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MINERALOGICAL-PETROGRAPHIC AND PHYSICAL-MECHANICAL
CHARACTERISTICS OF THE TRAVERTINE AND ONYX
FROM BESISTE VILLAGE (WESTERN MACEDONIA)
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A bstract The travertine and the onyx from the Besiste village in western Macedonia have been
examined in order to determine the possibility to use them as architectural stone. The analyses and the la-
boratory examination were performed on samples of travertine and onyx. The samples were taken from
the surface parts. The results for their physical mechanical features shown that the rock mass, according
to the Macedonian standards, satisfies the requirements to be used as an architectural stone, The quality of
the stone is higher in the deeper parts of the field where the external influences have a very small effect.
This stone has highly decorative features but it also has fine grained structure which is a positive effect
for the technical characteristics and the subjection for processing and production.

Key words: travertine; onyx; BesiSte village; architectural stone; mineral-petrographic content;
structural-textural characteristics; physical-mechanical characteristics

INTRODUCTION

The research area for travertine and onyx
from the Besiste village is located in the south-
western mountainside of Kozjak Mountain in Mar-
iovo. The location is around 2 km away from the
Besiste village and around 45 km from Prilep (Fig.
1). The research field of travertine and onyx is part
of the Neogene period surrounded by different hill
and mountain forms, with the most significant ones
being St. Pantelej (1344 m), Perun (1730 m.),
Gurov Kamen (1566 m), Cucul (1220 m), Baltava
Cuka etc. The main water flow of this region is
Crna Reka river which is the biggest right conflu-
ent of the river of Vardar. The first geological in-
formation of the field is related with the first geo-
logical research of the Pelagonian area, done in the
beginning of the last century. Cviji¢ (1906) wrote
about the crystal-like rocks with granite core of the
Precambrian age. Kosmat (1924) made the first
division of the field in units. Mari¢ (1949) did a
research on the rocks between Bakarno Gumno —
Alinci and Vespec. Ili¢ (1953) conducted research
on the pegmatite and the useful minerals related to
them in the area of Babuna Mountain and the
northern part of the SeleCka Mountain. Colman

(1951) and Izmajlov (1951) made a geological map
of the field between the Mrzen and Galiste villages
in the valley of the river of Crna Reka.

ALBANIA
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“- IV- Vll:l 10 0 10 20 30 40km

Fig. 1. Tectonic map of the Republic of Macedonia
I — Vardar zone; II — Pelagonian massif; III — Western
Macedonian zone; IV — Krasta zone; V — Serbo-Macedonian
massif, and VI — Kraistide zone (Arsovski, 1997)
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Bari¢ (1956) made the most detailed mineral
examination of the disten from the Selecka Moun-
tain. Stojanov performed a research (1958 and
1974) of the disten from the Selecka Mountain.
Mayer (1960) in the area south from the village of
Bonce, gave a description of meta-gabbro. Protié
(1963) in the southwestern part of Selecka Moun-
tain selected schist with smaller crystality. Teofi-
lovi¢ (1966) made his research in the southern part
of the Pelagonian massif. Within the process of
making the geological map of SFRY, the authors

of the sheets of Vitoliste and Kajmakcalan, in a
scale 1:100 000 (Dumurdzanov, Hristov, Pavlovski
and Ivanova 1976), made a detailed elaboration of
the sheet content of the rocks in the sheets of Vito-
liste and Kajmakcalan, describing the composition
of the rocks considered the presence of onyx in the
upper parts of the travertine rocks.

Recently, data for the investigations of traver-
tine and onyx near the research area can be found
in the works of Spasovski et al. (2012, 2015a,
2015b, 2016).

METHODOLOGY

The location of the Besiste village is explored
using terrain and laboratory examinations. The ter-
rain explorations have provided the distinguished
insight of the terrain, familiarization with its geo-
logical and structural-tectonic characteristics, as
well as collecting of representative samples from
the travertine and onyx for defining their chemical
and mineralogical composition, structural-textural
and physical-mechanical characteristics.

The mineralogical-petrographic researches
have been done at the Faculty of Natural and Tech-
nical Sciences in Stip, Institute for Geology, by the
authors of the paper, while the chemical content of
the travertine and onyx is determined in the chemi-
cal laboratory of the Faculty of Natural and Tech-

nical Sciences using the atomic emission spec-
trometry — inductively coupled plasma (AES-ICP).
The research of the physical-mechanical character-
istics was performed in the laboratory of the Facul-
ty of Civil Engineering in Skopje. Because the
rock masses are not well disposed, the samples
were taken from the surface of the terrain. As a
consequence, in the samples are some cracks
which are result of the great influence of the at-
mosphere. However, the examinations of the sam-
ples have shown credible values of the physical-
mechanical characteristics. It is certain that the
samples from the greater depths would give much
better results.

GEOLOGICAL FEATURES

In the geological constitution of the locality
of Besiste of the striped muscovite-biotite and
striped muscovite gneiss are mostly present, to-
gether with massive medium to large graned gra-
nodiorite, volcanic sediment products, quartzlatite
agglomerate and tuff and carbonate-tuff products.
The greatest presence is of volcanic sediment
products and carbonate-tufa products (Figure 2).

Volcanic sediment products

The volcanic sediment products in slightly
lesser masses are present in BeSiste (Figure 2).
During the intensive volcanic activity at the Kozuv
volcanism, great quantities of volcanic material
(volcanic sand, dust, ashes, volcanic lapilli, bombs
and blocks of volcanic rocks — quartzlatite, ande-
site, tufa) have been erupted in this part of the
field. In this volcanic material in the Pliocene—
Quaternary lake reservoir, mostly stratified figures
of volcanic agglomerate, breccia, pyroclasts, tuff,
etc., have been formed, in which stratified figures

with various thickness, dusty weakly-tied sands,
clay and sandbanks, are embodied. There are often
fragments and blocks of volcanic rocks in these
layers.

Carbonate-tuffaceous products

The carbonate-tuffaceous products have been
found in the center of the researched area (Fig. 2).
These products are represented by stratified and
flat tufa, tufaaceous limestone, travertine and onyx.
They are mostly layered by interstratified sand-
banks, dusty sands and grinded tufa. The tuff, the
tufaaceous limestone, the travertine and the marble
onyx are mostly brown and grey-yellowish mas-
sive and quite compact but in certain intervals they
can be porous and with cavities (Figure 3). The
travertine is with fine-grained structure, compact,
massive and fairly porous texture. There can rarely
be found cracks with length of 2 mm. The calcium
carbonate rock is formed of calcite which is mostly
found in crypto-crystal form. The calcite mass of-

Geologica Macedonica, 30 (1), 23-31 (2016)
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ten produces irregular oolitic forms, round and
oval with zoned structure of calcite mass. The oo-
litic forms on the parts of the edges are framed
with stronger limonization. The cracks are not fre-
quent and are fairly small. In the cracks as well as
in the irregular forms, the rock is filled with recrys-
tallized calcite — microcrystalized and pure.

The onyx is with brownish-yellow color in
various nuances (Fig. 4) and it can be found in the
more shallow levels (up to 30 meters), while the
limestone tuff is very compact and firm and it can

?560

B0

be found in the deeper levels of these series. It has
compact, massive and slightly distinguished striped
texture. The calcite crystals that constitute the onyx
are thin, long and straw-like forms, crystallized
diagonally on stratification. It is possible that the
calcite is presented by aragonite, as a polymorphic
modification of calcite. In most of the examined
holes, presence of vulcanite in the tuff series has
been found, which points to the fact that there has
been sedimentation of both carbonate and volcanic
agglomeration.

7565

i

Fig. 2. Geological map of the locality of Besiste village BGM SFRY 1:100 000, sheet Vitoliste.
1 — travertine and onyx, 2 — carbonate-tuffaceous products, 3 — volcanic sediment products, 4 — granodiorite, 5 — gneisses

Fig. 3. Stratified, porous and cracked light grey travertine

Geologica Macedonica, 30 (1), 23-31 (2016)

Fig 4. Thin layers of brownish-yellow onyx (1)
and massive brownish-grey travertine (2)
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MINERALOGICAL AND PETROGRAPHIC FEATURES

Represented samples from the Besiste village
have been selected for the petrographic-mineralo-
gical examinations. The petrographic preparations
were made, reviewed microscopically with a polar-
ized microscope with transmitting light brand
Leitz, Wetzlar Germany. The petrographic-minera-
logical examinations were done at the Faculty of
Natural and Technical Sciences at the Institute for
Geology by the authors of the paper.

The travertine has red-brown colour with rare
irregular forms that are light coloured. They are
characterized with fine grained composition, com-
pact, massive and fairly hollow texture. Cracks are
found rarely, with length of 2 mm.

The rock is made of calcite, which basically is
with crypto-crystal form and structure. The calcite
structure often makes irregular oolitic shapes,
round and oval with zonal structure of the calcite
mass (Figs. 5a, 5b). The rock is filled with recrys-
tallized calcite — microcrystal and pure. The granu-
lation of the calcite in these forms is around 50 p.
The irregular forms are rarely found, gloomy
brownish, i.e. strongly coloured with limonitized

15 XA
o e
B/ 1

Fig. 6a. Micro photo of the sample GP-4 100 x (N")

oxide. As secondary minerals appear quartz grains
and rarely lamina of mica, and it can also be said
that there are only residues.

The marble onyx is characterized with large
crystalized structure, compact, massive and with
slightly distinguished striped texture. The calcite
crystals are thin, long and straw-like forms, crys-
tallized diagonally on stratification. It has light
brownish and brown-yellowish colour, with nuanc-
es of lighter and darker spots which give the rock a
better appearance. It is composed of calcite, which
has large crystal structure. Those are long straw-
like crystals of calcite with radiant rayed darkening
(Figs. 6a, 6b). Separate parts of the calcite are
strongly coloured with limonized oxide, which
point the striped structure of the rock. This is a re-
sult of the genetic background of the onyx, i.e. the
inflow of tinctures of limonized oxide. Not so of-
ten, visible diagonal transections of calcite can be
seen in partly rhomboid crystals. It is possible that
the calcite is presented by aragonite, as a polymor-
phic modification of calcite. Very rarely there can
be crystals which resemble the dolomite—ancerite

Fig. 5b. Microphoto of the sample Bs-3 100 x (N")

Fig. 6b. Micro photo of the sample GP-4 100 x (N)

Geologica Macedonica, 30 (1), 23-31 (2016)
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CHEMICAL COMPOSITION

The chemical characteristics of the travertine
and the onyx from the locality of Besiste village,
represent an addition in the process of expanding
the findings of this type of rocks in the territory of
the Republic of Macedonia. Considering the com-
position, the structural tectonic features, the color
and the manner of their appearing, these rocks are
clearly different from the surrounding ones.

From the Table 1 it can be stated that the ana-
lyzed samples of travertine are characterized with a
constant chemical composition, which can be seen
in the content of CaO (range of 51.14 — 51.30%
Ca0).

In the travertine from the BeSiste village the
content of P,Os is low and varies in close interval
from 0.032 to 0.065. The content of the iron sys-
tematically decreases from 0.16 to 0.30%.

The content of MgO in travertine from the
Besiste village ranges from 1.60 to 2.07%, content
of MnO was from 0.060 to 0.096%. The content of
Na,O was from 0.035 to 0.08%, while the content
of K,O ranged from 0.02 to 0.08% and the content
Al,O; was from 0.11 to 0.14%.

The onyx is with a constants chemical
composition, which can be seen in the content
of CaO (range of 49.83 — 49.84% CaO).

In the onyx from the Besiste village the con-
tent of P,Os is low and varies in close interval
which is from 0.069 to 0.076. The content of the
iron systematically decreases from 0.11 to 0.13%.

The content of MgO in onyx from the Besiste
village ranges from 2.73 to 2.80%, content of MnO
was from 0.30 to 0.35%. The content of Na,O was
from 0.04 to 0.05%, while the content of K,O
ranged from 0.01 to 0.02% and content of Al,Os
was from 0.30 to 0.32%.

The chemical content of the analyzed samples
are presented in Table 1.

For determination of chemical composition of
onyx with scanning electron microscopy (SEM)
there was separated representative and fresh onyx.

The results from the performed examinations
with scanning electron microscopy on onyx from the
locality of the village of BeSiSte are presented in
Tables 2 and 3, the position of the analyzed points
is shown on Figures 7, 8, 11 and 12, and EDX spec-
trums are presented on Figures 9, 10, 13 and 14.

From the Tables 2 and 3 is obvious that the
main components (O, C, Ca) show continuity in

Geologica Macedonica, 30 (1), 23-31 (2016)

their content within the analyzed samples. Also, it
can be seen that with these examinations are not
determined impurity elements that would have
negative effects on the decorativeness of the stone
which increase its market price.

Tablel
Chemical composition of the travertine
and the onyx (%)
Components Bs-1 Bs-2  Bs-3 Bs-4  Bs-5
SiO, 0.10 0,12 0.11 0.10 0.12
Al O4 0.11 0.14 0.11 0.32 0.30
Fe,0; 0.20 0.30 0.16 0.11 0.13
MnO 0.096 0.060 0.096 0.35 0.30
MgO 1.64 2.07 1.60 2.80 2.73
CaO 5120 5130 51.14 49.83 49.84
Na,O 0.04 0.035 0.08 0.05 0.04
K,O 0.03 0.08 0.02 0.01 0.02
P,05 0.065 0.060 0.032 0.069 0.076

Moisture (110°) 0.032 0.041 0.034 0.036 0.032
Loss on ignition 45.89 4526 4590 4580 45.76
Total 99.403 99,466 99.282 99,565 99.348

Note: The analyses Bs-1 Bs-2 and Bs-3 are travertine, while
the analyses Bs-4 and Bs-5 are onyx.

Table2

Chemical composition of marble onyx
from the locality of the Besiste village (%)

Element Sample 1 Sample 2
(K) Weigh Atomic Weigh Atomic
C 14.56 23.07 20.85 30.10
0} 50.90 60.54 54.75 59.34
Ca 34.54 16.40 24.40 10.56
Total 100.00 100.00
Table3

Chemical composition of marble onyx
from the locality of the Besiste village (%)

Element Sample 3 Sample 4
&) Weigh Atomic Weigh Atomic
C 14.00 23.19 18.03 26.27
(0] 45.69 56.81 57.71 63.14
Ca 40.31 20.01 24.26 10.59
Total 100.00 100.00




28 O. Spasovski, B. Doneva, D. Spasovski

F00pm Electron Image 1

Fig. 7. SEM image of marble onyx, sample 1

05 1 15 2 25 3 35 4 45 5 55 (i
Full Scale 578 cts Cursor: 0.000 keV/

Electran Image 1

700pm

Fig. 8. SEM image of marble onyx, sample 2
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Full Scale 578 cts Cursor: 0.000 ke

Fig. 9. EDX spectrum of marble onyx, sample 1

F0ooum Flactran Imane 1

Fig. 11. SEM image of marble onyx, sample 3

Fig. 10. EDX image of marble onyx, sample 2

700um ' Electron Image 1

Fig. 12. SEM image of marble onyx, sample 4

Geologica Macedonica, 30 (1), 23-31 (2016)
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Fig. 13. EDX spectrum of marble onyx, sample 3

Fig. 14. EDX image of marble onyx, sample 4

PHYSICAL-MECHANICAL CHARACTERISTICS

An appropriate methodology of laboratory
examination has been applied in the process of re-
search in accordance with the existing standards of
this type. Mostly used are existing state standards
(MKS), but the recommendations of examination
by the international society for rock mechanics
(ISRM — International Society for Rock Mechan-
ics) were also considered.

Based on the performed evaluations, analyses
and statistic elaboration the following description
of the obtained values from the examined samples
is presented:

Marble onyx

— Mean value for the strength to pressure in
dry condition is
0, = 15723 MPa.

— Mean value for the strength to pressure after
25 cycles of freezening and melting is

opm = 50.66 MPa.

— Mean value of the index of strength parallel
of the levelness of the onyx in dry condition is

J; (50) = 1.58 MPa.
— Quotient of proportionality is
K=0,/J,=5723/1.58 =36.22.

— According to the value of absorption (U),
the rock belongs to the class of rocks with low ab-
sorption of water (less than 0.5) (U = 0.085%).

— Mean value of weight capacity is
y=27.76 kN/m’ (hard stone).

Geologica Macedonica, 30 (1), 23-31 (2016)

— Quotient of resistance to ice is
(K, =50.66/57.23 = 0.88).

— According to the strength to pressure it is
considered medium strong rock (50 — 100 MPa).

Travertine
— Mean value for the strength to pressure in
dry condition is
o, = 68.68 MPa.

— Mean value for the strength to pressure after
25 cycles of freezening and melting is

Gpm = 51.52 MPa.

— Mean value of the index of strength parallel
of the levelness of the travertine in dry condition is

J; (50) =4.21 MPa.
— Quotient of proportionality is
K=0,/J,=68.68/4.21 =16.31.

— According to the value of absorption (U) the
rock belongs to the class of rocks with great ab-
sorption of water (2.5-5.0%) (U = 3.06%).

— Mean value of weight capacity is
y=23.77 kN/m® (medium hard stone).
— Quotient of resistance to ice is
(K =51.52/68.68 = 0.75).

— According to the strength to pressure it is
considered medium strong rock (50-100 MPa).
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CONCLUSION

The travertine is compact and quite firm with
not clearly distinguished striped texture, changing
the not equal stripes of light brownish coloring and
the thinner layers with lighter, i.e. light greyish
color. The color is light brownish — beige to lighter
greyish glassy occasions which change irregularly.
In separate parts of the travertine there are cracks
filled with recrystallized calcite.

The marble onyx is characterized with large
crystallized composition — structure and with com-
pact, massive and slightly striped texture. The cal-
cite crystals are thin, long and straw like forms,
crystallized diagonally on stratification. The onyx
has light brownish and brown-yellowish color,
with nuances of lighter and darker spots which
gives the rock a better appearance.

Due to the petrographic-mineral characteris-
tics, as well as the chemical content of the traver-
tine and the onyx they can have great application.
Primarily, the travertine can be used as architec-
tural stone, i.e. for cutting tiles for surfaces. These

are especially applicable for internal and external
tiling on vertical surfaces. For the external surfaces
the selection of the less cracked ones is a better
choice. The remains of the cutting process may be
used as macadam in concrete mixtures, as fillers
for concrete pavement tiling, etc.

It was determined that the marble onyx is a
relatively hard rock with low absorption of 108
water and with weight capacity which categorizes
the rock in the group of hard decorative stones,
with a quotient of resistance to ice within the nor-
mal limitation.

The travertine was determined to be a medi-
um hard rock with high absorption values which
categorizes the rock in the group of medium hard
decorative stones, with a quotient of resistance to
ice within the normal limitation. According to the
physical-mechanical characterristics it is conside-
red a high quality decorative stone for internal and
external decoration in the civil engineering.
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Peszume

MHUHEPAJIOIIKO-IETPOT'PA®CKHN U PU3NYKO-MEXAHUYKU KAPAKTEPUCTUKHA
HA TPABEPTUHOT U OHUKCOT OJ TIOKAJIMTETOT CEJIO BEHIUIITE
(BAINAJHA MAKEJTJOHHMJA)

Opue Cnacoscku, baarnna /lonesa, Jlanues CnacoBcku

Dakyiued 3a UpupogHu u texHuuku Hayku, Unciuuityiu 3a teosotuja, Ynueep3suiieiu ,, I oye /leaues”,
6ya. 'oye [eaues 89, 2000 L, Peitybauxa Maxegonuja
orce.spasovski@ugd.edu.mk

Koayunn 360poBH: TpaBepTHH; OHUKC; ceilo bemmre; apxXuTeKTOHCKH KaMeH; MHHEPaJIOLIKO-IIeTPOrpa)cKu coCTas,;
CTPYKTYPHO-TEKCTYPHH KapaKTEePUCTUKH; PU3NUKO-MEXaHUYKH KapaKTEPUCTHKH.

TpaBepTHHOT U OHHKCOT oz cenoto bemumte (3anaaHa
MakeioHHja) ce UCIHUTYBAaHH CO LeJ J1a C€ YTBPAM MOXKHOCTA
332 HUBHO KOPHCTEHE KaKO apXUTEKTOHCKH KaMeH. AHaIN3UTe
1 1abOpaTOPUCKUTE HCIUTYBabha Oea U3BPLICHH Ha IIPUMEPO-
1M OZ TPaBEPTHH M OHHKC. [IpumMeporuTe ce 3eMeHn o oBp-
LIMHCKUTE Je0BU. Pe3ynrature o1 HUBHUTE (PU3HUKO-MEXa-
HMYKU MCIUTYBamba IOKakKaa JeKa KaplecTaTa maca I'M HC-
noJiHyBa cute Oapara 3a ynorpeba Kako apXUTEKTOHCKH Ka-
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MEH CHopea Ap)kaBHHUTE cTaHaapau Ha P. Makenonuja. Mcro
Taka, KBAJIUTETOT HA KaMEHOT € IMOBHCOK BO MOIA0OKUTE
JICJIOBU Ha TEPEHOT, KaJi¢ [ITO HA/IBOPCLIHNTE BiMjaHHja HMa-
aT MHOry Main eexr. OBOj KaMeH MMa BUCOKHU JICKOPATUBHHU
CBOJCTBA, a CUTHO3pHECTAaTa CTPYKTypa IPETCTaByBa IO3UTH-
BeH e(eKT Bp3 TEXHUYKUTE KAPAKTEPUCTHKU U MOIOKHOCT
Ha 00paboTKa.
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