha HEONXOJEH OapHepeH CKIIOI
32 OIBMBAakE HAa OPOI€HH IMIPOLECH BO
mpeojHara W TpaHUYHATa KOHTHHEHTAIIHA
autocdepa.

3a TakBU e€heKTH OJ CYAWPOT OF TMPUMapHO

3HAYCHKE MOXKAT Ja OujaT MeXaHH3MHTE Ha

IBIDKCHE HAa OKEeaHCKaTa (CO IMPUTHUCKame) H

KOHTHHEHTaJIHaTa JuTocdepa (co rpaBUTALMOHO

CBJIEKYBamb€), HAMECTO pa3iMKaTa BO HUBHUTE

T'YCTHHH.

O-K guciokamujata BO OKEAaHCKOTO JHO Ce

MaHudectupa co MI1ab0KOBOACH XIIed, a BO

acreHocdepaTa CO 3alMB Ha MaHTHja CO

¢yHKIMja Ha “3a4ernieH (OKeaHCKH) pudt”.

Co mnepMaHEHTHHOT MNPHUTOK Ha TOIUIMHA BO

3a4ereHnoT pUPT ce OIpKyBa IMpolec Ha

TEeMIepaTypHa cemapaudja BO  MpeogHara

mutocdepa U acteHocdepa, Koja pe3yiaTHpa co

CJIEIHUTE KOHBEKTUBHU MUTPALUU:

e MWrpalyja Ha pacTolieHa Kucena Jurocdepa
KOH IMOBpLIMHATA, OJl KOja aKo CTUTHE 0
noBpIIMHaTa ce (opMupa  BYJIKAHCKU
OCTPOBCKH JIaK;

e Mwurpanuja (co mpomarame) Ha HepacToleHa
OasmuHa mutocepa Bo acteHocepara, Koja
MPOIOJDKYBa CO MHTpanuja (Iporarame M
pacTromyBame) BO MAHTH]jaTa;

e Murpamnuja (co MoJBICKyBame) HA OKEaHCKa
nTocdepa Bo acTeHocdepaTa, Co MUTpaIlija
(mpomnarame U pacToIyBame) BO MaHTHjaTa.

Co mHaBemeHUTE TMpOleCH HAa KOHBEKTHBHA

MUTpanyja ce reHepupa cypumut (Ipa3eH) Ha

BOJlyMEH, KOj BEpOjaTHO TPUMapHO  Cce

KOMIIEH3Upa CO IIHPEHE Ha OKEaHCKUOT MO

(ocean floor spreading), a ocCTaTokoT co

IUIACTUYHO AedopMHpame U IOBIEKYyBambe Ha

HOBa KOHTHHEHTaTHA nmuTtocdepa (co

acTeHocdepara) Bo mpeoanara iurocdepa. Co

MOBJICKYBAalETO HAa HOBAa KOHTHHEHTAJIHA

outocdepa  ce  OApXKyBa  Ipolec  Ha
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MepMaHEHTHA Tpanchopmanja Ha

KOHTHHEHTAJIHATa BO MpeojaHa Jurochepa (1

acTteHocdepa),  OJHOCHO  TMpolec  Ha

TpaHcpopMaIija Ha KOHTHHEHTOT BO OKEaH.

OBoj mpoliec MPakKTHYHO MOXKE /1a C€ OJBUBA

i (o) "HenocHa Tpanchopmanuja Ha

KOHTHHEHTOT Bo  okean”. Op Toa

Mpou3JIeTyBa "eBoiyIija Ha tuTocdepaTra BO

LUKy CH Ha Tpanchopmaiuja Ha

KOHTHHEHTAJIHATa BO OKeaHCKa JuTocdepa,

OJIHOCHO Ha KOHTHHEHTHUTE BO OKeaHu".

OcHOBeH  TpoIleC BO  KOHBEKTUBHHTE

MUTpAlMK BO KOHTHHEHTAIHATAa JIUTOChepa

e Murpamnyja Bo Mantuja. OBaa MHTrpanuja ce

KOMIIGH3Upa CO WHBEp3€H TMpolec Ha

MHTpalfja Ha MaHTHja BO OKCaHCKaTa

mutochepara (Murpamnmja Harope) Hu3

okeaHCKHMOT pu¢T. OBaa Murpauuuja ce

ManudecTHpa €O  HATpPyIyBame  Ha

OKCaHCKUTEe TpedeHH ¢ [Hpeme Ha

okeaHckuoT mox (ocean floor spreading)-

NPakTUYHO  NIMPEHE  HAa  OKeaHcKara

mutocdepa co mocimeauden “‘drifting” Ha

KOHTHHEHTUTE.

Murpanunure Harope BO OK€aHWTE M HAJ0Iy

BO KOHTHHEHTHTE C€ TMOBp3yBaar BO

3aTBOPEH IMKIIyC HA MUTPALd CO CJICTHHUTE

MPOLIECH CO XOPU30HTAJIHA HACOKA!

e TIPUTHCKaE HAa OKeaHCcKaTra JuTocdepa
on  okeanckuor pudpr ko O-K
nuciokarujara (ocean floor spreding);

e 3aTBOPCHU KOHBEKTUBHM TOKOBHU BO
TeYHaTa MaHTHja OJl OKEAHCKHOT PHQPT
KOH KOHTHHEHTHUTE U TIOBPATHO.

MHTeH3UBUpAkHETO HA JOBOJOT HAa TOIUTHMHA

BO MpeojaHaTa actreHochepa u murocdepa ce

MaHH(EeCTHpa U CO KOHIYKTUBHA CHCTEMCKA

MUrpalyja Ha OOBUBKUTE Ha 3eMjaTa Harope

(ma  maHTHjaTa  BO acTeHocdepara,

acteHocdepara  BO  JuTocdepara U

IyKTHIHaTa KOpa BO IIBpCTaTta Kopa).

3rojeMyBameTO Ha ~ TeMmIeparypara €

MIPUAPYKEHO CO (HaMaTyBamke Ha TYCTHHATA)

3rojeMyBame Ha BOJYMEHOT, KO€ MOXE Ja

ce KOMIIEH3HMpa BO Cy(QHUIUTOT Ha BOIYMEH

CO3MaJICcH CO MHMIpalyjata HaIoIy H CO

OJIPEJICHO U3JIUTHYBAahE Ha TEPCHOT.

[MapanenHo, BO KOHTHHEHTHTE C€ OJBUBA

KOHIYKTHBHA CHCTEMCKa MUrpandja Ha

obBuBKMTE Ha 3eMjara Hamony (Ha

acreHoc(epaTa Bo MaHTHjaTa, JuTochepara

BO acTteHoc(epaTa W LBpcTaTa Kopa BO

OyKTHIHATa Kopa). HamanyBamero Ha

TeMmreparypara €  TPUAPYXKEHO  CO



(3roneMyBame Ha T'YCTHHATa) HaMajlyBame Ha
BOJIYMEHOT, KO€ MOXE Jla Ce KOMIICH3HMpa CO
TeHEePaTHO TOHEHE U CO Ae(PUIIUTOT Ha BOTYMEH
CO3JIaJICHH CO MUTPAIIUUTE HArope.

Cropen  ena0opupaHOTO,  TMPOIECUTE  Ha

MUTpalja ce OJBHBaaT BO KOMILIEKCEH

MPUYUHCKO-TTOCTIEANYHO TIOBP3aH CHCTEM CO

HMCTOHACOYHH WM CHOPOTHBHH e(EeKTH, CO

CIICTHUTE CyMapHU e(eKTH BO OKeaHCKara |

KOHTHHEHTaJIHaTa JTUToCchepa:

e TeHYEHE W TOHEHE Ha  OKeaHCKaTa
autocdepa, €O MapajeliHO IIMPEHhEe Ha
OKCAaHCKHOT TMOJ U 3roJIeMyBame Ha
JuTaOMHATa Ha OKCAaHCKHUOT OaceH;

® [epMaHEHTHA Tparchopmanuja Ha
KOHTHHEHTaJIHaTa BO OKeaHCKa JHuTocdepa,
MIPUIIPYKEHO CO BPEMEHO 37e0enyBame Ha
KOHTHHEHTaJHATa JUTochepa M MPHIPYKHO
W3IMTHYBamke Ha KOHTHHEHTHUTE;

e KOHTHHEHTAJICH pPHU(PTUHT BO CpPETUIIHUTE
JICJIIOBH OJ KOHTUHEHTHUTE, KOU BO BPCKa CO
CBJICKYBambETO Ha KOHTHHEHTAJIHATA
muTocdepa KOH TpeoJHaTa M BPEMEHOTO
M3IUTHYBake¢ HA KOHTHHEHTUTE, CE€ BO
cocToj0a Ha MaKCHMaHa EKCTEH3H]a.

Co KOHIIeHTpanujaTa Ha HABEJACHUTE TEKTOHCKH

mporecn 3oHata Ha O-K guciokanmjara

EBUJICHTHO MpeTCTaByBa HajMapKaHTHA

TEKTOHCKa CTpyKTypa Bo mmrocdeparta. O-K

IUCIOKANyjaTa TPUMapHO € perucTpupaHa

CHOpe KOHIIGHTpaldjaTa Ha 3eMjOTpPeCH, |

JIeTepMUHHpaHa kako beHnod (ceusmoreHa) -

3oHa. Cropen TEKTOHWKaTa Ha IUIOYM BO Hea

JOMUHUpPA TMPOLECOT Ha CyOAykKmMja Ha

OKEeaHCKaTa IMoJI KOHTHHEHTaJHaTa JmTochepa

(Bo okeanckoto kpmio Ha O-K muciokamnujara).

Bo Bpcka co Toa O-K 30Hara ¢ merepMuHUpaHa

co “cybmyknuoHa 3o0Ha”. Bo o0Boj Tpyx

cyOaykuujata Ha OKeaHCKara OJ

KOHTHHCHTaJIHaTa JUTOChepa € “BHIIOK OJ

HIMPEHETO Ha oOkeaHckwoT moj (ocean floor

spreading)”’, a  mpuMapeH  mOpomec €

TpaHcopmanyjaTa Ha KOHTHUHEHTAJHATA JIUTO-

chepa BO mpeodHA W HEj3WHATA MUTpPAINHja BO

MaHTHjaTa BO KOHTHHEHTAIHOTO Kpwmio Ha O-K

nuciokanjata. Bo ckimonm Ha TOj Tporec

W3rieqa JeKka IMOJBIEKYyBamkeTo Ha OKeaHCKaTa

suTocepa € YCIOBEHO CO OTIOP Ha HMIUPEHETO

Ha OKEAaHCKUOT IOj OJI HaTpylmaHa NpeojHa

nuTocdepa BO KOHTUHEHTATHOTO Kpmito Ha O-K

3oHata. OJ TOj acmeKkT JeTepMUHANMjaTa Ha

oBaa 30Ha co O-K (Oxean-KoHTHHEHT) 30Ha ¢

MopealtHa oJf IeTepMUHAIHjaTa CO CyOIyKIOHA

30Ha.
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TEKTOHCKMU JIBUXEBA BO

KOHTUHEHTAJIHATA JUTOC®EPA

Criopen norope €1a00pHUPaHOTO

TEeKTOHCKOTO JBHXKCH¢ Ha KOHTHHEHT-

AIIHUTE MacH Ce peaju3upa cO XOPU30HTATHO

Y BEPTHKAHO [TIOMECTYBAbE.

XOpHU30HTATHOTO IIOMECTYBAkE € IIOBP3aHO

CO CBIIEKYBaWETO Ha IUIACTUYHATA U

OYKTUJIHATa JIuTocdepa u acteHocdepara Bo

Hacoka koH O-K mucrnokanwjata, U HOCEHE

Ha [Bpcrara Kopa Ha JuTochepata Bp3

OYKTWIHATa W IUIacTHYHATa Jurocdepa.

JIBI>KEHEeTO KOHBEprupa KOH JOMEHHUTE Ha

MHTpanMja Ha TMpeomHata JuTocdepa KOH

MaHTHjaTa, CcO Op3MHAa ¥ MEeXaHu3aM

3aBHCHH U OJ] UHTCH3UTETOT Ha MUTpalHja.

BepTukanHOTO ABMXKEHE C€ peanu3upa co

TOHEHE U M3/IUTHYBambe.

JIBIDKEHETO CO TOHEHE CE€ PAKOBOOH Of

IPOLIECUTE Ha CO3/laBame Ha Cy(QUIUT Ha

BOJIYMEH OJi MHUrpaiujata Ha Jutochepa BO

MaHTHja (AeIyMHO © OJ TOBpaTHaTa

MUTpaIiyja Ha nutocdepara Bo luTochepa

co (opMHPamETO Ha BYJIKAHCKH OCTPOBCKU

JaKk BO CKJOIN Ha JIOKAJIEH IpPOLEC CO

BpEMEHH edexTn). TonemeTo Ha

NOBpIIMHATA c€ MaHU(eCcTUpa co NEeNPecun

BO penjedort.

BepTukanHOTO ABMXKEHE CO M3IUTHYBAE €

OpOTeHE3HHOT mpouec Bo jurochepara. Bo

BpCKa CO OJIBUBAKETO BO CIPOTHBHA HACOKA

0]l I€jCTBOTO Ha TpaBUTAlIMjaTa, OBOj MPOLEC

€ TIOKOMIUIEKCEH OJ1 TOHEHETO.

DopMUPaKETO HA IUIAHUHU U ACHPECHH Ce

paKoBOIM OJ OJHOCOT Ha MHIpUpaHara

outochepa BO MaHTHja M TpaHCcoOp-

MHUpaHaTa KOHTMHEHTalHa BO IIPEOJHA

sutocdepa:

e 100aBHO CBJICKYBal€ Ha KOHTHHEHT-
amHata Jsmrocdepa koH O-K 30Hara
(moGaBHa KOMIICH3aIMja Ha CYQHUITATOT
Ha BOJYMEH OJf HErOBOTO CO3[aBame)
pesyaTupa  CO  3a0CTaHyBame  Ha
JeTIpecHja Ha MTOBPIINHATA;

e TMMOOpP30 CBJICKYyBamke¢ Ha KOHTHHEHTATHA
mutochepa koH O-K  3omHata on
MUTpaIyjara Ha JuTocepa BO MaHTHja
pe3yATHpa CO HaBIIEKYyBaWke HA BUIIOKOT
CBIIGYEHH Mach, Hu ¢Qopmupame Ha
IUIAHMHCKH MacHB- Haj4eCTO BEHEUCH.

bp3uHata Ha CBIEKyBam€ Ha KOTHHEHT-

anHarta Jjumrocdepa € BO (QYHKIHMja O

rpeuTanonata pasimka dg - Crnmka 4,

dbopMupaHa co CIUIacHyBamke Ha 110jacoT Ha

MOTOILIA W TIOJIECHA MaHTHja, JETYMHO U O



OJHOCOT Ha TEHYCHETO M TOHEHETO Ha
OKeaHCKaTta JHuTocepa u 31e0eTyBameTo |
M3JIUTHYBAkhETO HAa KOHTHHEHTAJIHATA JIUTO-
chepa-Cnuka 4. On Toa  mpouU3JeryBa
MOBP3aHOCT HA JICIPECUUTEC M IJIAHMHCKTUTE
MAacCHBH CO HCT TEKTOTEHETCKH IpOIleC, U JeKa
KOPUCTEHETO HA OPOTCHE3UTE KAKO TEOJIONTKU
XpOHOMETpU € AucKytadbminHo. HacmpoTtu Toa,
CIOpe COBPEMEHOTO MaHH]ecTHpame H3rieaa
JieKa OpOTEHE3HTEe Ce MPHIPYKHHU MPOIECH Ha
eBOJyIMjaTa Ha OKEaHCKUTe pUPTOBU JIO
oopMyBamETO HA OKEAHCKHUOT OaceH.
MenuTepaHCKUOT OKEaHCKH PUMT € eBUICHTHO
Bo ((a3a Ha oOTBapame W HWHHUIHjATHO
¢dopmupare Ha Meaurepanckuor OkeaH,
MPUAPYKEHO CO MHTCH3UBHHU OPOTCHU MPOLICCH
BO pasnuuyan eBomyTHUBHU (a3u (IIupunen,
Anmu, Jdunapumm, I'pamoc-Iluna, Kaskasz, ...).
MexaHu3MOT Ha HaBICKyBambe € CBHICHTHO
KapaKTepPUCTHUEH 32 OpOTEHHUTE IMPOIICCH.
Nsrnena peka crpykrypara Ha KaBkas e
HajKOMILIECTEH MPUMEp Ha:

® UHTCH3MBHO CBJICKYBaWke HA KOHTHHEHTAITHA
BO MpeojiHa TuTochepa,

e OuWIaTepalHO OpPOreHO HABICKYBakbEe OJ
JiBeTe cTpaHu Ha ['py3uckara JlonuHa;

e odopmena pubtHa mommuHa (I'py3mckara
JlonuHa) Ha CyBO, KOja €BUACHTHO EBOJyHpa
BO CIOj HA CEKBEHIMTE HA MEIUTEPAHCKHOT
pudt Bo IlpHoTo n Kacmmckoro Mope, u Ha
cnoj Ha BoumeHH OaceHn Ha LlpHOTO WM
Kacnuckoto Mope on MenurepaHCKHOT
OkeaH.

3a JABHXKEHE CO T'PaBUTALIMOHO CBIICKYBAamE €

npenoapeneHo audepeHnypame BO OJIOKOBH €O

pasnuvHa Op3WHA U CO MEXaHHW3aM Ha JIBUKCHC

MIPIIIATOJICH Ha HAIMlOHCKaTa cocTojoa (cocTojba

Ha eKCTCH3Wja- CO TOHEHE, HOPMAIHO

pacenHyBambe W (GOPMHpAEkE HA POBOBH U

IENpecHH, COoCToj0a Ha KOMIIpEecHja- CO

HaBJIEKYyBaWkEe, PEBEPCHO  paceqHyBambe U

(dhopMupame Ha TuTaHUHCKH MacuB). [lokpaj Toa

3a JIBIXKCHETO CO TPABUTAIMOHO CBJICKYBAE €

KapaKTepHCTHYHA M TIonaTHa (a3Ha 3aMeHa Ha

eKCTeH3HjaTa CO KOMIIpEecHja U 00paTHO.

3a nehuHMpame Ha JBIKCHEC BO OJOKOBH ¢

KOPHUCHO PETHCTPUPAE WIH ONpEIeNTyBamhe Ha

KOMIIOHCHTHUTE HA TEHEPalHO JBUXKCHE Ha

aHcaMOJ Ha OJIOKOBU (PETHOHAIHO JIBUKCHE) U

JIOKAJHO JIBUKEHE Ha TOCIMHCYHUTE OJIOKOBU

Bo aHcambOjior. Co meromonorujara Ha GPS ce

OCKYJTHpA aricoJIyTHO XOPH30HTAIHO ITOMECTY-

Bamke, KOM Ce€ pe3ylATaHTa oI TJI00AaJHH,

koHTHHeHTanHW (drifting of the continent)
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PETUOHAIHN U JIOKAJIHU ABHKCH:A. Bo BpCKa
€O TOa, 3a IeUHHUPakE HA PETUOHAIHUTE U
JOKATHUTE  TEKTOHCKH  JIBIDKEHa €
HEONXOJHA  eKCTpakifja Ha  HUBHHTE
KOMIIOHEHTH Of Ppe3yJATaHTHHUTE MOAATOLH.
Excrpakumjara ce MOCTUTHYBA co
¢uKcHpame Ha PErepH, WIH CO KOPHUCTEHE
Ha COOJIBETHa METOMOJIOTHja 3a MPOCTOPHA
00paboTKa Ha TEKTOHCKO JIBHXKEHHE.
Merononorujata Ha GPS ceymre HEe ¢
YCOBpIIICHA 32 OCKYJITalyja Ha BEPTUKAIHU
MOMECTyBama, HO 3HAYajHO € YyHamlpeaeHa
TOYHOCTA Ha “nanexkure BU3ypHU.
BepTtukanauTe ABMKEHA UCTO TaKa COAPKAT
KOMIIOHCHTH Ha TJIO0ATHH ¥ KOHTUHEHTAIIHU
MMOMECTyBama (3rojieMyBamke Ha PaJNyCOT Ha
3emjaTta, 3acOemyBame M HWCTCHUYBamE Ha
nuTocdepara) U Ha PETUOHATHHU U JIOKATHU
TEKTOHCKH TIOMECTyBama, Kou Tpeba aa ce
eKCTpaxupa OJ IIOaTONH TOBP3aHH  CO
MOTOZIHU PeTiepH 3a UCTPaKHATA IIeJ.
Kopucremero Ha perucTpupaHu
TEKTOHCKUTE JIBIKEHha BO TEKTOHCKUTE
WUCTpaXXyBamba € YCIOBEHO CO HHBHO
paszyiarame¢ BO COCTaBHUTE KOMIIOHEHTH. 3a
JIOKAITHUTE JIBIKEHa C€ O4YeKyBaaT |
modpekBeHTHH  (Ga3HW  Bapupama  Ha
Op3vHaTa 1 HaCcOKaTa Ha JIBHXKCHbE.

CTPYKTYPUPAIBE HA I'EO-
HPOCTOPOT HA P. MAKEJIOHUJA
I'eompocropor Ha PM  renepamHo ce
CTPYKTypuUpa BO CIEIHUTE JIBa OCHOBHU
pPETHOHHM Ha TPaBUTHpame Ha JUTOC(epara
BO OaKaHCKUOT reomnpocTop- Cnuka 5:

e JaZpaHCKM PETHOH - CO TEHEpPaIHO
TEKTOHCKO IBMXEHEe Ha auTochepara (u
acTeHocepaTta) KOH  0aceHOT  Ha
Jagpanckoto Mope (koH 3amag U
ceBepo3amnaja), BO KOj Mprara 3anajHuoT
MepuArjaHCKU Tojac Ha PM;

o Erejcku permoH - co TEKTOHCKO BHXKEHE
Ha Jutocdepara KoH jyr (KOH OaceHOT Ha
Erejckoto Mope), Bo Kkoj mpumara
OCTAaHATHOT JEJI 0J T€0NPOCTOpOT Ha PM.
Ha wucrok oBoj Omok € orpaHudeH co
nyjaHedko-marnenieBcknoT (Cnuka 5) uinm
cTpyMcKkuoT poB (Bo P.Byrapwuja).

HaBenenute  OCHOBHM  perHoHd  Ha

rpaButUpae  Ha  Jlutochepara - ce

pasrpaHudyBaaT CcO CJIOKE€Ha TEKTOHCKa

JUCIIOKanja Bo ¢opmMa Ha "pa3BieueH

TEKTOHCKH pOB, BO KOj ce (OpMHUPaHH

MeNaroHucKaTa, I[opedkara,  CKOIICKAara,

JIMTIKOBCKATa U IpeIIeBCcKaTa aenpecuja’.



Criopenn MEXaHH3MOT Ha CO3JaBame, 32 OBaa
JUcIoKanuja Tpeba na Ouae KapaKTepUCTHYHO
XOPHU30HTAIIHO pacenqHyBambe. Cropen
ApcoBckn M. 1996 Bo cekBeHlara Ha
CKOIICKaTa Jempecrja XOPHU30HTATHOTO TIOMECT-
yBambe Ha CEBEPHOTO KPWJIO M3HECYBa OKOIY &
kM. 3a Hag 20 MUJIj.TOJI. TEKTOHCKO JIBUXKEHE BO
HCEOrCHUOT MCPUO, IroaAvIIHaTa aMIUIMTyJda Ha
MOMECTyBamkbe OM H3HEecyBaja IOMalKy Of
0.4MmM. Ha  ocramara  gomkuHa  0f
JUCIIOKaljaTa Ha pa3rpaHUdIyBambe XOPU30H-
TATHOTO TMOMECTYBambe€ € MACKHUPaHO CO
CeIMMEHTAIH]a.

Kako pesynrar Ha 100aBHOTO TEKTOHCKO
IBIKEH-E BO reonpoctopot Ha PM, Bo OCHOBHH-
TE€ PErMOHU Ha IPaBUTHpPa-E Ha TuTOC(epaTa ce
maudepeHIupaly deIeH U MOAHOXKEH OJIOK.

I rpaHuya Ha pervoH

RERIR 2 DPOHT Ha [BUXEHE
TEKTOHCKM pOB
poB-genpecuja
XVAPOTXEPM.CUCTEM g

UenHuor OJIOK Ha jaJApaHCKUOT PETHOH €
orpaHuueH co JUCIIOKaljaTa Ha
pasTpaHuuyBambe U OXPHIACKO-IPU3PEHCKUOT
poB (mo koj ce (opMHpaHH IOJMHUTE Ha
pllpg u p.ben [pum). Bo Hero ce
W3JIUTHATH TUIaHWHCKHTE BeHIM Ha Kopa-
CroroBo-Kapaopman wu Illapa-buctpa, u
MOJIONIKATa JICTpecHja Ha MCTOK oj HUB. Bo
BpPCKa CO HacCOKHUTE Ha JBmxeme ox C3 1o 3,
OBOj OJIOK MapKaHTHO € CKpIIeH II0
nosnrHATe HA Masposcka Pexa u Ha p.IleHa.
Bo HeroBuor cpeammieH W jyxKeH Jel
TEKTOHCKOTO IBIDKEH-C € KOH 3amaja, u ce
(opMmupaar TMIAHWHCKH BEHIM, POBOBH U
Jenpecuu co mpocTtupame Omucko no C-J.
Bo mnomHOXHHOT ONOK OCTaHyBaaT camo
nenpecujata Ha Oxpuackonto Ezepo u
TUTAHMHCKHUOT MacuB Ha JaOnaHuua.

Canka 5. Perronn Ha o4eKyBaHO IpaBHTHpambe Ha JInTocdepara Bo reonpocTopot Ha PM co momapkaHTHH
TEKTOHCKH POBOBH U JIETIPECUH U XUIIPOTEPMAITHH CHCTEMHU

Yenmanor 010k Bo ErejcknoT permoH ox jyr e
OTpaHWuYeH CO MapKaHTHATa JHCIIOKaIHja

Koctyp-BanannoBo co ckpumiHyBame 1O
JonuHaTa Ha AHcka Peka n nponomKyBame co
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JY’)KHOTO TEKTOHCKO OIpaHUYyBame Ha I
Benacuma. 3a oBOj ONOK € KapaKTEpPUCTUHO
TeHEpPATHO JIBUKEHE KOH jyT BO YCIIOBH Ha
HMCTOBPEMEHO T'CHEPAJIHO U3JUTHyBame. Bo
BpCKa CO U3JIUTHATaTa IOJIOXKOa, BO OBOj
PETHOH € MOXXHO W CIUIACHYBamkE CO MU3BECHO
pa3BieKyBame U KOH 3araj] i HCTOK.

Criopen ApcoBcku M. (1997) mnumoueHckuTe
CEIMMEHTH BO OBOj OJIOK ce m3murHatu 3a 750-
950 m. 3a mepuoa Ha W3AWTHYBAE OJ OKOIY
8 MUJI.TOJI., MPOU3JIETYBa TOAMIITHA aMILTUTYIa
Ha U3AUrHyBame okony 0,1 mm/rox..

Co rIaBHa eKCTEH3WjaTa OJ CeBep KOH jyT, U
M3BECHA OJ1 WICTOK KOH 3alJ M OJ 3amaj KOH
UCTOK, 32 0BOj OJIOK Tpeba Aa Ouae KapakTepH-
CTUYHO HOPMAJHO pacelHyBame, TJIABHO
pacenHu 30HU co mpoctupame M-3 m HUBHO
pa3BiieKyBambe BO POBHU CTpyKTypu. Criopen
Apcoscku M. (1997) onx cpenen MwuorieH 1o
neHec (Bo mepwon ox Hanm 20 MIULTOI.) BO
CKOIICKaTa JerpecHja ¢ peanusupano Haja 2,0
KM TOHEHE (CO TOJUINHA aMIUIMTYyAa Ha
ToHewme noMana ox 0.1 mm/god.).

On nokaiHa KOMIIpECHja BO MCTUTE HACOKH, ,
ce (popMHUpaHU MOBEKE MJIAHMHCKH MAaCUBHU- O]
Kapanmma no Koxyd m Ha mcrox bumuHo,
OcoroBo, IInaukoBwuia, OrpaxaeH u
benacuna. TeKTOHCKHTE NOMECTYyBamka HA HC-

PE3YJITATU U JTUCKYCUJA
EnaGopuutre MexaHM3MHM Ha TEKTOHCKO
JIBIKCEHC OBO3MOXYBaaT COTJICyBamke Ha
CIICIHUTEe TIOOANHU TEOJOMIKK MPOIECH U
MaHu(pecTanum:

e [Ipomecor Ha mOCTENeHO 3aTBapame Ha
MenautepaHckioT 0OaceH €  IpHBHIHA
reorpadcka TMepIreniyja oa TEKTOHCKOTO
JIBIKCHE Ha auTocheparta oa ahpuIKUOT U
€BPOICKUOT KOHTHHEHT KoH O-K 30HUTE Ha
MEIUTEPAHCKUOT OKEaHCKH PUQT, KOU yIITe
eBoJIyrpaar Bo (a3a Ha 0(OpMyBambE;

o [lonBnekyBame Ha “adpuukara rio4a” Moj
“eBpormckaTa’, BO YCJIOBM Ha pasrpa-
HUYyBalk€ CO MEIWTEPAHCKH OKEaHCKHU
pUQT, HE ce BKIOMYBa HU BO KOHIENTOT Ha
TEKTOHHKA Ha TUIOYH;

e AKTYEIIHOTO TOJKYBaWme Ha CBIyIHjaTa Ha
MEIUTEPAaHCKUOT OaceH KaKo “pEeNUKT O
Ilpaokeanor Tetuc BO MpoOUECOT Ha
peAylUpame U 3aTBapame, U IMOJIBICKBAKE
Ha adpuukara TUIOYAa TIOJ E€BPOIICKATa,
MpeTcTaByBaaT IOTMa Koja TO 3abaByBa
OCO3HABAKETO HA PEAIHHOT TMpolec Ha
€BOJyLHMja Ha MEIUTEPaHCKH CPEIUIIHO-

TOK o MaJICIICBCKO-TTHjaHCUKHOT u
CTPYMCKHOT pPOB C€ OJBMBAaT BO TeHEpaiHa
Hacoka KoH OaceHoT Ha LlpHoTro Mope. Co Toa
ce pasBlIeKyBa W  CTPYMCKHOT POB, U ce€
MOBJIEKYBa OJpEICHO HAaTpyIyBame Ha IJa-
HUHCKM Macy 3amajHO Ol pOBOT (M BO Teo-
poctopot Ha PM). Ho 3a oBoj 610k ouwmrie-
ITHO € KapaKTePHCTHYHO IUCKOHTHHYHPAHE
no mpasen, M-3, reHepUpaHo CO E€KCTeH3Hja U
KOMIIpECHja TIPH IBIKEEHE OJT CEBEP KOH jYT.
Co ornen nexa TEKTOHCKOTO BHKEHE Ce
BpIIM JudepeHuupaHo Bo 010KoBH U a3y Ha
Op3WHHU, BO BpPCKa CO I[EHTpaJHATa IOJI0XK0a,
BO OBOj OJIOK HEMOXKE Jla ce UCKIydd (pa3Ho
BJIIMjaHUE OJ IBIKEHAaTa KOH jaIpaHCKHOT U
IPHOMOPCKHOT OaceH. Bo Toj KoOHTEKcT
OJIpe/IeHN XOPHW30HTAIHH TIOMECTyBama Ce
peanu3upaHd BO HAacOKa Ha JBHKEHAaTa KOH
WCTOK U 3amas.

Bo mnomgHOXHHOT 670K OCTaHyBa camo
T'eBIeJIMCKO-I0JPAHCKHOT PETHOH (jy’KHO OJ
JHCIOKaujaTa Koctyp-BanannoBo-AHcka
Peka. 3a oBoj OJOK € KapaKTePUCTUYHO
TeHEpaITHO TOHEHE (co MPHIPYKHA
KOMIIpecHja) BO CKJION Ha IIpPOLECOT Ha
mupeme Ha OaceHOT Ha Erejckotro Mope Ha
ceBep, 1 HOPMaJHO paceIHyBambe.

OKeaHCKM puU(PT U OKeaHCKH OaceH Ha
MEIUTEPAHCKUOT pUDTEH CHCTEM;

e Bo KOHTHHCHTUTE ce 0JIBHBa
XOPHU30HTATHO JIBUKEHHE CO CBICKYBAHE HA
mutochepa u acreHochepa koH O-K
30HaTa, MPHIPYKEHO CcO (POpMHUpame Ha
JeTIPECUU U OPOTeHE3a,;

o dopMUpamETO HA IUTAHUHM U JICTIPECHU Ce
pakoBOAM OJ OJHOCT Ha MHUTpHpaHa
nutochepa BO MaHTHjaTa u
TpaHcopMUpaHaTa  KOHTHHEHTAlHA BO
npeoHa nurochepa;

e Bp3uHata Ha CBJICKyBamkbe HA KOTHHEHT-
anHata JuTocdepa € BO (yHKIHjA O
IPBHUTAI[MOHATA pa3ivka QopMHpaHa CO
CIUIaCHYBaWkE Ha T0jacOT Ha MOTOMIa M
MOJIECHA MaHTH]ja, JETYMHO M O]l OJHOCOT
Ha TEHYCHETO M TOHCHETO HAa OKEaHCKAaTa
nutocdepa U 31e0eyBambeTO U U3AUTHYBa-
HBETO Ha KOHTUHEHTAITHAT alIuTocdepa;

e JlempecunTe W TUIAHUHCKTHTE MAacHUBH
MOTEKHYBaaT OJf UCT TEKTOHCKH NPOLEC, U
KODUCTEHETO  Ha  OpOreHe3uTe  3a
TEKTOHCKH XPOHOMETPH € JUCKYTaOUITHO;



e ['eonpocropor Ha PM ce ctpykrypupa BO
jalIpaHCKM W €rejcKu  pPeruoH  Ha
IpaBUTUPAE HAa TUTOC(EpaTa;

e B0 OCHOBHHUTE PETHOHU Ha TPaBUTUPALE CE
O/IBMBaaT  KOMIUIEKCHH  TPOIECH  Ha
CBJICKYBambe Ha nmuTtocdepara on
reornpoctopoT Ha PM co audepenuupanu
TEKTOHCKH JIBIKEHa KOH OaceHWTe Ha
Jampanckoro u Erejckoro, aemyMHO B KOH
Oacenot Ha LlpHoTro Mope;

e HacineneHMoT  reosiolIKM  CKJIOO  OJ
HEOTEHHOT M TPEIHEOTEHUOT MEPUONa Ce
nedopmupa co XOPHU30HTATHO u
BEPTHKAJIHO JABIKEH-E- CO CO3/IaBamke Ha
JIETIPECUU U OPOTEHE3a;

e ['‘eonpocropor Ha PM BO HEOTEKTOHCKHUOT
U COBPEMEHHOT IIepHOJ] €BOIyHpa BO
cocToj0a Ha reHepajHa SKCTCH3Hja, Koja €
Mou3pa3eHa BO HCTOYHUOT MEPHIIUjaHCKU
mojac Ha Bapaapckara 3oHa. Co TakBara

coctojba MoOXe Ja ce  IOBp3yBa
dhopmupameTo Ha XUAPOTEPMATTHU
cuctemu (Cnmka 5.), HO, MOXeOH U

HEOMarMaTcka akTHBHOCT BO KpPaTOBCKO-
37IETOBCKaTa M KOXYBCKaTa BYJIKAHCKa
o0JacT, M1jaHeYKO-MaJICIIEBCKUOT POB, ;

e 3a TEMEITHO OCO3HABH-E HAa HEOTECKTOHCKOTO
CTPYKTypHUparme Ha TeonpocTopoT Ha PM e
HEOMNXOJHA KBaJHMTETHA OCKYJTallfja Ha
TEKTOHCKHUTE JIBUKCHA;

e Criopesr  TMOCTOjHUTE  MMONATOLUM  BO
nutochepara Ha PM ce onaBuBaar jocTa
0aBHU TEKTOHCKH IIPOIIECH BO CIIopenda co
OKOJIHMOT TMPOCTOP Ha MEIAUTEPAHCKHOT
Oacen. Bo cormacHocT co oOYeKyBaHHTE
0aBHU JIBUKCHA, HEONMXOJHA € HHBHA
JONTOBpEMEHa TMpElU3HA OCKyNTaluja Hu
o0OpaboTka.
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CAUSES AND NEOTECTONIC STRUCTURING OF THE
GEOSPACE OF RMACEDONIA

Gavril Mirakovski'

!Institute of Earthquake Engineering and Engineering-Seismology,
SS Cyril and Methodius University, Salvador Aljende 73, Skopje,
Republic of Macedonia, mirak@pluto.iziis.ukim.edu.mk

Abstract

The geospace of R. Macedonia is structured within the entire Balkan and Mediterranean region. The
parameters of tectonic motion are of a particular importance for getting an insight into recent and neotectonic
structuring of the geospace of interest.

In the continental lithosphere, there is motions in horizontal and vertical direction. Horizontal motions is
associated with sliding of the plastic and ductile lithosphere and astenosphere in the direction of the O-C
dislocation. Vertical motions are associated with subsidence and orogene thrusting of the ductile and the plastic
lithosphere as well as with some thining, thickening and subsidence of the lithosphere. The crust and the surface
terrain are structured under the effect of the processes that are taking place in the ductile and the plastic
lithosphere. The geospace of RM is structured in the Adiratic and Aegean region of general tectonic motion of
the lithosphere toward basins vhere it generate volume surplus. In both regions, front and footing blocks are
differentiated according to parameters and characteristics of tectonic processes that are carried out within them.

Key words: tectonic movement, structuring, continental lithosphere, O-C zone, oceanic rift.
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I'EOTEKTOHCKHU PA3BOJ HA JIAKABHUYKHNOT I'PABEH
BO AJIIIMCKHUOT OPOI'EH HUKJIYC

Tomre Ietpos', Buonera Crojanosa', Bojo Mupuoscknu'

'Vuusepsumem "loye [enues”, @akyimem 3a npupoOHu u MeXHUUKU HAYKU,
Toye Jlenues 89, MK - 2000 [lImun, Penyonuxa Maxedonuja
gose.petrov@ugd.edu.mk // violeta.stojanova@ugd.edu.mk // vojo.mircovski@ugd.edu.mk

Arncrpakr

3a BpeMe Ha AJIIKMCKUOT OpPOTeH LUKIyC TepuTopujata Ha PernyOnnka Makenonuja Ouna 3adaTeHa co MHOTY
CJIOXKEHHM IIPOLIECH Ha TeKTOoreHesa. Bo Anmuckara eTama ce ourpaie INIaBHUTE IPOLECH Ha TEKTOreHe3a, KOu
uMajne ofpa3 Ha LEJUOT NpocTop Ha Bapaapckara 30Ha U ja OOHOBMIIE KaKO HEOMJHA, MOIIHE MOOMIHA
TeOTEKTOHCKA CTPYKTypa (30Ha). IIputoa, u3nBoenure cy630Hu Bo Bapaapckara 30Ha (MCTOYHA, LIEHTpaJHA U
3amajgHa cy030Ha) 32 BpeMe Ha AJIMKCKaTa OporeHe3a ce KapaKTepH3HMpaaT co pa3iMyHa MaHudecranuja u
WHTEH3UTET Ha TEKTOHCKHUTE JABW)KEHAa, Pa3lIMueH HMHTEH3UTET Ha MAarmMarcKUTE NpPOLECH M CTEeNeHOT Ha
mucnonupanocT. Bo Bapnapckara 30Ha jacHO ce ce M3BOCHU TEKTOHCKHTE JIBIDKEHA MOBP3aHU CO Pa3lIMuHU
¢ba3u BO paMKuTe Ha AJIKCKATa OPOTreHe3a, U3BOCHH KaKO: PAHOAIINHCKH, CPSIHOAIIHCKH U KaCHOAIIHUCKH
(meoTekToHCKH). Bo 0BOj Tpynm ce mMpe3eHTHpaHH TEKTOHCKHTE Mporecd BO JlakaBHIKHMOT TpabeH Kou ce
CllydyBaje 3a BpeMe Ha AJIIKCKaTa oporeHesa Ha NpocTopoT Ha Baprapckara 30Ha.

Kayunu 300poBu: JlakaBmuku rpabeH, ANUCKa OporeHe3a, TeKTOHHKA.

BOBE]

BapnapckaTa 30Ha Kako NajeouHa CTPYKTypa
HacTaHala CO KpIIeHhe Ha TpEeHBHIICKATa
3eMjuHa Kopa Bo pudej-kamOpuym. Of Torar,
ma cé A0 Tpujac, Ha MPOCTOPOT Ha
Bapnapckata 30Ha ce omBMBal  I€o-
CHHKJIMHAJICH Pa3BOj CO NMOCTOjaHa TCHICHIIN]a
Ha WCTCHYYBame Ha 3eMjuHara kopa. Bo jypa,
CO TpoLecuTe Ha puTyBamke U CO34ABAKE HA
OKCaHCKH THI Ha 3€MjHHa KOpa BO Me-
JUTEPaHCKUOT nen Ha Tetuc, ce opMupan Te-
CeH OKeaH Ha nenot Bapaap-U3mup-Ankapa.
Kako pesynrar Ha CIOXEHHTE TE€OJIOIIKH
npollecl KOM ce ojBMBaie, BO Bapmapckara
30Ha ce MaHH(ecTUpaaT MHOTY 3aCIHUYKU
JUTOJIOIIKA M CTPYKTypHH enemeHTH. Ho,
MOCTOjaT W OJAPEINCHU CHECHU(PUYHHU Pa3IUKU
Kako BO JIMTOJOIIKHOT COCTaB, Taka M BO
CTpYKTypHarta rpanda, kou Bapmapckara 30Ha
ja mudepeHIMpaaT BO TPH JOHTUTYIWHAITHU
nojacu  (cyO3oHm): wucrouHa Bapmapcka
cy030Ha, meHTpanHa Bapmapcka cy63oHa u
3anagHa Bapmapcka cy63ona (ci. 1).
JlakaBUuKMOT TpabeH € CMECTeH BO MCTOYHATA
Bapmapcka cy030Ha (jy»KHO-jyrOMCTOYHO OJ
tum.

Teputopujata Ha P. Makenonuja BieryBa BO
COCTaBOT Ha MexauTepaHckata OpOreHa
0071aCT, BO KOja TCOCHHKJIMHAITHUTE yCIIOBU Ha
pa3Boj 3aBpIIWIIE KOH KpajoT Ha MAaleOreH U
MOYETOKOT Ha HEOreH, Kora HacTaIluil
KOHTHHEHTaJIeH pa3Boj. Bo mpara ¢asza Ha
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KOHTHHEHTAJIHUOT pa3Boj, BO BpPEMETO Ha
MHUOILIEH, JOLIUIO [0 TICHEIUIEHW3aluja Ha
CTPYKTYpUTE CO3/JaZCHH CO IMUpPUHEjcKaTta W
caBckata oporeHa (aza. Pemuktu on
3apaMHUHH (T1aToa) (OPMHUPAHH BO OBOj
NepuoJ JeHeC MOKaT Ja Ce CpeTHaT Ha
IUIAHUHCKUTE MAacCHBH HA DPa3IMYHU BHCHHH.
Ha =Hexkom Mecta oBHE 3apaMHHMHU C€
MOKPUEHH CO IUIMOLECHCKA ¥ KBapTEPHU
CeTUMEHTH.

Ha moueTtokoT Ha HeoreH, T.e. BO cpeluHaTa
Ha MHOIIEH, JIOLIO /IO CO3/laBambe Ha IPBUTE
nenpecun, kako Ckorckata u KymanoBckara
JernpecHja.

Bo TexoT Ha IIMOLIEH IOLUIO N0 aKTHBHUPAHE
Ha TEKTOHCKHUTE IpollecH W (opmHUpame Ha
MOPGOCTPYKTYPU Ha U3IANTambe U HA TOHEHE,
KOM JIeHeC MOXaT Ja ce KOHCTaTupaaTr BO
COBpeMeHHOT  peijed. [Iporiecor  Ha
nudepeHIujaTHi ABIKEHa Mery JeTpecuuTe
U XOPCTOBUTE CO TEKOT Ha BPEMETO CE MOBEKE
ce 3acCHiIyBajl, IUTO JOBEJO 10 aKTHMBHPAKkE HA
crapu u (opMupame Ha HOBH pacequ, KOW
IpeTcTaByBaaT paOHU pacequ Ha W3ABOCHUTE
MopdocTpyKTypH (Ci1. 2).

JlakaBuukmor  rpabeH ce  Haofa  BO
Bapnapckata 3o0na. [onr e okomy 40 km co
mpoceyna mmmpuHa ox okoiny S5 km. Toj
MPETCTaByBa pENATHBHO CIYINTEH OJOK, €O
nporerawe C3 — JU, nomery xopctot Cepra -
I'papemixku Ilnanuau u xopctor byunMmcku



omok — Cwmpaem. On jyrosamajHa CTpaHa
JlakaBuuKknOT TpabeH € OrpaHuveH CO XOPCTOT
Cepra — [I'pagemixku IlnanuHm  momx
KOHTpacTeH  HOpMajeH  (TpaBUTALlMOHEH)
pacen. Xopcror Byummcku 610k — Cwmpzen,
KOj Cce KapakTepu3upa CO JOCTa CJIOXCEHa

Mopdoromka  Tpagda, Tro  OrpaHUIyBa
JlakaBuukuor TpabeH OJ CEBEPOMCTOYHA
CTpaHa.

Onimita  KOHCTaTralyja €  JieKa  CUTE
MOPGOCTPYKTYpH ~ HA  TOPOCTOPOT  HA
JlakaBUUKHOT rpabeH WMaaT  OIpejeHa

3aKOHOMEpHA I0JIOKOa, KOja € pe3yiTeT Ha
TEKTOHCKUTE MPOIECH KOU C€ CIydyBaJie BO
HAjHOBUTE €TANU OJ] T'COJIOIIKHOT pPa3Boj Ha
TepuTopujara Ha P. Makenonuja.

BATAJIHO ..
MAKETOHCKA %

| 3CHTA \(
\

Kysanono

Cauxa 1. TexToHCKO 30HHpame Ha Bapmapckara 30Ha Ha TepuTopHjaTa Ha MakenoHHUja
(dymypuanos H. u ap., 1990)

1. penuxTH o BapnapckaTta okeaHcka Kopa, 2. TIIaBHU 110jacH Ha TEKTOHCKH yATpaMa(uTH,
JIT' — JlakaBuuku rpadeH, XBBC — xopcr Byunmcku 650k - Cmpaemn, XCI'TI — xoper Cepra - ['pageriku

IInarmHn

50 km

Cimka 2. Kapra Ha HEOTEeKTOHCKa peoHH3alija Ha TepuToprjata Ha Makenonuja (Apcoscku, 1975)

1. MopdocTpykTypu Ha u3nurame, 2. MoppocTpyKTypH Ha TOHEHE, 3. BynkaHncku nojpayja,
XIII — JTakaBu4ky rpabeH
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I'EOJIOIIKA I'PAJABA HA JJAKABUYKHNOT I'PABEH

[Mommpokata okonuHa Ha JlakaBHYKHOT
rpabeH ce KapakTepusupa €O XeTeporeHa
JUTOJIONIKA I'paada, MpeTcTaBeHa CO TpeKaM-
OpHCKH, TaJe030MCKH, ME3030MCKH, TEpIH-
CpHH U KBAapPTEPHH ICOIOWKN eAuHULH (C1. 3).
IIpexaMOpPHCKHOT KOMIUIEKC IO COYHMHYBaar
BHCOKOMETaMOP(QHH KapmH, MPETCTaBEHU CO
pa3IMYHM TUTIOBM Ha THAjCEBH, MHKALINCTH,
rpa@UTHIHA TTKPHITIIH, aMmpuboInTH,
KBapIUTH, MEPMEPH H LIUITOJIUHH.

Craponasieo30MCKUTE KapIu ce JocTa 3acTa-
neHu Bo xopcroT Cepra-I'panemku [Inanunn.
ITasleoHTONOIIKK HE € NeTepPMUHHUPAH, TyKy €

+ T4 |+ CWAWABAPAMIA
+ A 5J

+ R Y

T

J——

W3JIBOGH Bp3 OCHOBAa Ha CyNEpHO3UIHOHATA
NoJIoK0a M CTEeNeHOT Ha Meramopdusam. Bo
KOMIUIEKCOT Ha CTap MaJe030UK CE M3JBOCHU:
cepyja Ha amM(UOONCKN HIKPWILK U MEpMepU
U IIKPWIECTO-KapOOHATHA cepuja, M3rpajeHa
o1 KapOOHATHH IIKPHWJILM, IUIOJIMHHU, Mep-
Mepu u xyuopuT-amoudoncku mkpwind. On
MarMaTCKHTE KapIH ce 3acTareHu rabpoBu.
Me3030UKOT € TIPETCTaBeH CO KHCENIN MarMaT-
cku Kapmu onx jypcka crapoct (Ltumncku
TPaHHUTH), TPETCTABEHH CO PA3JIMUYHU THUIIOBU
CO TPaHUTCKHU, KBAapIIMOHIIOHUTCKH JI0 T'PaHO-
JTHOPUTCKU COCTaB.
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Canka 3. TexToHCKa KapTa Ha NOIMIMPOKaTa OKOJIMHA Ha JIakaBUYKHOT TpabeH
1 — KBapTepHH U HEOT'€HU CEIMMEHTH, 2 — TEPLIUEPHH BYJIKAHCKH KapIiu, 3 — TOPHOCOLEHCKHU (DIHIIHA
CeIMMEHTH, 4 — KPETHU CeIUMEHTH, 5 — jypCKH (M IOCTapH) IPaHUTOUIH, 6 — jypcku rabpo-nujadasu,
7 — cTapona’aeo30MCKH KOMIUIEKC, 8 — pu(ej-KaMOPHCKN KOMILIEKC, 9 — IpeKkaMOpHCKH KOMILIEKC,
10 — pacean, 11 — mymmu.

Kpennure ceauMeHTH ce 3acTaleHd BO
xopctoT byunmcku 610k-Cmpaent (JJOKaauTeT
MouapHHK), Kaje JieKaT TPaHCTPECHBHO IIpe-
Ky lltunckure rpanutu. llpercraBenu ce co
ceprja Ha Oa3aJlHM KOHIJIOMEpAaTH, KOH
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(danujaTHO  TPEeMHUHYBaaT  BO
IIECOYHUIIN U T'TIMHIIU.

Tepuuep e mnpeTcTaBeH CO TOPHOEOLEHCKU
TEPUTCHU HACIIATH, KOU CIIOPE]T JINTOJOIIKHOT

COCTaB M CYIEpIO3WIMOHATa Tojoxba ce

JIATIOPIIH,



pacuieHeTH Ha: Oa3ajHa JIMTO30HA, JOJHA
¢nuIHAa JMTO30HA, JMTO30HA HAa KONTH
MECOYHUIIH U TOpHA (UINIITHA TUTO30HA.
TepunepHuTe BYJIKAaHCKH Kapnu (ByJIKaHCKa
obmact  byunm-Zlamjan-bopos  Jlom) ce
MPOAYKTH Ha TEKTOHCKO-MarMaTCKUTe
Mporiec KOM ce OJBWBaje Bo Bapmapckara
30Ha W Ha KOHTakToT co Cprcko-
Makenoncknor macuB. OBOj ByJKaHH3aM €
MPEeTCTaBeH CO THPOKIACTHTH, aHAE3UTH,
JATUTH, KBAPIJIATUTH U TPAXHUTH.
[InuoneHckuTe  CEAMMEHTH  IJIAaBHO  C€
3acraieHn  Bo  JlakaBuukmor  TpabeH,
MPETCTaBEeHN CO 4YaKalW, IECONH, TJIHHU U
MECOKIIMBY TIIUHU cO Jebenuna mpeky 200 m.

PE3YJTATU U JUCKYCHUJA

Bapmapckata 30Ha, BO 9HMj COCTaB BIETYyBa
JlakaBuukuor ~ rpabeH, O  HEj3UHOTO
¢dopmupame, Bo pudej-kaMOpuym — cTap
MaJeo30MK, MO0 TMped JOoJHA jypa, HMana
TCOCUHKJIMHAJICH pa3Boj, CO TCHICHIMja Ha

Koper Cepra -
I'papeusn [Nnassn

ITo Teuennero Ha pekata Kpusa JlakaBuua ce
pPa3sBUEHH KBAapTEpPHU YaKall M IECOLHU CO
nedenuna no 100 m.

Bo mnommpokara oxonwHa Ha JlakaBHYKHOT
rpabeH ce 3acTajeHH MOBEeKe paceau U YN
KOM Ce CO37[aBaHM BO Pa3INYHO Bpeme. Mcture
TJIAaBHO  TIPETCTaByBaaT  JIOHTHTYAWHAIHU
CTpyKTypHu (M3mosmkeHu Bo mpaseny C3 — JU,
napajelHo co MpoTerameTo Ha Bapmapckara
30Ha). Toa ce cTapu pacenn KOW MOBEKE IMATH
BO I'eoJIONIKaTa UCTOpHja Ouile peaKTHBUPAHU
W KOM WMaaT 3HayajHa  ylora  BO
neUHUTUBHOTO (popmupame Ha JlakaBUIKHOT
rpabeH U OKOJHHUTE XOPCTOBH CTPYKTYPH.

WCTEHYYBamhe Ha 3eMjuHata kopa. Bo jomHa
jypa, BO  IIGHTpPAaJHUTE  JEJIOBU  Ha
nmajyieoBapiapckaTa CTpPyKTypa IOIUI0 A0 OT-
Bapame Ha KOHTHHEHTAJIHATa 3eMjUHA KOpa H
(dhopMupame Ha OKCAaHCKHU THII Ha Kopa (1. 4).

HNakaywisn | Xopor byaumon Gnok -
palien Cupaew
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Cauxa 4. IllemaTcku mpuKa3 Ha TEOIMHAMHIKUTE YCIOBH Ha JIakaBHUKHOT TpabeH
BO AJIITUCKHOT OPOTeH LUKITYC
1 — IIHOIEHCKH CETUMEHTH, 2 - TOPHOEOICHCKA EIUMEHTH, 3 — KpeIHH CEOUMEHTH, 4 — jypcKu
IPaHUTOUH, 5 — rabpo-aujadasu, 6 — NaJeo30MCKH U IMPeKaMOPUCKH MeTaMOP(HH Kapiu, 7 — Halperama Ha
KOMIIpecHja, 8§ — Hamperama Ha €KCTeH3Mja, 9 — BepTHUKAIHM M3JUramba Kako pe3ysitar Ha KOMIIpecujara,

10 — HaBekyBame, 11 — rpaBUTAIMOHO CIIYIITAbE.



PugrHroT pazBoj Ha Bapmapckara 30Ha Tpaen
O]l I0JTHA jypa 0 ropHa jypa. Bo oBoj mepuog,
KaKoO pe3yJNTaT Ha IIHPEHETO Ha 3eMjUHATa KO-
pa, JONLIO 70 CO3/aBame Ha 1edenn 0QHoInT-
cku Macu. Bo TuTon monuio na 3arBapame Ha
OKEaHOT CO €JHOCTpaHa CyOIyKIuja KOH HcC-
TOK, ¥ KaKO Pe3yJTaT JIOUUIO 0 CO3/1aBame Ha
nonr mojac ox rpanurouam  (ILtumnckw,
I'papgemiku Ilnanunn, Cepta u ap.).

Bo Bpemero Ha HajrOpHA jypa—HajIoJTHA
Kpena, Bapmapckara 30Ha mpercraByBaiia 30Ha
Ha KOHTHMHCHTaJHA Konu3uja nomery JluHa-
pumure ox 3aman u Kapnaro-OankaHumure,
Cpricko-MakeTOHCKHOT MacuB M Pomorckuor
MacMB OJf UCTOK. Bo mpomecoT Ha Komusuja
MOXKaT J1a ce M3/BOjaT TpU (a3l Ha KOMIIPECH-
ja, Kora JIoNIo 0 MHTEH3UBHO HaOWpame, Ha-
BJICKYBalbe W HMMOpHUKaIMja Ha TOCTOjHUTE
(opMaly U TEKTOHCKO BTHCKYBame Ha TEK-
ToHCKH ynTpabazutn. Ilomery dasure Ha
KonM3uja moctoene (asu Ha ekcreHsuja (co
npaBery CH-J3), xora Owmne ¢opmupanu
KOHTHHEHTAIHUTE TpaObCHH HCIOIHETH CO
¢bmumen u MonaceH Marepujai. [lpsarta dasa
Ha KOMIIpeCHja Ce OJ[BMBaJIa BO HAjTOpPHA jypa
— HajponmHa Kpenma. Kako pesynrar Ha oBaa
KOMIIpecHja, 3a BpeMe Ha MiagokuMepuckara
oporeHa (aza, Ha pocTOpoT Ha JlakaBHUKUOT
rpabeH gouuio a0 Qopmupame Ha MOBeke
peBepcHH paceid (JIyIINH), OJHOCHO JOLLIO
70 HaBlieKyBame. Bo anb-nieHoMaH — TypoH-
CEHOH, BO YCIJIOBH Ha €KCTeH3Hja ce Gopmupa-
HU Tpa0CHU UCIIONHETH CO (DIUIIHU U (HIIHIIO-
UIHU CEIMMEHTH, IPETCTAaBeHH CO KOHIJIO-
MepaTH, JAoply, TECOYHHIM W TIJIMHIIH.
Bropara ¢a3za Ha kommpecuja 3amodHaia BO
naneoneH. Kako pe3ynTar Ha oBaa KOMITpecHja
(Jlapamuckara oporena ¢asa) 0]l CeBEpOHCTOK
KOH jyrosaraj, Ha pocTopoT Ha JlakaBU4kuoT
rpabeH nonwio 10 Qopmupame Ha IOBEKe
peBepcHH pacead — JIYIINH, JODK KOH
HITUnckuTe TPaHUTH C€ HABJICYCHH IIPEKY
an0-IIeHOMAaHCKHUTE CEANMEHTH.

Bo ropen eoreH MoOBpOPHO HACTAIIMI PEKHM
Ha eKCTeH3Wja, Kora ce (OpMHpaHU MOBEKe
rpabenu. Bo oBoj mepuon mouuto 10 cryiuTa-
BE Ha MPOCTOPOT Ha JlakaBHYKHOT rpaleH,
KOTa ce CO31aJcHU NepudepHUpe pacelu KOH
BO IUIMOLICH OWMJIC peaKTUBHPAHHU, U KOra Owi
¢dopmupan JlakaBuukunot rpaben. [Tocie maxc-
MMaJlHaTa TOPHOEOIIEHCKAa TpaHCTpecHja, Kora
TOJIeM JIeNl O/ perHOHOT Ha JIakaBUYKHOT Tpa-
OeH OMJI TIOKPUEH CO TOPHOCOLCHCKH EIHKOH-
THHEHTAJIHN, KOHTHHEHTAIHN U (QIINIIHA Cel-
WMEHTH, BO TOPECH OJIUTOIICH — J0JIEH MUOIICH,
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3a BpeMe Ha CaBckaTa oporeHa ¢asa, mpocTo-
poT Ha JlakaBUUKHOT TpabeH OMI U3JTIOKEH Ha
WHTEH3UBHA KOMIIpECHja OJf CEBEPOUCTOYHA
CTpaHa, Kako pe3yJTaT Ha MOBTOPHATA KOMII-
pecuja Ha Cpricko-MakeTOHCKHOT MacuB Bp3
Bapmapckarta 30Ha. OBUe Hamperama Mpeau-
3BHKaJIe HabWpame Ha TOPHOCOIIEHCKUTE CeIH-
MEHTH co (QopMHUpame Ha Ha0OpH, HAjYeCTO
KOCH M MHBEPCHHU KOH jyrosamal, a UCTO Taka
JonuIo U 10 (opMuparme Ha PEBEPCHU pacenu
U JIyIny. J{oJK peruoHaaHuTe paceiHu CTpy-
KTypd AOLLIO JO0 BTUCKYBame€ Ha TEKTOHCKU
odpuonutu. Tyka ce mojaBuiIe U MPBUTE MaHH-
(ecTanMy Ha TEPIMEPHUOT BYJIKAHU3AM.

Kon kpajoT Ha OJWroueH W TOYETOKOT Ha
MHOIICH 3aBpIINIIE Halperamara Ha KOMIIpe-
cuja moBp3anu co CaBckaTa oporeHa asa, mo-
ciie mrTo Bo Bapmapckara 30Ha HacTamui rie-
puox Ha excteHzuja. O cpeleH MUOLIEH ¢é 0
IJICUCTOLICH Omite popMupaHu OpojHH Ha HEo-
TCEKTOHCKN KOHTHUHCHTAJIHH rpa6eH1/I HUCITIOJIH-
€TH CO €3ePCKU CeJUMEHTH. Bo MuoLeH—Iumo-
IIeH Cce O/IBMBajla MHTCH3WBHA BYIJIKAHCKA aK-
TUBHOCT O] aH/E3UT-IATUT-KBAPIIATUTCKH H
PHOJIUTCKH COCTaB, & BO IUTHO-TUICHCTOLICH W
on OazaiTeH W ajKaiHO-0a3zanTeH cocTaB. Bo
OBOj TIEpHOJ Ha TepuTopHjara Ha JlakaBHUKH-
oT TpabeH IOmuI0 10 TEHeIICHW3aluja Ha
npeTxonHo (opMHupaHUTe MOPGOCTPYKTYPHU
(hopMu U co3naBame Ha JISHYJAI[IOHU 3apaMH-
WHU. PenuKTH 07 OBHE 3apaMHMHM JEHEC Ce
HaoraaT Ha pa3nu4Hu BUcHHHU (400-600 m Ha
xopctot Cepta-I'panemiku Ilnanunu, T.e 600-
800 m Ha xopcToT byunmcku 6mok-CMpent.
HedunutusHoTo (hopMmupame Ha JlakaBUUKH-
OT TpabeH 3alloYHajo BO IUIMOLEH CO PEaKTHU-
BHpamkE Ha IOCTapH paceau co mpoTerame C3-
JU, xako pe3yaTaT Ha HalperamaTa Ha €KCTe-
H3Wja Bo Bapnapckara 3ona. Co oBHe Harpera-
Ba JOIUI0 0 oJialedyBambe Ha xopctoT Ce-
pra-I'panemiku I[lnanuau oj xopcroT byuum-
cku Onok-CMpaen W rpaBUTalMOHO CITYLITa-
e Ha OJIOKOT MoMery JBaTa XopcTa u (pOpMH-
pame Ha JlakaBmukuor rpaben. OcobOeHO 3H-
avaeH e J3 pacen, 10k koj JlakaBUYKHOT rpa-
OeH e coymreH Bo ogHoc Ha xopcroT Cepra-
I'papgemku [Inarman. OBoj pacesn mpeTcTaByBa
peruoHajeH paces Koj 1aboKo ja cede 3eMju-
HaTa Kopa Ha 0BOj JAen ox Bapnapckara 3oHa.
Jlomx oBoj pacen, 3a BpeMe Ha jypa, Ha IO-
BEKE MecTa JIONUIO IO TUjalTiPCKO BTHCKYBa-
e Ha TEKTOHCKH ynTpadasutu. OBa yKaxyBa
Ha (aKTOT JIeKa OBOj pacell MOKpaj Toa IITO
mTaboKo ja cede 3eMjHHAaTa Kopa, WUCTHOT €
CTap pacel KOj OBEKe MaTH OWJl peakTUBUPAH.
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METO/JOJIOTHJA U TPUHIUIIA 3A U3PABOTKA
HA OI'K-2 HA PEOHOT IIVTAYKOBHIIA

3opan Jlones', Baarojuyo Boxunos

! Feoxuopounorcenepune”, yn. Teodocue Ionozanos 6p. 132,
Crkonje, P. Maxeoonuja, ghi-vslj@unet.com.mk

Ancrpakrt

Ha mommpoknoT mpocTop o IUIAHMHCKHOT MacuB [I7aykoBHIIA TI'€OJIONIKMTE HCTPaXKyBama AaTHpaaT O
BpEMETO Ha Typckara mmriiepuja. [lokacHO 3Ha4ajHU ce mpButTe Tpyaosu Ha J. [[Bujux (1906-1911) Bo xoum
M3HECYBa OCHOBHHTE TIOAATONH 3a reonorrjata Ha CP Makemonuja, ondakajku o 1 0BOj A€ Of MPOCTOpoT. Bo
paMKHUTE Ha 0BOj TPy ce orndaTeHH OCHOBHUTE MPUHIIAITN 1 METO0I0THja 3a u3padborka Ha OI'K-2, koHKpeTHO
omndakajku ro riaHuHCKUOT MacuB [lnaukoBuia (Itun K-34-81 B, ltun K-34-81 D, JlemyeBo K-34-82 A,
Hemaeso K-34-82 C, Kasamapiu K-34-93 B,Ctpymuna K-34-94 A).

Knyunn 300poBH: METOI0JI0TH]ja, MUHEPAIHH 110jaBU, PACEIHHN CTPYKTYPH

BOBE]

Llenta Ha OBOj Tpyd € TpPHUKOKYBame Ha
OCHOBHUTE  METOJOJOIIKH  NPHHIUIKA 32
n3paborka Ha OcHoBHa [eomomka Kapra-2 Bo
M=1:50 000, MIPE3EHTUPAHU MpEKy
MYJITHIACIATUIMHAPHA METOIN KOW oTdakaar
KaOMHETCKH, TEepeHCKH U  JabopaTopuCKU
UCTpaKyBama U UCTIUTYBambaA.

Tpeba na ce HamoMeHe J[AeKa TPETUPAHHOT
MPOCTOP C€ OJIMKYBa CO MHOTY HU30K CTEIEeH
Ha HCTPAXEHOCT 3a KOj TMOCTOjaT CaMo
PETHOHAIHN UCTPaXXKyBamka CO MaJH HUCKIy4OLUU
Ha TIOCIUHU JoKanTeTH (Jlpxkaniim).
JloceramrHuTe TEONOIIKA HCIHTYBama Ha
mucror LlTHm MokemMe Ia TH HW3OBOMME BO
HEKOJIKY OJICTHU IEPHOAH.

- [IpBUTE TEONOMIKH HCTpaXKyBarba JaTHpaar of
BpPEMETO Ha TypcKaTa UMIIepHja.

- Bo mouerokor Ha XX BeK IOYHyBaaT
TeO0JIONIKUTE MCTpakKyBama CO KOM € omdareHa
uenata Tepuropuja Ha CP Makenonuja.

- F. Kossmat ja maBa mperyieaHo reojorujata
Ha TeoNOIlKa KapTa W TeKkToHukata Ha CP
Makenonuja. Ja m3nsojyBa “Bapmapcka 3oHa”
nomery Ilemaronckuor macuB u Popomnckara
(Cpncko-MakenoHcka) BO KOja TH OTHIIYBa
CTapOMaJIe030MCKUTE U ME3030MCKUTE TBOPOH.

- OcobeHo ce 3Ha4yajHU MPBHUTE TPYAOBH Ha J.
Lpeujuxk (1906-1911). Bo xoj 300pyBa 3a
THajCeBUTE ,[PAaHUTUTE M 3a HEOIEHOT BO
OKOJIMHaTa Ha peka bperanuuna nomery beposo
u IlexueBo u Bo Kouancko Ilone. I'. bonues
(1920) 300pyBa 3a THajCEBUTEC, MHUKAIIWCTHTE,
XJIOPUTCKUTE IIKPWINH W TpaHuTuTe. Bo
cBojara pabora J.Tomumu (1929-1936), nocra
JIETalHO TH OIHUIIyBa BHCOKOMETa-MOP(QHHUTE
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CTCHH, W TPaHUTOMIM 3a KOM Jajge |
MUHEPAJIOIIKH COCTaB.

- 3a Bpeme Ha [lpBata CBercka BojHa BO
obmacra Ha CP Makenonuja paborar
UCKJIyYHBO I'€PMAHCKHU I'€0JI03H.

- M.Crojanosuk, JI. I'ysenxosckn (1965) u
C. BennukoBuk(1967, 1968) napaaTt renesa,

npolleHa Ha  pe3epBH U TEOIOIIKO-
neTporpagcKu KapaKTePUCTUKU 3a
noOimMcKkaTa  OKOJIMHa  Ha  0akapHOTO

JIKUIITE Kaj ¢. bydnm.

- T. UsanmoBcku m T. Heanos (1955),].
Ienyeprosekn u JI. I'ysenxosckn (1958),A.
Kekuk (1955), M. CrpaukoB u C. XpuctoB
(1961) npaBaaT pETrMOHATHHU  TEOJIOIIKH,
XHJPOTEOJIOMIKHA ¥ CTPYKTYPHH TOJATOLH 32
MOOJICTTHH AEJIOBU Ha TEPEHOT.

I'EOJIOIKU KAPAKTEPUCTHUKHU HA

NCTPAXKHUOT TEPEH
Bo wucTpaxyBaHMOT pPEOH Cc€ 3acTaleHu
CIIEHUTE JIUTOJIOLLIKUTE YJIEHOBHU:

IpexkamOpuym - BUOTUTCKM CUTHO3PHECTH
raajceBu  (Gb), JBOJHMCKYHCKH TpakacTh
raajceBd  (Gmb), TPaHUTCKH MHKAIINCTH
(Sm), wmepmepu (M), MHKAIIUCTH U
JENTHHOMNUTH (Sm), MYCKOBHTCKH THajCEBU
(Gm), amdpudonuT nampruOOICKH IKPHUIIITH
(A), THajceBu amMHUOOINTH W MHUKALIHCTH

(GSm), Ttpakacto  mOPQPHUPO-OIACTUIHH
raajceBn  (G),  OKIACTO-aMHUTJAJIOMIHU
raajceBu  (Gm), xkBapu-nopdupu  (Sp),

KaJIMCKU TpaHuTH (Y,), MIKPUIbABU TPAHUTHU
(v,); Pudej-kamOpuym-  Anbur-xBapi-
MYCKOBUT-XJIODUTCKM  IIKpuianu  (Sab),



Enunor-kBapi-cepuuT-XJIOPUTCKH  HIKPUIIIH
(Sab), AMUOON-XTOPUT-CEPULUTCKH IKPHIILH
(Samco), Am¢udoncku-mMeraradbposu (vam),
AM(UOON-XTOPUTCKH ~ MIKPWIA W MeTa
nujabasu (Sam); Ilocrap Ilaneo3ouk- Xaopur-
KBapIl-CEPUITUTCKU MKpMWIIH (Scose), MepMepu
(M),rpadpuTHyHE  TKPWIIK W QWIUTH
(Fgr),bumutu, metanecounura u mepmepu (F),
Xnoput-am¢pubonacku  mkpwind  (Scoam);
Homaan IManeozoux- Ksapu-rpadurnunu
mKpwiIy U Gumutu (Sgr), XIOpUT-CEPULTUTCKU
mkpwia (Sco), Cepunmurcku mkpwmimm (Sse);
Me3o3ouk- ArmronnHu rpanuta (y); Fopen
Eouen- BapoBHunu namopud ¥ IJIHHY;
Ilauonen- Anpesurcku tyd (9), dammja Ha
gakanu U necouu (PI); Ilamouen-KBaprep-

buropnueu BapoBauuu (P1,Q); XoJoueH-
Crapu peunn Ttepacu (t), IlpomyBujamnu
Hacnaru (pr), JemyBujamau vacnaru (d).

TexkToHNKA

[Tnanwnata [nauykoBua 1 mpumnara Ha JBETE
KPYIMHA TEOTEKTOHCKH  eauHUIU-CpIicKo-
MakeJ0OHCKaTa Maca W Bapmapckara 30Ha.
I'pannynata  30Ha  momery  Cpricko-
MakeJIOHCKaTa Maca u Bapmapckara 30Ha ja
MpeJICTaByBa I0CTa MapKaHTHA PyNTypa,Koja
Ha HaIaTa TEpPUTOpHja MmodHyBa on JlojpaH,
MpeKy 3amagHuTe NaguHu Ha benacura,
Orpaxnen, IlmaukoBuma wu 1mpeora BO
KpaToBcko-31eToBCKaTa ByJIKaHCKA 001acCT.
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Canka 1. HeorexToHcKa peonusanuja Ha PM

Bo ckionor Ha OBOj MPOCTOpP OJf CTPYKTYypPEH
aCIeKT C€ U3JBOCHU CJIeAHUTE MOP(dOCTY-
KTYpHH €IWHUITA: 3pHOBCKA aHTHUKIMHAIIA,
H3BencHcka aHTUKJINHAIIA, Kamumancko-
CMuibaHCKa MOHOKJIMHAIA, BuHnuko-biaareuku

Pynnu nojaBu

Ha peon I[lmaukoBuila ce HaofaaT HEKOJIKY
PYJHH T0jaBU, KOH MPETCTaByBaaT MEPCIEKTUBA
3a HATaMOIIHHM HCTpaxyBama. Ce cpeTHyBaaT
M0jaBM Ha METaJIHH U HEMETAIHW MHHEPATHU

CYpOBHHH, W CYPOBHHH 3a TMOTPEOUTE BO
TPaJIeKHUIITBOTO. Mery HUB BHIHO MECTO
3aB3eMaar 0akapoT, OJIOBOTO, IIMHKOT W
KEIe30TO (MarHeTHTOT). Munepanau
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pacen, I'panmeuko-bapanncku  peBepceH
pacen, Bunnuko-Ilekpancku pos,
Pamosumko-Tepancko-HUBUYAaHCKH TpadeH,
Jlymmu, Kovancka genpecuja.

WHIWKAIMK Ha OJIOBO M IIMHK CE€ jaByBaaT BO
MMOJHOX]ETO Ha TulaHWHaTa M3BemeH kaj c.
Hpxanmm (cmuka 2)  T-5 7 626 689 4 619
546. Pynna sxuna nebena oxony 5 cm co EIl-
90/30 BO CWJIIHO YIIKPHIJIEHH THAjCEBH CO
E®-245/70 (3emeno mpoba, Buaum GoTo) U
MUHEpalu3npaHa (JUMOHHTHU3UpPaHa) BoOJA
0] paceqHa CTpYKTypa (ciuka 3).
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Cuanka 3. JIluMoHNTH3MpaHa BOJIAa BO CUIIHO YIIKPHJICHH THAjCEBU

Bo okonnnara Ha CauWHTall BO THAjCEBHTE CE
3a0enexxyBa pylHa MHUHEpajM3aldja Ha OJIOBO
(Pb) m 1wma (Zn), a xaj Jacukara u c.
Cvmipaniin MuHepanmsanuja Ha Fe. TwurtaHo-
KENEe3HH pyIHH TI0jaBH OTKPHEHH C€ BO
HEKOJIKY JIOKaJHOCTH,Ha MOIIUPOKHUOT IPOCTOP
O]l TUIAHWHCKHOT MacuB [ OTEH, W3BOPHIIHUOT
nen Ha pekara Jlaku u bapOonHnIa TpocTOpHO
noBp3aHu co ampubonuTH U MeTarabpoBu. Bo
M3BOPHIIIHUOT aen Ha p. [TnaBuja ce cperHyBa
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MUHepalu3anuja Ha ypaH u Oakap. Bo
Omusuna Ha pexa CupaBa co JaIeHHTE
koopnunatu T-67 7 631 260, 4 613 240,
ce 3a0enexaHn KPYIHO3PHECTH IPAHUTH KOU
ce J0cTa M3MEHETH (KaOJWHUTH3MpPAHU) Ha
Mmecta cunuduuupanu. Ce 3abenexyBaaT
KBAapIHU JKMIM KOU C€ OpYIOHETH CO
NPUCYCTBO Ha IHPHUTCKA MHHEpaIH3aluja
cnuka 4 (doto).



Canka 4. [InpruTcka MUHEpaIN3alja BO KBAPIHH KK

Co peanuzanujata Ha TPyAOT Ce O4YEKyBa JeKa
npeKy TEPEHCKHUTE HCTpaXyBamba 171
nabopaTOpUCKUTE WCIHTYBama Ke ce No0ujatr
OCHOBHHM MOJATOLM HA JIUTOJIOMIKUTE YICHOBH
Ha MarMaTcKHTe, MeTamMophHUTE 171
CeIMMEHTHUTE Kapnu. lonema € MOXKHOCTa
JOKOJIKY CO CIPOBEJCHUTE HUCTpaKyBama Cce
noOujaT OApeNeHH CO3HaHWja Jla ce IMocodar
JOKallMK 332  CHEPreTCKH,  METaINYHH,
MOJYMETAIMYHA W HEMETaJTUYHH MUHEpaIHU

CYPOBHUHH. Ce ouekyBa JeKa TIOKpaj
peTHucCTprupame Ha IOCTOJHUTE HAOTaJHINTa
HAa MUHEpaJHa CypoBHMHa ke ce no0ujar
MOJIATOIN 3a ynotpeOiauBocTa Ha
KapIrecTHTe MacH Kako MUHepaliHa CypOBHUHA
U Ke ce OApenaT MEepPCIEeKTUBHH JIOKAIUH 32
HOBHU HaorlanuITa npen ce Ha
APXUTEKTOHCKO-YKpaceH KaMeH, TPajiekHO-
TEXHUYKH KaMEH, TPaJIC’KCH MEeCOK U YaKal u
LUrIapcKa riuHa.

METOJOJIOT'NJA HA UCTPAXKYBAIBE U UCIIMTYBAIBE

OcHoBa 3a mW300p Ha  TpeABUACHATA
METO/I0JIOTHja MpeTCTaByBa CTPYKTYPHO
T'COJIONIKHOT COCTaB HA MPOCTOPOT, MPUCYTHUOT
MarMaTH3aM, MeTaMopu3am KaKo u

3aCTaleHOCTa Ha JIUCjYHKTHBHATa TEKTOHUKA
MpoIpaTreHa co IOocTMarMarcka akTUBHOCT.Co
UCTPaKyBamkETO Ha UCTPAXKHHUOT MPOCTOpP Tpeda
Jla ce IPUMEHN METOJ0JIOTHjaTa Ha CleleHhe Ha
TeO0JIOIIKUTE TPaHULIM U TIOTOJIEMUTE TEKTOHCKU
CTPYKTYpU 3a LITO THOTOYHO AeUHHpamE Ha
TeO0JIONIKHOT CKJION Ha TepeHoT. Mcro Taka mpu
OJlpellyBaleTO Ha MapuIpyTHTe Tpeba ma ce
BOAM CMETKa CO HMB Ja ce Ipecedar LITO €
MOKHO TOBEKE JINTOJIOIIKH I'PaHUIM, OJXHOCHO
MapuIpyTHUTEe JAa ce IUIaHHpaaT HOpPMalHO Ha
MPOTETalETO Ha  JINTOJOIIKUTE  EIUHHIIH.
[IpoyuyBamara Tpeba na OMmaT O acHeKT Ha
OTHIITYBaFkb€ Ha TEOJONIKUTE, MHHEPAIOIIKATE
W TEeTPOJIOIIKUTE  KAapaKTEepUCTHKHM  Ha
3aCTallCHUTE KaplnecTd Mach. 3a IMOKPHUEHHTE
JIEJIOBU Off TEPEHOT Ce NMPHMEHyBa METo/1aTa Ha
HCTPaXXHO [yMuYeme WIIHM packomyBame. lcro
Taka oJl OJpEJEeHM KapIecTH MacH ce 3UMaar
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MIPUMEPOIT 32 TOTPEOHHUTE JTaOOPATOPHCKHU
HCIIUTYyBamba. Kaptupameto Ha
UHTPY3UBHUTE (IUIyTOHCKMTE) Kapmu ce
BpPIIM CO IIeT Ja C€ OCO3Hae HHBHATa
reoyioruja, TeHe3a, TEKTOHCKaTa Tpanda,
PasBOjOT, 3HAYCHETO OJf METAIOTeHETCKU
aCIieKT W BpCKaTa CcO JPYTUTE TeOJOIIKU
nejctBuja. KaptupameTro Ha HWHTPY3HBHHTE
Kapmu ondaxa:

-oflpeyBambe Ha COCTABOT, HAa CTPYKTYpPHO-
TEKCTYpPHUTE CBOjCTBA M BUJOT Ha KapraTa;
-M3/IBOjyBambe KapTUPAHU CIUHUIM ;
-HCTPaXXyBambe Ha 00JINKOT Ha
UHTPY3UBHUTE  Tela,  KOHTAKTOT  CO
OKOJIMHATa ¥ Mel'y UHTEPHUTE eTUHUIIN;
-MCIHTYBakbe Ha KOHTAKTHHUTEC MPOMEHH BO
OKOJIHHTE KapIIy;

-MCIHUTYBAakbe Ha IOCTMarMaTCKUTE IPOMEHN
U T0jaBH, a OCOOCHO 3a KOM C€ Bp3aHU
3HAYajHU MUHEPAJIHU CypOBUHH;
-MCIHMTYBalkbe Ha BHATpelIHaTa Tpanba Ha
UHTPY3UBHUTE TEIIA;



-HCIIUTYBalkbe HAa pElaTUBHATA TEOJIONIKa |
M30TOIICKA CTApOCT Ha MHTPY3UBHUTE Kaplu U
HUBHUTE BapueTeTH. Ha reonomkure Kaprw,
MeTaMOp(pHHUTE Kapmyd ce O3HauyBaaT CIOpen
COCTaBOT, CTPYKTYPHO-TEKCTYPHHUTE CBOjCTBa,
CTapocTa a MopeTko u cropen Oojata. Kora ke
ce paspemu MeTramopdHara u
npeameramopdHaTa Tpanda, Mmoroa ce BPIIH
(opMaLMOHO pacujicHyBame. AKO HE MOXaT Ja
ce yTBpAaT TmpeaMeTaMopdHUTE CBOjCTBA Ha
Kapnute, (QopMalMHUTe C€ W3/ABOjyBaar Bp3
OCHOBa Ha COCTaBOT M  CTapocta Ha
meramoppuszmor. Co  KapTHpameTo  Ha
MeTaMOppHUTE  Kapmd  C€  H3BOjyBaar
KapTUpaHU COUHWIM W C€  OJpeyBaar
CBOjcTBaTa Ha MeTaMOpP(hHHUTE BapHETETH W
npeaMeTaMopHUATE CBOjCTBA HAa MarMaTCKHTE
u CEIMMEHTHUTE Kapmu on KOH
noTeKkHyBaaT. TepeHCKOTO KapTupame e
3aIOJDKUTETHO TIPOCIEACHO CO MHIIYBaHa,
rpaduuka U MaTepHjajHa JTOKyMEHTaluja, Koja
ke TIOCHYy’)KM Kako OCHOBa 3a KaOMHeTcKa
paborta, Ma0OpaTOpPHCKH  WCHHUTYBama U
mpabotkaTa Ha OCHOBHATa TEOJIOMIKA KapTa H
TonKyBadoT. JluHammkara 3a wu3paboTka Ha
OI'K-2 Ha peon "[lnmaukoBuma" ce coCcTOM Of
peanm3upame Ha UCTpaxHHUTE paboTH BO TpH
dazm.

I-®a3a - uspaborka Ha IIpoekT 3a u3paboOTKa
Ha OcHoBHa [eomomka xapta (OI'K-2)
peon"I[InaukoBuna" Bo mepka 1:50.000 ;
II-®a3a - wusBenyBame Ha MNPOCKTUPAHHTE
I'eonercku, T'eonomikw, T'eoxemucku,
nunxoBcku, ['eodusuuku, 1a0OpaTOPUCKU U
KaOWHEeTCKH paboTH;

ITI-®a3a - u3paboTka Ha CHHTE3HU KApTH U

TOJIKYyBayH
Bo mpoektor nmeramHO ce  oOpaboreHH
nocienHuTe aBe  (asu, BO TOMNIEA Ha
nepuHupame Ha UCTpaKkHHTE paboTH 10

MOTPeOHNOT BUI U 00eM, JOKalujaTa, HAaYuHOT
Ha  W3BelyBame, MOTpeOHaTa  ompema,
JMHAMHYKHAOT TuTaH 3a W3BEyBambe,
notpeOHUTe (PUHAHCHUCKU CPEeACTBa U JpPYTH
pabotn. OCHOBHa TeEOJIOIIKA KapTra ce
n3paboryBa Bo TepeHcku paszmep 1:10.000 a
¢uHanHO ce mpuKaxyBa Bo pasmep 1:50.000.
Tomorpagckure ocHoBH Tpeba ma Oupar
TTOHOBH KapTH IO TpUHWUYKA moxenoa. OCHOBHA
TeoJIOIKa KapTa Tpeba Ja T COAPKU CIETHUTE
CIIEMCHTH:

-MOBPIIMHU  HAa  PaclpoCTpaHyBame  Ha
CeTMMECHTHHUTE, MarMaTCKUTE M METaMOP(HHUTE
KapIly, pacuwICHEeTH 0 CTapOCT, COCTAB U CKJIOII,
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W U3IBOCHH TEOJIOIIKMA T'PAaHHWIM CO O3HAaKa
Ha KpakxTep;

-CTPYKTYPHH €JICMEHTH;

-MoJaTONM 32 MecTara Ha TI0jaBYyBambe,
UCTpaXKyBale W  eKCIUloaTanyja  Ha
MHUHEPaJIHU CypPOBUHH;

-OCTaHaTH TIEOJIOIIKH, XHAPOTCOJIOLIKH,
WHKEHEPCKOT'COJIOIIKH, TeOMOP(OIOMKA 1
JpYyTH TI0jaBH.

IT - ®aza

IIpen 3amouHyBame Ha TEPEHCKHTE PabOTU
3a m3paborka Ha OI'K-2, ce mnpoyuyBa
[IOCTOGYKAa CTpy4YHa JOKYMEHTaluuja |
JIuTepaTypa 3a UCTpaxHHOT TepeH.lloToa ce
npunpeMar — TONOrpadcK, — T'eONOIIKH,
¢doToreonomwkKn W APYrH KapTH, aepo
CHMMIM, CAaTCIUTCKM CHUMIH, U APYr
CTpYUYEH MaTepHjali, Ce BPIIN MOJrOTOBKA Ha
ompeMaTta, M C€ BpLUIM IUIAHHpame 3a
peanu3upame Ha  TEPEHCKUTE  paboTH.
TepenckuTe pabOTH 3al0YHYBAT CO YBHJ Ha
TEPEHOT (PEKOTHOCLIUPALE), 32 COTTICyBabe
Ha npoOieMuTe Kou WTO Tpeba Aa ce pemar
U 3a cobupame Ha MaTephjaioT 3a
MpeJuMUHApHa JlabopaTopucka o0padoTKa.
JleTanHoO reojOIMKO KapTUPamke Ce BPIIM BO
pazmep 1:10.000 co CHUCTEMAaTCKO
MMOMHUHYBambe MIpeKy TEPEHOT (o
ompeJiesieHH TYpH) U Ha ONPEACICHH TOYKU
co coOupame Ha MOAATOLMUTE O W3AAHOLHU.
Cute momaTony ce BHECYBaT BO TEPEHCKH
OHEBHUK (AukTadOH WM CI.) H Ha
Tororpa)cka KapTa, a MOBAXHUTE ACTAIU Ce
dboTorpadupaar wiIM ce HUCHpTyBar. Bo
TEPEHCKHOT JHEBHHK CE MUIIyBaaT MECTOTO
1 OpojoT Ha ceKoja TOUYKa Ha HaOJbyAyBame,
OpojoT Ha 3eMEH MPUMEPOK (MHUKPOCKOIICKH
npenapar, a nIpoOu 3a XeMHCKa aHalHu3a 110
Koja Mertoma ce 3emeHu. Ce cobupar cure

MOJATOIIM 33 CTapoCT, COCTaB, TEHE3a U
NPOCTOPEH  OJHOC ~ Ha  KapTHpaHHTE
TBOPEBHHHU, I[I0jaBU M HaolanuIiTta Ha

MUHEpalHH CypoBUHH U Ap. Ha coonaseTHu
W3JIAHONIM  Ce  3eMaT MpUMepond  3a
a00paTOPUCKKM  HCIUTYBaka WIM 34
MpeTUMHUHAPHA criope0a. 3a CeKoj TePEHCKU
JicH Bo 0a3a ce n3paboTyBa JOKYMEHTAIMOHA
KapTa W TEpeHCKa Treoyiomka Kkapra. Ha
TEPEHCKATa TeOJIONIKa KapTa ce W3J[BOjyBaT
KapTUPAHUTE  CIWHUIM, CUTEC  BHUIOBH
TEOJIONIKN TPAaHWIN, TEKTOHCKH CTPYKTYPH,
EBEHTYaJTHH HECOrJlacyBarma Ha TeOJIOMIKHTE
TPaHHId WM CTPYKTypd (TM mMpoBepyBa
HOCHTEIIOT Ha 3aJadaTa co WICHOT Kaj KOoj ce
jaByBa  HempaBwiHOCT). Ha Hea ce



n3paboTyBa mpenuMuHapHa JereHza. llpu
JETATHOTO TEOJIOUIKO KapTHpame BO pa3Mep
1:10.000, Tpeba ma ce KOMOWHHpAAT METOIUTE
Ha TEOJIOUIKO KapTHpame W 3ala3d MPUHLIUIOT
3a COOIBETHA T'yCTHHA Ha HAOJbYAyBauKu TOUKU
nu mnpodumu (Typu) Koja K& OBO3MOXKH
pemaBame  Ha  mocrtaBeHara  nen.  Ce
npenopauysa MakcumyM ox 120 touku/km’, HO
He noManky ox 50 Toukn/km>. PeamOynanumja 3a
T'€OJIOLIKO KapTHUPAkE Ha TEPEHOT € MPEBUACHA
caMO Ha OHHE TMOBpIIMHH, KaJieé IOpaHO e
uzpaborena reonomka kapra 1:10  000.
[IpennoxkeHata MeTOOJOIWja Ha TEOJOIIKUTE
UCTPaKyBama M UCIHUTYBamka € OMILNTO MO3HATa
U BO LIEJOCT € ycorjlacéHa co YIaTCTBOTO 3a
n3pabotka Ha OI'K. Tyka ru moreHIIpamMe camo
OHHME METOAM IUTO TIIOKPaj IO3HATUTE C€
HajOuTHM 3a u3paboTka Ha OcHOBHAaTa
reosnomka kapra (OI'K-2).Bo tekor Ha BrOpara
(daza on peanmzanyjaTa Ha MPOEKTOT, ke OUmaT
MPUMEHYBaHH KOMILJICKCHH u
MYJATHIUCUUIUTMHAPHA METOIH, KaKo IITO Ce
I'€O0/IETCKH, TEKTOHCKH, T'€OJIOIIKH, T€OXEMHCKH,
LIIMXOBCKH, T€OQU3UYKH M APYTHM METOIU Ha
UCTPaKyBamka M HCIUTYBamba. 3a T'EOJOIIKUTE
METOAM Ha HCTpaxyBame, IIOKpaj Jocera
[IO3HATUTE METOOM 33 CTPYKTYPHO-TEOJIOIIKO
KapTHpame, ro HarjJacyBaMe CIEIHOTO:

- IlpBo, peructpupame Ha CHTE IUIMKATUBHH H
IUCJyHKTUBHH  IeQOopMamu CO  AMPEKTHO
Mepeme Ha eJeMEHTHUTe Ha TMajJoT Ha Tue
nedopmariuy.

- BTopo, 3a reosomKknoT cocTaB Ha TEPEHOT, a
ce 0OpHE BHUMaHHE Ha CIEJHOTO:

> 3a ce/MMEHTHUTE KapIu:

- U3[IBOjyBambE 10 MPUHLUI Ha POpMAaIIHH;

- CHCTEeMaTCKO M JETaJHO I'€0XPOHOJIOIIKO
W3]IBOjYBAME;

- JeTaJHO pacwieHyBame Ha KBapTEPHUTE
CEeIUMEHTH W pETUCTpHpame Ha KOPUCHUTE
MHUHEPaJIHU CYPOBUHH.

> 3a ByJIKAaHOTE€HH KapIH

- UCTINTYBamkE Ha TJIaBHUTE IPYNHU BYJIKAHUTH H
HUBHHTE MeTyCeOHU TTPEOTH;

- KOPHUCTEHE Ha METOAOT Ha CHTE M3/IaHOLH TIPH
KapTUPamkETO, MAKCUMAJIHO J1a C€ TIOUUTYBA;

- 3aJ0JDKUTENIHO J1a c€ Ompenesd OOJIMKOT Ha
THE MarMaTCKH Tela;

- TOCTMarMaTCKUTE MPOMEHHM C€ H3]IBOjyBaatr
MHOT'Y JETajHO, 3apaJyd HHUBHOTO 3Ha4YCHE 3a
OTKpHBA-E Ha PyIHHM I10jaBU U HAOTAJIHIIITA.

> 3a MIYyTOHCKHUTE KapIH

- JeTalHO HCIHUTYBame Ha IMOCTMAarMaTrCKUTe
MIPOMEHH M TI0jaBH, TTOCEOHO HA OHHUE IITO Ce
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KapakTepUCTHYHM  KAaKO  HOCHTENIH  Ha
MUHEpaJIHU CypOBUHH;
- UCIUTYBamke€ Ha KOHTAKTHUTE (CHOMEHH,

Kako Ha OaTOJIUTHUTE TaKa W Ha OKOJIHUTE

KapIy;
- xiacudukanydja Ha e€JIEeMEHTUTE Ha
CKJIOTIOT, ~ TEOMETPUCKA,  XPOHOJIOIIKA,

TeHETCKa aHajW3a Ha CHTE IUIAaHApHU U
MUHEPAJIHH €JIEMEHTH;

- WCHHUTYBamkb€ Ha pelaTHBHATA I€OJIOLIKA
CTapoCT Ha KapTHUpAaHWTE EAWHUIIM, KaKO U
JoLypame MecTa 3a IpoOH, 3a OApeIyBambe
Ha arcojyTHaTa TIeoJIOIKa CTapocT Ha
KapIuTe.

> 3a meTaMopHHUTE KapIu:

- UznBojyBame Ha MeTaMopHHUTE KapIy;

- OpnpenyBame Ha moBekedasHocTa Ha
METaMOp(pHU3MOT;

- IlocebHo BHUMaHHME Ja ce OOpHE Ha
3eMambeT0 NpOoOM 3a HUCIHUTYBAKETO Ha
npeaMeTaMop@HUTE  KapaKTEPUCTHKH — Ha
KapnuTe W HUBHaTa MeTamMop(dHa HCTOpHja.
'eoxemMHucKHTE METOOM C€ COApXarT BO
T€0XEMHUCKOTO onpoOyBame Ha
CeKYHJIApHHUTE OpEOJH Ha pacejyBame I10
MIOTOYHA MPEXa, 3eMambEeTO Ha MaTepujal of
JBETE€ CTpaHH Ha IIOTOKOT, ONpOOyBame Ha
aNKaNi ¥ XUAPOTEPMalHM HAOTaJHINTa U
nermMatuTH. ['eoxemuckara MpocHeKLuja
(MeTanoMeTpuja) Ke ce MPUMEHYBa CO Il Ja
ce WCmHTa AUCTPUOyIHjaTa HA E€IEMEHTUTE
Ha TNPOCHEKTHPAHUOT MPOCTOP W NPHUTOA
NPOCTOPHO Ja C€ M3/ABOjaT OpEoJIUTe Ha
CeKYHIIApHO pacejyBamkbe BO YHU PaMKH Ce
Haoraar MIpUMapHUTE pyIHU
MUHEpaJIH3aL1H. HInuxoBCKOTO
onpoOyBame M0 IOTOYHA MPEXa Ce COCTOU
on 3emame 30 kg marepujan, ol alyBHOHOT
Ha TOTOKOT M IOTOA CO MIIMXOBamke Ce
nobuBa Hajuecto cuB mumx. LlnmxoBcka
METO/a Ha IpOCHeKIja MMa 3a 3ajada Ja
NpeKy HCOHUTyBamkba M JeTepMUHHUpara Ha
[IJTMXOBCKO-MUHEPAJIOIIKA HMHAWKALUU Ce
OTKpHjaT "crernn" CKpHEHH  pyIHH
MUHepanu3anuu.  [IporpamupameTo  Ha
MecTaTa 3a onpoOyBame M Kaj HIIMXOBCKaTa
U Kaj METaJIOMETPHCKaTa METO/a € yCJIOBEHa
on moBeke (AKTOPH M TOa CTPYKTYpHO-
TeoNIoIKU U reomMopdonomku. PakoBonejku
ce MO NPUHIMIIOT, Aa CEKOj CEIrMEHT Of
IPOCTIEKTUPAHUOT IPOCTOP OWIE MCTPa)eH,
OHOCHO WCIIUTaH, JO CTeleH KOj TO
npeaBuayBa ymarctBoro (4 mumxa u o 8
METATOMETPHCKH TpoOu Ha km?). Mecrara
3a ompoOyBame Tpeba Ja ce OJpeleHN TaKa



Jla cexkoja mpoba ja pernpe3eHTHpa onpodyBaHa-
Ta TIOBpIIMHA, Kako 3a MHHEPAJIOIIKaTa
3acTaneHocT (IUINX), Taka W 33 KBAJIMTATHBHO,
CEeMUKBaHTHTATHBHATA TUCTPHOYIUja Ha eleM-
eatute. LINUXOBCKUTE W METATOMETPHUCKUTE
mpobu Tpeba Ja ce paMHOMEPHO pacropeieHn
mo xwuaporpadckara Mpeka Ha TPHOIIHKHO
pactojanue ox 250-300 m. 3a pemiaBameTo Ha
CJIO’KEHATa IeojIomIKa rpajsda BO MOKPUEHHUTE H
TOJTA00KUTE JICJIOBH Ha ITOJI3EMjETO BO PEOHOT
Ha "[lmaukoBuia", roieM MPUIOHEC MOXKE 1a
Jane TpUMeHaTa Ha Teo(pU3UYKUTE METOMH,
HapOYHO 32 MPOCTOPHO M UIA0MHCKO AeQHHU-
pame Ha TEKTOHCKHUTE CTPYKTYPH, 32 HISHTH(H-
Kallfja 1 IPOCTOPHO JIOLHPAkE Ha MarMaTCKUTE
Tena (OaromuTH) W 3a nMoOWMBame Ha APYTH
MOJIaTONM KOW CE OJ1 3HAUYeHe 32 OTKPUBAkhE Ha
PYIHH TI0jaBU ¥ HAOTaJIMIITa HA METAINYHU MH-
HepanHu cypoBuHHU. Ce mpeayiaraT KOMOMHUpa-
HU TPaBUMETPHUCKO-TEOMAarHETHH MeEperma O
permonanen  kapakrep (4  Touxm/km?).
JlabopaTopuCcKi HCIUTYBamba c€ MHOTY BaKeH
JeNl O]l peanu3amnMjata, a Cce COCTOjaT Ol
MOTOTOBKA HAa T€OXEMHUCKH MTPOOH, IMIITMXOBCKU
npoOu, MpoOu 3a CHIMKATHU aHAIIN3U, XEMHUCKH
aHanu3u, aHanmu3u Ha ankammu K,O um Na,O u
IpyTH BUIOBU KOM JIETATHO C€ MPUKaXKaHH BO
JMHAMUYKUAOT TUTAaH W TpeJMep IMpecMeTKara.
On mnpennokeHUTEe Ja0OPAaTOPHCKH pPabOTH
npeaHocT ce naBa Ha Meromata ISP-AES
BOJICjKM CMETKa 32 eKOHOMUYHOCTA U e(HUKACH-
ocTa. AHaJIM3UPAKETO CE BPLUIM KBAHTHTATHBHO
W KBaJMTAaTUBHO, Kaj CUTE IUINXOBU 3aJ[0JDKH-
TEJTHO € OJApEeAyBamke Ha MPHUCYCTBO HA IIEIUT
BO CEKOja NUIMXOBCKAa MpoOa. ATCOIyTHATa
T'€OJIOIIKA CTAPOCT Ha CBEXXU MarMaTCKu Kapiu
MOXKE Ja ce OJpenyBa CO MPEIIOKECHUTE
METO/M Ha reoxpoHojomkara ananmuza (K/Ar u
IpYTUTE METOAM). AHAIN3UPAKETO HAa CHUTE
TE€OXeMHCKH, NUIMXOBCKH Tpobu Tpeda nma ce
mBpmar Ha 48 enementn. Tyka ce omndareHu
CHUTE eJIEMEHTH, KOU JI0Cera ce aHaIU3HPaHu CO
KIIACUYHU XEMHCKM aHamm3u. Ha nmem on
Pamopumko m Kowancko moiie, Kako M BO
MpeseNnoT u3rpajgeH oJ (uauTokapOboHaTHATa
¢dopmanmja ce NpenBUACHU CUTE MOTPEOHH
UCTpaxHu  paboTHM 3a  CeIUMEHTHH U
BYJIKAHOTCHO-CEIMMEHTHH  Kapmu, T.e. Ce
MPEBUJCHH TPaHYJIOMETPUCKU aHAJU3W Ha
MUHEpaJl BO TEIIKH TEYHOCTH, aHaju3a Ha
(dayna, onpenyBame Ha Quopa. IllamxoBcka u
reoXeMICKa MPOCIeKIrja He ce NMPEIBUBYBaaT
3aToa IITO BO HAjTOJEM el OJ MOBPIIHHCKATE
BOJOTEIIM  Ce€  KaHAIM3HpPAaHH  OJHOCHO
pe3yiaraTute He Ou OHJIe BEPOJIOCTOjHU.
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I1I - ®a3za

Bp3 ocHOBa Ha MOCTUTHATHTE P3YJITATH CO
UCTpaXKyBamaTa U HCIHUTYBambaTa Ha PEOHOT
"[lnaukoBumia", ce pealu3upa 3aBpIIHATA
¢asza, Koja HUCTOBpEMEHO € KOHeuHa (ha3a,
KaKO ¥ KOHEYHa LIeJT M 33/1a4a Ha OBOj TPYA

Bo oBaa T1pera ¢aza ce cymmupaar,
aHaM3upaar, peHHTEpIpETHPAT u
CHUHTETH3HpaaT JIOOHEHHUTE IOAAaTOUU U
pe3ynTaThuTe Off CHTE€ WCTpaKyBama U

WCIHUTYBamka U UCTUTE C€ NPE3CHTHUPAaT BO
Bua Ha OcHoBHa ['eonomika kapta 2 (OI'K-2)
n Kapra na wmunepanuu cypoBuHu. Ce
IPEABUICHHU CIIEAHUTE PabOTH:

> KOMITWJIAIMja Ha TEOJOUIKH MOJATOLH O
pazmep 1:10.000 na 1:50.000;

>  aHajgM3a HAa  3aBHCHOCTA  IIOMery
re0XpOHOJIOTHjaTa, TEKTOHUKATA 17§
MarMatu3MoT Ha peoHoT "[lnaukoBuma".

> m3pabotka Ha OCHOBHA TEOJIOIIKA KapTa
(OI'K-2) co TonkyBau Bo pa3zmep 1:50.000;

> cTaTUCTHYKa 00pabOTKa Ha MOAATOLU Of
CeKyHIapHa reoxemuja u numxosu Ha Cu,
Pb, Zn, Ba, Mo, Sn u Ag;

> n3paboTKa Ha TEOXeMHUCKH KapTH Ha
anomanuu Ha Cu, Pb, Zn, Ba, Mo, Sn u Ag
BO pa3zmep 1:50.000;

> y3paboTKa Ha CHHTE3HA Te0XeMHCKa KapTa
Bo pazmep 1:50.000 co Tonkyay;

> u3paboTKa Ha CHHTE3Ha IUINXOBCKO-
MUHEpaJollKa KapTra KapTa BO pa3Mep
1:50.000 co TonkyBau.

> u3paboTKa Ha CHHTE3HH TIeOPHU3HUKU
KapTu  (TpaBUMETpPHUCKa,  I'€OMarHeTHa,
paaromeTpucka u ap.) Bo pazmep 1:50.000;
> u3paboTKa Ha KapTa Ha MHHEPAIHU
cypoBuHu Bo  pasmep  1:50.000 co
oTpeJieNTyBakbe Ha MEPCHEKTUBHU Iojpadja
CO TOJIKYBaY;

> u3paboTKa Ha METAJOreHETCKa KapTa BO
pazmep 1:50.000 co TonkyBay.

Ha kpajot Ha TperaTa ¢asza ce mpeaBuayBa
neyatetse  Ha  OCHOBHa  TeOJIOIIKA,
METaJOI€HeTCKa Kapra M KapTa Ha
MUHEpaJTHA CYpPOBHHHU CO TOJIKYBaY.
TonKyBa4oT TpeTcTaByBa KOMIUIETEH U
KOHILIE3EH ONMC Ha JOOMEHUTE PEe3yNTaTu Of
CIIPOBEAICHUTE HCTpPaKyBama 3a TeOJIOIIKa
rpagba U MCTOPUCKH Pa3BUTOK Ha TEPEHOT,
Kako JOTOJHYBame Ha IMOAATOLUTE, HICHTE
U (QaKTUTE KOUM HE MOXKea Jja ce MPHUKaKAT
rpauukd  co  KapTHTEe, JIETCHOHM U
CTONOOBUTE.
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Cauxa 1. MeranoreHercka Kapra Ha PeoH

[Tnaukosura M=1:200 000

PE3VYJIITATH U JUCKYCHJA

Kako kpaeH pe3yiaraT o CHpPOBEICHUTE
T'COJIOIIKH, TEOXEMUCKH,re0pr3NIKH u
nabOpaTOPUCKU HCIHTYBama € H3paboTKa Ha
OcnoBHa ['eomomka Kapra-2 Bo M : 50 000,
Kako 0a3a 3a wu3paboTka Ha CICIHUTE
CHEIHUjATUCTHIKH KaPTH :

- CTpyKTYpHO-TEKTOHCKA KapTa,

- l'eoxemucka kapra ,

- Kapra Ha MUHEpaJ HU CHPOBHHU M KaKO KpacH
MPOJYKT HAa CUTE MPETXOJHO CIOMEHATH KapTh
n3paboTka Ha MeTaloreHeTcka KapTa.

ITokpaj cmoMeHaTHTE KapTH CO M3paboTKaTa Ha

OI'K-2 ke ce gobujar (yHIAMEHTAITHH
nojaronu 3a  m3paborka Ha  OcCHOBHa
MHKCHEpCKO  reosomka  kapra, OcHOBHa

XHUAPOTeosIoIIKa KapTa, Kako 1 3a U3paboTka Ha
MPOEKTH,  OJ  TEOTeXHHMYKH U JpYyr
CHELUjINCTHYKHI KapakTep.
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3a  peaiuzanuja = Ha
MeTojoNorija 0e3  yclIoBHO Tpeba na
yUeCTBYBaaT CIEAHUTE CIELHjaTUCTUIKH
Kazapu: CTpyKTypHO-T€OJIOUIKH
cneuujanuctu  (crpaturpadu, METPOJIO3H,
MeTaJIoOTeHUYapH, CEIMMEHTOJI03H,
NaJICOHTOJI03HM, TEKTOHUYApH, TeohU3MIapH,
reoxeMuyapy, MUHEpao3n) MPOMpPaTeHU CO
COOJIBETHH CIICLIUjalIUCTH 3a J1abopaToOpucKu

MpeIBUICHATA

HCITUTYBamba (pynHa MHKPOCKOIIH]a,
MHUKPOCKOIIHja BO MPOMNYIITEHAa CBETJIMHA,
aTOMCKH arncopoep, TCOXPOHOJIONIKU

UCTIUTYBamwa " ap.).

BJIATOJAPHOCT

o xonerure o “I'eoXUIpOMHKEHEPUHT” U
koserata bmarojuo bBoxuHOB co Kom TH
U3BEIOBME  TEPEHCKUTE  MPOCIEKLUCKU
UCTPasKHHU PadOTH.
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Arncrpakr

OBoj IIpoexT e m3paboTeH BO LEIOCT COrflacHO co YmaTcrBaTa 3a u3pabdorka Ha OI'K, OXT'K, OUT'K, 3akoHOT
3a MuHepaHu cypoBuHE (Ciyx0eH BecHUK Ha P. M. 6p.18/99 1 29/02), kako 1 COTJIaCHO CO APYTHUTE TEXHIIKU
MPOMKCH, HOPMH W CTaHIapAu of obsacta Ha reojorujara. [Ipu Toa, KOPUCTEHH CE HAjCOBPEMEHU HAY4YHH
CO3HaHMja M TEXHOJIOIIKK METOAM O] 00JacTa Ha reojiorujata, HHGOPMATHYKA TEXHOJOTHja U Ap., KaKO U O]
JIOCETAIIHOTO UCKYCTBO BO BpIICHE¢ Ha BakoB BHJ Ha padortu. M3paborka Ha OI'K-2 Ha peonor “Orpax/ieH-
benacuna” ce peanusupa Bo Tpu ¢aszu. LlersokynHara TeXHUYKA AOKyMeHTaluja oJ [IpoeKToT (TeKCcTyalHu u
rpaduuky npuiio3u, Gororpadun u ap.) e u3padoreHa Bo aurutaiHa popma co GpopMupana 6a3a Ha MOAATOLH,
W3BpIICHA € BEKTOpHU3alllja Ha KAPTUTE U CETO TOA € CKJIAJIMPaHO Ha KOMIAKT JIUCK.

K.]Iy'-IHl/I 360p0BI/I: reoJiouika KapTa, Crangapau 3a I/I3p360TKa Ha OCHOBHHU I'COJIOIIKHU KapTU U HAYMH Ha IPpUKa3

BOBE]

Co nmonropoyHa mporpaMa 3a pas3BojoT Ha Oc-
HOBHM TEOJIOIIKM HWCTpaXyBama BO P.
Makenonuja, Ha TepuTopujaTa Ha P.M. ce
¢opmupann mer Makponpoektu: “Cpric-
ko—MakenoHcka maca”, “Bapnmapcka 3oHa”,-
"Tlenaron”, “3amagHo — MakegoHcka 30Ha” U
“Heorenn u  kBaprepHu Oazenn”. Ce
3all0YHAJI0 CO peanu3anuja Ha Makpompoek-
ToT “Cprncko — MakemoHcka maca” KoOj ce
cocton on mer mpoektu: [Ipoekr A-1-pynen
peoH “Ocoroso-Caca-Topanuna”, [Ipoekt A-2
- pyaneH peon “JlemueBo-IlexueBo-beposo”,
[Ipoext A-3 - pyzmen peon ‘“IlmauxoBuna”,
IIpoext A-4 - pyaen peon “OrpaxneH-bena-
cuna” u [Ipoekt A-5 — pyneH peon “Kparos-
CKO-3JIETOBCKO BYJIKaHCKa obmact”. ['maBHaTa
uen Ha oBoj IIpoekr e peammszauumja Ha I-Ta
¢aza u mporpaMupame Ha HATAMOLIHUTE HCT-
paxaun pabotu Bo Il-ra u Ill-daza, 3a
nzpaborka Ha OI'K-2. Bropara ¢asza ru
COIOpPXH TEPEHCKHUTE, Ja0OPaTOPUCKUTE U Ka-
OMHETCKUTE paboTH, JoieKa Tperata ¢aza ce
COCTOM CaMO O] aHajW3a M CHHTe3a Ha CUTE
W3BPILEHH UCTPAXHU PabOTH M M3paboTKa Ha
¢uHaman  kapth Bo pasmep 1:50.000 co
TonkyBauH. LlenokymHata TeXHHYKa MOOKY-
MeHTanja of IlpoekTor e u3paboTeHa BO
nurntanaa ¢gopma co GopmupaHa 6a3a Ha To-
JATOIM, M3BPILIEHA € BEKTOpU3alMja Ha Kap-
TUTE U CETO TOa € CKIAaJUpaHO Ha KOMIIAKT
JTUCK.
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MOP®OJIOTUJA HA TEPEHOT
Mopdonorujara Ha TEPEHOT CE€ OIJIMKYBa CO
paMHUYapcKu nel, Kako mro ¢ CTpyMuukara
KOTJIMHA, 3aeAHO co PamoBWIIKOTO mMoNe U
IUIaHWHCKATE genoBun Ha OrpaximeH U
Benacuma. HajMapkaHTHU KOTH Ha IJIaHMHATA
OrpaxneH ce: UCTOMMEHHOT BpB OrpakicH
(1776 m), Ilamu Teme (1394 m), I'pamamna
(1276 m) u barepuuna (1169 m), a Ha
Benacuma: Tymoa (1881 m), Bucoka Yyka
(1485 m), Ilucana Ckana (1417 m) u Mepaba
Kpan (1198 m). Hajauckara xota e 200 m, kaj
LapUHApHHIIATA HAa JpXKaBHaTa MaKeIoHCKO-
Byrapcka rpanuna. [lmaHuHCKHTE NEmOBH ce
OJUTMKYBaaT CO CTPMHH IMOTOYHH JOJHMHHU, Of
KOM HEKOM C€ MPaKTHYHO HempucTamHu. Bo
norouute Ha benacuna ce gopmupanu Boao-
majay, o1 Kou Haj3abenexuterHu ce CMomapce-
KHOT Bojomnaa W KomemmHCKHOT Bomoma.
CTpMHHUTE TIOTOYHM MAOJIMHH Ha 000J0T Ha
CrpyMuukaTa KOTJIHHA HaHECyBaaT TOJEMH
HaCJIard Ha TIPOJTyBHjaTHU CEIUMEHTH.

MpeaIMeT Ha UCTPaKyBamba



I'EOJIOIIKA I'PAABA HA TEPEHOT

Bo oBoj IlpoekT 3a m3paborka Ha OCHOBHA
leomomka kapra (OI'K-2) 3a  peon
“OrpaxnaeH-benacura”, MIPUMEHETH ce
NPUHIHUIIUTE U METOJUTE Ha T'€OXPOHOJIOIIKA
monenba, oporeHeTcku ¢a3d © TEKTOHO-
MarMarckd nukirycu. HoButetn mma camMo BO
MPUCTANIOT KOH TeHe3aTa Ha HEKOW KapIiy,
HUBHOTO HPEHM3HO MECTO BO JETeHJaTa, a BO
COTIJIACHOCT CO Pe3yJTaTHTE O OJIPETyBAmHETO
Ha aricoJlyTHATA Ireo0JI0IKa CTapOCT CO MOMOIII
Ha Sr-meronma. IloogenHo ce HarmaceHH
MeTaMOp(HHUTE IMPOIECH, KOU MHOTY OHWTHO
BIIMjaeie Bp3 TEHETCKUTE KapaKTEPHUCTHKH Ha
MeTaMopHHUTE Kapnu. MakCUMaIHO ce KOpHU-
CTeHH pe3ylNTaTUTe OJ MperiefnoT Ha
JOCETaITHITE HCTPaXKyBamkba W WCIUTYBamba,
Kako W pe3yJiTaTUTE OJ OBOTOJHUIIHOTO T'eo-
JIOUIKO PEKOTHOCLUPAke Ha TePEeHOT. TepeHoT
mTo € mpeaMeT Ha oBoj [IpoekT Bo reoyomku
U TEKTOHCKO-CTPYKTYPHHOT OJHOC TpeacTa-
ByBa gaen onx Cpricko-MakeqoHckata Maca.
Bp3 6a3a Ha TUTONOIIKUTE KAPAKTEPUCTUKU CE
M3IBOCHU MPEKaMOPUCKA MeTaMOpP(hHU KapIiH,
pudej-kamOpucku MIKPUIIIH, cTapormna-
JIE030jCKH  MeTaMOp(UTH, TEePMO-TPHUjaCKU
TPaHUTH W TPAHUTOWIHN, jYPCKH TaOpOBU U
CEpIICHTUHUTH, KPEIHH PHOJHUTH U TPAHHTH,
TEpLUUEPHH CEIUMEHTH M JAIUTH U KBaPTEPHU
cenuMeHTH. ['eonomikaTa rpajda Ha TEPEHOT €
npeficTaBeHa  OJl  CIEAHUTE  TEOJIOIIKH
eIMHUIIN:

IIpexamOprckn MeTaMoppHA Kapnu
[IpexamOpucknTe MeTaMOphHHA Kapmu ja W3-
rpajyBaaT OCHOBaTa Ha OBOj  TEpeH.
leonomkara crapocT UM € ONpeAeseHa 1o
aHAJIOTHja CO CIMYHM Kapow, IITO Ce
oTkprieHn BO Cpricko-MakeTOHCKHOT MAacuB.
[To nUTONMOMIKUTE KAPAKTEPUCTUKH, U3IBOCHU
Cce THAjCeBH, MHKAIIUCTH, aM(puOOTUTH W
JIEHTH 0J1 aM(UOOTUTCKH ITKPHUIIIIH.

Kapnu oz ctaponanieo3ojckn KOMILIeKe

Bo meramopdHM Kapmu o1 oOBaa TEOJOIIKA
CTapoCT M KOM C€ BO TPAaHHUIUTE HAa TEPEHOT Ce
jaByBaar: MepMepH, KBapII-CEPUIIHT-
XJIOPUTCKU IIKPWILHK, XJIOPUTCKU LIKPUIILH,
MeTaraOpoBH U HajBeke QUIUTH M METarecoy-
HUILH.

Jypcku kapnu

Ha ceBepuure magunu Ha benacuna, xoHcTa-
THpaHa € oOBaa Kapma, H  JeTalHO
UCTpaXkKyBaHa, a IPYTH ITOMAJI MacH U BO BH[
Ha JajKOBU U JIeKH ce BO Onu3uHa Ha c. Ko-
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nemnHo U Ha Orpaxzaen. Toa ce kapmu co
CpeIHO3pHECTa CTPYKTypa, MacUBHH BO IICH-
TpalHUTEe JeNoBH, a 1o mnepudepujara
NOKa)XyBaaT IIKpuiaB xabutyc. BormasHo ce
CBEXH, CO MapajeyonuneqHo jauewe. CTpyk-
TypaTa WM € TrabpoBcKa CO TOJEMHHa Ha
3pHata o 1.2 no 2.0 mm. Usrpagenu ce on
XOpOJIeH/1a ¥ TJIardoKJIacH, Kako TJIaBHH MH-
Hepal, a CIOpeAHU Ce KBAapLUOT U OMOTHUTOT.
CeKkyHIapHH COCTOJKM CE€ E€HUAOTOT, IOWCH-
TOT, XJOPUTOT M TPEHHUTOT. AKIECOPHU
MUHEepau ce: CeH 1 anaTuToT.

Kpenanu ankajanu rHajcOBHIHM IPAHUTH
OBue kapmu ce u3aBoeHW Ha benmacuma-rpa-
HUTOHUIIM, KOU TI0 CBOJOT COCTaB U CKJION C€
pasnuKyBaar o rpaHutonnure Ha OrpaxieH.
KoHKOpIaHTHO ce BTHCHaTH BO OKOJHHTE
MpeKaMOpPUCKK ~ METaMOp(QUTH, CO  KOHU
MOKa)XyBaaT jacHW Treonomkd Tpanuiu. Co
nBe K/Ar reoxXpOHOJIOIKHM aHAN3H, €THA Ol
MycCKOBHUT-109 MUIMOHM TOIWHH, ApPyra OI
o6uotut-126 MunuoHu roauHu. Tue pe3yaraTu
OJroBapaaT Ha JOJHA Kpela, MyCKOBHTOT O
anTCKA KaT, a OMOTHUT MoMel'y BaJICHIUjCKH U
OTPHUBCKHM KaT. THe Kapmu ce W3BOCHH Kako:
JBOJMCKYHCKH THAjCOBUIHH IPAHUTH, OUOTHUT-
CKM THAjCOBUIHM TI'PAaHUTH U MYCKOBUTCKH
T'HAjCOBHUIHH TPAHUTH.

T'opno Eouencku ceimMeHTH
l'opHoeoneHckuTe cequMeHTH co (ocuiIHO
MOTEKJIO, CE jaByBaaT BO arapuTe Ha cejara
Unosuua u Ultyka. Toa ce TyQoBHu, KOHIIIO-
MepaTH, MEeCOYHHLIM M BapoBHUIM. Kpucra-
JIOKJIACTUYHUTE TY(HOBHU Cc€ CO KPYIHOIICAMUT-
CKa CTPYKTypa, COCTaBe€Ha O]l 3pHa Ha KBaplil,
¢denacnatn, am¢pubonu, OMOTUT M OCHOBHA
Maca. llpencraByBaaT pocTa IIE€COKIMBHTE
BapOBHUIM, BO YHja Maca ce 3a0enexyBaaT
¢parMeHTH O eXeBH M A00po couyyBaHa
MUKpodayHa, MpeICcTaBeHa CO aJBEOJMHU WU
MIJIAOJIH Y.

I1uoneHCKH ceTUMEHTH

[T1HOLIEHCKUTE CEAMMEHTH, CE TPAHCTPECHBHO
HaJI TOCTapuTe MeTaMOphHU CEIMMEHTHU W
Marmarcku kapnu. Toa e rpy0 TepureH
MaTepujan, OJ YaKalid, IeCOLH, NECOKIUBU
[JIMHM, TIWHY, JAnopiy W BapoBHHIMU. Tue
BCYIIIHOCT C€ MOMEIIAHU MECOKINBO-TJIMHECTH
1 KapOOHATHU CEIMMEHTH, KO (palujaaHo ce
CMCHYBaaT XOPWU3OHTAIHO U BepTUKanHO. Ha
KapTaTta ce OKOHTYPEHH CIICIHUTE JTUTOJIONMIKA
YWICHOBM: TMECOIM, IJIMHH U TICCOYHHUIIH,
TJTUHM, TIECOLU W YaKaIW W TJIMHU, CYTJIMHA U



necomy. J[maOMHCKOTO MPOCTUPAKE UM € OJI-
peneHo co reoU3NYKH METOIU U ANaOMHCKO
Ty TT4YeHHe.

KBapTepHuu cequmMeHTH

KBaprepHuTe ceanMeHTH IO MOKpUBaaT Haj-
TOJIEMHOT JIeNT oJf TepeHoT. Hajroiem genm ox
THE CEeAVMEHTH CTBOPEHH Ce€ BO TEKOT Ha
TUICUCTOIICH, a XOJIOIIEHCKUTE C€ CTBapaar U
nenec. OBnie ce U3ABOCHH (ITyBHO-TJIAIM]aTHA
Marepuja, oprano-0apcku CEITMMEHTH,
€3ePCKU CEIMMEHTH, ClIa00 yCI0eH TPaHUTCKH
rpyc, MOBHCOKA peYHa Tepaca, MOHUCKA PeYHa
Tepaca, NPOJIYBUYM, [eIyBUYyM, paclagHaT
MOBPIIMHCKH Matepujan U amyBuyM. Cure
KBapTEPHU CENMMEHTH TU IIPEKpHUBAaT Ieo-
JIOWIKK TIOCTapUTe Kapnu M ce Npedka 3a
MPENU3HO JIONHPAkhe Ha TEONIOMIKUTE TPaHH-
1y, momery kaprimre. OayBujaHATe (TyBHja-
JHHUTE) CEJMMEHTH CE€ OCHOBA 32 NPUMEHAa Ha
IUTHXOBCKO OMPOOYBamke, OCTATaTOKOT Ha pac-
rmarame 9eCTO OBO3MOXKyBa OyjHa TpeBHA BeTe-
taiuja. IloceOHO oBIE € W3IBOCH Ciabo
yCIIOEH TPAHUTCKH TPYC, KOj HajBepoOjaTHO €
HACTaHAT CO CeAMMEHTaIllja BO BOJEHA
cpenuna. Jlebemmuata My € U moseke ox 6.0
m. Peructpupan e mpu Hamero peKOrHOCUH-
pameTo Ha TepeHOT. OCBeH Toa e 3abenexaH
mporiecoT Ha cyidarn3zamnyja kaj 6amara ban-

CKO.

Canka 2. Kaptupame Ha 0TBOpEHU NMPOPHITH

TEKTOHCKA I'PAJIBA HA TEPEHOT

OcHoBaTa Ha TEKTOHCKara rpajgda Ha TEPEHOT
ja coumnyBaar: OTpaxkJIeHCKUOT OaTOJHT,
CrpymuukaTta jgenpecdja u  bemacHukuoT
xopcT.  HajBakHM  KapakTepUCTHKH  CE
enmuntuaHata (Gopma Ha  OrpaxaeHCKHOT
0aTONMUT U TEeHEePATHOTO MPOTErame CEeBEpPO3-
araj-jyroucToK. benacuuknor XopcT ce mpo-
Tera BO Tpasel HcTok-3anan. OBxe, 3Ha4ajHO
€ Jla ce Harjacu KOHCTaTalyjara Jeka ernupo-
TCHETCKHUTE JIBUXKEHA Ce MPEeCMETaHH Treo(u-
3MYKM W THE WM3HECYBaaT 2 mMM/TOAUIIHO.
[IpakTHYHO HA TEPEHOT, jaCHO BH/UIMBHU CE
TUIMKATUBHUTE, JMC]YHKTUBHUTE CTPYKTYPH, a
JbYIINIECTH  PYNTYpHH  jAedopManud U
JIUjanpPCKO BTHUCHYBamke CE JICTCPMUHUPAHU
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BIOJDK INNIMKATUBHUTEC U I[I/ICjYHKTI/IBHI/ITe
pynTypHu AedopMaLny.

[TmukatuBHKUTE nedopmManuy HMaaT Mpasel Ha
MPOTErame Ha OCKUTE CEBEPO3aIla/i-jyrOUCTOK,
HEIITO MOPETKO Ce CO MpOTerame BO IMPaBel]
CeBep-jyT, a HajpeTKO Ce CO TeHEPAJICH MPaBell
Ha TPOTETame Ha OCKUTE KOH CEBEPOMCTOK-
jyrozamaj. J¥cjyHKTHBHUTE pynTypHU
nedopManuu ce co reHepalHi HaCOKH Ha Ipo-
Terame BO  CIEIHUTE  TPH  IIPaBIH.
HajmapkaHTHH ce W MHOTY jacHO ce 3abene-
KyBaaT CO TpaBel] Ha NPOTETamke CeBepo3a-
MaJ-jyroucToK, a IMoToa cieaaT pPyNTypHHUTE
nedhopManu  CcO TPOTETame CEeBEPOHCTOK-
jyrozamaa. Tue ru mpeceKkyBaaT pynTypHHTE
CO TPOTErame CEeBepo3anaa-jyroucToK, |
co3maBaaT  JBYIINECTH  CTPYKTypH  Ha
HaBJIEKyBame. PenaTHBHO HajpeTKH ce pyI-
TypHHUTE OeQOpMaliy CO TeHepalieH MpaBel]
Ha TIPOTEeTrame CEBEP-jyT.

NHXEHEPCKOI'EOJIOIIKHU U
XHUJAPOI'EOJIOLIKH
KAPAKTEPUCTUKU HA TEPEHOT
I'maBHWTE  CIMBOBM  Ha  BOJOTELHTE,
TpaBUTHpaaT KOH JBe peKu M JlojpaHCKOTO
e3epo. PeunHuTe W TMOTOYHUTE TEKOBH Of
ruianrHata OrpaXkJIeH U CEeBEpPHUTE JEIOBH Ha
bemacumia,  rpaBUTHpaaT  KOH  peKarta
CTpyMmuIia, a CJIMBOBHUTE OJ CEBEPHHUOT JeJ Ha
OrpaxzeH, koH pekata [IpeBenena. Enen nen
O]l jy’)KHHUTE ITOTOYHU CIMBOBH 01 benmacura ce
BIMBaaT BO JIOjpaHCKOTO €3epo, a JApyrHoT
Jen Bo AHCKa peka, MpuToka Ha p. Bapaap.
XUIPOTeosIONIKH KapaKTEePHCTHKH € JIeKa JyxK-
HHUTE JEJOBH OJl JIBETE OJ JBETE IIAHHHU
Orpaxnen u benacuma, ce omiIMKyBaTr co
MHOTY MAJIKy ITOCTOjaHH WU3BOPH U BOIOTEIIH.
BakBara xuaporeonoruja Ha TEpPEHOT, Mpeic-
TaByBa MPOOJIEM 32 HOPMAJTHO BOJOCHAOIyBa-
BC Ha CEJICKHTE HaceJOu, BO TOj Jel, a MCTO
Taka Ke Owuae mNpedyka NpH MHITMXOBCKOTO
onpoOyBame, M IOHATaka HEMa YCIOBH 3a
KBAJIUTETHA MPHUMEHA Ha XHUIPOXEMHUCKaTa
MeTojia Ha (Iryop.

MPEIJIEJ] HA MUHEPAJIHU
CYPOBUHH

TepeHoT, MWITO € MpeAMET Ha MPOEKTOT Ce
OJUIMKYBa CO  WHIUKAIM{, IO0jaBH |
HaoraJIMIITa HA MUHEPAJIHA CYPOBUHH, KaKO U
rpajic)keH MarepHjaji, KOM uMaar mepcrie-
KTHBHO 3HAYCHEC. On  joceraiHuTte
UCTPaXyBama M HUCIUTYBama, PErHCTPUPAHU
Ce WHAMKAIIMM Ha Kaiaj, Boidpam, cpedpo,



0akap ¥ OJIOBO U IUWHK. McTpaxkyBaHu ce To-
jaBHTE Ha ypaH, 3J1aTo, Oakap, OJIOBO M LIUHK,
)keme3o. Mummkammun Ha Sn u W ce
peTUCTpUpaHH  Ha  JIOKAJHOCTHUTE Ha
CEBEPOUCTOYHATA CTpaHa Ha BPBOT OrpaxeH,
kaj HoBo Cemno wm jyrozamagHo on bancko.
[TojaBu Ha Pb, Zn, Cu ce ncrpakyBaHu Ha JI0O-
kanHocTuTe Mnosuna - IlItyka 1 Bo atapoT Ha
c. bBajpamboc. 3maro MoMeHTamHO ~ce
HCTpakyBa Ha JoKaiHOcTa “Bpo - Mmosuma”,
Taka fa JTOOWMEHHUTE pe3yiTaTH O] ACTaTHHUTE
TCOJIONIKM UCTPaXKyBamka CO CTPYKTYPHO
IyIMIemhe yKakane Jieka ce paboTu 3a mepc-
NneKTUBHO Haoramumre. OcBeH Toa, 3JIaTO €
KOHCTaTUPaHO BO anyBHOHHUTE Ha CeJCKH Mo-
TOK, JluBjbak TOTOK. 3JIaTOHOCHH  C€
aryBuonute Ha CymeBcka, JloOpommHcka U
TOpHHUOT Tek Ha CTpyMHUKa peka.

B e

e TR i Pl |
Canka 3. Unanot pyqHUK 3a Oakap ¥ 371aTo
Hnosuna-1llryka

ObemHH HCTpaKyBama Ha ypaH CE W3BPILCHU
Ha  JIOKAJIHOCTHTE: Kyxmum, bancko,
Caumosuma, Kapa Tam, bajpamboc, I'ymcku
[Mpucoj, Mupoxo [Hon, bnuzaBa Purka,
Jluncku Ilpucoj, Enennn Bps kaj [lomaper.
Kako nepcrnekTuBHY ce ClIeAHUTE YPAaHOHOCHHU
pErHoHHU:

-YpanonoceH peruoH Kykmum-Tpu Bonu- Ct-
pyMmuna;

-Ypanonocuo none Kykmum - Ajay Tarr;
-YpanonocHo nonie Ceuposuna - bena Ckana;
-YpanonocHo mosie Jlopsio6oc - Yunapiu;
-Ypanonocno none [lacnaraj - Kapanu;
-Ypanonocen peruon bajpamboc;
-YpanoHoceH peruoH Kapa Taur;
-YpaHonoceH peruoH [TonoBmak - 3apTenrarn;
-YpanonocHo nojie benna Ilosbana;

Kaj noxamnocra Kykmum Crpymuna moctou
3allylITeH ucTpakeH mnoTkom. Ilokpaj oBue
MOJINEba, TEPCIEKTHBHO € M YPaHOHOCHOTO
none Enenmn Bps, kaj [lomapem, kage e
JIETATHO UCTPAXEHO U C€ MPECMETAHU PyAHHU
pe3epBH.

ExcrutoaTanujara Ha HATPUCKUOT (encnar co
MOBPIIMHCKH KOI CE BPIIM HA JIOKATHOCTA Kaj
c. Xawmszamm, KoHmecuja Ha “‘Hemeramu
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Orpaxnen”-Ctpymuna.  AHAamy3uTd  Ce
jaByBaaT momery cenara Hosa Mamna, o6po-
muHIM, Bucoka Mana, Ha npeaenoT ceBepHO
on c. CymieBo, moToa Ha jy)KHUTE MaJWHU Ha
mwianuHa [oten (Man u [onem [apBan), BO
nonvHata Ha Ilupok [donm um besramrescka
Pexa, Kykapuma, Cysu Jlaku, peka Illtyka -
Pamuumre - HoBo Cemo - MakenoHCcko
Byrapcka rpannnma. Hcro Taka, mopaHo e
UCTPaKyBaH AJIyHHUT HO HOJETAJHU IOAATOLHU
He Oea mocramHu. Ha MHOTY JOKamHOCTH, Ha
TEPEeHOT  WMa  KBapuHO  (eACHaTcKu
cypoBunu. Ekcruoaranmja e BplueHa Ha
KaonuHcku — mmHM.  Of  HEMeTaJHHUTE
MUHEpaJHU CYpOBHMHHM, MOMEHTAJIHO Cera ce
eKCIIoaTHpa HAaTPUCKH (esacnaT, a uMa Mo-
jaBW Ha KBapITHO-(EIICIIaTCKa CYPOBHHA, Kao-
JIUHCKU TJIMHH, KAOJNUHWUTH, KBapll, aIyHHT,
aHnany3utd u ap. Kako uHTepecHa mojaBa Ha
IpafeXeH  Marepujal €  HCTpaxyBaH
amuboickun Tabpo, a TMEepCHeKTHBHU 32
UCTpaXyBame ce MOPPUPOUTHUTE OHMOTHTCKU
I'PaHUTH, KOM MOXAT J]a Ce KOPUCTAT KAaKO Je-
KOpaTHBEH M TIpalexeH MaTtepujan. Tyka
Tpeba Ja ce JoAajarT yIITe HeMeTaIndyHU
MUHEpaHU CypOBHMHH, IIECOLUTE U YaKaJHTE,
KOH C€ KOPHUCTAT KaKo MaTepujain BO TPaJeK-
HUITBOTO. Ha OBOj TepeH MMa mojaBu Ha
cyadyp Bo OnmsuHata Ha Trpanotr CTpymuua,
LITO 3aCiy’XyBa MOHATAMOIIHHN HCTPaKyBama
n ucnuTyBama. Ommro e mo3HaTa Oamara
Bancko u apyrure mojaBu Ha TepMalHa BOJA
Bo Ctpymunukara kotianHa. Of 6amara bancko
BOJaTa C€ KOPUCTH BO OAaJIHEOJOUIKH LENU
Kako M 3a OpaHKepPHCKO IPOU3BOACTBO Ha
paHOTpagUHAPCKH KYJITYPH.

HEJI U 3AJAYA HA ITIPOEKTUPAHUTE
HNCTPAXKYBAIBA U UCITUTYBABA
OcHoBHa e Ha MIPOEKTUPAHUTE
NCTpaXyBaka W HWCIHUTyBama € Ja ce
m3pabotu OcHoBHa Teosiomka Kapra (wiu
ckpareno OI'’K-2) Bo mepka 1:50.000. Taa ke
MTOCITY’KH 3a JI0OWBame MOJATOIH 32 T'€OJIOII-
Kara rpagda Ha TEpeHOT, 3a MpPOCHEKIUja Ha
MUHEpaJHU CYpOBMHHM, IOTOa K€ MOCIYKU
Kako OCHOBa 3a wu3paboTKa Ha JApYyTH
CTHCUWjATUCTUYKIHA KapTH, 32 JETallHH TIeo-
JIOLIKY UCTPaKyBama U Jp.

llenta ce NOCTHTHYBa CO pealu3Hpame Ha
MPOEKTHPAHUTE HCTPAKHH pabOTH, KOU ce
ONUIIAaHK BO TEKCTOT INTO cJexyBa W
rpaduykaTa JOKyMEHTAIIHjaTa.



IIpu tepenckara uspaborka Ha OI'K-2 wucro-
BPEMEHO ce€ BpUM M MpocleKkudja 3a
MHUHEpaJHU CYpPOBHHH, IUTO € NMPHKAXKAHO HA
KOM CypOBHHHM Ja ce 0OpHE HY)KHO BHUMaHHE.

I'maBHata 1€ € cuTe MPOSKTHPaHU paboTh 1a
ce M3BeyBaaT co MPUMEHA Ha HajHOBA onpemMa
W cpeficTBa 3a paboTa, MITO OAroBapaaT Ha Jie-
HCIIHUOT CTCIICH HAa Pa3BUTOK HAa TCXHUKATA.

Hamenara na OI'K-2 e cnennara:

-3a m3paboTka Ha OCHOBHA XHIIPOTECOJIOIIKA
kapta (OXI'K-1);

-3a u3paboTka Ha OCHOBHA WHXKEHEPCKOTEO-
nomrka kapta (OUT'K-1);

-3a m3paboTKa Ha KapTa Ha MUHEpPaIHH
cypoBuHu Bo pazmep 1:50.000;

-3a M3pab0OTKa Ha METAJIOTCHETCKa KapTa BO
pazmep 1:50.000;

-3a palMOHAIHO M e(QUKACHO YIPaBYBame W
MOHHTOPHUHT CO KOHIIECHH;

-3a HAyYHU IeNH (CTYIUH, TPOSKTH U Jp.).

3a men onx mpoOieMHy IITO HE ce MPEABHICHU
BO OBOj IPOEKT, KOM MOXAaT Jja Ce jaBaT BO
TEKOT Ha peaiu3alujaTa Ha MPOCKTUPAHHUTE
HCTpaKHH pabOTH, K& CEe pelraBaar T0TOBOPHO
BO MOMEHTOT KOra K¢ HacTaHar.

KOHIENINJA U METOJOJIOTUJA
HA MPOEKTUPAHUTE
HCTPAXKYBAIBA U UCITUTYBAIA
OcHoBHATa KOHIIEMIMja 3a U3paboTKa Ha
OI'K-2 Ha pynen peoH “OrpaxneH-benacura”
ce coctom oA (a3sHO peanuzupame Ha
ucTpakHuTe pabot  OCHOBHA TEOJIONIKA
KapTa ce Hu3paboTyBa BO TEPEHCKH pa3Mep
1:10.000 a ¢unHaAHO ce mMpUKaKyBa BO pa3Mep
1:50.000. Tomorpadckure ocHoBU Tpeba aa
OummaT MOHOBY KapTH IO TPUHUYKA 1101104,

OcHOoBHa reojomKa Kapra Tpeba na TH
COAPKH CIICAHUTE EIEMEHTH:

-[IOBPIIMHU Ha PAacIpOCTPaHyBamke Ha CEIH-
MEHTHHTE, MarMaTcKuTe W MeTamMopdHHTE
Kaply, pacwieHeTH IO CTapocT, COCTaB M
CKJION, U M3[JBOCHM TCOJIOMIKH TPAaHUIN CO
O3HaKa Ha KapakTep;

-CTPYKTYPHH €JIIEMEHTH;

-TIOIATOLM 32 MecTaTa Ha I0jaByBame, UCTpa-
KyBame M EKCIUIOATalja Ha MHUHEPATHU
CYpPOBHHH;

-OCTaHaTH T'eOJIOIIKH, XUAPOTEONIOIIKY, HHKe-
HEPCKOTEOJIOIIKH, TeOMOP(OIIOMKH U JAPYTH
T10jaBy;
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Cuanka 4. O6paboTka Ha T€OJIOIIKH TOAJIOTH
BO
3]1 TUC Cuctem

Pynen peon “Orpaxzaen-benacuna” ondaka 6
JUCTa Ha reoJiolka kapta Bo pazmep 1:50.000.
Cekoj o1 OBHE JIMCTOBHU COApIKAT 1Mo 16 mucra
BO pazmep 1:10.000 umu 3a UCTPaKHUOT TEPEH
BkynHo 53 mucra. [lpen 3amouHyBame Ha
TepeHCKHuTe paboTh 3a u3paboTKa Ha KapTa, ce
Mpoy4yBa IMOCTOCYKA CTPy4YHA JOKYyMEHTAIW]a
U JHTepaTypa 3a HCTPAXHHOT TEpeH U 3a
mpoOJieMuTe, ce MpUIIpeMar TomorpadcCk,
Te0JIONIKH, JOTOTEOIIONIKN U APYTH KapTH, ae-
PO CHUMIIM, CATEIUTCKH CHUMIH, U JpPYyT
CTpyyeH Marepujan. TepeHckuTe paboTH
3alMovHyBaT CO  yBHJI  HAa  TEPEHOT
(pexorHoCHIHIpame), 3a COrJeayBambe Ha MPOO-
JeMuTe KouW mTo Tpeba ma ce pemar u 3a
coOupame Ha MaTepHjalioT 3a MpeTUMIHApHA
nabopaToprcka obpaboTka. JetaiHo
TCOJIOIIKO KapTHpame Ce BpIIM BO pasMep
1:10.000 co cucTteMaTCKO NOMHHYBaWbE MPEKY
TepeHOT (IO OmpeneicHH Typu) W Ha
OlpefeNieHH TOYKH CcO  coOHpame  Ha
nojaronure o uzgaHonu. CuTe MogaTolu ce
BHECYBAaT BO TEPEHCKH JHEBHUK (AHUKTaOoH
WIN CI.) ¥ Ha Tomorpadcka Kapra, a IoBax-
HUTE AeTanu ce ¢ororpadupaaT WIK ce HCLP-
TyBar. Bo TepeHCKHOT NHEBHUK ce€ IMHUIITyBaaT
MECTOTO H OpojoT Ha Ccekoja To4Yka Ha
HaOJbyyBamke, OpPOjOT Ha 3EMEH NPUMEPOK
(MHKpOCKOTICKM ~ TIperapar, a mnpobu 3a
XeMHCKa aHalii3a Mo KOja METO/a Ce 3eMEHHU.
Ce cobupar cuTe NOATOIM 3a CTapoCT,
COCTaB, TIeHe3a M NPOCTOPEH OJHOC Ha
KapTHUpPaHUTE TBOPEBUHH, TI0jaBH u
HaoralWINTa Ha MUHEPAIHA CYpPOBHHH U Ip.
Ha coonBeTHH M3gaHony ce 3eMat NpuMepoLn
3a 1abOPaTOPUCKN NCITUTYBamka WK 3a MPEIU-
MHHApHA cropenda. 3a CeK0j TEPSHCKH JIEH BO
0a3a ce m3paboTyBa JOKyMEHTAIMOHA KapTa U
TepeHcKa Treoyomka Kapra. Ha TepeHckara
reoJIoNIKa KapTa ce M3ABOjyBaT KapTHPAaHUTE
€IMHHIIM, CHTE BUJIOBH T'E€OJIOIIKHA TPAHHUIIH,
TEKTOHCKH CTPYKTYpH, €BEHTyallHH HecorJa-
CyBama Ha TEOJOIIKUTE TPaHUIM WIH CTPYK-
Typu (TM TIpoBepyBa HOCHTEIOT Ha 3agadara
CO YJICHOT Kaj KOj CE jaByBa HEMPAaBHJIHOCT).
Ha w©ea ce wu3paboryBa mpemuMuHapHa



nereHna.  [lpy  nHETamHOTO  TEOJIOMIKO
KapTtupame Bo pasmep 1:10.000, Tpeba nma ce
KOMOMHHMpaaT  METOOUTE HA  TEOJIOIIKO
KapTUpame U 3aIa3u MPUHIUTIOT 32 COOJIBETHA
T'YCTHHA Ha HaOJbYAyBauKd TOUYKH U MPOQUIN
(Typm) KOja ke OBO3MOXXH pelllaBame Ha TOC-
taBeHara 1ei. Ce npenopadyBa MaKCUMYM OJL
120 TOT-IKI/I/kmz, HO He moMmaiky ox 50
toukw/km’. Peambynamuja 3a  IEONOLIKO
KapTHpame Ha TEPEHOT € MPEBHUICHA caMo Ha
OHFE TOBPIINHM, KaJe MOpaHo ¢ m3paboTeHa
reoiomka kapra 1:10.000 Bo pamkure Ha
JEeTalHU  HUCTpaXKyBama Ha  MHUHEPAIHU
CYpPOBHHHM Ha aHAATY3UTH U Ha ypad. Ilopagu
TOa BO OBOj MPOEKT € IMpEeABUICHO peaMOyia-
odja 1a ce W3BpIIM BO IpBaTa TOAMHA Ha
noBpmHA 5 km® ¥ BO 4eTBpTaTa rOJMHA HA
noppmuHa 13 km’. IIpennoxenara
METO/O0JIOTHja Ha TEOJIOMIKUTE HCTPAXKyBaba U
UCTIMTYBama € OIMIUTO II03HaTa U BO LIEJIOCT €
ycoryiaceHa co YMaTcTBOTO 3a M3paboTKa Ha
OI'K. Tyka TH mNOTEHIUpaMe CcaMO OHHE
METO/IH IIITO MOKPa]j MO3HATUTE Ce HajOUTHU 3a
mpaborka Ha OCHOBHATa TEOJOMIKA KapTa
(OI'K-2). Bo Tekor Ha BTOpata (aza on
peanu3anyjaTa Ha MPOEKTOT, ke OMIaT mpuMe-
HYBaHU KOMIUIEKCHU U MYJITHUAUCLMIUIMHAPHU
METO/IM, KaKO IITO CE€ T'€OJETCKH, TEKTOHCKH,
T'COJIOIIKH, TEOXEMHUCKH, IITHXOBCKH, reodu-
3UYKH M APYTHM METOAM Ha HCTPaxyBama MU
WCIIUTYBakba.

JIUpeKTHO  MpHUMEHYyBamke Ha TEOAETCKH
MeToIH 3a paboTa Ha TepeH, He ce MPEIBHIYBa
ocBeH Kaj reodmmukuTe Meromu. llpm
TCOJIOIIKOTO  KapTUpame W JIPYTHTE
TEPEHCKUTE PabOTH Hajao0po € Jouupame Ha
MecTara, TOYKUTE U MPOQHIINTE 12 Ce BPIIN CO
ITIC cucrem. 3a TEONOIIKMTE METOIU Ha
UCTpaXyBame, I[IOKpaj Jocera IO3HATHTE
METOJH 32 CTPYKTYPHO-TEOJIONIKO KapTHUpambe,
O HariacyBaMe CJIEJHOTO:

-TIpBo, perucTpuparme Ha CUTE TUTUKATUBHU U
JIMCjYHKTHBHH JeOpMalii  CO JAUPEKTHO
Mepeme Ha €JIEMCHTHTE Ha Maj0T Ha THE
nedopMariuy.

-BTopo, 3a T€OJOIKHOT COCTAB Ha TEPEHOT, a
ce 00pHe BHUMAHUE Ha CJICJHOTO:

3a ceoumenmuume xapnu:

-M3/IBOjyBakhE 10 MPUHIIKIT HA (POPMAIIHH;
-CHCTEMATCKO U JICTATHO T€OXPOHONOIIKO H3-
ITBOjyBambE;
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-IETAIHO pacdieHyBame Ha KBapTEpHHUTE ce-
JUMEHTH M PETUCTPHUPame Ha KOPUCHUTE MU-
HEpaJHU CYpPOBUHH.

3a eyakamoceHume Kapnu-omxkpueHu ooceaa
60 amapume Ha c. Mnosuya u c. LlImyka:
-MCTIUTYBakE HA TJIABHUTE TPYIH BYJIKAHUTH U
HHUBHHTE MeTyCeOHU TIPEOIH;

-KOPUCTEHE Ha METOJOT Ha CHUTE H3AAHOIH
pH  KapTUPAKETO, MAaKCHUMAaTHO Ja Ce
[IOYNTYBA;

-33I0JDKUTENHO J1a Ce OMpeniein OOJMKOT Ha
THE MarMaTCKH Tea;

-IIOCTMAarMaTCKUTEe TPOMEHH C€ W3IBOjyBaaT
MHOTY IeTajHO, 3apaJl HUBHOTO 3HAYEHE 3a
OTKpUBaE Ha PYJHH [T0jaBU U HAOTAIIUIIITA,

3a naymonckume xapnu, xaxo wmo ce Ozpa-
arcoenckuom u beracuukuom bamonum:
-IIETaTHO HCIUTYBamkbe Ha IMOCTMAarMaTrCKUTe
MPOMEHHU U TI0jaBH, MOCEOHO HA OHHE ILUTO Ce
KapaKTepHUCTHYHA  KaKO0  HOCHTENM  Ha
MUHEpaJIHA CYpPOBUHY;

-MCTIUTYBalkb¢ Ha KOHTAKTHUTE (EHOMEHH,
Kako Ha OaTONUTUTE Taka W Ha OKOJIHHTE
KapIy;

-HCTIUTYBalkbe Ha pelaTHBHATa TeOJIOUIKA
CTapoCT Ha KapTHPaHUTE CIUHUIHN, KaKO H
JIOIMpamke MECTa 3a MpoOH, 3a OJpeTyBamke Ha
arcoJyTHaTa Te0JIONIKA CTAPOCT Ha KapITuTe.

-3a memamopgnume xapnu:

-M3nBojyBame Ha MeTaMOp(HHUTE KapIiu;
-OnpenyBame Ha moBekeda3HocTa Ha MeTa-

MOpHU3MOT;

IToceOHO BHUMaHHE Jla ce OOpHE HA 36MAambETO
pobu 3a HCITATYBAbHETO Ha
npeaMeraMoppHUTE — KapaKTepUCTUKA  Ha

KapIuTe U HUBHATAa METaMOP(HA UCTOPH]a.
I'eoxemucknuTe METOIM CE€ COApIKAaT BO Teoxe-
MHCKOTO ONpOOyBamke Ha CEKyHIApHUTE
OpeoNiu Ha pacejyBarme IO MOTOYHA MPEXKa,
3eMamkeTO Ha MaTepHjaj OJ JBETe CTpaHH Ha
MIOTOKOT, onpoOyBame Ha aTKalud U XHUIPO-
TEpPMaJHH HAOTAIMINTa W MerMarutu. [eo-
XeMHCKaTa MpOCIeKIja Ke ce IMPUMEHYBa CO
IIes Ja ce UCIUTa AUCTPUOyIHjaTa Ha eJIEMEH-
TUTE HA TMPOCIEKTUPAHUOT MPOCTOP U IPUTOA
MPOCTOPHO Jla C€ U3JBOjaT OPEOJIUTE Ha
CEeKyHIIapHO pacejyBambe BO UYHU PAMKH Ce
HaoraaT MpUMapHUTE PYIHH MHHEpaU3alliu.
Bo pamanuapckuot gen Ha CTpyMu4Kara KoT-
JMHA HE € IUIaHUpaHa  Te0XeMHCKa
MIPOCHEKITHja, 3aT0a IITO HEMa YCJIOBH 3a pH-
MEHa Ha MeTOoJiaTa IITo € JajaeHa 3a OrpaxieH
u benacuma.



[InuxoBckoTo  ompoOyBame IO IMOTOYHA
Mpexa ce cocTon of 3eMame 30 kg marepujai,
Ol AIyBHOHOT Ha IOTOKOT M IIOTOa CO
IITMXOBamke ce N0OMBA HAjYeCTO CHB IILIHX.
IIInuxoBcka MeToAa Ha MPOCIEKIHja hMa 3a
3ajaya Ja NpPeKy HCIUTyBamba WU JETepPMU-
HUpamba Ha IUIMXOBCKO-MHUHEPAJIOMIKH HWHAU-
Kallik Cce OTKpHUjaT “‘cienu” CKPHEHU PYAHU
MUHEpaIU3alnu.

[IporpaMupameTo Ha MecTara 3a OonpoOyBame
M Kaj IUIMXOBCKAaTa W Kaj METaJOMETPUCKATa
METO/a € yCcJOBeHa OJ MoBeke (akTOpH U TOa
CTPYKTYPHO-TCOJIOMIKK W  TeOMOP(OIONIKH.
Mecrata 3a omnpoOyBame Tpeba ma ce
OIpedeHM Taka Ja cekoja 1mpoba ja
penpe3eHTUpa onpodyBaHaTa MOBPIIHHA, KAKO
3a MHHEpAJIOIIKATa 3acTaneHocT (IUIHX), Taka
W 332 KBAIUTATUBHO, CEMHKBAHTUTATUBHATA
auctpudynuja Ha eneMeHTute. LlnmmxoBckute
U METAJIOMETPHUCKUTE mpodbu Tpeba ma ce pa-
MHOMEpPHO pacIopelieH! Mo Xuuporpadcekara
Mpexa Ha nIpuOImKHO pactojanue o 250-300
m.

3a peliaBamkeTO Ha CJIOJKEHATa I'eOJIOIIKa Ipa-
n0a BO MOKPUEHUTE H MOJTA00KUTE JIEIIOBH HA
MOJI3eMjeTO BO peoHOT Ha “OrpaxneH-bemacu-
ma”, ToJleM TPHIOHEC MOXe Ja Jajne
npuMeHaTta Ha TeO(QH3MYKUTE METO/AW, Ha-
POYHO 33  TPOCTOPHO W  ANAOWHCKO
neuHupame Ha TEKTOHCKUTE CTPYKTYpH, 3a
WAeHTH(HKALMja U MPOCTOPHO JIOLMpame Ha
MarMaTckuTe Tena (0aToMuTH) U 3a JOOHBambE
Ha APYTH MOAATOLM KOH CE Of 3HaueHe 3a OT-
KpUBame Ha PYIHH I10jaBH M HAOTaJWINTa Ha
METaTMYHA MUHEPAJIHA CYPOBUHH.

Tepenckure Mepema Ha 3a0p3yBambe Ha
CUJIaTa Ha 3eMjHHaTa TeXa W BepTUKaJIHA WIH
TOTaJIHA KOMIIOHEHTa Ha 36MjHHOTO MarHeTHO
noJje, ce BPIIM CUMYJITaHO Ha HCTHTE TOYKH.
[lo u3BenmyBame Ha TEPEHCKUTE Mepema ke ce
m3BpImK 00paboTKa HA MOAATOIUTE M HHTEP-
mperanyja Cco IpUMEHa Ha  COOJBETHHU
codrBepu 3a 2J] u 3J] Monenupame. 3a cero
Toa K& Ce W3rOTBH COOIBETEH W3BEINTA].
JlabopaTopucky HCIINTYBamka ceé MHOTY Ba)kKeH
Jen Ol peanu3alnMjaTa, a ce COCTOjaT Of:
MOATOTOBKA  HAa  TEOXEMHUCKH  TmpoOw,
NUTMXOBCKH TPOOH, MpoOHM 3a CHIMKATHU
aHallM3M, XCEMHCKH aHaJW3W, aHajiu3u Ha
ankamuu K;O um Na,O u npyru BUIOBU KO
JIETaTHO C€ MPUKAXaHW BO THHAMHUYKHOT TIAaH
U TpeaMep NpecMeTKara. AHaTH3UPAmETo ce
BpPIIA KBAaHTUTAaTHBHO W KBAJUTATHBHO, Kaj
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CHUTE IUIMXOBU 3aJI0JDKUTEITHO € OJIpeyBambe
Ha MPHUCYCTBO Ha LICTUT BO CEKOja ITMXOBCKA
mpoda. AmColyTHaTa TEOJIOLIKA CTapocT Ha
amMuO0JICKOTO rabpo MOXe Jla ce OJpeayBa
co NPEIIOKECHUTE METOAN Ha
reoxpoHoJjomkara anamuza (K/Ar u apyrure
METOAM). AHaIU3UPAaKkETO Ha CUTE I'€0XEMHC-
KM, OUIMXOBCKH MpOOW 3a OJpeayBame Ha
IUTOQUIHN EIEMEHTH, POOH 3a OApelyBambe
Ha PETKUTE M PEeceaHd EJIeMEHTH, Ce
aHanusupaatr Ha 48 emementu. (Tyka ce om-
(aTeHu cuTe eleMeHTH, KOH JI0Ccera ce aHallu-
3UpaHd CO KJIACHYHU XEMHUCKH aHaim3u). Bo
paMHUYapcKHOT fei1, CTpyMHUKaTa KOTJIMHA U
nen of PamoBuiiko moje, ce mpeiBUACHU CHTE
NoTpeOHM HMCTPAXHU PabOTH 3a CEAMMEHTHHU
Kapmy, T.€. aHAJU3U HA MHUHEPAIU BO TELIKU
TEYHOCTH, aHaJIu3a Ha MakpodayHa, mpernapu-
pame Ha mnaneodayHa, oOJpeAyBame Ha
naseodaopa, TIpayHIOMETPUCKH  aHAJIU3H,
KaKO MW KBaHTUTAaTHUBHA HW KBaJWTaTHUBHA
aHaJM3a Ha TpaHyioMeTpuckute mpodu. Hlnu-
XOBCKa U T€OXEMHCKa MPOCIEKLKja He ce mpe-
IBUBYBaaT 3aToa INTO BO HAJTOJIEM JAET Of
MOBPHIMHCKUTE BOJOTECHU C€ KaHAJIMU3UPaAHU
OIHOCHO  pe3yJdTatute He Oum  Owmie
BepoaocTojHu. OOOTHHOT AEN - aTyBHOHOT,
JEIyBUYMOT U IIPOJILYyBUYMOT, CE€ TPETUPA UCTO
Kako u TepeHute Ha OrpaxiaeH u bemacuna.
Bo oBaa Tpera ¢asa ce cymwupaar,
aHanM3Mpaar, pEHHTEpIpeTHpaT | CHHTeE-
TU3UpaAaT JOOMEHUTE MOJATOLH U PE3yITaTHTE
Ol CHTE€ HUCTpaXyBama MW HCIUTyBama MU
UCTHUTE ce Ipe3eHTHpaar Bo Bua Ha OCHOBHA
I'eonomxka kapra 2 (OI'K-2) u Kaprta Ha Mu-
HepanHu cypoBuHH. Ce NpeABUICHH CIETHUTE
pabotu:

—_—
B
=
—1
—

Cauxa 5. VHTepIIpeTayja u CTaTUCTHKA Ha
T'€OJIOIIKH HOAATOLN

-aHaJIM3a Ha 3aBHCHOCTA MMOMEry re0XpOHOJIO-
rujara, TEKTOHUKATa W MarMaTU3MOT Ha
peonoT OrpaxnaeH-benacuna;

-m3pabotka Ha OCHOBHA TeEOJIONIKA KapTa
(OI'K-2) co TonkyBau Bo pa3mep 1:50.000;
-CTaTUCTHYKAa 00paboTKa HA MOJATOIU O] Ce-
KyHJIapHa reoxemuja u ummxosu Ha Ily, TI0,
3H, ba, Mo, Cu u Ar;



-m3paboTka Ha TEOXEMHCKHM KapTH Ha
anomanuu Ha lly, I10, 3u, ba, Mo, CH u Ar BO
pasmep 1:50.000;

-n3paboTKa Ha CHHTE3HA I'e0XEMHUCKa KapTa BO
pasmep 1:50.000 co TonkyBay;

-n3pab0TKa Ha CHUHTE3HA LUTUXOBCKO-MHHE-
paromika kaprta kapTta Bo pasmep 1:50.000 co
TOJIKYBaY;

-n3paboTKa Ha CHHTE3HH T'cOPU3NUKU KapTH
(rpaBUMeTpHCKa, reoMarHeTHa,
paaromeTpucka u ap.) Bo pasmep 1:50.000;
-n3paboTKa HA KapTa Ha MUHEPAJIHNU CYPOBUHH
BO pasmep 1:50.000 co ompenenyBame Ha Hep-
CIIEKTUBHH I10J[padja cO TOJIKYBay;

-n3paboTKa Ha METaJOTCHETCKa KapTa BO
pazmep 1:50.000 co TonkyBay.
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Cauka 6. OOpaboTka Ha TeEOJOMIKA
MOJJIOTH
Ha xpajor Ha TperaTa (paza ce npensuayBa me-
yatetbe Ha (OCHOBHa TeOJIONIKA, METalo-
TeHeTCKa KapTa ¥ KapTa Ha MHHEPATHH
CYpPOBHHH CO TOJKYBaH.
TonKyBa4oT mpeTcTaByBa KOMILICTEH M KOH-
I1e3€H ONHC Ha JOOMEHHUTE Pe3yITaTh Of CIpo-
BEJCHUTE UCTpaKyBama 3a TeoJiomka rpaada
U HCTOPUCKHM Pa3BHTOK Ha TEPEHOT, KaKO JO-
MIOJTyHBah€ Ha MOAATOLMTE, UICHTE U (pakTHTe
KOHM HE MO)kea Jla ce NMpUKaKaT rpaduIKu co
KapTuTe, JieTeHOW M cromboBuTe. Bo
TOJIKYBa4doT Tpeba J1a ce 00paboTaT CIIeIHHUTE
rmorjiaBja:  BoBem, Teorpadcku  mperien,
nperiiesl Ha JIOCETalHA UCTPaKyBama U UCIIU-
TyBama, IPUKa3 Ha OMNINTa rpagda Ha TEPEHOT,
ONUC Ha KapTHPAHUTE CIUHUIN, TEKTOHHKA,
nperjiel Ha MUHEpalHU CYpPOBHHH, HUCTOpHja
Ha CO3JaBalbe Ha TEPEHOT, 3allTUTa Ha
’KMBOTHA Cpe/IMHA M JUTeparypa. TeXHHYKHTE
YCIIOBH 3a peajM3Hupame Ha HPOEKTHPAHUTE
paboTu 3aBHCAT O] MHOTY YCJIOBH M (aKTOPH,
O]l KOW HajOMTHH Ce: TeO0JIOIIKATa CIOKEHOCT
Ha TepeHOT, pU3NIKaTa Te)KWHA Ha padorara,
MOKPUEHOCTa Ha TEPEHOT U mpooxHocTa. Cure
HaOpOEHH YCIIOBH C€ MPHUKaKaHU BO CIECTHHUTE
Tabeny.
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BUJ U OBEM HA NPOEKTUPAHUTE
HUCTPAXKYBAIA U UCITUTYBAIA

Bo ocHOBa THE ce COCTaBEHU O TEOJCTCKH,
T'€OJIOIIKH, TCOXEMUCKH, MIJTIMXOBCKHU U I“eO(i]I/I-
3WYKH pabOTH, a CE€ U3BPIIYBAaT BO TCPEHCKH,
nabopaTOpPUCKU W KAOWHETCKH YCJIOBH Ha
pabora.

[okpaj ApyroTo, MpUKakaHU ce MO Pelocie]
u 1o (a3u Ha W3BPIIYBAHkE, KAKO € JIOTHYHO.
daznTe Ha peannzanmja yCIOBHO MeryceOHO
ce 3aBHCHHM €IlHa O] JIpyra, Taka Ja ceKoja
MOCIIeI0BATEITHA (haza 3aBHUCH on
MpeTXOJHATa, KAaKO W OJ TOCTUTHATHTE
pe3yaTaTu ToOMEeHH BO TEKOT Ha Taa (hasa.
Hcro Taka, MOXKHO € HEKOU Pe3yJITaTh IITO Ke
ce 700MjaT BO TEKOT Ha pean3HpameTo Ha
MPOEKTOT Ja YyKaxar Ha morpeda of
HU3BCAYBAKC HA JOIMOJHUTCIIHA HCTpAXKyBamba
YU UCHHUTYBama, IMTO € NpeJIMET Ha J0roBa-
pame oMery HHBECTUTOPOT U M3BEIyBavOT.

JAUHAMUKA HA WU3BEJAYBAIE HA
INPOEKTPAHUTE HCTPAXKYBAIbA U
HCIIMTYBABA

JluHamuKara 3a pealu3upame Ha UCTPAKHHUTE
pabotu namenu Bo Ilpoekror, peanHo ke
3aBHCH HAjIIOBEKE OJ] BUCHHATA HA U3BOCHUTE
(UHAHCUCKHM CpeNCTBa W OJ MOTpeOUTEe Ha
HWHBECTUTOPOT, IOTOA OJ] OTIpeMaTa U CpeAcTBa
3a pabora, om OpojoT, COCTAaBOT Ha
aHTQXUpaHH  CTPYYHH  CIEUUjalu3UpaHH
CKUIH 32 CIOPOBENyBale€ HA TEONOIIKUTE
HOPMH M HOPMAaTHBH 3a OBOj BHJ 3alaydl U
MHOTYOpojHr  npyru  ¢akropu. Ilopamn
OTpaHMYCHH ¥  HEJOBOJHU  (DUHAHCUCKH
CpeACTBa, pEaJlHO MPOrpaMHPAHUOT POK 3a
peanu3anja Ha Toj [IpoekT ox 4-5 roawHM, HE
€ 3ama3eH TyKy € JBOjHO momuHatr (mpeky 10
TOAMHHU), ILITO MOXeE Ja ce cMmeTa 3a
HEPAIMOHAJIHO ¥ MHOTY CKAallo pealn3upame.
AKo ce 3eMe caM0 Op0joT Ha TOIUIITHU HU3BEIII-
Tak, HaMecTo 5 u3pabOTeHH ce |
(hmHAHCHpaHU 10 W3BEIITAU. Co
HCTpaKyBamara Tpebano ma ce omndaru
npoctop ox 1250 km® a mpoceuna rogumHa
peammsammja ¢ 99 km?. Co mNpemIOKeHHOT
JUHAMHUYKU TUIaH € MPEIBUACHO HCTPAKHHUTE
paboTu na ce WU3BEdyBaT €TalHO BO JIBE
OJBOCHU (a3u U Ja ce 3aBpLIaT 3a 5 TOJHMHHU.
[IpBara ¢aza koja ce ogHecyBa 3a u3paboTKa
Ha MPOEKT CO OBOj IPOEKT € 3aBpLICHA.
Bropara ¢aza tpeba na tpae 4 romunu a IllI-
(aza (u3paboTka Ha CHHTE3HH KapTH W
TOJKYBa4yM) €AHA TOAWHA, OJHOCHO Ja Cce
W3BE/yBa BO METTaTa roJIuHA.



Co ornen Ha ceMGUIHOCTA B CIOKEHOCT Ha
MPOCTOPOT WTO ro 3adaka OBOj PEOH, BO
BTOpaTa (aza mpeaBuaeHo ¢ OrpakIeHCKUOT
JIeTl J1a ce UCTPaXkKyBa BO IpBaTa U JETYMHO BO
BTOpara roauHa, CTpyMHYKa KOTJIMHA CO
PamoBumko monme BO BTOpara W Tperara
TOIMHA, JO/eKa bemacuuknor menm  BO
yerBprata roamHa. Co  TIpemIoKEHUOT
JUHAMHUYKU TUIaH € MPEeJBUACHO HCTPAKHHUTE
paboTH 1a ce u3BeIyBaT €TAlHO BO JBE
oJBOCHU (a3u U Aa ce 3aBpuIaT 3a 5 TOIHHH.
IIpBara ¢a3za koja ce ogHecyBa 3a U3padOTKa
Ha TIPOGKT CO OBOj IPOEKT € 3aBpIICHA.

Bropata ¢daza tpeba na tpae 4 romunm a IlI-
¢aza (u3paboTka Ha CHHTE3HH KapTd W
TOJIKyBayM) €IHa TOJIWHA, OJHOCHO Ja ce
u3BenyBa Bo merrata rogwHa. Co oriiex Ha
cneun(prIHOCTa M CIIOKEHOCT Ha MPOCTOPOT
mTo To 3adaka OBOj PEOH, BO BTopaTa ¢asza
npeaBuieHo € OrpaxIeHCKHOT Oel Ja ce
HCTpaXXyBa BO MpBaTa M JIEIyMHO BO BTOpara
roguHa, CTpyMuuka KOTIuHa co PagoBuiiko
IoJie BO BTOpaTa M TpeTaTa TOAWHA, NOAEKa
BenacuukuoT nen Bo ueTBpTaTa rouHa.

CHEHHU®PUKALIMJA HA ITIPOEKTUPAHUTE UCTPAKKYBAIBA U UCITUTYBAIBA

Crnenudukanuja co mpeaMep-npecMeTka Ha
MPOCKTHPAHUTE HCTPAXKHH paboOTH 3a JBETe
¢dasm e wm3paboTeHa CIOpEeA TEONIOIIKUTE
HOPMH, KPUTCPUYMUTE U CTaHIApIUTe 3a
cekoj BHUI Ha pabota, ox “llpaBMIHHKOT 3a
KpuTepuymuTe 3a (OPMHUPAEkE Ha IICHU BO

SAKJIYHOLU U NPEAJOT ITPEIMTOPAKHA
-IIpu IUTAaHUPAHE Ha TEOJIOIIKUTE
HCTpaXyBama IperopadyBamMe, o]l KapTHTe Ha
Typu Bo pasmep 1:25.000 xou ce KOpHUCTEHU
mpu m3paborkara Ha OI'K-1, ma ce xopmcrar
pesyarature noOMEHHM 3a meTporpaCcKuTe
npenapaTy, CUIMKAaTHH aHalIM3H, HA XEMUCKHU
aHanmu3u Ha Pb, Zn u Cu u pyaHO MHUKpOCKOII-
CKH TIperapaTH.

-Pesynrature on mopaHemHuTe reoGU3NUKH
UCTPaXXyBama BO PAMKHTE HMCTpaKyBamba Ha
TepManHa Boja Bo Ctpymmuukara koriauHa (H.
Cronuk, npo¢. T. [enuneTpoB u ox Ipyrute
aBTOPHUTE), J1a CE PEHUHTEPIPETUPAT 32 OBHE
LeNM WU Ja Ce€ CHHTCTH3UpAaT M IPUKAXKaT
3a€HO CO pe3yJTaTHUTE OJ TNPOCKTHPAHHUTE
reopusnukn mepema Ha OrpaxaeH u be-
Jacuna.

-Cure pe3ynTaTé o1l CTPYKTYPHO JTaOWHCKOTO
Iym4ee, U3BEICHN 3a TEPMaJIHU BOAH, 32 HC-
TpaXyBamke Ha 3JIaT0 Ha KOHLECHOHEH
npoctop Unosuma-IllTyka u apyru nogaToi,
MaKCHUMAaJHO U HAMEHCKH Jia CE UCKOPHCTAT U
aJieKBaTHO Ja ce MpHKaXaT Tpapuukd Hu
TEKCTYyaJIHO BO TOIWIIHWTE W3BELITan 3a
CTPYKTYPHO T€OJIOUIKO KapTUPAIhE.

lenepanHo mpuKaXaHUTE XUAPOTEOJOMIKH U
WH)KEHEPCKOTCONIOIIKY KapaKTEPUCTHKH, 3a J1a
ce JOIOJHAT CO HOBUTE PE3YyJITaTH, AOOHEHH
pu TepeHckara padora Ha OI'K-2.

-IlotpeOHO € pma ce uUCKOpHCTaT CHUTE
pe3yaTaTH Ol JIOCETallHUTE HCTpaKyBama U
WUCIHTYBala Ha OBOj TepeH. Hoswure
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o0yacta Ha TEOJNOIIKUTE HCTPaXyBama” Of
toramHUOT  “COBETOT 3a HCTPaKyBadK{
pabotu Bo pynapctBo Ha CP Makenonuja” on
1987 roguHa, Kako M COTJIACHO CO HajueCTUTE
Ma3apHHU [IEHH 32 TaKOB BUJ Ha padoTHTE.

HCTpaXyBama W HCIUTYBama, MPOEKTHPAHU
Imorope Ke uMaar MHOI'Y IIOHHM30K KBaJIUTCT,
aK0 HE Ce KOPHCTAaT CHTE pe3yNTaTH Of
JOCETAITHUTE HCTPaXXKyBamba W HCIUTYBamba,
6e3 oryes Ha Toa MITO Ke OMAAT MPUMEHETH U
HAjCOBpPEMEHH METOIU Ha UCTPaKyBama M HC-
MUTYBambAa.

-Bo TekoT Ha peanuzanujara Ha MPOEKTOT MOT-
pebHO ¢ nma ce oOpHe MmoceOHO BHUMaHUE Ha
cieqaute pabotu: Meramopdusmor ma ce
00paboTH MITO MOMPEIN3HO, 3aT0a IITO OBIE €
CaMo HaBECTEH eJleH JIeNl OJ] HEro, OJHOCUTE
Mely cute (QopManuH, Kako M TeOJOIIKHTE
TpaHUI, MHOTY TIOjaCHO ¥ TPELM3HO Ja ce
neuHUpaaT, jaCHO Jia Ce U3MIBOjaT JAI[UTHTE U
aHme3uTHTE M Ja ce oapenaT ¢asu Ha
BYJIKQaHM3MOT Ha OBHE CYOBYIIKAHCKH KapIlH,
HaBEJCHUOT TPAHUTCKU TPyC HETATHO Aa Ce
Opoy4yd M TOYHO Ja ce JOKYMEHTUpa, Ha
CTPYKTYypHO reosomkara kapta 1:10.000 He ce
HaHecyBaaT (DOTOTEOJOMIKH yTBPACHH ILTHKA-
TUBHH U JJVC]YHKTHBHU TEKTOHCKH CTPYKTYPH,
a HCTO Taka TPETIOCTAaBeHH TI'EOJIOLIKH

TpaHUIN " TEKTOHCKHU CTPYKTYpH.
LenokymHara TekcTyanHa © Tpaduyka Jo-
KyMEHTalHja (roguurHA M3BELITaH,

TONKYBa4M, pPAa3sHOBHIHU KapTH) TIOKPaj
KJIACHYHUOT HAa4YyuH BO TmedaTtHa (opma,
3aJI0JKUTETHO J1a ce U3paboTH UM Ha MHBECTH-
TOPOT Ja My c€ Tpedaje W BO IWTHTAIIHA

dhopma.
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Abstract

This project is developed in full accordance with guidelines for making OGK, OHGK, OIGK, the Law on
Mineral Resources (Official Gazette of the Rebublic M. No. 18/99 and 29/02), and also in other technical
regulations, norms and standards in the field of geology. In addition, used the latest scientific in the field of
geology, information technology and others. And previous experience in performing this kind of stuff. Making
OGK-2 district “Ograzden — Belasica” realized in three phases. Any technical documentation project (text and
graphis reports, photos, etc.). Is produced in digital form created database, run the vectorization of maps and it is
stored on compact disc.

Key words: geological map, standards for making basic geological maps and modes of display
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Arncrpakr

Bo 0BOj Tpya, ce npe3eHTUpaHK Pe3yaTaTUTE O MUKPONAICOHTOIOMIKITE HCTPaXKyBama Ha opamuHudepHaTa
¢dayHa Bo mayieoreHuTe ceauMeHTH Ha OBUYEHOJICKHOT OaceH, crpaturpad)CKd 3HAYajHU 3a OJpEAyBame Ha
reoJIONIKaTa CTapOCT Ha MAJCOTeHUOT KOMILIEKC Bo OaceHoT. borarara u pasHoBHAHA MUKpodOpaMUHU(pEpHa
(ayHa mpoHajaeHa BO TopHaTa (JIMIIHA JIMTO30HA, NMPETCTaBeHa co 63 Buaa, Kou npunaraat Ha 31 pox u 23
(amnmu, 0BO3MOXKH J1a ce uiaeHTHduImpa exHa onoctparturpadcka 30Ha 1o OEHTOCHH (popaMHHU(EPH.

Kayunu 360poBu: popamunndepn, buoctparurpaduja, naaeorer, OBUenoiacKu OaceH.

BOBE]]

OBYETIONICKHOT MaJIeOTeHCKH OaceH
MPETCTaByBa TojieMa €OIlEHCKO-OJIMTOIICHCKA
CeMMEHTHA Maca CMECTEHa BO HCTOYHHUOT eI
on  Bapnapckara  30Ha. ITaneorenure
cenuMeHTH Bo OBYENoNCKHOT OaceH ce 6orato
¢docunonocan W Owie  mpeaMeT  Ha
MPOYyYyBamke O] MOBEKE aBTOPH.

[Ippr ®  Haj3HAYajHH  ITAJICOHTOJOUTKH
ucTpaxyBama Ha OBYEIONCKUA MaNCOTCHCKU
0aceH ce BpIICHU O] CTpaHa Ha Tpyla aBTOPH
on I'eomomkumor maCcTHTYT Ha CAH, Benrpan
(1954). Bp3 ocHoBa Ha Opojuu (ocuiiHu
OCTaTOLM Ha TaCTPOIIOJH, JIAMEIUOPaHXHATH,
HyMyJHTH ¥ KOpald € OJpeleHa TOpHO
€OIICHCKA (mpuaboncka) CTapocT Ha
najieoreHaTa Maca.

[Ipexy m3paborkara ma OI'K mucr Ultum 1:
100 000 om crtpana Ha PakmkeBuk T. m mp.
(1969), naneorenot Bo OBUENOICKHOT OaceH e
n0o0pO  MAaJeoHTOJONIKM  00paboTeH U
JNOKYMEHTHpaH, W OJpEeNeH KaKo MpHadoH.
[Iputoa, BO mameoreHOT ce wu3ABOCHU 4
CYIEpIIO3ULIMOHN JINTO30HM: Oa3aiHa, IOJHA
(¢numrHa, TEeCOYHWYKa W TOpHa (pruimHa
JIUTO30HA.

Criope1 MaJCOHTOJNOMIKUTE HCIUTYBama Ha
nokanutetute c. bemn wu c. IlanTemej, on
ctpana Ha Murtposuk-Ilerpouk u np. (1990),
a Bp3 OCHOBAa Ha EXWMHHJICKATa W JApyrara
MIPHJIPYKHA ¢dbocunHa (ayna, BO
OBuUenoNICKHOT OaceH IOKpaj NPHaOOHCKUTE
Hacllark Ce TaJoXKele W OJHIOIECHCKU
TepureHo-kapOoHatan  cegumeHTn.  OBue
CEeIMMEHTH BO HajrolieM el ce epOAupaHd U
JIEIYMHO COYYBaHHU 10 UCTOYHATA Tepudepuja
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Ha 0aceHOT, KaJe ce jaByBaaT Kako
BYJIKAHOT'€HO-CEIUMEHTHA cepHja. Bo
cepHjaTa ce CMEHYBaaT MECOKINBO-TIIMHOBUTH
CeIMMEHTH U KapOOHAaTH, CO CJOEBU O
Typutu, Ty$pOBH W  arioMepatd  Of
OJINTOIIEHCKO - MHOIIGHCKHOT ~BYJIKAaHH3aM
(KpaToBo-31meToBo), Kajie HajcTapy N30TOIICKA
BPEIHOCTH 3a BYJKAaHUTHTE ce noOmeHu 32
Ma. Co nen na ce 1oOHjaT HOBH CO3HaHM]ja 3a
reojiomKaTa  CTapocT  Ha  IAJEOTCHUTE
cequMenT Bo OBuemoickuor OaceH, Oea
HarpaBeHH MUKPOTMaJICOHTOJIOMIKI
MpoydyBama Ha ¢popamuHupPepHara dhayHa.

MATEPUJAJ U METOJOJIOI'HJA

3a  ucnHTyBame H  OmpoOyBame ~ Ha
¢dopamunudepnara ¢ayHa ce omndaTeHu
MAJICOTCHUTE CEAVMMEHTH Ha S5 OTKPUCHH
npodmm BO OBYEIOJIICKHOT OaceH.
TexHunukata 00pabOTKa Ha MaTEpPHjasioT O]
MpOoOUTE ¢ M3BPIICHA MO KIACHYHUTE METOAU

Ha MUKPOTAJICOHTOJIONIKA aHamm3a
(pacmarame, IpOMHBaKE, CyIICHE, OI0Npamke
u OTIpe/ICTyBamke). TakcoHOMCKUTE

omnpeeyBamba Ce W3BPIICHH CO MHUKPOCKOI-
OuHoKymap Zeiss, co 3ronemyBame o1 50-80
nary.

CTPATUT'PA®UJA HA TAJIEOTEHOT
HA OBYEIIOJICKHOT BACEH

Criopenl ToceraniHuTe WCTpaKyBama, Macara
nebena oxomy 3.5 km e wusrpagena onm 4
JIUTO30HU: 0a3aiHa JIMTO30HA, JTOJTHA (DIHIIHA
JIUTO30HA, JTUTO30HA HA YKOJITH MECOYHUIN H
ropHa ¢$rumHa JUTO30HA. Co



MHUKpPOTIAJICOHTOJIOIIKO  HCTPaXyBame  ce
ondareHH 5  KapaKTCPUCTHYHU OTKPHUCHH
naneoreHy npoduin Ha OBYETIONCKHOT OaceH:
c. UYappmaknuja, nokamuter ExeBo bBpro,
c. Kagpudakoro, Mayapuna u c.Hemamwumm,
0J1 KaJie ce 3eMEHHU ToyieM Opoj Ha MmpodH u ce
nobueHn MIO3UTHBHU pesynrati 3a
¢dopamunudepHa daysa (ci.1).

HcnuryBanute mpopMIM  NPETEeKHO  Cce
JOUMpaHH BO CEAMMEHTHTE Ha TOpHaTa
(GyuImIHa JIMTO30HA: TIMHOBUTO-JIAIIOPOBUTH
CIOCBH KOM PUTMHYKH C€ CMEHyBaaT co
NECOYHUIM,  AJEBPONUTH,  TIUHOA  CO
JIATIOPOBHUTH TJIMHH U OOMUTHH BapoBHUIH. Co
MHKpOTIAJICOHTOJIOIIKATE ~ MCHOHUTYBama  Ce
MPOHAjACHA  PA3HOBHIHU  OCHTOCHH U
TUTAaHKTOHCKHU (popaMUHHUDEpH.

FEOJNIOWKA KAPTA HA
OBYETNOJICKMOT BACEH

10 km

Tooexs .
&

AMEAAVIA
e
L

] 2] SB35 4[] s L DY &) o [e]

Cauxa 1. I'eonomka kapta Ha OBYETIONCKHOT OaceH

1. kBaptep, 2. wiiaau edy3UBHH KapiH, 3. TEPIIUECPHU BYJIKAHOTCHO-CSAMMEHTHH Kapnu, 4. HEOTeHH
CEIMMEHTH, 5. TOPHO-EOIICHCKH CEIMMEHTH, 6. JypCKH I'PaHUTH, 7. JypcKH Anjada3u u rabpoBw,
8. mayeo30mMcKky KOMIUIEKC, 9. MecTa Ha onpoOyBame

MHnPOPNJ - C. YAPJAKJINJA

Jlokanureror Yapmaknuja ce Haora OKOIY
5 km ceBepno ox Lltun. [IpodunoT ox xoj ce
3eMEHH NTPOOUTE U CE BPIIECHH HCIUTYBamba Ha
¢dopamuHudepHara QayHa € HampaBeH BO
UCTOYHHOT Jaen ox  cenoto. Camuor
UCTpakyBaH mpoduin TIW  IPeTrcTaByBa
MOTOPHUTE HUBOA Ha TopHaTa (QUIMIIHA
JUTO30HA M C€ KapaKTepU3Upa CO CIEIHUTE
JUTOJIOIIKK CBOjCTBA: BO MNPOQUIOT €O
nebennHa ox 85 MeTpH JOMHUHHpaaT CHBH
TJIMHH CO TIPEOAH BO CHBH JIATIOPOBUTHU TIIMHH,
Jarnopuy W aJeBpOJIUTH, BO KOM C€ Haoraat
cioeBH co nedenmnHa 1o 70 ¢cm TIpeTCTaBeHH
OJl CUBOOENTM W JKOJITCHWKAaBU TECOKIMBH H
OOJIUTHH BapOBHHLM OOTaTh CO HYMYJHTH, a
MOPETKO U CIIOEBU Ha MECOUYHUIH (CI. 2).
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| Nuvocrpanwrpadoxa

TNMHECTO KaphioHaTeH 4nex | BAMILA

Cauka 2.

["eonomku

mpo¢uI — c.
- Yapnaknuja

NuTonowku
cocTtas

Feonousa crapoct
Retenma (i)

1.manopoBuTO
-TJIHHOBHUTH
e CEIMMEHTH,

2 TIIMHIA,
3.anopuu,

4 TIeCOYHHIIH,

fopeHeoyeH

5.BapOBHUIH,

FopHa nuwHa NUTO30HA

6.1ICCOKITMBHU
F BapOBHHIIH,

7.mpobu

1"2 7] s[==] o[F] sF 1 o[ ]



On npodunor ce 3emeHn § mpodw.
OnpoOyBameTo € M3BPIICHO HA Cexou 7 1o 8
METPH BO TIIMHOBUTUTO-JIATIOPOBUTUTE CIIOCBU
(mpobm 1, 2, 3, 4, 5, 6), co HUCIAY4OK Ha
npobute 7 w 8 KOM ce 3EMEHH BO
KOJNTEHUKAaBH  TIECOKIMBH M OOJIUTHH
BapOBHHMLIM, M CE€ Haoraar BO IIOBHCOKHTE
HUBOA Ha MpoQuIIOT co ciabda 3acTaneHOCT Ha
¢dopamunudepu. Bo mpodunor e mponajaeH
(ayHUCTHYKM  Marepjad  3acTalleH O]
O6entocHn Qopamunudeprn W HyMynuTtd (ciI.
3). Co ananu3za Ha cTpaturpadckara momaoxoda
Ha OJJENHHUTE TAKCOHU Ha (opamMuHHU(epHATa
(dayHa, CIIOEBUTE BO WHTEPBAJIOT IOMETY
npobute 2-6, mpunaraar Ha TOpEH €OLEH, CO
npucyTHUTE BUAOBU Lagena humifera Bandy
u Pararotalia audoini (d'Orbigny).
OcraHaTtuTe HUBOA CE OJIHECYBaaT yCIOBHO 32
TOPEH €OLEeH; BO JOJNHHUTE JEJIOBH Ce
3aCTallcHH TPaH3UTHU (QopaMUHUPEPH KOH
UMaar paclpoCTpaHEHUE BO IEIUOT €OIeH, a
BO FOPHHUTE JeNI0BU HeMa GopaMuHHU(epH.

MMPOPUJI - TOKAJIUTET EXKEBO
BP0

Jlokamuteror ExxeBo bpao ce Haora okxoiry
7 km ceBep-ceBepozanaano ox rpanot ltum.
MUKpONaNeoHTONOUIKUTE HCIUTYBamka Ha
¢dopamuHUdepuTe  ce  HampaBeHH  BO
WUCTOYHUOT Jel Ha BYJIKAaHCKHOT amapar
ExeBo bpmo. Ilpodwmmor e moumpan BoO
ropHata (hIUIIHA JUTO30HA, CO NMeOenrHa Ha
npodpunor okomy 95 wmerpu. IIpodumnor e
u3rpaseH on JIaTIOPOBUTO-TIIECOKIINBU
CeIMMEHTH KOU PUTMHUYKH CE€ CMEHYBaaT, BO
BUJ HAa CIOEBU OJf TJIMHIM, aJCBPOJIUTH,
TUHOA CO JIAIOPOBUTH TJIMHHU, JIAOPUU H
MMecOKIMBU BapoBHUIK (ci1. 4). Ox mpoduior
ce 3eMeHH |4 mpoOm, a ompoOyBameTo €
W3BPILIEHO Ha cekom 4 [0 5 MeTpu BO
JAnopuUTe,  [NMHOBUTO-JIANOPOBUTHTE U
JIAIOPOBUTO-TIECOKIINBUTE CIIOEBH.

I'opua ¢puumHa JIUTO30HA

JlutocTparurpadcka exuHuua

slals]e]7]s

IIpoou

Spiroloculina com. communis Cush & Todd

* Quinqueloculina juleana d'Orbigny

Triloculina angularis d'Orbigny

x| * Triloculina gibba d'Orbigny

Hauerina sp.

Eponides minima Cushman

¥ | X | X | X | ¥ | ¥ | ¥ |=

Cibicides carinatus (Terquem)

Pararotalia subinermis Bhatia

Nonionella winniana (Howe)

K[ K[ K| K| X |[F|X|X|*|* |

Pararotalia audoini (d'Orbigny)

Lenticulina yaguatensis (Bermudez)

Fursenkoina dibolensis Cush & Applin

¢popamunudepn

*
Hema dopamunudepu

Cibicides tallahatensis Bandy

¥ | X | X | X | ¥ | ¥ |*

Cibicides cf- westi Howe

Textularia broniana d'Orbigny

Bugosn

Textularia minuta Terquem

Lagena humifera Bandy

Lagena striata (d'Orbigny)

Bulimina trigona Terquem

¥ X[ X | ¥ | ¥ |*

Nonion graniferum

¥ | X | X | X | ¥ | % |*

Quinqueloculina sp.

¥ | ¥ | X | X | ¥ | ¥ | % |*

E3

Nummulitidae

Cauka 3. Paciipoctpaneroct Ha hopamunndepHara gayHa Bo nmaneoreHcku npodui — ¢. Yapaakmuja
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Cauka 4.
I'eonomku
mpodu —
JIOKAJIUTET
ExeBo bpno

Nutonowku
coctap

NurocTpatirpacbexa

g
g
g

epuHMya
Bebermia (m)

1.nanopoBuTo-
[JIMHOBUTH
-1 CEeIUMEHTH,

AMHECTO KapOOHATEH UneH

10 2 TJIMHIN,

== 3.1anopuu,

4. 1IeCOYHHMIIH,

FopeHn eoyen

-8
7 5.BapOBHUIY,

6.1CCOKIIMBHU
E: BapOBHUIIH,

7.a1eBpONIUTH,

-1 8.TJIMHOBUTH
[IECOYHMIIH,

FopHa GNUMWHAE NUTOS30HA

o Y Y = Y 9. mpobu

dayHHCTHUYKATA 3aCTaIllCeHOCT Ha
¢dopamuHudepHara ¢ayHa BO MPOPUIOT €
IpeTCTaBeHa Ha CII. 5.

CenumeHTUTE O] MPOPHIOT CE CO TeOJIOIIKa

crapocT ox TopeH eomneH. Crapocta ja
MOTBpyBa TPHUCYCTBOTO Ha Pararotalia
audoini (d' Orbigny) Koja nMa

pacrpocTpaHeHHe caMO BO TOPEH €OleH U Koja
ce jaByBa BO mpobure 3 a0 11. Bo ropuute
HUBOA Ha TPOQWIOT, MOpajd OTCYCTBO Ha
ONUToneHCKH (popamuHuepu, He MOXe J1a ce
n3pnede rpanunara E-Ol. Hajoonaure nenosu
Ha MPOoGUIIOT, PayHUCTHYKU CE CTCPHITHH.

I'opna ¢uumHa JUTO30HA

JIutocTpaTurpadceka emHuna

1 2 3 4 5 6 7 8 9 (10 | 11 | 12

13

14 [poon

* * * * * * * * * * *

Quinqueloculina juleana d'Orbigny

Ol O ol Ol O IO Triloculina angularis d'Orbigny
kopoR | K ol R R Lenticulina yaguatensis (Bermudez)
Ol IO Ol IO NN B Bulimina trigona Terquem =
Ol IR IR O O Cibicides carinatus (Terquem) g
O Ol I ¥ § Nonionella winiana (Howe) E
ol IO I B O O R O N g Pararotalia audoini (d'Orbigny) E
* Ol IO é Qungqueloculina sp. g
O IO o IO O &. | Triloculina gibba d'Orbigny
Ol IR B O Textularia minuta Terquem
O O IO B g Spiroloculina com.. communis Cus &Tod. E
ol ¥k % | Lagena striata (d'Orbigny) =
O * * Fursenkoina dibolensis Cush. & Applin &
ol * * Bulimina trigona Terquem
*oLO¥ ¥l O* Cibicides westi Howe
% % * * *

Cibicides talahatensis Bandy

* * * *

Nummulitidae

Cauka 5.

Pacmipoctpaneroct Ha popamuHU(epHa payHa BO MaJIEOreHCKUOT

npoduin - Exxeso bpro

MMPOPUJI - C. KAIPUDPAKOBO

Jloxamureror KampudakoBo ce Haora OKoOIy
15 km ceBeposzanagno ox Illtum. [Ipoduior
0l KOj ce 3eMEeHHM HNpoOuTe M ce BPIICHH
MUKPOTIAJICOHTOJIONIKA  HCIUTyBamba  Ha
dhopamuHHdEpH € HallpaBeHa BO Jy)KHHOT ACIT
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ox cenoro. IIpodusor e nouupan Bo ropHara
¢numHa nmuTo30HA, co nebennna 100 metpwm.
IMpodumor e wu3rpageH oOj JAMOPOBHTO-
[JIMHOBUTH CEOUMEHTH KOU PHTMHYKH C€
CMCHYBaaT BO BHJ Ha CJIOEBU OJ ICCOYHHIIH,
TJIMHITH, JTATOPIM ¥ TIECOKIUBY TIMHIU (CIL.6).



On mnpodunor ce 3emenn 10 npobu, a
onpoOyBamkeTO € W3BPILEHO BO JIAIOPOBHTO-
TJIMHOBUTH CJIOGBH, Ha pacrojaHue oj 6-7
MeTpu TioMely mnpobute. Bo mnpodumor e
npoHajaeH  (ayHUCTHYKH  Marepjal ol
OCHTOCHH W TUIAHKTOHCKH (opamMuHH(EepH
(TutakTOHCKaTa (hopaMuHH(PEpa KOTUIMHCKA
e crmabo 3acraneHa BO OJHOC Ha OeHTOcHaTa
¢dopamuHudepa, NpUKakaHo Ha CI1. 8).

Cemnmenture  on  mpodmior —  C.
KanpudakoBo ce co reonomka cTapocT ol
ropen eoued. Crapocta ja TOTBpAyBa
MpUCyCcTBOTO  Ha  Pararotalia  audoini
(d'Orbigny) wu  Siphonodosaria  verneuili
(d'Orbigny), xou ce 3acTaneHu BO UHTEPBAJIOT
momery mpoOuTe 5-10, u wumaar
pacrnpocTpaHeHue caMO BO TOPEH COIICH.

Bo npobara 5 ce jaByBa Textularia bronniana
d'Orbigny, u mpercraByBa €AMHCTBEH POX BO
npodmioT co pacmpoctparerue Bo Ol, HO
nopamyd IMPHCYCTBOTO Ha JPYrd TPaH3UTHU
(dopamuHu(epn € OHEBO3MOXKEHO Jia Cce
n3nBou rpanunara E;-Ol.

. | Nutonowkm
‘E cocras

Foonouma cramer

.o Camka 6. I'eonomiku
npodun — c.
Kanpudaxoso

1.manopuwy,

2 TJIMHIH,

o
=
e

2l a 3. IJIMHOBUTH
[MECOYHUIIN,

Fopew eE0YEH
Fopsa Gnmw

4.1armopoBUTO-
s TJINHOBUTH
CeTUMEHTH,

3 5. mpobu

1 2 3EE]

Bo nonnurte HHBOA Ha MPO(UIIOT ce 3acTalleHN
TpaH3uTHH  ¢opaMuHudeprn KOM  HUMaar

pacmpocTpaHeHHe BO IEIHOT €OICH, T1a OBHE
HUBOA YCIIOBHO Ke IpHIaraar Ha MOCTapHUTe
JIEJIOBM Ha eomeHoT. Bo mpobata 5 Ha
npoPMIOT c€ TPOHAJACHU IUIAHKTOHCKH
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¢dopamuHUdepr on ropHa Kpeaa (MacTpux).
[MpucytHure kpennu ¢GopamMuHUPEPH KOH ce
HaoraaT BO TIIaJICOTCHUTE CEIUMEHTH, Ce
TPAHCIIOPTUPAaHH O  OKOJIHUTE  KPeIHH
CEeIUMEHTH, TMpH CaMHUOT Mpolec Ha
CeJMMEHTalllja Ha AJICOTeHUTE CeTMMEHTH.

MPO®WI - MAAPUIIA

[podunor Kaje ce HanpaBeHH
MHKpOTIAJICOHTOJIOIIKATE HCTpakKyBama Ha
¢dopamunudepna dayna ce Haora 3 km JU ox
c. Kapaopman, onm pecnata cTpaHa Ha
p. Mapapuna. HcrpaxyBaHuor mnpopun e
JOIMpaH BO ropHara (hiWIIHA JIMTO30HA, CO
nebenuHa Ha npoduinor 65 metpu. [Ipodunor
€ W3rpajeH oOJf 3€JICHKACTH TJIMHOBHTO-
JIATIOPOBHUTH CEMMEHTH, KO HAaN3MEHHYHO Ce
CMEHyBaaT CO TMECOYHHUIM, TJIUHOA U
BapoBHHUIM. Oxp mnpodunor ce 3emeHun 18
mpobu, a omnpoOyBamkeTo € HampaBeHO Ha
cekon 3-3.5 m momely mpobure, BO
JIAOPOBHUTO-TTINHOBUTHUTE CIIOEBH, co
UCKITy4OK Ha mpobara 17, Koja e HampaBeHa BO
MECOKJIMBH TJIMHIIN.

TuTanowsem
cocTas

SMHILE

eancuxa
CTapOC

NrocTpaTwradixa
[leferwea
m

@ 0 uewH

=12

[ TMMHECTO-KAPBOHATEH “neH ]

ToprHa GNWWKHE NUTO3cHa

Fropewmn

1= _| =4 L ] s e,\[ -
Cauxa 7. I'eonomku npodun — Magapuma

1. ruHIM, 2. TIMHOBUTO-TANOPOBUTH CEIMMEHTH,
3. TJIWMHOBUTH TIECOYHHUIM, 4. BapOBHHIIH,
5. mecouHuIy, 6. mpodu



TI'opna ¢uinmHa JUTO30HA JIutocTpaTurpadcka exununa
1023 |4|5]|6|7|8]9]10 Ipo6u
L B R * | % | * | Quinqueloculina juleana d'Orbigny
[k | ok * * Lenticulina yaguatensis (Bermudez)
* [k | ok | % #* | % | % | * | x| Fursenkoina dibolensis (Cush. & Applin)
w* | * * Textularia minuta Terquem
* | ok * * | ok Spiroloculina com. communis Cush. & Todd E_
k| ok * * | * | Triloculina gibba d'Orbigny 'qé'
* | ok * | * Lagena striata (d'Orbigny) E
® 0ok | ok * * Cibicides carinatus (Terquem) i
® | ® * | ® Nonionella winiana Howe _8_
L R N * | Pararotalia subinermis Bhatia =
* | % * * | Lenticulina ellisori (Bowen) 2
® | * Globigerina parva Bolli E
* | % * |k Siphonodosaria verneuilli (d'Orbigny)
[k | ok * | Cibicides tallahatensis Bandy
® [k | ok * | Nonion graniferum (Terquem)
LN * | Pararotalia audoini d'Orbigny
® [ # | & | x| x| x| Textularia bronniana d'Orbigny

Cauxka 8. Pactipoctpaneroct Ha popamunndepHa ayHa Bo maneoreHCKHoT mpodut — ¢. Kagpudakoso

DayHUCTUYKHOT Matepjan ox mnpoduior —
Manapunia e nperctaBeH Ha ci. 10. Bps
OcHOBa Ha crparurpadckara monoxba Ha
OJUICIIHUTE TaKCOHM Ha (opamMuHU(epHaTa
dayna, cTapocTa Ha  CEIUMEHTUTE O]
npopuinor — Magapuiia €  TOpPEeH EOIICH.
Crapocra ce MOTBpAyBa CO MPHCYCTBOTO Ha
Kapaktepuctuaaute pocunu Lagena humifera
Bandy u Bolivina reticulata Hantken, xou
UMaaT paclpocTpaHeHHE CaMO BO TOPEH
COIICH, U CE€ 3aCTAllCHU BO WHTEPBAJIOT MOMEry
npobute 10-16, OMHOCHO TOPHUTE NEJIOBH Ha
ceMMEHTUTe on Tnpodmior — Mayapuia
mpumnaraat Ha TOPEH €OIeH — MPUAOOHCKH Kar.
Jomaute nemoBu Ha mpoduior (mpodu 1- 9)
ce OJHecyBaaT YCIOBHO 3a TOPEH COIIeH,
Ounejki BO OBHUE JICJIOBH C€ 3acTalleHU
TpaH3uTHH  (GopamMuHUPEpH KOU  HUMaar
pacrpocTpaHeHHe BO IEJIUOT COIICH.

nPO®PNJI - C. HEMABUI

Jlokanureror ¢. Hemamuuu ce "Haora 6.5 km
ceBepouctouHo ojf rpagotr CB. Hukoe.
[Ipodmnor BO KOj ce 3eMEeHH MPoOUTE M Ce
BpIIICHH MHUKPOIIAJICOHTOJIONMIKA HCIUTYBambha
Ha (¢opaMuHHU(EpH € HalpaBeH BO 3aMaJHUOT
Ien on cemoTo. McTpakyBaHHOT Mpodui e
JIOLIMPaH BO TOpHAaTa (UIMIIHA JUTO30HA, CO
nebenrHa Ha npodmior okomy 90 merpw.
[Ipodunor Bo menwHa € W3TpajieH OJ CHBO
3€JICHKACTH JATIOPOBUTO-TJIMHOBUTH
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CEIMMEHTH KOW PHTMHYKH C€ CMEHYBaaT BO
BUJ Ha TEHKH CIIOEBH cO necoyHuim. On
npopusnor ce 3eMeHn 18 mpobu, a
onpoOyBambeTO € W3BPLICHO BO JIAIOPOBHTO-
TIMHOBUTHTE CJIOEBH, Ha pacrojaHue ojn 3-4
MeTpH nomery mpobute (ci. 9). Bo mpodwuior
¢ TpoHajaeH (AyHHUCTHUKH MaTepujal of
OCHTOCHH W TUIAHKTOHCKH (opamMuHH(EepU
(cm. 11).

2. Nurenouws
2 cocTag

Topex Eougn
TopHa dnuwHa MTCA0HE
%0

Ciamnka 9. I'eonomku npodun — c. Hemamunum

1. TTHHOBUTO-JTATIOPOBUTH CETMMEHTH,
2. IECOYHHUIH, 3. TPoou.



T'opna ¢uinmHa JMTO30HA

JlutocTpaTurpadcka eauHuua

1|2 (3 |4|5|6|7 |89 |10(11|12|13 |14 15|16 (17-18 HpOﬁI/I
% | % % | % Quinqueloculina juleana d'Orbigny
AERE * Triloculina angularis d'Orbigny
* | x| % * Triloculina gibba d'Orbigny
* | x| % % | * | ISpiroloculina com. communis Cush.&Todd
% | % x| % % Quinqueloculina sp.
® | % | % * | % * | % ISpiroplectamina car. carinata (d'Orbigny)
* | * ILagena striata (d'Orbigny)
* | * * | * x| * Cibicides carinatus (Terquem)
* x| % | % \Pararotalia subinermis Bhatia
E I \Fursenkoina dibolensis Cushman.&Applin %
) z
| % | % % Cibicides lobatulus (Walker et Jakob) E
R % Cibicides tallahatensis Bandy %
| % | % g Cibicides cf- westi Howe -
* | x| % g Textularia broniana (Terquem) n::
s =)
| % | % Textularia minuta Terquem
* | x| * \Lagena humifera Bandy
| % | % Giroidina soldani d'Orbigny
| % | % \Lagena scalariformis (Williamson)
2| % | % \Bulimina trigona Terquem
* | x| x| % \Eponides minima Cushman
| % | % * \WNonion graniferum (Terquem)
| x| x| o \Bolivina reticulata Hantken
w® | x| % \Bolivina nobilis Hantken
* | | % | % \Nummulitidae

Cauxka 10. Pacnpoctpaneroct Ha ¢opamunndepHa payHa BO MaJCOreHCKUOT npodt — Mayapuiia

[TnankToHCKaTa QopamuHnbepa Bo mpoduioT
— c¢. Hemamumum KOJMYMHCKH € TIOBEKe
3acTareHa, BO OJTHOC Ha JAPYTHTE MPOQUIIH.

®opamunudepHn  BUAOBH  KOW  MMaar
OnocTpaturpa)cKo 3HAUCHE 33 OJpeayBame
Ha crapocta ce: Siphonodosaria verneuili
(d'Orbigny), Caucasina eocaenica Chalilov,
Dentalina communis (d'Orbigny), Palmula
budensis (Hantken), Bolivina cf. antegresa
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Subbotina, Bolivina  gracilis  Cushman,
Bolivina reticulata Hantken, Spiroplectamina
carinata carinata (d'Orbigny),
KapaKTEPUCTUYHU caMo 3a ropeH eotieH. OBue
ce T0jaByBaaT BO UWHTEPBAJIOT MOMery
npobure 1-18, omHOCHO oOn mOIy Ce€ [0
H3jTOPHHUTE JICJIOBM Ha NPOPWIOT, KOH
mpumnaraar Ha TEOJIONIKa CTapoCT — TOPEH
COIICH.



I'opua ¢uaumna JuT030HA

JIutocTparurpadcka exuHuna

6

7

8

9

10

11

12

13

MIpodu

*

*

*

*

*

\Spiroplectamina car. carinata (d'Orbig.)

*

*

*

\Percultozonaria fragara (Giimbel)

Lagena scalariformis (Williamson)

Globigerina ciper. angulisuturalis Bolli

Globigerina officinalis Subbotina

Globigerina ouach. gnaucki Blo.&Bann.

Globigerina ou. ouachitaensis How&Wal

Globigerina parva Bolli

Bolivina costata d'Orbigny

Cibicides lobatulus (Walker &Jakob)

Cibicides ungeriqganus (d'Orbigny)

Cibicides westi Howe

\Pullenia quinqueloculina (Reuss)

\Melonis affine (Reuss)

Chilostomella balkanensis Dain &Chalil.

Unomalinoides welleri (Plumer)

ISpiroplectamina dentata (Alth)

\Dorothia indentanta (Cushman &Jarvis)

ISpiroloculina com. communis Cush.&Tod

Lenticulina cf- ellisori (Bowen)

Glandulina laevigata d'Orbigny

\Bolivina gracilis Cushman

\Bolivina nobilis Hantken

Bulimina costata d'Orbigny

\Bulimina trigona Terquem

Caucasina eocenica Chalilov

Caucasina tenebricosa Pischvanova

\Dentalina comm. communis (d'Orbigny)

Globulina gibba d'Orbigny

Globigerina yaguatensis Wein.&Applin

Bolivina cf. antegresa Subbotina

Bolivina scalprata Schwager

ISiphonodosaria cf. adolphina (d'Orbigny)

Cibicidoides lectus (Vasilenko)

Gyroidina soldani d'Orbigny

BunoBu dopamunudepu
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x| *® * AR * | * |Bolivina reticulata Hantken
* | % | % | % | % x | * |Eponides saginarus Bykova
% | % R w | % | % x| * |Heterolepa dutemplei (d'Orbigny)
* | * | | % ® | % | % \Hanzawia producta (Terquem)
* | x| % | x| % \Proxifroms sp.
2 | % | % | x| % ® | % \Pamula budensis (Hantken)
* | % | * Lagena hexagona (Williamson)
x| * * | x| % Bolivina cookei Cushman
% | % * | % % | = | = |Lenticulina yaguatensis (Bermudez)
* | % * * Glandulina ovula d'Orbigny
* | * w | * ISiphonodosaria verneuili (d'Orbigny)
| % | % * | ® Cancris subconicus (Terquem)
| % | % % | % Gavelinela danica (Brotzen)
% | % * * Valvulineria laevis Brotzen

Cuamka 11. Pacnipoctpaneroct Ha popamunudepHa dayHa Bo naneoreHcKHOT mpodui — ¢. Hemamuiu

PE3VIITATU

Co aHanmm3a o3 MHUKPOIIAJICOHTOIONIKUTE
HCTpakyBame Ha ¢opamuHudepHara (ayHa
BO OBYENOJICKHOT MaJIeOTEHCKH 0aceH MOXKaT
Jla N3BJeYaT NoBeKke KOHCTAaTaIIH.

Co ucrtpaxypame Ha dopamuHudepHa payHa
B0 OB4YenonickuoT OaceH ce ondaTeHd CHTE
JIUTOJIONIKK HUBOA HA MAJIEOTEHOT, KaKO ILITO
ce OazamHara, JOjHATA (IIMIIHA JIMTO30HA,
JUTO30HATAa Ha JKOJITM TECOYHHUIIM M TOpHaTa
¢mumiHa auTo30Ha. [TO3UTHBHU pe3yiTaTH ce
NOOWEeHH 3a CpeAHHTE W TOPHUTE HHBOA Ha
ropHata (hJIUIIHA JINTO30HA, MOIITHE 0OTaTH CO
(dopamunudepHa dayHa.

Konexnujara Ha mpoHajneHata U onpeaesieHa
¢dopamunudepna ¢ayHa Bo OBUYEMOICKHOT
MajeoreHckn OaceH € TpeTcTaBeHa co 63
BHJIa, KOU ce onaHecyBaaT Ha 31 pom u 23
¢ammmmn:  Spiroplectamminidae  Cushman,
1927 — 2 Bunma, Eggerellidac Cushman, 1937 -
1 Bup, Textulariidae Ehrenberg, 1838 - 2
Bua, Spiroloculinidac Wiesner, 1920 - 1 Bup,

Hauerinidae Schwager, 1896 — 3 Buna,
Nodosariidae Ehrenberg, 1838 - 6 Buna,
Lagenidae Reuss, 1862 — 3 Buna,

Polymorphinidae d'Orbigny 1839 — 1 Bupn,
Glandulinidae Reuss, 1860 - 2 Bwuga,
Globigerinidae Car., Park. and Jones — 6 Buna,
Bolivinidae Glaessner, 1937 — 6 Buna,
Buliminidae Jones, 1875 — 3 Buza,
Fursenkoinidae Loeblich and Tappan, 1961 —
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1 Bua, Caucasinidae Bykova, 1959 — 2 Buna,
Stilostomellidae Finlay, 1947 — 2 Buna,
Baggenidae Cushman — 2 Buga, Eponididae
Hofker — 2 Bupa, Parrelloididac Hofker — 1

Bug, Cibicididae Cushman - 5 Bwuga,
Nonionidae Schultze, 1854 - 4 Buna,
Chilostomellidae Brandy, 1881 — 3 Buna,
Gavelinellidae Hofker, 1956 — 3 Buza,
Rotaliidae Ehrenberg, 1839 — 2 Buna.

Cucremarckara Knacupukanmja Ha

(dopamunudeprnata ¢dayna Bo OaceHOT e
HanpaBeHa 1o Loeblich & Tappan (1988).

IIpucytHute crpaturpacki  BHAOBH  BO
onumanute Tnpoduan  Ha  OBYETIONCKHOT

OaceH MOXarT Jia ce Kiacuduimpaar Ha:

- BUIOBU DPAaclpoCTPaHETH CaMO BO TOPHUOT
€OLIeH, KOU MPETCTaByBa HajTOJIeMa CUTyPHOCT
3a Ompe/eNyBame Ha CTapocTa,
- BUJIOBU KOW J[0araar Ojf HOHHCKUTE HUBOA U
ce pacnpocTpaHeTH 10 Es

- BHIIOBH KOHM c€ TMoOjaByBaaT BO Ej

nozgouHa g0 Ol, N.

U XUBCaAT

- BUJOBU KOH JKHUBEECJIC ITOPAHO O/ E3 )
- HEKOJIKY NPHUCYTHU BHUIOBHU KOM JKHBE€AT MOAOLHA
Ol COLCHOT.

Co amanmsa Ha cTpaturpadckara mojoxoa Ha
OJUICTTHUTE TaKCOHH Ha QopamuHupepHaTa
¢dayHa, cemMMEHTUTE OJ MNpoPUIUTE - C.
Uapnaxmuja, ExeBo bpmo, Kapaopman,
Kanpudakoso, Manapuiia, Hemamuiu ce co
T'€OJIOIIKA CTAPOCT TOPEH €OLEH - MPHUAOOHCKU
Kar.



Bo Oguemnosicknor 0aceH camo mpoQUIOT —
Hemamuim co reojomika CTapocT TropeH
€OlIeH, MpeTcTaByBa crpaturpadceku mpodur
BO KOj MOXe€ Jla ce u3/iBou Ouo3onara Bolivina
antegressa. Kako kputepuyM 3a H3/1BOjyBambe
Ha Ouo3onara Bolivina antegressa, a BoeqHO U
[MOCTaByBamke HA TIpaHHIlAaTa Mely HHB, €
M0jaByBambETO u HCYE3HYBABETO Ha

TaKCOHUTE O] TpymnaTta Ha BUAOT Bolivina co
npercraBHULMTE Bolivina antegressa Subb., n
Bolivina nobilis (Hantk). I3nBoeHara 6no3oHa
Bolivina antegressa co 3actaneHuTe OEHTOCHU
BUJIOBH, MpUMara Ha TOPHHOT JieJl Ha 30HaTa
Planulina costata (byrpoBa, 1988), u ce
OJTHECYBa 3a TCOJIONIKAa CTApOCT TOPEH COIIEH -
npuaboHCcKu KaT (Tabena 1).

Ta6ena 1. 3onanna nodenba na eoyenom cnoped benmocru gopamunugepu (byzposa, 1988)

3

30HH, TOJ20HHA

=

o

oo iel

1o GeHTOCHH (popaMHHHPEPH

ropeH

Bolivina antegressa

Planulina costata

Brotzenella taurica

Caucasinella pseudoelonata

Haplophragmoides orfaensis

Uvigerina costellata

Eonen
CpeJieH

JioJieH

Pseudogaudryina ninikae

pseudonavarroana

Turkmenella

Bulimina
mitgarziana

Pseudogaudryina externa

3AKJIYYOK

Aconujanyjata Ha OeHTOCHU (opamuHHbEepU
npoHajaeHd Bo OBYEMOJCKHOT MHajeOreHCKH
0aceH OBO3MOXHM N1a c€ HICHTH(HIMpA eTHA
ouocTpaTurpadcka MoJI30Ha Bolivina
antegressa, Koja npunara Ha 3oHara Planulina
costata (byrpoBa, 1988) 3a mnpodumior —c.
Hemamu, a BOeZHO ja TOTBpAyBa U
reoJiomKkara ctapoct Ha OBUENOJICKHOT OaceH,
KOja KaTeropuyHoO ITpHIlara Ha TOPEH €OLeH —
pHabOHCKH Kar.
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SYSTEM, KRATOVO-ZLETOVO VOLCANIC AREA

Todor Serafimovski', Goran Tasev', Tadej Dolenec’, Nastja Rogan-Smuc?,
Dalibor Serafimovski', Petra Vrhovnik?, Matej Dolenec’, Timotej Verboviek®

! University "Goce Delcev", Faculty of Natural and Technical Sciences, Goce Delcev 89, 2000 S'tip,
Macedonia, todor.serafimovski@ugd.edu.mk; goran.tasev@ugd.edu.mk;
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Abstract

Wide zones of intensive hydrothermal alterations were determined at the Borovi¢ area. Silicification,
limonitization, kaolinization etc., are the progressive alterations with distinctive occurrences at the surface.
Stockwork veins and veinlets are dominant too. Detailed studies have shown that this system at the Borovi¢ has
been mineralized, where at few randomly taken samples from the silicificied zones has been determined
presence of gold within the range of 0.10 up to 0.62 g/t Au, followed by increased concentrations of copper,
silver, molybdenum etc. Also, in this mineralized system have been determined presence of geothermal
mineralized waters with temperatures up to 50°C and artesian flow of about Q=10 /s within the Povisica river
flow. Isotopic studies of hydrogen and oxygen or ratios H/D and 8'°0 in samples taken from thermomineral
waters from wells in the Borovi¢ locality have shown values within the range -10.62+ -8.61 3'°0 and -72.70~+ -
56.90 8D, which points out that the origin of these mineralized waters is mainly of meteoric character.. Namely,
there were slight discrepancies from the MWL (Meteoric Water Line), which reflects the direct fractionation of
O and H isotopes in meteoric water at the contact with adjacent rocks and deep hydrothermal fluxes

Key words: Isotopes, alterations, mineralization, hydrogeochemistry, Borovi¢

INTRODUCTION continuous character. This was our reason in
Locality Borovi¢ in the geological this paper to review the Borovi¢ mineralized

literature is known since the first half of the system, its alterations and H/D and O

twentieth century when the concession for isotopes within its thermomineral waters.

geological exploration of this area had
English company Selected Mines Ltd.

However, more specific data from the studies GEOLOGY OF THE STUDIED AREA

of the Kratovo-Zletovo volcanic area and of Studied area lies below the Borovié¢ hill
course the Borovi¢ itself can be found in (651 m), few kilometers west from town of
works of Pantic et al., (1972), Klajn (1977), Kratovo in NE Macedonia (42.07°N,
Serafimovski (1990), Bogoevski (1998) etc. 22.08 °E). The nearest villages are Topolovié¢
Later on this locality has been explored as and Turalevo in the north and Filipovci in the
potential locality for geothermal energy. In south. Area belongs to Zdravevci geothermal
that direction we wouls like to stress out the system, named after a nearby smaller village.
works of Rakic et al. (1993), Rakic et al. The region is also known as Borovi¢ (or
(1996), Gorgieva (1995), Serafimovski et al. Borovik, originally Boposuk) ore field, and is
(2001), Rakic and Stolic (2002), Ristova therefore noted further on in the paper as
(2011), Verbovsek et al., (2011) etc. Zdravevci-Borovi¢  geothermal — system.
All the explorations and data contained Borovi¢ is one of the volcanic manifestations
within numerous materials are pointing out in the wider Kratovo-Zletovo volcanic area,
that in the vicinity of Borovi¢ has been de- and several wells were drilled in the valley of
termined copper and gold mineralizations, as river Povisnica (PoviSica) in late 1980's.
well as significant quantities of thermomi- Kratovo-Zletovo area lies in a former
neral waters, which exploitation is of volcanic crater or caldera (Turalevo crater),
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which was later significantly altered by
intensive hydrothermal alternation,
silicification (up to 99% Si0,), jarositization
and kaolinitization. The area was intensively

studied for the occurrence of ore minerals,
and high values of Pb, Zn and Cu were
found. Area was mostly studied by (Klajn,
1977)

and (Raki¢ et al, 1993).

)

A

100

Figure 1. Geological map and cross section through the Borovik mineralized system
(Serafimovski, 1990) 1. Hornblende-augite-biotitic andesite; 2. Augite-hornblende-biotitic andesite; 3. Tuffaceous sa-
ndstones; 4. Tuffaceous sandstones, breccia and marls; 5. Hornblende andesite; 6. Faults (often mineralized)

Mineralized area Bukovik is located in
the NW parts of the Kratovo-Zletovo ore
district, between the Filipovci and Turalevo
villages. The terrain is of low mountanious
nature with average altitudes of 450 to 750 m
and few representative hills such are:
Gradiste, Borovik, Golak and some other
with extensive erosion.

Geological setting is heterogeneous and
in generals consists of volcanic materials,
tuffaceous breccias, sandstones, marls etc.
Oligocene tuffaceous breccias, sandstones
and marls have been intruded by biotite-
augite andesites, hornblende andesites and
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sometimes occur even younger volcanic
outburst as smaller or larger plate-like forms.

Structural setting is quite similar to the
other parts of the adjacent vicinity of this
mineralized area, within the Kratovo-Zletovo
ore district. Namely, the major fault and
structural systems are of NE-SW and NW-SE
direction and rarely of E-W direction, which
at the crater Turalevo and Borovik intersect
each other and in such a manner represent an

area suitable for deposition of ore
mineralization. The fault structures are
related  with  intensive  hydrothermal

alterations and post-volcanic manifestations.
In regards of hydrothermal alterations the



most abundant one is the silicification,
followed by kaolinitization, sericitization,
chloritization, pyritization etc.

Up to date data have shown that within
the Borovik mineralized system are present
numerous hydrothermally altered zones that
occasionally are mineralized, mainly with
copper and gold mineralization and
sporadically with lead and zinc. All the facts
are pointing out that the major focus should
be given to the exploration of copper
mineralizations.

All  the occurrences of copper
mineralization according to the host rocks
where they have located can be divided into:
pyrite occurrences with chalcopyrite in
tuffaceous series, which have been
intensively altered (with notable presence of
argillites and jarosites). There have been
confirmed “iron hats” (Klajn, 1977).
Especially characteristic is pyritization with
“iron hats” along left tributary of the Povisica
river southern of Borovik. Sampling of adits
and exploration drill holes have shown
presence of copper up to 0.1% Cu and plenty
of pyrite, reaching up to 20% of mineralized
mass. The most copper is related to the
crystal lattices of pyrite either it sporadically
occurs in form of chalcopyrite disseminated
in pyrite or as very fine individual grains.

Newer detailed explorations (drilled few
exploration drill holes) have shown copper
and gold mineralization, but however the data
are still of limited character and intensity of
exploration is low. Preliminary findings are
that the mineralization is of quite similar
character as it is the one at the Plavica
locality and is more intensive around the
zones of tectonic crushing. Also, the
aforementioned findings indicated that the
gold mineralization could be attributed to the
existence of epithermal gold deposit of so-
called acid-sulfate type.

Gold concentrations were always higher
within intensively silicified zones, which are
situated along faulting structures or zones of
their intersection. At the following table
(Table 1) are given concentrations of copper,
gold and silver in samples from the surface
and particular intervals within the drill holes.
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Table 1. Concentration of copper, gold and silver
in particular samples from the Borovi¢ locality

Sample Cu (%) Ag Au
(ppm) __ (ppm)
TS-1 0.032 0.65 0.10
TS-2 0.062 1.20 0.19
TS-3 0.024 1.05 0.45
TS-4 0.030 0.95 0.43
KB-1 0.042 0.60 0.17
KB-2 0.040 0.90 0.62
KB-3 0.044 0.95 0.18
KB-4 0.078 0.85 0.20
KB-5 0.028 0.85 0.10
KB-6 0.028 0.90 0.10

As it can be seen from the table above,
the mineralized area points out to a porphyry
system characterized by low concentrations
of representative metals. We have to mention
that lower concentrations of copper are
uncommon, since locally they are
significantly higher and microscopic studies
(of lower intensity too) have been determined
copper mineralizations represented by
presence of chalcopyrite. Also, at surface on
wider areas have been determined so-called
copper blossoming represented by Cu-
carbonate minerals such are malchite and
azurite. There are indications that the most of
copper at this shallow and surface levels was
washed out (Klajn, 1977). So, once again we
stress out, that the majority of these samples
were taken from the surface or shallow drill
holes and probably should be expected that to
depth the copper concentrations will rise.

Silver concentrations that have been
within the range of 1 ppm are completely
compatible with those usually found in
porphyry copper deposits worldwide. Gold
concentrations are very similar to those found
at Plavica and Crni Vrv localities, while in
particular samples are very indicative (TS-3
and KB-2). Without any doubts such gold
concentrations are pointing out to an
existence of favorable environments for
disposal of epithermal gold mineralizations
mainly relate to the zones of faulting and
silicification. This should be used as a
guidline for planning and directing further
detailed exploration in this area.

In the close vicinity of the Zdravevci-
Borovi¢ system itself, the oldest and deepest



rocks are Paleozoic and Precambrian
magmatic and metamorphic rocks (schists
and amphibolitic  rocks) of  Serbo-
Macedonian mass, and granodioritic pluton
bodies (Klajn, 1977; Raki¢ et al., 1995; Raki¢
et al.,, 1993). Estimated temperature in this
source is about 200 °C. These rocks are
covered by Eocene and Oligocene
sedimentary, volcanic and sedimentary-
volcanic rocks, mostly clastic rocks and
flysch (Figure 1), plus volcanic intrusions of
dacite-andesite and diorite. Conglomerate

and breccia prevail in Eocene and Middle
Oligocene 1is represented by sandstones,
breccias and limestones with high amount of
volcanic material. Miocene is composed of
various sandstones, marls and tuffs, Pliocene
mostly by clastic rocks, and Quaternary by
alluvium and delluvium. All these rocks are
dissected by andesitic and dacitic eruptive
rocks, tuffs and ignimbrites. Complete
thickness of rocks above the pluton is about
1000-2000 m  (Micevski et al, 2007).

v
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Figure 2. Simplified geological map of Zdravevci-Borovi¢ area with locations of analyzed
wells (modified after Klajn, 1977).

Wells (figure 1) were drilled to various
depths: well ZD-1 to 90 m, ZD-2: 107 m,
ZD-3: 335m, ZD-4: 134 m, ZD-5: 129 m,
ZD-6: 96 m and later wells ZD-7 and ZD-9
(depths unknown). The major borehole ZD-3
lies 444 m above sea level in the valley of
Povisnica and was drilled in 1989. Borehole
diameter is 86 mm with installed casing of
3,5 inches. The well is drilled in a fracture
zone and is relatively deeper than other
surrounding boreholes.

Water was recognized early in 1991 as
therapeutic (Milenkovi¢, 1991). Water is
artesian and flows from the well ZD-3 with
approximate discharge of Q =10-111/s. The
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temperature of the water varies with depth
and due to interaction with surface water and
lies in the range of 43-48 °C. Maximum
temperature in the well was 50,8 °C. Two
aquifers have been found to exist in the area,
first in the depth of 83 m and second on 210
m (Puzelovski, 1999).

METHODS AND MATERIALS

Waters were sampled in two periods,
first on 22.06.1991 and later in summer 2005.
In the first period, only the major well ZD-3
was sampled, with intention to check the
possibility of water for therapeutic use




(Milenkovi¢, 1991). Second sampling was
done in 2005, and water samples from three
wells ZD-3, ZD-7 and ZD-9 (Figure 2) were
analyzed for geochemical composition and
isotopes, plus the river PoviSnica. Note that
the results from the 2005 analysis for the well
ZD-3 are not presented in this study, as
sulphate concentration was far too low from
expected and also far too low from the
previous analysis in 1991, so this analysis
was omitted.

o ~ ™ o
Figure 3. Natural discharge of the well in
Zdravevci-Borovi¢ area. Note the lack of
vegetation in the background due to
hydrothermal alteration and iron mineral
precipitates in the creek bed in the
foreground.

Analyses from the year 1991 were
performed in laboratory in Belgrade, Serbia
and analyses in 2005 in the ActLab
laboratory in Canada. Measurements of water
temperature and pH were determined in the
field. Isotope composition of 8D and §'°0
was performed in Ljubljana, Slovenia. As the
concentration of HCO; ion (for the 2005
analyses) was not performed, it was
calculated as the missing ion in geochemical
software AquaChem via calculation of
electrical balance to achieve electroneutrality.
Saturation indices were calculated by
software PHREEQC for Windows.

RESULTS AND DISCUSSION
Waters from wells belong to Ca-Na-
HCO3-SO4, Na-Ca-HCO3-SO4 and Ca-HCO3-

69

SO, types and therefore their origin can be
attributed to carbonates-sulphates  with
elevated Na values from volcanic complex,
reflecting the groundwater composition.

First of all we have performed a
statistical analysis of 8'*0 and 8D data, to see
does the data follow certain standard and
formerly determined rules. The data obtained
for 80 and 8D in water samples were
plotted on a summary diagram of isotope
compositions of waters of different origins
(see Taylor 1967; Brownlow, 1996 and
Misra, 2000) with a primary goal to
determine the exact origin of waters of
interest (Figure 3). As can be seen from plot
bellow (Figure 3), there were slight
discrepancies from the MWL (Meteoric
Water Line) determined by the equation
3D=8 x §'*0 +10, but however the grouping
of data was around the MWL. Those
dicrepancies reflect the direct fractionation of
meteoric water of O and H in contact with
adjacent rocks and deep hydrothermal fluxes.

The plot have shown that majority of
data plots are on or near the MWL indicating
the meteoric origin of waters for most of the
samples. Few of the samples, as can be seen
from the diagram, have shown that there is a
direct interaction and isotopic exchange
between the meteoric generated waters and
hydrothermal systems. This was direct
confirmation about the nature of fluids,
which have played the major role in the
mineralization processes that have generated
the polymetallic deposit. The main
conclusion from this part can be drawn that
there was an interaction between the meteoric
water and a certain magmatic intrusion,
which acted as an heat engine that have
initiated an hydrothermal convection in the
groundwater of the enclosing country rocks.

From the isotope data it is clear that
although deviations from the Meteoric Water
Line (MWL) 8D = 8 x 80 + 10 occur
(Figure 4a and b), samples are still grouped
along this line. Water is therefore believed to

be infiltrated meteoric water, which
infiltrates through several fractures in
sedimentary and volcanic rocks, is

progressively heated in the depth and is later
captured in the wells near the surface.
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Water is highly mineralized, as the total
dissolved solids value (TDS) is 3458 mg/l
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Figure 4b. Diagram of isotope composition of waters

of different origins with included plots of
values obtained for Borovi¢ samples (Taylor,
1974; 1997)

composition is presented on the Piper and
Schoeller plots (Figure 5), and water from all
wells belongs to one group.
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Figure 5. Piper and Schoeller plots of hydrogeochemical analyses of Zdravevci-Borovi¢ waters.

Temperature from deepest well ZD-3
was 43-44 °C, but significantly lower in other
two wells (21,2 °C in well ZD-7 and 22,8 °C
in ZD-9). The reason for relatively cooler
water can be attributed to lower well depth of
two wells, as infiltrated water is
progressively heated in greater depths.
Deeper well ZD-3 is also situated in a more
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fractured zone, which permits higher
circulation rate of water. Obviously, the
potential for geothermal exploitation of the
area exists, as the water outflows naturally
from the wells (Figure 3). If pumped, the
cooling effects would be less pronounced and
temperature would be higher on the surface.



Table 2. Selected concentration of water wells and river Povisnica and saturation indices of calcite,
gypsum, goethite and hematite. Bold numbers indicate exceeded drinking water limit values.

Well pH Na Fe Mn Ni As Pb Zn Br F SO4 Sl Slyyp  Sliee  Sliem

unit - mg/l  mg/l  ug/ll  ugll  ug/l pg/l upg/l oug/l ugll mg/ll mg/l - - - -

river 5,7 224 0,19 501 57 1,73 2,25 24,1 26 0,3 488 - - - -

ZD-3 6,5 324,5 0,90 300 5 40 30 0 1,8 780 -

1991 0,52 0,53 6,97 16,02
58 173 515 872 25,1 49,6 0,72 98 131 1,8 971 - -

ZD-7 029 044 437 10,72
6,0 333 393 350 69,2 60,6 043 7,7 145 08 767 - -

ZD-9 0,30 0,56 5,05

12,11

limit 65-95 200 02 50 20 10
Despite the location in the regional area
of highly mineralized ore deposits with Pb-
Zn and Cu, and the fact that such surface
waters can be highly contaminated with
metals like Cu and Zn values for the the
waters in Kratovo-Zletovo area (Alderton et
al., 2005), the analyzed waters do not show
exceeded values of permissible drinking
water element concentrations for Pb or Zn.
However, several other metals and
parameters are exceeded (Table 2) in regard
to EU Drinking Water Directive (98/83/EC).
Values of Fe, Mn and SO, are greatly
exceeded in all wells, and some other
parameters also exceed the permissible limits
for Cu, Na, Ni, As, Cu and F. The pH values
are also a bit lower than lower limit.
Selected calculated saturation indices (Table
1) indicate that the water is greatly
oversaturated by iron oxides and hydroxides
(SI>10), and slightly undersaturated or in
relative equilibrium with calcite and gypsum
(SI is around #0,5). Iron minerals are
therefore expected to precipitate from the
water, and such precipitates are indeed
visible in the field (Figure 3).

CONCLUSIONS

The Borovic locality represents one of
the most potential areas within the Kratovo-
Zletovo volcanic area from the aspect of Cu-
Au  mineralizations and  geothermal-
thermomineral waters.

Intensively hydrothermaly altered rocks,
manfested by silicification, kaolinitization,
sericitization, limonitization, etc., are
important indicator of ore mineralization and
existence of the geothermal system.
Intensively silicified volcanic tuffs are
characterized by gold contents of up to 0.46
g/t Au.
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The investigated area of Zdravevci-
Borovi¢ geothermal system is potentially
interesting for geothermal water exploration
and exploitation, as water from wells has
temperatures up to about 50°C, with
discharge of approximately 10 I/s. With the
use of submersible pumps, even higher
temperatures at higher discharges can be
obtained.

Origin of water can be related to sedi-
mentary (carbonate) and volcanic cover due
to its geochemical composition, and the water
is attributed to be meteoric as it was shown
by isotopes of hydrogen and oxygen or their
respective ratios H/D and 8'%0, which values
were within the range -10.62+ -8.61 8'*0 and
-72.70+ -56.90 dD. These values of studied
isotopes are compatible with hydrothermal
fluid systems, which have produced
mineralizations at the Borovi¢ area.

Water infiltrates in fractured rocks, is
progressively heated in the depth and
captured at the surface at relatively high
temperatures (highest in well ZD-3).

By further isotope analyses (tritium), the
age of water and cycling could be
determined. Systematic geochemical sa-
mpling of water from wells should be pe-
rformed in the future to get further informa-
tion on the water-rock interaction, to study
the speciation and mobility of elements and
evolution of ground water. The wells should
be hydraulically tested for influence to
determine the effects of pumping on
temperature and discharge.
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Abstract

By analogy with other metallogenic belts of the Circum-Pacific ring, the metallogenic belts in the Northeast
of Russia are promising for discovery of large and superlarge porphyry-type Cu-Mo deposits. The spatial
distribution of these deposits is controlled by intrusive domes in Middle Paleozoic, Late Jurassic-Early
Cretaceous, and Late Cretaceous volcanic belts. New data on formation conditions and sources of ore matter
are presented with respect to the deposits of the Baim and Koni-P'yagina ore districts of the Oloi and Uda-
Murgal metallogenic belts. A comprehensive study of these porphyry copper deposits of both areas is
undertaken to answer questions on the conditions of their formation. How do same of them differ from

formation conditions of giant Cu-porphyry deposits?

Key words: comprehensive, study, copper, porphyry, formation.

INTRODUCTION

The forecasting, exploration, and evaluation
of porphyry Cu-Mo deposits in volcanic belts
in the Northeast of Russia is one of the most
important current lines of research aimed at
expansion of mineral resources of not only
copper and molybdenum but also Au, Ag,
and Pt-group and some other rare metals.
According to the modern concept, the largest
metallogenic belts in the inner zone of the
Circum-Pacific belt in northeastern Asia are
controlled by accretionary and
postaccretionary tectonic units superimposed
on island-arc and oceanic terranes. Massive
sulfide deposits of various types related to
"green tuffs" were formed in these terranes,
whereas porphyry Cu deposits, which are
basic for several ore districts with epithermal
Au-Ag and base-metal mineralization [1].
Under the current economic conditions of
northeastern Russia, most of the known
porphyry Cu-Mo deposits and occurrences
are not promising for economic development.
However, the metallogenic belts and zones
where these deposits are located are
extremely important in forecasting of
potentially economic high-grade epithermal
Au-Ag deposits.

Regularities in the distribution and formation
mechanism of giant Cu-porphyry deposits
have been discussed by many authors.
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Deposits of the R. Macedonia discussed in
this communication usually contain up to
150000 t of Cu with the Buchim deposits
likely being the smallest in the world among
similar recently mined deposits. The long-
term economically profitable development of
the latter refutes the traditional opinion that
only Cu porphyry deposits with reserves at
least of 2500000 t and Cu content exceeding
0.5% are profitable for exploitation.
Therefore, complex study of dwarfish
deposits of the R. Macedonia is as important
as research into giant deposits of the Pacific
ore belt for solving the problem of their
formation mechanism and answering the
question, how they differ compared to giant
deposits.

A comprehensive study of these porphyry
copper deposits of both areas is undertaken to
answer questions on the conditions of their
formation.

GENERAL OUTLINE OF Cu-PORPHYRY-
TYPE DEPOSITS

Porphyry-type deposits are the main
worldwide source of Cu and Mo; Au, Ag,
and Pt-group and some other rare metals are
recovered from this ore as by-products.
Porphyry deposits are accompanied by
numerous base-metal, Au-Ag, and Sb-Hg
satellite deposits and placers and are



important for the economic development of
Chile, Peru, Uzbekistan, Kazakhstan,
Mongolia, Armenia, Serbia, R. Macedonia,
Bulgaria, Romania, and partly Mexico and
Greece. Large and superlarge deposits of this
type were recently found in Iran,
Afghanistan, Pakistan, China, Mongolia,
North and South America, Indonesia, the
Philippines, USA, Canada, Australia, Papua
New Guinea, and Russia; these deposits also
will be involved in economic development.
Porphyry deposits provide 20%
approximately of the Au and Ag produced in
the United States. Large Cu-porphyry
deposits with average grades of 2 g/t Ag and
0.4 g/t Au are located in Arizona; their
hypothetical resources are estimated at 80 Mt
Cu.

The Bingham ore district in Utah ranks first
in mining Cu and second in mining Mo. In
1890-1971, the Bingham porphyry copper
deposit yielded about 31 kt Ag and 300 t Au,
including 800 t Ag at a grade of 2 g/t in 1970
alone. As much as 4 kt Ag and 55 t Au were
produced over the same period from base-
metal ore of this district [2].

According to Krivtsov et al. [3], porphyry
deposits are classified by Ag grades into: (I)
Mo deposits virtually devoid of Ag, (II) Mo—
Cu deposits with <1 g/t Ag, (II) Cu—Mo
deposits with <1 to a few grams per ton Ag,
and (IV) Ag—Cu deposits that commonly
contain a few tens of grams per ton Ag.
Although the Ag grade of porphyry copper
ore is extremely low (no higher than 5-6 g/t,
on average, and commonly 0.3-3.0 g/t), the
bulk of silver produced is considerable owing
to the enormous mass of ore involved in
processing. Associated veins with high Ag
and Au grades are often regarded as
independent noble metal deposits.

In terms of Cu, Mo, Au, and Ag reserves,
porphyry deposits are referred to as large and
superlarge (1001000 Mt of ore or more)
with low and medium grades: 0.3-1.5% Cu,
0.001-0.05% Mo, 0.03-1.0 g/t Au, and 1-6
g/t Ag [4].

The deposits vary from Precambrian to
Quaternary in age; Mesozoic and Cenozoic
deposits are predominant; the latter prevail in
the Pacific ore belt [4]. The classic porphyry
copper provinces were formed in geodynamic
settings of continental volcanic belts and
volcanic island arcs.
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The most important characteristics of
porphyry systems [5, 6, 7] are as follows:

(1)  Occurrence of ore-bearing minor
porphyry intrusions (<2 km in diameter)
composed of calc-alkaline and potassic,
moderately alkaline rocks. The ore is also
hosted in volcanic, sedimentary, and other
country rocks. Coeval andesitic and dacitic
volcanics are common for island arcs, while
potassic, moderately alkaline rocks are
typical of the continental setting.

(2) Hypabyssal depth of ore formation (1-4
km).

(3) Porphyritic texture of ore-bearing
intrusions, where phenocrysts of feldspar,
quartz, and dark-colored minerals are
incorporated into a fine grained groundmass.
(4) Numerous intrusive phases may be pre-,
syn-, and postore; late diatremes are typical
of the West Pacific deposits.

(5) Progressive evolution of a steep ore-
bearing stockwork from the early, short, and
irregularly arranged veins and veinlets
closely related to emplacement of intrusions
via transitional veins lying in one plane to the
late through veins and breccia bodies related
to regional and local stress fields.

(6) Extensive development of metasomatic
alteration and ore mineralization controlled
by fractures in porphyry intrusions and
country rocks.

(7) Several stages of hydrothermal alteration
that develop progressively from early
potassic and propylitic alteration to phyllic
(sericitic) and intermediate and advanced
argillic alteration.

(8) Sulfides and oxides vary from bornite and
magnetite in the early mineral assemblages to
transitional chalcopyrite and pyrite to late
pyrite and hematite, pyrite and enargite, and
pyrite and bornite.

(9) Cu—Au (Mo, Ag) is the major (economic)
assemblage of metals; the Pb—Zn (Ba, Mn)
assemblage also may be of economic
importance; Mo is typical of central portions
of continental deposits and marginal parts of
island-arc deposits. Au is visible and
submicroscopic and also occurs as electrum.
(10) The early metasomatic rocks and related
Cu mineralization are generated by magma-
derived hydrothermal fluids with a salinity of
30-60 wt % NaCl equiv at a temperature of
>600 to 400°C. The fluids responsible for the
formation of the late metasomatic alteration
and ore mineralization contain a meteoric



component; they are less saline (<15 wt %
NaCl equiv) and low-temperature (400—
200°C). The host intrusions serve as a source
of heat.

(11) The topology of the subducted plate
controls ore mineralization in the overriding
island arc. The subduction-related
deformational setting gives rise to thickening
of the crust, block uplifts, and faulting and
fracturing favorable for development of ore
mineralization.

DISTRIBUTION OF Cu-PORPHYRY
DEPOSITS OF THE NORTHEAST
RUSSIA

The promising porphyry Cu-Mo deposits and
occurrences in the Northeast of Russia make
up metallogenic belts of various ages (Fig.1).
More than 110 Cu-Mo-porphyry deposits and
occurrences are shown in the metallogenic
map of the Northeast of Russia.

The specific metallogenic features of these
belts are caused by tectono-magmatic
reactivation in the transitional zone from
ocean to continent and, in particular, are
related to the formation of the Late
Cretaceous marginal continental Okhotsk-
Chukotka volcanic--plutonic belt (OChVB),
which is superimposed on Triassic and
Jurassic island-arc and cratonic complexes
that were formed above seismofocal
(paleosubduction) zones that plunge down to
a depth of 600—700 km.

The Kedon metallogenic belt coincides with
the Middle Paleozoic volcanic belt of the
same name in the Omolon Cratonic Terrane
(Fig. 1). Volcanic rocks of the Kedon belt
overlap  the  Archean-Paleoproterozoic
basement and its Phanerozoic sedimentary
cover. The Rb—Sr age of volcanic rocks
belonging to the Kedon Complex is 334-377
Ma [8].

The ore mineralization of the marginal
continental  volcanic-plutonic  belt was
formed in the Omolon Terrane during the
Middle Paleozoic stage. Lateral zoning is
expressed in localization of Cu-porphyry
deposits in the east, epithermal Au-Ag
deposits in the transitional zone, and Au-
bearing jasperoids in the west.
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Figure 1. Porphyry Cu-Mo metallogenic belts in
the marginal-sea province of northeastern Asia.
(1) Areas of volcanic rocks; (2) plutonic rocks;
(3) deepwater trench; (4) porphyry Cu-Mo
metallogenic belts (numerals in circles): (1)
Kedon, (2) Oloi, (3) Uda--Murgal, (4)
Yasachnaya River, (5) Okhotsk--Chukotka, (6)
East Sikhote-Alin, (7) Koryak, (8) Central
Kamchatka, (9) Kuril.

The Oloi metallogenic belt is controlled by an
Early Cretaceous island arc system situated
between the South Anyui and Omolon
terranes (Fig. 1). Most of it is now located at
the interfluves of the Oloi and Greater Anyui
rivers, extending in the northwestern
direction for 400 km at a width of 200 km in
the central segment. The U-Pb zircon age of
magmatic zircons from the Yegdegkych
pluton is 141.842.0 Ma [9]. Numerous
porphyry Cu-Mo and epithermal Au-Ag
deposits are related to the island-arc
magmatism. Cu-Mo stockworks are localized
largely in stocks and minor intrusions of the
gabbro-monzonite-syenite association, while
epithermal Au-Ag veins develop at their
periphery.  Widespread magnetite and
occurrence of Co and Pt minerals are
typomorphic attributes of ore mineralization
in the Oloi metallogenic belt.

The Uda-Murgal metallogenic belt is related
to the inner zone of the OChVB and is
controlled by the continent margin and the
boundaries of the paleoisland arc that bears
the same name [10]. The island-arc rocks are
traced now near the left bank of the Uda
River, on the Koni-P'yagina and Taigonos



peninsulas, and in the basins of the Penzhina
and Anadyr rivers (Fig. 1). The island arc is
composed of tholeiitic basalts and basaltic
andesites, including lavas, tuffs, tuffaceous
breccias and siltstones; felsic rocks amount to
4%. The total thickness of this sequence
varies from 3 to 7 km. The volcanic and
sedimentary rocks were deposited on an
uplift bordered by marine troughs like the
Greater Kuril Islands [10].

The large area of porphyry Cu-Mo deposits
coincides with the frontal zone of the
OChVB, superimposed on the terrigenous-
volcanic complex of the marginal continental
arc, which is highly deformed and locally
thrust over the continent.

The Okhotsk-Chukotka metallogenic belt,
which comprises numerous volcanogenic
deposits, extends for more than 3500 km
along the eastern margin of the Asian
continent and coincides with the Late
Cretaceous-Paleogene volcanic-plutonic belt
of the same name and its perivolcanic zone.
The following types of ore mineralization are
known in this belt: porphyry Cu-Mo deposits;
epithermal  Au-Ag veins;  Au-sulfide
impregnations; Au-mineralization related to
granitoids; Sn- and Ag-bearing base-metal
mineralization of vein, skarn, and porphyry
types; and Hg- and Au-Sb-bearing veins. The
belt consists of several metallogenic zones;
porphyry Cu-Mo deposits are known in some
of these zones. However, in most zones, no
works aimed at prospecting for Cu-porphyry-
type ore have been conducted.

GENETIC FEATURES OF
NORTHEEAST RUSSIA CU-
PORPHYRY MINERALIZATION

The Cu-Mo porphyry systems of the Koni-
P'yagina ore district of the Uda-Murgal
metallogenic belt were formed in a crust of
transitional type in the course of active
interaction of Early Cretaceous igneous
complexes with Triassic and Jurassic island-
arc rocks. The massive sulfide lodes hosted
in island-arc complexes in the basement of
younger volcanic and plutonic belts were
sources of copper, as can be clearly seen
from relationships of tonalites with the
Triassic-Jurassic sequences of basalts and
basaltic andesites in the coastal cliffs of the
northern  Okhotsk  region.  Numerous
xenoliths of basaltic rocks that contain as
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much as 50% sulfides (bornite, chalcocite,
and chalcopyrite) are especially striking in
this respect (Fig. 2).

i1

Figure 2. Cu-mineralization in xenoliths of the
Ryabinovy stock. Polished sections, magn. 120.
(a, b) Exsolution structure of bornite in
chalcopyrite; (c) intergrowth of bornite,
chalcopyrite, and chalcocite; (d) the same in
intergrowth with magnetite (1).

The geochemical specialization of Cu-
porphyry ore also indicates its cognation with
basalts; in particular, Cu reveals the closest
correlation to chrome. The gain of
molybdenum most likely was related to felsic
volcanic and granitoid plutonic complexes.
Indeed, porphyry Mo-deposits devoid of Cu
(Oksa, Osenny) appear at a distance from
island arcs and backarc faults limit the
occurrence of copper mineralization.

Early magnetite is abundant at the deposits of
the Oloi metallogenic belt. Furthermore,
quartz-hematite veins were formed at the late
hydrothermal stage in the Baim ore district
[11]. V.G. Kaminsky suggested that
magnetite at the Peschanka giant (8000000 t
Cu, 435 t Au, 5000 t, Ag) porphyry deposit is
a product of crystallization of the
Yegdegkych pluton. Goryachev, Polovinkin
[12] explained the occurrence of magnetite in
the Innakh ore field by auto-metasomatic
alteration that accompanied crystallization of
magmatic melt. In our opinion, magnetite and
hematite could have been formed as a result
of remobilization and redeposition of iron
from jaspilites that occur in the Precambrian
basement of  the Oloi-Berezovsky
paleoceanic arc. This suggestion is supported



by widespread jaspilites and magnetite skarn
bodies in the Precambrian metamorphic
sequences of the Omolon Cratonic Terrane
adjacent to the arc. Blocks of Precambrian
rocks may have been incorporated into the
basement of this arc due to their displacement
in the process of accretionary thrusting.

The evolution of an ore system and formation
of an entire series of mineral deposits implies
multiple redistribution of materials, so that
newly formed minerals inherit and retain in
their composition information on the
preceding stages.

The well-known Dzhul'etta epithermal Au-
Ag deposit (50 t Au; 1000 t Ag) may be cited

as an example. This deposit is localized at the
junction of three metallogenic units: the
Omsukchan zone with a Sn, Ag, Fe, Pb, and
Zn geochemical profile; the Yana-Kolyma
Au-Ag-As metallogenic province; and the
Uda-Murgal Cu-porphyry metallogenic belt.
Their influence was imprinted on the
mineralogical and geochemical specialization
of the post-accretionary ore at the Dzhul'etta
deposit, first of all, in the productive mineral
assemblages: (I) electrum-fahlore, (1)
polybasite-pearceite (Pb, Zn, Fe, Au, Ag, Cu,
As, Sb), and (III) kustelite-acanthite (Au, Ag,
Se).

Omolon Terrane | Yana-Kolyma Terrane
Deposits
Sedoi | Dzhul’etta | Nyavlenga
Major minerals in silver ore
Sternbergite Polybasite—pearceile Jalpaite, stromeyerite
Agley5, (Ag) Cujygi A5 Sb)a5 ), AgyCus,, AgCus
Proustite Cu-stephanite {Ag Cuj E:Eljﬁ?illle\\ Sb)yS)3
N Ag}\\sl (Ag( I1]5SbS_1 Sl 10 B R e
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Figure 3. Mobilization and redistribution of material in rocks lying at the base of volcanic structures. (1)
Sedimentary country rocks; (2) Late Cretaceous granitoids.

In terms of mineral species, this effect was
expressed in development of As and Cu
mineral phases (Fig. 3): polybasite (up to
2.5% As), pearceite (up to 10.5% Cu), and
acanthite (up to 4% Cu and 3.4% As).

The second example concerns the Nyavlenga
multistage epithermal Au-Ag deposit (30 t
Au, 600 t Ag), situated 40 km west of the
Dzhul'etta deposit. Upper Jurassic
preaccretionary rocks of the Yana-Kolyma
metallogenic province serve as the basement
of the volcanic edifice that hosts the
Nyavlenga deposit.
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These rocks are characterized by elevated
contents of Au, As, Pb, and Zn. The gain of
these components from the basement is
reflected in a high As content of freibergite;
high total sulfide contents, including galena
and sphalerite; and development of the late
quartz-arsenopyrite assemblage. The effect of

the Uda-Murgal belt on the ore
mineralization at the Nyavlenga deposit is
expressed in the intramineral granitoid

injections specialized for Cu and Mo and in
the abundance of molybdenite, as well as Cu-



Ag sulfides (stromeyerite, jalpaite, and
mckinstryite), in the Au-Ag ore (Fig. 3).
In the Omolon Cratonic Terrane,

Paleoproterozoic jaspilites enriched in Fe,
Co, and Ni, as well as Neoproterozoic-Lower
Paleozoic carbonate rocks with dispersed Pb
and Zn, exerted an influence on the
composition of epithermal ores. These rocks
were accreted in the Middle Paleozoic (the
Kedon Group of volcanic rocks) and in the
Mesozoic along the Konginsky Fault.

The epithermal Au-Ag and Ag-bearing base-
metal deposits are localized in the young
volcanic structures. Furthermore, it was
established that the model isotopic age of Pb
in galena from the Mesozoic deposit
corresponds to the age of the basement: the
Ordovician at the Sedoi occurrence and the
Neoproterozoic in the Pravaya Vizual'naya
area [9]. The concentrations of Co and Ni in
loellingite of the productive assemblage
reach 1.4 and 3.2 wt %, respectively.

Sternbergite and argentopyrite are
predominant as Ag mineral species (Fig. 3).
The examples cited above demonstrate that,
in contrast to the Baim zone, the epithermal
Au-Ag mineralization in the OChVB, to a
certain extent, is isolated in time from the
porphyry  copper-molybdenum  mineral-
ization. Thus, the crustal sources of ore
matter likely were different.

DISTRIBUTION Cu-PORPHYRY
DEPOSITS OF THE R. MACEDONIA

The Cu porphyry deposits studied belong to
the Lece—Chalkidiki metallogenic zone
located at the transition between the Serbian—
Macedonian Massif and the Vardar zone, and
are genetically connected with small Tertiary
subvolcanic-alcalkaline stocks such as the
Tulare in Serbia, Buchim and Borov Dol in
Macedonia; Vakhi, Gerakario, and
Potokerasia in Greece; and others. Among
these massifs, only the Buchim deposit in
Macedonia has been mined recently.
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Figure 4. Geological map of the Buchim—Damjan—Borov Dol ore district. (1) Paleogene, Neogene, and
Quaternary sedimentary rocks; (2) pyroclastic rocks; (3) andesite and latite; (4) Quaternary flysch; (5)
carbonate rocks; (6) carbonate slate; (7) granite; (8) serpentinite; (9) muscovite schist, (10) gneiss; (11) Pb—
Zn vein mineralization; (12) iron skarn mineralization; (13) Cu—Au porphyry mineralization.
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The metallogenic features of the southern
Balkan Peninsula are determined, on the one
hand, by geodynamic evolution of the
Tethys—Eurasian metallogenic belt (TEMB),
which was defined by Jankovich et al [13]
and, on the other, by old crystalline massifs.
The belt was formed during the post-
Mesozoic epoch instead of the Jurassic paleo-
ocean Tethys, which was located between the
southern continental margin of Eurasia in the
north and the African—Arabian and Indian
plates in the south.Volcanism in this region
began in the late Oligocene, while ore
mineralization is Miocene in  age.
Geochronological study by the K/Ar method
revealed that andesites of the Damjan and
Borov Dol fields were formed in the period
of 28.0 to 26.5 Ma ago, while andesite stocks
of the Buchim ore field appeared between
27.0 and 24.5 Ma ago [14].

The Buchim ore field is located in the
northern part of the ore district in the
Serbian—-Macedonian Massif. The outer part
of these structures is composed of gneisses,
and their central parts are represented by
latite stocks (Fig. 5).

The Buchim deposit is known from ancient
times, although it was explored in detail only
in the 1970s.

The Damjan ore field is located in the central
part of the ore district in the Vardar zone 5
km south-west of the Buchim mine (Fig.4).

Gneiss

Gneiss

Andesite stock

Figure 5. Open pit in the Central ore body at the
Buchim deposit.

The important metallogenic feature of this
ore district is the lack of economically
significant Cu and Au concentrations in
scarns of the Damjan deposit.

The Borov Dol ore field is located in the
southernpart of the ore district in the Vardar
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zone. The volcanic caldera hosting this
deposit is 5 km across being well developed
in the district morphostructure (Fig. 4).

In addition to the above mentioned deposits,
the northern part of the district hosts numero-
us ore occurrences with Cu porphyry mine-
ralization: Vranjak, Orljak, Crn—Vrv—Kalape-
trivel, Kosevo, Kosevska Reaka,and others.

GENETIC FEATURES OF THE RM
Cu-PORPHYRY MINERALIZATION
Volcanics of the district represent derivatives
of intermediate—acid magmas with relatively
high alkali contents, which are highly
differentiated from basic to highly acidic and
calc-alkaline varieties. They belong to the
high-potassic series being represented by
andesites, latites, trachytes, rhyolites, and
transitional rocks [14].

Previously, it was thought [15] that the
parental magma of the volcanogenic—
intrusive  complex in the  Serbian—
Macedonian metallogenic zone resulted from
partial melting of the continental crust in
response to deep collision of continental
blocks, which was intruded through a deep-
seated fault into higher formations.

The subsequent analysis of *'Sr/**Sr isotope
ratios and distribution of minor elements
revealed that volcanic rocks of the study area
resulted from mixing of material originating
from the continental crust and upper mantle
[16, 17]. In addition, it was shown [16] that
by the concentrations of minor and trace el-
ements the volcanics of the area are similar to
their counterparts from active continental
margins.

The original data (Fig.6) indicate that
differentiation of the magmatic melt yielded
conditions favorable for different interactions
between mineral components. Concentrations
of trace and accessory elements imply
fractionation of minerals during magmatic
evolution. The spider diagram demonstrates
distinct positive Th and Y anomalies and
insignificant negative Nb and TiO,
anomalies; anomalously high K,O, Rb, Nb,
and Sc contents characteristic of subduction
related magmas are established for Sample 5
(Fig. 6).

Thus, the geochemical study of minor eleme-
nts indicates that igneous rocks of the deposi-
ts under consideration were most likely
formed in the transitional zone between the
continental crust and the upper mantle.
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Figure 6. MORB-normalized trace element contents in volcanic rocks of the Buchim—Damjan—Borov Dol
ore district. (1-3) Latite corresponding to nos. 1, 2, 6 in Table 3; (4—7) trachyte.

The study of stable isotopes is now used for
obtaining more accurate information on the
genesis of ore metals. The S isotope
composition for the Buchim deposit was
studied in 10 pyrite samples. As follows from
the table, the S isotope composition in pyrite
varies in narrow limits (+0.16 to +2.53%o
averaging +1.06%o in all three ore bodies of
the deposit with insignificant enrichment in
the heavy isotope relative to meteorite sulfur.
According to classification in [18], such a
composition of S isotopes allows the Buchim
deposit to be attributed to the category
associated with felsite volcanics. As follows
from these data, sulfur of the Buchim deposit
is either of magmatic origin or was mobilized
from sulfides of volcanic rocks. At the same
time, the S isotope composition in the Borov
Dol deposit is characterized by the dominant
light S isotope ranging from 0 to —7 %o [14].
Such a difference in the isotope composition
of sulfur from closely spaced deposits may be
explained by their different geological
structures. As was mentioned, the Buchim
deposit is located in the Serbo-Macedonian
Massif, while the Borov Dol deposit is
confined to the Vardar zone. It is conceivable
that sulfur of the Borov Dol deposit partly
originates from host sedimentary rocks.

The study of “C/*C and '®0/'°O values in
calcite from ores of the Buchim deposit
demonstrates that water of the ore-forming
fluid originates from several sources,
including mainly meteoritic [19]. This
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inference needs, however, further
verification.

The composition of fluid inclusions in quartz
from the Buchim deposit indicates that ore-
forming hyrothermal solutions were of the
chlorite—sodium type with concentrations of
salts varying from 10 to

25 wt % equiv. The NaCl and mineralization
temperatures ranged from 49 to 200 °C. Ore
components were transported in the form of
complex ions, which contained Na and K
chlorides and less common sulfates and
carbonates [20].

In conclusion, an important metallogenic fact
should be noted for the Buchim—Borov Dol
ore district: lack of economically significant
copper mineralization in magnetite—hematite
skarns of the Damjan deposit, although they
were formed at the contact between
carbonate flysch rocks and subvolcanic
andesites compositionally similar and coeval
with rocks constituting stocks of the Buchim
and Borov Dol deposits. It is quite
conceivable that the upper part of the ore
body with copper mineralization is eroded in
the Damjan deposit. This is evident from the
study of similar polymetallic skarn deposits
in Karamazar [21], which demonstrate
distinctly zoned patterns: the upper levels of
these deposits host polymetallic
mineralization, which is replaced downward
by hematite—magnetite ores. This observation
confirms the inference by Cifliganec [14],
who believed, proceeding from metasomatic
zoning, that the Buchim deposit was eroded



up to its medium level and no erosion was
characteristic of the Borov Dol deposit.

It is conceivable that a primary intrusive
center served as a source of copper for the
deposits under consideration. At the same
time, subvolcanic intrusive bodies of these
deposits are insufficiently large for
mobilization of a quantity of copper from
them by the hydrothermal convective system
to provide its present day content in
orebodies. Consequently, the magmatic

source of copper was likely located at deeper
levels and represented a relatively large
intrusive body (Fig.7). It may be suggested
that the significant volume of orebearing
magma that formed the intrusive bode at a
deep level could yield copper for a relatively
large porphyry deposit, although the latter is
missing in the entire Lece—Chalkidiki
metallogenic zone, the district under
consideration included.

Contact
Zone

Damjan Block ——I

Jussil

46
77

Figure 7. A model of magmatic system in the Buchim—Damjan—Borov Dol ore district. (1) Pliocene—
Quaternary rocks; (2) volcanic rocks; (3) subvolcanic bodies; (4) granitoids; (5) ultramafic rocks, granitoids,
Cretaceous and Paleogene rocks in rocks in the Vardar Zone (VZ); (6) gneiss, muscovite schist, and
amphibolite in the Serbo-Macedonian Massif (SMM); (7) faults.

It is possible that some copper could have
been mobilized from ultramafics occurring
both in the Serbian—Macedonian Massif
(amphibolites) and Vardar zone (peridotites
and serpentinites), which were intruded by
the Cenozoic magmatic complex. Such a
possibility is more real since the Neogene

CONLUSIONS

The examples cited above demonstrate that
the formation mechanism of same Northeast
Russia and R. Macedonia porphyry copper-
deposits very similar. Bat, the crustal sources
of ore matter likely were different.

The hypothesis of copper remobilization
from serpentinites and ultramafics of the
Vardar zone or massive sulfide deposits of
the Cyprus type is also supported by
insignificant reserves and low concentrations
of ore elements in the studied Cu porphyry
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calc-alkaline magmatic complex in the
Serbian—Macedonian province is depleted in
copper as compared with Cretaceous igneous
rocks in the Bor area [16].

deposits, which is characteristic  of
regenerated deposits [22]. The similar ore
forming condition observed in the Lora and
outer deposits of the Koni-P'yagina ore
districts of the Northeast Russia (Volkov et
al., 2006).

This likely represents the main feature, owing
to which formation of dwarfish deposits
differs from that of their giant counterparts.
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FLUID INCLUSIONS STUDY IN THE QUARTZ
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Abstract

The latest studies of fluid inclusions in Zletovo Mine were performed on quartz samples from the ore veins No.
2, 3 and 8. The quartz samples were selected from main ore parageneses where have dominated galena and
sphalerite, followed by pyrite, chalcopyrite, calcite, kaolinite etc. Homogenization temperatures were within the
range of 335+145°C and they reflect phases of pulsation of hydrothermal solutions, which have been defined
into four groups going from the highest temperatures down to the lowest temperatures ones. Also, it was
confirmed the hydrothermal ore-bearing solutions were of a NaCl-type where concentration of components was
within the range 4.4+8.6 % wt NaCl equiv. This points out that hydrothermal solutions at the moment of
formation of the analyzed quartz already have been within the final mineralizing phase. Density of fluid
inclusions with liquid phase were within the range 0.7+0.95 g/cm’. Calculated pressures and paleo-depths of
mineralization ranged from 200+250 bar and 1.0+1.5 km, respectively.

Key words: homogenization, quartz, fluid inclusion, Zletovo Mine

INTRODUCTION

The lead-zinc deposit Zletovo has been subject
of exploitation even back to the medieval time
while its official exploitation have started in
1941, but for a short period bcause the Second
World War started and the mine worked under
the occupation. After the end of the war at the
Zletovo deposit was built modern mine with
an annual production capacity of 400 000 t of
ore. The Zletovo mine is in continuous
production for more than 70 years, mainly as
state owned, while at 2006 there was a
transformation of ownership into a private one
as an associate branch of the company Indo
Minerals and Metals. An average content of
metals within the ore is around 8% Pb+Zn.
Along to the exploration of the Zletovo deposit
were performed detailed and special studies of
the lead-zinc mineralizations as well as the
settings where it has been deposited. Within
the important published and fund materials
here we would like to stress out that the most
complex and complete one were workings of
IMetkoBuk u np. (1982), Bneunk (1983),
Serafimovski (1990, 1993), Edpemosn (1993),
Serafimovski and  Aleksandrov  (1995),
Serafimovski et al., (2005), Serafimovski et
al., (2006), etc..
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GEOLOGICAL
MINERALIZATION
The Zletovo lead and zinc deposit located in
the east of the Kratovo-Zletovo volcanogenic
complex occupies the central parts of the
Kratovo - Zletovo ore district or the south-
eastern parts of the Zletovo ore field. The
Zletovo lead-zinc deposit has been formed
during hydrothermal activity that was
intimately associated with Tertiary volcanism
along an active continental margin. The major
rock types in the area are andesite, dacite,
dacitic ignimbrite and volcanic tuff (Serafi-
movski 1990; Serafimovski and Aleksandrov
1995; Tasev 2003). Dacitic ignimbrite is the
most common volcanic unit. Pb-Zn minerali-
zation at Zletovo is spatially and genetically
related to fracture zones that trend NW, NNW
and ENE. These fractures appear to have
served as the main conduits and depositional
sites for hydrothermal fluids.

Ore bodies occur as veins, accompanied by
impregnation and stockwork-disseminated ore
mineralization, most commonly in the selvage
parts of the mineralized vein structures. The
ore bodies are of variable dimensions in strike,
dip and size. Vein type ore bodies have been
determined 100 to 300 m in length (depending
on the vein), rarely over 5 km (vein no 10),
whereas they have been traced over 500 m in

SETTING AND



dip and according to data available so far no
change in continuity has been noticed to depth
which is very important for the potential of the
deposit.

The ore veins are also variable, ranging from
several centimeters up to 2 m, and rarely over
5 m in size. Thickening of veins occurred in
places where there are great changes in their
direction both in strike and dip. Investigations

done so far have determined about 16 veins of
NW-SE to NNW-SSE and ENE-WSW to E-W
extension most commonly subparallel to each
other. Occasionally they bend and intersect
(commonly under a sharp angle) such as ore
veins 2, 3, 4, 6 and 7 (Figure 1). Flank
branching of main ore veins is common (ore

vein 1) which results in formation of
apophyses of small dimensions.
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Figure 1. Geological cross section through the Zletovo Mine

The ore mineral association comprises galena
as the principal ore mineral together with
sphalerite and subordinate pyrite, siderite and
chalcopyrite, and rare pyrrhotite, marcasite,
and magnetite. Minor occurrences of U-
mineralization (pitchblende) have also been
discovered. Detailed information about the
mineral parageneses and geochemical features
of the major minerals in ore veins is provided
in Mudrinic and Serafimovski (1991) and
Serafimovski and Tasev (2003). The veins
typically contain large clasts or screens of
altered dacitic and andesitic wallrocks. The
altered clasts are weakly mineralized or
barren.

METHODOLOGY

The study of numerous transparent quartz
wafers, made of 6 quartz samples (S1+S7,
there is not S2) from the Zletovo mine,
polished on both sides (with a thickness of 150
um), was performed under the optical
microscopes Nikon and Olimpus BXS5I,
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equipped with high quality lenses capable of
studying the fluid inclusions (whose
dimensions are varied in the range from 5+40
um) and  photographic  cameras  for
photographing the fluid inclusions. In each
analyzed sample were analyzed by at least 20
inclusions, which guarantees the reliability of
results obtained for several parameters
assessed.

Detailed investigations at Royal Holloway,
University of London, were performed using
the Linkam heating stage THM 600
(temperature range -196°C to +600°C) and
controller TMS 90, which was possible to be
programmed for number of phases and
temperature changes over the time

The accuracy of the apparatus was controlled
by measuring the temperature of melting and
homogenization of "artificial" standards of
pure substances. The calibration was
performed using water fluid inclusion in
synthetic quartz crystal, but we will still have
an error of = 1°C.



RESULTS AND DISCUSSION

As we have mentioned above the fluid
inclusions as remnants of ancient ore-bearing
solutions from the Zletovo deposit were
analyzed at the analytical facilities of the
Geological Department, Royal Holloway
University of London, Egham, UK.

During the analysis were analyzed few
parameters of the fluid inclusions, such are:
Tp-homogenization temperature, T,-tempera-
ture of melting of last ice crystal, salinity
(%NacCl), density, pressure, determination of

the primary or secondary origin of the
inclusion etc. (Table 1).

In each analyzed sample were taken into
account at least 20 inclusions, which should
provide sufficient data that will ensure re-
liability of the parameters mentioned above.

All the studied fluid inclusions were colorless.
Analyzed fluid inclusions were mainly of two
phases type (L+V where L-Liquid; V-Vapour;
see Figure 2a and 2b), or liquid phase (L) and
vapour phase (V), without presence of CO..

Table 1. Microthermometry data data of studied fluid inclusions from the Zletovo deposit, Macedonia

Locality and Tip na Salinity Homogenizatz)on
Mineral fluidni (wt% NaCl equiv.) temperature (" C)
sample label . "
inkluzii Range Average Range Average
Zletovo (S-1) Kvarc P 3.1+11.8 8.6 137.8+265.4 196.2
Zletovo (S-2) Kvarc P 1.7-5.4 4.4 233+285 251.2
Zletovo Kvarc P - - 304.0+368.0 335.0
Zletovo Kvarc Ps - - 210.0+265.0 235.0
Zletovo Kvarc P - - 109.0+163.0 145.0

Note: P-Primary fluid inclusions; Ps-Pseudoprimary fluid inclusions; samples S-1 and S-2 are from (Tasev, 2003), other are

from Efremov (1993)

Primary fluid inclusions in quartz varied from
3 to 7 um and locally up to 12+13 pum (Figure
2). Some secondary liquid-rich inclusions
occur along healed fractures that cut across
different quartz grains and range from 1 to 5
um, and typically had irregular shapes (Figure
2a lower left area-green arrows).

The degree of fulfillment of the fluid
inclusions has been calculated by the formula
below:

L

D =
S

where: Df — degree of fulfillment of the
inclusion

L — liquid phase

V — vapor phase
The degree of fulfillment of the studied fluid
inclusions was high, ranging from 0.7 up to
0.9. They consist of two phases (L+V) with 10
to 15 vol.% vapor . All the studied fluid
inclusions homogenized into a liquid phase.
The salinity of solutions, in general, was low,
ranging from 1.7 to 11.8 wt% NaCl equiv, in
average 4.4-8.6 wt% NacCl equiv.
In more than 120 individual fluid inclusions in
six quartz samples from Zletovo Mine,
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homogenization temperatures (Th) were within
a range from 109 up to 368°C. This range of
homogenization temperatures have shown high
consistency bearing in mind range of 150+350
°C determined by former studies (Blegic,
1983). Also here we would like to stress out
that Th range given above is characterized
with two peak values of 130-180°C and 200-
275°C, which easily can be related to the
polymetallic stage that is characterized by the
assemblages of  sphalerite—galena—pyrite—
chalcopyrite, and less abundant pyrite—galena—
quartz. This is very similar to the data of Li et
al., (2011) for the Maouduan deposit where
sulfides followed the sequence pyrite —
sphalerite — chalcopyrite —galena. The
temperatures of capture of the inclusions can
be determined as medium to high ones. Here it
is necessary to point out that the homogeni-
zation temperatures are defining the lowest
temperature of mineralization while the tempe-
ratures determined by sulfur stable isotope
geothermometers  are  defining  “real”
temperatures of mineralization (Ohmoto and
Rye, 1979; Ohmoto, 1986; Rye et al., 1974;
Shelton and Rye, 1982).
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Figure 2. a) Large primary type I (V+L) fluid inclusions; b) Large and minute primary type I (V+L) fluid inclusions

For all of the studied fluid inclusions were
determined temperatures of first ice melting
(T,,) within the range from -26°C up to -20°C,
which points out to a temperatures close the
eutectic temperature of the eutectic system
H,0-NaCl (-20.8°C), or within the solution are
present Na, Cl and H,O (+K) while Ca and Mg

are absent since their eutectic temperature is
significantly lower.

In accordance with data obtained from micro
thermometric analyses were plotted a few
diagrams that are showing certain relations of
certain parameters of the fluid inclusions:
salinity (wt% NaCl equiv.) vs. homogenization
temperature (Figure 3).
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Figure 3. Relations of homogenization temperatures and salinities in fluid inclusions from Zletovo deposit
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From the plot can be concluded that was a
wide temperature range of fluid inclusions
capture, which indicates a long process in
which there were deliveries of new material
that is supported by salinity difference of up to
10 wt% NacCl equiv., units.

Such an occurrences are very indicative of
mineralizations with multiple pulsations and
phase deposition of mineralizations.

Fluid inclusion studies of ore-related minerals
(in ours case-quartz) constrain the fluid
evolution in the later stages of the hydro-
thermal system development. Homogenization

saline (>7.5 wt.% NaCl equivalent) brine,
represented by type I-2 fluid inclusions, and a
lower temperature (<200°C), low salinity
(<5.5 wt.% NaCl equivalent) type I-1 fluid
inclusions (Figure 3).

Post-entrapment modifications (e.g., leakage
and necking-down; Figure 2a) could be
invoked to explain the broad and contrasting
range of homogenization temperatures and
salinities displayed by types I-1 and I-2 fluid
inclusions.

Also, we have used data of temperatures of
melting of last ice crystal and homogenization

temperatures plotted against bulk salinity temperatures to plot repsective diagram
values clearly separate two types of fluid (Figure 4).
inclusions into two distinct groups which
strongly suggest involvement of two distinct
fluid types in the Pb-Zn mineralization event:
a higher temperature (>200°C), low to medium
-9
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Figure 4. Relations of homogenization temperature vs. last ice crystal melting temperature in fluid

inclusions from the Zletovo deposit (Tasev, 2003)

From the diagram above it can be seen that
there is not any direct relation between the last
ice melting temperature and homogenization
temperature.

Ice melting temperatures ranging from —5.5°C
to —8.18°C yield salinities between 7.2 and
11.8 wt.% NaCl equivalent for type I-1
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inclusions in the ore related quartz. As a
contrast, ice melting of type I-2 inclusions
invariably takes place under temperature
values, ranging from —1.8°C and —8.3°C,
indicating broader range of salinities (3.0 +
11.8 wt.% NaCl equivalent).



Upon heating, total homogenization type I-1,
fluid inclusions invariably occurred via the
disappearance of vapor into the liquid phase
between 130-180°C. Fluid inclusions of type
I-2, on the other hand, show vapor
disappearance within the interval of 200-
275°C.

For the Zletovo ore deposit, obtained te-
mperatures calculated from sulfur stable iso-
topes for sulfide-sulfide and sulfide-sulphate
mineral pairs (Ohmoto and Rye, 1979; Ohm-
oto, 1986; Rye et al., 1974; Shelton and Rye,
1982; Brownlow, 1996), were within the ran-
ge 134+ 307 °C, which closely corresponds to
the temperature ranges obtained by the fluid
inclusions studies. That fact points out to an
isotopic equilibrium during the genesis of

sulfide/sulphate minerals with the hydrothe-
rmal solutions, which is by the way the basic
requirement for the accuracy of the isotope
thermometers. According to the eutectic
temperatures, solutions probably were of Na-
K-Cl composition.

Data obtained during the fluid inclusions
studies were used to plot diagram of relations
between temperatures, pressures and densities
(Figure 5). Pressures during the formation of
analyzed fluid inclusions used to be quite high,
ranging from 175 up to 240 bars.

Due to such setting of physical and chemical
conditions fluid densities also were in upper
part of the scale or within the range 0.7 +0.95
g/em’.
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Figure 5. Changes in density and gas pressure of the liquid water
(Verhoogen et al., 1974, Tasev, 2003)

Also, we would like to stress out that at high
pressures the supercritical fluid have density
similar to the liquid water at the Earth’s
surface (1 g/cm’) while at low pressures and
high temperatures density significantly differs
from 1 g/cm’.

Low densities resulted in low solubility of ion
materials leading to relatively low mine-
ralizing capacity of the ore bearing solution
(Roedder, 1984). In direct correlation to the
data above was plotted diagram relating
temperatures, pressures and depths (Figure 6).
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As can be seen from the diagram, below, the
paleodepths of mineralization (during the
capture of fluid inclusions; Roedder, 1984)
ranged between 1.0 and 1.5 km (Figure 6),
which is largely consistent with the depths
above 1 km in data given by Bleci¢ (1983) and
indicating that the deposit was generated at
sub-volcanic levels and under strong influence
of lithostatic and explosive pressures.
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Figure 6. Density changes of supercritical fluid as a function of pressure and temperature
(Best, 2002, Tasev, 2003).

Additionally, the spatial coexistence of types
I-1 and I-2 fluid inclusions within the same
assemblage, also suggest that both fluids may
have been present during the precipitation of
the ore related quartz within the timeframe of
the Pb—Zn mineralizing episode.

CONCLUSION

The lead-zinc deposit Zletovo is a very
characteristic representative of the vein type
sub-volcanic hydrothermal deposits related to
the Tertiary volcanic complex of the famous
Kratovo-Zletovo volcanic area.

Selected quartz where has been identified and
measured fluid inclusions originate from the
main ore parageneses where prevailed galena
and  sphalerite  followed by  pyrite,c
halcopyrite, calcite, kaolinite etc.
Homogenization temperatures were within the
range 335+145°C and they reflect phases of
pulsation of hydrothermal solutions that have
been defined into four separate and
consecutive groups from the highest tempe-
rature down to the lowest temperatures ones.
Also, it was confirmed that the hydrothermal
ore-bearing solution were of NaCl-type where
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the salinity ranged 4.4+8.6 %wt NaCl equiv.
Density or fulfillment of fluid inclusions with
liquid phase was within the range from 0.7 up
to 0.95 g/em’. Calculated pressures and
palodepths of mineralization probably were
within the range 200+250 bar and 1.0+1.5 km
respectively.

The latest data obtained with study of fluid
inclusions within the quartz from ore veins
from the Zletovo Mine are quite similar to the
data presented in Blec¢i¢ (1983) with certain
differences in concentration of NaCl (10-25
%wt NaCl equiv.), which is probably due to
analysis of fluid inclusions from cleophane
varieties of sphalerite and barites in former
studies.
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Abstract

In this paper,an attempt has been made to briefly present the potential of the nonmetallic mineral resources in
the Republic of Macedonia. A presentation of the condition of the nonmetallic mineral resources is done with a
compilation approach, and the given data are result of the various types of geological research, done
continuously during a long period of time. A special attention will be paid to the economical significant
locations, and for some of them there will be a suggestion of perspective areas for further research.

The nonmetallic mineral resources are mostly located in the range of the Pelagonian massif (locations and
presence of feldspars,micas, marbles, marble onyx, dysten, staurolites, granites, syenites, diatomaceous earth,
etc.) but there are also many other locations which are not equally located and other geotectonic units, like
bentonite, secondary quartzite, native sulfur, opalites, etc., (Serbian-Macedonian massif), then the talc, marl,
travertine, etc., (Vardar area), plaster, marbles, etc., (Western Macedonian area).

Key words: nonmetallic mineral resources, Republic of Macedonia, Quantity, Type of resource, potential,
perspective areas,

INTRODUCTION marbles, marble onyx, dysten, staurolites,

granites, syenites, diatomaceous earth, etc.)
It is well known that the area, the territory but there are also other locations which are not
which belongs to the Republic of Macedonia equally located and other geotectonic units,
and its immediate surrounding is geologically like bentonite, secondary quartzite, native
more complex and interesting. It is an area sulfur, opalites, etc., (Serbian-Macedonian
through which a few large geotectonic units massif), then the talc, marl, travertine, etc.,
pass (Vardar area, Serbian-Macedonian mass, (Vardar area), plaster, marbels, etc., (Western
Pelagonian massif, Serbian-Macedonian mass, Macedonian area).

etc.) which are characterized with their own
litostratigraphic, structural, geotectonic and
metalogenetic  regime, which  Dbasically
contribute to the fact that these large

A REVIEW OF THE MINERAL-
RESOURCE POTENTIAL

individual units can be defined as separate With all research and observations done so far
metalogenetic units (Figure 1). In these areas on the territory of R. of Macedonia, numerous
there are often instances of crossing of locations, phenomena and potential locations
numerous linear fault structures of different have been determined for further research and
degrees with different intensities, as well as an observations of the nonmetallic resources,
evidence of great number of different in time which fundamentally represent the mineral-
magmatic and mineralizing process. All this resource potential of our country (Figure 2).
leads to the creation of various mineral In order to get a more complete insight of the
resources located in various structural, nonmetallic mineral resources, their potential
magmatic and litological environments. and location, in the further review we will
The nonmetallic mineral resources are mostly focus on the more significant locations.

located within the Pelagonian massif
(locations and presence of feldspars, micas,
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Figure 1. Geotectonic regions in R. Macedonia
(Arsovski 1997)

I Cukali — Krasta zone; II-Western Macedonian
zone; 1II - Pelagonian massif; [V - Vardar zone;
V — Serbian-Macedonian massif VI — Kraistide
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Figure 2. Presented draft review of Macedonia
with  geotectonic units and ore
mineralizations and occurrences non-
ferrous mineral resources

Feldspar resources (1. Hamzli, 2. Ravna Niva);

Bentonite and plaster for rough ceramics (3-

Ginovci and Rankovci, 4-Elata-Pehcevo, 5-
GornaBrca, Rakovec, Para Niva, 6-Progun-
Negotino); Silica resorces (7-CrmVrv, 8-
Sinkovica, 9-Lakavica, 10-Markova Reka);

Diatomaceous earth (11-Manastir — Mariovo);
Dysten (12-Prilepec);Magnesium  (13-Pcinja);
Talc(14-Izvor — Veles);Pumice (15-Vitacevo);
Opal breccia (16-Spancevo), Basalt (17-
EzevoBrdo, 18-MladoNagoricani); Cement marl
(19-Usje); Native sulfur (20-Plesencin); Asbestos
(21-Bogoslovec); Plaster (22-Debar); Barytes
(23-Nezilovo); Dolomite (24-Sivec); Marble (15-
Sivec, 26-Cer, 27-Gostivar, 28-Lojane, 29-
Mavrovo,  30-Blace-Tetovo);  Travertine(31-
Lipkovo, 32-Matka. 33-Svilare, 34-Kuckovo, 35-
Beciste, 36-Velmej-Ohrid); Green breccias (37-
Vevcani); Syenites(38-DolnoDupeni).
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THE NON-FERROUS
RESOURCES

There many different types of non-ferrous
mineral resources on the territory on the
Republic of Macedonia which have great
influence on the industrial development of
our country. Due to the many intensive
geological research, especially done in the
second half of the last century, there are more
than 50 mining plants operating today in
Macedonia, which exploit various types of
non-ferrous mineral resources, which find
their most different application in the civil
engineering, chemical, glass, porcelain and
ceramic industry, also in the refractory, in the
industry for dyes and lacquers, etc.

Compared to the metallic mineral resources,
this type of resources significant advantages
which provide fast research and activation of
mining capacities, and at the same time these
are resources that are in abundance and have
significant perspectives. Another great adva-
ntage in the process of research and the use
of the non-ferrous mineral resources is that
they are found on the surface itself or in the
immediate surroundings so the exploitation
does not cause additional costs which will
further influence the price of the final
product. All these parameters have naturally
contributed the use of the nonmetallic
mineral resources to be intensified and their
complex valorization to be planned.

The Republic of Macedonia has various types
of non-ferrous mineral resources, some of
which are very rare on the Balkans and in the
region (Na feldspars, pumice, pumicite,
crystal plaster, asbestos, etc.) but the fact still
remains that this natural potential is not used
in proper extent. Furthermore, there are also
instances where instead of opening new
plants, the existing ones are closed (like the
examples in the plants which produce reso-
urces for the glass and the ceramics industry).
In order to get a more concrete review of the
potential in R. Macedonia in the field of non-
ferrous mineral resources in the table that
follows, (Table 1) the quantity characteristics
are presented of some traditional mineral
resources within our more significant
locations, especially the locations where the
reserves of the mineral resources are already
determined. In the table the locations are not
given and the phenomena of decorative stone
because a special review will be done
separately.

MINERAL



Table 1.Quantity characteristics of the traditional
non-ferrous mineral resources in the

Republic of Macedonia.

Type of resource Location Quantity (t)

Na - feldspar Ograzden 3500 000

K —feldspar Ravna Reka 500 000

Illite clays Pehcevo 8200 000

Quartz sediments Markova Reka 1900 000

Metamorphic quartz | Sinkovica 2900 000

Dolomite Sivec 2 500 000
Manastir

Diatomaceous earth | Mariovo, Vesje, 550 000
Negotino

Dysten Prilepec 760 000

Magnezite Pcinja 145 000

Bentonite plaster R?.IlkOV‘CI, 18 000 000
Ginovci

Talc Izvor - Veles 1 040 000

- Babino —

Pyrophilite DemirHisar 970 000

Opal breccia Opalit- Spancevo 3500 000

Secondary quartzite | Crn Vrv - Kratovo 4000 000

Quatz Lakavica 10 000 000

Cement marl Usje - Skopje 72 000 000

Plaster Debar 1 700 000

Native sulfur Plesenci - 800 000
Probistip

Parlite Gradesnica - 1180 000
Bitola

Pumice (m’) Vitacevo 200 000

Asbestos Bogoslovec 750 000

From the presented table 1 it can be noticed
that with the detailed research and with the
exploitation (in most parts) more than twenty
different types of nonmetallic mineral
resources are determined with quite large
quantities of mining reserves. But one part of
some very significant resources in the line of
the alunites, borates, volcanic glass, granites,
corundum, micas, zeolites, etc., are slightly
treated only because of the low level of
research. The received data so far point to the
fact that there are perspectives to find greater
quantities of these mineral resources.

From this Table 1 it can be stated that in
Macedonia there are significant quantities of
feldspars (Na and K). The Na-feldspars (even
though very rare) can prospectively be
researched in the surroundings of the location
Hamzali, while the K-Feldspars have wider
perspective, not just in the pegmatic locations
of the Pelagonian massif but also in other
intrusive and volcano rocks which have high
quantity of K-feldspars.

Apart from the large quantities of bentonite
and illite clays, on the territory of R. of
Macedonia there can also be found certain
quantities of kaolinite clays, especially in the
areas with more intensive volcanic activity,
but for now the level of research is very low.
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In the domain of plaster resources, it should
be noted that apart from the crystal plasters,
in the area of debar and its immediate
surroundings, significant quantities of
alabaster have been determined and there is
also a possibility to determine large
quantities of anhydrite.

From the nonmetallic resources which are
related to the volcanic areas, apart from the
opalite, opal breccias, perlite, also the
hydrothermally changed volcanic tuffs in
Strmos are also worth mentioning, then the
secondary quartzite in CrnVrv represent a
relatively rare resource in the world. From
these secondary quartzite — silex, many silex
balls and silex segments are produced for
inlaying mills.

Apart from the mentioned nonmetallic
mineral resources, the R. of Macedonia has
also a great potential for resources of
decorative stone. The tradition to use and
exploit decorative stone in these areas is from
ancient times, which is proved by the
archeological remains and cultural sights.
Based on this, and also due to the continuing
geological researches in Macedonia today
there are many large plants for exploitation of
decorative stone. We can mention the
Mermerenkombinat — Prilep, the travertine in
Lipkovo and Tetovo, Granites and gneiss in
Prilep, roof shales in Veles, etc.

In the following table (Table 2) the quantity
characteristics of some significant locations
of decorative stone in our country have been
presented.

From the presented table 2 it can be noted
that R. Macedonia is in possession of large
quantities of, primarily marbles, as we
mentioned the large mining capacities, then
the travertine, which are also exploited, then
the merble onyx, granite, sienite, and lately
the focus is on the andesites and the volcanic
breccia, which proved good quality.

Apart from the mentioned locations, there are
also many other locations on the territory on
the R. of Macedonia which can have
decorative stone and which can produce
commercial blocks, but the level of their
research is still very low. But this review can
present the fact that Macedonia is rich in
decorative stone but it’s not yet valorized and
commercialized. There are many problems
that are concerned with this, especially the
bad design should be pointed of the produced
objects in our plants.



Table 2. Quantity characteristics of the
decorative stone in R.Macedonia

Type of Location Quantity (m®)
resource
Marble Sivec - Prilep 280 000
Marble Debreste 34 000
Marble Markov Stap 54 000
Marble Kozjak 40 000
Marble Vuksan 376 000
Marble Lojane 3 800 000
Marble Gaber 56 000
Marble Cer - Kicevo 716 000
Marble Plandiste - 302 000
Gostivar
Radovo -
Marble DemirHisar 240 000
Marble Blace - Tetovo 25 000
Marble Mavrovo 13 000
Travertine Svilari 1 000 0000
Travertine Matka 600 000
Travertine Lipkovo 40 000
Travertine Kuckovo 13 000
Travertine Velmej — Ohrid 2900 000
Onyx Manastir 18 000
Beciste -
Onyx Mavrovo 1 600 000
Granite Kukup 170 000
Granite Teovo 80 000
Gneiss Drenovci 318 000
Andesite Ketenovo - 8 000
Kratovo
Sienite DolnoDupeni 300 000
Green breccia Vevcani - Struga 60 000

From the nonmetallic mineral resources
which Macedonia has at its possession, the
half-precious  stones should also be
mentioned, which, at this point, are only in
the line of the potential. We can mentioned
corundum (Sivec), jasper (Rzanovo), Opal
(Stracin, Bajlovci, Spancevo), precious
serpentine (Lojane), Amazonite (Mariovo)
etc.

CONCLUSION

From the stated it can be concluded that the
areas where Macedonia is as a territory are
high in potential of various different
nonmetallic mineral resources. This is
probably due to the complexity of these areas
from stratigraphic, structural and
metalogenetic aspect. Namely, there is one
group of mineral resources which are related
only to the old (paleozoic) complexes, and
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another one related to mostly volcanic
complexes while the third one is about the
resources related to the young sediment
fields. According to this, the diversity of the
geological and the structural content of the
areas produce various types of natural
mineral resources.

It should be stated also that in R. of
Macedonia as potential resources should
primarily be noted the marble, travertine and
the onyx, the silica resources, the clay and
the feldspars.
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IHHEPCIIEKTUBHHU I'EOJIOIIKA ®OPMALINHN KAKO
HOCUTEJINA HA CHJIMIIUCKHU CYPOBHUHHA
BO PEIIYBJIMKA MAKEJOHHNJA
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Ancrpakrt

CoracHO CIIPOBEJICHUTE PETMOHAIHM ¥ JIETATHU UCTPaXKyBama M IPOydyBamba Ha CHIIMLMCKUTE CypOBHHH Ha
TepuTopujata Ha PemyOnnka MakenoHuja M HMBHATa KOMIIAPATHBHOCT BO MOMIMPOKH PAaMKH CO HCTHUTE BO
EBpona u Cseror, Bo Penybnuka MakenoHnja ce W3IBOCHH BKYIHO 4 TEOJIOIIKHA (OpMaIMi, HOCHUTEIH Ha
CHITAITUCKU CYpPOBUHHU: [pebajkancku ¢dbopmarmn, Kanenoncko-XepuuHcKn hopmarym,
AmnckudopmannunKpaprepuu dopmannu. Kako najcrapa IIpebdajkanckara hopmaija ru BKIydyBa, INIaBHO,
CHJIMIMCKUTE CYpPOBHHU IIOBP3aHH 32 KPHCTAIMHOT Ha [lelaroHCKHOT MacuB, OZHOCHO HAjroJIeM Jiell ITOBP3aHH
3a nermarurckute xuiy. Kanenoncko-XepunHckara gpopmariyja e noBp3ana, riiaBHoO, 3a JAOUIHUTE PUPTOreHH
30HM BO 3amagHo-MakeqoHckara 30Ha (0a3WUHHM BYJIKAHWTH, CIWIUTH, AWjaba3u M Jp.), KAKO U CPOJHUTE
JIMTOJIOIIKK WIEHOBU BO Bapnapckara 3ona. OBae Tpeba aa ce mocouu ymre u GpopManyjaTa Ha MajluHICHUTE
rpanuT Bo Vcrouna MakenoHHja Koja HOCH MHTEPECHH JIOKATHOCTH CO CHIIMIIMCKU CypoBUHH. Bo Aunrckara
(opmManuja rIaBHUTE KOHIEHTPAIMU HA CIJIMIMCKNA CYpPOBHHH CE€ TOBP3aHM CO NMPOIYKTHBHATA BYJIKAaHOTEHO-
CelIMMEHTHa IalUTCKO-aHAe3uTcKa QopManuja, a Bo Hajwiazata KsaprepHa QopMmanuja JOMHHHpaat
JIeITyBUjaJTHO-aJIy BUjaJIHATE CETMMEHTH.

Knyunn 300poBu:dopmanny, CHIMINCKH CYpOBHHH, ITOTCHIIN]aJTHOCT, MUHEPAareHHja

BOBE

[IpoHaorameTo U OCBOjyBambETO HA HOBUTE MEPCIICKTUBHUTE TOBPIIMHUA BO TMOTJEA Ha
JISKUINTA MOXKHO € J]a Ce pealu3upa camo Mo MOXXHOTO  MpOHAOralke HAa  CKOHOMCKH
maT Ha YCMEPEHH W CHUCTEMAaTCKH HCTpa- KOHIICHTPAIMX Ha CHUITUIIMCKH CYPOBUHH.
JKyBarma BpP3 OCHOBA HAa MHHEPAreHETCKUTE U On nmoceraniHuTe CO3HaHHWja TPH U3Pado-
MPOTHO3HU MpOydyBama Ha CIOKEHATa Ieo- TKaTa Ha OBO] TPYyJ 3a HU3JBOjYBamkETO Ha
Jionika rpaada Ha Hamara teputopuja. OcHO- MEPCICKTUBHUTE TEOJONIKH (opManuu Ha
BHaTa 0OCJI Ha IIPOIrHO3HHUTE IIpoydyBama ¢€ CHJIMIITMCKH CypOBHHHN HOKpaj IIO3HATHUTEC
M3]IBOjYBamkETO Ha (hOpPMAIUU ¥ KOMIUICKCH Ha TCOJIONIKH, JUTO(MAIMjalHU U CTPYKTYPHH
Kapny WIM KPYMHH TEKTOHCKU CTHHHIU KOH KapaKTepPUCTHKH 0COOEHO Tpeba Ja ce uMa BO
Ou Owiie TEPCICKTUBHU 3a TPOHAOrame Ha BHJl TEHETCKAaTa WPHITATHOCT Ha OJpelIcHa
HOBWJICKHUIITAa HAa MHHEpAaJIHU CYPOBUHHU. rpyna Wid noarpyna M 3aKOHUTOCTUTC IIpHU
[IporHo3HMTE TpPOyYyBarka JEHEC MPETCTa- MPOCTOPHOTO Pa3MECTYBAbE Ha JIKHUIITATA U
ByBaaT HEONXOJCH CTaJNyM BO TCOJOIIKHUTE mojaBuTe Ha oBue cypoBuHH (brmaxes, 1991).
HCTpaXXHU PabOTH KOW C€ HpEIABUAYBaaT U ja I'eHeTckuTe TUNIOBU HAa JICKHUILITA, HUBHOTO
HACcOYyBaaT MPOCIEKITHjaTa. MPOCTOPHO pa3MecTyBaHe, KaKo u

[IporHo3upameTo Ha  JEKHUINTATA HA neTporpad)CKUTEe BapUETETH HA CHUJIMIUCKUTE
CUJIMIIMCKUTE CYPOBHUHH BO JICHCITHH COBpE- CYpPOBUHH KOW Ce€ Hampe]a pa3paboTeHH Ipe-
MEHU YCIIOBM METOJIOJIOIIKA Mopa Ja Ouue TCTaByBaaT OCHOBa 3a W3/IBOjyBamke Ha
Kako M Kaj JPYrHTe BPCTH HA MHHCPAIHU (dbopMmanuuTe, OJHOCHO HHBHATA MPUIMAJTHOCT
CYPOBUHH IITO MOSHUKACHO OJJHOCHO OITHMA- KOH TCHETCKUTEe THUIOBH Ha JICKHUINTATA
JU3UPAaHO BO OJHOC Ha TEOJOMIKO — €KO- Bp3aHMU 3a OJpeAcHH (opMalnuu 3a KOUW Ha
HOMCKara uH(pOpMaIHja Koja BO JaJICHHUTE OCHOBa Ha JIOCETAIIHUTE CO3HAHHWja W TpakKca
MPUPOIHU YCIIOBH MOXeE Jia ce JIoOHe. MOXeE Jia ce CMeTa JieKa ke MMa E€KOHOMCKO

U3nBojyBameTo Ha TEOJIOMIKO IEePCIEKTH- 3HAYCHKE OJHOCHO ITO3UTHBHA TEOJIOMIKO -
BHUTE (popMalliM MPETCTaByBa MpBa eTarna BO CKOHOMCKa olleHa. VMCTo Taka MPOCTOPHOTO
KOja ce BpIIM H3ABOjyBaHE M OICHKA Ha pasMecTyBambe Ha JICKUIITATA W MOjaBUTE HA
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CHJIMIIMCKUTE CYpPOBHHH Ha TEPHTOpHjaTa Ha
MakeoHHja ce OJUIMKYBaaT cO HU3a 3aKOHH-
TOCTH KOU BO rojieMa MepKa ce BeKe MO3HaTH
O]l TOCETallIHATE CO3HAHUja U UCKYCTBA.

OBue 3aKOHHUTOCTH TpPHUAOHECOA TPHU
W3BOjyBamkbETO HAa MEPCIEKTUBHUTE PYIOHO-
CHU M pyAHH (QopManuu Ha CHIMLIUCKU
CYpOBUHH, HHMBHaTa (OpMaIOHO-MHHEpare-
HETCKa aHain3a W U3padOTKa Ha MPOTHO3HA
Kapra.

[IporHo3Hara kapra Ha OAPEAEHU PYyIHU
peoHH  oxHOCHO  (OpMAaNMOHO  MHUHeEpa-
TCHETCKH 30HM OM MpeTcTaByBajle HajCUTypHA

HaydHa  OCHOBa 3a  yCMepyBame  Ha
MOHATAMOIIHUTE  MPOCIEKIUCKO-UCTPaXKHU
paboTu.

basupajkn ce Ha BKYIMHUTE TOCETaIlTHU
CO3HAaHMja M WCKYCTBa, a II03HABajKu THU
T'COJIONIKUTE TPEAUCIIO3UIIUN Ha TEPUTOPHjaTa
Ha MakeoHHja MOXe Jia c€ KOHCTAaTHpa JieKa
HamaTta PenyOnuka pacronara co 3HadajHH
MEPCIICKTUBHUA  TEOJIOMKH  (opMaIu 32
MPOHAOTathbe HA HOBH JIC)KUIIITA HA CHITUIIMCKH
cypoBuHu. Bo mobap nmem Toa ce Beke
Mo3HaTuTe (opMalMi KOH C€ HOCUTEIU Ha
CWJIHIINCKH CYPOBHHH, HO HE CE 3€MCHH BO
NpefBUJ  Ha  IlelatTa  TEPUTOpHja  HA
PenyOnukata wiam ce TpeTHPaHH CaMoO BO
OJIpe/iIcH! HUBOA Ha THE (popmanuu.

Bp3 ocHOBa Ha ceTO M3HECEHO MOXKAT Ja Ce
M3[IBOjaT CIICAHHUTE MEPCICKTHBHU TEOJIONIKU
¢dopmaruu: (I[Ipumor 1, [IporHo3Ha kapra Ha
CHJTHIIMCKH CYPOBHHHU Ha MakenoHuja).

HPEBAJKAJICKH ®OPMALIUN

Dopmayuja na enajcesu u amgpuborumu co
JIeACUUMa HA necmMamumu

OBaa (¢opmammja € wu3rpameHa o
TTBOJTUCKYHCKH THajCEeBH, aMmpuboICKN
rHajceBd, amdubonutd ©  aMuOOICKH

mkpwinu. Hajzacranenu ce Bo IlenaroHckuor
MmacuB, Cpricko-MakenoHCKaTa Maca Kako H
noMajnyM W30JUpaHu Kpnu Bo Bapnapckara
30Ha. Bo oBHe kapnu 0OMYHO BO OJM3MHATA HA
TpaHUTHHUTE TPOOOU ce cpekaBaar rojem Opoj
Ha NETMAaTUTCKHU U KBAPIHU KHIIH.
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[TorosieMuTe  MErMaTUTCKU  KBapIlHU
JKUIM U JIexkuinTa Bo [earoHCKHoT MacuB ce
Beke omumranu (bemyue, OpexoBo, Operrje)
KaKo ¥ MHOT'YOpOJHUTE T0jaBH, OKOJIMHATA Ha
Butonumre, Pamuna Hua, yme, Koxpe,
Myxkoc, HpenoBuu, Opeo on, Mapronuu,
KanmnaoBo, ’KuBoBo, Ha babyHa u ap. Ha Kom
Tpeba na ce oOpaTtu MoceOHO BHHMMaHHUE 3a
HUBHO  TMOJCTATHO  HUCTpaxyBame. Kaj
MEerMaTUTCKUTE KBapIlHU JKHAIM Ha MecTara
KajJie IITO ce MOojaByBaaT KOMOPH M THe3la
MOXE Ja ce OYeKyBaaT M MHE300NTHYKU
KBapI[HU KpPUCTAJIM HMAaKO JOCera ce cocema
PETKO MTO3HATH.

lonemuHaTa Ha MErMATUTCKUTE JKUIU
MOKe Ja ce mpaTaT o gojukuHa ox 50-150 m,
co BapuwjabmiHa MokHOCT ox 2-10m. Bo
HUBHHUOT COCTaB BJIETyBaat KBapIl,
MUKPOKIIUH, aJIOUT U MYCKOBHUT.

Bo omHOC Ha TepcHeKTHBHOCTA Ha OBHE
(opMaru 3a MpoHAoramke Ha HOBH KBapILHHU
JIeKUINTa oceOHO Tpeba Ja ce MoTeHIupaar
JIEYKOKPAaTHUTE TPAaHWUTH BO KOHW CE jaByBaar
BO nu(epeHIrpaHnTe TIETMAaTUTCKH Tena
0co0EHO BO HHMBHHTE KPOBHHCKHU JenoBH.Bo
oBre (popManuu XHIPOTEPMATHHUTE JICIKHUINTA
ru omndakaaT KBapITHUTE KAIA U COUYNBA KAKO
Y TIOTOJIEMHTE MUHEPAIN3UPAHU ITyKOTHHH.

Bo Taa cmucna Moke Ja ce 04eKyBaatr BO
pa3HUTEe BapHeTETH Ha THAjCEBUTE Kaje INTO
Ce YeCTH I0jaBUTE HA MErMaTOWAN WM MaK BO
CTEHHUTE KOM ce oforaTeHu co cia000aHa
CHIIMIMja KaJie IITO MOKaXyBaaT jacHa BpCKa
CO TPAaHUTOMAHHUTE MAarMaTCKU ()OPMAIIHH.

KBapunure »xunm U codmBa c€ €O
paznuuHa TonemMuHa on 20-200 m  mo
JIOJDKMHA, a BO mupounHa oj 2-30 m. Baksu
JISKUINTA MOXKE J]a Ce OYeKyBaaT BO THAjCHO-
MUKallUCTHATA cepuja Ha llemaroHckuor
MacuB Ha Cerneuka manuHa, baOyna, Pynuna,
Myxkoc, Kajmakgaman u 1p., Kako H BO
Cpncko-MaxkenoHcknor MacuB Ha Ocoroso,
[TnaukoBuna, Koszjak, Pyen, ManemeBujara,
OrpaxzieH u zp.

Ksapuuture ce cpekaBaat BO
METaMOpPPUTHUTE KaKO MPOCIOjKU CeKoraml Mo
¢domujanjata, HO EKOHOMCKM C€ coceMa
0e33Ha4yajHu 1 Oe3 MepCreKTHBA.



NMPOTHO3HA KAPTA HA CWIHUHUCKHUTE CYPOBHHH
BO PEINIYBJIUKA MAKEJOHHJA
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Hapaboiiua: K. Baaxes

Camka 1. [IporHo3Ha KapTa Ha CHIIMIICKHATE CYpOBHHHU BO PerryOmmka MakenoHuja
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@opmayuja na llenazonuckume naniuceHu
epanumu

OgBaa (opMmalja € MpeTcTaBeHa Co rojieM
Opoj Ha KPYIHU T'PaHUTOUIHM MAacU M Malld
Tena ox TPaHOTUOPUTCKH COCTaB,
KOHIIEHTPUPAaHH BO HATONEM Jel BIOJIK
ocKaTa Ha IIenaroHuckuor XOpCT-
AHTUKJINHOPUYM KOj T npoOuBaar
[IpexamOpuckure kapru. Tue ce pacmpocTpa-
HeTH 1o MacuBuTe Ha baOyHa, Kajmakuamas,
Huye, Myxoc u Ceneuka rnjiaHuHa.

Bo oBue rpanuTH ce Haoraat MHOTYOpO-
JHH KBapITHU JKHAIIA CO MOKHOCT o 2-10 m m
co pomkuHa He moBeke o1 100 m. Kapuot Bo
OBHE KHIIN U KUK € O] TOCEOEH KBAIUTET CO
MJIe9HO Oera 70 cirabo pose 60ja M CO peTKH
JIYCKM Ha MYCKOBHUT M 3pHa Ha ¢enmacnard. 3a
MpoHAOrake HA HOBU KBapIHHU JICHKUIITA
Tpeba 1a ce odeKyBaaT WEepPCIEKTUBHUTE
nojapadvja BO CH/IOKOHTAKTHUTE u
Cr30KOHTAaKTHUTE  OpPEOJM  Ha  TOrope
HaBEJCHUTE TPAHUTOUJHM MacHBH O] OWIO
KOja CTapocT.

KAJIEJOHCKO-XEPIIMUHCKHA
OOPMALINN

Bynkanozeno-ceoumenmuagpopmayuja(6azu-

YHU  GYIKAHUMU, CRUAUMU, Oujabasu,kepa-
mogupu) U MemamepueeHo-ceOUMeHMHA
dopmayuja

OBaa @Qopmanuja HuMa HCKIYYUTEITHO
3HAUCHE KaKo0 HOCUTEN Ha JICKHUIITA Ha
KBapIIUTH, a WCTO Taka W Kako MOIIHE
nepcreKkTrBHa GopMalmja 3a MpoHaorame Ha
HOBM Jexuira. Hajronema 3acramneHoCT MMa
Ha IUTAHUHCKHTE MacHBM Ha  3amajHa
Makenonuja (Lllap Ilmannnaa, Crorogo,
Buctpa, Jabnanuua, Kapaopman, CnaBej u
Hpen Ilnanuna).

Bo rpanbara Ha oBaa dopmamnmja jacHO ce
pasiuKyBaaT JBa Jena: JOJIEH W TOpEH.
JIoMHHOT Jen ja NpeTcTaByBa BYJIKAHOT'€HO
cemMMeHTHaTa (opmalija MpeTcTaBeHa co KO-
MIUIEKC Ha 3€JeHU Kaphu, XJIOPHTCKO-
AKTUHOJIUTCKA ¥ XJIOPHUTCKH  LIKPHJILIH,
0a3WYHM BYJIKAHUTH TMOBP3aHH CO CyOMapu-
HCKU W3JIMBH Ha 0a3WyHa MarMa KOH ce
cpekaBaaT BO BUJ Ha AMja0a3H, CHHIUTH H
Keparopupy  HHTEPCTPaTU(UKYBAHH  BO
(GWIUTOUTHUTE CTEHH W MPETCTaBYBa THITUYHA
cnuuT-kepatodupoa ¢opmaija. Bo 0Boj
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JOJIeH el Ha oBaa QopMandja He ce
CcpekaBaaT 3HAYajHW KOHIICHTPAIlUM Ha KBa-
pIMTH,  OJHOCHO, HEMa  MEPCIEKTUBHO
3HAYCHE.

lopauor nmen Ha oBa Qopmanuja e
MPETCTaBEH CO METATePUTreHO-CeTUMEHTCH
KOMITJICKC W3rpajiecH o (WINTOUIHU KapIi,
(GUIUTH, KBapII-CEPUIIMUTCKH IIKPHIIIH U METa-
MIECOYHHUIIN MEl'y KOH ce cpekaBaaT XOpU30HTH
O]l METaKBaplUUTH W KBapuutu. Ha Hekown
MecTa oBaa (¢opMmandja € TpeKpHeHa co
PaHOAITICKH CEAUMEHTH.

On  ocobcHO 3HAueHE MPETCTaByBa
TOPHUOT NIeJ OJ oBaa QopMainrja U Kako
HOCUTENl Ha BeKe I[IO3HATH JISKUINTa Ha
KBapIIUTH, & U KaKo MEPCICKTHBHA 30HA 32
IIpOHAOTamke Ha HOBU JexumTa. I[loceOHO
Tpeba Ja ce 0OpHEe BHUMaHKE 32 HCTPaKyBambe
Ha HEepoJMpaHHUTE W TOKPUEHH MAEJIOBH Ha
oBaa ¢opMainmja CO PaHOAIICKH CEIUMCHTH
OWJejKH MpeTCTaByBa MEPCHEKTHBHO TOApadje
BO KOM MOXAaT Ja ce OdYeKyBaaT 3HayajHH

KOHIICHTpAIlMd HAa KBAapIUTHU MAacCH, HU3
IENIOTO  paclpocTpaHyBame  Ha  OBaa
dopMaija Ha TEpPEHHUTE HaA  3amajaHa
MakxkenoHuja.

3aBpmIHUOT nOel Ha oBaa (Qopmardja ¢
MPETCTaBEH CO KapOOHATHH CTCHH BO KOU HE
Ce CpekaBa NPUCYCTBO Ha KBapLUUTH U HEMa
MIEPCIIEKTUBHO 3HAUEHHE.

Keapuuture BO oBaa (Qopmaruja ce
jaByBaaT BHAaTpe BO (PHIUTOMAWTE BO BHJ Ha
roJIeMH MacH, IJI09eCTH, 0aHKOBUTH, TPAKaCTH
i coumBacTH. I[lo 0oja ce >KOITCHUKABH
CMBH  JI0  TEMHHOCHBH  CHTHO3PHECTH
COCTaBEHH OJi KBapIl KaKO TJIaBCH MUHepal a
Kako CIOpeIHH Cce CcpeKkaBaaT LHUPKOH,
TypMaJIH, MarHeTuT U JUMOHUT.[1o momkuHa
MoxaT nga ce mpatar ox 70-4000 m a mo
mupuHa of 5-50 m. OZHOCOT CO OKOJHUTE
CTeHHU UM e mocreneH. [lepcexTuBHO Tpeba
Jla ce OYCKyBaaT Ha IUIAHWHCKHUTE TCPEHU Ha
[Tap IInanuna, buctpa, [lnakencka I1nanuna,
CroroBo, Jabianuma u ap.

Bynxanozeno-ceoumenmuagopmayujaxepamo-
DUPCKO-CNUTUMCKUBYIKAHUMY U Memame-
pueenu cedumenmu) 6o Bapoapcka 3ona

OBaa Qopmarja BO OCHOBA T COAPKH
KapaKTepPHCTHKUTECHAPETXOJHOOUINIAHATA,
HO WU3JBOCHA € Kako ImoceOHa Qopmaimja
nopamy cBojaTa reorpadceka mpumaaHoct. bo
HajrojieM Jiell € pa3BUeHa BO Bapmapckara
3oHa mouHyBajku on Ckomcka llpra I'opa



npeky KymanoBo, Benec, KaBagapuu na ce 10
Makenoncko-I'pukara rpanuna. MsrpaneHa e
IJIaBHO OJl MeTaMOp(HH Kapmu KOH JISKAT BO
CpequIIHUOT Jen Ha Bapnapckara 30Ha u ce
n3IBOcHH Kako "Bernernika cepuja’.

BeymHocT — mpectaByBa  BYJIKQHOT€HO
ceaquMmenTHa @opmMmartija Bo Bapmapckara 30Ha
aHaJloTHA Ha BYJKAaHOT€HO CeIMMEHTHAaTa
¢opmanmja Ha 3anagHa Maxkenonuja. Bo
osaa dopmanyja ce paszIMKyBaaT HCTO Taka
JIBa JieJla U TOa JI0JIEH M TOpeH JIe.

Honunor nmen on oBaa ¢opmanuja e
mpectaBeH co amubonmutd u ampuOOICKH

mkpwinyd. Bo oBue kapmu BO BHA Ha
WHTEpCTpaTUPULUPaHd Macu ce Haoraar
KepaTo(UPCKO-CIIUINTCKH BYJIKaHUTH,

puosnty 1 kBapumopdupu. OBoj mena Ha oBaa
dopmarmja e 6e3 MPUCYCTBO HA KBAPIUTH.

Topuuort nen ox oBaa dopmanuja Kako u
Kaj aHayorHara ¢popmMamnuja Bo 3amnagHo-Make-
JIOHCKaTa 30Ha € 3HayaeH HOCUTENl Ha
JISKUILNTA Ha KBapLUUTH, & UCTO TaKa HCKIY-
YUTETHO  MEPCIeKTHBEH  OCO0EHO  BO
mojxpadjata KOWM JIOcera JeTallHO He ce
UCTpaXyBaHU. M3rpalieH € o1 CKOpO HCTHUTE
Kapnu oJf TperxonHara Qopmanuja W TOa
dbumuTonmHN  KapnW, (QWINTH, KBapITHO-
CEpPUIIUTCKU HIKPUIIIH, aprHJIOLIHNCTH,
METaNeCOYHUIM, MEPMEPH U KBapLUUTH KOH
IITO BeKe IETAITHO CE OTUIIAaHH.

Kapuurure ce jaByBaar BO BHI Ha JICKH,
TOJIEMH MacH W CJOEBH BO IIKPUJILUTE O]
"Benemkara cepuja’ KoM IO JJOJDKWHA Ce
mpatart ox 5, 10 ma u moBeke km.

IlepcriekTuBHO Tpeba Ja ce oueKyBaaT Ha
tepenute Ha Ckomcka llpaa T'opa moroa
okonuHara Ha KadaHwk, BO mOMamu Macu
nomery KarnmanoBo u Benec kaj ceno Unueso
u jyxHo mpeky Llpna Peka ce no Pxxanoso.
Compxkunata Ha SiO, ox 90-92%. ['masen
MHHEpaJ BO KBapUUTHUTE € KBaploT, a
CEepULIUTOT M XJOPUTOT C€ 3acTaleHd BO
momanu  kommymHH. Bo  mepudepHmTe
MPUKOHTAaKTHU JeJoBH Ha oBaa Popmanmja
MIKPWILUTE C€ TEHKO IUIOYECTH U CO 3r0JIEMEH
MPOLIEHT HA CEPHULUT, a JOJeKa KBapIHUTHUTE
KOW TIpPETCTaByBaaT TIJIaBHA Maca C€ MAaCHUBHU
co MoIiHe ¢i1abo u3pazeHa doijaryja.

Dopmayujanananuneenuepanumunallcmouna
Maxedonuja

I'panurounure Ha oBaa ¢opmalja ce
pacipocTpaHeTH Ha IJIAHWHCKUTE MacHWBH Ha
Orpaxnen, benmacuna xkako u ['onak u Bianna
kaj JemdeBo. [IpeTcTaBeHn ce CO pa3HOBUIHU
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TUIIOBXM Ha TPAaHUTOMOHM Kapnou W ToOoa
Haj4ecTo JIBOJIUCKYHCKH, OMOTHUTCKH,
nophUPOUTHA JICYKOKPATHH TPaHHTH,
JUOpUTU U TrpaHoguopuTu. Bo ocHoBa cure
OBHE Kaplii KOHKOPJAHTHO CE BTHUCHATU BO
OKOJIHUTE TPeKaMOPUCKH MeTaMOp(HHU CTCHHU.
OBHE TPaHUTOWJHM KOMIUIEKCH CE€ IO3HATH
KaKO HOCHUTEIM Ha XUAPOTEPMAJIHHU KBapIHHU
KUK (BEKE OMUINAHUTE JICKUINTA YMIICHA,
Pubnunia w bwurma) wMeryroa HCTO Taka
MPETCTaByBaaT U IMEPCIEKTUBHE (OpPMaIiH 32
MpoOHAOTakhe HAa HOBH JICKHWINTA HA KBapIl
ocobeHo Tepenute Ha OrpaxkaeH TmOToa
Pubnnuka Peka, burna u JIykosura.

MefyToa Ha oOJpelcHH Toapadja ce
3amazyBa ~ TEHETCKa  chelu(uIHOCT  BO
CO3/IaBAbETO HA JKUYHUTE KBAPI(HH JICHKUIIITA
OJTHOCHO JIBOCTAUJHOCT TPU 00pa3yBaHHUETO.
Bo mpBHOT crammyMm ce cTBapaaT XOMOTE€HU
KBapIIHA JKUIM, a BO BTOPHOT CO 3aEMHO
JICjCTBO HA XHUAPOTEPMAIHUTE PACTBOPH O]
OKOJTHUTE Kapmu OJf KOU MOKPaj MPUMAPHUOT
JKHYCH KBapII Ce 3eMa MOTpeOHATa CHUITUIIH]ja 32
CTBapame Ha KPYITHU MHE300NTHYKN KPHCTAITH
Ha MecCTara KOW MPOCTOPHO TO OBO3MOXKYyBaaT
oBOoj mporec. TakBu Tmomapadja BO oOBaa
dbopmanmja ce KoHcTaTHpaHu BO JlemaeBcko-
[lexueBCKMOT TPAHUTOMAECH MAaCUB 3a KOj
cCMeTaMe JIeKa € UCKIYYUTETHO NePCIEeKTUBEH
3a MPOHAOrame HAa HOBU JICKHUINTA KAKO Ha
JKMYCH KBapl TakKa W Ha MHUCE300ITUYKH
KpPHUCTAJH.

Puonumcro-memagynxanozceno-ceoumenmua
dopmayuja  6ojyeoucmounuom oen Ha
Bapoapckama  3oma

OBaa Qopmanuja ja u3rpaaypaar Qpuid-
TOMIHU Kapnu, (UINTH, KBaplUrpaQUTHYHU
MIKPHJIIIH, CEPUIUTCKO-XJIOPUTCKU MIKPUIIIIH,
METaIleCOYHNIIM, KBAPIIHA METAIeCOYHUIN U
KBapIUTH, KakKO W  MeTakBapi-nophupu
(puonmuTH) KOM Ha pa3INUYUTH HHABOA THU
poOrBaaT (GHINTONIHATE KapIIH.

OBue Kapmu ce€ pa3BHUEHH Ha IPOCTOPOT
on c.Husnuanu, CunkoBuna, PatkoBa Ckaia,
c.PareBuna no 3neroscka pexa. Hocurenu ce
Ha MO3HATHUTE JIKHINTA HAa KBapIKUTH PaTtkoBa
Ckama, Pamen Kamen u MeranecoOYHHIIATE
[Ipxanu. Bo oBaa dopmamnuja Tpeba nma ce
OUeKyBaaT TMEPCIEKTUBHU  JIGKHINTa Ha
KBapIUTH  OCOOCHO  HA  JIOKAJIUTCTHUTE
HuBnuancka peka, ben Kamen, Ilnoun,
Parkoswuma, OpnoB Kamen u mp.



KBapuurure M KBapLHHUTE NECOYHULU CE
W3pa3UTH JINTOJNOIIKA WICHOBHM BO OBaa
cepuja. Off OKOJHUTE MIKPUINU C€ PA3IHKY-
BaaT CO KOMIIAKTHOCTAa M MACHBHHOT H3IJICH,
CO MCKIYYOK Ha MECOYHUINTE, KOU ce TOBEKe
cnoeBuTH. bojaTta UM e cuMBa 0 TEMHO CHBA.
Iecoununmre ce KapakTepu3npaar co ToJeMo
npucycTBo Ha kBapi g0 91%. Iloperxo ce
jaByBa JmckyH u ¢enncnar. I[lokpaj osue
ITOCTOjaT M MTECOYHMITA O THIIOT CyOrpayBakH
U cy0apKo3u, COCTaBEHU OJ KBapIl, JUCKYH H
¢enacnar.

KBapuuTtite KOWM HajYeCcTO CTpYar BO
pesbedoT, TIaBHO, CE CHTHO3PHECTH, MOPETKO
CpelCHO3pHECTH, KaJae Kako TIJaBHA U
CIMHCTBEHA COCTOjKAa CE jaByBa KBapIlOT
(95%) BO BMA HA M3OOKEHH MOHOKPHCTAIH.
Perko ce cpekaBaaTr (enacmaTH, AoAeKa JH-
CKYHHUTE C€ TPHCYTHH BO MapalieIHO OpH-
CHTHUPaHU HU3O0BH.

OnmTa KapaKTepHCTHKa Ha cepHjata e
KapIuTe J1a ce mocaabo WM MOCHITHO METaMo-
pbrcaHd W TpPUMapHUTE CEAUMEHTH Ce
MECOKIMBO-TJIMHOBUTH ~ Haciarn. MuHepa-
JHATa TapareHe3a yKaxyBa, Jieka ce (popmu-
paHH CO pETHOHACH MeTamopdu3aM BO
yciaoBu Ha cybOdammjata, ogHOCHO (armjaTta
Ha 3€JICHU IIKPIIIIL.

AJIIICKH ®OPMAILIMU

Bynxanozeno-ceoumenmuna anoesumcko-
dayumcka gopmayuja

OBaa ¢opManuja ja U3rpaayBaar KapiuTe
Ha  TEpUUCPHO-KBAPTEPHUOT  BYJKaHOTCH
KOMILJIEKC ~ OCOOGHO  MEpPCHEKTHBHA  BO
nmommpokara  okonmmHa ~Ha  KpaToBcko-
3neroBckara ByJKkaHcKa obmact. Ce cpekaBaat
NMoBeKke  JIMTOJIOIIKM  4YJICHOBH O KOH
HAj3aCTaNCHU Ce aHJC3UTUTE, NAIUTHTE, UTHH-
MOpHUTHTE W BYJKaHCKUTE TyQoBH U Opeum
KOH C€ XUIPOTEPMaIHO H3MEHETH.
OcobeHo 3Ha4YajHO 3a TEPCIEKTUBHOCTA Ha
oBaa dopmamuja mpeTCTaByBaaT XHIPOTE-
pMaiHO U3MEHETHTE KapIlu CO KOM c€ BP3aHU
JISKUINTaTa HA  CEKYHIApPHU  KBapIUTH.
XuaporepManHata aKTHBHOCT € 0COOEHO
u3pazeHa Bo KparoBcko-3ieroBckara ByJIKa-
Hcka oOmact. I'm 3adaka cure wieHOBHM Ha
BYJIKAHCKHOT KOMILJIEKC a Ce CMeTa JeKa ¢
MOBp3aHa CO MOMJIAJIUTE TEKTOHCKH MOpeMe-
TyBama. BIIoJDk moroeMure pyntypu oaraino
JI0 JICTIOHUPAKE HA CHJTMIIMCKA Maca KaJie IITo
ce GOpMHUpPaHU OMAIUTH U CUIIEKCH OJ] CHIHO
W3MEHETUTE BYJKAaHCKH Ty(QOBU U Opedd Kou
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MOJOIIHA C€ TEKTOHCKM pa3apoOCHU U
HAaKHAJHO IIEMEHTHUPaHU CO CHJIMIIMCKA Maca
KOH HajuecTo TW cpekaBame BO OBaa 00jacT.
On moceOHO 3HauUeHE 3a HAC Ce IMOjaBHTE HA
CeKYHJIapDHU  KBapuuTU-CHIeKkcH.  HuBHa
HajToJIeMa 3acTalleHOCT Ce jaByBa Ha TEPEHUTE
Ha llpam Bps, I[lnaBuma-3matuia  w
[Tnemaniy, ¥ HABHATA HEMOCPEIHA OKOJIMHA
Kajle mTo Tpeba Na ce OdYeKyBaaT Iepcre-
KTUBHU JISKUINTA Ha oBUE cypoBuHHU (bnaxes,
1991;Serafimovski, T. and Rakic, S., 1999).
Onasickute Opevr ce 3aCTarneHu Ha MPOCTOPOT
on c.bemakoBue npeky llloncko Pymapu no
c.Crmangero (CtojanoBuk, M., 2005).

Esepcro-ceoumenmuu ghopmayuu

Ha Teputopujata Ha MakenoHHja €3epCcKo
CeTHMEHTHHTE (hOpMaIU Ce IUPOKO PacIpo-
CTpaHeTH M C€ H3JBOCHH CKOPO BO CHTE
JIETpecu W W30JUpaHu OaceHW. 3a HAc O
MoceOHO 3HayYeHme MPETCTaByBa rpy06o-
KJIACTUYHUOT MaTepujal BO YUH CEAMMEHTH
MOXKaT Jla ce O4YeKyBaaT3HA4ajHH, IIepcIe-
KTHBHHU KOHIIEHTPAIMH HA KBapIHU CYPOBHHH.
BeymHocT  TpyOOKIACTHYHHOT — Marepujal
MpeTcTaByBa Hajrpy0 mMarepujan GopMupaH BO
MOYETOKOT Ha IUICHCTOICH, BO BPEMETO Ha
KOHEYHOTO 3allOJIHyBakeé Ha IUIMOLICHCKUTE
esepa.

OBHE CEOUMEHTH C€ COCTaBeHH O
nap4yba Ha OKOJHUTE KapIlH, TOMEMIaHH CO
MEeCor W TJIMHH, cinadoneMeHTHpanu. Bo
HHUBHHUOT COCTaB, KBaplLIOT CE jaByBa BO BHJ Ha
00yTOIM dYHja TPOIEHTyaIHA 3acTaleHOCT
Moxxke na ce nawku ox 10-40%. HusHara
neOenmnHa € BapujabuiiHAa HW  YecTO MaTH
m3HecyBa Tmpeky 40 m. OBHE CEeOUMEHTH ce
MOIITHE WHTEPECHH H O]l 0cOcOeHa BaKHOCT
Ouzejku mpeTcTaByBaaT HOCUTENN Ha 3HAYajHU
JIeKHIITA HA CEKYH/IapeH KBapil.

KBAPTEPHU ®OPMALIUN

Ksaprepuure (dhopmaru ce
WCKIIYYUTETTHO 3HA4YajHW OJ aCIeKT Ha HOCH-
TEeNW Ha JIOKUINTAa Ha KBapu. Peuncu
LEJIOKYITHOTO TPOM3BOACTBO HA KBapl BO
PeryOnukata mOTEKHyBa OJf KBapTEpPHHUTE
HaHOCHH jexumTa. OBue GopMaInud BOETHO
npeTcTaByBaat HajIepCIeKTUBHA
MOTEHIWjald 32 TpOHaoramke Ha HOBHU
JISKAINTA HA KBAPIIHA CYPOBHHH.

KBaprepuure CEIUMEHTH Ha
TepuTopujaTa Ha MakeqoHHja UMaaT IIUPOKO
pacmpocTpaHyBame M 3adakaaT 3HAYUTCITHH
MIPOCTOPH CO PENATUBHO JO0OPa MOKHOCT.



Kako mnepenekTuBHM MOXaT
W3/BOjaT ciaeqHHUTE (allHjaHi TUIIOBU:

- MopeHcku u  (IyBHOTIAIM]ATHU
Hacnmard. Pa3BueHM ce Ha HajBHCOKHUTE
TUIAaHMHCKK JISTIOBU W HHBHATa HETOCPEAHa
OKOJIMHA KaJie MITO MOXaT Ja Ce O4YeKyBaaT
MIePCIEKTUBHH JIexkuITa. OcOOCHO 3acTaleHH
ce Bo obmacta Ha Illap IlnanwnHa, Jakymua.
Kapayuma, Kopab, Jemar, buctpa u
[TemucTep. MOPEHCKHUOT MaTepHjal TU CICIH
OCTATOIIMTE OJf HEKOTalIHWTe LUpKOBU. O
HUB KOH TOHHMCKHTE JICIOBH Ha IUTAHUHHTE Ce
HaoraaT KaMEHH peKHd M KPyIHH OJIOKOBH OJT
OBOj MarepHjanx Ooratm cO  KBapIlHU
(bparmeHTH.

@diryBUOTTANIMjATHATE HACTIATH HACTaHAJIS
CO  TpaHCIOPTHpame Ha  MOPEHCKHOT
MaTrepujal BO  TIOHHCKHTE JICTIOBU  Ha
IUIAaHUHATE ¥ KOTAMHUTE. Tue ce M3rpaaeHu
on gemyMHO oOpaGoreHH  OJOKOBH, a
METyIPOCTOPUTE CE 3AIOJIHETH CO TIIMHOBHTO-
MECOKIMB MaTepujasl. MOKHOCTa Ha OBHE
gaciaaru goctura U 10 100 m. CocraBoT Ha
MOpPEHCKO-DIyBHOTIANMjATHUOT —~ MaTepHjal
rO HOCH OO0CNeXjeTo Ha Kapnure HHU3 KOH
MHHYBa, a OCOOGHO TIEPCIIEKTUBHU C€
TepeHUTE OOTaTH CO KBapITHU KapmH (THAjCHO-
MHUKAIIMCTHATa cepuja Ha [lemaroHor kane
IITO CE jaByBaaT KBAPI[HHU KUIM W JICKH WIA
Majeo30jCKuTe  IIKPWINK  Ha  3amajHa
MakeoHuja 00TaTH CO KBapIMTH).

Ja C¢€

- JlenyBUjamHO-NPONTYBUjaTHM HACJATH.
OBHMe CemUMEHTH WCTO Taka ce JIocTa
TNEPCICKTUBHU KaKO HOCHUTCIIM Ha KBapUHHU
nexumTa. Ce jaByBaaT HajueCcTO HA MAJIUHUTE
Ha pWIMINTATA W BO paOHUTE JICNIOBH HAa
KOTJIMHUTE CO pa3inyHa AeOelMHa U COCTaB.
HuBHHOT cocTaB € nmocra BapujaOwiieH U 3a-
BHCH O] COCTABOT HAa TEPEHOT O] KaJe IITO Ce
THe  (QopMupaHM, a cekako JieKka ce
HajUHTEpPCHH BO OHHE TEPEHM KOU Ce
M3rPAJICHU Ol KApIK HOCUTEIHN Ha CHITUIMCKH
CYPOBHUHH.

JenyBujaiHuTe HACIIATH CE€ U3TPAJICHH O]
HeoOpabOTEeHU Mapuvia HAa OKOJHUTE Kapiu
MOMEIIIAHK CO XYMYCEeH MaTepujan, a JocTa
4yecTo OOTaTH co KBapIHU (PparMeHTH.

[IponyBujanHuTe Haclarum HacTaHale CO
TPAHCIIOPTUPALE Ha JIETTyBHjATHUOT
MaTepHjal CO TOPOjHH BOJHM BO ITOHHUCKHTE
nenoBu Ha tepenute. CocTaBeHU ce 01 ciabo
COpTUpaHd © 00paboOTeHM Tapuuma Ha
OKOJIHUTE CTEHH CO TPOCIOjKH Ha TeCOld U
rmuHA. Bo oBUe Haciaru Moxar Jja ce cpeTHar
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3HAYUTENHN KOHIIGHTPAllMH Ha  KBapIHU
O0JIyTOIIM O[] KOH LITO C€ MCTPa)XEHU U JI0CTa
CKOHOMCKH 3HAauyajHM JICKHIITA Ha KBapl.
Kako mepcrniekTHBHM TepeHH ce TepeHUTE CO
3HauUMTeNHa AeOenuHa Ha oBHMe Haciaru. Ha
TepuTtopujaTa  Ha  MakenoHuja KaKo
NEPCIEKTUBHU C€ M3/ABOCHU HAclaruTe BO
pabuute nenoBu Ha llemaroHckHoT Macus,
Ionor,  Ckoncko-KymaHoBckuor  Oaces,
JlakaBuukmor rpabeH, TukBemkuoT OaceH,
KpuBomananeuknor  6acen, KowaHckara
koTnuHa, CTpymuuko-PanoBuiikara KOTIHHA
u [JemueBcko-IlexueBCKHOT OaceH.

- AnyBMjaJHM Haclaru. AJyBHOHUTE
NpeTCTaByBaaT Haj3HAYajHU MEPCIEKTHBHU
rmoapadvja 3a MPOHAOTare Ha HOBH JICKHINTA
Ha KBapl] Ha TepuTopHjaTa Ha MakeInoHH]a.
OBue Haciaru Bp3aHH c€ 32 PEUHHUTE JOJIMHU
OJHOCHO IOJpadjaTra Ha BOJICHHUTE TOKOBH U
HUBHUTE Tepacu. PacmpocTpaHetn ce Ha
uenaTa  TepuTopuja  Ha  MakenoHHja.
HacranyBaar co  TpaHcmopTHpame U
aKkyMyJialiija Ha MaTepHjaioT ox Koj ce
COCTaBEHH OKOJHHUTE Kapmu HHU3 KO
MHUHYBaaT BOZEHUTe TOKkoBH. OpoBae u
HUBHHMOT COCTaB € MHOTY XeTeporeH. l'aBHO
ce TpPETCTaBeHH CO YaKajHh, TIecold U
MECOKIMBA TJMHH BO KOM CE€ cpeKaBaar
o0JIyTOIIM Ha KBapIl CO Pa3IMyHa TOJECMHHA.
On exKoOHOMCKM HHTEpec Kako HOCHTEIH Ha
JISKUIITa 0COOCHO Ce MEPCHEeKTHBHH CTapuTe
Tepacl WIM AJIyBHOHHTE BO OnM3MHATa Ha
aBTOXTOHUTE  JIGKMINTA HA  CHJIMLIUCKU
cypounu. Ha tepuropujatra Ha Maxkenonuja
KaKo HajIIepCHCKTUBHU TEPEHH BO KOU MOKeE
Ja ce OYeKyBaaT EKOHOMCKM JIeKHUINTa Ha
KBapIIHU CYpOBHMHH IIPETCTaByBaaT T€pacuTe u
allyBHjaJJHATE Haclarun Ha pekute [luuma,
Tpecka, KpuBa Pexa,KpuBa Jlakapuia,
bperamanma, babyma wu  Ilpua(mpmior
MPOTHO3HA KapTa HA CUJIMLUCKU CypOBHHH Ha
Teputopujata Ha MakeoHHja).

3AKJIYYOK

Co jmoceramHuTe UCTPaKyBama U MPO-
ydyBama € KOHCTaTHPaHO AeKa JISKUIITaTa Ha
KBapll M KBapIWUTH Ha TEpUTOpHjaTa Ha
Pemry6iimka MakenoHMja ce OTKPHEHH BO:

[IpekaMOpucKHUTE THajceBU, MHUKAIINUCTH
n rpanut on Ilpebajkanckara dQopmanmja,
KajJie KBapHOT ce jaByBa BO BHUJ Ha YHCTH
KBapIIHU KU WIA 3a€JHO CO METMATHTHUTE.



3alenekaHo € M MPUCYCTBO HA KBapLUTH, HO
EeKOHOMCKHU coceMa Oe3HauajHu.

[Maneo3ojckute hopManuu Kaje MTo Kako
noceOHa (opmalrja ce U3BOCHH JICKHIITATA
Ha KBapLHUTU KOH Ce IUPOKO PACHPOCTPAHETH.
ITpucyTHHU ce Kako JIeKH, JICHTH U CIOCBH BO
KBapII-CEPUIIUTCKUTE,  KBAPII-XJIOPUTCKUTE U
JPYTU IIKPUIILHA.

Bo pa3Ho crapocHHTEe rpaHUTH Kaje ILITO
KBapIIOT C€ jaByBa BO XUAPOTEPMAITHH JKUIH U
JIEKW MIIA BO IECTMATUTCKUTE JKHUILH.

Me3030jcKUTE CEeAMMEHTH Kaje IUTO
MMaMe TIOjaBU Ha KBapIHH IECOYHHUIH, HO
Jocera He ce W3IBOCHU I0jaBH KOW OM mMMaie
MOr0JIEMO EKOHOMCKO 3HauCHHE.
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Abstract

The travertine and the onyx from Gulabova cave, Besiste village, in western Macedonia have been examined in
order to determine the possibility to use them as architectural stone. The analyses and the laboratory research
were performed on samples of travertine and onyx. The samples were taken from the surface parts. The results
from their physical mechanical examinations have shown that the rock mass itself satisfies the requirements to
be used as an architectural stone according to the state standards of Macedonia. The quality of the stone is
higher in the deeper parts of the field where the external influences have a very small effect. This stone has
highly decorative features but it also has fine grained structure which is a positive effect for the technical
characteristics and the subjection for processing and production.

Key words: travertine, onyx, Gulabova cave, architectural stone, mineral-petrographic content, structural-
textural characteristics, physical-mechanical characteristics.

INTRODUCTION

The area of research for travertine and onyx the rocks between Bakarno Gumno — Alinci
from Gulabova cave, Besiste village which is and Vespec. Ilik (1953) did a research on the
located in the south-western mountainside of pegamatite and the useful minerals related to
Kozjak mountain in Mariovo. The location them in the area of Babuna and the northern
itself is around 3km. away from the Besiste part of Selecka mountain. Kolman (1951) and
village and around 40 km. from Prilep. Izmajlov (1951) made a geological map of the
The field of research of travertine and onyx is field between the villages Mrzen and Galiste
part of the Neogene period surrounded by in the valley of Crna reka river.

distinguished hill and mountain forms, with Barik (1956) did the most detailed mineral
the most significant ones being Sv. Pantelej examination of the disten from the Selecka
(1344 m.), Perun (1730 m.), Gurov kamen mountain. Stojanov performed a research
(1566 m.), Cucul (1220 m.), Baltava Cuka etc. (1958 u 1974) of the disten from Selecka
The main water flow of this region is Crna mountain. Mayer (1960) in the area south from
River which is the biggest right confluence of the village Bonce, gave a description of
the river Vardar. The Crna River drains the metagabbro. Protik (1963) in the south western
waters from the biggest part of the region, and part of Selecka mountain selected schist with
the greatest confluents are the following rivers: smaller crystality. Teofilovik (1966) made his
Eleska reka, Graeska reka, Konjarka, research in the southern part of the Pelagon.
Trnovicica, Gradeska, Blasnica, Belica, With the process of making the geological
Besiska reka, Stravinska reka, Satoka, map of SFRY, the authors of the leaves
Buturica, etc. Vitoliste and Kajmakcalam in a proportion of
The first geological information of the field is 1:100 000 (Dumurdzanov, Hristov, Pavlovski
related with the first geological research of the and Ivanova 1976), made a detailed
Pelagon area, done in the beginning of the last elaboration of the leaf content of the rocks in
century. Cvijik (1906) wrote about the crystal— the leaves Vitoliste and Kajmakcalan,
like rocks with granite core of Precamric age. describing the composition of the rocks
Kosmat (1924) made the first devision of the considered and the presence of the onyx in the
field in units. Marik (1949) did a research on upper parts of the travertine rocks.
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The latest data concerning the geological
composition, the petrographic-mineral and
physical-mechanical characteristics of the
onyx can be found in the professional
documentation of the company ‘Maksoniks’.

APPLIED RESEARCH METHODS

The mineral-petrographic examination were
done by the Faculty of natural and technical
sciences in Stip by the authors of this paper,
while the chemical content of the granodiorite
is determined by the chemical laboratory in
Zelezara in Skopje.

The examination of the physical-mechanical
characteristics is made in the laboratory of the
Faculty for Civil Engineering in Skopje. All
examinations were performed during 2010.
Because of the fact that the rock masses are
not well disposed, the samples were taken
from the surface of the field, and as a
consequence of this, there are some cracks
which are a result of the increased atmospheric
influence. However, the examination of the
samples has shown relevant values of the
physical-mechanical characteristics. It is
beyond any doubt that samples from greater
depths would give much better results.

GEOLOGICAL CHARACTERISTICS

In the geological constitution of the locality
Gulabova cave the presence of the striped
muscovite-biotite and striped muscovite gneiss
are mostly present, together with massive
medium to large grained granodiorite, volcanic
sediment products, quartzlatite agglomerate
and tufa and carbonate-tufa products.

The greatest presence is of volcanic sediment
products and carbonate-tufa products (Fig. 1)

Volcanic sediment products

The volcanic sedimented products in slightly
lesser masses are present in Besiste (Figure 1).
During the intensive volcanic activity at the
Kozuv volcanism, great quantities of volcanic
material (volcanic sand, dust, ashes, volcanic
lapilli, bombs and blocks of volcanic rocks —
quartzlatite, andesite, tufa) have been erupted
in this part of the field.

In this volcanic material in the Pliocene-
quarter lake reservoir, mostly stratified figures
of volcanic agglomerate, breccias,
pyroclastics, tuffs, tuffites, etc., have been
formed, in which stratified figures with
various thickness dusty weakly-tied sands,
clay and sandbanks, are embodied. There are
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often fragments and blocks of volcanic rocks
in these layers.

G0

55

Figure 1. Geological map of the locality Gulabova
cave 1. travertine and onyx 2. carbonate-tuffaceous
products 3. volcanic sediment products 4. granodiorite 5.
gneisses

Carbonate-tuffaceous products

The carbonate- tuffaceous products have been
found in the centre of the researched area
(Picture 1). These products are represented by
stratified and flat tufa, tufa limestone,
travertine and onyx. These creations are
mostly layered by interstratified sandbanks,
dusty sands and grinded tufa. The tufa, the tufa
limestone, the travertine and the marble onyx
are mostly brown and grey-yellowish massive
and quite compact but in certain intervals they
can be porous and with cavities (Figure 2).
The travertine is featured with fine-grained
composition, compact, massive and fairly
porous texture. There can rarely be found
cracks with 2mm. length.

The calcium carbonate rock is formed of
calcite which is mostly found in cryptocrystal
form. The calcite mass often produces
irregular oolitic forms, round and oval with
zoned structure of calcite mass. The oolitic
forms on the parts of the edges are framed
with stronger limonization. The cracks are not
frequent and are fairly small. In the cracks as
well as in the irregular forms, the rock is filled
with recrystallized calcite — micro crystalized
and pure (Figure 3).



) K YN o Y
Figure 2. Stratified, porous and cracked light grey
travertine

Figure 3. Cavity in massive travertine filled with
recrystilized calcite

P 3

Fgufe=. Thin layers of rwnish—yello on (1)
and massive brownish-grey travertine

The onyx is brownish-yellow color in various
nuances (Figure 4) and it can be found in the
more shallow levels (up to 30 meters), while
the limestone tufa is very compact and firm
and it can be found in the deeper levels of
these series. It has compact, massive and
slightly distinguished striped texture. The
calcite crystals that constitute the onyx are
thin, long and straw-like forms, crystallized
diagonally on stratification. It is possible that
the calcite is presented by aragonite, as a
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polymorphic modification of calcite. In most
of the examined holes, presence of vulcanite in
the tufa series have been found, which points
to the fact that there has been sedimentation of
both carbonate and volcano agglomeration.

PETROGRAPHIC - MINERAL
CHARACTERISTICS

Represented samples from Gulabova cave
have been selected for the petrographic —
mineral examinations. The petrographic slides
were made, viewed microscopically with a
polarized microscope with transmitting light
brand Leitz, Wetzlar Germani. The
petrographic — mineral examinations were
done at the Faculty of natural and technical
sciences at the Institute for geology by the
author of the paper.

The travertine has light beige color with rare
irregular forms colored light grey. They are
characterized with fine grained composition,
compact, massive and fairly hollow texture.
Cracks are rarely found, small with length of
2mm.

The rock is made of calcite, which is basically
in cryptocrystal form and structure. The calcite
structure often makes irregular oolitic forms,
round and oval around the edging frame of the
calcite structure. (Figure 5a, 5b). The rock is
filled with recrystallized calcite — microcrystal
and pure. The granulation of the calcite in
these forms is around 50p. The irregular forms
are more rarely found, gloomy brownish i.e.
strongly colored with limonized oxide. As
additional minerals there are some quartz
grains and rarely lamina of mica that can be
seen, and it can also be said that there are only
residues.

Figure 5a. Microphoto of the sample GP-110x (N-)



Figure Sb. Microphoto of the sample GP-110x(N+)

The marble onyx is characterized with large
crystalized structure, compact, massive and
with slightly distinguished striped texture. The
calcite crystals are thin, long and straw-like
forms, crystallized diagonally on stratification.
It has light brownish and brown-yellowish
color, with nuances of lighter and darker spots
which gives the rock a better appearance. It is
constituted of calcite, which has large crystal
structure. Those are long straw-like crystals of
calcite with radiant rayed darkening (Figure
6a, 6b). Separate parts of the calcite are
strongly colored with limonized oxide, which
point the striped structure of the rock. This is a
result of the genetic background of the onyx,
i.e. the inflow of tinctures of limonized oxide.

¥
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Figure 6a. Micro photo of the sample GP-4 10x (N-)

Not so often, visible diagonal transections of
calcite can be seen in partly rhomboid crystals.
It is possible that the calcite is presented by
aragonite, as a polymorphic modification of
calcite. Very rarely there can be crystals which
resemble the dolomite — ancerite.
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Figure 6b. Micro photo of the sample GP-4 10x(N+)

CHEMICAL EXAMINATIONS

The chemical characteristics of the travertine
and the onyx from the locality Gulabova cave,
represent an addition in the process of
expanding the findings of this type of rocks in
the territory of the Republic of Macedonia.
Considering the composition, the structural-
tectonic features, the color and the manner of
their appearing, these rocks are clearly
different from the surrounding ones.

The samples GP-1 and GP-2 are travertine,
with quite pure calcite composition. According
to the chemical analysis of the samples, the
participation of MgO is between 1,64 - 2,70 %
(Table 1). The analyzed sample of onyx is also
characterized with quite clear calcite composi-
tion where the content of the analyzed elemen-
ts are quite low with the exception of CaO.

Table 1. Chemical content of the travertine (GP-1
and GP-2) and the onyx (GP-3) in %

Element GP-1 GP-2 GP-3
SiO, 0.10 0,09 0,10
Al,O; 0.11 0,15 0,32
Fe,03 0.17 0,50 0,11
MnO 0.096 0,064 0,33
MgO 1.64 2,05 2,70
CaO 51.10 51,50 | 49,83
Na,O 0.04 0,037 0,04
K,0 0.02 0,06 0,01
P,05 0.062 0,051 | 0,071
Moisture
(110%) 0.035 0,038 | 0.033
Losson 1 569 | 45,02 | 45,05
1gnition
Total 99.283 | 99,56 | 99,60

Note: The analyses GP-1 andGP-2 are travertine,
while the analysis GP-3 is onyx.



PHYSICAL-MECHANICAL
CHARACTERISTICS

An appropriate methodology of laboratory
examination has been applied in the process of
research in accordance with the existing
standards of this type. The present state
standards (MKS) are mostly used, but the
recommendations of examination by the

MARBLE ONYX

» mean value for the strength to pressure
in dry condition is op=55,23 MPa

» mean value for the strength to pressure
after 25 cycles of freezening and
melting is cpm=48,66 MPa

» mean value of the index of strength
parallel of the levelness of the onyx in
dry condition Js (50) = 1,55 MPa

» quotient of proportionality
K=0p/Js=55,23/1.55=35.63

TRAVERTINE

» mean value for the strength to pressure
in dry condition is op=69,60 MPa

» mean value for the strength to pressure
after 25 cycles of freezening and
melting is cpm=50,50 MPa

» mean value of the index of strength

parallel of the Ilevelness of the
travertine in dry condition Js (50) =
3,97 MPa

» quotient of proportionality

K=0p/Js=69,60/3,97=17,53

CONCLUSION

The travertine is compact and quite firm with
not clearly distinguished striped texture,
changing the not equal stripes of light
brownish coloring and the thinner layers with
lighter i.e. light greyish color. The color is
light brownish — beige to lighter greyish glassy
occasions which change irregularly. In
separate parts of the travertine there are cracks
filled with recrystallized calcite.

The marble onyx is characterized with large
crystallized composition — structure and with
compact, massive and slightly striped texture.
The calcite crystals are thin, long and straw-
like forms, crystallized diagonally on
stratification. The onyx has light brownish and
brown-yellowish color, with nuances of lighter
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international society for mechanics of rocks
(ISRM-International ~ Society for  Rock
Mechanics) were also considered.

Based on the performed evaluations, analyses
and statistic elaboration the following
description of the received values from the
examined samples is presented:

» according to the value of absorption
(U) the rock belongs to the class of
rocks with low absorption of water
(less than 0,5) (U=0.083%)

» mean value of weight capacity is
v=26,78 kN/m’ (hard stone)

» quotient of resistance to
(Km=48,66/55,23=0,84)

» according to the strength to pressure it
is considered medium strong rock (50-
100 MPa)

ice is

» according to the value of absorption
(U) the rock belongs to the class of
rocks with great absorption of water
(2.5-5.0%) (U=3.06%)

» mean value of weight capacity e
y=23,77 kN/m’ (medium hard stone)

» quotient of resistance to ice is
(Km=50,50/69,60=0,72)

» according to the strength to pressure it
is considered medium strong rock (50-
100 MPa)

and darker spots which gives the rock a better
appearance.

Due to the petrographic-mineral character-
istics, as well as the chemical content of the
travertine and the onyx they can have great
application. Primarily, the travertine can be
used as architectural stone, i.e. for cutting tiles
for surfaces. These are especially applicable
for internal and external tiling on vertical
surfaces. For the external surfaces the
selection of the less cracked ones is a better
choice. The remains of the cutting process may
be used as macadam in concrete mixtures, as
fillers for concrete pavement tiling, etc.

It was determined that the marble onyx is a
relatively hard rock with low absorption of



water and with weight capacity which
categorizes the rock in the group of hard
decorative stones, with a quotient of resistance
to ice within the normal limitation.

The travertine was determined to be a medium
hard rock with high absorption values which
categorizes the rock in the group of medium
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EXPLOIATATION

Vasja Dameski, Blazo Boev

Goce Delcev University , Stip , Republic of Macedonia Faculty of Natural and Technical Sciences, “Goce
Delcev” University, Goce Delcev 89, MK - 2000, Stip, Republic of Macedonia
vdameski@yahoo.com

Abstract

This paper presents the results and the conclusions of the research on the white dolomitic marbles  deposit
"Belovodica", which is near the village of Belovodica, at a distance of 21 km to Prilep. The investigative field is
an integral part of the Pelagonian tectonic unit. Studies have been made in order to get the real picture of the
possibilities and the potential of this terrain for profitable work in the aspect of white dolomite marble
exploitation. By analysis and interpretation of the research results, it is confirmed that there is a belt of compact
white dolomitic marble that has remained immune to tectonic disruption. By changing the method and the
course of mining activities in the direction of exploitation of this layer, the total utilization and cost -
effectiveness of “Belovodica” mine can be greatly increased.

Key words: white dolomitic marble; tectonics; fissures systems, blocks, tombolons

INTRODUCTION

White dolomitic marble mine - "Belovodica"
is located 15 km east of the town of Prilep,
near the village of Belovodica.

Geographically, it belongs to the Dren
mountain as a striking orographic unit in this
part of the Republic of Macedonia.

The place is located at an altitude of about
1000 meters, one of which can be defined as a
slightly flattened slope inclined towards the
west —southwest, and it turns in a relatively
steep department eastwards. The mine can be
placed on the northern slopesof Dren
mountain of about 1,5 km away from the
village of Belovodica.

In the close vicinity of the marble
exploitation mine of "Belovodica", White
River passes, which has water throughout the
year. And right above the village of
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Belovodica, because of the series of marbles,
there is an appearance of numerous periodic
flows and lower aquifers that build the
occasional flow of the river Drenska. The
results of detailed geological investigations on
this field can be found in the works of
Boev (2005) and Patchanagis (2010).

The colour, and the results of the physical—
chemical and the mineralogical research show,
that this is white dolomitic marble with a good
quality. But the tectonic damage in the marble
mass appears as the biggest problem in the
process of exploitation. For particular
definition of potentiality of this mine, in terms
of profitability, summarizing the results of
experimental exploitation with the results of
geological investigations, is required.
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GEOLOGICAL COMPOSITION OF THE WIDER REGION

Marbles of the deposit of "Belovodica" belong
to the marble mass of the southern part of
Pelagon. This marble mass is located in the
edge part of Pelagonian metamorphic complex
to the west and Vardar Zone to the east.

It is a relatively narrow zone that is presented
as two types of marbles, such as: calcite in
eastern contact part with Vardar Zone and
white dolomitic in the western part, in direct

contact with series of gneisses from
Pelagonian metamorphic complex.
The basic structural features of the

metamorphic phase of Pelagon are a result of
syngenetic processes at high regional
metamorphism and crimping by a mechanism
on plastic-flow with simultaneous granitoide
intrusion of the first phase, which formed
major fold structures. (M. Arsovski 1997)

It should be noted that second granite stage
played the significant role during Grenville
orogeny which manifests itself as a major
magmatic activity whose products, besides
metasomatic processes and homogenization of
metamorphic rocks in certain parts of Pelagon,
effectuated recent crimping and forming new
large  folds, whereupon a completed
destruction of older fold structures is made. It
is important for marble mass of Belovodica
that  homogenization, = whitening  and
dolomitization of marbles is performed in its
lower parts. These processes are associated
with the intrusion of granite rocks in Dren
anticline. At lower levels this marble mass is
represented by massive, saccharoses white
dolomitic marbles, in which traces of foliation,
micro-folds, can be seen but only locally, as
well as some low occurrence of calcite veins.

Eastwards, dolomitic marbles gradually
convert into foliated calcite — dolomitic
marbles.

The geological terrain includes geological
units that are an integral part of southern
metamorphic complex of Pelagon including:
granite, gneiss, granite -gneisses and marbles.
The first geological studies of the ground are
connected with the first geological surveys of
the areas of Pelagon performed in the early
XX century.

(Detailed geological data obtained from the
basic map of Yugoslavia in the M = 1:100000,
sheet Vitoliste 1980 edition of the Federal
Geological Institute, Belgrade ).

The investigated terrain has different types of
rocks of different geological age. The oldest
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rocks in this terrain are Precambrian
metamorphic rocks, and then the rocks of
Cretaceous age, rocks of Pliocene and the
youngest ones are the rocks of Quarter.

- Precambrian: The oldest rocks of this
terrain are represented by rnuscovitic gneisses,
white dolomitic marbles and calcite marbles.
Series of marbles are represented in two super-
positioning horizons. White dolomitic marbles
and dolomites dominate in the lower part and
calcite marbles dominate in the upper part.
Foliated rnuscovitic gneisses (Gm): These
gneisses have the largest spread in the gneiss
series. The parties, in which a striped texture is
quite expressed, are noted among them, but
also there are parties in which the texture is
very vague, in this way they could represent
normal coarse-grained gneiss. The colored
compounds are differentiated from the
uncolored ones in a form of thin strips. The
color of the gneiss is yellowish grey to light
green. The size of the grains varies from 0.5 to
6mm, it is usually 2 mm. They are built from
felspad, quartz, and coloured minerals that are
represented by muskovit, fengit, rare shells of
biotit and tiny grains of epidot. Accessorily,
sfen, garnet, apatite, zircon, pyrite, magnetite
occur and secondary minerals are kaolinite,
sericite and limonite.

Grey to grey-white white dolomitic marbles
(Md): Dolomite marbles are developed in the
lower part of the marble series. Starting with
plate cipoline, they mainly occur as bank form
marbles and they rarely convert into massive
ones. The whole mass is relatively
homogeneous and it is mainly built of white
dolomitic marbles. They are fine-grained white
saccharoses dolomitic marble, quite cracked,
with granoblastic structure. The grain size is
from 0,05 to 0,5 mm.

Calcite marbles (M): In the upper part of the
marble series, plate to bank form -calcite
marbles appears gradually from dolomite
marbles. They represent the final part of these
series and they are discovered in the area of
the villages of Belovodica, Veprchani and
Labnica, while the rest is covered with young
formations. Calcite marbles are fine to
medium- grained, white to grey — white color.
Massive, medium  to  coarse-grained
granodiorite (dy): It occurs in rocks of several
meters to large masses of several square
kilometers. During the intrusion, the magma
mainly used the course of foliation and of the



older anticlinal and vertical structures; it
conducted intensive magmatism in

surrounding rocks. Massive granodiorite are
grey to dark grey, medium to large grains.

They have a hypidiomorphic-grain structure
and a massive texture. They contain important

minerals such as: plagioklas, K-feldspar,
quartz and biotite, and they also contain
secondary minerals such as: apatite, titanite,

amphibole, zircon, garnet, magnetite and
ortite.
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- Jurassic: Rocks of Jurassic age in this terrain
are: serpentinites and peridotites. They extend
in the zone of Dren village, south through
Gudjakovo, Vitoliste, Polchishte villages to
Crna Tumba and they continue along Greek
territory.

Peridotites and serpentinites (Se):
Serpentinites strongly dominate over other
ophiolitic rocks. They have light to dark green
color, they are made of serpentine with relics
of pyroxene and olivine. Secondary they
contain talc, chlorite, magnetite and chromite.
- Cretaceous: The rocks that appear in the
Lower Cretaceous are conglomerates and
sandstones of Turonian age; tile clays,
conglomerates and tile and bank — type
limestone of Senon age.

Conglomerates and sandstone (K?2):
Conglomerates participate in more than 60%
and they are developed in layers that are up to
3 m. thick. They are highly compositionally
heterogeneous and built of well rounded
pieces, maximum 20 cm in diameter, of quartz,
quartzite, gneiss, rarely sandstone, shale and
clay.
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Sandstones, clays and conglomerates
(2K 32): Sandstones, can be fine-grained,
medium-grained and coarse-grained. They are
composed of arkoze and quartz and the cement
is clay- carbonate. Conglomerate occurs in
thicker bank form, mostly with sand, while
clays occur as rare constituents.

Plate and bank form limestone (4K?32):
These rocks make up the uppermost level of
Senon sediments. They appear grey
and white, rarely pink, usually flat and in some
case bank form.

- Pliocene. Rocks of Pliocene age in this
terrain are gravels, sands and clays.

Gravel, sands, clays (PI3): Sediments are
represented by yellow gravel, gravel sands,
sands and clays.

- Quarter: The youngest rocks of the
examined terrain are rocks of Quarter and it is
deluvium (d).

Deluvium (d) : Deluvium deposits are grouse
material from granodiorites and metamorphic
rocks.



TECTONICS OF THE WIDER AREA
Rupture tectonics occupies a significant place
in the structural construction of this marble
mass and it is represented by faults, cracked
zones and fault zones. General occurrence of
the marble mass is karstification,
predominantly expressed in the main rupture
directions (NW — SE and NE - SW) and large
prominent surface damage of marbles under
the influence of

atmospheric impacts.

This neotectonic damage of the marbles in the
western part, reaches a depth of ten meters,
and eastwards, where the terrain
morphologically rises, the impairments grow
up to several ten meters. It is primarily about
the abrasive activity of the former Pleistocene
— Pliocene Pelagonian lake.

But the major damage to the blocks of marble
mass is associated with rupture tectonics of
convergent movements, represented by faults
and crack that belong to multiple systems.
Rupture structures are of diverse age, but the
main rupture tectonics is mainly young and it
is formed by a process of formation of the
neotectonic graben of Pelagonia valley in
Pliocene, as well as the processes of young
and crimping faults during Alpine orogeny
(Boev 2005).

Regionally, this terrain is under the influence
of the convergent movements between two

major geotectonic units: the Vardar zone and
Pelagonian Horst antiklinorium.

The predisposition stems from the upper
Eocene marine transgression, conditioned by
the development of large elongated graben
under the direction of faults, inherited from
Laramian orogen stage. With the process of
block tectonics, i.e. the dominant vertical
movements of rising and sinking, between
Helvet and Thornton (Styrian orogeny phase),
the valley area with faults is broken and
lowered again. The present primary (main)
tectonic form is obtained with this (A.
Killias, 2010).

Also in "Belovodica" mine, cracks of smaller

intensity and different orientation are
developed.
Some of them are probably before

Neotectonic, they are difficult to be deciphered
from Neotetonic and some of them are
secondary ruptures, obtained as reflexive
impulse, or manifestation of stabilization of
the mountain massif, after the tectonic
movements.

Mainly, in “Belovodica” mine cracks systems
into direction (NW—-SE and NE-SW)
dominate and the impact of these cracks
networks, manifests as extremely inconvenient
for the blocks of dolomitic marbles.

EVALUATION OF THE OBTAINED RESULTS AND A COMMENT

In the entire process of geological
examinations, it is necessary to summarize the
results of exploration with geological drilling
and tectonic elements of the wider area.
Because, the biggest problem in the
exploitation and cost effective operation of the

Petrographic and mineralogical features

In order to research petrographic -
mineralogical features of marble, in mine
“Belovodica”, several samples with different
types of marble are selected. Massive white
dolomitic marbles build up the southwestern
part of the marble mass and in the north-
eastern parts marbles with increased amounts
of calcite, appear. With the microscopic
studies of samples of white marble grain, it is
posited, that they have fine grained -
granoblastic structure, shifting to a mosaic,
and in some places there is an appearance of
porphyroblastic structure.
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mine, is the tectonic damage of the marble;
special attention is given to the proper marking
of the larger ruptures, their correlation with
productive horizons and finding some new
reserves of compact marble mass in the mine -
Belovodica.

In the crushed zone, the existence of
cataclastic structures and on some places up to
mylonitic, is posited. The size of dolomite
grains ranges from 0,07 up to 1 mm.

Dolomite grains are partially rounded and they
have an expressed cleavage. On some parts,
they have elliptical cross sections and they are
poorly elongated in the direction of the
foliation. Dolomite grains are rarely irregular
and they are often polygonal in shape. Besides
dolomite, calcite occurs as well as some
smaller amounts of muscovite. Rarely there is
some appearance of quartz, fluorite, rutile and
phlogopite.



Physical — mechanical characteristics
Strength of pressure in dry condition:

P max = 125 N/mm?

P min = 85 N/mm?

P av =100 N/mm?

Strength of pressure in water-saturated condition:
P max = 110 N/mm?

P min = 65 N/mm?

P av =78 N/mm?

Structural — tectonic elements

The structural - tectonic elements in the mine
of “Belovodica” are represented by faults and
fissures. Al and A2 are primary faults (fig. 3)
created as products of a genetic discontinuity
in the process of formation. B -1 and B — 2 are
the oldest faults from secondary faults, which
are reverse (thrust) faults, filled with brecha
sediments. Convergent movement is observed
on these faults but not longer than one meter.
Other faults are Neotetonic, equivalent with
the main tectonic activity. Characteristically,
in Belovodica mine, there is a rapid change of
compactness of the marble mass before and
after the rupture structures.

Fissures and fissures systems

The measurement of fissures was performed in
the open parts of the mine, from its eastern and
western side in the Level - 1 and level - 0. In
order to connect the results of the exploration,
measurement points are placed on sectors,
cellos of incisions that are obtained in the
process of exploitation. In Belovodica- mine
for white dolomitic marbles, five fissures
systems have been observed, three of which
are more intensive. Those are fissures systems
Table 1.

Strength of pressure after 25 freeze-thaw cycles:
P max = 85 N/mm?

P min = 68 N/mm?

P av = 82 N/mm?

Water absorption: 6 = 0.15 %

Volume weight: y = 2800 kg/m?

Abrasion resistance:

A =46.6 sm®/ 50 sm*

l Figure 3. 3D‘;mage of mine Belovodica with
delimitation of larger ruptures and utilization of
individual parts

with (1. NW - SE, 2. NE-SWand 3.1-W)
direction. In the inter-relationship of these
fissures systems, it can be seen that the older
system is a system with NW — SE direction,
which occurs in the western part and the
younger one is the NE-SW system, which
occurs in the eastern part of the mine. Besides
these, another damage on stratification is
observed in some places, that was obtained as
a product of genetic discontinuity in the origin.

MEASUREMENT OF CRACKS AND CRACKS SYSTEMS Ceellilenss J
Level I - east 30 = Tect. 1
No. |Location Tect.1 [Tect.2 |Tect.3 |Tect.4 [Tect.5 |TOTAL |Category 25 i
T 20 - ™ Tect. 2
1 Incision 1 0| 2 1 0| 1 4 11 ']
— 15 T mTect.3
2 [Incision 10 0 0 0 0 2 2 1 10 - | ’
3 Incision 20 0| 18 8 0| 0| 26 1V 5 W Tect. 4
4 [Incision 30 1 10 8 0 3 22 v 0 - W Tect. 5
) Incision Incision Incision Incision Incision
5  [Incision 40 1 17 5 0| 5 28 1V 1 10 20 30 20 TOTAL
Level I - west
No. |Location Tect.1 |[Tect.2 |Tect.3 |Tect.4 |Tect.5 |TOTAL |Category
1 Incision 1 2 12 0 0| 5 19 v LevelI - west
2 |Incision 10 4 8 0 5 5 22 v 40
3 [Incision 20 0 15 0 5 14 34 v 35 mTect 1
4 |Incision 30 2 1 0 1 2 6 1 30 mTect 2
5 |incision 40 0| 0 0 2 1 31 25 ot
ig 1 mTect. 3
Tect. 1 = vein crack a=40°/1 - Dip angle 10 - HTect. 4
= |Tect. 2 = Crack system SI - NW o=280°/SW - Dip angle 5 N, WTectsS
5 ?:zt Z : gzzt :§22 IS;NWNI :: 32:;1\?“—, Dg;‘;i];e ° Incision Incision Incision Incision Incision TOTAL
. - = - 1 10 20 30 40
30 Tect. 5 = Cracks that are different from the familiar cracks systems

Cracks that can not be attributed to any of the
previous systems, are the fifth system. These
cracks are often the result of the damage to the
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marble, caused by blasting, that is an integral
part of the process of exploitation. The results
of measurements of the damage to the marble
mass in certain sectors of the mine, are given
in table 1 and table 2.



Table 2.

Investigative drilling

In the first phase of geological drilling,
investigative boreholes were placed in 12-
meters square grid, which most of mining
field is covered with. By summarizing the
results of these investigations, it was
concluded that the section of marble mass of
Belovodica mine which does not fit in the
contours of previously located positive
horizon, is decomposed and sterile, in terms of
getting the marble blocks.

In the second phase of the investigative
drilling, the placement of the boreholes is in a

Level 0 - east mTect. 1
No. [Location Tect.1 |Tect.2 [Tect.3 [Tect.4 |Tect.5 |TOTAL |Category 25 - Tect. 2
1 [incision 1 0 2 2 2 1 71 20 i
— 15 ™ Tect. 3
2 [incision 10 0 0 1 0 0 1 I o - | -
3_finciion 20 ) S S S B S 2 R S o s 'S T " i
4 |Incision 30 0 8 6 6 3 23 v 01 T MTect.5
T Incision Incision Incision Incision Incision
5 |Incision 40 0 15 5 5 2 27 v 1 10 20 30 20 = TOTAL
Level 0 - west
No. [Location Tect.1 |Tect.2 [Tect.3 [Tect.4 |Tect.5 |TOTAL |Category
1 |Incision 1 0 0 5 8 3 16 v
2 |Incision 10 0 0 5 10 2 17 v 40
3 |Incision 20 0 5 3 10 5 23 v 35 = Tect 1
4 |Incision 30 2 0 10 20 4 36 v 30 = Tect. 2
ect.
5 |incision 40 1 0 0 1 0 o 1 2 1
ig I I W Tect. 3
10 l I . M Tect. 4
o
Incision Incision Incision Incision Incision M TOTAL
1 10 20 30 40

linear direction, that follows the previously
located productive horizon. This drilling is
done in order to obtain more specific
information about the depth of the productive
horizon and to confirm the previously obtained
findings. In this part, the marble mass shows
greater compactness. Rarely, in some places,
fissure from systems (NW - SE and NE - SW)
characteristical of the other part of mine, do
not generally appear.

Figure 4. Positive borehole B 1/11

At certain parts, a minimum occurrence of sub
— vertical fissures of fissure system (I - W) and
some open fissures that follow the
stratification, are noted. In the upper parts, near
the exploitation field, we have the appearance
of damage that is not consistent with the
known fissure systems and probably it is
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damage to the marble due to blasting
operations, which are often used in the process
of exploitation. With this drilling, it is
concluded that in this part of the mine, a
compact part of the marble mass is located,
which is marked and limited as a positive
horizon. (fig.5).



@®- Negative borehole
@ - Positive borehole
- Measurement of crack
® - Negative zone
O- Compact zone
+*" - Borders of pozitive horizon

Figure 5. Spatial position of points of investigations in mine — Belovodica

With summarizing the results of exploitation

profile (AB) is produced, which is placed in

and geological investigations, geological the center of the compact horizon (Fig. 6).
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Figure 6. Longitudinal profile (A-B) of the positive horizon. 1 - Confirmed reserves, 2 - Potential reserves, 3 -
Calcite marble, 4- Surface, waste material.

Reserves of white dolomitic marble

Calculation of the reserves is made using 3 — D
software and CAD software package. The total
amount of material in place, Qt = (L2 x P) is

designed, in correlation with the current
method of exploitation and the needs for
sufficient space for effective and safe

operation.
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The coefficient of utilization (R1) in the
productive horizon is obtained as a product of
the results from exploitation and geological
investigations.

Because of the rapid change in the
compactness of marble mass, the reserves of
compact white dolomitic marble are classified
into two groups: confirmed and potential.



Table 3.

RESERVE CALCULATION

R1 Comercial Block [Tombolons Rt
Levels| P(m? | L1(m) | (%) [ Q1 (m3) | material (m3) (m3) (m3) L2 (m) | Qt (m3) | (%)
1108 1000 0] O 0 0 0 110] 110000| 0,0
1102 720 5| 10 3600 360 216 144 100] 72000| 0,5
1095 600 15| 20 9000 1800 1080 720 90 54000| 3,3
1088 1100 15| 20 16500 3300 1980 1320 80[ 88000| 3,8
1082 1400 15| 20 21000 4200 2520 1680 70[ 98000| 4,3
1076 1200 15| 20 18000 3600 2160 1440 60[ 72000] 5,0
1070 1100 15| 20 16500 3300 1980 1320 50[ 55000| 6,0
1062 1000 15| 20 15000 3000 1800 1200 45|  45000| 6,7
1056 900 15| 20 13500 2700 1620 1080 40| 36000| 7,5
1050 800 15| 20 12000 2400 1440 960 40| 32000 7,5
1044 700 15| 20 10500 2100 1260 840 40| 28000 7,5
1038 600 15| 20 9000 1800 1080 720 40| 24000 7,5
1032 500 15| 20 7500 1500 900 600 40| 20000 7,5
TOTAL 19,8] 152100 30060 18036 12024 734000| 4,1

Confirmed reserves (m?3) 13000 7800 4680

Potential reserves (m3) 17060 10236 7344

* P — the surface area of the productive layer, L1 - the width of the productive layer , Q1 — the volume of the productive layer, L2 — the
width of the work surface, Qt - the amount of the demolished volume on-site , R — coefficient of usage.

Reserves in "Belovodica" mine are estimated
at 30 000 m* compact white dolomitic marble,
13 000 m? of them are confirmed by the results
of explotation and geological research and 17
000 m?® are assumed.

CONCLUSION

In the process of geological research, the
obtained results indicate that in "Belovodica"
mine, is exploited quality white dolomitic
marble with excellent physical — mechanical
characteristics. The main problem is the
tectonic damage to the marble, mainly caused
by a network of the cracks from the systems
(NW - SE and NE - SW).

With analysis and interpretation of the research
results, it 1s found that there is a belt of
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Abstract

The study will show quantitative features of the latest researches performed on samples of coal from the site
Negotino. In the area of the coal deposit Negotino coal quality was assessed by making more types of chemical
analysis like: basic analysis, analysis of chemical composition and melting of the ash, performing petrographic
analysis, grinding level of coal etc.. In order to show the results of technical analyzes of coals in more
picturesque way, in the section that follows are given medium calculated values for each category of stocks,
groups of categories of reserves in the entire site, using certain methods which involves the cumulative amounts
of coal as well. Quality is homogeneous, petrographical determined as kutikulin - duren. Macerals are presented
with xylene and poluxylene with presence of resin parts in it. Based on the values of qualitative parameters of
coal it could be concluded that this is soft brown coal (lignite)

Key words: qualitative features, brownish coal, chemical composition, macerals, site Negotino, top heat value,
bottom heat value, petrographic composition.

INTRODUCTION

The coal deposit Negotino is situated in the In the second half of last century, knowledge
Central part of the Tikvesh wvalley, 2-3 of the existence of coal in Negotino area were
kilometers south from city Negotino. Altitude obtained by performing the first researching
of the site is 200-340 meters with 25 km? of digs in 1951. But first research boreholes were
surface situated among the following villages: performed in 1954/56.

north-west from Timjanik, south-west from During the 1954's is started performing of
Tremnik, south form Dolni Disan and west research drilling.

form villages Marena and Glisic. In 1979 more additional geological researches
The first scientific treatment of geological were conducted to define the hydrogeological,
problems in this area are analyzed in the work geomechanical and tectonic features of the site
of Cvijic (1906), a fundamental tectonic and to re-categorize the mineral reserves of
geological study, especially in the eastern coal and place it in a higher category. In 1982
section are given by Kosmat (1924). another additional researches were performed
Researches till World War are focused on with same goal, to explore a particular area of
certain areas, so Bonchev (1920), Maric (1938, the site with starting with opencast PC 1 and
1940), Baric (1936) with great accuracy speak PC - 2 and run a re-categorization of mineral
about petrographic composition of granites, reserves in the limited area of the site.
gneisses, mica and other rocks. After the In the period 2008 - 2009, additional
Second World War researches are conducted geological researches were made by the
by Jenko (1946), Antonovikj (1951), Ivanov Construction Institute of Macedonia in order
and Stojanovic (1960), Izmajlov (1958, 1960) to thoroughly reviewing the hidrogeological
Pavlovic (1958), Ciric (1952) and Temkova engineeric geological features of the site.
(1958) and others. With the making of basic

geological map of Yugoslavia, the authors of GEOLOGICAL FEATURES

the  paperwork ,Prilep”  (Rakichevikj, In geological composition of the deposit
Stoyanov and  Arsovski, 1965) and Negotino are participating sediments from top-
“Kavadarci” (Hristov Karajovanovikj, Eocene flish serie, Pliocene lake sediments,
Strachkov, 1973) in the Interpreters they give Pliocene - Pleistocene limestone and
detailed info of the processed lithological travertine, deluvial and alluvial sediments and
composition of rocks from the paperwork river terraces (Figure 1).

“Prilep” and Kavadarci. Of all the sediments of top-Eocene flish series

in this part of Tikvesh basin, the upper zone of
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flish is most prevalent, have the most of space
and greatest thickness (more than 2500
meters). The area around the river Vardar is
composed with the same sediments, whereas
in Rosoman, Trstenik and Manastirec are
covered by sediments of the Pliocene (Fig 1).
According to lithological composition two
subunits are allocated: down unit represented
by sand areas, conglomerates and rarely lime,
and upper unit represented mainly by clay,
marls and rarely sand areas. In the lower sand
area according to colour of sand we can find
gray and yellow sand, which are in specified
boundaries.

The upper unit has the most expressed flish
characteristics. The lowest article of
sequences is with large grained, and the
highest with low grained. In different
sequences appear detritical or sandy, sometime
even bumpy lime. Most frequent participants
of the sequence are sand and marl parts.
Pliocene lake sediments are creating most of
the site. They are presented with a series of
clay in different colours(l pl) which was
detected in the stream in villageTremnik near
hill Svrchka and in the stream near village
Przdevo. According to all available data,
especially to the earlier mentioned sites and
drilling holes, it can be concluded that the
Pliocene sediments lie on the transgressive
marls and claystones in paleogene.

Pliocene is also presented with a series of
marls and clays with layers of coal (2PI).
Almost along the whole series is covered with
young sediments and it can be found only on
two localities: Crveni Bregovi and
Timjanichka Cucka represented by yellow -
red baked clays. South-west of the village
Tremnik on the hill Svrchka there are thin
sheets of gray marl with a total thickness of 3
meters which are on top of colorful clays
under the yellow sands. Within pliocentic
sediments a sandy series are derived (3Pl)
which has the largest regional distribution.
This series are homogeneous, consisting of
yellow sands with and sandy gravel clay and
grainy gray sand areas.

Upper Pliocene of the wider area is presented
by limestone.

Limestones occur in two striking panels that
are separated by yellow sands and
agglomerating andenzite tuffs. Just over
pliocentic yellow-gray sand, and sand areas on
height of 420 meters, lie desalinatedlimestone
(thickness 40 m), then yellow sand areas and
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sands (30 meters) andenzite agglomerating
tuffs (10 m) and finally ending with the second
limestone panel with thickness around 15
meters.

As oldest quartile sediments are considered
lake conglomerates and breccia then andezite
agglomerating tuffs, latites, proluvijal and
glacial deposits, limestone breccia and river
terraces.

The largest distribution of these sediments
have edge parts of the lake depressions, where
we have a significant amount of Pliocene
freshwater lake sediments. They are presented
by low rounded conglomerates and breccia.
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Figure 1. Geological map of coal deposit Negotino

According to the way of appearance, shape of
boulder and position in space these sediments
can be treated in two ways. First, that they are
regressive terraced forms, lake islands of the
youngest finished lake stadium and second as
a cause of major volcanic activity at that time.
Meaning , by ejecting volcanic pyroclastic
material in water, the process of abrasion was
strengthened , which caused formation of such
coarse  sediments. The  thickness of
conglomerates and breccia is approximately
100 meters.

In the valleys of the Vardar and Crna Reka we
see lower (t1) and higher (t2) river terraces,
deluvial (d) and modern alluvial (al) deposits.



Qualitative features

For qualitative parameters of coal, arithmetic
average value was calculated per boreholes
without calculating their weighted values, but

it is given a range of qualitative parameters.

Qualitative parameters of coal are shown in
according to data obtained from

Table 1
research.

Table 1. Qualitative parameters of coal

total moisture content

7,77 - 30,24 %

content of rough moisture

2,20 - 20,50%

content of higrated moisture

7,62 - 15,07%

content of ash

34,09 - 61,09 %

content of coke

52,27-71,59 %

content of C-fix

9,31 - 25,99 %

content of volatile substances

14,00 - 30,50 %

total amount sulfur 1,L17- 2,11 %
Combustible sulfur 0,50 - 1,00 %
Sulfur in the ash 0,32-1,92%
DHV 1332 - 2985 kcal/kg

Along the processing of data for quality by
samples from boreholes certain parameters
were used in of the protocols of the column
with a total moisture, while others were used
from the column with moisture in analytical
sample.

A calculation was made of the weighted values
of qualitative parameters of coal boreholes for
the whole site. When calculating the weighted
average GHV and DHYV ksal / kg have been
converted in kJ / kg.

While analyzing the individual results for the
qualitative parameters of the values by
boreholes it can be concluded that certain
values appear in a wide diapason including:
The content of total moisture borehole D-214
1s 10.26%, while in borehole D-331 is 35.61%.
The content of ash in borehole D-251 was
18:38%, while in borehole D-317 is 59.14%.
DHYV in the coal ranges from 4231 kJ / kg in
borehole D-320 to 11,382 kJ / kg in borehole
D-220.

Table 2 gives a cumulative preview of the
weighted average quality of coal for certain
categories of reserves and for the whole site.

Table 2. Cumulative summary of the weighted average quality of coal for certain categories of reserves and for

the whole site.

Qualitative parameters of coal

Categfor Geological Total ) ) ) )
reZel?ves reserves [t] [ Totalamount f o f ~ [ Sulfurin | Combustible | "\ | o o | volatile | Combustible | .o
of moisture (%] | of sulfur ash sulfur (%] (%] substances | substances [kJ/ke]

[%] [%] [%0] [%] [%] [%]

A 25.493.349 22,17 40,321 1.51 0.65 0.86 56.35 | 15.88 21.21 37.51 8166
B 36.933.339 23,73 40,7 1.46 0.48 0.98 55.78 | 14.34 21.09 35.57 7810
C, 20.058.420 24,44 4535 1.07 0.45 0.62 5491 | 12.59 19.48 30.21 6430
Total | 82.485.108 23,42 41,71 | 1.38 0.53 0.85 55.74 | 1439 | 20.73 34.87 7584

u Total amount of moisture %
B Ash %
S-fix %

B Coke

Figure 2. Histogram display of qualitative parameters of coal for A, B and C1 category
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Figure 3. Histogram display of DHV

Elemental composition of coal - To
determine the content of carbon, hydrogen and
the sum of nitrogen and oxygen (C, H and
N+QO,) in coal expressed in %, 32 composite
tests of coal were produced along with
technical analysis of the composite.

Table 3. Elemental composition of coal - Analysises
are made of composite samples of coal from
drillholes with total moisture in the sample of 2009

No Research Percentage content of Nﬂr_(:gen
drillhole individual elements
oxygen
Cr4l H Combustible N+0,
(7] [S] [%]
1 2 3 4 5 6
1 4/13 16,08 1,67 0,83 7,50
2 6/13 1642 1,59 0,66 8,90
3 8/15 19,69 2,05 0,56 1025
4 821 2198 2,05 0,53 10,94
5 10/11 16,69 1,73 0,86 7,84
6 10/15 19,39 2,13 1,18 943
7 1027 25,05 2,06 0,67 13,20
8 1029 12,06 1,34 0,36 7,04
9 1031 19,59 2,01 0,76 9,09
10 12/9 14,01 1,57 0,83 7.80
11 12331 2004 | 2,09 1,02 11,14
12 14/15 20,23 2,04 1,19 9,18
13 14221 22,76 | 221 0,71 1093
14 1427 2293 1,97 0,94 12,08
15 14/29 22,08 2,07 0,68 11,77
16 16/17 21,61 2,23 1,25 10,93
17 16/19 20,66 1,91 0,69 9,72
18 16/33 15,94 1,50 0,94 8,71
19 16/35 2438 1,93 1,55 9,83
20 16/37 18,01 1,84 0,94 9,84
21 18/7 21,24 1,98 0,80 944
22 18/9 20,07 2,02 0,94 9,29
23 18/13 1642 1,75 0,73 10,00
24 18/15 21,00 1,85 147 833
25 1817 2195 1,79 1,05 9,79
26 1821 23,00 2,10 1,10 9,67
27 18/25 23,67 1,95 143 10,40
28 1827 21,19 1,89 1,29 9,79
29 1829 20,07 1,92 0,65 10,29
30 18/31 19,94 191 092 9,54
31 18/37 13,50 1,51 045 7,93
32 20/25 17,58 1,77 1,30 9,08

Chemical composition of ash from coal.
With chemical analysis of ash from coal the
content of SiO,, Fe,05;, Al,O;, CaO, MgO,

Combustible sulfur
[%]

Combustible
sulfur %

o
in
Ay
| |

Figure 4. Histogram display of combustible sulfur
in A, B and C, category

CO;, TiO,;, P,Os, Na,O and K,O are
determined and expressed in %. Ash contains
products of thermal and chemical changes of
mineral substances as parts of solid fuel during
its combustion. 20 composite tests were made
during 2009 and the results of tests are shown
in Table 4.
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Figure 5. Histogram display of the percentage
content of C in the coal deposit Negotino

e

L T R . . T . R T T T, T I P )
!‘\-\. s\x -9\» -9\“ ‘Q\ﬂ; -»"\% ‘n\"' \h\w \h\\ ”‘Qﬁ \%\w“x @x “51. \é\ \d\

Ressarched borehole

Figure 6. Histogram display of the percentage
content of N and S in combustible coal from the
coal deposit Negotino
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Figure 7. Histogram display of the percentage
content of N + O, in the coal deposit Negotino



Table 4. Percentage content of individual chemical compounds obtained in analysis of ash from coal in 2009

Number (lilese.arched Percentage content of individual components
rilling hole Si0,, | FeO, | ALO; | CaO | MgO | SO, | TiO, | POs | N0 | K0
1 2 3 4 5 6 7 8 9 10 11 12
1 6/13 6480 | 998 932 | 627 | 317 | 379 | 006 | 089 | 079 | 092
2 821 4750 | 459 | 2133 | 1233 | 603 | 562 | 010 | 108 | 058 | o082
3 1011 6494 | 938 | 1233 | 518 | 186 | 322 | 009 | 095 | 089 1,18
4 10/15 63.8 | 878 | 1024 | 631 | 311 | 47 0.1 108 07 103
5 1027 3486 | 858 141 | 2395 | 648 | 938 | 008 | 114 04 092
6 1031 6040 | 858 | 1184 | 729 | 525 | 359 | 008 | 09 | 088 1,12
7 129 5560 | 858 | 1086 | 1029 | 839 | 318 | 009 | 092 | 090 1,14
8 14/15 59024 | 878 | 1083 | 1049 | 342 | 430 | 008 | 086 | 094 1,00
9 14129 4782 | 699 | 1931 | 1065 | 652 | 564 | 0l 100 | 080 1,06
10 16/17 6074 | 878 | 1202 | 700 | 335 | 515 | 010 | 100 | 076 | 094
11 16/19 5434 | 778 197 | 645 | 512 | 392 | 01l | 09 | 06l 096
12 16/33 6006 | 958 153 | 556 | 385 | 294 | 009 | 101 | o068 | 0%
13 16/35 5752 | 998 | 1472 | 575 | 423 | 477 | 010 | 001 | 07 098
14 1637 5518 | 898 | 1969 | 580 | 361 | 395 | 008 | 100 | 070 | 090
15 18/7 5764 | 998 | 1543 | 518 | 445 | 457 | 006 09 0.76 1,01
16 189 6368 | 918 | 1335 | 420 | 327 | 363 | 008 | 099 | 060 | 09
17 18/17 6088 | 818 | 1595 | 543 | 333 | 328 | 008 | 099 | 080 1,00
18 1821 5200 | 758 | 20227 | 575 | 496 | 449 | 009 | 111 | 070 | 095
19 1829 5852 | 9.8 163 | 585 | 346 | 394 | 007 09 078 | 095
| 20 20025 5014 | 1098 | 2063 | 687 | 447 | 38 | 007 | L2 | 08 | 104 |
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Figure 8. Percentagé content of Si0,, Fe,05 and Al,O; in ash from coal deposit Negotino
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Figure 9. Percentage content of CaO, MgO and
SO; in coal ash deposit Negotino
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Figure 10. Percentage contents of TiO,, P,Os and
K,0 and Na,O in ash from coal deposit Negotino
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According to the presented values for the
content of individual compounds it may be
noted that in the coal ash dominant is SiO,,
than Al,O;, CaO and Fe,O;. Due to the high
content of SiO,, the ash is characterized as a
strong acid.

PETROGRAPHIC CHARACTERISTICS

The coal is of humus origin and is with
distinctive line-form where as the main
ingredient appears to be durene. Petro-
graphically coal is determined as kutikulin
duren composed mostly of fine cuticules.
Lastly included are resin bodies which are part
of xylene or are scattered across durene. Rest
mass of durene constitute of line-form
opakoides and mineral material. More over the
ingredient duren contains layers of macerals of
xylene and xylene klaren that are far less
prevalent and almost anywhere without resin
bodies. More often this sites appear roundish
without structural material (opakoides) that
indicates of vegetabile origin of coal or from



the same mineralogical nature. Macerale
xylene is semixylene originating from poorly
plants with form of tree. Quantitative
petrographic analysis indicates that the coal is
poor in macerale rezinite and resin bodies
kutikulen duren is relatively poorly present.
The low percentage of xylene which often
passes klaren and who is often without resin
bodies can compensate the lack of rezinite.
The petrografic examination is without doubt
proven the genesis of autochthonous origin of
coal, which indicates the peaceful and proper
stratification of individual petrographic micro-
ingridients, macerals. Coal is originating from
humus substances in which except lignin cell-
ulose participates too (cellulose lignin-coal).

CONCLUSION

The area that occupies the site is a central part
of Tikves basin and it is exceptionally with
low hills. Tikves basin where the Negotino site
belongs is in the Vardar zone. Basically
paleorterrain the basin has the form of graben,
created by radial tectonics during herzin
orogenezis. Analyzing the individual results
for the qualitative parameters of the given
values by boreholes can be concluded that
certain values appear in a wide range
including: The content of total moisture in
borehole D-214 is 10.26%, while in borehole
D-331 is 35.61%. The content of ash in
borehole D-251 was 18:38%, while in
borehole D-317 is 59.14%. DTV in the coal
ranges from 4231 kJ / kg in borehole D-320 to
11,382 kJ / kg in borehole D-220. According
to the reported values for the content of
individual compounds it may be noted that
coal ash is dominant and then SiO2 Al203,
CaO and Fe203. Because of the high content
of SiO2, the ash is characterized as a strong
acidulous. Coal deposit Negotino mikrolitotip
was created by the lowest degree of
carbonation with xylitene composition and
rare presence of kutinite, sporinite and
skleotinite. Detrit gelo is present in small
amounts, and formed of detritus texts with
sporadic structure gelinite with great presence
of resin bodies. In a number of samples Detrit
gelo was built by detrinite with resin bodies
and colonial bacteriological pyrite. The goof in
coal has silicate — carbonate composition with
coal detritus of nature or more political terige
quartz with alevrolitichal size of the grains.
Generally, coal from Negotino site has lowest
level carbonation and converting tissue in form
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of tree to gelificated state of detritus-tex with
transforming the detri-gel and makrolitotipe in
the highest degree of carbonation which is a
tekstit-gel.
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INPUMEHETA METOJOJIOT'NJA HA HCTPAXKYBAIBATA HA
HAOI'AJIMIITETO HA JATJIEH MAPHOBO,
JIOKAJIUTET C. BEHINIITE

3opan Joues'

"“Teoxuopounocenepunz”, yn. Teodocue Ionozarnos 6p. 132,
Crkonje, P. Maxeoonuja, ghi-vslj@unet.com.mk

AncrpakTt

Kako mro e HaBeneHO M BO CaMHOT HAClIOB Ha TPYJOT NpE3eHTHpaHa € NpHMEHeTaTa METOJOJIOorHja Ha
UCTpaXKyBamara, KOM MMaa 3a [eJl JeuHUpame Ha CUTE MOTPEOHH IMapaMeTpH Ha JISKHUINTETO 3a U3padoTKa Ha
noTpeOHaTa MHKEHEPCKOTEOJIONIKA, XUAPOTe0JI0IKa M TeOMEXaHNUKa JOKyMEHTallja Koja 01 moCiTyKuia Kako
OCHOBa 3a M3pa0oTKa Ha MHBeCTHUIIMOHA NIporpamMa U HaTaMOIIHa IpuIpeMa Ha Pynapcku npoekty, co mro 6u
ce coryeqalie HHBECTHIIMOHUTE BIIOXKYBamka, HEOMXOIHHU 3a pealn3anyja Ha cuTe moTpeOHu (da3u Ha paboTa 3a
OTBapame, OJHOCHO eKCIUIoaTalfja Ha HaoramumTeTo. McTpaxyBamaTa Ha HAOTaJHINTETO CE BPIICHH BO
HEKOJIKYy HaBpaTH BO M3MHHATHOT NEPHOJ 3a LITO IOCTOM M3pa0OTeHa OKyMEHTalja ol cekoja (asza Koja
IOCIY)XKM Kako IIOjIIOBHa OCHOBa 3a IPOrpaMHpame Ha ONTUMAIHHOT ()OHA Ha HOBH HCTpaXKyBama 3a
JOMCTpaKyBamke Ha HAOTAIMIITETO W NPEKaTeropu3nparme Ha HETOBUTE PAcIONOXKHMBH PE3EPBU O IOMasla BO
rorosieMa KaTeropuja, 6JarofjapeHue Ha NorycTyBambe Ha UCTparure.

KJIy‘-IHl/I 360p0BI/I: XUAPOreojouKa, rcoMmexanmn4ka, eKCHJ’IO&TaHI/Ija, HaOfaJ’IHHITC, MMpeKaTeropusnpame, (I)OHﬂ

BOBE]

UctpaxxyBamaTta KOM C€ CIPOBENOa BO TEKOT KajJie c€ BKIyUYCHH CHUTE JAPYTH MPETXOAHUTE
Ha 2009-2010 ronunHa umaa 3a Len Aa CTBOpat co3Hanuja. PesepBure om A Kareropuja ce
peayciaoBu 3a wu3paboTka Ha [ aBHHWTE camo 1.487.599 Toma, B-kareropmja ox
PYAapCKH MPOEKTH W IEOKyIHaTa MmoTpeOHa 10.199.000, a ocTaHATHOT HAJTOJIEM JIEN CE BO
JOKyMEHTaluja, co INTO JeHNUAHO Ou ce C1 kareropwja.

MOTBPIIMIJIa MOXKHOCTA 33 OTBApame Ha PyIHUK Wmajku ro Bo peaBH OBOj MOCTUTHAT CTETICH
W Jpyrd O0jeKTH, a Bp3 OCHOBa HAa TEXHO- Ha OCO3HACHOCT Ha JISKHINTETO M TeOJIOIIKATa
C€KOHOMCKM M JpPyTH TPOEKTHH aHAIU3U 3a JOKaXaHOCT 32 COOJBETHUTE KaTEropuu Ha
WCIIATIAMBOCTa 3a eKcIloaTaluja Ha OBa pe3epBU, OYMIVIEAHO € JeKa € MOTpeOHO
JISKUILTE. COOJIBETHO JOUCTPaKyBambe co
OBue ucTpaxKyBama ce CIpOBeleHH Bp3 0a3za MOBEKEHAMECHCKH HCTPAXXHH W HCIUTATEIHU
Ha mpeTxonHo m3paboreH [IpoekT Bo Kkoj Oea paboTu, a CcO CTemeH KOj € YCIOBEH Of
nepuHUpaHu HCTPaXHUTE pPAOOTH IO BHL, IIPUIIAZIHOCTA HA PE3EPBUTE KOH OAPENEH TUII
o0eM, JIoKallMja, HAauWH Ha U3BEIyBambe W Jp., Ha KaTeropuja.

O]l TEOJIOIIKH M TEOTEXHUYKU acIleKT, IITO € 3a Taa men oBaa TOAMHA CE€ CIPOBEACHU
OWUTEeH IpeaycloB 3a N0OMBAaKkE HAa COAPXKAJHU JOTOJHUTETHN HUCTpaKyBamka Ha Haorla-
U OICTOJHM IIOJATOLM 3a CO3HaHWja 3a mumTero MapuoBO COTJaCHO CHOMEHATHOT
Te0JIOIIKaTa rpaznba, TEKTOHHUKATA, IIpoekt, a ce co men pga ce nepuHHpaaTr
WH)XEHEPCKOTCONOIIKUTE, XHUAPOTCOIOMIKHUTE pes3epBu Ha jarneH o A u B kareropwuja, xou
U TeOMEXaHWYKUTE OJUIMKU Ha TEPEHOT, a CO Tpeba na OuaaT NPOLEHTYAJHO 3acTaleHu
caMoTo TOa OM ce jgobune peneBaHTHH npubmmkHo  okomy 70% om  BKymHHUTE
napaMeTpH 3a MpOoeKTHpame U pa3paboTka Ha eKcroaTanionn pesepBu. Co mpuMeHa Ha
TEXHOJIOTHjaTa Ha UCKOIOT Ha jarieHoT. MPEIBUICHUTE UCTPAXHU MOCTAINKH, Tpeda na
Co JOCETAIIHUTE HCTpaXyBama BO ce moOujaT W MeEpOoJaBHM TlapameTpu 3a
JEKUIITETO MapHoBO JOKaKaHU CE pe3epBU MPOEKTHpame M pa3padoTKa Ha COOJBETHA
Ha jarmeH oxn A+B+Cl kareropwja of TEXHOJIOTHja Ha HWCKON Ha jarieHoT. Taxa,
111.269.840 Toum. IlomaTommrte ce majacHU Tpeba na ce o0e3bemu neduHMpPAHOCT Ha
ciopen  Emabopar wm3paboren onx I[U CJICTHUTE aCIICKTH:

“Maxenonuja” ox 1985 romuHa, KoOj MOXKe Ja
Ce CMeTa U Kako mocieaHa ¢asa o1 HCTparure,
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® peaHu M MEPOJIABHU MH)KEHEPCKOTCOIONIKH
M TEOMEXaHWYKH TapaMeTpu 3a  CEKOj
JINTOJIOIIKHU YJICH U KOMIIJICKC KaKO IICJIMHA,

® NeUHUPAHOCT Ha XUJPOTEOIOIIKUTE
MapaMeTpu 3a CEKOj JUTOJONIKU WieH U
KOMIUIEKC KaKo LEJIMHA,

e nepuHEpame Ha OpOjOT HW BHIAOT Ha
M3JTAHCKUTE 30HH (aKO MOCTOjaT) CO CUTE TOT-
pebHM mapaMmeTpu (30HM Ha TPHUXPAHYBAmbE,
MpaBIM Ha JBIKEHC HAa TOJ3EMHUTE BOIH,
XEMHUCKHOT COCTaB, Cy0apTecKH MPUTHCOIH,
MPOTHO3a HA JUHAMUYKHTE W CTATUYKHTE
pe3epBU Ha M3JIaHCKUOT TEK U JIp).

o nedrHUpame Ha crierupUIHNTE
SKCIUIOATAIMOHNA  YCIOBH Ha  JIKHINTETO
(TacOHOCHOCT M caMO03alaJIiBOCT Ha jarjieHoT,
eKCIUTO3MBHOCT M arpeCHBHOCT HA jarjieHOBaTa
MpaniMHa, CKIOHOCT Ha JISKHUIITETO 32
n30MBamke Ha TaCOBH, CKIOHOCT KOH TOPCKH
yAapH U Ap.).

Bo kpajuara ¢asza on uctpaxypamara Tpeda
Ja Ompar aHAIM3HpPAHW  YCJIOBHTE 32
CTa0MIIHOCT Ha TEpeHOT Bo (a3a Ha
eKCII0aTaluja, MOKHOCTA OJ1 [10jaBa Ha pa3HH
HEeCcTaOMITHOCTH, NMPOTHO32 Ha MEXaHH3MHUTE,
MUHAMHUKaTa ¥ MaHu(ecTalMjaTa Ha BaKBHUTE
MojaBU, YCIOBHUTE 3a HCKON, 3allTHTa Ha
MCKOTIOT, )KUBOTHATa ¥ pabOTHA CpeHHa U JIp.

I'EOJIONIKHU UCTPAKYBAIbA

[eonomkure WCTpaxkyBama BO pPaMKHTE Ha
MapHOBCKHOT IUIMOIICHCKH 0aceH ce BpIICHU
BO HEKONKY (aszu, of pasIuueH acmekT M
HameHa. [lokpaj permoHaJHHTE TEOJOIIKU
UCTpaXkKyBama KOU Ce M3BPIICHH 3a MOTpeOHnTe
Ha m3pabdoTka Ha OI'K Ha nmuct Buronumite Bo
Mepka 1:100 000 ke rm cHnoMeHeme
HAMEHCKUTE TEOJIOIIKH HCTPaXKyBama KOU Ce
M3BeZeGHM co uen  gepuHMpame — Ha
HAOraJMIITETO M YTBpAYBalke Ha pPYAHHU
pesepsu. [lokpaj reonomkure, U3BEACHH Ce U
onpeneHn pynapcku pabdoru. Mcrpaxysamara
ce BpIIEHH 01 OBEKE T'€0JI03H U TOa BOTIABHO

BO  paMKUTe Ha  NPOydYyBameTO  Ha
MOLIMPOKHUOT PETHOH.
Co wm3paboTkara Ha TreoJOIIKAaTa KapTa

1:10.000 geTanHo € pacwsieHET IIUOIEHCKUOT
CeIMMEHTEH KOMIUIEKC, a W3ABOCH € U
MPOAYKTHBHUOT XOPHU3OHT, KOj TOHATaMy €
UCTPaXyBaH CO KOMIUICKCHH TEOJOWIKH |
pynapcku paboru. Bo mpara ¢daza ox 1974
TOJIMHA CE M3BPIICHHU CICIHNATE NCTPAXKYBAbA:
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- 'eosiomko kapTupame Bo M 1:10 000

Co 0BOj BUJ HA KapTHpPame IMPOIYKTHBHHOT
CJI0j € TpecedeH CO HEeKOJKY MpPOQHIN BO
Buronumika peka, 3agHa peka U eleH MOTOK
KOj ce Haora jy>XHO on ceno Buronumire.
leonomkoTo KapTUpame € U3BPIIEHO Ha
noBpmmHa ox 30 km2 W TOa BOTIABHO BO
LIEHTPAITHUOT W CEBEPOMCTOYHUOT JeN Ha
Buronumikuor mimnoneHcku 6aced. Ciojor Ha
jarieH BO 30Ha Ha cenoTo Buronmmre, Ha
OJIpEZICHU IETIOBU ce 3a0elieKyBa M Ha IOBp-

LIMHA Ha TePeHoT (ciuka 1),

Cauka 1.

DOTO-CHMMKA HA M3/IaHOK Ha jariieH-
JIUTHUT BO centoto Butomnumrre ( ipen
MOCTOT Ha peka KpaBamTuHcka)

- I'eonomka npocnexnuja Bo 1: 25 000 e
n3BpiieHa Ha nomkuHa o1 20 km u mo oBoj
BHJ Ha HUCTpaXyBame€ BO IOJHHOT TEeK Ha
[Nonmuumika peka € KOHCTaTHUpaH jarjJeHOCEH
XOPH30HT co AebennHa peky 10 m.

- CTpykTypHO aym4yeme BO oBaa ¢aza ¢
U3BPLICHO IIPEKY ABE CTPYKTYPHHU NyIIHATHHH,
opu mTo Oeme  yTBPAGHO JeKa  BO
MapuoBckHOT 0aceH TOCTOM CaMoO elleH
jarJIeHOB CJI0j.

- [oBpmmHCKUTE MaHH(ECTalUU Ha jarjcH
Oea packomaHu, 3a J00OWBame MOJATOIU 3a
ITabrWHAa Ha TIPOCTHPAE HA CII0jOT.

Co wucnuTyBamara ce JOOWEHU CIICAHUTE
pe3yaTatu:

- VYTBpAEHO € MOBPUIMHCKO IIOCTOEHE Ha
jarJIeHOB CJIOj ¥ TOA Ha MOBPIIKMHA OJ OKOIYy 8
km?.

- Packomann ce um ompobaHW TMoOjaBUTE Ha
jaryeH.

- Co CTIpyKTypHO Jymyeme YTBPIEHO ¢
[IOCTOCHE Ha €/ICH jarJeHOB XOPHU30HT.

Bp3 ©0a3a Ha goOuWeHWTE  TIO3UTHUBHU
pe3yarat, BTopata ¢asza ol HCTPaXKyBambETO
Oelie OpHEHTHpaHa KOH Toa JAa Ce YTBPIU
MIPOCTHUPAHETO Ha jarJIeHOBHOT XOPH30HT. 3a



Taa 1en Bo 1975 roauHa U3BpIIECHU ce BKYITHO
15 ucTpakHu IyMHATHHU HA pa3BHEHa Mpexa
3a uctpaxso aynuewe 500 x 600 meTpu.
Tperata ¢a3za Ha wuctpaxysamero 1976
roauHa, Oelle OpPHEHTHpaHa KOH IMPOLINPY-
Bamke Ha MCTPAXKHOTO I0JIE KOH 3aMaJHUOT U
JYTOUCTOYHHOT Nl Ha OaceHoT. 3a Taa Ien
Oemre m3paboTeHA HAMEHCKA T'eOJIOIIKa KapTa
M=1:10 000 ra 90 km?>. Kako cocTaBeH mei Ha
Kaprata wu3paboTeHa Bo Taa ¢aza, Oemre
pasBUEHa Mpexa 3a UCTPAXHO MYITUYCHE, MPU
mro Oea m3mymyenu 25 nymHatuHd. Co HUB
Oemie 3a0KpyXaHO pPYJHOTO TelO KOH
3armagHIoOT ¥ UCTOYHHUOT /1€ Ha OaceHOT.
Yerpprata (pa3a Ha UCTPAKYBABETO €
u3BpiieHa Bo 1977 romuHa, co men neduHU-
THBHO Ja C€ OKOHTYPH PYAHOTO Teno. 3a Taa
nen Oea W3MyMYeHW BKYNMHO 13 mymHATHHW,
Taka MITO LETHOT jarjJeHoceH MapuoBcku
OaceH e mcTpaxkeH Bo Hajroiem nen go Cl
pe3epBH, a 1eIyMHO U o1l B pesepBu.

Ilerata ¢aza e Bo nepuonot ox 2009 -2010
roguHa. MEeTOONOMIKUTE UCIHUTYBamka Ce
ITOCTaBEHU CO IEN Ja ce JOoOHjaT pelaTUBHU
mapaMeTpu 3a palUOHAaJHO M CUTYPHO
MIPOEKTUPALE Ha  TEXHOJOTHjara Ha
WCKOMyBame M oABOAHyBame. CoriacHo Ha
OBHE MPUHIIMIK, K& ce Jaae BHIOT U 00eMOT
Ha UCTPaXHUTE pabOTH CO KOM Ke ce omndarat
CUTE TOTPEOHH TEOJIOIKH M TEeOTEXHUYKH
acrekTH. Jlea ox ucnuTyBamara ce n3BeryBaT
Ha TepeH, 0JeKa UCTIUTyBamara Ha (PU3NIKO-
MEXaHWYKUTE CBOjCTBA HA MAaTEpHjalIUTE Ce
BpIIaT BO Ja0apaTOpUCKH yCIOBH.

- Teojomikm  KapaKTepUCTHKH  Ha
NOLIMPOKOTO NoaApayje
Co 1000EeMHUTE pErHMOHAIHU  T'€OJIOIIKH

UCTPaXyBama BO OBOj PETrMOH, M3IBOCHHU C€
Kapnu oA TpekaMOpHcKHOT —MeTamopdeH
KOMITJICKC, KaMOPUCKH KOMIUIEKC, KapIu O]
jypcKa cTapoct, TOPHO KpeIHH CEAUMEHTH U
HEOTCH KBapTEPHHU HACJIATH.

[IpexamOpuckn MeTtamMopdeH KOMIUICKC Ha
HUCTPOKYBAHUOT TEPEH € IMPEeTCTaBeH COo
TPaKacTH MYCKOBUTCKH T'HajCEBH Ha MECTa CO
MpoOOH OJ1 TPAHOMOPUTCKH HHTPY3UBHH TeJa
W MEpMEepHa cepHja.

Kam0pucku koMIulekc € pa3BueH BO OnH3HuHA
Ha c.MeJHHMIIA MPETCTaBeH CcO (PUIMTOMHUKA-
NINCTH W MEpPMEpPH KOU C€ jaByBaT Kako
TPaKacTH M JIEKECTH Tela MPETCTaBEHH CO
MOBEeKe BapHETETH HA IIKPWINH, a KaKo
HAQjuecTH ce: KBapI-MyCKOBUT-CEPUIIUTCKU
(PMITMTOMUKAIINCTH, KBapI-XJIOPUT-
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CEpUIINTCKH  IMIKPWIIH, XJIOpUT-aMpuoo-
SMUAOTCKU LIKPWIIH, KapOOHATHU MIKPHJILIH,
LUITOJIMHY U JIp.

Jypcku jypcku TBOpOM Ha OBOj MTPOCTOP
3acTarneHu ce OQPHOINTCKH KaplH MOBP3aHU 32
TEKTOHCKaTa 30HA MOYHYBajku ox c.l'yrakoBo
npeky c.Butonumre, c.Ilomuumre go Ilpna
TymOa. Bo oBaa rpyma Kako JOMHHAHTHU C€
jaByBaaT TEMHO 3€JICHUTE CEPICHTHHUTH BO
KO ce 3a0enexyBaT PENUKTH OJf OJMBHH MU

MTUPOKCEH.
l'opHOKpenHH CeAMMEHTH HMaaT IIHPOKO
pacmpocTpaneHue Ha o0Boj mpocTtop. Ce

jaByBaaT MOMAJIKy OJl TYPOHCKA, a IOBEKE OJI
CCHOHCKa cTapocT. Ha 0a3a Ha JHMTOJIOIIKO-
GbanujanHuTe KapaKTePUCTUKU PACUIICHETH Ce
HEKONKy (armu, a Kako TMO03acTaleHu ce
cpekaBaar:

e [Tecounumy, rTHHIH 1 KoHrToMepaTH (K’3)

412
o [Limouectn u 6GankoBuTH BapoBHUIM (TK)

Komniekc Ha HeoreHH W KBapTepHH
CeTUMEHTH U BYJIKAHUTH

Bo moceramnara nutepaTypa OBHE CEIUMEHTH
ce cMeTaa o]l TOPHO TUTMOIIEHCKA W TUIHOIICH-
KBapTepHa cTapocT. MefyTroa co HajHOBHTE
pacuieHyBama Ha HEOTCHUTE CSAMMEHTH KaKo
u crnopen muciewmara Ha H. JlymypuaHos
KOMILICKCOT Ha TMPOAYKTUBHATA jarjieHOBa
cepuja u QopmManujata Ha YaKald MECOUH U
mHE - Tpeba ma OuagaT BOBPCTEHH BO
TOPHOMHOIIGHCKATa  CTapoCT.3acTalieHu  ce
yIITE: CUBH U CHBOKa(eaBH NMECOLM CYTIIMHHA U
mopetko yakamu (Pl;), BynkaHoremm U
OUTPOBUTH ceTMMEHTH.MoJKaT 1a ce M3IBOjaT
cnenuuTe GopMaIii Ha OBOj KOMILICKC:

e dopmanyja Ha Yakany necouu U rimHu (M;)

e dopMarrja-jaricHOB
aneBpoauTy (M;)

CJ0j, Tpemenmdn u

e Yakam, necorw u cyrman (Pl;) JlemyBuym
(d)
¢ BynKaHOT€HO-CETUMEHTHH

(PLQ)

e KBapiiaTutcku ariiomepaTt v Ty(poBu (o)

TBOPEBUHU

o KBapmnaturcku 6peun(®’)

e burpoBu, TpaBepTHHH W MEpPMEPEH OHHKC
(PLQ)

o [IporyBuym (pr)

o AnyBuywm (al)



KOHULEIIINWJA U METOJOJIOT'HJA
HA HCTPAXYBABATA

[TocToeukara mpoOeMaTHKa BO
HAOTaJTUIITETO 3aciyxyBa  ceorndareH
TpeTMaH oj cuTe acnekTu. Bo oBoj cmmcorn,
HUCIIUTyBamaTa €€ MCETOHOJIOIIKKU ITOCTaBECHU
CO 1T J1a ce A0OujaT peleBaHTHH MapaMeTpH
3a pPalMOHAIHO M CHTYPHO INPOEKTUpAme Ha
TEXHOJIOTHjaTa Ha KCKONI W OJBOAHYBAamE.
Konuenmujata koja e mpeTcTaBeHa OBIE €
3aCHOBaHA Ha CIICIHUTE OCHOBHH IPHHIUITA
IPU HCTPAXYBambe:

-IIPUHIUIT Ha ITOCTAITHOCT

-IIPUHLUI HA [EJIOCHOCT

-IIPUHINI HA PAMHOMEPHOCT

-IIPUHIINI HA PalliOHATHOCT(EKOHOMHYHOCT)
CormnacHo Ha OBHE NMPUHIMIIK, JaJeH € BUAOT

n 00eMOT Ha UCTpaxHH paboTH KoM
ceompaTHO TH TpEeTHpa CHUTE TOTPEOHHU
TCOJIOIIKA M TEOTEeXHHWYKH  ACIEKTH.

UctpaxyBamara ce U3BEICHH BO TEPEHCKH U
mabopaTopucku ycinoBru. Bo TepeHCcKH ycioBu

ce M3BEACHH JAyMYaykuTe paboTH W
XHIPOTEOJIOMIKUTE UCIIUTYBamka, a J0JeKa BO
na00OpaTOpUCKH  yCJIOBU €€  M3BEICHHU
UCIIHTYBakaTa Ha (U3NYKO- MEXaHUYKHTE
CBOjCTBA Ha Marepwjaiute (Kako Ha
HETMPOOYKTUBHHUTE jaJlOBU CJOCBH Taka M Ha
MIPOTyKTHBHUOT jarJeHoB CJ10j on

KBaJIMTATUBHO-KBAHTUTATUBEH  aCleKT U
XeMHCKH aHajJW3d Ha TMOA3EMHH BOIU. 3a
paspelryBame Ha CIIOMEHaTaTa mpo0ieMaTnka
MPOEKTUPAHU C€ ¥ U3BEJCHM IOrojieM Opoj Ha
WUCTpaXHW  JYNMHATHHH HA  JIOKAJIUTETOT
Bemmmre  mamern  Bo  Tabema  Op.l.
UctpaxHure IymHATHHN Ce€ W3BEACHH 110
KBagpaTHa npoduicka Mpexa 250 x 250m u
500x500m. Bo ceBepo-3amagHUOT A€l Ha
peoHoT bemmmite, W3BeAEHHW C€ WCTPaKHU
JyTIHATHHYU Ha MOTycTa Mpexa. PacTojaHueTo
Ha WCTPAKHUTE AYMHATHHU € OJPEICHO O]
KpUTCpUYMHTE  3a  KjJacupuKanmja u
KaTeropuszalyja Ha pYyJHUTE pE3epPBU 3a
olpelieHN KaTteropuu Ha pesepu. Ce BpIH
TeOJIONIKO KapTupame, ¢dororpadupame, u
onpoOyBarbe HAa W3BAJACHOTO jaipo, OI
NyTHATUHKUTE. MI3BaJICHOTO jarjieHOBO jaipo ce
ompoOyBa CEKIUCKM BO 3aBHCHOCT O]
nebennHaTa Ha jarJICHOBHTE CJIOCBH  CO
(dbopMmupame Ha mpodu co aedenuna on 1-5m.
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Bo mormen nHa Mecrara 3a 3eMame Ha
MPUMEPOLIH, TOCTATIKATa € CIeJHA:

-32 KPOBUHCKUTE CJIO€BU Ha cekou 20Mm 1o 1
mpooa.

-071 30HaTa Ha KPOBHHCKUTE CIIOEBU KOH CE€ JI0
10 M Haj jarmeHOBHOT CIIOj ce 3eMaar mo 3
mpoOu, co orjea Ha Toa JeKa OoBaa 30Ha O
Ouia riaBHA 30HA HA UCKOTI.

Onx camuoT jarfieH ce 3eMaaT MHUHHMYM 3
poOH 32 TEOTEXHUIKH aHATU3H.

[Tox jaryieHOBHOT CJIOj C€ 3eMaaT MUHUMYM 2
npobu. HcTpakHOTO nymyeme TIaBHO ce
U3BellyBa KakO IIOBEKEHAMEHCKO H Toa!
Te0JIONIKO, HWHXKEHEPCKEOJIOIMKO, XHUAPOreo-
Jomko u reomexannuko. Co HCTOTO ce
neduHIpa reoJIoIIKaTa rpanoa "
MHXEHEPCKOTEOJIOMIKUTE, XUAPOTEOIOIIKATE
W TeOMEXaHWYKUTE KapaKTePHCTHUKH  Ha
MPOCTOPOT BO QyHKIMja Ha AnabuHa. Bo oBoj
CIIy4aj KaKO YUCTO CTPYKTYPHO-TEOJIOIIKH Ce
W3BeyBaaT HMCTPAXXHH IYITHATHHU Kaje HE ce
MpeaBUICHH XHUIPOTEOIOMIKH u
reOMEXaHWYKH HWCIHUTyBama. Mako kaj oBue
OyITHATHHE KE& C€ KOPHUCTH OCHTOHUTCKA
HCIUTaKa, CEKOTall Kora € MOXXHO Tpeba jaa ce
KOHCTaTHpaaT CHTE IOJATOIM 32 II0jaBa Ha
MoJ3eMHa BOJa, HHUBO Tocie 2  daca,
HCKadyBame Ha MUE30METAPCKUTE HUBOA O
€BEHTYaJIHU U3AaHU MO IPUTHCOK H Ap.

OcHOBHM reoMeXaHHYKH KapPaKTePUCTHKH
Co wmem wucnuTyBame Ha  (UIUUKO-
MEXaHWYKUTe OCOOMHHM Ha jarJeHOT |
MpaTeuKUTe HACIarW Ha jarJICHOBHOT CJIOj BO
HAOTaJIMIITETO, H3BPIIEHO € COOJBETHO
HUCTPaXXHO WCIHTyBamke. Bo crmomeHarute
MaTepujajd TPE3eHTHpPAHU Ce TOAATOIN 3a
cinenHuTe (QU3NIKO-MEXaHUYKH OCOOWHH Ha
jariaeHoT: BoJyMeHcKa (ys) W crenududHa
texxnHa (y), BiaxHoct (W), jakoct Ha
MIPUTHUCOK (GC) W 3aTerHyBame (Ci), aron Ha
BHaTpemrHO Tpuewe (¢°), koxesuwja (C) u
Moxya Ha enactuaHocT (E).

On 3eMeHHTE TPOOH CO UCTPAKHOTO AYITUCHHE,
BO 7a0OpaTOPUCKH  YCJIOBH CE€  BpIIH
WUCIIUTYBalke Ha (PU3UYKO - MEXaHHYKUTE
CBOjCTBAa Ha 3aCTAllCHUTE JIUTOJIOIIKA YICHOBH
U Ha MPOAYKTHBHUOT jarjieHOB cioj. Kako
NYIMHATUHH 332 TCOMEXaHWYKU TPETMaH Ce
IJIAHUPAaT UCTUTE TyITHATHHN KO K& MMaaT U
XHUIPOTEOJIOIIKH KapaKTep.



Ta6ena 1. [Ipeeneo na ucmpasicnu oynHamunu Ha 1okaiumem ,, bewuwme *
Ipoekr. |U3Ben. Koopaunari Koopmuam ue@emzma
. Ha IIPOCK TP aHA HA ¥BBE/ICHH [YIHATHHA Ha jarnen
P.6p. |bpoj Ha Jiabnna |miatnma | A HATHHH
JyIHAT. )
(m) (m) Y X Y X z
1 18XV |90 70 7566250 4558000  |7566248 4557999 |762 0,9
2 19XV |80 53 7566500 4559000  |7566497 4558997 |762  [48
3 200XV |60 51 7566750 4558000 |7566752 4558003 755 [11,5
4 19XV |75 70 7566500 4558250 | 7566498 4558234 724 |-
5 20XVI  |100 75,2 7566750 4557750  |7566750 4557751 |782  [118
6 |uUxvi |15 84,5 7567000 4557750  |7567000 4557143 [193 |77
7 XVl 115 94 7567250 4557750 | 7567251 4557750 |807 |96
8 20/XVIL 135 110 7566750 4557500  |7566747 4557508 [826 1075
9 [24/XVI [160 102 7567750 4557500  |7567760 4557492 823 [1035
0 [19XVI |120 80 7566500 4557750 | 7566504 4557757 |814 |92
11 [23/XVI |120 1243 [7567500 |4557500 |7567505 4557505 [817  [1045
12 XV [110 58 7567250 4558250 7567250 4558246 [800 |-
13 [16/XVI 130 151 7565750 4557500  |7565750 4557500 |860
@ [2XV_ 115 87 7567250 4558000 | 7567250 4558000 [832 8,35
15 [18/XVI 120 8.7 7566250 4557750  |7566246 4557749 |805 |45
16 [16/XV  [110 78 7565750 4558000  |7565751 4557999  [798 |-
17 [Te/XVII [120 1248  [7565750 |4557250  |7565750 4557240 832 |98
18 [17XIX  |200 1775 |7566000 |4557000 |7566003 4557001 |882  [10,18
19 [17XVIL [90 145 7566000 4557250  |7566011 4557248 [856 |6
20 |23/XVI_[120 7 7567500 4557750 | 7567502 4557750 [791  [9.1
21 2UXV |60 55 7567000  |4558000  |7567003 4558000 773 [127
2 [16XVI 120 132 7565750 4557750 | 7565751 4557757 |84 |-
23 26XV |200 129 7568250 4558000 7568250 4558003 887 |44
24 2UXIV' |60 48 7567000  |4558125  |7566998 4558117 |782  |1165
25 [17/XVI |120 110 7566000 4557750  |7565984 4557751 [826  [0.85
26 [IXVI |140 1288  [7566250 |4557500 |7566252 4557500 846  [11,5
27 |[17/XXI |200 180 7566000 4556250 | 7566001 4556245 [942 |4
58 [25XVIL 150 125 7568000 4557500  |7568001 4557505  [858  [9.3
29 |24/xvi [135 1305 |7567750  |4557750  |7567744 4557745 |861 [9.95
30 [19XVI [140 1512 |7566500 |4557500  |7566499 4557497 [859 |4
31 [2UXVID 135 1345  |7567000 |4557500 |7566998 4557498 [855 [9.7
2 2UXIX  |200 190 7567000  |4557000  |7566997 4556988  [898  [9,3
33 25/XIX |200 2167 |7568000 |4557000  |7568000 4556998  [949  [1035
34 24XV |190 191 7567750 4558000  |7567753 4557999  [920 [77
35 22XvI [130 1415 |7567250 |4557500  |7567254 4557503 [838 111
36 [17/XVI |140 1775 7566000 |4557500  |7566006 4557502 [879 |2
37 |[17XXI |230 2022 |7560000 |4556500 |7560000 4556530 [930 |104
38 2U/XXI |200 159 7567000 4556500  |7567001 4556507 [908 |-
BKYTIHO: 5035 4491.9

Ta6ena 2. OcHOBHM NMOAATOLM 33 (PM3HYKO-MEXaHUUKUTE KAPAKTEPUCTHKH Ha jarjieHOT

Puznyko- JynHatuna Jynantuna
MEXaHUYKI S-1G S-2G
Kapakrepuctuku | 100,7- | 102,7- | 87,5- 90,5-
102,0 | 105,6 90,5 93,9
ys (gr/cm’) 1,52 | 1,51 1,38 1,53
y (t/m®) 1,31 1,29 1,27 1,32
W (%) 80,30 | 60,80 66,50 79,71
oc (KPa/cm?) 83,90 | 74,70 89,74 | 114,76
oi (KPa/cm?) 7,30 10,50 10,60 12,05
0 (") 55,00 | 47,00 50,67 52,57
C (KPa/cm?) 14,19 | 15,50 17,27 21,02
E (KPa/cm®) 5.560 | 5.210 5.730 6.215
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KnacugukanuoHu ucnuTyBamba
® BIQXXHOCT H 30HMEHOCT BO
cocroj0a;

MIpUPOIHA

® TPaHyJIOMETPHUCKH COCTaB;
e crienpuIHA TEXKUHA;

® TPaHUIM HA KOH3UCTEIH]a;

® COJIp)KMHA Ha COTOPJIMBH MaTepHH.
JakocTHUTE mapameTpu ce ompeaeTyBaaT Ha
HEMOpEMETeHH MpodM CO  ONUTH  Ha
TpHaKCHjallHa KOMITPECH]ja O] KOHCOIUAUPAHO
HEApEeHUpaH THUI, Mepeme Ha TOPHHOT
OPUTHCOK W ONWUTH  HAa  JHUPEKTHO
CMOJIKHYBame Off KOHCOJUINPAHO JIPEHUPaH
tun. MicTo Taka, ce mpenBuayBa M3BenOa Ha
ONMMTH 32 ONpeeIyBambe Ha pe3uIyarHaTa
jakoct Ha  Martepujamure.  CTHCIMBHTE
KapaKTEepUCTUKN Ke Ce OIpelenyBaaT MpeKy
e0METapCKu HCTINUTyBama. KoeguunueHTor Ha
BOJOMPOIYCHOCT Ke Ce oOompenenyBa Ha
HEMOPEMETEeH!U TPHUMEPOLd BO IepMeaMeTpu
cOo KOHCTaHTeH mnpuTHCcOK. OnpemyBame Ha
YCJIOBUTE Ha 30MBame Ha MaTEepPHjaIUTE Ke ce
M3BeIyBaaT Ipell Cce 3a OJpeayBame Ha
OTITHMAaJTHATA 30MEHOCT HA MaTepHjaTuTe KOU
ke ce omnaraar. Ke ce mpuMeHu cTaHzapieH
nnu Mmoaudunpan PROCTOR-oB onr.

PE3YJITATU U JTUCKYCHUJA
HcnutyBama Ha jarjieHOT

OBue wucnuTyBama omndakaar KOMIUIETHA
TEXHUYKa, eJIeMCHTapHa aHajHu3a Ha jarjeHoT,
KOMIUJIETHA CHJIMKaTHa (XEMHCKa) aHaJu3a,

TOIJIMBOCT ¥ MenuBocT Ha mnenenta. Co
n3paboTkaTa Ha KOMIUICTHATA TEXHHYKA
aHajgM3a ce OJpeJyBaaT BPEIHOCTHTE Ha
napamMeTpure ~ KOM ~ TO  OINpeneNyBaat

KBaJIUTETOT HA jarJICHOT W TOA: BJlara, Iermell,
cyadyp (Bk.Ccyadyp BO memenTa M COTOpIIHB
cyndpyp) xokc, Il-¢pmkc, wucmapauBu U
COTOPJIMBH MaTEpHH, TOPHA U JIOJIHA TOTUIOTHA
BPEIHOCT.

[ocnenuure ucnutyBama on 2009/10 rox. ce
aHanM3upaa BO COBpEeMEHara jaboparopujaa
BOo Pynmapcku MHucrutyr benrpan.  Kako
KpUTEpHYM 3a TO3UTHBHA Npoda 3eMEHa €
kamopudHa  BpeaHoct on  1000ccal/kg,
omHocHO 4170kJ/kg.

ConpxxuHaTa Ha TOHJIEpHCAaHAa BPETHOCT Ha
BKYITHA Byiara u3HecyBa 36.77%, 0AHOCHO max
Bo nynHatuHata 8/XVII m3necyBa 48.69%,
momeka min BO aymHaTHHATa 215 W3HecyBa
12.47%.
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HcnuryBama Ha OA3EMHHU BOIH

HampaBeHn ce  XEMUCKM  aHaIWM3W  Ha
MOJI3EMHHUTE BOIU, KOU CE€ BPIIAT MPEI Ce Of
aCTMeKT Ha HUBHOTO EBEHTYaJIHO KOPO3WBHO
JICjCTBO Bp3 METAIUTe W a0pa3MBHOCT Ha
OETOHOT.

Tpeba nma ce coMeHe Jeka HajroieM Jell O
HaBEJCHHUTE Ja0OpaTOPUCKH HCIHUTYBama Ha
MaTepUjaInTe U JOOUBAKHETO HA MapaMETPUTE
ce MOTpeOHM 3a MeUHUPAKE HA YCIOBUTE 3a
ClIydyBame Ha TOpPCKH ymapu. MMeno, Bp3
OCHOBA JIATOJIOIIKHOT COCTaB Ha
HAOlraJIHUIITETO, bu3NUKO MEXaHUYKUTE
KapaKTEPUCTUKU Ha HEMOCPEIHATa M BUCOKATa
KPOBHMHA, KaKO M TeOpHjaTa HAa MEXaHU3MUTE

3a CIOydyBamaTa Ha TOPCKH YyJapu, U
pe3yaTaTuTe on FCOMEXaHUIKUTE
ACTINTYyBamka Tpebda Ja ce  HalpaBu

COTJICJTyBamE 32 MOXKHOCT Of] HACTaHYBamkhe Ha
ropcku yaapu. Co OBHE COTIIeNyBama HCTO
Taka Tpeba Ja ce KOHCTaTHpa HAYMHOT Ha
3apyllyBambe Ha KpOBUHATA. Kon oBwue
aHaJIM31, UCTO Taka, Tpeba Ja ce uMa MpeaBU
MOXHOCTa 3a 6a0perme Ha ToIuHATa U U30JIHK
Ha BOJa W TEYEH IIECOK BO PYIapCKUTE
MPOCTOPHH.

ConpxuHata Ha MOHJEpPHCaHAa BPETHOCT Ha
nenen usHecyBa 23.35%, OOHOCHO max BO
nynHatuHata 202 wm3HecyBa 45.3%, nonexa
min Bo aynHatuHata 105 n3necysa 12.11%.
BkynauoTr monaepucan mpocek Ha JTB kaj
mpobu co JTB >4170 klJ/kg usznecyBa 7664
kJ/kg, a kaj mpoou co JATB >6500 klJ/kg
uzHecyBa 8553 kl/kg.

JATB Bo jarnmenor ce meuxu g0 max 16058
kJ/kg Bo mymratnHara 215.

[Ipobute on HoBute pynHatuau 2009/10
rogMHa WMaaT BOEJHAY€Ha BpPETHOCT 3a
BJIaraTakoja Bo mpocek ce ABIKHU o1 30-40%.
Hcto Ttaka 3a0eneXUTENHH C€ TOHUCKHU
Bpennoctu Ha JITB kaj mpooOute om 2009/10
ronuHa 3a 10-15%. Co nen Ha moTBpAa Ha
MOJIATOLUTE HANpaBEHH cC€ TeT KOHTPOIHH
TEXHUYKH aHAJM3W TapajeslH0O BO TpHU
naboparopun u toa Bo PU bemnrpan, PEK
butona w maboparopujara Ha Kelezapa
Ckomje. JHobuenure pe3yiaTaTu of1
naboparopunte Bo PEK buroma m Bo PU
Benrpan ce co rpemka xo 3%, a peynrarure
on xkenezapa Ckorje oacramnysaar 10 10%, HO
oBaa J5abopaTopuja HE € aKpeIUTHPaHa.



MoxHo e mpu  ompoOyBamara  OJ
WUCTpaxKyBamaTa BO IOpaHEHIHUTE (a3u
JAJTOBUHCKHOT MaTepujal Ja € IEeJI0CHO

oTcTpanyBaH ojn mpobute. Bo 2009/10 Bo
MPOOUTE € BJIE3CH M JAIOBUHCKH MaTepHjall co
neodemuHa 1o 20 cm.

I'acoHocHOCT U caMo03anaJIMBOCT

IlIto ce opmHecyBa JO TacOHOCHOCTa Ha
Haoranumrero “MaproBo”, focera ce BpIIEHU
moronmeM  Opoj Ha  HCTpaxyBama U
ncnuTyBama.Cekako JIeka OBIE HajBaXXHO €
npalrameTo 3a MeTaHocHocTa. Bo  0Boj
MOMEHT C€ CMeTa JIeKa JICKHIIETO He Ou
Tpebasio 1a OuMpae METAaHOHOCHO MMAajKH TH BO
MPEIBUJ] KapaKTCPUCTUKUTE HAa KPOBHUHCKUTE
Haclaru W JO0CTa IUTUTKOTO 3alierame Ha
JarJICHOBUOT CJIOj Ha ceBepHUOT nen. Ho, Bo
CEKOj CiIydaj, OBa HE MOXKe J1a OWjie ¥ KOHeUHa
oIllcHa, OWJEjKU HCcTaTa MOXE Jla Ce JOHece
caMo Bp3 OCHOBA Ha COOJIBETHH UCTIUTYBAbA.
Co  [OTOTHWTENHOTO  HCTPAXKYBambe  CO
TUTaOWHCKO dyTmueme Tpeba 1a ce oapemu:

1. "'acoHOCHOCTA BO HAOTAJIHIIITETO

2. 'acHaTa 30HAJIHOCT BO HAOTATUIITETO U

3. CKJIOHOCT Ha HAOTAUIITETO KOH N30JIMK Ha
rac Mo MPUTHCOK

lacHuTe KapaKTepUCTUKUA HAa HAOTaIHIITETO
nopazoupa opeyBamke Ha HICTUTE HA:
JarJICHOBHOT CJI0j, MOBJIaTaTa, MOJAMHATA W
OCTAHATHUTE JINTOJOIIKH BIHjATeTHH (HAKTOPH.
Co onpenyBame Ha TaCOHOCHOCTa Tpeba Ja ro
OJpEZIM METAaHCKHOT pPEKHUM Ha HIHATA
jaMa,0JJHOCHO TIOTEHIIMjajHaTa 3arpo3eHOCT

Ha UHUTE pyJapcku pabotu u
eKcIUIoaTanmjaTa Ha jarjaeH, W OBO3MOXH
IIPEKy COOABETHH MEPKH Ha  3alllTUTa,
MPOEKTUPAkEe Ha CHTypHa u3paboTKa Ha
MOJI3EMHHU pyJapcku pabotu u

eKCIUIoaTalnujara Ha jarjieHot. [Ipamamero 3a
caMo3araIiBOCTa Ha HAOTaJIUIITETO BO OBOj
cliyyaj € HelTo MoBeke ojpencHo. VMeHo,
MOCTOjaT CIlyYyacBH Ha CaMO3aMaJUTMBOCT Ha
jarJeHOT Ha CIIOMEHATHUTE W3JAHOIM  BO
Onu3uHa Ha cento Burtomwumire.
Camo3anayIMBOCTa Ha jarJieHOT ce OJpeayBa
JTa00paTOPUCKH Ha MOCTPH OJ jaapo AOOHEHO
Ol JUTa0MHCKO JyM4YeHke Kako M MOCTPH
JOOMEHH OJf HUCTPAXKYBamke CO PYIapCKU
padotu. (Ommuacku, MKC wm JYC) Cnopen
MPUPOAHUOT HWHAEKC Ha CaMOo3alaIiBOCT
Ssz  (oC/min) oxpeneH abOpaTOPUCKH,
HAOTaJMINTEeTO Tpeba Ja ce KaTeropusupa BO
YEeTUPU KaTETOPHH.
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AHaJIn3a Ha CKJOHOCT Ha HAOT AJIUIITETO
KOH M30/IMK HA TAaCOBH MO NPUTUCOK

OBHe 1OjaBM BO MOJA3EMHATa EKCIIoaTaluja
NOKpaj Toa INTO ce YTBpIyBaaT Bo (azarta
HUCTPaXyBameTO, N1ePUHUTUBHO CE YTBPLyBaaT
U Bo (pa3ara Ha M3BEAYBAETO HA PYAAPCKHUTE

paboTH. Kaxko KapaKTepHCTHKA Ha
Haoramumrero W paboTHaTa  cpenvHa
U30JIMKOT HAa TAacoOBH NOJ MNPUTHCOK  ce

MaHH(ecTHpaaT BO eKCIUIoaTalmoHaTa Qasa
KOTa ce C03/1aBaaT MHUIUjaTHH YCIOBH, HO HE
peTko ce mojaByBa M BO (aszaTa Ha
HCTpaXXyBame, KOra oBaa TojaBa Tpeba nma ce
nerektrpa. Co HCTpaxKyBameTo Tpeba ma ce
YTBpIY  Jalld  Haorauumreto  MapuoBo
COJPXH Tac TOJ MPHUTUCOK BO jarJICHOT |
kpoBuHCKUTEe Hacimard. Co UCTpaKyBameTo
Mopa Jla ce YTBpAHM Jalld TOCTOjaT WM HE
KOJIGKTOPH Ha rac MoJ NPUTHCOK. Bo Komky
MOCTOjaT MOpa Jia ce YTBPJAT:

- JJOKaI[MUTE Ha KOJEKTOPUTE

- Bp€AHOCT Ha MPUTUCOKOT HAa I'aCOBUTE U

- COCTaB Ha MELIaBUHATAa Ha racor.

Camo03anajJuBoCT HA jarJieHOT

Camo3anannBocTa Ha jarJeHOT ce OJpeayBa
J1a00OpaTOPUCKH Ha MOCTPH OJT jalpo AOOMEHO
ol OMabWHCKO Jym4yeme Kako M MOCTPH
JOOWEHU O] HUCTPAKYBAamE CO PYyIApCKU
pabotu. (Ommuackn , MKC i JYC) Cropen
MPUPOAHUOT UHICKC Ha CaMO3alralinBOCT Ssz
(oC/min) oapeaeH na0opaToOpUCKH,
HaoramumTeTo Tpeba Ja ce KaTeropusupa BO
YCTUPHU KAaTCTOPUU.

3AKJIYYOK

[Tocne perannara pa3paboTKa Ha MPOTOKOJIUTE
on cure (asm Ha HCIUTYBame Ha
HAOTaJUINTETO U 3eMajKU TH BO MPEIBU CHTE
morope CIIOMEHATH napaMeTpu 3a
KBQJIUTATUBHUTE KAPAKTEPUCTHKY HA jarJIeHOT
BO jarJIeHOBOTO HaorajnuiiTe MapruoBo, MOxe
Ia ce Kaxe jaeka 3a mpobu co JTB >4170
kJ/kg noOweHu ce cleaHUTE TMOHIEPUCAHU
BPEIHOCTH:

- ToJTHA TOTUTIOTHA BpenHocT 7664 kl/kg.

- BKymHa Biara 36,77%;

- menien 23.35%;

- BKyneH cyadyp 1.18%;

- coropauBu marepun 40.71%

on npobute co JITB >6500 kJ/kg pesynrarute
CE CIIC/THUTE:

- ToJTHA TOTUIOTHA BpenHocT 8553 kl/kg



- BKymnHa Biara 36,63%;

- renest 21.13%;

- BKyneH cyadyp 1.3%;

- coropnuu Matepun 42.33%

[IpocTopHO jarieHOT CO HAjBUCOK KBAaJTUTET
(>10000 kJ/kg) e ckOHIEHTpUPAH BO PEBUP
bemumre-Manactup ¥ Man Jien BO PEBUDP
Buronumre.

JarmeHOT cO  HajHMCKAa  BpPENHOCT  Ha
KBAJIUTETOT TJaBHO € 1O oboxure Ha
HaOTaJIUIITETO, KAaKO M BO jYKHHOT 000 Ha
HAOTaJIMINTETO W CEBEPHHOT JET Ha MPeoJoT
ox pesup [lomuninTe kKoH peBup Burtomumre.

BJIATOAAPHOCT

Ho xonerute on “I'eoxuaponH>KeHEPUHT”,CO
KOW TH H3BEIOBME HAI30PHHUTE HCTPAKHU
paboTu, MaNeHU COTJeNyBama, U HEKOJKY
(UpMH KOU TH HM3BE/I0a JICTATHUTE T€OJIOIIKH
HcTpaxyBama oj kou: ['pamexxen UHcCTUTYT
Makenonuja, 'EMHI -Ckomje u ap.

JIUTEPATYPA

- AunpeeBcku.b.: Jarnenn Bo Makenonuja;

- Hymypuanos H., Xpucros C., IlaBnoscku b.,
WBanosa B., 1976: TonkyBau 3a OcHOBHa
l'eonomka Kapra na C®PJ, 1:100 0000, nwucr
Buromumire u Kajmaxuanan;
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- HOymypuanoB H., Cepadumoncku T., Burchfiel
C.B., 2008: T'eneza u murocrpaturpaduja Ha
HEOr€HCKHTE U IUICHCTOLICHCKUTE OaceHH BO
Maxkenonuja. IIps Konrpec Ha reomosute Ha P.
Maxkenonuja. Cr. 29-52. Oxpun;

- Emabopar 3a xiracudukanmja u Kateropusanuja
Ha pe3epBUTE HA jarJieH Ha JIUTHUTCKOTO JISSKHUIITE
“MapuoBo”, 1985 rom. — I'pamekeH HHCTUTYT
MakenoHuja-3aBoJl 3a TEOTEXHHKA ;

- Enabopar 3a XuaporeosIonKuTe KapakTepuCTUKU
Ha JIMTHATCKOTO Haofanmumre ‘“‘Manactup”,
Mapuoso, 1985 roa. — I'pamexeH HHCTUTYT
MakenoHmja-3aBo/] 32 TeOTEXHUKA

- M3Bemraj on W3BpIICHHTE HCTpaKyBama 3a
HaolaluImTeTo 3a jariaeH “MapuoBo”-Buronuiure,
1978 ron. — Teomomkm 3aBox Ckomje, OO3T
WHCTUTYT 32 re0TEXHNKA M XUAPOTe0JI0THja;

- HsBemraj 3a pe3ynratuTe NOCTHTHATH HpPHU
HACTPaXXyBamkEeTO HA JEKHUIITETO “ MapruoBo”, co
Tperyie]l 3a TMOHATAMOIIHUTE AaKTUBHOCTH, 1984
rof. - Pynuurm u ¢abpuka “Ilaptuszan” ;

- Ilporpama 3a [AONMOJHMUTENTHM WCIUTYBama U

UCTpaXyBamkba Ha JIMTHUTCKOTO  HAOTaJIUINTE
“MapuoBo”,1982 rox - Pymau-u u ¢abpuka
“ITapTu3an”;

- Ilpoekr 3a TEONOIIKM W T'€OMEXaHUYKU
HCTpaXKyBama JNOUCTpaXyBama M HCIHUTyBama Ha
JjarJIeHoBOTO Haoramumre ‘“MapuoBo” —
I'papexen tdakynrer  Ckomje-kareipa  3a

reoTexHuka, Maj 2009;



JATJIEHOBO HAOTIAJIMIITE “MAPHUOBO”
ITPECMETKA HA KBAJIMTET U PE3EPBH

Eausa6era Pasnesa', 31atko Minjosekn®, Janue Toxoposa’

Y23 PUM-Teomexnuxa, yn [pesdencka 52 1000 Cxonje P.Makedonuja
elizabeta.raleva@gim.com.mk, geozlatko@gim.com.mk, dance.nikolovska@gim.com.mk

AncrTpakTt

UctpaxyBamata Ha jarJiecHOBUTE HAolalMINTa W HHUBHATa IOATOTOBKA 3a eKCIUIOATalldja IPETCTaByBa
HCKIIyYMTEIIHO KOMIUIEKCHA 3a/a4ua, Koja 0apa MyJNTHIUCUUILIMHAPEH npucTall. Bo dazara Ha ucTpaxyBame o
0COOCHO 3HaYeHEe Ce AYNMYAauKUTe, TEOJOMIKUTE, XHAPOTCONIOIIKATE W TeOMEXaHWIKUTE HCTPAKHU paldoTw.
Konreniujata Ha Koja ce TeMelaT OBHE WCTPa)xKkyBama, CE 3aCHOBA MPEa Ce Ha CICAHUTS NPHHIIUIIH:
MMOCTAITHOCT, I[EIOCHOCT, PAMHOMEPHOCT M PAllAOHATIHOCT.

Bo 0Boj Tpya ce mpuKakaHd JTOOMEHHWTE PE3yJITAaTH OJf M3BPIICHUTE MPECMETKU 3a KBAJIMUTAT U PE3CPBH Ha
jariieHoBOTO Haoramumte MapuoBo. BusoT u 06eMOT Ha UCTpakHU PabOTH BO OBa HAOTAIMINTE CEON(ATHO TH
TpPETHUpa CUTE MOTPEOHU T'COJIONIKU U T€OTCXHIUYKHU aCIICKTH.

HaoramumreTo mpercraByBa MOTCHIMjAIICH jarJICHOKON, KOj BO WIHHWHA OM MOXEN Ja CE CKCIIOaTHUpa CO
IoJI3eMHa eKCIDIoaTallyja.

Kayunu 300poBH- jariieH, HAOIaJMIITE, KBAJIKUTET, pE3ePBH

OIIIITHU KAPAKTEPUCTUKHN

HaoramumTero Ha  jarIeHU-JIMTHUTH — CE 3adaka mpocTop ox okory 15 km’. OBoj
MpocTUpa Ha okojy 30 KM BO3IyIIHA JMHH]jA HCTpaXyBaH TEPEH BCYIIHOCT TIPETCTAaByBa
jyrouctoyno ox rpagot [Ipuien Bo peruoHoT nen ox MapuoBckuor HeoreH Oazen. On
MapuoBo, momery cenara BuromumiTe, JIOCETAIIHUTE UCTPAXKyBamkha KOHCTACTUPAHO ©
[MomuumTe, bemumre w MaHacTup BO JeKa ce paboTH 3a JTUTHUTCKH jarJICHOCEH CIIO]
paMKUTEC Ha KOM CC U3BPIICHU obemHHTE KOj € pa3dBUCH BO HMCTOYHUOT U LHCHTPATIHHUOT
TCOJIONIKH, HWHKEHEPCKOTCONOIIKH,  XHIPO- Jen Ha HeoreHHoT MapuoBcku OaceH. On
TCOJIONIKN, U TEOMEXaHHYKU HCTPaXyBama W MOP(QOJIONIKH AacleKT TEPEHOT IPETCTaByBa
UCIHTYBamka. TepeHOT Koj Oemre omndaTeH co €/IHO PUIECTO TUIATO OMKPYIKEHO CO TUIAHWHHU.

JOCCTAIIHUTC MHCTpaKyBatba U HUCIUTYBamkba

FEOJIOLUKA MrPAOBA HA HAOI"AJIULLTETO

Bo morinen Ha reosomkata rpagda Ha . Bynxanoeeno-ceoumenmuu meopesunu
HAOTAJIUINTETO, C€ W3[BOjyBaaT CICIHHUTE (0-P1,Q)
JMTONOWKH (opMaLuH. . Keapynamumcxu  aenomepamu  u
. Hoouncka ¢opmayuja na uaxanu, mygosu (@)
necoyu u 2nunu (GP-Ms) . Kesapynamumcxu 6peuu (@)
o Jaznenonocna  popmayuja-jacnenos . Buzopnusu eaposHuy, 6uzopu,
cnoj (3-Ms) mpasepmunu u onuxcu (Bi- P1,Q )
. Dopmayuja Ha anesponumu, ° Hponysuym (pr)

anesporumcku aanopy, enunyu (TR-
Ms)

. Qopmayuja Ha  necoyu, arespumu,

. Henysuym (d)
. Anysuym(al)

cyenunu u yaxanu (AL-P - PI)
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INIOPAHEIIHU UCTPAXKYBAIA U UHCIIUTYBAIbA

Bo muHaTtoro MapHOBCKHOT HEOTeH OaceH
oWl mpeaMeT Ha  Pa3IMYHUA  ['COJIOIIKH
WCTpaxXyBama, a OWiIe W3BEIEeHU W OJAPEACHU
pyaapcku paboTH.

IToueTokoT Ha MIPBUTE HaMEHCKH
WCTpaXKyBamka 3a jarjieH BO IMOJPadjeTo Ha
MapuoBo  gatupa oA 1974  ronuHa.
HcrpakyBamara ce BpIICHH OX CTpaHa Ha
I'eonomiku 3aBox - Ckormje Bo yeTnpu (hasu.
BkynmHOo Owne HampaBeHH 55 UCTpakHH
JyITHAaTUHU, OJI KOW TO3UTUBHM 36, a
HeraTuBHU 19, co BkymHa noimxuHa on 6730
MeTpu. Kako pesynrar Ha ucCTpaKyBamara €
JIOOMEHO CIIETHOTO:

€JICH jarJleHoB CJ0j, CMECTEH BO UCTOYHUOT
U [ECHTPATHUOT e Ha IUIHOIEHCKUOT
OaceH

CJIOjOT TeHEpaJHO Oaro TOHe KOH 3amaj
jarJIeHoBHOT ci10j uMa npoterame CCU-JI3
neOenrHaTa Ha jarJIEHOBHOT CIIOj CE JIBHKU
on 1,3 - 14,9 merpu unu npoceuno 8§,1
MeTap

CpeAHa JOJHA  KaJOpH4Ha
u3HecyBa 1,824 Kunokaiopuu.
YTBpPAEHA CTapOCT - CPEAHO IUTHOLEHCKA
yTBpaeHH pe3epsu - B + Cl= 111.264.840
TOHM jarieH Ha MoBpIIMHA o1 13,86 kM’
npoceuHa jariieHocHocT - 8.025.300 ToHu
jarmen Ha moBpmmHa o 1 kM

BpEIHOCT

Tabena 1. Pesepsu 00 ucmpasjicuu pabomu 6puieHu 60 MUHAMOMO

BKYNHW reoNolWKKW pe3epen NnpecMeTaHn Bo 1974/77
(MpecMeTKMTE Ce WIBPLUEHMW Ha UenoTo HaofanuwTe)

KAaTeropuja pesepEX

KONnWu4ynHa Ha jarne:—|

(™) ()
A KaTeropuja — —
b kateropuja 17 562 500 22 831 250
L], kaTeropuja 68 029 690 88 438 590
BkynHo B+, 85 592 190 111 269 840

BKYNHM re0NoLWKKW pe3epBKW NpecMeTaH Bo 1983/54
(NpecMeTKUTE Ce MIBPLUSHM Ha peBMp “MaHacTup”)

KaTeropuja pesepeu

KONMU4YHMHa Ha EEIETIEH

(M°) (r)
A KaTeropuja 1221229 1487 599
b kaTeropuja 7 845 084 10 198613
BkynHo A+B 9 066 313 11686 212
L|, kaTeropuja 2433 072 J 162 9898
BxkynHo A+B+L, 11 499 385 14 949 200

BKYNHW re0I0WKK pe3epen NpecMeTaHu 8o 1983/84
rog. (3a yenoTto HaofanuwTe, Enabopat 1985r.)

KaTeropuja pesepeu

KONU4HMHa Ha EEIETIEH

() (1)
A KaTeropuja - 1487 600
b kaTteropuja - 33 029 860
L, kaTeropuja - 76752 378
BkynHo A+B+Ll, — 111 269 §40
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Bo 1984 romuna on crpana Ha Pymaunm u
¢abpuxa “Ilaptuzan” Ilpwien, MOBTOpHO €
HaIpaBeHO UCTPa)KyBame, HO OBOjIAT Ha el
o1 HaofanumTeTo MapHoBO, OIHOCHO BO
PeBup Manactup u okony ceno Buromumre.
Uctpaxysan e mpoctop ox 340 xexrtapu, Opoj
Ha M3BEICHM CTPYKTYPHH IyNHaTHHU BO
PeBup Manactup 56, o xou MO3UTHBHH 39,
HeraTtuBHU 7, (ce ogHecyBa Ha 46 AyNmHaTHHU
3a KOM IIOCTOM JOKYMEHTaIlfja), CO BKYITHA
mnabouna on 4780,4 M (ce omHecyBa Ha

BKYITHO  56). Kako pesynratr Ha oBHe
UCTpaXyBamka Ce  JOOOMEHH  CIEeIHHUTE
pes3yiTaru:

- TpocedHa neOelMHAa Ha jarJIeHOB CJIOj ce
nBwxu 8-12 metpu

- ytBpaeHu pesepsu A+B+Cl= 21.695.472
TOHHM jarjieH, ol kou Ha PeBup Manactup
npunaraar 20.635.160 ToHm jariieH, a
Butonumre [1K1 u [1IK2 He ce ekoHOMCKH
WCIUTATIIMBH.

Bo ToTJIe Ha XHUIPOTEOJIOIKATa

HCTPAXKEHOCT, HAOTaMIITETO € TPETUPAHO

MHOTY MAJIKy, U JOOMECHUTE pe3yNITaTH JaBaatr

caMO OIINTH TOKa3aTend 3a  XHUIPO-

T€OJIOMIKUTE YCIOBH BO HAOTAJTUIIITETO.

BUAOBU, OBEM U METO/JOJOI'NJA HA JOINIOJHUTEJHHUTE NCTPAXKYBAIbBA

®A3A 2009-2010 roa.

Konuenuuja u MeTogo0ruja Ha

HCTPaKyBambaTa
[TocToeukara mpoOieMaThKa BO
HAOTAJIUIITETO 3acIy)KyBa ceondareH
TpeTMaH OJf CUTE achekTH. Bo Toj cmucon
JOTIOJTHUTEITHUTE UCTPaKyBama U

WCIHTYBamkaTa o/ 0Baa (a3a ce METO0JIOIIKH
MOCTaBeHU CO LIeJI Ja ce NoOMjaT peleBaHTHU
mapaMeTpu 3a PalUMOHANIHO U CUTYypPHO
MPOCKTHPakE Ha TEXHOJIOTHjaTa Ha MOJ3EMCH
kon. KoHuenmujara Koja € mpuMeHeTa BO OBHE
UCTpaXKyBama C€ 3acHOBa TMpel ce Ha

CJICTHUTE MPHUHIIMIIN: TOCTAIMHOCT, LEJIOCHOCT,
PaMHOMEPHOCT U PAIlMOHAIHOCT OJHOCHO
€KOHOMHMYHOCT. B0 COIacHOCT Ha OBHE
MPHUHLIKIK, BUIAOT W O0EMOT Ha HCTPaKHU
paboTh BO OBa HaolalWIITe CEON(AaTHO TH
TPETUPA CUTE TCOJOUIKH, XUAPOTCOIONIKH U
reotexHnykd  acrmektd. Ce  peamusupaar
KOMIUIGKCHH TEPEHCKH J1a0OpaTOPUCKU U
KaOWHETCKH HCTPAXKHU PaOOTH.

KBAJIUTATUBHU KAPAKTEPUCTHUKU HA JATJIEHOT

Texnnuka aHaju3a Ha jarJeHOT

Kaj Texawmukara aHaimmM3a Ha jarjeHOT
W3BpILIEHA € JeTalHa NpepadoTKa Ha CHUTe
MPOTOKOJM OJ CHTE Jl0CeTa peau3upaHu
ucTpard, omHocHo aHamm3u. Co 1enm, IITo

Kako kputepuyMm 3a mo3uTHBHA Ipoda 3eMeHa
e kamopmuHa BpemHoct ox 1000ccal/kg,
onHocHo 4170KJ/kg

Hanpasenu ce cnennuBe o0pabOTKH, aHANIH3H
U TIPEe3CHTALNH;

-aHaJIM3M M0 AyIMHATHHU MoceGHO 3a mpodu co
ATB >4170KJ/kg u mocebHO 3a mpodu co
ATB> 6500kj/kg

HallpeyHn Tpodwiu, Ha KaTeropuja
pe3epBH, U BKYITHO Ha IEIOTO HaOlaJUIITe.
3a mogoOpo coryieayBambe Ha KOpEJIaTUBHUTE
3aBUCHOCTH C€ H3PabOTeHH KOpeJIaTHBHU
nvjarpamu (BKynHa Biara-J{TB; BkynHa Briara
-nenei; nenen- HTB; coropiuBu martepuu-
JATB) u xwucrorpamu 3a BpPEJHOCTHUTE Ha

Ha
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MOJETATHO Ja Ce NMPHKAXAT CUTE JIOCETallHH
pe3yaTaTH oA TEXHHYKHTE aHaTU3d Ha
jarnenute oOpaboTeHn 3a BKynmHO 132
TTO3UTHUBHH TyTHATHHA, CO BKYITHO 288 TIpo0wH.

-aHaJIM3a 1o OJIOKOBH

-aHaJIM3a M0 MPOQHUICKN JINHAN

-aHaJIM3a 0 KaTerOpUU Ha pe3epBH

ITpu ToAa, ce naBa MOXKHOCT 3a COTJICIyBambE HE
caMO Ha pe3yNTaTHUTe Ha IOCIMHEYHHUTE
IOyITHATHUHA W HUBHHUTE CPEIHU IOHIEPUCAHU
BPEIHOCTH, TYKy M Ha MOHIECpPHCAHUTE
BpPEITHOCTH Ha CeKOj OJI0K, Ha
BKyITHa BJara, Ienejl, COTOPJIMBU MaTepUu U
JTB.

Bo ananm3ara ce BKaJKyJIMpaHU BPEIHOCTUTE
KOM Ce OJJHeCyBaaT Ha TEXHHYKA aHAIM3a CO
BKynHa Binara. I[loojenHo ce pasrienyBaHH
BPEIHOCTHTE Ha Biara, memei, cyidyp, KOKC,
LI-dukc, coropiamMBM MaTepHu, HCHAPIUBU
MaTepHH, TOpHa U T0JTHA TOIUIOTHA BPEAHOCT.



Ta6ena 2. Buo u 06em nHa 2e010uKy UCIPAdICYBARbA U UCHUINYBAIbLA

<
=
= Ennneuna Komuunnm mo
= Onwc Ha U3BPIICHUTE PaOOTH
2 Mepa Mepa
=
A | AYITYAYKHN PABOTH
I'eosnommKo, XHAPOTEONONIKO ¥ TEOMEXaHUIKO HCTPAXKHO JyMIEHE Ha ,
1 m 10 620
90 rcTpaXKHU OYITIOTHHH cO anadounHa ox 50-260m
b I'EOJIOIIKN PABOTHU
KapTupame (peamOynarija) Ha MOMIMPOKHOT TEPEH BO pa3Mep 2
1 km 20
1: 10 000 ox reosIOIIKH aCIIEKT
2 ['eonomIKo KapTUpPamkEe Ha jaJpoTo, ONPOOYBaE U CKPaTyBambe m' 10 500
B I'EOJIOIIKHN JIABOPATOPUCKHU PABOTH
1 TexHUYKH aHATTN3U HA jaTJICHOT aHanMsa 170
7 EnemeHnrapuu aHanusu aHaiusa 55
2 CocraB 1 TOIIIMBOCT aHaIM3a 30
3 Menusoct aHanIM3a 20
4 [erporpadckn ucnuryBama aHajusa 15
5 ITerporpadcku aHamu3m Ha OKOJTHUTE KapIn aHanamM3a 20
6 [Ipobu 3a neduHUparme HAa PaUOAKTHBHOCT aHamm3a 10
r XUAPOTEOJIOIIKN 1 TH)KEHEPCKOI'EOJIOIIKHN PABOTH
1 XHUIPOreoaomKo U HHKEHEPCKO T'€0JIOUIKO KAPTUPAKE HA TEPEHOT km’ 20
BrpanyBame Ha nue3omepTpu Bo 64 CTPyKTYpHHUTE TyMHATHHU U BO 11
2 jayoBHTE yITHATHHU, BKYITHO 75, KPOBHHCKH, TIOJAWHCKH m' 7 800
MeryCIlojHH.
HcnuTtyBame Ha BOJOMPOITYCHOCT BO TEPEHCKH YCIIOBH 110 METO/Ia Ha
3 , . OTIAT 35
Le Franc Bo kxpoBHHa, OJMHA U MEI'YCIIOJHHU.
Ji | NHXEHEPCKOI'EOJIOIIKH JJABOPATOPUCKH PABOTH
1 Jakoct Ha IpUTHCOK Ha jarieH, ourop, Tyd u ap; OIIUT 70
2 Jakoct Ha 3aTerame 1o Opa3uscKa METO/a; OIIUT 70
3 WHupaexc Ha jakocT Bp3 jarseH, ourop, Ty¢ u ap; OTIUT 150
4 JakocT Ha CMOJIKHYBab€ Ha KOHTaKTH WJIM BIOJDK ITyKHATHHM; OIIUT 12
5 Cria Ha pekeme Ha jariieH; OTIUAT 10
6 TpajHocT Ha jarjeH. OIHUT 10
r I'EOMEXAHWYKU JJABOPATOPUCKHU AHAJIU3U
E I'ACOHOCHOCT U CAMO3ATIAJIMBOCT
1 OnpenyBame Ha CaMO3aIlaJIMBOCT Ha jarjeHoT;; poou 22
2 3ananvBy ¥ €KCIUIO3MBHH KapaKTEPUCTUKY Ha jarJIeHOBHOT I1pasB; npoOu 22
3 ATrpecuBHH KapaKTEPUCTUKY Ha jarJICHOBUOT TIPaB; npodu 22
4 Jedunupame Ha raCOHOCHOCT BP3 POOH O] jariicH. npodu 22
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Texnu4ka aHanuza co EKyNHa Bnara
Wcnapn.| Coropn.
Pezepen BrynHa BrynHa Brynen C-
maca | snara | Menen | cyndbyp | dmkg| TSP matepun Koxe) o g
(t) (%) (%) (%) (%) (%) (%) (%) | (kJikg)
noHaep A | 41 150,787 36.14 23.45 1.26 16.94 2347 40.41 38.23) T761.11
noHpep b 45,797,125 36.70 23.04 1.14 16.82 23.44 40.26 | 40.60| 7571.68
A+B 86,947,911 36.44 23.23 1.20 16.87 23.46 40.33 39.48| 7661.08
noHgep L1 9,779,965 37.69 22.68 117 16.67 22.96 39.63 39.06| 7593.88
Bk.noHgep 96,727,876 36.56 23.18 1.20 16.85 23.41 40.26 39.44| T654.27
BpearocT va OTB =4170¢d/kr
5poj Ha Cyndyy TonnoTHa BpEgHOCT
s Bp. | Oefenwnal Bnara | Menen Koke | C-mke| WMen.mat| Cormar.
OyNMHATHH L (M) * % BKY;HD . 5 ) % TophalkJdikg)| DonnHaikJikg)
BEYNEH NOHAEpUCaH npocek T4HT7 3 56 | 174.00 | 39.53| 20.34| 0.97 | 42.886| 21.89| 18.10 | 4012 | 9306.35 7838.61
8738.93
BEYNEH NoOHAEpHCaH npocek 84/85 29 85 | 219.70 | 28.47| 26.22) 1.54 | 40.83| 16.38| 36.06 | 4512 | 10766.38 | 9451.98
BEYNEH noHgepucad npocex 2009/10 12 147 | 536.28 | 39.27| 23.15| 1.11| 35.84| 12.82| 24.68 | 3757 | 8313.87 6874.88
EKYNeH NOHOepUCaH Npocek ol
TpUTE thasu 132 286 | 929.98 | 36.77| 23.35| 1.18 | 38.34| 15.36| 26.14 | 40.71 | 9078.95 7664.01
BpenHoct Ha [TB =6500kJ/kr
ﬂeg:n Bnara | Menen Cynbyp Koke | C-fwrkc| WMen.wmar.| Cormar. Tonnoma speiosT
(M} E . BrynHo% % . N i FopHakJikg) OonHalkdkg)
BEYNEH NoHAepucaH npocek 7477 129 | 39.49| 18.28| 1.06 | 42.20| 23.17| 18.93 | 4231 | 10166.23 | 8667.45 B
BKYNEH NOHAepUCaH npocex B4/85 194 | 27.85| 24.91| 1.57 | 39.97| 17.06| 38.25 | 47.05| 11156.35 | 9982.09 .
BKyNeH noHgepucan npocex 2009/10 350 | 40.45| 20.09| 1.24 | 34.40( 14.32| 25.03 | 3972 | 915814 | T718.76
BKYNEH NOHAEPHCaH NPOCceK of TpuTe hasu 674 | 36.63| 21.13| 1.30 | 37.51| 16.81| 27.67 | 4233 | 9927.52 8553.14

PE3EPBU HA JATJIEH

Koneunara men Ha cekoe HCTpaXKyBame €
MOKpaj OCTaHATOTO JIa C€ U3BPIIH U IPECMETKa
Ha KOJMYMHATa Ha KOpUCHATa CYNCTaHLa Koja
NpeTCTaByBa  OCHOBEH  Mapamerap IpH
YTBpAyBambe Ha BPEIHOCT HAa HAOTAJIHUILTETO,
oZlpenyBamke Ha MHBECTHUIIMOHUTE CPENCTBa 3a
OTBapame pPYIOHHK Kako M YTBpAyBame Ha
TOAMIIEH KamaluTeT Ha  IPOU3BOACTBO.
[Iputoa e u3BpIIeHA NpecMeTKa Ha BKYIHHUTE
pyIHH  pe3epBM CO  KOM  pacroJjara
Haoranumrero 0e3 Ja ce 3eMe BO IMpEeaBHI
HUBHAaTa MOXHOCT 3a HCKOpUCTyBame. Tue
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BCYIIHOCT TMPETCTaBYBaT TEOJIOMIKH PYIHH
pesepBu. AKO pe3epBHUTE ce HAOJbyIyBaaT O
TEXHMYKO CKOHOMCKHM acCIleKT jacHO € JieKa
elIeH Jel OJ TCONOUIKHUTE pPE3epBU  Of
pa3sHOpa3HU MPUYUHH (METOJ] HAa OTKOIMYBakhe,
TEXHHUYKO-TEXHOJIOIIKN YCJI0BH, HHUCKa
KaJOpUYHA BPEIHOCT, HAYMH Ha MpepaboTka u
Cl1.) ke OumaT HEHCKOPUCTEHH, Toa Ce
BOHOMIJIAHCHHU PE3EPBH, J0JICKa PE3EPBHUTE ILTO
MOJXKAaT Jia C€ UCKOPHUCTAT ce OWIAHCHU PYIHU
pesepBH.




Tabena z3a npecmeTEa HA NpeKaTeropUIMpadl renolwkn pyaHn peaepeu (OTB = 4 170 klJ/'kg)
no metToga Ha Bnokoew - Haoranmwre jarnenn Mapvoso 200910

A pezepen (1) B pezepBun (t) A+E pezepen (i) L1 pesepeu (i)
Pesup
ManacTup- 14,692, 740.73 9.076.404 91 23,769,145.64
BewnwTe
ienap 11,138,631 78 24 414 566 46 35,553,198 24 9.779.964.84
MonunwTre
Enoup 15,319, 414 01 12,306.153.48 27,625 567.49
Butonuwre
BrynHo 33 eno ||y 350 786 67 45797124 85 86,947,911 37 9 779,964 84
HaoranwrTe
BrynHo pezepen A+B+L|1 (1) 96, 7T27.876.20

Tabena 2a NnpecMeTEa HA NpekaTeropuanpady BunadHcHy pygHu pezepen (OTB = 6 500 klikg)
no meToga Ha bnokoew - Haoranmure jarnedn Mapwoeo 200910

I
A pezepsan (i) E pezepBn (t) A+E pezepen (i) U1 pezepeu (t)
FPesnp
ManacTnp- 12,353.660.17 6.762,007.02 19.115.667.19
Bewnwre
Fieemp 9,668, 875.64 16,730,857.07 26.399,732.91 6.994,525 22
Monuynwre
Fpeup 8.654 960 91 9,104,152 66 17.759,113.57
Butonmure
B =
KYTIHO 33 -GR01 30 677,496 92 32 597.016.76 63.274.513.67 6.994 525 22
HaoranwrTe
BrynHo pesepBun A+BE+L1 (1) 70.269.038.90

IIpy mpecmMeTka Ha TeOJOLIKHTE PYAHU
pe3epBM Ha jarJIeHOT OJ HaolaJHMIITETO
MaproBO OCBEH pe3yJNTETHTE O]l CETalTHUTE
UCTpaXyBama, 3€MEHH C€ BO MpenBUA U
pesyaTaTure ox cure JOCeTaIlHH
HCTpakyBamka W HCHHUTyBama.Kaj momenbaara
Ha pYIOHHTE pe3epBH BO OBOj enabopar,
npecygen mapamerap ¢ JTB Ha jarienor.
JarneHoT co KajopuuHa BPENHOCT IOrojemMa
on 4170 klJ/kg e 3emeHn BO mpenBua NpU
npecMeTka Ha T.H. Te0JOLIKH PYAHHU
pe3epBH, [0JEKa jarJieHOT CO KaJOpuU4Ha
BpenHoct moronema ox 6500 kJ/kg ru nmpasu

TEXHUUYKO-EKOHOMCKA OIIEHA

[Ipn amanm3a Ha TEXHUYKO-CKOHOMCKATa
OIICHA C€ 3€MEHU BO MPEBOJ CUTE IMO3HAYA|HU
(akTopu ¥ TOKa3aTeNu KapaKTEPUCTUYHU 32

Haofamumrero  Mapuoso.llpecmeTkure Ha
eKOHOMCKaTa  (BpeJHOCHA) OlleHa  Cce
W3BpIIEHH BpP3 OCHOBA Ha  CIEIHUTE
MOKAa3aTeNu:
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T.H. OWJaHCHH PyIHH pe3epBu.Pynnute
pesepBu Oea IMpecamMeTyBaHHM MO METOJa Ha
OJIOKOBM M 10 KOHTPOJHAa METOJa Ha
MapaselHu mpoQuIy.

Co Meronma Ha mapaienHd OJ0K mpoduiy,
KajJie ce KOPHCTCHH HAIpPEYHUTE TEeONOIIKH
npopuu ox 6-6° mo 36-36’. moOueHu ce
CJICTHUBE BPEIHOCTH:

Bxynau  reonomku  pesepeu  A+bHI[1=
99,100,843 1. pa3nuKka BO OJHOC Ha METOJ IO
omokoBu ¢ 2.39%,

Bxynan Owmnmancam pesepsu (ATB>6500xkj/kr)
A+b+I1= 73,324,068 T.paznuka Mo oJHOC Ha
MeToJ1 Ha 0J10KOBH € 4.16%.

e  bunancuure pesepsu ox 70.269.039 ce
HamasieHu 3a 10%, Toa ce BCYIIHOCT
eKCIUI0aTaOMITHUTE TYOUTOLIH;

e Bpemero (pokoT) Ha ekcrioaTanyja e
npecmeTan Ha 38,7 ronuHu Jg00WEH
Bp3 OCHOBa Ha TEOJIOMIKUTE PYIHH
pesepBu on 96.727.876T. U TOTUIICH
kananutet o 2.500.000TOHM.



e [lpum mpecmeTkaTa Ha EKOHOMCKaTa
OIlcHa 3€MEHO € BO IMPEABHUJ BPEMETO
Ha ekcIuioaranuja ox 25,3 romuHU
JIOOMEHO O eKCIIOATAIIIOHUTE Py IHU
pesepBu (OunancHuTE pe3epBu
HaMaJICHU 3a 10%) o1
63.242.135T0HH, u TOQUIIIEH
kanauuret ox  2.500.000T.

e IIpodwuror TIpecMETyBaH Ha
3,16eBpo/TOH, AOOMEH O] MPOJAKHA

3AKJIYHOIIM

W3BenenuTe NOMOIHUTETHN UCTPAKHU pabOTH
Bo (pazara 2009-2010 roauHa mpencraByBaat
KOMIUJICKCHH HCTpaxKyBama. Bo ¢azata Ha
peanm3aija Ha OBHE HCTpaxyBama Oca
BKIIYYCHH M H3pabOTyBauuTe Ha TJIaBHUOT
PYZJapCKH MPOEKT KOM MMaa YBUA Ha CaMHOT
IIpoIleC Ha UCTPa)KyBama, a BO HoeaAnHHu (aszu
JlaBaa CBOM TIPEUIO3W U cyrectuu. MmeHo
peanu3upaHuTe TEPEHCKH, JTa0OPaTOPHCKH U

BJIAT'OJAPHOCT

WzpazyBame nenocHa 6marogapHoct Ha EJIEM
AJ1-Cxomje K0j mTO BO CBOjaTa HMHBECTHIIMOHA
IporpaMa IpoAOJDKYBa CO HHBECTHPAEHE BO

JUTEPATYPA
1. TIpoekT 3a TeOoJIONIKM M TIeOMEXaHUYKU
HCTpaKyBarmba, JIOUCTpaXKyBamba 5

WCIIHUTYBamka Ha jarJICHOBOTO HAOTalUILTE
“MapuoBo”-YHuBep3uter “Cpetu Kupun
u Meromuj”-I'panexen @akynrer Ckorje,
Mmaj 2009;

2. 3aBplICH M3BEIITA] 33 UCTPa)XyBarmara Ha
jarnen Bo MapuoBo 1974-77 Kuwura 1-
I'eonomku 3aBoa- Crorje,1977;
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[[eHa HaMalleH 32 eKCIUIOaTaOWJIHU U
Jp. TPOLIKOBHY;

e [Ipecmerkute Ha BpeHOCHATA
(eKOHOMCKa) OIleHa € W3BpIIEeHA [0
Xockong-oBara (opMyia U H3HECYBa
73.831.776 eBpa, Koja mpeTcTaByBa
ceramrHa BpeAHOCHA  (€KOHOMCKA)
OIleHa KOja ja OTCIIMKyBa TOJICMHHATA
Ha UIHUOT MPO(GUT HA HAOTATUIITETO

Mapuogo.
KaOMHETCKH  TEOJIOUIKH,  XHUIPOTEOJIOIIKH,
WHXHMHEPCKO TEOJIOIIKK W T'eOMEXaHWYKU

HUCTPaXyBamka M HCIUTYBamba HA COJHIHO
HMBO HamlpaBWja aHamu3W W o00paboTka Ha
npenMeTHata — mpoOnemaTuka.  JloOueHwute
pe3yaTaTH Cce  KBaJUTETHA TMOIjIora 3a
n3paboTKa Ha TJIABEH PYJApCKU IMPOEKT 3a
OTBapame Ha MOJ3EMEH KOII 3a eKCIUIoaTaluja
Ha jarJeHOCHOTO HaoranumTe MapuoBo.

JICNIOT Ha TEOJIOMIKUTE, XHUIPOTCOJIONIKUTE U
TEeOMEXaHNYKH HCTPAXKYBaHa Ha jarJICHOBHUTE
HaOlaJINIIITA.

3. U3Bemraj 3a MOCTUTHATHTE pe3yIATaTH
OpU  HCTPAaXYBambeTO Ha JICKHUIITETO
“MapuoBo” co TIperies 3a
MTOHATAaMOIITHUTE AKTHUBHOCTH-PyaHuIn u
¢-xa “Tlaptmzan” I[lpunen, centemMBpu
1984;

4. JloxkyMmeHTal#ja O]l TEKOBHA aHajHW3a M
00paboTKa Ha TIOIATOIMTE BO paMKHUTE HA
peanu3aigjaTa  Ha  JIOTIOJIHUTEITHUTE
UCTpaxXyBama W ucnutyBama ¢aza 2009-
2010 rox.



I'EOJIOINKHU U CTPYKTYPHO -TEKTOHCKH KAPAKTEPUCTHUKH
HA JATJIEHOBOTO HAOI AJIMIITE ,, ) KUBOJHO*

JlacTe I/IBaHOBCKI/ll, IMetpe HaCKOBZ, Eau3zabera PaneBa3, Baagumup Kocroseku®

134 PUM-Teomexnuxa, yn [pesdencka 52 1000 Cxonje P.Makedonuja
laste.ivanovski@gim.com.mk; elizabeta.raleva@gim.com.mk; viadimir.kostovski@gim.com.mk
T eoxumpoumkeHepunr”, yi. Teonocue Tonoranos 6p. 132,Ckomje, P. Makenonuja, ghi-vslj@unet.com.mk

Ancrpakr

Bo cBojara pa3BojHa MOJUTHKA 32 HABPEMEHO 00e30eqyBame Ha CKCIUIOATAI[MOHH PYIHU PE3epPBH Ha jarJieH,
Al ,,EJIEM“-Ckomnje BO MOCJIEIHUTE HEKOJIKY TOJMHU IPEeB3eMa MHTEH3HMBHU aKTHBHOCTH BO JIOUCTPaKYBahe
U Ha OCTaHAaTHTE MO3HAYajHM HaorajuumTa Ha jarjgeH Bo P.Makenonuja. Bo texor na 2011-2012 rox. Ha
HaolanumreTo ,,JKuBojHo-I'epMujan® ce M3BpIICHN TOOOEMHH JOMCTPAXKyBamba CO Lel 3a€HO CO NOPAaHEIIHNTE
UCTpaXKyBarba U HCIIMTYBama Ja JajaT 33J0BOJIMTEIHA UCTPAXXEHOCT Ha HaoranumTeTo. OBUE HCTpaKyBamba Ou
Ouie 1ojooBHa OCHOBa 3a M3pabOTKa Ha PYAAPCKUOT TPOEKT W OTIIOYHYBAaKkE CO EKCIUIoaTaldja Ha OBa
CTpaTellka MUHEpalHa CypOBHHA 3a MPOM3BOJCTBO Ha €JICKTpHUYHA eHepruja. Exna on mosHavajHute Qakropu
KOM Ke BIHMjaaT Ha HAYMHOT M METOAOJIOTHjaTa Ha eKCIDIoaTaldja Ha jarJeHOT OJ OBa HAOTaJHIITe €
MHTEH3MBHATa TEKTOHHWKA, 3aToa BO OBOj TPyX Ke HampaBHMe OOMA MaJKy IIOJETaJHO Ja ja OIHIIeMe
CTPYKTYpPHO-TEKTOHCKAaTa Ipaj0a Ha HCTPaKyBaHHOT MIPOCTOP.

Kayunu 300poBu- jaryieH, HaoraJMIITEe, TEKTOHUKA, HCTPaXKyBathe, HEOTeH

BOBE/

Bo reonomkara iureparypa HaOraMIITETO 32 Ha TPOCTOp o okomy 20 KM® momely cemara
jarnen  ,)KuWBOjHO € TO3HATO  MHOTY Kusojuo bau wu [epmmjan ce wu3gymueHH
nmoogamHa. [IpupoaHu M3MaHOUIM Ha jarJIeHOT npeky 300 uctpaxHu TynHaTHUHU co mpeky 30
C€ OTKPUEHH CO EpOJMBHUTE TIPOLIECH BO 000 metpu 3a neuHEpame Ha KBATUTATHBHO-
MOTOKOT CeBEpHO oA C.KMBOjHO M BO MOTOKOT KBaHTUTATUBHUTE TIapaMeTpud Ha jarjeHoT,
3npaBunia  JM  on cemoro. IlpBmar co T€0JIOIKHUTE, CTPYKTYpPHO-TEKTOHCKHTE,
eKCIUIoaTanyja Ha jarjieHOT € OTIIOYHAaTO BO XHUJIPOTEOJIOIIKITE u T€OMEXaHUIKUTE
naneyHara 1917 rox. 3a motpebure Ha mpBara KapaKTepUCTHKH  Ha  jarJIeHOT W Ha
CBeTCKa BOjHa. ExcmioaTanujata mpoaosmKuiia okonmypynHuTe Kaprnectu wmacu. Co cure
U 1o BojHara, ce no 1924 roxm. PymHuMKOT JOCETAlllHU W CETalllHU HUCTPAXXKyBamwa U
,» KHBOjHO* paborenmn m 3a Bpeme u mo Il HCTIUTYBama ce yTBpjeHu npeky 100 000 000
CBETCKa BOjHA, mepuoaoT on 1942 mo 1951 TOHU TEOJIOIIKU PYIHH PE3EPBHU O KOU OKOIY
roj, Kora ce BpIIGHH W OJApEACHU. 70% w™moxar ma OuWpaTr eKCIUIoaTaOWIIHH, CO
[loopranmsupann ¥  TOWHTEH3WBHU  WC- mro ©Oum ce mpomomkmia paboraTta Ha
TpaxkyBama M HCHUTYBamka Ce€ BPIIEHH CO tepmoenexktpanure of PEK burona 3a ymre
npekuagu  Bo 1967, 1973, 1981-1986 wu HEKOJIKY JCLICHUH.

HajHosute 2011-2012 roguna. BkymHo nocera

OINTHU ITIOJATOIM 3A TEPEHOT

HctpaxkHoro mompadje ce  Haofa  BO KaKO HEj3MHA TJIaBHA JIeCHA MPUTOKA. TepeHoT
ijOSaHaz[HI/IOT el Ha MaKelIOHI/Ija, BO peYuCH 110 1ej1aTa NOBpIIMHA € UCIIPECEUYCH CO
HajjyxxHuOT Aen Ha [lemaronckara KoTiauHa. OoroJicMH MM TIOMaJId JOJHHH KOH TH
Kako ri1aBHHM BOJIHHU apTEpUH ce€ I_[pHa peka co6npaT H.OBpHII/IHCKI/ITe BOAM a CO TOa BpuIaT
KOja TIpeTcTaByBa CEBEpPHAa TIpaHUIA Ha ¥ eposuja Ha TepeHoT. Cure  NOIMHH
JarJeHoBOTO HaoraluInTe, M Jesemka peka NpeTCTaByBaT IMOBPEMEHW BOJAHH TEKOBH.
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T'pannna Ha HCTPAXEH OPOCTop

Cauxa 1. OpueHraiioHa kapTa

I'EOJIOHIKA I'PAJIGA HA TEPEHOT CO INIOCEBEH OCBPT HA HEOT'EHHUTE

CEAUMEHTHA
Bp3 ocHOBa Ha JOCEramiHUTE TEOJOMIKA
CO3HaHMja  JOOHMEHM O]  CIIOMCHATHTE

noBekeasHH HCTpaXKyBamka H3BPLICHH Ha
O0BOj TPOCTOp, MOXE Ja ce 3aKiIydd [eKa
HaoramumrTeTo JKMBOjHO Kako M OCTaHATHUTE
HaoramumTa ox [leTaroHCKHOT TeplIHuepeH
0aceH I'M MMa CUTE KapaKTEPHCTHKH INTO Ce
OJlHECYBAT Ha CEAMMEHTAI[MOHATa CpeIMHA Ha
0aceHoT.

[lepudepnnor nen u nameopenjedoT Ha
HaoranumreTo ,,)KHBOjHO™ ce WM3TrpajieHn on
MpeKaMOpPUCKH Kapru co BUCOK
KPUCTUINHUTET-THAJCEBU M MHUKAIIWCTH,
MAJ€030jCKH  KBApU-TPAQUTHIHN  IIKPUIIIH,

GWIMTH W apruIOmINCTH  TPpeKy  KOu
TPAaHCTPECUBHO U AMCKOPJAHTHO  JIEXKAaT
MHUOLEH-TIMOLECHCKU U KBapTapHU

CCAMMCHTHHU HacCJIaru.
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-Komnnekc
CeJMMEHTH
JlebenmHata Ha HEOTeHUTE CEAMMEHTH Ha
HUCTPKYBAHUOT TPOCTOP CE€ ILIEHH Ha MPEKy
500m. Co ceramHHWTE HCTpaXyBama  Ce
M3yueHa € HCTpPaKHA JyNMHATUHA  JI0
mrabuHa on 336M Ha okomy 2kM J3-mHO off
cl'epmujan  u wWcTata € 3aBpIICHa BO
HEOTEHUTE ceUMeHTU. HeoreHure ceuMeHTr
“MaaT TeHepajeH Ipasel Ha mporerame C3-
JA, co cyOXopW3OHTa HA CIIOEBUTOCT, CO
nazaen aroa 0-100. Bo 6iu3uHaTa Ha paceaurte
KaJle WMaJo0 W OJpeIeHH MPHIBUKYBamba
MaJIHUOT aroJl ce MEHyBa U MOXe Jla JOCTUTHE
u 25-300 (mpuMeTeHO Kaj HEKOJIKY MCTPaXKHU
JTyITHATUHY JIOIUPAHU BO OJU3MHA HA PACCIHU

CTPYKTYpH).

Ha HEOTeHHM W KBapTapHHU



Bp3 ocHoBa Ha WCTpaXHUTE AyHNHATHHU
MOJKAT Ja ce U3BOjaT HEKOJIKY (aruu:
-(harja Ha CHBO-3€NICHUKABH PETKO YaKAJIECTH
MECOIH, aJeBPOJIUTH U MOPETKO MECOYHUIIH -
CHBO-3€JICHHKaBa cepuja,

NPOIYKTHBEH XOPU30HT,

-pamrja Ha aJICBPOJIUTH (TpPENENHM) - CHBa
cepuja,

-(auuja Ha mecony, IIMHA U YaKajK - KOJITa
cepuja, i

-KBapTepHH HaCJIary.

CuBo-3eleHUKaBaTa cepHja ce Haora BO
HajHUCKHUTE JEeJOBH Ha HEOTeHHOT OaceH.
OBaa ¢dammja mma gocra rojeMa naeOeMHA
npeTcraBeHa co ci1abo Bp3aHW W HEBP3aHH
necouy, J00po 30MEHM  TOJNyCKaMEHETH
(MHOTICCOKJINBY TIPAIINHHA - aJEBPOIUTH U
MOPETKO TIECOKJIIMBM YaKadd W  TJIMHH.
MecTUMHYHO JOCTa PETKO BO OBaa cepHja ce
jaByBaar m TeHKH mpociojku (0.2-0.6M.) on
JOCTa TBPCTH W CKAMEHETH CHUTHO3DHH
MECOYHUIM CcO KapOOHAaTHO Bp3UMBO, a ce
CpEeTHYBaar | JIAIOPOBHUTH BapOBHUIIM.
[IpOonyKTHBHHOT XOpPH30HT C€ Haora BO
TOPHHOT JIeJI Ha CHBO-3eJieHaTa cepuja oJ
BepTHKATHUOT npodui. JlebennHaTa Ha OBOj
XOpHU30HT HajuecTo ¢ ox 25-30m. IlpercraBen
€ BO IMOJUHCKHOT JeJ CO TOBEKEe jariicHOBU
CIIOEBU CO pa3lIWYHU JeOCIMHU BO KOH YECTO
Ce jaByBaT MHTEPCTPaTH(PUKYBaHU MPOCIOjKU
O]l jarJieHoBa TJMHA W TJIMHOBHUT jarJyicH.
JarneHoBuTe CclOeBM W TPOCIOjKH  BO
MOAWHCKHOJ JIe] HA TPOTYKTUBHUOT XOPH30HT
Ce pacClIOCHH CO TECOKIMBH M 3arjMHETH
C1aboOMecOKIMBY  TIpAIINHH, co  ITO
MOJUHCKUOT jarjJeH € pacioeH Ha 1-5 a Ha
MecTa W TIOBEKE jarJIeHOBH CIIOEBU. Bo
HQjBUCOKHOT  JIel  HAa  NPOXYKTHBHUOT
XOPHU30HT Ce Haora TJIaBHHUOT jarjeHOB CIIOj
KOj € OJf TUIOT Ha Kad)eaBH jarJeHU-JUTHHUT,
KOj MMa KOHTHHYHPAHO PacHpOCTpaHyBamke HA
pEUUCH LEeNHOT HCTPaKeH MPOCTOp, AOCTa
BOCHAYCH KBAJHTET CO HajuecTa aedearHa o1
4-8M, 1 JIOKAJIHO UCTEHUYYBAaME.

CuBara cepuja-paigja Ha  aJCBPOJIUTH
(Tpemenu) KU IOUPEKTHO MPEKY TIIIaBHUOT
jarlieHOB CJI0j CO KOj MPEMHUHOT € jaceH W To
MPeTCTaByBa IIOBJIATHHOT JIeJI HAa jarjeHOT.
JlebenuHata Ha OBHME CEOUMEHTH KOH TO
MOKPHBAaT jarJieHOT PEeYHCH IO  LEeNIOTO
pacnpocTpaHyBambe H3HecyBaT oj okoiy 20-
100mM, a Ha iepudepHUTE IEJIOBH HCKIMHYBAT.
Ce cMmera Jeka MMaaT €0JICKO MOTEKJIO, a BO
HUB € JIOKaXaHO IPUCYCTBO HA TOJIeM Opoj
BUJIOBU Ha allTW JIUjaTOMEH, a Ce CPEeTHYBaT H
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JCja U TPEBKH HOCEHU CO BETPOT. 3a OBHE
CHBH MOJYCKaMEHETH JOCTa JIECHU MaCH YeCTO
ce KOPUCTH KaKO TEXHUYKH - HA3UBOT TPETIE.
Xonrtara cepuja - TECOKIMBO TJIMHOBUTATa
¢danuja e mpeTcTaBeHa BO MOHUCKUTE AEIOBU
co IO0OpOCTpaTUDUKYBAHH mocnabo
IVjareHU3UpaHy (PHHOTIECOKINBU TPAITHHA —
QJIEBPUTH, a BO IMOBHCOKHTE JICIOBH HEBP3aHU
MECONM W TOPETKO CYIJMHU TpaliuHA U
yakany. Ha moroimemM pgen oa TepeHOT Ha
KOHTaKTOT CO aJIEBPOJUTHUTE (TPETeNoT) ce

jaByBar MTOCBETIIN (cBeTIO-CUBH b1 (6]
OenuyecT) WAapTUM KOM HAJIMKyBaT Ha
aneBponuTHTe (CHBHOT Tpemen), HO ce

nocinabo aujareHU3UpaHu, OeIndecTd U J00po
cTpaTupUKyBaHH. MakcuManHata ae0ennHa
Ha JXKOJITaTa cephja mM3HecyBa mo 70-THHA M.
Bo 6nmu3uHa Ha HUBOTO HA MOJ3EMHHUTE BOJAU
JI0OCTa YeCTO BO OBaa cepHja OCOOCHO TIO
CJIOEBUTOCTA M TI0 HUCIYKAHWTE TMApTHH HMa
pasBoj Ha JMMOHHTCKA Marepuja.
O6opyBameTO  Ha  JKEJNE3HUTE  OKCHIU
HACTaHyBa CO PEaKIMHM HA ITOJ3EMHHUTE BOJU
CO BOIHWTE OJ IUIUTKHATE Oapu 300TaTeHU CO
Kucinopoll. Bo HajropHUTe HUBOM Ha MOCTUHU
MeCTa ce CpeTHYBa W Ipairkacta kapOoHaTHa
MaTepuja, MOTEKJIOTO He € JOKaXKaHo.
KpaprepHuTe  Hacmarm  WMaaT — HajMaia
nebenmuna (mo 10-TmHa M.), U ce HajManKy
3acTalieHH BO cropeada Cco  OCTaHATHTE
JIUTOJIOWIKK wieHoBU. IlpercraBeHun ce co
NMoBeke TEHETCKM THUIOBU: MPOJIyBHjaHH
HAClarv, peYHH Tepach, U aIyBHjaIHU
HaCJIary.

[IponyBujaaHUTE HACTATH, CE PACTIPOCTPAHETH
BO jyxHuoT u JW nem Ha Ha TEepeHOT, Ha
MOBUCOKHTE JIEJIOBH, © HA  IIOTOJIeMa
MOBPIIMHA TH MPEMOKPUBAAT TUIMOLICHCKUTE
cenuMmanTu. Mctute ce co mManu AeOenuHH.
JlecHo ce 3abenexxyBaaT mo cBojara Kadeapa
o npHa 6oja. M3rpagenu ce ox kadeaBdu 10
L[PBEHH MECOKIUBH U CJIa00 YaKaJIEeCTH TJIUHU
MECTUMHYHO CO 3TOJIEMEHO TIPHUCYCTBO Ha
0o0yTOIM O TIPETEKHOKBAPI[, THAjC W
MOPETKO IIKPHIIIIH.

PeunuTte Tepacu ce GopMHpPaHU UCKITYYHBO BO
CEBEPHUTE JIEJIOBU HA TEPEHOT U TMPETCTaByBaT

Hacimarn Ha Jememka wu IlpHa peka.
[IpercTaBeHn ce cO MecOUM HU YaKadd W
MPOMEHJINBA  COJpKMHA HAa  TJIMHOBWTA
KOMIIOHEHTA.

AJyBHjaTHUTE HAHOCH C€ Pa3BHEHH OKOJIY
Jenemka u LlpHa peka, HO ce CpeTHyBaar u 1o
MOTOJIEMUTE TOTOIM KOW BpIIAT €po3Hja Ha
TEpPEHOT.
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CTPYKTYPHO-TEKTOHCKHU KAPAKTEPUCTUKHU

On UeloKymHUTE HCTpaxyBamba Ha OBOj
MPOCTOpP JOKaXaHO € JeKa jarJeHOBOTO
HaoramuiTe ,, ) KMBOjHO* ©Ma MOIITHA CJIOKEHA
CTPYKTYpHO-TEKTOHCKa rpanda. Toa ce momku
Ha (PaKTOT MITO MPOCTOPOT HA HAOTATHINTETO
Cce Haora Ha camara TpaHWIAa TIOMery IBe
KpYITHH TCOTEKTOHCKH SIMHUIIN
[lenaroHCKMOT XOpPCT AHTUKIMHOPUYM U
3amagHO-MaKeJOHCKATa 30Ha. CamoTo
HaOTaJINIITe MIpeTcTaByBa zen on
[lenaronckara nempecuja Koja INpPEeTCTaByBa
HajrolleMa  TEKTOHCKAa  JeTpecHja  BO
P.Makenonuja. 3adaka TOBpmIMHA O
1486KM2 on KOja jy)KHHOT JeNl W MpuIara Ha
P.I'pimja. OkoHTYpeHa € O CHTE CTpaHU CO
IUTAHWHCKA ~ MAacCHBH W3TpajieHn  On
MPEKaMOPUCKU M CTapOIAlC030jCKU  KapIiH,
J0ZieKa caMara € HCIOJHETa CO HEOTeHH
CEeIMMEHTH CO TIPOIIeHEeTa /leOeTnHa Ha TPeKy
800M. Haoranumrero ,,)KuBojHO™ ro 3aB3ema
JU nmen wna IlemaroHckara paempecuja, 10
camara MaxkenoHcko-I'puka cTpana u 3adaka
MOBpIIKHA 0 TIpeKy 20xkM2.

Ha mpocropor mnomery XXusojuo bau u
lepmujan kame € CMECTeHO HAOIaIHINTETO
pa3BHEHU Ce IUTMKATHBHUTE U AWC]YHKTUBHUTE
cTpykrypHu (opmu. JleramHara aHanmza 3a
TEKTOHCKHUTE JBIKEHa U MOCICIUINUTE Of HUB
ce BpIIIEHW caMO BP3 OCHOBa Ha PE3yJITaTHUTE
JNOOMEHN CO HUCTPAKHOTO AyNUCHEe, MOpaaH
TOa INTO HUCTUTE He ce MaHudecTHpaar Ha
MOBpIIMHATA Ha TepeHOoT. Toa ce JOKU Ha
cmabara IBPCTHHA HAa CEJUMEHTHUTE KapIiH,
MPENOKPUEHOCT CO KBAPTEPHUTE HACNIATH, a H
HajrolieM Jdedl OJ TEpPeHOT MpeTcTaByBa
OpaHHUIIH.

Co aHanm3a Ha HCTPAXHUTE IYNMHATHHU U
HaJIOJDKHUTE W HalpeyHH NPOQHIN MOXeE na
ce W3HecaT CIeJHHUTE BUIyBama. Heorenmre
CEAVMMEHTH 3aeAHO CO jarJeHOBHOT CJIO]
NpeTcTaByBaT €OHa MOHOKIMHaJa ©jaro
pa3bpaHyBaHa 1O MPOTETAmETO HA UCTUTE BO
CKJION Ha KOja Ce Pa3BHUEHH HEKOJKY ITOMAalli
WM TIOTOJIEMH cl1ab0 pa3BUCHU CHHKIIMHAIHU

u adntukiauHanHM ¢Qopmu. Ho, cemak on
CTPYKTYPHO —  TEKTOHCKM  acCHeKT 3a
HAOTaJINIITETO ce MO3HAYajHU

Z[I/ICjYHKTI/IBHI/ITC (bOpMI/I KOH C€ HMHTCH3HWBHO
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pa3BUEHHU Ha 0BOj mpocTop. HajuHTeH3uBHO ce
pazBueHu pacenute co mnporerame CC3-JIU
OJIHOCHO TO 33Jp>KyBaT CMEPOT Ha KOHTAKTOT
momery  3amagHOMake[OHCKaTa 30Ha U
[lenaroHCKHOT XOpCT aHTUKIMHOpUYM. Ha
O0BOj TMPOCTOp TEHEpaTHO MOXaT Ja ce
W3JIBOjaT JBE MOKPYITHH PACeJHU CTPYKTYpH
(pacenu o TpB pel) CO MpaBell Ha MPOTErame
CC3-JJU xom ce mapayiemHo Tomery cebe u
pedrcu Mo Lejara JO0JDKHHA MPOIpaTeHH Cco
IpyTH MOMaJIH pacenu napasesnHo
pacniopenenu. OCBeH OBHE paceny W3IBOCHH
Ce W pacequ KOW Ce MOMIAAH OJ MPEIXOIHO
ONHMIIaHUTE CO MpaBel Ha mporerawme NCHU-
3J3 u Ha oApeneHU MPOCTOPHU IMpaBaT MapKeT-
CTpyKTypa. Pacemuure CTpyKTypH cropen
HUBHATa opjeHTaIuja, HajBEPOjaTHO
MpeTcTaByBaaT MOCTPYAHO OOHOBYBame€ Ha
CTapuTe CTPYKTYpH, MO KOHW JOIIIO JIO
CIyIITakhe Ha TOSAWHH OJIOKOBH, YHH IITO
CKOKOBH Ha MecTa AocTuraysaat u 10 30m. On
aHanmM3a Ha  HampeuHutre mnpoduiam e
KOHCTaTHpPaHO  JieKa  pacedHyBameTo ¢
M3pa3eHo BO BUJ Ha CIYLITAWke WU U3IUTAHE
Ha JIUCKOHTHHYHUpPaHU OJIOKOBU CO KOj TpoIiiec
JIOLIIO /10 CTBapame Ha TEKTOHCKH TpabeH..
Co pacennyBameTro ce 3adaTeHH CHTE
JUTOJIONIKK YJICHOBU, IITO YKaKyBa JieKa
TEKTOHHKAaTa C€ OJIBMBalia JOJIT BPEMEHCKH
MEPUO]] OJHOCHO IO KpajoT Ha TaJOXKeHke Ha
TOpPHOIUTMOIIEHCKUTE ceaquMmeHTH. Ce cmera
JIeKa W TI0jaBaTa Ha TaCOBH KOM Ce€ MPUCYTHH
Ha OBHE TPOCTOPH € TOBp3aHa 3a UTa0OKHTe
pacenHd 30HM KOM  KOHTaKTHpaaT Co
ocHOBHOTO Tropje. [lojaBa Ha racoBu ce
KOHCTaTHpPaHH M TIPH CaMOTO AyMYeHEe BO
HEKOJIKY UCTPaKHU TyITHAaTHHHU BO MCIUIAKATA,
a MOTBPACHU c€ U cO re0(hU3NUKH UCTTHUTYBamba
W3BelleHW Ha JymHaTuHata 53/22 pmaboka
336mMm.

Oxn  TepeHCKOTO  TEOJIOIIKO  KapTHpame
3a0enexxaHn ce caMO HEKOJIKY CBJICUHINTA Ha
moreror mipema JKWBOjHO KoM ce€ Kako
pe3ynTaT Ha  epOJMBHUTE TPOLECH H
cl1aboBp3aHUTE HECTAOMIHH KaplecTH MacH,
HO WCTUTE CE O] JIOKAJIeH KapakTep, Mopaau
MOBOJIHATa MOP(OJIOTHja Ha TEPEHOT.



NETEHAA :

& HoBcuspagsti qyNHATHHN £ Crapu qynusTHHM {0 OTapH ZyNHATHHA 0O QENHMRH

{KBRBMHHMNA &S HMaTAD

Mpaxa \ MpsmocTaRaHN pECAZN,

YTRPAGHH &0 HCTRAHHH padeTH

(1 GTANN OYNHATHHN 00 JB06H
{KPOBMHCKN M NOGMHGHH] a0 L eTap

Camnka 3. Kapra Ha pacean Bo HaoranmumreTo JKUBOjHO
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Canka 4. Pacen, periuctprpaH Ha NOBPIIMHCKK Kol bpox 'HeoTnHO

Ilpp  xapTHpamero  HAa  jagpoTO O
JNyNHATHHUTE KOHCTATHPAHH C€ BOTJIABHOM
IBa CcHUCTeMa Ha IyKHATUHH, EJHHOT CO
cyOBapTukanes naz (mageH aron on 80-900),
KOj € ToYecT, W APYTHOT [WjarOHaJleH Ha
npeaxoaHuoT co maneH aron 40-550. Osue
MYKHaTHHM BEPOjaTHO C€ KaKO MOCIequna Ha
TEKTOHCKHUTE HPHUIBIDKYBatha "
JUjareHeTCKUTe MPOLECH Ha JIMTOJOIIKUTE
cenuMeHTHH equHuIM. Ce CpeTHyBaaT Kako BO
jarieHoBUTE CIIOEBH TaKa u BO
OKOJTyjarJeHOBUTE CEMMEHTHH MacCH.

Co morycryBame Ha Mpexara Ha UCTPaKHUTE
IynHaTuHH co uctparute ox 2011-2012rox ce
JNOOWEeHM JocTa TOJETAIHH MOJATOIHM 32
CTPYKTYPHO-TEKTOHCKAaTa rpanda Ha JeJoT OJ

PE3YJITATU U JTUCKYCHUJA

Bp3 ocHOBa Ha Hampes peYeHOTO MOXeE Ja ce
KOHCTaTHpa AeKa CETallHUTe UCTPaXyBama U
UCIIUTYBamba KaKo JOTIOJTHEHHUE Ha
IpPeAXOJHUTE JONpPHHECOa 3a IOJACTAIHO
OCO3HABalke€ 3a IEO0JIOIIKaTa U CTPYKTYpHO-
TEKTOHCKaTa rpagda Ha HaoramumTeTo. OBHE
UCTpaXyBama W WCIUTyBamba Ou Owuie
IOjIOBHA  OCHOBAa  3a  IIOHATaMOIIHUTE
IPOEKTHpama M IUIaHHpama 3a OTBAPAmBE HA
jarfeHoKOoN. AKO HampaBHMeE Kopenaluja co
OCTaHATUTE jarJICHOBH  HAOrajMIITa  OJ
[TenaroHcknoT GaceH MOXe Ja KOHCTaTHpaMme
JIeKa TeHETCKU M 0Ba HAOTAJIUILTE € IOCTaHATO
3aeHO CO OCTaHATHTE O OBOj pernoH. Mma
CJIMYHA TeoJIoNIKa rpaada Kako BO MOBJATara
Taka M BO IMOJMHATa Ha jarJieHoT. 3a
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HAOTaJMINTETO KaJie Ce TMPECMETaHW PYIAHU
pesepBu  on  ,,A“ kareropuja. [lopamu
CJIO’KeHaTa TeKTOHCKA Ipasba HaoraUIITeTo €
npexiacuuIMpaHo BO TpBa TIpymna, BTOpa
MOJrpymna 3a pas3iiika oJi MOpaHo Kora OWIo
knacuuIEpaHo BO TpBa rpyma, Inpsa
noarpyna. IloxxenHo e M 1O OTBapameTO Ha
JarfIeHOKONOT J]a MPOAOJDKAT TEONONIKUTE
UCTpaXyBamka CO INTO Ke Cce TIIOCTUTHE
nojeTanHo JAepUHHpame Ha  paceIHHUTe
CTPYKTYpH KOU T'¢ ja OJIECHAT eKcIuioaranujara
Ha MUHepaiHata cypoBuHa. OBa ke ce
MOCTUTHE CO TIOTYCTyBambe Ha HCTpa)KHATa
MpeXa U TOTOYHO ONpeAeTyBambe Ha MECTOTO
Ha paceuTe W CKOKOT Ha paceJHHUTE KpHila.

pasnukata oj Haofamumrero CyBoIon oBa
HaoraJMIITe € JOCTa PaccioeHO BO MOAWHATA
HEIITO CINYHO Kako W bpoxa-I'meotono. Ako
HampaBuUMe cropenda Bo  TOriiend  Ha
CTPYKTYpHO-TEKTOHCKaTa rpaaba Moxe [1a
KOHCTaTHpaMe  JeKa  HAjUHTEH3UBHH U
HAjaKTHBHU TEKTOHCKH JIBU)KCHA CE OJIBUBAIC
Oari BO HaoranuImTeTo ,, ) KMBOjHO, 32 pa3/InKa
0]l OCTaHATUTE HAOTAIUILTA KaJie TEeKTOHUKATa
e mocimabo wu3paseHa. Jlokonmky mojoe Ao
OTBapame Ha PYIHHMKOT 3a jarjieH ,,)KuBojHo™
notpebHO € aa ce (opmupa modap CTpydeH
THM KOj K€ TH 3eMe BO 003Up CUTE IOCEralIHN
UCTPaXyBamka  HCIUTYyBakba ¥ HAYYHH
CO3HaHWja W 3acOHO CO OApENEHH HOBHU
JIOUCTPaKyBama IOCTOjaHO Ke JONpPUHECYBaT



KOH MOTpaBUIIHA u MMOEKOHOMHUYHA
eKcIIoaTanyja Ha jaraeHoT. OBa e mopaau Toa
IITO W I[IOKpaj OOEMHHUTE HCTpaKyBama
MOpaJy MMOKPHUEHOCT Ha TEPEHOT CO KBapTapHU

BJAT'OJAPHOCT

N3paszyBame menocHa 6imaronapaoct Ha EJIEM
AJl-Ckomje mTo BO CBOjaTa HHBECTHUIIMOHA
mmporpamMa MpOJOJDKYBa CO HHBECTHUPAIE BO
JIeNIOT Ha TEOJIOMIKUTE, XHUIIPOTECOJIOMIKUTE U
reOMEXaHWYKU UCTPAKyBakha Ha jarJCHOBUTE

JUTEPATYPA

Enabopar 3a pynHH pe3epBH Ha jarjeHOT BO
nexumrero  JKuBOjHO co  cocToj0a  Ha
31.12.1983 roguna, I'eomomku 3aBoa-Cxorije,

EnaGopar 3a mocTUTHATHTE peE3yNTaTu Cco
HCTPaXXyBamkETO BO JarJCeHOCHHOT PEBHUP
,»KnuBojoo — Ctap PymHuk* co mpecmerka Ha
pyIHU pe3epeH, ,,Kusojuo, 1988ro,

ITpoekT 3a TEONONIKM W TCOMEXaHUYKH
TOWCTpakyBama 3a jariaeH ,, KuBojHO"- Pek
Burona, I'panexen ¢axynrer-Crorje,
2010rox.

(Kocurun, 1969): Tekronnka
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HacJlard U pacTPECUTH KapIeCTH MacH MOKHO
€ OoIpeieHH paceld Ja He ce JO0Kpaj
nepUHUpaHHU.

HaofajguImra BO pemyOimkara, Mely KOH H
Haoranumrero ,,Kupojo. bnaromapHocT u

mo TMM ALl Ckollje ¥ KOJETUTEe OJ
['eomomkuoT CeKkTOp KOWM  Jamoa  CBOj
TIPUIOHEC co COOJIBETHA CTpy4Ha

KOHCYJITall{ja 3a peajn3anydja Ha OBOj TPYA.

(Apcoscku, IletkoBckn, 1975): Heotekronmka
Ha Conwmjanucrtuyka PemyOnnka Makenonuja,

(AnnppeeBcku, 1995): Jarmenu - I'emercku u
KBAJIMTATUBHU KapaKTEPUCTUKH, HAOlaJIUIITa
HA jarjieH W 3allITUTa Ha )KUBOTHATA CPE/IMHA

(ApcoBckn,1997): TexkTornka Ha MakenoHuja,
T'omes, I'eonomiko

(dymypiianos, 2005):

KapTupame,

(Cepadumorcku, 2009): I'enesa Ha pyaHU
HaorajuIiTa.



KOMITAPATUBHU COI'VIEAYBAIbA HA I'EOJIOIIKA U
EKOHOMCKHU HAPAMETPH HA JATJIEHOBUTE
HAOTI'AJIMIITA ,MAPHOBO*“ 1 ,,/KUBOJHO*“

Hetpe IMackos', lacre UBanoscku’, Tpudyn Muaescku’,
Jlanue Tomoposa®, Urop IMemesckn’

' Feoxuopounscenepune”, yn. Teooocue I'onoeanos 6p. 132,Cronje, P. Makeoonuja, ghi-vslj@unet.com.mk
23U Makeoonuja AJl-Cronje, yn [pesdencka 6p. 52Cronje, P.Makxedonuja. laste.ivanovski@gim.com.mk
YEJIEM AJ]-Cronje 11. Oxmomspu 9 1000 Cxonje P.Maxedonuja, trifun.milevski@elem.com.mk
Ipadexcen axynmem-Cronje, [lapmuszancku oopedu 24, Cxonje, P. Makedonuja, pesevski@gf ukim.edu.mk

AncrpakTt

Bo Tpynmor ce mpukakaHM KOMIAPaTUBHU COTJEoyBama (Pa3jIMKUTE M CIMYHOCTHTE) IOMEry JBETE HOBO
JIOUCTPAKECHU HAOIaJMIITA Ha jariieH ,,MapuoBo u ,,’)KuBojHo. Ha Haofanuiutero ,,MapruoBo® o cTpaHa Ha
JIOMAalTHA HCTpaxyBaun BO mepuomoT Ha 2009-2010rox. ce W3BpIIEHHM MOOOEMHH MIETATHU TEOJOIIKH,
HWHXCHCPCKOTCOJIOMKH, XHUAPOTCOJOMKU U TCOTEXHUYKU JOUCTpaAXKyBamba W HCIUTYBakba. IIo oBue
uCTpaxKyBamwa u3paboreHu ce Tpu enadbopatu: ['eononiku, Xunporeosnomku u ['eorexHunuku enadopar. Mcrure
nMaaT CHUHTE3CH KapaKTep, IMpU MITO BO HUB OCBCH AKTYCIIHUTC C€ MNPE3CHTHUPAHHU W CUTC IOO0CCTrallHUu
ucrpaxysama. Ol cTpaHa Ha cllOBeHeuKka GupMa ycieau u3paboTka Ha Pynapcku MpoeKkT M M3roTByBame Ha
WHBECTHILIMOHA ITpOrpaMa 3a OTBapambe Ha jarJieHOBOTO HaofanuiuTe ,,MaproBo®. HemocpeHo 1o 3aBpiryBame
Ha UCTpaKHHUTE PadoOTH Ha ,,MapuoBo*, Bo neproxor 2011-2012rox., ce mpucranu KOH JOMCTPAXYBakE U Ha
jariieHoBOTO Haoramumre ,,)KuBojHo . TepeHckuTe paboTH ce MEeT0CHO 3aBPIICHH, a BO TPYIOT C€ MPUKAKAHU
JielT o JOOWEHHUTE Pe3yinTaTH o 1abopaTOPUCKA U KaOWHETKN HCIUTYBama. [IBeTe HaoraiIITa MPeTCTaByBaaT
no0pa TpecIeKTHBa 3a IIOHATAMOIIICH Pa3BOj HA EHEPTeTCKUOT CEKTOp BO Pemybnmka MakenoHwmja.

Kayunu 300poBH: jariieHOBO HaoraJMIITe, KOMITAPaIlHja, TOUCTPAXKYBAHE

BOBEJ]

Bo nmocnenuute Hekonky roquau A/l ,,Emem™ - HUCTpakHH pabOTH MPOCIICACHU CO MOATOTOBKA
Ckomje BpIIM WHTEH3WBHA WHBECTUIOHA Ha cuHTe3HH enaboparu. 3a momoOpa
aKTHBHOCT CO IIeJl JOBEAyBame Ha 3aJ0BOJIH- KOMIIapalyja Ha TEOJIOUIKO-TeOTEXHUYKHUTE
TEJEH CTEIEH Ha HCTPaKCHOCT Ha [BETe YCJIOBH BO CaMHT€ HAOlaJMINTA, BO KPAaTKU
MEPCIeKTUBHU ~ HaoralMIlTa Ha  jaryieH LPTH  C€  TPE3eHTHUPAHH  TEOJIOIIKHTE,
»MapnoBo“ u ,,)KuBojHo*“. OBa e co uen aa ce CTPYKTYPHO-TEKTOHCKUTE,  HHYKEHEPCKOI€O-
corjefa MOXHOCTAa 3a CTapTyBame CoO JIOUIKUTE, XUIPOTEOJIOMIKUTE, T€OMEXaHNIKH-
SKCII0ATAIM]ja Ha OBUE JIBE HAOTAIIUIIITA. T€ KapaKTePUCTUKH Kako0 W KBAJIUTAaTHBHO-
Bp3 ocHoBa Ha [IpoekTn 3a mouCTpaxyBame KBaHTUTAaTUBHUTE IapaMeTpu Ha  JIBETE
MOArOTBEHM OA CcTpaHa Ha ['panexeH HaOlaJIHIITA.

¢dakynrer Ckollje, HW3BEACHH Cc€ OOCMHH

TFEOJIOUIKA T'PAJBA

e Haoramumrero ,,MapuoBo“ mnpercraByBa CeOUMEHTHH (OpMaIMK: TIOTWHCKA QopMa-
Zen O] MAapHOBCKHOT HeoreH OaceH, Koj Mja MpPEeTCTaBeHa CO CHBO3CICHH YaKalH
MPETCTaByBa W30JHpaH /el U He KOHTAaKTHUpa MEeCOy M TJIMHH, MPOAYKTHBHA jarjJeHOCHA
co IlenaroHckuoT jarneHoceH OaceH. ¢opmauunja, moBmaTHa  (Qopmanuja  Ha
Opn moceramHATe WCTPaXKyBamkba MOXKE Ja Ce CUBKACTH aJICBPOJUTH (Tperenu), dhopMmaluja
KOHCTaTHpa JieKa HaolaluITeTo ,,MaproBo™ e Ha CHBKACTO >KOJITCHUKaBHU IMECOLH, aJeBPHUTH,
W3rPaZIcHO O MHOLECHCKO-TUIMOLCHCKH U CYIJIMHM, 4YaKald MW Jp. BYJIKaHOI'CHO
TUTHOIICHCKO-KBAPTEpPHU  CEAMMEHTH KO CEIMMEHTHH TBOpOHU (KBapIUTATUTCKA
JIeKaT TPAHCTPECHBHO M TUCKOPIAAHTHO MPEKY armoMepatrd, Ty()oBH, TYyQUTH, BYJIKAHCKH
MpeKaMOpPUCKHUTE THAjC-MUKAIIMCTH M TPaHO- IIECOK, MpamMHa W 1p.) U ¢opmanyja Ha
IUOPUTH, KaKO W €AEH OeN KOj JISKU MPEeKy OUropIMBH BapOBHUIM, OWUTOpH, OHUrOpIMBa
MepMepHaTa Ceprja U TOPHOKPEIHUOT (hITHIIL. IpoOuHa, TpPaBEPTHUHU W OHUKCU. MecTHMHY-
Bo reomomkara rpamba Ha MapHOBCKOTO HO HEOTeHHUTE (MHO-TIIIMOLIEHCKH) Hacllaru ce
jarfieHOBO HAOlaJlMIITE Y4YecTByBaaT IIOBEKe MOKPUEHU CO KBAapPTEPHHU CEOUMEHTH MpPETCTa-
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BEHH CO TIPOJYBWjAJIHH, JEINyBHjalHU U
QJTyBUjaJIHU HACJIaTH.

e 3a pa3nuKa O]l MapUOBCKHOT jarJIeHOCEH
OaceH KOj IpeTcTaByBa H30JHMpaH OaceH,
Haoranumrero ,, JKMBOJHO“ € OTBOPEHO U
MpeTCTaByBa COCTaBeH eyl Ha [lexaroHCKUOT
jarneHoceH OaceH koj 3adaka mocra rojieMa
nospiinHa. Bo mornen Ha reosnomkara rpag0a
Haoranumrero ,,)KMBOjHO wWMa oOJpeaeHu
CIIMYHOCTH, HO U OZPEICHU PA3IMKH CO Ipel-
XOJHO OIUINAHOTO Haofaiumre. IloguHCKHOT
JIe]l TO COYMHYBaaT MHOTY IoJie0enu cerume-
HTHM Hacllard MPETCTaBEHH CO IEeCOlH, YaKa-
T, aJIeBPOJUTH M MOPETKO TEHKH MPOCIIOjKU
0J1 IECOYHHIIU CO KapOOHATHO BP3HBO.

Han HMB 7neXxu NPOAYKTUBHHOT XOPHU3OHT
(nebenmuna oxomy 30M.) M3rpalieH o jarjicH
KOj e pacioeH Bo moamHata (1-5 jarmeHoBu
cj0ja), CO jarJIeHOBH TJIMHH, TJIMHOBUT jarJicH,
3arJIMHETH IMPallNHU, [ECOKINBH NpAIIuHA U
KT-
Il

WBHHUOT XOPH30HT C€ HAaol'a TJIABHHUOT jarJieHOB
coj co aebenuHa 4-8M.

['MaBHHUOT jarfieHOB CJIOj PEYUCH MO Iieara
MOoBpHIMHA € MOKPHUEH CO aJICBPOJIMTU - CUBU
JI00pOaMjareHU3UPaHu CUTHOIPAITUHECTH
YEeCTHYKH Off OPraHCKO TMOTEeKJIO (airu
IUjaTOMEN) OHEYHCTEHH CO TJIMHOBUTH U
NEJIMUTCKU IIPUMECH. Kako TeXHHMYKH Ha3UB 3a
OBHE CSJAMMEHTHU CE€ KOPUCTH HAa3MBOT TPEIEl,
W HWCTHTE JIOCTUTHYBaaT jcOenmuHa U 10
100m.(mogexka Bo MapuoBOo H3HECYBa IO
okony 30-tmHa M.). 3a pasnuka ox MapuoBo
BO HaoramumreTo JKWBOJHO OTCYyCTBYyBa BYII-
KaHOTE€HO-CeIMMeHTHaTa (opmarja KapOo-
HAaTHO OWTOPJIMBUTE IBPCTH ceauMeHTH. Ha-
MECTO HMB C€ jaByBaT €J1a00 OujareHU3NPaHu
JI0 HEBP3aHU aJICBPUTH, MECOIH, YaKaJIH U Cy-
TJIMHA MECTUMUYHO CO INPHUCYCTBO Ha Iapy4u-
2 OJ] KBapIl, THAjC, IIKPUILHU U JIp.

Cauxa 1. OpueHTanmoHa KapTa co UCTPakeH MPOCTOP HA ABETE HAOTATHIITA
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CTPYKTYPHO-TEKTOHCKA I'PAJIBA

e Mapuosckuom  jacnenocen — bacen e
¢dopmMupan BO MapHOBCKHOT HEOTSKTOHCKH
rpabeH, pacmpoCcTpaHeT Ha TpaHUIATa Ha
[lenaroHCKHOT XOpPCT  AHTUKIMHOPUYM U
Bapnapckara 30Ha. IIpogykTuBHaTa HeoreHa
¢dbopmarmja TEKH TPAHCTPECUBHO u
JMCKOPJIAHTHO TIPEKy MOCTapUTE TBOPOH U 1O
CBOJOT TEKTOHCKH CKJIOII UMa W3IJIe/ Ha ellHa
HenpaBWiHA Ollara CUHKJIMHANHA ¢opma. Ha
OBOj MIPOCTOP BO majeopeljedoT ce pa3BUCHH
TMCJYHKTUBHA (OPMH — paceqHHl CTPYKTypH
CO TeHepajJeH mpasel] Ha mporerambe C-J u
CC3-JJU. Osme pacemHu CTPYKTYpH CO
HEOTCHUTE Hacllardk c€ MAacKHpaHW, WU O]
JOCeTalllHUTE MCTPaKyBamba Ha OBOj MPOCTOP
MOXE Jla C€ 3aKIy4d JIeKa HEOTCKTOHCKUTE
IBIOKEema Owmre cmabo w3paseHn. Ha
UCIPTAHUTE MONPEYHH U HAJODKHY MPOPIHITH
He ce JeuHMpaHU paceHH NPUIBUKYBakba
Ha olpeneHn OJIOKOBH (cxokoBM).
Jlebopmanmja Ha jarJICHOBHOT CJIOj € PETHC-
TpHpaHa camo O] IOPaHEITHUTE UCTPAKYBAbHA
CO CKOK 0[] 2.5M.BO n3pa00TeH HHUCKOII LITO CE
cMeTa JieKa € KaKo pe3yjiTaT Ha JIOKATHO
CMOJIKHYBambe.

XUAPOTI'EOQOJOUKHU NPUJIUKHA

e Bp3 ocHOBa Ha 00EMHHTE XHIPOTEOIOIIKH
UCTPaXyBamka HA MAapHOBCKHOT jarjieHOCEH
OaceH cmopex  CTPYKTYpHHOT THO  Ha
MMOPO3HOCT U3JBOCHUTE IUTOJIOUIKU E€IUHUIU
ce BOBPCTEHHU BO YETHPH THIIA:

- Kapnu co uHmMepzpanyiapHa nopo3HOCm

- Kapnu co KapcmHuo NyKHAMUHCKAa HOPO3IHOCH
- Kapnu co NyKHAMuUHCKA NOPO3HOCM

- YCIIOBHO BOOOHENPONYCHU, 6E38600HU Kapnu
Kaprute co wuHTeprpanymrapHa MHOPO3HOCT
“MaaT ToJieMa paclpoCTPaHETOCT M Ce
MPEeTCTaBeHH CO KBapTepHH HACIard U
HEOTCHUTEC  CEAMMEHTH  H3IPajeHHd O]
AJIEBPUTCKO-TIECOKITHBH, BYJIKQHOT€HO
CEIMMEHTHH W  TJIWHOBHTO  MECOKINBO
gakajgecTH (popMalivu.

JIOMHMHaHTHO MECTO Ha Kapou cO KapCTHO
MMyKHaTHHCKATa ITOPO3HOCT 3aB3emMa
KapOOHATHO-OMTOpIMBaTa (Qopmaimja Koja
MUMa ToJeMO paclpoCTpaHyBambe 0COOCHO KOH
c.Manactup u c.bemmuire.

Kapnure co mykHaTHHCKa TIOPO3HOCT Ce€
3acTaneHu caMo BO TepudepHHUTE IEIOBH Ha
HaoranumreTo  (CEepHeHTHHUTH, THAjCEeBH,
TPaHOINOPUTH, (PIITUTOMUKAIITNCTH, ITKPIIIITN

U 1p).
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e Haorarmuwmemo ,,Kusojuo “ce OmINKyBa
CO MHTCH3HMBHA CTPYKTYPHO-TEKTOHCKAa Tpa-
0a. Toa ce momku Ha (HaKTOT MITO CAMOTO HAO-
FaJliIlITe € CMECTEHO IOMEry JIBE KPYITHH Ieo-
TEKTOHCKM eIWHUIM [lemaroHcku  XopcT
AHTUKJIMHOPUYM M 3alajHO MaKeJOHCKAaTa 30-
Ha. Hajpa3BueHn Ha 0BOj IPOCTOP CE IHCjYHK-
TUBHUTE CTPYKTypHHU (popmu. [lomspazenu ce
paceguute npaBuu CC3-JJM mapanenHu Ha
rpaHUIaTa Ha OBUE JIB€ TE€OTEKTOHCKH €IHHU-
M, a BOSJHO M CO MCT CMEP U CO MPaBeLoT Ha
MPOTEeTamke Ha CEAUMEHTHHUTE Hacnaru. Mcru-
TE Ce HCIpPEeceueHN Ha MOBEKe MecTa CO TO-
MJIQI¥ paceIu co mpaer Ha npoterame MCHU-
3J3. Bo oBa HaofamumTe cTaHyBa 300p 3a
MOCTPYTHA TEKTOHWKA IO (popMHpameTo Ha
jarIeHOBHUTE CIIOEBH MPH MITO JONIIO JIO
CIyLITakhe WIA W3JUrame Ha IOSAUHH
JTUCKOHTUHYHpPAHH OJIOKOBH, YUU CKOKOBHU
mocturayBaat u 1o 30M. Ilpu excrmoaranmja-
Ta HaoramumreTo ,,)KuBojHO Tpeba aa ce 3e-
M€ BO O0O03Mp TEKTOHUKATa, OCOOCHO IIpHU
MIPOEKTUPAE U EKCIIOATAIIHOHUTE aKTHBHOC-
TH Ha jarJIeHOT. BIomk MapkaHTHHTE pacenu
MOJKHO € 3rOJIEMEHO MPHCYCTBO Ha BOJIA, a HE
€ MCKITy4eHa M MOXKHOCTA OJI TI0jaBa Ha Tac.

YcnoBHo 0e3BOAHM Kapru(BOJOHENPOITYCHHU)
NPeTCTaBEHH C€ CO QJICBPOJMTH, TJIMHH,
jarJcHOBM  TJIMHH, TECOYHHUIM, TIUHIIN,
TITUHEHU IIKPUIIIH U JIP.

Bo w® okomy jarneHOBHTE CIIOEBM  Ha
MapUOBCKHOT jarjieHOCEH OaceH ce pa3BHEHHU
JIBa THIa HA W3JIaHW: TIOAMHCKU U KPOBHHCKH.
[NomuHcKaTa U3aH € pa3BUeHa BO MOJTUHCKHTE
CIIOEBH Ha jarJieHOT OJHOCHO BO TJIMHOBHTO
MECOKJIMBO YakKayecTara Gpopmaryja.
KpoBuHCcKkaTa W3llaH € pa3BHEHa BO JIOJTHATA
KpOBHHA (armeBpUTCKO MIECOKJTBATA
dopmarja), ©W BO TOpHara KpOBUHA
(BynKaHOTEHO cemuMeHTHaTa QopMmarja u
ouropnuBo-kapOoHaTHATa Gopmariinja).

Co ornen Ha TOa MITO UCKOMOT Ha jarieHOT BO
HaoramumTeTro MapHoBO Ke Cce€ BpIIH CO
MoJ[3eMHAa EKCIUIoaTaluja BO TOj CiIy4aj
XUPOTEOJIONIKUTE  KApaKTePUCTHKH  Ha
HAOTaJMINTETO MOXAaT Ja Ce OIeHAT KaKo
moBostHA. OBa € mopaau (aAKTOT IMTO IO
nejlata MNOBpHIMHA Ha KPOBHUHCKUOT A€
jarmeHoOT € TIOKPHEH CO BOJOHEMPOITyCHA
Cpe/liMHa aJIeBPOJUT-TPENEeN CO TMPOMEHIUBA
neoemura  ox  20-30m.  Hctwor  cioj
npeTcTaByBa HpHUpoJHA Oapuepa Tmomery



KPOBHHCKHOT M3JIaH | jarJIeHOBHOT clioj. Kako
JOTIOJTHUTENTHA TIO3UTHBHA OKOJIHOCT Ou Oumia

nu cnabo pa3BuUCHATa HCOTCKTOHHUKA u
ITYKHAaTUHCKHU CUCTEMHU Kou HEC ou
OBO3MOXKHIIC mpoaop Ha INOA3CMHUTEC

KPOBHUHCKH BOJIY BO JAMCKHTE MPOCTOPHH.

Bo HemocpenHata momuHa Ha jarfieHOBHUOT
ClI0] ce  paclmpoCTpaHeTH  CHBO3EIICHH
QJICBPOJIUTCKY TJIMHHU M JarJICHOBU TJIUHU KOH
HUCTO Taka MPETCTaByBaT XUJAPOTEONIONIKU
u305aTOp, M  OpHpoAHa  Oapuepa  of
MOJIMHCKATA U3/1aH.

e 3a pasnuka OJf HaoramuimreTo MapuoBO
KaJic MMa Pa3BHEHO MOBEKe TUTIOBU HA U3AaHU
¥ TTIOPO3HOCTH BO HaoramumTeTo JXuBojHO €
pa3BueHa UWHTEpTpaHylapHaTa IOPO3HOCT.
Tyka uma GopMupaHo 30HMEH TUT HA WU3JAH CO
cI000JTHO HHMBO HA BOAAa BO KPOBHHCKHOT
n3laH W HHUBO Ha BOJa IIOJA MHPUTHCOK BO
MONMHCKUOT u3gaH. OJ XUAPOTEOJIOMIKUTE
UCTPaKHHU PabOTH YTBPICH € M MyKHATHHCKU
TUIT HA U3JJaH Ppa3BUCH BO BOJOHCHIPOITYCHUTC
neOeny Hacjiard BO TOBJaTaTta Ha jarJieHOT-
anesposuTi. OBHE MOJTYCKAMEHETH KapIeCTH
Mach ce 3adareHd CcO  WHTEH3WUBHATA
TCKTOHUKA IPOCICACHU CO AOMHHAHTHHU [IBa
CHUCTEMH  Ha  NyKHATUHU-HOPMAHH |

IMjaroHaIHM Ha cloeBuTocTa. Ha onpenenu
MecTa KaJge MMa IMOMHTEH3MBHO JApOOCHEe U
HUCMYKaHOCT (0COOCHO OKOMYy  paceaHHTe
CTPYKTypH) OM MOXeJNo Aa J0jAe A0 IPOJop
Ha TIOA3EMHHUTE BOAM MpU EKCIuloaTanuja Ha
jarnenotr. Oj JApPYr AacmekT MaK TIJIAaBHHOT
jarJIeHOB CJIOj BO IIOJAMHATa MHOTY YECTO
JUPEKTHO KOHTaKTHpa CO XHAPOTCOJIONIKH
BOJIONpOIyCcHa cpeanHa. Toa ce CHUTHO A0
CPEIHO3PHU a MOPETKO M PasHOTpaHyIUpaHH
cnaboBp3aHu i HEBp3aHH crnabo
MPAIIMHECTH CHBO3EJICHH MECOIH.

Haorammmrero JKuBOjHO BO cmopemba co
MapuoBo pacrmonara co J0ocTa TojeOenn
BOJOHOCHH XOPH30HTH KaKo BO TIOBJIATaTa
Taka ¥ BO MOJWHATA HA jarJieHOT. AKO ce 3eMe
BO TpeaBul GaKTOT JIeka CaMOTO HAOTaJIHIITE
KOHTaKTUpa W € COCTaBeH Jen  Ha
MeJTarOHCKATa JISNpecHja BO TOj CiIydaj MOXKe
Jla ce KOHCTAaTUpa JieKa MCTOTO pacroiara co
MOHENIOBOJIHM ~ XHJPOTEOJIOMIKH  KapakTep-
HUCTHKH O]l HaoramumreTo MapuoBo. 3atoa
OpU  eKCIjoaTalyja Ha  JarJieHOT — Of
HaoranmumTeTo JKWBOjHO Tpeba ma ce mpwjue
CO ToJleMa CEpPHO3HOCT M Ja C€ YTBPIH
ONTUMAJIHA METOJIOJIOTHja Ha OJIBOTHYBAHETO.

TEOMEXAHUYKHA KAPAKTEPUCTUKHA HA HAOIAJIMIITATA

e Bo MapHoBCKOTO HaolramuIITe Ha jarjieH
Bp3 OCHOBa Ha OpOjHHTE TeOMEXaHHYKH
WCIUTYBama Ce OJIpeIeHN YeTupu (hopMaruu
A. AeBpoIUTCKO MECOKIMBa GopMmalija u
BYJIKaHOTE€HA cepHja 1 Ouropimea ¢hopMarmja.
b. Henocpenna kpoBuHa (CpemHO
JIVjarcHU3UPaHU MTPALTHHH )

B. JarnenoBa cepuja (jarjaeH u jarjieHoBa
TJIMHA)

I TNomuna (MIaCTUYHHM TIJIMHU,TICCOKIUBU
TJIMHYU | TIPAITUHECTH TIECOIIH )

ATNEBpONHUTCKO TECOKIMBaTa Qopmanmja ce
KapakTepu3upa CO arojl Ha BHATPELIHO
TpUEeHE @ = 19° —25°

Hemocpenna kpoBuHa (Tpemen) cO aroyi Ha
BHATPEITHO Tpuewme ¢ = 18° - 23°, koxes3uja
(mupexHo) ¢ = 5 -10 kN/m’ Tpuakcujansa ¢ =
10 -30 kN/m’

JarmenoBa cepwja co arol Ha BHATPENIHO

TpUCHE ¢ = 20° 57° W TOYKacCTO
onreperyBame Is = 0,25 MPa.
[lonuna (npammuecTo TJINHOBUTH

MaTepujaiy) co aroj Ha BHAT. TpHEHE ¢ = 15
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— 21°,xoxesmja (qupexHo) ¢ = 5 -20 kN/m? ,
TpuakcujanHa ¢ = 35 -50 kN/m’

e Bo XwuBojHo Bp3 ocHOBa Ha OpoOjHUTE
TeOMEXaHWYKH HCIIUTYyBamba HalpaBeHa €
moJes10a BO BPTUKAJIEH CMHCOJ U TOA :

A. Bucoka kpoBuHa (TIECOKIUBO — TIIMHOBHTH
MpalliHA) ¥ OBWE MaTepHjadd Ha TOCIUHU
JIeTIOBU C€ CO MHOTY Maja ae0eliHa a HeKale
U U30CTaHyBar.

b. Henocpemna xpoBuHa (tpemenu). Ha
MOSAWHW  MecTa c€  CcpekaBar  Oiemo
JKOJITEHWKaBH A0 Oemm  MHOTY — cimabo

MECOKJIMBU TPAIIUHKA CcIIab0 JHjarcHU3UPaHu
(6enm Tpemein), a cekane ce 3acTalieHHd BO OBOj
jariecHoB 0aceH CHBO 3€JIEHKAacTH J00po
IWjareHU3MpaHd  TpamiuHu  (Tpemen)  co
nedemmHa ox 10 mo 70Mm.

B. IIpoaykruBeH cioj co nedenuna g0 30m
MpEJCTaBeH CO CJIOCBH Ha jarfieH W IeCOLH
KOM C€ CpemHO J0 J00po 30HMeHH Kako |
3arJMHETH  MpamuHu  c¢i1abo a0  A00po
KOHCOJIWJAMPAHH.

I'. Tlomuna mnpexncraBeHa OJf TIUHOBUTO —
MPCOKJIMBU TIPAlllMHK, KAaKO W TPAIIMHECTH



neconu. [IpBuTe ce KapakTepu3upar co J0cTa
jaka KOHCOJIUIaluja.

Bucoka kpoBMHAa cO aroim Ha BHATPELIHO
Tpuewe @ = 18-25°, u koxe3uja ox ¢ = 10-25
kN/m’.

HenocpenHa kKpoBHHA cO aroil Ha BHATPENIHO
Tpuewme ¢ = 25-34° , koxe3uja (AUPEKTHO) O
10-25 kN/m* u xoxesuja (tpmakc.) oxg 50-250
kN/m”.

[ponyxTHBEeH CII0j co TOYKACTO
ONTEPETYBAKE Is=0,11-
0,34 MPa , ¢ =24-3 , C = 5,0-20 kN/m’

[loguna mpercTaBeHa cO HECOLM CO aroi Ha
BHaTpeIHo Tpuewme ¢ = 21-30° u xoxesuja C
= 5,0-15 kN/m® .Ox camuTe OBHE mapameTpH
0cOOEHO 3a HemocpeiHaTa KpOBHMHA C€
yCTaHOBYBa JieKa Tpemnenutre Bo JKHBOjHO ce

IO jaKO JAHjareHU3UpaHu.

EKOHOMCKHW ITAPAMETPU HA HAOIAJIMIITATA

OBue 1Be HaorajgWIITa pacrojaraar co
CIIMYHU KOJMYMHA Ha TCOJIOMKH PYyIHH
pe3epBH.

Co nmomcrpaxyBamara ox 2009/2010 Bo
Haoraqumrero MapHoBO ce  IMOTBpACHU
TEOJIONIKY PYAHU pe3epBu o1 96 727 876 ToHu
(A+b+L kareropmja), WM EKCIUIOATAIIHOHH
pyaunu pesepu on 70 269 038 tonu. Jlomeka
BO HaoranmumTero JKHMBOJHO €O IPBHYHHTE
npecmetkn of 2012 rox ce mobueHu oOKoIy
100 000 000 TOHM, T€OJOIIKH PYAHU PE3EPBU
wmn okomy 72 000 000, exkcrumoatamuoHU
PYIOHH PE3EPBH.

3a jarmeHOT oA HaoranumTeTo MapHoBo
3acera IOCTOjaT JBE pelICHHja, EIHOTO
jarIeHOT Ja ce COoropyBa BO IIOCTOjHHTE
TepMoOsIoKoBH Bo Pek buroma, a mpyrorto ma
Ce W3Tpajay TEepPMOEJIEeKTpaHa BO HeEIocpeqHa
OnmM3MHa Ha caMoTO Haoranumre. Bo mpBHOT
cllyyaj TMPEeJHOCT € IUTO He ce MOTpeOHH
TOTIOTHUTEIIHA CPEICTBa, HO TIpodiieM Ou
MpeTCTaByBall TPAHCIOPTOT Ha MHUHEpajHaTa
cypoBuHa. Bo BTOpPHOT ciydaj HpeaHOCT €
TO TPAaHCIOPTHUTE Tpomionmd OH  ce
HaMalWile Ha MHHHUMYM, a BO HOBaTa
TEpMOLICHTpaJla OM ce Brpaawie W HOBHU
TEXHOJIOTHH CO IIOEKOHOMHYHO pPaboTeHe U
monoOpo HCKOPHCTYBamkbe Ha MHUHEpalHaTa
CYpOBHHA.

3AKJIYYOK

Bp3 ocHOBa Ha W3IIOKEHOTO, MOXE Ja ce
u3Bele 3aKIy4OK JeKa CTaHyBa 300p 3a
HaoranumTa GOpMHUpPaHH BO JIBa, IO KapakTep,
pa3IMYHN CEJMMEHTAMOHN OaceHu, MTO ce
orliena W BO PAa3jIMYHHOT CTENEeH Ha
CEMUMCHTAIIMja ¥ Pa3IMYHUOT CTPYKTYpEH
ckor. [Toronemara TeKTOHCKa aKTHBHOCT IO
¢dopMupamero Ha HaoranumTeTo JKHBOjHO
YCIIOBUIIO u Janexy MOCIIOKEHH
XHUJPOTEOJIOIKA YCJIOBH BO HKCTOTO, IITO
3axTeBa 0coOeHo BHUMaHHe npu
MPOKETHPAakETO Ha OABOAHYBameTo. Bo
MOTJIe/I HAa TEOMEXaHWYKUTEe TMapaMeTpH,
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3a pasmmka ox MaproBO, HAOTAIHIITETO
XuBojHo ce Haora Ha camo 5-10kM. ox Beke
pa3paboteHoTo Haoramumre bpoa-I'HeoTuHO
JI0 KO€ UMa MHCTAJMPAHO TPAHCIOPTHA JICHTA.
Ucrata O6m Moxkena na ce MPOMOIKH KOH
HaoranumTeTo JXKMBOJHO O Kaae Ke ce HOCH
JarJeHoT 10 BeKe MOCTOCUKHUTE TEPMOOIOKOBH
CyBozon. Ox Tyka IOCTOjaT ¥ CUTE MOKHOCTH
3a  JOUCTpUOyIMja  Ha  NPOM3BEACHATa
CJICKTPUYHA CHEPTHja.

JIokoNKy ce OTBOPH PYAHUK CO TIOJ3EMHA
excIutoaTamnuja MaproBo BO TOj Clly4aj MOKpaj
NOOUBak€ HOBU  KOJNWUYHMHU  CIICKTPUYHA
€Hepruja MITO MPETCTaByBa CTpATEIKa IIel Ha
HamaTa JIp)kaBa, ke ce 06e30emar oxory 1400
HOBM BpaOOTyBama, KOW AUPEKTHO K€ BJIMjaaT
Ha Mo00pyBambe Ha CEBKYIMHUOT EKOHOMCKH 1
COIIHjaJICH pa3Boj HA OBOj PETHOH.

On crparelmiku MHTEpeC € M OTBapameTo Ha
JKuBojHO mopaau (GAaKTOT IITO TIABHUOT
jarneHoB cioj ox Haoramumrero CyBOmON €
peuucu wucupneH. Ilopagu oBaa npuynMHA
[MOHATAaMOIIIHA EKCIIoaTallija Ha jarJieHOT
Tpeba nma ce ouekyBa ox I1JC Cysomomn,
HaoramumrTero  bpom-I'HeotTnHO Kako w
I'epmujan-Kusojuo. Co oBa 0Oum ce
OBO3MOXHJIO TPOJOJDKYBake Ha BEKOT Ha
pabota Ha TepMoOIoKkoBUTe CyBOION 3a YINITE
HEKOJIKY JICIICHHH.

HaornumTeTo JKMBOjHO ce KapakTepusupa co
HEIITO TOBUCOKM BPEIHOCTH HAa arojioT Ha
TpUEHC U KOXe3WjaTa Kaj CHUTE YJICHOBH BO
CeIMMCHTAIIMOHATA CEPHja, INTO CEKAKO JICKa €
0[lpa3 Ha PEKUMOT Ha ceauMeHTranmja. bes
OTJICl HA TOA KO€ O] BAPUjAaHTHHUTE PEIICHHUja
3a eKCIuroaTalifja U COropyBame Ha jarjeHOT
ke Ouje ycBOGHAa W 3a JBETE HAOTaJMIINTA,
KpaeH 3aKJIy4OK € JIeKa OBUE JIBE HAOTaJUINTa
CC HAjBAXHUTE OJf CTPATCIIKHA AacleKT 3a
MOHATAMOIIICH Pa3Boj Ha EHEPTETCKUOT CEKTOP
BO JpXaBaTa M MCTUTE € IOTPEOHO IITO
MOCKOPO Jia ce pa3paboTar.



BJIATOAAPHOCT

UzpazyBame nenocHa 6naronapaoct Ha EJIEM
AJl-Ckomje mTO BO CBOjaTa HMHBECTHUI[MOHA
Iporpama MpoAOKyBa CO WHBECTHpAamE BO
JIENOT Ha TEOJIOIIKHUTE, XUIPOTEOJIOIIKHTE U
TeOMEXaHWYKH UCTPaKyBamka Ha jarJIeHOBHUTE
HaoranumrTa. braromapuoct no ['pamexen
Wuctutyt Makenonuja A/l Ckomje 3a TUMOT
ox I'eoTexHHKa KOj BJIOXH OIPOMEH TPYA U

JIUTEPATYPA

Enabopar 3a pygHH pe3epBH Ha jarjieHOT BO
nexxumrero JXuBojHo co cocrojoa Ha 31.12.1983
roauHa, [ eonomku 3aBog-Ckorje,

Emabopar 3a mocturHatuTe  pe3yiaTaTH  Cco
UCTPaXKyBambETO BO jarJIeHOCHHOT PEBUP ,,)KUBOjHO
— Crap PyaHuk co mpecMmeTka Ha pyAHHU PE3EPBH,
,» KuBojHO", 1988ro07,

IIpoekT 3a reolomIKM M  FEOMEXAHHUKU
JIONCTpaXKyBama 3a jarieH , KuBojHo“- Pekx
Buromna, I'panexen dakynrer-Ckomje, 2010rox.
IIpoekt 3a  TeoJOIKM W  TEOMEXaHWYKHU
UCTpaXKyBama, JOUCTPaXyBama W HCIHUTYBamba Ha
JjarJeHoBOTO HaoraJuITe “MapuoBo’-
Vuuepsurer “Cern  Kupun wu  Meroanj”-
I'papexen @axynrer Cromje, maj 2009;

3aBpIIeH W3BEINTaj 3a MCTPaKyBamara Ha jarjeH
Bo Mapuoso 1974-77 Kuura 1- I'eonomku 3aBoa-
Ckorje, 1977,
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Harop BO JOMOJIHUTEIHHUTE HCTPaKyBamba Ha
OBHE JBe Haoramumra. ['onem mpumoHec 3a
YCIICIIHO 3aBpIIyBamke Ha HCTPAKHUTE PaboTH
CEKaKo JeKa MMaa M MPOEKTaHTOT I'panexkeH
(hakynrer-Ckorje, Kako W HAI30pPHHOT OpraH
,»] COXUAPOMHKEHEPUHT UYHH CYT'eCTHH H
KOHcyJTanmu 6ea 1o0penojaeHu Bo cure $asu
O]l UCTPAXKYBabETO.

W3Bemtaj) 3a IOCTUTHATHTE PE3yATaTH  IIPH
HCTPaXyBamkeTO Ha Jexumrero “MapmuoBo” co
TIperie] 3a MOHATAMOLIHUTE aKTUBHOCTH-PyaHuIN
u ¢-ka “Tlaprusan” [pwuien, cenremspu 1984;
JlokyMmeHTaIja o1 TeKOBHA aHaIW3a U 00paboTKa
Ha MOJATOLUTE BO PAaMKHTE Ha pealn3alujaTa Ha
JOTNOJHUTETHUTE HCTPaKyBamba M HCIHUTYBamba
¢aza 2009-2010rox.

(Kocurun, 1969): TekroHnka

(Apcoscku, IletkoBcku, 1975): Heorekronnka Ha
Commjanmctiaka Penyomka Makenonuja,
(AnppeeBcku, 1995): Jarnenu - I'eHercku u
KBAJMTAaTUBHU KapaKTEPUCTUKH, HAOlaJMIITa Ha
jarJieH ¥ 3alliTHTa Ha )KUBOTHATA CpeAnHa
(ApcoBcku,1997): TexToHuka Ha MakenoHuja,

(Jymypuanos, Tomes,  2005):  Teonomko
KapTHpame,
(Cepadumoscku, 2009): T'enesa Ha pyaHH
HAOTaJINIITA.



NHKEHEPCKA I'EOJIOT'HJA
N I'EOTEXHHUKA
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I'EOJIOIIKA I'PAJIBA HA TEPEHOT OKOJY BPAHA KHEXXEBO
BO U3BEJEHA COCTOJBA

Mome Muj1aHOBCKH

I'l Makeoonuja, yn./lpezoencka 52, MK-1000 Ckonje, P.Makedonuja
mmilanovski@yahoo.com

Ancrpakrt

Bpana KnaexeBo co akymyangjata u MpUAPYKHATE 00jEKTH KaKO JeT O] XHAPOCHCTEMOT 3JIETOBUIIA € BakKeH
XUJIPOTEXHUYKU 00JEKT KOj UMa rojieMO 3HAYCHE 32 HCTOYHHOT PerHoH Ha PemyOnrka MakenoHuja a mpes ce
3a ommrrHUTe [IpobumTam, HTwum, CB.Huxone, KpatoBo, Kapounmm u Jlozoo. O6jexrot ce Haora Bo CU men
Ha Makenonuja ojaaneueH okoyy 30KM HMCTOYHO OJ HAjOJMCKOTO HACENeHO MecTo Tpamor IIpoOwuirrwi.
HeroBara HamMeHa e MyNTU(QYHLIMOHAIHA HO HErOBOTO INPUMAapHO 3HAuYeHE € 3a BOJOCHAOIyBame Ha
HaBEJICHUTE OIIITHHHU, a KAKO CEKYH/IapHU HaMEHH ce HaBOJHyBame Ha okosry 5000 xa 3eMjoesICKi HOBPLIMHH
Bo onurtiHa [Ipobumurin 1 KpaTtoBo 1 NpOM3BOACTBO HA NPOHM3BOJCTBO Ha €ICKTPHYHA eHEepruja. | eHepaiHo
nsrpandara Ha OpaHara M NpUAPYKHUTE 00jeKTH ce OABMBaIle BO epuaoT ox anpui 2007 roauHa 10 KpajoT Ha
2010 roxuHa U ¥cTaTa 3aMoYHa CO HCKOIIOT Ha BIE3HHOT M M3JIE3HHOT MOPTAl Ha ONTOYHHOT TYHEJ BO allphil
2007, npoJoInKK CO UCKOIIOT Ha TEMEJIHATa jaMa Ha JieBaTa cTpaHa Ha OpanaTa Bo Maj 2007 roanHa a 3aBpIly O
n3rpanda Ha MPENUBHUOT TyHEN KOH KpajoT Ha 2010 rogmHa. Bp3 ocHOBa Ha KapTHPAamETO YTBPACHO € NeKa
TEpEeHOT Ha OpaHara M NPHAPYKHUTE O0JEKTH € W3rpajieH OJf UBPCTH CKAMEHETH Kaplu M HEBP3aHU JI0

c1ab0Bp3aHM KapIeCTH MACH.

Kayunu 300poBu: Opana, u3rpaadoa, MeTaMop(pHHU KapIi.

BOBE]
bpana KnexeBo co akymyrnauujata U nzHecyBa 1065M nojexa BO HAjHHCKHOT JIEl
OpUAPYKHUTE  O0JeKTH Kako Jen O BO KOpUTO Ha 31eToBcka peka 985M.
XHIPOCHCTEMOT  3JICTOBHIA € BaXeH KonnumnHara Ha BrpaJeHHOT Marepujal BO

XUAPOTEXHUYKH OOJEeKT KOj HWMa TOJEMO
3Ha4Yeme 32 UCTOYHHOT PervoH Ha PemybOnuka
MakenoHnvja a mpex ce 3a ONIITHHUTE
IIpooumtun, Hltumn, Cs.Hukone, Kpartoso,
Kapounuu u Jlo3oBo. O6jekToT ce Haora BO
CU nen Ha MakenoHWja OJIajedeH OKOIY
30kM HCTOYHO OJ HAjONUCKOTO HACEICHO
MecTo rpanoT IIpooumrumn. HeroBara HameHa
€ MyJITH(QYHIIMOHAIIHA HO HETOBOTO IIPUMAaPHO
3HaUYEH-E € 32 BOJAOCHA0JyBamkbe Ha HABEIICHUTE
ONIITHHHU, a KaKO CEeKyHIapHH HaMEHHU ce
HaBOJHYBamke Ha okoiy 5000 xa 3eMjoescKu
MOBPIIMHA BO  omintuHa [IpoOummtun u
KpaToBo u mpou3BOACTBO Ha TMPOU3BOJCTBO
Ha €JICKTPUYHA CHEpTrHja.

TeXHUYKUTE KapaKTepUCTUKH Ha OpaHara ce
clieqHUTE: BHCHHA §1M O THOTO HA TEMENHa
miova, JOJDKMHA Ha KpyHa Ha Opana 300wM,
mupuHa Bo ocHoBata 300M, moKMHA Ha
akyMmynanujata 4kM co KamanuteT ox 23,5
MUIOHH M Boja. KotaTa Ha kpyHa Ha GpaHa
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TEJOTO Ha OpaHata wuW3HecyBa okomy 1,5
MWJIMOHNM TOHW MHUHHpaH M APOOCH Kaprect
Matepujan ( 3eleH MIKpWien U aHACH3WUT) H
HUCTHOT IOTEKHYyBa KaMEHOJOMOT Ha 3€JeH
HIKpUJIen] oAjajiedeH lkm ox OpaHaTa M O
KaMEHOJIOMOT Ha aHAEH3UT OJJale4YeH OKOIY
10xM ox OpaHara

I'enepamno wm3rpagbara Ha OpaHata ®
OpUApyKHUTE O0O0jeKTH ce OJABHBaIle BO
nepunot of anpun 2007 roguHa 10 KpajoT Ha
2010 romvHa WM UcTaTa 3al04YHA CO HCKOMOT
Ha BJIE3HMOT H U3JE3HHOT TMOpTajl Ha
ONTOYHUOT TyHel Bo anpuia 2007 a mpoaomxu
CO MCKOIOT Ha TEMeJHaTa jama Ha JeBara
cTpana Ha OpaHara Bo Maj 2007 romuHa coO
mupok uckon o kora 1090M. Hckomot ce
OJBUBAIlC KOMOMHUPAHO, MALlIMHCKU CO Oarep
WIA CO MHUHHpame [0 I0jaBa Ha LBPCTU
KapIIH.

Ha necnara crpana Ha OpaHaTta KaJe TEPEHOT
€ HW3IPafieH TMpPETeXHO Ol CEePULUTCKO



MYCKOBHUTCKA BO TOPHHOT M  XJOPUTCKO
eMUJ0TCKU IIKPMIIU BO JIOJHUOT HOHHU30K
JieNl ICKOIIOT Ha TeMeJHaTa jaMa 3all0YHa BO
jyma 2007 rox ox kota 1071M u 3aBpmm BO
Mecerr MapT 2008 ronrHa 10 HajHUCKATa KOTa
984.5M BO amyBHYyMOT Ha 3JIETOBCKAa peKa.
[lopann mocnabuTe WHXUHEPCKOTEOIOIIKN
KapaKTepUCTHUKM HAa  KapHecTUTe  Macu
3acTalleHM Ha JieBaTa cTpaHa Ha OpaHarta
MIPETCTaBEHU CO  XJOPUTCKO  EMUIOTCKU
IIKPWILY BO OJHOC Ha KapIeCTUTE MAacH Ol
JleCHaTa CTpaHa MCKOIIOT Ha JIeBaTa CTpaHa ce
OJIBUBAILIC TIOAOJIT MIEPHOJ U 3aBPIIHU BO jyHH
2008 ronuHa 10 kota 984.5M BO amyBUYMOT
Ha 3neroBcka peka. Mckomor Ha JeBarta
CTpaHa Ha TuIaTgopMaTa HaJ| TEMeIHaTa jaMa
C€ OJIBMBAILE CO TEIIKOTHM MOpaad YECTHUTE
NOjaBU HA OAPOHYBAaE M CBICKYBamkE HAa
HEBp3aHU JETyBUjIHH KaprecTH Mach Hal
koTa 1065M mopaay HEMOBOIHUTE BPEMEHCKU
yCIIOBY (MHTEH3UBHU J0KIOBU) U TIOCTOCHETO

Ha  JUCKOHTUHYMTETH  HEIOBOJNHHM 32
CTaOMITHOCTA Ha TEPEHOT.
MHKUHEPCKOI'EOJIOIIKHA
KAPAKTEPUCTHUKHU HA KAPIIECTHU
MACH

[MapanenHo €O MCKOMOT Ha TeMelHaTa jama,
npenOpaHaTta, ONTOYHHOT U  IPEIUBHUOT
TYHEI BPLICHO e IETATHO
MHXHHEPCKOTCOJIOIIKO KapTHPabe Ha

3aCTalleHUTe KapIecTd Macu co IoceOeH
OCBPT Ha HHUBHHUTE WHXWHEPCKOTEOIOIIKN
KapaKTEePUCTHKH (MCITyKaHOCTa, PacaJHaTOCT
1 CTaOMITHOCT).

I'eonomkara rpasba Ha MOMIMPOKATa OKOJIMHA
Ha OpaHaTa, aKyMmyJanujaTta ¥ NPHAPYKHHUTE
00jeKkTH e m3rpajzieHa oj MeraMop(hHU Kapriu
CO HHU30K KPUCTAJIMHUTET IPETCTABEHU CO
pasHU BUAOBH Ha INKPHILM: alOUTH3UPAHH
XJIOPUTCKO-EMTUI0TCKH, CEpPHUILIUTCKO-
MYCKOBHUTCKH, XJIOPUTCKO-MYCKOBUTCKH,
KBapI-OUTUTCKH W JP.THIOBH HAa IIKPHIIIN
KOHM TIOCTENICHO NMPEMUHYBaaT BO IIKPHJIECTH
Kapmu co MIOBUCOK KPUCTAINHUTET
NPETCTaBEHH CO jaKo YIIKPWICHH 3eJIeHU
MHUKAIIUCTH Ta ce [0 clabo YIIKpHIIeHH
nopupouHN W OWOTHTCKH THajceBU. Bp3
OCHOBAa Ha KapTHUPAamETO YTBPIACHO € JeKa
TEpEeHOT Ha OpaHaTa W MPUAPYKHHUTE 00jeKTH
€ M3rpajeH O LBPCTH CKaMEHETH Kapnu U
HEBp3aHU 10 CJIA0OBP3aHU KapIeCTH MacH.
LBpctuTe CcKaMeHETH KaplecTH Mach ce
OpeTcTaBeHH  CcO  MeTaMophHH  Kapmu
COCTAaBEHHU OJI CJICIHUTE TUIIOBU HA IIKPHIILIH:
IOUTU3UPAHU XJIOPUTCKO eIHUI0TCKU
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IIKPHJILIH, CEPHLIUTCKO MYCKOBUTCKHU
IIKPHWJIHM, 3€JI€HH MUKAIIUCTH W KBapIHTH
JI0/ieKa HEBP3aHUTE A0 CIa0OBP3aHUTE KapIH
ce 3acTaneHu MPOJTyBHjaTHUTE,
JIEITyBUjaITHUTE U ATYBUjATHUTE TBOPOU.
LIBpcTuTe KaprecTn Macu ce 3acTalneHH Co
CJICJIHUTE THUIIOBU KapIIH:

1. Anbumuzupanu Xn0pumcKo-enuooOmcKu
WIKpUIYU Ce HAj3aCTalleHd KapIrecTH MacH Ha
TEPEHOT TJIAaBHO Ha JieBaTa CTpaHa Ha TEPEHOT
HO Ce€ jaByBaaT M BO JOJHHUOT JIeJ Ha JecHara
CTpaHa Ha TeMenHaTa jama. Ce oUIMKyBaaT Co
3eJieHa JI0 CHBO 3elieHa 0oja , cpenHa
YIIKPHJIICHOCT U €O Maj Ha ¢onujanujata KOH
jyro 3amag co E® ox 200-230/30-50. I'naBam
MUHEpAJN CE XJOPHT W EMel0T, a IOciado
3acTaleHd Cce MYCKOBHUTOT, (encmator u
npyru muHepanu. Jlocta e 3acraneH KBapIoT
BO BHJ Ha Majl COYMBAa M TEHKH XHUIHA CO
ne6enuua 0,5 1o 31M ¥ HETOBOTO MPUCYTCTBO
ja 3roleMyBa IBCTHHaTa Ha Kapnute. OBue
IIKPHWIIM Cc€ JO0CTa IBPCTH KapIy , JIOKAITHO
HaOpaHU BO CHTHH Majld M Ha0OpH Kou
“MaaT maJi KoH J3 u BO IeiivHa uMaart no0pu
(hM3MYKO MeXaHUYKH KapaKTepuUCTHKH. Tue ce
JI0CTa UCIYKaHHW KapIy CO YeCTO MPHUCYTCTBO
Ha JUCKOHTHHYUTETH (IIYKHATUHU U pacein)

CO CIpMEH [J0 CyOBepTHKaJeH  max
OpPHEHTHpPAaHU BO IIpaBell MCTOK 3amaj co
mupuHa onx  10-50mM  peTko  TOBeke,

UCIIOJIHETH CO TJIMHA, KaILUUT M pacHaJHaTH
IIKPWINKM CO MeTapcka 10  JieKaMeTapcKa
nommknHa. [Ipeogor KOH IpyruTe THIOBH Ha
LIKPWIPCTH KapnH € TOCTeNIeH M CKOpO
He3a0enexmB. Bo MOBPIIMHCKUTE /EIOBH Ce
J0CTa paclajHaTé ITO € MOCeOHO HM3Pa3eHo
Ha JieBaTa CTpaHa a0 njnabwna ox 6-7m. Ha
MOCTPMHUHHTE JIEJIOBH O] TEPEHOT Ce jaByBaat
KaKO M3/IaHOIM JI0JIeKa Ha MOOJIaruTe MaJanHu
Ce TPEMOKPUEHU CO JICyBHUjaJICH MaTepHjal
co gebenmuna 1o 3M. On XuApOreoNOIIKH
aclieKT THE ce  CIa0OBOJONPIYCHU IO
BOJIOHETIPOITyCHHU Kapmu. VICKomoT BO HHUB 3a
TeMeJIHATa jaMa ce OJIBUBallle ce JI0 10jaBa Ha
MOIBPCTa Kapra , OJHOCHO IIOJ CJIOjOT O
pacmagHaTH IIKPWIA A0 1iabwHa ox 6-7M
[JIaBHO MAIIMHCKH CcO Oarep, a JIOKaJHO CO
MuHHpame. Bo omHOCc Ha crabWiHOCTa NpHU
MOYETOK Ha MCKOIOT Ha TEMEJHAaTa jamMa Haj
miatpopmata Ha kora 1065M Ha neBara
cTpaHa oj OpaHaTa UMallle TI0jaBH Ha JIM3rambe
Ha 3EMJUINTETO W 3a cra0win3apame Ha
UCTOTO Oea TMpe3eMEHH OIpPEACHH MEPKH:
pacTepeTyBame CO MCKOIl Ha TEPEHOT O KOTa
1100m u dopmupme Ha moOIaru KOCHHH CO



narun6 1/1,2/1 go 3/1 omgHocHo oz aroia 45,60
no 70 cremeHu u GepMH CO MIUPHUHA O 4M.
Ilokpaj Toa kocuHarta Hajg Oepmure Oerie
3alITUTEHa CO aHKepH OX 3M , 4YelIH4Ha
MpeXa U TOpPKpeT OeToH co aebenuHa O
10mm. 3a oBenyBame Ha MOBPIIMHCKATa BOJA
Oea wW3rpaJieHd KaHaIM 3a OJBEAyBame Ha
ucTaTa BO TMOJHOXje Ha KOCHMHAaTa a 3a
IpeHupame Ha ToA3eMHaTa Bojga Oca
M30yIICHN W MOCTaBeHM JIPEHAKHU LIEBKU BO
KOCHHHUTE Ha MecTaTa Ha IOTOJIEMHUTE pacean
Y IyKHaTUHH, OJHOCHO I10jaBa Ha BOJA.

Kako mocebeH THUI Ha XJIOPUTCKO EMUAOTCKU
IIKPUJILA CE U3ABOCHU KapIIUTE 3aCTalleHH Ha
M3JIE3HUOT JeN O]l ONTOYHHOT TyHEd U Ha
TEPEHOT OKONy Hero. Twe ce OIUIMKyBaar co
UCT MHHEpaJIeH COCTaB KaKO XJIOPUTKO
€MMIOTCKUTE MIKPWIILH 3aCTAIICHU Ha JPYTHOT
Jesl OJl TEPEHOT HO CIOpeA CBOUTE (PU3MUKO
MEXaHUYKH KapaKTepUCTUKU MHOTY ce
pasnuKyBaaT on ucTHTe. Tue ce,  jako
VIIKPWJICHW, jaKO HaO0paHW ¥ TEKTOHCKH
MOPEMETeHN Kaplmd €O MHOTY IPOMEHIIMBU
BpPEOHOCTH Ha MajgoT Ha Qonujanujata HO
TeHepaHo ce opueHTHpanw koH J3. Tue ce
OJUIMKyBaaT €O MHOTY cyiabu (U3HYKO
MEXaHUYKH KapaKTepPUCTHKA OWIEjKH  ce
MHOTY MCIYKaHH, U3MEHETH U JerpagupaHu
Kaplu co 4ecTa I10jaBa Ha CJIOCBH Ha IJIMHA,
napajienHo co onujanyjaTa Koja MHOTY TH
ociabyBa HUBHHMTE KapakTepucTuku. Ha
HOBPILIUHA C€ JOCTa paclaHaTH IIOKPUEHHU CO
JISITyBUjaJIeH MaTepujan co jaeOennHa 10 3M a
Ha TOCTPMHHUTE [EJIOBH C€ TOAJOXHH Ha
cBieKyBame. O XUIPOTeoIOIKH aSICEKT THE
ce BOJIONIPONYCTIIUBH Kapnu. VckomoT BO HUB
3a ONTOYHUOT TyHEJ CE€ OJBHUBAILIE OTEKHATO
Bo wuHTepBamun ox 0,5-1M, co mocrojaHo
HOATpagyBake W IPUMEHAa Ha 3alITUTHU
MEpKA KaKO 4YeIMYHH pPEMEHATH, Mpexa
,TOPKpeT OETOH M aHKEPH.

2. Cepuyumcko MycKOBUMCKU WKPUIYU CC
METaMOP(HHU jaKO YIIKPUICHH  JIUCTACTH
kapnu, co E® om 200-230/30-50 rmaBHO
opueHTHpaHu KOH J3 co cBeTiio kadeara 60ja
Ha TOBPIIMHATA KOja BO JUIa0MHA MPEMHUHYBa
BO cBeTJio cuBa 0Ooja. Tue ce 3acrerneHu Ha
JleCHaTa CTpaHa Ha TepeHOT, Ha TOopHaTa
MOJIOBMHA OJ] TEMEJIHATA jaMa U Ha KOCHHATa
HaJ W3J€30T O] MPEIUBHUOT TyHel Tue ce
CpPEeIHO WCIyKaHW Kapmu HO BO IeJIMHA ce
UCIPECEUYCHN CO HEKOJKY paceaud CO IpaBell
Ha MPOTETamke UCTOK-3aMaji U CyOBEPTHKAICH
0 BepTHKalleH TMaj, CcO JeKaMeTapcka
TIOJDKWHA, T0OpOo M3pa3eHu, co mupuHa ox 10
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10 S0IM HCIOJIHETH CO TJIMHA W PacHaJHaTH
mkpuwiay. Ox XUAPOTEONOMIKH acHeKkT ce
cnabo 10 BOJOHempomycHH Kapmu. HuBHarta
(domujanuja € HemoBONHA 3a CTAaOWMIIHOCTAa Ha
TEPeHOT MOCeOHO M3pa3eHO Ha KOCHMHATA Hal
NPENMBHUOT TyHEN KaJie ITO HMalle YeCTh
Ju3ramba U CBJIEKyBamba Ha 3€MjUILTETO ILNTO
YCIIOBH HEKOJIKY ITOMECTyBama Ha TpacaTa Ha
MIPETMBHUOT TYHEN KOH CEBEP. 3a CIIPEUyBambe
Ha CBIIEKYBameTO Oca MpPUMEHETH 3allITUTHU
MepKH yOlaKyBambe Ha KOCHHUTE, aHKEPH CO
MOJDKUHA 3 U 6M, Mpeka U TOPKpPET OCTOH CO
nebenuHa on 10-15¢cm.

3. 3enenu muxawiucmu ce 3aCTalieHd BO
UCTOYHHMOT JIeJI Ha TEPEHOT, Ha JieBaTa M
JIeCHaTa cTpaHa . THe ce jako YIIKPUJICHH
kapru , co E® 210-240/30-50 rmaBHO co man
koH J3, umaar 3eieHo kadeaBa 0Ooja Ha
MOBPIIMHATA J0JICKa BO JUTaOMHA Ce 3CJICHH JI0
3eNeHO CUBU. The ce M3rpajieHu OJ XJIOPUT H
MYCKOBHUT Kako TJaBHH MHHEpald [ojleKa
nocinabo ce 3acrarneHd, Keapi, denacmar u
rpaHat. Tue ce mocra UCIMyKaHH KapIiid, CO
IMyKHATHHA HWCIOJHETH CO KaNIHUT, CO Maia
mUpuHa A0 20M W HEKOJIKY pacead Cco
mupuHa 10 100M UCHOJHETH CO TiuHA
KaJIMUT W  paclmajHaTH  IOKPWINH  CO
JIeKaMeTapcKa JIOJDKWHA, OPUCHTHUPAHU BO
mpaBell MCTOK-3amajg ¥ CyOBepTHKalleH J0
BepTHKalleH maja. Bo mrabmHa ce mocra
LIBPCTH U CTAOWITHU TIPH IITO MCKOTIOT BO HUB
3a ONTOYHHOT TYHEN C€ OJBHBAaIIe CO
MUHUPAKkE , 32 3alITHTa O] OJPOHYBame Oca
yIoTpeOCHN aHKEpH OJ 3M M TOPKPET OCTOH
ox Sum . Ha moepmmHa ce nocra pacnaaHaTu
TO € MOCeOHO M3pa3eHO Ha JieBaTa CTpaHa
MOKPUEHHW CO JIeTMyBYjaJleH MaTepujal Cco
nebenmHa A0 3M Kade ce TOAJOKHU Ha
CBJICKYBaH¢ Ha 3EMjHUILITETETO.

4. Keapuyumu ce¢ jaByBaar Ha wMajia
MOBPIIUHA BO MCTOYHHOT JIENT OJ TEPEHOT BO
BUJI Ha W3JI0JDKCHA Jieka JIOIUPAHW TOMETY
3€JICHATE  MUKAIIUCTU U XJIOPHUTCKO
EMMIOTCKUTE MIKPHIIK. THe MMaaT MIIEYHO
Oema 0Ooja, ce OJUIMKyBaaT CO ToJieMa
[BPCTHHA, CO TOJIEMa HCITyKaHOCT u
MPUCYTCTBO HA pasIMdHO OPHEHTHPAHU
nykHaTHHHA. [Topaau cBojaTa IBPCTHHA CTPYAT
Ha TEPEHOT.

On HEeBp3aHUTE KapIeCTH MacH Haj3acTareHu
ce

1. Anyeujannume nacnacu Kou ce
jaByBaar TJIaBHO BO KOPHUTOTO Ha 3JIETOBCKA



peKka Kaje IITO JocTHraat aedenuHa 10 6-7Mm.
Ce o/umKyBaaT CO XETEpOreH MUHEpaJeH U
IPaHyJIOMETPUCKH COCTaB, n06pa
o0paboTeHOCT W HECOPTUPAHOCT  Ha
(parMeHTHTE OX TECOK M YakaJl KOW MMaat
MeTaMOp(pHO MOTEKJIO: IIKPHJIIH, THAJCEBU U
mukammctd.  Ce  omnamkyBaar co  J00pa
BOJIOIPOITYCHOCT BO KOHM KOC(HIMEHTOT Ha
¢bunTpanmja e Bo rpaHuimte o 1*107 1o 1*¥10™.

2. Henyeujannume meopou ce
JOLMpaHU Ha MAJAWHUTE HAa TEPEHOT, BO
MIOTOJIEM CTEIEH 3acTalleHH Ha JieBaTa CTpaHa
, HO TM IMa U Ha JecHaTa CTpaHa HaJl U3Je30T
Ha ONTOYHHOT TyHed. THe ce M3rpajeHu oxn
HeoOpaboTeHH (QparMeHTH OJf IKPUIIIUTE
NOMEIIAaHH CO TJMHOBUT MaTepujal, Co
neOenuHa 0 SM M ce OUIMKyBaaT co ciaba
BOJIOTIPONYCHOCT. Ha mocTpMHUTE MaauHu BO
YCIIOBU Ha 3T0JIEMEHA BIAYKHOCT MOJUIOKHH Ce
Ha CBJIEKYBame€ IUTO € MMOCEOHO M3pa3eHo Ha
JieBaTa CTpaHa HaJ 3eJICHUTe MUKAILINCTH U Ha

JiecHaTa CTpaHa Hal CEPUITUTCKO
MYCKOBUTCKUTE IIKPUIILIH.
3. IIponysujannume Hacnazu ce

HajcJIa00 3acTaneHW TIJIaBHO BO TOJHOXK]ETO
HAa TAJUHUTE W TPU BIUBOT HA TOTOJIEMUTE

Bojoren. M3rpageHn ce ol TIIMHOBUTO
NECOKIMB  MaTepujall  MOMEIIaHH  CO
HECOPTHpPaHH, HeoOpaboTeHu 10 ciabo
0o0paboTeHN (parMeHTH O MIKPHIIHTE, CO
XETEepOoreH  TPaHyJIIOMETPUCKH  COCTaB U
pelaTHBHO XOMOTEH MHHEpajJeH COCTaB.

HuBnata neOenmHa pmocTura g0 SM, a of
XHUJIPOTEOJIOMIKH acleKT Ce CPeAHO J0 A00po
BOJIOTIPOIYCHH KapIIH.

[lommpokoTo moapadje Ha OpaHata BO
TEKTOHCKH IOTJIE/ IpUMara Ha T€0TEKTHCKaTa
enuanna CpICKO  MaKeJOHCKHOT  MAacHB.
Ilokpaj pacemHuTe CTPYKTYpH M IYKHATHHU
BO TEKOT Ha wusrpambata Ha OpaHara Ha
HHU3BOJHATA CTPaHa ce KOHCTaTHPaHH MOMAaNn
CHUHKIMHATHA HaOopHu ¢(opmu. Ha mecnara
HHU3BOJHA CTpaHa Ha OpaHarta ce aeduHHpaHU
JBE€ TIOMalli CHHKJIMHAJIHUA CTPYKTYpU CO
NpoTerame HMCTOK-3aMajg co  JeKaMmeTapcka
JOJDKMHA Ha KOM OCKaTa MM TOHE KOH
ceBepo3anaj a MWCTUTE MMaaT Hajx KoH
ceBepoucTOK. ['eHepamHo ¢onmjanujara Ha
LIIKpWIECTUTE Kapnu uMma naja kol J3 co Ed

200-230/30-50 1 KocH magEu armi o1 30-50

Bp3 ocHOBa Ha KapTHPameTO U TEPEHCKUTE
OlCepBallMM Ha TEPEeHOT Ha OpaHaTa W
OpUAPYNKHHUTE  O0jeKTH  ce  H3/IBOCHHU
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TUCKOHTUHYHUTETH (IIyKHATUHH W Paceiu)
MapajeiHd U AUCKOHTHHYUTCTH JUjarOHAHU
W HOPMAJTHU Ha ¢unujanujara.
JIMCKOHTUHYUTETHUTE napajieiHu co
(domujanujata wWMaar TPUMapHO TOTEKIIO
OTHOCHO C€ CHHICHETCKH CO KapIecTHTe
MacH, J0JIeKa JTUCKOHTHHYMTETUTE KOH C€
OpHUEHTHpaHH [WjarOHAHO BO  OJHOC Ha
dbommjanjata ce cexkyHmapHu. PacemHute
CTpYKTYpH Bp3 OCHOBa Ha JebenuHara,
MPOTETalkETO U TUIIOT HA UCIIOJHUTENOT CE
KJIACU(UIMPAHH BO 3 TPYyNH

1. Huckontunyuretn on 1 pem co
JICKaMeTapcKa 0 XCKTOMETapCKa JIOJDKHHA,
mporerame W-3, nebenmna Hax: 0,5m
WCTIONTHETH CO TJIMHA W 3ApO0EH! IIKPUIIH
3acTalieHu BO HAJTOJIeM JieN Ha JecHara
cTpaHa Ha OpaHara Ha KOCHHATa Hal
MpenTuBHUOT  TyHern.  Mcro  Taka  ce
KOHCTaTHpaHM Ha JieBaTa cTpaHa Ha OpaHarta
Ha KoTa 999 M HO M Ha THOTO HA TEMEJIHATa
jaMa Bo pekara Ha koTta 987wm.

2. JIMCKOHTUHYUTETH oOa 2 pel co
MeTapcka 10 JeKaMeTapcKka JOJDKUHA,
nebemmaa ox 0,1-0,5M, mporerame U-3 nnm
C3-JU, co cyOBeprukanen nax kon CU wmm
J3 u ucnionHa ox 3ApoOEHN MIKPUILH, TIMHA U
IpamyHecTa IpobuHa. OsBue
TUCKOHTHHYHUTETH C€ 3acTalleHH MPETeXHO Ha
JjeBaTa CcTpaHa M BO peKaTa a IMOMAaJIKy Ha
JICCHATa CTpaHa.

3. JuckonTuHyuteTu on 3 pen  co
MeTapcka JoJpkmHa, paeoemmHa mox 0,1
nporerae C3-JU, co man xou J3 mwiu CU u
WCTIONTHA OJ1 ITpaIIuHecTa TIuHA.

3eMeHO BO IeNIOCT Ha cTabWiHOCTa Ha
TEPEHOT BJMjaHHE MMaaT CHTE TPU THUIA Ha
JUCKOHTUHYHMTETH HO HAJMHOTY OHHE IITO CE€
napasneiHu Ha ¢donujamnujara co
cyOBepTHKaJICH MmajieH aroJ Bo mpaser Ha CH.
Kako mocnenuiia Ha HEMOBOJHHTE pPaCeIHH
CTPYKTYpH ¥ TIIyKHaTHHH BO OJHOC Ha
cTaOMITHOCTa Ha KOCHHATAa, CTPMHHUOT HAKJIOH
Ha KOCHMHAaTa BO YCIIOBM Ha HWHTEH3UBHHU
BPHEXXM BO TEKOT HA  HCKONOT Ha
maTdopMara HajJ TeMeTHaTa jaMa Ha JieBara
cTpaHa Ha OpaHaTa joaranie J0 CBIICKYBame
Ha HEBpP3aHU KaplecTH MacH BO  HEKOJKY
HaBpaTH U Toa Maj, jynmu, centempu 2007 roz.
n Mapt 2008 romuHa. 3a cTabuimsanuja Ha
TEPEHOT Oea MPE3SMEHH CICTHUTE MEPKU

o pacTepeTyBame  CO UCKON Ha
KapIleCTUTE MacH MOYHYBajKH o1 kKota 1110M
co hopmupame Ha Oepmu Ha cexou 10m 1100,



1091,1083 u 1074M U KOCHHM MOJ pa3iuvcH
HakIoH o1 45,55 u 65 O .

. IlocraByBame Ha SN aHkepu co
JIOJDKUHA o1 3M BO IIAXMaTeH pacrope] Ha
KOCHHHTE

. UenuuHa MpeXka Ha IiejiaTa MoBpIIuHa
Ha KOCHHHUTE M TOPKpPET OETOH co nebennHa o1
101m.

° bapbakanu (apeHakHU IIEBKH) OITH
3M 3a JpeHUpame Ha IOA3EMHAaTa BOja
MOCTaBEHU Ha KapaKTCPUCTHUYHU MeCTa, Ha

Ipecely Ha MyKHaTWHU M paceiu , Ha MacTa
Ha TeYeHE Ha BOJA UTH.

Co uctpaxxuute paboTu Oelie YTBpIACHO JeKa
KapIecTHTe MacH Ha JieBaTa CTpaHa WMaar
morojieMa BOJOIIPOITYCHOCT BO OJHOC Ha
KapIecTUTe Macd Ha JecHaTa CTpaHa IITO
Oelie 1 MOTBPACHO BO TEKOT Ha M3rpagbdaTa Ha
Opanara. 3rojemMeHaTa BOJOIPOIYCHOCT Oerre
mocienlia Ha TojleMara MHCIyKaHOCT W
pacmagHaTOCT Ha KaplecTUTe Macu ITo Oemie
noceOHO m3paszeHo mnomery kotutre 990 no
1045M mro mak ce peduieKTHpa HA
3roJeMEHHUTE MpHMamka Ha HHEKIMOHA Maca.
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Cauxa 1. ['eonorika kapTta Ha Opana KHexxeBo Bo u3BenieHa coctojba
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Cauxka 2. ['eonomku mpodwt o ocka Ha OpaHa KaexxeBo Bo n3BeneHa cocrojba

JIUTEPATYPA

1.

‘Umxumepcka

Munomr  BnaxoBuk
reoyioruja ca ocHoBama reonoruje’- benrpan 1987

roavdHa
4.

Hp.

3.

W3Bermraj 3a r1aBHUOT MPOEKT 3a OpaHa

co mpunpyxuaute o0jextn, PCE-JV-

Ckorje, 2006 ronuHa

Knexeso
2.

Bienavski Z.T.1989, Engineering rock

JOIIOJTHUTCITHUTC

3a

W3Bemraj

York

classifications. New

masses

nctpaxysama, | UM- Ckomje, aBryct 2005 rognHa
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NHXEHEPCKOI'EOJIOIIKA KNIACUPUKAIINJA HA
HEBP3AHUTE KAPIIN O/ OKOJIMHATA HA OXPUJACKOTO E3EPO

Topru Iumos', Baaruua Jlonesa', Mapjan Jleinnerpos’', Toxop deaunerpos’

! Yuueepsumem ,,I'oye Jenues” - @axynimem 3a npupoouu u mexuuuxu Hayku, I oye Henues 89, [lImun,
P.Maxeoonuja , gorgi.dimov@ugd.edu.mk

Ancrpakrt

HeBp3zanure kapnecTy Macy ce HajIPUCYTHH M HajpasHOBPCHU cequMeHTH Bo Oxpuncko-CTpymkuor 6aceH ma
Taka HUBHOTO M3[[BOjyBaibe U JehHHUpPAC MPETCTAaByBa BUCTHHCKH NpEANW3BUK. Bo OBOj Tpya ce BpIH
HMHXKEHEPCKOTEOIOIIKO TU(PEPCHIHPAbE U OJIPEAyBambe HA OCHOBHUTE WHIKCHEPCKOTEOIONMIKH KapaKTePUCTHKH
Ha oBue Kapmu. Cekoja M3IBOCHA TpyIa WiH (palija € JeTaTHN TeOJOUIKH ONHIIaHa, KIacu(HUIIpaHa CIope
TEOTEeXHUUKHATE MPONHCH M cruopen kiacupukanujata Ha IlpoTorakoHOB, oapeneH W € Ke(PHUIMEHTOT Ha

¢bunTpanuja u KoeHIUEHTOT Ha [IBPCTHUHA.

Kayuynu 300poBH: HEBp3aHU KapIu, CEIMMEHTH, (alyja, KBapTep, KoeUIUeHT Ha IBpCTUHA, [IpoTorakoHOB

BOBE/
UctpaxxyBaHoTo  monpadje, O  HHXCHe-
PCKOT€OJIOIIKM  aCHEeKT € JOCTa CIIOKCHO

OuJejku BO HETO Ce jaByBaT CHTE MHIKEHEPCKO-
TCOJIOIIKM TPYNH Ha Kapmu: LBPCTO Bp3aHH,
cna0oBp3aHN M HEBP3aHHW KaprecTd macd. Bo
0BOj TPYA Ke ce 3aAp>KUMe CaMO Ha HEBP3aHUTE
KaplmecTH Mach Of TMpHYMHA IITO THE Ce
HajIPUCYTHH M Hajpa3HOBPCHU CEOUMEHTH BO
OXPUACKO-CTPYIIKHOT OaceH Ia Taka HHMBHOTO
W3JBOjyBalkbe M JeQHHUpAE IPETCTaByBa
BUCTHHCKH NPEIU3BUK.

Oxpuncko-cTpylIKaTa KOTIMHA € U3rPajicHa Of
HEBp3aHU KBapTEpPHHU PEYHO-€3EPCKH, T.C.
0apckd, CeAMMEHTH, KOM JieKaT IpeKy He-
CKaMEHETH TTTHHOBUTO-€3€PCKH CEIUMEHTH.

Ha oBoj mpoctop ce pasrpaHHueHH aIyBHOHH Ha
Hpr [Hpum, Cartecka u Kocencka Peka,
MPETEKHO U3IPAACHU OJ YaKalIeCTO-IIECOKINBU
MaTepHjaad U IECOKIMBO-NPALIMHECTH IJIHHU.
On KBapTepHUTE CEIMMEHTH, HajHENOBOJIHH

0COOMHM  WMaar:  OpPraHOTEHHTE  TJIMHH,
MHJIOBUTE U TPECETUTE, KAKO U TOJIEMUTE
MOYYpPHILTA.

I'PYIIA HA HEBP3AHMU KAPIIN

Kapriute ox rpymata Ha HEBp3aHHTE Kapiu ja
U3rpajyBaaT OCHOBaTa Ha KBapTepOT H UM
nmpumnaraatr ceTMMEHTUTE o] (arja Ha KOPUTO-
TO, TOIUIaBHaTa Qarmuja, MPOTyBUjaTHUTE,
JeNyBUjaIHUTE, (ITyBHO-TIIALUjalTHATE U e3ep-
CKO-0apCKHUTEe HACaru, Kako M IUTMOLCHCKUTE
(e3epcku) cemuMmeHTH. ['pymata Ha HEBp3aHH
Kapmd € 3acTalieHa Cco B IOJATPYITH:
CHTHO3PHH U KPYITHO3PHU KapIiy.
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TI'pyna na neep3anu cumno3pnu Kapnu

Ha ucTpakyBaHHOT TepeH OBaa rpyrma 3acTa-
IeHa € co Haciard ox daryja Ha KOPUTOTO,
noriaBHa (haiyja, IpOyBHjaTHA B €3E€PCKO-
0apckM CeIMMEHTH, a MpeTCTaBeHa € CO
MPAIIMHHI U TIECOIIH.

@anmja Ha koputoto (Pa) BcymHOCT mpert-
CTaByBa COBPEMEHHOT PEUeH HAHOC KOj IO
3aII0JIHyBa KOPUTOTO Ha PEKUTE U U3rpajieHa
e on neconu. HajpacnipocTpanera e Bo KOpH-
tata Ha Catecka peka u Llpu [pum, xako u
BJIOJDK IIOMAJINTE BOJOTEIIH.

[Mecornmre ce mO0OpoOrpaHyIMpaHy cO pa3Iuy-
Ha COApXHMHA Ha yakayl. HuBHaTa MOKHOCT €
ox 1,0-3,0 m 1 HajuecTo ce pacTpecUTH.

Opn XuIpOreosomKH aCIEKT €€ OAIMKYBAT CO
Mojaka BOAOMPOITYCHOCT CO KOe(UIMEHT Ha
dunrparmja  Kf=1x10"*-1x10° m/s. Osue
Hacjlaru IPEeTCTaByBaaT XUAPOTCOJIOLIKU
KOJIGKTOPH M BO HHB IIOCTOjaT YCJIOBU 3a
¢dopmupame u3gaHu. TepeHOT u3rpaieH Of
OBHE HAHOCHU ¢ cTabmieH 0e3 MpHUCyCTBO Ha
€PO3UBHHU NPOIIECH U TI0jaBU.

Criopen TEOTEXHUYKHUTE MPONUCH (Ki1acudu-
kanuja GN 200) npunaraat Bo III xareropu-
ja, a cnopen kinacudukanujata Ha [Iporora-
KOHOB BO [X kareropuja, co Koe(UIIMEHT Ha
uspcruna f = 0,5. Kako rpanmexen marepujan
Om MOKelle 1a IMatT yrmoTpeOHa BPeIHOCT BO
MPOU3BOJICTBO HA MaJTEp U OETOH.

[omnaBua ¢damuja (PRap u  Pap) e
W3rpajicHa OJ TpallMHd W TIecColHu a
3acTalieHa € OKOJIly PEYHUTE KOpUTa Ha
Carecka, Kocencka, ['onema u boncka peka.




HactanyBa mpu wu3nmMBame Ha pEKUTE OJ
HUBHHTE KOPHTA.

Ilpawunama (PRap) e 3acrameHa € BO
MOBPIIMHCKHUOT Jied Ha oBaa (anuja. [Ipercra-
ByBa HHCKO JI0 BHCOKOIUIACTHYHA TIpAIlIMHA CO
MajKy Tecok. Hej3nmHara MOKHOCT M3HECyBa J0
1,0 m u e co ciaba 30neHOCT.

On XuAporeoNomKy acnekT ce OAJUKYBaaT CoO
cpemHa a0 ciiaba BOIOMIPOITYCHOCT CO Koedu-
uueHT Ha Quitpamumja 1x107-2x10® m/s. Oue
HACJIar'¥l MPETCTaByBaaT CJIa0KW XUIAPOTCOIOIIKU
CHPOBOJHUIIN IO XHUIPOTEOJIOIIKH U30J1aTOpU U
BO HHMB HEMA YCJIOBH 32 (OpMUpPAHE U3AaH.
TepeHOT wu3rpaleH OJ OBHE Hacjaard e
cTabuieH, 0e3 MPUCYCTBO Ha €r30-Te0JUHAMMY-
KM Tiporiecu U TojaBu. Criopes TeOTEXHUYKHUTE
npomrcu (GN 200) mpumaraar Bo II u III
KaTeropuja, a cmopen Kilacupukanujata Ha
[Ipororakonos Bo VIII  kareropmja co
koeduIeHt Ha uBpctuna f=0,6.

Ilecoxom (Pap) ™! Tpaau BOTJIABHO IOIIOBP-
IIMHCKHUTE JIEJIOBH M C€ OJUINKyBa cO Jo0pa
TpaHyJIHpaHOCT U ciaaba 30meHocT. Hajuecto e
CUTHO3DHECT a HEPEeTKO BO cebe COIpKH |
oJlpe/ieHa KOJMYMHA HA MIPaIInHa.

Onx XHUIpOTEONOMIKH aclekT Ce OMIJIMKyBa CO
no0pa BOAOMPOIYCHOCT, CO KOS(QHUIMEHT Ha
dunrpammja Kf = 1x10-1x10° m/s.
[IpercraByBa XHIPOTEOJIOMIKH KOJIEKTOP M BO
HETO IIO0CTOjaT YCJIOBH 3a (hopMHpame H3IaH.
TepeHoT wW3rpaseH Ol OBOj MECOK € CTa0HIIeH
0e3 MPUCYCTBO Ha €PO3WBHU MPOIIECH U TI0jaBH.
Cnopen reorexamukute mnpomnucu (GN 200)
npumnaraat Bo Il kareropuja, a copen kiacu-
¢ukanmjata Ha [IpororakonoB Bo IX karero-
pHja, co koedurueHT Ha nBpctuHa f = 0,5. Kako
rpajie’keH Marepujasi OM MOXKen Ja uMma
ynoTpe0inBa BpEAHOCT BO MPOHM3BOACTBO Ha
ManTep u OETOH.

[ponysujanau ceaumentu (Ppr) npercraBeHu
Ce CO TIeCOK KOj C€ jaByBa BO IOHHCKHUTE
(oOomHMTE) NENOBH HA TPOTYBHjATHATE JICTIC3H.
[IpercraByBa cmabo 30MeH W  pacTpecur
MaTepHjaj, HecopTHpaH u ciabo oO6padoTeH.

On XHIpPOTEOJOMIKN acCIeKT Ce OJUIMKYBa CO
jaka 110 cpeaHa BojompoIycHocT co Kf=1x107-
1x10° m/s. OBme Hacmarm IpeTcCTaByBaaT
XHAPOTEOJIOMKN CIIPOBOJHUIN M KOJCKTOPH U
BO HUB MMa yCJIOBH 3a (hOpMHUpame Ha H3JaHCKa
Boza. TepeHoT U3rpajieH ol OBHE HAaHOCH € CTa-
OWJIeH JI0 YCJIOBHO CTa0WJIeH, CO MPUCYCTBO Ha
€PO3WBHU MPOIECH U TTOjaBH.
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Crnopen reorexanukute nponucu (GN 200)
npunaraar Bo IIl kareropuja, a cmopen
knacudukanujara Ha [IpororakoHoB Bo IX
KaTeropuja co KOe(QUIMEHT Ha MBPCTHHA
f=0,5. Kako rpanmekeH marepujan MoOXe ce
ynoTpeOyBa 3a NpOU3BOACTBO Ha OCTOH.

Esepcko - 6apcku cenumentu (PR, P) j-b ro
rpajgar WUCKIYyYUBO PAaMHHYAPCKHOT I Ha
TepeHoT. Tne ce HajpacIpOCTpaHETH O/ CUTE
KBapTEPHU HACIIOJKH W BP3aHU CE 3a TEPIH-
epHHUTe OaceHU KajJe CeJAVMEHTAIMjaTa BO
e3epara MmpojoJKyBa U Bo kBapTep. HuBHaTa
MOKHOCT (Bp3 OCHOBa Ha TIOBEKE IYITUCHHa)
n3HecyBa on 30-40 M Bo IIpecnanckara
koTiauHa, 50-80 M Bo Oxpuackara KOTIMHA U
mo 100 m Bo Crpymikara kommHa. [IpeTcra-
BYBaT KOMIUIEKC OJI TIECOK, YaKal, MpallnHa,
IMHA W TpeceT. Bo oBaa WHXXEHEPCKOTreo-
JoImIKa TpyHa crharaaT TpamMHaTta  u
TIECOKOT.

Ipawunama (PRj-b) ¢ naj3actanena
BO mprobanckuot nen Ha Oxpuacko u llpec-
MmaHCcKoTo e3epo. Kora e 3acureHa co Boga u
OpraHCKM Marepuu NoMuHyBa Bo Mui1. Co
UCTPaXXHHUTE TyITHATHHH 33 aepOJPOMOT U 3a
HEKOM 00jeKTH BO T'paIoT YTBPACHO € JcKa
MOKHOCTa Ha MUJIOT H3HECYBa TPEKy 5 M.
BopomponycHocTa 1 € Majia HO XUTPOCKOII-
HOCTa rojiemMa, Taka INTO KaNMWIAPHOTO JIBU-
JKelhe Ha BOJara BO HUB, MaKO CIOpPO, €
nocta rtomemo. CreryBamero Kaj OBHE
MPAIINHA, TTOCEOHO KOTa Ce€ BOJ03ACHTEHH, €
roleMo ¥  TpeTCcTaByBaaT  HEMOBOJIHA
cpeauHa 3a ¢QyHmupame. Kako rpanmexeH
MaTepujal HeMa HHKaKBa ymnorpeOiuBa
BPEITHOCT.

Ilecox (Pj-b) e mocrta 3acTameH BO
OBHE CEAMMEHTH U 4YeCTO BO cebe COAPKHU
YyaKajecTa W TpaliHecTta KoMmroHeHTa. Ce
OJNTUKYBa €O J00pa TpaHyIUPAHOCT U ciiaba
no cpenena 30ueHoct. Of XUAPOTECOIOMIKH
aCIeKT Ce OJUIMKYBa cO A00pa BOAOIPOIyC-
mocr co Kf=107-10°m/s. IIpercraBysa
XHJPOTEOIOIIKA KOJIEKTOP B BO HETO MOCTO-
jar ycnoBu 3a Qopmupame u3iaH. TepeHoT
W3rpajieH Ol OBOj IMEeCOK € cTabwieH 0e3
MPUCYCTBO HA €PO3UBHH IMPOIECH U TMOjaBH.
Crnopen reorexanukute nponucu (GN 200)
npurnaraat Bo Il xareropwuja, a cropen kia-
cudukaryjaTa Ha [IpoTorakoHoB Bo IX kate-
ropuja, co koepuiueHT Ha 1BpcrtuHa f=0,5.
Kako rpagexen marepujan 6u MOXKeT 1a uMa
ynorpeOHa BpPEeTHOCT BO TPOWU3BOJCTBO HA
Manrtep 1 6eToH.
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[auonenckure ceaumentu (Pj) Bo osaa WD
MOArpyna e MpeTcTaBeHa co mecoud. Bo ckion
Ha CEAUMEHTHUOT KOMIUIEKC C€ jaByBaT BO BHI
Ha CJIOCBM W COYMBA CO pas3NiMyHa AcOelnHa.
Toa ce 106po rpaHyIMpaHu MECOLH, CPEIHO 10
no0po 30MeHn co cuBa U IpBeHHKaBa Ooja. On
XMIPOTEOJIOMIKH aCIeKT, C€ OIJUKYBaaT CoO
cpenHa 1o JjgobOpa BomompomyciuBoct, Kf=
1010° m/s. TpencTaByBaaT XHAPOrEONOLIKH
KOJIGKTOPH U C€ IOBOJIHM 3a (popMupame Ha
u3gaH. TepeHuTe, W3rpajieHd OJf OBHE
CEIUMEHTH c€ CTaOWIHH 10 MOTEHIHjIHO
HecTaOWIHY (TIpU 3aCEKyBambe).

Croopen  rpafeXHO-TEXHHUYKUTE  IIPOLECH,
npunarar Bo III karerotmja, a cmopen
knacudukanujara Ha IIpororakonoB Bo IX
kareropuja co f 0,5. Kako rpamexen
MaTepujal  MOXe Cce  ymoTpeOyBaT  3a
MPOM3BOJCTBO Ha OETOH.

I'pyna na neepszanu Kpynno3pnu Kapnu

OBaa Tpyma Ha KaplecTH MacH ce jaByBa BO
KOTJIMHUTE W JOJMHCKUTE CTPAaHH Ha PEYHHUTE
BOJOTEM M Ha camure naaumHd. Kaprure on
OBaa Tpyla ja HM3rpaayBaar IMOToJeM JeN O]
KBapTepOT M AeN O]l IUIMOLEHOT. 3aCTaleH! ce
co Hacyaru of (arrja Ha KOPUTOTO, IOTUIABHA
¢danmja, TpoNyBUjANHH, ACTYyBUjaTHH, (QIyBHO-
rIalyjalHd, €3epCKo-0apCKu U IIHOLEHCKH
CEZIMMEHTH.

danuja Ha KOpUTOTO (Sa) - Yakayiu, BCYIIHOCT
MPETCTaByBa COBPEMEHUOT peueH HaHOC KOj IO
3all0JIHYBa KOPUTOTO HA PEKHTE a € W3TPajcH
Ol pa3HOTpaHyJupaHHW 4Yakamu. Pacmpocrtpa-
HeTa ¢ BIOJDK Koputara Ha Carecka peka u LipH
JpuM, KaKko U BAOJDK TOMAINUTE BOJOTEIH.

Toa ce HaHocH Ha pEYHHTE BOAOTEHH BO
TOPHUOT ¥ CPETHHOT TOK, TPYOO3pHH U CO XeTe-
POTEH COCTaB, Pa3IMYHO CIOKEHH U HEpaMHO-
MEpHO TPaHyJIMPaHH YaKalk M TECOLH, CO TOo-
JIeM TIPOIIEHT Ha BATyTOLH, CAMIIH M OJIOKOBH.
Bo cpeaHuTe M HOTHUTE TOKOBU NMpPU HUBHHTE
yCTHja, TpaHyJjalnHWjaTa Ha MaTepujajoT e
nousenHa4deHa u 100po cioxkena. [Ipeosnamysa
MOCUTEH M TIOBoeAHadeH Matepujan. Cropen
TPaHyJIOMETPUCKUOT  COCTaB  cmaraaT  BO
KpPYITHO3PHH, C1a00 CIIOXKEH M cpeaHo obpado-
TEHH TIOYBEHH MaTepHjald, 3acCUTeHH CO
MOJ3€MHA BOJA.

butHa ommka Ha oBHe HaHocH ¢ ciabara
COPTHPAHOCT W IOTIOJIHA PACTPECEHOCT, CO
rojieMo BapHupame Ha (U3NYKO-MEXaHWYKHTE
CBOjCTBa BO 3aBHCHOCT O] IPaHyJIO-METPUCKHUOT
cocraB Qopmara M TOJEMHHATa Ha 3pHATa.
HuBHata mOpo3HOCT € rojieMa M HM3HECYBa 0
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25 %, a BOAOIPOITYCHOCTA HajYeCTO € rojieMa U
msnecysa K= 10" - 10~ cm/s.

Criopen  meTporpad)CKUOT COCTaB  COMApPXKAT
pasHH BWAOBU Ha KapOOHATHU M MeTaMOp(pHH
Kapnu, a ce 3a0elexyBarT W Tapyumba O]
marmatutd. Cropea  TpameXHO-TEXHUYKHUTE
nporecu, mpumnarat Bo III xareroruja, a copen
kinacudukanujara Ha [IpororakonoB Bo IX
kareropuja co f=0,5. OBue HaHOCH Ce KOpUCTAT
KaKo nmobap rpamexeH MaTepHja.
CenapupaHuTe 4akajd UMaar rojieMa ImpuMeHa
KaKo arperar 3a OSTOH U TaMIIOH 3a MAaTHUIIITa.

INomnasHa ¢anuja (Sap) - yakadu, 3acTalleHn ce
OKOJIy PEYHUTE KOPHUTA Ha MmorogemMure peku. 1
Kaj HUB BO TOTOPHHUTE JCJIOBU HA TEPEHOT Ce
jaByBa TMOKPYMHO 3pHECT Yakanl JoJieKa BO
MOHUCKHUTE JIEJIOBU IpaHyjaldjara € moMana u
3pHaTa ce MoJ00po 00paboTeHH (1103a00ICHH).
MUHE