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TOPICS

Physical and mechanical properties of rocks and structural
characteristics of the massif.

. Investigation of the stress condition and strain state of the rock

mass.

. Geomechanical provision of mining and civil engineering.
. Mine surveying geodetic and geophysical methods used in

geomechanics

. Geomechanical state of explosive and seismic impacts.

Environment protection in mining and construction activities.

. Education and qualification.
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GEOMECHANICAL CHARACTERISTICS OF QUARTZITES AS CONSTRUCTION MATERIAL AND THEIR
POTENTIALITY IN THE REPUBLIC OF MACEDONIA

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

ABSTRACT

From a genetic point of view, quartzites can be magmatic and metamorphic. Taking into consideration the
European standards for the use of construction stone where the magmatic rocks are explicitly required, in this
case of interest are magmatic quartzites for which geological, physical, chemical and geomechanical
investigations were performed.

The paper presents the deposits of magmatic and metamorphic quartzites. Geomechanical investigations of
magmatic quartzites carried out at the Crn Vrv, Plavica, Peshter and Dogandjiski Kamen deposits were
presented.

The problem with the use of magmatic quartzites, which, from the aspect of construction material, have
excellent construction features is relatively expensive processing, and in that sense, for use as a granulate in
the road infrastructure, concrete and asphalt requires their comparative utilization in electrometallurgy and as
material in the industry for grinding and crushing.

Keywords: magmatic quartzite, physical -chemical characteristics, geomechanical characteristics, potentiality.

Introduction

Magmatic quartzites, also called silex, are present only in the eastern part of Macedonia. They belong to
young Alpine formations of Vardar zone connected with Tertiary volcanism of Kratovo — Zletovo volcanic area.
The most important deposits are Crn Vrv, Plavica and Peshter (fig. 1). According the tectonic regionalization,
this part of the count belons to Eastern Macedonlan zone.
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Magmatic quartzite is formed with silification of the acid and intermediary volcanic rocks. This process
took part separately or together with sericitization and chloritization.

According the investigations, it can be concluded that this type of 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.

Based on the rules of European standards for the use of construction stone and according the laboratory
examinations, magmatic quartzite is very good for use in transport infrastructure as tampon layer.

Geological features of magmatic quartzite

Magmatic quartzites or silex appear in andesite — dacite rocks along the fault lines where silica
components from hydrothermal solutions made intensive metasomatic alterations on the volcanic rocks and
formed large masses of silicified rocks.

The areas of quartzites is variable and range between 600 m in Peshter (fig. 2) to 2 km in Crn Vrv (fig. 3).
The thickness is also variable and is within 10 — 80 m. [2]
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Fig.2: Geological profile of the deposit Peshter
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Fig.3: Geological profile of the deposit Crn Vrv

Magmatic quartzites have different color from grey — white, yellow to reddish, depending on the content of
metals. They are compact and very strong rocks, usually hydrothermally altered, silicified and sometimes
kaolinized. The structure is porphyry — clastic, and the texture is massive.
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This type of rocks origin with long term and complex affection of gas and hydrothermal solutions which
passed along the fractures and perform metasomatic alterations and formed silica rocks.

According their engineering — geological characteristics, magmatic quartzites are strong, poorly porous
rocks resistant to ice, chemical and physical influences.

Because of their resistance and toughness, they are used in civil engineering as tampon layer in transport
infrastructure.

Physical and chemical 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
the mother rocks - tuffs and has lower quality.

Examinations from chemical aspect showed that quartzite has the following average composition: [4]

Table 1. Chemical composition of quartzite

SiO; 95-98 %
Fe;0; 0,10-1,19%
Al,0; 0,20-1,40 %
TiO, 0,20 %
Na.0 traces
K20 traces

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

Geomechanical parameters of quartzite

According the laboratory examinations of the material - magmatic quartzite, from the deposits in Eastern
Macedonia, further are given the results of the geomechanical parameters. The following characteristics were
examined: [9]

1. Granular composition

2. Volume mass — Proctor test

3. California bearing ratio

4. Abrasion loss value by Los Angeles method

Geomechanical characteristics

Test Results Criterion Standard
Grain shape (% mass) 14.45 (max) 40 % MKS.B.B8.048
Dilapidated grains 1.02 (max) 7 % MKS.B.B8.037
Content of clay and silt particles 0
(% mass) 1.6 (max) 5 % MKS.B.B3.050
Sensitivity on ice influence
(content of particles < 0,02 mm) 2.1(F1) / MKS.U.E9.020
Consistency on ice NaSOq4 grains <8 mm-3.9 % grains <8 mmto 10 % MKS.B.B8.044
(loss of mass) grains>8mm-35% grains>8mmto 12 % T
Optimal water content / Maximum =2 064 g/em?
volume mass — Proctor test Vdm\;“\’; e 5 7090/C / MKS.U.B1.038
(modified method) opt = -1 /0
There is no deviation
Granular composition from the boundary belt Boundary tr)rfgt;?iratlhe tampon MKS.U.B1.018
for the tampon material
Degree of unevenness 34.0 (min) 15.0 MKS.U.B1.018
Abrasion loss value by Los 0
Angeles method (% mass) 21.83 (max) 40 % MKS.B.B8.045
California bearing ratio (CBR) % 81.39 (min) 80 % MKS.B.B8.042
Determinated organic matters 0.8 (max) 5 % MKS.B.B8.024
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Granular composition
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Examination of laboratory referent mass and water content - compactness after Proctor

3
Tampon 0 - 31.5 mm Crushed material Total mass of the sample M = 6000 g

Test type: D Standard test Modified test Mass of hammer - 4.5 kg
Method of sample preparation: Number of layers: 5 Number of hits: 56
Retained particles on sieve: 16 mm - 12,17 %; 31.5 mm - 0.00 %; 63mm-0%
Energy of compression: E =2.70 MJ/m®

Dimension of mold H=12.00 cm D =15.00 cm

2.08

2.07
2.06 \
2.05 / \

2.04 /
2,03
2.02

2,01

1.99

Dry volume mass of sample, pd[g/cm3]

1.98

1.97

1.96
2 3 4 5 6 7 8 9 10

Water content of mixture, o [%]

Maximum dry mass pdmax = 2.064 g/cm?3

Optimal water content wopt=5.70 %




2 - 6 July 2018, Varna, Bulgaria

Proceedings of the VIII International Geomechanics Conference

Quartzite tampon (0 - 31.5 mm)

Determination of California bearing ratio (CBR)

Material: crushed material

Type of test Material sieved through | Compression energy
the sieve (mm) (MJ/m?3)
Modified — 224 2.7
Determination of water content Mass of the sample
Before testing | After testing Before testing | After saturation | After testing
(@) @) (@)
Water 5.8 8.3 3055 3160 3156
content
Pressure [MN/m?|
0o1 4 5 6 7 8 9 10 1 12 13 14 15 16 17
1 \
—_ 2 \'\
£ S
a 3 \.\
5 AN
g ™
2 ™
‘ 5 \'\0.5
2
& e \\
7 \
\.13.4 \.
8
9
10

CBR 2.54= 81.39 [%]

CBR 5.08 = 103.91 [%]
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Determination of abrasion loss value by Los Angeles method

Passing | Stay Mass of Total Residue
through | on | material after | mass of | Number | Number of on Coefficient
Combination | sieve | sieve | classification | material | of balls | revolutions | sieve La (%)
“B” (mm) | (mm) (9) (9) 1.6 mm
20 12.5 2500
125 10 2500 5000 11 500 3908.5 21.83
Conclusion

Magmatic quartzites, also called silex, are present only in the eastern part of Macedonia. They belong to
young Alpine formations of Vardar zone connected with Tertiary volcanism of Kratovo — Zletovo volcanic area.
These rocks are known with many different names, such as silexes, hydro-quartzites, metasomatic quartzites,
secondary quartzites efc.

Based on the conducted chemical analyses, magmatic quartzite contains: SiO2 95 - 98 %, Fe203 0,10 —
1,19 %, Al,030,20 — 1,40 %, TiO2 - 0,20 %, Na20 and K20 are present in traces.

According geomechanical examination granular composition, volume mass — Proctor test, California
bearing ratio and abrasion loss value by Los Angeles method) can be concluded that this material, magmatic
quartzite, has favorable physical — mechanical properties and can be successfully used as tampon in transport
infrastructure. Also, this mineral raw material has 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.

From the conducted geological investigation on the mentioned localities, can be concluded that this raw
material is present in sufficient quantity for exploitation for civil engineering and other mentioned industries.
But, knowing the high quality of the material from geomechanical point of view, extension of geological
research is needed and thereby increasing the geological reserves.

Also, it is necessary development of modern technology for processing of this high quality mineral raw
material.
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