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THEMATIC TOPICS

. New technologies and systems for open and underwater development of mineral deposits.
HoBu TexHonorum m cuctemn 3a OTKPUTO M NOABOAHO pa3paboTBaHe Ha HaxoaMia Ha
None3Hu U3konaemu

. Drilling and blasting activities and blasting materials.

MpoOnBHO-B3pMBHM paboTh 1 CpeacTBa 3a B3pUBABaHe

. Innovatios and quality management. Cost effectiveness.

WHoBaumu n ynpaBneHue Ha Ka4ecTBoTo. MIkoHOMUYecKa eheKTMBHOCT

. Electrification, automation, mechanization and repair.

Enextpudmkauyms, aBTomatusauma, MexaHu3aumsa U peMOHTHa AeUHOCT

Information technology design, geological, mining and mine surveying.

WHdropMaLMOHHM TEXHONOrMM NPU NPOEKTUPaHe, reoNoronpoyyYBaTeNiHi, MapKLwanaepcku
U MMHHW OEeUHOCTHU

Drainage, stability and consolidation of the slopes in open pits, quarries, dumps and
tailings.

OTBOAHSABaHe, YCTOMYMBOCT WU YKpenBaHe Ha OTKOCMTE B OTKPUTM PYAHMLM, Kapuepw,
HacunuLia n XBOCTOXpaHMnMLa

. Ecology, protection and reclamation of environment.

Ekonorus, onazsaHe u Bb3CTaHOBAIBaHe Ha NpupoAHaTa cpefa

. Technical safety in open pit and underwater mining of minerals.

TexHu4ecka 6e30nacHOCT NpU OTKPUT U NOABOAEH AOOMB Ha NONE3HU U3Kkonaemm
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PHYSICAL AND MECHANICAL CHARACTERISTICS OF THE SECONDARY QUARTZITES FROM THE
DEPOSIT PESHTER IN THE REPUBLIC OF MACEDONIA

Krsto Blazev', Blagica Doneva', Gorgi Dimov', Marjan Delipetrev’, Todor Delipetrov', Zoran Panov'
1University of Goce Delcev, Faculty of natural and technical sciences, Stip, krsto.blazev@ugd.edu.mk

ABSTRACT

The secondary quartzites as a special type of magmatic quartzite, due to their great hardness and toughness
are widely used in industry for the preparation of mineral raw materials for production of liners and grinding
balls of mills. Also, they are used in electrometaliurgy for obtaining ferrous-silica alloys.

The deposit of these mineral raw materials Peshter is located in the eastern part of Macedonia, near the town
Probishtip. This deposit is a result of the final phase of the silification of the volcanic tuffs from Kratovo -
Zletovo volcanic area.

The paper presents the physical and mechanical parameters of the secondary quartzites such as: specific and
volume mass, hardness, toughness, abrasion etc. Also presented is their chemical composition and
geophysical characteristics.

Keywords: secondary quartzite, physical characteristics, mechanical characteristics.

Introduction

In the part of Eastern Macedonia, where the exploration terrain is located, geological composition of the
terrain is very complex, from the aspect of lithology and tectonic. This part of the country, according the
tectonic regionalization, belongs to Eastern Macedonian zone. It is located near the town Probishtip at the
distance of about 3 km. Secondary quartzite is formed with silification of the acid and intermediary volcanic
rocks. This process took part separately or together with sericitization and chloritization.

These rocks are composed of quartz and sericite, but also contain alunite, diaspore and other minerals.
As secondary minerals in quartzites may appear corundum, topaz, tourmaline and rutile.

According the laboratory examinations ca be concluded that hydrothermal quartzite origin in the process
of the hydrothermal metasomatism of the intermediary volcanic rocks. The process of metasomatism was very
intensive and in some parts of the rocks the percentage of silica is up to 98 — 99 %. Silicon matter is presented
with microcrystal quartz mass, and opal mass occurs in in a subordinate amount.

Origin of quartzite

The origin of the qurtzite (silex) is connected to the hydrothermal alterations of intermediate rocks in the
volcanic apparatus and its surrounding. Its formation starts with the increasing intensity of the volcanic activity,
i.e. in the fumarole — solfatara stadium. The alterations in this stadium are not only along the fissures, but
especially along the horizons of porous products of the eruption, which can be spread on distance more than
100 m from the volcanic apparatus.

Thus, secondary quartzite is metasomatic formation which was formed without bringing SiO, from the
magma, which means that was done redeposition of the components and their movement in the area with
influence of gas hydrothermal fluids.

For the origin of the secondary quartzites witness relic structures and textures of the mother rocks in
them, and, also, their sub-vertical spreading. In depth, their dimensions gradually decrease. The borders with
the surrounding volcanic rocks are gradual, i.e. gradually decreases the degree of silification of the
surrounding rocks distancing from the secondary quartzite rocks.
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Geological and tectonic features of quartzite

Geology

The immediate vicinity of the deposit Peshter is composed of Miocene, Pliocene and Pleistocene
(Quaternary) rocks. Miocene rocks are represented with: plated grey - greenish ignimbrites of dacite
composition (Qaq) and marls, tuff sandstones and slates (M1'2). [1, 2]

- Plated grey - greenish ignimbrites of dacite composition (Qaq) represent small erosional zones along the
ridges above the ignimbrites. They are composed of small phenocrystals (< 1 cm) which are altered more than
the basis.

- Marls, tuff sandstones and slates (M1'2) are determined western of Probishtip and they lay above the
ignimbrites of dacite composition and below the tuffs and breccias. They are represented with marls,
sandstones, tuff sandstones and slates. All of them are hydrothermally altered.

Pliocene sediments are represented by tuffs (O), andesite breccias (w), augite — hornblende — biotite
andesites (cah) and dacitoides (aq).

-Tuffs (©) are the most present rocks on the terrain and represent the basis of the younger effusive
complex of the Kratovo — Zletovo volcanic area. They have grey, grey — yellowish, pinkish and green color and
are very altered. Their average thickness is about 300 m.

- Andesite breccias (w) lay above the older sediment and metamorphic rocks. The most present are
western of Probishtip. They are composed of unprocessed pieces of andesite cemented with tuff material.
Their thickness is about 200 m.

- Augite — hornblende - biotite andesites (aah) appear in andesite breccias as plates and masses. Rarely
intruded the older rocks. They are composed of plagioclases, pyroxene — augite, hornblende and biotite. All
minerals are altered and appear secondary quartz, sericite, calcite etc.

- Dacitoides (aq) are determined as protrusions on many places. They are hydrothermally altered:
silicified, pyritized and limonitized. Dacitoides protrude the Tertiary sedimentary rocks, tuffs and breccias.

Fig. 1. Quartzite from the deposit Peshter

Pleistocene sediments are represented with hornblende — augite andesites (aha) and hydrothermal
quartzites - silex (Q).

- Hornblende - augite andesites (aha) lay above the ignimbrites of andesite composition and other older
volcanic rocks. They are very tough fine grained rocks with dark green to black color. In the basic mass are
present phenocrystals of plagioclases and hypidiomorphic grains of augite, hornblende and fresh biotite.
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- Xydrothermal quartzites - silex (Q) are the most present on the mountain Crn Vrv. They appear as larger
plates above the volcanic rocks. According their composition and way of occurence, quartzites are determined

of hydrothermal origin. The color is variable: from grey — white, yellow to red, depending of the content of
metal wires.

Augite-hornblenda-biotite

*Q T
}ﬁdq | Plate grey-green ignimbrites :
' ) “lwith dacite composition andesites
L ] 0 i
—M 2 — | Marls, tuff sandstones Gacitoides
"2 landslates
“1 . .‘-'?‘I .
. ‘—"B_n L,; Tuffs Hornblende - augite andesite
i T

Mg L A3
© @, o| Andesite breccia ;\(ilr Hydrothermal quartzites -
b o M / silex

Fig.2: Geological map of the investigation area [1, 2]

Tectonics

Investigated area belongs to Kratovo - Zletovo volcanic area and there are determined faults of the three
systems. The system of faults with orientation NNW - SSE are the most present, while the other two types of
faults with orientation N - S and SE - NW are less present on the terrain. Those are disjunctive systems
reflected from the first structural stage, or from the crystal basis of Serbian — Macedonian mass above which
lay volcanic rocks. Beside disjunctive tectonic forms, in the wider vicinity are present plicative tectonic
structures with poorly expressed synclines and anticlines.

Chemical, physical and geophysical parameters of quartzite

Examinations of this mineral raw material showed that there are two types of quartzites. One is with better
quality and composed of microscopic fine quartz as main component, and the other type contains relics from
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the mother rocks - tuffs and has lower quality.
Examinations from chemical aspect showed that quartzite has the following average composition: [3]

Table 1. Chemical composition of quartzite

SiO; 96,57 %
Fe;0; 0,46 %
Al;0; 0,38 %
Ca0 0,16 %
MgO 0,28 %
Na,0 0,016 %
K20 0,013 %

In addition to chemical examinations, mineral composition of the rock is determined with XRD method.
Diffractogram is presented on Fig. 3

X - ray examinations were made with X — ray diffractometer Shimadzu 6100. Conditions for recording
were: Cuka - radiation, voltage of the tube and the current are 40 (KV) and 30 (mA), 6-26=2-40°, speed
(degree/minute) 2.00/0.100, time - 0.12 seconds.

Based on the peak position, and according the angle 20 is made identification of the minerals, and based
on the peak intensities is concluded their relative quantity in the sample.

LUTSUPGATS | LME | UATALAS| STEEOS, SVAETLCL  LNATE/LIEE| Ud-sd-l) UHInHISS

lllll e | ! < Bem Tate

------

Fig. 3. X-ray diffractogram of quartzite

The obtained d - values and intensities (I) from the diffractogram on the fig. 3 were compared with the
corresponding data from JCPDS cards.

From the results is determined that in the sample is present only mineral quartz JCPDS 00 046 1045.

Conducted research for determination the quartzite density with analysis of samples from different
locations showed that density varies within 2,32 - 2,42 g/cm3.

Thermal characteristics of quartzite

Thermal properties of quartzite play an important role in geology. Specific heat capacity, resistance
offered by the rock to heat, water, pressure etc. are some of the thermal properties of quartzite. [4]

Specific heat capacity is defined as the heat capacity per unit mass of rock. Specific heat capacity or
specific heat is one of the important properties of quartzite and it amounts to 0.75 kJ/Kg K. Properties of
quartzite also include resistance of quartzite to heat, water, pressure, impact etc. It helps in determining the
parameters to which quartzite offers resistance. If we talk about quartzite resistance, quartzite is heat resistant,
impact resistant, pressure resistant.

Electrical characteristics of quartzite
Conducted in situ investigations of geoelectrical aspect showed the following results: the specific electrical

resistivity of quartzite is within the interval 1 x 103 - 2 x 108 Q/m. [4]
Geoelectrical measurements were performed with Terrameter SAS 1000.
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Geomechanical characteristics of quartzite

Physical properties of rocks are used to identify the type of rocks and to discover more about them. There
are various physical properties of quartzite like hardness, grain size, fracture, streak, porosity, luster, strength
etc which defines it. The physical properties of quartzite rock are vital in determining its quartzite texture and
quartzite uses.

The physical properties of quartzite depend on its formation. Physical properties of rocks play an
important role in determining its applications in various fields. Rocks are rated on the on the Moh's Hardness
Scale which rates the rocks on the scale from 1 to 10. The hardness of quartzite is about 7 to 7.5 whereas its
compressive strength is 115.00 N/mmz2. Streak is the color of rock when it is crushed or powdered. The streak
of quartzite is white whereas its fracture is uneven, splintery or conchoidal. Luster of quartzite is the interaction
of light with the surface of quartzite and it is vitreous. Quartzite cleavage is indiscernible. The specific gravity of
quartzite is 2.6-2.8. Quartzite is transparent to translucent in nature whereas its toughness is 1.9.

From the deposit Pester are taken more samples of the outcrop and of other investigations (boreholes,
digs and cut section) to determine the physical and mechanical characteristics of this rock. But the necessary
tests were not performed and in the paper are presented experiential data from similar materials.

The physical properties of quartzite are given in Table 2, and the strength is given in Table 3. [5]

Table 2. Physical properties of quartzite

Hardness 7-15 Luster Vitreous
Grain Size Medium Grained Toughness 1.9
Fracture Uneven, Splintery or Conchoidal | Specific Gravity 2.6-2.8
Streak White Transparency Transparent to Translucent
Porosity 0.1-0.5% Density 2.32-2.42 g/cm?
Specific mass 2.63-2.70 t/m3 Abrasion 0,065 kg/cm®
Volume mass 2.51-2.64 tim?
Table 3. Strength of quartzite (from Attewell & Farmer 1976) [6]
Rock Compres(s“,l;;z)Strength Tensile Strength (MPa) | Shear Strength (MPa)
Quartzite 150-300 10-30 20-60

From the conducted field and laboratory examinations of the quartzite massif on locality Pester, we can
separate crushing as a very important geomechanical characteristic of quartzite (table 4). [7]

Table 4. Coefficient of empirical criterion of fracture, according Hawk and Brown, 1980

_ Excel!;ant Very ?,:) od Good quality, | Poor quality, very lptoor
_Manolite quatty, quaty, cracks on cracks on quatty,
without cracks | unchanged cracks on 05-1[m | 30-50 [cm] cracks on
Quartzite Q=500 monolite 1-3[m] Q = 1.0 Q=01 1-5][cm]
RMR =100 Q=100 Q=100 RMR ='44 RMR ='23 Q=10.01
RMR = 85 RMR = 85 RMR=3
m=15 m=7.5 m=1.5 m=0.3 m = 0.08 m=0.015
Conclusion

Secondary quartzites on the exploration locality were formed as result of hydrothermal silification. They
are not uniform and differ in the composition and physical — mechanical properties. These rocks are known
with many different names, such as silexes, secondary quartzites, metasomatic quartzites, hydro-quartzites

etc.
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Based on the conducted chemical analyses, quartzite contains: SiO2 - 96,57 %, MgO - 0,28 %, Fex0s3 -
0,46 %, Na20 - 0,016 %, Al20s3 - 0,38 %, K20 - 0,013 %, Ca0 - 0,16 %.

Secondary quartzites (silex) as mineral raw material have large uses in ceramic and similar industries for
coating grinding mills, in abrasive industry for production of flint — paper, as “sand” for cutting decorative
stones, as material for making containers for aggressive chemicals, in electrical — chemical industry for
obtaining ferro — silica or silica metal. For all these products can be used only high quality silexes which beside
favorable chamical composition should have favorable physical — mechanical properties.
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