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A bstra ct: In this paper will be shown the results from the investigations of physical-mechanical and petro-
graphic-mineralogic characteristics of on diabase Kosarska Reka locality (Vardar zone, Republic of Macedonia) as a
basis for application of construction stones. The analyses and the laboratory tests have been performed on samples of
diabases that were taken from the surface layers. The results from their physical and mechanical analyses showed that
these rocks meet the requirements for their utilization as construction stone suitable for all fractions of asphalt — con-
crete, concrete aggregate, tampon material, stone dust and other application in the civil engineering related to the traf-
fic infrastructure. Additionally, the quality of the stone is higher in the deeper parts of the terrain, where the external
influences have little effect.
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INTRODUCTION

"Kosarska Reka” (KoSarska River) area is lo-
cated in eastern Macedonia, 22 km north-west of
Valandovo and 5 km south—east of Demir Kapija

(Fig. 1).
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Fig. 1. Map of the R. Macedonia with position
[the KoSarskaReka locality

The immediate surroundings of the research
area in the past has been explored by many re-
searchers for different purposes and uses. To pre-
serve the primacy of geological research in chrono-
logical order, data of individual researchers who
have worked directly on the said terrain will be
present.

Cviji¢ (1906) was the first researcher who
found and gave the main features of the Vardar
depression or central Balkan Plain as he called it.
Especially important is the work of Kosmat (1924)
in which he gives a complete overview of the ge-
ology of Macedonia. He first made it different
Vardar zone as a separate tectonic unit between the
Serbian-Macedonian mass and Pelagonia massif.
Tajder (1939) provides data on physiography,
chemical composition and genesis of gabbroide
massive Dren—Boula. Tuchan (1940) has made
several routes and concluded that on the investi-
gated area are present granite, gabbro, diabase, me-
lafires and other types of rocks. Izmajlov (1948)
conducting surveys in the village of Iberli vicinity
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and provides information on the geology of the
nearby environment. Meyer (1960) gaves details
for mineralogical-petrographic characteristics of
some rocks from the vicinity of Udovo. Strackov
(1963, 1966) provides detailed data on the geologi-
cal evolution of the southern part of the Vardar
zone and tectonical composition of the Gradeska
mountain and its immediate surroundings.

In the period 1962-1974, the immediate vi-
cinity of the research area was studied in details by
a number of researchers in the preparation of the
OGK of SFRY in scale 1:100 000 sheets of
Kavadarci, Kozuf and Gevgelia.

From metalogenetic aspect Vardar zone is the
best studied by Ivanov (1966).

Within the plate — tectonic interpretation in
the last few decades new views about the nature

and significance of the Vardar zone have been in-
dicated by Karamata (1974), Dimitrijevi¢ (1974),
Aleksi¢ and others (1974), Arsovski and others
(1984).

Ivanov, Dumurdzanov and others (1987) pro-
vide the latest detailed information on petrological
and chemical characteristics of gabbro-basaltic
massive Demir Kapija—Gevgelija.

Dumurdzanov and Petrov (1992) give many
details for lithostratigraphic and chemical characte-
ristics of the Vardar oceanic crust in the territory of
the Republic of Macedonia.

Latest data on the mineralogical-petrographic,
chemical and geochemical characteristics of gab-
bros and diabases from the immediate surround-
dings of the investigated area can be found in the
works of Spasovski (2001, 2012).

METHODOLOGY

The mineralogic-petrographic research have
been done on the Faculty of Natural and Technical
Sciences in Stip by the author of this paper, while
the chemical content of the granodiorite is deter-
mined in the chemical laboratory in Zelezarnica in
Skopje.

The research of the physical-mehamical char-
acteristics was performed in the laboratory at the
Civil Engineering Institute in Skopje. The exami-
nations were performed during 2011. Because the

rock masses are not well disposed, the samples
were taken from the surface of the terrain. As a
consequence in the samples themselves there are
some cracks which is a result from the great influ-
ence of the atmosphere. However the examinations
of the samples have shown credible values of their
physical-mechanical characteristics. It is certain
that the samples from the greater depths would
give much better results.

GEOLOGICAL FEATURES

The geological structure of the Kosovska Ri-
ver locality includes the following types of rocks:
diabase and spilite and alluvial sediments (Fig. 2).

The diabases are characterized with green and
grey-green color, homogenous and massive texture
(Fig. 3). They are small-grained and the dimensi-
ons of the grains do not exceed 1 cm. They are
quite solid and stern. Frequently, they are crossed
with calcite and epidotic sinews. At some places,
the diabases have mostly parallelepiped, and some-
times sphere excretion. The diabases having par-
allelepiped excretion are compact and solid. There
also have multidirectional fissures.

The following modal structure is provided for
the diabases by integrating: plagioclases from 45—
74%, pyroxenes from 35-45% and magnetite from
5-15%.

Among the diabases there is a certain number
of samples with a presence of phenocrystals, thus

they can be named as porphyrin diabases. The
phenocrystals are grains of pyroxenes and plagio-
clases, which are usually 3—4 cm large and rare,
and the basis is subophitic and ophitic, as at the
normal diabases. It is very rarely noticed at the
diabases and quartz, thus they turn in quartz-dia-
bases.

The spilites appear in the southern and south-
western areas and they cover small surface. They
usually appear as a pillow-lavas (Fig. 4) and natu-
rally they represent submarine irruptions. They are
dark green, dark purple and often fully black rocks
with numerous minuscule and massive mandolesi
3-8 cm, filled with secondary minerals such as:
calcite, epidote, chlorite. The amount of the man-
dolesi varies and according to the integrated sam-
ples reaches up to 34%. These minerals are some-
times scour at the surface and therefore they gain
hollow, cinder-like texture. The orb-like excretion
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is present within the largest part of the spilite. The
orb sizes are not equivalent and they vary from
0.20 to 1 m. The orbs are separated by dilapidated
translucent matter.

The spilites are also comprised of acicular
plagioclases, which according to the refraction in-
dex represent albite or acidic oligoclases. Rarely
there are pyroxenes in small amounts. In most of
the cases the plagioclases and pyroxenes are modi-
fied or fully destroyed. The spilites structure is
mandolesi—like and the basic matter is sub-ophitic.

The contemporary alluvial layers are tightly
connected with the riverbed of the Airan river.
They are represented mostly with gravel and sand
whose structure is tightly linked with the structure
of the rocks developed in the upper flows of the
above-mentioned river. Taking this into considera-
tion, downstream Airan river, there are mostly
gabbro diabases. These layers are mutually mixed,
but they are characterized with the feature to have
rough material at the upper flow, and more proc-
essed and gravel material in the lower flow.

Fig. 2. Geological map of the locality “Kosarska Reka” (Spasovski, 2011)
1. Alluvial sediments. 2. Spilite. 3. Diabase

Geologica Macedonica, 27 (1), 63-73 (2013)
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Fig. 3. Dark green diabase

Fig. 4. Spilite with pillo-like excretion

PETROGRAPHIC-MINERALOGIC CHARACTERISTICS

There were some representative samples from slides were made which were examined with a po-
the locality Kosarska River selected for the miner- larized microscope with transmitted light brand
alogic-petrographic examinations. Six petrographic Leitz, Wetzlar, Germany. The mineralogic-

Geologica Macedonica, 27 (1), 63-73 (2013)
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petrographic examinations were performed at the
Faculty of Natural and Technical Sciences at the
Institute for Geology by the author of the paper.

The investigated diabase samples are disting-
uished by miniscule granular structure, firm, mas-
sive and compact texture. They are greyish-green,
and on the surface sporadically there are tiny cal-
citic ledges 0.5 mm thick. The rock has holocrystal
porphyric, ophitic-subophitic structure represented
with rode crystals on the plagioclase with length of
1 mm (Figs. 5 and 6). The primary materials which
comprise the rock are: plagioclase, pyroxene, chlo-
rite, calcite and ore material. The secondary mate-
rials are sphene, leucosen with fine granular aggre-
gates. The plagioclase is presumably oligoclase
and it appears like desultorily dispositioned, rod
crystals (Figs. 7 and 8). It also appears in thicker

rectangular shapes earthed with neutral plagioclase
andesine.

The pyroxene appears in the plagioclases in-
terspace, mostly in the shape of miniscule granular
aggregate or short-slate sections. The pyroxene
also appears sporadically in thin rod -crystals,
crunched along with the plagioclase structure com-
prising spherolitical structrure. The chlorite is of-
ten included as a secondary mineral, appearing in
irregular shapes and fine granulated aggregates,
and occasionally in bundle-like shapes.

The ore mineral is microgranular with ir-
regular grains, splashed on the surface, rarely oc-
curring in more massive crystals. The calcite in
ledges which intersects the rock, familiar as micro-
crystal calcite, appears regularly and is 2 mm thick.

Fig. 5. Holocrystal porphyric, ophitic-subophitic
diabase structure (N

Fig. 6. Holocrystal porphyric, ophitic-subophitic
diabase structure (N")

Fig. 7. Thin rod-plagioclase crystals
with desultory disposition (N*)

Geologica Macedonica, 27 (1), 63-73 (2013)

Fig. 8. Thin rod-plagioclase crystals
with desultory disposition (N)
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Fig. 5. Holocrystal porphyric, ophitic-subophitic
diabase structure (N*)

Fig. 7. Thin rod-plagioclase crystals
with desultory disposition (N*)

The rock has hollocrystal porphyric structure—
microphyric (Fig. 9, 10). The phenocrystals appear
as plagioclase rode crystals with desultory disposi-
tion. It represent an acid plagioclase, oligoclase
with grains 1 mm thick. Alongside the plagioclase,
the chlorite, calcite and ore material appear as pri-
mary materials too. The calcite appears, sporadi-

Fig. 9. Microphytical diabase structure with desultory
plagioclase disposition (N")

Fig. 6. Holocrystal orp
diabase structure (N")

_" 3 "' ’ .r“‘-~'
Fig. 8. Thin rod-plagioclase crystals with
desultory disposition (N")

cally in irregular shapes as hypidiomorph, and oc-
casionally in miniscule lentils and thin ledges. The
chlorite appears as mandolesi, having radial chlo-
rite bundles in the middle, and fine granular
brownish pigmented matter along the mandolesi
edges (Fig. 11, 12). There is a microcrystal feld-
spatization and microcrystal siliphication.

Fig. 10. Microphytical diabase structure
with desultory plagioclase disposition (N")

Geologica Macedonica, 27 (1), 63-73 (2013)
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Fig. 11. Chlorite in radial bundles peripherally pigmented
with fine granular brownish matter (N*)

The quartzdiabase with dark grey and light
green colour is determined with the mineralogical
and petrographical investigations. The rock has mi-
niscule granular structure, firm, massive and com-
pact texture. There are quartz ledges 1 mm thick
and calcite ledges. There is also sulphide minerali-
zation represented with grains along the quartz
ledges.

The rock has microfitical-microspherolitical
structure and massive texture. It is comprised of
plagioclase, pyroxene, ore material and quartz. The
plagioclase and pyroxene appear like rod-acicular

Fig. 13. Thin and irregular quartz ledges subsequently
generated (N

Fig. 12. Chlorite in radial bundles peripherally pigmented
with fine granular brownish matter (N)

crystals, often fused together. They are spherolitic
shapes of acicular pyroxene, metamorphosed in
calcite and epidote. The grains of ore material such
as: magnetite, ilmenite, sphene and leucosene, ap-
pear regularly. Within the interspace of the rod-
crystals there are irregular quartz, feldspate and
leucosene grains. The quartz mostly appears in thin
and irregular ledges, that represent prolonged
siliphication that occupies the rock (Fig. 13, 14).
Alongside the siliphication, calcitization oftenly
occurs.

Fig. 14. Thin and irregular quartz ledges subsequently
generated (N°)

CHEMICAL EXAMINATIONS

The chemical characteristics of the basic
rocks from the Udovo locality represent a supple-
ment to deepen the cognizance regarding the gab-
bro-diabase massif Demir Kapija-Gevgelija, which
is the biggest discovered relict at the Vardar oce-
anic crust on the territory of the Rrepublic of Ma-
cedonia. This massif is clearly different from the
other surrounding rocks in its composition, struc-

Geologica Macedonica, 27 (1), 63-73 (2013)

tural-tectonic characteristics, color and the manner
of appearing. On the other hand, the gabbro-dia-
base massif is does not represent an uniform mass.
The core of this gabbro-diabase massif is made of
gabbros to which on the SI as differentials the dia-
bases and spilits are added. The border between the
gabbro massif and the diabases are characterized
with gradual transitions of the gabbro rocks,



72 O. Spasovski

through gabbro diabases to diabases. Between the
gabbros and the diabases there is a thin zone built
up of gabbro and diabases with multiple strings of
the gabbros in the diabases.

At the geological map, the diabases are sepa-
rated as homogenous mass characterized with dark
green color, great firmness and toughness. A par-
allelepiped and rarely round excretion can be no-
ticed within the diabases.

The following modal structure has been ob-
tained at the diabases by the method of integrating:
plagioclases 45-74%, pyroxenes 35-45%, and
magnetite 5-15%.

In order to make more detailed perception of
the chemical structure of the diabases, five repre-
sentative diabase and one quartz keratophyre sam-
ple were provided from the Kosarska River local-
ity. The results of the performed chemical test are
presented on Table 1.

The presented table clearly shows that the
analyzed samples are characterized with consis-
tence of the chemical structure which can be per-
ceived in the contents of the SiO, ranging from
52.34 to 66.03%. The exception is the second

Table 1

analysis where a significant increase of the Si
component can be seen, i.e. it is a rock with em-
phasized sour character. This rock has been sepa-
rated as quartz keratophyre, which has been con-
firmed by the mineralogical-petrographic exami-
nations. Nevertheless, this rock does not make any
significant masses and it does not infringe the ho-
mogeneousness of the diabase mass. In addition, it
is characterized with great firmness.

A small increase of the Al, Ca, Mg and Na
can be noticed at the analyzed samples, which is
probably due to the additional secondary processes
appearing at the analyzed samples.

The trace element distribution in the cumu-
lates of the diabase reflects variations in minera-
logical composition. The increase in the absolute
abudance of incompatible LIL elements and de-
crease in proportions of compatible (Ni, Cr, Co)
elements as Solidification Index increases are in-
dicative progressive differentation. The geochemi-
cal characteristics of the diabase indicate its oce-
anic (ophiolite) nature, but also a possible con-
tamination of basaltic magma by continental mate-
rial.

Chemical composition of the basic rocks from the “KoSarska Reka” locality (%)

Symbol of the sample

Components Krl Kr2 Kr3 Kr4 Kr5 Kr6
SiO, 54.27 53.34 55.20 55.11 66.03 63.11
TiO, 0.86 0.50 0.52 0.43 0.59 0.48
Al O4 15.48 15.60 12.20 12.80 10.88 10.12
Fe,0; 7.32 7.92 6.15 5.16 6.51 6.82
MnO 0.77 0.84 0.17 0.15 0.14 0.14
MgO 3.83 3.62 3.00 3.04 3.15 4.04
CaO 6.67 6.51 7.85 7.93 4.43 5.99
Na,O 3.95 3.50 5.84 5.54 3.98 4.24
K,O 2.11 2.15 0.11 0.10 0.10 0.09
P,05 0.15 0.18 0.23 0.25 0.17 0.15
H,0" 1.19 0.98 0.80 0.74 0.29 0.21
H,O 0.15 0.23 0.25 0.38 0.86 0.73
LOI 415 462 695 773 265 365
Total 100.90 99.99 99.27 99.36 99.78 99.77
Ba (ppm) 75 58 56 35 48 58
Co(ppm) 32 59 34 37 27 32
Cr(ppm) 299 1047 78 287 43 405
Pb(ppm) 16 6 12 1 2 9
Zn(ppm) 104 71 74 118 71 67
Ga(ppm) 14 11 12 9 16 14
Ni(ppm) 123 376 60 89 19 103
Rb(ppm) 7 7 8 8 7 17
Cu(ppm) 122 30 190 115 13 52

Note: The analyse 1 and 2 are spilit-diabase, 3 and 4 are diabase, while the analyse
5 and 6 are quarzdiabase.

Geologica Macedonica, 27 (1), 65-75 (2013)
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PHYSICAL-MECHANICAL CHARACTERISTICS

In order to determine the basic physical and
mechanical characteristics of the rock masses, ex-
aminations pursuant the valid standards and rec-
ommendations ISRM (International Society for
Rock Mechanics) have been performed:

Determination of the index of strength (Is) at
rock stone masses. Determination of the uniaxial
strength of pressure.

The examinations of the strength characteris-
tics of the monolithic diabase parts from the
Kosarska River locality have been performed at the
Civil Engineering Institute in Skopje, Geotechnics
Department.

The samples have been put to a test of stren-
gth to pressure, point load, volume weight, water
absorption, consistence to ice influence and grind-
ing upon the "Los Angeles" as basic classification
parameters.

Fourteen samples have been examined with
the test of point load and three samples for strength
of pressure in dry, saturated condition and after 25
cycles of freezing and defrosting. In addition, three
tests upon the Los Angeles method have been pre-
pared, and the moist absorption during saturation
has been measured for 6 test bodies.

Table 2

The results from the strength index present
that the value of the Index of strength is within the
following limits:

Value of Is (50) = 8.46 — 12.48 MPa depend-
ing on the examined sample.

Results from the strength of pressure in dry
and moist condition are presented in Table 2.

The results from the examinations of the
strength after 25 cycles of freezing and defrosting
are presented in Table 3.

The coefficient of softening and resistance to
the influence of ice are presented respectively:

Kom = opv/op = 172.43/197.2 = 0.874.
Kom = opm/op = 170.5/197.2 = 0.86.

The volume weight of the diabase, depending
on the sample, ranges from y = 26.95 — 29.14
KN/m® (average = 27.974 KN/m").

The value of Los Angeles, for the three series
of samples is presented in Table 4.

All results show that the material is appropri-
ate for utilization of all asphalt fractions — con-
crete, concrete aggregate, tampon material, stone
dust and other usage in the construction engineer-
ing related to the traffic infrastructure.

Results from the examination of strength of pressure in dry and moist conditions

Sample mark Dimensions a/b/h Strength of pressure Absorption of moisture

(mm) MPa (%)
K (dry) 5.05/5.0/5.28 179.6 0.25
K(dry) 5.07/5.25/5.30 175.6 0.27
K 5(dry) 5.10/5.25/5.30 236.50 0.054
Average 197.23 0.191
K1 (moist) 5.02/5.05/5.10 172.2 0.15
K »(moist) 5.07/5.10/5.05 169.50 0.22
K j3(moist) 5.10/5.05/5.10 175.60 0.089
Average 172.43 0.153

Table 3

Results from the examinations of the strength after 25 cycles of freezing and defrosting

Sample mark

Dimensions a/b/h

Strength of pressure o,

(mm) MPa

K. 5.06/5.0/5.20 172.8
K. 5.06/5.15/5.20 171.50
K 5.20/5.20/5.05 168.15
' 170.82

Average

Geologica Macedonica, 27 (1), 65-75 (2013)
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Table 4

Results from examinations regarding attrition upon the Los Angeles method

Sample mark M, — mass of the dry rock M, — mass of the dry rock LA
before attrition after attrition

(® (8 (%)
Sample 1 5000 3940 20.70
Sample 2 5000 4130 17.70
Sample 3 5000 4040 18.90
Average 19.10

CONCLUSION

The samples were taken from the surface
parts of the terrain where the influences from the
outside are quite intense. In the deeper layers of
the ground, the rock mass is found as blocks and
less affected by the atmospheric influence which
enables a better quality. Based on the results re-
ceived from the analyses it can be concluded that
it can be used as construction stone.

The examined rocks are characterized with
dark green color, massive structure and little pres-
ence of cracks.

The diabases with their dark green color are
mostly prevalent on the examined area and they
clearly differ from the other types of rocks.

From the mineralogical point of view, they
are silicate rocks structured mostly of plagioclase,
pyroxene and rarely amphibole. The samples are
determined as small-grained diabase with ophitic
to subophitic structure. According to the per-
formed chemical examinations, the diabases have
permanent chemical structure with contents of
Si0, from 50 to 54%.

According to the petrologic, mineralogical-
microscopic examinations, physical-mechanical
parameters and chemical analyses, the examined
diabases may be widely applied in the civil engi-
neering, mostly in traffic civil engineering as con-

struction stone, suitable for utilization at all frac-
tions of asphalt — concrete, concrete aggregate,
tampon material, stone dust and other applications
in the construction related to the traffic infra-
structure.

In addition, it can be used as architectonic
stone, depending on the microtechnics, in order of
provision of larger blocks.

Pursuant the performed examinations for de-
termination of the physical-mechanical parame-
ters, it is considered that the strength of the dia-
base is sufficiently high.

The samples that are identified as spilitic dia-
base, contain a lot of chlorite and calcite, modally
around 35 %. The calcitization and chloritization
are inauspicious components for the rock’s physi-
cal-mechanical characteristics which provide it
with weaker strength characteristics. The samples
determined as quartzdiabases represent firmly sil-
liphied rock that afterwards occurs as irregular
ledges which firmly block the fissures. They are
dark grey, with miniscule granular structure and
massive texture. The sulphidic mineralization
represents detrimental component for applying the
rock as a concrete aggregate. Therefore it is rec-
ommended to avoid the zones with siliphication
that causes the sulphic mineralization.
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Peszume

OU3NIKO-MEXAHUYKUTE U MUHEPAJIOIIKO-TIETPOI'PA®CKUTE KAPAKTEPUCTUKHA
HA TUJABA3UTE O IOKAJIUTETOT KOIIAPCKA PEKA (BAPAJIPCKA 30HA,
PEITYBJIMKA MAKEJJOHNJA) KAKO OCHOBA 3A IPUMEHA HA TUJABA3UTE

KAKO I'PAJIEXKEH KAMEH

Opue CnacoBcku

Daxyaidein 3a UpUPogHU U TeXHUYKU HayKu, Yrusepsuiteiu ,, I oye [eaues“,
Toye Jleaues 89, MK 2000, LLuuii, Peitybauxa Maxegonuja,
orce.spasovski@ugd.edu.mk

Kuayunn 360poBu: nujabas; Komrapcka Peka; rpagexeH KaMeH:, MHHEPaJIOIIKO-TIETPOrpad)CKH COCTaB;
CTPYKTYPHO-TEKCTYPHH KapaKTEPUCTUKH; XEMHCKH KapaKTePUCTHKH; (PU3NUKO-MEXaHUUKH

KapaKTCpUCTUKH

Bo Tpyznot ce npukakaHU pe3yaTaTHTE OJ U3BPIICHU-
T€ UCIUTYBamba Ha (PU3NIKO-MEXAHHUIKUTE U MHHEPAJIOIIKO-
nerporpadcKuTe KapaKTepUCTUKH Ha JUjaba3uTe O]l JIOKaIU-
terot Komapcka Pexa (Bapnapcka 3ona, Perry6nuka Make-
JIOHHja) KaKO OCHOBA 3a HUBHA NPHMEHA KaKO IPaJie’keH Ka-
MeH. CaMuTe aHaIM3Hpama, Kako U Ja00paTOpUCKUTE UCTIH-
TyBaba 0ca M3BPLICHH HAa MPUMEPOLH OX Aujaba3u 3eMeHH
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0/]] MOBPIIMHCKUTE JIeJIOBH. Pesynrarure o HUBHUTE QU3HY-
KO-MEXaHMYKH HCIUTYBama MOKaxaa JeKa OBUE Kaplu TH
UCHOJIHYBaaT cute Gaparma 3a yrnorpeda Kako IpaieKeH Ka-
MEH IIOTOJICH 3a KOpHCTeHe Ha cute (pakuuu 3a achant —
OeToH, arperaT 3a OCTOH, TAMIIOHCKH MaTrepHjal, KaMeHO
OpalllHO KaKo M 3a APYTH HAMEHHU BO I'PaJICKHUIITBOTO TIOBP-
3aHH co coobpakajHata HHYPACTPYKTypa.



