UDC 55 CODEN - GEOME 2 ISSN 0352 - 1206

GEOLOGICA MACEDONICA
Geol ogica Macedonica Ton. cTp. HITumn
Geologica Macedonica Vol. 23 pp. 1-80 Stip 2009




Geologica Macedonica TCon. cTp. HITumn
| | 23 1-80 |, 2009
Geologica Macedonica Vol. pp. Stip
GEOLOGICA MACEDONICA

Published by: — N3naga:
The "Goce Deléev'" University, Faculty of Natural and Technical Sciences, Stip, Republic of Macedonia
Yuusepsurer ,,I'one /leryes, @akyaTeT 3a NPUPOIHA U TEXHUYKH HAYKH,, [IITun, Perry6amka Makenonuja

ADVISORY BOARD
David Alderton (UK), Tadej Dolenec (R. Slovenia), Ivan Zagorchev (R. Bulgaria), acad. Stevan Karamata
(Serbia), Dragoljub Stefanovi¢ (Serbia), Todor Serafimovski (R. Macedonia), Wolfgang Todt (Germany),
acad. Nikolay S. Bortnikov (Russia), Clark Burchfiel (USA), Thierry Auge (France) and Vlado Bermanec (Croatia)

HN3JABAYKHU COBET
Hejsun Onpepron (B. bpuranuja), Tanej Honenern (P. Cnosennja), Misan 3aropues (P. byrapuja),
akan. CreBan Kapamara (Cp6uja), parossyo Credanosuk (Cpouja), Togop Cepadumorcku (P. Makenonuja),
Bongranr Ton (I'epmanuja), Hukonaii C. boprankos (Pycuja), Clark Burchfiel (CAJL), Thierry Auge (®panuuja) u
Bnano bepmanen (Xpsarcka)

EDITORIAL BOARD
Editor in Chief
Prof. Todor Serafimovski, Ph. D.

Editor
Prof. Blazo Boev, Ph. D.

Members of the Editorial Board
Prof. Nikola DumurdZanov, Ph. D.
Prof. Van&o Cifliganec, Ph. D.
Prof. Risto Stojanov, Ph. D.

Prof. Todor Delipetrov, Ph. D.

Language editor

Marijana Kroteva
(English)

Georgi Georgievski, Ph. D.
(Macedonian)

Technical editor
Blagoja Bogatinoski
Proof-reader

Alena Georgievska

Address

GEOLOGICA MACEDONICA
EDITORIAL BOARD

Faculty of Natural and Technical Sciences
P. O. Box 96

MK-2000 Stip, Republic of Macedonia
Tel. ++ 389 032 550 575

YPEAYBAUYKH OABOP

I'naBen ypeaHuk

npod¢. a1-p Tonop CepadumoBcku
Ypenuuk

npo¢. a1-p braxo Boes

UneHoBH Ha Y pelyBauyKUOT 000D
npo¢. a1-p Huxkona lymypuanosn
npod¢. a1-p Banyo xudimranen
npo¢. n1-p Puctro Crojano
npo¢. n1-p Tonop Jdesunerpos

Jlextypa

Mapujana Kporena
(aHTTIMCKM)

n-p I'eopru I'eopruescku
(MakeI0HCKH)

TexHUYKH ypeaHUK
Baaroja Boratunocku
Kopekrop

Anena I'eopruesBcka

Anpeca

GEOLOGICA MACEDONICA
PEJAKIINJA

dakyaTeT 32 NPUPOIHA U TEXHUYKN HAYKH
nowTt. pax 96

MK-2000 IITun, Penydauka MakenoHuja
Ten. 032 550 575

E-mail: todor.serafimovski@ugd.edu.mk

400 copies
Published yearly
~ Printed by:
2" Avgust — Stip

Price: 500 den
The edition was published in December 2009

Tupax: 400

W3sneryBa eaHai roadiirHo
IlewaTn:

2P" Aprycr — ITun

Iena: 500 neH..
Bpojot e ornieuaten Bo nexemBpu 2009

Photo on the cover:
Artesian well, Medzitlija Village, Bitola, Republic of Macedonia,

Ha xopunara:
Aprecku u3Bop, ¢. Menmmmja, buromna Peryomika Mekenonuja




Geologica Macedonica TCon. cTp. HITumn

23 1-80 2009

Geol ogica Macedonica Vol. pp. Stip

COAPKAHA

Opue CnacoBcku
XEeMUCKH U TeOXEMHUCKH KapaKTEPUCTHKH Ha TIIABHUTE MUHEPAIH
0J1 HAOTATUINTETO MUTPAIIHHIIHA (MCTOTHA MAKECIOHH]A) ..eeevvveeereeenereeereeevreesreesseeessseesseeenens 1-7

Tena lllujakoBa-UBanoBa, biaxo boes, 3opan Ilanos, /lejan [1aBiaoB
MuHepanonko XeMUCKH KapaKTEepPUCTHKH Ha MEPMEPOT
01 HAOTATHIITETO BEIa TTOTMA ...couiiiiiiiiiiiiiie et 9-16

TI'opan TaceB, Togop CepadpumoBcku
REE B0 HekoM TepIEEpHU BYJIKAHCKH KOMIUTICKCH BO PemyOnmka MakemoHH]a ...........cvveeneennn. 17-25

Munuxate Aany, Po6ept, lllaju, Tpajue Ctadusion
JucTpubyija Ha KaIMUyM BO IMOYBUTE BO peruoHoT Ha K. Murtposuria, Kocogo ................... 27-34

bubana banadanosa, Tpajue Ctadpuios, Karepuna bauyeBa, Pooept llaju
3aragyBame Ha BO3IyXOT CO Oakap BO OKOJIMHATA Ha PyIHUKOT U (ioTalijaTa 3a 6bakap
,.byanm*, Penyonuka Makenonuja, co mpuMeHa Ha OMOMOHUTOPUHT CO MOBOBH H JIUIIAM....... 35-41

Tpajue Ctapunos, Pooept Lllaju, baa:ko boes, Jyiujana LIBeTkoBHK,
Jdymko MykaeToB, Mapjan AuapeeBcku, CoHja JlenuTkoBa
Juctpubyrija Ha KOOaIT BO TOYBHTE BO KaBamapIid M HETOBATA OKOJIHHA ..........cccveeeeveereveanns 43-53

HacTtja Poran, Togop CepagumoBckn, I'opan Taces, Tanej Josnenen, Matej JlosieHen
Huctpudynuja Ha Pb u Zn u HuBHaTa (hopMa OPU3OBUTE MTOYBU
BO KOTaHCKO [1071€ (MAKEIOHMIA) ... ..eeeeurieeireeiereeeieeesiteesteeessreessseessseesssessssseesssessssesesssesssesannns 55-62

Jebo Kapakames, Tena lllujakosa-UBanoBa, Ennzadera Kapakamena, 3opan Ilanos
CtabuTHOCT Ha KapIIeCTUTE MacH IPOOMEHH CO MTOBEKEKPATHO JTU3Tamke Ha TOBPITHHM ........... 63-72

Bojo MupuoBcku, IAneKcaHnap Kelcm'(|, Opue CnacoBcku, Bnago Mup4oBcku
KapcHnoTt BOIOHOCHUK Ha MIaHWHATA | 'anryuiia 1 MOKHOCTH 32 BOJIOCHA0IyBame
HA OXPHUIT CO TTOTABEMHA BOJIA ..vveeueveeervreesereenseeessreessesessssesssessssseesssessssssessssssssssssssessssesssssessssessnses 73-77

VHATCTBO 32 ABTOPHTE ......ccuviietiieeiiieeiieeeteeetteestteesteeesteessteesseeaaseaesseesssseeasseesaseessnsessnseesssseesseesnses 79-80



Geologica Macedonica TCon. cTp. HITumn

22 1-80 2008

Geol ogica Macedonica Vol. pp. Stip

TABLE OF CONTENTS

Orce Spasovski
Chemical and geochemical characteristics of the major minerals in the ore deposit
MitraSinci (Eastern Mac@dOmnia) .........ccvecvieriierienieniieiierieeseeseesreeteeseesteessresssesnseesseeseesssessnes 1-7

Tena Sijakova-lvanova, Blazo Boev, Zoran Panov, Dejan Pavlov
Mineralogical and chemical characteristics of marble of Bela Pola deposite ..........c.ccccceveeneenee. 9-15

Goran Tasev, Todor Serafimovski,
REE in some tertiary volcanic complexes in the Republic of Macedonia...........cccceeueeveerennnnne. 17-25

Milihate Aliu, Robert, §ajn, Trajce Stafilov
Distribution of cadmium in surface soils in K. Mitrovica region, KoSOvo .........cccccevvvrvrenennnen. 27-34

Biljana Balabanova, Traj&e Stafilov, Katerina Bageva, Robert Sajn
Atmospheric pollution with copper around the copper mine and flotation, Bu¢im,
Republic of Macedonia, using biomonitoring moss and lichen technique............ccccceceevenennnne. 3541

Trajce Stafilov, Robert Sajn, Blazo Boev, Julijana Cvetkovi¢, Dusko Mukaetov,
Marjan Andreevski, Sonja Lepitkova
Distribution of cobalt in soil from Kavadarci and the environs............cccccoeeevveiiieineeeeeieeeeennee, 43-53

Nastja Rogan, Todor Serafimovski, Goran Tasev, Tadej Dolenec, Matej Dolenec
Distribution of Pb and Zn and their chemical speciations in the paddy soils from
the Kocani field (MaCCAONIA) ....ccceeviirieeiieiieieeieeeerte sttt ettt steeseeeseeeseaesaseenbeessaesaessnennnes 55-62

Deljo KarakaSev, Tena Sijakova-Ivanova, Elizabeta KarakaSeva, Zoran Panov
Stability analysis of rock wedges with multiple sliding surfaces .........ccccoceevererieneniencnennne 63-72

Vojo Mircovski, |Aleksandar Kekic’|, Orce Spasovski, Vlado Mircovski
Karst aquifer in Mt Galicica and possibilites for water supply to Ohrid with ground water....... 7377

INSEIUCHIONS T0 AUEIOTS .......oeeeeeeeeeeeeeeeee e sssnnnnnn 79-80



Geologica Macedonica, Vol. 23, pp. 73-77 (2009)

GEOME 2 ISSN 0352 — 1206

Manuscript received: May 22, 2009 UDC: 556.33:628.1 (497.771)
Accepted: November 9, 2009

Original scientific paper

KARST AQUIFER IN MT GALICICA AND POSSIBILITES FOR WATER SUPPLY
TO OHRID WITH GROUND-WATER

Vojo Mir¢ovski' , |Aleksandar Keki¢?, Orce Spasovski', Vlado Mir¢ovski'
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A bstract In this paper are presented some hydrogeological features of the karst aquifer in Mt
Galicica, which contains important quantities of ground-water that can to used for the water supply of the
town Ohrid. Based on the hydrogeological data are given three solutions that be can to used for water suply of
Ohrid, the first one is to drill of deep wells, combination of deep and shallow wells, as well as construction of
horizontal galleries.

Key words: karst aquifer; Mt Galicica; Triassic limestones; water supply; Ohrid

INTRODUCTION
The karst aquifer in Mt Gali€ica is situated in of neighhbouring Greece. It is one of the largest
the southwest of the country between Lake Ohird karst aquifers in west Macedonia and plays an im-
and Lake Prespa (Fig 1). Part of it extends further portant role for the water supply of the town of
to the territory of Albania and one to the territory Ohrid and maintains the water table of Lake Ohrid.

Fig. 1. Geotectonic map of the Republic of Macedonia and the position of the Mt Gali¢ica (M. Arsovski, 1997).
WMZ — Western Macedonian zone, PM — Pelagonian massive, VZ — Vardar zone, SMM — Serbo-Macedonian massive,
CKZ — Cukali—Krasta zone, KZ — Kraistide zone.



74 V. Mircovski, [A. Kekla O. Spasovski, V. Mircovski

GEOLOGICAL FEATURES

Investigated area is part of the Western Ma-
cedonian zone (Fig 1), (Apcoscku, 1997). The ge-
ology of the wider area of Mt GaliCica is shown in
the Geological map (Fig.2) (dymypuanos, MBa-
HOBCKH, 1972, 1973).

The geology of the surrounding of the aquifer
consists of Paleozoic, Mezosoic, Tertiary and Qua-
ternary rocks (dymypuanos, MBanoBcku, 1972,
1973, 1978; MBanoscku, 1958,).

Paleozoic is present of sienites (&), granodio-
rites (Oy), metasandstones (sq), quartz-sericitic
schists (Sgse).

The mezosoic roks are present of Triassic
massive limestones (Tzl’z), sandstones, slates, con-
glomerates (T,' ) and jurasic dijabases (Bp) and
peridotite and serpentinite ( 0Se).

Tercier is made up of gravels, sands and cley
(phs), gravels, sands and cley and marls (pl, ).

Quarter is present of alluvium (al), proluvium
(pr), delluvium (d), tera rosa (ts); glaciofluvial
sediments (fgl) and limnic sediment (j).

Mt Galicica is a horst built of Triassic mas-
sive Kkarstified limestones overlying Paleozoic
metamorphic rocks present as quartz-sericite-
phyllite schists, sporadically as metasandstones.

HYDROGEOLOGICAL FEATURES

The area of the Triassic limestones in Gali¢i-
ca is some 200 km®. Limestones are highly fissured
and karstified with Paleozoic water impermeable
schists at the foot. This makes possible the forma-
tion of karst fracture aquifers in them. Recharge of
the aquifer is done by surface waters (rain water)
that infiltrate through fractures, caverns, whirl-
pools and other vugs as well as by the water form
Lake Prespa that flows underground to Lake Ohrid
since Lake Prespa is situated at 160 m higher sea
level than Lake Ohrid (Amataj et al., 2005)

Hydrogeological investigations carried out so
far indicate that this karst-fracture type of aquifer
formed in the GaliCica limestones is characterized
by deep karstification.

Outlet of water has been seen as many springs
at the eastern and western banks of Lake Ohrid or
underground.

The largest discharge the capacity of 5 — 9.5
m’/s is at the spring at St. Naum, 0.2 — 1 m’/s at
Biljanini Izvori, 40 — 100 1/s at Bei Bunar. It is as-
sumed that less 1 m*/s of water flow into the lake.

For the determination of water permeability,
the degree of karstification, depth and the relation-
ship between limestones and schists in the Galicica
karst, several exploration drill holes were drilled
close to the shore not far from Biljanini Izvori.
(Kekuk, 1978).

Exploration drill holes showed that the Trias-
sic limestones at the foot of the mountain on the
way to the lake are from 48 to 100 m thick. Explo-
ration drill holes in limestones indicated that
higher karstification degree could be found as far
as the water impermeable base. Average porosity
estimated based on investigation is from 15 to
20%.

WATER QUALITY

Water quality was studied with several che-
mical analyses for several karst springs. According
to hardness which is from 7.4-10.8 degrees the
water 1s classified as medium hard, whereas ac-
cording to the chemical composition it is calcic
bicarbonate.

According to Alekin’s classification it is hy-
drocarbonate and belongs to the calcic group.

Total mineralization amounts from 244.6 to
325.6 mg/l and belongs to the poorly mineralized
water.

pH value is from 6.6 to 7.5 and the water be-
longs to the neutral group of waters.

Geologica Macedonica, 23, 73—77 (2009)
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Quaternary: al — alluvium; pr — proluvium; d — deluvium; ts — tera rosa; fgl — glaciofluvial sediments;
j — limnic sediment. Tercier: pl; — gravels, sands and cley; pl, — gravels, sands and cley and marls. Jurassic: B — dijabases;
oSe — peridotite and serpentinite; Triassic: T,"? — massive limestones; T,' — sandstones, slates, conglomerates. Paleozoic
(Devon): & — sienites; &y — granodiorites; sq — metasandstones; Sqse — quartz-sericitic schists (phyllite schists)

Fig. 2. Geological map of the area of Mt Gali¢ica

Geologica Macedonica, 23, 73-77 (2009)
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POSSIBILITIES FOR A LONG-TERM WATER SUPPLY OF OHRID
FROM THE KARST AQUIFER IN MT GALICICA

The results obtained during hydrogeological
investigations indicate that the karst in Mt Galiica
contains significant amount of ground-water that
recharge Lake Ohrid either underground or on the
surface by waters that come out of numerous
springs of variable yield such as Sveti Naum, Bil-
janini Izvori, Bej Bunar. In addition, large quanti-
ties of water are “captured” in the off shore karst
towards Ohrid valley as deep ground accumula-
tions. Explorations have also shown that the
Galicica karst contains water at various depths.

—h=158m

The Ohrid Lake

According to the results obtained, includ-
ing earlier results, for the understanding of the hy-
drogeological features of karstified limestones in
Galicica, three possible solutions can be suggested
in connection with the issue of water supply of
Ohrid (Fig 3):

1. Deep wells,

2. Combination between deep and shallow
wells,

3. Free gravitation and developing horizontal
galleries

LEGEND

Lacustrine sediments

] b p— . " i
.9 4 Triassic limestones, rather karstified

Impermeable ground consisted of Triassic
and Paleozoik schists
—~GWE— Ground water level in limestones-hypothetic

Springs with larger debit in the zone flowing out
from the karst groundwater

Exploration boreholes with piezometer building
v Gallery to the entering the karst groundwater,
i ~ arterwards one or more horizontal boreholes
throuoght the groundwater up to the entering the schists

Fig. 3. Shematic hydrogeological profile from the Ohrid to the Prespa Lake across the Gali¢ica mountain.
The variant for a long-term water supply of the town Ohrid from the Gali¢ica karst aquifer.

Deep wells

Water obtained from exploitation well 60 m
at depth and the small lowering the level of the
aquifer doing test drawdown (particularly during
summer and autumn) indicate that drilling several
deep well is a possible solution in obtaining large
amounts of water for water supply system of
Ohrid.

Combination of deep and shallow wells

Data obtained for small lowering the dynamic
level in shallow wells during test drawdown and
during exploitation and the high level of ground-
waters at the Biljanini Izvori — Bej Bunar strike
indicate that it is possible to dig shallow wells
combined with deep wells. The number will de-
pend on the amount of water needed.

Geologica Macedonica, 23, 73—77 (2009)
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Free gravitation and developing horizontal
galleries

Favorable field conditions and the high
ground-water potential make it possible to use
ground-waters as free gravitation by making one or
more galleries. The first possibility is the galleries

to be made 80 m above the Ohrid Lake level before
they enter the karst aquifer waters and water cap-
ture by horizontal drill holes in water bearing sur-
rounding. The second possibility is the entire
length of the galleries to involve the water bearing
surrounding as far as water impermeable base.

CONCLUSION

Investigations carried out so far indicate that
karstification of the Triassic limestones in Galiica
is deep as far as water impermeable Paleozoic
schists.

The aquifer contains important amounts of
ground water, part of which is used for the water
supply of Ohrid and is very promising for future
water supply.

Analyses indicate that the best solution for the
permanent water supply of Ohrid is the use of karst
aquifer ground waters of drilling of deep wells,
combination of deep and shallow wells as well as
with free gravitation by the construction of hori-
zontal galleries.

It is necessary to pay greater attention to wa-
ter management and to the issue of protection of
the waters against contamination.
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Pesume

KAPCHHUOT BOJOHOCHUK HA INTAHUHATA 'AJIMYUIIA
N MOXKHOCTH 3A BOOOCHABAYBAIBE HA OXPUJI CO IOA3EMHA BOJA
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Kiyuynn 360poBu: kKapcTeH BOJOHOCHHUK; INIAHUHA [ ain4uniia; Tpujacku BapOBHULIH; BoJoCHA0MyBambe; OXpH

Bo 0B0j Tpyn ce mpuKakaHM HEKOM XHIPOTEOJIOIIKI
KapaKTepPUCTUKH Ha KapCHUOT BOJOHOCHHMK Ha IIJAHWHATA
lanuunna, BO KOj ce akyMyJIMpaHH 3HAYUTENIHU KOJIMYECTBA
MO/I3eMHA BOJIA, KOja MOJKE Jla C& HCKOPHUCTH 3a BOAOCHAOMY-
Bame Ha rpanoT Oxpun.
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Bp3 ocHOBa Ha XHIPOTEOJONMIKHTE MOAATOLH, HPEIIO-
KEHH ce TP BAapHjaHTHU pEIICHUja KOM MOXAaT Ja Ce HCKO-
pucrar 3a BojgocHabxyBame Ha OXpuj ImpBaTa BapHjaHTa € co
n3pabotka Ha Jutaboku OyHapu MOTOa KOMOMHAIM]ja Ha [U1ab0-
KU U IUIMTKU OyHapH, WIM IaK co M3paboTKa Ha XOPU30HTAJ-
HHU TaJIepUH.





