ISSN:1857-6966

Natural resources and technology

Volume XVI June 2022




UNIVERSITY “GOCE DELCEV” — STIP
FACULTY OF NATURAL AND TECHNICAL SCIENCES

Natural resources and technologies

JUNE 2022

VOLUME XVI

ISSN 1857-6966

NO. 1



NATURAL RESOURCES AND TECHNOLOGIES

Editorial Board:

Prof. Blazo Boev, Ph. D, Goce Delcev University, Faculty of Natural and Technical Sciences,

Stip, Republic of North Macedonia;

Prof. Zoran Despodov, Ph. D, Goce Delcev University, Faculty of Natural and Technical Sciences,
Stip, Republic of North Macedonia;

Prof. Zoran Panov, Ph. D, Goce Delcev University, Faculty of Natural and Technical Sciences,

Stip, Republic of North Macedonia;

Prof. Mirjana Golomeova, Ph. D, Goce Delcev University, Faculty of Natural and Technical Sciences,
Stip, Republic of North Macedonia;

Prof. Dejan Mirakovski, Ph. D, Goce Delcev University, Faculty of Natural and Technical Sciences,
Stip, Republic of North Macedonia;

Prof. Ivajlo Koprev, Ph. D, University of Mining and Geology “St. Ivan Rilski”, Sofia, Bulgaria;
Prof. Nikola Lilic, Ph. D, University of Belgrade, Faculty of Mining and Geology, Belgrade, Serbia;
Prof. JozZe Kortnik, Ph. D, University of Ljubljana, Faculty of Natural Sciences and Engineering,
Department of geotechnology, mining and environment, Ljubljana, Slovenia;

Prof. Daniela Marasova, Ph. D, Technical University of Kosice,

Institute of Industrial Logistics and Transport, Kosice, Slovakia;

Prof. Lucyna Samek, Ph.D, AGH University of Science and Technology,

Faculty of Physics and Applied Computer Science, Krakow, Poland;

Prof. Vaclav Zubicek, Ph. D, VSB - Technical University of Ostrava, Czech Republic;

Prof. Evica Stojiljkovic, Ph. D, University of Nis, Faculty of Occupational Safety in Nis, Serbia;
Prof. Ivica Ristovic, Ph. D, University of Belgrade, Faculty of Mining and Geology, Belgrade, Serbia;
Prof. Kemajl Zeqiri, Ph. D, Isa Boletini University, Faculty of Geosciences,

Department of Mining, Mitrovice, Kosovo;

Prof. Aleksandar Nikoloski, Ph. D, Murdoch University, Collage of Science, Health,

Engineering and Education, Department of Chemical and Metallurgical Engineering and Chemistry,
Perth, Australia;

Omer Faruk EFE, Professor, Bursa Technical University, Faculty of Engineering and Natural Sciences,
Department of Industrial Engineering, Bursa, Turkey.

Editor in Chief:
Prof. Afrodita Zendelska, Ph. D, Goce Delcev University, Faculty of Natural and Technical Sciences,
Stip, Republic of North Macedonia

Editors:

Prof. Blagica Doneva, Ph. D, Goce Delcev University, Faculty of Natural and Technical Sciences,
Stip, Republic of North Macedonia;

Ass. Prof. Vancho Adjiski, Ph. D, Goce Delcev University, Faculty of Natural and Technical Sciences,
Stip, Republic of North Macedonia;

Language Editor:
Prof. Snezana Kirova, Ph. D, Goce Delcev University, Faculty of Educational Sciences,
Stip, Republic of North Macedonia;

Technical Editing:
Kire Zafirov, Goce Delcev University, Stip, Republic of North Macedonia;

Editorial Office
Goce Delcev University - Stip
Faculty of Natural and Technical Sciences



Contents

Stojance Mijalkovski, Kemajl Zeqiri, Zoran Despodov, Vancho Adjiski
UNDERGROUND MINING METHOD SELECTION
ACCORDING TO NICHOLAS METHODOLOGY ...ccuteiiiiiiieiiitieieeteetese ettt 5

Risto Popovski, Blagica Doneva, Gorgi Dimov, Ivan Boev, Trajce Nacev,

Radmila K. Stefanovska

GEOMAGNETIC RESEARCH OF THE ARCHAEOLOGICAL SITE

ISAR MARVINCI, REPUBLIC OF NORTH MACEDONIA.........cooiiitiiiie et 13

Cvetan Sinadinovski, Lazo Pekevski
APPLICATION OF NAKAMURA METHOD IN

INTERPRETATION OF SHALLOW GEOLOGY ....ooiiiiiiiie ettt eeaveee e 27
Ivan Boev

PETROGRAPHY OF LAMPROITES FROM THE

VILLAGE MRZEN, NORTH MACEDONIA ...ttt e et eeetanee e 35

Orce Spasovski

QUALITATIVE-QUANTITATIVE CHARACTERISTICS OF THE

MARBLES FROM PLETVAR AREA (MK) AND

POSSIBILITIES FOR THEIR EXPLOITATION ..ottt 47

Ivan Boev

SEM-EDS INVESTIGATIONS OF THE PEGMATITE VEIN-DUNJE

(PELAGONIAIN METAMORPHIC COMPLEX), OCCURRENCE OF

TITANITE ON RUTILE BASE ...ttt et et e e e et e e e 53

Vesna Pancevska, Afrodita Zendelska
PREPARATION AND CHARACTERIZATION OF
SLUDGE-BASED ACTIVATED CARBON.........ccoiiiiiiiitteiecttete ettt sttt ene e 61

Gordana Kaplan, Hakan Uygucgil, Vancho Adjiski
SELF-HEALING TIME ESTIMATION OF
ABANDONED MINE AREAS USING REMOTE SENSING ......ccociiiiiiiiiiiiiiieniteienteteneee e 69

Sashka Arsova Neshevski, Marija Hadzi-Nikolova,
Dejan Mirakovski, Nikolinka Doneva, Afrodita Zendelska
PERSONAL NOISE EXPOSURE ON UNDERGROUND MINING WORKERS .........ccccoveviiiiiiiiieieis 77

Ljubica Trendova, Marija Hadzi-Nikolova, Dejan Mirakovski, Riste Timovski
PERSONAL NOISE EXPOSURE ON INDUSTRY WORKERS ..ottt 83

Dejan Krstev, Aleksandar Krstev
REVERSE LOGISTICS — POSSIBILITY, EXPECTATION AND
SUSTAINABILITY PERSPECTIVES .....ooiiiieee ettt 89

Vaska Sandeva, Katerina Despot
LANDSCAPING OF THE STREET NETWORK AND
ENVIRONMENTAL PROTECTION IN URBAN INFRASTRUCTURE PLANNING.......cccceoviirininrnene 97



Manuscript received: 13.04.2022 Natural Resources and Technology
Accepted: 04.05.2022 Vol 16, No.1, pp. 47 - 52 (2022)
ISSN 1857-6966

UDC: 553.548:691(497.785)

DOI: https://doi.org/10.46763/NRT22161047s

Original research paper

QUALITATIVE-QUANTITATIVE CHARACTERISTICS OF THE MARBLES FROM PLETVAR
AREA IN NORTH MACEDONIA AND POSSIBILITIES FOR THEIR EXPLOITATION

Orce Spasovski!
! Faculty of Natural and Technical Sciences, Institute of Geology,
“Goce Delcev” University of Stip, Blvd. Goce Delcev, 89, Stip, Republic of Macedonia
*Corresponding author: orce.spasovskil@ugd.edu.mk

Abstract

The use of marbles as a building - architectural stone, because of their aesthetic - technical characteristics, has a
long tradition in Macedonia from ancient times until today. Dolomitic white marbles are most prevalent in the studied
area and clearly different from the gray-white and gray dolomitic marbles. The samples were determined as a fine-
grained dolomitic marble, which mineralogically and chemically are quite pure. According to mineralogical and pet-
rological characteristics, these dolomitic marbles can find wide application in civil engineering, in concrete mixtures,
and in other hydrotechnical works. It can also be used as architectural stone, which allows removal of larger blocks.
Based on calculations performed on mining stocks it can be concluded that the investigated area is promising in terms
of exploitation of the white dolomitic marble.

Key words: architectural-building stone, dolomitic marble, ore reserves, chemical-mineralogical composition

INTRODUCTION

The Pletvar area is situated near the village bearing the same name some 10 km from Prilep. The site
is situated 0,5 km south of the village in the marble series which is part of the Pelagonian metamorphic
complex.

The use of marbles as construction-architectural stone has had a long tradition, from early times to the
present day, due to its aesthetic and technical characteristics. The white marbles are also used for making
art statues, colonnades, caryatids etc. This can be seen in many Roman archaeological sites such as Stobi,
Heraclea and others.

The search for white marbles in a number of sites was the subject matter of investigations. The best
known in the country are those of Sivec, Bela Pola, Pletvar, Kitka and others. The highest interest has been
in the white marble in the Pletvar —Sivec - Bela Pola zone. Besides its whiteness, the marble has been in
use for such a long time due to the fine-grained structure, which helped sculptors make their masterpieces.

In Macedonia marble has continuously been used as building material, but with variable intensity. The
first large undertakings and organized economic interest in excavation and processing started after 1956.

The greater use of marbles called for intense geological investigations, starting with opening new
quarries and the construction of new facilities for processing. Thus, in 1956 the production of marble blocks
amounted to 8.000m’ and the processing of 6.000m? slabs. In 1983, new mines emerged whose marble
blocks output reached 22.000m’ along with new facilities built in Prilep, Gostivar, Cer and Kumanovo. The
entire annual nominal capacity of slab processing amounted to 500.000 m?.

However, this trend of increase was followed by a period of stagnation in 1990s and in 1997 the pro-
duction was reduced to 10 to 12.000m?* of marble blocks and the processing of 80.000m? slabs annually. At
the same time, this period was also characterized by the establishment of small processing plants almost in
every town. The products were used mostly in erecting monuments.

The first investigations on the Pletvar marble started in 1891. [1] Later [2-4] mineralogical-petro-
graphic examinations were performed on the rocks in the vicinity of Prilep, with special emphasis on the
marbles around Prilep and Pletvar. With the preparation of the basic geological map of SFRY, the authors
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of the Prilep sheet, scaled 1:100 000 [5,6] in the Interpreter, gave a detailed description of the lithological
composition of the rocks near Prilep. In their description on the rock composition, they included an account
of the dolomite marbles from the vicinity of Pletvar.

In the same period, during compiling the basic geological map of SFRY, the authors of the page for
Vitoliste, scale 1:100 000 [7,8], gave an account of the lithological composition in the explanation.

Since 1970 to the present time, special detailed investigations were carried out for the calculation of
the ore reserves in Sivec for the writing of the main project for marble excavation from the deposit.

In his doctor’s dissertation under the title Specific Methods for Economic Assessment of the Archi-
tectural - Dimension Stone in S.R. Macedonia and Long-Term Development, Paskalev [9] offered a special
analysis of the marbles in Sivec.

The Pletvar dolomite marbles have been studied in detail by Spasovski [10], when their mineralogical-
petrographic composition (Fig. 1) was determined.

The latest data regarding the geological composition, mineralogical- petrological and physical - me-
chanical characteristics of the marbles in close proximity to Pletvar can be found in the documentation of
the Mike Company. Namely, the company has the concession for marble excavation close to the area under
investigation and has started an open Pletvar marble quarry.

MATERIAL AND METHODS

The location Pletvar is explored using field and laboratory techniques. Field study provided an insight
into the terrain, familiarization with its geological and structural-tectonic features, as well as the collection
of representative samples of dolomite marbles for defining their chemical-mineralogical composition and
structural-textural features. The mineralogical-petrographic study was performed at the Faculty of Natural
and Technical Sciences in Stip. The mineralogical and petrographical characteristics of the samples that
were taken has been determined by using the polarized light microscope Leitz Wetzlar, Germany.

Representative samples of dolomite marbles from the Pletvar locality are selected for mineralogical-
petrological research as well as for chemical analyses.

A complete trituration, grinding, pulverization and automatic shortening are performed on the selected
samples by receiving the samples for analysis and a duplicate of the sample weighing 50 grams.

The method of chemical analyses is the standard atomic emission spectrometry with inductively cou-
pled plasma (AES-ICP) that provides high accuracy for the majority of chemical elements, but only the
elements that are of high importance for the chemical characteristics of marbles are determined.

The purpose of the chemical examination is to determine the chemical content of the present rocks in
the researched area with a special attention to the white dolomite marbles.

At the department of geotechnical engineering at the Faculty of Civil engineering certain examinations
of the strength of monolith parts of the white dolomite marble from the locality Pletvar — Prilep were made.

Many samples were tested for the pressure strength, strength on one point, volume weight and the
absorption of dampness as basic classification parameters.
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Figure 1. Geological map of the locality Pletvar [10]

RESULTS AND DISCUSSION

The purpose of the chemical examination is to determine the chemical content of the present rocks in
the researched area with a special attention to the white dolomite marbles.

From the performed chemical, mineralogical and petrological examinations of the samples in the area
around Prilep it can be stated that:

The samples are determined to be finely grained dolomite marble. The presence of MgO is over
20,66%; only in the sample marked II/5 MgO it is present with 20,32% (Table 1).

These dolomite marbles have white color (fig. 2) and the samples with light grey color are very rare.
The structure is finely grained but with solid, massive, and compact texture with weakly distinguished
oriented-striped texture. A homeoblastic-granoblastic structure is visible with a microscope with massive
and very weakly distinguished oriented texture [10].
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Figure 2. White dolomite marble from the locality Pletvar

From a mineralogical aspect, these are carbonate rocks made mostly of dolomite. Calcite is not very
present — that is sample 11/6. Dolomite crystals are mostly present in irregular to hypidiomorphic form and
are slightly extended in the direction of the orientation of the rock. The extension of the crystals is more
strongly pointed in sample II-5 (light grey dolomite marble). Average granulation of the dolomite crystals
is from 45-65 microns seen in all samples. Microcavities are noticed in the sample marked 11/8 but are very
rare, while microcavities are also visible in sample 11/2.

Table 1. Chemical analysis of the marble the Pletvar area

Components (%)/ Sio RO Ca0 MgO Loss of Total
sample 2 273 ignition
11/2 0,34 0,21 30,39 21,57 47,36 99,87
11/3 0,26 0,22 20,56 31,65 47,25 99,94
/5 0,24 0,16 31,94 20,32 47,22 99,88
11/6 0,30 0,06 33,92 20,76 46,90 99,94
/7 0,35 0,16 31,48 20.66 4725 99,90
11/8 1,40 0,24 30,37 21,57 47,35 99,93

Note: Data taken from the Elaborate for detailed geological investigation since 2021

According to the petrological, mineralogical-microscopic examinations and chemical analyses of
these dolomite marbles, they can be widely used in civil engineering mostly in low-buildings, concrete
mixes, hydrotechnical works, etc. They can be also used as architectonic stone while allowing macrotecton-
ics to be able to excavate larger blocks.

According to the examinations of the point load, the value of the physical - mechanical characteristics
is in the following frame:

e Average value Js (50) = 2,72 to 3,63 depending on the testing

*  The volume weight is in the range of = 27,87 - 28,24 kN/m?

*  Absorption of water is within U =0,15 - 0,16 %

e The strength of the pressure is sp = 134 - 171,1 MPa, but in a certain number of samples there are also
values of sp = 65,2 - 65,5 MPa.
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In accordance with the performed examinations, it can be stated that the dolomite marbles have favor-
able characteristics to be used as an architectonic-building stone [10].

The present lower values point that the surface areas have weaker parts which should be taken into
consideration in the process of exploitation.

It should be also noted that the samples are taken from the surface of the field and usually the more
authoritative results are obtained from deeper zones, where the results are got through research drilling,
testing, and examination.

Based on the performed evaluations of the mining reserves, it can be noted that the research space is
promising in the perspective of exploitation of white dolomite marbles. The very fact that within field [ were
estimated 178.238 m? geological mining reserves from category B is a real indicator of the possibilities of
the researched area. Here it is necessary to note that the performed evaluations of the geological mining
reserves are made without deep research drilling, which is necessary for separating reserves from category
A and, of course, confirming the reserves from category B, and the possibilities of the researched space.

CONCLUSION

Based on the results obtained from the mineralogical-petrological, chemical, and physical - mechani-
cal examinations on the dolomite marble in the location Pletvar, the following conclusions can be made:

With the geological mapping three types of dolomite marbles are selected: stratified to massive dolo-
mite marbles, tectonized dolomite marbles and stratified dolomite marbles.

The studied rocks represent dolomite marbles characterized with white color and saccharine, sugar
like appearance, massive, stratified to bedded - sheet like. With geological research, the massiveness and
compactness of the marbles was completely defined.

According to their color, on the geological map mostly predominate the dolomite marbles with clearly
apparent white color and dolomite marbles with grayish-white color.

Dolomite marbles with white color are mostly found in the research space and can clearly be differen-
tiated from the grayish-white and grey dolomite marbles.

The examined samples are determined as finer grained dolomite marble, which are very clear in their
mineral and chemical content. The presence of MgO is over 20,66 %, only in the sample marked I1/5 MgO
it is present with 20,32 %.

According to petrological and mineralogical characteristics, these dolomite marbles can be widely
applied in civil engineering, mostly in low-construction, for concrete mixtures, hydro-technical works, etc.
They can also be used as an architectonic stone provided the micro-tectonics allows larger blocks to be
detached.

In the researched field, three promising parts are selected that will be the research subject in the sec-
ond phase i.e., a research drilling is planned in the selected parts. These promising parts will be presented
afterwards with the supplement on topographic base where the designed research drills will be presented.

In accordance with the completed research, the dolomite marble is evaluated with favorable character-
istics for its use as architectonic-building stone.

Notable lower values point out that areas even have weaker components, which needs to be taken into
account before eventual exploitation.

It is noted that the samples are taken from the surface of the field, even though the more trustworthy
results are usually obtained from deeper zones; normally, that data is received with research drilling, sam-
pling and examination.

The research space has a good perspective for exploitation of white dolomite marbles.
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Pe3zume

VYmorpebara Ha MepMepHTEe Kako TPAJCKHO-aPXUTCKTOHCKH KaMEH CO HHUBHTE ECTCTCKO-TCXHHUKU
KapaKTePUCTUKU UMa JI0JITra TPaJauiinja BO MakeToHHja Ol aHTHIKO BpeMe J0 AcHec. JJoMOMUTCKUTE OelTl MepMepH
Ce Haj3acTallcHU BO MPOyYyBaHaTa 00JacT U jJaCHO CE PAa3IUKyBaaT O]l CHBO-OCIIUTE W CUBUTE JOJIOMHTCKHA MEPMEPH.
HcnutyBaHWUTE MPUMEPOIH CE YTBPACHU KAKO CHTHO3PHECT JOJOMHUTCKH MEpMep, KOj MUHCPAIOIIKA W XEMHICKH €
nocra yrcT. Cropen MUHEPaIOIIKO-TICTPOIOMIKITE KAPAKTEPUCTUKN OBHE JOJIOMHTCKHA MEPMEPH, MOKAT J1a HajaaT
[IMPOKA TIPUMEHA BO TPaIC)KHUIITBOTO, OCTOHCKU MEIIABUHU U IPYTU XUAPOTECXHIYKA padoTH. Moxke /1a ce KOPHCTH
7 KaKoO apXUTCKTOHCKH KaMeH OHJICjKH OBO3MOXKYBa JOOMBAK-¢ Ha TIOTOJIEMH OJIOKOBH. Bp3 0cHOBa Ha pecMeTaHUTE
PYIHHU pe3epBU MOXKE Ja C€ 3aKIydH JeKa UCTPaXyBaHOTO TOJpadje € BETYBadyKO IO OJHOC Ha EKCIUIoaTalyja Ha
JIOJIOMUTCKH MEpPMeEp.

Kayunu 300poBu: apxumexmoncko-epaoexicen KameH, OOTOMUMCKU MepMep, PYOHU pe3epsu, KEaaumem Hd
Kapnume, XeMUCKO-MUHEPALOUKY COCMAB
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